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1 Introduction
As per chairman’s guidance, the email discussion is planned according to the following schedule: 
[104b-e-NR-R17-IIoT_URLLC-01] Email discussion on UE feedback enhancements for HARQ-ACK – Klaus (Nokia)
-	1st check point: 4/15
-	2nd check point: 4/19
-	3rd check point: 4/20


This document is structured as follows: 
· Sections 2 to 7 include the topics to be specified or at least further studied based on previous agreements, including sub-sections for the related email discussion rounds
· Each of these sections contains in addition to the summary of the input contributions also the email discussion / NWM discussion content as well as a short moderator outlook on open issues
· For each of these sections a short summary of the discussions during RAN1#104bis-e and some outlook on technical issues to be clarified by the moderator are provided in related sub-sections. 
· Section 8 describes further suggested enhancements by different companies not directly related to the agreed study focus based on previous RAN1 agreements
· There are two appendices, one summarizing the companies’ proposals for easier referencing and one containing the agreements reached so far.  

2 SPS HARQ-ACK dropping for TDD
In this section, the proposed Rel-17 enhancements to prevent SPS HARQ-ACK dropping for TDD operation are summarized. During RAN1#103-e, there had been a down-selection to two alternatives to be further consider: 
	Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 



Moderator comment: Option 2 / Type 3 CB enhancements for SPS are handled together with Type 3 type of re-transmission enhancements as part of the ‘Retransmission of cancelled HARQ’ in the next section (Sec. 3), as already jointly discussed during RAN1#104-e 

During RAN1#104, the following agreements could be reached on Option 1:

	Agreements:
· Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation


Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral

Agreements: Rel-16 UCI multiplexing  / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.

Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0)  
· FFS: if there is a limit on the maximum deferral 


Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.




2.1 Moderator summary based on contributions to RAN1#104b-e

RRC configuration of SPS HARQ-ACK deferral: 
· Alt. 1 – per PUCCH group (4-5): CATT [7], Ericsson [10] (in case group thinks OoO is to be considered), China Telecom [12], Panasonic [20] (requires max. deferral config per SPS configuration), DoCoMo [27]
· Alt. 2 – per SPS configuration (15-16): OPPO [2], Spreadtrum [3], ZTE [4], vivo [5], CAICT [5],  APT / FGI [9], Ericsson [10] (if no OoO issue, as assumed), Nokia [11], TCL [14], Xiaomi [15], Intel [16], Panasonic [20], ETRI [23], LGE [24], Sharp [25], LenMoto [28] (?)
· Discuss configuration after having more clarity (1): Samsung [21]


Definition of when to defer from the initial slot: 
· Alt. 1 (12)- Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid: Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], vivo [5], Nokia [11], Xiaomi [15], Apple [17], Panasonic [20], LGE [24], NEC [26], DoCoMo [27], LenMoto [28]
· Moderator understanding: If SPS HARQ-ACK is multiplexed with e.g. dynamic PUCCH resource then it cannot be deferred. Needed discussion on handling of other configured PUCCH (such as CSI resources, see below)
· Additional info: 
· multi-CSI-PUCCH-ResourceList, as well as pucch-CSI-ResourceList considered as candidate resources if not valid: vivo [5], Nokia [11] (if CSI is to be reported in the target slot), Apple [17], LGE [24]
· Alt. 1A (5): Deferral only, if the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the HARQ-ACK transmission assuming SPS HARQ-ACK only is not valid in the initial slot/sub-slot: OPPO [2], ZTE [4], CATT [7], Ericsson [10], Panasonic [20] – No: LGE [24] (no changes to UL multiplexing in the initial slot) 
· Moderator understanding: Defer SPS HARQ even if multiplexing & transmission based e.g on PRI in initial slot would be possible – i.e. deferral decision is done before the multiplexing decision
· Additional info: 
· Deferral decision should be done before the multiplexing decision: OPPO [2], ZTE [4]
· Invalid symbols only given by SS-DL symbols: ZTE [4] 
· Alt. 2 (8): Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using SPS-PUCCH-AN-List-r16, n1PUCCH-AN or other configured PUCCH resource(s)  is not valid: Spreadtrum [3], CAICT [6], Nokia [11], China Telecom [12], TCL [14], Intel [16], Samsung [21], WILUS 29 (incl. the optional step 3)
· Moderator understanding: Consider intra-slot deferral before inter-slot deferral
Additional info: 
· Other configured PUCCH resources: 
· PUCCH-ResourceSet: Spreadtrum [3], China Telecom [12], TCL [14], WILUS [29]
· multi-CSI-PUCCH-ResourceList: Spreadtrum [3], CAICT [6], China Telecom [12]
· Second / other set of SPS HARQ-ACK resources: Nokia [11], China Telecom [12], TCL [14], Intel [16], WILUS [29]
· Apply some default rules to choose one resource: Spreadtrum [3], WILUS [29] (not starting before the initial SPS HARQ resource)
· Depending on gNB capability, deferral may even occur if the initial PUCCH was transmitted: CAICT [6]
· Alt. 3 (1)- Defer if there is no available symbol for an UL transmission in the initial slot/sub-slot: Ericsson [10]
· Alt. 3A (1)- Defer if there is no available symbol for an UL transmission in the initial slot/sub-slot including additionally configured with invalid symbols/slots for SPS HARQ-ACK: Ericsson [10]
· Moderator comment: This is a slightly enhanced version of Alt. 3 discussed during RAN1#104-e. More detailed description in Appendix [10]
· Other: 
· Support partial deferral of bits (N-N2 bits transmitted in initial slot, N2 bits are deferred): CAICT [6] – do not support such split: QC [18]


Definition of next available PUCCH for inter-slot/sub-slot deferral: 
· [bookmark: OLE_LINK11]The earlier of sps-PUCCH-AN-List-r16 or  n1PUCCH-AN, or a dynamic indicated PUCCH resource (from PUCCH-ResourceSet): Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], ZTE [4], vivo [5], Nokia [11], TCL [14], DoCoMo [27]
Additional details: 
· multi-CSI-PUCCH-ResourceList, as well as pucch-CSI-ResourceList considered as additional candidate resources: vivo [5], CAICT [6], Nokia [11] (if having CSI), 
· Based on RRC configuration, dynamically scheduled PUCCH can be used: CAICT [6]
· First available slot defined by PUCCH of sps-PUCCH-AN-List-r16 or n1PUCCH-AN: OPPO [2], CATT [7], APT / FGI [9], Ericsson [10] (?), Samsung [21], LGE [24]
· Details: 
· SPS HARQ PUCCH resource is determined based on the total number of SPS HARQ-ACK associated with the slot: OPPO [2], APT / FGI [9], Samsung [21]
· Initial SPS PUCCH resource defines validity in the target slot  - i.e. only deferred payload defining the target slot (i.e. before any multiplexing): CATT [7] (in contrast to OPPO above), Ericsson [10] 
· Next SPS PUCCH occasion of the SPS configuration: LGE [24]
· Reuse the same condition as for the initial slot: OPPO [2], LGE [24]

Additional input on the PUCCH resource selection in the target slot & target slot determination: 
· New PUCCH resources defined for deferred HARQ-ACK: 
· Yes: CAICT [6] (consider), Nokia [11] (2nd set of SPS PUCCH_resources)
· No: vivo [5]
· The size of the deferred HARQ-ACK codebook is within the UCI size range configured for the selected PUCCH: ZTE [4], China Telecom [12] (max. code rate threshold for PUCCH formats 2, 3, 4)
· The number of the selected PUCCH symbols is not less than the number of original PUCCH symbols: ZTE [4]
· The selected PUCCH has the earliest end symbol: ZTE [4]
· Limitation on the number of deferred bits needed: TCL [14], Sony [22] (N bits, N RRC configured)
· If no other UCI on the target slot and slot cannot accommodate the deferred payload – continue searching for new target slot: QC [18]
· If the payload size of deferred SPS HARQ and ‘non-deferred’ SPS HARQ-ACK cannot be accommodated in the target slot, nothing is transmitted and a new target slot for all SPS HARQ is determined: QC [18]
· REs of the PUCCH resource in the sub-slot/slot allowed for SPS HARQ-ACK deferring can be configured/indicated by NW: DoCoMo [27]

Definition of valid / invalid symbols in the target slot:
	Valid: 
· Semi-static UL symbols: Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1] 
· UL symbols indicated by dynamic SFI: Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], 
· UL symbols indicated by dynamic scheduling DCI: Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], 
· Semi-static flexible symbols considered as ‘valid’ for the slot determination: ZTE [4], vivo [5], APT / FGI [9], TCL [14] – No: CMCC [13]
· RRC configure if SFI could define valid symbols: CAICT [6]
· Semi-static flexible symbols only, if more flexible than UL symbols configured in a slot: China Telecom [12] 
· RRC configure flexible symbols usage (valid / invalid): ETRI [23] 
Invalid – or ‘no symbol for UL transmission’: 
· Only semi-static DL symbols: ZTE [4]
· DL symbols, SSB and CORESET#0: CATT [7], APT / FGI [9], QC [18] (SSB/CORESET#0 on semi-static flexible symbols), DoCoMo [27], WILUS [29]
Other:  
· RAN1 to clarify that CORESET#0 symbols considered invalid for mapping during SPS HARQ-ACK deferring symbols are the ones indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS: Intel [16]



Limitation on the maximum value of k1def / k1eff: (>=15 companies think a limitation is needed) 
· k1eff = k1+k1def <= max. k1 value of K1 set (7): OPPO [2], vivo [5], CATT [7] (for DCI format 1_1/1_2), Ericsson [10], China Telecom [12], TCL [14], Intel [16]
· RRC configured maximum value (4): Spreadtrum [3], QC [18] (k1def_max per SPS config), Samsung [21] (k1def_max), , DoCoMo [27] (k1eff_max per SPS config)
· k1+k1def is the first UL slot/sub-slot after the initial slot/sub-slot: ZTE [4]
· Yes in general (4): Xiaomi [15], Panasonic [20] (limit on  k1eff  or k1def), NEC [26] (limit on  k1def), WILUS [29] (limit on  k1eff, limit per PUCCH occasion in case of PUCCH repetition)
· k1def  fixed to one (sub-)slot: ETRI [23]

Limitation on the min value of k1def / k1eff (3x Yes – 6x No) 
· No limitation (6): ZTE [4] (incl. k1def ≥ 0), CATT [7], Ericsson [10], Intel [16], QC [18], Samsung [21]
· RRC configured min. value (1): China Telecom [12]
· May be needed if payload size changes in target slot: Panasonic [20]
· Define k1def-min symbols (1): Sony [22]

Other limitations on k1def / k1eff: 
· k1eff should correspond to a candidate k1 in the configured K1 set: vivo [5], TCL [15]
· Moderator comment: it seems we have already an agreement to only consider limitation on min. and max. value (no other restrictions) 

Out-of-order HARQ: 
· No issue seen / not regarded as OoO in case of deferral (5): vivo [5], CATT [7], Ericsson [10], Nokia [11], Samsung [21] (initial PUCCH determines OoO, not the deferred as for NR-U) 
· For DG PDSCH should be prevented by gNB scheduling: OPPO [2]
· Based on UE capability: Intel [16]


HARQ process re-use / collision: 
· Drop the HARQ-ACK of the earlier SPS PDSCH in case of HARQ process re-use before the deferred transmission: OPPO [2], Samsung [21], LGE [24]
· UE considers the later received PDSCH as invalid: Samsung [21]

Codebook construction / multiplexing in the target slot: 
· Dependent on the determination of k1eff: vivo [5], Ericsson [10] (if not an existing k1 value, Type 1 CB enhancement needed)
· For deferred SPS HARQ-ACK only, the Rel-16 approach can be used: Nokia [11], DoCoMo [27] 
· For deferred & initial SPS HARQ-ACK only, the Rel-16 approach of bit ordering can be used: Nokia [11]
· For Type 2 CB, deferred SPS HARQ-ACK bits amended: ZTE [4], Nokia [11] (using the Rel-16 order of SPS bits)
· For Type 1 CB, deferred SPS HARQ-ACK bits are included in Type 1 CB – those not possible to map are amended at the end (if not an existing k1 value / mux to Type 1 CB possible): ZTE [4], Nokia [11], NEC [26]
· Enhancements to Type 1 & Type 2 CB needed: CMCC [13]
· Support the multiplexing of several deferred SPS HARQ-Ack occasions on one PUCCH: QC [18]
· Support multiplexing of deferred and ‘initial’ HARQ-ACK through CB concatenation: QC [19] (inc. using PRI if DG A/N included), DoCoMo [27] (use Rel-16 operation for ordering of deferred SPS HARQ), LenMoto [28]
· For Type 1 CB, define a reference PDSCH occasion for the deferred HARQ-ACK: LGE [24]

Other / misc: 
· UE does not expect a collided PUCCH for deferral purpose also carries A/N bits for dynamic grant: QC [18]
· If after the determination of the target slot, there is a collision the A/N is dropped without further deferral: QC [18], CATT [7]



2.2 Summary of discussions during RAN1#104b-e
2.2.0 NMW discussions - PDF output
Just for reference, the final PDF from the NWM is available here, but the feedback has been incorporated to the relevant parts in the other sub-sections as well (for easier reading):


2.2.1 Definition of when to defer from the initial slot:
Looking at the input contributions the following can be noted: 
· There are rather split views – but seems there is more interest from companies in Alt. 1, 1A and 2 compared to Alt. 3 and the new Alt. 3A (enhanced Alt. 3 by additional ‘invalid symbol pattern’)
· Comparing the all alternatives, they differ seem to differ in the following properties
· Should HARQ-ACK be deferred, even if multiplexing in the initial slot would be possible (resulting in larger HARQ latency)?
· Yes: Alt. 1A (defer in case of collision of SPS HARQ resource even if otherwise mux is possible)
· No: Alt. 1, 3, 3A (using Rel-16 multiplexing rules in the initial slot), Alt. 2 (intra-slot deferral to another resource if Rel-16 mux is not working out)
· Can the Rel-16 UCI/HARQ-ACK multiplexing rules be changed in initial slot? 
· Yes: Alt. 1A (defer in case of collision even if mux possible) , Alt. 2 (intra-slot deferral to another resource if Rel-16 mux is not working out) 
· No: Alt. 1, 3 & 3A

So maybe there could be some input by different companies on these points. 

So maybe there could be some input by different companies on these points. 
Question 2.1.1: Should HARQ-ACK be deferred, even if multiplexing in the initial slot would be possible (resulting in larger HARQ latency)?

Deferral in inital slot if mux possible? Please provide your input on Q2.1.1 – starting with Support / Not support / Object followed by your explanation for your company’s position. 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support. Not desirable from the perspective of latency and changing the legacy UE behavior.

	2 
	CATT 
	Support. The proposal can avoid the misalignment between gNB and UE on the HARQ-ACK transmission if DCI is missed by the UE. In addition, it also simplifies the SPS HARQ-ACK deferral design since UE can immediately de termine the target slot without taking the dynamic DCI into account. In terms of latency, in a DL slot, the SPS HARQ-ACK would anyway be deferred. The only difference is when the PUCCH resource for SPS HARQ-ACK is not avail able but another PUCCH resource scheduled by DCI is available in the slot which is not typical case in our view. Even if it happens, it is expected that SPS HARQ-ACK would be deferred by just one more UL slot in the typical TDD deployment.

	3 
	Nokia 
Germany
	Not support. 
Will increase the HARQ latency unnecessarily as pointed out by vivo above.

	4 
	NTT DO COMO 
INC.
	Not support. It will lead to larger HARQ-ACK feedback latency. On the other hand, it is not preferred to change legacy Rel-16 UE behavior. In our understanding, misalignment issue caused by DCI missing already exists instead of being introduced by SPS HARQ-ACK deferral feature. It’s strange that it was not considered before but considered now in SPS HARQ-ACK deferral which targets for SPS HARQ-ACK dropping issue.

	5 
	China 
Telecom 
munica 
tions
	Not support. We think Rel-17 enhancement should not bring larger latency than Rel-16 mechanism.

	6 
	Samsung 
Elec 
tronics 
Romania
	Not support. 
1) As clearly mentioned, it increase latency. 
2) Note that this time is for the enhancement of ”URLLC” HARQ-ACK

	7 
	Intel Ko rea, Ltd.
	Not support with current formulations, but likely to support the intention. We would like to clarify what is meant by ”if mux is possible”. If this is based on waiting all potential dynamic triggers and only then deciding to defer or not, then we think it should not be supported. In our understanding the robust and simple way is to not rely on dynamic triggers.

	8 
	Sony Eu rope B.V.
	Not support. This suggest to skip Rel-15/Rel-16 multiplexing mechanisms. It also introduces latency.

	9 
	WILUS 
Inc.
	Not support. To reduce latency (due to deferral), gNB can schedule DG HARQ ACK information in the initial slot.

	10 
	ZTE Cor poration
	Support. 
For 1A, we have further explanation which could be added as note for 1A. The deferral can be intra-slot or inter-slot. If the deferred PUCCH satisfy the multiplexing condition in intra-slot, it can multiplex with other PUCCH in the initial slot.

	11 
	Ericsson 
LM
	Support. 
The question is formulated that supporting such proposal increases the delay. This is not the way we look at the problem. We suggest to reformulate the ques tion that different alternatives are characterized such that the ”pre-determined occasion HARQ-ACK transmission or not”. The issue is as the following: 
• For DL SPS HARQ-ACK, the occasion of HARQ-ACK transmission is pre-determined based on configuration. If there is HARQ-ACK for dynamic PDSCH, they can be sent together. However, still the NW knows when a DL SPS is activated, when to expect HARQ-ACK. This is the underlying principle in Rel-15 and Rel-16. 
• Now, in Rel-17, we intend to defer DL SPS HARQ-ACK based on semi static conditions such as collision with DL slots. However, the pre determined behavior for HARQ-ACK transmission should be maintained, otherwise it cost unnecessary implementation cost due to change of behavior. 
• That is the fundamental issue with proposal when the dynamic scheduling affects the timing of transmission of DL SPS HARQ ACK. 
• On assuming that keeping the Rel-15/Rel-16 framework increases the de lay is misleading in our view. Firstly, based on all the semi-static con figuration, the NW can decide how to configure DL SPS that in case of deferral the delay is acceptable in general. Relying on scheduled trans missions to improve the delay occasionally, is not a proper approach for overall performance. Otherwise, one questions the usage of DL SPS to begin with.

	12 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Deferral does not take multiplexing into account. Aim for minimal standard ization efforts and UE complexity, defer determination should be semi-static. Furthermore, condition to check valid PUCCH should be uniform for any slot, including initial slot, deferral slot, and target slot. So, to improve discussion efficiency, we suggest to focus on definition of target slot only. To be specific, Deferral is before multiplexing decision.; 
Only PUCCH resources configured to SPS PDSCH is used to check the valid PUCCH; 
The total SPS HARQ-ACKs (both deferred SPS HARQ-ACK and non-deferred SPS HARQ-ACK) associated to the slot are used to determine a PUCCH re source.

	13 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Slightly prefer “Not support”. Looking at the views from other companies here, it is observed that Alt.1 has the benefit of latency while Alt.1A has the benefit of reliability to avoid the impact of DCI missing. It is a little bit difficult to say which one is better at this stage, we are open with either of them. The answer to this question depending on whether Alt.1 or Alt.1A will be adopted.

	14 
	Motorola 
Mobility 
UK Ltd.
	Not support. UE has to use Rel-16/Rel-17 multiplexing rule first in the initial slot to avoid unnecessary additional delay for HARQ-ACK feedback.  

	15 
	Qual 
comm 
Tech 
nologies 
Int
	No support; 
HARQ ACK should not be deferred if in the same slot or sub-slot there is another PUCCH – feedback to DG PDSCH- with which the SPS PUCCH HARQ can be multiplexed. If there is any PUCCH resource in the PUCCH ConfigurationList of the PUCCH for the DG PDSCH, in the same slot or sub slot, which PUCCH resource is sufficient for SPS PUCCH HARQ bits + HARQ bits for the DG PDSCH feedback, then, one of these PUCCH resources can be used for SPS PUCCH HARQ transmission, without the need for the UE to defer HARQ.

	16 
	NEC Cor poration
	Not support. As mentioned by other companies above, it may lead to large latency, so no need to change the legacy UE behavior for multiplexing in the initial slot.

	17 
	Spread 
trum 
Communi cations
	Not support. Not clear about the motivation, and multiplexing with DG HARQ-ACK is supported.

	18 
	Asia 
Pacific 
Telecom 
co. Ltd
	Prefer not support as it increases latency, but the DCI missing issue as pointed out by the proponents should be addressed.

	19 
	CAICT 
	Slightly prefer not support. 
If there are HARQ-ACK for dynamic PDSCH in the initial slot while DCI is missed by the UE, there may be two cases that results in different SPS HARQ ACK decision by UE and gNB. 
Case 1: Dynamic PUCCH is valid while Semi-static PUCCH is invalid. It is possible UE assumes the SPS HARQ is deferred while gNB would assume SPS HARQ-ACK is transmitted in the dynamic PUCCH and not deferred. Certainly, gNB could not detect dynamic PUCCH since it is not transmitted at all. gNB could decide SPS HARQ-ACK is deferred conditioned that gNB “initial PUCCH” is not detected. 
Case 2: Dynamic PUCCH is invalid while Semi-static PUCCH is valid. UE transmits SPS HARQ-ACK in Semi-static PUCCH while gNB thinks the SPS HARQ-ACK is deferred since dynamic PUCCH is invalid. For this, gNB could blind detect semi-static PUCCH. As long as the semi-static PUCCH is detected, gNB could be aware of SPS HARQ-ACK not deferred. If gNB fails to detect the semi-static PUCCH, there would be misalignment between gNB and UE. Anyway, this could be a corner case since it only occurs when DCI is missed by UE and UE semi-static PUCCH is failure to be blind detected by gNB simultaneously. 
Therefore, if gNB supports PUCCH blind detection assuming DCI is missed by UE, SPS HARQ-ACK needs not to be deferred.





Question 2.1.2: Should the Rel-16 HARQ-ACK multiplexing in the initial slot be changed?


Change of UCI mux in initial slot? Please provide your input to Question 2.1.2 – starting with Support / Not support / Object followed by your explanation for your company’s position. 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support.

	2 
	CATT 
	Support. It is related to the previous question.

	3 
	Nokia 
Germany
	Not support. 
To keep this simple. Maybe a second SPS PUCCH config could be considered (to increase the multiplexing possibility in the initial and/or target slot) - but this is not really a must.

	4 
	NTT DO COMO 
INC.
	Not support.

	5 
	China 
Telecom 
munica 
tions
	Not support

	6 
	Samsung 
Elec 
tronics 
Romania
	Not support. 
However, we would like to clarify that alt. 2 does not change Rel-16 UCI multi plexing behaviour. In our understanding, for alt 2, UE first decides a PUCCH for the SPS HARQ-ACK (either a PUCCH configured for SPS HARQ-ACK or DG HARQ-ACK), then Rel-16 multiplexing rules apply. What is different from Rel-16 is the PUCCH resource determation. The UCI multiplexing remains the same.

	7 
	Intel Ko rea, Ltd.
	Support in principle. 
We consider that to not rely on dynamic triggers and multiplexing possibility with other UCI, the candidates for SPS PUCCH transmission are better to be increased, that is why the update/change to the initial mux can be possible.

	8 
	Sony Eu rope B.V.
	Not support. Shouldn’t change Rel-16 behaviour.

	9 
	WILUS 
Inc.
	Not support. 
Rel-16 UCI multiplexing behavior can be applied with additionally configured PUCCH resources.

	10 
	LG Elec tronics 
Inc.
	Support. 
We think it is beneficial to suppor deferral in semi 
static manner. Moreover, even if deferral occurs in initial slot, HARQ ACK can be multiplexed naturally if we don’t change any UE behavior in the initial 

	11 
	ZTE Cor poration
	I am not sure I quite understand the question. As we propose 1A, it doesn’t mean the UCI mux should be changed. If the deferred PUCCH satisfies the condition of multiplexing in the initial slot, it can multiplex with other channels in the initial slot. The multiplexing principle doesn’t change just intra-slot defer before multiplexing, but in intra-slot defer case, the final consequence is the same with Alt1.

	12 
	Ericsson 
LM
	The question is not clear to us, as mentioned by some other companies. We think the key question is the previous one. or in other words, this is the consequence of whether a pre-determined timing for DL SPS HARQ-ACK (ir respective of intra-slot, inter-slot, etc) deferring is used or not. If yes, one can discuss whether the PUCCH resources for DL-SPS only can be extended or not . 
If no, one can discuss whether PUCCH resources for dynamic HARQ-ACK should be extended or not. However, we assume the understanding is that the same UCI multiplexing procedure is used. 
Maybe the intention of the question is more related on the PUCCH resources as explained above.

	13 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Slightly prefer “Not support. Refer to the analysis in 2.1.1

	14 
	SHARP 
Corpora 
tion
	Not support.

	15 
	Motorola 
Mobility 
UK Ltd.
	Not support

	16 
	Qual 
comm 
Tech 
nologies 
Int
	No support. The proposal is that both SPS PUCCH HARQ and HARQ for DG PDSCH can be multiplexed in the same UCI, independently of their prior ities, provided that the multiplexing does not cause any collision. Hence, the assumption is that the PUCCH resource is large enough to carry HARQ bits from both SPS PUCCH HARQ Process and from HARQ for DG PDSCH.

	17 
	NEC Cor poration
	Not support.

	18 
	Spread 
trum 
Communi cations
	Not support. We agree with Samsung‘s view and Rel-16 HARQ-ACK multi plexing rule is not changed.

	19 
	Beijing 
Xiaomi 
Mobile 
Software
	Not support

	20 
	Asia 
Pacific 
Telecom 
co. Ltd
	Not support.





Another thing to note was, that several companies brought up the consideration of multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList, which are in case also UCI is to be transmitted in the initial slot are in a way similarly ‘semi-statically configured’ – as the PUCCH resources for HARQ-ACK are (i.e. there should not be any missed DCI issue with respect to those). Therefore, it would be good to get this clarified, if the alternatives (for moderator reading at least Alt. 1 and 1A may be impacted) would need to be modified to also include these PUCCH resources. 

So what the moderator here means, if the CSI PUCCH resources would need to be also considered as PUCCH configurations in case also CSI is to be multiplexed in the initial slot and also the SPS HARQ-ACK for this case would lead to deferral. E.g. if considering the CSI PUCCH resources, the following change to Alt. 1 would be appropriate?

Alt. 1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16, or n1PUCCH-AN, multi-CSI-PUCCH-ResourceList or pucch-CSI-ResourceList is not valid
· Note: This means, that if SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource then it cannot be deferred! 


 
Question 2.1.3: Would SPS HARQ-ACK be deferred in case it is multiplexed with CSI on the initial slot and the resulting PUCCH resource (from multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList) is not valid?
Feedback Form 3: Handling of PUCCH resources for 
CSI: Please provide your input on Question 2.1.3 – 
starting with Yes / No followed by your explanation 
for your company’s position. 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	No. After multiplexing, if the PUCCH resource is not valid, then it should also follow the legacy behaviour that is dropping the PUCCH, SPS HARQ-ACK should NOT be deferred.

	2 
	CATT 
	Yes. It is also related to previous questions in case there is dynamic HARQ ACK in the initial slot. If option 1A is adopted, then it is not clear whether dynamic HARQ-ACK should be considered to multiplex SPS HARQ-ACK with CSI.

	3 
	Nokia 
Germany
	Yes. 
Looking at the predictability, a CSI occasion in a slot is as predictable (not affected by missed DCI) as HARQ-ACK. Therefore , we think if SPS HARQ is multiplexed on the CSI PUCCH resource, then also there the SPS HARQ-ACK could be deferred.

	4 
	NTT DO COMO 
INC.
	No. Since we don’t support deferral in initial slot when mux is possible (as ques tion 2.1.1), we think a unified solution is preferred for multiplexing regardless multiplexing with dynamic HARQ-ACK, or multiplexing with CSI, or multi plexing with PUSCH. So we don’t support deferral when SPS HARQ-ACK is multiplexed with CSI and the result PUCCH resource is not valid.

	5 
	China 
Telecom 
munica 
tions
	Yes

	6 
	Samsung 
Elec 
tronics 
Romania
	No need to consider CSI resources – the probability that PUCCH resources for SPS HARQ-ACK are unavailable while PUCCH resources for CSI are avail able in a slot is practically zero. No need to complicate the specifications for functionalities with no realistic deployment scenario.

	7 
	Intel Ko rea, Ltd.
	Not support. Consideration on multiplexing of SPS HARQ with other UCI when deciding on deferral complicates the procedures. We would like to make the decision on deferral as semi-static as possible.

	8 
	Sony Eu rope B.V.
	Question 2.1.3 seems to say that after multiplexing the PUCCH resource for CSI is not valid. For clarification can the SPS HARQ-ACK be transmitted if it was not multiplexed into CSI PUCCH, that is SPS HARQ-ACK PUCCH was valid to being with and only become invalid after multiplexing with CSI PUCCH? If it could be transmitted if it was not multiplexed into CSI PUCCH then it should not be deferred otherwise it should be deferred.

	9 
	WILUS 
Inc.
	Not supported. If additional configured PUCCH resources are needed, PUCCH resources in PUCCH-ResourceSet would be enough to multiplex SPS HARQ ACK.

	10 
	LG Elec tronics 
Inc.
	Yes. (In general) 
Of course, it is highly up to methods of deferral determination. Though it is unclear what are assumed in here, UE can try UL multiplexing with semi-static PUCCH in order to determine deferral.

	11 
	ZTE Cor poration
	Yes, 
the CSI-PUCCH resource can be included into the available resource for HARQ ACK of SPS PDSCH to be multiplexed. 
@CATT, I am not sure why you said it is not clear whether dynamic HARQ ACK should be considered to multiplex SPS HARQ-ACK with CSI if option 1A is adopted. As I explained in previous answer, 1A can support intra-slot deferral, the multiplexing in the same initial slot could be done after the deferral.

	12 
	Ericsson 
LM
	No. Based on the principle we described in Q2.1.1. 
I think it is better to establish the underlying principles. when that is in pace, it would be easier to discuss different overlapping cases for dynamic HARQ-ACK and CSI. 
Again, in our view, the deferring mechanism for DL SPS in Rel-17 should result in a pre-determined timing for transmission of DL SPS HARQ-ACK as in Rel-15/Rel-16. With that, if along the way, there is overlapping with CSI or dynamic HARQ-ACK, the multiplexing is applied on top. Not the other way round, i.e. the multiplexing does not decide for deferring.

	13 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Do not support using CSI PUCCH resources to check the validity of PUCCH. CSI PUCCH resource usually carries large payload size and occupies more sym bols. If PUCCH configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN can not be used, CSI PUCCH also has a good chance to collide with slot format con figuration. Moreover, if CSI PUCCH resource is introduced, PUCCH resource determination procedure for SPS HARQ-ACK needs to be updated.

	14 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Yes. Also for Alt.1A, the SPS A/N can be multiplexed with CSI and does no need to defer as the occurrence of the semi-static CSI is predictable.

	15 
	Motorola 
Mobility 
UK Ltd.
	Yes. CSI reports are dropped, but SPS HARQ-ACK can be deferred.

	16 
	Qual 
comm 
Tech 
nologies 
Int
	No support. The question is not clearly formulated. In general if SPS PUCCH HARQ is multiplexed with other dynamic UCI types and the PUCCH resource is not valid, then, SPS PUCCH HARQ is not eligible for deferral, everything is dropped. 
Or, is the question for support for the case in which 
-          SPS PUCCH HARQ is multiplexed with CSI on the initial slot and -          PUCCH resource (from multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList) is not valid for the transmission of both SPS PUCCH HARQ bits and CSI reports, but 
-          PUCCH resource is valid for the transmission of SPS PUCCH HARQ bits 
And in which case SPS PUCCH HARQ is not deferred but transmitted at the initial slot? 
However, this case is a corner case and it should be dealt later when when the major questions of the deferral are solved. 
Or, is the question what does it happen if periodic CSI reporting is config ured together with some occasions of SPS PUCCH HARQ? Then, in this case, support for dropping everything and deferring HARQ bits only.

	17 
	NEC Cor poration
	Not support. We share same view with DOCOMO that a unified solution is preferred. When SPS HARQ-ACK in the initial slot can be multiplexed with other UCI, UE will not defer SPS HARQ-ACK and follow legacy rule to drop the PUCCH if the multiplexed PUCCH resource is invaild.

	18 
	Spread 
trum 
Communi cations
	No. The wording is not clear enough. If HARQ-ACK for SPS is not available and dropped, the CSI PUCCH resource and DG HARQ-ACK PUCCH resource can be applied. But if SPS HARQ-ACK is already multiplexed with CSI and dropped, further derffering is not supported.

	19 
	Asia 
Pacific 
Telecom 
co. Ltd
	Yes, as the CSI resource is preconfigured, there is no issue to defer HARQ-ACK to the next slots.

	20 
	Beijing 
Xiaomi 
Mobile 
Software
	Not support, if SPS PUCCH HARQ is multiplexed with other dynamic UCI types and the PUCCH resource is not valid, everything is dropped.



There currently seems to be no tendency of how this is handled. So maybe better to come back to this if really supporting e.g. Alt. 1 in the end. 

Round 1
Based on the Round 0 of the NWM, the following can be noted based on the feedback to Questions 2.1.1 to Question 2.1.3: 
· On Q 2.1.1, there seems to be a strong majority suggesting the SPS HARQ-ACK should not be deferred if the multiplexing in the initial slot is possible (hinting to not support Alt. 1A)
· On Q 2.1.2, there seems to be a strong majority of companies suggesting that the SPS HARQ-ACK multiplexing in the initial slot to be not changed to the Rel-16 multiplex rules 
· On Q 2.1.3, there is no clear tendency available
· Moderator comment: maybe to leave this for this meeting / for now
· On all 3 questions, there seem to have been some confusion with the intention of the moderator 


So maybe the only way to proceed is to get back to the options we have and see if we could later on during this meeting to further down-select between the options (reduce the number options at least for further consideration). For further definition please see the moderator summary as input to this meeting. 

Question 2.1.4: Which of the alternatives do you support: 
· Alt. 1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid
· Alt. 1A: Deferral only, if the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the HARQ-ACK transmission assuming SPS HARQ-ACK only is not valid in the initial slot/sub-slot
· Alt. 2: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using SPS-PUCCH-AN-List-r16, n1PUCCH-AN or other configured PUCCH resource(s)  is not valid
· Alt. 3: Defer if there is no available symbol for an UL transmission in the initial slot/sub-slot
· Alt. 3A: Defer if there is no available symbol for an UL transmission in the initial slot/sub-slot including additionally configured with invalid symbols/slots for SPS HARQ-ACK

Please provide your input below – please note that there are separate feedback forms for each of the alternatives (to make the tracking of your support easier).
Feedback Form 4: Should alternative 1 be supported? 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support. To keep the legacy behavior and reduce the SPS HARQ feedback latency.

	2 
	Sony Eu rope B.V.
	Firstly, it looks like Alt-1, Alt-2 and Alt-3 are not really alternatives. For example, it doesn’t matter what happens in Alt-1, if Alt-3 occurs, nothing can be transmitted in the uplink. I take it we are trying to pick which rules to apply when deciding whether to defer or not rather than pick one of the above alternatives. 
As for Alt-1, does this mean that SPS HARQ-ACK is deferred if: 1) PUCCH resource for SPS HARQ-ACK is invalid 
AND 
2) A dynamically scheduled PUCCH is also invalid. 
So if there is no dynamically scheduled PUCCH then we do not consider step 2 above even though there may be resources configured for dynamic PUCCH. If the above is the intention then we support Alt-1. If not please clarify.

	3 
	Sony Eu rope B.V.
	After reading the alternatives again, it seemed what I suggested is covered in Alt-2, where the other PUCCH can be for dynamic PUCCH. So we do NOT SUPPORT Alt-1.

	4 
	Spread 
trum 
Communi cations
	Not support. Alt-2 is perferred.

	5 
	China 
Telecom 
munica 
tions
	Not support. It causes gNB and UE different understandings on whether SPS HARQ-ACK is deferred when UE misses the DCI scheduling the HARQ-ACK to be transmited in the dynamic PUCCH resource. Since gNB thinks the SPS HARQ-ACK would be multiplexed on the dynamic PUCCH resource, but UE’s behavior is to defer the HARQ-ACK.

	6 
	Intel Ko rea, Ltd.
	Not support Alt.1. However, if the discussion broken down to aspects mentioned by Sony, i.e. whether to consider dynamic mux or not, may be it would be easier to reach the common ground.

	7 
	Samsung 
Elec 
tronics 
Romania
	No support Alt. 1. What if a UE misses DCI scheduling dynamic PUCCH? We think that triggering deferring is determined by dynamic DCI as well as semi-static configuration.

	8 
	NTT DO COMO 
INC.
	Support. 
With Alt 1, Rel-16 UCI multiplexing rule is reused.

	9 
	CATT 
	Not support. There would be misalignment between gNB and UE if DCI scheduling dynamic PUCCH is missed.

	10 
	ZTE Cor poration
	Not support. Alt.1 has the DCI missing problem as UE need the DCI for dynamic scheduled PUCCH if considering multiplexing before deferring.

	11 
	Nokia 
Germany
	Support. 
Enables re-using the Rel-16 multiplexing rules (so minor specification effort compared to changed the rules there).

	12 
	Panasonic Corpora 
tion
	Support. Alt.1 would require less specification impact for UCI multiplexing behavior. Missed DCI issue would be handled well by reliable DCI transmission.

	13 
	LG Elec tronics 
Inc.
	Not support. We should consider DCI missing problem in the deferral case. Since deferral affect initial slot but also target slot, if deferral in multiple slot are targeting a same slot, there would be multiple hypothesis and PUCCH reliability is highly degraded. Considering TDD pattern and agreement on what is next available slot, it would be common situation.

	14 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Alt.1: Support. The multiplexing of DG and SPS HARQ-ACKs would follow the Rel-15 rule, and the latency would be improved.

	15 
	NEC Cor poration
	Support. Alt.1 can reusing the legacy multiplexing rule.

	16 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Support.According below agreement, we could see that collision is determined by semi-static slot format configuration. In other words, collision can be pre dictable. So reasonable PUCCH resource set for SPS HARQ-ACK can be pre configured to reduce deferral. For example, PUCCH resource for SPS HARQ ACK is configured based on the intersection of UL symbol and/or flexible sym bol location among slots other than all-DL-symbol slot. 
Agreements: 
• Support deferring SPS HARQ-ACK dropped due to TDD specific colli sions until a next available PUCCH in Rel-17 based on semi-static con figuration of slot format 
o   FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH avail ability, etc.) 
o   Aim for minimal standardization efforts and UE complexity in implemen tation 
In practice, slot format configuration is not too fancy. So, the benefit from deferral is mainly to avoid SPS HARQ-ACK drop in all-DL-symbol slot, in which any PUCCH resource, regardless of PUCCH resource in PUCCH resource set for dynamic HARQ-ACK, SR and CSI, will still be dropped. 
In addition, when we achieve the below agreement, “Aim for minimal stan dardization efforts and UE complexity in implementation” is highlighted, and unified design principle should be applied. Note that dynamic SFI is periodic signalling but dynamic scheduling DCI is unforeseen. The complexity from the latter is larger than the former.

	17 
	Motorola 
Mobility 
UK Ltd.
	Support.

	18 
	Ericsson 
LM
	I am not able to see the difference between Alt 1 and Alt1A. I sent an email on reflector seeking for help :-) 
As we explained before, in our view, the deferring mechanism for DL SPS in Rel-17 should result in a pre-determined timing for transmission of DL SPS HARQ-ACK as in Rel-15/Rel-16. 
Any alternative that changes this principle is not acceptable.

	19 
	Qual 
comm 
Tech 
nologies 
Int
	Support Alt. 1



Feedback Form 5: Should alternative 1A be supported? 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support.

	2 
	Sony Eu rope B.V.
	Does Alt-1A means that SPS HARQ-ACK is deferred if: 
1) 1) PUCCH resource for SPS HARQ-ACK is invalid 
AND 
2) Configured PUCCH resource for dynamic PDSCH HARQ-ACK is also invalid regardless if any dynamical PUCCH is scheduled. 
That is as long as there are PUCCH resources configured for dynamic PUCCH then SPS HARQ-ACK can use it even though those resources are not intended for SPS HARQ-ACK. 
If the above description is the intention then we do NOT SUPPORT this. If not please clarify.

	3 
	Spread 
trum 
Communi cations
	Not support.

	4 
	China 
Telecom 
munica 
tions
	Not support.  Rel-16 multiplexing behavior in the initial slot/sub-slot is changed for this Alt.

	5 
	Intel Ko rea, Ltd.
	This Alt. 1A is our second preference, assuming dynamic mux is not considered for deferral decision

	6 
	NTT DO COMO 
INC.
	Not support. 
SPS HARQ-ACK may be deferred even though it can be multiplexed and trans mitted. And this is different from Rel-16 legacy behavior.

	7 
	Samsung 
Elec 
tronics 
Romania
	Not support. It is understood that this option change multiplexing behavior in initial slot.

	8 
	CATT 
	Support. According to Option 1A, the target slot is deterministic which would not be impacted by dynamic signaling and also would simplify the UE imple mentation.

	9 
	ZTE Cor poration
	Support. The main reason is to prevent the problem of DCI missing. For Alt.1A, UE doesn’t need to know whether there is PUCCH resource for dynamic PDSCH HARQ-ACK when UE determine to defer, UE just knows the semi-static PUCCH resource, for example, the PUCCH resource for SPS PDSCH,etc. 
As OPPO pointed, Deferral does not take multiplexing into account. Aim for minimal standardization efforts and UE complexity, defer determination should be semi-static. To be specific, deferral is before multiplexing decision. We share this point with OPPO. 
From my understanding on 1A, there are minor difference with OPPO, deferral determination in initial slot could be based on semi-static PUCCH resource, but when decide the target PUCCH resource, UE could consider more PUCCH resources including the dynamic scheduled PUCCH resources to reduce the deferral latency. This means UE can decide to defer to the same slot with initial slot to multiplex with DG PUCCH. Thus we propose: For Alt.1A, once SPS HARQ-ACK is determined to be delayed, then the SPS HARQ-ACK can be transmitted as the resulting PUCCH resource for transmission using SPS PUCCH-AN-List-r16, n1PUCCH-AN or other configured PUCCH resource(s) from the initial slot/sub-slot.

	10 
	Nokia 
Germany
	Not support. 
This will lead to larger delays for the SPS HARQ-ACK unnecessarily. Com pared to Alt. 1, we think the ’missing a DCI’ issue is not that big of an issue here, as the same applies for any HARQ-ACK operation.

	11 
	Panasonic Corpora 
tion
	Support as second preference (if missed DCI is big issue)

	12 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support. We admit that Alt.1A has the benefit of avoiding the impact from missing DCI which may have impact on the reliability of the HARQ-ACK for other slot(s). It is a little hard to say which one is better between Alt.1 and Alt.1A, since one is beneficial for latency while the other is beneficial for reli ability, both latency and reliability are important for URLLC. Probably both can be supported and used for different use cases.

	13 
	NEC Cor poration
	Not support. Alt.1A will change the Rel-16 UCI multiplexing rule related to SPS HARQ-ACK and may introduce additional latency.

	14 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Not support

	15 
	Motorola 
Mobility 
UK Ltd.
	Not support

	16 
	Qual 
comm 
Tech 
nologies 
Int
	Do not support Alt 1A. The missing DCI issue occurs any time DCI is transmit ted. The probability of missing DCI is extremely low in URLLC. Even though the DCI is missed, the UE defers the colliding with DL symbols SPS PUCCH HARQ, something that the UE would have done if this Alt 1A had been sup ported. The gain of Alt 1 is that 99.9999% of the time, DCI is decoded and the bundle of SPS HARQ + HARQ for DG PDSCH is transmitted at the same slot without deferral.




Feedback Form 6: Should alternative 2 be supported? 
	
	Item Com pany
	Comments

	1 
	Sony Eu rope B.V.
	Support. 
Here we assume that this is similar to Alt-1 but here there are also other PUC CHs being scheduled for transmission.

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support for now. Alt.1 should be the baseline, Alt.2 can be viewed as further enhancement on top of Alt.1. We would like to support Alt.1 first.

	3 
	Spread 
trum 
Communi cations
	Support. The flexibility is higher than Alt-1(A) and the latency can be main tained.

	4 
	China 
Telecom 
munica 
tions
	Support if the intention is there is no available PUCCH resource with valid symbols in the initial slot/sub-slot, then inter slot/sub-slot deferral happens. As the formulation is somewhat different from the original Alt2, we would like to check if the deferral means intra slot/sub-slot deferral or inter slot/sub-slot deferral. 
If the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH AN for only the SPS HARQ-ACK transmission is invalid, the dynamic sched uled HARQ-ACK resource from PUCCH-ResourceSet is valid, but there is no DCI scheduling the dynamic HARQ-ACK in the initial slot/sub-slot, the result ing PUCCH resource is the invalid SPS-PUCCH-AN-List-r16 or n1PUCCH-AN resource. In this case, does this alternative mean the SPS HARQ-ACK is not inter slot/sub-slot deferred and imply intra slot/sub-slot deferralff

	5 
	Intel Ko rea, Ltd.
	Alt. 2 is preferred, if the intention to decide on the deferral based on semi static information/conflicts, where the additional PUCCH resources are for the purpose of increasing possibility of finding a valid resource in the slot/sub-slot

	6 
	Samsung 
Elec 
tronics 
Romania
	Support Alt. 2, because 
- a) provides the best intended performance (that is, minimizes latency) - b) keeps the same UL multiplexing behaviour and cancellation (that is, mul tiplexing à cancellation) 
- c) is robust to DCI decoding errors

	7 
	NTT DO COMO 
INC.
	There seems two different understandings for current description of Alt 2: 1) Rel-16 UCI multiplexing and PUCCH resource determination rules are reused. Deferral only when the result PUCCH after considering multiplex ing (if any multiplexing) is not valid. With this understanding, the condition ”other configured PUCCH resource(s)” is taken into account only when there is UCI multiplexing. 
2) Even though no UCI multiplexing, if the determined PUCCH resource using SPS-PUCCH-AN-List-r16, n1PUCCH-AN is not valid, UE wil check whether any PUCCH resource in other configured PUCCH resource(s) is valid. Then determine whether deferral based on the checking result for other PUCCH re source(s). With this understanding, ”intra-(sub-)slot” is performed. 
We can support the first understanding, but we don’t support the second un derstanding. In our opinion, it’s better to reuse PUCCH resource selection principle, i.e. if only SPS HARQ-ACK in the PUCCH, PUCCH resource con figured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN will be used. Otherwise, it seems contradicted with the motivation to introduce a separate configured PUCCH resource for SPS HARQ-ACK.

	8 
	CATT 
	Not support. Our understanding of Option 2 is that if the PUCCH resource for SPS HARQ-ACK is not available in the initial slot/sub-slot, regardless of whether dynamic PUCCH is scheduled to be transmitted in the same slot/sub slot, UE would check all the PUCCH resources configured in the slot/sub-slot, and select one of them if it is available. It is also different from existing approach and a new rule needs to be defined how to select the PUCCH resource if multiple PUCCH resources are available.

	9 
	ZTE Cor poration
	Not support. The difference compared with Alt.1 is adding the other configured PUCCH resource. 
If the understanding 1 of DOCOMO is right, if other configured PUCCH re source(s)” is taken into account only when there is UCI multiplexing, how to solve the possible DCI missing problem. 
If the understanding 2 of DOCOMO is right, or according to understand from CATT, the new rules should be defined to select PUCCH resources.

	10 
	Nokia 
Germany
	Moderator comments: 
The moderator understanding of Alt. 2 is, that if after applying the Rel-16 multiplexing operation the resource is not valid, the UE will look for an alter native resource for transmission in the initial slot by trying if intra-slot deferral in the initial slot could be working. 
Only if the intra-slot deferral is not possible, it would look for an alternative ’target slot”

	11 
	Nokia 
Germany
	Conditional support 
We are open to have an other set of RRC configured resources (e.g. a 2nd set for SPS HARQ-ACK only, but there again - the same operation would apply). But not that the UE would be looking for any PUCCH resource from any PUCCH resource set.

	12 
	Panasonic Corpora 
tion
	Not support. We share the same view as CATT.

	13 
	WILUS 
Inc.
	Support. 
Based on the moderator comments, we think alt 2 provides more chances to mul tiplex SPS HARQ-ACK information and gNB may configure proper PUCCH resources in a slot so it is preferred in terms of latency.

	14 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Not support. Alt.2 may result in collision & interference to other UEs due to DCI missing, since usually the dynamic resource would be shared among multiple UEs.

	15 
	NEC Cor poration
	Not support. In our understanding, with the Alt.2, if the SPS HARQ-ACK in the initial slot will be multiplexed with CSI on the configured PUCCH resource for CSI while the PUCCH resource is invalid, deferral will be enabled. We prefer legacy UE bahavior to direclty cancel the PUCCH transmission.

	16 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Not support

	17 
	Motorola 
Mobility 
UK Ltd.
	Not support

	18 
	Qual 
comm 
Tech 
nologies 
Int
	What is the difference between Alt 2 and Alt 1? That the PUCCH resource is located at a different symbol and PRB of the same slot? Whilst in Alt 1, some of the UL symbols are the same? If yes, then support Alt 2. Again the missing DCI ”issue” is not a considerable issue - no more than what it is in general.
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Feedback Form 7: Should alternative 3 be supported? 
	
	Item Com pany
	Comments

	1 
	Sony Eu rope B.V.
	Support. 
I do not see how any PUCCH (or PUSCH) can be transmitted if there are no UL resources. Shouldn’t this be a fact? 
Is there some other reasons to list this alternative, i.e. there are some reason why without any UL resource, the UE can transmit something in the uplink?

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support. Alt-3 causes SPS HARQ dropping if its PUCCH resource collides with the DL symbols which contradicts with the original spirit of support SPS HARQ deferral.

	3 
	Intel Ko rea, Ltd.
	We understand that Alt. 3 works, especially if there is additional feedback retransmission mechanism. But it seems inferior to other alternatives which do not consider dynamic multiplexing conditions, since causes more deferral in general.

	4 
	Samsung 
Elec 
tronics 
Romania
	Not support. It is unclear what ”available symbol” means? Is it only applicable to do defer if a slot includes all DL symbols?

	5 
	NTT DO COMO 
INC.
	Not support. 
SPS HARQ-ACK deferral possibility is reduced and more SPS HARQ-ACK dropping will be resulted.

	6 
	China 
Telecom 
munica 
tions
	Not support. If there is available symbol for an UL transmission in the initial slot/sub-slot but the symbol is not in any PUCCH resource, this Alt results in no deferral. However, the dropping in this case can be avoided.

	7 
	CATT 
	Not support. Same reason as China Telecom.

	8 
	Spread 
trum 
Communi cations
	Not support. If there is available UL symbols but no availble PUCCH resource at a slot, the HARQ-ACK would be dropped for Alt.3 and the chance to further delay is lost, the performance is affacted.

	9 
	ZTE Cor poration
	Not support. Not clear about the no available symbols for UL transmission. Does this mean if there are enough UL symbols, any SPS PUCCH could trans mit regardless the uplink symbols are not for PUCCH?

	10 
	Nokia 
Germany
	Not support 
We think this condition here is too narrow and basically will only allow for deferral, if all symbols of a slot are DL/SSB/coreset#0 symbols.

	11 
	Panasonic Corpora 
tion
	Not support. The behavior is unclear.

	12 
	WILUS 
Inc.
	Not support. We share the same view with China Telecom.

	13 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Not support. Alt.3 will still result in dropping HARQ-ACK often and thus actually didn’t address the HARQ-ACK dropping issue. In addition, we don’t think the UE complexity brought by checking PUCCH resources before defer ring for Alt.1/1A/2 is a problem, since anyway UE needs to do this in Rel-15 even without the enhancements here for deferring.

	14 
	NEC Cor poration
	Not support. We share the same view with China Telecom.

	15 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Not support

	16 
	Motorola 
Mobility 
UK Ltd.
	Not support

	17 
	Qual 
comm 
Tech 
nologies 
Int
	The intention is not clear. Is the intention to capture the case in which at a given slot there are no semi-statically configured UL symbols, but there are flexible symbols? If yes, then, no support.




Feedback Form 8: Should alternative 3A be supported? 
	
	Item Com pany
	Comments

	1 
	Sony Eu rope B.V.
	Support. 
Same as Alt-3, if there are no UL resources, there is no UL transmission. I am not sure what else is there to consider. Also unclear the difference between Alt-3A and Alt-3.

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support. We did not see additional benefits of Alt.3A compared to Alt.1. Besides, Alt.3A needs to define additional invalid symbol pattern, more spec efforts are required.

	3 
	Intel Ko rea, Ltd.
	We understand that Alt. 3A works, especially if there is additional feedback retransmission mechanism. But it seems inferior to other alternatives which do not consider dynamic multiplexing conditions, since causes more deferral in general.

	4 
	Samsung 
Elec 
tronics 
Romania
	Not support. It is unclear what ”available symbol” means? Is it only applicable to do defer if a slot includes all DL symbols + invalid symbol?

	5 
	NTT DO COMO 
INC.
	Not support. 
Similar to Alt 3, there will be more SPS HARQ-ACK dropping compared to Alt 1.

	6 
	China 
Telecom 
munica 
tions
	Not support. This Alt  has the least deferral case similar to Alt 3.

	7 
	CATT 
	Not support.

	8 
	Spread 
trum 
Communi cations
	Not support. Reason is similar as Alt.3.

	9 
	ZTE Cor poration
	Not support. Same confusion with Alt.3

	10 
	Nokia 
Germany
	Not support. 
Reasons similar to Alt. 3

	11 
	Panasonic Corpora 
tion
	Not support. Same unclarity with Alt.3.

	12 
	WILUS 
Inc.
	Not support.

	13 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Not support. There is no need to introduce new solution to fix an Alt.3 problem which does not exist in Alt.1/Alt.1A.

	14 
	NEC Cor poration
	Not support. Similar reasons to Alt.3.

	15 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Not support

	16 
	Motorola 
Mobility 
UK Ltd.
	Not support

	17 
	Qual 
comm 
Tech 
nologies 
Int
	The same reply as for Alt. 3.




Round 2

The following feedback was received on the different alternatives for discussion during Round 1: 
· Alt. 1: 		9x Yes – 8x No  
· Alt. 1A: 	5x Yes – 11x No 
· Alt. 2: 		7x Yes – 8x No 
· Alt. 3: 		1x Yes – 16x No 
· Alt. 3A: 	1x Yes – 16x No 


The question is now, if we are able to reduce the number of options for further discussions here. Two separate proposals are brought forward, one to not consider 3 & 3A anymore (which may be less controversial and one to also not consider Alt. 1A anymore in the second proposal). 


FL Proposal 2.1.1: For the further discussion on the initial slot handling of SPS deferral, Alt. 3 and 3A are no longer considered. 

Feedback Form: Alt. 3 and Alt. 3A are not considered any longer (FL Proposal 2.1.1) 
	
	Item Com pany
	Comments

	1 
	CATT 
	Support

	2 
	LG Elec tronics 
Inc.
	Support.

	3 
	NTT DO COMO 
INC.
	Support

	4 
	Intel Ko rea, Ltd.
	Support, seems a natural outcome from the collected views so far.

	5 
	Sony Eu rope B.V.
	After reading the comments for Alt-3 and Alt-3A, I must say the proposal wasn’t clear. Some companies think Alt-3 would result in no deferral (e.g. China Telecom, CATT) whereas others think it would result in too many deferrals ( e.g. Intel, Huawei), which suggest that different companies have different interpretations of what Alt-3 is. 
The way Alt-3 was phrased simply said to defer if there is no ”available symbol” for an UL transmission, which is like saying UE cannot transmit if there is no UL resource which is rather superfluous. However, after reading Nokia’s T-doc R1-2102819 on Alt-3, it suggested that deferral only occurs if the entire slot is DL symbols and if there is any UL symbols the UE can somehow transmit the PUCCH even if that UL resource was not meant for PUCCH and that the gNB must somehow allocate a dynamic PUCCH for the UE in those UL symbols. This isn’t really what was described in the formulation of Alt-3. 
Since Alt-3 isn’t clear, we will not support it.

	6 
	Sony Eu rope B.V.
	Just to be clear we support the proposal of not supporting Alt-3 and Alt-3A.

	7 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support FL Proposal 2.1.1

	8 
	China 
Telecom 
munica 
tions
	Support FL proposal.

	9 
	Spread 
trum 
Communi cations
	Support.

	10 
	Samsung 
Elec 
tronics 
Romania
	Support

	11 
	Nokia 
Germany
	Support





FL Proposal 2.1.2: For the further discussion on the initial slot handling of SPS deferral, Alt. 1A is no longer considered. 

Feedback form: Alt. 1A is not considered any longer (FL Proposal 2.1.2) 
	
	Item Com pany
	Comments

	1 
	CATT 
	Object. Removing Option 1A for now is not acceptable to us. It is a simple solution which determines the target slot based on semi-static configuration so that missed DCI would not lead to misalignment between gNB and UE. In terms of latency, the difference between Option 1A and other options is marginal if any in the typical TDD UL-DL configuration. Although it seems that Option 1 and 2 reduce the probability of deferral, we do not think it is a typical case that the PUCCH resource for SPS HARQ-ACK is not available in a slot/sub-slot but another PUCCH resource for an equal or larger payload size is available in the same slot/sub-slot.

	2 
	LG Elec tronics 
Inc.
	Not support. As we mentioned before, the side effect of DCI missing should be considered for this issue. For latency in specific cases, gNB can control that anyway since we have maximum deferral limited.

	3 
	NTT DO COMO 
INC.
	Support.

	4 
	Intel Ko rea, Ltd.
	We are not comfortable with removing this alternative. If future discussion will be based on Alt. 1 and Alt. 2 only, there is no intermediate version, i.e. semi-static only conflicts/deferring w/o additional PUCCH resources. We were asking, if a first step in this topic could be agreeing on whether dynamic multiplexing with other UCI can/cannot cause deferral. In our understanding, this discussion will make the downselection easier.

	5 
	vivo 
Mobile 
Commu 
nication 
Co.,
	support

	6 
	China 
Telecom 
munica 
tions
	Support.

	7 
	Spread 
trum 
Communi cations
	Support.

	8 
	Samsung 
Elec 
tronics 
Romania
	Support

	9 
	Nokia 
Germany
	Support

	10 
	Ericsson 
LM
	Not support/Object 
We have been commenting that the behavior for DL SPS HARQ-ACK should be remained pre-determined as in Rel-15 and Rel-16. We also explained the claimed for increased latency are not justified because everything is in gNB control. 
Keeping pre-determined behavior is the main characteristics and different al ternatives should be categorized such that this property is remained or not. If not, it has implementation complexity that is not justified. 
We object to any scheme that does not fullfill this condiiton.






2.2.2 Definition of valid / invalid symbols in the target slot: 
We made already an agreement in RAN1#104-e, that only semi-static DL symbols, SSB and CORESET symbols are considered as invalid in the initial slot: 

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.


This agreement is only covers the initial slot, but does not yet cover the determination of the target slot. There had been rather diverse input – and the moderator would like to get some clear company inputs based on the following question: 

 
Question 2.2.1: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with the following symbols is regarded as ‘invalid’ or ‘no symbols for UL transmission’:
· Option 1: Semi-static DL symbols, SSB and CORESET#0 only (i.e. same as in the initial slot)
· Option 2: Also semi-static flexible symbols (in addition semi-static DL symbols, SSB and CORESET#0 only)
· Option 3: Other

Feedback Form 9: Invalid symbols for target slot: Please provide your input to Question 2.2.1 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Option 1, same definition as for the initial slot.

	2 
	CATT 
	Option 1

	3 
	Nokia 
Germany
	Option 1, same definition as for the target slot.

	4 
	NTT DO COMO 
INC.
	Option 1.

	5 
	Samsung 
Elec 
tronics 
Romania
	Option 1 – no need to also consider impact of DCI 2_0 – no change from in Rel-15.

	6 
	TCL 
Commu 
nication 
Ltd.
	Option 1

	7 
	China 
Telecom 
munica 
tions
	Option 3. Whether a collision with semi-static flexible symbol is re garded as ‘invalid’ or ‘no symbols for UL transmission’ (in addition to semi-static DL symbols, SSB and CORESET#0) depends on the configured number of semi-static flexible symbol and semi-static UL symbol. 
Option 1 means semi-static flexible symbol always can be used as the symbol for available PUCCH. The dropping of the SPS HARQ-ACK would still happen in case the deferred resource collides with dynamically scheduled DL transmission or SFI does not indicate the semi-static flexible symbol as UL. 
Option 2 means semi-static flexible symbol always can’t be used as the symbol for available PUCCH. The available PUCCH is consisted of semi-static UL symbol only. In this way, when few semi-static UL symbols are configured, the latency for the HARQ-ACK feedback would be large. Especially when there is no semi-static UL symbol configured, the HARQ-ACK feedback can’t even be transmitted. 
We think the combination of the above two options can be considered. For example, when the configured semi-static UL symbols are more than the con figured semi-static flexible symbols, semi-static flexible symbols are not symbols for available PUCCH to avoid the dropping of the deferred HARQ-ACK due to dynamic DL scheduling or not UL SFI configuration on the flexible sym bol. When the configured semi-static UL symbols are less than the configured semi-static flexible symbols, semi-static flexible symbols could be symbols for available PUCCH to reduce the latency for HARQ-ACK feedback.

	8 
	Intel Ko rea, Ltd.
	Option 1, this should not be different from the initial slot.

	9 
	WILUS 
Inc.
	Option 1. same as in the initial slot.

	10 
	LG Elec tronics 
Inc.
	Option 1. same as in the initial slot.

	11 
	Sony Eu rope B.V.
	Option 1. Consistent with initial slot.

	12 
	ZTE Cor poration
	Option 1. F symbols could be PUCCH resources for SPS HARQ-ACK. More specific, The flexible symbols that from the start symbol of the original deferred PUCCH could be used for the available PUCCH for the deferred HARQ-ACK codebook. For example, the original PUCCH is configured with symbols #6 #9, then the flexible symbols starting from symbol #6 can be used for the next available PUCCH.

	13 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 1

	14 
	Ericsson 
LM
	Option 3. 
In our view, we should support by RRC configuration of additional invalid symbols that are not applicable for DL SPS deferring. The reason is as the following (using an example): 
• Consider that in TDD system, UL slots or slots with few uplink symbols, the NW prefers to use those slots (or some symbols in the slots) for SRS transmission. This can be done in Rel-15/16 as discussed earlier by proper configuration of k1 and PUCCH resource, since the behavior of DL SPS HARQ-ACK is pre-determined. 
• now, in Rel-17, if we consider only DL symbols as we already agreed, we don’t give the NW any possibility to tell the UE not to consider some other UL symbols as well for deferring (because the NW wants to use them for something else, e.g. SRS). 
• Therefore, we think we should allow this flexibility, without complicating the operation. We propose to allow RRC configuration of ”invalid symbols” for the purpose of DL SPS HARQ-ACK deferring. In this case, the UE considers the union of this configuration together with DL symbols and apply the same procedure. No additional complexity at UE, while giving the flexibility to the NW for proper man agement of UL resources among UEs.

	15 
	Panasonic Corpora 
tion
	Option 1

	16 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 1. However, we have a question to clarify: if we adopt option 1, does it mean that we will revisit the principle to determine the valid symbols in Rel-15 and Rel-16? In our understanding, in Rel-15, the semi-static flexible symbol is not available for semi-static PUCCH if DCI 2_0 is configured but not detected by UE; in Rel-16, the semi-static flexible symbol is not available for semi-static PUCCH if DCI 2_0 is configured but not detected by UE and EnableConfiguredUL-r16 is not configured.

	17 
	SHARP 
Corpora 
tion
	Option 1. Align with the previous agreements on initial slot.

	18 
	Nokia 
Germany
	Option 1. Align with initial slot.

	19 
	Motorola 
Mobility 
UK Ltd.
	Option 1

	20 
	Qual 
comm 
Tech 
nologies 
Int
	Support for Option 1. ‘Invalid’ symbols or ‘no symbols for UL transmission’ are either semi-statically configured DL symbols, or flexible symbols used for SSB and CORESET#0. The same rule applies for ’initial’ (sub)slot and ’target’ (sub)slot.

	21 
	Spread 
trum 
Communi cations
	Option 1.

	22 
	Asia 
Pacific 
Telecom 
co. Ltd
	Option 1.




Based on the input received, the following agreement was reached in the GTW session on April 14th:  
Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

On the PUCCH resource sets (how to define the target slot), it may be better to have first clarity on the operation in the initial slot. Therefore, we could maybe wait for having clarify on the initial slot. 

2.2.3 Limitation on maximum & minimum deferral:
At least 15 companies think there should be a limit in the maximum deferral defined. Therefore, the following is suggested:
FL proposal 2.3.1: Support a limit on the maximum deferral of SPS HARQ.
· FFS: Details incl. e.g. 
· limitation given by k1def,max or k1eff,max 
· limit determined by K1 set or RRC configured limit

Feedback Form 10: Limit on maximum deferal: Please provide your input to the proposal 2.3.1 
 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support.

	2 
	CATT 
	Support

	3 
	Nokia 
Germany
	Support

	4 
	NTT DO COMO 
INC.
	Support.

	5 
	Samsung 
Elec 
tronics 
Romania
	Agree. RRC configuration – value up to gNB implementation

	6 
	TCL 
Commu 
nication 
Ltd.
	Support

	7 
	China 
Telecom 
munica 
tions
	Support

	8 
	Intel Ko rea, Ltd.
	Support in principle. The proposal could be made more precise. For example ”Support a limit on the maximum deferral of SPS HARQ” does not operate by the agreed terms, does not mention deferral units, etc. Another example is that k1eff,max is not defined in prior agreements.

	9 
	WILUS 
Inc.
	Support.

	10 
	LG Elec tronics 
Inc.
	Support in principle. We are not sure what details in FFS means. If the intention of FFS is for discussion in the next meeting, it would be better to have such text in FL summary instead of agreements. It make us difficult to decide.

	11 
	Sony Eu rope B.V.
	Support

	12 
	ZTE Cor poration
	Not support. No need to define maximum value for deferral. Our proposal is deferred to the first available UL slot without limitation.

	13 
	Ericsson 
LM
	Support. 
In response to ZTE, our understanding is that in practice, all is based on gNB configuration and eventually would be limit for deferring, determined based on TDD configuration and configured k1. Hence, the limit under discussion here simplifies specification and UE behavour.

	14 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Support

	15 
	Panasonic Corpora 
tion
	Support

	16 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support. The k1eff,max should be determined by the maximum value of K1 set

	17 
	SHARP 
Corpora 
tion
	Support

	18 
	Motorola 
Mobility 
UK Ltd.
	Support

	19 
	Qual 
comm 
Tech 
nologies 
Int
	Support proposal 2.3.1. Maximum deferral should be set per SPS Configuration at RRC level.

	20 
	NEC Cor poration
	Support

	21 
	Asia 
Pacific 
Telecom 
co. Ltd
	Support.




Based on the input received, the following agreement was reached in the GTW session on April 14th:  

Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
· FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
· FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)

Maybe we could try to reach an agreement also in the minimum deferral – as there seems to be a majority thinking there is no additional limit needed. 
FL proposal 2.3.2: Do not support any additional limitation on the minimum deferral of SPS HARQ k1def,min.
· Note: If intra-(sub-)slot deferral is supported (i.e. Alt. 2), this results in k1def ≥0 – if only inter-(sub-)slot deferral  is support, this results in k1def ≥1.

Feedback Form 11: Limit on minimum deferral: Please provide your input to the proposal 2.3.2 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support.

	2 
	CATT 
	Support in principle but would like to clarify what ”additional” means.

	3 
	Nokia 
Germany
	Support (on behalf of Nokia). 
From Moderator perspective on the comment by CATT: This is related to the clarification in the note - i.e. if only inter-slot deferral is supported, than there would be a minimum of 1 there

	4 
	NTT DO COMO 
INC.
	Support.

	5 
	Samsung 
Elec 
tronics 
Romania
	support ”proposal(Not support)” k1def ff0 (i.e. no limit for the mini mum value)

	6 
	TCL 
Commu 
nication 
Ltd.
	Support

	7 
	China 
Telecom 
munica 
tions
	FFS. Prefer to discuss after the CB construction, etc. is more clear. HARQ payload in HARQ-ACK codebook containing the deferred SPS HARQ-ACK may change from the initial slot/sub-slot to the target slot/sub-slot. If most companies think the UE does not need some time for the processing to generate the HARQ-ACK codebook in the target slot/sub-slot, no limitation on the minimum deferral is supported.

	8 
	Intel Ko rea, Ltd.
	Support. We don’t think the minimum processing time aspect is valid since the deferred slot/sub-slot should be decided after reception of the activation DCI based on semi-static conflicts.

	9 
	WILUS 
Inc.
	Support.

	10 
	LG Elec tronics 
Inc.
	Support.

	11 
	Sony Eu rope B.V.
	The purpose of a minimum time is for UE processing purpose. If companies do not see a need to consider a minimum UE processing time or that it is understood that this has been taken into account for then we are fine without a kdef-min

	12 
	ZTE Cor poration
	Support. No need to define the minimal limitation on deferring. If the limitation is really needed, our preference is from 0.

	13 
	Ericsson 
LM
	Support.

	14 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Support

	15 
	Panasonic Corpora 
tion
	We share the same view as China Telecom.

	16 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support

	17 
	Motorola 
Mobility 
UK Ltd.
	Support

	18 
	Qual 
comm 
Tech 
nologies 
Int
	Support

	19 
	NEC Cor poration
	Support

	20 
	Spread 
trum 
Communi cations
	Support.

	21 
	Asia 
Pacific 
Telecom 
co. Ltd
	Support the proposal.



Based on the input received, the following agreement was reached in the GTW session on April 14th:  
Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def

Round 1
As a next step, it may be good discuss the related FFS points on the agreed maximum deferral how to define the agreed limit on the maximum deferral. Either in terms of k1def  or k1+ k1def. Therefore, the following question is brought forward

Question 2.3.1: How is the limit on the maximum deferral of SPS HARQ defined?
· Option 1: the limit is defined as a maximum value for k1def
· Option 2: the limit is defined as a maximum value for k1eff =k1+ k1def 
· Option 3: other

Feedback Form 12: How to define the maximum limit of the deferral in terms of k1_def or k1+k1_def (Question 2.3.1)? 
	
	Item Com pany
	Comments

	1 
	Beijing 
Xiaomi 
Mobile 
Software
	we prefer option 2

	2 
	Sony Eu rope B.V.
	Option 1. 
Straight forward. It is basically just include an additional latency that the network can accept. Also easy in terms of configuration, i.e. only 1 parameter, i.e. k1def-max needs to be configured and if it is non zero then SPS HARQ-ACK deferral is enabled.

	3 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Option 2. Slightly prefer option 2 for low latency.

	4 
	Intel Ko rea, Ltd.
	Option 2 is preferred since k1+k1_def has an established definition - it is just another k1 in the set. For Option 1, it seems different maximum values may be suitable for different initial k1

	5 
	Samsung 
Elec 
tronics 
Romania
	Option 1 
• deferral is from the time of the original PUCCH transmission, not from the time of the SPS PDSCH reception 
• simple design

	6 
	NTT DO COMO 
INC.
	Option 2. 
We think the main motivation to introduce max deferral limitation is to limit effective PDSCH-to-HARQ timing.

	7 
	China 
Telecom 
munica 
tions
	Option 2.  We understand the aim to support the maximum deferral is to limit the feedback latency, which is represented by k1eff =k1+ k1def.

	8 
	CATT 
	Option 2.

	9 
	TCL 
Commu 
nication 
Ltd.
	Option 2 is preferred.

	10 
	Spread 
trum 
Communi cations
	Optoin 1. It seems Option 1 and Option 2 do not have too much difference if a maximum value is configured for each SPS index, but we support option 1 for simplicity.

	11 
	ZTE Cor poration
	Option 2: I only care about the final total deferral doesn’t exceed the maximal value. Solo definition on K1def can’t directly know the total deferral upper bound.

	12 
	Nokia 
Germany
	Option 2 
Agree with DoCoMo comment, that the total feedback latency is then limited

	13 
	Panasonic Corpora 
tion
	We slightly prefer Option 2.

	14 
	LG Elec tronics 
Inc.
	We prefer Option 2.

	15 
	WILUS 
Inc.
	Option 1. 
We prefer a simple solution in terms of UE complexity. If option 2 is taken, the number of deferred slots, k1_def, is varied depending on k1 value, which means that additional complexity for SPS HARQ-ACK deferral may be varied also.

	16 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 2. Assuming the gNB will schedule the URLLC traffic as soon as it arrives, the start of the service expiration timer would be the PDSCH, thus the latency budget is the total delay, i.e., k1eff . On the other hand, the k1 value could possibly not a fixed value e.g., under the TDD frame structure, so only limiting the k1def could lead to variable total delay and thereby cannot ensure the service latency boundary sometimes.

	17 
	NEC Cor poration
	Option 2 is preferred to ensure that the latency requirement of the actual SPS HARQ-ACK feedback can be satisfied.

	18 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 2. If PUCCH repetition is applied for SPS HARQ-ACK, whether does maximum deferral restrict PUCCH repetition deferral?

	19 
	Motorola 
Mobility 
UK Ltd.
	Option 2

	20 
	Ericsson 
LM
	Option 1 
With respect to motivations expressed for Option 2, such that it is most suit able for URLLC to ensure lower bounded latency, we fail to understand the explanations. Let’s say the desired latency is k1eff. 
• The UE configures UE with k1 set. 
• The UE configures UE with max(k1def). 
Then the network should activate DL SPS with a k1 from k1 set and k1def=< max(k1def) such that k1+k1def=<k1eff. 
Therefore, I dont see difference between these two options w.r.t. URLLC delay. Except that Option 2 creates a lot of combinations as WILUS explained and it is more complicated.

	21 
	Qual 
comm 
Tech 
nologies 
Int
	Support Option 2. It is the only option securely guaranteeing that HARQ feedback is respecting the DL packet delay limit.




Moreover, it would be good to discus how the related maximum value is determined (2nd FFS point).  Therefore, the following question is brought forward based on the input received to this meeting from the companies TDocs: 

Question 2.3.2: The maximum value of the deferral is determined based on 
· Option 1: determined by the maximum k1 value across the set of applicable K1 set(s)
· Option 2: maximum value configured per SPS configuration
· Option 3: maximum value is configured per PUCCH cell group
· Option 4: other

Feedback Form 13: How the value of limit of the deferral is determined (based on K1 set(s), configuration or other)? Please provide your input to Question 2.3.2 
	
	Item Com pany
	Comments

	1 
	Beijing 
Xiaomi 
Mobile 
Software
	we prefer option 2

	2 
	Sony Eu rope B.V.
	Option 2. 
Each SPS configuration may serve a different traffic and has different latency requirements. Option 2 also gives the most flexibility.

	3 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Option 1 or Option 2.

	4 
	Intel Ko rea, Ltd.
	Option 2 is slightly preferred for flexibility. If any issues observed, the configured value could always be aligned to the maximum from the k1 set(s).

	5 
	Samsung 
Elec 
tronics 
Romania
	Option 2 or Option 3 
- It may depend on how the gNB configures HARQ-ACK deferring between per SPS configuration and per PUCCH group. 
- Option 1 is detrimental as the maximum k1 value can be small (k1 may even have a single value) and linking different functions (although somewhat related in this case) is generally undesirable (e.g. poor forward compatibility, restricts the gNB, …).

	6 
	NTT DO COMO 
INC.
	Option 2 which is more flexible. In our understanding, the effective PDSCH to-HARQ timing is better to be SPS configuration specific, since since original PDSCH-to-HARQ K1 is indicated per SPS configuration.

	7 
	China 
Telecom 
munica 
tions
	Option 1 or Option 2.

	8 
	CATT 
	Option 1. We think Option 1 is sufficient. The additional flexibility is not justified.

	9 
	Spread 
trum 
Communi cations
	Option 1 or Option 2.

	10 
	ZTE Cor poration
	Option 1, share the view with CATT.

	11 
	Nokia 
Germany
	Option 2 
We agree with Samsung on the limitation of the deferral procedure there

	12 
	Panasonic Corpora 
tion
	Option 1 or Option 2

	13 
	LG Elec tronics 
Inc.
	Option 1. 
currently K1 set are determined by priority of SPS and DCI format of SPS activation. Such as TBS/MCS/size of PDSCH/etc, a lot thing can be changed by re-activation without RRC re-configuration. We think maximum value of K1 need to be changed at least along with DCI format for activation.

	14 
	WILUS 
Inc.
	Option 2, for more flexibility. 
This proposal is closely related with output of Question 2.3.1. if option 1 in Question 2.3.1 is supported, it is unclear how to apply option 1.

	15 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 1. By limiting the maximum value to the maximum k1 value in the applicable K1 set, the latency can be ensured and it is a simple way.

	16 
	NEC Cor poration
	Option 2 is preferred for more flexibility.

	17 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Maybe option 1. K1 set for different DCI formats maybe different. How to de cide K1 set ? K1 set depends on DCI format which activates SPS configuration.

	18 
	Motorola 
Mobility 
UK Ltd.
	Option 2

	19 
	Ericsson 
LM
	Option 2 
The design would be cleaner. It is better not to contaminate other functionality, parameter unnecessarily by creating unnecessary dependency. It is about DL SPS configuration after all.

	20 
	Qual 
comm 
Tech 
nologies 
Int
	Do not support Option 1. 
Support Option 2. Maximum effective k1 value per SPS configuration. Reasons are mainly 2 
• Different SPS Periodicities might imply different DL packet expirations 
• Maximum effective k1 value should be set so that the deferred SPS PUCCH HARQ 1 for SPS PDSCH 1 should be transmitted prior to the transmission of SPS PUCCH HARQ 2 - which is feedback for SPS PDSCH 2. OOO for the same HARQ Process ID is avoided. 
Do not support Option 3. 
Support Option 4: Maximum effective k1 value set per SPS configuration & NDI. i.e. is SPS PDSCH contains a new TB, then the value can be e.g. 3 slots. In case SPS PDSCH contains a retransmitted TB, then the value can be 1 slot.



Round 2
During Round 1 the following input had been given on the definition of the maximum value: 
· Option 1: the limit is defined as a maximum value for k1def
· 5 companies
· Option 2: the limit is defined as a maximum value for k1eff =k1+ k1def 
· 16 companies

Therefore, the following is suggested: 
FL proposal 2.3.2: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.

Feedback form: Using k1+k1_eff as maximum deferral (FL proposal 2.3.2) 
	
	Item Com pany
	Comments

	1 
	CATT 
	Support.

	2 
	LG Elec tronics 
Inc.
	Support.

	3 
	NTT DO COMO 
INC.
	Support

	4 
	Intel Ko rea, Ltd.
	Support

	5 
	Sony Eu rope B.V.
	Not Support. 
Option 1 means gNB does the work to ensure the max kdeff is met UE just apply what was given. 
Option 2 means UE does the work to ensure max kdef, i.e., UE has to calculate kdef from keff. 
Since Option 1 is easy and straight forward for the UE, we will continue to support Option 1.

	6 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support.

	7 
	China 
Telecom 
munica 
tions
	Support

	8 
	Spread 
trum 
Communi cations
	Support. Although we still think Option 1 is more friendly to implementation complexity, we can agree with Option 2 if majority of companies support it.

	9 
	Samsung 
Elec 
tronics 
Romania
	Can be acceptable for the progress. 

	10 
	TCL 
Commu 
nication 
Ltd.
	Support

	11 
	Nokia 
Germany
	Support

	12 
	Nokia 
Germany
	Moderator comment to Sony: 
With all due respect on the UE complexity (i.e. what ’work’ UE has to do), taking an integer k1 value determined by the activation DCI and adding or subtracting it from another value (which is RRC configured or implicitly de termined) but is then kept constant throughout the operation for a single SPS configuration seems to not increase the UE complexity or the ’required process ing’ there too much...

	13 
	Sony Eu rope B.V.
	The work at the UE isn’t much in Option 2 but the same can be said at the gNB for Option 1. There is very little difference between the two options and nothing superior in Option 2 over Option 1. So when one is a UE maker, one would select the option that has a benefit for the UE even if it is slightly.

	14 
	Ericsson 
LM
	Not support. 
Or at least not support until we understand why Option 1 is not feasible. Please see our previous comments that we tried to answer the concerns towards option 1 (copied below for convenience): 
With respect to motivations expressed for Option 2, such that it is most suit able for URLLC to ensure lower bounded latency, we fail to understand the explanations. Let’s say the desired latency is k1eff. 
• The UE configures UE with k1 set. 
• The UE configures UE with max(k1def). 
Then the network should activate DL SPS with a k1 from k1 set and k1def=<max(k1def) such that k1+k1def=<k1eff.






2.2.4 Out-of-order conditions for SPS deferral 

On the Out-of-Order condition, the majority of input given indicated that there is no out-of-order issue and Samsung in [21] specifically pointing out the similarity with NR-U operation – quote from Samsung: 

	Conclusion (RAN1#102-e):
If the UE is provided with pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16 or with pdsch-HARQ-ACK-OneShotFeedback-r16:
·       In a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding initial HARQ-ACK transmission occasion assigned to be transmitted on a resource ending before the start of a different resource for the initial HARQ-ACK transmission occasion assigned to be transmitted for the first PDSCH.
·       This clarifies that examples C4-Case1 and C4-Case2, as discussed in R1-2007390, are allowed



Although the specific reason for SPS HARQ-ACK deferring is different than for HARQ-ACK deferring in NR-U, the fundamental reason is same (UE cannot transmit corresponding PUCCH) and having a same conclusion is applicable. Therefore, the initial HARQ-ACK transmission occasion is considered in order to determine out-of-order HARQ in case of SPS HARQ-ACK deferring since there is no UE implementation issue related to pipelining and parallel processing. 
 
FL proposal 2.4.1: The initial HARQ-ACK transmission occasion is considered to determine out-of-order HARQ in case of SPS HARQ-ACK deferring. 
Feedback Form 14: Out-of-order HARQ: Please provide your input to the proposal 2.4.1 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support.

	2 
	CATT 
	Support.

	3 
	Nokia 
Germany
	Support

	4 
	NTT DO COMO 
INC.
	Support.

	5 
	Samsung 
Elec 
tronics 
Romania
	Agree

	6 
	China 
Telecom 
munica 
tions
	Support

	7 
	Intel Ko rea, Ltd.
	Support. We think there is no critical complication to the UE.

	8 
	WILUS 
Inc.
	Support.

	9 
	Sony Eu rope B.V.
	Support.

	10 
	LG Elec tronics 
Inc.
	Not support ( need more clarification to support) 
We understand that OoO is generally about two PDSCH being received in parallel. For these cases, we should fine with the proposal. We would like to know following description in 38.214 are also regarded as OoO. (C4-case 1 and 2 seems also these cases) 
The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6]. 
In deferral procedure, we are discussing deferring SPS PDSCH and determining target slot autonomously. It means that there is almost no gNB controllability. If deferral could make collision in a given HARQ process, we should prevent it or handle it. This is what we concerned.

	11 
	ZTE Cor poration
	Support.

	12 
	Ericsson 
LM
	Support. The principle should be the same.

	13 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support

	14 
	SHARP 
Corpora 
tion
	Support

	15 
	Motorola 
Mobility 
UK Ltd.
	Support

	16 
	Qual 
comm 
Tech 
nologies 
Int
	Support the proposal. The initial HARQ timings that correspond to the initial PDSCH transmission times should be considered. In this case, OOO HARQ is avoided.

	17 
	TCL 
Commu 
nication 
Ltd.
	Support

	18 
	NEC Cor poration
	Support

	19 
	Spread 
trum 
Communi cations
	Support

	20 
	Asia 
Pacific 
Telecom 
co. Ltd
	Support.



Round 1

During the GTW session on April 14th, the following proposal was discussed and only Qualcomm company raised concerns (to still check with their implementation) 

Update FL proposal 2.4.1: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine out-of-order HARQ in case of SPS HARQ-ACK deferring. 
· FFS: Handling for collision for the same HARQ process due to deferred SPS HARQ-ACK 

Feedback Form 15: If you have any issues with OoO handling for SPS deferral based on Update FL Proposal 2.4.1 – please put your input here. 
	
	Item Com pany
	Comments

	1 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Support. For FFS, deferred SPS HARQ-ACK drop is preferred to handle colli sion for the same HARQ process.

	2 
	Ericsson 
LM
	Support.

	3 
	Qual 
comm 
Tech 
nologies 
Int
	Support updated proposal 2.4.1 provided that the network takes appropriate actions for this OOO not happening. Suggested actions 
1. DG PDSCH for new DL packets should avoid the same HARQ Process ID of SPS configurations susceptible to SPS PUCCH HARQ deferrals. 2. Setting the maximum effective k1 value (initial k1 + deferral time) such as the deferred SPS PUCCH HARQ is transmitted prior to the transmission of the next SPS PUCCH HARQ. 
3. If setting the maximum effective k1 value cannot always guarantee that the deferred SPS PUCCH HARQ should be transmitted prior to the next SPS PUCH HARQ, then this rule should be imposed to UEs.




Assuming the Update of Proposal 2.4.1 can be agreed, there is still the FFS point on how the handle the collision of HARQ processes (see the comments by LGE in the feedback to Proposal 2.4.1 above). There had been companies providing input to this meeting – basically 2 different ways had been mentioned there (see e.g. discussion by Samsung in their TDoc)

Question 2.4.1: Which of the following options to you prefer to handle the collision for the same HARQ process due to deferred SPS HARQ-ACK ….
· Option 1: Drop the HARQ-ACK of the earlier SPS PDSCH in case of HARQ process re-use / collision before the deferred SPS HARQ transmission 
· Option 2: UE considers the later received PDSCH with colliding HARQ process as invalid 
· Option 3: Other


Feedback Form 16: How the handle the collision for the same HARQ process due to SPS HARQ deferral? Please provide your input on question 2.4.1 
	
	Item Com pany
	Comments

	1 
	Sony Eu rope B.V.
	Option 1. 
If another SPS PDSCH with the same HARQ-process is transmitted, it should override the previous one.

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Option 3. We are open for all options including option 1, 2 to handle it and other options to avoid it. We would like to have more time to study this issue.

	3 
	Intel Ko rea, Ltd.
	Option 1 is likely the best outcome. We think gNB has mechanisms to minimize such collisions by configuring the number of SPS HARQ processes properly. We are fine to continue study this aspect.

	4 
	Samsung 
Elec 
tronics 
Romania
	Option 2 
- Option 1 may incur the loss of spectral efficiency due to HARQ-ACK drop ping  
- gNB can reuse the resource of the later received PDSCH with colliding HARQ process for other UEs 
- for option 1, gNB does not know whether the earlier PDSCH (PDSCH#1) is decoded correctly, a safe way is to schedule a retransmission, if UE receives the retransmission (PDSCH#2), UE will consider this retransmission  (PDSCH#2) as a new transmission. If UE correctly decoded the earlier PDSCH (PDSCH#1) but fail to decode  PDSCH#2, UE will transmit a NACK. Option 1 may de grade the spectral efficiency. Also, Option 1 cannot have the HARQ combining gain.

	5 
	NTT DO COMO 
INC.
	Option 3. 
In our understanding, such same HARQ process collision introduced by SPS HARQ-ACK may be avoided by maximum deferral limitation.

	6 
	China 
Telecom 
munica 
tions
	Option 2.

	7 
	Spread 
trum 
Communi cations
	Option 2. Option 1 may decrease the efficiency if the later SPS PDSCH with same HARQ process is a skipped PDSCH.

	8 
	ZTE Cor poration
	Option 1. Option 1 is nature to empty the buffer for the earlier HARQ-ACK. I also agree with DOCOMO that such same HARQ process collision introduced by SPS HARQ-ACK may be avoided by maximum deferral limitation.

	9 
	Nokia 
Germany
	Option 1 
Otherwise, unclear deferral (e.g. for Alt. 1 / 2) could lead to the UE not receiving even a DG PDSCH - if scheduled. We should not forget that this collision is not just happening for SPS HARQ but also needs to consider DG PDSCH operation (as there is just a common pool of HARQ processes)

	10 
	LG Elec tronics 
Inc.
	Option 1. 
If we assume that gNB configure proper PUCCH resource for each SPS occasion and propoer number of HARQ processes, it would be natural to drop HARQ ACK which is deferred too much. 
For DG PDSCH, Option 2 can be reasonable solution. if HARQ process are running by DG PDSCH, it would be not desirable for SPS PDSCH to interrupt the process.

	11 
	WILUS 
Inc.
	Option 3 or option 1. 
First, we think it can be controlled by gNB configurations. For example, assign ing more HARQ processes for a SPS or scheduling DG HARQ-ACK to multiplex the deferred SPS HARQ-ACK before collision. If It is really hard, we support option 1.

	12 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Slightly prefer option 1 for simplicity. A question for clarification, does option 2 means that the HARQ-ACK for the later received PDSCH will be dropped?

	13 
	NEC Cor poration
	Option 1. We share the same view with Nokia. If the later received PDSCH is scheduled by gNB, the HARQ-ACK for this PDSCH may have higher priority.

	14 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 1

	15 
	Motorola 
Mobility 
UK Ltd.
	Option 3. This collision is not expected (treat as an error case).

	16 
	Ericsson 
LM
	Currently we prefer Option1, but we suggest to postpone this discussion after clarity for deferring conditions.

	17 
	Qual 
comm 
Tech 
nologies 
Int
	Support Option 1. This is the current UE behavior. Do not support option 2. Do not support any proposals requiring new processing schemes in the UE and at the gNB.



Round 3
Based on the email discussion on Fri. April 16th, we were not able to reach consensus. 
Qualcomm would like to clarify the behavior for OoO HARQ of different HARQ processes jointly with the HARQ process collision of the same HARQ process. vivo in its email tried to clarify, that the OoO and HARQ process collision are independent issues and proposed an update to OoO proposal for agreement. 
The moderator therefore brings forward two different things for Round 3:
· Update to FL proposal on OoO handling based on vivo comments (Update 3)
· Similar question as in Round 1 on the handling of HARQ process collision – hopefully we are able to conclude both issues at this meeting (which could help QC to consider their position on the OoO handling for different HARQ processes). 

Update 3 FL proposal 2.4.1: 
· For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition for the case of different HARQ processes. 
· FFS: Handling for HARQ process collision due to deferred SPS HARQ-ACK for the same HARQ process

Feedback form: Please provide your input to Update 3 FL proposal 2.4.1 
	
	Item Com pany
	Comments

	1 
	Nokia 
Germany
	Support 
We agree with the comments by vivo by email, that the OoO handling is for different HARQ processes and independent of the collision resolution for the same HARQ process

	2 
	NTT DO COMO 
INC.
	Support.

	3 
	Samsung 
Elec 
tronics 
Romania
	Support.

	4 
	ZTE Cor poration
	Support

	5 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support. OoO and collision for the same HARQ process handling are different issues and can be discussed separately.

	6 
	LG Elec tronics 
Inc.
	Support

	7 
	Intel Ko rea, Ltd.
	Support, the FFS part suggests we can work on the details to resolve the 2nd level issues later

	8 
	Sony Eu rope B.V.
	Support.

	9 
	Ericsson 
LM
	Support. 
Based on the clarifications on the email and NWM limitations, we understand two bullets are at the same level

	10 
	Qual 
comm 
Tech 
nologies 
Int
	Since the beginning of this discussion on OOO, the stance has been the same: support for: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition for the case of different HARQ processes. 
Initially, 38.214 specifies the UE behavior with regards to UE not expecting a later PDSCH, [38.214, section 5.1, 2nd paragraph]. Since now with the above proposal, the goal with this work here is to avoid the case in which the UE receives PDSCH at the same HARQ ID which is still storing HARQ bits-not yet transmitted, but about to be transmitted (with this deferral feature). Hence, replace the FFS part of the proposal with ”UE is not expected to receive PDSCH via a HARQ Process ID, which (HARQ Process ID) stores not yet transmitted and to be transmitted in the next n slots HARQ bits”. Hopefully this clarifies the intention to avoid collisions in the HARQ Process storing the deferred HARQ bits.

	11 
	CATT 
	Support.

	12 
	Spread 
trum 
Communi cations
	Support

	13 
	WILUS 
Inc.
	Support.

	14 
	NEC Cor poration
	Support.

	15 
	Nokia 
Germany
	Moderator comment to Qualcomm: 
I guess QC intentions are very well understood by the group. The moderator tried to clarify this in the next proposal.

	16 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Fine with the proposal, at least we have something for different HARQ process case. If possible would be good to achieve agreement on the same HARQ process case also in this meeting.






There had been good discussions on the HARQ process collision handling, and based on the earlier feedback to Question 2.4.1 and by email, there seemed to be 3 things mentioned: 
1. First, the gNB should try to prevent such collision as much as possible for SPS by configuration (e.g. by setting the maximum deferral, HARQ process management of SPS, …) and taking into account in the dynamic scheduling. 
· Moderator comment: For sure the gNB will try to do the best it can, but there may be certain cases where this cannot be full prevented by gNB operation such as error case handling– e.g. missed DCI that may lead to deferral if not intended or other factors. So some error case handling may be needed here – and the main discussion point is how we handle such ‘unintended error case’
2. Option 1: Drop the HARQ-ACK of the earlier SPS PDSCH in case of HARQ process re-use / collision before the deferred SPS HARQ transmission 
· Moderator comment: UE does not change its PDSCH processing pipelining due to potential collision (no specs and implementation change in UE needed for PDSCH operation / processing – this was referred by QC as ‘This is the current UE behavior’). The collision is handling in the HARQ-ACK reporting by dropping the HARQ-ACK of such HARQ process in the deferral operation by having an additional clause in the 38.213 specification when writing the specs for the HARQ-ACK deferral. 
3. Option 3: UE considers the later received PDSCH with colliding HARQ process as invalid 
· Moderator comment: This would require a change in the UE PDSCH processing operation / pipelining. Moreover, in case such error case would be happening – this will affect actually both: HARQ reporting for the ‘invalid / dropped’ PDSCH would need the clarification (specs impact to HARQ reporting) as well as the PDSCH processing as this PDSCH is not processed. So this seems to result in higher specs & implementation impact overall. 
Moreover, the feature tries to improve the HARQ-ACK reporting (from dropping in Rel-16 to enabling deferral in Rel-17, if possible) and should, at least from moderators perspective, not really lead to any PDSCH invalidation.  


Based on this, let’s try another round based on more discussions here trying to see if we can agree to the Option1 discussed earlier in the end. The question is still open, but for companies not indicating support for Option1, please explain why you think a different handling at for error case handling should be done here.  



FL Proposal 2.4.2: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified
· Option 1: Drop the HARQ-ACK of the earlier SPS PDSCH in case of HARQ process re-use / collision before the deferred SPS HARQ transmission 
· Option 2: UE considers the later received PDSCH with colliding HARQ process as invalid 



Feedback form: Please provide your input to FL proposal 2.4.2 
	
	Item Com pany
	Comments

	1 
	NTT DO COMO 
INC.
	Option 1. 
As analyzed by FL, option 2 will result in larger specification impact. Therefore, option 1 is preferred.

	2 
	Samsung 
Elec 
tronics 
Romania
	Option 2 is our first preference. However, option 1 can be acceptable if we are only one company supporting this one. Otherwise, we prefer to discuss this issue in next meeting. Since this issue is firstly raised in this meeting, it needs to take a time to analyze pros and cons between two options (specification impacts/complexity/performances...)

	3 
	ZTE Cor poration
	Option 1. It is nature for UE behavior.

	4 
	LG Elec tronics 
Inc.
	Option 1. Based on the summary above, Option 1 is virtually same as pre vention by gNB with proper value of maximum deferral. Not to make HARQ process collision, PDSCH with same HARQ process should be hard limit for deferral.

	5 
	Intel Ko rea, Ltd.
	Option 1. 
We think if the gNB is interested in HARQ feedback for a TB after the ap pearance of another PDSCH with the same HARQ process, then the number of HARQ processes should be increased by configuration first. It seems the de ferred feedback in this case is not really needed for gNB, if the HARQ processes are configured in overlapping manner.

	6 
	Ericsson 
LM
	We somewhat prefer Option 1. But as we commented earlier it is better to discuss next meeting after understanding the conditions of DL SLS HARQ ACK deferring.

	7 
	Qual 
comm 
Tech 
nologies 
Int
	Support Option 1

	8 
	CATT 
	We currently prefer Option 1 and think we can delete ”before...” since it is not quite clear to us what it is depending on the detailed SPS HARQ deferral scheme. To make the proposal clear, maybe we can update Option 1 as follows. 
-Option 1: Drop the HARQ-ACK of the earlier SPS PDSCH in case of HARQ process re-use / collision before the deferred SPS HARQ transmission and UE considers the later received PDSCH with col liding HARQ process as valid

	9 
	Spread 
trum 
Communi cations
	We can support Option 1 if majority of companies support it. But we also suggest to discuss it further in next meeting.

	10 
	WILUS 
Inc.
	Option 1. 
We are generally fine with option 1. Our understanding on option 1 is that the HARQ process re-use/collision is by a SPS PDSCH not a DG PDSCH. If the DG PDSCH are taken into account in option 1, then there are potential ambiguities on the HARQ-ACK size determination.

	11 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 1. Based on the analysis from feature lead on the candidate options, op tion 1 is simpler and more friendly to implementation. Ok with the modification from CATT.













2.2.5 Multiplexing in the target slot: 

But one thing that could be still discussed here is the multiplexing in the target slot – namely how to multiplex deferred HARQ-ACK and new, initial HARQ-ACK. Some companies propose some optimizations for the case that the deferred SPS HARQ-ACK is to be multiplexed in Type 1 CB together with DG PDSCH HARQ-ACK – whereas some other companies suggest to basically amend the deferred SPS HARQ-ACK to the initial, new HARQ-ACK codebook for simplicity. 

The moderator would like to note the following: 
· For SPS HARQ only (new & deferred), any type of combined CB determination and simple amendment of the deferred HARQ-ACK will lead to the same HARQ-ACK payload size (only the bit order is different reusing some Rel-16 principles of the combined codebook or simple CB amendment)
· For Type 2 CB, any type of combined (deferred & initial) CB determination and simple amendment of the deferred HARQ-ACK will lead to the same HARQ-ACK payload size (only the bit order is different reusing some Rel-16 principles of the combined codebook or simple CB amendment)
· For Type 1 CB, some companies are proposing optimizations such as including the deferred SPS HARQ-ACK as much as possible together in the Type 1 CB and only amend the deferred HARQ-ACK bits which cannot be mapped there or some further optimizations as reference TDRA or similar. The maximum difference in the payload size there between optimization and simple amendment is the number of deferred HARQ-ACK bits. Looking at the overall size of the Type 1 CB, it seems that simple amendment would increase the payload size but maybe not by that much.

So the question here by the FL would be, if we could simply amend the deferred SPS HARQ-ACK bits to the CB of the new, initial transmission to keep this as simple as possible here – to follow a bit the agreed intend to keep this simple (“Aim for minimal standardization efforts and UE complexity in implementation”). 

 

FL proposal 2.5.1: The deferred SPS HARQ-ACK bits are simply amended to the initial HARQ-ACK bits in the target slot.

Feedback Form 17: Simple deferred HARQ amendment: Please provide your input to the proposal 2.5.1 
	
	Item Company
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support for now. We would like to make decisions after discuss some details on CB construction for SPS HARQ only, Type 1 and Type 2 CB.

	2 
	CATT 
	Not support for now. We also prefer to discuss later after the SPS HARQ-ACK deferral design is clearer.

	3 
	NTT DO COMO 
INC.
	Support. Amending is the simplest and unified way for either type 1 or type 2 CB. It has least specification impact since deferred HARQ-ACK doesn’t impact initial HARQ-ACK (i.e. non-deferred HARQ-ACK) CB generation behavior. The key issue may be how to determine the order of deferred SPS HARQ-ACK bits, Rel-16 principle for ordering SPS HARQ-ACK can be reused.

	4 
	Samsung 
Elec 
tronics 
Romania
	Prefer to postpone discussion until main features of SPS HARQ are feasible.

	5 
	Intel Korea, Ltd.
	Don’t see issues to go with the proposal, but agree to postpone until other details are clearer.

	6 
	Sony Europe B.V.
	Postpone discussion.

	7 
	LG Elec tronics 
Inc.
	Support for simple UE behavior. The proposal seems work with any options in how to determine target slot.

	8 
	ZTE Cor poration
	Not support. As FL mentioned, the optimizations such as including the deferred SPS 
HARQ-ACK as much as possible together in the Type 1 CB should be supported for the overhead reduction. The scheme doesn’t affect the reliability type-1 codebook.

	9 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Prefer to discuss later

	10 
	Ericsson 
LM
	Prefer to postpone the discusison. 
Although in general we are supportive of the simple approach by the proposal, we think it is better to postpone this discussion until there is a clarity on the deferring mechanism as discussed in previous questions.

	11 
	   HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Postpone the discussion because it might be related to what kind of k1eff to support, e.g. if we will limit it to one of the value in the K1 set, then we can just reuse the current HARQ-ACK codebook generation mechanism. Of course if we don’t want this kind of restriction, then it seems the proposal here is a simple way.

	12 
	SHARP 
Corpora 
tion
	FFS. Wait for the outcome of other questions mentioned above.

	13 
	Motorola 
Mobility 
UK Ltd.
	Support. Reordering of HARQ-ACK bits or reconstruction of codebook leads to additional UE complexity.

	14 
	Qual 
comm 
Tech 
nologies 
Int
	Support. 
Provided that the PUCCH resource is sufficient for the transmission of new HARQ bits and of deferred SPS HARQ bits. Append individual deferred CBs in order of time. However, for the sake of working on the complete solution first, it is preferred to delay the discussion on this topic. 
There are a couple of important specification gaps prior to touching this subject. The first one is related to the case in which the PUCCH resource in the target slot-which is candidate slot for carrying the deferred SPS HARQ bits- is not sufficient for the transmission of new HARQ bits + deferred HARQ bits. What is the behavior? Partial deferral? Deferral for all to the next (sub)slot? Or dropping all HARQ bits? 
The second major gap is the behavior in the case of SPS PUCCH HARQ de ferred and if PUCCH for DG PDSCH is scheduled at the same initial slot. What should be the behavior? (different from the case of SPS HARQ + CSI multiplexing) 
The third major gap is the case of multiple SPS PUCCH HARQ deferrals; can they be multiplexed to the same target PUCCH resource? Target slot with or without new HARQ bits. 
The fourth major gap in the specification of the SPS HARQ deferral is the case in which the first available PUCCH resource is overloaded. In this case, UEs have to keep on deferring up to the maximum deferral time instant. This would result in high UE power consumption and deferred SPS PUCCH HARQ bits dropped. Hence, the goal of the whole feature here is not satisfied. A proposal for this case should be made in conjunction with the work on the topic of ”cancelled HARQ”.

	15 
	NEC Cor poration
	Not support for now. We prefer to postpone the discusison to study more details.

	16 
	Spread 
trum 
Communi cations
	Not support for now. We think more discussion is needed after 2.1 is determined.

	17 
	Asia 
Pacific 
Telecom 
co. Ltd
	Not support at least for multiplexing with Type 1 CB.






Moderator comment: Based on the input received, it may be better to wait for having more clarity on the other remaining details (such as remaining issues to be solved for the initial slot).   


2.2.6 Definition of next available PUCCH for inter-slot/sub-slot deferral
Clearly, we first need to get some more clarify on the initial slot, but would be maybe worth starting to get also companies positions on the target slot definition (assuming inter-slot deferral is needed for Alt. 2)

Based on the companies’ inputs, the following question is put forward: 

Question 2.6.1: Which option do you prefer to define the next available PUCCH for inter-slot/sub-slot deferral – i.e. how to determine the first available slot: 
· Option 1: The earlier of a valid PUCCH of sps-PUCCH-AN-List-r16 or  n1PUCCH-AN, or a dynamic indicated PUCCH resource (from PUCCH-ResourceSet)
· Option 2: First available slot with a valid PUCCH of sps-PUCCH-AN-List-r16 or n1PUCCH-AN
· Option 3: Reuse the same condition as in the initial slot (for simplicity – depending on the Alt. chosen there)
· Option 4: Other

Feedback Form 18: Determination of a new / first available PUCCH (Q 2.6.1) 
	
	Item Com pany
	Comments

	1 
	Sony Eu rope B.V.
	Option 3.

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Option 3. Unified behavior is preferred.

	3 
	Intel Ko rea, Ltd.
	Option 3, or not discuss before Q2.6.1 is clear, since there is dependency

	4 
	NTT DO COMO 
INC.
	Option 3. 
We think behavior in target slot/sub-slot should be aligned with in initial slot.

	5 
	China 
Telecom 
munica 
tions
	Option 3. And the PUCCH overloaded issue should also be considered when determining the deferred slot/sub-slot.

	6 
	ZTE Cor poration
	Basically, I think the question should include the intra-slot deferral, i.e., the targer slot can be the same slot of initial slot. Under this assumption, we add option 4. 
First available slot (may including initial slot) with a valid PUCCH of sps PUCCH-AN-List-r16 or n1PUCCH-AN or PUCCH-ResourceSetffand the valid PUCCH for deferred HARQ-ACK should meet the following conditions in avail able slot: 
1) The size of the deferred HARQ-ACK codebook is within the UCI size range configured for the selected PUCCH. So, the delayed HARQ-ACK codebook can be effectively carried. 
2) The number of the selected PUCCH symbols is not less than the number of original PUCCH symbols to ensure coverage. 
3) The selected PUCCH has the earliest end symbol in order to reduce the latency.

	7 
	LG Elec tronics 
Inc.
	Option 2 or 3. 
In our view, whichever option are chosen, we should clarify below first. 
• deferral is to schedule new PUCCH transmission or to find previously scheduled PUCCH resource for deferred HARQ-ACK 
• What PUCCH resource is used for determine validity in target slot? How to determine that PUCCH?

	8 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 3. We think the same rule should be aligned to both the initial slot/- subslot and the target slot/subslot

	9 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 2&3

	10 
	NEC Cor poration
	Option 3 is slightly preferred. 
In our understanding, for option 1, it seems UE will determine an earliest available PUCCH resource already configured/indicated. For option 3, UE will determine an earliest valid slot to accommodate a PUCCH resource. Option 3 may achieve lower latency.

	11 
	Ericsson 
LM
	Option 3 
not clear to us why we should allow different behavior.

	12 
	Qual 
comm 
Tech 
nologies 
Int
	Support Option 1. It is the same as Alt 1 of the discussion on the initial slot. Do not support Option 2. 
Do not support Option 3. There is a need for different approach. Just stating a fact: alternatives for the initial slot have been on the table for 3 meetings now and companies still ask clarifications on the alternatives. If this is not done deliberately, the approach taken for the initial slot should be by any means avoided. Another reason for not following the approach for the initial slot, is that therein, there are the options of ”intra-slot” deferral which are not relevant. Again, there is disappointment with the fact that the questions listed here again try to cover extremely unlikely cases, such as the OOO HARQ, or shifting the discussion to other topics, i.e. codebook construction in case of multiplexing of new and deferred HARQ bits, whilst at the same time the solution of ”deferral to 1st available PUCCH” can block the whole cell. In this meeting, there are 7 companies mentioning the problem of ”overloading the 1st available PUCCH re source” and propose solutions. The problem generated by the proposed solution is obvious and there is not a single question/discussion on this topic.



Moderator comment: Based on the feedback received, there seems to be majority of companies thinking the same conditions should be applied. This is a good indication, but clearly we first need to agree on the condition in the initial slot first. 


2.3 RAN1#104b-e outcome & RAN1#105-e outlook
The following agreements could be reached on this issue during RAN1#104b-e: 
	Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
18. FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
18. FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)


Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def

Agreement: Restrict the further discussions on the initial slot handling for SPS HARQ-ACK deferral to the identified alternatives Alt. 1, Alt. 1A and 2. 

Agreement: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.

Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
1. In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.

Agreement: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition 




Final RAN1#104bis-e moderator comments: 
We had some progress on the SPS HARQ-ACK deferral, at least being able to clarify some things although the main decision on the handling in the initial slot is still open (which based on companies feedback will also affect on follow-up decisions). So clearly, the most important thing in the May meeting will be to decide on the handling in the initial slot to enable further progress on the other open issues after that!
Just as a list of issues that could be (at least) considered for RAN1#104bis-e:
· Configuration per SPS configuration or per PUCCH group? (not discussed this time)
· Conditions for deferral from /within the initial slot 
· Please check the discussion of different companies there. Loose / sloppy formulation by moderator here from RAN1#104-e:
· Alt. 1:  “If SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource then it cannot be deferred!”
· No change to the UCI multiplexing behavior in the initial slot
· Issue in case of missed DCI scheduling PDSCH… 
· Question: should multi-CSI-PUCCH-ResourceList be also added here?
· Alt. 1A “Defer SPS HARQ even if multiplexing & transmission based on PRI in initial slot would be possible”
· See CATT comments /reply to Nokia in Table in Sec. 2.4   
· Changes the UCI multiplexing in the initial slot – if SPS HARQ PUCCH resource is overlapping, it will be deferred even though it could still be multiplexed e.g. due to PRI overriding
· Increases SPS HARQ latency – but not prune to missed DCI issue
· Alt. 2 – “Consider intra-slot deferral before inter-slot deferral”
· If understood by the moderator correctly, if the SPS HARQ-ACK resource is not valid (and no multiplexing with other UCI in the slot), the UE will look for an alternative PUCCH resource from another PUCCH resource set (i.e. intra-slot deferral)
· Alternative resource may be from PUCCH_ResourceSet (e.g. Samsung) or another (e.g. newly configured) alternative set for SPS HARQ (e.g. Intel)
· Only if ‘intra-slot’ deferral is not possible; the UE considers inter-slot SPS HARQ deferral
· Missed DCI issue is less of an issue, as the alternative PUCCH resource may be valid. 
· How to define the maximum deferral value (e.g. max. k1 in K1 set or RRC config per SPS configuration)
· Decision on & multiplexing with the ‘target slot’ 
· Decision considering the full UCI multiplexing or (deferred) SPS HARQ-only? 
· Which PUCCH resource sets to consider?
· Any other limitations to consider for the target slot determination? (see company inputs there)
· May be dependent on the decision on the handling in the initial slot
· HARQ codebook construction considering deferred SPS HARQ and initial SPS & DG HARQ
· If a target slot has been identified (based on the rules to be decided), if the SPS HARQ cannot be transmitted would the HARQ-ACK be dropped or is further deferral possible?



3 Retransmission of cancelled HARQ 

3.1 Moderator summary based on contributions to RAN1#104b-e
Overall, the following input on the support of re-transmission of canceled HARQ-ACK (in general, not method specific) in Rel-17 was given:
· Support: OPPO [2], Spreadtrum [3], ZTE [4], vivo [5], CATT [7], Mediatek [8], Ericsson [10], Nokia [11], TCL [14], Xiaomi [15], Intel [16], Apple [17], QC [18], IDC [19], Samsung [21], Sony [22], ETRI [23], LGE [24], Sharp [25], NEC [26], DoCoMo [27], LenMoto [28], WILUS [29]
· For LP HARQ-ACK: ZTE [4] (LP prioritized, same principle could be applied to HP HARQ)
· For LP & HP HARQ-ACK: vivo [5] (unified solution)
· No support: Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1],  China Telecom [12] (low priority)
· Cons: Motivation unclear (e.g. in Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1])

Suggested methods to support re-transmission of canceled HARQ-ACK:
· Alt. 1 (21 Yes – 1x No) -  Support some type of Type 3 CB Enhancements: 
· Definition: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration, activation 
· This may include dynamic DCI indication of triggering one of M applicable enhanced Type 3 CBs (combination of RRC configuration and DCI indication, e.g. different subset of cells / HARQ processes, SPS HARQ only, …)
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Yes: Spreadtrum [3], ZTE [4], vivo [5] (to complement SPS HARQ deferral), CATT [7], APT / FGI [9], Ericsson [10] (if still an issue in Rel-17), Nokia [11], TCL [14], Xiaomi [15], Intel [16], Apple [17], QC [18], IDC [19], Sony [22], ETRI [23], LGE [24], Sharp [25], NEC [26], DoCoMo [27], LenMoto [28], WILUS [29]
· No: Samsung [21]
· Suggested Type 3 CB enhancements: 
· All configured HARQ processes (irrespective of PHY priority): Spreadtrum [3]
· Configure PHY priority for each HARQ process: ZTE [4]
· Allow the dynamic triggering to indicate a sub-set of HARQ processes / cells or different Type 3 CBs: vivo [5], Nokia [11], IDC [19] (e.g. between Type 3 and a Type 4 CB), LGE [24] (using RNTI to separate SPS only from normal Type 3 CB), NEC [26] (e.g. only HARQ of indicated SPS configurations or set of HARQ-IDs of SPS configs.)
· Only for DCI not scheduled PDSCH: vivo [5]
· Only SPS HARQ processes: CATT [7], TCL [14], Xiaomi [15] (of activated SPS configs). Intel [16], ETRI [23] (based on activated SPS config), LGE [24], NEC [26] (configured/activated)
· PHY priority indication in the triggering DCI of the PUCCH carrying the Type 3 CB: APT / FGI [9], Ericsson [10], Nokia [11], Apple [17], Sharp [25], DoCoMo [27], WILUS [29]
· Only consider activated CCs: Ericsson [10], Nokia [11], Intel [16]
· Only subset of configured CCs: Nokia [11], DoCoMo [27]
· DCI format support (i.e. DCI format 1_2): Nokia [11], Sony [22], WILUS [29]
· Only activated HARQ processes: Xiaomi [15]
· Only configured subset of HARQ processes: DoCoMo [27]
· Support grouping of SPS HARQ processes of a carrier: Intel [16]
· Priority based CB construction (based on the priority indication): Intel [16], Apple [17] (separate Type 3 CB configuration for low and high PHY priority indicated), IDC [19], LGE [24], – No – same CB: DoCoMo [27] 
· Triggering DCI indicating the HARQ-IDs: QC [18]
· Support one shot HARQ-ACK transmission for all HARQ processes in a CG-PUSCH resource: LenMoto [28]
· Include SPS release HARQ-ACK to Type 3 CB: WILUS [29]
· Alt. 2 (2 Yes, 1x No) -One-shot triggering of a ‘Type 4’ CB: 
· Definition: 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells) but the size of the codebook is NOT given by RRC configuration and/or activation 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Yes: QC [18], IDC [19], DoCoMo [27]
· No: Samsung [21]
· Suggested Type 3 CB enhancements: 
· Allow triggering of deferred SPS HARQ-ACK only (variable size): QC [18], IDC [19] 
· Allow operating both SPS HARQ-ACK deferral and dynamic triggering of the related transmission: QC [18]
· A/N bits of HARQ-IDs only within a time-window are reported (variable size depending on HARQ ID usage within the time window): QC [18]
· Allow triggering of dropped HARQ-ACK only (variable size): IDC [19]
· Dropped HARQ-ACK within in a time window: DoCoMo [27]
· Alt. 3 (6 Yes) – DCI scheduling new PUCCH / PUSCH resource for HARQ re-transmission / o	One-shot triggering of dropped HARQ-ACK: 
· Definition: 
· The UE is provided a trigger and a PUSCH/PUCCH resource to transmit the dropped HARQ-ACK.
· This may or may not include in addition some time windowing
· Yes: OPPO [2] (using DL grant on PUCCH), ZTE [4] (DL assignment & UL grant), Mediatek [8] (UL grant on PUSCH, if Rel-16 Type 3 CB is not sufficient), Nokia [11] (study both, UL grant on PUSCH and DL assignment on PUCCH), TCL [14] (???, only dropped HARQ processes), Samsung [21]
· No: 
· Triggering possible as soon as the conflict is determined (e.g. after the DCI scheduling HP PUCCH): ZTE [4]
· Alt. 4 (1 Yes)– Automatic re-tx of canceled HARQ-ACK (if multiplexed on PUSCH) on the PUSCH re-transmission with the same resource allocation: QC [18]
· If a PUSCH incl. HARQ is canceled, the cancelled HARQ-ACK is multiplexed on the PUSCH re-transmission automatically with the same resource allocation including same NDI, TBS, MCS, HARQ Process ID: QC [18]
· Support joint operation with Enhanced Type 3 / 4 CB: QC [18]
· Alt. 5 (1 Yes) – Automatic re-tx of canceled HARQ-ACK on next PUCCH resource indicated by PRI: QC [18]
· Only cancelled HARQ-Ack is re-transmitted, other UCI is dropped: QC [18]
· Support joint operation with Enhanced Type 3 / 4 CB: QC [18]
· Alt. 6 (2 Yes): Enhanced Type 2 CB: Clarification that PDSCH grouping for Enh-Type2 CB is within each PHY priority: vivo [5] (then readily available), APT / FGI [9]

3.2 Summary of discussions during RAN1#104b-e
3.2.0 NMW discussions - PDF output
Just for reference, the final PDF from the NWM is available here, but the feedback has been incorporated to the relevant parts in the other sub-sections as well (for easier reading):



3.2.1 Enhanced Type 3 CB

There seems to be strong support for some type of Enhanced Type 3 CBs (21 companies) specifically compared to the other options. As any of the Type 3 CB enhancements (specifically considering smaller size compared to Rel-16, all HARQ processes of all configured serving cells) would need some type of distinguishing factor compared to the Rel-16 triggering the following is proposed: 
FL proposal 3.1.1: Support enhanced Type 3 CB(s) with smaller size (compared to Rel-16) including some dynamic indication for triggering the enhanced Type 3 CB (to at least distinguish from the Rel-16 Type 3 CB)
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration, activation 
· This may include dynamic DCI indication of triggering one of M applicable enhanced Type 3 CBs (combination of RRC configuration and DCI indication, e.g. different subset of cells / HARQ processes, SPS HARQ only, …)
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· FFS: Details including at least
· Dynamic indication method (RNTI, signaling in the DCI, …) to distinguish from Rel-16 Type 3 CB and/or to trigger one of M applicable enhanced Type 3 CBs
· Supported enhanced Type 3 CB(s) (e.g. different subset of cells / HARQ processes, SPS HARQ only, …)
· PHY priority handling

Feedback Form 1: Support of enh. Type 1 CB: Please provide your input on the proposal 3.1.1. 
	
	Item Com pany
	Comments

	1 
	CATT 
	Partially support. We are fine with enhanced Type 3 CB(s) with smaller size (compared to Rel-16) but whether any dynamic indication is needed should be further discussed. We are not OK to agree to support dynamic indication for triggering the enhanced Type 3 CB for now.

	2 
	Nokia 
Germany
	Support

	3 
	Nokia 
Germany
	Moderator reply to CATT: the proposal says ’may’ (was taken from last meet ings discussion), but clearly there is no need to have any dynamic indication there (this is FFS - as I guess also the other questions below are somehow hinting at)

	4 
	NTT DO COMO 
INC.
	Support.

	5 
	Samsung 
Elec 
tronics 
Romania
	Object the proposal because: 
 a)      The proposed enhancements are not needed for Rel-17 URLLC pur poses. 
 b)     There is no need to design new codebooks. 
 c)      There is no need to complicate the specifications. 
 d)     The current Type-3 is an optional UE (and network) feature.  e)     The enhanced Type-3 will always be worse than ‘one-shot’ triggering of dropped HARQ-ACK.

	6 
	Intel Ko rea, Ltd.
	Support. As we stated for last meetings, deferral of SPS HARQ-ACK could not handle some important cases properly, e.g. cancellation by SFI or dynamic scheduling, etc. These cases are assumed to be handled by a retransmission mechanism. And instead of designing a completely new mechanism, we can take Type 3 CB as a baseline and do very straightforward updates to improve the size.

	7 
	WILUS 
Inc.
	Support.

	8 
	Sony Eu rope B.V.
	Not support. There is no need for enhancement. However, we can consider introducing one-shot trigger to DCI Format 1_2. 
NOTE: I believe there is a typo in the question, i.e. Type 1 CB should be Type 3 CB.

	9 
	ZTE Cor poration
	Not support. Actually we want to deprioritize the enhanced Type-3 CB. It is clearly to see that the specification effort on enhanced Type-3 CB will much more than the scheme of DCI scheduling PUCCH/PUSCH to carry dropped HARQ-ACK codebook.

	10 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Support

	11 
	Ericsson 
LM
	We are OK to support, conditioned that the enhancements are simple (e.g. considering only activated cells). 
Similarly to Sony, we think it is better to prioritize support of Type-3 CB by DCI 1_2 first. And then clarify the behavior for CB with different priority. At the end, consider enhancements (simple ones) if possible. 
In summary: Enhancements of the feature should not sacrifice enabling the feature for DCI 1_2.

	12 
	LG Elec tronics 
Inc.
	Support.

	13 
	Apple Eu rope Lim ited
	Support

	14 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Not support. The motivation to support enhanced type 3 CB is still not clear to us as we expressed in our paper.

	15 
	SHARP 
Corpora 
tion
	Support.

	16 
	Qual 
comm 
Tech 
nologies 
Int
	Support of the proposal “Support enhanced Type 3 CB(s) with smaller size (compared to 
Rel-16) including some dynamic indication for triggering the en hanced Type 3 CB (to 
at least distinguish from the Rel-16 Type 3 CB)”, hence support for only this part. 
No support for “non-flexible type 3 CB size”. This has to be clarified. Support for a flexible CB Type 3 Size which is configured at RRC level and can be reconfigured during the RRC connection. Alternatively, in some urgent cases, the Type 3 CB size can be indicated by a DCI which overrides the RRC configured value. 
Not support for the option of having a set of Type 3 CB sizes and the DCI dynamically indicates one of the configured Type 3 CB sizes. Support to the proposal that the codebook construction uses HARQ processes as basis.

	17 
	Motorola 
Mobility 
UK Ltd.
	Support of enh. Type 3 CB. We think that enhanced Type 3 CB without triggering DCI (based on CG-PUSCH) is useful.

	18 
	NEC Cor poration
	Support in general. Regarding the enhanced Type-3 HARQ-ACK codebook size, whether it is semi-static or flexible can be FFS.




   

Additional questions are on how many CBs are supported and how the different Type 3 CBs would be indicated: 


Question 3.1.1: How many different enhanced Type 3 CB(s) should be supported concurrently? I.e. only a single at a time (e.g. only SPS HARQ processes or only subset of CCs / HARQ processes or …) or M  different ones with dynamic triggering of which enhanced Type 3 CB is triggered (e.g. trigger can indicate to report SPS HARQ processes or subset of CCs / HARQ processes or ….)?
· Option 1: M=1 (a single only a time configured)
· Option 2: M>1 (more than one can be configured at a time)


Feedback Form 2: Number of supported enh. Type 3 CBs: Please provide your input on Question 3.1.1 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Option 2. More flexible and efficient.

	2 
	CATT 
	Option 1. The motivation/use case of Option 2 is not clear to us.

	3 
	Nokia 
Germany
	Option 2. 
Having just one smaller CB size defined seems to be not really helping the issue.

	4 
	NTT DO COMO 
INC.
	Option 2 . More flexible for possible different cases.

	5 
	Intel Ko rea, Ltd.
	Option 2, which seems a super-set that includes Option 1.

	6 
	WILUS 
Inc.
	Option 2. For different use cases(e.g., SPS HARQ dropping or LP HARQ-ACK cancellation due to HP channel), M>2 is preferred

	7 
	Sony Eu rope B.V.
	No need for enhancement.

	8 
	Inter 
Digital 
Communi cations
	Option 2. To support different use cases.

	9 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 1

	10 
	Ericsson 
LM
	Please see our answer to previous question. 
If any enhancements, let’s start with simple one. That means option 1. However, even option 1 should not be an obstacle to use the feature.

	11 
	LG Elec tronics 
Inc.
	Option 1. We hasn’t found use case of Option 2 yet.

	12 
	Apple Eu rope Lim ited
	Option 2. For HP and LP, different CBs can be motivated.

	13 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 1. M=1 if this Type 3 CB include all HARQ processes, i.e. reuse R16 Type 3 CB.

	14 
	Qual 
comm 
Tech 
nologies 
Int
	Support of option 1. This one Type 3 CB size can be reconfigured at RRC level. In urgent cases. DCI can indicate the type 3 CB size with a value which overrides the RRC configured Type 3 CB size. 
Do not support option 2.

	15 
	Motorola 
Mobility 
UK Ltd.
	Option 1

	16 
	NEC Cor poration
	Option 2. The enhanced Type-3 CB can be used for different use cases, e.g., SPS HARQ-ACK only retransmission due to TDD collision, low priority HARQ ACK retransmission due to prioritization handling for collision between PUCCH for LP HARQ-ACK and PUCCH for HP HARQ-ACK.

	17 
	ETRI 
	Option 1 is preferred. We think option 1 can be flexible enough.

	18 
	Asia 
Pacific 
Telecom 
co. Ltd
	Option 2 to support different CB size for different priorities.






Question 3.1.2: How to indicate to the UE, that an enhance Type 3 CB is triggered (to distinguish from Rel-16 Type 3 CB)
· Option 1: through RRC only
· Moderator comment: this basically would mean, that only a single enhanced Type 3 CB can be operated at a time (M=1) and not possible to operate enhanced Type 3 CB and Rel-16 Type 3 CB at the same time. 
· Option 2: using different RNTI
· Moderator comment: this could be e.g. use to distinguish SPS HARQ-ACK only (using CS-RNTI), for M>1 more RNTI’s would be needed
· Option 3: using dynamic indication in the DCI
· Moderator comment: for a triggering DCI without scheduling PDSCH, some unused bit-field could be used, in case it should be possible to scheduled PDSCH at the same time – some DCI field would need to be introduced
· Option 4: Other
· Moderator comment: please provide your preferred method in the table below. 

Feedback Form 3: Indicate to distinguish from Rel-16 Type 3 CB: Please provide your input to Question 3.1.2 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Option 1 and/or option 3. 
These options are more general and can be used for more cases compared to option 2. 
In addition, when the HARQ process is shared between SPS PDSCH and dy namic PDSCH, it is difficult to only report the feedback for the SPS PDSCH HARQ process(es).

	2 
	CATT 
	Option 1. We think Option 1 is sufficient.

	3 
	Nokia 
Germany
	Option 3. 
As we think more than one codebook (M>1) should be supported.

	4 
	NTT DO COMO 
INC.
	Option 3. To support flexible retransmission for different cases.

	5 
	Intel Ko rea, Ltd.
	We think this depends on the decision on the number of CBs, thus better to discuss after that one in Q 3.1.1. In principle, we are supportive of DCI-based indication.

	6 
	WILUS 
Inc.
	Discuss Q 3.1.1 first. If M=1 is supported, then option 1 or option 2 can be used. If M>1 is supported, option 3 can be used.

	7 
	Inter 
Digital 
Communi cations
	Option 3 to enable M>1

	8 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 1

	9 
	Ericsson 
LM
	It depends on the previous discussion. 
Again, Option 1 should be the baseline.

	10 
	Apple Eu rope Lim ited
	Option 3 can be considered

	11 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Not support any. We do not see the motivation of enhanced type 3 CB on top of R16 type 3 CB. Reusing R16 type 3 CB should be enough.

	12 
	Qual 
comm 
Tech 
nologies 
Int
	Support option 3. As is the case with regards to the operation of Rel. 16 Type 3 CB, an RRC flag similar to “oneShotHARQ-feedback-r16” can be introduced, e.g. “oneShotHarq-feedback-r17”. In this case both Rel. 16 and Rel. 17 can be activated or only one of them, or none of them. Upon activation of this feature, the DCI field contains an extra bit activating/deactivating the Rel. 17 Type 3 CB.     
Do not support Option 1. 
Do not support Option 2

	13 
	Motorola 
Mobility 
UK Ltd.
	Option 1 (for CB size reduction) and Option 4 (for CB transmission on CG PUSCH. UE can autonomously trigger the enhanced Type 3 CB transmission in CG PUSCH)

	14 
	NEC Cor poration
	Option 2 or option 3. It depends on the number of supported enhanced Type 3 CB in Rel-17. If only support enhanced Type-3 CB for SPS HARQ-ACK retransmission due to TDD collision, M=1, then option 2 can be used. If support enhanced Type-3 CB for more than one use case, M>1, then option 3 can be used.

	15 
	ETRI 
	Option 2 if M=1 is agreed, and Option 3 is fine if M>1 is supported.

	16 
	Asia 
Pacific 
Telecom 
co. Ltd
	Option 3 to provide flexibility.





Question 3.1.3: Is the focus of the enhanced Type 3 CB triggering on: 
· Option 1: triggering DCI (as in Rel-16) can scheduled PDSCH at the same time (i.e. triggering with & without scheduling PDSCH possible)
· Moderator comment: for M>1, this would then require a new bitfield to indicate which of the M CBs is triggered. 
· Option 2: triggering DCI only triggering enh. Type 3 CB but not scheduling PDSCH
· Moderator comment: this allows to utilize some unused bitfield (such as HARQ-ID field or similar) to indicate Rel-16 Type 3 CB and/or 1 of M enhanced Type 3 CBs. 
· Option 3: Other
· Moderator comment: please provide your preferred method in the table below. 

Feedback Form 4: Triggering DCI with or without scheduled PUSCH: Please provide your input to Question 3.1.3 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Slightly prefer option 2. To enable different and smaller size of enhanced Type 3 CB for different cases.

	2 
	CATT 
	Option 1. We think it sufficient to follow Rel-16 design.

	3 
	Nokia 
Germany
	Option 2 (slight preference) 
to enable different smaller size Type 3 CBs (M>1) to be triggered without the need to change the DCI.

	4 
	NTT DO COMO 
INC.
	Option 2. Since we prefer DCI indicating which enhanced type 3 HARQ-ACK CB is triggered, the DCI without scheduling PDSCH can allow some exsiting fields to be resued for the indication. In this way, additional DCI field can be avoided.

	5 
	Intel Ko rea, Ltd.
	It would be good to have both mechanisms. Option 2 can be used when there is no PDSCH to transmit, while Option 1 can be used when there is PDSCH.

	6 
	WILUS 
Inc.
	Option 1. Triggering DCI as in Rel-16 can be considered as a baseline.

	7 
	Inter 
Digital 
Communi cations
	Option 1 similar to Rel16

	8 
	Ericsson 
LM
	To us, the options listed here are motivated based on some solutions. For example, in the simplest case, i.e. M=1 and consider only activated cells, both Option 1 and Option 2 are applicable. 
Hence, we suggest to establish first the framework and then discuss design options as above.

	9 
	LG Elec tronics 
Inc.
	Option 1. this would reduce specification efforts.

	10 
	Apple Eu rope Lim ited
	Both Option 2 and Option 1 can be considered.

	11 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 1, i.e., Reuse R16 method. Both DCI with and without scheduling PDSCH in R16 could be used to trigger type 3 CB

	12 
	SHARP 
Corpora 
tion
	Option 1.

	13 
	Qual 
comm 
Tech 
nologies 
Int
	Option 1. DCI triggering Rel. 17 Type 3 CB can schedule PDSCH at the same time. The DCI can be transmitted without scheduling PDSCH as well. Do not support option 2.

	14 
	Motorola 
Mobility 
UK Ltd.
	Option 1. For DCI based triggering, we think Rel-16 mechanism is sufficient.

	15 
	NEC Cor poration
	Option 2 is slightly preferred. Some exsiting DCI fields for scheduling PDSCH can be reused to achieve a samller Type-3 HARQ-ACK codebook size.

	16 
	ETRI 
	Option 1 to reuse the current spec is preferred.

	17 
	Asia 
Pacific 
Telecom 
co. Ltd
	Option 1 is preferred.





Question 3.1.4: Please provide your input below on how to operate the (enhanced) Type 3 CB with PHY priority indication – where clearly the PHY priority defines the priority of the PUCCH carrying the CB. Using: 
· Option 1: the codebook construction is independent of the indicated PHY priority 
· Moderator comment: i.e. no PHY priority specific codebook 
· Option 2: a different enhanced Type 3 codebook is triggered based on RRC configuration (i.e. separate enh. Type 3 CB configuration for low and high PHY priority) 
· Moderator comment: see e.g. Apple proposal 
· Option 3: different PHY priority based codebook is created but not based on configuration of two codebooks (different to Option 2)
· Moderator comment: if supporting, please explain in the table below the envisioned operation
· Option 4: Other
· Moderator comment: please provide your preferred method in the table below. 


Feedback Form 5: PHY priority with Type 3 CB: Please provide your input to Question 3.1.4 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Option 1 for simplicity. The HARQ processes are shared between different priorities, if separate the HARQ processes, it puts scheduling restrictions at the gNB side and inefficient usage of the HARQ IDs.

	2 
	CATT 
	Option 1.

	3 
	Nokia 
Germany
	Option 1

	4 
	NTT DO COMO 
INC.
	Option 1.

	5 
	Intel Ko rea, Ltd.
	Option 2 or Option 3 at this stage to allow CB construction with efficient size depending on priority. If the flexibility of the CB construction allows to group HARQ processes of a given priority, then Option 1 is enough. However, at least some mechanism to pick HARQ feedbacks for higher (or lower) priority are required.

	6 
	Inter 
Digital 
Communi cations
	Option 2 /Option 3.

	7 
	ZTE Cor poration
	Not clear understand option 3. what’s difference with option 2. If enhanced Type-3 CB is adopted, a different enhanced Type 3 codebook should be triggered based on the priority of HARQ process.

	8 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 1

	9 
	Ericsson 
LM
	Option 1. 
The simplest approach is to construct the CB for all HP ID (for activated cells). That is the CB is in fact HP (including everything). The PHY priority is used to determine which PUCCH-Config should be used to determine the PUCCH resource and corresponding power, etc for transmission.

	10 
	LG Elec tronics 
Inc.
	Option 1. 
HARQ process ID are already independent from priorities. To be specific, all HARQ ID able to be indicated as higher priority are also able to be indicated as low priority. If type-3 CB works based on the HARQ process ID, there is no reason to distinguish between priorities.

	11 
	Apple Eu rope Lim ited
	Option 2. For high priority & low priority PDSCHs, the need can be different, e.g. URLLC with a small CB, but eMBB with a large CB (CBG based feed back, etc). Since for eMBB & URLLC traffic, they encounter the small TDD restriction and/or inter-UE prioritization dropping (but they may be active at different time), two codebooks are motivated.

	12 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Reuse R16 method. The type 3 CB includes all processes regardless the HARQ ACK is HP or LP.

	13 
	SHARP 
Corpora 
tion
	Option 1.

	14 
	Qual 
comm 
Tech 
nologies 
Int
	Support Option 1. Enhanced Type 3 CB will be used to request the cancelled or deferred SPS PUCCH HARQ, for DL traffic which will be mainly HP traffic. Do not support option 2. 
Do not support option 3.

	15 
	Motorola 
Mobility 
UK Ltd.
	Option 1

	16 
	NEC Cor poration
	Option 1.

	17 
	ETRI 
	Option 1

	18 
	Asia 
Pacific 
Telecom 
co. Ltd
	Option 2. CB size for HP and LP should be at least based on the CBG config urations of the associated PDSCHs.






Round 1
During the GTW session the following proposal was discussed and marked in yellow in the temporary chaiman’s notes was captured: 
Updated FL proposal 3.1: Support enhanced Type 3 CB(s) with smaller size (compared to Rel-16) including some dynamic indication for triggering the enhanced Type 3 CB (to at least distinguish from the Rel-16 Type 3 CB)
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration, activation 
· This may or may not include dynamic DCI indication of triggering one of M applicable enhanced Type 3 CBs (combination of RRC configuration and DCI indication, e.g. different subset of cells / HARQ processes, SPS HARQ only, …)
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· FFS: Details including at least
· If a dynamic indication method (RNTI, signaling in the DCI, …) is supported to distinguish from Rel-16 Type 3 CB and/or to trigger one of M applicable enhanced Type 3 CBs
· Supported enhanced Type 3 CB(s) (e.g. different subset of cells / HARQ processes, SPS HARQ only, …)
· PHY priority handling

There had been several comments by different companies during the call, the moderator tries to reflect here his understanding: 
1. Why is the size of the codebook not flexible (assuming no trigger or a certain triggering point, if supported): A property of a single enhanced Type 3 CB is, that the size is not depending on any dynamic PDSCH scheduling – but is fixed. The same property should be retained – if the size is varying, then this is to be regarded as a Type-4 CB (based on the definitions discussed during RAN1#104)
2. Any type of dynamic indication: It is the moderator’s understanding, this with agreeing to this proposal this does not mean that dynamic indication would be there. This is FFS based on the 2nd bullet and the first FFS bullet. 

Please provide your input on the 2 points raised above on Updated FL proposal 3.1 on enhanced Type 3 CB – or any other suggestions to change the proposal to make it possibly agreeable for you. 
	
	Item Com pany
	Comments

	1 
	Sony Eu rope B.V.
	We still think there is no need to enhance Type 3 CB.

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	We would be fine with the proposal by revising one bullet as below: -The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration, activation

	3 
	Intel Ko rea, Ltd.
	Given the difficulties of discussing enhanced Type 3 CB, we are fine with the most straightforward optimizations of the size, including the size is not dynam ically changing. Thus, we agree to the proposal. 
May be to make the proposal lighter, the FFS sub-bullets could be removed for now

	4 
	Samsung 
Elec 
tronics 
Romania
	Just formulating a particular proposal without justifying its need, or its com parative advantages over alternatives, can only continue to lead nowhere. There are at least the 3 following options to consider - a proponent of any should explain why the preferred option is better than the others. 
a)       Define some enhanced Type-3 codebook 
b)       Indicate to the UE to re-transmit HARQ-ACK it dropped c)       Do nothing (e.g. R16, or rely on R17 LP/HP multiplexing) 
We support (b) because it is the simplest and most beneficial. Our suggestion is to continue the discussion at the next meeting where compa nies can describe in detail preferred proposals and compare them to the alter natives in terms of the usual metrics (need/benefit/complexity/etc.).

	5 
	CATT 
	As commented during GTW session, we are fine with the proposal in general except: 
1) for the first sub-bullet, we would like to delete ”activation”. Given that we have ”at least” before ”determined by RRC”, we can further discuss whether it is also determined by activation. In addition, we also prefer to delete ”not flexible” 
2) delete the second sub-bullet as it is covered by the 1st sub-bullet under FFS.

	6 
	ZTE Cor poration
	Firstly, we don’t see the strong motivation to adopt the enhanced Type-3 CB, as the the specification effort on enhanced Type-3 CB is clear huge than the ‘one shot’ triggering of dropped HARQ-ACK. And the relative benefit of enhanced Type-3 CB is not clear. 
Secondly, even if enhanced Type-3 CB would be adopted, the size of codebook should be reduced. The priority index should explicitly indicate the codebook should include feedback information of the high priority HARQ process or low priority HARQ process, but not allow the mixture feedback for the high/low priority HARQ process.

	7 
	LG Elec tronics 
Inc.
	We share Intel’s view. It would be happier to remove FFS part so that make it easier to support.

	8 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	As we commented before, we still don’t see the motivation to support enhanced type 3 HARQ-ACK codebook. If companies really wants to support it, let’s do it in a simple way. We don’t support dynamic change of the codebook size, thus the second sub-bullet “This may or may not…” should be removed. In addition, there is no need to do any optimization either, i.e. the whole FFS should be removed.

	9 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Support enhanced Type3. But we don’t support complex solution. So the whole FFS should be removed. In addition, second sub-bullet does not play a role to define enhanced Type3. Moreover, it is misleading that enhanced Type3 is associated with dynamic indication.

	10 
	NEC Cor poration
	We support the updated proposal for enhanced Type-3 CB.

	11 
	Motorola 
Mobility 
UK Ltd.
	We’d like to get the proposal further updated by 
• removing ”(combination of RRC configuration and DCI indication, e.g. different subset of cells / HARQ processes, SPS HARQ only, …)” 
• simplifying the FFS part to ”FFS details”

	12 
	Ericsson 
LM
	As we commented before, the focus should not be on enhancing the codebook size, but rather enable the functionality to DCI 1-2. That is the first, or most important step. Also, clarity in terms of priority when the CB has a mix of HP and LP HARQ-ACK. With these two, nothing more is needed to be done. 
Hence we propose to consider the following: 
Proposal 3-1: 
• Support enhanced triggering Type 3 CB(s) by DCI 1_2. 
Proposal 3-1-1: 
• A PUCCH that carries a Type 3 HARQ-ACK codebook that includes at least HP HARQ-ACK, is assumed HP. 
The simplest enhancement is to consider activated cells, not configured. Some thing that should have done in fact in NR-U Rel-16. 
Proposal 3-1-2: 
• for construction of a Type-3 HARQ-ACK codebook, activated cells are considered.

	13 
	Ericsson 
LM
	Some typo in proposed proposal 3-1 above: 
Proposal 3-1: 
• Support enhanced triggering Type 3 CB(s) by DCI 1_2. 
Proposal 3-1-1: 
• A PUCCH that carries a Type 3 HARQ-ACK codebook that includes at least HP HARQ-ACK, is assumed HP. 
Proposal 3-1-2: 
• For construction of a Type-3 HARQ-ACK codebook, activated cells are considered.

	14
	Qual comm 
Tech 
nologies 
Int 

	The proposal should be updated. Several comments were made during GTW session 2. Suggested Proposal
"Support enhanced Type 3 CB(s) with smaller size (compared to Rel-16 Type 3 CB) and the following enhancements
· RRC Configuration of Type 3 CB Size
· Type 3 CB construction based on HARQ Process IDs
FFS: other enhancements
No support yet for 
"-The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration, activation 
· This may or may not include dynamic DCI indication of triggering one of M applicable enhanced Type 3 CBs (combination of RRC configuration and DCI indication, e.g. different subset of cells / HARQ processes, SPS HARQ only, …) "
No support for the FFS part of the proposal.
In addition, other solutions such as the one proposed by Samsung: retransmission of cancelled HARQ together with the co-cancelled PUSCH, should be considered. This solution looks as a natural one. Moreover, the effort for specifying such behavior is minimal. The solution proposed by Samsung being natural and easy to specify, it is a solution only for the case in which 
· there is only 1 PUCCH HARQ cancellation
· the cancelled PUSCH will be retransmitted
· For all of the other cases, a request from the network should be issued and the UE should report feedback for the indicated HARQ Process IDs, in the form of Type 3 CB.
With regards to the first point, maybe there is a misunderstanding or misinterpretation of the term 'flexible'. With this proposal here, one enhancement of the Rel. 16 Type 3 CB is that the size can be adapted/modified at RRC level. During a given RRC configuration, the type 3 CB size is e.g. 8 bits. Hence, during this part of the RRC connection, the Type 3 CB size is fixed: 8 bits. gNB can request this enhanced Type 3 CB feedback in exactly the same manner as is done in Rel. 16 with Rel. 16 Type 3 CB HARQ. At a later time instant, RRC can configure Rel. 17 Type 3 CB size to be equal to 12 bits. Then, again the same procedure can be applied. Having one shorter Type 3 CB size does not provide flexibility and it results to overhead. The term to be used, i.e. Rel. 17 Type 3 or Type 4 CB is of secondary importance. The key point is to define a mechanism with which the gNB requests feedback for the indicated HARQ Process IDs at physical layer. This procedure was done via Type 3 CB in Rel. 16 and it should be the starting point. The name of the CB at the end is not that important.
· With regards to the second point, dynamic indication of Type 3 CB should eventually be allowed. As an example, consider the case of RRC configured Type 3 CB Size equal to 12 bits. At a given time instant, the network wants feedback for 2 cancelled HARQ bits. In this same example, the network cannot afford to waste UL L1 resources. In this same example, the network can afford to use some extra bits in the DCI and indicate to the UE the requested Type 3 CB size, i.e. 2. In this case the DCI allocation overrides the RRC configuration for this occurrence.




Round 2
Based on the input received in Round 1, the moderator made the following updates to the proposal:
· Removed the FFS and all related to any type of dynamic indication (requested by several companies)
· Remove the ‘activation’ as requested by CATT
· The ‘not flexible CB size’ is still there, as discussed in the last meeting this is an essential property of Type 3 CB (compared to what was discussed with relation to ‘Type 4 CBs’)

Updates in green based on comments received in the Round 1 NWM discussion: 

Update 2 FL proposal 3.1: Support enhanced Type 3 CB(s) with smaller size (compared to Rel-16) including some dynamic indication for triggering the enhanced Type 3 CB (to at least distinguish from the Rel-16 Type 3 CB)
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration, activation 
· This may or may not include dynamic DCI indication of triggering one of M applicable enhanced Type 3 CBs (combination of RRC configuration and DCI indication, e.g. different subset of cells / HARQ processes, SPS HARQ only, …)
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· FFS: Details including at least
· If a dynamic indication method (RNTI, signaling in the DCI, …) is supported to distinguish from Rel-16 Type 3 CB and/or to trigger one of M applicable enhanced Type 3 CBs
· Supported enhanced Type 3 CB(s) (e.g. different subset of cells / HARQ processes, SPS HARQ only, …)
· PHY priority handling


Feedback form: Please provide your input on Update 2 FL proposal 3.1 
	
	Item Com pany
	Comments

	1 
	NTT DO COMO 
INC.
	We can accept the proposal.

	2 
	Intel Ko rea, Ltd.
	Support 
As it can be seen, a straightforward size optimization is targeted, and we don’t see why this work could not be triggered now, as it is equally important as the HARQ deferring, PUCCH repetitions, etc.

	3 
	vivo 
Mobile 
Commu 
nication 
Co.,
	For progress, we can accept the proposal.

	4 
	Samsung 
Elec 
tronics 
Romania
	Object. 
• The enhanced Type-3 will always be worse than ‘one-shot’ triggering of dropped HARQ-ACK. 
• The proposed Type-3 enhancements are irrelevant to Rel-17 URLLC. • There is no need to design new codebooks. 
• The current Type-3 is an optional UE (and network) feature.    

	5 
	Nokia 
Germany
	Support

	6 
	Sony Eu rope B.V.
	We do not see a need for enhancing Type 3 CB. 
We can consider introducing ”one-shot” trigger in DCI Format 1_2.





3.2.2 Details of one-shot triggering of dropped HARQ-ACK
One question that comes to mind here is, that how does the UE know based on the triggering DCI which ‘dropped’ HARQ-ACK occasion is to be re-transmitted (in case there are more than one)? And of course there could be some different handling in case this is triggered by a DL assignment (with or without PDSCH scheduling) or an UL grant. 
Question 3.2.1: How to identify which ‘dropped HARQ-ACK’ that is to be re-transmitted when triggered with DL assignment (on PUCCH)?
· Option 1: the last dropped PUCCH occasion is to be re-transmitted 
· Moderator comment: supporting companies – please provide further info below on how to define the ‘last one’
· Option 2: dynamic indication of the PUCCH occasion that is to be re-transmitted
· Moderator comment: supporting companies – please provide further info on how to indicate this. 
· Option 3: based on a timing window of the PUCCH occasion(s) that is/are to be re-transmitted
· Moderator comment: supporting companies – please provide further info on how to determine the window. 
· Option 4: Other 
· Moderator comment: please provide your preferred method. 

Feedback Form: Identifying the re-tx HARQ with DL assignment triggering - please provide your input 
to Question 3.2.1. 
	
	Item Com pany
	Comments

	1 
	CATT 
	We do not think one-shot triggering of dropped HARQ-ACK is needed if en hanced Type-3 CB is supported.

	2 
	Nokia 
Germany
	Option 2 
We think Option 1 is rather restrictive as there may be more than one PUCCH occasion that may have been dropped. 
In case the feature would be used by the gNB to also try to decode not correctly received HARQ-ACK information (decoding error), Option 2 could be used (whereas for both Option 1 & Option 3, the assumption is that only dropped / cancelled HARQ can be re-quested to be re-transmitted)

	3 
	NTT DO COMO 
INC.
	Option 3. 
It is very likely that HARQ-ACK dropping occur in certain consecutive slots (or not far away). With a time window (maybe indicated in a similar way like TDRA), gNB can flexibly indicate range for retransmission PUCCH occasions. Note that our intention is all PUCCH occasions instead of only ”dropped” PUCCH occasions in the indicated window since gNB and UE may have differ ent understanding on dropping.

	4 
	Sony Eu rope B.V.
	The purpose of Type 3 CB is to transmit all HARQ-ACKs whether they are dropped or not. This question seemed to assume a very specific Type 3 CB enhancement where only dropped HARQ-ACKs are retransmitted. Perhaps we need to know what are the enhancement if any before we decide on this question.

	5 
	Inter 
Digital 
Communi cations
	Option 3. The time window can be indicated in unit of symbols and/or slots.

	6 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 2. 
Both the explicit and implicit indication can be considered: 
1-bit explicit indication to trigger the last dropped PUCCH; 
DCI indicating the given HARQ process, included into the dropped HARQ ACK CB, without NDI toggle trigger a re-transmission of the dropped HARQ ACK codebook.

	7 
	Ericsson 
LM
	We share same view as CATT.

	8 
	LG Elec tronics 
Inc.
	We also share CATT’s view.

	9 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	We do not see the necessity of triggering re-tx of dropped HARQ-ACKs

	10 
	SHARP 
Corpora 
tion
	Sharing the same view from Sony, this discussion depends on whether to reuse Rel-16 Type-3 CB with minor modification (triggering all HARQ processes) or to enhance the Type-3 CB to trigger part of HARQ processes.

	11 
	Qual 
comm 
Tech 
nologies 
Int
	Option 4. First, 1 bit in the DCI will indicate if the request for Rel. 17 Type 3 CB will be for 
-          Deferred SPS HARQ or 
-          Cancelled HARQ 
In case the request for Rel. 17 Type 3 CB comes because of SPS HARQ deferral, then HARQ IDs containing the N (Type 3 CB Size) HARQ Process IDs after the starting #slot or starting #sub-slot. These N HARQ Process IDs correspond to SPS PUCCH HARQs reported. 
In case the request for Rel. 17 Type 3 CB is issued following to a request for cancelled HARQ, then, again N bits correspond to N HARQ Process IDs after the indicated #slot or #sub-slot are reported. The reported HARQ Process IDs correspond to either PUCCH for DG PDSCH or to SPS PUCCH HARQ. 
Do not support option 1. 
Do not support option 2. 
Do not support option 3.

	12 
	Motorola 
Mobility 
UK Ltd.
	We think this is a duplicated feature with enhanced type 3 CB.

	13 
	Asia 
Pacific 
Telecom 
co. Ltd
	Option 2. A clear indication is needed to indicate a PUCCH to be retransmitted. Otherwise, there may be ambiguity of whether a PUCCH was dropped or not.

	14 
	Qual 
comm 
Tech 
nologies 
Int
	First of all, the motivation/rationale of this question can not be justified now. The group has voted with large majority since RAN 1 #102 to promote a so lution similar to Rel. 16 Type 3 CB. For the sake of progress on this topic, the questions should be in this direction. Getting inspired by the good exam ple of progress for the topic of ’SPS HARQ deferral’, where the moderator is instrumental in the progress, should be adopted for all of the other topics as well. 
First of all there might be cases in which there might not be any new DL traffic after the cancellation instants. This question then here is void. Assuming then that 
• there is new DL traffic after CI and 
• the gNB decides to transmit new DL packets before the retransmission of cancelled PUSCH 
, then, in this extremely unlikely scenario there are 2 cases 
CASE 1: 1 set of UCI (HARQ) bits was co-cancelled together with PUSCH. In this case, option 1 is preferred. 
CASE 2: more than 1 CIs occurred. CASE 2A: the network wants all the cancelled HARQ bits. The network indicates with PRI the UL resource to carry new UCI bits + all canceled HARQ bits. 
CASE 2B: Multiple CIs and the network wants only some HARQ bits among all bits cancelled. Network makes a request for Rel. 17 Type 3 CB.






Question 3.2.2: How to identify which ‘dropped HARQ-ACK’ that is to be re-transmitted when triggered with an UL grant (on PUSCH)?
· Option 1: the last dropped PUCCH occasion is to be re-transmitted 
· Moderator comment: supporting companies – please provide further info below on how to define the ‘last one’
· Option 2: dynamic indication of the PUCCH occasion that is to be re-transmitted
· Moderator comment: supporting companies – please provide further info on how to indicate this. 
· Option 3: based on a timing window of the PUCCH occasion(s) that is/are to be re-transmitted
· Moderator comment: supporting companies – please provide further info on how to determine the window. 
· Option 4: based on the dropped PUSCH scheduled for re-transmission 
· Moderator comment: see e.g. Nokia, QC (without explicit trigger) - please provide your preferred method in the table below. 
· Option 5: Other 
· Moderator comment: please provide your preferred method below. 

Feedback Form: Identifying the re-tx HARQ with UL grant triggering: Provide your input to Question 3.2.2. 
	
	Item Com pany
	Comments

	1 
	CATT 
	We do not think one-shot triggering of dropped HARQ-ACK is needed if en hanced Type-3 CB is supported.

	2 
	Nokia 
Germany
	Option 4 
there could be a bit in the DCI requesting the re-transmission - but the HARQ ACK occasion for re-transmission is determined by the HARQ-ACK codebook that was multiplexed on the earlier (cancelled) PUSCH of the same HARQ-ID / TB. So there is an implicit linkage here an no explicit indication of the applied HARQ-ACK occasion is needed.

	3 
	Samsung 
Elec 
tronics 
Romania
	<Option 1 or option 2> 
Dropping a HARQ-ACK codebook with priority 0 will occur with a probability that is the multiple of the following probabilities 
 a)      URLLC (priority 1) PUSCH/PUCCH transmission (a rare event)  b)     UE simultaneously having DL eMBB (priority 0) traffic  c)      The UE transmitting priority 0 HARQ-ACK in a same slot as priority 1 PUCCH/PUSCH 
 d)     The network cannot avoid the collision (e.g. URLLC traffic requires the strictest latency) 
It is enough for the gNB to trigger re-transmission of the last HARQ ACK/PUCCH that the UE was configured to transmit. 
The definition of the last PUCCH transmission occasion with HARQ-ACK is that it is the last PUCCH transmission occasion with HARQ-ACK.

	4 
	Sony Eu rope B.V.
	Is this still under the context of Type 3 CB? If this is a separate trigger then we prefer Option 1. Last dropped PUCCH should also have a time limit as we do not want to be retransmitting a PUCCH that has been dropped ages ago.

	5 
	ZTE Cor poration
	Option 3. Same reason with above answer.

	6 
	Ericsson 
LM
	In our view, we can reuse the foundation that is established in Rel-16 before introducing new mechanism. 
by that we mean that in Rel-16 NR-U, in principle in enhanced Type 2 CB, a mechanism is establish to request an already ”supposed to be transmitted” CB. This part can be reused. 
What we can do in Rel-17, is to send a trigger with UL grant (similarly to A-CSI trigger on PUSCH with or without UL-SCH).

	7 
	LG Elec tronics 
Inc.
	Same as DL assignment. if Type-3 CB is supported, gNB always schedule PUCCH for HARQ-ACK for dropped HARQ process, unless that HARQ pro cess are already re-transmitted.

	8 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	We do not see the necessity of triggering re-tx of dropped HARQ-ACKs

	9 
	Qual 
comm 
Tech 
nologies 
Int
	Option 5. The first/earliest HARQ Process ID reported is the one happening at the indicated UL slot# or sub-slot#. In case the enhanced Type 3 CB requests N HARQ Process IDs after SPS PUCCH HARQ collision with semi static DL symbols, then, the first/earliest HARQ Process ID reported is the HARQ Process ID colliding first. In this specific case there is no need for SFI decoding. Same approach as for reporting after DL allocation. The rationale behind this question is unclear. The group has to decide first in the principle: some HARQ bits are dropped - due to collision with DL symbols or due to CI-and the network requests a number of HARQ bits to be reported. The most important aspect to be treated now is the content of this report. Similar to Type 3 CB? Something else? If DCI 0x or DCI 1_x should be used so as to make this request (at the gNB) is of secondary importance at this stage.

	10 
	Motorola 
Mobility 
UK Ltd.
	We think that PUCCH based and CG-PUSCH based type 3 CB transmission are sufficient.

	11 
	Qual 
comm 
Tech 
nologies 
Int
	• CASE 1: 1 set of UCI (HARQ) bits was co-cancelled together with PUSCH. In this case, option 1 is preferred. Details of this solution can be found in our contribution. 
CASE 2: more than 1 CIs occurred. CASE 2A: the network wants all the cancelled HARQ bits. The network indicates with PRI the UL resource to carry new UCI bits + all canceled HARQ bits. 
CASE 2B: Multiple CIs and the network wants only some HARQ bits among all bits cancelled. Network makes a request for Rel. 17 Type 3 CB. 
Again, the motivation/rationale for this question is not helping the progress. Despite the majority of companies supporting Enhanced Type 3 CB, there more questions towards other topics.




Round 2

Question 3.2.3: Do you support one-shot triggering of dropped HARQ-ACK (using triggered with an UL grant on PUSCH and/or triggered with a DL assignment on PUCCH))?


	
	Item Com pany
	Comments

	1 
	Intel Ko rea, Ltd.
	Not support. 
We have to express our concern in pursuing a completely new design of HARQ ACK retransmission instead of incrementally enhancing the existing Type 3 CB.

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support. Share the views with Intel.

	3 
	Samsung 
Elec 
tronics 
Romania
	Support. 
• Best functionality (UE does not transmit useless information) 
• Marginal specification impact (no new codebook, needs only trigger in a DL DCI or UL DCI) 
• Does not rely on any other optional feature

	4 
	Nokia 
Germany
	Support (in addition to Type 3 CB enhancements)

	5 
	Sony Eu rope B.V.
	If this is an entirely new trigger then we do not support. 
If this is the existing Type 3 CB one-shot trigger, then it isn’t clear why we propose it again this one-shot trigger is included in DL Grant since it is already included in DL Grant. However, the only thing we can include is to also support one-shot trigger for DCI Format 1_2.




3.3 RAN1#104b-e outcome & RAN1#105-e outlook
Final RAN1#104b-e moderator comments: 
Again, it was not possible to achieve any agreement in this area. There seems to be good interest in Type 3 CB enhancements but at the same time some companies prefer the one-shot triggering of dropped HARQ (instead of supporting smaller CB size(s) for Type 3 CB). 
Clearly, some decision (to support one or the other) would be needed in RAN1#105-e in order to guarantee to have any re-transmission enhancements (on top of Rel-16 enh. Type 2 / Type 3 CB) supported in Rel-17. 

4 SPS HARQ skipping & payload size reduction (for skipped & non-skipped SPS PDSCH) 
In this section, the company positions on the support as well as the related proposed Rel-17 enhancements to enable SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH and SPS payload size reduction (of ‘non-skipped’ SPS PDCH) are summarized. During RAN1#103-e, the following further down-selection of techniques has been agreed: 
Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …


Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB

It should be noted that the NACK skipping procedure for SPS PDSCH for skipping and non-skipped SPS basically is to be regarded as a single technique, as it had been clarified that no identification of skipped SPS PDSCH by the UE is to be assumed. Therefore, it will simply the handling (as proposed by the moderator) to discuss all of these in a single section in here (as already done during RAN1#104e) – i.e. considering all 5 proposed features to reduce SPS HARQ in here.  

4.1 Moderator summary based on contributions to RAN1#104b-e
Based on company inputs the following support and details have been provided: 
· NACK skipping for SPS PDSCH (Alt. 1 for skipped / Alt. 2 for non-skipped SPS PDSCH) – 18x Yes, 6x No
· Yes (19): Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], OPPO [2], Spreadtrum [3], ZTE [4], vivo [5], Ericsson [10], Nokia [11], China Telecom [12], TCL [14], Xiaomi [15] (for skipped SPS PDSCH), IDC [19] (for skipped & non-skipped), Samsung [21], ETRI [23], Sharp [25], NEC [26], WILUS [29] (discuss if to support)
· No (6): CATT [7], Mediatek [8], Intel [16], Panasonic [20], Sony [22], DoCoMo [27]
· FFS (0): 
· Details: 
· PUCCH transmission is skipped if PUCCH to only to carry NACK for SPS PDSCH(s) configured for NACK skipping: Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], OPPO [2], vivo [5] (focus), Ericsson [10], Nokia [11], China Telecom [12], IDC [19], Samsung [21], NEC [26]
· Configuration per
· PUCCH cell group: Spreadtrum [3]
· Per SPS configuration: vivo [5] (incl. group of SPS configurations), Nokia [11], IDC [19]
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3 for skipped SPS PDSCH) – 5x Yes, 8x No
· Yes (5): CMCC [13], QC [18], Sony [22], NEC [26] (further study), DoCoMo [27]
· No (8): CATT [7], Mediatek [8], Ericsson [10], Nokia [11], Xiaomi [15], Intel [16], Panasonic [20], WILUS [29]
· FFS (0): 
· Details: 
· Using MAC CE on non-skipped PUSCH: Sony [22]
· Using DCI to indicate (indicating one or more empty SPS PDSCH): Qualcomm [18], DoCoMo [27] 
· Using DM-RS to indicate - special DM-RS sequence instead of SPS PDSCH DM-RS sequence: Qualcomm [18]
· ACK skipping for SPS PDSCH (NACK-only, Alt. 1 for ‘non-skipped’ SPS PDSCH) -  13x Yes, 4x No, 1x FFS
· Yes (14): Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], Spreadtrum [3] (can be considered), ZTE [4], Ericsson [10], Nokia [11] (if also NACK skipping supported), TCL [14], Xiaomi [15] (for non-skipped SPS PDSCH), QC [18], Panasonic [20], LGE [24], WILUS [29 (discuss if to support)
· No (4): CATT [7], Mediatek [8], Intel [16], Sony [22]
· FFS (1): DoCoMo [27] (FFS if SPS skipping indication is supported)
· Details:
· PUCCH transmission is skipped if PUCCH to only to carry ACK for SPS PDSCH(s) configured for ACK skipping: Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], Nokia [11], Panasonic [20]
· Configured per SPS configuration: Nokia [11], IDC [19], Panasonic [20]
· HARQ bundling / compression for SPS PDSCH (Alt. 3 for ‘non-skipped’ SPS PDSCH) -  14x Yes, 5x No, 
· Yes (14): OPPO [2], ZTE [4] (study further), vivo [5] (can be considered), Nokia [11] (further study for jitter window control), TCL [14] (bundling), Xiaomi [15] (combined with ACK or NACK skipping), Intel [16] (for jitter control), Apple [17], QC [18], Panasonic [20] (could be considered), Sony [22], ETRI [23] (jitter handing), Sharp [25], DoCoMo [27] (support bundling, if SPS skipping indication is supported)
· No (5): CATT [7], Mediatek [8], Ericsson [10], Nokia [11] (generic bundling / compression), WILUS [29]
· FFS (0): 
· Details: 
· Bundling based on jitter window, associating certain SPS configurations to a bundle: Nokia [11] (e.g. using some bundle ID), ETRI [23]
· Consider HARQ-ACK bundling across PUCCH occasions for jitter window control: Nokia [11] 
· HARQ-ACK of SPS PDSCH occasions with the same HARQ process ID pointing to the same PUCCH resource are bundled into a single HARQ-ACK bit: Intel [16]
· N  SPS PDSCH within a jitter window,  bits are used for code states which include the successful/failed decoding at one of those N occasions or no detection of PDSCH at any of those N occasions: Apple [17]
· Dynamic bundling / compression (incl. e.g. DCI indication or based on payload size): QC [18]
· Compress multiple messages in HARQ-ACK codebook with small probability into a single message: Qualcomm [18]
· N SPS HARQ-ACK are bundled into M bits, where each of the M bits reports the outcome of a configured bundling function: Sony [22]
· Instead of ‘AND/OR’ apply ACK if more than K SPS correctly decoded: Sony [22]
· Include the number of ‘ACK’s with the bundle (e.g. using CS of PUCCH format 0): Sony [22]

· HARQ-ACK disabling /skipping for certain SPS configurations (Alt.4 for non-skipped SPS PDSCH): 10x Yes, 2x No, 1x FFS
· Yes (9): OPPO [2], ZTE [4], vivo [5] (can be considered), CATT [7], Nokia [11], Xiaomi [15] (open to), IDC [19], DoCoMo [27], LenMoto [28], WILUS [29 (discuss if to support)
· No (2): Mediatek [8], Sony [22]
· FFS (1): Intel [16] (discuss with RAN2 because of MAC procedures)
· Details: 
· The HARQ-ACK disabling/skipping is only used for the SPS HARQ-ACK codebook as described in TS 38.213 Clause 9.1.2.: OPPO [2]
· The payload size of Type-1 HARQ-ACK codebook including HARQ-ACK corresponding to a DCI for SPS release or dynamic PDSCH is not changed: OPPO [2]
· Do not include in Type 1 CB and remove the TDRA entry also from the Type 1 CB: ZTE [4]
· Include bits only in Type 1 CB: Nokia [11]
· Configured per SPS configuration: Nokia [11], IDC [19]
· Skipping limited to an RRC configured number of consecutive instances: LenMoto [28]

4.2 Summary of discussions during RAN1#104b-e
4.2.0 NMW discussions - PDF output
Just for reference, the final PDF from the NWM is available here, but the feedback has been incorporated to the relevant parts in the other sub-sections as well (for easier reading):




4.2.1 ACK and/or NACK skipping
Let’s discuss some more details on that one, in case we could agree on the support in the end. 

FL Proposal 4.1.1: If ACK and or NACK-skipping is supported: 
· For ACK skipping (NACK-only transmission), a PUCCH transmission is skipped if PUCCH to only to carry ACK for SPS PDSCH(s) configured for ACK skipping 
· For NACK skipping (ACK-only transmission), a PUCCH transmission is skipped if PUCCH to only to carry NACK for SPS PDSCH(s) configured for NACK skipping 

	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support for progress assuming NW can control low probability for DTX-to-ACK error.

	2 
	CATT 
	For both ACK skipping and NACK skipping, we think the benefit is limited. For ACK skipping, the DTX-to-ACK would degrade the reliability of URLLC and therefore should not be agreed. 
”PUCCH to only to carry ACK/NACK for SPS PDSCH(s)” may be understood as there is only ACK/NACK for SPS PDSCH(s) and there can be dynamic HARQ-ACK in addition. 
Besides, given that SPS HARQ-ACK deferral is agreed to be supported. It is not clear whether the PUCCH transmission to be skipped is the PUCCH transmission in the initial slot or the target slot if the SPS HARQ-ACK carried in the PUCCH is deferred.

	3 
	Nokia 
Germany
	Support 
As discussed earlier in contributions, for all other cases this may lead to uncer tainties in the UCI payload size on PUSCH/PUCCH.

	4 
	Samsung 
Elec 
tronics 
Romania
	Support NACK skipping 
for reduction of UE power consumption and interference as most of the time the UE does not receive SPS PDSCH. 
Do not support ACK skipping 
as (a) it is meaningful only for a single SPS configuration (otherwise the UE has to report), (b) for dynamic scheduling, it is again meaningful only for a single ACK in a PUCCH and has the PDCCH DTX-to-ACK error case, and (c) for the sporadic URLLC traffic, ACK skipping is never better than NACK skipping

	5 
	China 
Telecom 
munica 
tions
	Support NACK skipping 
Not support ACK skippingff As the not transmitted HARQ-ACK feedback (due to e.g. DCI missing) or the missed NACK can’t be distinguished from the skipped ACK (PDSCH successfully received), gNB may not have correct un derstanding on whether PDSCH needs retransmission or not.

	6 
	MediaTek 
Inc.
	We don’t support ACK or NACK skipping. There is performance impact for ACK-skipping, no resources saving, and an increase of UE complexity.

	7 
	Intel Ko rea, Ltd.
	Support to clarify the operation of ACK and NACK skipping. We don’t think reasonable specification and implementation could cover the cases with a mix of ACK and NACK states. 
It still remains open whether to support the techniques itself.

	8 
	Sony Eu rope B.V.
	Not support. 
Having a PUCCH carrying all NACKs is rare. Even for the case of over con figured SPS for jittering, there would be at least 1 out of N SPS containing a PDSCH and so skipping PUCCH with all NACKs is rare. Similarly if there is over configuration then having a PUCCH with all ACKs is unlikely to happen. Hence, the PUCCH will likely be transmitted. 
For NACK and ACK skipping, the gNB must reserve PUCCH resource regard less whether they are skipped. So there is no savings in terms of resources.

	9 
	NTT DO COMO 
INC.
	Can live with the proposal for progress but we have the same concern as CATT. Considering limited use case due to stringent skipping condition, the benefit is not very clear. But we can compromise to support it if the simplest ACK/- NACK skipping behavior is applied, i.e. skipping only when the PUCCH only includes HARQ-ACK for applicable SPS configurations with only ACK/NACK and the PUCCH doesn’t overlap with other UL channels. When the PUCCH includes dynamic HARQ-ACK or SPS HARQ-ACK configurations which is not configured for ACK/NACK skipping, or the PUCCH multiplexes with other UCIs or PUSCH, there will be no skipping.

	10 
	ZTE Cor poration
	Support NACK skipping, and can live with ACK skipping for sake of progress. We share the same concern on DTX to ACK.

	11 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Support NACK skipping only.

	12 
	Inter 
Digital 
Communi cations
	We support the proposal. It avoids the codebook size uncertainty

	13 
	Panasonic Corpora 
tion
	We support to clarify the operation of ACK and NACK skipping.

	14 
	Ericsson 
LM
	Support, with prioritizing NACK skipping if needed.

	15 
	LG Elec tronics 
Inc.
	Support the clarification.

	16 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support. 
For NACK skipping, it has the benefits of relieving the power consumption and reducing the interference especially for the SPS PDSCH skipping case where multiple SPS configurations will be configured for one jittered traffic. For ACK skipping, it is beneficial to reduce the UCI overhead for the ultra-low latency services (e.g., <1ms RTT motion control) where only one transmission is allowed with ultra conservative scheduling (mostly ACK). For such kind of service, either high layer re-tx (DTX-to-ACK) or PHY layer re-tx will lead to interruption of the continuous production, thus the DTX-to-ACK is not an problem worth extra concerns. On the other hand, the NACK can be transmit ted so that the gNB can perform link adaptation to match the channel status.

	17 
	Motorola 
Mobility 
UK Ltd.
	Not support. ACK skipping or NACK skipping is expected to be beneficial for some corner cases, e.g. when NACK occurs rarely or ACK occurs rarely. If NACK occurs rarely, even NACK can be skipped for some time without making an impact on the performance. If ACK occurs rarely, RB allocation/MCS assignment should be adjusted by gNB – a different solution is needed.

	18 
	Qual 
comm 
Tech 
nologies 
Int
	Support for ACK skipping (Nack-only transmission). The reason is that the proposal results in lower overhead and lower UE energy consumption. The gain is obvious in any URLLC service. 
No support for NACK skipping (ACK-only transmission). There is no benefit from omitting 1 NACK every 106 packets. The topic here is HARQ payload re duction. The suggested scheme does not propose any HARQ payload reduction in a typical URLLC service. The whole proposal of “Skipped SPS PDSCH” is based in the anticipated-contrived scenario of multiple SPS configurations for single traffic. No solid scenario/example presented to motivate this proposal. There are several other -more efficient-ways of improving reliability than blindly repeating SPS PDSCH. 
Even in this case though, the higher DTX to ACK error will result in the net work missing important information conveyed with NACK. The group working towards CSI Enhancements has already made several proposals associated with NACK. 
In the case, the network configures multiple SPS configurations for single DL traffic, then, the network chooses which SPS PDSCH occasions will be empty and which ones will be transmitted. In this case, the network can also indicated with a DCI which SPS PDSCH occasion will be skipped. 
The proposal of ACK only should be treated at another topic: the topic of SPS PDSCH skipping.







4.2.2 Dynamic indication of skipped SPS PDSCH occasions
It was discussed if RAN1 should not continue the discussion on this item, as there seemed to be more companies being actively against the support than companies suggesting to specify it. 
Therefore, it is suggested that companies reply here directly on their interest in the technique or if we should stop related discussions. 

Question 4.2.1: On dynamic indication of skipped SPS PDSCH occasions, which of the following options do you prefer:
· Option 1: Support dynamic indication of skipped SPS PDSCH occasions in Rel-17
· Option 2: No support for dynamic indication of skipped SPS PDSCH occasions in Rel-17. Do not continue the related discussions. 
· Option 3: Other

On the support of dynamic SPS skipping indication: Please provide your input to Question 4.2.1 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Option 2. From simplicity, overhead and reliability (in case miss detect the dynamic indication) perspective.

	2 
	CATT 
	Option 2. We do not see the necessity and motivation to support it. If MAC CE is used for indication, it is not clear how gNB can know in advance which SPS PDSCH occasions would be skipped. If DCI is used for indication, it is contradictory with the idea of using SPS from the perspectives of DCI overhead reduction and reliability. In addition, the reliability of HARQ-ACK feedback would be negatively impacted due to miss-detection of DCI indication or DM RS.

	3 
	Nokia 
Germany
	Option 2 
As discussed earlier, this will just create additional DCI overhead so why not using DG PDSCH instead. Moreover, there are issues of missed DCI.

	4 
	Samsung 
Elec 
tronics 
Romania
	Option 2. The cost of Option 1 outweighs any benefit.

	5 
	China 
Telecom 
munica 
tions
	Option 2.

	6 
	MediaTek 
Inc.
	Option 2.

	7 
	Intel Ko rea, Ltd.
	Option 2. This is one of the least supported options with unresolved technical concerns and uncertain benefits, which is better to drop right now.

	8 
	WILUS 
Inc.
	Option 2.

	9 
	Sony Eu rope B.V.
	Option 1. NOTE that the MAC-CE indicator is carried by one or more of the used PDSCH in the SPS. For over configuration, e.g. for jittering, there will be at least 1 PDSCH being transmitted in a group of N SPS, and so this transmitted PDSCH can carry the MAC-CE indicator to indicate which of the N SPS are empty. This can be a simple bitmap that is at most 8 bits (for max of 8 SPS) long. Hence, there isn’t any issue with overhead and the gNB knows by the time it transmits a PDSCH in a group of N SPS which ones are going to be empty.

	10 
	NTT DO COMO 
INC.
	Option 2. 
Though we think dynamic SPS skipping indication can provide most accurate skipping information, we are fine to compromise for proceeding.

	11 
	ZTE Cor poration
	Option 2.

	12 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 2

	13 
	Panasonic Corpora 
tion
	Option 2

	14 
	Ericsson 
LM
	Option 2.

	15 
	LG Elec tronics 
Inc.
	Option 2. 
We assume that the skipped SPS PDSCH would occur continuously after burst transmission, rather than single occasion among periodic PDSCH occasions. when at least two, i.e. two or more SPS PDSCH are skipped in a row, the dy namic indication has larger overhead than just de-activating and activating SPS PDSCH with existing signaling. We don’t see benefits of dynamic indication.

	16 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 2. There is no need to introduce extra DCI overhead on top of NACK skipping and ACK skipping.

	17 
	Motorola 
Mobility 
UK Ltd.
	Option 2. For scenarios that dynamic skipping indication may be beneficial, it may be better to use dynamic scheduling with fewer number of active SPS configurations, instead of a large number of SPS configurations (or frequently occurring SPS occasions).

	18 
	SHARP 
Corpora 
tion
	Option 2

	19 
	Qual 
comm 
Tech 
nologies 
Int
	Option 1 for the case in which multiple SPS PDSCH configurations are active and SPS PDSCH skipping takes place. The argument for using DG PDSCH in stead is an argument that applies to the proposal of the ’SPS PDSCH skipping’ as a scenario. Can 1 of the proponents of the ’SPS PDSCH skipping’ scenario explain why the network would configure 2 SPS configurations for the same DL traffic flow and skip one of the 2 occasions? It is understood that the network can configure multiple SPS configurations for single DL traffic flow, so as to provide diversity. What is not understood is the motivation for skipping 1 or N-1 SPS PDSCH occasions. In case this non-justified scenario of SPS PDSCH skipping is used as a basis for these proposals, the only way to get any benefit from this whole scenario is the use of DCI. Otherwise, the UE has to try to decode all configured SPS PDSCH occasions, hence, there is no gain in UE power consumption.





Based on the input received, the following conclusion was noted in the GTW session on April 14th:  
Conclusion: 
No support for dynamic indication of skipped SPS PDSCH occasions in Rel-17 as part of this WI.

4.2.3 SPS HARQ-bundling / compression
It is not so clear from the input contributions in which direction the group wants to go with this ‘group of features’, considering the following: 
· Should rather simple ‘bundling’ techniques be specified (e.g. logical ‘AND’/’OR’ or if ‘having more than K ACK then ACK, otherwise NACK’) or is there is strong interest to specify also more advanced compression techniques (e.g. source coding etc. – see e.g. Apple [17], QC [18], Sony[22])?
· Should the bundling be mainly to overall reduce the HARQ-ACK payload size or more case specific e.g. for ‘jitter window’?


Question 4.3.1: Should the HARQ-ACK bundling / compression 
· Option 1: focus only on simple bundling techniques (e.g.  logical ‘AND’/’OR’ or the like)
· Option 2: focus on more advanced HARQ-ACK compression schemes (e.g.  by source compression or the like)
· Option 3: Other


’Simple’ bundling versus ’more advanced’ compression: Please provide your input on Question 4.3.1 
	
	Item Com pany
	Comments

	1 
	Nokia 
Germany
	Option 1 
The discussions should focus / be restricted to simple bundling schemes only. We don’t see a need for complicated ’compression’ schemes as the benefits are slightly unclear to us (also considering the remaining time in the WI phase)

	2 
	Samsung 
Elec 
tronics 
Romania
	Other(do not support) 
• There is no benefit from saving a few HARQ-ACK bits while the cost can be large.

	3 
	MediaTek 
Inc.
	Option 3: Do not support for URLLC. Can be discussed for eMBB HARQ under intra-UE multiplexing topic.

	4 
	Intel Ko rea, Ltd.
	Option 1, otherwise the spec work vs. benefits in unjustified. For Option 1 companies showed both the use cases and the simple realizations, therefore it can in the focus.

	5 
	WILUS 
Inc.
	Option 1. 
Furthermore, to minimize specification work, focus on HARQ-ACK bundling on the same PUCCH and do not support HARQ-ACK bundling across different PUCCHs.

	6 
	Sony Eu rope B.V.
	Option 2. 
A simple bundling method of using either ”AND” or ”OR” operator works only if ALL of the SPSs are NOT empty or only ONE of the SPS is non-empty. The bundling should be flexible enough for the gNB to decide how many in the group of SPS that it wants to use, e.g. in one occasion it may want to use 1 out of N SPS and in another it may want to use 2 out of N SPS. 
Our proposal is to leave the logical gate implementation to the UE. The gNB needs only to specify a condition for an ACK or NACK, e.g.: - If at least K out of N SPS outputs an ACK then the bundled operator would output an ACK otherwise it would output a NACK. 
An alternative is to indicate the number of ACKs in a group of N SPS. This can be done by reusing PUCCH Format 0 which has 8 different cyclic shifts to indicate a max of 7 ACKs. If we want N=8 SPS configured, then cyclic shift representing 0 ACKs and 8 ACKs can be used since it would be unlikely that the gNB sends 8 ACKs and the UE failed to decode any of them.

	7 
	NTT DO COMO 
INC.
	Option 1. 
Complicated behaivor is not preferred. Moreover, if accurate indication of SPS skipping is not indicated, HARQ-ACK bundling may lose much information considering mixed ”non-skipped SPS PDSCH” and ”skipped SPS PDSCH”.

	8 
	ZTE Cor poration
	Option 1. We choose the simple one for progress.

	9 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 1

	10 
	Panasonic Corpora 
tion
	Option 1

	11 
	Ericsson 
LM
	Option 3: That is we do not support HARQ-ACK bundling/compression.

	12 
	LG Elec tronics 
Inc.
	Option 3.

	13 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 1 for simplicity.

	14 
	Motorola 
Mobility 
UK Ltd.
	Option 1

	15 
	SHARP 
Corpora 
tion
	Option 1

	16 
	Qual 
comm 
Tech 
nologies 
Int
	Option 2. Do not support Option 1. The benefit of option 1 is not very clear. Compression gains come mainly from source compression considering the very low NACK probability. 
In general, no agreement with the current categorization of options here, i.e. Option 1 “simple” while option 2 “more advanced” without complexity analysis. Proposed methods in category of option 2 are of the same level of complexity as the proposals of option 1. Impartial wording to be avoided in the future.

	17 
	Qual 
comm 
Tech 
nologies 
Int
	Correction ”partial wording to be avoided in the future”

	18 
	TCL 
Commu 
nication 
Ltd.
	Option 1





Question 4.3.2: Should the HARQ-ACK bundling / compression 
· Option 1: focus on generic HARQ-ACK bundling / compression (to reduce the payload size, not considering specific usage / application of the bundling)
· Option 2: focus on HARQ-ACK bundling / compression for specific usage (e.g. for jitter control operation)
· Option 3: Other

Generic versus ’jitter window’ specific bundling/compression: Please provide your input on Question 4.3.2 
	
	Item Com pany
	Comments

	1 
	Nokia 
Germany
	Option 2 
Generic bundling without having any specific usage in mind is a bit counter intuitive. So the discussions should clearly focus on the cases where there is an overprovisioning of SPS resources required or similar (which requires defining by the network to the UE), how a certain ’bundle’ is to be created. Just bundling (reducing overhead) should not be the main reason, as bundled HARQ-ACK (of more than one transmitted SPS PDSCH) creates issues as discussed by Sorour / Ericsson in the Mon GTW call

	2 
	Samsung 
Elec 
tronics 
Romania
	Other (do not support) 
• There is no benefit from saving a few HARQ-ACK bits while the cost can be large.

	3 
	MediaTek 
Inc.
	Option 3: Do not support for URLLC. Can be discussed for eMBB HARQ under intra-UE multiplexing topic.

	4 
	Intel Ko rea, Ltd.
	We are a bit confused why this needs to be discussed, but we prefer Option 2 direction, which is however should be quite transparent to the use cases when implemented in specification.

	5 
	Sony Eu rope B.V.
	It isn’t clear what generic means. Even for jittering and over configuration of SPS, the gNB should be able to use more than 1 out of N SPS. We proposed that the bundling operation allows for such cases. Unsure if this should be classified as generic or jittering.

	6 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 2

	7 
	Ericsson 
LM
	Option 3: We do not support HARQ-ACK bundling/compression

	8 
	LG Elec tronics 
Inc.
	Option 3. Do not support HARQ-ACK bundling.

	9 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 2.

	10 
	Motorola 
Mobility 
UK Ltd.
	Option 1. We think RAN1 should develop a generic method that can handle different use cases with a proper parameter setting.

	11 
	Qual 
comm 
Tech 
nologies 
Int
	Support both options 1 and 2. The rationale behind this question is unclear. Few compression mechanisms were proposed in the group. The group – with the positive encouragement of the FL-should start examining these proposals.



Round 1
In the 2nd GTW session there had been some discussion, based on the large majority input based on the answers Questions 4.3.1 to focus on ‘simple’ techniques for the HARQ-ACK bundling & compression. 
The following proposal had been discussed: 
FL proposal 4.3.1: The further discussions on the support of HARQ-ACK bundling / compression are focusing on simple bundling techniques (e.g. logical ‘AND’/’OR’ or the like). 

The proposal had not been agreeable, because it seems to be not clear what ‘a simple bundling’ technique would mean. So Mr. chairman suggested to discuss this further offline, to be able to potentially also reduce the scope of the further discussions on this technique. This is tried in Round 1. Please note, that the discussion here does not consider how the bundling itself is defined (i.e. which HARQ-ACKs are to be bundled, this is a separate discussion). The discussion here focuses mainly on how having a certain number of input bits (for a specific bundle  or compression window/operation) are processes to create the HARQ-ACK bit(s) to be reported. 
Looking at the input contributions, the following techniques (on top of using logical ‘AND’ or ‘OR’) had been mentioned by different companies (the moderator hopes nothing has been missed here): 
1. #1 The HARQ-ACK codebook (incl. size) for SPS PDSCHs is determined based on the HARQ processes of the multiple SPS PDSCH resources associated with the same PUCCH: OPPO [2]
2. #2 N  SPS PDSCH within a jitter window,  bits are used for code states which include the successful/failed decoding at one of those N occasions or no detection of PDSCH at any of those N occasions: Apple [17]
3. #3 Dynamic bundling / compression (incl. e.g. DCI indication or based on payload size): QC [18]
4. #4 Compress multiple messages in HARQ-ACK codebook with small probability into a single message: Qualcomm [18]
5. #5 N SPS HARQ-ACK are bundled into M bits, where each of the M bits reports the outcome of a configured bundling function: Sony [22]
6. #6 Instead of ‘AND/OR’ apply ACK if more than K SPS correctly decoded: Sony [22]
7. #7 Include the number of ‘ACK’s with the bundle (e.g. using CS of PUCCH format 0): Sony [22]


Looking at the list above, at least #6 seems to be still simple without any real change (and maybe the moderator would at least identify still this one to fall into this category). Not so sure about the other ones. 

As the moderator tried his best already in the initial proposal, maybe it would be best that you provide input on to help the moderator to update a potential FL proposal, on top of: 
FL proposal 4.3.1: The further discussions on the support of HARQ-ACK bundling / compression are focusing on simple bundling techniques (e.g. logical ‘AND’/’OR’ or the like).


Question 4.3.3: Which of the techniques (#1 to #7) which do not directly apply logical ‘AND’ or ‘OR’ do you think could still be categorized as simple bundling / compression techniques for further study?
	
	Item Com pany
	Comments

	1 
	Sony Eu rope B.V.
	The logical operators to use should be up to UE implementation. For us technique #6 and #7 are simple and allows the UE to use whatever logical operations it choose to implement it and has the benefit that it is flexible enough for the gNB to use more than 1 out of N SPS for PDSCH transmission. If we want to consider M>1 compressed bits than we can also consider technique #5

	2 
	Intel Ko rea, Ltd.
	We suggested the following simple scheme: 
”Grouping of SPS PDSCH occasions with the same HARQ process ID pointing to the same PUCCH resource and bundling into a single HARQ-ACK bit” It could be classified as #5, or a new option. But as it can be seen, there is no much to change or configure, since current specification already allow HARQ process ID offset to be set so that multiple same HARQ ID is mapped to the same PUCCH resource.

	3 
	Samsung 
Elec 
tronics 
Romania
	Fine to focus on ‘simple’ bundling techniques but before that, need and conse quences of bundling should be concluded. Until now, no justification has been provided for a need to do bundling. 
• Is there a coverage issue for a few HARQ-ACK bits and there isn’t for the PUSCH? 
• If there is a coverage issue, what would be the benefit of bundling a few bits and what would be typical payloads to bundle? 
• What would be the consequences of bundling? 
• None of the above has been addressed in any proposal to motivate a need for consideration. 
• Note that for the CovEnh WI, where the focus is on scenarios of actual coverage need, HARQ-ACK bundling is not considered (and the additional latency that can be afforded to eMBB is not the reason).

	4 
	NTT DO COMO 
INC.
	In our understanding, simple bundling means no change on current HARQ ACK timing determination, i.e. bundling only within one HARQ-ACK CB. The logical function ”AND””OR” or others are not precluded so far.

	5 
	Panasonic Corpora 
tion
	We agree with DOCOMO’s comment.

	6 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	We are ok to do further discuss on HARQ-ACK bundling/compression, but so far we don’t see the motivation to support it. If really have to support it, should go with simple way. To us, it seems #1 to #7 above is not simple solution compared to logical ‘AND’ or ‘OR’. 

	7 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Another simple solution in our document is that N SPS HARQ-ACK are bun dled into 1 bit. To be specific, ACK if at least one PDSCH in the SPS con figuration group is decoded correctly ,otherwise, output a NACK. The SPS configuration group is configured by gNB. Usually, one or more SPS configura tions for the same traffic with jitter is configured as a SPS configuration group. This solution seems a subset or special case of #5, i.e. M=1 . However,we are not sure that for #5, upper limit of M is 1 or larger than 1. If M=1, our solution is the same as #5. if upper limit of M is larger than 1, logic of our solution and #5 are different. Or to be safe, we suggest to add our solution as #8

	8 
	Ericsson 
LM
	We are not supportive of bundling. The reason is not its design or complexity. The reason is that it does not serve the purpose. 
When gNB scheduled LP PDSCHs that happened to miss their HARQ-ACK due to scheduling a HP, if any information is useful for gNB, is to know what happened to the LP ones. 
How the bundle HARQ-ACK in this case is going to help the NW? if there are 10 PDSCHs scheduled and I receive one bundled NACK, how that is going to help ? 
The same for 2 HARQ-ACK. It will be 50/50. For that, it does not worth the effort.

	9 
	Qual 
comm 
Incorpo 
rated
	Regarding the motivation of enabling bundling, I don’t think coverage is the main motivation, the main motivation seems to me is resolving the problem of insufficient UL resources in DL traffic heavy scenario. Taking the agreed SPS A/N deferral as an example, if we don’t define any max deferral deadline, then SPS A/N could be deferred forever, and the A/N payload size will be bigger and bigger and eventually we cannot find any resource to transmit it. There are two ways to solve it, 1) dropping A/N past deadline, 2) compress/bundling A/N. Both can reduce payload size. In some sense, one can view dropping as a special case of compression/bundling. If the motivation to introduce max deferral/deadline in for SPS deferral feature is clear, then the same motivation applies here. And this feature can solve the issue not just for SPS deferral, but also for broader scenarios of too large HARQ-ACK payload size due to A/N retransmission, A/N deferral, PUCCH repetition, or anything else. 
Regarding FL’s formulation of proposal/question on ”simple scheme”, we have a question for clarification? What is the definition of ”simple scheme”? Why logical ADD/OR is simpler than other scheme? I believe that all schemes could break down to bit-level AND/OR operations. Should we compare the number of hardware operations such as fixed point add and fixed point multiplication or even to bit level AND/OR operations to decide which scheme is simpler than others? So, we don’t know how to answer FL’s question, unless the decision is to do hardware complexity analysis, which seems not necessary at this initial study phase. 
Regarding scheme #4 proposed by us, although in the proposal we mentioned probability which is for describing the concept, in the actual compression oper ation, UE just need to count how many NACKs in the codebook with original size N. If # NACKS >=2, map it to a special value, say all 0s, in a codebook with smaller size k (Essentially, all the codepoints in the original codebook with >=2 NACKs map to the same value in the smaller codebook, which is a multiple to one mapping). If # NACK <=1 in original codebook, via a one to one mapping, it is mapped to a codepoint in the smaller codebook. So in terms of hardware operation, we just need to do a check of # NACKs, before the mapping (which can be via static table without hardware operation on the fly). We think checking # of NACK is also a simple operation, which is flip the sign of the bits then do a sum which is essentially OR. In summary, with scheme #4, what we do is just sign flip then OR. Following FL’s categorization, it falls into the category of simple logic AND/OR operation. 
To us, the comparison and study of this feature should focus on the trade off between compression ratio vs preservation of original information. Say, given original N bits HARQ-ACK codebook, compress it to K bits, study which scheme can preserve most of the useful information. We don’t think complexity analysis should be the focus on the study in this initial stage.






Question 4.3.4:  How to improve the wording of FL proposal 4.3.1 “The further discussions on the support of HARQ-ACK bundling / compression are focusing on simple bundling techniques (e.g. logical ‘AND’/’OR’ or the like)” to differentiate ‘simple bundling type of techniques’ from more advanced techniques?
 
	
	Item Com pany
	Comments

	1 
	Sony Eu rope B.V.
	I think ”simple” is not the right description. The AND/OR logical operator simply restricts the gNB’s scheduling to ONLY: 
1) 1 out of N SPS (i.e. bundle with an OR operator) 
or 
2) N out of N SPS (i.e. bundle with an AND operator) 
and nothing else. If the gNB has data to send and has selected OR operator then it cannot or rather hard to use the SPS resources that it has already configured for the UE. Similarly if gNB has used an AND operator and decided to skip an SPS it cannot do so. This restriction also forces a specific logical operator on the UE in the specs. I think a better description for such bundling technique is ”restrictive”. 
I would therefore define a ”restrictive bunding” technique as imposing a single fixed logical operator on N SPS HARQ-ACKs. 
The other ”advanced” technique would be defined as NOT imposing any fixed logical operator or implementation on the N SPS HARQ-ACKs and it is up to UE’s implementation to bundle the N SPS HARQ-ACK to provide the specified/configured function.

	2 
	Intel Ko rea, Ltd.
	May be we can clarify that these techniques are focusing on SPS HARQ-ACK, not on generic dynamic scheduling. 
Further, may be ”simple” would mean ”semi-static” association of SPS PDSCH occasions which are bundled/compressed. This can improve the intention of the proposal.

	3 
	NTT DO COMO 
INC.
	In our understanding, restrict bundling acorss multiple HARQ-ACK CBs is the ”advanced bundling” which is not preferred.

	4 
	Ericsson 
LM
	We appreciate the efforts from FL. 
Maybe another approach is to conclude first if the feature should be supported or not. Please see our reasons in the previous comment.

	5 
	Qual 
comm 
Incorpo 
rated
	We agree with Sony that ”simple” is not a good criteria. Just do AND/OR operation on a HARQ-ACK codebook might lose too much information. For AND, 1 NACK = ALL NACK in the codebook. For OR, 1 ACK = ALL ACK in the codebook. 
To us, the comparison and study of this feature should focus on the trade off between compression ratio vs preservation of original information. Say, given original N bits HARQ-ACK codebook, compress it to K bits, study which scheme can preserve most of the useful information. We don’t think complexity analysis should be the focus on the study in this initial stage.






DoCoMo commented that there is not just the coding domain but also the time domain aspect (i.e. within the same slot or sub-slot / HARQ codebook – or across). To get the discussions more focused let’s see if the following could be agreed: 

FL proposal 4.3.2: The further discussions on the support of SPS HARQ-ACK bundling / compression are focusing on SPS HARQ-ACK bundling within a single slot or sub-slot / HARQ-ACK codebook only.
· Moderator comments: This would basically rule out bundling / compression across HARQ-ACK codebooks / SPS HARQ-ACK associated with different slots or sub-slots. 

Feedback form: Do you support to limit the discussions to bundling / compression of the SPS HARQ-ACK to a single slot or sub-slot / HARQ-ACK codebook (FL proposal 4.3.2)? 
	
	Item Com pany
	Comments

	1 
	Sony Eu rope B.V.
	Is the proposal simply saying that we focus on bundling N HARQ-ACK SPS into M bits, and these M bits are transmitted in a single PUCCH? I do not think anyone is proposing bundling HARQ-ACK bits from two or more different PUCCHs into another PUCCH. If Proposal 4.3.2 wants to exclude this, (i.e. exclude taking HARQ-ACK bits from two or more different PUCCHs and bundles them to be transmitted in yet another PUCCH), then we support Proposal 4.3.2. If this is not the intention, please clarify what Proposal 4.3.2 is trying to limit.

	2 
	NTT DO COMO 
INC.
	Support. 
No change on Rel-16 HARQ-ACK timing determination rule is desired.

	3 
	Qual 
comm 
Incorpo 
rated
	Similar comment as Sony




4.2.4  HARQ-ACK disabling /skipping for certain SPS configurations
Currently no discussion planned, as it seems there are no remaining issues to be discussed if this is supported (as SPS configuration specific as such).

 
4.2.5  Comparison of the different techniques
In today’s GTW call, Mr. chairman was asking if we could create some table on the comparison of the different methods. Clearly, such table would be very controversial (to be agreed) as the company opinions on what is ‘complex’ and ‘how important’ the scenario is that the different methods can tackle. Therefore, there is no moderator proposal on such table here. 

But there had been a table available in the TDoc by Nokia / NSB in R1-2102819. This is simply copied here – and companies are of course welcome to comment the related comparison given by Nokia & NSB in R1-2102819 below. 
In case the moderator missed another similar table in some other input document, please contact the moderator offline (… to include the table here in the next Round / Round 1). 


	Feature
	Specification effort
	gNB & UE complexity
	Usefulness
	Comments

	NACK skipping
	Very low
	UE: Very low 
gNB: Low
	High
	Simple & useful

	ACK skipping
	Very low
	UE: Very low 
gNB: Low
	Low
	Simple – but less useful as NACK skipping

	Dynamic skipping indication
	High
	UE: High
gNB: High
	Very high
	Complex and several issues identified

	Generic HARQ bundling / compression
	For bundling: Very low

For compression: High

	For bundling:
UE & gNB: 
Very low

For compression:
UE & gNB: High
	Low
	Lack of motivation (affects DL efficiency)
Large specification effort for compression schemes

	HARQ bundling for ‘jitter window’
	Medium
	UE & gNB: Medium
	Very high
	Same intention as NACK skipping, but simpler for gNB operation

	HARQ disabling
	Very low
	UE & gNB: 
Very low
	Very high
	Simple & useful for the identified use cases



Table from [11]: Simple overview and comparison of the different techniques for SPS HARQ-ACK skipping 
and payload size reduction


Feedback Form: Comparison of the different techniques: Please comment on Table 1 above (taken from R1-2102819) or any other related comments on comparing the different methods 
	
	Item Com pany
	Comments

	1 
	MediaTek 
Inc.
	For conditional skipping of ACK or NACK, the UE complexity should be changed to (at least) Medium.

	2 
	Intel Ko rea, Ltd.
	The comments section may be replaced with some more transparent metrics. It can state inter-relation or synergy or duplication with other mentioned tech niques, e.g. NACK skipping is similar to the bundling with jitter handling. The spec impact could use just ”Low” instead of ”Very low”. In general would be good to use three levels everywhere. 
There are examples on realizing the bundling for jitter handling based on min imal spec impacts, thus we support ”Low” mark for that.

	3 
	Ericsson 
LM
	Thanks moderator for the efforts. We encourage these kind of comparison to get a high level overview to improve the decisions. 
In general we are fine, noting that we have different views on entries indicated as ”very high” for usefulness, but that can be discussed later.

	4 
	LG Elec tronics 
Inc.
	We assume that ”Usefulness in the table” are measured by how the scheme afford skipped PDSCH well. However, if there is any level of threshold for SPS PDSCH utilization, and the SPS PDSCH are used for URLLC, the number of overall skipping case between NACK skipping and ACK skipping should be comparable. In practical situation, we think NACK skipping is more useful at least for reducing redundant transmission.

	5 
	Motorola 
Mobility 
UK Ltd.
	We think usefulness of ACK skipping, NACK skipping, and dynamic skipping indication is very low, as explained for previous questions.

	6 
	Qual 
comm 
Tech 
nologies 
Int
	The whole table should be removed. Similar comment to the question above: impartial/fair wording recommended. The group is asked to reply to a table written according to the FLs wishes. Is it possible to provide a blank/empty table in which any company provides its input? For example, NACK skipping usefulness is none. Such argumentation should be avoided at this stage.

	7 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	For NACK skipping, spec effort and implementation complexity is not low. NACK skipping condition is not clear and maybe diverse. UE needs to deter mine skip or not timely and gNB needs to blind decode pre-configured PUCCH resource. Comparing NACK skipping, HARQ bundling for jitter just performs logic ”OR” for a SPS configuration group additionally. The spec effort and im plementation complexity of HARQ bundling is not higher than NACK skipping at least.





4.3 RAN1#104b-e outcome & RAN1#105-e outlook
The following agreement could be reached on this issue during RAN1#104b-e: 
	Conclusion: 
No support for dynamic indication of skipped SPS PDSCH occasions in Rel-17 as part of this WI. 



Final RAN1#104bis-e moderator comments: 
Although we could remove the options by one based on the conclusion, this still leaves as with 4 different options for discussion, namely:
· NACK skipping for SPS PDSCH 
· ACK skipping for SPS PDSCH 
· HARQ bundling / compression for SPS PDSCH 
· HARQ-ACK disabling /skipping for certain SPS configurations

As also pointed out by Mr. Chairman, if we don’t achieve any agreements in the next meeting there is a good chance that no enhancement in this area will be part of Rel-17. Therefore, companies are encouraged to consider the remaining options there also taking the available time in Rel-17 into account. 
Especially for the HARQ bundling / compression for SPS PDSCH, there currently seems to be little convergence of how the final intended operation is to be done, due to the different possible bundling / compression schemes as well as the option of time-domain bundling (across PUCCH slots / sub-slots) there. 
5 PUCCH repetition enhancements 
(at least for HARQ-ACK), e.g., sub-slot based, etc.
In this section, the company positions on the support of PUCCH repetition enhancements (incl. sub-slot type of PUCCH repetition) are summarized. At RAN#90, the following clarification on the focus was done: 
RAN conclusion on IIoT scope: 
· For handling of the PUCCH repetitions it is proposed to proceed as follows:
 RAN1 to continue discussion on PUCCH repetition, whether to specify or not, in the IIoT/URLLC WI for single TRP.
o The following items are not within scope of the continued discussions in the IIoT/URLLC WI:
 DMRS-less PUCCH with UCI payload up to 11 bits
 PUSCH-repetition-Type-B like PUCCH repetition
 DMRS bundling across PUCCH repetitions
 PUCCH repetition issues with multi-TRP to be handled in Fe-MIMO WI.
· For the UE CSI/HARQ-ACK feedback enhancements in the IIoT/URLLC WI, RAN1 work to continue the discussions. Status to be checked in March if any RAN level guidance needed.
· RAN1 to continue discussion on A-CSI on PUCCH, whether to specify or not.

During RAN1#104-e, the following related agreements were achieved: 
	Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed

Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition




5.1 Moderator summary based on contributions to RAN1#104b-e
Below the input of the discussions of different companies to this issue is summarized. 

Support PUCCH repetition for short PUCCH formats (F0 & F2) also for slot-based PUCCH repetition:  - 9x Yes – 3x No
· Support (9): Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], Spreadtrum [3], vivo [5] (decision from M-TRP applies, already supported), Ericsson [10] (also for S-TRP), Nokia [11] (also for S-TRP, at least based on nrofSlots), Sharp [25], DoCoMo [27]
· No support (3): ZTE [4], Mediatek [8], Samsung [21] (unclear motivation)

Details on dynamic PUCCH repetition indication (unclear for moderator, if this is not to be taken from Cov. Enh. WI decision!?):
· Number of PUCCH repetitions is configured for each PUCCH resource (in the corresponding PUCCH-ResourceSet) and indicated through PRI: Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], CATT [7], Ericsson [10], Panasonic [20], ETRI [23]
· Indicated jointly with k1: ETRI [23]
· Apply the method specified in Cov. Enh.: ZTE [4], Nokia [11], Xiaomi [15], Intel [16] (PRI pointing to rep. number preferred), Samsung [21]


Support of sub-slot based PUCCH repetition also for other UCI types (e.g. SR, CSI) – 4x Yes – 1x No
· Yes (4): vivo [5], Ericsson [10] (for dynamic indication), Nokia [11] (only for RRC configured nrofSlots, not for dynamic indication), Sharp [25]
· No (1): Samsung [21] (unclear motivation)

Interaction of dynamic and RRC configured repetition factor:
· If provided with dynamic repetition indication, the RRC configured nrofSlots are ignored: Ericsson [10], Nokia [11]


Other suggested enhancements for PUCCH repetition (not limited to ‘sub-slot type PUCCH repetition):
· Per repetition PUCCH dropping rules concerning overlapping with DG PUSCH: Nokia [11], Intel [16] (including multiplexing on PUSCH, number of REs scaled by the number of repetitions) 
· Enabling multiplexing of different UCI types within a PUCCH repetition bundle: Nokia [11] 
· Support of dynamic bundling for PUCCH repetition to limit the payload size: QC [18] 
· Incl. gNB configurable compression / bundling threshold or dynamic bundling/compression indication in the DCI
· Reducing the priority of a repetition according to the number of repetitions that have already been transmitted: Sony [22]

5.2 Summary of discussions during RAN1#104b-e
5.2.0 NMW discussions - PDF output
Just for reference, the final PDF from the NWM is available here, but the feedback has been incorporated to the relevant parts in the other sub-sections as well (for easier reading):




5.2.1 Dynamic repetition indication
Moderator comments: 
The only thing that would be good to clarify at the beginning of this meeting already, would be if we discuss any dynamic repetition indication methods, as some companies provided input on this issue to this meeting. 
But based on the RAN1#104-e agreement, the intention was to utilize the method defined in Cov. Enh.: 
	Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed




As we don’t know yet the method that Cov. Enh will define, it is suggested to wait for further progress there before discussing this in the URLLC WI further. As the way of the dynamic repetition indiciation is still unclear, it is suggested to focus the discussions in this meeting to the RRC configured repetition operation for sub-slot PUCCH. 


Proposed FL Conclusion: Dynamic PUCCH repetition indication techniques are not discussed during RAN1#104bis-e in AI 8.3.1.1. 

Feedback Form 1: Handling of dynamic repetition in indication: Please provide your input on the proposed. 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support. We share moderator’s views.

	2 
	Intel Ko rea, Ltd.
	Agree

	3 
	CATT 
	Agree

	4 
	Nokia 
Germany
	Agree

	5 
	Samsung 
Elec 
tronics 
Romania
	Agree

	6 
	China 
Telecom 
munica 
tions
	Agree

	7 
	ZTE Cor poration
	Agree

	8 
	Sony Eu rope B.V.
	Agree.

	9 
	NTT DO COMO 
INC.
	Agree.

	10 
	Panasonic Corpora 
tion
	Agree

	11 
	Ericsson 
LM
	agree

	12 
	Apple Eu rope Lim ited
	Agree

	13 
	LG Elec tronics 
Inc.
	Agree

	14 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Agree to wait for the progress from coverage first.

	15 
	Qual 
comm 
Tech 
nologies 
Int
	Support

	16 
	SHARP 
Corpora 
tion
	Agree





As all companies seem to be fine with the conclusion, the moderator will just taken this into account here also without any informal conclusion / agreement (and therefore not prepare any related discussions).  


5.2.2 Interaction RRC configured (i.e. nrofSlots) and dynamically indicated repetition factor for sub-slot based PUCCH repetition: 
Two companies discuss in their contribution, that if the UE is RRC configured with nrofSlots and there is some dynamic repetition indication, RAN1 will need to define the behavior there. This is rather similar than for the case of e.g. PUSCH repetition discussed in Rel-16 URLLC. The two companies propose that if the repetition is not dynamically indicated (e.g. for fallback DCI, SPS HARQ operation, …) that RRC configured repetition factor is utilized and otherwise, the dynamically indicated repetition factor is to be applied – as basically applied for PUSCH repetition. 
All though there is little input on this yet, the moderator suggests a related proposal already below. If you have any other operation in mind, please indicated your Alternative below. 
FL proposal 5.2.1: For the interaction of RRC configured PUCCH repetition factor and dynamically indicated PUCCH repetition factor, the dynamic repetition factor is overriding the RRC configured repetition factor, i.e. .
· If the PUCCH contains UCI information for which a PUCCH repetition has been dynamically indicated, then the dynamically indicated PUCCH repetition factor applies. 
· Otherwise, the RRC configured repetition operation using ‘nrofSlots’ is applicable.

Feedback Form 2: Interaction of RRC and dynamic indication of repetition factor: Please provide your 
input on the proposal 5.2.1 
	
	Item Com pany
	Comments

	1 
	Intel Ko rea, Ltd.
	Support in principle. May be some refinement is needed to account that dy namic PUCCH repetition can be realized by RRC-based association of different PUCCH resource configurations with different number of repetitions. In this case, usage of ”RRC indication” vs ”Dynamic indication” may not be fully accurate.

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support. But we wonder whether this issue should also be covered by Cov_enh.?

	3 
	CATT 
	Not support. We think it is related to the solution of dynamic indication of PUCCH repetition factor and prefer to discuss it later.

	4 
	Nokia 
Germany
	Support in principle.

	5 
	Nokia 
Germany
	Moderator comment: Maybe the formulation was not perfect in here - at least the intention of the moderator had been, that e.g. in case it is possible to indicate the dynamic repetition indication with let’s say DCI format 1_1/12 - but not with the fallback format 1_0, then the RRC configured nrofSlots from Rel-15/16 in PUCCH-config only applies if then the fallback format 1_0 would apply (but not with the DCI formats that can dynamically indicate the repetition). This is just an example here and of course should not mean that this would be DCI specific in the end (based on the outcome of the discussions in Cov. Enh.)

	6 
	Samsung 
Elec 
tronics 
Romania
	No need for any agreement. It is like saying the “dynamic beta_offset” overrides the “semi-static beta_offset”.

	7 
	Sony Eu rope B.V.
	We can consider this later after the dynamic repetition indicator mechanism is discussed in CovEnh.

	8 
	NTT DO COMO 
INC.
	We think it’s better to discuss the issue later after the conclusion for dynamic repetition indication is achieved in CovEnh.

	9 
	Panasonic Corpora 
tion
	We think it would better to wait the discussion on this issue after the conclusion for dynamic repetition factor indication in CovEnh.

	10 
	Ericsson 
LM
	Support in principle. The proposal describes the expected behavior in general (as commented by Samsung). But it s safer to conclude :-)

	11 
	Apple Eu rope Lim ited
	since we agree to defer the discussion on Dynamic PUCCH repetition indication techniques, such discussion should be deferred also.

	12 
	LG Elec tronics 
Inc.
	Support in principle. Considering above conclusion, it would be safer to wait the discussion of CE.

	13 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support

	14 
	Qual 
comm 
Tech 
nologies 
Int
	Support, but this topic has to be discussed later. Hence, no support for now. Support after the discussion starts in this group.

	15 
	SHARP 
Corpora 
tion
	Support




Based on the feedback, the group seems to be split between supporting the proposal and waiting for the design of the dynamic repetition indication. As reaching an agreement during RAN1#104bis-e seems therefore rather improbable, the related discussions are not planned to continue in this meeting (but let’s wait on the further details of the dynamic repetition indication) 


5.2.3 UCI types for sub-slot based PUCCH repetition operation with RRC configured repetition factor (i.e. nrofSlots)
There had been some mixed input here, but the moderator here would gain like to focus only on the RRC configured repetition factor as the dynamic repetition indication is still unclear and depending on the type of signaling this may be different. 
In Rel-16, the RRC configured repetition factor is configured per PUCCH format independently of which UCI type is to be carried on the PUCCH. As the RRC configured repetition indicator as part of a sub-slot PUCCH config in Rel-17 would again apply for the PUCCH format independently of the UCI type mapped it seems to be logical to apply the same for sub-slot operation. 
The moderator would like to note here, that actually when not supporting FL proposal 5.3.1, the specification effort will be actually higher compared to the case of supporting it. If FL proposal 5.3.1 is supported, basically the only change needed for RRC configured nrofSlots is to remove the restriction of not being able to configure it in Rel-16 (which is then removed in Rel-17). In case there is a per UCI type of repetition (i.e. nrofSlots), then actually we will need to include specific clauses for sub-slot PUCCH operation, basically stating for SR and  CSI in the relevant places that the nrofSlots actually is not applicable. Thus, to keep the specifications impact minimal actually FL proposal 5.3.1 below is helping. 
Moreover, the proposal here would be just for the RRC configured operation using nrofSlots – this does not mean that this would be equally supported for the case that dynamic PUCCH repetition indication is configured and/or used. Minor updated wording on the proposal below. 

Updated FL proposal 5.3.1: Following Rel-16 specification, the Rel-15/16 RRC configured PUCCH repetition factor using ‘nrofSlots’ per PUCCH format in PUCCH-config is applicable for the same UCI types for sub-slot based PUCCH repetition as for slot-based PUCCH repetition, including HARQ-ACK, SR and CSI. 
· FFS for dynamic PUCCH repetition indication 

	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support.

	2 
	CATT 
	Support.

	3 
	Nokia 
Germany
	Support

	4 
	Intel Ko rea, Ltd.
	We are wondering if agreeing on this would mean we automatically support sub-slot based operation for non-HARQ UCI? Should it be discussed first?

	5 
	Samsung 
Elec 
tronics 
Romania
	Agree

	6 
	ZTE Cor poration
	Support

	7 
	Sony Eu rope B.V.
	Not support. 
Sub-slot based PUCCH in Rel-16 was introduced for HARQ-ACK. It is unclear why suddenly in Rel-17 sub-slot based PUCCH is used for SR and CSI.

	8 
	NTT DO COMO 
INC.
	Support.

	9 
	Panasonic Corpora 
tion
	Support

	10 
	Ericsson 
LM
	Support

	11 
	Apple Eu rope Lim ited
	the support for non-HARQ UCIs should be discussed first.

	12 
	LG Elec tronics 
Inc.
	Support

	13 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support

	14 
	Qual 
comm 
Tech 
nologies 
Int
	No support (now). Need to discussed first.

	15 
	Nokia 
Germany
	Moderator additional comments for Round 1: 
The moderator would like to note here, that actually when not supporting FL proposal 5.3.1, the specification effort will be actually higher compared to the case of supporting it. If FL proposal 5.3.1 is supported, basically the only change needed for RRC configured nrofSlots is to remove the restriction of not being able to configure it in Rel-16 (which is then removed in Rel-17). In case there is a per UCI type of repetition (i.e. nrofSlots), then actually we will need to include specific clauses for sub-slot PUCCH operation, basically stating for SR and  CSI in the relevant places that the nrofSlots actually is not applicable. Thus, to keep the specifications impact minimal actually FL proposal 5.3.1 below is helping. 
Moreover, the proposal here would be just for the RRC configured operation using nrofSlots – this does not mean that this would be equally supported for the case that dynamic PUCCH repetition indication is configured and/or used. Minor updated wording

	16 
	LG Elec tronics 
Inc.
	Support.

	17 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Support

	18 
	Motorola 
Mobility 
UK Ltd.
	Support. In our understanding, in Rel-16, if a sub-slot length is configured in a PUCCH-Config, a PUCCH resource for SR and CSI is also within a sub-slot.

	19 
	Qual 
comm 
Tech 
nologies 
Int
	Do not support now. The explanation is respected and appreciated. The will of the moderator to progress on this topic is supported. However, the topic needs to be discussed and a consensus has to be reached. Adding clauses per UCI type does not seem too much extra work.

	20 
	China 
Telecom 
munica 
tions
	We understand the sub-slot based PUCCH repetition means there is one repe tition per sub-slot with the same starting symbol, duration and PRB number used in each sub-slot. Will sub-slot based PUCCH repetition reuse the same Rel-15/16 RRC configured repetition factor ‘nrofSlots’ or a new RRC repetition factor like ‘nrofsubSlots’ be definedff




5.2.4 Support PUCCH repetition for short PUCCH formats (F0 & F2) also for slot-based PUCCH repetition:  

There seems to be a good majority supporting short PUCCH format repetition also for slot-based PUCCH repetition. Again the moderator thinks here that it would be maybe better to focus the discussions on the RRC configured repetition factor here at the moment, as the dynamic PUCCH repetition for slot-based PUCCH is outside the scope of the URLLC WI. 

Looking at the RRC configured repetition factor ‘nrofSlots’, the RRC parameter is to be included in PUCCH config also for PUCCH formats F0 & F2. Therefore, if this is there then in the PUCCH configuration already, the support also for a slot-based PUCCH config should not create any additional specification complexity. So from this perspective, at least from specification and implementation perspective there seems to be no additional effort to support this also for slot-based PUCCH config. 


FL proposal 5.4.1: The RRC configured PUCCH repetition factor using ‘nrofSlots’ in PUCCH-config for PUCCH formats 0 and 2 is applicable for sub-slot and slot-based PUCCH configurations. 
· Note: The handling for dynamic repetition indication for slot-based PUCCH configuration is outside the scope of the URLLC WI. 

Feedback Form 4: PUCCH F0 & F2 with slot-based PUCCH and ‘nrofSlots’: Please provide your input 
on proposal 5.4.1 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support.

	2 
	CATT 
	Support.

	3 
	Nokia 
Germany
	Support

	4 
	Samsung 
Elec 
tronics 
Romania
	No need – just because M-TRP supports slot-based repetition for PF0/2, does not mean they are needed for single-TRP. Otherwise, single TRP PDCCH rep etitions should also be introduced together with several other “M-TRP only” features.

	5 
	Intel Ko rea, Ltd.
	As analyzed by the Moderator, there seems to be not much to do in terms of specification. However, we fail to see big motivation for this type of repetitions. It would be good to hear some insights except simple ”Support”.

	6 
	ZTE Cor poration
	Not support. The use case of sub-slot repetition for PUCCH F0 and F2 is not clear.

	7 
	Ericsson 
LM
	Support. 
Please note that the reason is not M-TRP. In real deployments, e.g. high band, there are cases that there is not enough UL symbols for PUCCH transmission. Hence, only PF0 and PF2 can be used. However, that causes coverage issue and it is important to be able to improve the coverage by repetition.

	8 
	Apple Eu rope Lim ited
	we don’t see a strong reason to support this

	9 
	LG Elec tronics 
Inc.
	Not support. At least in the URLLC perspective, we cannot see the strong reason.

	10 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support

	11 
	Qual 
comm 
Tech 
nologies 
Int
	No support now.

	12 
	NTT DO COMO 
INC.
	Support.




Based on the feedback, the group seems to be split between supporting the proposal and saying: no we don’t support PUCCH repetition for slot-based PUCCH configuration for Format 0 & 2 with RRC configured using ‘nrofSlots’.  


5.3 RAN1#104b-e outcome & RAN1#105-e outlook
Final RAN1#104b-e moderator comments: 
We were not able to achieve any new agreement here partially due to the fact that there it is still unclear how the dynamic repetition indication (decided in the Cov. Enh. WI) is to be done. As PUCCH had not been handled in the Cov. Enh. WI during RAN1#104b-e, the same situation will equally apply to RAN1#105-e. 
So it seems, the only thing that could be discussed during RAN1#105-e (pending the decision on the details of the dynamic repetition indication) are related to the Rel-16 type of PUCCH repetition for sub-slot PUCCH using Rel-15 RRC parameter ‘nrofSlots’:
· Is the Rel-16 type of PUCCH repetition using ‘nrofSlots’ also applicable for sub-slot based PUCCH repetition (i.e. do we support dynamic indication and RRC configured fixed repetition factor operation also for sub-slot PUCCH repetition – as is the case for slot-based PUCCH repetition based on the Rel-16 and Rel-17 enhancements)?
· If the Rel-16 type of PUCCH repetition using ‘nrofSlots’ is also applicable for sub-slot based PUCCH repetition, this would then automatically mean that the related framework is to be used also for sub-slot PUCCH – i.e. leading to the same handling of different UCI types for PUCCH repetition there!?
· Short format support also for slot-based PUCCH?


6 Type 1 HARQ codebook based on sub-slot PUCCH config 

6.1 Moderator summary based on contributions to RAN1#104b-e
 
Support for Type 1 HARQ-ACK codebook for sub-slot PUCCH in Rel-17: 17x Yes, 1x No
· Support in Rel-17 (17): Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], OPPO [2], Spreadtrum [3], ZTE [4], CATT [7],  Ericsson [10], Nokia [11], China Telecom [12] (latest RAN1#104-e moderator proposal), CMCC [13], Apple [17], QC [18], Samsung [21] (if minor specs impact), NEC [26], DoCoMo [27], WILUS [29]
· No (1): Mediatek [8]

Way to perform the TDRA grouping: 
· Alt. 1 - TDRA grouping per slot: Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], ZTE [4] (?), QC [18], Samsung [21]
· Alt. 2 - TDRA grouping per sub-slot: ??


Ways to support the Type 1 HARQ-ACK CB for sub-slot PUCCH in detail: 
· OPPO [1]: “For a given subslot, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the subslot, row r is removed from the cardinality of TDRA rows.”
· Spreadtrum [3]: “The codebook size should be constrained for sub-slot based type 1 codebook”
· The following steps are proposed
1. For a UCI to be sent in sub-slot n, determine the union set of K1 values in unit of sub-slot according to the DCI formats the UE is configured to monitor PDCCH. 
2. Determine the union set of row indexed of TDRAs for DCI formats the UE is configured to monitor PDCCH
a) At sub-slot n-K1 with the given value K1, all the PDSCH occasions (end symbols are whining sub-slot n-K1) indicated in the TDRA tables configured by higher layers are considered to determine the codebook size. 
b) If PDCCH starting symbol as the reference of SLIV is supported, the corresponding SLIVs with starting symbol  replaced by  should also be added into candidate PDSCH occasion sets.
3. The PDSCH occasions that conflict with TDD DL/UL configuration are removed first. The remaining PDSCH occasions selection for determining the codebook size is given as  the procedure below:
1) Select T to be smallest end symbol index of all the available SLIVs in sub-slot n-K1.
2) Move the corresponding SLIV with ending symbol T into the chosen SLIV set .
3) Cancel the remaining SLIVs that starts no later than T. 
4) Go back to step 1) until all the SLIVs ending in sub-slot n-K1 are looped and get the final SLIV set  to generate HARQ-ACK bits.
· ZTE [4]:
· “…if one UL sub-slot overlaps with one or more DL slots, the existing mechanism is reused, for example, loop multiple DL slots within one UL slot”
· Following steps are proposed with related ‘pseudo TP’ in the document: 
1　 Determine the DL slot corresponding to the type1 HARQ-ACK codebook;
2　 Within the determined DL slot, if the end symbol of a PDSCH TDRA does not overlap with the determined UL sub-slot (n-k1), then delete the PDSCH TDRA from the PDSCH TDRA of the determined DL slot;
3　 The remaining PDSCH TDRA in the determined DL slot is divided into SLIV groups;
4　 Generate HARQ-ACK information for each SLIV group.
· CATT [7]:
In order to reuse the existing pseudo code for Type-1 codebook as much as possible, the following update can be considered for sub-slot based Type-1 HARQ-ACK codebook:
· For the case of an UL sub-slot spans multiple DL slots, the loop condition “while [image: ]” for Type-1 codebook should be replaced by “while ” for HARQ-ACK in a UL sub-slot;
· For the case of one DL slot spans multiple UL sub-slots, only the PDSCH SLIV which falls into the HARQ-ACK multiplexing window are considered to determine the HARQ-ACK codebook, A PDSCH SLIV is associated with a UL sub-slot if the end of the PDSCH overlaps with the UL sub-slot. The HARQ-ACK multiplexing window is determined based on the HARQ-ACK timing set and sub-slot length.
· Ericsson [10]
· [bookmark: _Toc61904948]Support Type-1 HARQ codebook for sub-slot HARQ-ACK by updating the pseudo code for determining a set of occasions for candidate PDSCH reception where the  ratio  is changed to , where N is the number of sub-slots in an UL slot.
· …..further optimization to reduce Type-1 codebook size can be considered.
· Nokia [11]
· re-using the current mechanism of handling different SCS as much as possible for the purpose of sub-slot PUCCH operation is encouraged 
· FFS: additional codebook size optimizations
· 
· Apple [17]
· Apply the principles of the current pseudo code
· Related TP provided in Sec. 5 of [17]
· Samsung [21]
· Determine candidate UL sub-slots and corresponding DL slots for candidate PDSCH receptions based on the HARQ-ACK timing set (sub-slot-level K1) and number of UL sub-slots N per UL slot on top of existing procedure for different DL/UL numerologies. 
· Do pruning based on TDD configuration and SLIVs for each DL slot, wherein the SLIVs end in candidate UL sub-slots. 
· Step1: Determine candidate UL slots and corresponding DL slots for candidate PDSCH receptions based on the HARQ-ACK timing set (slot-level K1) 
· If one UL slot overlaps with multiple DL slots, there is a loop for multiple DL slots (i.e. while ). 
· If one DL slot overlaps with multiple UL slots, there is a condition to ensure no duplicated calculation of the DL slot overlapping with the multiple UL slots, i.e. only enter the loop for one of the UL slots (i.e. if ). 
· Step 2: Do pruning based on TDD configuration and SLIVs for each DL slot determined in step 1.
· NEC [26]
· When DL and UL are configured with same numerology, the sub-slot based semi-static HARQ-ACK codebook can be determined based on following three-steps:
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slots within a slot.
· Step 3: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
· When DL and UL are configured with different numerologies, further study the sub-slot based semi-static HARQ-ACK codebook determination.
· WILUS [29]
· For a given (sub-slot-level) K1 value k1, find the DL slot corresponding to the UL sub-slot n-k1.
· Validity of each SLIV in a TDRA table R for the DL slot is checked. The invalid SLIVs are removed from the TDRA table R.
· The validity is checked based on semi-static UL/DL configuration, i.e., if a symbol corresponding to an SLIV overlaps with semi-static UL symbol, then the SLIV is invalid. 
· And the validity is further checked based on the last symbol of an SLIV, i.e., the last symbol of an SLIV does not overlaps with the UL sub-slot n-k1, then the SLIV is invalid.
· If the TDRA table R is not empty, then generate type-1 HARQ-ACK codebook for the DL slot. 
· If a UE has no capability to receive more than one unicast PDSCH per DL slot, then one HARQ-ACK occasion is added to the type-1 HARQ-ACK codebook. 
· If a UE has capability to receive more than one unicast PDSCH per DL slot, overlapping of SLIVs are further checked and then find a set of SLIVs to be represented as one HARQ-ACK occasion. 



Other suggested Type 1 CB enhancements – not necessarily related to Type 1 CB for sub-slot PUCCH: 
· Extending SLIVs in a serving cell for Type-1 HARQ-ACK codebook should be enhanced by considering the SLIVs in slot(s) configured with DCI format 1_2 monitoring only and considering PDCCH monitoring occasions in that slot only in case repetitions is not configured for the serving cell: CATT [7] (see Appendix figures) 
· Configuration of ‘feedback TDRA’ table for Type 1 CB size reduction: Nokia/NSB [11] (Figures see Appendix [10])
· Enhancements for multi-TRP PDSCH repetition: Samsung [23] (Figure see Appendix [21])
· Reduce Type 1 CB size by not using independent union of k1 and TDRA tables, but take the TDRA & k1 value specific to different DCI formats into account: LGE [24]
· HARQ-ACK bits will only be present in the semi-static type-1 codebook if the corresponding sub-slot has at least one PDCCH transmission or SPS PDSCH reception: NEC [26] 

6.2 Summary of discussions during RAN1#104b-e
6.2.0 NMW discussions - PDF output
Just for reference, the final PDF from the NWM is available here, but the feedback has been incorporated to the relevant parts in the other sub-sections as well (for easier reading):




6.2.1 Support of Type 1 CB for sub-slot PUCCH
Moderator comments: 
This is the same situation as in the last meeting – and it seems there is no technical discussion that could lead to companies changing their opinion (compared to last time, there had been one objecting company). 
But having further discussions without knowing if we support it does not seem to be very efficient. Therefore, it is suggested to try to resolve this in this GTW call. 
  
FL Proposal 6.1: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· [bookmark: _Hlk63182198]FFS: whether or not to consider PDSCH TDRA grouping per sub-slot
· FFS: Additional properties that may need clarification 
· [bookmark: _Hlk69306912]FFS: Other Type 1 HARQ-ACK CB enhancements (for sub-slot based &/ slot based HARQ-ACK feedback)

 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Support.

	2 
	CATT 
	Support

	3 
	Nokia 
Germany
	Support

	4 
	Samsung 
Elec 
tronics 
Romania
	Support.   
• It can be supported in Rel-17 for the completeness of the specification, if the specification/implementation impacts are marginal.

	5 
	China 
Telecom 
munica 
tions
	Support

	6 
	WILUS 
Inc.
	Support

	7 
	ZTE Cor poration
	Support

	8 
	NTT DO COMO 
INC.
	Support

	9 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Support

	10 
	Ericsson 
LM
	Support

	11 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support. From the motivation of achieving high reliability with low feedback latency for Rel-17 URLLC.

	12 
	Qual 
comm 
Tech 
nologies 
Int
	Support. The motivation to support sub-slot Type-1 CB is that Type-1 CB does not suffer from the missing DCI issue, and hence may be helpful to ensure reliability of URLLC HARQ-ACK feedback. And enabling sub-slot based Type 1 CB helps to reduce the latency.   

	13 
	NEC Cor poration
	Support



Round 1
Based on the discussions into todays meeting, there is still one company having strong concerns on the support of Type 1 CB for sub-slot PUCCH, as based on the discussion, this will take time away from other potential enhancements which based on this company’s opinion could be much more useful. 
As there is strong interest by the group otherwise, maybe we could try to reduce the scope of the work here as much as possible already in the potential agreements, so that the concerns of the objective company could maybe be reduced. 

The first thinking of the moderator here would be, if we could trim down the proposal a bit, by e.g. removing the 2nd FFS with reads as “Other Type 1 HARQ-ACK CB enhancements (for sub-slot based &/ slot based HARQ-ACK feedback)”. Clearly, this would reduce the scope of the further work here. 
So, basically would the following update FL proposal address the concern of Mediatek sufficiently, so that Mediatek as a matter of compromise could maybe agree to the Update proposal? Other companies, please comment if such restricted focus could be acceptable for you as well. 

Update 1 FL Proposal 6.1: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether or not to consider PDSCH TDRA grouping per sub-slot
· FFS: Additional properties that may need clarification 
· [bookmark: _Hlk69307133]FFS: Other Type 1 HARQ-ACK CB enhancements (for sub-slot based &/ slot based HARQ-ACK feedback)

Feedback Form 3: Companies to provide feedback if the removal of the 3rd FFS in Update 1 FL proposal 6.1 “FFS: Other Type 1 HARQ-ACK CB enhancements (for sub-slot based &/ slot based HARQ-ACK feedback)” would be acceptable to you? 
	
	Item Com pany
	Comments

	1 
	MediaTek 
Inc.
	This proposal doesn’t address all our concerns regarding the unnecessary opti mization. We could accept “Update 2 FL Proposal 6.2”.

	2 
	MediaTek 
Inc.
	Correction to the numbering to avoid any confusion: 
This proposal doesn’t address all our concerns regarding the unnec essary optimization. We could accept “Update 2 FL Proposal 6.1”.

	3 
	Samsung 
Elec 
tronics 
Romania
	Acceptable and it is preferable to go update 2 directly.

	4 
	NTT DO COMO 
INC.
	Acceptable.

	5 
	CATT 
	Acceptable.

	6 
	China 
Telecom 
munica 
tions
	Acceptable.

	7 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Acceptable.

	8 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Acceptable

	9 
	NEC Cor poration
	Acceptable.

	10 
	Ericsson 
LM
	Acceptable




Not sure if in the same go, we would be able to resolve the 2nd FFS to lower the concerns from Mediatek. Looking at the discussions in Sec. 6.2 below, the TS 38.213 editor commented that slot-based TDRA grouping for sub-slot PUCCH from specification impact would be minor as the existing procedure of different SCS handling could be simply reused, whereas sub-slot based TDRA grouping would require more specifications impact (which seems to be the main concern from Mediatek there). 
So could we consider to also re-solve this FFS in the same go, by selecting the method requiring less specs changes (and needed discussions here). This would then become Update 2 as laid out below

Update 2 FL Proposal 6.1: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether or not to consider PDSCH TDRA grouping is performed per slot per sub-slot
· FFS: Additional properties that may need clarification 
· FFS: Other Type 1 HARQ-ACK CB enhancements (for sub-slot based &/ slot based HARQ-ACK feedback)

So, basically would the following update 2 FL proposal address the concern of Mediatek sufficiently, so that Mediatek as a matter of compromise could maybe agree to the Update 2 proposal? Other companies, please comment this could be as a compromise acceptable to you as well. 

Companies to provide feedback on Update 2 FL Proposal 6.1 – if fixing the operation to slot-based TDRA grouping and the removal of the 3rd FFS “FFS: Other Type 1 HARQ-ACK CB enhancements (for sub-slot based &/ slot based HARQ-ACK feedback)” would be acceptable to you? 
	
	Item Com pany
	Comments

	1 
	MediaTek 
Inc.
	For the sake of progress, we could accept this proposal with the understanding that no optimization to be done for Type-1 HARQ-ACK codebook for sub-slot PUCCH.

	2 
	WILUS 
Inc.
	We are supportive of the proposal. 
Regarding per-slot TDRA grouping, our understanding is to use the set R containing all SLIVs in TDRA in the type-1 CB pseudo-code as in Rel-15/16 (i.e., no additional procedures on the set R based on sub-slot configuration).

	3 
	Samsung 
Elec 
tronics 
Romania
	Support.

	4 
	NTT DO COMO 
INC.
	Support.

	5 
	ZTE Cor poration
	Support Update 2 FL Proposal 6.1

	6 
	CATT 
	Accpetable.

	7 
	China 
Telecom 
munica 
tions
	Acceptable.

	8 
	Nokia 
Germany
	Support / acceptable

	9 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support.

	10 
	NEC Cor poration
	We prefer to keep the FFS whether or not to consider PDSCH TDRA grouping per sub-slot.

	11 
	Ericsson 
LM
	Support/acceptable

	12 
	Qual 
comm 
Tech 
nologies 
Int
	Support update 2




6.2.2 Slot versus sub-slot based TDRA grouping
Moderator comments: 
The only thing the moderator thinks still needs clarification is if we apply the PDSCH grouping per slot or per-slot. The further details of how implementing this to the specs in the end could be left to the CR phase at the end of the release. 
Looking at the input this meeting, it seems more companies seem to have TDRA grouping slot instead of per sub-slot in mind. 

Question 6.2.1: If Type 1 CB for sub-slot PUCCH is to supported in Rel-17, should PDSCH TDRA grouping be 
· Option 1: per slot 
· Option 2: per sub-slot 
 
	
	Item Com pany
	Comments

	1 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Option 2. We prefer to adopt the similar way as slot-based Type 1 CB con struction for sub-slot based Type 1 CB construction. Smaller spec impact and for Type 1 CB, not important to further optimize the CB size.

	2 
	CATT 
	Option 2.

	3 
	Samsung 
Elec 
tronics 
Romania
	Option 1. 
• Slot-based pruning same as different SCS handling can be reused for sub slot case. We object sub-slot based pruning, because it complicates whole procedure by introducing new concept of virtual DL sub-slot, and also results in more redundant bits as explained by many companies.

	4 
	ZTE Cor poration
	Option 1. 
As some companies (Huawei, ZTE) mentioned, per slot grouping could save the overhead of codebook as much as possible. Moreover there is no spec impact as the default mechanism in spec is per slot. 
Tdoc R1-2102493 reveals a very simple change on the spec to adopt the sub-slot based Type-1 codebook.

	5 
	NTT DO COMO 
INC.
	Option 2.

	6 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 2

	7 
	Ericsson 
LM
	prefer Option 1

	8 
	LG Elec tronics 
Inc.
	Option 2

	9 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 1. The TDRA grouping across sub-slots will be helpful to remove the redundancy and thereby reduce the overhead of the type 1 CB.

	10 
	Nokia 
Germany
	Option 1. Agree with the comments by ZTE & Huawei above

	11 
	Qual 
comm 
Tech 
nologies 
Int
	Option 2

	12 
	NEC Cor poration
	Option 2




Round 3
Based on the email discussion on April 16th, we were not able to jointly agree on the grouping as well as the overall Type 1 CB support. There had been good discussions (difference in Type 1 CB size – e.g. shown by HW in their contribution, looping operation, …), which all may not have been taking into account in the when providing the companies positions last Friday. 
Therefore, let’s see where companies stand and maybe we are able to still jointly agree the Type 1 CB together with the grouping / pruning to be per slot or sub-slot. 
Question 6.2.2: If Type 1 CB for sub-slot PUCCH would be supported in Rel-17, the PDSCH TDRA grouping /pruning is performed
· Option 1: per slot 
· Option 2: per sub-slot 

Feedback form: Please provide your input to Question 6.2.2 
 
	
	Item Com pany
	Comments

	1 
	Samsung 
Elec 
tronics 
Romania
	Option 1 
• results to minimum spec impact 
• avoids unnecessary dummy bits in the codebook

	2 
	ZTE Cor poration
	Option 1. We select option 1 as the Type 1 CB size has the benefit on the overhead of codebook.

	3 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Option 1.

	4 
	Guang 
dong 
OPPO 
Mobile 
Telecom.
	Option 2 
• Minimize spec impact, i.e. only restrict occasions for candidate PDSCH receptions in a virtual DL sub-slot (the same range as UL sub-slot); 
• Small HARQ-ACK codebook size per each HARQ-ACK codebook ensures sub-slot PUCCH reliability.

	5 
	LG Elec tronics 
Inc.
	Option 2. 
Of course it is up to mechanism, however, we think Option 2 has generally less specification impact. 
For a PDSCH occasion ending in a sub-slot which overlaps with other SLIV ending in the different sub-slot, per-slot-based-approach may have less payload, however, it would require fine K1 set, which could be an another restriction.

	6 
	NTT DO COMO 
INC.
	Option 1. 
Smaller HARQ-ACK CB size can be achieved by option 1.

	7 
	Nokia 
Germany
	Option 1 
slot-based grouping resuling in smaller Type 1 CB size, that specifically for 2-OS sub-slot will be very important.

	8 
	WILUS 
Inc.
	Option 1. 
As we mentioned in e-mail, the slot-based pruning can reduce type-1 CB size, which is important to ensure higher reliability.

	9 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 1. Smaller payload size of type-1 CB is achieved by adopting per slot TDRA grouping.

	10 
	Ericsson 
LM
	Option 1 
Based on the discussion on reflector, it seems slot-based is straightforward w.r.t. spec impact and results in general in a smaller CB size.

	11 
	Qual 
comm 
Incorpo 
rated
	Option 2. 
Option 2 has clearly smaller spec impact than Option 1, because the k1 is indicated as subslot. 
Option 1 has several issues as we commented over the email reflector: 1) much larger spec impact, at least a new grouping mechanism needs to be specified to group some subslots into a slot, and to skip the TDRA determination for certain sub-slots; 2) per-slot based TDRA pruning can also have a larger payload size than per-subslot based TDRA prunning, when the subslots in the HARQ-ACK reporting window doesn’t align with an integer number of DL slots; 3) in case of mixed numerology, there’re scenarios in which a DL slot is not multiple of UL sub-slots (e.g., when UL SCS=15KHz, DL SCS=30KHz, and subslotlength=2 OS), how to do per-DL-slot pruning is questionable, whereas per-subslot based TDRA pruning is much straightforward.

	12 
	ZTE Cor poration
	Some clarifications on Qualcomm’s questions: 
1) The spec impact is not so much, grouping mechanism is aiming for all possible k1 values which the corresponding PDSCH TDRAs within one DL slot, so it is easy to select the applicable PDSCH TDRAs and to do the grouping per slot. If certain PDSCH TDRA falling in the sub-slots not in the range of n-k1, i.e., the sub-slots need to skip, the corresponding PDSCH TDRAs will not be selected according to the k1 set naturally. 
2) I guess the case here is the same case ”DL slot is not multiple of UL sub-slots ” in 3)? From the example in 3), there will be UL sub-slot (i.e.,HARQ-ACK reporting window) crossing the first and second DL slot. To follow the ordinary set R generation principle, the possible PDSCH TDRAs corresponding to the k1 set within the two PDSCH slots will be selected (taking the k1 value and the end of the PDSCHs within the slot into account) . If there is only one k1 value in the set, the result of grouping per slot and per sub-slot will be the same, the payload size will be the same. If there are multiple k1 values, referring to the reply of LGE, ”if a PDSCH occasion ending in a sub-slot which overlaps with other SLIV ending in the different sub-slot, it is possible that payload size of per slot will less than per sub-slot.” 
3) As the reply to 2), the ordinary priciple of set R generation will be used, the possible PDSCH TDRAs in the two DL PDSCH slots corresponding to the k1 set will be considered together, if UL sub-slot crossing the first and second DL slot. And per-DL-slot grouping/pruning will be done as the explanation in 2).

	13 
	CATT 
	Option 1. Based on the discussion on email reflector, option 1 can minimize the CB size.

	14 
	Qual 
comm 
Incorpo 
rated
	@ZTE, Thanks for the clarification. Based on the clarification here and in the email discussion, it seems that what ZTE and Nokia had in mind is the following 2-step approach: 
• 1st step: a subset of TDRAs were selected for each UL subslot indexed by k1 based on the subslot in which the TDRA ends 
• 2nd step: the TDRAs’ obtained in the first step were pruned per DL slot based on the TDRAs. 
In both Option 1 and Option 2, the 1st step is performed per subslot. The difference between Option 1 and Option 2 only lies in the 2nd step, where the TDRA pruning is done per subslot in Option 2 and per DL slot in Option 1. Not sure if this is a common understanding among companies that support Option 1, but based on the clarification from ZTE, Option 1 actually means 
• Option 1: TDRA pruning/grouping per slot after TDRA deter mination per subslot. 
If the above understanding is correct, we suggest the FL to clarify the proce dure in Option 1 in the Question formulation/FL proposal. Otherwise, it is completely unclear what ”per-slot pruning” means.

	15 
	NEC Cor poration
	Option 2 is slightly preferred. 
Based on the discussion so far, it seems that option 2 is straightforward and has less specification impact, while option 1 may have smaller codebook size in some cases.

	16 
	ZTE Cor poration
	Further clarification to Qualcomm’s comments. 
Thanks for Qualcomm’s comments, your understanding is close to my thought. For step 1, the selected PDSCH TDRAs are within a DL slot, and correspond to the possible one or multiple k1 values. The principle for TDRA ends in the range of HARQ-window (sub-slot length) is not changed. 
For step 2, from my response to OPPO on email, the pruning is the one kind of action of grouping, it seems the same thing. Maybe FL could correct me.

	17 
	Nokia 
Germany
	Moderator comment to clarification to Qualcomm / ZTE: 
Yes - the Qualcomm procedure describes this very well. The difference is only in the 2nd step laid out by Qualcomm above. The difference is in the 2nd step of the procedure.






6.3 RAN1#104b-e outcome & RAN1#105-e outlook
The following agreement could be reached on this issue during RAN1#104b-e: 
	Agreement: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
1. The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
1. FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
11. Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e 



Final RAN1#104bis-e moderator comments: 
Thanks to all your compromises that made the agreement above possible. It seems the agreement we made yesterday allows us to focus on the remaining pending decisions by removing all the not absolutely needed FFS there (such as other enhancements). 
Thus, the focus of the remaining discussion / required decision is on the TDRA grouping / pruning – and there was a good discussion especially using email during this meeting. The slot-based TDRA grouping based on the analysis may lead to a smaller CB size but as commented by some companies may require some more changes to the pseudo-code. 
There is clearly no plan to agree on the pseudo-code in RAN1#105-e (or even RAN1#106-e / 106bis-e), this could be left to the CR phase based on an initial proposal by the TS 38.213 editor. So the focus here would be only, if the TDRA grouping / pruning in the 2nd step discussed during the meeting is taking into account all the remaining SLIVs per DL slot or per sub-slot. 

7 PUCCH carrier switching for HARQ feedback 
In the RAN1#103-e meeting, the following agreement was reached.
	Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.



Moreover, during RAN1#104, the following additional agreement was reached: 
	Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study



7.1 Moderator summary based on contributions to RAN1#104b-e
The following feedback on how to support PUCCH carrier switching in Rel-17 was received:
· Do not support PUCCH carrier switching: vivo [5], DoCoMo [27]
· Alt. 1 - PUCCH carrier switching is based dynamic indication in DCI: 13x Yes, 2x No 
· Support (13) : Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], ZTE [4], CATT [7] (further consider), Mediatek [8], APT / FGI [9], Nokia [11] (further consider), Intel [11] (further consider), IDC [19], Panasonic [20], Samsung [21] (further consider). LGE [24] (if supported)
· No (2): Ericsson [10], Apple [17]
· FFS (-): 
· Details: 
· Handling of SPS HARQ-ACK 
· through pre-defined rules (similar as for Alt. 2B): Huawei /HiSi[1], China Southern Power Grid  [1], BUPT  [1], Panasonic [20]
· follows the latest dynamic indication: LGE [24]
· PRI indicating the PUCCH carrier using extended PUCCH resource sets including different CCs: ZTE [4] 
· PUCCH carrier selection reliability can be helped by not changing the indicated PUCCH carrier index : Mediatek [8]
· The reference SCS of PDSCH to HARQ-ACK offset K1 is the SCS of the indicated target carrier: China Telecom [12]
· RRC signal could configure different K1 sets for carrier with different SCS (but the same set size): China Telecom [12] 
· Consider MAC CE indication for SPS HARQ-ACK only: China Telecom [12]
· Alt. 2B – PUCCH cell switching is based on certain (semi-static) rules: 8x Yes, 1x No, 2x FFS
· Support (8): Spreadtrum [3], CATT [7] (further consider), APT / FGI [9], Ericsson [10] (further consider), QC [18], Samsung [21] (further consider), NEC [26] (1st preference), LenMoto [28]
· No (1): Nokia [11]
· FFS (1): DoCoMo [27] (preferred if supported)
· Details:
· In the initial carrier, a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as needing carrier switching: China Telecom [12]
· For searching of the target cell, firstly consider the cell with PUCCH resource consisted of only semi-static UL symbols: China Telecom [12]
· the slot to transmit HARQ-ACK follows the K1 indicated in DCI, and the granularity of K1 follows the numerology of PCC: QC [18]
· lowest CC having enough UL symbols: QC[18]
· Limited to a single PUCCH transmission at time within a PUCCH cell group (i.e. no PUCCH carrier diversity transmission): Qualcomm [18]
· Alt. 2C  - PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells – 4x Yes, 2x FFS
· Support (4): Ericsson [10] (further consider), Nokia [11] (further consider, slight preference over Alt. 1), Intel [11] (further consider), NEC [26] (2nd preference)
· No (-): 
· FFS (2): Samsung [21], DoCoMo [27] (preferred if supported)
· Details:
· Configure time-domain pattern directly defines the PUCCH slot: Nokia [11] (example figure in appendix)

Additional provided input on the PUCCH  carrier switching:
· Configuration of pucch-Cell on PCell to indicate another serving cell within the same cell group to use for PUCCH: Ericsson [10]
· PUCCH configuration for different cells – (1) per CC or (2) combination of ‘per PUCCH group” and “per PUCCH carrier”: Mediatek [8]
· Per Cell PUCCH TPC loop (switch the loop with the applicable PUCCH carrier): Mediatek [8] – NEC [26] should be studied
· Compromise to support both, Alt. 1 and Alt. 2B (based on configuration): APT / FGI [9]
· Should be limited to inter-band CA in Rel-17: Samsung [21]
· HARQ-ACK timing indicator counts only slots with PUCCH resources for PUCCH carrier switching: Samsung [21]

7.2 Summary of discussions during RAN1#104b-e
7.2.0 NMW discussions - PDF output
Just for reference, the final PDF from the NWM is available here, but the feedback has been incorporated to the relevant parts in the other sub-sections as well (for easier reading):




7.2.1 Support of PUCCH carrier switching for other UCI types (than HARQ-ACK): 
For all 3 alternatives, the PUCCH cell may be switching to another serving cell. But the question is, is only the PUCCH carrying HARQ-ACK moved – or if also SR and/or CSI transmission on an alternative PUCCH cell is to be supported. 

Question 7.2.1: Would UCI other than HARQ-ACK transmission be supported for dynamic PUCCH carrier switching? Based on your indicated preference , please share your our thinking how this would be operated with the different alternatives
· Option 1: No – only HARQ-ACK
· Option 2: In addition, also SR
· Option 3: in addition, also CSI
· Option 4: in addition, also CSI & SR
· Option 5: other


Feedback Form: PUCCH cell switching for CSI and/or SR: Please provide your input to Question 
7.2.1. 
	
	Item Com pany
	Comments

	1 
	Nokia 
Germany
	Option 2 - in case of Alt. 2C 
Option 1 otherwise 
For Alt. 2C, as the PUCCH cell is known per slot, SR and/or CSI could be supported. Although, we think the support could be limited to SR only considering the URLLC operation (I guess it should be possible to define the CSI on PUCCH to have the CSI in an UL slot of the PCelle) 
For Alt. 1 - there is no dynamic indication to trigger SR and/or CSI on PUCCH, so not directly applicable 
For Alt 2B - unclear how the PUCCH carrier selection would work there (in case of PUCCH configurations of different serving cells)

	2 
	Samsung 
Elec 
tronics 
Romania
	Option 1 or Option 2

	3 
	Intel Ko rea, Ltd.
	Option 1 is preferred. The use cases described by proponents are to deliver the feedback faster, thus no need to focus on other UCI at the moment, but we are open to consider it once the solution for HARQ UCI is identified.

	4 
	ZTE Cor poration
	As Nokia pointed, whether the support of PUCCH carrier switching could be for SR and/or CSI may depend on the schemes. So we can discuss this issue later after the scheme is determined.

	5 
	Apple Eu rope Lim ited
	We prefer to discuss this issue after deciding the support of PUCCH carrier switching and the exact scheme (e.g. 2C).

	6 
	LG Elec tronics 
Inc.
	We also prefer to discuss details after the end of discussion on whether to support PUCCH carrier switching.

	7 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 1. To relieve the standard effort, only HARQ-ACK can be considered for R17.

	8 
	Motorola 
Mobility 
UK Ltd.
	Option 1. Alt. 2B allows UE to perform dynamic PUCCH carrier switching without dynamic indication, which can reduce dropping/cancelling of HARQ ACK feedback consisting of only SPS PDSCH HARQ-ACK bits.

	9 
	Qual 
comm 
Tech 
nologies 
Int
	Option 1. Open to other options as well. The rationale behind this question at this moment is unclear. There have been 3 proposals on the approach to be followed with regards to this PUCCH Carrier Switching for the last 3 meetings now, since #103. The group – with the positive and helpful encouragement of the moderator-should focus on converging on that topic rather than shifting the focus from the target - something which this proposal seems to be doing.

	10 
	CATT 
	Option 1.

	11 
	PANA 
SONIC 
R&D 
Center 
Germany
	Option 1 or Option 2.

	12 
	Asia 
Pacific 
Telecom 
co. Ltd
	Option 1 is preferred, but other options can be considered as well. We also agree that this issue should be discussed after determining which switching scheme is supported.



Based on companies feedback, it may be better to discuss this after having the detailed alternative selected. 

7.2.2 Effect of a missed DCI scheduling PUCCH on PUCCH carrier switching: 
In here this is to discuss the effect of a missed DCI scheduling a PUCCH (e.g. through DG PDSCH) – as this had been used by several companies in their indication of the preferences. 
The FL tries to see if there is some consensus on the issue of a missed DCI for the different considered alternatives. 
Based on moderator’s understanding of the different alternatives, the following is applicable: 
· For Alt. 1: 
1. If the UE misses a DCI scheduling PUCCH indicating a PUCCH carrier change – the UE may try to transmit the PUCCH on the wrong CC. As discussed by some companies in their contributions, if there are several PUCCHs scheduled by several DCIs the gNB may by indicating the same PUCCH cell reduce the effect of a missed DCI by having the same cell indicated in all these DCIs. 
2. But there is of course also the ambiguity on the PUCCH resource when missing the PRI that may be overridden still by the last scheduling DCI. 
· For Alt. 2B: 
1. If the UE misses a DCI scheduling PUCCH overriding the PUCCH resource through PRI, there could be a wrong assumption in the UE if the PUCCH could be transmitted on the Pcell or not. E.g. considering the example shown here below, if before the PUCCH resource overriding the PUCCH cannot be transmitted on the Pcell it may be switched to another CC (Scell). Whereas if the DCI with PRI is received (PUCCH resource overwritten) it may not be moved (as in case of the example below) or a different CC may be selected based on the underlying switching rules for Alt. 2B.
[image: ]
Figure: Example of missed DCI for Alt. 2B
2. As for Alt. 1, there is of course also the ambiguity on the PUCCH resource itself when missing the PRI that may be overridden still by the last scheduling DCI as well.
·  For Alt. 2C: 
1. The UE missing a DCI scheduling PUCCH overriding the PUCCH resource through PRI will not change the PUCCH cell for that PUCCH (sub-)slot as the PUCCH cell is higher layer configured by the time domain pattern. 
2. As for Alt. 1 & 2B, there is of course also the ambiguity on the PUCCH resource itself when missing the PRI that may be overridden still by the last scheduling DCI as well.

The following is summarized below with the following related observations for discussions. 

Proposed Observation 7.3.1: Concerning the ambiguity on the PUCCH cell in case the UE misses a DCI scheduling a PUCCH the following can be noted:
· For Alt. 1, there is a potential ambiguity on the PUCCH cell through a missed indication of the applicable PUCCH cell. 
· Note: gNB may indicate the same PUCCH cell in more than one DCI scheduling a PUCCH to reduce this effect. 
· For Alt. 2B, there is a potential ambiguity on the PUCCH cell through a missed PRI overriding the PUCCH resource resulting in a different selected PUCCH cell by the UE based on the semi-static rules. 
· Note: gNB may indicate the same PUCCH resource (through PRI) in more than one DCI scheduling a PUCCH to reduce this effect. 
· For Alt. 2C, there is no ambiguity on the PUCCH cell when missing a DCI scheduling the PUCCH as the PUCCH cell for a certain PUCCH (sub-)slot is determined by the higher layer configured PUCCH cell pattern. 

Feedback Form: Ambiguity of PUCCH cell if missing a DCI: Please provide your input on Proposed 
Observation 7.3.1 
	
	Item Com pany
	Comments

	1 
	Nokia 
Germany
	Agree 
A missed DCI scheduling PUCCH could also for Alt. 2B lead to a wrongly selected PUCCH cell (as for Alt. 1)

	2 
	Samsung 
Elec 
tronics 
Romania
	There is no ambiguity on the PUCCH cell. There is no issue related to deter mine slot (time) in a cell. This is somewhat change to domain from time to frequency(cell). If this is really problem, current Rel-15/16 have same problem, as well.

	3 
	China 
Telecom 
munica 
tions
	Agree

	4 
	Intel Ko rea, Ltd.
	Agree. 
We view it as an additional degree of ambiguity to the already existing PUCCH resource/slot ambiguity due to missed overriding DCI.

	5 
	NTT DO COMO 
INC.
	Agree.

	6 
	Apple Eu rope Lim ited
	From moderator’s analysis, Alt. 2C does not suffer from the ambiguity issue.

	7 
	LG Elec tronics 
Inc.
	Disagree. For the case that last DCI overrides previous one, regardless of alter natives, gNB anyway has two hypothesis; UE got or didn’t. For example, let’s imagine the situation in figure 1 with Alt. 2C that uses Scell for PUCCH in former half slot or Pcell for PUCCH in latter half slot. If last DCI is missed UE would use Scell, otherwise UE would uses Pcell. Even with Alt. 2C, UE has almost same ambiguity. 
Moreover, except for the case that last DCI overrides previous one, the ambi guity wouldn’t be an issue. In most of case, the use case of PUCCH carrier switching is to avoid such ”invalid” CCs for PUCCH transmission. it basi cally means, UE cannot transmit anything unless UE switches PUCCH carrier. There couldn’t be multiple hypothesis for gNB if gNB doesn’t abuse PUCCH carrier switching.

	8 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Agree

	9 
	Nokia 
Germany
	Moderator comment to Samsung 
Please note, when missing a DCI overriding the PRI this is not changing the slot timing. But here we have within the detemined slot (the same slot timing) potentially different target PUCCH cells. Either dynamically indicated for Alt. 1 or determined by some rule for Alt. 2B. 
Moderator comment to LG: 
On Alt. 2C: Agree if the determined time domain pattern is not given in multiple of slots or sub-slots. In case it is determined in multiples of slots and sub-slots, there should not be such issue.

	10 
	Motorola 
Mobility 
UK Ltd.
	Not agree. PUCCH resource ambiguity from missing the last DCI overriding a previous PUCCH resource can happen irrespective of PUCCH carrier switching. Also, PUCCH-cell ambiguity in Alt1 and Alt2B only occurs on a correspond ing sub-slot/slot and does make any impact on the following sub-slot/slot. In Alt2C, due to semi-static PUCCH carrier switching, there is higher chance that UE cannot transmit PUCCH at all, when UE misses the last DCI indicating a PUCCH resource consisting of UL symbols. PUCCH dropping/cancellation is more serious issue than PUCCH cell ambiguity.

	11 
	Qual 
comm 
Tech 
nologies 
Int
	(In general) Not specifying PUCCH carrier switching simply because the DCI might be missed with extremely low probability is not a valid argument. The benefits from PUCCH carrier switching in latency are obvious. To the contrary, probability of missed DCI is very low in URLLC context. 
There are two levels of impact regarding missing DCI: level 1) missing DCI leads to a wrong PUCCH resource and a wrong HARQ-ACK codebook size. Level 2) missing DCI leads to using a wrong PUCCH carrier. All three options see the impact of level 1). While, option 1 is more vulnerable to level 2) impact and Alt 2B and 2C are more robust to level 2) impact. Disagreement with the FL observation that Alt 2C creates no ambiguity when missing a DL DCI. Basically, option 2B and 2C have the same robustness again missing DCI, because both use semi-static carrier indication.   
Furthermore, missing DCI impacts all proposals/topics related HARQ-ACK, e.g. “SPS PUCCH HARQ deferral to 1st available PUCCH”, or “ACK-only for Skipped SPS PDSCH”. In addition, other proposals have other more serious problems than this proposal. Namely, for the case of “SPS PUCCH HARQ deferral to 1st available PUCCH”, the problem of contention in the 1st avail able PUCCH resource can occur if several UEs have to apply “SPS PUCCH HARQ deferral to 1st available PUCCH” and their deferred HARQ bits keep on colliding in the next PUCCH resources. This obvious problem has been mentioned since #102 by some companies and it is still ignored. This is a much more important problem for an URLLC service, rather than the extremely low probability of UE transmitting PUCCH in one CCs which eventually might not be monitored by the gNB. In addition, the issue of “Skipping SPS PDSCH” is brought by the not so solid scenario of multiple SPS PDSCH for the same traffic and the gNB skips one of the SPS PDSCH occasions. Again impartial wording and mentioning of topics is recommended.

	12 
	CATT 
	For option 1, we do not think missed DCI is a big problem. Our understanding of the use case of PUCCH carrier switch is that PUCCH resources are not available in certain slot/sub-slot due to TDD UL-DL configuration. Therefore, it is expected that if there are multiple DCIs scheduling PUCCHs within the same slot/sub-slot, a same PUCCH carrier will be indicated. Therefore, as long as one of them is received by the UE, there is no ambiguity on the PUCCH carrier. Otherwise if all of them are missed by the UE, UE simply does not transmit PUCCH.







Proposed Observation 7.3.2: Concerning the ambiguity of the PUCCH resource in case the UE misses a DCI scheduling a PUCCH, all 3 alternatives (Alt. 1, 2B and 2C) are prone to a wrong PUCCH resource assumption when transmitting  PUCCH. 
· Note: gNB may indicate the same PUCCH resource (through PRI) in more than one DCI scheduling a PUCCH to reduce this effect. 

Feedback Form 3: Ambiguity of PUCCH resource if missing a DCI: Please provide your input on Pro 
posed Observation 7.3.2 
	
	Item Com pany
	Comments

	1 
	Nokia 
Germany
	Agree 
the same issue of missed DCI on the PUCCH resource will be there for all the considered options

	2 
	Samsung 
Elec 
tronics 
Romania
	There is no ambiguity on the PUCCH cell

	3 
	Intel Ko rea, Ltd.
	Agree, as commented to 7.3.1

	4 
	ZTE Cor poration
	Agree. DCI missing will cause the K1 set is unknown by UE, then all the altnatives will be negatively affected by DCI missing. The ambiguity of PUCCH resources in time domain does exist.

	5 
	NTT DO COMO 
INC.
	Agree.

	6 
	Apple Eu rope Lim ited
	From moderator’s analysis on the previous question, Alt. 2C does not suffer from the ambiguity issue. Could Nokia clarify its answer to this question?

	7 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Agree

	8 
	Nokia 
Germany
	Moderator comment to Samsung: proposed observation 7.3.2 here was not about PUCCH cell (this was above in 7.3.2) but about PUCCH resource. Moderator comment to Apple: This is about observation 7.3.2, which says that in terms of PUCCH resource all 3 techniques are suffering the same.

	9 
	Motorola 
Mobility 
UK Ltd.
	Agree

	10 
	Qual 
comm 
Tech 
nologies 
Int
	Missing DCI leads to PUCCH resource and HARQ-ACK codebook size ambigu ity is a well known old issue, even back in LTE. It is not a new issue introduced by the PUCCH carrier switch feature. This issue impacts all features related to HARQ-ACK feedback. Unclear motivation to emphasis this issue for PUCCH carrier switch.  




Concluding remarks by the moderator: Maybe there is no need to continue the discussions here. It was not the intention of the moderator to high-light the problem of the missed DCI specifically (to use this a reason to not support PUCCH carrier switching), but it was there to get companies common understanding that missing a DCI affects actually on all the options (on not just on Alt. 1, as had been discussed by some companies in their input contributions to this meeting). 

So,  there is no need to agree to an observation in this meeting, but the moderator hopes that this is not falsely used as an argument.  

Moderator understanding: For all the considered methods for PUCCH carrier switching, there is an ambiguity when missing a DCI scheduling a PUCCH in the HARQ-ACK codebook size and PUCCH resource for transmission (as in case of Rel-15/16) as well as potentially also in the selected PUCCH carrier for PUCCH transmission.

7.2.3 Semi-static PUCCH operation for Alt. 1 (e.g. SPS HARQ): 
The operation for semi-static PUCCH e.g. for SPS HARQ-Ack and also for CSI (if CSI is supported for dynamic cell switching) is not that obvious for Alt. 1. Therefore, some companies suggested that the handling for such cases should be based on semi-static rules as for Alt. 2B. Of course another alternative would be to not support the dynamic carrier switching for SPS HARQ only, as we anyhow support SPS HARQ-ACK deferral already and gNB may scheduled a DG PDSCH to trigger the PUCCH cell change – to keep the operation simple and not needing to defined rules also for Alt. 1 (i.e. increasing the specification effort for Alt. 1 to a similar level as Alt. 2B).  
So would be good to get input by different companies on this issue. 
Question 7.4.1: If Alt. 1 is supported (i.e. dynamic PUCCH cell indication), how is the operation for semi-static PUCCH (e.g. SPS HARQ-ACK only) envisioned? 
· Option 1: For semi-static PUCCH (e.g. SPS HARQ-ACK) apply some semi-static rule as for Alt. 2B. 
· Option 2: For semi-static PUCCH (e.g. SPS HARQ-ACK) apply the latest dynamic indication: LGE [24]
· Option 3:  Do not support PUCCH carrier switching for semi-static PUCCH (e.g. SPS HARQ-ACK)
· Option 4:  Other


Feedback Form 4: Handling of configured PUCCH with Alt. 1: Please provide your input on Question 
7.4.1 
	
	Item Com pany
	Comments

	1 
	Nokia 
Germany
	Option 3 
No support / objection to Option 1 
Reasons: Having semi-static rules defined for configured PUCCH as for Option 1 will result in loosing the main advantages of Alt. 1 compared to Alt. 2B, namely less specification effort (no need for definition of rules). Overall, we have the SPS HARQ-ACK deferral already agreed (so this is not lost), so if to combined this with Alt. 1 - Option 3 seems to be the most natural choice here.

	2 
	Samsung 
Elec 
tronics 
Romania
	No issue. 
• There is no need for the gNB to indicate different carriers with different DCIs that ‘schedule’ PUCCH transmission in a given slot. 
• It is like saying that a Rel-16 UE can determine the wrong slot to transmit HARQ-ACK if it misses a DCI. 
• Overall, the operation is identical to Rel-16 where, in addition to a slot, a carrier is indicated/determined.

	3 
	China 
Telecom 
munica 
tions
	The PDSCH MAC CE indication can be utilized if there is ACK in the SPS HARQ-ACK feedback codebook. When all of the HARQ-ACK for these SPS PDSCH are going to be NACK, the NACK feedback is dropped (If NACK skipping is supported). In this way, there is no need to defined rules also for Alt. 1 (i.e. increasing the specification effort for Alt. 1 to a similar level as Alt. 2B)

	4 
	Intel Ko rea, Ltd.
	Option 3 or other option with semi-static assignment or pattern for PUCCH cell of SPS HARQ-ACK

	5 
	ZTE Cor poration
	Option 1. This is one special case as no DCI(except activation/deactivation DCI) for the semi-static PUCCH. To amend this, other schemes could be con sidered such as Alt. 2B. It is separated from the dynamic PUCCH.

	6 
	NTT DO COMO 
INC.
	Option 3.

	7 
	Apple Eu rope Lim ited
	The question itself highlights design challenge with Alt. 1, we can avoid such challenges by not selecting Alt. 1

	8 
	LG Elec tronics 
Inc.
	Option 1 or 2. 
We assume the question is not related to UL multiplexing of PUCCHs in dif ferent carrier.

	9 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Option 1. The motivations for applying PUCCH carrier switching are twofold. One motivation is to introduce more available UL opportunities to reduce la tency with the combination of different DL/UL configurations over carriers. The other is to dynamically select the best PUCCH carrier to achieve flexi ble load balancing and frequency selective gain. Alt.1 can be applied for DG PUCCH to meet both motivations, while Alt.2B can be applied for semi-static PUCCH to meet the first motivation.

	10 
	Motorola 
Mobility 
UK Ltd.
	Option 1. 
Option 2 does not work, if HARQ-ACK codebook consists of SPS HARQ-ACK only. Option 3 may lead to frequent dropping/deferring of SPS HARQ-ACK.

	11 
	Qual 
comm 
Tech 
nologies 
Int
	The question itself indicate a limitation of dynamic PUCCH cell indication, which suggest that Alt 2B is better. Just to provide answer to this question, if Alt is supported, then adopt option 1 for semi-static PUCCH is acceptable to us.

	12 
	CATT 
	Option 4. If there is dynamic HARQ-ACK in the same slot/sub-slot, SPS HARQ-ACK can be switched; otherwise, PUCCH carrier switch for SPS HARQ ACK is not applied.

	13 
	NEC Cor poration
	Option 1

	14 
	PANA 
SONIC 
R&D 
Center 
Germany
	Option 1 or Option 2.



As discussed by some companies when having a Alt. 1 type for scheduled PUCCH and supporting Alt. 2B type of operation for semi-static PUCCH (e.g. SPS HARQ-ACK) the advantages of light specification effort are basically lost. Therefore,  it may be better to spin of the hybrid of Alt. 1 (for scheduled PUCCH) and Alt. 2B (for configured PUCCH) for further discussions in the WI as Alt. 1A below: 
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI 
· Moderator comment: This may include to apply the latest indication also for configured PUCCH or alternatively, PUCCH carrier switching for configured PUCCH is not supported
· Alt. 1A: PUCCH carrier switching is based dynamic indication in DCI for scheduled PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH (as for Alt. 2B)

7.2.4 Additional details on the semi-static rules for Alt. 2B: 
Unfortunately, there is still little input on the detailed envisioned operation of the semi-static rule the UE uses to determine the applicable PUCCH cell from companies supporting Alt. 2B. 
There is some input on the order of cells (e.g. increasing number of cell IDs, RRC configured order of cells), but then how to look for an applicable cell here had been little input. The issue in this respect may be rather similar compared to the SPS HARQ deferral in terms of what is a ‘invalid or valid symbol’ for the PUCCH carrier selection, but in terms of differentiating semi-static UL symbols and semi-static flexible symbols (& SFI) one in addition needs to select between more than one cell at the same time (i.e. hopefully the ‘best’ / ‘most promising’ cell from the candidate cells. 
Therefore, companies are encouraged to specifically provide input on this. 

Question 7.5.1: If Alt. 2B is supported, how is the ‘best’ PUCCH cell selected from the number of candidate cells considering the available semi-static UL and flexible UL symbols (how to prioritize)? Or is the UE just going in an order of the cells (predetermined) and selecting the first where certain conditions are satisfied? Please describe the intended operation. 
 
	
	Item Com pany
	Comments

	1 
	Samsung 
Elec 
tronics 
Romania
	That can be further discussed but using the cell with the lowest index is a simple possibility.  

	2 
	China 
Telecom 
munica 
tions
	For searching of the target cell, the cell with PUCCH resource consisted of only semi-static UL symbols is considered with priority. If no target cell is found, then semi-static flexible symbol (in addition to semi-static UL symbols) can be used for the valid PUCCH resource. This applies especially for HARQ-ACK of only SPS PDSCH to reduce the further dropping on the switched cell due to dynamic DL scheduling or not UL SFI configuration for the flexible symbol.

	3 
	Intel Ko rea, Ltd.
	Rules similar to SPS HARQ-ACK deferring can be used

	4 
	ZTE Cor poration
	From UE perspective, UE just follows the order of the cells and selects the first where certain conditions are satisfied. gNB could make sure the best PUCCH cell selected implicitly via the K1 setting in DCI.

	5 
	NTT DO COMO 
INC.
	For simpler rule, we prefer ”UE just going in an order of the cells (predeter mined) and selecting the first where certain conditions are satisfied” for Alt 2B.

	6 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Selecting the PUCCH carrier following the order of the Cell index (e.g., from low to high), and determine the target PUCCH carrier if it can provide available resources to carry the PUCCH

	7 
	LG Elec tronics 
Inc.
	the first issues is that PUCCH resource are common for all candidate PUCCH cell. Since background assumption is that different cell have different TDD pattern, PUCCH resource also needs to be different according to TDD pattern. If so, we should discuss how to manage PUCCH resource first. Otherwise, among activated CCs, UE can choose CCs having lowest index which can afford the indicated PUCCH resource.

	8 
	Motorola 
Mobility 
UK Ltd.
	UE may choose to transmit HARQ-ACK feedback in one of the configured PUCCH carriers where an uplink symbol(s) for the PUCCH transmission is available at the earliest. That is, the selection of the best PUCCH cell is based on the earliest available uplink symbol for the transmission of HARQ-ACK feedback.

	9 
	Qual 
comm 
Tech 
nologies 
Int
	Disagreement with the FL statement that “there is still little input on the detailed envisioned operation of the semi-static rule”. We have submitted the semi-static rule in our contributions since 2 meetings back. The rule works as following: 
Step 1: UE still following K1 (referenced to PCC numerology) to determine the slot to feedback HARQ-ACK. 
Step 2: In the determined slot, following a predefine ordering of CCs (such as PCC first, then SCC1, SCC2), the first CC has enough UL OFDM symbols to accommodate the HARQ-ACK PUCCH resource is used to transmit HARQ ACK. The procedure to check the “enough UL OFDM symbols” can be the same as SPS A/N deferral. 
In case of different SCSs on different CCs are supported, the determined slot in step 1 can be treat as a reference slot. In step 2, if on the first CC there are multiple physical slots has enough UL OFDM symbols to accommodate the HARQ-ACK PUCCH resource, PUCCH is transmitted on the earliest slot in the set of multiple slots on the first CC. 
Reading the comments from other companies, I think the above simple rule is more or less the common understanding among all companies (at least for the same SCS case). We expect a FL proposal to summarize this majority view.

	10 
	PANA 
SONIC 
R&D 
Center 
Germany
	UE may select the carrier with the highest priority that satisfies certain condi tions.

	11 
	NTT DO COMO 
INC.
	One additional comment is that maybe certain limitation on candidate PUCCH CCs are needed, e.g. SCS of candidate PUCCH cell. 
For example, as commented by Qualcomm: 
”In case of different SCSs on different CCs are supported, the determined slot in step 1 can be treat as a reference slot. In step 2, if on the first CC there are multiple physical slots has enough UL OFDM symbols to accommodate the HARQ-ACK PUCCH resource, PUCCH is transmitted on the earliest slot in the set of multiple slots on the first CC.” 
This is for the case when SCS of PCell is smaller than candidate PUCCH Scell. On the other hand, if SCS of PCell is larger than candidate PUCCH Scell, i.e. multiple slots on Pcell will correspond to one slot on candidate PUCCH Scell. In this case, if there are two HARQ-ACK PUCCHs in different slots determined on PCell, they may be mapped to the same slot on the candidate PUCCH Scell. It seems to be contrdicted with the principle that HARQ-ACKs in two different PUCCHs will not be multiplexed (at least in Rel-16). So we suggest some additional conditions for possible PUCCH cells.

	12 
	Ericsson 
LM
	Not support (at the current level of understanding the features). We need to understand more. We raised few questions that the answers help us to understand the usefulness of the feature. 
Q1: what are the assumptions on the SCS when PUCCH carrier switching is supported? 
Q2: Is there any pre-requisite on cells in a PUCCH group in general to support the feature? 
Q3: What is the behavior with respect to configured PUCCHs? Are the slots with configured PUCCH resources not applicable to PUCCH carrier switching? Q4: On semi-static approach: we are not interested on rule based/or jitter window based approaches. The reason is that the usage of the feature would be limited to the only solution in spec. It is better, for this approach, leave it to the NW to determine the switching pattern semi-statically that is useful for the NW. How strong is the position of proponents for there specific approaches?

	13 
	Apple Eu rope Lim ited
	Currently only 2C looks more feasible, and even 2C is for very special setup. We have issues with Alt. 1 and its variants. URLLC design is complex already, it does not make sense to complicate things even more, from that 2B is also not preferred. We don’t want to sign up for PUCCH carrier switching without knowing its actual enabler.

	14 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Some companies commented that such details should NOT be discussed in this stage. We do not share the views since now we are deciding whether and which Alt to be supported, this requires us to discuss about the details. We are in the WI phase, we should be realistic to estimate the required specification effort for each scheme. 
For Alt.2B, we share the views with DCM that we need to also taken into account that the SCS of PCell is larger than that of the PUCCH carriers. In addition, we would also like to understand when Alt.2B starts running, it may result in some unnecessary low priority data, and the selected PUCCH carrier based on the semi-static rule may switch back and forth due to the intermediate PUCCH resource. 
In addition, for all Alts, not only Alt.2B, if PUCCH carrier switching is sup ported, at least HARQ for SPS and SR should be supported as one complete solution. It does not make sense to only prioritize the URLLC downlink traffic over URLLC uplink traffic.





7.2.5 Input on company positions on Alt. 1, 1A, 2B, 2C and overall feature support 
Hopefully there is an now an even better understanding on the different options – and it would be worth based on the explanation the Tdocs by different companies and the discussions during the first round to check company’s positions.
Moreover, let’s also try to see if we could agree on the support of PUCCH carrier switching without at the same time defining which alternative is to be supported in the end.  

Therefore, the following question is brough forward: 

Question 7.6.1: If PUCCH carrier switching is supported,  which of the alternatives do you support: 
· Alt. 1- PUCCH carrier switching is based dynamic indication in DCI
· Alt. 1A - PUCCH carrier switching is based dynamic indication in DCI for scheduled PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH (as for Alt. 2B)
· Alt. 2B - PUCCH cell switching is based on certain (semi-static) rules 
· Alt. 2C - PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells

Please provide your input below – please note that there are separate feedback forms for each of the alternatives (to make the tracking of your support easier).

Feedback Form: If PUCCH carrier switching is supported, should Alt. 1 (of Question 7.6.1) be adopted?  
	
	Item Com pany
	Comments

	1 
	MediaTek 
Inc.
	Support

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support. Alt.1 may work for dynamic PUCCH, it does not work for con figured PUCCH like SR. URLLC uplink traffic is also very important, it does not make sense to prioritize the URLLC DL traffic only.

	3 
	Samsung 
Elec 
tronics 
Romania
	Support. 
Justification is provided in the answer of the last question.

	4 
	NTT DO COMO 
INC.
	Not support. 
It can only work for dynamic PUCCH case.

	5 
	Asia 
Pacific 
Telecom 
co. Ltd
	support

	6 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support. As mentioned in the last round, dynamic carrier indication can intro duce more available UL opportunities to reduce latency by cross band DL/UL complement. In addition, it can help to select the best PUCCH carrier to achieve flexible load balancing and frequency selective gain, which is also valu able as an enhancement for dynamic PUCCH.

	7 
	Nokia 
Germany
	Support (in case we support PUCCH carrier switching) 
Reason: this is very simple to specify - no need for any type of rules. If the UE receives it selects the indicated carrier. So no need for any rules there. Moreover, this gives the gNB (compared to Alt. 1A & 2B) the option to keep control of the PUCCH carrier.

	8 
	Qual 
comm 
Incorpo 
rated
	Support. This is our 3rd preference. This option has DCI overhead but it can offer max flexibility.

	9 
	Motorola 
Mobility 
UK Ltd.
	Not support. Alt1 is not a complete solution - not applicable for SPS HARQ ACK.




Feedback Form: If PUCCH carrier switching is supported, should Alt. 1A (of Question 7.6.1) be adopted? 
	
	Item Com pany
	Comments

	1 
	MediaTek 
Inc.
	Support

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support. We would like to understand how Alt.1A works? There are two rules to determine the PUCCH carrier: Alt.1 dynamic rule and Alt.2B semi-static rule. If both configured UCI and dynamic UCI are going to be transmitted in the same slot/subslot, which rule should be used? Multiplexing first or PUCCH carrier switching first?

	3 
	Samsung 
Elec 
tronics 
Romania
	TBD – although we prefer to not support. 
Explanation in the response to the last question. Also relates to a next question.

	4 
	NTT DO COMO 
INC.
	Not support. 
If PUCCH carrier switching for SPS HARQ-ACK is also desired, we think a unified solution for HARQ-ACK with DCI or without DCI. We don’t need to make efforts to study two schemes for two different cases, and the two cases actually can both be handled by one of the scheeme.

	5 
	ZTE Cor poration
	Support. 
We are open to 1, 1A and 2B, slightly prefer 1A as 1A is the combination of 1 and 2B to satisfy both the scheduled PUCCH and configured PUCCH. Also the PUCCH resource set could be per PUCCH group.

	6 
	China 
Telecom 
munica 
tions
	Not support. It increases the specification effort for Alt. 1 to a similar level as Alt. 2B.

	7 
	Asia 
Pacific 
Telecom 
co. Ltd
	support

	8 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support. Dynamic switching for DG PUCCH and semi-static switching for semi-static PUCCH. If the two PUCCHs collide on the same slot/subslot, the semi-static UCI will be multiplexed on the DG PUCCH resource, the same principle as Rel-15.

	9 
	Nokia 
Germany
	Object 
This basically requries double amout of specfication effort - the one for Alt. 1 and in addition the one for Alt. 2B (for SPS HARQ-ACK). We don’t think that we would be able to finalize this in Rel-17 
As noted already earlier for Alt. 2B (on below for 2B), there is no way for the gNB to handle different UEs potentially different. As the rules seem to be only depending on the TDD configuration on the different carriers, there is little room for the gNB to operate different UEs differently (e.g. with varying number of CCs supported by different UEs etc.)

	10 
	Qual 
comm 
Incorpo 
rated
	Support. This is our second preference. This option can support both dynamic PUCCH and Semi-static PUCCH. The drawback is that it use different signaling method for dynamic and semi-static PUCCH.




Feedback Form: If PUCCH carrier switching is supported, should Alt. 2B (of Question 7.6.1) be adopted?  
	
	Item Com pany
	Comments

	1 
	MediaTek 
Inc.
	Acceptable as an additional option to dynamic indication in DCI.

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support. For Alt.2B, we would like to understand 
1. when UE starts running the semi-static PUCCH carrier selection rule? From the 1st scheduling DCI or last scheduling DCI? or every scheduling DCI? or from the certain deadline compared to the slot/sub-slot where the PUCCH transmits? 
2. What is the order among PUCCH resource overriding, UCI multiplexing (including UCI like CSI part 2 dropping in case the PUCCH resource doe not have sufficient capacity) and PUCCH carrier switching? 
3. Any new or updated timeline is needed? Given all uplink carriers can be used to transmit the PUCCH, different carriers may have different processing capability and SCSs. 
4. should SUL also be taken into account? how to decide the priority between the SUL and normal UL?

	3 
	Samsung 
Elec 
tronics 
Romania
	TBD – although we prefer to not support (also follows from 1A, if adopted)

	4 
	NTT DO COMO 
INC.
	Alt 2B is preferred for us to Alt 1/1A.

	5 
	Asia 
Pacific 
Telecom 
co. Ltd
	Support.

	6 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support. As mentioned in the last round, the semi-static rule can help to intro duce more available UL opportunities and applicable to semi-static PUCCH.

	7 
	Nokia 
Germany
	Object 
As noted already earlier, we have several issues with this option: - large specification complexity, as we need to define all these rules (compared to Alt. 1 & Alt. 2C). We don’t think that we would be able to finalize this in Rel-17 
- there is no way for the gNB to handle different UEs potentially different. As the rules seem to be only depending on the TDD configuration on the different carriers, there is little room for the gNB to operate different UEs differently (e.g. with varying number of CCs supported by different UEs etc.)

	8 
	Qual 
comm 
Incorpo 
rated
	Support. This is our first preference. 
To Nokia: We don’t see it has large spec impact, at least not larger than the SPS HARQ-ACK deferral. Plus many procedures/rules are common for these two features. And it is a much more useful feature than the SPS HARQ-ACK deferral. With the deferral feature, there is nothing we can do but keep deferring A/N if it hit DL on PCC. But with this feature, it can use UL on SCC. If RAN1 want to spend limited resources to specify a really useful feature for URLLC A/N latency reduction, this one should be prioritized over the SPS A/N deferral feature, not the other way around. At least, RAN1 should try to leverage the commonality between these two features to minimize work load of specification. Regarding “there is no way for gNB to handle different UE potential differ ently”, it depends on how much flexibility we want with this feature. The advantage/disadvantage of option 2B depends on we comparing option 2B with which reference scheme. If we compare option 2B with Rel-15/16 baseline, op tion 2B certainly offer gNB more opportunities to schedule UE to transmit A/N on a slot which is DL on PCC but UL on SCC. If we compare option 2B with option 1, yes, we admit option 2B is less flexible than option 1. But the cost of more flexibility of option 1 is DCI overhead. However, since we are talking about enhancement of Rel-17 over Rel-15/16, I think Rel-15/16 should be the baseline. In that sense, we disagree with Nokia that option 2B is not flexible – it is indeed more flexible than Rel-15/16 baseline; it is just less flexible than option 1. 
To VIVO: Let me try to answer VIVO’s questions here, although I think these are all very low-level details. In some sense, it is not appropriate timing to discussing this level of details. Please note that, on SPS deferral feature, we did not wait to agree support that feature until all the detailed deferral rules are defined. And I think similar procedure can be taken here: unless VIVO identified any critical low-level issue that could make this feature does not work, I don’t think RAN1 should spend too much effort to dive into detailed CR level discussion at this stage. So, my question to VIVO is: do you see any critical low-level issue that could make this feature not working? If so, please bring it up now and we can focus on it. So far, all the questions raised are more like “decision making” questions – either way will work, we just need to pick one way and think these kind of decisions can be made LATER. 
But anyway, the answers to VIVO are provided below. 
1)      We already described the transmission slot determination follow Rel-15, using Pcell SCS to interpret K1. Each scheduling DCI has a K1, UE just follow that K1, using PCC SCS as unit of slot to interpret K1, and find a reference slot on PCC that should transmit A/N for this scheduled DL data. 
2)      This is open to discuss. Different companies may have different view. Our view is that UE do PUCCH carrier switch first to find the PUCCH resource, then do UCI mux following current UCI mux procedure.  Other companies can have different views. But we should able to find a simple solution to make it work. 
3)      After PUCCH resource is identified, for UCI mux, in principle, we don’t think new timeline is need. Maybe only small change is needed to include SCC in the minimum /mu determination. 
4)      We don’t see why SUL vs NUL matters here. In our understanding, in current spec, PUCCH resources are configured on either NUL or SUL for a CC, not on both.  Then for each CC, between SUL and NUL, whoever has PUCH resources gets used. We don’t see any issue with SUL.

	9 
	Motorola 
Mobility 
UK Ltd.
	Support. We think that flexible carrier switching without DCI should be pos sible for SPS HARQ-ACK.

	10 
	NEC Cor poration
	Support. This method is applicable to both DG HARQ-ACK and SPS HARQ ACK.




Feedback Form: If PUCCH carrier switching is supported, should Alt. 2C (of Question 7.6.1) be adopted? 
 
	
	Item Com pany
	Comments

	1 
	MediaTek 
Inc.
	Acceptable as an additional option to dynamic indication in DCI.

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support. We would like to understand 
1. what are the TDD configurations are assumed for the carriers so that for some slots one carrier has U and the other carrier has D; for other slots, the other carrier has D and the one carrier has U. 
2. how is the timing pattern is defined and what is the timing granularity? 3. the PUCCH configuration are the same or different among the CCs that can transmit the PUCCH?

	3 
	Samsung 
Elec 
tronics 
Romania
	Support – it is better than 1A or 2B. 
The reason is that it does not involve any UE determination/procedures.

	4 
	NTT DO COMO 
INC.
	Alt 2C is preferred for us to Alt 1/1A. And we think it is simpler than Alt 2B from UE perspective.

	5 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Not support. Alt.1 has the advantage of flexible and dynamic PUCCH load balancing and frequency selective gain, and Alt.2B has the advantage of cross band DL/UL complement. In contrast, Alt.2C cannot achieve the benefit of Alt.1 due to its semi-static pattern; on the other hand, Alt.2C, as a semi-static way, has similar effect on achieving cross band DL/UL complement with Alt.2B, but introduces additional gNB configuration.

	6 
	Nokia 
Germany
	Support (2nd preference, in case we support PUCCH carrier switching) Reason: this is very simple to specify (no need for any type of rules - in case the time domain indication is e.g. with slot granularity). So no need for any rules there. Moreover, this gives the gNB (compared to Alt. 1A & 2B) the option to keep control of the PUCCH carrier (i.e. different configured carriers for different UEs, different time domain patterns).

	7 
	Qual 
comm 
Incorpo 
rated
	Support. This is our fourth preference, but we can accept it. 
This alternative seems simple for CA with same SCS. But how does it work in CA with different SCS is an interesting open topic. And the RRC overhead with this alternative is large, as Huawei pointed out. But at the end, this option can still work. So we don’t object it.

	8 
	Motorola 
Mobility 
UK Ltd.
	Not support. Since flexible carrier switching is not possible, cannot fully exploit the benefit of PUCCH carrier switching.




Summarizing the previous 4 tables for the different alternatives was indicated: 
· Alt. 1- PUCCH carrier switching is based dynamic indication in DCI
· 6x Yes, 3x No 
· Alt. 1A - PUCCH carrier switching is based dynamic indication in DCI for scheduled PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH (as for Alt. 2B)
· 5x Yes, 4x No, 1x object 
· Alt. 2B - PUCCH cell switching is based on certain (semi-static) rules 
· 7x yes, 2x No, 1x object 
· Alt. 2C - PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· 5x yes, 3x No 
There seems to be no easy way to down-select here, as the support / no-support / objections are pretty even here. 

Proposal 7.6.1: Support PUCCH carrier switching for HARQ-ACK feedback in Rel-17. 
· FFS: which alternative (Alt. 1 / 1A / 2B / 2C) is to be adopted
· FFS: additional details

Feedback Form: Support of PUCCH carrier switching in Rel-17 (Proposal 7.6.1). 
	
	Item Com pany
	Comments

	1 
	MediaTek 
Inc.
	Support. 
PUCCH carrier switching has significant gain for the feedback latency and en hancing the system performance.

	2 
	vivo 
Mobile 
Commu 
nication 
Co.,
	Not support. Based on our comments above, for each Alt., the details and involved specification impacts are still not clear. In addition, no comparison has been done for each Alt comapred to the existing scheme, e.g., scheduling the PUSCH on the SCell to multiplex the UCI, configuring PUCCH SCell in addition to the PCell. Therefore, we suggest to continue studying this feature.

	3 
	Samsung 
Elec 
tronics 
Romania
	Support. 
• First, although the topic is closed, we would like to reiterate that there is no ambiguity on the cell of the PUCCH transmission – the gNB indicates time/slot & frequency/cell that are same in all DCIs (same as in R16 for time/slot). 
• To respond to Vivo’s questions/comments, a simple way to view dynamic carrier switching is as cross-carrier scheduling for PUSCH. The dynamic indication is the CIF for the PUCCH. The specification impact is trivial. We prefer it because it does not involve any UE procedure for cell deter mination as semi-static rules possibly do (the ones relying on the UE to determine the PUCCH cell). 
• The next question is whether to support carrier switching for RRC con figured PUCCH (SR and SPS HARQ-ACK). 
• One option is to focus only on dynamic HARQ-ACK, similar to support ing cross-carrier scheduling only for dynamic PUSCH. But then carrier switching will not be very useful. 
• Another option is to use Option 2C. The gNB can determine everything in advance (e.g. based on corresponding UL-DL configurations or SSBs …), signal the cell-slot pattern it wants the UE to use, and that’s it. It is simple for the gNB and the UE again does nothing.

	4 
	NTT DO COMO 
INC.
	Since we think scheduling a PUSCH on other CC to multiplex UCI can achieve similar result, we suggest to firstly clarify the disadvantages of using such an existing scheme (maybe DCI overhead consideration?) and then determine the necessity of supporting PUCCH carrier switching.

	5 
	ZTE Cor poration
	Support

	6 
	China 
Telecom 
munica 
tions
	Support.

	7 
	China Mo bile Com. Corpora 
tion
	Support. The gain may not be significant but worth having a feature just in case some customers want super latency performance.

	8 
	Asia 
Pacific 
Telecom 
co. Ltd
	support

	9 
	HUAWEI 
TECH 
NOLO 
GIES Co. Ltd.
	Support. As the increasing capability of shortening the processing time for ven dors, the DL/UL configuration are becoming the bottleneck for further reducing the latency; therefore we see the strong value on latency reduction especially for the operators which have multiple bands with different DL/UL configurations. In addition, we believe each of the alternatives can overcome this bottleneck, and the differences are the specification efforts and further benefits like flexible load balancing/frequency selective gain. Thus we would like to support the feature in advance, and then further discuss the pros/cons of the alternatives for down selection.

	10 
	Nokia 
Germany
	Not supported 
As some companies noted, the use case for this feature is rather limited (i.e. inter-band with different UL/DL configurations which are offset) to achieve the gains. So if we support this feature, the related effort (in terms of specification work and implementation work/complexity) should be limited. So in this re spect, we cannot agree on the support overall, if the complex Alternatives 1A and 2B are still an option.

	11 
	Qual 
comm 
Incorpo 
rated
	Support. We think this is the most useful feature among all the features being discussed in Rel-17 URLLC to improve latency and reliability of HARQ-ACK. In terms of latency reduction, it is much useful and effective than the SPS HARQ-ACK deferring feature. As commented already, with SPS HARQ-ACK deferral, there is nothing we can do if the A/N hit a DL slot on PCC. We have to further defer it. With this feature, in the case, the UL slot on other CC can be useful to transmit A/N. Isn’t obvious that this feature has strong functionality than SPS A/N deferral? 
To Nokia and VIVO: Again, we don’t think the specification of feature is more complicated than SPS deferral. Actually, this feature can be much simpler than SPS deferral, even with option 2B. For example, we can limit to configure only 1 additional SCC for PUCCH Tx. Then for any slot, UE just check PCC first, if PCC can transmit PUCCH, go ahead; if PCC can not, transmit on SCC. The check on PCC can just leverage whatever agreed for checking ”first available PUCCH resource”. How complicated is this procedure? In terms of performance, in most of the use cases, switching between 2 CCs should be good enough, which is similar to diversity factor of 2 is sufficient in most of the diversity transmission schemes.

	12 
	Ericsson 
LM
	Not support (at the current level of understanding the features). We need to understand more. We raised few questions that the answers help us to understand the usefulness of the feature. 
Q1: what are the assumptions on the SCS when PUCCH carrier switching is supported? 
Q2: Is there any pre-requisite on cells in a PUCCH group in general to support the feature? 
Q3: What is the behavior with respect to configured PUCCHs? Are the slots with configured PUCCH resources not applicable to PUCCH carrier switching? Q4: On semi-static approach: we are not interested on rule based/or jitter window based approaches. The reason is that the usage of the feature would be limited to the only solution in spec. It is better, for this approach, leave it to the NW to determine the switching pattern semi-statically that is useful for the NW. How strong is the position of proponents for there specific approaches?

	13 
	Motorola 
Mobility 
UK Ltd.
	Support. Can reduce HARQ-ACK feedback delay, dropping.

	14 
	China Mo bile Com. Corpora 
tion
	[CMCC] We support this feature. CA with unaligned SFN which has been specified in R16 is a very useful and important feature, it is based on our practical requirement in the deployment. At least it is very imporant and useful in our network. We noticed that PUCCH carrier switching for HARQ in this scenario will bring performance gain for low latency, so we support this feature to be supported in R17. Regarding the specification effort, I think we can try to limit the spec impact under a certain level that could be acceptable by every company.

	15 
	NEC Cor poration
	Support the proposal.




7.3 RAN1#104b-e outcome & RAN1#105-e outlook
Final RAN1#104bis-e moderator comments: 
There had been good discussions, but we neither managed to down-select the different options (… on the contrary, now have with Alt. 1A one more option on the table) nor to agree on the overall support of such a feature. 
In the last GTW session, there Ericsson pointed out that several questions would need to be answered before being able to agree on the support overall and also the input by several companies to the discussions in Sec. 7.2.4 and 7.2.5 point out that some further clarifications on the options would be needed. The delegates are encouraged to check the input by several companies there (specifically e.g. by Qualcomm, DoCoMo and Ericsson) things to be considered. 
Just a short (non-complete) list here, the following aspects may need specific considerations: 
· Same / different SCS of PUCCH carriers within a PUCCH cell group
· As pointed out by DoCoMo and Ericsson, for any type of semi-static rules (for Alt. 1A / 2B) the handling of different SCS (especially if the SCS of an alternative PUCCH cell is higher than a ‘reference’ cell)  would need further clarification (complicating the specification effort). 
Similarly, as pointed out by LGE, also Alt. 2C may have similar issues if the time domain patter would be in multiples of slots/sub-slots for the reference cell numerology
· It is moderator’s understanding, that in contrast for Alt. 1 there should not be such an issue as if indicating a specific cell for PUCCH transmission, the related SCS can be directly taken into account
· So companies are encouraged to consider (a) if for certain alternatives different SCS should be supported or if it would be sufficient to limit the operation to the same SCS and (b) if different SCS is to be supported, how to handle the operation there. 
· This refers to Q1 by Ericsson also. Please check the related discussion to provide your views as input to the next meeting
· Q2 by Ericsson: Is there any pre-requisite on cells in a PUCCH group in general to support the feature?
· Q3 by Ericsson: What is the behavior with respect to configured PUCCHs? Are the slots with configured PUCCH resources not applicable to PUCCH carrier switching?

Last but not least, the moderator would like to draw the attention of the delegates to the specification effort of the different discussed alternatives. We have only 4 e-meetings left in the release and the efficiency of the discussions and decision making is clearly not on par with regular RAN1 F2F meetings here – with less GTW time available for us in the future (as pointed out by Mr. chairman). When looking at the different alternatives, please also take into account if you think we could finalize a certain Option in Rel-17 (i.e. how many independent decisions / clarifications would be needed to complete the feature by Nov. 2021). 


8 Other suggested HARQ-ACK feedback enhancements 
8.1 CB size reduction for HP HARQ-ACK: Single HARQ-ACK bit per TB for HP HARQ-ACK CB 

As discussed by Huawei /HiSi [1], China Southern Power Grid  [1], BUPT  [1], in Rel-15, the gNB can use higher layer signaling to configure the maximum number of code words i.e. {1 or 2} that a single DCI (i.e. DCI format 1_1) may schedule. If the maximum number of code words is configured as 2, then it means that DCI format 1_1 can schedule 1 or 2 code words. In order to avoid misaligned HARQ-ACK codebook sizes between the gNB and the UE, due to potential DCI miss detection, the HARQ-ACK codebook is constructed based on 2 code words no matter if the DCI schedules one or two code words. It should be noted here, that DCI format 1_2 supports only single codeblock PDSCH scheduling, meaning that always two bits of HARQ-ACK will be generated (if maximum number of codewords is configured as 2) even when only scheduling HP traffic with DCI format 1_2. 
Regardless of the configured maximum number of code words, HARQ-ACK codebook construction based on only one code word could be considered for HARQ-ACK codebook with high priority in Rel-17.

8.2 Retain PUSCH reception robustness with increased number of (SPS) HARQ-ACK bits 
Samsung discussed in [21], it is discussed that in Rel-15, if a UE multiplexes HARQ-ACK information in a PUSCH and the number of HARQ-ACK information bits is not larger than 2, the UE uses reserved REs for up to 2 HARQ-ACK bits to avoid PUSCH decoding error due to an incorrect HARQ-ACK payload size caused by one missed PDCCH (scheduling 2 TBs) or by two missed PDCCHs (scheduling 1 TB or having HARQ-ACK bundling). Basically, Rel-15 aims to handle vulnerability for one or two PDCCH missed detections also depending on the existence of an SPS HARQ-ACK bit. 
In Rel-16, while such vulnerability with small number of DG HARQ-ACK bits still needs to be handled, multiple active SPS configurations and smaller SPS periodicity may result in multiple SPS HARQ-ACK bits. As a result, the incorrect HARQ-ACK payload size caused by missing 1-2 PDCCH detections corresponding to 1-2 DG HARQ-ACK bits may happen for a larger number of HARQ-ACK bits when several SPS HARQ-ACK bits are present. Therefore, the condition of reserving REs for up to 2 bits is not suitable and enhancements are necessary for example by increasing the number of HARQ-ACK bits for reserved REs.
Maintain PUSCH reception robustness due to multiplexing 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH receptions are multiplexed in the PUSCH.

8.3 Jitter window for SPS occasions
Apple in [17] discusses using a jitter window instead of  NACK skipping for ‘skipped’ SPS handling, the introduction of a jitter window around a nominal SPS occasion 
[image: ]
Figure 2:  Jitter window to limit UE demodulation effort and HARQ generation
 
8.4 Different TX power levels for ‘ACK’ and ‘NACK’
Mediatek in [8] based on extensive evaluations in Sec. 3 identified (based on different DTX-to-ACK, NACK-to-ACK etc. performance) that the current operation may not be sufficient. The interested reader is refered to the TDoc there directly. 
What is proposed: 
Support different PUCCH transmission power levels depending on whether ACK or NACK is transmitted.

8.5 MAC CE based switching between different sub-slot PUCCH configurations
In R16, the sub-slot configuration is RRC configured which does not allow for a more frequent change of the applicable sub-slot configuration of a PUCCH config (i.e. only slow adaptation possible). 
QC in [18] proposes that the gNB could configure multiple sub-slot configurations to the UE by RRC, which can then be (more) dynamically selected based on MAC CE signaling. 
[image: ]
MAC-CE based sub-slot configuration switch
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Appendix: RAN1 agreements on HARQ-ACK feedback enhancements for NR Rel-17 URLLC/IIoT
RAN1#102-e (Aug. 2020)
Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)


Agreements:
· Simultaneous PUSCH / PUCCH within a cell group (of Sec. 6.13 of R1-2007216) and enhanced (sub-slot) HARQ-ACK multiplexing on PUSCH (of Sec. 4.3 of R1-2007216) can be further discussed as part of AI 8.3.3 in this WI (but not as part of AI 8.3.1.1).   


Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback

RAN1#103-e (Oct/Nov. 2020)

Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 

Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …

Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
4. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
5. FFS: Details
1. HARQ bundling / compression (Alt. 3)
6. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
7. The skipping / disabling is higher-layer configured per SPS configuration
7. FFS: HARQ-ACK skipping behaviour for Type 1 CB


RAN#89 (Dec. 2020) – see agreed conclusion from RP-202872
RAN conclusion on IIoT scope: 
· For handling of the PUCCH repetitions it is proposed to proceed as follows:
 RAN1 to continue discussion on PUCCH repetition, whether to specify or not, in the IIoT/URLLC WI for single TRP.
o The following items are not within scope of the continued discussions in the IIoT/URLLC WI:
 DMRS-less PUCCH with UCI payload up to 11 bits
 PUSCH-repetition-Type-B like PUCCH repetition
 DMRS bundling across PUCCH repetitions
 PUCCH repetition issues with multi-TRP to be handled in Fe-MIMO WI.
· For the UE CSI/HARQ-ACK feedback enhancements in the IIoT/URLLC WI, RAN1 work to continue the discussions. Status to be checked in March if any RAN level guidance needed.
· RAN1 to continue discussion on A-CSI on PUCCH, whether to specify or not.



RAN1#104-e (Jan/Feb. 2021)

Agreements:
· Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation


Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral

Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed

Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition


Agreements: Rel-16 UCI multiplexing  / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.

Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0)  
· FFS: if there is a limit on the maximum deferral 


Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study


RAN1#104b-e (April 2021)


Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.


Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
55. FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
55. FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)

Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def

Conclusion: 
No support for dynamic indication of skipped SPS PDSCH occasions in Rel-17 as part of this WI.

Agreement: Restrict the further discussions on the initial slot handling for SPS HARQ-ACK deferral to the identified alternatives Alt. 1, Alt. 1A and 2. 

Agreement: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.

Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
1. In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.

Agreement: For SPS HARQ-ACK deferral, the initial HARQ-ACK transmission occasion is considered to determine the out-of-order HARQ condition 

Agreement: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
1. The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
1. FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
13. Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e 


Appendix: Summary of companies’ proposals
In here, the proposals and some example figures are collected for easier referencing. 
[1] R1-2102351	UE feedback enhancements for HARQ-ACK	Huawei, China Southern Power Grid, BUPT, HiSilicon
Proposal 1: The available symbol(s) should be uplink symbol(s), including semi-static configured uplink symbol(s) and the uplink symbol(s) indicated by dynamic SFI and dynamic scheduling DCI.
Proposal 2：The first available PUCCH resource can be either the PUCCH resource configured for SPS PDSCH only HARQ-ACK (i.e. PUCCH resources configured in sps-PUCCH-AN-List-r16) or the dynamic PUCCH resource (i.e. PUCCH resources configured in PUCCH-ResourceSet) with HARQ-ACK for dynamic PDSCH to be transmitted, depending on which one is the first to be available 
Proposal 3：For conditions for SPS deferral from /within the initial slot:
· SPS HARQ-ACK cannot be deferred if there are any other UCI/dynamic PUCCH resource that SPS HARQ-ACK can multiplex with.
Proposal 4：Sub-slot based type 1 HARQ-ACK codebook construction should be supported in Rel-17.
Proposal 5：Support TDRA grouping per slot for sub-slot based type 1 CB.
Observation1: Linking the PUCCH resource with PUCCH repetitions can provide more flexibility than independent indication.  
Proposal 6: Support dynamic repetition indication by configuring the number of PUCCH repetition(s) together with each PUCCH resource in the corresponding PUCCH-ResourceSet.
Proposal 7: Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2. 
Observation 2: Requiring the UE to always send HARQ feedback for all candidate PDSCHs can result in large overhead and unnecessary UL interference, when multiple DL SPS configurations with low periodicity are configured.
Proposal 8：ACK skipping should be supported for DL SPS in Rel-17.
Proposal 9: NACK skipping should be supported both for skipped PDSCH(s) and non-skipped PDSCH(s) of DL SPS in Rel-17.
Proposal 10：ACK skipping or NACK skipping is performed when the corresponding PUCCH only carries ACKs or NACKs of SPS PDSCH(s), respectively.
Proposal 11：Dynamic PUCCH carrier switching with a new field in DCI to indicate the carrier for PUCCH transmission should be supported in Rel-17 for HARQ-ACK feedback.
· A predefined rule can be used for further determining the carrier for PUCCH transmission in case of SPS PDSCH HARQ-ACK feedback.  
Observation 3: If the gNB configures up to two code words that one DCI may schedule, the high priority HARQ-ACK codebook construction based on two code words may increase its size unnecessarily.
Proposal 12: Regardless of the configured maximum number of code words, HARQ-ACK codebook construction based on only one code word could be considered for HARQ-ACK codebook with high priority in Rel-17.
Observation 4：The motivation to support enhanced Type 3 CB for retransmission of cancelled HARQ is not clear.

[2] R1-2102392	HARQ-ACK enhancements for Rel-17 URLLC/IIoT	OPPO
Proposal 1: To determine the occasions for candidate PDSCH receptions for subslot-based Type-1 HARQ-ACK codebook, the following limitation should be considered:
· For a given subslot, if the last symbol of the PDSCH time resource derived by a TDRA row r is not in the subslot, row r is removed from the cardinality of TDRA rows.
Proposal 2: The deferring of SPS HARQ-ACK dropped due to TDD specific collisions is configured by RRC per SPS configuration.
Proposal 3: Deferral should be before multiplexing decision.
Proposal 4: To determine the target slot/subslot for deferring SPS HARQ-ACK starting from the initial slot/subslot
· Deferral only, if the SPS HARQ-ACK in one slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.
Proposal 5: The maximum value of the total PDSCH to HARQ-ACK delay/offset, i.e. k1+k1def, of one SPS configuration is same as the maximum value of K1 set corresponding to the DCI format used to activate the SPS configuration.
Proposal 6: To check the validity of a slot for deferral of SPS HARQ-ACK, a PUCCH resource is determined based on the total number of SPS HARQ-ACK associated to the slot.
Proposal 7: If HARQ-ACK corresponding to a first SPS PDSCH with a given HARQ process is deferred to slot j, and a second SPS PDSCH with the same HARQ process is transmitted before slot j, the UE can drop the HARQ-ACK information corresponding to the first SPS PDSCH and is expected to receive a second SPS PDSCH with the same HARQ process.
Proposal 8: A DL grant used to indicate a PUCCH resource for UCI retransmission should be supported.
Proposal 9: For a HARQ-ACK codebook only including HARQ-ACK corresponding to the SPS configurations with NACK skipping, if all of the information is NACK, UE can skip the HARQ-ACK codebook.
Proposal 10: The following two methods for SPS HARQ-ACK compression should be supported:
· The HARQ-ACK codebook for SPS PDSCHs is determined based on the HARQ processes of the multiple SPS PDSCH resources associated with the same PUCCH.
· Multiple SPS configurations are configured to share one HARQ-ACK bit.
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Figure 4: SPS HARQ-ACK codebook determined based on the HARQ processes

 
Figure 5: Multiple SPS PDSCH sources share one HARQ-ACK bit in SPS HARQ-ACK codebook 

Proposal 11: The HARQ-ACK skipping/disabling is higher-layer configured per SPS configuration.
· The HARQ-ACK disabling/skipping is only used for the SPS HARQ-ACK codebook as described in TS 38.213 Clause 9.1.2.
· The payload size of Type-1 HARQ-ACK codebook including HARQ-ACK corresponding to a DCI for SPS release or dynamic PDSCH is not changed.

[3] R1-2102454	Discussion on HARQ-ACK enhancements for Rel-17 URLLC	Spreadtrum Communications
Proposal 1. Other configured PUCCH resources (e.g., PUCCH-ResourceSet, multi-CSI-PUCCH-ResourceList) can also be used to transmit SPS HARQ-ACK regardless multiplexing with dynamic PDSCH HARQ-ACK or not.
Proposal 2. For all the other configured PUCCH resources, a default rule can be used to choose one resource, e.g., the one with small resource index or the one with earliest starting symbol.
Proposal 3. The SPS HARQ-ACK deferral is configured per SPS configuration
Proposal 4.  For SPS HARQ-ACK, a limit on the maximum deferral should be introduced.
Proposal 5.  Support slot-based PUCCH repetition for PUCCH formats 0 and 2.
Proposal 6. Support PUCCH carrier switching to be based on certain (semi-static) rules. 
Proposal 7. Enhancement type3 codebook should be supported for retransmission of cancelled HARQ.
Proposal 8.If a DCI is received to trigger type3 codebook transmission, all configured HARQ-ACK process should be included regardless of the previous priorities.
Proposal 9. NACK skipping should be supported, and it can be applied by both skipped and non-skipped SPS PDSCH.
Proposal 10. NACK skipping scheme can be configured by higher layer signalling for all configured SPSs.
Proposal 11. ACK skipping scheme can be considered for SPS HARQ payload size reduction of non-skipped SPS PDSCH.
Proposal 12. Support sub-slot based type1 HARQ-ACK codebook in Rel-17 URLLC to further enhancement UCI reliability. 
Proposal 13. The codebook size should be constrained for sub-slot based type 1 codebook. 

[4] R1-2102493	Discussion on HARQ-ACK enhancements for eURLLC	ZTE
Proposal 1: Regarding SPS HARQ-ACK PUCCH deferring conditions:
· If an SPS HARQ-ACK PUCCH is determined to conflict with a semi-statically configured DL symbol in the slot, then the SPS HARQ-ACK PUCCH should be deferred.
· If an SPS HARQ-ACK PUCCH is determined to collide with the semi-statically configured flexible symbol in the slot, the SPS HARQ-ACK PUCCH should be transmitted.
· UE should first determine whether the SPS HARQ-ACK PUCCH needs to be delayed before UCI multiplexing.
Proposal 2: The SPS HARQ-ACK deferral configured per SPS configuration should be supported.
Proposal 3: Determining the target slot for SPS HARQ-ACK deferral:
· k1def ≥ 0 should be supported.
· Regarding the maximum value of k1def, it should be satisfied that the latest target UL slot/sub-slot corresponding to k1+k1def is the first UL slot/sub-slot after the initial slot/sub-slot.
Proposal 4: For deferring HARQ-ACK until a next (e.g., first) available PUCCH, the PUCCH could be chosen from PUCCH resource sets for either SPS configuration or DG PDSCH starting from the initial slot.
Proposal 5: For deferring HARQ-ACK until a next (e.g., first) available PUCCH, flexible symbols that from the start symbol of the original deferred PUCCH could be used for the available PUCCH for the deferred HARQ-ACK codebook.
Proposal 6: For the next (e.g., first) available PUCCH for deferring HARQ-ACK, it needs to meet the following conditions in a slot:
· The size of the deferred HARQ-ACK codebook is within the UCI size range configured for the selected PUCCH.
· The number of the selected PUCCH symbols is not less than the number of original PUCCH symbols.
· The selected PUCCH has the earliest end symbol.
Proposal 7: If the next available PUCCH for the deferred HARQ-ACK codebook for SPS PDSCH is determined in slot n and another PUCCH for the HARQ-ACK codebook for DG PDSCHs is also indicated in slot n, then the two HARQ-ACK codebooks should be multiplexed together in a same PUCCH determined by PRI in the last DCI. 
· If the slot with SPS PDSCH is contained in the semi-static HARQ-ACK codebook window corresponding to the semi-static HARQ-ACK codebook for the DG PDSCHs, then UE constructs a new HARQ-ACK codebook containing the deferred HARQ-ACK and HARQ-ACKs of the DG PDSCHs according to the semi-static HARQ-ACK codebook mechanism, but the actual HARQ-ACK is always generated for the slot with SPS PDSCH. 
· Otherwise, regardless of whether the UE is configured with a dynamic codebook or a semi-static codebook, the UE always concatenates the delayed HARQ-ACK codebook after the HARQ-ACK codebook for DG PUSCHs to generate a new HARQ-ACK codebook. 
Proposal 8: Both NACK skipping (ACK only) and ACK skipping (NACK only) should be supported, and the feedback mode can be configured by the network.
Proposal 9: For SPS HARQ payload size reduction, support Alt. 3 (HARQ bundling) and Alt. 4 (HARQ-ACK disabling /skipping for certain SPS configurations)
· For Alt. 3, the bundling mechanism for SPS configuration should be further studied. 
· For Alt. 4,
· If an SPS configuration is disabled for feedback, when the UE constructs a semi-static HARQ-ACK codebook corresponding to only the SPS configurations, the semi-static HARQ-ACK codebook should not include the SPS configuration disabled for feedback.
· If an SPS configuration is disabled for feedback, when the UE constructs a semi-static HARQ-ACK codebook corresponding to the SPS configurations and DG PDSCH, the semi-static HARQ-ACK codebook should not include the PDSCH TDRA corresponding to the SPS configuration.
Proposal 10: Regarding PUCCH repetition:
· Regarding dynamic repetition indication, consider that the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or changes are needed.
· It is not necessary to consider slot-based PUCCH repetition for PUCCH formats 0 and 2.
Proposal 11: The standardization work for retransmission of the low-priority HARQ-ACK codebook should be considered first.
· The similar principle could be applied for high priority HARQ-ACK retransmission if it does not require a lot of extra standardization work compared to low priority HARQ-ACK retransmission.
Proposal 12: The cancelled HARQ-ACK codebook should be triggered for transmission as early as possible after the conflict is determined, for example, the earliest trigger is started after the PDCCH corresponding to the high-priority PUCCH. 
Proposal 13: RAN1 should consider to introduce the priority of the physical layer for the HARQ process if the type 3 like codebook is supported for retransmission of the cancelled HARQ-ACK.
Proposal 14: For the retransmission of the dropped HARQ-ACK codebook, Alt. 3/Alt. 4 should be supported.
· Alt. 3: DCI scheduling PUSCH to carry dropped HARQ-ACK codebook.
· Alt. 4: DCI scheduling PUCCH to carry dropped HARQ-ACK codebook.
Proposal 15: For the type 1 HARQ-ACK codebook, if one UL sub-slot overlaps with one or more DL slots, the existing mechanism is reused, for example, loop multiple DL slots within one UL slot.
Proposal 16: Determine the type1 HARQ-ACK codebook based on sub-slot with the following procedure:
1　 Determine the DL slot corresponding to the type1 HARQ-ACK codebook;
2　 Within the determined DL slot, if the end symbol of a PDSCH TDRA does not overlap with the determined UL sub-slot (n-k1), then delete the PDSCH TDRA from the PDSCH TDRA of the determined DL slot;
3　 The remaining PDSCH TDRA in the determined DL slot is divided into SLIV groups;
4　 Generate HARQ-ACK information for each SLIV group.
Proposal 17: Dynamic PUCCH carrier switching should be supported in HARQ-ACK enhancement in Rel-17 URLLC.
Proposal 18: For dynamic PUCCH carrier switching, dynamic indication in DCI should be supported.
· PRI is used to instruct PUCCH carrier switching from an extended PUCCH resource set, which can include PUCCH resources of different UL CCs. 

[5] R1-2102521	HARQ-ACK enahncements for Rel-17 URLLC	vivo
Proposal 1: The SPS HARQ-ACK deferral is configured per SPS configuration.
Proposal 2: For the conditions for SPS HARQ-ACK deferral from/within the initial slot/sub-slot, support Alt.1, i.e., if SPS HARQ-ACK is multiplexed with any other UCI/dynamic PUCCH resource then it cannot be deferred.
Proposal 3: The PUCCH resource(s) for the deferred SPS HARQ-ACK should re-use the PUCCH resource(s) for HARQ-ACK corresponding to DL dynamic scheduling configured in one or more PUCCH resource sets and the PUCCH resource(s) configured for SR and/or CSI, subject to UCI multiplexing between SPS HARQ-ACK and other UCI(s), as well as the PUCCH resource(s) configured for SPS HARQ-ACK transmissions in Rel-15/16.
Proposal 4: In a potential target slot/sub-slot, the deferral decision takes the UCI multiplexing into account, and the same logic is applied to the initial slot/sub-slot and the target slot/sub-slot.
Proposal 5: It should be clarified that the case is NOT regarded as out-of-order where the HARQ-ACK feedback corresponding to dynamically scheduled PDSCH(s) starting later than the SPS PDSCH(s) is transmitted before the determined available PUCCH resource conveying the deferred SPS HARQ-ACK. 
Proposal 6: To determine an available PUCCH resource for conveying the deferred SPS HARQ-ACK, consider only the RRC configurations, and both semi-static UL symbol(s) and semi-static flexible symbol(s) can be used for the available PUCCH resource. 
Proposal 7: The limitation on the maximum deferral in time domain, when required, shall be applied to k1eff which is the effective PDSCH to HARQ-ACK feedback offset for the deferred SPS HARQ-ACK. 
Proposal 8: It should be determined if there is any limitation for k1eff applied to deferred SPS HARQ-ACK, and regarding the limitation, following options could be considered:
· Option 1: k1eff should not exceed the maximum K1 configured by high layer.
· Option 2: k1eff should correspond to a candidate K1 in the K1 set configured by high layer.
Proposal 9: It should be discussed how to construct the HARQ-ACK codebook containing deferred SPS HARQ-ACK, and for type-1 codebook the codebook construction is highly dependent on the determination of k1eff for deferred SPS HARQ-ACK.
Proposal 10: It should be discussed to control or reduce the codebook size when a type-3 codebook is triggered to retrieve deferred SPS HARQ-ACK.
Proposal 11: The two options to address the issue of SPS HARQ-ACK dropping for TDD systems can complement each other, and both should be supported.
Proposal 12: NACK skipping for SPS PDSCH should mainly focus on the case of HARQ-ACK codebooks containing only SPS HARQ-ACK.
Proposal 13: At least support NACK skipping, which can be applied for both skipped SPS PDSCH and non-skipped SPS PDSCH without explicit identification.
Proposal 14: HARQ-ACK bundling and HARQ-ACK disabling / skipping can also be considered for specific scenario(s).
Proposal 15: NACK skipping or related method(s) can be configured for one or a group of SPS configurations.
Proposal 16: Unified method(s) is supported for retransmission of cancelled HARQ-ACK for low priority and high priority.
Proposal 17: HARQ-ACK retransmission mechanisms introduced in NR-U Rel-16 are considered as a starting point, and there is no need to introduce additional ones.
Proposal 18: Type-3 codebook and/or enhanced type-2 codebook can be clarified and enhanced further as required.
Proposal 19: Type-3 codebook is prioritized for clarifications and potential enhancements.
Observation 1: Slot based PUCCH repetition for PUCCH formats 0 and 2 has been supported in M-TRP agenda.
Proposal 20: Support sub-slot based PUCCH repetition also for other UCI types, including SR and CSI.
Observation 2: No or rare practical deployment scenarios can be identified for PUCCH carrier switching.
Proposal 21: Do not support PUCCH carrier switching for HARQ-ACK for URLLC Rel-17.

[6] R1-2102571	UE feedback enhancements for HARQ-ACK	CAICT
Proposal 1: SPS HARQ-ACK deferral is configured per SPS configuration.
Observation 1: In the initial slot/subslot, SPS HARQ-ACK corresponds to “initial PUCCH” which is one PUCCH from SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for SPS HARQ-ACK, PUCCH-ResourceSet for dynamic scheduled PDSCH, or multi-CSI-PUCCH-ResourceList for CSI.
Proposal 2: SPS HARQ-ACK is deferred if initial PUCCH includes invalid symbol(s) which the initial PUCCH is decided according to the current UCI multiplexing behavior from the configuration of SPS-PUCCH-AN-List-r16 or n1PUCCH-AN, n1PUCCH-AN, multi-CSI-PUCCH-ResourceList.
Proposal 3: If gNB supports PUCCH blind detection assuming DCI is missed by UE, SPS HARQ-ACK needs not to be deferred if it is transmitted in the initial PUCCH which is decided from PUCCH-ResourceSet. Otherwise, SPS HARQ-ACK should be deferred even if it is transmitted in the PUCCH from PUCCH-ResourceSet.
Proposal 4: SPS HARQ-ACK is possible to be deferred to one PUCCH other than the initial PUCCH in the initial slot/subslot.
Proposal 5: To decrease the deferred SPS HARQ-ACK impacts on the UCI in the initial PUCCH, if the initial PUCCH is invalid, UCI multiplexing procedure in the initial slot/subslot assumes  bits of SPS HARQ-ACK is to be transmitted while  bits of SPS HARQ-ACK is deferred to the following slots/subslots,
· wherein,  is the bit width of SPS HARQ-ACK in the initial PUCCH.  bits of SPS HARQ-ACK within the  bits is configured deferrable, . The value of  is the minimum value that results in at least one valid PUCCH or PUSCH for the UCIs in the “initial PUCCH” according to the existing UCI multiplexing rules, .
Observation 2: Always exempting semi-static F symbols from being valid symbols is detrimental from the latency point of view for URLLC.
Proposal 6: gNB configures whether UL symbols indicated by SFI could be valid symbols when decide available PUCCH or not.
Proposal 7: The next available PUCCH is the earliest one within the PUCCHs decided within available symbols and the PUCCHs which was to be transmitted according to Rel.16 procedure.
Proposal 8: To decide the number of contiguous UL symbols for available PUCCH transmission, PUCCH parameters configured by n1PUCCH-AN/SPS-PUCCH-AN-List-r16 could be reused, or special PUCCH configuration for deferred HARQ-ACK could be considered.
Proposal 9: Semi-static configured PUCCH transmission according to SPS-PUCCH-AN-List-r16 or multi-CSI-PUCCH-ResourceList could be used as available PUCCH.
Proposal 10: gNB configures whether PUCCH transmission scheduled for dynamic HARQ-ACK could be used as available PUCCH or not.

[7] R1-2102628	UE feedback enhancements for HARQ-ACK	CATT
Proposal 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group is adopted.
Proposal 2: Whether SPS HARQ-ACK should be deferred is determined based on the PUCCH resource for SPS HARQ-ACK only regardless of whether there are HARQ-ACK(s) corresponding to dynamic PDSCH and/or SPS PDSCH release to be transmitted in the same slot/sub-slot.
Proposal 3: If an initial PUCCH resource for SPS HARQ-ACK only in a slot indicated by K1 is not available, the SPS HARQ-ACK should be deferred to a slot in which the initial PUCCH resource is available.
Proposal 4: For SPS HARQ-ACK deferral, for the determination of valid symbols in the next available PUCCH resource, a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
Proposal 5: For SPS HARQ-ACK deferral to a target slot/sub-slot determined by k1+ k1def, there is no limitation on the minimum deferral and the maximum k1def should be equal to the maximum K1 value configured for DCI format 1_1/1_2.
Proposal 6: The target slot/sub-slot for SPS HARQ-ACK deferral is not changed after determination, the deferred HARQ-ACK should be dropped if the PUCCH resource determined by multiplexing is not available.
Proposal 7: One-shot codebook type can be used for SPS HARQ-ACK re-transmission, and one-shot codebook can be configured to include HARQ-ACK for HARQ processes of SPS PDSCHs only.
Proposal 8: Disable HARQ-ACK feedback for one or multiple SPS configurations can be considered for SPS HARQ payload size reduction.
Proposal 9: ACK skipping, NACK skipping, HARQ bundling/compression and dynamic indication of skipped SPS PDSCH occasions are not supported in Rel-17.
Proposal 10: Configuring the number of repetition times for each PUCCH resource can be considered in Rel-17.
Proposal 11: PUCCH carrier switching based on dynamic indication in DCI or based on certain semi-static rules can be further considered.
Proposal 12: Enhance sub-slot based Type-1 HARQ-ACK codebook to reduce redundant HARQ-ACK bit(s) and to include all the PDSCH occasions.
Proposal 13: Extending SLIVs in a serving cell for Type-1 HARQ-ACK codebook should be enhanced by considering the SLIVs in slot(s) configured with DCI format 1_2 monitoring only and considering PDCCH monitoring occasions in that slot only in case repetitions is not configured for the serving cell.


[bookmark: _Ref54178170]Figure 6: Issue of extending reference SLIV for Type-1 codebook 


[bookmark: _Ref54178368]Figure 7: Issue of extending reference SLIV for Type-1 codebook


[8] R1-2102694	On UE feedback enhancements for HARQ-ACK	MediaTek Inc.
Observation 1: Dynamic cross-carrier PUCCH allows for up to 30% latency reduction.
Observation 2: Dynamic cross-carrier PUCCH doubles the network capacity and reduces the resource utilization compared to the Carrier Aggregation baseline operation.
Observation 3: Receive diversity is essential for enhancing the reliability of PUCCH.
Observation 4: The required SNR for achieving the target NACK-to-ACK error rate is generally higher than the required SNR for achieving the target missed ACK rate.
Observation 5: The difference between the required SNR for achieving the target missed ACK and NACK-to-ACK error rates depends on the system setting (e.g. number of PRBs and number of receive antennas).

Proposal 1: Support dynamic cross-carrier PUCCH for Carrier Aggregation.
Proposal 2: All DCIs pointing to the same PUCCH carry the same PUCCH carrier index, hence no overriding and no risk if one DCI is missed.
Proposal 3: Selection between Option-1 and Option-2 for the PUCCH configuration:
· Option 1: A PUCCH configuration per PUCCH carrier.
· Option 2: Define two levels of PUCCH configuration, “per PUCCH group” and “per PUCCH carrier”.
Proposal 4: Each cell carrying PUCCH has its own TPC configuration (PUCCH-PowerControl) and has its own TPC loop. When switching the PUCCH carrier, UE changes the power control parameters to use the ones associated to the new PUCCH carrier.
Proposal 5: Support different PUCCH transmission power levels depending on whether ACK or NACK is transmitted.
Proposal 6: SPS HARQ skipping for “skipped” SPS PDSCH shouldn’t be supported.
Proposal 7:  Don’t support slot based PUCCH repetition for short-PUCCHs
Proposal 8: Support retransmission of cancelled low priority and high priority HARQ. 
Proposal 9: Support reusing the existing Rel-16 Type 3 HARQ-ACK codebook.
Proposal 10: Don’t proceed with SPS HARQ payload size reduction study in RAN1
Proposal 11: Don’t proceed with sub-slot based type 1 HARQ-ACK codebook for URLLC in RAN1 Rel-17


[9] R1-2102729	Discussion on UE feedback enhancements for HARQ-ACK	Asia Pacific Telecom, FGI

[bookmark: _Toc4685928]Observation 1	Both a high priority HARQ-ACK codebook and a low priority HARQ-ACK codebook may be cancelled.
Proposal 1	The SPS HARQ-ACK deferral is configured per SPS configuration.
Proposal 2	The first available PUCCH resource for a SPS HARQ-ACK is defined as the first PUCCH resource selected from SPS-PUCCH-AN-List in a slot after the original slot indicated by K1 for the SPS HARQ-ACK, based on the payload size of deferred SPS HARQ-ACK and non-deferred SPS HARQ-ACK in the slot, if the symbols conatining the PUCCH resource are indicated as semi-UL symbols or semi-flexible symbols in the slot.
Proposal 3	Study mechanism for retransmission of high priority HARQ-ACK codebook and low priority HARQ-ACK codebook using enhanced Type-2 HARQ-ACK codebook and Type-3 HARQ-ACK codebook as a starting point.
Proposal 4	Support triggering a Type-3 HARQ-ACK codebook by a DCI indicating low priority or indicating high priority.
Proposal 5	For PUCCH carrier switching, support of Alt.1 (dynamic indication) and Alt.2B (switching based on certain rules) is preferred.
Proposal 6	Consider a configurable indication for selecting between dynamic indication and semi-staic rule as a compromised option.

[10] R1-2102744	HARQ-ACK Enhancements for IIoT/URLLC	Ericsson

Observation 1	The deferred HARQ-ACK of certain SPS PDSCH configuration is already prepared by the UE and therefore is not considered to cause any out-or-order HARQ-ACK.
Observation 2	The deferral condition according to Alt. 1A, 3, and 3A essentially lead to an update procedure on determining the new actual K1. This can be done separately prior to the existing multiplexing and PUCCH resource determination procedures.
Observation 3	Alt. 2 can be considered in a separate discussion dealing with PUCCH resource determination enhancement. Whether it is needed can be discussed after the discussion on deferral condition is clear.
Observation 4	When SPS occasions are over-provisioned to minimize the alignment delay to the actual transmission, there can be many unnecessary UE feedback transmission (NACK) corresponding to unused SPS occasions with no actual SPS PDSCH transmitted.
Observation 5	There is no need to support HARQ-ACK skipping for other multiplexing cases, e.g., multiplexing of HARQ-ACK bits of skipped SPS PDSCH and non-skipped PDSCHs.
Observation 6	There is no need for UE to have an independent step to identify the ‘skipped’ SPS PDSCH.
Observation 7	Target BLER of PDSCH transmission depends on use case requirements where different scheduling strategies may be performed considering spectral efficiency. When PDSCH is not always transmitted with extremely low BLER, the benefit of skipping SPS HARQ-ACK with only ACK bits becomes less clear.
Observation 8	Arguments based on potential overhead and reliability issues are not justified to continue disabling the support of Type-1 HARQ-ACK codebook in Rel-17.  It should be up to network to decide whether the use Tyle-1 HARQ-ACK codebook would be beneficial for the overall operation or not.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support configuration of SPS HARQ-ACK deferral per SPS configuration (Option 2) if it is concluded that a deferred HARQ-ACK of certain SPS PDSCH configuration is not considered to cause any out-or-order HARQ-ACK. Otherwise, support configuration of SPS HARQ-ACK deferral per PUCCH cell group (Option 1).
Proposal 2	Further discuss to down-select an alternative for deferral condition among Alt. 1A, 3 and 3A. Do not support Alt. 1.

· Alt. 3A: UE first checks the deferral condition for SPS HARQ-ACK based on available valid symbol in a slot. Note that in this alternative a UE can be further configured with invalid symbols/slots for SPS HARQ-ACK. 
· If there is any valid symbol for UL transmission in a slot, SPS HARQ-ACK is not deferred. It may be multiplexed with any other UCI in the slot and a PUCCH resource is determined following the existing procedure. If the PUCCH resource overlaps with any invalid symbol, the UCI is dropped.
· On the other hand, if there is no valid symbol for UL transmission in a slot, the SPS HARQ-ACK is deferred to the next available slot.
· Comments for Alt. 3A: 
· Alt.3A has all the benefits of Alt. 3 in terms of simplicity. In addition to that, it addresses potential drawback of SPS HARQ-ACK dropping by allowing a configuration of invalid symbols/slots for SPS HARQ-ACK. Consider Example 1 of Figure 4 below. With configuration of invalid symbols/slots, it is possible to avoid SPS_AN dropping, e.g. in this example, due to configuration of invalid symbols for SPS HARQ-ACK on the last 4 symbols of the special slot, there is no available valid symbol in this special slot anymore. Since there is no valid symbol in the slot (after the configuration of the invalid symbols), the SPS1_AN is not dropped but deferred to the next available slot instead.
· Note that the configuration of invalid symbols for SPS HARQ-ACK are also useful to provide flexibility for deferral operation. That is, it can be used to enable load balancing for HARQ-ACK transmission. For example, if there are two consecutive UL slots in a TDD pattern, it might be that SPS HARQ-ACKs are mostly deferred to the first UL slot of the two, causing a potential UL resource capacity issue. Or in another example, in a special slot with only a few UL symbols, these UL symbols may be intended for other UL signaling like SRS transmission. If there is no flexibility on the deferral operation such as a possibility to configure invalid symbols/slots for SPS HARQ-ACK, this slot can be used for the deferred SPS HARQ-ACK, which then triggers some undesired prioritization/dropping. In this case, it can be beneficial to be able to configure a subset of symbols or slots as “invalid symbol/slot” which are not valid to use for the (deferred) SPS HARQ-ACK.
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[bookmark: _Ref68510315]Figure 4 Examples of Alt. 3A where the deferral is based on the presence of valid symbols in a slot. Note that for this Alt. 3, it is possible to also configure invalid symbols/slots for SPS HARQ-ACK to provide flexibility in deferral operation.


Proposal 3	Support defining a limit on the maximum deferral for k1def so that k1+ k1def does not exceed the maximum value in the set of configured K1 values.
Proposal 4	Do not define a limit on the minimal deferral.
Proposal 5	Study potential update of Type-1 HARQ-ACK codebook procedure to support DL SPS HARQ-ACK deferral when k1def is not included in the set of configured K1 values. The update should not lead to an excessive increase of the HARQ-ACK codebook size.
Proposal 6	If the scenario of cancelled HARQ-ACK is still present in Rel-17, support HARQ feedback based on Type-3 HARQ-ACK codebook to recover the cancelled HARQ-ACK.
Proposal 7	Support Type-3 HARQ-ACK codebook with priority indication in the triggering DCI.
Proposal 8	Support Type-3 HARQ-ACK codebook where only A/N of “activated CCs” are included in the codebook instead of all “configured CCs”.
	Study other methods for size reduction for Type 3 HARQ-CB
Proposal 9	Support HARQ-ACK feedback skipping for a codebook with only DL-SPS HARQ ACK feedback when all HARQ-ACK bits in the codebook are NACK.
Proposal 10	Do not support dynamic indication of skipped SPS PDSCH occasions.
Proposal 11	Do not support SPS HARQ payload size reduction.
Proposal 12	Support enabling of NACK skipping, or ACK-skipping, or disabling both, by RRC.
Proposal 13	Support having a repetition factor for PUCCH repetition as part of the configuration of PUCCH resources.
Proposal 14	Support dynamic PUCCH repetition indication through the existing PRI field in the DCI.
Proposal 15	Dynamic PUCCH repetition can be applied to any UCI type (A/N, SR, CSI) and not limited only to HARQ-ACK.
Proposal 16	If a UE is configured with nrofSlots and is also provided with the dynamic repetition indication, the UE should follow the dynamic repetition indication and ignore the parameter nrofSlots.
Proposal 17	Support PUCCH repetition of PUCCH formats 0 and 2 also for slot-based PUCCH repetition for single TRP.
Proposal 18	Support Type-1 HARQ-ACK codebook for sub-slot in Rel17.
Proposal 19	Prioritize support of Type-1 codebook for sub-slot and avoid unnecessarily fragmentation for slot-based and sub-slot based supported features. Further optimization to reduce Type-1 codebook size can be considered if necessary.
Proposal 20	Support Type-1 HARQ codebook for sub-slot HARQ-ACK by updating the pseudo code for determining a set of occasions for candidate PDSCH reception where the  ratio  is changed to , where N is the number of sub-slots in an UL slot.
Proposal 21	Support a configuration of pucch-Cell on PCell to indicate another serving cell within the same cell group to use for PUCCH.
Proposal 22	Conclude that for study of PUCCH carrier switching,  pre-requisite on the relation of SCS of the carriers within the PUCCH group is needed.
Proposal 23	Do not support dynamic PUCCH carrier switching (i.e. Alt. 1).
Proposal 24	Continue further discussion on the components and corresponding procedures for semi-static based PUCCH carrier switching candidate schemes (e.g. Alt. 2B and Alt. 2C) before any decision for support.

[11] R1-2102819	HARQ-ACK Feedback Enhancements for URLLC/IIoT	Nokia, Nokia Shanghai Bell

SPS HARQ-ACK deferral: 
Proposal 2.1: For the conditions for deferring SPS HARQ-ACK in the initial slot, in the case no dynamic PUCCH is scheduled on the initial slot, down-select between the following two options:
· Alt. 1: Defer if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using a PUCCH provided by SPS-PUCCH-AN-List-r16, n1PUCCH-AN or multi-CSI-PUCCH-ResourceList is not valid.
· Alt. 2: If the PUCCH resource provided by SPS-PUCCH-AN-List-r16, n1PUCCH-AN or multi-CSI-PUCCH-ResourceList is not valid and there is no dynamically indicated PUCCH resource in the initial slot, the UE looks for an alternative PUCCH resource from another PUCCH resource set (i.e. intra-slot deferral). If the PUCCH resource cannot be transmitted, the UE defers the SPS HARQ-ACK transmission.
· The alternative PUCCH resource is derived from a second set of SPS HARQ-ACK resources (configured by gNB) to those in sps-PUCCH-AN-List-r16/n1PUCCH-AN

Proposal 2.2: For SPS HARQ-ACK deferral, the target slot consists of the first upcoming slot which has a scheduled PUCCH transmission (e.g. triggered by a DCI), or the slot where the PUCCH resource using SPS-PUCCH-AN-List-r16 or n1PUCCH-AN (or multi-CSI-PUCCH-ResourceList if it applies in the target slot) is valid (whichever happens first)
· FFS: whether to provide an additional set of candidate PUCCH resources to the UE in addition to those in sps-PUCCH-AN-List-r16 or n1PUCCH-AN to increase flexibility and reduce the HARQ-ACK latency.

Observation 2.1: For the case where the HARQ-ACK codebook only contains HARQ-ACK bits from multiple (deferred and/or non-deferred) SPS PDSCHs (i.e. no HARQ-ACK bits of PDSCH scheduled by a DCI), existing SPS-only codebook construction mechanism/pseudocode in TS 38.213 Clause 9.1.2 can be used.
Observation 2.2: For Type-2 HARQ-ACK codebook construction with a mix of SPS and dynamic PDSCH HARQ-ACK, SPS HARQ-ACK bits can be appended to the end of the codebook and sorted in the same way as for the SPS-only case. No significant changes are foreseen to support the deferring operation.
Proposal 2.3: In case the deferred SPS HARQ-ACK is multiplexed with dynamic PDSCH HARQ-ACK on a Type-1 codebook, one bit per postponed SPS PDSCH HARQ-ACK is appended to the Type-1 codebook in case the PDSCH to HARQ-ACK timing is not covered by the configured K1 set.

Proposal 2.4: For SPS HARQ-ACK deferral, the existing OoO rule is only applicable to the timing of the initial SPS HARQ-ACK feedback (i.e. determined by k1 in the SPS activation DCI), whereas the deferred SPS HARQ-ACK is exempted of the OoO restriction

Proposal 2.5: SPS HARQ-ACK deferral is configured separately per SPS configuration.


SPS HARQ skipping & payload size reduction 
Proposal 3.1: The following on SPS HARQ skipping & payload size reduction is proposed: 
1. Support NACK skipping for SPS PDSCH, based on the following details 
· NACK skipping is separately configurable for each SPS configuration.
· The skipping procedure is to be limited to the single case of only SPS NACK feedback for applicable SPS configurations is to be reported on the PUCCH. For all other cases, such as UCI on PUSCH and a mix with other HARQ-ACK information and/or SR & CSI on PUCCH, the UE should not skip the HARQ transmission / mapping.
2. If NACK skipping is supported, support also ACK skipping for SPS PDSCH 
· Apply the same configuration and skipping procedure as for NACK skipping (i.e. just replace NACK with ACK and vice versa)
3. Do not support dynamic indication of skipped SPS PDSCH occasions.
4. Do not support generic SPS HARQ-ACK bundling / compression – but continue the discussion on SPS HARQ-ACK bundling for ‘jitter window’ control
· The gNB can associate one or multiple SPS configurations with a HARQ bundle identifier per PUCCH cell group. 
· In case a PUCCH contains more than one HARQ-ACK bit associated to SPS PDSCHs with the same HARQ bundle identifier, the UE bundles the corresponding HARQ-ACK bits. 
· Further consider HARQ-ACK bundling across PUCCH occasions for jitter window control
5. Support SPS HARQ disabling/skipping for certain SPS configurations 
· The HARQ-ACK disabling is separately configured for each SPS configuration
· The HARQ-ACK information is mapped only in case HARQ-ACK of a PDSCH scheduled by a DCI is mapped and Type-1 CB operation. Otherwise, the HARQ-ACK information is not mapped / skipped.    

[image: ]
Figure 3.1: SPS PDSCH bundling definition using a HARQ bundle identifier.
[image: ]
Figure 3.2: SPS PDSCH bundle definition using one of the SPS configurations as the reference.


PUCCH repetition enhancements 
Observation 4.1: The discussions on the details of the PUCCH repetition operation using dynamic repetition indication in URLLC/IIoT WI need to be postponed after having more clarity on the details / ways of the dynamic indication discussed in the Cov. Enh. WI. 
Proposal 4.1: For the RRC configured PUCCH repetition factor using ‘nrofSlots’ in PUCCH-config, the configured repetition factor is applicable for the same UCI types for sub-slot based PUCCH repetition as for slot-based PUCCH repetition, including HARQ-ACK, SR and CSI. 
Proposal 4.2: The RRC configured PUCCH repetition factor using ‘nrofSlots’ in PUCCH-config for PUCCH formats 0 and 2 should be applicable for sub-slot and slot-based PUCCH configurations. 
Proposal 4.3: RAN1 to discuss the interaction of RRC configured PUCCH repetition factor and dynamically indicated PUCCH repetition factor, such as: 
· If the PUCCH contains UCI information for which the PUCCH repetition has been dynamically indicated, then the dynamically indicated PUCCH repetition factor applies. 
· Otherwise, the RRC configured repetition operation using ‘nrofSlots’ is applicable. 

Proposal 4.4: RAN1 to discuss changes to the PUCCH repetition framework for URLLC/IIoT including: 
· Change of dropping behavior for PUCCH repetition: Drop a PUCCH repetition overlapping with a high-priority DG PUSCH to prevent high-priority UL-SCH data dropping. 
· Enable multiplexing of HARQ-ACK & SR (at least for PUCCH of priority index 1) to reduce SR latency. 



Retransmissions of dropped HARQ-ACK: 
Proposal 5.1: For Type 3 codebook enhancements for URLLC, RAN 1 to consider  
· Limiting the enhanced Type 3 CB to RRC configured subsets of HARQ processes / IDs or serving cells according to the first category of methods.
· Support dynamic indication of the RRC configured Type 3 CB subset in the triggering DCI. 
· Including the support for Type 3 CB triggering using DCI format 1_2. 
· Triggering DCI including a PHY priority indication for the PUCCH carrying the Type-3 CB. 

Proposal 5.2: Study one-shot HARQ-ACK codebook re-transmission on PUCCH. Study triggering the retransmission of dropped HARQ-ACK on PUSCH via DCI scheduling the PUSCH retransmission and via semi-static configuration (at least for CG PUSCH).


Type 1 HARQ ACK Codebook for sub-slot PUCCH and related enhancements 
Proposal 6.1: Agree to the moderator proposal from RAN1#104-e to enable Type 1 HARQ-ACK codebook for sub-slot PUCCH in Rel-17, namely: 
Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether or not to consider PDSCH TDRA grouping per sub-slot
· FFS: Additional properties that may need clarification 
· FFS: Other Type 1 HARQ-ACK CB enhancements (for sub-slot based &/ slot based HARQ-ACK feedback)

Proposal 6.2: To reduce the Type-1 HARQ-ACK codebook size, the gNB should be able to configure the UE with a special “feedback” TDRA tables used for Type-1 HARQ-ACK codebook construction. This “feedback” TDRA table is used in the Type-1 HARQ-ACK CB construction pruning process and maps the possible DL assignment for PDSCH (e.g. SPS) into the entries of the “feedback” TDRA table. 
[image: ]
[bookmark: _Ref21525502]Figure 6.1. Example TDRA table with 6 rows.
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[bookmark: _Ref21525540]Figure 6.2. HARQ-ACK bit position after R15 pruning. For this we need a codebook of 4 bits.
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[bookmark: _Ref20406320]Figure 6.3. Example of a F-TDRA table.
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[bookmark: _Ref21525563]Figure 6.4. HARQ-ACK bit position after pruning of the TDRA table of Figure 6.1 into the example F-TDRA table of Figure 6.3. With the configured example F-TDRA, the codebook size is reduced to 2 bits.


The discussions in Sec. 7 on dynamic PUCCH carrier switching can be summarized in the following related observations and proposals: 
Proposal 7.1: Exclude Alt. 2B (PUCCH carrier switching based on certain (semi-static) rules) from the studies on PUCCH carrier switching for HARQ-ACK feedback and focus the further discussions on the remaining Alt. 1 (indication in DCI) and Alt. 2C (RRC configured PUCCH cell timing pattern). 
· Nokia has a slight preference towards Alt. 2C due to the lower DL control signaling overhead. 

 [image: ]
Figure 7.1: PUCCH cell determined by a time-domain switching pattern (Alt. 2C).


[12] R1-2102867	Discussion on UE feedback enhancements for HARQ-ACK	China Telecom

Proposal 1: Whether the SPS HARQ-ACK is subject to deferral is jointly configured by RRC per PUCCH cell group.
Proposal 2: There is limitation on the minimum and maximum deferral time for the deferral of SPS HARQ-ACK.
Proposal 3: As a trade-off considering the dropping rate for the deferred HARQ-ACK and the feedback latency, whether semi-static flexible symbol can be used as the symbol for available PUCCH depends on the configured number of semi-static flexible symbol and semi-static UL symbol.
Proposal 4: Inter-slot/sub-slot deferral happens when there is no available PUCCH resource with valid symbols in the initial slot/sub-slot.
Proposal 5: When SPS HARQ-ACK is deferred to available PUCCH resource, load balance should be considered when determining the available resource.
· If the payload/ code rate on a PUCCH resource is larger than a payload/ code rate threshold, the PUCCH resource is not available.
Proposal 6: Retransmission of cancelled HARQ should be studied with low priority, as the use case needs to be further identified based on the discussion of other topic.
Proposal 7: When a PUCCH HARQ-ACK codebook only contains HARQ-ACK for SPS PDSCH, and all of the HARQ-ACK for these SPS PDSCH are going to be NACK, the UE does not send the PUCCH.
Proposal 8: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether or not to consider PDSCH TDRA grouping per sub-slot
· FFS: Additional properties that may need clarification 
· FFS: Other Type 1 HARQ-ACK CB enhancements (for sub-slot based &/ slot based HARQ-ACK feedback)
Proposal 9: If DCI indicating the PUCCH carrier for HARQ-ACK transmission is supported in Rel-17, 
· The reference SCS of PDSCH to HARQ-ACK offset K1 is the SCS of the indicated target carrier.
· RRC signal could configure different K1 sets for carrier with different SCS. The number of K1 values in the K1 sets should be the same.
· When the HARQ-ACK codebook only contains the SPS HARQ-ACK feedback, PDSCH MAC CE indication can be considered.
Proposal 10: If PUCCH carrier switching based on certain rules is supported in Rel-17,
· In the initial carrier, a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as needing carrier switching. 
· For searching of the target cell, firstly consider the cell with PUCCH resource consisted of only semi-static UL symbols.

[13] R1-2102910	Discussion on UE feedback enhancements for HARQ-ACK	CMCC

Proposal 1: For determination of a next available PUCCH, the semi-statically configured flexible slot/sub-slot could be considered if PUCCH resources are semi-statically configured in it.
Proposal 2: Both type-1 and type-2 HARQ-ACK codebook construction need to be enhanced to accommodate the deferred SPS HARQ-ACK bits.
Proposal 3: For SPS HARQ skipping for ‘skipped’ SPS PDSCH, dynamic indication of skipped SPS PDSCH occasions is supported.
Proposal 4: Support Type 1 HARQ codebook based on sub-slot PUCCH config in R17.

[14] R1-2102922	UE feedback enhancement for HARQ-ACK	TCL Communication Ltd.

Proposal 1: The SPS HARQ-ACK deferral should be configured per SPS configuration.
Proposal 2: The PUCCH which carries the deferred HARQ-ACK feedback should be the first instance of PUCCH which does not collide with any invalid or downlink symbols and this PUCCH resource should not be restricted to the PUCCH for SPS only.
Proposal 3: Only if the intra-slot deferral cannot be achieved, and then inter-slot deferral should be 
considered.
Proposal 4: To determine an available PUCCH resource for conveying the deferred SPS HARQ-ACK, semi-static flexible symbol(s) could be used for transmitting the deferred HARQ-ACK feedbacks.
Proposal 5: The total number of deferred HARQ-ACK bits needs to be limited
Proposal 6: The deferral limitation should be given in the total PDSCH to HARQ-ACK delay/offset, i.e. k1eff=k1+ k1def ≤ k1def,max., and the k1def,max. should be the maximum k1 value of the configured K1 set.
Proposal 7: The value of k1eff should be limited to one of the existing k1 values in the configured K1 set
Observation 1: Reuse Type-3 HARQ-ACK codebook in Rel-16 to retransmit the dropped SPS HARQ-ACK feedback would lead to redundancy overhead.
Proposal 8: The enhancement for reducing the Type-3 HARQ-ACK codebook size should be studied, e.g., only transmitting the dropped HARQ-ACK processes or SPS HARQ processes.
Proposal 9： ACK skipping and/or NACK skipping mechanism for shorter SPS periodicity or multiple SPS configurations should be supported.
Proposal 10： HARQ bundling/compression should be supported for HARQ-ACK payload reduction and N-bits SPS HARQ-ACK should be bundled into one single bit using logical ‘OR’.

[15] R1-2102982	UE feedback enhancement for HARQ-ACK	Xiaomi

Proposal 1: Support a limit on the maximum deferral considering the time delay and payload balance.
Proposal 2: When SPS HARQ-ACK is multiplexed with any other UCI/dynamic HARQ-ACK, there should be no SPS HARQ-ACK deferral.
Proposal 3: We prefer option2, SPS HARQ-ACK deferral is configured per SPS configuration.
Proposal 4: Support NACK skipping for skipped SPS PDSCH and support ACK skipping for non-skipped SPS PDSCH.
Proposal 5 : Support using alt 4 HARQ bundling / compression combined with alt 1 and alt 3 together.
Proposal 6: Dynamic indication of skipped SPS is not necessary considering a tradeoff between small gains and large standard impacts. And we are open for alt 5.
Proposal 7 : As for dynamic triggering of a one-shot / Type-3 CB type of re-transmission, only activated SPS configurations or activated HARQ processes need to be considered.
Proposal 8: Dynamic repetition indication mechanism in CE PUCCH enhancement can be directly applied to sub-slot based PUCCH repetition for HARQ-ACK

[16] R1-2103027	Further details on UE HARQ feedback enhancements	Intel Corporation

Observation 1
· SPS HARQ-ACK deferring on its own could not handle SPS HARQ-ACK dropping caused by dynamic conflicts, e.g. with dynamic change of UL-DL direction, and thus retransmission techniques need to be additionally considered, such as using enhanced Type 3 HARQ CB.
Proposal 1
· SPS HARQ-ACK deferring is enabled/disabled by semi-static configuration per SPS configuration
· It is up to UE capability whether to allow OoO SPS HARQ feedback on the deferred HARQ-ACK transmission
Proposal 2
· RAN1 should clarify that CORESET#0 symbols considered invalid for mapping during SPS HARQ-ACK deferring symbols are the ones indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS
Proposal 3
· Whether a SPS HARQ feedback should be deferred is determined solely based on semi-static configurations upon reception of SPS activation for any of the PDSCH activated by this DCI
· I.e. dynamic UCI multiplexing/presence is not considered
· Support additional configuration of SPS PUCCH resource with activated deferring, which is used for hypothesis testing on mapping SPS HARQ-ACK bits for a given initial/deferred slot/sub-slot
Proposal 4
· For the activated SPS HARQ-ACK deferral,
· No minimum k1 for deferral is introduced
· Maximum k1 deferral is limited by the maximum k1 value in the table configured by RRC
Proposal 5
· Support enhancements to Type 3 HARQ CB for,
· Configuring Type 3 CB to carry only DL SPS HARQ-ACK information on a given carrier;
· Grouping DL SPS HARQ-ACK processes on a carrier to be multiplexed in a given Type 3 CB.
· Using priority field in DCI for CB construction
Proposal 6
· For sub-slot PUCCH repetition, introduce a mechanism of skipping UL symbols during repetitions mapping
· Alt.1: X-symbol gap
· Alt.2: Y-sub-slot gap
· Alt.3: Invalid symbol pattern
Proposal 7
· The number of REs for UCI carrying HARQ-ACK on PUSCH is scaled with the number of PUCCH repetitions overlapped with a PUSCH
· FFS details
Proposal 8
· RAN1 uses a single mechanism for dynamic indication of the number of PUCCH repetitions for slot-based and sub-slot-based operation, by aligning CovEnh and URLLC design directions
· Preferred option: PUCCH resource ID points to the number of PUCCH repetitions associated with the triggered PUCCH format
Observation 2
· Feasibility and benefits of SPS HARQ skipping for skipped SPS PDSCH based on dynamic indication of skipped SPS PDSCH occasions (Alt. 3) in case of realistic system operation conditions are not proven.
Observation 3
· ‘NACK skipping’ for (skipped) SPS PDSCH under the assumption of no detection of skipped PDSCH is beneficial in a limited number of cases, but can be considered as a dropping of a PUCCH containing only SPS HARQ-ACK with only NACKs.
· ‘NACK skipping’ for (skipped) SPS PDSCH under the assumption of no detection of skipped PDSCH should be considered against other options classified as SPS HARQ payload size reduction.
Proposal 9
· For SPS HARQ payload size reduction, support grouping of SPS PDSCH occasions with the same HARQ process ID pointing to the same PUCCH resource and bundling into a single HARQ-ACK bit
· Due to low performance benefit to specification complexity ratio, for SPS HARQ payload size reduction do not support: NACK skipping, ACK skipping, Dynamic indication of skipped PDSCH
Proposal 10
· For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells

[17] R1-2103103	Views on URLLC HARQ feedback enhancements	Apple

Observation 3-1: If non-integer periodicity for DL SPS can be configured, HARQ feedback overhead can be reduced compared with solutions available in Rel-16.
Proposal 2-1: for Alt. 1 in SPS HARQ deferral, multi-CSI-PUCCH-ResourceList  and PUCCH-CSI-resourceList are both considered.
Proposal 3-1: Without changing the current SPS configuration design, consider the introduction of jitter window around a nominal arrival time to limit occasions for DL SPS reception and HARQ generation/feedback.
Proposal 3-2: HARQ bundling is supported for non-skipped SPS PDSCHs. With N  SPS PDSCH transmission occasions within a jitter window,  bits are used for code states which include the successful/failed decoding at one of those N occasions or no detection of PDSCH at any of those N occasions.
Proposal 4-1: to control feedback overhead, the presence of NDI and utilization of CBG based feedback can be separately configured for code states in the “priority indicator”.
Proposal 5-1: adopt the text proposal in Section 5 for Type 1 HARQ-ACK codebook enhancement.
Proposal 6-1: dynamic PUCCH carrier switching is excluded from further consideration.

[18] R1-2103163	HARQ-ACK enhancement for IOT and URLLC	Qualcomm Incorporated

Observation 1: Deferring SPS PUCCH A/N to “1st available PUCCH resource” does not always guarantee that the 1st available PUCCH resource is indeed available. This is a valid argument in cases of multiple SPS HARQ deferrals; presence of other HARQ bits, either for DG traffic or for non-deferred HARQ bits. In order to avoid collisions with other PUCCHs or PUSCHs for other UEs, which might lead to HARQ bits dropping or to further deferral, another mechanism controlled by the network is needed.
Observation 2: In a well-planned radio access network, SPS PUCCH HARQ deferrals should not happen; if they happen, this is going to be an unusual case and several UEs in the cell will be affected. 
Observation 3: At least for inter-band CA, unaligned SFN is already supported and standardized in Rel-16.

In summary, we make the following proposals for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Proposal 1: On definition of collision of PUCCH carrying SPS A/N, collision for deferral purpose happens if PUCCH carrying SPS A/N overlaps with RRC configured DL symbol or RRC configured flexible symbol that is SSB/CORESET 0 symbol.
· If the PUCCH overlaps with RRC configured flexible symbol other than SSB/CORESET 0 symbol, the PUCCH transmission will follow R15/16 rule if that RRC configured flexible symbol is further modified by dynamic SFI.

Proposal 2: UE does not expect a collided PUCCH for deferral purpose also carries A/N bits for dynamic grant.
Proposal 3: The collided SPS A/N bit(s) can be deferred to a target slot, if the corresponding selected PUCCH resource does not overlap with RRC configured DL symbol or RRC configured flexible symbol that is SSB/CORESET 0 symbol.

Proposal 4: If the selected PUCCH carrying deferred A/N bits overlaps with DL transmission scheduled by DCI in the target slot or DL/flexible symbol indicated by DCI format 2_0
· UE drops the deferred A/N bits without their further deferral.

Proposal 5: Support that A/N bits from multiple collided PUCCHs CAN be deferred to the same new PUCCH.
· The new CB in the new PUCCH is the concatenation of individual CBs originally from those collided PUCCHs based on their order in time.

Proposal 6: At least when there is no existing non-deferred UCI bit in a candidate target slot, and if that slot cannot accommodate the PUCCH selected for all collided A/N bits.
· UE does not transmit any collided A/N bit in that slot. UE will continue to check next candidate slot for transmitting all collided A/N bits.

Proposal 7: In presence of existing non-deferred A/N bit(s) in the target slot, support that both collided and existing A/N bit(s) CAN be transmitted in the same PUCCH.
· The new CB in the PUCCH is the concatenation of the CB for existing A/N bit(s) and the individual CB(s) originally from collided PUCCH(s).

Proposal 8: In presence of existing non-deferred A/N bit(s) for SPS in a candidate target slot, if that slot cannot accommodate the PUCCH selected to carry both existing and collided A/N bits.
· UE does not transmit any A/N bit in that slot. UE will treat all existing and collided A/N bits as collided A/N bits and continue to check next candidate slot for transmitting all collided A/N bits that are not expired.

Proposal 9: Support that UE will not retransmit the collided A/N bit after k1_def_max slots from the end of the slot where SPS A/N PUCCH collision happens.
· The k1_def_max can be configured per SPS config.

Proposal 10: On whether to allow partial deferral
· Not support deferral of only part of A/N bits in collided PUCCH.

Proposal 11: If deferred SPS A/N and DG A/N are in the same target slot, support multiplex both SPS and DG A/N on the same PUCCH indicated by PRI as in R15/16.

Proposal 12: No need to introduce minimum SPS PUCCH HARQ A/N deferral time, k1_def.

Proposal 13: Support “1-shot Enhanced Type 3 CB HARQ” for deferred SPS PUCCH HARQ bits, where enhancements refer to the flexibility and reconfiguration of Type 3 CB size.

Proposal 14: Allow configuration of either:
· “SPS PUCCH HARQ deferral to 1st available PUCCH resource”, or
· “1-shot Enhanced Type 3 CB HARQ”, or
· Joint configuration of “SPS PUCCH HARQ deferral to 1st available PUCCH resource” and of “1-shot Enhanced Type 3 CB HARQ”

Proposal 15: Upon joint configuration of both “SPS PUCCH HARQ deferral to 1st available PUCCH resource” and of “1-shot Enhanced Type 3 CB HARQ”, execution of “SPS PUCCH HARQ deferral to 1st available PUCCH resource” starts immediately after the SPS PUCCH HARQ deferral triggering and it stops:
· When appropriate PUCCH resource for the transmission of deferred HARQ is found, or
· When a request for “1-shot Enhanced Type 3 CB” is received, or
· When the maximum value of “k1_def” is reached

Proposal 16: Decouple/split the discussion between ‘SPS HARQ Skipping’ and ‘HARQ Payload Reduction’ since these are 2 different topics requiring different solutions.
Proposal 17: Study the following two options for empty SPS indication.
· Option 1: Explicit DCI indicating a single or multiple empty (‘skipped’) SPS PDSCH occasions.
· Option 2: send a special DMRS sequence on nominal DMRS OFDM symbols in a SPS occasion to indicate the SPS occasion is empty.

Proposal 18: Support dynamic bundling/compression of UCI.
Proposal 19: Automatic transmission of cancelled HARQ ACK info at retransmission of cancelled PUSCH
· Same resource allocation between cancelled and retransmitted PUSCH except from starting slot and RB
· In case canceled UCI contains CSI, SR and HARQ payload, only HARQ payload is automatically transmitted
· No support for new UCI multiplexed in the retransmitted PUSCH.

Proposal 20: Automatic transmission of cancelled HARQ ACK info upon 1st (earliest) PUCCH transmission after PUSCH cancellation, provided sufficient UL resources are indicated by PRI.
· In case canceled UCI contains CSI, SR and HARQ payload, only HARQ payload is automatically transmitted.

Proposal 21: Support transmission of canceled HARQ via 1-shot enhanced Type 3 CB, where the enhancement lies in the flexibility/reconfiguration of the Type 3 CB size and its contents
· gNB requests for specific	 HARQ A/N bits indicated with the following options:
· Option 1: A/N bits for HARQ IDs indicated in the DCI
· Option 2: A/N bits within a pre-determined time duration from starting point, e.g. X sub(slots) prior to DCI, or explicit UL (sub)slot #

Proposal 22: Support joint configuration of Enhanced Type 3 CB and automatic transmission of canceled HARQ bits
· Canceled HARQ bits transmission with earliest opportunity – either with retransmitted PUSCH or with PUCCH Enhanced Type 3 CB

Proposal 23: Support compress multiple messages in HARQ-ACK codebook with small probability into a single message, to reduce HARQ-ACK payload size. 
Proposal 24: Support NACK only HARQ-ACK feedback in which only NACK transmission takes place and ACK is skipped.
Proposal 25: With PUCCH carrier switch, similar to Rel-15, the slot to transmit HARQ-ACK follows the K1 indicated in DCI, and the granularity of K1 follows the numerology of PCC.  
Proposal 26: With PUCCH carrier switch, the following static rule is applied to determine the CC to transmit HARQ-ACK, in a given slot.
· The lowest indexed CC which has enough UL OFDM symbols to accommodate the HARQ-ACK PUCCH resource is selected to transmit the HARQ-ACK. 

Proposal 27: In Rel-17, do not support simultaneous HARQ-ACK transmission on multiple CCs.  
Proposal 28: Use MAC-CE to switch between multiple sub-slot configurations for HARQ-ACK feedback.
Proposal 29: Support sub-slot based Type-1 HARQ-ACK codebook construction in NR Rel-17. A PDSCH occasion (i.e., time-domain resource allocation) is associated with an uplink sub-slot that contains the end of the PDSCH occasion.

[19] R1-2103200	HARQ-ACK enhancements for IIoT and URLLC	InterDigital, Inc.

Proposal 1:    The UE can be dynamically triggered to transmit Type-3 HARQ-ACK CodeBook to retransmit a dropped SPS HARQ-ACK.
Proposal 2:  The UE can be triggered to transmit only the SPS HARQ-ACK(s) of PUCCH(s) that collide with DL or flexible symbols.
Proposal 3:  To reduce the SPS HARQ payload size:
· The UE can be configured to skip NACK transmission or skip ACK transmission (Alt. 1 and Alt2) per SPS configuration. 
· The UE can be configured to disable HARQ-ACK transmission per SPS configuration (Alt. 4)
Proposal 4:  The UE can skip NACK transmission for skipped SPS PDSCH (Alt. 1).
Proposal 5:  The UE can retransmit a cancelled HARQ using enhanced Type 3 CB.
Proposal 6:  The PUCCH carrier switching is based on dynamic indication using the scheduling DCI.

[20] R1-2103205	Discussion on UE feedback enhancements for HARQ-ACK	Panasonic Corporation

Proposal 1: 
· On the condition of SPS HARQ-ACK deferral, either of following alternatives should be supported.
· Alt.1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.
· If SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource, then it cannot be deferred.
· Alt.1a: Deferral only, if the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the HARQ-ACK transmission assuming SPS HARQ-ACK only is not valid in the initial slot/sub-slot.
· If SPS HARQ-ACK PUCCH resource is overlapping, it will be deferred even though it could still be multiplexed e.g., due to PRI overriding.
Proposal 2: 
· On SPS HARQ-ACK deferral, either of the following option should be supported.
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group.
· For Option 1, maximum deferral limitation is supported and configured per SPS configuration.
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration.
Proposal 3: Minimum deferral might be necessary if to trigger a deferral dynamically is supported.
Proposal 4: 
· Maximum deferral is supported. Either of the following alternatives is ok for us.
· Alt.1: The limitation is given in number of slots/sub-slots for deferral itself by k1def <= k1def,max
· Alt.2: The deferral limitation is given in the total PDSCH to HARQ-ACK delay/offset, i.e., k1eff = k1+k1def <= k1def,max
Proposal 5: NACK skipping for SPS PDSCH and dynamic indication of skipped SPS PDSCH occasion are not supported in Rel.17.
Proposal 6: ACK skipping for SPS PDSCH, in which a PUCCH transmission is skipped by the UE if the PUCCH is only carrying SPS PDSCH ACK(s) associated with SPS PDSCH configurations configured for ACK skipping, is supported in Rel.17.
Proposal 7: HARQ bundling/compression and HARQ-ACK disabling/skipping could be considered to handle SPS payload size reduction.
Proposal 8: For dynamic PUCCH repetition factor indication, enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. PUCCH repetition factor is indicated via reusing PUCCH resource indicator field.
Proposal 9: Synchronization with CovEnh discussion is necessary. Since PUCCH agenda in CovEnhis not treated in RAN1#104bis-e, RAN1 would need to wait the discussion on dynamic repetition factor indication in CovEnh.
Proposal 10: On PUCCH carrier switching, support of Alt. 1 for dynamic DL scheduling in Rel. 17.
Proposal 11: On PUCCH carrier switching, support of Alt. 2B for SPS DL in Rel. 17.

[21] R1-2103236	On HARQ-ACK reporting enhancements	Samsung

Proposal 1: Deprioritize on discussion for configuration for SPS HARQ-ACK deferral until that other detailed operations are visible. 
Proposal 2: support alt. 2 “intra-slot deferral before inter-slot deferral” for SPS HARQ-ACK deferral.  
Proposal 3: consider to make a limitation on the maximum deferral.   
Proposal 4: consider deferred SPS HARQ and other initial (or deferred) SPS HARQ using SPS-PUCCH-AN-List-r16, n1PUCCH-AN or PUCCH-ResourceSet to determine the target slot
Proposal 5: Initial HARQ-ACK transmission occasion should be considered to determine out-of-order HARQ in case of SPS HARQ-ACK deferring. 
Proposal 6: Down select from the two options if UE receives another PDSCH for a given HARQ process before the end of the expected transmission of HARQ-ACK for that HARQ process due to the HARQ-ACK deferral of SPS PDSCH.
-	Option 1) UE considers later received PDSCH as a valid PDSCH, UE clears the HARQ buffer of earlier PDSCH.
-	Option 2) UE considers later received PDSCH as an invalid/empty PDSCH.
Proposal 7: Use an UL grant scheduling a PUSCH without UL-SCH to request HARQ-ACK information that was multiplexed in a dropped PUSCH/PUCCH transmission.
Proposal 8: Support skipping of a PUCCH transmission with NACK-only HARQ-ACK information.
Proposal 9: Consider potential support of Type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration subject to minimal additional specification/implementation complexity. 
· Determine candidate UL sub-slots and corresponding DL slots for candidate PDSCH receptions based on the HARQ-ACK timing set (sub-slot-level K1) and number of UL sub-slots N per UL slot on top of existing procedure for different DL/UL numerologies. 
· Do pruning based on TDD configuration and SLIVs for each DL slot, wherein the SLIVs end in candidate UL sub-slots. 

Proposal 10: Consider alt. 1 (PUCCH carrier switching is based dynamic indication in DCI) and alt. 2B (PUCCH carrier switching is based on certain (semi-static) rules) for study on PUCCH carrier switching in a PUCCH group
Proposal 11: Consider only inter-band CA for supporting PUCCH cell selection for PUCCH transmission in Rel-17. 
Proposal 12: Maintain PUSCH reception robustness due to multiplexing 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH receptions are multiplexed in the PUSCH.
Proposal 13: Consider potential Type-1 HARQ-ACK codebook enhancements for intra slot repetition and for removing duplicated HARQ-ACK information in Rel-17.


Figure 2. An example of extended SLIV for intra slot repetition

Proposal 14: The HARQ-ACK timing indicator counts only slots with PUCCH resources for PUCCH carrier switching. 

[22] R1-2103300	Considerations on HARQ-ACK enhancements for URLLC	Sony

Observation 1: The first available PUCCH may be overloaded due to accumulation of dropped SPS HARQ-ACKs.
Observation 2: ACK skipping may have an impact on DTX-to-NACK detection reliability.
Observation 3: NACK is typically rare in URLLC and a PUCCH carrying multiple HARQ-ACK feedback bits with all NACKs is even rarer thereby skipping of PUCCH if it contains all NACKs rarely saves any overhead.
Observation 4: For ACK skipping or NACK skipping methods, PUCCH resource is reserved anyway for a potential NACK (in ACK skipping case) or ACK (in NACK skipping case).
Observation 5: Turning off HARQ-ACK would impact the overall HARQ-ACK functionality and may lead to higher resource usage.
Observation 6: A HARQ-ACK bundling method should provide scheduler flexibility such that the gNB can decide dynamically which and how many SPSs in a group of SPS to skip.
Observation 7: The method where N HARQ-ACK bits are bundled using an “AND” or “OR” operator into a single bit, cannot provide the flexibility for the gNB to dynamically decide which and how many SPS in a group of SPS to skip.  It also isn’t clear how the UE decides whether to use “AND” or “OR”:
· An “AND” logical operator used for HARQ-ACK bundling does not work if some of the SPS PDSCHs are skipped since it will always indicate NACK.
· In using an “OR” logical operator for HARQ-ACK bundling, the gNB cannot determine whether more than one PDSCH is decoded correctly and therefore has an impact on the retransmission operation.

Observation 8: Instead of restricting the gNB flexibility by defining a specific logical operator for bundling of N SPS HARQ-ACK into M bits, the gNB should have the flexibility to configure one or more bundling functions for a group of N SPS where their HARQ-ACK are bundled into M bits.
Observation 9: HARQ-ACK bundling by compressing HARQ-ACK combinations where the number of NACKs > TNACK, into a single message is not beneficial when some of the SPS PDSCHs are skipped by the gNB.
Observation 10: Sub-slot PUCCH repetitions would lead to intra-UE PUCCH collision where PUCCH repetitions in a sub-slot collide with another PUCCH in another sub-slot.
Observation 11: The 2 levels of L1 priority introduced in Rel-16 for UL intra-UE prioritization is not sufficient to handle inter sub-slot PUCCH repetitive collisions.
Observation 12: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.

We therefore propose the following:
Proposal 1: In deferring a dropped SPS HARQ-ACK, the UE starts looking for a 1st available PUCCH after k1def-min symbols from the end of the dropped PUCCH scheduled with the SPS HARQ-ACK.
Proposal 2: Up to NHARQ SPS HARQ-ACKs that are dropped due to collision with DL symbols or invalid symbols in TDD can be retransmitted by multiplexing into the first available PUCCH resource.  NHARQ is RRC configured and the range of NHARQ is FFS.
Proposal 3: If SPS HARQ skipping is supported, consider using MAC CE in a transmitted SPS PDSCH to indicate dynamically a bitmap indicating whether each SPS in a configured group of SPS is skipped or not skipped.  The MAC CE indication is repeated in each non-skipped SPS in the SPS group to improve reliability.
Proposal 4: Do not support ACK skipping, NACK skipping and HARQ-ACK disabling by RRC.
Proposal 5: N SPS HARQ-ACK are bundled into M bits, where each of the M bits reports the outcome of a configured bundling function.  The bundling function outputs are:
· ACK if at least KMIN PDSCH in the SPS are decoded correctly, otherwise output a NACK.
· KMIN is configurable

Proposal 6: Consider using HARQ bundling where the UE feeds back the number of ACKs observed in a defined group of SPS’s.  
· PUCCH Format 0 with 8 cyclic shifts can be used to indicate up to 7 ACKs.
· For N=8 SPS are configured, then cyclic shift representing 0 ACK can also be used to represent 8 ACKs
 
Proposal 7: If sub-slot PUCCH repetition is introduced, consider reducing the priority of a repetition according to the number of repetitions that have already been transmitted.
Proposal 8: Consider introducing one shot trigger for Type 3 Codebook in DCI Format 1_2.

[23] R1-2103325	UE feedback enhancements for HARQ-ACK	ETRI

Proposal 1: The legacy UCI multiplexing rule is applied in the initial slot, and defer SPS HARQ-ACK if necessary.
Proposal 2: Semi-static configuration can determine the (in)validity of PUCCH transmission that include SPS HARQ-ACK.
Proposal 3: The k1def value may be fixed as one (sub-)slot.
Proposal 4: The SPS HARQ-ACK deferral can be configured per SPS configuration (option 2).
Proposal 5: The size of the enhanced Type-3 HARQ-ACK codebook can be determined by at least activation/release DCI.
Proposal 6: For skipped SPS PDSCH, the ‘NACK skipping’ is introduced.
Proposal 7: For skipped SPS PDSCH, the ‘NACK skipping’ gives minimal specification impacts in the HARQ-ACK codebook construction if introduced.
Proposal 8: When more than one bits of SPS HARQ-ACK is transmitted, the HARQ-ACK bundling is introduced to reduce the overhead.
Proposal 9: The scheduling DCI can indicate the repetition factor for PUCCH with the unchanged size.

[24] R1-2103347	Discussion on UE feedback enhancement for HARQ-ACK	LG Electronics

Proposal 1: SPS HARQ-ACK deferral is configured per SPS configuration
Proposal 2: To determine deferral of SPS HARQ-ACK in an initial slot/sub-slot, following alternative can be considered: 
· Alt. 2: Defer if there is no available symbol for an uplink transmission obtained in case of UL multiplexing in the initial slot/sub-slot as if there are only semi-statically scheduled PUCCH transmission and PUCCH only for the SPS HARQ-ACK.
Proposal 3: For an initial slot/sub-slot of deferral, deferral procedure doesn’t make any changes on a result of UL multiplexing in the initial slot/sub-slot. 
Proposal 4: To determine availability of candidates for target slot, the same assumption used to determine deferral can be considered.
Proposal 5: For SPS HARQ-ACK deferral, the target slot of deferral procedure is a slot/sub-slot where next SPS PUCCH occasion of corresponding SPS configuration is. 
· FFS: whether to use SPS PUCCH occasion for different SPS configuration. 
Proposal 6: The end of deferred HARQ-ACK transmission should be no later than,
· The starting symbol of upcoming PDSCH occasion corresponding to same HARQ process ID, and
Proposal 5: For SPS HARQ-ACK deferral, the target slot of deferral procedure is next available slot/sub-slot n+k where reference PDSCH occasion is received in slot n and k is element of a set K.
· Reference PDSCH occasion is one of PDSCH occasion corresponding to deferred HARQ-ACK.
· The set K is union of configured sets of PDSCH-to-HARQ-ACK feedback timings.  
· FFS: How to determine reference PDSCH for deferral
Proposal 7: Support type-3 HARQ-ACK codebook only for a part of HARQ process IDs and/or serving cells (e.g. the serving cells/HARQ process IDs configured for SPS PDSCH).
Proposal 8: if type-3 HARQ-ACK codebook is supported only for SPS PDSCH, it can be considered to separate the codebook for dynamic PDSCH and for SPS PDSCH. 
Proposal 9: Consider to support NACK only HARQ-ACK feedback based on PUCCH resource request in order for reducing PUCCH overhead. 
Proposal 10: Support type-3 HARQ-ACK codebook for re-transmission of cancelled HARQ-ACK with reduced HARQ-ACK payload size if necessary.
Proposal 11: it is necessary to remove unusable candidate PDSCH reception in type-1 HARQ-ACK codebook from the following cases:
· A K1 value is corresponding to only one DCI format
· A TDRA entry is corresponding to only one DCI format 
Proposal 12: Dynamic PUCCH carrier switching can be de-prioritized for other issues left.
Proposal 13: If there is a consensus that it is necessary, PUCCH carrier switching based on dynamic indication in DCI can be supported
· To indicate switched carrier, a DCI field is added to DL scheduling DCI.
· PUCCH for SPS HARQ-ACK follows the latest indication of PUCCH carrier switching. 

[25] R1-2103473	UE feedback enhancements for HARQ-ACK	Sharp

Proposal 1:
· The deferring of SPS HARQ-ACK dropped due to TDD specific collisions is configured by RRC per SPS configuration.

Proposal 2:
· ‘NACK skipping’ for (skipped) SPS PDSCH is supported.

Proposal 3:
· ‘HARQ bundling’ for (non-skipped) SPS PDSCH is supported.

Proposal 4:
· PUCCH repetition for PUCCH formats 0 and 2 is also supported for slot based PUCCH repetition in Rel-17.

Proposal 5:
· Sub-slot based PUCCH repetition for other UCI types (than HARQ-ACK) is also supported.

Proposal 6:
· As a potential solution for retransmission of cancelled HARQ and/or SPS HARQ-ACK dropping, support Type-3 HARQ-ACK codebook corresponding to mixed priorities.


[26] R1-2103527	UE feedback enhancements for HARQ-ACK	NEC

Proposal 1:
· Semi-static HARQ-ACK codebook for sub-slot based HARQ-ACK feedback procedure should be supported in Rel-17.

Proposal 2:
· When DL and UL are configured with same numerology, the sub-slot based semi-static HARQ-ACK codebook can be determined based on following three-steps:
· Step 1: Determine the HARQ-ACK multiplexing window based on the HARQ-ACK timing set and sub-slot length.
· Step 2: Split the TDRA table into N sub-tables based on the sub-slot length and PDSCH-to UL sub-slot association. N is the number of sub-slots within a slot.
· Step 3: Do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.
· When DL and UL are configured with different numerologies, further study the sub-slot based semi-static HARQ-ACK codebook determination.

Proposal 3:
HARQ-ACK bits will only be present in the semi-static type-1 codebook if the corresponding sub-slot has at least one PDCCH transmission or SPS PDSCH reception.

Proposal 4:
· Support deferring HARQ-ACK if the SPS HARQ-ACK in the initial slot or sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN collides with invalid symbols.
· Support the limitation of the maximum deferral of k1def.
· Support multiplexing the deferred HARQ-ACK for SPS PDSCH and HARQ-ACK for dynamically scheduled PDSCH(s) on a Type-1 HARQ-ACK codebook.
· Append the delayed HARQ-ACK bits for SPS PDSCH after the HARQ-ACK codebook for dynamically scheduled PDSCH(s) if current UCI multiplexing rule cannot be reused. 

Proposal 5:
· Support dynamic triggering of a one-shot / Type-3 CB type of HARQ-ACK re-transmission for SPS PDSCH due to collision between PUCCH resource and invalid symbol. 
· Following options can be considered to reduce the Type-3 HARQ-ACK codebook size:
· Alt.1: The requested HARQ-ACK codebook contains the number of all DL HARQ processes for all the configured/activated SPS configuration(s) in the activated CC(s).
· Alt.2: The requested HARQ-ACK codebook contains only the number of DL HARQ processes for the indicated SPS configuration(s) in the activated CC(s). 
· Alt.3: The requested HARQ-ACK codebook contains a set of DL HARQ processes for the configured/activated SPS configuration(s) in the activated CC(s).
· FFS the PUCCH resource determination for the triggered Type-3 HARQ-ACK codebook for SPS PDSCH only.

Proposal 6:
· Support skipping PUCCH transmission if all HARQ-ACK bits in the PUCCH resource for SPS PDSCH only are NACK.

Proposal 7：
· Further study whether support dynamic indication of skipped SPS PDSCH occasions in Rel-17.

Proposal 8：
· Support PUCCH carrier switching for HARQ-ACK in Rel-17.

Proposal 9：
· Further study the PUCCH power control if PUCCH carrier switching for HARQ-ACK is supported.

[27] R1-2103574	Discussion on HARQ-ACK feedback enhancements for Rel.17 URLLC	NTT DOCOMO, INC.

Proposal 1: Support Alt. 1. Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid, where the “invalid” symbol stands for semi-static DL or SSB symbol.
Proposal 2: For definition of “next available PUCCH resource”,
· The “next available PUCCH resource” is the PUCCH resource in the earliest sub-slot/slot after the K1 indicated sub-slot/slot considering at least following conditions:
· Offset from PDSCH slot to deferral target slot/sub-slot doesn’t exceed maximum effective K1 limitation, where maximum effective K1 can be configured per SPS configuration;
· the PUCCH for deferred HARQ-ACK transmission in the sub-slot/slot has no collision with any semi-static DL symbol and SSB symbol.
· Keep the UE behavior for deferred SPS HARQ-ACK aligned with that in initial slot/sub-slot. 
· Candidate PUCCH resource for non-deferred SPS HARQ-ACK is PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN. 
· Intra-UE multiplexing is considered when determining target deferral slot/sub-slot.
· The “next available PUCCH resource” can consider an additional condition that “REs of the PUCCH resource in the sub-slot/slot allowed for SPS HARQ-ACK deferring can be configured/indicated by NW”.
Proposal 3: Support option 1, i.e. joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group.
Proposal 4: For HARQ-ACK CB construction for SPS HARQ-ACK deferring,
· If UE reports only deferred SPS HARQ-ACK information in the HARQ-ACK CB, simply order deferred SPS HARQ-ACK bits.
· If UE reports non-deferred HARQ-ACK information and deferred SPS HARQ-ACK information in the HARQ-ACK CB, deferred SPS HARQ-ACK bits are appended after non-deferred bits.
· For ordering deferred SPS HARQ-ACK bits, Rel.16 SPS HARQ-ACK bit order principle as in clause 9.1.2 of TS38.213 can be the baseline, i.e. based on serving cell index, SPS configuration index, SPS PDSCH slot index.

Proposal 5: If DCI 1_1 can be simultaneously configured with one-shot HARQ-ACK feedback and priority indicator field existing in DCI 1_1, type 3 HARQ-ACK CB consists of all HARQ process IDs regardless of priority indicated for each HARQ-ACK bit. The priority of the HARQ-ACK PUCCH is determined by physical priority indicator in the triggering DCI.
Proposal 6: If optimization for type 3 HARQ-ACK size reduction is supported, both Alt. 1 and Alt. 2 can be supported aiming for different use cases.
Alt 1: RRC configured sub-set of HARQ processes or serving cells for enhanced type 3 HARQ-ACK CB;
Alt 2: ‘Type 4 HARQ-ACK CB’ with all (NOT “dropped”) HARQ-ACKs in a time window indicated by DCI.
Proposal 7: Support DCI indicating skipping pattern for multiple SPS PDSCH occasions. More details need to be further studied such as DCI format, indication for one or multiple SPS configurations, skipping pattern application time and update, etc.
Proposal 8: For SPS HARQ payload size reduction (of non-skipped SPS PDSCH),
· Support HARQ-ACK bundling in condition that dynamic indicated SPS skipping pattern is supported. 
· HARQ-ACK disabling /skipping for certain SPS configurations can be supported. FFS whether/how to skip HARQ-ACK of SPS PDSCH for the case when SPS HARQ-ACK and dynamic HARQ-ACK to be reported in one type 1 HARQ-ACK CB.
· FFS whether to support ACK skipping in condition that dynamic indicated SPS skipping pattern is supported.
· NACK skipping is not supported.
Proposal 9: Support slot-based PUCCH repetition for PUCCH formats 0 and 2.
Proposal 10: Support type 1 HARQ codebook for sub-slot based HARQ-ACK feedback in Rel.17.
Proposal 11: PUCCH carrier switching is not supported. It can be achieved by gNB scheduling a PUSCH on another CC overlapping with the PUCCH.
Proposal 12: If PUCCH carrier switching is supported, Alt. 2B and Alt. 2C are preferred.

[28] R1-2103610	HARQ-ACK feedback enhancement for IIoT/URLLC	Lenovo, Motorola Mobility

Proposal 1: A UE defers HARQ-ACK, if a corresponding HARQ-ACK codebook consists of only HARQ-ACK information for SPS PDSCH(s) without a corresponding PDCCH(s).  
Observation 1: For Type-1 (i.e. semi-static) HARQ-ACK codebook, the Rel-15/16 codebook construction method is not directly applicable to deferred HARQ-ACK (i.e. K1 value for PDSCH-to-HARQ feedback timing needs to be redefined).
Observation 2: For Type-2 (i.e. dynamic) HARQ-ACK codebook, deferred SPS PDSCH HARQ-ACK bits may need to be re-ordered, if additional SPS PDSCH HARQ-ACK bits are multiplexed in a newly determined PUCCH resource. 
Proposal 2: Support deferred HARQ-ACK transmission with concatenation of a delayed HARQ-ACK codebook and a current scheduled HARQ-ACK codebook to construct an aggregated HARQ-ACK codebook. 
Proposal 3:  Support one shot HARQ-ACK transmission for all HARQ processes in a CG-PUSCH resource. 
Proposal 4: Support skipping of HARQ-ACK feedback (both ACK and NACK) for a consecutive number of SPS PDSCH occasions:
· Number of consecutive SPS PDSCH occasions for skipping HARQ-ACK can be configured by gNB.
Observation 3: Configuring a UE with multiple PUCCH carriers and allowing the UE to dynamically switch across the configured PUCCH carriers can provide the UE with more HARQ-ACK transmission opportunities under dynamic TDD operation.
Observation 4: UE should be able to perform dynamic PUCCH carrier switching without dynamic indication to enhance HARQ-ACK feedback consisting of only SPS PDSCH HARQ-ACK bits.
Proposal 5: Support dynamic PUCCH carrier switching based on semi-static rules (Alt 2B). 

[29] R1-2103695	Discussion on HARQ-ACK enhancement for URLLC/IIoT	WILUS Inc.

· Observation 1: The DTX issue can be addressed when a gNB blindly detects presence of PUCCH transmission on the PUCCH resource indicated by the DCI format. Also, since the gNB would transmit the DCI format with much higher reliability, the miss-detection of the DCI format can be rare especially for URLLC operation.
· Proposal 1: For half duplex TDD CA operation to be applicable to SPS HARQ-ACK deferral, it needs to further regard symbols for semi-static DL and SSB in a different carrier as invalid symbol(s).
· Proposal 2: If more than one PUCCH resource is configured and valid, then the UE selects the earliest PUCCH resource not starting before the PUCCH resource for the SPS HARQ-ACK information.
· Proposal 3: Define a limit on the maximum deferral as K1+KdefKth
· Proposal 4: In case of PUCCH repetition, apply a limit on the maximum deferral to each PUCCH repetition.
· Proposal 5: Support one-shot triggering of enhanced Type-3 HARQ-ACK CB. 
· Further discuss how to configure/indicate HARQ process numbers. 
· Proposal 6: One-shot HARQ-ACK codebook is used for re-sending of cancelled HARQ-ACK information and the following aspects should be further enhanced.
· Determination of Type-3 HARQ-ACK CB priority, Support of DCI format 1_2 triggering Type-3 HARQ-ACK CB, and inclusion of HARQ-ACK associated with SPS release DCI.
· Proposal 7: RAN1 should further down-scope the methods for SPS HARQ skipping & payload size reduction as follows and discuss whether or not to support the methods.
· For the category targeting skipped SPS PDSCHs, method 1 (NACK skipping)
· For the category targeting SPS HARQ-ACK payload size reduction, method 3 (ACK skipping) or method 5 (HARQ-ACK disabling)
· Proposal 8: To support Type-1 HARQ-ACK codebook with sub-slot K1 granularity, the following general rules can be considered. 
· For a given (sub-slot-level) K1 value k1, find the DL slot corresponding to the UL sub-slot n-k1.
· Validity of each SLIV in a TDRA table R for the DL slot is checked. The invalid SLIVs are removed from the TDRA table R.
· The validity is checked based on semi-static UL/DL configuration, i.e., if a symbol corresponding to an SLIV overlaps with semi-static UL symbol, then the SLIV is invalid. 
· And the validity is further checked based on the last symbol of an SLIV, i.e., if the last symbol of an SLIV does not overlaps with the UL sub-slot n-k1, then the SLIV is invalid.
· If the TDRA table R is not empty, then generates Type-1 HARQ-ACK CB for the DL slot. 
· If a UE has no capability to receive more than one unicast PDSCH per DL slot, then one HARQ-ACK occasion is added to the Type-1 HARQ-ACK CB. 
· If a UE has capability to receive more than one unicast PDSCH per DL slot, overlapping of SLIVs are further checked and then finds a set of SLIVs to be represented as one HARQ-ACK occasion. 
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3GPP TSG-RAN WG1 Meeting
#104bis-e R1-210XXXX
e-Meeting, April 12t — 20", 2021
Agenda item: 8.3.1.1
Source: Moderator (Nokia)
Title: Moderator summary #X on HARQ-ACK feedback

enhancements for NR Rel-17 URLLC/IIoT — Topic 1: SPS HARQ-ACK dropping for
TDD

Document for: Discussion and Decision

1 Introduction

This is the discussion document using NWM tool for discussing [104b-e-NR-R17-1IoT_URLLC-01]
Topic 1: SPS HARQ-ACK dropping for TDD

The same section numbering of the initial moderator summary in R1-2102825 is to be used for the
related subsections (to align with the section numbering there).

2 Discussion on SPS HARQ-ACK dropping for TDD

2.1 Definition of when to defer from the initial slot:
Looking at the input contributions the following can be noted:

There are rather split views — but seems there is more interest from companies in Alt. 1, 1A and 2
compared to Alt. 3 and the new Alt. 3A (enhanced Alt. 3 by additional ‘invalid symbol pattern’)

Comparing the all alternatives, they differ seem to differ in the following properties

1. Should HARQ-ACK be deferred, even if multiplexing in the initial slot would be
possible (resulting in larger HARQ latency)?

- Yes: Alt. 1A (defer in case of collision of SPS HARQ resource even if otherwise mux is possible)

1





- No: Alt. 1, 3, 3A (using Rel-16 multiplexing rules in the initial slot), Alt. 2 (intra-slot deferral to
another resource if Rel-16 mux is not working out)

2. Can the Rel-16 UCI/HARQ-ACK multiplexing rules be changed in initial slot?

- Yes: Alt. 1A (defer in case of collision even if mux possible) , Alt. 2 (intra-slot deferral to another
resource if Rel-16 mux is not working out)

~No: Alt. 1,3 & 3A

So maybe there could be some input by different companies on these points.

So maybe there could be some input by different companies on these points.

Question 2.1.1: Should HARQ-ACK be deferred, even if multiplexing in the initial slot
would be possible (resulting in larger HARQ latency)?

Feedback Form 1: Deferral in inital slot if mux possi-
ble? Please provide your input on Q2.1.1 — starting
with Support / Not support / Object followed by
your explanation for your company’s position.

Item| Com- Comments
pany
1 vivo Not support. Not desirable from the perspective of latency and changing the
Mobile legacy UE behavior.
Commu-
nication
Co.,
2 CATT Support. The proposal can avoid the misalignment between gNB and UE on

the HARQ-ACK transmission if DCI is missed by the UE. In addition, it also
simplifies the SPS HARQ-ACK deferral design since UE can immediately de-
termine the target slot without taking the dynamic DCI into account. In terms
of latency, in a DL slot, the SPS HARQ-ACK would anyway be deferred. The
only difference is when the PUCCH resource for SPS HARQ-ACK is not avail-
able but another PUCCH resource scheduled by DCI is available in the slot
which is not typical case in our view. Even if it happens, it is expected that
SPS HARQ-ACK would be deferred by just one more UL slot in the typical
TDD deployment.

3 Nokia Not support.
Germany | Will increase the HARQ latency unnecessarily as pointed out by vivo above.






Item| Com- Comments
pany
4 NTT DO- | Not support. It will lead to larger HARQ-ACK feedback latency. On the
COMO other hand, it is not preferred to change legacy Rel-16 UE behavior. In our
INC. understanding, misalignment issue caused by DCI missing already exists instead
of being introduced by SPS HARQ-ACK deferral feature. It’s strange that it
was not considered before but considered now in SPS HARQ-ACK deferral
which targets for SPS HARQ-ACK dropping issue.
5 China Not support. We think Rel-17 enhancement should not bring larger latency
Telecom- than Rel-16 mechanism.
munica-
tions
6 Samsung Not support.
Elec- 1) As clearly mentioned, it increase latency.
tronics 2) Note that this time is for the enhancement of "URLLC” HARQ-ACK
Romania
7 Intel Ko- | Not support with current formulations, but likely to support the intention.
rea, Ltd. We would like to clarify what is meant by ”if mux is possible”. If this is based
on waiting all potential dynamic triggers and only then deciding to defer or not,
then we think it should not be supported. In our understanding the robust and
simple way is to not rely on dynamic triggers.
8 Sony Eu- | Not support. This suggest to skip Rel-15/Rel-16 multiplexing mechanisms. It
rope B.V. | also introduces latency.
9 WILUS Not support. To reduce latency (due to deferral), gNB can schedule DG HARQ-
Inc. ACK information in the initial slot.
10 ZTE Cor- | Support.
poration For 1A, we have further explanation which could be added as note for 1A.

The deferral can be intra-slot or inter-slot. If the deferred PUCCH satisfy the
multiplexing condition in intra-slot, it can multiplex with other PUCCH in the
initial slot.






Item

Com-
pany

Comments

11

Ericsson

LM

Support.

The question is formulated that supporting such proposal increases the delay.
This is not the way we look at the problem. We suggest to reformulate the ques-
tion that different alternatives are characterized such that the ”pre-determined
occasion HARQ-ACK transmission or not”. The issue is as the following;:

e For DL SPS HARQ-ACK, the occasion of HARQ-ACK transmission
is pre-determined based on configuration. If there is HARQ-ACK for
dynamic PDSCH, they can be sent together. However, still the NW knows
when a DL SPS is activated, when to expect HARQ-ACK. This is the
underlying principle in Rel-15 and Rel-16.

e Now, in Rel-17, we intend to defer DL SPS HARQ-ACK based on semi-
static conditions such as collision with DL slots. However, the pre-
determined behavior for HARQ-ACK transmission should be
maintained, otherwise it cost unnecessary implementation cost due to
change of behavior.

e That is the fundamental issue with proposal when the dynamic
scheduling affects the timing of transmission of DL SPS HARQ-
ACK.

e On assuming that keeping the Rel-15/Rel-16 framework increases the de-
lay is misleading in our view. Firstly, based on all the semi-static con-
figuration, the NW can decide how to configure DL SPS that in case of
deferral the delay is acceptable in general. Relying on scheduled trans-
missions to improve the delay occasionally, is not a proper approach for
overall performance. Otherwise, one questions the usage of DL SPS to
begin with.

12

Guang-
dong
OPPO
Mobile

Telecom.

Deferral does not take multiplexing into account. Aim for minimal standard-
ization efforts and UE complexity, defer determination should be semi-static.
Furthermore, condition to check valid PUCCH should be uniform for any slot,
including initial slot, deferral slot, and target slot. So, to improve discussion
efficiency, we suggest to focus on definition of target slot only. To be specific,
Deferral is before multiplexing decision.;

Only PUCCH resources configured to SPS PDSCH is used to check the valid
PUCCH;

The total SPS HARQ-ACKSs (both deferred SPS HARQ-ACK and non-deferred
SPS HARQ-ACK) associated to the slot are used to determine a PUCCH re-

source.

13

HUAWEI
TECH-
NOLO-

GIES Co.

Ltd.

Slightly prefer “Not support”. Looking at the views from other companies here,
it is observed that Alt.1 has the benefit of latency while Alt.1A has the benefit
of reliability to avoid the impact of DCI missing. It is a little bit difficult to say
which one is better at this stage, we are open with either of them. The answer
to this question depending on whether Alt.1 or Alt.1A will be adopted.

14

Motorola
Mobility
UK Ltd.

Not support. UE has to use Rel-16/Rel-17 multiplexing rule first in the initial
slot to avoid unnecessary additional delay for HARQ-ACK feedback.






Item| Com- Comments
pany
15 Qual- No support;
comm HARQ ACK should not be deferred if in the same slot or sub-slot there is
Tech- another PUCCH - feedback to DG PDSCH- with which the SPS PUCCH
nologies HARQ can be multiplexed. If there is any PUCCH resource in the PUCCH-
Int ConfigurationList of the PUCCH for the DG PDSCH, in the same slot or sub-
slot, which PUCCH resource is sufficient for SPS PUCCH HARQ bits + HARQ
bits for the DG PDSCH feedback, then, one of these PUCCH resources can be
used for SPS PUCCH HARQ transmission, without the need for the UE to
defer HARQ.
16 NEC Cor- | Not support. As mentioned by other companies above, it may lead to large
poration latency, so no need to change the legacy UE behavior for multiplexing in the
initial slot.
17 Spread- Not support. Not clear about the motivation, and multiplexing with DG
trum HARQ-ACK is supported.
Communi-
cations
18 Asia Prefer not support as it increases latency, but the DCI missing issue as pointed
Pacific out by the proponents should be addressed.
Telecom
co. Ltd
19 CAICT Slightly prefer not support.

If there are HARQ-ACK for dynamic PDSCH in the initial slot while DCI is
missed by the UE, there may be two cases that results in different SPS HARQ-
ACK decision by UE and gNB.

Case 1: Dynamic PUCCH is valid while Semi-static PUCCH is invalid. It
is possible UE assumes the SPS HARQ is deferred while gNB would assume
SPS HARQ-ACK is transmitted in the dynamic PUCCH and not deferred.
Certainly, gNB could not detect dynamic PUCCH since it is not transmitted
at all. gNB could decide SPS HARQ-ACK is deferred conditioned that gNB
“initial PUCCH?” is not detected.

Case 2: Dynamic PUCCH is invalid while Semi-static PUCCH is valid. UE
transmits SPS HARQ-ACK in Semi-static PUCCH while gNB thinks the SPS
HARQ-ACK is deferred since dynamic PUCCH is invalid. For this, gNB could
blind detect semi-static PUCCH. As long as the semi-static PUCCH is detected,
gNB could be aware of SPS HARQ-ACK not deferred. If gNB fails to detect
the semi-static PUCCH, there would be misalignment between gNB and UE.
Anyway, this could be a corner case since it only occurs when DCI is missed
by UE and UE semi-static PUCCH is failure to be blind detected by gNB
simultaneously.

Therefore, if gNB supports PUCCH blind detection assuming DCI is missed by
UE, SPS HARQ-ACK needs not to be deferred.

Question 2.1.2: Should the Rel-16 HARQ-ACK multiplexing in the initial slot be
changed?






Feedback Form 2: Change of UCI mux in initial slot?
Please provide your input to 2.1.2 — starting with
Support / Not support / Object followed by your
explanation for your company’s position.

Item| Com- Comments
pany
1 vivo Not support.
Mobile
Commu-
nication
Co.,
2 CATT Support. It is related to the previous question.
3 Nokia Not support.
Germany | To keep this simple. Maybe a second SPS PUCCH config could be considered
(to increase the multiplexing possibility in the initial and/or target slot) - but
this is not really a must.
4 NTT DO- | Not support.
COMO
INC.
5 China Not support
Telecom-
munica-
tions
6 Samsung Not support.
Elec- However, we would like to clarify that alt. 2 does not change Rel-16 UCI multi-
tronics plexing behaviour. In our understanding, for alt 2, UE first decides a PUCCH
Romania | for the SPS HARQ-ACK (either a PUCCH configured for SPS HARQ-ACK or
DG HARQ-ACK), then Rel-16 multiplexing rules apply. What is different from
Rel-16 is the PUCCH resource determation. The UCI multiplexing remains the
same.
7 Intel Ko- | Support in principle.
rea, Ltd. We consider that to not rely on dynamic triggers and multiplexing possibility
with other UCI, the candidates for SPS PUCCH transmission are better to be
increased, that is why the update/change to the initial mux can be possible.
8 Sony FEu- | Not support. Shouldn’t change Rel-16 behaviour.
rope B.V.
9 WILUS Not support.
Inc. Rel-16 UCI multiplexing behavior can be applied with additionally configured
PUCCH resources.
10 LG Elec- | Support.
tronics We think it is beneficial to suppor deferral in semi-
Inc. static manner. Moreover, even if deferral occurs in initial slot, HARQ-

ACK can be multiplexed naturally if we don’t change any UE behavior in

the initial s






Item| Com- Comments
pany
11 ZTE Cor- | I am not sure I quite understand the question. As we propose 1A, it doesn’t
poration mean the UCI mux should be changed. If the deferred PUCCH satisfies the
condition of multiplexing in the initial slot, it can multiplex with other channels
in the initial slot. The multiplexing principle doesn’t change just intra-slot defer
before multiplexing, but in intra-slot defer case, the final consequence is the
same with Altl.
12 Ericsson The question is not clear to us, as mentioned by some other companies.

LM We think the key question is the previous one. or in other words, this is the
consequence of whether a pre-determined timing for DL SPS HARQ-ACK (ir-
respective of intra-slot, inter-slot, etc) deferring is used or not.

If yes, one can discuss whether the PUCCH resources for DL-SPS only can be
extended or not .
If no, one can discuss whether PUCCH resources for dynamic HARQ-ACK
should be extended or not. However, we assume the understanding is that the
same UCI multiplexing procedure is used.
Maybe the intention of the question is more related on the PUCCH resources
as explained above.

13 HUAWEI | Slightly prefer “Not support. Refer to the analysis in 2.1.1

TECH-

NOLO-

GIES Co.

Ltd.

14 SHARP Not support.

Corpora-

tion

15 Motorola Not support

Mobility

UK Ltd.

16 Qual- No support. The proposal is that both SPS PUCCH HARQ and HARQ for
comm DG PDSCH can be multiplexed in the same UCI, independently of their prior-

Tech- ities, provided that the multiplexing does not cause any collision. Hence, the

nologies assumption is that the PUCCH resource is large enough to carry HARQ bits

Int from both SPS PUCCH HARQ Process and from HARQ for DG PDSCH.

17 NEC Cor- | Not support.
poration

18 Spread- Not support. We agree with Samsung's view and Rel-16 HARQ-ACK multi-
trum plexing rule is not changed.

Communi-

cations

19 Beijing Not support

Xiaomi

Mobile

Software

20 Asia Not support.

Pacific

Telecom

co. Ltd






Another thing to note was, that several companies brought up the consideration of
multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList, which are in case also UCI is to be
transmitted in the initial slot are in a way similarly ‘semi-statically configured’ — as the PUCCH
resources for HARQ-ACK are (i.e. there should not be any missed DCI issue with respect to those).
Therefore, it would be good to get this clarified, if the alternatives (for moderator reading at least
Alt. 1 and 1A may be impacted) would need to be modified to also include these PUCCH resources.

So what the moderator here means, if the CSI PUCCH resources would need to be also considered as
PUCCH configurations in case also CSI is to be multiplexed in the initial slot and also the SPS
HARQ-ACK for this case would lead to deferral. E.g. if considering the CSI PUCCH resources, the
following change to Alt. 1 would be appropriate (track changes in bold)?

Alt. 1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as
the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16, er
n1PUCCH-AN, multi-CSI-PUCCH-ResourceList or pucch-CSI-ResourceList is not valid

Note: This means, that if SPS HARQ-ACK is multiplexzed with any other UCI / dynamic PUCCH
resource then it cannot be deferred!

Question 2.1.3: Would SPS HARQ-ACK be deferred in case it is multiplexed with CSI
on the initial slot and the resulting PUCCH resource (from
multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList) is not valid?

Feedback Form 3: Handling of PUCCH resources for
CSI: Please provide your input on Question 2.1.3 —
starting with Yes / No followed by your explanation
for your company’s position.

Item| Com- Comments
pany

1 vivo No. After multiplexing, if the PUCCH resource is not valid, then it should also
Mobile follow the legacy behaviour that is dropping the PUCCH, SPS HARQ-ACK
Commu- should NOT be deferred.
nication
Co.,

2 CATT Yes. It is also related to previous questions in case there is dynamic HARQ-
ACK in the initial slot. If option 1A is adopted, then it is not clear whether
dynamic HARQ-ACK should be considered to multiplex SPS HARQ-ACK with
CSI.






Item| Com- Comments
pany
3 Nokia Yes.

Germany | Looking at the predictability, a CSI occasion in a slot is as predictable (not
affected by missed DCI) as HARQ-ACK. Therefore , we think if SPS HARQ is
multiplexed on the CSI PUCCH resource, then also there the SPS HARQ-ACK
could be deferred.

4 NTT DO- | No. Since we don’t support deferral in initial slot when mux is possible (as ques-

COMO tion 2.1.1), we think a unified solution is preferred for multiplexing regardless

INC. multiplexing with dynamic HARQ-ACK, or multiplexing with CSI, or multi-
plexing with PUSCH. So we don’t support deferral when SPS HARQ-ACK is
multiplexed with CSI and the result PUCCH resource is not valid.

5 China Yes

Telecom-

munica-

tions

6 Samsung No need to consider CSI resources — the probability that PUCCH resources for

Elec- SPS HARQ-ACK are unavailable while PUCCH resources for CSI are avail-

tronics able in a slot is practically zero. No need to complicate the specifications for

Romania functionalities with no realistic deployment scenario.

7 Intel Ko- | Not support. Consideration on multiplexing of SPS HARQ with other UCI
rea, Ltd. when deciding on deferral complicates the procedures. We would like to make
the decision on deferral as semi-static as possible.
8 Sony Eu- | Question 2.1.3 seems to say that after multiplexing the PUCCH resource for
rope B.V. | CSI is not valid. For clarification can the SPS HARQ-ACK be transmitted if
it was not multiplexed into CSI PUCCH, that is SPS HARQ-ACK PUCCH
was valid to being with and only become invalid after multiplexing with CSI
PUCCH? If it could be transmitted if it was not multiplexed into CSI PUCCH
then it should not be deferred otherwise it should be deferred.
9 WILUS Not supported. If additional configured PUCCH resources are needed, PUCCH

Inc. resources in PUCCH-ResourceSet would be enough to multiplex SPS HARQ-

ACK.
10 LG Elec- | Yes. (In general)

tronics Of course, it is highly up to methods of deferral determination. Though it is

Inc. unclear what are assumed in here, UE can try UL multiplexing with semi-static
PUCCH in order to determine deferral.

11 ZTE Cor- | Yes,
poration the CSI-PUCCH resource can be included into the available resource for HARQ-

ACK of SPS PDSCH to be multiplexed.

@CATT, I am not sure why you said it is not clear whether dynamic HARQ-
ACK should be considered to multiplex SPS HARQ-ACK with CSI if option
1A is adopted. As I explained in previous answer, 1A can support intra-slot
deferral, the multiplexing in the same initial slot could be done after the deferral.






Item| Com- Comments

pany

12 Ericsson No. Based on the principle we described in Q2.1.1.

LM I think it is better to establish the underlying principles. when that is in pace, it

would be easier to discuss different overlapping cases for dynamic HARQ-ACK
and CSIL.
Again, in our view, the deferring mechanism for DL, SPS in Rel-17 should result
in a pre-determined timing for transmission of DL SPS HARQ-ACK
as in Rel-15/Rel-16. With that, if along the way, there is overlapping with CSI
or dynamic HARQ-ACK, the multiplexing is applied on top. Not the other way
round, i.e. the multiplexing does not decide for deferring.

13 Guang- Do not support using CSI PUCCH resources to check the validity of PUCCH.
dong CSI PUCCH resource usually carries large payload size and occupies more sym-
OPPO bols. If PUCCH configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN can
Mobile not be used, CSI PUCCH also has a good chance to collide with slot format con-
Telecom. figuration. Moreover, if CSI PUCCH resource is introduced, PUCCH resource

determination procedure for SPS HARQ-ACK needs to be updated.

14 HUAWEI | Yes. Also for Alt.1A, the SPS A/N can be multiplexed with CSI and does no
TECH- need to defer as the occurrence of the semi-static CSI is predictable.

NOLO-

GIES Co.

Ltd.

15 Motorola | Yes. CSI reports are dropped, but SPS HARQ-ACK can be deferred.

Mobility

UK Ltd.

16 Qual- No support. The question is not clearly formulated. In general if SPS PUCCH
comm HARQ is multiplexed with other dynamic UCI types and the PUCCH resource
Tech- is not valid, then, SPS PUCCH HARQ is not eligible for deferral, everything is
nologies dropped.

Int Or, is the question for support for the case in which
- SPS PUCCH HARQ is multiplexed with CSI on the initial slot and
- PUCCH resource (from multi-CSI-PUCCH-ResourceList and
pucch-CSI-ResourceList) is not valid for the transmission of both SPS PUCCH
HARQ bits and CSI reports, but
- PUCCH resource is valid for the transmission of SPS PUCCH
HARQ bits
And in which case SPS PUCCH HARQ is not deferred but transmitted at the
initial slot?

However, this case is a corner case and it should be dealt later when when the
major questions of the deferral are solved.

Or, is the question what does it happen if periodic CSI reporting is config-
ured together with some occasions of SPS PUCCH HARQ? Then, in this case,
support for dropping everything and deferring HARQ bits only.

17 NEC Cor- | Not support. We share same view with DOCOMO that a unified solution is
poration preferred. When SPS HARQ-ACK in the initial slot can be multiplexed with

other UCI, UE will not defer SPS HARQ-ACK and follow legacy rule to drop
the PUCCH if the multiplexed PUCCH resource is invaild.

10






Item| Com- Comments
pany
18 Spread- No. The wording is not clear enough. If HARQ-ACK for SPS is not available
trum and dropped, the CSI PUCCH resource and DG HARQ-ACK PUCCH resource
Communi- | can be applied. But if SPS HARQ-ACK is already multiplexed with CSI and
cations dropped, further derffering is not supported.
19 Asia Yes, as the CSI resource is preconfigured, there is no issue to defer HARQ-ACK
Pacific to the next slots.
Telecom
co. Ltd
20 Beijing Not support, if SPS PUCCH HARQ is multiplexed with other dynamic UCI
Xiaomi types and the PUCCH resource is not valid, everything is dropped.
Mobile
Software
2.1.1 Round 1

Based on the Round 0 of the NWM, the following can be noted based on the feedback to Questions
2.1.1 to Question 2.1.3:

-On Q 2.1.1, there seems to be a strong majority suggesting the SPS HARQ-ACK should not be
deferred if the multiplexing in the initial slot is possible (hinting to not support Alt. 1A)

-On Q 2.1.2, there seems to be a strong majority of companies suggesting that the SPS HARQ-ACK
multiplexing in the initial slot to be not changed to the Rel-16 multiplex rules

-On Q 2.1.3, there is no clear tendency available
-Moderator comment: maybe to leave this for this meeting / for now

- On all 3 questions, there seem to have been some confusion with the intention of the moderator

So maybe the only way to proceed is to get back to the options we have and see if we could later on
during this meeting to further down-select between the options (reduce the number options at least
for further consideration). For further definition please see the moderator summary as input to this
meeting.

Question 2.1.4: Which of the alternatives do you support:

Alt. 1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be
transmitted as the resulting PUCCH resource for transmission using the PUCCH by

11





SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid

Alt. 1A: Deferral only, if the PUCCH resource configured by
SPS-PUCCH-AN-List-r16 or nlPUCCH-AN for the HARQ-ACK transmission
assuming SPS HARQ-ACK only is not valid in the initial slot/sub-slot

Alt. 2: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be
transmitted as the resulting PUCCH resource for transmission using
SPS-PUCCH-AN-List-r16, n1IPUCCH-AN or other configured PUCCH resource(s) is
not valid

Alt. 3: Defer if there is no available symbol for an UL transmission in the initial
slot /sub-slot

Alt. 3A: Defer if there is no available symbol for an UL transmission in the initial
slot /sub-slot including additionally configured with invalid symbols/slots for SPS
HARQ-ACK

Please provide your input below — please note that there are separate feedback forms
for each of the alternatives (to make the tracking of your support easier).

Feedback Form 4: Should alternative 1 be supported?
Please start your reply with ‘support / not support /
object’ followed by the explanation of your company’s

position.
Item| Com- Comments
pany
1 vivo Support. To keep the legacy behavior and reduce the SPS HARQ feedback
Mobile latency.
Commu-
nication
Co.,

2 Sony Eu- | Firstly, it looks like Alt-1, Alt-2 and Alt-3 are not really alternatives. For
rope B.V. | example, it doesn’t matter what happens in Alt-1, if Alt-3 occurs, nothing can
be transmitted in the uplink. I take it we are trying to pick which rules to
apply when deciding whether to defer or not rather than pick one of the above
alternatives.

As for Alt-1, does this mean that SPS HARQ-ACK is deferred if:

1) PUCCH resource for SPS HARQ-ACK is invalid

AND

2) A dynamically scheduled PUCCH is also invalid.

So if there is no dynamically scheduled PUCCH then we do not consider step
2 above even though there may be resources configured for dynamic PUCCH.
If the above is the intention then we support Alt-1. If not please clarify.

12





Item| Com- Comments
pany

3 Sony Eu- | After reading the alternatives again, it seemed what I suggested is covered in
rope B.V. | Alt-2, where the other PUCCH can be for dynamic PUCCH. So we do NOT

SUPPORT Alt-1.

4 Spread- Not support. Alt-2 is perferred.
trum
Communi-
cations

5 China Not support. It causes gNB and UE different understandings on whether SPS
Telecom- HARQ-ACK is deferred when UE misses the DCI scheduling the HARQ-ACK
munica- to be transmited in the dynamic PUCCH resource. Since gNB thinks the SPS
tions HARQ-ACK would be multiplexed on the dynamic PUCCH resource, but UE’s

behavior is to defer the HARQ-ACK.

6 Intel Ko- | Not support Alt.1. However, if the discussion broken down to aspects mentioned
rea, Ltd. by Sony, i.e. whether to consider dynamic mux or not, may be it would be easier

to reach the common ground.

7 Samsung No support Alt. 1. What if a UE misses DCI scheduling dynamic PUCCH?
Elec- We think that triggering deferring is determined by dynamic DCI as well as
tronics semi-static configuration.

Romania

8 NTT DO- | Support.

COMO With Alt 1, Rel-16 UCI multiplexing rule is reused.
INC.

9 CATT Not support. There would be misalignment between gNB and UE if DCI

scheduling dynamic PUCCH is missed.

10 ZTE Cor- | Not support. Alt.1 has the DCI missing problem as UE need the DCI for
poration dynamic scheduled PUCCH if considering multiplexing before deferring.

11 Nokia Support.

Germany | Enables re-using the Rel-16 multiplexing rules (so minor specification effort
compared to changed the rules there).

12 Panasonic | Support. Alt.1 would require less specification impact for UCI multiplexing
Corpora- behavior. Missed DCI issue would be handled well by reliable DCI transmission.
tion

13 LG Elec- | Not support. We should consider DCI missing problem in the deferral case.
tronics Since deferral affect initial slot but also target slot, if deferral in multiple slot
Inc. are targeting a same slot, there would be multiple hypothesis and PUCCH

reliability is highly degraded. Considering TDD pattern and agreement on
what is next available slot, it would be common situation.

14 HUAWEI | Alt.1: Support. The multiplexing of DG and SPS HARQ-ACKs would follow
TECH- the Rel-15 rule, and the latency would be improved.

NOLO-
GIES Co.
Ltd.

13






Item| Com- Comments
pany
15 NEC Cor- | Support. Alt.1 can reusing the legacy multiplexing rule.
poration
16 Guang- Support.According below agreement, we could see that collision is determined
dong by semi-static slot format configuration. In other words, collision can be pre-
OPPO dictable. So reasonable PUCCH resource set for SPS HARQ-ACK can be pre-
Mobile configured to reduce deferral. For example, PUCCH resource for SPS HARQ-
Telecom. ACK is configured based on the intersection of UL symbol and/or flexible sym-
bol location among slots other than all-DL-symbol slot.
Agreements:

e Support deferring SPS HARQ-ACK dropped due to TDD specific colli-
sions until a next available PUCCH in Rel-17 based on semi-static con-
figuration of slot format

o FFS: Details (including possible conditions for such a deferring, whether
or not to consider semi-statically configured flexible symbols for PUCCH avail-
ability, etc.)
o Aim for minimal standardization efforts and UE complexity in implemen-
tation
In practice, slot format configuration is not too fancy. So, the benefit from
deferral is mainly to avoid SPS HARQ-ACK drop in all-DL-symbol slot, in
which any PUCCH resource, regardless of PUCCH resource in PUCCH resource
set for dynamic HARQ-ACK, SR and CSI, will still be dropped.
In addition, when we achieve the below agreement, “Aim for minimal stan-
dardization efforts and UE complexity in implementation” is highlighted, and
unified design principle should be applied. Note that dynamic SFI is periodic
signalling but dynamic scheduling DCI is unforeseen. The complexity from the
latter is larger than the former.
17 Motorola | Support.
Mobility
UK Ltd.
18 Ericsson I am not able to see the difference between Alt 1 and Alt1A. I sent an email on
LM reflector seeking for help :-)
As we explained before, in our view, the deferring mechanism for DL SPS in
Rel-17 should result in a pre-determined timing for transmission of DL
SPS HARQ-ACK as in Rel-15/Rel-16.
Any alternative that changes this principle is not acceptable.
19 Qual- Support Alt. 1
comm
Tech-
nologies
Int
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Feedback Form 5: Should alternative 1A be sup-
ported? Please start your reply with ‘support / not
support / object’ followed by the explanation of your
company’s position.

Item| Com- Comments
pany
1 vivo Not support.
Mobile
Commu-
nication
Co.,
2 Sony Eu- | Does Alt-1A means that SPS HARQ-ACK is deferred if:
rope B.V. | 1) 1) PUCCH resource for SPS HARQ-ACK is invalid
AND
2) Configured PUCCH resource for dynamic PDSCH HARQ-ACK is also invalid
regardless if any dynamical PUCCH is scheduled.
That is as long as there are PUCCH resources configured for dynamic PUCCH
then SPS HARQ-ACK can use it even though those resources are not intended
for SPS HARQ-ACK.
If the above description is the intention then we do NOT SUPPORT this. If
not please clarify.
3 Spread- Not support.
trum
Communi-
cations
4 China Not support.  Rel-16 multiplexing behavior in the initial slot/sub-slot is
Telecom- changed for this Alt.
munica-
tions
5 Intel Ko- | This Alt. 1A is our second preference, assuming dynamic mux is not considered
rea, Ltd. for deferral decision
6 NTT DO- | Not support.
COMO SPS HARQ-ACK may be deferred even though it can be multiplexed and trans-
INC. mitted. And this is different from Rel-16 legacy behavior.
7 Samsung Not support. It is understood that this option change multiplexing behavior in
Elec- initial slot.
tronics
Romania
8 CATT Support. According to Option 1A, the target slot is deterministic which would

not be impacted by dynamic signaling and also would simplify the UE imple-
mentation.
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Item| Com- Comments
pany
9 ZTE Cor- | Support. The main reason is to prevent the problem of DCI missing.

poration For Alt.1A, UE doesn’t need to know whether there is PUCCH resource for
dynamic PDSCH HARQ-ACK when UE determine to defer, UE just knows
the semi-static PUCCH resource, for example, the PUCCH resource for SPS
PDSCH,etc.

As OPPO pointed, Deferral does not take multiplexing into account. Aim for
minimal standardization efforts and UE complexity, defer determination should
be semi-static. To be specific, deferral is before multiplexing decision. We share
this point with OPPO.

From my understanding on 1A, there are minor difference with OPPO, deferral
determination in initial slot could be based on semi-static PUCCH resource,
but when decide the target PUCCH resource, UE could consider more PUCCH
resources including the dynamic scheduled PUCCH resources to reduce the
deferral latency. This means UE can decide to defer to the same slot with
initial slot to multiplex with DG PUCCH. Thus we propose: For Alt.1A, once
SPS HARQ-ACK is determined to be delayed, then the SPS HARQ-ACK can
be transmitted as the resulting PUCCH resource for transmission using SPS-
PUCCH-AN-List-r16, n1PUCCH-AN or other configured PUCCH resource(s)
from the initial slot/sub-slot.

10 Nokia Not support.

Germany | This will lead to larger delays for the SPS HARQ-ACK unnecessarily. Com-
pared to Alt. 1, we think the 'missing a DCI’ issue is not that big of an issue
here, as the same applies for any HARQ-ACK operation.

11 Panasonic | Support as second preference (if missed DCI is big issue)
Corpora-
tion
12 HUAWEI | Support. We admit that Alt.1A has the benefit of avoiding the impact from

TECH- missing DCI which may have impact on the reliability of the HARQ-ACK for

NOLO- other slot(s). It is a little hard to say which one is better between Alt.1 and

GIES Co. | Alt.1A, since one is beneficial for latency while the other is beneficial for reli-

Ltd. ability, both latency and reliability are important for URLLC. Probably both
can be supported and used for different use cases.

13 NEC Cor- | Not support. Alt.1A will change the Rel-16 UCI multiplexing rule related to
poration SPS HARQ-ACK and may introduce additional latency.
14 Guang- Not support

dong

OPPO

Mobile

Telecom.

15 Motorola Not support

Mobility

UK Ltd.
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Item| Com- Comments
pany

16 Qual- Do not support Alt 1A. The missing DCI issue occurs any time DCI is transmit-
comm ted. The probability of missing DCI is extremely low in URLLC. Even though
Tech- the DCI is missed, the UE defers the colliding with DL symbols SPS PUCCH
nologies HARQ, something that the UE would have done if this Alt 1A had been sup-
Int ported. The gain of Alt 1 is that 99.9999% of the time, DCI is decoded and

the bundle of SPS HARQ + HARQ for DG PDSCH is transmitted at the same
slot without deferral.

Feedback Form 6: Should alternative 2 be supported?

Please start your reply with ‘support / not support /

object’ followed by the explanation of your company’s

position.

Item| Com- Comments
pany

1 Sony Eu- | Support.
rope B.V. | Here we assume that this is similar to Alt-1 but here there are also other PUC-

CHs being scheduled for transmission.

2 vivo Not support for now. Alt.1 should be the baseline, Alt.2 can be viewed as
Mobile further enhancement on top of Alt.1. We would like to support Alt.1 first.
Commu-
nication
Co.,

3 Spread- Support. The flexibility is higher than Alt-1(A) and the latency can be main-
trum tained.

Communi-
cations

4 China Support if the intention is there is no available PUCCH resource with valid
Telecom- symbols in the initial slot/sub-slot, then inter slot/sub-slot deferral happens.
munica- As the formulation is somewhat different from the original Alt2, we would like
tions to check if the deferral means intra slot/sub-slot deferral or inter slot/sub-slot

deferral.

If the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-
AN for only the SPS HARQ-ACK transmission is invalid, the dynamic sched-
uled HARQ-ACK resource from PUCCH-ResourceSet is valid, but there is no
DCI scheduling the dynamic HARQ-ACK in the initial slot /sub-slot, the result-
ing PUCCH resource is the invalid SPS-PUCCH-AN-List-r16 or n1PUCCH-AN
resource. In this case, does this alternative mean the SPS HARQ-ACK is not
inter slot/sub-slot deferred and imply intra slot/sub-slot deferral

5 Intel Ko- | Alt. 2 is preferred, if the intention to decide on the deferral based on semi-
rea, Ltd. static information/conflicts, where the additional PUCCH resources are for the

purpose of increasing possibility of finding a valid resource in the slot/sub-slot
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Item

Com-
pany

Comments

Samsung
Elec-
tronics
Romania

Support Alt. 2, because

- a) provides the best intended performance (that is, minimizes latency)

- b) keeps the same UL multiplexing behaviour and cancellation (that is, mul-
tiplexing a cancellation)

- ¢) is robust to DCI decoding errors

NTT DO-
COMO
INC.

There seems two different understandings for current description of Alt 2:

1) Rel-16 UCI multiplexing and PUCCH resource determination rules are
reused. Deferral only when the result PUCCH after considering multiplex-
ing (if any multiplexing) is not valid. With this understanding, the condition
"other configured PUCCH resource(s)” is taken into account only when there
is UCI multiplexing.

2) Even though no UCI multiplexing, if the determined PUCCH resource using
SPS-PUCCH-AN-List-r16, nlIPUCCH-AN is not valid, UE wil check whether
any PUCCH resource in other configured PUCCH resource(s) is valid. Then
determine whether deferral based on the checking result for other PUCCH re-
source(s). With this understanding, "intra-(sub-)slot” is performed.

We can support the first understanding, but we don’t support the second un-
derstanding. In our opinion, it’s better to reuse PUCCH resource selection
principle, i.e. if only SPS HARQ-ACK in the PUCCH, PUCCH resource con-
figured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN will be used. Otherwise,
it seems contradicted with the motivation to introduce a separate configured
PUCCH resource for SPS HARQ-ACK.

CATT

Not support. Our understanding of Option 2 is that if the PUCCH resource
for SPS HARQ-ACK is not available in the initial slot/sub-slot, regardless of
whether dynamic PUCCH is scheduled to be transmitted in the same slot/sub-
slot, UE would check all the PUCCH resources configured in the slot/sub-slot,
and select one of them if it is available. It is also different from existing approach
and a new rule needs to be defined how to select the PUCCH resource if multiple
PUCCH resources are available.

ZTE Cor-
poration

Not support. The difference compared with Alt.1 is adding the other configured
PUCCH resource.

If the understanding 1 of DOCOMO is right, if other configured PUCCH re-
source(s)” is taken into account only when there is UCI multiplexing, how to
solve the possible DCI missing problem.

If the understanding 2 of DOCOMO is right, or according to understand from
CATT, the new rules should be defined to select PUCCH resources.

10

Nokia
Germany

Moderator comments:

The moderator understanding of Alt. 2 is, that if after applying the Rel-16
multiplexing operation the resource is not valid, the UE will look for an alter-
native resource for transmission in the initial slot by trying if intra-slot deferral
in the initial slot could be working.

Only if the intra-slot deferral is not possible, it would look for an alternative
'target slot”
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Item| Com- Comments
pany

11 Nokia Conditional support
Germany

We are open to have an other set of RRC configured resources (e.g. a
2nd set for SPS HARQ-ACK only, but there again - the same operation would
apply). But not that the UE would be looking for any PUCCH resource from
any PUCCH resource set.

12 Panasonic | Not support. We share the same view as CATT.

Corpora-

tion

13 WILUS Support.

Inc. Based on the moderator comments, we think alt 2 provides more chances to mul-
tiplex SPS HARQ-ACK information and gNB may configure proper PUCCH
resources in a slot so it is preferred in terms of latency.

14 HUAWEI | Not support. Alt.2 may result in collision & interference to other UEs due
TECH- to DCI missing, since usually the dynamic resource would be shared among
NOLO- multiple UEs.

GIES Co.

Ltd.

15 NEC Cor- | Not support. In our understanding, with the Alt.2, if the SPS HARQ-ACK in
poration the initial slot will be multiplexed with CSI on the configured PUCCH resource

for CSI while the PUCCH resource is invalid, deferral will be enabled. We
prefer legacy UE bahavior to direclty cancel the PUCCH transmission.

16 Guang- Not support
dong
OPPO
Mobile
Telecom.

17 Motorola Not support
Mobility
UK Ltd.

18 Qual- What is the difference between Alt 2 and Alt 17 That the PUCCH resource is
comm located at a different symbol and PRB of the same slot? Whilst in Alt 1, some
Tech- of the UL symbols are the same? If yes, then support Alt 2. Again the missing
nologies DCI ”issue” is not a considerable issue - no more than what it is in general.
Int
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Feedback Form 7: Should alternative 3 be supported?
Please start your reply with ‘support / not support /
object’ followed by the explanation of your company’s
position.

Item| Com- Comments
pany

1 Sony FEu- | Support.
rope B.V. | I do not see how any PUCCH (or PUSCH) can be transmitted if there are no

UL resources. Shouldn’t this be a fact?
Is there some other reasons to list this alternative, i.e. there are some reason
why without any UL resource, the UE can transmit something in the uplink?

2 vivo Not support. Alt-3 causes SPS HARQ dropping if its PUCCH resource collides
Mobile with the DL symbols which contradicts with the original spirit of support SPS
Commu- HARQ deferral.
nication
Co.,

3 Intel Ko- | We understand that Alt. 3 works, especially if there is additional feedback
rea, Ltd. retransmission mechanism. But it seems inferior to other alternatives which

do not consider dynamic multiplexing conditions, since causes more deferral in
general.

4 Samsung Not support. It is unclear what available symbol” means? Is it only applicable
Elec- to do defer if a slot includes all DL symbols?
tronics
Romania

5 NTT DO- | Not support.

COMO SPS HARQ-ACK deferral possibility is reduced and more SPS HARQ-ACK
INC. dropping will be resulted.

6 China Not support. If there is available symbol for an UL transmission in the initial
Telecom- slot /sub-slot but the symbol is not in any PUCCH resource, this Alt results in
munica- no deferral. However, the dropping in this case can be avoided.
tions

7 CATT Not support. Same reason as China Telecom.

8 Spread- Not support. If there is available UL symbols but no availble PUCCH resource
trum at a slot, the HARQ-ACK would be dropped for Alt.3 and the chance to further
Communi- | delay is lost, the performance is affacted.
cations

9 ZTE Cor- | Not support. Not clear about the no available symbols for UL transmission.
poration Does this mean if there are enough UL symbols, any SPS PUCCH could trans-

mit regardless the uplink symbols are not for PUCCH?

10 Nokia Not support
Germany | We think this condition here is too narrow and basically will only allow for

deferral, if all symbols of a slot are DL/SSB/coreset#0 symbols.

11 Panasonic | Not support. The behavior is unclear.

Corpora-
tion
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Item| Com- Comments
pany

12 WILUS Not support. We share the same view with China Telecom.

Inc.

13 HUAWEI | Not support. Alt.3 will still result in dropping HARQ-ACK often and thus
TECH- actually didn’t address the HARQ-ACK dropping issue. In addition, we don’t
NOLO- think the UE complexity brought by checking PUCCH resources before defer-
GIES Co. | ring for Alt.1/1A/2 is a problem, since anyway UE needs to do this in Rel-15
Ltd. even without the enhancements here for deferring.

14 NEC Cor- | Not support. We share the same view with China Telecom.
poration

15 Guang- Not support
dong
OPPO
Mobile
Telecom.

16 Motorola Not support
Mobility
UK Ltd.

17 Qual- The intention is not clear. Is the intention to capture the case in which at a
comin given slot there are no semi-statically configured UL symbols, but there are
Tech- flexible symbols? If yes, then, no support.
nologies
Int

Feedback Form 8: Should alternative 3A be sup-
ported? Please start your reply with ‘support / not
support / object’ followed by the explanation of your
company’s position.

Item| Com- Comments
pany

1 Sony Eu- | Support.
rope B.V. | Same as Alt-3, if there are no UL resources, there is no UL transmission. I

am not sure what else is there to consider. Also unclear the difference between
Alt-3A and Alt-3.

2 vivo Not support. We did not see additional benefits of Alt.3A compared to Alt.1.
Mobile Besides, Alt.3A needs to define additional invalid symbol pattern, more spec
Commu- efforts are required.
nication
Co.,

3 Intel Ko- | We understand that Alt. 3A works, especially if there is additional feedback
rea, Ltd. retransmission mechanism. But it seems inferior to other alternatives which

do not consider dynamic multiplexing conditions, since causes more deferral in
general.

4 Samsung Not support. It is unclear what "available symbol” means? Is it only applicable
Elec- to do defer if a slot includes all DL, symbols + invalid symbol?
tronics
Romania
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Item

Com-
pany

Comments

NTT DO-
COMO
INC.

Not support.
Similar to Alt 3, there will be more SPS HARQ-ACK dropping compared to
Alt 1.

China
Telecom-
munica-
tions

Not support. This Alt has the least deferral case similar to Alt 3.

CATT

Not support.

Spread-
trum
Communi-
cations

Not support. Reason is similar as Alt.3.

ZTE Cor-
poration

Not support. Same confusion with Alt.3

10

Nokia
Germany

Not support.
Reasons similar to Alt. 3

11

Panasonic
Corpora-
tion

Not support. Same unclarity with Alt.3.

12

WILUS

Inc.

Not support.

13

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

Not support. There is no need to introduce new solution to fix an Alt.3 problem
which does not exist in Alt.1/Alt.1A.

14

NEC Cor-
poration

Not support. Similar reasons to Alt.3.

15

Guang-
dong
OPPO
Mobile
Telecom.

Not support

16

Motorola
Mobility
UK Ltd.

Not support

17

Qual-
comimn
Tech-
nologies
Int

The same reply as for Alt. 3.

2.1.2

Round 2

The following feedback was received on the different alternatives for discussion during Round 1:
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Alt. 1: 9% Yes — 8x No
Alt. 1A: 5x Yes — 11x No

Alt. 2 7x Yes — 8x No
Alt. 3: 1x Yes — 16x No

Alt. 3A: 1x Yes — 16x No

The question is now, if we are able to reduce the number of options for further discussions here. Two
separate proposals are brought forward, one to not consider 3 & 3A anymore (which may be less
controversial and one to also not consider Alt. 1A anymore in the second proposal).

FL Proposal 2.1.1: For the further discussion on the initial slot handling of SPS
deferral, Alt. 3 and 3A are no longer considered.

Feedback Form 9: Alt. 3 and Alt. 3A are not con-
sidered any longer (FL Proposal 2.1.1) — start with
‘Support’ / ‘Not support’ / ‘object’ followed by your
explanation for your company’s position.

Item| Com- Comments
pany
1 CATT Support

2 LG Elec- | Support.
tronics
Inc.

3 NTT DO- | Support
COMO
INC.

4 Intel Ko- | Support, seems a natural outcome from the collected views so far.
rea, Ltd.
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Item| Com- Comments
pany
5 Sony FEu- | After reading the comments for Alt-3 and Alt-3A, I must say the proposal wasn’t
rope B.V. | clear. Some companies think Alt-3 would result in no deferral (e.g. China
Telecom, CATT) whereas others think it would result in too many deferrals
( e.g. Intel, Huawei), which suggest that different companies have different
interpretations of what Alt-3 is.
The way Alt-3 was phrased simply said to defer if there is no “available symbol”
for an UL transmission, which is like saying UE cannot transmit if there is no
UL resource which is rather superfluous. However, after reading Nokia’s T-doc
R1-2102819 on Alt-3, it suggested that deferral only occurs if the entire slot is
DL symbols and if there is any UL symbols the UE can somehow transmit the
PUCCH even if that UL resource was not meant for PUCCH and that the gNB
must somehow allocate a dynamic PUCCH for the UE in those UL symbols.
This isn’t really what was described in the formulation of Alt-3.
Since Alt-3 isn’t clear, we will not support it.
6 Sony Eu- | Just to be clear we support the proposal of not supporting Alt-3 and Alt-3A.
rope B.V.
7 vivo Support FL Proposal 2.1.1
Mobile
Commu-
nication
Co.,
8 China Support FL proposal.
Telecom-
munica-
tions
9 Spread- Support.
trum
Communi-
cations
10 Samsung Support
Elec-
tronics
Romania
11 Nokia Support
Germany

FL Proposal 2.1.2: For the further discussion on the initial slot handling of SPS
deferral, Alt. 1A is no longer considered.

24






Feedback Form 10: Alt. 1A is not considered any
longer (FL Proposal 2.1.2) — start with ‘Support’ /
‘Not support’ / ‘object’ followed by your explanation
for your company’s position.

Item| Com- Comments
pany
1 CATT Object. Removing Option 1A for now is not acceptable to us. It is a simple
solution which determines the target slot based on semi-static configuration so
that missed DCI would not lead to misalignment between gNB and UE. In terms
of latency, the difference between Option 1A and other options is marginal if
any in the typical TDD UL-DL configuration. Although it seems that Option 1
and 2 reduce the probability of deferral, we do not think it is a typical case that
the PUCCH resource for SPS HARQ-ACK is not available in a slot/sub-slot
but another PUCCH resource for an equal or larger payload size is available in
the same slot/sub-slot.
2 LG Elec- | Not support. As we mentioned before, the side effect of DCI missing should
tronics be considered for this issue. For latency in specific cases, gNB can control that
Inc. anyway since we have maximum deferral limited.
3 NTT DO- | Support.
COMO
INC.
4 Intel Ko- | We are not comfortable with removing this alternative. If future discussion
rea, Ltd. will be based on Alt. 1 and Alt. 2 only, there is no intermediate version, i.e.
semi-static only conflicts/deferring w/o additional PUCCH resources.
We were asking, if a first step in this topic could be agreeing on whether dynamic
multiplexing with other UCI can/cannot cause deferral. In our understanding,
this discussion will make the downselection easier.
) vivo support
Mobile
Commu-
nication
Co.,
6 China Support.
Telecom-
munica-
tions
7 Spread- Support.
trum
Communi-
cations
8 Samsung Support
Elec-
tronics
Romania
9 Nokia Support
Germany
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Item| Com- Comments
pany
10 Ericsson Not support/Object
LM We have been commenting that the behavior for DL SPS HARQ-ACK should
be remained pre-determined as in Rel-15 and Rel-16. We also explained the
claimed for increased latency are not justified because everything is in gNB
control.
Keeping pre-determined behavior is the main characteristics and different al-
ternatives should be categorized such that this property is remained or not. If
not, it has implementation complexity that is not justified.
We object to any scheme that does not fullfill this condiiton.
2.2 Definition of valid / invalid symbols in the target slot:

We made already an agreement in RAN1#104-e, that only semi-static DL symbols, SSB and
CORESET symbols are considered as invalid in the initial slot:

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial
slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’
or ‘no symbols for UL transmission’

This agreement is only covers the initial slot, but does not yet cover the determination of the target
slot. There had been rather diverse input — and the moderator would like to get some clear company
inputs based on the following question:

Question 2.2.1: For SPS HARQ-ACK deferral, for the determination of valid symbols
in the target initial-slot/sub-slot a collision with the following symbols is regarded as
‘invalid’ or ‘no symbols for UL transmission’:

- Option 1: Semi-static DL symbols, SSB and CORESET#0 only (i.e. same as in the
initial slot)

- Option 2: Also semi-static flexible symbols (in addition semi-static DL symbols, SSB
and CORESET#O0 only)

- Option 3: Other
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Feedback Form 11: Invalid symbols for target slot:
Please provide your input to Question 2.2.1 — starting
with Option X followed by your explanation for your
company’s position.

Item| Com- Comments
pany

1 vivo Option 1, same definition as for the initial slot.

Mobile
Commu-
nication
Co.,

2 CATT Option 1

3 Nokia Option 1, same definition as for the target slot.
Germany

4 NTT DO- | Option 1.

COMO
INC.

5 Samsung Option 1 — no need to also consider impact of DCI 2_ 0 — no change from in
Elec- Rel-15.
tronics
Romania

6 TCL Option 1
Commu-
nication
Ltd.

7 China Option 3. Whether a collision with semi-static flexible symbol is re-
Telecom- garded as ‘invalid’ or ‘no symbols for UL transmission’ (in addition
munica- to semi-static DL symbols, SSB and CORESET#0) depends on the
tions configured number of semi-static flexible symbol and semi-static UL

symbol.

Option 1 means semi-static flexible symbol always can be used as the symbol for
available PUCCH. The dropping of the SPS HARQ-ACK would still happen in
case the deferred resource collides with dynamically scheduled DL transmission
or SFI does not indicate the semi-static flexible symbol as UL.

Option 2 means semi-static flexible symbol always can’t be used as the symbol
for available PUCCH. The available PUCCH is consisted of semi-static UL
symbol only. In this way, when few semi-static UL symbols are configured, the
latency for the HARQ-ACK feedback would be large. Especially when there is
no semi-static UL symbol configured, the HARQ-ACK feedback can’t even be
transmitted.

We think the combination of the above two options can be considered. For
example, when the configured semi-static UL symbols are more than the con-
figured semi-static flexible symbols, semi-static flexible symbols are not symbols
for available PUCCH to avoid the dropping of the deferred HARQ-ACK due
to dynamic DL scheduling or not UL SFI configuration on the flexible sym-
bol. When the configured semi-static UL symbols are less than the configured
semi-static flexible symbols, semi-static flexible symbols could be symbols for
available PUCCH to reduce the latency for HARQ-ACK feedback.
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Item| Com- Comments
pany
8 Intel Ko- | Option 1, this should not be different from the initial slot.
rea, Ltd.
9 WILUS Option 1. same as in the initial slot.
Inc.
10 LG Elec- | Option 1. same as in the initial slot.
tronics
Inc.
11 Sony FEu- | Option 1. Consistent with initial slot.
rope B.V.
12 ZTE Cor- | Option 1. F symbols could be PUCCH resources for SPS HARQ-ACK. More
poration specific, The flexible symbols that from the start symbol of the original deferred
PUCCH could be used for the available PUCCH for the deferred HARQ-ACK
codebook. For example, the original PUCCH is configured with symbols #6 #9,
then the flexible symbols starting from symbol #6 can be used for the next
available PUCCH.
13 Guang- Option 1

dong

OPPO

Mobile

Telecom.

14 Ericsson Option 3.

LM In our view, we should support by RRC configuration of additional invalid
symbols that are not applicable for DL SPS deferring. The reason is as the
following (using an example):

e Consider that in TDD system, UL slots or slots with few uplink symbols,
the NW prefers to use those slots (or some symbols in the slots) for SRS
transmission. This can be done in Rel-15/16 as discussed earlier by proper
configuration of k1 and PUCCH resource, since the behavior of DL SPS
HARQ-ACK is pre-determined.

e now, in Rel-17, if we consider only DL symbols as we already agreed, we
don’t give the NW any possibility to tell the UE not to consider some
other UL symbols as well for deferring (because the NW wants to use
them for something else, e.g. SRS).

e Therefore, we think we should allow this flexibility, without complicating
the operation. We propose to allow RRC configuration of ”invalid
symbols” for the purpose of DL SPS HARQ-ACK deferring. In
this case, the UE considers the union of this configuration together with
DL symbols and apply the same procedure. No additional complexity
at UE, while giving the flexibility to the NW for proper man-
agement of UL resources among UEs.

15 Panasonic | Option 1

Corpora-

tion
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Item| Com- Comments
pany

16 HUAWEI | Option 1. However, we have a question to clarify: if we adopt option 1, does
TECH- it mean that we will revisit the principle to determine the valid symbols in
NOLO- Rel-15 and Rel-167 In our understanding, in Rel-15, the semi-static flexible
GIES Co. | symbol is not available for semi-static PUCCH if DCI 2_0 is configured but
Ltd. not detected by UE; in Rel-16, the semi-static flexible symbol is not available

for semi-static PUCCH if DCI 2_ 0 is configured but not detected by UE and
EnableConfiguredUL-r16 is not configured.

17 SHARP Option 1. Align with the previous agreements on initial slot.
Corpora-
tion

18 Nokia Option 1. Align with initial slot.
Germany

19 Motorola Option 1
Mobility
UK Ltd.

20 Qual- Support for Option 1. ‘Invalid’ symbols or ‘no symbols for UL transmission’ are
comm either semi-statically configured DL symbols, or flexible symbols used for SSB
Tech- and CORESET#0. The same rule applies for ’initial’ (sub)slot and ’target’
nologies (sub)slot.
Int

21 Spread- Option 1.
trum
Communi-
cations

22 Asia Option 1.
Pacific
Telecom
co. Ltd

Based on the input received, the following agreement was reached in the GTW session on April 14

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target
slot /sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’
or ‘no symbols for UL transmission’.

On the PUCCH resource sets (how to define the target slot), it may be better to have first clarity on
the operation in the initial slot. Therefore, we could maybe wait for having clarify on the initial slot.

2.3 Limitation on maximum & minimum deferral:

At least 15 companies think there should be a limit in the maximum deferral defined. Therefore, the
following is suggested:

29





FL proposal 2.3.1: Support a limit on the maximum deferral of SPS HARQ.

- FFS: Details incl. e.g.

- limitation given by k14cfmaz OF k1o maz

- limit determined by K1 set or RRC configured limit

Feedback Form 12: Limit on maximum deferal:
Please provide your input to the proposal 2.3.1 -
starting with Support / Not support / Object fol-
lowed by your explanation for your company’s posi-

tion.
Item| Com- Comments
pany
1 vivo Support.
Mobile
Commu-
nication
Co.,
2 CATT Support
3 Nokia Support
Germany
4 NTT DO- | Support.
COMO
INC.
5 Samsung Agree. RRC configuration — value up to gNB implementation
Elec-
tronics
Romania
6 TCL Support
Commu-
nication
Ltd.
7 China Support
Telecom-
munica-
tions
8 Intel Ko- | Support in principle. The proposal could be made more precise. For example
rea, Ltd. "Support a limit on the maximum deferral of SPS HARQ” does not
operate by the agreed terms, does not mention deferral units, etc. Another
example is that k1eff,max is not defined in prior agreements.
9 WILUS Support.
Inc.
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Item| Com- Comments
pany
10 LG Elec- | Support in principle. We are not sure what details in FFS means. If the
tronics intention of FFS is for discussion in the next meeting, it would be better to
Inc. have such text in FL summary instead of agreements. It make us difficult to
decide.
11 Sony Eu- | Support
rope B.V.
12 ZTE Cor- | Not support. No need to define maximum value for deferral. Our proposal is
poration deferred to the first available UL slot without limitation.
13 Ericsson Support.
LM In response to ZTE, our understanding is that in practice, all is based on gNB
configuration and eventually would be limit for deferring, determined based on
TDD configuration and configured k1. Hence, the limit under discussion here
simplifies specification and UE behavour.
14 Guang- Support
dong
OPPO
Mobile
Telecom.
15 Panasonic | Support
Corpora-
tion
16 HUAWEI | Support. The kleff,maz should be determined by the maximum value of K1
TECH- set
NOLO-
GIES Co.
Ltd.
17 SHARP Support
Corpora-
tion
18 Motorola Support
Mobility
UK Ltd.
19 Qual- Support proposal 2.3.1. Maximum deferral should be set per SPS Configuration
comm at RRC level.
Tech-
nologies
Int
20 NEC Cor- | Support
poration
21 Asia Support.
Pacific
Telecom
co. Ltd

Based on the input received, the following agreement was reached in the GTW session on April 14t
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Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS
HARQ in terms of kiger or ki+ klgzef

- FFS: limitation given by a maximum value of k1gef or a maximum of k1.5 =kI+ k14

- FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)

Maybe we could try to reach an agreement also in the minimum deferral — as there seems to be a
majority thinking there is no additional limit needed.

FL proposal 2.3.2: Do not support any additional limitation on the minimum deferral
of SPS HARQ k-ldef,min-

- Note: If intra-(sub-)slot deferral is supported (i.e. Alt. 2), this results in k14 0 — if

only inter-(sub-)slot deferral

is support, this results in k14, 1.

Feedback Form 13: Limit on minimum deferral:
Please provide your input to the proposal 2.3.2 -
starting with Support / Not support / Object fol-

lowed by your explanation for your company’s posi-

tion
Item| Com- Comments
pany
1 vivo Support.

Mobile

Commu-

nication

Co.,

2 CATT Support in principle but would like to clarify what ”additional” means.
3 Nokia Support (on behalf of Nokia).

Germany | From Moderator perspective on the comment by CATT: This is related to the
clarification in the note - i.e. if only inter-slot deferral is supported, than there
would be a minimum of 1 there

4 NTT DO- | Support.

COMO

INC.

5 Samsung support “proposal(Not support)” kidef 0 (i.e. no limit for the mini-

Elec- mum value)

tronics

Romania

6 TCL Support

Commu-

nication

Ltd.
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Item| Com- Comments
pany
7 China FFS. Prefer to discuss after the CB construction, etc. is more clear. HARQ
Telecom- payload in HARQ-ACK codebook containing the deferred SPS HARQ-ACK
munica- may change from the initial slot/sub-slot to the target slot/sub-slot. If most
tions companies think the UE does not need some time for the processing to generate
the HARQ-ACK codebook in the target slot/sub-slot, no limitation on the
minimum deferral is supported.
8 Intel Ko- | Support. We don’t think the minimum processing time aspect is valid since the
rea, Ltd. deferred slot/sub-slot should be decided after reception of the activation DCI
based on semi-static conflicts.
9 WILUS Support.
Inc.
10 LG Elec- | Support.
tronics
Inc.
11 Sony Eu- | The purpose of a minimum time is for UE processing purpose. If companies
rope B.V. | do not see a need to consider a minimum UE processing time or that it is
understood that this has been taken into account for then we are fine without
a kdef-min
12 ZTE Cor- | Support. No need to define the minimal limitation on deferring. If the limitation
poration is really needed, our preference is from O.
13 Ericsson Support.
LM
14 Guang- Support
dong
OPPO
Mobile
Telecom.
15 Panasonic | We share the same view as China Telecom.
Corpora-
tion
16 HUAWEI | Support
TECH-
NOLO-
GIES Co.
Ltd.
17 Motorola Support
Mobility
UK Ltd.
18 Qual- Support
comm
Tech-
nologies
Int
19 NEC Cor- | Support
poration
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Item| Com- Comments
pany
20 Spread- Support.
trum
Communi-
cations

21 Asia Support the proposal.
Pacific
Telecom
co. Ltd

Based on the input received, the following agreement was reached in the GTW session on April 14t

Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1.

2.3.1 Round 1

As a next step, it may be good discuss the related FFS points on the agreed maximum deferral how
to define the agreed limit on the maximum deferral. Either in terms of k14, or ki+
k14ep. Therefore, the following question is brought forward

Question 2.3.1: How is the limit on the maximum deferral of SPS HARQ defined?
- Option 1: the limit is defined as a maximum value for k14
- Option 2: the limit is defined as a maximum value for k1.5 =ki1+ ki1g.f

- Option 3: other

Feedback Form 14: Feedback form: How to define the
maximum limit of the deferral in terms of k1_def or
k1+kl_def. Please provide your input to Question
2.3.1 — starting with Option X followed by your ex-
planation for your company’s position.

Item| Com- Comments
pany
1 Beijing we prefer option 2
Xiaomi
Mobile
Software
2 Sony Eu- | Option 1.

rope B.V. | Straight forward. It is basically just include an additional latency that the
network can accept. Also easy in terms of configuration, i.e. only 1 parameter,
i.e. kldef-maz needs to be configured and if it is non zero then SPS HARQ-ACK
deferral is enabled.
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Item| Com- Comments
pany

3 vivo Option 2. Slightly prefer option 2 for low latency.
Mobile
Commu-
nication
Co.,

4 Intel Ko- | Option 2 is preferred since k1+k1_ def has an established definition - it is just
rea, Ltd. another k1 in the set. For Option 1, it seems different maximum values may be

suitable for different initial k1

5 Samsung Option 1
Elec-
tronics o deferral is from the time of the original PUCCH transmission, not from
Romania the time of the SPS PDSCH reception

e simple design

6 NTT DO- | Option 2.

COMO We think the main motivation to introduce max deferral limitation is to limit
INC. effective PDSCH-to-HARQ timing.

7 China Option 2. We understand the aim to support the maximum deferral is to limit
Telecom- the feedback latency, which is represented by kleff =k1+ kldef.
munica-
tions

8 CATT Option 2.

9 TCL Option 2 is preferred.

Commu-
nication
Ltd.

10 Spread- Optoin 1. It seems Option 1 and Option 2 do not have too much difference if a
trum maximum value is configured for each SPS index, but we support option 1 for
Communi- | simplicity.
cations

11 ZTE Cor- | Option 2: I only care about the final total deferral doesn’t exceed the maximal
poration value. Solo definition on Kldef can’t directly know the total deferral upper

bound.

12 Nokia Option 2
Germany | Agree with DoCoMo comment, that the total feedback latency is then limited

13 Panasonic | We slightly prefer Option 2.

Corpora-
tion

14 LG Elec- | We prefer Option 2.
tronics
Inc.
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Item| Com- Comments
pany
15 WILUS Option 1.

Inc. We prefer a simple solution in terms of UE complexity. If option 2 is taken, the
number of deferred slots, k1_ def, is varied depending on k1 value, which means
that additional complexity for SPS HARQ-ACK deferral may be varied also.

16 HUAWEI | Option 2. Assuming the gNB will schedule the URLLC traffic as soon as it

TECH- arrives, the start of the service expiration timer would be the PDSCH, thus the

NOLO- latency budget is the total delay, i.e., kleff . On the other hand, the k1 value

GIES Co. | could possibly not a fixed value e.g., under the TDD frame structure, so only

Ltd. limiting the kIdef could lead to variable total delay and thereby cannot ensure
the service latency boundary sometimes.

17 NEC Cor- | Option 2 is preferred to ensure that the latency requirement of the actual SPS
poration HARQ-ACK feedback can be satisfied.

18 Guang- Option 2. If PUCCH repetition is applied for SPS HARQ-ACK, whether does
dong maximum deferral restricc PUCCH repetition deferral?

OPPO

Mobile

Telecom.

19 Motorola Option 2

Mobility

UK Ltd.

20 Ericsson Option 1

LM With respect to motivations expressed for Option 2, such that it is most suit-
able for URLLC to ensure lower bounded latency, we fail to understand the
explanations. Let’s say the desired latency is kleff.

e The UE configures UE with k1 set.

o The UE configures UE with max(kldef).
Then the network should activate DL SPS with a k1 from k1 set and kldef=<
max(kldef) such that k1+kldef=<kleff.
Therefore, I dont see difference between these two options w.r.t. URLLC delay.
Except that Option 2 creates a lot of combinations as WILUS explained and it
is more complicated.

21 Qual- Support Option 2. It is the only option securely guaranteeing that HARQ
comm feedback is respecting the DL packet delay limit.

Tech-

nologies

Int

Moreover, it would be good to discus how the related maximum value is determined (2°¢ FFS point).
Therefore, the following question is brought forward based on the input received to this meeting
from the companies TDocs:
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Question 2.3.2: The maximum value of the deferral is determined based on

-Option 1: determined by the maximum k1 value across the set of applicable K1 set(s)

-Option 2: maximum value configured per SPS configuration

-Option 3: maximum value is configured per PUCCH cell group

-Option 4: other
Feedback Form 15: How the value of limit of the de-
ferral is determined (based on K1 set(s), configura-
tion or other). Please provide your input to Question
2.3.2 — starting with Option X followed by your ex-
planation for your company’s position.

Item| Com- Comments

pany
1 Beijing we prefer option 2

Xiaomi

Mobile

Software

2 Sony FEu- | Option 2.

rope B.V. | Each SPS configuration may serve a different traffic and has different latency

requirements. Option 2 also gives the most flexibility.
3 vivo Option 1 or Option 2.

Mobile

Commu-

nication

Co.,

4 Intel Ko- | Option 2 is slightly preferred for flexibility. If any issues observed, the configured
rea, Ltd. value could always be aligned to the maximum from the k1 set(s).
5 Samsung Option 2 or Option 3

Elec- - It may depend on how the gNB configures HARQ-ACK deferring between per

tronics SPS configuration and per PUCCH group.

Romania | - Option 1 is detrimental as the maximum k1 value can be small (k1 may even
have a single value) and linking different functions (although somewhat related
in this case) is generally undesirable (e.g. poor forward compatibility, restricts
the gNB, ...).

6 NTT DO- | Option 2 which is more flexible. In our understanding, the effective PDSCH-

COMO to-HARQ timing is better to be SPS configuration specific, since since original

INC. PDSCH-to-HARQ K1 is indicated per SPS configuration.

7 China Option 1 or Option 2.

Telecom-

munica-

tions
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Item| Com- Comments
pany
8 CATT Option 1. We think Option 1 is sufficient. The additional flexibility is not
justified.
9 Spread- Option 1 or Option 2.
trum
Communi-
cations
10 ZTE Cor- | Option 1, share the view with CATT.
poration
11 Nokia Option 2
Germany | We agree with Samsung on the limitation of the deferral procedure there
12 Panasonic | Option 1 or Option 2
Corpora-
tion
13 LG Elec- | Option 1.
tronics currently K1 set are determined by priority of SPS and DCI format of SPS
Inc. activation. Such as TBS/MCS/size of PDSCH/etc, a lot thing can be changed
by re-activation without RRC re-configuration. We think maximum value of
K1 need to be changed at least along with DCI format for activation.
14 WILUS Option 2, for more flexibility.
Inc. This proposal is closely related with output of Question 2.3.1. if option 1 in
Question 2.3.1 is supported, it is unclear how to apply option 1.
15 HUAWEI | Option 1. By limiting the maximum value to the maximum k1 value in the
TECH- applicable K1 set, the latency can be ensured and it is a simple way.
NOLO-
GIES Co.
Ltd.
16 NEC Cor- | Option 2 is preferred for more flexibility.
poration
17 Guang- Maybe option 1. K1 set for different DCI formats maybe different. How to de-
dong cide K1 set 7 K1 set depends on DCI format which activates SPS configuration.
OPPO
Mobile
Telecom.
18 Motorola Option 2
Mobility
UK Ltd.
19 Ericsson Option 2
LM The design would be cleaner. It is better not to contaminate other functionality,

parameter unnecessarily by creating unnecessary dependency.
It is about DL SPS configuration after all.
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Item| Com- Comments
pany
20 Qual- Do not support Option 1.
comm Support Option 2. Maximum effective k1 value per SPS configuration. Reasons
Tech- are mainly 2
nologies
Int o Different SPS Periodicities might imply different DL packet expirations
e Maximum effective k1 value should be set so that the deferred SPS
PUCCH HARQ 1 for SPS PDSCH 1 should be transmitted prior to the
transmission of SPS PUCCH HARQ 2 - which is feedback for SPS PDSCH
2. O0O for the same HARQ Process ID is avoided.
Do not support Option 3.
Support Option 4: Maximum effective k1 value set per SPS configuration &
NDI. i.e. is SPS PDSCH contains a new TB, then the value can be e.g. 3 slots.
In case SPS PDSCH contains a retransmitted TB, then the value can be 1 slot.
2.3.2 Round 2

During Round 1 the following input had been given on the definition of the maximum value:
Option 1: the limit is defined as a maximum value for k1g.s

5 companies

Option 2: the limit is defined as a maximum value for ki1.gp =kI+ k1.

16 companies

Therefore, the following is suggested:

FL proposal 2.3.2: For SPS HARQ-ACK deferral, the limit on the maximum deferral of
SPS HARAQ is defined in terms of k1.5 =ki1+ k14

Feedback Form 16: Using kl+kl_ eff as maximum
deferral (FL proposal 2.3.2) — start with ‘Support’ /
‘Not support’ / ‘object’ followed by your explanation
for your company’s position.

Item| Com- Comments
pany
1 CATT Support.

2 LG Elec- | Support.
tronics
Inc.
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Item| Com- Comments
pany

3 NTT DO- | Support
COMO
INC.

4 Intel Ko- | Support

rea, Ltd.

5 Sony Eu- | Not Support.

rope B.V. | Option 1 means gNB does the work to ensure the max kdeff is met UE just
apply what was given.

Option 2 means UE does the work to ensure max kdef, i.e., UE has to calculate
kdef from keff.
Since Option 1 is easy and straight forward for the UE, we will continue to
support Option 1.

6 vivo Support.

Mobile

Commu-

nication

Co.,

7 China Support

Telecom-

munica-

tions

8 Spread- Support. Although we still think Option 1 is more friendly to implementation
trum complexity, we can agree with Option 2 if majority of companies support it.

Communi-

cations

9 Samsung Can be acceptable for the progress.

Elec-

tronics

Romania

10 TCL Support

Commu-

nication

Ltd.

11 Nokia Support
Germany
12 Nokia Moderator comment to Sony:

Germany | With all due respect on the UE complexity (i.e. what 'work’” UE has to do),
taking an integer k1l value determined by the activation DCI and adding or
subtracting it from another value (which is RRC configured or implicitly de-
termined) but is then kept constant throughout the operation for a single SPS
configuration seems to not increase the UE complexity or the 'required process-
ing’ there too much...

13 Sony Eu- | The work at the UE isn’t much in Option 2 but the same can be said at the
rope B.V. | gNB for Option 1. There is very little difference between the two options and

nothing superior in Option 2 over Option 1. So when one is a UE maker, one
would select the option that has a benefit for the UE even if it is slightly.
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Item| Com- Comments
pany
14 Ericsson Not support.

LM Or at least not support until we understand why Option 1 is not feasible.
Please see our previous comments that we tried to answer the concerns towards
option 1 (copied below for convenience):

With respect to motivations expressed for Option 2, such that it is most suit-
able for URLLC to ensure lower bounded latency, we fail to understand the
explanations. Let’s say the desired latency is kleff.

e The UE configures UE with k1 set.
o The UE configures UE with max(kldef).

Then the network should activate DL SPS with a k1 from kl set and
kldef=<max(kldef) such that kl1+kldef=<kleff.

2.4 Out-of-order conditions for SPS deferral

On the Out-of-Order condition, the majority of input given indicated that there is no out-of-order
issue and Samsung in [21] specifically pointing out the similarity with NR-U operation — quote from
Samsung:

Table 1:

Conclusion (RAN1#102-e):
If the UE is provided with pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16 or with pdsch-
HARQ-ACK-OneShotFeedback-r16:
. In a given scheduled cell, the UE is not expected to receive a first PDSCH and
a second PDSCH, starting later than the first PDSCH, with its corresponding initial HARQ-
ACK transmission occasion assigned to be transmitted on a resource ending before the start of
a different resource for the initial HARQ-ACK transmission occasion assigned to be transmitted
for the first PDSCH.

This clarifies that examples C4-Casel and C4-Case2, as discussed in R1-2007390, are
allowed

Although the specific reason for SPS HARQ-ACK deferring is different than for HARQ-ACK
deferring in NR-U, the fundamental reason is same (UE cannot transmit corresponding PUCCH)
and having a same conclusion is applicable. Therefore, the initial HARQ-ACK transmission occasion
is considered in order to determine out-of-order HARQ) in case of SPS HARQ-ACK deferring since
there is no UE implementation issue related to pipelining and parallel processing.
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FL proposal 2.4.1: The initial HARQ-ACK transmission occasion is considered to
determine out-of-order HARQ in case of SPS HARQ-ACK deferring.

Feedback Form 17: Out-of-order HARQ: Please pro-
vide your input to the proposal 2.4.1 — starting with
Support / Not support / Object followed by your ex-
planation for your company’s position

Item| Com- Comments
pany
1 vivo Support.
Mobile
Commu-
nication
Co.,
2 CATT Support.
3 Nokia Support
Germany
4 NTT DO- | Support.
COMO
INC.
5 Samsung Agree
Elec-
tronics
Romania
6 China Support
Telecom-
munica-
tions
7 Intel Ko- | Support. We think there is no critical complication to the UE.
rea, Ltd.
8 WILUS Support.
Inc.
9 Sony Eu- | Support.
rope B.V.
10 LG Elec- | Not support ( need more clarification to support)
tronics We understand that OoO is generally about two PDSCH being received in
Inc. parallel. For these cases, we should fine with the proposal. We would like to
know following description in 38.214 are also regarded as 000. (C4-case 1 and
2 seems also these cases)
The UE is not expected to receive another PDSCH for a given HARQ process
until after the end of the expected transmission of HARQ-ACK for that HARQ
process, where the timing is given by Clause 9.2.3 of [6].
In deferral procedure, we are discussing deferring SPS PDSCH and determining
target slot autonomously. It means that there is almost no gNB controllability.
If deferral could make collision in a given HARQ process, we should prevent it
or handle it. This is what we concerned.
11 ZTE Cor- | Support.
poration
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Item

Com-
pany

Comments

12

Ericsson

LM

Support. The principle should be the same.

13

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

Support

14

SHARP
Corpora-
tion

Support

15

Motorola
Mobility
UK Ltd.

Support

16

Qual-
comm
Tech-
nologies
Int

Support the proposal. The initial HARQ timings that correspond to the initial
PDSCH transmission times should be considered. In this case, OOO HARQ is
avoided.

17

TCL
Commu-
nication

Ltd.

Support

18

NEC Cor-
poration

Support

19

Spread-
trum
Communi-
cations

Support

20

Asia
Pacific
Telecom
co. Ltd

Support.

24.1

Round 1

During the GTW session on April 14*, the following proposal was discussed and only Qualcomm
company raised concerns (to still check with their implementation)

Update FL proposal 2.4.1: For SPS HARQ-ACK deferral, the initial HARQ-ACK
transmission occasion is considered to determine out-of-order HARQ in case of SPS

HARQ-ACK deferring.

- FFS: Handling for collision for the same HARQ process due to deferred SPS
HARQ-ACK

43






Feedback Form 18: If you have any issues with OoO
handling for SPS deferral based on Update FL Pro-
posal 2.4.1 — please put your input here.

Item| Com- Comments
pany
1 Guang- Support. For FFS, deferred SPS HARQ-ACK drop is preferred to handle colli-
dong sion for the same HARQ process.
OPPO
Mobile
Telecom.
2 Ericsson Support.
LM
3 Qual- Support updated proposal 2.4.1 provided that the network takes appropriate
comm actions for this OOO not happening. Suggested actions
Tech- 1. DG PDSCH for new DL packets should avoid the same HARQ Process ID
nologies of SPS configurations susceptible to SPS PUCCH HARQ deferrals.
Int 2. Setting the maximum effective k1 value (initial k1 + deferral time) such as

the deferred SPS PUCCH HARQ is transmitted prior to the transmission of
the next SPS PUCCH HARQ.

3. If setting the maximum effective k1 value cannot always guarantee that
the deferred SPS PUCCH HARQ should be transmitted prior to the next SPS
PUCH HARQ), then this rule should be imposed to UEs.

Assuming the Update of Proposal 2.4.1 can be agreed, there is still the FF'S point on how
the handle the collision of HARQ processes (see the comments by LGE in the feedback to Proposal
2.4.1 above). There had been companies providing input to this meeting — basically 2 different ways
had been mentioned there (see e.g. discussion by Samsung in their TDoc)

Question 2.4.1: Which of the following options to you prefer to handle the collision for
the same HARQ process due to deferred SPS HARQ-ACK ....

-Option 1: Drop the HARQ-ACK of the earlier SPS PDSCH in case of HARQ process
re-use / collision before the deferred SPS HARQ transmission

-Option 2: UE considers the later received PDSCH with colliding HARQ process as
invalid

-Option 3: Other

44





Feedback Form 19: How the handle the collision for
the same HARQ process due to SPS HARQ deferral -
starting with Option X followed by your explanation
for your company’s position.

Item| Com- Comments
pany

1 Sony Eu- | Option 1.
rope B.V. | If another SPS PDSCH with the same HARQ-process is transmitted, it should

override the previous one.

2 vivo Option 3. We are open for all options including option 1, 2 to handle it and
Mobile other options to avoid it. We would like to have more time to study this issue.
Commu-
nication
Co.,

3 Intel Ko- | Option 1 is likely the best outcome. We think gNB has mechanisms to minimize
rea, Ltd. such collisions by configuring the number of SPS HARQ processes properly. We

are fine to continue study this aspect.

4 Samsung Option 2
Elec- - Option 1 may incur the loss of spectral efficiency due to HARQ-ACK drop-
tronics ping
Romania - gNB can reuse the resource of the later received PDSCH with colliding HARQ

process for other UEs

- for option 1, gNB does not know whether the earlier PDSCH (PDSCH#1) is
decoded correctly, a safe way is to schedule a retransmission, if UE receives the
retransmission (PDSCH#2), UE will consider this retransmission (PDSCH#2)
as a new transmission. If UE correctly decoded the earlier PDSCH (PDSCH#1)
but fail to decode PDSCH#2, UE will transmit a NACK. Option 1 may de-
grade the spectral efficiency. Also, Option 1 cannot have the HARQ combining
gain.

5 NTT DO- | Option 3.

COMO In our understanding, such same HARQ process collision introduced by SPS
INC. HARQ-ACK may be avoided by maximum deferral limitation.
6 China Option 2.
Telecom-
munica-
tions

7 Spread- Option 2. Option 1 may decrease the efficiency if the later SPS PDSCH with
trum same HARQ process is a skipped PDSCH.
Communi-
cations

8 ZTE Cor- | Option 1. Option 1 is nature to empty the buffer for the earlier HARQ-ACK.
poration I also agree with DOCOMO that such same HARQ process collision introduced

by SPS HARQ-ACK may be avoided by maximum deferral limitation.
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Item| Com- Comments

pany

9 Nokia Option 1
Germany | Otherwise, unclear deferral (e.g. for Alt. 1 / 2) could lead to the UE not

receiving even a DG PDSCH - if scheduled. We should not forget that this
collision is not just happening for SPS HARQ but also needs to consider DG
PDSCH operation (as there is just a common pool of HARQ processes)

10 LG Elec- | Option 1.
tronics If we assume that gNB configure proper PUCCH resource for each SPS occasion
Inc. and propoer number of HARQ processes, it would be natural to drop HARQ-

ACK which is deferred too much.

For DG PDSCH, Option 2 can be reasonable solution. if HARQ process are
running by DG PDSCH, it would be not desirable for SPS PDSCH to interrupt
the process.

11 WILUS Option 3 or option 1.

Inc. First, we think it can be controlled by gNB configurations. For example, assign-
ing more HARQ processes for a SPS or scheduling DG HARQ-ACK to multiplex
the deferred SPS HARQ-ACK before collision. If It is really hard, we support
option 1.

12 HUAWEI | Slightly prefer option 1 for simplicity. A question for clarification, does option
TECH- 2 means that the HARQ-ACK for the later received PDSCH will be dropped?
NOLO-

GIES Co.

Ltd.

13 NEC Cor- | Option 1. We share the same view with Nokia. If the later received PDSCH is
poration scheduled by gNB, the HARQ-ACK for this PDSCH may have higher priority.

14 Guang- Option 1
dong
OPPO
Mobile
Telecom.

15 Motorola | Option 3. This collision is not expected (treat as an error case).

Mobility

UK Ltd.

16 Ericsson Currently we prefer Optionl, but we suggest to postpone this discussion after
LM clarity for deferring conditions.

17 Qual- Support Option 1. This is the current UE behavior. Do not support option 2.
comm Do not support any proposals requiring new processing schemes in the UE and
Tech- at the gNB.
nologies
Int

2.4.2 Round 3

Based on the email discussion on Fri. April 16*", we were not able to reach consensus.
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Qualcomm would like to clarify the behavior for OoO HARQ of different HARQ processes jointly
with the HARQ process collision of the same HARQ process. vivo in its email tried to clarify, that
the OoO and HARQ process collision are independent issues and proposed an update to OoO
proposal for agreement.

The moderator therefore brings forward two different things for Round 3:
Update to FL proposal on OoO handling based on vivo comments (Update 3)

Similar question as in Round 1 on the handling of HARQ process collision — hopefully we are able to
conclude both issues at this meeting (which could help QC to consider their position on the OoO
handling for different HARQ processes).

Update 3 FL proposal 2.4.1: For SPS HARQ-ACK deferral, the initial HARQ-ACK
transmission occasion is considered to determine the out-of-order HARQ condition for
the case of different HARQ processes.

- FFS: Handling for HARQ process collision due to deferred SPS HARQ-ACK for the
same HARQ process

Feedback Form 20: Please provide your input to Up-
date 3 FL proposal 2.4.1 — starting with ‘Support /
Not support / Object’ followed by additional com-

ments.
Item| Com- Comments
pany
1 Nokia Support
Germany | We agree with the comments by vivo by email, that the OoO handling is for
different HARQ processes and independent of the collision resolution for the
same HARQ process
2 NTT DO- | Support.
COMO
INC.
3 Samsung Support.
Elec-
tronics
Romania
4 ZTE Cor- | Support
poration
5 vivo Support. Oo0O and collision for the same HARQ process handling are different
Mobile issues and can be discussed separately.
Commu-
nication
Co.,
6 LG Elec- | Support
tronics
Inc.
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Item| Com- Comments

pany

7 Intel Ko- | Support, the FFS part suggests we can work on the details to resolve the 2nd
rea, Ltd. level issues later

8 Sony FEu- | Support.
rope B.V.

9 Ericsson Support.

LM Based on the clarifications on the email and NWM limitations, we understand
two bullets are at the same level

10 Qual- Since the beginning of this discussion on OOQ, the stance has been the same:
comm support for: For SPS HARQ-ACK deferral, the initial HARQ-ACK
Tech- transmission occasion is considered to determine the out-of-order
nologies HARQ condition for the case of different HARQ processes.

Int Initially, 38.214 specifies the UE behavior with regards to UE not expecting a
later PDSCH, [38.214, section 5.1, 2nd paragraph]. Since now with the above
proposal, the goal with this work here is to avoid the case in which the UE
receives PDSCH at the same HARQ ID which is still storing HARQ bits-not
yet transmitted, but about to be transmitted (with this deferral feature). Hence,
replace the FFS part of the proposal with "UE is not expected to receive PDSCH
via a HARQ Process ID, which (HARQ Process ID) stores not yet transmitted
and to be transmitted in the next n slots HARQ bits”. Hopefully this clarifies the
intention to avoid collisions in the HARQ Process storing the deferred HARQ
bits.

11 CATT Support.

12 Spread- Support
trum
Communi-
cations

13 WILUS Support.

Inc.

14 NEC Cor- | Support.
poration

15 Nokia Moderator comment to Qualcomm:

Germany | I guess QC intentions are very well understood by the group. The moderator
tried to clarify this in the next proposal.

16 HUAWEI | Fine with the proposal, at least we have something for different HARQ process
TECH- case. If possible would be good to achieve agreement on the same HARQ process
NOLO- case also in this meeting.

GIES Co.

Ltd.

There had been good discussions on the HARQ process collision handling, and based on the earlier
feedback to Question 2.4.1 and by email, there seemed to be 3 things mentioned:
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1. First, the gNB should try to prevent such collision as much as possible for SPS by configuration
(e.g. by setting the maximum deferral, HARQ process management of SPS, ...) and taking into
account in the dynamic scheduling.

Moderator comment: For sure the gNB will try to do the best it can, but there may be certain cases
where this cannot be full prevented by gNB operation such as error case handling— e.g. missed DCI
that may lead to deferral if not intended or other factors. So some error case handling may be
needed here — and the main discussion point is how we handle such ‘unintended error case’

2. Option 1: Drop the HARQ-ACK of the earlier SPS PDSCH in case of HARQ process re-use /
collision before the deferred SPS HARQ transmission

Moderator comment: UE does not change its PDSCH processing pipelining due to potential collision
(no specs and implementation change in UE needed for PDSCH operation / processing — this was
referred by QC as ‘This is the current UE behavior’). The collision is handling in the HARQ-ACK
reporting by dropping the HARQ-ACK of such HARQ process in the deferral operation by having an
additional clause in the 38.213 specification when writing the specs for the HARQ-ACK deferral.

3. Option 3: UE considers the later received PDSCH with colliding HARQ process as invalid

Moderator comment: This would require a change in the UE PDSCH processing operation /
pipelining. Moreover, in case such error case would be happening — this will affect actually both:
HARQ reporting for the ‘invalid / dropped’ PDSCH would need the clarification (specs impact to
HARQ reporting) as well as the PDSCH processing as this PDSCH is not processed. So this seems
to result in higher specs & implementation impact overall.

Moreover, the feature tries to improve the HARQ-ACK reporting (from dropping in Rel-16 to
enabling deferral in Rel-17, if possible) and should, at least from moderators perspective, not really
lead to any PDSCH invalidation.

Based on this, let’s try another round based on more discussions here trying to see if we can agree to
the Optionl discussed earlier in the end. The question is still open, but for companies not indicating
support for Optionl, please explain why you think a different handling at for error case handling
should be done here.

FL Proposal 2.4.2: To handle the collision for the same HARQ process due to deferred
SPS HARQ-ACK the following behaviour is to be specified

-Option 1: Drop the HARQ-ACK of the earlier SPS PDSCH in case of HARQ process
re-use / collision before the deferred SPS HARQ transmission

-Option 2: UE considers the later received PDSCH with colliding HARQ process as
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invalid

Feedback Form 21: Please provide your input to FL
proposal 2.4.2 — starting with ‘Option 1 / Option 2’
followed by additional comments.

Item| Com- Comments
pany

1 NTT DO- | Option 1.

COMO As analyzed by FL, option 2 will result in larger specification impact. Therefore,
INC. option 1 is preferred.

2 Samsung Option 2 is our first preference. However, option 1 can be acceptable if we are
Elec- only one company supporting this one. Otherwise, we prefer to discuss this
tronics issue in next meeting. Since this issue is firstly raised in this meeting, it needs
Romania to take a time to analyze pros and cons between two options (specification

impacts/complexity /performances...)

3 ZTE Cor- | Option 1. It is nature for UE behavior.
poration

4 LG Elec- | Option 1. Based on the summary above, Option 1 is virtually same as pre-
tronics vention by gNB with proper value of maximum deferral. Not to make HARQ
Inc. process collision, PDSCH with same HARQ process should be hard limit for

deferral.

5 Intel Ko- | Option 1.
rea, Ltd. We think if the gNB is interested in HARQ feedback for a TB after the ap-

pearance of another PDSCH with the same HARQ process, then the number
of HARQ processes should be increased by configuration first. It seems the de-
ferred feedback in this case is not really needed for gNB, if the HARQ processes
are configured in overlapping manner.

6 Ericsson We somewhat prefer Option 1. But as we commented earlier it is better to
LM discuss next meeting after understanding the conditions of DL SLS HARQ-

ACK deferring.

7 Qual- Support Option 1
comm
Tech-
nologies
Int

8 CATT We currently prefer Option 1 and think we can delete "before...” since it is

not quite clear to us what it is depending on the detailed SPS HARQ deferral
scheme. To make the proposal clear, maybe we can update Option 1 as follows.
-Option 1: Drop the HARQ-ACK of the earlier SPS PDSCH in case
of HARQ process re-use / collision-before-the-deferred SPS-HARQ
transmission—and UE considers the later received PDSCH with col-
liding HARQ process as valid
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Item| Com- Comments

pany
9 Spread- We can support Option 1 if majority of companies support it. But we also
trum suggest to discuss it further in next meeting.
Communi-
cations
10 WILUS Option 1.
Inc. We are generally fine with option 1. Our understanding on option 1 is that

the HARQ process re-use/collision is by a SPS PDSCH not a DG PDSCH. If
the DG PDSCH are taken into account in option 1, then there are potential
ambiguities on the HARQ-ACK size determination.

11 HUAWEI | Option 1. Based on the analysis from feature lead on the candidate options, op-

TECH- tion 1 is simpler and more friendly to implementation. Ok with the modification
NOLO- from CATT.
GIES Co.
Ltd.
2.5 Multiplexing in the target slot

But one thing that could be still discussed here is the multiplexing in the target slot — namely how
to multiplex deferred HARQ-ACK and new, initial HARQ-ACK. Some companies propose some
optimizations for the case that the deferred SPS HARQ-ACK is to be multiplexed in Type 1 CB
together with DG PDSCH HARQ-ACK — whereas some other companies suggest to basically amend
the deferred SPS HARQ-ACK to the initial, new HARQ-ACK codebook for simplicity.

The moderator would like to note the following:

- For SPS HARQ only (new & deferred), any type of combined CB determination and simple
amendment of the deferred HARQ-ACK will lead to the same HARQ-ACK payload size (only the bit
order is different reusing some Rel-16 principles of the combined codebook or simple CB amendment)

- For Type 2 CB, any type of combined (deferred & initial) CB determination and simple
amendment of the deferred HARQ-ACK will lead to the same HARQ-ACK payload size (only the bit
order is different reusing some Rel-16 principles of the combined codebook or simple CB amendment)

- For Type 1 CB, some companies are proposing optimizations such as including the deferred SPS
HARQ-ACK as much as possible together in the Type 1 CB and only amend the deferred
HARQ-ACK bits which cannot be mapped there or some further optimizations as reference TDRA
or similar. The maximum difference in the payload size there between optimization and simple
amendment is the number of deferred HARQ-ACK bits. Looking at the overall size of the Type 1
CB, it seems that simple amendment would increase the payload size but maybe not by that much.

o1





So the question here by the FL would be, if we could simply amend the deferred SPS HARQ-ACK
bits to the CB of the new, initial transmission to keep this as simple as possible here — to follow a bit
the agreed intend to keep this simple (“Aim for minimal standardization efforts and UE complexity
in implementation”).

FL proposal 2.5.1: The deferred SPS HARQ-ACK bits are simply amended to the
initial HARQ-ACK bits in the target slot.

Feedback Form 22: Simple deferred HARQ amend-
ment: Please provide your input to the proposal 2.5.1

— starting with Support / Not support / Object fol-
lowed by your explanation for your company’s posi-

tion
Item| Com- Comments
pany
1 vivo Not support for now. We would like to make decisions after discuss some details
Mobile on CB construction for SPS HARQ only, Type 1 and Type 2 CB.
Commu-
nication
Co.,
2 CATT Not support for now. We also prefer to discuss later after the SPS HARQ-ACK
deferral design is clearer.
3 NTT DO- | Support. Amending is the simplest and unified way for either type 1 or type 2
COMO CB. It has least specification impact since deferred HARQ-ACK doesn’t impact
INC. initial HARQ-ACK (i.e. non-deferred HARQ-ACK) CB generation behavior.
The key issue may be how to determine the order of deferred SPS HARQ-ACK
bits, Rel-16 principle for ordering SPS HARQ-ACK can be reused.
4 Samsung Prefer to postpone discussion until main features of SPS HARQ are feasible.
Elec-
tronics
Romania
5 Intel Ko- | Don’t see issues to go with the proposal, but agree to postpone until other
rea, Ltd. details are clearer.
6 Sony Eu- | Postpone discussion.
rope B.V.
7 LG Elec- | Support for simple UE behavior. The proposal seems work with any options in
tronics how to determine target slot.
Inc.
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Item| Com- Comments

pany

8 ZTE Cor- | Not support. As FL mentioned, the optimizations such as including the deferred
poration SPS

HARQ-ACK as much as possible together in the Type 1 CB should be supported
for the overhead reduction. The scheme doesn’t affect the reliability type-1
codebook.

9 Guang- Prefer to discuss later
dong
OPPO
Mobile
Telecom.

10 Ericsson Prefer to postpone the discusison.

LM Although in general we are supportive of the simple approach by the proposal,
we think it is better to postpone this discussion until there is a clarity on the
deferring mechanism as discussed in previous questions.

11 HUAWEI | Postpone the discussion because it might be related to what kind of kleff to
TECH- support, e.g. if we will limit it to one of the value in the K1 set, then we can
NOLO- just reuse the current HARQ-ACK codebook generation mechanism. Of course
GIES Co. | if we don’t want this kind of restriction, then it seems the proposal here is a
Ltd. simple way.

12 SHARP FFS. Wait for the outcome of other questions mentioned above.

Corpora-

tion

13 Motorola Support. Reordering of HARQ-ACK bits or reconstruction of codebook leads
Mobility to additional UE complexity.

UK Ltd.
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Item| Com- Comments
pany
14 Qual- Support.
comm Provided that the PUCCH resource is sufficient for the transmission of new
Tech- HARQ bits and of deferred SPS HARQ bits. Append individual deferred CBs
nologies in order of time. However, for the sake of working on the complete solution
Int first, it is preferred to delay the discussion on this topic.
There are a couple of important specification gaps prior to touching this subject.
The first one is related to the case in which the PUCCH resource in the target
slot-which is candidate slot for carrying the deferred SPS HARQ bits- is not
sufficient for the transmission of new HARQ bits + deferred HARQ bits. What
is the behavior? Partial deferral? Deferral for all to the next (sub)slot? Or
dropping all HARQ bits?
The second major gap is the behavior in the case of SPS PUCCH HARQ de-
ferred and if PUCCH for DG PDSCH is scheduled at the same initial slot.
What should be the behavior? (different from the case of SPS HARQ + CSI
multiplexing)
The third major gap is the case of multiple SPS PUCCH HARQ deferrals; can
they be multiplexed to the same target PUCCH resource? Target slot with or
without new HARQ bits.
The fourth major gap in the specification of the SPS HARQ deferral is the
case in which the first available PUCCH resource is overloaded. In this case,
UEs have to keep on deferring up to the maximum deferral time instant. This
would result in high UE power consumption and deferred SPS PUCCH HARQ
bits dropped. Hence, the goal of the whole feature here is not satisfied. A
proposal for this case should be made in conjunction with the work on the
topic of ”cancelled HARQ”.
15 NEC Cor- | Not support for now. We prefer to postpone the discusison to study more
poration details.
16 Spread- Not support for now. We think more discussion is needed after 2.1 is determined.
trum
Communi-
cations
17 Asia Not support at least for multiplexing with Type 1 CB.
Pacific
Telecom
co. Ltd

Based on the input received, it may be better to wait for having more clarity on the other
remaining details (such as remaining issues to be solved for the initial slot).

2.6

Definition of next available PUCCH for inter-slot/sub-slot deferral

Clearly, we first need to get some more clarify on the initial slot, but would be maybe worth starting
to get also companies positions on the target slot definition (assuming inter-slot deferral is needed
for Alt. 2)
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Based on the companies’ inputs, the following question is put forward:

Question 2.6.1: Which option do you prefer to define the next available PUCCH for
inter-slot /sub-slot deferral — i.e. how to determine the first available slot:

-Option 1: The earlier of a valid PUCCH of sps-PUCCH-AN-List-r16 or
n1PUCCH-AN, or a dynamic indicated PUCCH resource (from PUCCH-ResourceSet)

-Option 2: First available slot with a valid PUCCH of sps-PUCCH-AN-List-r16 or
n1PUCCH-AN

-Option 3: Reuse the same condition as in the initial slot (for simplicity — depending on
the Alt. chosen there)

-Option 4: Other

Feedback Form 23: Determination of a new / first
available PUCCH (Q 2.6.1) - starting with Option
X followed by your explanation for your company’s
position.

Item

Com-
pany

Comments

Sony Fu-
rope B.V.

Option 3.

vivo
Mobile
Commu-
nication
Co.,

Option 3. Unified behavior is preferred.

Intel Ko-
rea, Ltd.

Option 3, or not discuss before Q2.6.1 is clear, since there is dependency

NTT DO-
COMO
INC.

Option 3.
We think behavior in target slot/sub-slot should be aligned with in initial slot.

China
Telecom-
munica-
tions

Option 3. And the PUCCH overloaded issue should also be considered when
determining the deferred slot/sub-slot.
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Item| Com- Comments
pany
6 ZTE Cor- | Basically, I think the question should include the intra-slot deferral, i.e., the
poration targer slot can be the same slot of initial slot. Under this assumption, we add
option 4.
First available slot (may including initial slot) with a valid PUCCH of sps-
PUCCH-AN-List-r16 or n1PUCCH-AN or PUCCH-ResourceSet and the valid
PUCCH for deferred HARQ-ACK should meet the following conditions in avail-
able slot:
1) The size of the deferred HARQ-ACK codebook is within the UCI size range
configured for the selected PUCCH. So, the delayed HARQ-ACK codebook can
be effectively carried.
2) The number of the selected PUCCH symbols is not less than the number of
original PUCCH symbols to ensure coverage.
3) The selected PUCCH has the earliest end symbol in order to reduce the
latency.
7 LG Elec- | Option 2 or 3.
tronics In our view, whichever option are chosen, we should clarify below first.
Inc.
e deferral is to schedule new PUCCH transmission or to find previously
scheduled PUCCH resource for deferred HARQ-ACK
e What PUCCH resource is used for determine validity in target slot? How
to determine that PUCCH?
8 HUAWEI | Option 3. We think the same rule should be aligned to both the initial slot/-
TECH- subslot and the target slot/subslot
NOLO-
GIES Co.
Ltd.
9 Guang- Option 2&3
dong
OPPO
Mobile
Telecom.
10 NEC Cor- | Option 3 is slightly preferred.
poration In our understanding, for option 1, it seems UE will determine an earliest
available PUCCH resource already configured/indicated. For option 3, UE will
determine an earliest valid slot to accommodate a PUCCH resource. Option 3
may achieve lower latency.
11 Ericsson Option 3
LM not clear to us why we should allow different behavior.
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Item| Com- Comments
pany
12 Qual- Support Option 1. It is the same as Alt 1 of the discussion on the initial slot.
comm Do not support Option 2.
Tech- Do not support Option 3. There is a need for different approach. Just stating a
nologies fact: alternatives for the initial slot have been on the table for 3 meetings now
Int and companies still ask clarifications on the alternatives. If this is not done
deliberately, the approach taken for the initial slot should be by any means
avoided. Another reason for not following the approach for the initial slot, is
that therein, there are the options of ”intra-slot” deferral which are not relevant.
Again, there is disappointment with the fact that the questions listed here again
try to cover extremely unlikely cases, such as the OOO HARQ), or shifting the
discussion to other topics, i.e. codebook construction in case of multiplexing of
new and deferred HARQ bits, whilst at the same time the solution of ”deferral
to 1st available PUCCH” can block the whole cell. In this meeting, there are 7
companies mentioning the problem of "overloading the 1st available PUCCH re-
source” and propose solutions. The problem generated by the proposed solution
is obvious and there is not a single question/discussion on this topic.
13 vivo Option 3.
Mobile
Commu-
nication
Co.,
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1 Introduction

This is the discussion document using NWM tool for discussing [104b-e-NR-R17-1IoT__URLLC-01]
Topic 2: Retransmission of cancelled HARQ

The same section numbering of the initial moderator summary in R1-2102825 is to be used for the
related subsections (to align with the section numbering there).

2 Dummy section
3 Discussion on Retransmission of cancelled HARQ
3.1 Enhanced Type 3 CB

There seems to be strong support for some type of Enhanced Type 3 CBs (21 companies) specifically
compared to the other options. As any of the Type 3 CB enhancements (specifically considering
smaller size compared to Rel-16, all HARQ processes of all configured serving cells) would need some
type of distinguishing factor compared to the Rel-16 triggering the following is proposed:

FL proposal 3.1.1: Support enhanced Type 3 CB(s) with smaller size (compared to
Rel-16) including some dynamic indication for triggering the enhanced Type 3 CB (to
at least distinguish from the Rel-16 Type 3 CB)

Definition of enhanced Type 3 CB:





-The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not
flexible, but at least determined by RRC configuration, activation

-This may include dynamic DCI indication of triggering one of M applicable enhanced
Type 3 CBs (combination of RRC configuration and DCI indication, e.g. different
subset of cells / HARQ processes, SPS HARQ only, ...)

-The codebook construction uses HARQ processes as a bases (i.e. ordered according to
HARQ-IDs and serving cells)

FFS: Details including at least

-Dynamic indication method (RNTI, signaling in the DCI, ...) to distinguish from
Rel-16 Type 3 CB and/or to trigger one of M applicable enhanced Type 3 CBs

-Supported enhanced Type 3 CB(s) (e.g. different subset of cells / HARQ processes,
SPS HARQ only, ...)

PHY priority handling

Feedback Form 1: Support of enh. Type 1 CB: Please
provide your input on the proposal 3.1.1 — starting
with ‘Support / Not support / Object’ followed by
your explanation for your company’s position.

Item| Com- Comments
pany
1 CATT Partially support. We are fine with enhanced Type 3 CB(s) with smaller size

(compared to Rel-16) but whether any dynamic indication is needed should be
further discussed. We are not OK to agree to support dynamic indication for
triggering the enhanced Type 3 CB for now.

2 Nokia Support
Germany
3 Nokia Moderator reply to CATT: the proposal says 'may’ (was taken from last meet-

Germany | ings discussion), but clearly there is no need to have any dynamic indication
there (this is FFS - as I guess also the other questions below are somehow
hinting at)

4 NTT DO- | Support.
COMO
INC.






Item| Com- Comments
pany
5 Samsung Object the proposal because:
Elec- a) The proposed enhancements are not needed for Rel-17 URLLC pur-
tronics poses.
Romania b) There is no need to design new codebooks.
c) There is no need to complicate the specifications.
d) The current Type-3 is an optional UE (and network) feature.
e) The enhanced Type-3 will always be worse than ‘one-shot’ triggering
of dropped HARQ-ACK.
6 Intel Ko- | Support. As we stated for last meetings, deferral of SPS HARQ-ACK could
rea, Ltd. not handle some important cases properly, e.g. cancellation by SFI or dynamic
scheduling, etc. These cases are assumed to be handled by a retransmission
mechanism. And instead of designing a completely new mechanism, we can
take Type 3 CB as a baseline and do very straightforward updates to improve
the size.
7 WILUS Support.
Inc.
8 Sony Eu- | Not support. There is no need for enhancement. However, we can consider
rope B.V. | introducing one-shot trigger to DCI Format 1_ 2.
NOTE: I believe there is a typo in the question, i.e. Type 1 CB should be Type
3 CB.
9 ZTE Cor- | Not support. Actually we want to deprioritize the enhanced Type-3 CB. It is
poration clearly to see that the specification effort on enhanced Type-3 CB will much
more than the scheme of DCI scheduling PUCCH/PUSCH to carry dropped
HARQ-ACK codebook.
10 Guang- Support
dong
OPPO
Mobile
Telecom.
11 Ericsson We are OK to support, conditioned that the enhancements are simple (e.g.
LM considering only activated cells).
Similarly to Sony, we think it is better to prioritize support of Type-3 CB by
DCI 1_ 2 first. And then clarify the behavior for CB with different priority. At
the end, consider enhancements (simple ones) if possible.
In summary: Enhancements of the feature should not sacrifice enabling the
feature for DCI 1 2.
12 LG Elec- | Support.
tronics
Inc.
13 Apple Eu- | Support
rope Lim-
ited






Item| Com- Comments
pany
14 HUAWEI | Not support. The motivation to support enhanced type 3 CB is still not clear
TECH- to us as we expressed in our paper.
NOLO-
GIES Co.
Ltd.
15 SHARP Support.
Corpora-
tion
16 Qual- Support of the proposal “Support enhanced Type 3 CB(s) with smaller
comm size (compared to
Tech- Rel-16) including some dynamic indication for triggering the en-
nologies hanced Type 3 CB (to
Int at least distinguish from the Rel-16 Type 3 CB)”, hence support for only
this part.
No support for “non-flexible type 3 CB size”. This has to be clarified.
Support for a flexible CB Type 3 Size which is configured at RRC level and
can be reconfigured during the RRC connection. Alternatively, in some urgent
cases, the Type 3 CB size can be indicated by a DCI which overrides the RRC
configured value.
Not support for the option of having a set of Type 3 CB sizes and the DCI
dynamically indicates one of the configured Type 3 CB sizes.
Support to the proposal that the codebook construction uses HARQ processes
as basis.
17 Motorola | Support of enh. Type 3 CB. We think that enhanced Type 3 CB without
Mobility triggering DCI (based on CG-PUSCH) is useful.
UK Ltd.
18 NEC Cor- | Support in general. Regarding the enhanced Type-3 HARQ-ACK codebook
poration size, whether it is semi-static or flexible can be FFS.

Additional questions are on how many CBs are supported and how the different Type 3 CBs would
be indicated:

Question 3.1.1: How many different enhanced Type 3 CB(s) should be supported
concurrently? I.e. only a single at a time (e.g. only SPS HARQ processes or only
subset of CCs / HARQ processes or ...) or M different ones with dynamic triggering of
which enhanced Type 3 CB is triggered (e.g. trigger can indicate to report SPS HARQ
processes or subset of CCs / HARQ processes or ....)7

- Option 1: M=1 (a single only a time configured)

- Option 2: M>1 (more than one can be configured at a time)






Feedback Form 2: Number of supported enh. Type 3
CBs: Please provide your input on Question 3.1.1 —
starting with Option X followed by your explanation
for your company’s position.

Item| Com- Comments
pany
1 vivo Option 2. More flexible and efficient.
Mobile
Commu-
nication
Co.,
2 CATT Option 1. The motivation/use case of Option 2 is not clear to us.
3 Nokia Option 2.
Germany | Having just one smaller CB size defined seems to be not really helping the issue.
4 NTT DO- | Option 2 . More flexible for possible different cases.
COMO
INC.
5 Intel Ko- | Option 2, which seems a super-set that includes Option 1.
rea, Ltd.
6 WILUS Option 2. For different use cases(e.g., SPS HARQ dropping or LP HARQ-ACK
Inc. cancellation due to HP channel), M>2 is preferred
7 Sony FEu- | No need for enhancement.
rope B.V.
8 Inter- Option 2. To support different use cases.
Digital
Communi-
cations
9 Guang- Option 1
dong
OPPO
Mobile
Telecom.
10 Ericsson Please see our answer to previous question.
LM If any enhancements, let’s start with simple one. That means option 1.
However, even option 1 should not be an obstacle to use the feature.
11 LG Elec- | Option 1. We hasn’t found use case of Option 2 yet.
tronics
Inc.
12 Apple Eu- | Option 2. For HP and LP, different CBs can be motivated.
rope Lim-
ited






Item| Com- Comments

pany
13 HUAWEI | Option 1. M=1 if this Type 3 CB include all HARQ processes, i.e. reuse R16
TECH- Type 3 CB.
NOLO-
GIES Co.
Ltd.
14 Qual- Support of option 1. This one Type 3 CB size can be reconfigured at RRC
comm level. In urgent cases. DCI can indicate the type 3 CB size with a value which
Tech- overrides the RRC configured Type 3 CB size.
nologies Do not support option 2.
Int
15 Motorola Option 1
Mobility
UK Ltd.

16 NEC Cor- | Option 2. The enhanced Type-3 CB can be used for different use cases, e.g.,
poration SPS HARQ-ACK only retransmission due to TDD collision, low priority HARQ-
ACK retransmission due to prioritization handling for collision between PUCCH
for LP HARQ-ACK and PUCCH for HP HARQ-ACK.

17 ETRI Option 1 is preferred. We think option 1 can be flexible enough.
18 Asia Option 2 to support different CB size for different priorities.
Pacific
Telecom
co. Ltd

Question 3.1.2: How to indicate to the UE, that an enhance Type 3 CB is triggered (to
distinguish from Rel-16 Type 3 CB)

- Option 1: through RRC only

Moderator comment: this basically would mean, that only a single enhanced Type 3 CB can be
operated at a time (M=1) and not possible to operate enhanced Type 3 CB and Rel-16 Type 3 CB at
the same time.

- Option 2: using different RNTI

Moderator comment: this could be e.g. use to distinguish SPS HARQ-ACK only (using CS-RNTI),
for M>1 more RNTI’s would be needed

- Option 3: using dynamic indication in the DCI
Moderator comment: for a triggering DCI without scheduling PDSCH, some unused bit-field could be
used, in case it should be possible to scheduled PDSCH at the same time — some DCI field would need

to be introduced

- Option 4: Other





Moderator comment: please provide your preferred method in the table below.

Feedback Form 3: Indicate to distinguish from Rel-
16 Type 3 CB: Please provide your input to Question
3.1.2 — starting with Option X followed by your ex-
planation for your company’s position.

Item| Com- Comments
pany
1 vivo Option 1 and/or option 3.
Mobile These options are more general and can be used for more cases compared to
Commu- option 2.
nication In addition, when the HARQ process is shared between SPS PDSCH and dy-
Co., namic PDSCH, it is difficult to only report the feedback for the SPS PDSCH
HARQ process(es).
2 CATT Option 1. We think Option 1 is sufficient.
3 Nokia Option 3.
Germany | As we think more than one codebook (M>1) should be supported.
4 NTT DO- | Option 3. To support flexible retransmission for different cases.
COMO
INC.
5 Intel Ko- | We think this depends on the decision on the number of CBs, thus better to
rea, Ltd. discuss after that one in Q 3.1.1. In principle, we are supportive of DCI-based
indication.
6 WILUS Discuss Q 3.1.1 first. If M=1 is supported, then option 1 or option 2 can be
Inc. used. If M>1 is supported, option 3 can be used.
7 Inter- Option 3 to enable M>1
Digital
Communi-
cations
8 Guang- Option 1
dong
OPPO
Mobile
Telecom.
9 Ericsson It depends on the previous discussion.
LM Again, Option 1 should be the baseline.
10 Apple Eu- | Option 3 can be considered
rope Lim-
ited
11 HUAWEI | Not support any. We do not see the motivation of enhanced type 3 CB on top
TECH- of R16 type 3 CB. Reusing R16 type 3 CB should be enough.
NOLO-
GIES Co.
Ltd.






Item| Com- Comments
pany
12 Qual- Support option 3. As is the case with regards to the operation of Rel. 16 Type
comm 3 CB, an RRC flag similar to “oneShotHARQ-feedback-r16” can be introduced,
Tech- e.g. “oneShotHarg-feedback-r17”. In this case both Rel. 16 and Rel. 17 can be
nologies activated or only one of them, or none of them. Upon activation of this feature,
Int the DCI field contains an extra bit activating/deactivating the Rel. 17 Type 3
CB.
Do not support Option 1.
Do not support Option 2
13 | Motorola | Option 1 (for CB size reduction) and Option 4 (for CB transmission on CG
Mobility PUSCH. UE can autonomously trigger the enhanced Type 3 CB transmission
UK Ltd. in CG PUSCH)
14 NEC Cor- | Option 2 or option 3. It depends on the number of supported enhanced Type-
poration 3 CB in Rel-17. If only support enhanced Type-3 CB for SPS HARQ-ACK
retransmission due to TDD collision, M=1, then option 2 can be used. If
support enhanced Type-3 CB for more than one use case, M>1, then option 3
can be used.
15 ETRI Option 2 if M=1 is agreed, and Option 3 is fine if M>1 is supported.
16 Asia Option 3 to provide flexibility.
Pacific
Telecom
co. Ltd

Question 3.1.3: Is the focus of the enhanced Type 3 CB triggering on:

-Option 1: triggering DCI (as in Rel-16) can scheduled PDSCH at the same time (i.e.
triggering with & without scheduling PDSCH possible)

Moderator comment: for M>1, this would then require a new bitfield to indicate which of the M CBs
is triggered.

-Option 2: triggering DCI only triggering enh. Type 3 CB but not scheduling PDSCH

Moderator comment: this allows to utilize some unused bitfield (such as HARQ-ID field or similar)
to indicate Rel-16 Type 3 CB and/or 1 of M enhanced Type 3 CBs.

-Option 3: Other

Moderator comment: please provide your preferred method in the table below.






Feedback Form 4: Triggering DCI with or with-
out scheduled PUSCH: Please provide your input to
Question 3.1.3 — starting with Option X followed by
your explanation for your company’s position.

Item| Com- Comments
pany
1 vivo Slightly prefer option 2. To enable different and smaller size of enhanced Type
Mobile 3 CB for different cases.
Commu-
nication
Co.,
2 CATT Option 1. We think it sufficient to follow Rel-16 design.
3 Nokia Option 2 (slight preference)
Germany | to enable different smaller size Type 3 CBs (M>1) to be triggered without the
need to change the DCIL.
4 NTT DO- | Option 2. Since we prefer DCI indicating which enhanced type 3 HARQ-ACK
COMO CB is triggered, the DCI without scheduling PDSCH can allow some exsiting
INC. fields to be resued for the indication. In this way, additional DCI field can be
avoided.
5 Intel Ko- | It would be good to have both mechanisms. Option 2 can be used when there
rea, Ltd. is no PDSCH to transmit, while Option 1 can be used when there is PDSCH.
6 WILUS Option 1. Triggering DCI as in Rel-16 can be considered as a baseline.
Inc.
7 Inter- Option 1 similar to Rell6
Digital
Communi-
cations
8 Ericsson To us, the options listed here are motivated based on some solutions.
LM For example, in the simplest case, i.e. M=1 and consider only activated cells,
both Option 1 and Option 2 are applicable.
Hence, we suggest to establish first the framework and then discuss design
options as above.
9 LG Elec- | Option 1. this would reduce specification efforts.
tronics
Inc.
10 Apple Eu- | Both Option 2 and Option 1 can be considered.
rope Lim-
ited
11 HUAWEI | Option 1, i.e., Reuse R16 method. Both DCI with and without scheduling
TECH- PDSCH in R16 could be used to trigger type 3 CB
NOLO-
GIES Co.
Ltd.
12 SHARP Option 1.
Corpora-
tion






Item| Com- Comments
pany
13 Qual- Option 1. DCI triggering Rel. 17 Type 3 CB can schedule PDSCH at the same
comm time. The DCI can be transmitted without scheduling PDSCH as well.

Tech- Do not support option 2.

nologies
Int

14 Motorola Option 1. For DCI based triggering, we think Rel-16 mechanism is sufficient.
Mobility
UK Ltd.
15 NEC Cor- | Option 2 is slightly preferred. Some exsiting DCI fields for scheduling PDSCH
poration can be reused to achieve a samller Type-3 HARQ-ACK codebook size.

16 ETRI Option 1 to reuse the current spec is preferred.
17 Asia Option 1 is preferred.

Pacific

Telecom

co. Ltd

Question 3.1.4: Please provide your input below on how to operate the (enhanced)
Type 3 CB with PHY priority indication — where clearly the PHY priority defines the
priority of the PUCCH carrying the CB. Using:

- Option 1: the codebook construction is independent of the indicated PHY priority
Moderator comment: i.e. no PHY priority specific codebook

- Option 2: a different enhanced Type 3 codebook is triggered based on RRC
configuration (i.e. separate enh. Type 3 CB configuration for low and high PHY
priority)

Moderator comment: see e.q. Apple proposal

- Option 3: different PHY priority based codebook is created but not based on
configuration of two codebooks (different to Option 2)

Moderator comment: if supporting, please explain in the table below the envisioned operation
- Option 4: Other

Moderator comment: please provide your preferred method in the table below.
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Feedback Form 5: PHY priority with Type 3 CB:
Please provide your input to Question 3.1.4 — starting
with Option X followed by your explanation for your
company’s position.

Item| Com- Comments
pany
1 vivo Option 1 for simplicity. The HARQ processes are shared between different
Mobile priorities, if separate the HARQ processes, it puts scheduling restrictions at the
Commu- gNB side and inefficient usage of the HARQ IDs.
nication
Co.,
2 CATT Option 1.
3 Nokia Option 1
Germany
4 NTT DO- | Option 1.
COMO
INC.
5 Intel Ko- | Option 2 or Option 3 at this stage to allow CB construction with efficient size
rea, Ltd. depending on priority. If the flexibility of the CB construction allows to group
HARQ processes of a given priority, then Option 1 is enough. However, at
least some mechanism to pick HARQ feedbacks for higher (or lower) priority
are required.
6 Inter- Option 2 /Option 3.
Digital
Communi-
cations
7 ZTE Cor- | Not clear understand option 3. what’s difference with option 2.
poration If enhanced Type-3 CB is adopted, a different enhanced Type 3 codebook should
be triggered based on the priority of HARQ process.
8 Guang- Option 1
dong
OPPO
Mobile
Telecom.
9 Ericsson Option 1.
LM The simplest approach is to construct the CB for all HP ID (for activated cells).
That is the CB is in fact HP (including everything). The PHY priority is used
to determine which PUCCH-Config should be used to determine the PUCCH
resource and corresponding power, etc for transmission.
10 LG Elec- | Option 1.
tronics HARQ process ID are already independent from priorities. To be specific, all
Inc. HARQ ID able to be indicated as higher priority are also able to be indicated

as low priority. If type-3 CB works based on the HARQ process ID, there is no
reason to distinguish between priorities.

11






Item| Com- Comments
pany

11 Apple Eu- | Option 2. For high priority & low priority PDSCHs, the need can be different,
rope Lim- | e.g. URLLC with a small CB, but eMBB with a large CB (CBG based feed-
ited back, etc). Since for eMBB & URLLC traffic, they encounter the small TDD

restriction and/or inter-UE prioritization dropping (but they may be active at
different time), two codebooks are motivated.

12 HUAWEI | Reuse R16 method. The type 3 CB includes all processes regardless the HARQ-
TECH- ACK is HP or LP.
NOLO-
GIES Co.
Ltd.

13 SHARP Option 1.
Corpora-
tion

14 Qual- Support Option 1. Enhanced Type 3 CB will be used to request the cancelled
comm or deferred SPS PUCCH HARQ), for DL traffic which will be mainly HP traffic.
Tech- Do not support option 2.
nologies Do not support option 3.
Int

15 Motorola | Option 1
Mobility
UK Ltd.

16 NEC Cor- | Option 1.
poration

17 ETRI Option 1

18 Asia Option 2. CB size for HP and LP should be at least based on the CBG config-
Pacific urations of the associated PDSCHs.
Telecom
co. Ltd

3.1.1 Round 1

During the GTW session the following proposal was discussed and marked in yellow in the
temporary chaiman’s notes was captured:

Updated FL proposal 3.1: Support enhanced Type 3 CB(s) with smaller size (compared to Rel-16)

Definition of enhanced Type 3 CB:

-The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at
least determined by RRC configuration, activation

-This may or may not include dynamic DCI indication of triggering one of M applicable enhanced

12






Type 3 CBs (combination of RRC configuration and DCI indication, e.g. different subset of cells /
HARQ processes, SPS HARQ only, ...)

-The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs
and serving cells)

FFS: Details including at least

-If a dynamic indication method (RNTI, signaling in the DCI, ...) is supported to distinguish from
Rel-16 Type 3 CB and/or to trigger one of M applicable enhanced Type 3 CBs

-If Supported enhanced Type 3 CB(s) (e.g. different subset of cells / HARQ processes, SPS HARQ)
only, ..)

- PHY priority handling

There had been several comments by different companies during the call, the moderator tries to
reflect here his understanding:

1. Why is the size of the codebook not flexible (assuming no trigger or a certain triggering point, if
supported): A property of a single enhanced Type 3 CB is, that the size is not depending on any
dynamic PDSCH scheduling — but is fixed. The same property should be retained — if the size is
varying, then this is to be regarded as a Type-4 CB (based on the definitions discussed during
RAN1#104)

2. Any type of dynamic indication: It is the moderator’s understanding, this with agreeing to this
proposal this does not mean that dynamic indication would be there. This is FFS based on the 2™
bullet and the first FFS bullet.

Feedback Form 6: Please provide your input on the
2 points raised above on Updated FL proposal 3.1 on
enhanced Type 3 CB — or any other suggestions to
change the proposal to make it possibly agreeable for

you.
Item| Com- Comments
pany
1 Sony FEu- | We still think there is no need to enhance Type 3 CB.
rope B.V.
2 vivo We would be fine with the proposal by revising one bullet as below:
Mobile -The codebook size of a single triggered enhanced Type 8 HARQ-ACK codebook
Commu- is wot-fexible—but-at least determined by RRC configuration, activation
nication
Co.,
3 Intel Ko- | Given the difficulties of discussing enhanced Type 3 CB, we are fine with the
rea, Ltd. most straightforward optimizations of the size, including the size is not dynam-
ically changing. Thus, we agree to the proposal.
May be to make the proposal lighter, the FFS sub-bullets could be removed for
now

13





Item| Com- Comments
pany

4 Samsung Just formulating a particular proposal without justifying its need, or its com-
Elec- parative advantages over alternatives, can only continue to lead nowhere.
tronics There are at least the 3 following options to consider - a proponent of any should
Romania explain why the preferred option is better than the others.

a) Define some enhanced Type-3 codebook

b) Indicate to the UE to re-transmit HARQ-ACK it dropped

c) Do nothing (e.g. R16, or rely on R17 LP/HP multiplexing)

We support (b) because it is the simplest and most beneficial.

Our suggestion is to continue the discussion at the next meeting where compa-
nies can describe in detail preferred proposals and compare them to the alter-
natives in terms of the usual metrics (need/benefit/complexity/etc.).

5 CATT As commented during GTW session, we are fine with the proposal in general

except:

1) for the first sub-bullet, we would like to delete "activation”. Given that we
have ”at least” before "determined by RRC”, we can further discuss whether
it is also determined by activation. In addition, we also prefer to delete "not
flexible”

2) delete the second sub-bullet as it is covered by the 1st sub-bullet under FFS.

6 ZTE Cor- | Firstly, we don’t see the strong motivation to adopt the enhanced Type-3 CB, as
poration the the specification effort on enhanced Type-3 CB is clear huge than the ‘one-

shot’ triggering of dropped HARQ-ACK. And the relative benefit of enhanced
Type-3 CB is not clear.

Secondly, even if enhanced Type-3 CB would be adopted, the size of codebook
should be reduced. The priority index should explicitly indicate the codebook
should include feedback information of the high priority HARQ process or low
priority HARQ process, but not allow the mixture feedback for the high/low
priority HARQ process.

7 LG Elec- | We share Intel’s view. It would be happier to remove FFS part so that make it
tronics eagier to support.

Inc.

8 HUAWEI | As we commented before, we still don’t see the motivation to support enhanced
TECH- type 3 HARQ-ACK codebook. If companies really wants to support it, let’s do
NOLO- it in a simple way. We don’t support dynamic change of the codebook size, thus
GIES Co. | the second sub-bullet “This may or may not...” should be removed. In addition,
Ltd. there is no need to do any optimization either, i.e. the whole FFS should be

removed.

9 Guang- Support enhanced Type3. But we don’t support complex solution. So the
dong whole FFS should be removed. In addition, second sub-bullet does not play a
OPPO role to define enhanced Type3. Moreover, it is misleading that enhanced Type3
Mobile is associated with dynamic indication.

Telecom.

10 NEC Cor- | We support the updated proposal for enhanced Type-3 CB.

poration
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Item| Com- Comments
pany
11 Motorola We’d like to get the proposal further updated by
Mobility
UK Ltd. e removing " (combination of RRC configuration and DCI indication, e.g.
different subset of cells / HARQ processes, SPS HARQ only, ..)”
o simplifying the FFS part to "FFS details”
12 Ericsson As we commented before, the focus should not be on enhancing the codebook
LM size, but rather enable the functionality to DCI 1-2. That is the first, or most
important step. Also, clarity in terms of priority when the CB has a mix of HP
and LP HARQ-ACK. With these two, nothing more is needed to be done.
Hence we propose to consider the following;:
Proposal 3-1:
o Support enhanced triggering Type 3 CB(s) by DCI 1_ 2.
Proposal 3-1-1:
e A PUCCH that carries a Type 3 HARQ-ACK codebook that includes at
least HP HARQ-ACK, is assumed HP.
The simplest enhancement is to consider activated cells, not configured. Some-
thing that should have done in fact in NR-U Rel-16.
Proposal 3-1-2:
o for construction of a Type-3 HARQ-ACK codebook, activated cells are
considered.
13 Ericsson Some typo in proposed proposal 3-1 above:
LM Proposal 3-1:

o Support eshaneed triggering Type 3 CB(s) by DCI 1_ 2.
Proposal 3-1-1:

e A PUCCH that carries a Type 3 HARQ-ACK codebook that includes at
least HP HARQ-ACK, is assumed HP.

Proposal 3-1-2:

e For construction of a Type-3 HARQ-ACK codebook, activated cells are
considered.

15






Item| Com- Comments
pany

14 Qual- The proposal should be updated. Several comments were made during GTW
comm session 2. Suggested Proposal
Tech- "Support enhanced Type 3 CB(s) with smaller size (compared to Rel-16 Type
nologies 3 CB) and the following enhancements
Int

¢« RRC Configuration of Type 3 CB Size

e Type 3 CB construction based on HARQ Process IDs
FFS: other enhancements
No support yet for

"-The codebook size of a single triggered enhanced Type 3 HARQ-ACK
codebook is not flexible, but at least determined by RRC configuration,
activation

e This may or may not include dynamic DCI indication of triggering one
of M applicable enhanced Type 8 CBs (combination of RRC configuration
and DCI indication, e.g. different subset of cells / HARQ) processes, SPS
HARQ only, ..)”

No support for the FFS part of the proposal.

In addition, other solutions such as the one proposed by Samsung: re-
transmission of cancelled HARQ together with the co-cancelled PUSCH,
should be considered. This solution looks as a natural one. Moreover, the
effort for specifying such behavior is minimal. The solution proposed by
Samsung being natural and easy to specify, it is a solution only for the
case in which

— there is only 1 PUCCH HARQ cancellation
— the cancelled PUSCH will be retransmitted

e For all of the other cases, a request from the network should be issued
and the UE should report feedback for the indicated HARQ Process IDs,
in the form of Type 3 CB.

With regards to the first point, maybe there is a misunderstanding or
misinterpretation of the term ’flexible’. With this proposal here, one en-
hancement of the Rel. 16 Type 3 CB is that the size can be adapted/-
modified at RRC level. During a given RRC configuration, the type 3
CB size is e.g. 8 bits. Hence, during this part of the RRC connection,
the Type 3 CB size is fixed: 8 bits. gNB can request this enhanced Type
3 CB feedback in exactly the same manner as is done in Rel. 16 with
Rel. 16 Type 3 CB HARQ. At a later time instant, RRC can configure
Rel. 17 Type 3 CB size to be equal to 12 bits. Then, again the same
procedure can be applied. Having one shorter Type 3 CB size does not
provide flexibility and it results to overhead. The term to be used, i.e.
Rel. 17 Type 3 or Type 4 CB is of secondary importance. The key point
is to define a mechanism with which the gNB requests feedback for the
indicated HARQ Process IDs at physical layer. This procedure was done
via Type 3 CB in Rel. 16 and it should be the starting point. The name
of the CB at the end is not that important.

o With regards to the second point, dynamic indication of Type 3 CB should
eventually be allowed. As an example, consider the case of RRC config-
ured Type 3 CB Size equgl to 12 bits. At a given time instant, the network
wants feedback for 2 cancelled HARQ bits. In this same example, the net-
work cannot afford to waste UL L1 resources. In this same example, the






Item| Com- Comments
pany

3.1.2 Round 2
Based on the input received in Round 1, the moderator made the following updates to the proposal:

- Removed the FFS and all related to any type of dynamic indication (requested by several
companies)

- Removed the ‘activation’ as requested by CATT

- The ‘not flexible CB size’ is still there, as discussed in the last meeting this is an essential property
of Type 3 CB (compared to what was discussed with relation to ‘Type 4 CBs’)

Updates in green based on comments received in the Round 1 NWM discussion:

Update 2 FL proposal 3.1: Support enhanced Type 3 CB(s) Wlth smaller size
(compared to Rel 16) i ab :

.

Definition of enhanced Type 3 CB:

The codebook size of a single triggered enhanced Type 8 HARQ-ACK codebook is not flexible, but at
least determined by RRC configuration—ectivation

The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and
serving cells)
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Feedback Form 7: Please provide your input on Up-
date 2 FL proposal 3.1 on enhanced Type 3 CB -
starting with ‘Support / Not support / Object’ fol-
lowed by your explanation for your company’s posi-

tion.
Item| Com- Comments
pany
1 NTT DO- | We can accept the proposal.
COMO
INC.
2 Intel Ko- | Support
rea, Ltd. As it can be seen, a straightforward size optimization is targeted, and we don’t
see why this work could not be triggered now, as it is equally important as the
HARQ deferring, PUCCH repetitions, etc.
3 vivo For progress, we can accept the proposal.
Mobile
Commu-
nication
Co.,
4 Samsung Object.
Elec-
tronics e The enhanced Type-3 will always be worse than ‘one-shot’ triggering of
Romania dropped HARQ—ACK
e The proposed Type-3 enhancements are irrelevant to Rel-17 URLLC.
e There is no need to design new codebooks.
e The current Type-3 is an optional UE (and network) feature.
5 Nokia Support
Germany
6 Sony FEu- | We do not see a need for enhancing Type 3 CB.
rope B.V. | We can consider introducing "one-shot” trigger in DCI Format 1_ 2.
3.2 Details of one-shot triggering of dropped HARQ-ACK

One question that comes to mind here is, that how does the UE know based on the triggering DCI
which ‘dropped” HARQ-ACK occasion is to be re-transmitted (in case there are more than one)?
And of course there could be some different handling in case this is triggered by a DL assignment
(with or without PDSCH scheduling) or an UL grant.

Question 3.2.1: How to identify which ‘dropped HARQ-ACK’ that is to be
re-transmitted when triggered with DL assignment (on PUCCH)?

- Option 1: the last dropped PUCCH occasion is to be re-transmitted
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Moderator comment: supporting companies — please provide further info below on how to define the

‘last one’

- Option 2: dynamic indication of the PUCCH occasion that is to be re-transmitted

Moderator comment: supporting companies — please provide further info on how to indicate this.

- Option 3: based on a timing window of the PUCCH occasion(s) that is/are to be

re-transmitted

Moderator comment: supporting companies — please provide further info on how to determine the

window.

- Option 4: Other

Moderator comment: please provide your preferred method.

Feedback Form 8: Identifying the re-tx HARQ with
DL assignment triggering: Please provide your input
to Question 3.2.1 — starting with Option X followed
by your explanation for your company’s position.

Item| Com- Comments
pany
1 CATT We do not think one-shot triggering of dropped HARQ-ACK is needed if en-
hanced Type-3 CB is supported.
2 Nokia Option 2
Germany | We think Option 1 is rather restrictive as there may be more than one PUCCH

occasion that may have been dropped.

In case the feature would be used by the gNB to also try to decode not correctly
received HARQ-ACK information (decoding error), Option 2 could be used
(whereas for both Option 1 & Option 3, the assumption is that only dropped /
cancelled HARQ can be re-quested to be re-transmitted)

3 NTT DO-
COMO
INC.

Option 3.

It is very likely that HARQ-ACK dropping occur in certain consecutive slots
(or not far away). With a time window (maybe indicated in a similar way like
TDRA), gNB can flexibly indicate range for retransmission PUCCH occasions.
Note that our intention is all PUCCH occasions instead of only "dropped”
PUCCH occasions in the indicated window since gNB and UE may have differ-
ent understanding on dropping.

4 Sony FEu-
rope B.V.

The purpose of Type 3 CB is to transmit all HARQ-ACKs whether they are
dropped or not. This question seemed to assume a very specific Type 3 CB
enhancement where only dropped HARQ-ACKs are retransmitted. Perhaps we
need to know what are the enhancement if any before we decide on this question.
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Item| Com- Comments
pany

5 Inter- Option 3. The time window can be indicated in unit of symbols and/or slots.
Digital
Communi-
cations

6 Guang- Option 2.
dong Both the explicit and implicit indication can be considered:

OPPO 1-bit explicit indication to trigger the last dropped PUCCH;
Mobile DCI indicating the given HARQ process, included into the dropped HARQ-
Telecom. ACK CB, without NDI toggle trigger a re-transmission of the dropped HARQ-
ACK codebook.
7 Ericsson We share same view as CATT.
LM

8 LG Elec- | We also share CATT’s view.
tronics
Inc.

9 HUAWEI | We do not see the necessity of triggering re-tx of dropped HARQ-ACKs
TECH-

NOLO-
GIES Co.
Ltd.
10 SHARP Sharing the same view from Sony, this discussion depends on whether to reuse
Corpora- Rel-16 Type-3 CB with minor modification (triggering all HARQ processes) or
tion to enhance the Type-3 CB to trigger part of HARQ processes.
11 Qual- Option 4. First, 1 bit in the DCI will indicate if the request for Rel. 17 Type
comm 3 CB will be for
Tech- - Deferred SPS HARQ or
nologies - Cancelled HARQ
Int In case the request for Rel. 17 Type 3 CB comes because of SPS HARQ deferral,
then HARQ IDs containing the N (Type 3 CB Size) HARQ Process IDs after the
starting #slot or starting #sub-slot. These N HARQ Process IDs correspond
to SPS PUCCH HARQs reported.
In case the request for Rel. 17 Type 3 CB is issued following to a request for
cancelled HARQ), then, again N bits correspond to N HARQ Process IDs after
the indicated #slot or #sub-slot are reported. The reported HARQ Process
IDs correspond to either PUCCH for DG PDSCH or to SPS PUCCH HARQ.
Do not support option 1.
Do not support option 2.
Do not support option 3.
12 Motorola We think this is a duplicated feature with enhanced type 3 CB.

Mobility

UK Ltd.

13 Asia Option 2. A clear indication is needed to indicate a PUCCH to be retransmitted.
Pacific Otherwise, there may be ambiguity of whether a PUCCH was dropped or not.
Telecom
co. Ltd
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Item| Com- Comments
pany

14 Qual- First of all, the motivation/rationale of this question can not be justified now.
comm The group has voted with large majority since RAN 1 #102 to promote a so-
Tech- lution similar to Rel. 16 Type 3 CB. For the sake of progress on this topic,
nologies the questions should be in this direction. Getting inspired by the good exam-
Int ple of progress for the topic of ’SPS HARQ deferral’, where the moderator is

instrumental in the progress, should be adopted for all of the other topics as
well.

First of all there might be cases in which there might not be any new DL traffic
after the cancellation instants. This question then here is void.

Assuming then that

e there is new DL traffic after CI and

o the gNB decides to transmit new DL packets before the retransmission of
cancelled PUSCH

, then, in this extremely unlikely scenario there are 2 cases

CASE 1: 1 set of UCI (HARQ) bits was co-cancelled together with
PUSCH. In this case, option 1 is preferred.

CASE 2: more than 1 CIs occurred. CASE 2A: the network wants all the
cancelled HARQ bits. The network indicates with PRI the UL resource
to carry new UCI bits + all canceled HARQ bits.

CASE 2B: Multiple CIs and the network wants only some HARQ bits
among all bits cancelled. Network makes a request for Rel. 17 Type 3
CB.

Question 3.2.2: How to identify which ‘dropped HARQ-ACK’ that is to be
re-transmitted when triggered with an UL grant (on PUSCH)?

-Option 1: the last dropped PUCCH occasion is to be re-transmitted

Moderator comment: supporting companies — please provide further info below on how to define the
‘last one’

-Option 2: dynamic indication of the PUCCH occasion that is to be re-transmitted

Moderator comment: supporting companies — please provide further info on how to indicate this.

-Option 3: based on a timing window of the PUCCH occasion(s) that is/are to be

re-transmitted

Moderator comment: supporting companies — please provide further info on how to determine the

window.
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-Option 4: based on the dropped PUSCH scheduled for re-transmission

Moderator comment: see e.g. Nokia, QC (without explicit trigger) - please provide your preferred
method in the table below.

-Option 5: Other

Moderator comment: please provide your preferred method below.

Feedback Form 9: Identifying the re-tx HARQ with
UL grant triggering: Please provide your input to
Question 3.2.2 — starting with Option X followed by
your explanation for your company’s position.

Item| Com- Comments
pany
1 CATT We do not think one-shot triggering of dropped HARQ-ACK is needed if en-
hanced Type-3 CB is supported.
2 Nokia Option 4
Germany | there could be a bit in the DCI requesting the re-transmission - but the HARQ-
ACK occasion for re-transmission is determined by the HARQ-ACK codebook
that was multiplexed on the earlier (cancelled) PUSCH of the same HARQ-ID /
TB. So there is an implicit linkage here an no explicit indication of the applied
HARQ-ACK occasion is needed.
3 Samsung <Option 1 or option 2>
Elec- Dropping a HARQ-ACK codebook with priority 0 will occur with a probability
tronics that is the multiple of the following probabilities
Romania a) URLLC (priority 1) PUSCH/PUCCH transmission (a rare event)
b) UE simultaneously having DL eMBB (priority 0) traffic
c) The UE transmitting priority 0 HARQ-ACK in a same slot as priority
1 PUCCH/PUSCH
d) The network cannot avoid the collision (e.g. URLLC traffic requires
the strictest latency)
It is enough for the gNB to trigger re-transmission of the last HARQ-
ACK/PUCCH that the UE was configured to transmit.
The definition of the last PUCCH transmission occasion with HARQ-ACK is
that it is the last PUCCH transmission occasion with HARQ-ACK.
4 Sony Eu- | Is this still under the context of Type 3 CB? If this is a separate trigger then
rope B.V. | we prefer Option 1. Last dropped PUCCH should also have a time limit as we
do not want to be retransmitting a PUCCH that has been dropped ages ago.
5 ZTE Cor- | Option 3. Same reason with above answer.
poration

22






Item| Com- Comments
pany
6 Ericsson In our view, we can reuse the foundation that is established in Rel-16 before
LM introducing new mechanism.
by that we mean that in Rel-16 NR-U, in principle in enhanced Type 2 CB, a
mechanism is establish to request an already “supposed to be transmitted” CB.
This part can be reused.
What we can do in Rel-17, is to send a trigger with UL grant (similarly to
A-CSI trigger on PUSCH with or without UL-SCH).
7 LG Elec- | Same as DL assignment. if Type-3 CB is supported, gNB always schedule
tronics PUCCH for HARQ-ACK for dropped HARQ process, unless that HARQ pro-
Inc. cess are already re-transmitted.
8 HUAWEI | We do not see the necessity of triggering re-tx of dropped HARQ-ACKs
TECH-
NOLO-
GIES Co.
Ltd.
9 Qual- Option 5. The first/earliest HARQ Process ID reported is the one happening
comm at the indicated UL slot# or sub-slot#. In case the enhanced Type 3 CB
Tech- requests N HARQ Process IDs after SPS PUCCH HARQ collision with semi-
nologies static DL symbols, then, the first/earliest HARQ Process ID reported is the
Int HARQ Process ID colliding first. In this specific case there is no need for SFI
decoding. Same approach as for reporting after DL allocation. The rationale
behind this question is unclear. The group has to decide first in the principle:
some HARQ bits are dropped - due to collision with DL symbols or due to
Cl-and the network requests a number of HARQ bits to be reported. The most
important aspect to be treated now is the content of this report. Similar to
Type 3 CB? Something else? If DCI 0z or DCI 1_x should be used so as to
make this request (at the gNB) is of secondary importance at this stage.
10 Motorola | We think that PUCCH based and CG-PUSCH based type 3 CB transmission
Mobility are sufficient.
UK Ltd.
11 Qual-
comm
Tech- e« CASE 1: 1 set of UCI (HARQ) bits was co-cancelled together with
nologies PUSCH. In this case, option 1 is preferred. Details of this solution can
Int be found in our contribution.

CASE 2: more than 1 ClIs occurred. CASE 2A: the network wants all the
cancelled HARQ bits. The network indicates with PRI the UL resource
to carry new UCI bits + all canceled HARQ bits.

CASE 2B: Multiple CIs and the network wants only some HARQ bits
among all bits cancelled. Network makes a request for Rel. 17 Type 3
CB.

Again, the motivation/rationale for this question is not helping the
progress. Despite the majority of companies supporting Enhanced Type
3 CB, there more questions towards other topics.
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3.2.1

Round 2

Question 3.2.3: Do you support one-shot triggering of dropped HARQ-ACK (using
triggered with an UL grant on PUSCH and/or triggered with a DL assignment on

PUCCH))?
Feedback Form 10: Question 3.2.3 - Do you support
one-shot triggering of dropped HARQ-ACK (using
triggered with an UL grant on PUSCH and/or trig-
gered with a DL assignment on PUCCH))? - starting
with ‘Support / Not support / Object’ followed by
your explanation for your company’s position.
Item| Com- Comments
pany
1 Intel Ko- | Not support.
rea, Ltd. We have to express our concern in pursuing a completely new design of HARQ-
ACK retransmission instead of incrementally enhancing the existing Type 3
CB.
2 vivo Not support. Share the views with Intel.
Mobile
Commu-
nication
Co.,
3 Samsung Support.
Elec-
tronics o Best functionality (UE does not transmit useless information)
Romania o Marginal specification impact (no new codebook, needs only trigger in a
DL DCI or UL DCI)
e Does not rely on any other optional feature
4 Nokia Support (in addition to Type 3 CB enhancements)
Germany
5 Sony FEu- | If this is an entirely new trigger then we do not support.
rope B.V. | If this is the existing Type 3 CB one-shot trigger, then it isn’t clear why
we propose it again this one-shot trigger is included in DL Grant since it is
already included in DL Grant. However, the only thing we can include is to
also support one-shot trigger for DCI Format 1_ 2.
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1 Introduction

This is the discussion document using NWM tool for discussing [104b-e-NR-R17-IIoT URLLC-01]
Topic 3: SPS HARQ skipping & payload size reduction

The same section numbering of the initial moderator summary in R1-2102825 is to be used for the
related subsections (to align with the section numbering there).

4 Discussion on SPS HARQ skipping & payload size
reduction (for skipped & non-skipped SPS PDSCH)

4.1 ACK and/or NACK skipping

Let’s discuss some more details on that one, in case we could agree on the support in the end.

FL Proposal 4.1.1: If ACK and or NACK-skipping is supported:





- For ACK skipping (NACK-only transmission), a PUCCH transmission is skipped if
PUCCH to only to carry ACK for SPS PDSCH(s) configured for ACK skipping

- For NACK skipping (ACK-only transmission), a PUCCH transmission is skipped if
PUCCH to only to carry NACK for SPS PDSCH(s) configured for NACK skipping

Feedback Form 1: When the ACK or NACK is really
skipped: Please provide your input on the proposal
4.1.1 — starting with ‘Support / Not support / Ob-
ject’ followed by your explanation for your company’s
position.

Item| Com- Comments
pany
1 vivo Support for progress assuming NW can control low probability for DTX-to-ACK
Mobile €rTor.
Commu-
nication
Co.,

2 CATT For both ACK skipping and NACK skipping, we think the benefit is limited.
For ACK skipping, the DTX-to-ACK would degrade the reliability of URLLC
and therefore should not be agreed.

"PUCCH to only to carry ACK/NACK for SPS PDSCH(s)” may be
understood as there is only ACK/NACK for SPS PDSCH(s) and there can be
dynamic HARQ-ACK in addition.

Besides, given that SPS HARQ-ACK deferral is agreed to be supported. It
is not clear whether the PUCCH transmission to be skipped is the PUCCH
transmission in the initial slot or the target slot if the SPS HARQ-ACK carried
in the PUCCH is deferred.

3 Nokia Support

Germany As discussed earlier in contributions, for all other cases this may lead to uncer-
tainties in the UCI payload size on PUSCH/PUCCH.

4 Samsung Support NACK skipping

Elec- for reduction of UE power consumption and interference as most of the time

tronics the UE does not receive SPS PDSCH.

Romania Do not support ACK skipping
as (a) it is meaningful only for a single SPS configuration (otherwise the UE
has to report), (b) for dynamic scheduling, it is again meaningful only for a
single ACK in a PUCCH and has the PDCCH DTX-to-ACK error case, and
(c) for the sporadic URLLC traffic, ACK skipping is never better than NACK
skipping

5 China Support NACK skipping

Telecom- Not support ACK skipping As the not transmitted HARQ-ACK feedback (due

munica- to e.g. DCI missing) or the missed NACK can’t be distinguished from the

tions skipped ACK (PDSCH successfully received), gNB may not have correct un-
derstanding on whether PDSCH needs retransmission or not.






Item| Com- Comments
pany
6 MediaTek | We don’t support ACK or NACK skipping. There is performance impact for
Inc. ACK-skipping, no resources saving, and an increase of UE complexity.
7 Intel Ko- | Support to clarify the operation of ACK and NACK skipping. We don’t think
rea, Ltd. reasonable specification and implementation could cover the cases with a mix
of ACK and NACK states.
It still remains open whether to support the techniques itself.
8 Sony FEu- | Not support.
rope B.V. | Having a PUCCH carrying all NACKs is rare. Even for the case of over con-
figured SPS for jittering, there would be at least 1 out of N SPS containing a
PDSCH and so skipping PUCCH with all NACKs is rare. Similarly if there is
over configuration then having a PUCCH with all ACKSs is unlikely to happen.
Hence, the PUCCH will likely be transmitted.
For NACK and ACK skipping, the gNB must reserve PUCCH resource regard-
less whether they are skipped. So there is no savings in terms of resources.
9 NTT DO- | Can live with the proposal for progress but we have the same concern as CATT.
COMO Considering limited use case due to stringent skipping condition, the benefit is
INC. not very clear. But we can compromise to support it if the simplest ACK/-
NACK skipping behavior is applied, i.e. skipping only when the PUCCH only
includes HARQ-ACK for applicable SPS configurations with only ACK/NACK
and the PUCCH doesn’t overlap with other UL channels. When the PUCCH
includes dynamic HARQ-ACK or SPS HARQ-ACK configurations which is not
configured for ACK/NACK skipping, or the PUCCH multiplexes with other
UClIs or PUSCH, there will be no skipping.
10 ZTE Cor- | Support NACK skipping, and can live with ACK skipping for sake of progress.
poration We share the same concern on DTX to ACK.
11 Guang- Support NACK skipping only.
dong
OPPO
Mobile
Telecom.
12 Inter- We support the proposal. It avoids the codebook size uncertainty
Digital
Communi-
cations
13 Panasonic | We support to clarify the operation of ACK and NACK skipping.
Corpora-
tion
14 Ericsson Support, with prioritizing NACK skipping if needed.
LM
15 LG Elec- | Support the clarification.
tronics
Inc.






Item

Com-
pany

Comments

16

HUAWEI
TECH-
NOLO-

GIES Co.

Ltd.

Support.

For NACK skipping, it has the benefits of relieving the power consumption and
reducing the interference especially for the SPS PDSCH skipping case where
multiple SPS configurations will be configured for one jittered traffic.

For ACK skipping, it is beneficial to reduce the UCI overhead for the ultra-low
latency services (e.g., <lms RTT motion control) where only one transmission
is allowed with ultra conservative scheduling (mostly ACK). For such kind of
service, either high layer re-tx (DTX-to-ACK) or PHY layer re-tx will lead to
interruption of the continuous production, thus the DTX-to-ACK is not an
problem worth extra concerns. On the other hand, the NACK can be transmit-
ted so that the gNB can perform link adaptation to match the channel status.

17

Motorola
Mobility
UK Ltd.

Not support. ACK skipping or NACK skipping is expected to be beneficial
for some corner cases, e.g. when NACK occurs rarely or ACK occurs rarely. If
NACK occurs rarely, even NACK can be skipped for some time without making
an impact on the performance. If ACK occurs rarely, RB allocation/MCS
assignment should be adjusted by gNB — a different solution is needed.

18

Qual-
comm
Tech-
nologies
Int

Support for ACK skipping (Nack-only transmission). The reason is that the
proposal results in lower overhead and lower UE energy consumption. The gain
is obvious in any URLLC service.

No support for NACK skipping (ACK-only transmission). There is no benefit
from omitting 1 NACK every 106 packets. The topic here is HARQ payload re-
duction. The suggested scheme does not propose any HARQ payload reduction
in a typical URLLC service. The whole proposal of “Skipped SPS PDSCH?” is
based in the anticipated-contrived scenario of multiple SPS configurations for
single traffic. No solid scenario/example presented to motivate this proposal.
There are several other -more efficient-ways of improving reliability than blindly
repeating SPS PDSCH.

Even in this case though, the higher DTX to ACK error will result in the net-
work missing important information conveyed with NACK. The group working
towards CSI Enhancements has already made several proposals associated with
NACK.

In the case, the network configures multiple SPS configurations for single DL
traffic, then, the network chooses which SPS PDSCH occasions will be empty
and which ones will be transmitted. In this case, the network can also indicated
with a DCI which SPS PDSCH occasion will be skipped.

The proposal of ACK only should be treated at another topic: the topic of SPS
PDSCH skipping.

4.2

Dynamic indication of skipped SPS PDSCH occasions

It was discussed if RAN1 should not continue the discussion on this item, as there seemed to be
more companies being actively against the support than companies suggesting to specify it.






Therefore, it is suggested that companies reply here directly on their interest in the technique or if
we should stop related discussions.

Question 4.2.1: On dynamic indication of skipped SPS PDSCH occasions, which of the
following options do you prefer:

- Option 1: Support dynamic indication of skipped SPS PDSCH occasions in Rel-17

- Option 2: No support for dynamic indication of skipped SPS PDSCH occasions in
Rel-17. Do not continue the related discussions.

- Option 3: Other

Feedback Form 2: On the support of dynamic SPS
skipping indication: Please provide your input to
Question 4.2.1 — starting with Option X followed by
your explanation for your company’s position.

Item| Com- Comments
pany
1 vivo Option 2. From simplicity, overhead and reliability (in case miss detect the
Mobile dynamic indication) perspective.
Commu-
nication
Co.,
2 CATT Option 2. We do not see the necessity and motivation to support it. If MAC
CE is used for indication, it is not clear how gNB can know in advance which
SPS PDSCH occasions would be skipped. If DCI is used for indication, it is
contradictory with the idea of using SPS from the perspectives of DCI overhead
reduction and reliability. In addition, the reliability of HARQ-ACK feedback
would be negatively impacted due to miss-detection of DCI indication or DM-
RS.
3 Nokia Option 2
Germany | As discussed earlier, this will just create additional DCI overhead so why not
using DG PDSCH instead. Moreover, there are issues of missed DCI.
4 Samsung Option 2. The cost of Option 1 outweighs any benefit.
Elec-
tronics
Romania
5 China Option 2.
Telecom-
munica-
tions
6 MediaTek | Option 2.
Inc.






Item| Com- Comments
pany
7 Intel Ko- | Option 2. This is one of the least supported options with unresolved technical
rea, Ltd. concerns and uncertain benefits, which is better to drop right now.
8 WILUS Option 2.
Inc.
9 Sony FEu- | Option 1. NOTE that the MAC-CE indicator is carried by one or more of
rope B.V. | the used PDSCH in the SPS. For over configuration, e.g. for jittering, there
will be at least 1 PDSCH being transmitted in a group of N SPS, and so this
transmitted PDSCH can carry the MAC-CE indicator to indicate which of the
N SPS are empty. This can be a simple bitmap that is at most 8 bits (for max
of 8 SPS) long. Hence, there isn’t any issue with overhead and the gNB knows
by the time it transmits a PDSCH in a group of N SPS which ones are going
to be empty.
10 NTT DO- | Option 2.
COMO Though we think dynamic SPS skipping indication can provide most accurate
INC. skipping information, we are fine to compromise for proceeding.
11 ZTE Cor- | Option 2.
poration
12 Guang- Option 2
dong
OPPO
Mobile
Telecom.
13 Panasonic | Option 2
Corpora-
tion
14 Ericsson Option 2.
LM
15 LG Elec- | Option 2.
tronics We assume that the skipped SPS PDSCH would occur continuously after burst
Inc. transmission, rather than single occasion among periodic PDSCH occasions.
when at least two, i.e. two or more SPS PDSCH are skipped in a row, the dy-
namic indication has larger overhead than just de-activating and activating SPS
PDSCH with existing signaling. We don’t see benefits of dynamic indication.
16 HUAWEI | Option 2. There is no need to introduce extra DCI overhead on top of NACK
TECH- skipping and ACK skipping.
NOLO-
GIES Co.
Ltd.
17 Motorola Option 2. For scenarios that dynamic skipping indication may be beneficial,
Mobility it may be better to use dynamic scheduling with fewer number of active SPS
UK Ltd. configurations, instead of a large number of SPS configurations (or frequently
occurring SPS occasions).
18 SHARP Option 2
Corpora-
tion






Item| Com- Comments

pany
19 Qual- Option 1 for the case in which multiple SPS PDSCH configurations are active
comm and SPS PDSCH skipping takes place. The argument for using DG PDSCH in-
Tech- stead is an argument that applies to the proposal of the 'SPS PDSCH skipping’
nologies as a scenario. Can 1 of the proponents of the ’SPS PDSCH skipping’ scenario
Int explain why the network would configure 2 SPS configurations for the same DL

traffic flow and skip one of the 2 occasions? It is understood that the network
can configure multiple SPS configurations for single DL traffic flow, so as to
provide diversity. What is not understood is the motivation for skipping 1 or
N-1 SPS PDSCH occasions. In case this non-justified scenario of SPS PDSCH
skipping is used as a basis for these proposals, the only way to get any benefit
from this whole scenario is the use of DCI. Otherwise, the UE has to try to
decode all configured SPS PDSCH occasions, hence, there is no gain in UE
power consumption.

Based on the input received, the following conclusion was noted in the GTW session on April 14"
Conclusion:

No support for dynamic indication of skipped SPS PDSCH occasions in Rel-17 as part of this WI.

4.3 SPS HARQ-bundling / compression

It is not so clear from the input contributions in which direction the group wants to go with this
‘group of features’, considering the following:

1. Should rather simple ‘bundling’ techniques be specified (e.g. logical ‘AND’/’OR’ or if ‘having
more than K ACK then ACK, otherwise NACK’) or is there is strong interest to specify also more
advanced compression techniques (e.g. source coding etc. — see e.g. Apple [17], QC [18], Sony[22])7

2. Should the bundling be mainly to overall reduce the HARQ-ACK payload size or more case
specific e.g. for ‘jitter window’?

Question 4.3.1: Should the HARQ-ACK bundling / compression

- Option 1: focus only on simple bundling techniques (e.g. logical ‘AND’/’OR’ or the
like)

- Option 2: focus on more advanced HARQ-ACK compression schemes (e.g. by source
compression or the like)

- Option 3: Other





Feedback Form 3: ’Simple’ bundling versus 'more ad-
vanced’ compression: Please provide your input on
Question 4.3.1 — starting with Option X followed by
your explanation for your company’s position.

Item| Com- Comments
pany
1 Nokia Option 1
Germany | The discussions should focus / be restricted to simple bundling schemes only.
We don’t see a need for complicated ’compression’ schemes as the benefits are
slightly unclear to us (also considering the remaining time in the WI phase)
2 Samsung | Other(do not support)
Elec-
tronics e There is no benefit from saving a few HARQ-ACK bits while the cost can
Romania be large.
3 MediaTek | Option 3: Do not support for URLLC. Can be discussed for eMBB HARQ
Inc. under intra-UE multiplexing topic.
4 Intel Ko- | Option 1, otherwise the spec work vs. benefits in unjustified. For Option 1
rea, Ltd. companies showed both the use cases and the simple realizations, therefore it
can in the focus.
5 WILUS Option 1.
Inc. Furthermore, to minimize specification work, focus on HARQ-ACK bundling
on the same PUCCH and do not support HARQ-ACK bundling across different
PUCCHs.
6 Sony Eu- | Option 2.
rope B.V. | A simple bundling method of using either ”AND” or "OR” operator works
only if ALL of the SPSs are NOT empty or only ONE of the SPS is non-empty.
The bundling should be flexible enough for the gNB to decide how many in
the group of SPS that it wants to use, e.g. in one occasion it may want to use
1 out of N SPS and in another it may want to use 2 out of N SPS.
Our proposal is to leave the logical gate implementation to the UE. The gNB
needs only to specify a condition for an ACK or NACK, e.g.:
- If at least K out of N SPS outputs an ACK then the bundled operator would
output an ACK otherwise it would output a NACK.
An alternative is to indicate the number of ACKs in a group of N SPS.
This can be done by reusing PUCCH Format 0 which has 8 different cyclic
shifts to indicate a max of 7 ACKs. If we want N=8 SPS configured, then
cyclic shift representing 0 ACKs and 8 ACKs can be used since it would be
unlikely that the gNB sends 8 ACKs and the UE failed to decode any of them.
7 NTT DO- | Option 1.
COMO Complicated behaivor is not preferred. Moreover, if accurate indication of SPS
INC. skipping is not indicated, HARQ-ACK bundling may lose much information

considering mixed "non-skipped SPS PDSCH” and ”skipped SPS PDSCH”.






Item

Com-
pany

Comments

ZTE Cor-
poration

Option 1. We choose the simple one for progress.

Guang-
dong
OPPO
Mobile
Telecom.

Option 1

10

Panasonic
Corpora-
tion

Option 1

11

Ericsson
LM

Option 3: That is we do not support HARQ-ACK bundling/compression.

12

LG Elec-
tronics
Inc.

Option 3.

13

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

Option 1 for simplicity.

14

Motorola
Mobility
UK Ltd.

Option 1

15

SHARP
Corpora-
tion

Option 1

16

Qual-
comm
Tech-
nologies
Int

Option 2. Do not support Option 1. The benefit of option 1 is not very clear.
Compression gains come mainly from source compression considering the very
low NACK probability.

In general, no agreement with the current categorization of options here, i.e.
Option 1 “simple” while option 2 “more advanced” without complexity analysis.
Proposed methods in category of option 2 are of the same level of complexity
as the proposals of option 1. Impartial wording to be avoided in the future.

17

Qual-
comm
Tech-
nologies
Int

Correction 7partial wording to be avoided in the future”

18

TCL
Commu-
nication

Ltd.

Option 1

Question 4.3.2: Should the HARQ-ACK bundling / compression

- Option 1: focus on generic HARQ-ACK bundling / compression (to reduce the






payload size, not considering specific usage / application of the bundling)

- Option 2: focus on HARQ-ACK bundling / compression for specific usage (e.g. for
jitter control operation)

- Option 3: Other

Feedback Form 4: Generic versus ’jitter window’ spe-
cific bundling/compression: Please provide your in-
put on Question 4.3.2 — starting with Option X fol-
lowed by your explanation for your company’s posi-

tion.
Item| Com- Comments
pany
1 Nokia Option 2
Germany | Generic bundling without having any specific usage in mind is a bit counter
intuitive. So the discussions should clearly focus on the cases where there is an
overprovisioning of SPS resources required or similar (which requires defining by
the network to the UE), how a certain 'bundle’ is to be created. Just bundling
(reducing overhead) should not be the main reason, as bundled HARQ-ACK (of
more than one transmitted SPS PDSCH) creates issues as discussed by Sorour
/ Ericsson in the Mon GTW call
2 Samsung | Other (do not support)
Elec-
tronics e There is no benefit from saving a few HARQ-ACK bits while the cost can
Romania be large.
3 MediaTek | Option 3: Do not support for URLLC. Can be discussed for eMBB HARQ
Inc. under intra-UE multiplexing topic.
4 Intel Ko- | We are a bit confused why this needs to be discussed, but we prefer Option 2
rea, Ltd. direction, which is however should be quite transparent to the use cases when
implemented in specification.
5 Sony FEu- | It isn’t clear what generic means. Even for jittering and over configuration of
rope B.V. | SPS, the gNB should be able to use more than 1 out of N SPS. We proposed
that the bundling operation allows for such cases. Unsure if this should be
classified as generic or jittering.
6 Guang- Option 2
dong
OPPO
Mobile
Telecom.
7 Ericsson Option 3: We do not support HARQ-ACK bundling/compression
LM
8 LG Elec- | Option 3. Do not support HARQ-ACK bundling.
tronics
Inc.

10






Item| Com- Comments
pany
9 HUAWEI | Option 2.
TECH-
NOLO-
GIES Co.
Ltd.
10 Motorola Option 1. We think RANT1 should develop a generic method that can handle
Mobility different use cases with a proper parameter setting.
UK Ltd.
11 Qual- Support both options 1 and 2. The rationale behind this question is unclear.
comm Few compression mechanisms were proposed in the group. The group — with
Tech- the positive encouragement of the FL-should start examining these proposals.
nologies
Int
4.3.1 Round 1

In the 2" GTW session there had been some discussion, based on the large majority input based on
the answers Questions 4.3.1 to focus on ‘simple’ techniques for the HARQ-ACK bundling &
compression.

The following proposal had been discussed:

FL proposal 4.3.1: The further discussions on the support of HARQ-ACK bundling / compression
are focusing on simple bundling techniques (e.g. logical ‘AND’/’OR’ or the like).

The proposal had not been agreeable, because it seems to be not clear what ‘a simple bundling’
technique would mean. So Mr. chairman suggested to discuss this further offline, to be able to
potentially also reduce the scope of the further discussions on this technique. This is tried in Round
1. Please note, that the discussion here does not consider how the bundling itself is defined (i.e.
which HARQ-ACKSs are to be bundled, this is a separate discussion). The discussion here focuses
mainly on how having a certain number of input bits (for a specific bundle or compression
window /operation) are processes to create the HARQ-ACK bit(s) to be reported.

Looking at the input contributions, the following techniques (on top of using logical ‘AND’ or ‘OR’)
had been mentioned by different companies (the moderator hopes nothing has been missed here):

#1 The HARQ-ACK codebook (incl. size) for SPS PDSCHs is determined based on the HARQ
processes of the multiple SPS PDSCH resources associated with the same PUCCH: OPPO [2]

#2 N SPS PDSCH within a jitter window, bits are used for code states which include the
successful/failed decoding at one of those N occasions or no detection of PDSCH at any of those N
occasions: Apple [17]

#3 Dynamic bundling / compression (incl. e.g. DCI indication or based on payload size): QC [18]

#4 Compress multiple messages in HARQ-ACK codebook with small probability into a single
message: Qualcomm [18]
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#5 N SPS HARQ-ACK are bundled into M bits, where each of the M bits reports the outcome of a
configured bundling function: Sony [22]

#6 Instead of ‘AND/OR’ apply ACK if more than K SPS correctly decoded: Sony [22]

#7 Include the number of ‘ACK’s with the bundle (e.g. using CS of PUCCH format 0): Sony [22]

Looking at the list above, at least #6 seems to be still simple without any real change (and maybe
the moderator would at least identify still this one to fall into this category). Not so sure about the
other ones.

As the moderator tried his best already in the initial proposal, maybe it would be best
that you provide input on to help the moderator to update a potential FL proposal, on
top of:

FL proposal 4.3.1: The further discussions on the support of HARQ-ACK bundling / compression
are focusing on simple bundling techniques (e.g. logical ‘AND’/’OR’ or the like).

Question 4.3.3: Which of the techniques (#1 to #7) which do not directly apply logical
‘AND?’ or ‘OR’ do you think could still be categorized as simple bundling / compression
techniques for further study?

Feedback Form 5: Which of the techniques (#1 to
#7) which do not directly apply logical ‘AND’ or
‘OR’ do you think could still be categorized as simple
bundling / compression techniques for further study?

Item| Com- Comments
pany
1 Sony Eu- | The logical operators to use should be up to UE implementation.

rope B.V. | For us technique #6 and #7 are simple and allows the UE to use whatever
logical operations it choose to implement it and has the benefit that it is flexible
enough for the gNB to use more than 1 out of N SPS for PDSCH transmission.
If we want to consider M>1 compressed bits than we can also consider technique

#5

2 Intel Ko- | We suggested the following simple scheme:

rea, Ltd. " Grouping of SPS PDSCH occasions with the same HARQ process ID pointing
to the same PUCCH resource and bundling into a single HARQ-ACK bit”

It could be classified as #5, or a new option. But as it can be seen, there is no
much to change or configure, since current specification already allow HARQ
process ID offset to be set so that multiple same HARQ ID is mapped to the
same PUCCH resource.
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Item| Com- Comments
pany

3 Samsung Fine to focus on ‘simple’ bundling techniques but before that, need and conse-
Elec- quences of bundling should be concluded. Until now, no justification has been
tronics provided for a need to do bundling.

Romania

o Is there a coverage issue for a few HARQ-ACK bits and there isn’t for the
PUSCH?

o If there is a coverage issue, what would be the benefit of bundling a few
bits and what would be typical payloads to bundle?

e« What would be the consequences of bundling?

e None of the above has been addressed in any proposal to motivate a need
for consideration.

¢ Note that for the CovEnh WI, where the focus is on scenarios of actual
coverage need, HARQ-ACK bundling is not considered (and the additional
latency that can be afforded to eMBB is not the reason).

4 NTT DO- | In our understanding, simple bundling means no change on current HARQ-
COMO ACK timing determination, i.e. bundling only within one HARQ-ACK CB.
INC. The logical function ”AND””OR” or others are not precluded so far.

5 Panasonic | We agree with DOCOMO’s comment.

Corpora-
tion

6 HUAWEI | We are ok to do further discuss on HARQ-ACK bundling/compression, but
TECH- so far we don’t see the motivation to support it. If really have to support it,
NOLO- should go with simple way. To us, it seems #1 to #7 above is not simple
GIES Co. | solution compared to logical ‘AND’ or ‘OR’.

Ltd.

7 Guang- Another simple solution in our document is that N SPS HARQ-ACK are bun-
dong dled into 1 bit. To be specific, ACK if at least one PDSCH in the SPS con-
OPPO figuration group is decoded correctly ,otherwise, output a NACK. The SPS
Mobile configuration group is configured by gNB. Usually, one or more SPS configura-
Telecom. tions for the same traffic with jitter is configured as a SPS configuration group.

This solution seems a subset or special case of #5, i.e. M=1 . However,we
are not sure that for #5, upper limit of M is 1 or larger than 1. If M=1, our
solution is the same as #5. if upper limit of M is larger than 1, logic of our
solution and #5 are different. Or to be safe, we suggest to add our solution as

48
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Item| Com- Comments
pany

8 Ericsson We are not supportive of bundling. The reason is not its design or complexity.
LM The reason is that it does not serve the purpose.

When gNB scheduled LP PDSCHs that happened to miss their HARQ-ACK
due to scheduling a HP, if any information is useful for gNB, is to know what
happened to the LP ones.

How the bundle HARQ-ACK in this case is going to help the NW? if there are
10 PDSCHs scheduled and I receive one bundled NACK, how that is going to
help ?

The same for 2 HARQ-ACK. It will be 50/50. For that, it does not worth the
effort.
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Item| Com- Comments
pany

9 Qual- Regarding the motivation of enabling bundling, I don’t think coverage is the
comm main motivation, the main motivation seems to me is resolving the problem of
Incorpo- insufficient UL resources in DL traffic heavy scenario. Taking the agreed SPS
rated A /N deferral as an example, if we don’t define any max deferral deadline, then

SPS A/N could be deferred forever, and the A/N payload size will be bigger
and bigger and eventually we cannot find any resource to transmit it. There
are two ways to solve it, 1) dropping A/N past deadline, 2) compress/bundling
A/N. Both can reduce payload size. In some sense, one can view dropping as
a special case of compression/bundling. If the motivation to introduce max
deferral/deadline in for SPS deferral feature is clear, then the same motivation
applies here. And this feature can solve the issue not just for SPS deferral, but
also for broader scenarios of too large HARQ-ACK payload size due to A/N
retransmission, A/N deferral, PUCCH repetition, or anything else.

Regarding FL’s formulation of proposal/question on "simple scheme”, we have
a question for clarification? What is the definition of ”simple scheme”? Why
logical ADD/OR is simpler than other scheme? I believe that all schemes could
break down to bit-level AND/OR operations. Should we compare the number
of hardware operations such as fixed point add and fixed point multiplication
or even to bit level AND/OR operations to decide which scheme is simpler than
others? So, we don’t know how to answer FL’s question, unless the decision is
to do hardware complexity analysis, which seems not necessary at this initial
study phase.

Regarding scheme #4 proposed by us, although in the proposal we mentioned
probability which is for describing the concept, in the actual compression oper-
ation, UE just need to count how many NACKs in the codebook with original
size N. If # NACKS >=2, map it to a special value, say all Os, in a codebook
with smaller size k (Essentially, all the codepoints in the original codebook
with >=2 NACKs map to the same value in the smaller codebook, which is a
multiple to one mapping). If # NACK <=1 in original codebook, via a one
to one mapping, it is mapped to a codepoint in the smaller codebook. So in
terms of hardware operation, we just need to do a check of # NACKSs, before
the mapping (which can be via static table without hardware operation on the
fly). We think checking # of NACK is also a simple operation, which is flip
the sign of the bits then do a sum which is essentially OR. In summary, with
scheme #4, what we do is just sign flip then OR. Following FL’s categorization,
it falls into the category of simple logic AND/OR operation.

To us, the comparison and study of this feature should focus on the trade-
off between compression ratio vs preservation of original information. Say,
given original N bits HARQ-ACK codebook, compress it to K bits, study which
scheme can preserve most of the useful information. We don’t think complexity
analysis should be the focus on the study in this initial stage.

Question 4.3.4:

How to improve the wording of FL proposal 4.3.1 “The further

discussions on the support of HARQ-ACK bundling / compression are focusing on simple bundling
techniques (e.g. logical ‘AND’/’OR’ or the like)” to differentiate ‘simple bundling type of
techniques’ from more advanced techniques?
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Feedback Form 6: How to improve the wording of
FL proposal 4.3.1 “The further discussions on the
support of HARQ-ACK bundling / compression are
focusing on simple bundling techniques (e.g. logi-
cal ‘AND’/’OR’ or the like)” to differentiate ‘sim-
ple bundling type of techniques’ from more advanced
techniques?

Item

Com-
pany

Comments

Sony FEu-
rope B.V.

I think ”simple” is not the right description. The AND/OR logical operator
simply restricts the gNB’s scheduling to ONLY:

1) 1 out of N SPS (i.e. bundle with an OR operator)

or

2) N out of N SPS (i.e. bundle with an AND operator)

and nothing else. If the gNB has data to send and has selected OR operator
then it cannot or rather hard to use the SPS resources that it has already
configured for the UE. Similarly if gNB has used an AND operator and decided
to skip an SPS it cannot do so. This restriction also forces a specific logical
operator on the UE in the specs. I think a better description for such bundling
technique is "restrictive”.

I would therefore define a ”restrictive bunding” technique as imposing
a single fixed logical operator on N SPS HARQ-ACKs.

The other "advanced” technique would be defined as NOT imposing any fixed
logical operator or implementation on the N SPS HARQ-ACKs and it is up
to UE’s implementation to bundle the N SPS HARQ-ACK to provide the
specified /configured function.

Intel Ko-
rea, Ltd.

May be we can clarify that these techniques are focusing on SPS HARQ-ACK,
not on generic dynamic scheduling.

Further, may be ”simple” would mean ”semi-static” association of SPS PDSCH
occasions which are bundled/compressed. This can improve the intention of the
proposal.

NTT DO-
COMO
INC.

In our understanding, restrict bundling acorss multiple HARQ-ACK CBs is the
"advanced bundling” which is not preferred.

Ericsson

LM

We appreciate the efforts from FL.
Maybe another approach is to conclude first if the feature should be supported
or not. Please see our reasons in the previous comment.
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Item| Com- Comments
pany

5 Qual- We agree with Sony that ”simple” is not a good criteria. Just do AND/OR
comm operation on a HARQ-ACK codebook might lose too much information. For
Incorpo- AND, 1 NACK = ALL NACK in the codebook. For OR, 1 ACK = ALL ACK
rated in the codebook.

To us, the comparison and study of this feature should focus on the trade-
off between compression ratio vs preservation of original information. Say,
given original N bits HARQ-ACK codebook, compress it to K bits, study which
scheme can preserve most of the useful information. We don’t think complexity
analysis should be the focus on the study in this initial stage.

DoCoMo commented that there is not just the coding domain but also the time domain aspect (i.e.
within the same slot or sub-slot / HARQ codebook — or across). To get the discussions more focused
let’s see if the following could be agreed:

FL proposal 4.3.2: The further discussions on the support of SPS HARQ-ACK bundling /
compression are focusing on SPS HARQ-ACK bundling within a single slot or sub-slot /
HARQ-ACK codebook only.

Moderator comments: This would basically rule out bundling / compression across HARQ-ACK
codebooks / SPS HARQ-ACK associated with different slots or sub-slots.

Feedback Form 7: Do you support to limit the discus-
sions to bundling / compression of the SPS HARQ-
ACK to a single slot or sub-slot / HARQ-ACK code-
book (FL proposal 4.3.2)? — start your reply with
‘Support / No support / Object’ followed by your
additional comments.

Item| Com- Comments
pany
1 Sony FEu- | Is the proposal simply saying that we focus on bundling N HARQ-ACK SPS
rope B.V. | into M bits, and these M bits are transmitted in a single PUCCH?
I do not think anyone is proposing bundling HARQ-ACK bits from two or more
different PUCCHs into another PUCCH. If Proposal 4.3.2 wants to exclude
this, (i.e. exclude taking HARQ-ACK bits from two or more different PUCCHs
and bundles them to be transmitted in yet another PUCCH), then we support
Proposal 4.3.2. If this is not the intention, please clarify what Proposal 4.3.2 is
trying to limit.
2 NTT DO- | Support.
COMO No change on Rel-16 HARQ-ACK timing determination rule is desired.
INC.
3 Qual- Similar comment as Sony
comm
Incorpo-
rated
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4.4 HARQ-ACK disabling /skipping for certain SPS configurations

Currently no discussion planned, as it seems there are no remaining issues to be discussed if this is
supported (as SPS configuration specific as such).

4.5 Comparison of the different techniques

In today’s GTW call, Mr. chairman was asking if we could create some table on the comparison of
the different methods. Clearly, such table would be very controversial (to be agreed) as the company
opinions on what is ‘complex’ and ‘how important’ the scenario is that the different methods can
tackle. Therefore, there is no moderator proposal on such table here but taken from
some input contributions.

But there had been a table available in the TDoc by Nokia / NSB in R1-2102819. This is simply
copied here — and companies are of course welcome to comment the related comparison given by
Nokia & NSB in R1-2102819 below.

In case the moderator missed another similar table in some other input document,
please contact the moderator offline (... to include the table here in the next Round /
Round 1).

Table 1: Table taken from R1-2102819: Simple
overview and comparison of the different techniques
for SPS HARQ-ACK skipping and payload size re-

duction
Feature Specification gNB & UE com- | Usefulness Comments
effort plexity
NACK skipping Very low UE: Very Ilow | High Simple & useful
gNB: Low
ACK skipping Very low UE: Very low | Low Simple — but less
gNB: Low useful as NACK
skipping
Dynamic  skip- | High UE: High Very high Complex and sev-
ping indication gNB: High eral issues identi-
fied
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Generic  HARQ | For bundling: | For bundling;: Low Lack of moti-
bundling / com- | Very low UE & gNB: Very vation (affects
pression low DL efficiency)
For compression: Large specifi-
High For compression: cation effort
UE & gNB: High for compression

schemes
HARQ bundling | Medium UE & gNB: | Very high Same intention as
for ‘jitter window’ Medium NACK skipping,
but simpler for

gNB operation

HARQ disabling | Very low UE & gNB: Very | Very high Simple & wuseful
low for the identified

use cases

Feedback Form 8: Comparison of the different tech-
niques: Please comment on Table 1 above (taken
from R1-2102819) or any other related comments on
comparing the different methods

Item| Com- Comments
pany

1 MediaTek | For conditional skipping of ACK or NACK, the UE complexity should be
Inc. changed to (at least) Medium.

2 Intel Ko-
rea, Ltd.

The comments section may be replaced with some more transparent metrics.
It can state inter-relation or synergy or duplication with other mentioned tech-
niques, e.g. NACK skipping is similar to the bundling with jitter handling.
The spec impact could use just "Low” instead of ”"Very low”. In general would
be good to use three levels everywhere.

There are examples on realizing the bundling for jitter handling based on min-
imal spec impacts, thus we support "Low” mark for that.

3 Ericsson
LM

Thanks moderator for the efforts. We encourage these kind of comparison to
get a high level overview to improve the decisions.

In general we are fine, noting that we have different views on entries indicated
as 7very high” for usefulness, but that can be discussed later.

4 LG Elec-
tronics
Inc.

We assume that "Usefulness in the table” are measured by how the scheme
afford skipped PDSCH well. However, if there is any level of threshold for SPS
PDSCH utilization, and the SPS PDSCH are used for URLLC, the number
of overall skipping case between NACK skipping and ACK skipping should be
comparable. In practical situation, we think NACK skipping is more useful at
least for reducing redundant transmission.
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Item| Com- Comments
pany

5 Motorola | We think usefulness of ACK skipping, NACK skipping, and dynamic skipping
Mobility indication is very low, as explained for previous questions.

UK Ltd.

6 Qual- The whole table should be removed. Similar comment to the question above:
comm impartial /fair wording recommended. The group is asked to reply to a table
Tech- written according to the FLs wishes. Is it possible to provide a blank/empty
nologies table in which any company provides its input? For example, NACK skipping
Int usefulness is none. Such argumentation should be avoided at this stage.

7 Guang- For NACK skipping, spec effort and implementation complexity is not low.
dong NACK skipping condition is not clear and maybe diverse. UE needs to deter-
OPPO mine skip or not timely and gNB needs to blind decode pre-configured PUCCH
Mobile resource. Comparing NACK skipping, HARQ bundling for jitter just performs
Telecom. logic "OR” for a SPS configuration group additionally. The spec effort and im-

plementation complexity of HARQ bundling is not higher than NACK skipping
at least.
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[104b-e-NR-R17-lloT_URLLC-01] Topic 4: PUCCH repetition enhancements - Version 0.0.2

RAN1
3GPP TSG-RAN WG1 Meeting
#104bis-e R1-210XXXX
e-Meeting, April 12t — 20", 2021
Agenda item: 8.3.1.1
Source: Moderator (Nokia)
Title: Moderator summary #X on HARQ-ACK feedback

enhancements for NR Rel-17 URLLC/IIoT — Topic 4: PUCCH repetition enhancements

Document for: Discussion and Decision

1 Introduction

This is the discussion document using NWM tool for discussing [104b-e-NR-R17-1IoT URLLC-01]
Topic 4: PUCCH repetition enhancements

The same section numbering of the initial moderator summary in R1-2102825 is to be used for the
related subsections (to align with the section numbering there).

2 Dummy

3 Dummy

4 Dummy

5 Discussion on PUCCH repetition enhancements (at
least for HARQ-ACK), e.g., sub-slot based, etc.

5.1 Dynamic repetition indication

Moderator comments:

The only thing that would be good to clarify at the beginning of this meeting already, would be if we
discuss any dynamic repetition indication methods, as some companies provided input on this issue
to this meeting.





But based on the RAN1#104-e agreement, the intention was to utilize the method defined in Cov.
Enh.:

Table 1:

Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16
PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH

Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropri-
ately, without further optimization unless necessary

FFES whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition
for HARQ-ACK

Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17

FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition
can be directly applied to sub-slot PUCCH or if changes are needed

As we don’t know yet the method that Cov. Enh will define, it is suggested to wait for further
progress there before discussing this in the URLLC WI further. As the way of the dynamic
repetition indiciation is still unclear, it is suggested to focus the discussions in this meeting to the
RRC configured repetition operation for sub-slot PUCCH.

Proposed FL Conclusion: Dynamic PUCCH repetition indication techniques are not
discussed during RAN1#104bis-e in AI 8.3.1.1.

Feedback Form 1: Handling of dynamic repetition in-
dication: Please provide your input on the proposed
conclusion — starting with ‘Agree / Not agree’ fol-
lowed by your explanation for your company’s posi-

tion.
Item| Com- Comments
pany
1 vivo Support. We share moderator’s views.
Mobile
Commu-
nication
Co.,
2 Intel Ko- | Agree
rea, Ltd.
3 CATT Agree






Item

Com-
pany

Comments

Nokia
Germany

Agree

Samsung
Elec-
tronics
Romania

Agree

China
Telecom-
munica-
tions

Agree

ZTE Cor-
poration

Agree

Sony Eu-
rope B.V.

Agree.

NTT DO-
COMO
INC.

Agree.

10

Panasonic
Corpora-
tion

Agree

11

Ericsson

LM

agree

12

Apple Eu-
rope Lim-
ited

Agree

13

LG Elec-
tronics
Inc.

Agree

14

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

Agree to wait for the progress from coverage first.

15

Qual-
comm
Tech-
nologies
Int

Support

16

SHARP
Corpora-
tion

Agree

As all companies seem to be fine with the conclusion, the moderator will just taken this
into account here also without any informal conclusion / agreement (and therefore not
prepare any related discussions).





5.2 Interaction RRC configured (i.e. nrofSlots) and dynamically
indicated repetition factor for sub-slot based PUCCH repetition:

Two companies discuss in their contribution, that if the UE is RRC configured with nrofSlots and
there is some dynamic repetition indication, RAN1 will need to define the behavior there. This is
rather similar than for the case of e.g. PUSCH repetition discussed in Rel-16 URLLC. The two
companies propose that if the repetition is not dynamically indicated (e.g. for fallback DCI, SPS
HARQ operation, ..) that RRC configured repetition factor is utilized and otherwise, the
dynamically indicated repetition factor is to be applied — as basically applied for PUSCH repetition.

All though there is little input on this yet, the moderator suggests a related proposal already below.
If you have any other operation in mind, please indicated your Alternative below.

FL proposal 5.2.1: For the interaction of RRC configured PUCCH repetition factor and
dynamically indicated PUCCH repetition factor, the dynamic repetition factor is
overriding the RRC configured repetition factor, i.e. .

- If the PUCCH contains UCI information for which a PUCCH repetition has been
dynamically indicated, then the dynamically indicated PUCCH repetition factor applies.

- Otherwise, the RRC configured repetition operation using ‘nrofSlots’ is applicable.

Feedback Form 2: Interaction of RRC and dynamic
indication of repetition factor: Please provide your
input on the proposal 5.2.1 — starting with ‘Support
/ Not support / Object’ followed by your explanation
for your company’s position.

Item| Com- Comments
pany
1 Intel Ko- | Support in principle. May be some refinement is needed to account that dy-
rea, Ltd. namic PUCCH repetition can be realized by RRC-based association of different
PUCCH resource configurations with different number of repetitions. In this
case, usage of "RRC indication” vs "Dynamic indication” may not be fully
accurate.
2 vivo Support. But we wonder whether this issue should also be covered by
Mobile Cov_enh.?
Commu-
nication
Co.,
3 CATT Not support. We think it is related to the solution of dynamic indication of
PUCCH repetition factor and prefer to discuss it later.
4 Nokia Support in principle.
Germany






Item| Com- Comments
pany
5 Nokia Moderator comment: Maybe the formulation was not perfect in here - at least
Germany | the intention of the moderator had been, that e.g. in case it is possible to
indicate the dynamic repetition indication with let’s say DCI format 1_1/12
- but not with the fallback format 7 0, then the RRC configured nrofSlots
from Rel-15/16 in PUCCH-config only applies if then the fallback format 1_0
would apply (but not with the DCI formats that can dynamically indicate the
repetition). This is just an example here and of course should not mean that
this would be DCI specific in the end (based on the outcome of the discussions
in Cov. Enh.)
6 Samsung No need for any agreement. It is like saying the “dynamic beta_ offset” overrides
Elec- the “semi-static beta_ offset”.
tronics
Romania
7 Sony Eu- | We can consider this later after the dynamic repetition indicator mechanism is
rope B.V. | discussed in CovEnh.
8 NTT DO- | We think it’s better to discuss the issue later after the conclusion for dynamic
COMO repetition indication is achieved in CovEnh.
INC.
9 Panasonic | We think it would better to wait the discussion on this issue after the conclusion
Corpora- for dynamic repetition factor indication in CovEnh.
tion
10 Ericsson Support in principle. The proposal describes the expected behavior in general
LM (as commented by Samsung). But it s safer to conclude :-)
11 Apple Eu- | since we agree to defer the discussion on Dynamic PUCCH repetition indication
rope Lim- | techniques, such discussion should be deferred also.
ited
12 LG Elec- | Support in principle. Considering above conclusion, it would be safer to wait
tronics the discussion of CE.
Inc.
13 HUAWEI | Support
TECH-
NOLO-
GIES Co.
Ltd.
14 Qual- Support, but this topic has to be discussed later. Hence, no support for now.
comm Support after the discussion starts in this group.
Tech-
nologies
Int
15 SHARP Support
Corpora-
tion

Based on the feedback, the group seems to be split between supporting the proposal and waiting for
the design of the dynamic repetition indication. As reaching an agreement during
RAN1#104bis-e seems therefore rather improbable, the related discussions are not






planned to continue in this meeting (but let’s wait on the further details of the
dynamic repetition indication)

5.3 UCIT types for sub-slot based PUCCH repetition operation with RRC
configured repetition factor (i.e. nrofSlots)

There had been some mixed input here, but the moderator here would gain like to focus only on the
RRC configured repetition factor as the dynamic repetition indication is still unclear and depending
on the type of signaling this may be different.

In Rel-16, the RRC configured repetition factor is configured per PUCCH format independently of
which UCI type is to be carried on the PUCCH. As the RRC configured repetition indicator as part
of a sub-slot PUCCH config in Rel-17 would again apply for the PUCCH format independently of
the UCI type mapped it seems to be logical to apply the same for sub-slot operation.

5.3.1 Round 1
Moderator additional comments for Round 1:

The moderator would like to note here, that actually when not supporting FL proposal 5.3.1, the
specification effort will be actually higher compared to the case of supporting it. If FL proposal 5.3.1
is supported, basically the only change needed for RRC configured nrofSlots is to remove the
restriction of not being able to configure it in Rel-16 (which is then removed in Rel-17). In case there
is a per UCI type of repetition (i.e. nrofSlots), then actually we will need to include specific clauses
for sub-slot PUCCH operation, basically stating for SR and CSI in the relevant places that the
nrofSlots actually is not applicable. Thus, to keep the specifications impact minimal actually FL
proposal 5.3.1 below is helping.

Moreover, the proposal here would be just for the RRC configured operation using nrofSlots — this
does not mean that this would be equally supported for the case that dynamic PUCCH repetition
indication is configured and/or used. Minor updated wording on the proposal below.

Updated FL proposal 5.3.1: Following Rel-16 specification, the Rel-15/16 RRC
configured PUCCH repetition factor using ‘nrofSlots’ per PUCCH format in
PUCCH-config is applicable for the same UCI types for sub-slot based PUCCH
repetition as for slot-based PUCCH repetition, including HARQ-ACK, SR and CSI.

- FFS for dynamic PUCCH repetition indication





Feedback Form 3: UCI types for RRC configured rep-
etition factor ‘nrofSlots’: Please provide your input
on the proposal 5.3.1 — starting with ‘Support / Not
support / Object’ followed by your explanation for
your company’s position.

Item

Com-
pany

Comments

vivo
Mobile
Commu-
nication

Co.,

Support.

CATT

Support.

Nokia
Germany

Support

Intel Ko-
rea, Ltd.

We are wondering if agreeing on this would mean we automatically support
sub-slot based operation for non-HARQ UCI? Should it be discussed first?

Samsung
Elec-
tronics
Romania

Agree

ZTE Cor-

poration

Support

Sony Eu-
rope B.V.

Not support.
Sub-slot based PUCCH in Rel-16 was introduced for HARQ-ACK. It is unclear
why suddenly in Rel-17 sub-slot based PUCCH is used for SR and CSI.

NTT DO-
COMO
INC.

Support.

Panasonic
Corpora-
tion

Support

10

Ericsson
LM

Support

11

Apple Eu-
rope Lim-
ited

the support for non-HARQ UCIs should be discussed first.

12

LG Elec-
tronics
Inc.

Support

13

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

Support






Item| Com- Comments
pany
14 | Qual- No support (now). Need to discussed first.

comm

Tech-

nologies

Int

15 Nokia Moderator additional comments for Round 1:

Germany | The moderator would like to note here, that actually when not supporting FL
proposal 5.3.1, the specification effort will be actually higher compared to the
case of supporting it. If FL proposal 5.3.1 is supported, basically the only
change needed for RRC configured nrofSlots is to remove the restriction of not
being able to configure it in Rel-16 (which is then removed in Rel-17). In case
there is a per UCI type of repetition (i.e. nrofSlots), then actually we will need
to include specific clauses for sub-slot PUCCH operation, basically stating for
SR and CSI in the relevant places that the nrofSlots actually is not applicable.
Thus, to keep the specifications impact minimal actually FL proposal
5.3.1 below is helping.

Moreover, the proposal here would be just for the RRC configured operation
using nrofSlots — this does not mean that this would be equally supported for
the case that dynamic PUCCH repetition indication is configured and/or used.
Minor updated wording
16 LG Elec- | Support.
tronics
Inc.
17 Guang- Support

dong

OPPO

Mobile

Telecom.

18 Motorola Support. In our understanding, in Rel-16, if a sub-slot length is configured in

Mobility a PUCCH-Config, a PUCCH resource for SR and CSI is also within a sub-slot.

UK Ltd.

19 Qual- Do not support now. The explanation is respected and appreciated. The will of
comm the moderator to progress on this topic is supported. However, the topic needs

Tech- to be discussed and a consensus has to be reached. Adding clauses per UCI

nologies type does not seem too much extra work.

Int

20 China We understand the sub-slot based PUCCH repetition means there is one repe-

Telecom- tition per sub-slot with the same starting symbol, duration and PRB number

munica- used in each sub-slot. Will sub-slot based PUCCH repetition reuse the same

tions Rel-15/16 RRC configured repetition factor ‘nrofSlots’ or a new RRC repetition

factor like ‘nrofsubSlots’ be defined






5.4 Support PUCCH repetition for short PUCCH formats (FO & F2)
also for slot-based PUCCH repetition:

There seems to be a good majority supporting short PUCCH format repetition also for slot-based
PUCCH repetition. Again the moderator thinks here that it would be maybe better to focus the
discussions on the RRC configured repetition factor here at the moment, as the dynamic PUCCH
repetition for slot-based PUCCH is outside the scope of the URLLC WIL.

Looking at the RRC configured repetition factor ‘nrofSlots’, the RRC parameter is to be included in
PUCCH config also for PUCCH formats FO & F2. Therefore, if this is there then in the PUCCH
configuration already, the support also for a slot-based PUCCH config should not create any
additional specification complexity. So from this perspective, at least from specification and
implementation perspective there seems to be no additional effort to support this also for slot-based
PUCCH config.

FL proposal 5.4.1: The RRC configured PUCCH repetition factor using ‘nrofSlots’ in
PUCCH-config for PUCCH formats 0 and 2 is applicable for sub-slot and slot-based
PUCCH configurations.

- Note: The handling for dynamic repetition indication for slot-based PUCCH
configuration is outside the scope of the URLLC WI.

Feedback Form 4: PUCCH F0 & F2 with slot-based
PUCCH and ‘nrofSlots’: Please provide your input
on proposal 5.4.1 — starting with ‘Support / Not sup-
port / Object’ followed by your explanation for your
company’s position.

Item| Com- Comments
pany

1 vivo Support.
Mobile
Commu-
nication
Co.,

2 CATT Support.

3 Nokia Support
Germany

4 Samsung No need — just because M-TRP supports slot-based repetition for PF0/2, does
Elec- not mean they are needed for single-TRP. Otherwise, single TRP PDCCH rep-
tronics etitions should also be introduced together with several other “M-TRP only”
Romania features.






Item| Com- Comments
pany
5 Intel Ko- | As analyzed by the Moderator, there seems to be not much to do in terms of
rea, Ltd. specification. However, we fail to see big motivation for this type of repetitions.
It would be good to hear some insights except simple ”Support”.
6 ZTE Cor- | Not support. The use case of sub-slot repetition for PUCCH FO0 and F2 is not
poration clear.
7 Ericsson Support.
LM Please note that the reason is not M-TRP. In real deployments, e.g. high band,
there are cases that there is not enough UL symbols for PUCCH transmission.
Hence, only PFO and PF2 can be used. However, that causes coverage issue
and it is important to be able to improve the coverage by repetition.
8 Apple Eu- | we don’t see a strong reason to support this
rope Lim-
ited
9 LG Elec- | Not support. At least in the URLLC perspective, we cannot see the strong
tronics reason.
Inc.
10 HUAWEI | Support
TECH-
NOLO-
GIES Co.
Ltd.
11 Qual- No support now.
comm
Tech-
nologies
Int
12 NTT DO- | Support.
COMO
INC.

Based on the feedback during Round 0, the group seems to be split between supporting
the proposal and saying: no we don’t support PUCCH repetition for slot-based
PUCCH configuration for Format 0 & 2 with RRC configured using ‘nrofSlots’.
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Discussion on Type 1 HARQ codebook based on
sub-slot PUCCH config

6.1 Support of Type 1 CB for sub-slot PUCCH

Moderator comments:

This is the same situation as in the last meeting — and it seems there is no technical discussion that
could lead to companies changing their opinion (compared to last time, there had been one objecting
company).

But having further discussions without knowing if we support it does not seem to be very efficient.
Therefore, it is suggested to try to resolve this in this GTW call.

FL Proposal 6.1: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH
configuration in Rel-17.

- The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least
includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of
the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of
sub-slot timing values K1.

- FFS: whether or not to consider PDSCH TDRA grouping per sub-slot-
- FFS: Additional properties that may need clarification

- FFS: Other Type 1 HARQ-ACK CB enhancements (for sub-slot based &/ slot based
HARQ-ACK feedback)

There are 2 feedback forms for this below (to try this option out with NWM - how this
would work):

1. If you support the proposal, write ‘support’ to the first question (first on is only for companies
supporting)





2. If you do not support, write ‘Object’ to the second feedback form — and please provide your
technical reasons there

Feedback Form 1: Only if you support Proposal 6.1
/ Type 1 CB for sub-slot PUCCH - please provide

feedback as ‘Support’ with potential reasons.

Item| Com- Comments
pany
1 vivo Support.
Mobile
Commu-
nication
Co.,
2 CATT Support
3 Nokia Support
Germany
4 Samsung Support.
Elec-
tronics e It can be supported in Rel-17 for the completeness of the specification, if
Romania the specification/implementation impacts are marginal.
5 China Support
Telecom-
munica-
tions
6 WILUS Support
Inc.
7 ZTE Cor- | Support
poration
8 NTT DO- | Support
COMO
INC.
9 Guang- Support
dong
OPPO
Mobile
Telecom.
10 Ericsson Support
LM
11 HUAWEI | Support. From the motivation of achieving high reliability with low feedback
TECH- latency for Rel-17 URLLC.
NOLO-
GIES Co.
Ltd.
12 Qual- Support. The motivation to support sub-slot Type-1 CB is that Type-1 CB
comm does not suffer from the missing DCI issue, and hence may be helpful to ensure
Tech- reliability of URLLC HARQ-ACK feedback. And enabling sub-slot based Type
nologies 1 CB helps to reduce the latency.
Int






Item| Com- Comments
pany
13 NEC Cor- | Support
poration
Feedback Form 2: Only if you object / not support
Proposal 6.1 / Type 1 CB for sub-slot PUCCH —
please provide feedback as ‘Object’ with the related
argumentation for your objection.
Item| Com- Comments
pany
6.1.1 Round 1

Based on the discussions into todays meeting, there is still one company having strong concerns on
the support of Type 1 CB for sub-slot PUCCH, as based on the discussion, this will take time away
from other potential enhancements which based on this company’s opinion could be much more
useful.

As there is strong interest by the group otherwise, maybe we could try to reduce the scope of the
work here as much as possible already in the potential agreements, so that the concerns of the
objective company could maybe be reduced.

The first thinking of the moderator here would be, if we could trim down the proposal a bit, by e.g.
removing the 2" FFS with reads as “Other Type 1 HARQ-ACK CB enhancements (for sub-slot
based &/ slot based HARQ-ACK feedback)”. Clearly, this would reduce the scope of the further
work here.

So, basically would the following update FL proposal address the concern of Mediatek sufficiently, so
that Mediatek as a matter of compromise could maybe agree to the Update proposal? Other
companies, please comment if such restricted focus could be acceptable for you as well.

Update 1 FL Proposal 6.1: Support Type-1 HARQ-ACK codebook for sub-slot based
PUCCH configuration in Rel-17.

The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least
includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of
the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of
sub-slot timing values K1.





FFS: whether or not to consider PDSCH TDRA grouping per sub-slot

FFS: Additional properties that may need clarification

Feedback Form 3: Companies to provide feedback if
the removal of the 3rd FFS in Update 1 FL proposal
6.1 “FFS: Other Type 1 HARQ-ACK CB enhance-
ments (for sub-slot based &/ slot based HARQ-ACK
feedback)” would be acceptable to you?

Item

Com-
pany

Comments

MediaTek

Inc.

This proposal doesn’t address all our concerns regarding the unnecessary opti-
mization. We could accept “Update 2 FL Proposal 6.2”.

MediaTek

Inc.

Correction to the numbering to avoid any confusion:
This proposal doesn’t address all our concerns regarding the unnec-
essary optimization. We could accept “Update 2 FL Proposal 6.1

Samsung
Elec-
tronics
Romania

Acceptable and it is preferable to go update 2 directly.

NTT DO-
COMO
INC.

Acceptable.

CATT

Acceptable.

China
Telecom-
munica-
tions

Acceptable.

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

Acceptable.

Guang-
dong
OPPO
Mobile
Telecom.

Acceptable

NEC Cor-
poration

Acceptable.

10

Ericsson

LM

Acceptable






Not sure if in the same go, we would be able to resolve the 1st FFS to lower the concerns from
Mediatek. Looking at the discussions in Sec. 6.2 below, the TS 38.213 editor commented that
slot-based TDRA grouping for sub-slot PUCCH from specification impact would be minor as the
existing procedure of different SCS handling could be simply reused, whereas sub-slot based TDRA
grouping would require more specifications impact (which seems to be the main concern from
Mediatek there).

So could we consider to also re-solve this FFS in the same go, by selecting the method requiring less
specs changes (and needed discussions here). This would then become Update 2 as laid out below

Update 2 FL Proposal 6.1: Support Type-1 HARQ-ACK codebook for sub-slot based
PUCCH configuration in Rel-17.

The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least
includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of
the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of
sub-slot timing values K1.

FES:whether-ernoet-to-eonsider PDSCH TDRA grouping is performed per slot-per
sub-slet

FFS: Additional properties that may need clarification

So, basically would the following update 2 FL proposal address the concern of Mediatek sufficiently,
so that Mediatek as a matter of compromise could maybe agree to the Update 2 proposal? Other
companies, please comment this could be as a compromise acceptable to you as well.

Feedback Form 4: Companies to provide feedback
on Update 2 FL Proposal 6.1 — if fixing the opera-
tion to slot-based TDRA grouping and the removal
of the 3rd FFS “FFS: Other Type 1 HARQ-ACK
CB enhancements (for sub-slot based &/ slot based
HARQ-ACK feedback)” would be acceptable to you?

Item| Com- Comments
pany
1 MediaTek | For the sake of progress, we could accept this proposal with the understanding
Inc. that no optimization to be done for Type-1 HARQ-ACK codebook for sub-slot
PUCCH.






Item| Com- Comments
pany
2 WILUS We are supportive of the proposal.
Inc. Regarding per-slot TDRA grouping, our understanding is to use the set R
containing all SLIVs in TDRA in the type-1 CB pseudo-code as in Rel-15/16
(i.e., no additional procedures on the set R based on sub-slot configuration).
3 Samsung Support.
Elec-
tronics
Romania
4 NTT DO- | Support.
COMO
INC.
5 ZTE Cor- | Support Update 2 FL. Proposal 6.1
poration
6 CATT Accpetable.
7 China Acceptable.
Telecom-
munica-
tions
8 Nokia Support / acceptable
Germany
9 HUAWEI | Support.
TECH-
NOLO-
GIES Co.
Ltd.
10 NEC Cor- | We prefer to keep the FFS whether or not to consider PDSCH TDRA grouping
poration per sub-slot.
11 Ericsson Support /acceptable
LM
12 Qual- Support update 2
comm
Tech-
nologies
Int
6.2 Slot versus sub-slot based TDRA grouping

Moderator comments:

The only thing the moderator thinks still needs clarification is if we apply the PDSCH grouping per
slot or per-slot. The further details of how implementing this to the specs in the end could be left to

7





the CR phase at the end of the release.

Looking at the input this meeting, it seems more companies seem to have TDRA grouping slot
instead of per sub-slot in mind.

Question 6.2.1: If Type 1 CB for sub-slot PUCCH is to supported in Rel-17, should
PDSCH TDRA grouping be

1. Option 1: per slot

2. Option 2: per sub-slot

Feedback Form 5: Slot vs. sub-slot TDRA grouping:
Please provide your input to Question 6.2.1 — starting
with Option X followed by your explanation for your
company’s position.

Item| Com- Comments
pany
1 vivo Option 2. We prefer to adopt the similar way as slot-based Type 1 CB con-
Mobile struction for sub-slot based Type 1 CB construction. Smaller spec impact and
Commu- for Type 1 CB, not important to further optimize the CB size.
nication
Co.,
2 CATT Option 2.
3 Samsung Option 1.
Elec-
tronics ¢ Slot-based pruning same as different SCS handling can be reused for sub-
Romania slot case. We object sub-slot based pruning, because it complicates whole
procedure by introducing new concept of virtual DL sub-slot, and also
results in more redundant bits as explained by many companies.
4 ZTE Cor- | Option 1.
poration As some companies (Huawei, ZTE) mentioned, per slot grouping could save the
overhead of codebook as much as possible. Moreover there is no spec impact
as the default mechanism in spec is per slot.
Tdoc R1-2102493 reveals a very simple change on the spec to adopt the sub-slot
based Type-1 codebook.
5 NTT DO- | Option 2.
COMO
INC.






Item

Com-
pany

Comments

Guang-
dong
OPPO
Mobile
Telecom.

Option 2

Ericsson

LM

prefer Option 1

LG Elec-
tronics
Inc.

Option 2

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

Option 1. The TDRA grouping across sub-slots will be helpful to remove the
redundancy and thereby reduce the overhead of the type 1 CB.

10

Nokia

Germany

Option 1. Agree with the comments by ZTE & Huawei above

11

Qual-
comm
Tech-
nologies
Int

Option 2

12

NEC Cor-
poration

Option 2

6.2.1

Round 3

Based on the email discussion on April 16'", we were not able to jointly agree on the grouping as
well as the overall Type 1 CB support. There had been good discussions (difference in Type 1 CB
size — e.g. shown by HW in their contribution, looping operation, ...), which all may not have been
taking into account in the when providing the companies positions last Friday.

Therefore, let’s see where companies stand and maybe we are able to still jointly agree the Type 1
CB together with the grouping / pruning to be per slot or sub-slot.

Question 6.2.2: If Type 1 CB for sub-slot PUCCH would be supported in Rel-17, the
PDSCH TDRA grouping / pruning is performed

- Option 1: per slot

- Option 2: per sub-slot






Feedback Form 6: Please provide your input to Ques-
tion 6.2.2 — starting with ‘Option 1 / Options 2’ fol-
lowed by additional comments.

Item| Com- Comments
pany
1 Samsung Option 1
Elec-
tronics e results to minimum spec impact
Romania e avoids unnecessary dummy bits in the codebook
2 ZTE Cor- | Option 1. We select option 1 as the Type 1 CB size has the benefit on the
poration overhead of codebook.
3 vivo Option 1.
Mobile
Commu-
nication
Co.,
4 Guang- Option 2
dong
OPPO e Minimize spec impact, i.e. only restrict occasions for candidate PDSCH
Mobile receptions in a virtual DL sub-slot (the same range as UL sub-slot);
Telecom. ¢ Small HARQ-ACK codebook size per each HARQ-ACK codebook ensures
sub-slot PUCCH reliability.
5 LG Elec- | Option 2.
tronics Of course it is up to mechanism, however, we think Option 2 has generally less
Inc. specification impact.
For a PDSCH occasion ending in a sub-slot which overlaps with other SLIV
ending in the different sub-slot, per-slot-based-approach may have less payload,
however, it would require fine K1 set, which could be an another restriction.
6 NTT DO- | Option 1.
COMO Smaller HARQ-ACK CB size can be achieved by option 1.
INC.
7 Nokia Option 1
Germany | slot-based grouping resuling in smaller Type 1 CB size, that specifically for
2-0S sub-slot will be very important.
8 WILUS Option 1.
Inc. As we mentioned in e-mail, the slot-based pruning can reduce type-1 CB size,
which is important to ensure higher reliability.
9 HUAWEI | Option 1. Smaller payload size of type-1 CB is achieved by adopting per slot
TECH- TDRA grouping.
NOLO-
GIES Co.
Ltd.

10






Item

Com-
pany

Comments

10

Ericsson

LM

Option 1
Based on the discussion on reflector, it seems slot-based is straightforward w.r.t.
spec impact and results in general in a smaller CB size.

11

Qual-
comin
Incorpo-
rated

Option 2.

Option 2 has clearly smaller spec impact than Option 1, because the k1l is
indicated as subslot.

Option 1 has several issues as we commented over the email reflector: 1) much
larger spec impact, at least a new grouping mechanism needs to be specified to
group some subslots into a slot, and to skip the TDRA determination for certain
sub-slots; 2) per-slot based TDRA pruning can also have a larger payload size
than per-subslot based TDRA prunning, when the subslots in the HARQ-ACK
reporting window doesn’t align with an integer number of DL slots; 3) in case
of mixed numerology, there’re scenarios in which a DL slot is not multiple of UL
sub-slots (e.g., when UL SCS=15KHz, DL SCS=30KHz, and subslotlength=2
0OS), how to do per-DL-slot pruning is questionable, whereas per-subslot based
TDRA pruning is much straightforward.

12

ZTE Cor-
poration

Some clarifications on Qualcomm’s questions:

1) The spec impact is not so much, grouping mechanism is aiming for all possible
k1 values which the corresponding PDSCH TDRAs within one DL slot, so it is
easy to select the applicable PDSCH TDRAs and to do the grouping per slot. If
certain PDSCH TDRA falling in the sub-slots not in the range of n-k1, i.e., the
sub-slots need to skip, the corresponding PDSCH TDRAs will not be selected
according to the k1 set naturally.

2) I guess the case here is the same case "DL slot is not multiple of UL sub-slots
”in 3)7 From the example in 3), there will be UL sub-slot (i.e., HARQ-ACK
reporting window) crossing the first and second DL slot. To follow the ordinary
set R generation principle, the possible PDSCH TDRASs corresponding to the
k1 set within the two PDSCH slots will be selected (taking the k1 value and the
end of the PDSCHs within the slot into account) . If there is only one k1 value
in the set, the result of grouping per slot and per sub-slot will be the same, the
payload size will be the same. If there are multiple k1 values, referring to the
reply of LGE, ”if a PDSCH occasion ending in a sub-slot which overlaps with
other SLIV ending in the different sub-slot, it is possible that payload size of
per slot will less than per sub-slot.”

3) As the reply to 2), the ordinary priciple of set R generation will be used, the
possible PDSCH TDRAs in the two DL PDSCH slots corresponding to the k1
set will be considered together, if UL sub-slot crossing the first and second DL
slot. And per-DL-slot grouping/pruning will be done as the explanation in 2).

13

CATT

Option 1. Based on the discussion on email reflector, option 1 can minimize
the CB size.

11






Item

Com-
pany

Comments

14

Qual-
comm
Incorpo-
rated

@ZTE, Thanks for the clarification. Based on the clarification here and in the
email discussion, it seems that what ZTE and Nokia had in mind is the following
2-step approach:

e 1st step: a subset of TDRAs were selected for each UL subslot indexed
by k1 based on the subslot in which the TDRA ends

e 2nd step: the TDRASs’ obtained in the first step were pruned per DL slot
based on the TDRAs.

In both Option 1 and Option 2, the 1st step is performed per subslot. The
difference between Option 1 and Option 2 only lies in the 2nd step, where the
TDRA pruning is done per subslot in Option 2 and per DL slot in Option 1.
Not sure if this is a common understanding among companies that support
Option 1, but based on the clarification from ZTE, Option 1 actually means

e Option 1: TDRA pruning/grouping per slot after TDRA deter-
mination per subslot.

If the above understanding is correct, we suggest the FL to clarify the proce-
dure in Option 1 in the Question formulation/FL proposal. Otherwise, it is
completely unclear what ”per-slot pruning” means.

15

NEC Cor-
poration

Option 2 is slightly preferred.

Based on the discussion so far, it seems that option 2 is straightforward and
has less specification impact, while option 1 may have smaller codebook size in
some cases.

16

ZTE Cor-
poration

Further clarification to Qualcomm’s comments.

Thanks for Qualcomm’s comments, your understanding is close to my thought.
For step 1, the selected PDSCH TDRAs are within a DL slot, and correspond
to the possible one or multiple k1 values. The principle for TDRA ends in the
range of HARQ-window (sub-slot length) is not changed.

For step 2, from my response to OPPO on email, the pruning is the one kind
of action of grouping, it seems the same thing. Maybe FL could correct me.

17

Nokia
Germany

Moderator comment to clarification to Qualcomm / ZTE:

Yes - the Qualcomm procedure describes this very well. The difference is only
in the 2nd step laid out by Qualcomm above. The difference is in the 2nd step
of the procedure.

12
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Discussion on PUCCH carrier switching for HARQ
feedback

7.1 Moderator comments
Moderator comments Round O:

Due to the rather diverse views from different companies but a view things from the different
contributions can be noted:

It is slightly unclear, if the PUCCH carrier switching would applicable only for HARQ-ACK or for
any UCI.

Some companies opposing Alt. 1 highlight the issue of a missed DCI indicting the a PUCCH carrier
change could lead to some inconsistencies between gNB and UE. The moderator suggesting a
discussion on the issue of missed DCI for all alternatives, as it seems that missing some DCI
overriding the PUCCH using PRI could lead to similar issues also for Alt. 2B in terms of PUCCH
carrier selection.

Two companies suggesting for Alt. 1, to operate semi-statically configured PUCCH (e.g for SPS
HARQ) based on some semi-static rules in the spirit of Alt. 2B. It is suggested to discuss here the
options overall.

There is still rather little input on the Alt. 2 B operation in terms of rules.

Moderator comments for Round 1:

7.2 on other UCI types in 7.2, maybe not worth trying to do go further here for the moment as some
companies mention, let’s first decide on the scheme and then see if we in addition to HARQ can or

are willing to support also the switching for other UCI types

7.3 on effect of missed DCI, this is to be closed. No further action needed — but people are
encouraged to take the moderator understanding at the end of Sec. 7.3 into account.

7.4 semi-static PUCCH handling for Alt. 1: there are varying inputs. As discussed by some
companies when having a Alt. 1 type for scheduled PUCCH and supporting Alt. 2B type of
operation for semi-static PUCCH (e.g. SPS HARQ-ACK) the advantages of light specification effort





are basically lost. Therefore, it may be better to spin of the hybrid of Alt. 1 (for
scheduled PUCCH) and Alt. 2B (for configured PUCCH) for further discussions in the
WI as Alt. 1A below:

Alt. 1: PUCCH carrier switching is based dynamic indication in DCI

- Moderator comment: This may include to apply the latest indication also for configured PUCCH or
alternatively, PUCCH carrier switching for configured PUCCH is not supported

Alt. 1A: PUCCH carrier switching is based dynamic indication in DCI for scheduled
PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH
(as for Alt. 2B)

New Sec. 7.6 in word (or Sec. 7.5 in the tool- as the tool does not let me insert
something after the last feedback form — so annoying) : Feedback on the support for the
different alternatives as well as checking if we could agree the support of the feature in Rel-17
without defining with alternative to choose.

Discussion 7.5 on the additional details for Alt. 2B (or Sec. 7.5 in the tool- as the tool does not let

me insert something after the last feedback form — so annoying), this is not really conclusive of which
way to go there. The moderator leaves the question open for further input there.

7.2 Support of PUCCH carrier switching for other UCI types (than
HARQ-ACK):
For all 3 alternatives, the PUCCH cell may be switching to another serving cell. But the question is,

is only the PUCCH carrying HARQ-ACK moved — or if also SR and/or CSI transmission on an
alternative PUCCH cell is to be supported.

Question 7.2.1: Would UCI other than HARQ-ACK transmission be supported for
dynamic PUCCH carrier switching? Based on your indicated preference , please share
your our thinking how this would be operated with the different alternatives

1. Option 1: No — only HARQ-ACK

2. Option 2: In addition, also SR

3. Option 3: in addition, also CSI

4. Option 4: in addition, also CSI & SR

5. Option 5: other





Feedback Form 1: PUCCH cell switching for CSI
and/or SR: Please provide your input to Question
7.2.1 — starting with Option X followed by your ex-
planation for your company’s position incl. how to
enable this by Alt. 1/2B/2C (or at least your pref-
ered method)

Item| Com- Comments
pany
1 Nokia Option 2 - in case of Alt. 2C
Germany | Option 1 otherwise
For Alt. 2C, as the PUCCH cell is known per slot, SR and/or CSI could
be supported. Although, we think the support could be limited to SR only
considering the URLLC operation (I guess it should be possible to define the
CSI on PUCCH to have the CSI in an UL slot of the PCelle)
For Alt. 1 - there is no dynamic indication to trigger SR and/or CSI on PUCCH,
so not directly applicable
For Alt 2B - unclear how the PUCCH carrier selection would work there (in
case of PUCCH configurations of different serving cells)
2 Samsung Option 1 or Option 2
Elec-
tronics
Romania
3 Intel Ko- | Option 1 is preferred. The use cases described by proponents are to deliver the
rea, Ltd. feedback faster, thus no need to focus on other UCI at the moment, but we are
open to consider it once the solution for HARQ UCI is identified.
4 ZTE Cor- | As Nokia pointed, whether the support of PUCCH carrier switching could be
poration for SR and/or CSI may depend on the schemes. So we can discuss this issue
later after the scheme is determined.
5 Apple Eu- | We prefer to discuss this issue after deciding the support of PUCCH carrier
rope Lim- | switching and the exact scheme (e.g. 2C).
ited
6 LG Elec- | We also prefer to discuss details after the end of discussion on whether to
tronics support PUCCH carrier switching.
Inc.
7 HUAWEI | Option 1. To relieve the standard effort, only HARQ-ACK can be considered
TECH- for R17.
NOLO-
GIES Co.
Ltd.
8 Motorola Option 1. Alt. 2B allows UE to perform dynamic PUCCH carrier switching
Mobility without dynamic indication, which can reduce dropping/cancelling of HARQ-
UK Ltd. ACK feedback consisting of only SPS PDSCH HARQ-ACK bits.






Item| Com- Comments
pany

9 Qual- Option 1. Open to other options as well. The rationale behind this question
comm at this moment is unclear. There have been 3 proposals on the approach to be
Tech- followed with regards to this PUCCH Carrier Switching for the last 3 meetings
nologies now, since #103. The group — with the positive and helpful encouragement of
Int the moderator-should focus on converging on that topic rather than shifting the

focus from the target - something which this proposal seems to be doing.

10 CATT Option 1.

11 PANA- Option 1 or Option 2.
SONIC
R&D
Center
Germany

12 Asia Option 1 is preferred, but other options can be considered as well. We also agree
Pacific that this issue should be discussed after determining which switching scheme is
Telecom supported.
co. Ltd

7.3 Effect of a missed DCI scheduling PUCCH on PUCCH carrier
switching:

In here this is to discuss the effect of a missed DCI scheduling a PUCCH (e.g. through DG PDSCH)
— as this had been used by several companies in their indication of the preferences.

The FL tries to see if there is some consensus on the issue of a missed DCI for the different
considered alternatives.

Based on moderator’s understanding of the different alternatives, the following is applicable:

For Alt. 1:

- If the UE misses a DCI scheduling PUCCH indicating a PUCCH carrier change — the UE may try
to transmit the PUCCH on the wrong CC. As discussed by some companies in their contributions, if
there are several PUCCHs scheduled by several DCIs the gNB may by indicating the same PUCCH
cell reduce the effect of a missed DCI by having the same cell indicated in all these DCls.

- But there is of course also the ambiguity on the PUCCH resource when missing the PRI that may
be overridden still by the last scheduling DCI.

For Alt. 2B:
- If the UE misses a DCI scheduling PUCCH overriding the PUCCH resource through PRI, there

could be a wrong assumption in the UE if the PUCCH could be transmitted on the Pcell or not. E.g.
considering the example shown here below, if before the PUCCH resource overriding the PUCCH





cannot be transmitted on the Pcell it may be switched to another CC (Scell). Whereas if the DCI
with PRI is received (PUCCH resource overwritten) it may not be moved (as in case of the example
below) or a different CC may be selected based on the underlying switching rules for Alt. 2B.

- As for Alt. 1, there is of course also the ambiguity on the PUCCH resource itself when missing the
PRI that may be overridden still by the last scheduling DCI as well.

DCl with PRI

Overwritten
PUCCH

PCell

Scell

Figure 1: Figure: Example of missed DCI for Alt. 2B

For Alt. 2C:
The UE missing a DCI scheduling PUCCH overriding the PUCCH resource through PRI will not
change the PUCCH cell for that PUCCH (sub-)slot as the PUCCH cell is higher layer configured by

the time domain pattern.

As for Alt. 1 & 2B, there is of course also the ambiguity on the PUCCH resource itself when missing
the PRI that may be overridden still by the last scheduling DCI as well.

The following is summarized below with the following related observations for discussions.

Proposed Observation 7.3.1: Concerning the ambiguity on the PUCCH cell in case the
UE misses a DCI scheduling a PUCCH the following can be noted:





1. For Alt. 1, there is a potential ambiguity on the PUCCH cell through a missed
indication of the applicable PUCCH cell.

- Note: gNB may indicate the same PUCCH cell in more than one DCI scheduling a
PUCCH to reduce this effect.-

2. For Alt. 2B, there is a potential ambiguity on the PUCCH cell through a missed
PRI overriding the PUCCH resource resulting in a different selected PUCCH cell by
the UE based on the semi-static rules.

- Note: gNB may indicate the same PUCCH resource (through PRI) in more than one
DCII scheduling a PUCCH to reduce this effect.

3. For Alt. 2C, there is no ambiguity on the PUCCH cell when missing a DCI
scheduling the PUCCH as the PUCCH cell for a certain PUCCH (sub-)slot is
determined by the higher layer configured PUCCH cell pattern.

Feedback Form 2: Ambiguity of PUCCH cell if miss-
ing a DCI: Please provide your input on Proposed
Observation 7.3.1 — starting with ‘Agree / Not agree’
followed by your explanation for your company’s po-

sition.

Item| Com- Comments
pany

1 Nokia Agree
Germany | A missed DCI scheduling PUCCH could also for Alt. 2B lead to a wrongly

selected PUCCH cell (as for Alt. 1)

2 Samsung There is no ambiguity on the PUCCH cell. There is no issue related to deter-
Elec- mine slot (time) in a cell. This is somewhat change to domain from time to
tronics frequency/(cell). If this is really problem, current Rel-15/16 have same problem,
Romania as well.

3 China Agree
Telecom-
munica-
tions

4 Intel Ko- | Agree.
rea, Ltd. We view it as an additional degree of ambiguity to the already existing PUCCH

resource/slot ambiguity due to missed overriding DCI.

5 NTT DO- | Agree.

COMO
INC.

6 Apple Eu- | From moderator’s analysis, Alt. 2C does not suffer from the ambiguity issue.
rope Lim-
ited






Item| Com- Comments
pany
7 LG Elec- | Disagree. For the case that last DCI overrides previous one, regardless of alter-
tronics natives, gNB anyway has two hypothesis; UE got or didn’t. For example, let’s
Inc. imagine the situation in figure 1 with Alt. 2C that uses Scell for PUCCH in
former half slot or Pcell for PUCCH in latter half slot. If last DCI is missed
UE would use Scell, otherwise UE would uses Pcell. Even with Alt. 2C, UE
has almost same ambiguity.
Moreover, except for the case that last DCI overrides previous one, the ambi-
guity wouldn’t be an issue. In most of case, the use case of PUCCH carrier
switching is to avoid such "invalid” CCs for PUCCH transmission. it basi-
cally means, UE cannot transmit anything unless UE switches PUCCH carrier.
There couldn’t be multiple hypothesis for gNB if gNB doesn’t abuse PUCCH
carrier switching.
8 HUAWEI | Agree
TECH-
NOLO-
GIES Co.
Ltd.
9 Nokia Moderator comment to Samsung
Germany | Please note, when missing a DCI overriding the PRI this is not changing the
slot timing. But here we have within the detemined slot (the same slot timing)
potentially different target PUCCH cells. Either dynamically indicated for Alt.
1 or determined by some rule for Alt. 2B.
Moderator comment to LG:
On Alt. 2C: Agree if the determined time domain pattern is not given in
multiple of slots or sub-slots. In case it is determined in multiples of slots and
sub-slots, there should not be such issue.
10 Motorola Not agree. PUCCH resource ambiguity from missing the last DCI overriding a
Mobility previous PUCCH resource can happen irrespective of PUCCH carrier switching.
UK Ltd. Also, PUCCH-cell ambiguity in Altl and Alt2B only occurs on a correspond-

ing sub-slot/slot and does make any impact on the following sub-slot/slot. In
Alt2C, due to semi-static PUCCH carrier switching, there is higher chance that
UE cannot transmit PUCCH at all, when UE misses the last DCI indicating a
PUCCH resource consisting of UL symbols. PUCCH dropping/cancellation is
more serious issue than PUCCH cell ambiguity.






Item

Com-
pany

Comments

11

Qual-
comm
Tech-
nologies
Int

(In general) Not specifying PUCCH carrier switching simply because the DCI
might be missed with extremely low probability is not a valid argument. The
benefits from PUCCH carrier switching in latency are obvious. To the contrary,
probability of missed DCI is very low in URLLC context.

There are two levels of impact regarding missing DCI: level 1) missing DCI leads
to a wrong PUCCH resource and a wrong HARQ-ACK codebook size. Level 2)
missing DCI leads to using a wrong PUCCH carrier. All three options see the
impact of level 1). While, option 1 is more vulnerable to level 2) impact and
Alt 2B and 2C are more robust to level 2) impact. Disagreement with the FL
observation that Alt 2C creates no ambiguity when missing a DL DCI. Basically,
option 2B and 2C have the same robustness again missing DCI, because both
use semi-static carrier indication.

Furthermore, missing DCI impacts all proposals/topics related HARQ-ACK,
e.g. “SPS PUCCH HARQ deferral to 1st available PUCCH”, or “ACK-only
for Skipped SPS PDSCH?”. In addition, other proposals have other more serious
problems than this proposal. Namely, for the case of “SPS PUCCH HARQ
deferral to 1st available PUCCH?”, the problem of contention in the 1st avail-
able PUCCH resource can occur if several UEs have to apply “SPS PUCCH
HARQ deferral to 1st available PUCCH” and their deferred HARQ bits keep
on colliding in the next PUCCH resources. This obvious problem has been
mentioned since #102 by some companies and it is still ignored. This is a much
more important problem for an URLLC service, rather than the extremely low
probability of UE transmitting PUCCH in one CCs which eventually might not
be monitored by the gNB. In addition, the issue of “Skipping SPS PDSCH”
is brought by the not so solid scenario of multiple SPS PDSCH for the same
traffic and the gNB skips one of the SPS PDSCH occasions. Again impartial
wording and mentioning of topics is recommended.

12

CATT

For option 1, we do not think missed DCI is a big problem. Our understanding
of the use case of PUCCH carrier switch is that PUCCH resources are not
available in certain slot/sub-slot due to TDD UL-DL configuration. Therefore,
it is expected that if there are multiple DCIs scheduling PUCCHs within the
same slot/sub-slot, a same PUCCH carrier will be indicated. Therefore, as long
as one of them is received by the UE, there is no ambiguity on the PUCCH
carrier. Otherwise if all of them are missed by the UE, UE simply does not
transmit PUCCH.

Feedback form: Please provide your input — starting with ‘Agree / Not agree’ followed by your
explanation for your company’s position.






Proposed Observation 7.3.2: Concerning the ambiguity of the PUCCH resource in case
the UE misses a DCI scheduling a PUCCH, all 3 alternatives (Alt. 1, 2B and 2C) are
prone to a wrong PUCCH resource assumption when transmitting PUCCH.

- Note: gNB may indicate the same PUCCH resource (through PRI) in more than one
DCI scheduling a PUCCH to reduce this effect.

Feedback Form 3: Ambiguity of PUCCH resource if
missing a DCI: Please provide your input on Pro-
posed Observation 7.3.2 — starting with ‘Agree / Not
agree’ followed by your explanation for your com-
pany’s position.

Item| Com- Comments
pany

1 Nokia Agree
Germany | the same issue of missed DCI on the PUCCH resource will be there for all the

considered options

2 Samsung There is no ambiguity on the PUCCH cell
Elec-
tronics
Romania

3 Intel Ko- | Agree, as commented to 7.3.1
rea, Ltd.

4 ZTE Cor- | Agree. DCI missing will cause the K1 set is unknown by UE, then all the
poration altnatives will be negatively affected by DCI missing. The ambiguity of PUCCH

resources in time domain does exist.

5 NTT DO- | Agree.

COMO
INC.

6 Apple Eu- | From moderator’s analysis on the previous question, Alt. 2C does not suffer
rope Lim- | from the ambiguity issue. Could Nokia clarify its answer to this question?
ited

7 HUAWEI | Agree
TECH-

NOLO-
GIES Co.
Ltd.

8 Nokia Moderator comment to Samsung: proposed observation 7.3.2 here was not

Germany | about PUCCH cell (this was above in 7.3.2) but about PUCCH resource.
Moderator comment to Apple: This is about observation 7.3.2, which says that
in terms of PUCCH resource all 3 techniques are suffering the same.

9 Motorola | Agree
Mobility
UK Ltd.

10






Item| Com- Comments
pany

10 Qual- Missing DCI leads to PUCCH resource and HARQ-ACK codebook size ambigu-
comm ity is a well known old issue, even back in LTE. It is not a new issue introduced
Tech- by the PUCCH carrier switch feature. This issue impacts all features related to
nologies HARQ-ACK feedback. Unclear motivation to emphasis this issue for PUCCH
Int carrier switch.

Concluding remarks by the moderator: Maybe there is no need to continue the discussions
here. It was not the intention of the moderator to high-light the problem of the missed DCI
specifically (to use this a reason to not support PUCCH carrier switching), but it was there to get
companies common understanding that missing a DCI affects actually on all the options (on not just
on Alt. 1, as had been discussed by some companies in their input contributions to this meeting).

So, there is no need to agree to an observation in this meeting, but the moderator hopes that this is
not falsely used as an argument.

Moderator understanding: For all the considered methods for PUCCH carrier switching, there is an
ambiguity when missing a DCI scheduling a PUCCH in the HARQ-ACK codebook size and PUCCH
resource for transmission (as in case of Rel-15/16) as well as potentially also in the selected PUCCH
carrier for PUCCH transmission.

7.4 Semi-static PUCCH operation for Alt. 1 (e.g. SPS HARQ):

The operation for semi-static PUCCH e.g. for SPS HARQ-Ack and also for CSI (if CSI is supported
for dynamic cell switching) is not that obvious for Alt. 1. Therefore, some companies suggested that
the handling for such cases should be based on semi-static rules as for Alt. 2B. Of course another
alternative would be to not support the dynamic carrier switching for SPS HARQ only, as we
anyhow support SPS HARQ-ACK deferral already and gNB may scheduled a DG PDSCH to trigger
the PUCCH cell change — to keep the operation simple and not needing to defined rules also for Alt.
1 (i.e. increasing the specification effort for Alt. 1 to a similar level as Alt. 2B).

So would be good to get input by different companies on this issue.

Question 7.4.1: If Alt. 1 is supported (i.e. dynamic PUCCH cell indication), how is the
operation for semi-static PUCCH (e.g. SPS HARQ-ACK only) envisioned?

1. Option 1: For semi-static PUCCH (e.g. SPS HARQ-ACK) apply some semi-static
rule as for Alt. 2B.

2. Option 2: For semi-static PUCCH (e.g. SPS HARQ-ACK) apply the latest dynamic
indication

3. Option 3: Do not support PUCCH carrier switching for semi-static PUCCH (e.g.
SPS HARQ-ACK)

4. Option 4: Other

11





Feedback Form 4: Handling of configured PUCCH
with Alt. 1: Please provide your input on Question
7.4.1 — starting with Option X followed by your ex-
planation for your company’s position.

Item| Com- Comments
pany

1 Nokia Option 3
Germany | No support / objection to Option 1

Reasons: Having semi-static rules defined for configured PUCCH as for
Option 1 will result in loosing the main advantages of Alt. 1 compared to Alt.
2B, namely less specification effort (no need for definition of rules). Overall,
we have the SPS HARQ-ACK deferral already agreed (so this is not lost), so if
to combined this with Alt. 1 - Option 3 seems to be the most natural choice
here.

2 Samsung No issue.

Elec-
tronics e There is no need for the gNB to indicate different carriers with different
Romania DClIs that ‘schedule’ PUCCH transmission in a given slot.
o It is like saying that a Rel-16 UE can determine the wrong slot to transmit
HARQ-ACK if it misses a DCI.
e Overall, the operation is identical to Rel-16 where, in addition to a slot,
a carrier is indicated/determined.

3 China The PDSCH MAC CE indication can be utilized if there is ACK in the SPS
Telecom- HARQ-ACK feedback codebook. When all of the HARQ-ACK for these SPS
munica- PDSCH are going to be NACK, the NACK feedback is dropped (If NACK
tions skipping is supported). In this way, there is no need to defined rules also for

Alt. 1 (i.e. increasing the specification effort for Alt. 1 to a similar level as Alt.
2B)

4 Intel Ko- | Option 3 or other option with semi-static assignment or pattern for PUCCH
rea, Ltd. cell of SPS HARQ-ACK

5 ZTE Cor- | Option 1. This is one special case as no DCI(except activation/deactivation
poration DCI) for the semi-static PUCCH. To amend this, other schemes could be con-

sidered such as Alt. 2B. It is separated from the dynamic PUCCH.

6 NTT DO- | Option 3.

COMO
INC.

7 Apple Eu- | The question itself highlights design challenge with Alt. 1, we can avoid such
rope Lim- | challenges by not selecting Alt. 1
ited

8 LG Elec- | Option 1 or 2.
tronics We assume the question is not related to UL multiplexing of PUCCHs in dif-
Inc. ferent carrier.

12






Item| Com- Comments

pany

9 HUAWEI | Option 1. The motivations for applying PUCCH carrier switching are twofold.
TECH- One motivation is to introduce more available UL opportunities to reduce la-
NOLO- tency with the combination of different DL/UL configurations over carriers.
GIES Co. | The other is to dynamically select the best PUCCH carrier to achieve flexi-
Ltd. ble load balancing and frequency selective gain. Alt.1 can be applied for DG

PUCCH to meet both motivations, while Alt.2B can be applied for semi-static
PUCCH to meet the first motivation.

10 Motorola Option 1.
Mobility Option 2 does not work, if HARQ-ACK codebook consists of SPS HARQ-ACK
UK Ltd. only. Option 3 may lead to frequent dropping/deferring of SPS HARQ-ACK.

11 Qual- The question itself indicate a limitation of dynamic PUCCH cell indication,
comm which suggest that Alt 2B is better. Just to provide answer to this question, if
Tech- Alt is supported, then adopt option 1 for semi-static PUCCH is acceptable to
nologies us.
Int

12 CATT Option 4. If there is dynamic HARQ-ACK in the same slot/sub-slot, SPS

HARQ-ACK can be switched; otherwise, PUCCH carrier switch for SPS HARQ-
ACK is not applied.

13 NEC Cor- | Option 1
poration

14 PANA- Option 1 or Option 2.
SONIC
R&D
Center
Germany

As discussed by some companies when having a Alt. 1 type for scheduled PUCCH and supporting
Alt. 2B type of operation for semi-static PUCCH (e.g. SPS HARQ-ACK) the advantages of light
specification effort are basically lost. Therefore, it may be better to spin of the hybrid of Alt.
1 (for scheduled PUCCH) and Alt. 2B (for configured PUCCH) for further discussions
in the WI as Alt. 1A below:

Alt. 1: PUCCH carrier switching is based dynamic indication in DCI

Moderator comment: This may include to apply the latest indication also for configured PUCCH or
alternatively, PUCCH carrier switching for configured PUCCH is not supported

Alt. 1A: PUCCH carrier switching is based dynamic indication in DCI for scheduled

PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH
(as for Alt. 2B)

13





7.5 Input on company positions on Alt. 1, 1A, 2B, 2C and overall
features support

Hopefully there is an now an even better understanding on the different options — and it would be
worth based on the explanation the Tdocs by different companies and the discussions during the first
round to check company’s positions.

Moreover, let’s also try to see if we could agree on the support of PUCCH carrier switching without
at the same time defining which alternative is to be supported in the end.

Therefore, the following question is brough forward:

Question 7.6.1: If PUCCH carrier switching is supported, which of the alternatives
do you support:

- Alt. 1- PUCCH carrier switching is based dynamic indication in DCI

- Alt. 1A - PUCCH carrier switching is based dynamic indication in DCI for scheduled
PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH
(as for Alt. 2B)

- Alt. 2B - PUCCH cell switching is based on certain (semi-static) rules

- Alt. 2C - PUCCH carrier switching is based on RRC configured PUCCH cell timing
pattern of applicable PUCCH cells

Please provide your input below — please note that there are separate feedback forms
for each of the alternatives (to make the tracking of your support easier).

Feedback Form 5: If PUCCH carrier switching is sup-
port, should Alt. 1 (of Question 7.6.1) be adopted?
Please start your reply with ‘support / not support /
object’ followed by the explanation of your company’s

position.

Item| Com- Comments
pany

1 MediaTek | Support
Inc.

2 vivo Not support. Alt.1 may work for dynamic PUCCH, it does not work for con-
Mobile figured PUCCH like SR. URLLC uplink traffic is also very important, it does
Commu- not make sense to prioritize the URLLC DL traffic only.
nication
Co.,

14





Item| Com- Comments
pany

3 Samsung Support.

Elec- Justification is provided in the answer of the last question.
tronics
Romania
4 NTT DO- | Not support.
COMO It can only work for dynamic PUCCH case.
INC.

5 Asia support
Pacific
Telecom
co. Ltd

6 HUAWEI | Support. As mentioned in the last round, dynamic carrier indication can intro-
TECH- duce more available UL opportunities to reduce latency by cross band DL/UL
NOLO- complement. In addition, it can help to select the best PUCCH carrier to
GIES Co. | achieve flexible load balancing and frequency selective gain, which is also valu-
Ltd. able as an enhancement for dynamic PUCCH.

7 Nokia Support (in case we support PUCCH carrier switching)

Germany | Reason: this is very simple to specify - no need for any type of rules. If the
UE receives it selects the indicated carrier. So no need for any rules there.
Moreover, this gives the gNB (compared to Alt. 1A & 2B) the option to keep
control of the PUCCH carrier.

8 Qual- Support. This is our 3rd preference. This option has DCI overhead but it can
comm offer max flexibility.

Incorpo-
rated

9 Motorola Not support. Altl is not a complete solution - not applicable for SPS HARQ-
Mobility ACK.

UK Ltd.
Feedback Form 6: If PUCCH carrier switching is sup-
port, should Alt. 1A (of Question 7.6.1) be adopted?
Please start your reply with ‘support / not support /
object’ followed by the explanation of your company’s
position.

Item| Com- Comments
pany

1 MediaTek | Support
Inc.

2 vivo Not support. We would like to understand how Alt.1A works? There are
Mobile two rules to determine the PUCCH carrier: Alt.1 dynamic rule and Alt.2B
Commu- semi-static rule. If both configured UCI and dynamic UCI are going to be
nication transmitted in the same slot/subslot, which rule should be used? Multiplexing
Co., first or PUCCH carrier switching first?

15






Item| Com- Comments
pany

3 Samsung TBD — although we prefer to not support.

Elec- Explanation in the response to the last question. Also relates to a next question.
tronics
Romania

4 NTT DO- | Not support.

COMO If PUCCH carrier switching for SPS HARQ-ACK is also desired, we think a

INC. unified solution for HARQ-ACK with DCI or without DCI. We don’t need to
make efforts to study two schemes for two different cases, and the two cases
actually can both be handled by one of the scheeme.

5 ZTE Cor- | Support.
poration We are open to 1, 1A and 2B, slightly prefer 1A as 1A is the combination of 1

and 2B to satisfy both the scheduled PUCCH and configured PUCCH.
Also the PUCCH resource set could be per PUCCH group.

6 China Not support. It increases the specification effort for Alt. 1 to a similar level as
Telecom- Alt. 2B.
munica-
tions

7 Asia support
Pacific
Telecom
co. Ltd

8 HUAWEI | Support. Dynamic switching for DG PUCCH and semi-static switching for
TECH- semi-static PUCCH. If the two PUCCHs collide on the same slot/subslot, the
NOLO- semi-static UCI will be multiplexed on the DG PUCCH resource, the same
GIES Co. | principle as Rel-15.

Ltd.

9 Nokia Object

Germany | This basically requries double amout of specfication effort - the one for Alt. 1
and in addition the one for Alt. 2B (for SPS HARQ-ACK). We don’t think
that we would be able to finalize this in Rel-17
As noted already earlier for Alt. 2B (on below for 2B), there is no way for
the gNB to handle different UEs potentially different. As the rules seem to
be only depending on the TDD configuration on the different carriers, there is
little room for the gNB to operate different UEs differently (e.g. with varying
number of CCs supported by different UEs etc.)

10 Qual- Support. This is our second preference. This option can support both dynamic
comm PUCCH and Semi-static PUCCH. The drawback is that it use different signaling
Incorpo- method for dynamic and semi-static PUCCH.
rated
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Feedback Form 7: If PUCCH carrier switching is sup-
port, should Alt. 2B (of Question 7.6.1) be adopted?
Please start your reply with ‘support / not support /
object’ followed by the explanation of your company’s
position.

Item| Com- Comments
pany
1 MediaTek | Acceptable as an additional option to dynamic indication in DCI.
Inc.
2 vivo Not support. For Alt.2B, we would like to understand
Mobile 1. when UE starts running the semi-static PUCCH carrier selection rule? From
Commu- the 1st scheduling DCI or last scheduling DCI? or every scheduling DCI? or
nication from the certain deadline compared to the slot/sub-slot where the PUCCH
Co., transmits?
2. What is the order among PUCCH resource overriding, UCI multiplexing
(including UCI like CSI part 2 dropping in case the PUCCH resource doe not
have sufficient capacity) and PUCCH carrier switching?
3. Any new or updated timeline is needed? Given all uplink carriers can be
used to transmit the PUCCH, different carriers may have different processing
capability and SCSs.
4. should SUL also be taken into account? how to decide the priority between
the SUL and normal UL?
3 Samsung TBD - although we prefer to not support (also follows from 1A, if adopted)
Elec-
tronics
Romania
4 NTT DO- | Alt 2B is preferred for us to Alt 1/1A.
COMO
INC.
5 Asia Support.
Pacific
Telecom
co. Ltd
6 HUAWEI | Support. As mentioned in the last round, the semi-static rule can help to intro-
TECH- duce more available UL opportunities and applicable to semi-static PUCCH.
NOLO-
GIES Co.
Ltd.
7 Nokia Object
Germany | As noted already earlier, we have several issues with this option:

- large specification complexity, as we need to define all these rules (compared
to Alt. 1 & Alt. 2C). We don’t think that we would be able to finalize this in
Rel-17

- there is no way for the gNB to handle different UEs potentially different. As
the rules seem to be only depending on the TDD configuration on the different
carriers, there is little room for the gNB to operate different UEs differently
(e.g. with varying number of CCs supported by different UEs etc.)
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Item| Com- Comments
pany

8 Qual- Support. This is our first preference.
comm To Nokia: We don’t see it has large spec impact, at least not larger than the
Incorpo- SPS HARQ-ACK deferral. Plus many procedures/rules are common for these
rated two features. And it is a much more useful feature than the SPS HARQ-ACK

deferral. With the deferral feature, there is nothing we can do but keep deferring
A/N if it hit DL on PCC. But with this feature, it can use UL on SCC. If RAN1
want to spend limited resources to specify a really useful feature for URLLC
A /N latency reduction, this one should be prioritized over the SPS A /N deferral
feature, not the other way around. At least, RANT1 should try to leverage the
commonality between these two features to minimize work load of specification.
Regarding “there is no way for gNB to handle different UE potential differ-
ently”, it depends on how much flexibility we want with this feature. The
advantage/disadvantage of option 2B depends on we comparing option 2B with
which reference scheme. If we compare option 2B with Rel-15/16 baseline, op-
tion 2B certainly offer gNB more opportunities to schedule UE to transmit A /N
on a slot which is DL on PCC but UL on SCC. If we compare option 2B with
option 1, yes, we admit option 2B is less flexible than option 1. But the cost
of more flexibility of option 1 is DCI overhead. However, since we are talking
about enhancement of Rel-17 over Rel-15/16, I think Rel-15/16 should be the
baseline. In that sense, we disagree with Nokia that option 2B is not flexible
— it is indeed more flexible than Rel-15/16 baseline; it is just less flexible than
option 1.

To VIVO: Let me try to answer VIVO’s questions here, although I think these
are all very low-level details. In some sense, it is not appropriate timing to
discussing this level of details. Please note that, on SPS deferral feature, we
did not wait to agree support that feature until all the detailed deferral rules
are defined. And I think similar procedure can be taken here: unless VIVO
identified any critical low-level issue that could make this feature does not work,
I don’t think RANT1 should spend too much effort to dive into detailed CR level
discussion at this stage. So, my question to VIVO is: do you see any critical
low-level issue that could make this feature not working? If so, please bring it
up now and we can focus on it. So far, all the questions raised are more like
“decision making” questions — either way will work, we just need to pick one
way and think these kind of decisions can be made LATER.

But anyway, the answers to VIVO are provided below.

1) We already described the transmission slot determination follow Rel-15,
using Pcell SCS to interpret K1. Each scheduling DCI has a K1, UE just follow
that K1, using PCC SCS as unit of slot to interpret K1, and find a reference
slot on PCC that should transmit A/N for this scheduled DL data.

2) This is open to discuss. Different companies may have different view.
Our view is that UE do PUCCH carrier switch first to find the PUCCH resource,
then do UCI mux following current UCI mux procedure. Other companies can
have different views. But we should able to find a simple solution to make it
work.

3) After PUCCH resource is identified, for UCI mux, in principle, we don’t
think new timeline is need. Maybe only small change is needed to include SCC
in the minimum /mu determination.

4) We don’t see why SUL vs NUL matters here. In our understanding, in
current spec, PUCCH resources are configured on either NUL or SUL for a CC,
not on both. Then for each CC, between SUL and NUL, whoever has PUCH
resources gets used. We don’t see any issue with SUL.
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Item| Com- Comments
pany

9 Motorola | Support. We think that flexible carrier switching without DCI should be pos-
Mobility sible for SPS HARQ-ACK.

UK Ltd.

10 NEC Cor- | Support. This method is applicable to both DG HARQ-ACK and SPS HARQ-
poration ACK.

Feedback Form 8: If PUCCH carrier switching is sup-
port, should Alt. 2C (of Question 7.6.1) be adopted?
Please start your reply with ‘support / not support /
object’ followed by the explanation of your company’s
position.

Item| Com- Comments
pany

1 MediaTek | Acceptable as an additional option to dynamic indication in DCI.

Inc.

2 vivo Not support. We would like to understand
Mobile 1. what are the TDD configurations are assumed for the carriers so that for
Commu- some slots one carrier has U and the other carrier has D; for other slots, the
nication other carrier has D and the one carrier has U.

Co., 2. how is the timing pattern is defined and what is the timing granularity?
3. the PUCCH configuration are the same or different among the CCs that can
transmit the PUCCH?

3 Samsung Support — it is better than 1A or 2B.

Elec- The reason is that it does not involve any UE determination/procedures.
tronics
Romania

4 NTT DO- | Alt 2C is preferred for us to Alt 1/1A. And we think it is simpler than Alt 2B
COMO from UE perspective.

INC.

5 HUAWEI | Not support. Alt.1 has the advantage of flexible and dynamic PUCCH load
TECH- balancing and frequency selective gain, and Alt.2B has the advantage of cross
NOLO- band DL/UL complement. In contrast, Alt.2C cannot achieve the benefit of
GIES Co. | Alt.1 due to its semi-static pattern; on the other hand, Alt.2C, as a semi-static
Ltd. way, has similar effect on achieving cross band DL /UL complement with Alt.2B,

but introduces additional gNB configuration.

6 Nokia Support (2nd preference, in case we support PUCCH carrier switching)
Germany | Reason: this is very simple to specify (no need for any type of rules - in case

the time domain indication is e.g. with slot granularity). So no need for any
rules there. Moreover, this gives the gNB (compared to Alt. 1A & 2B) the
option to keep control of the PUCCH carrier (i.e. different configured carriers
for different UEs, different time domain patterns).
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Item| Com- Comments
pany

7 Qual- Support. This is our fourth preference, but we can accept it.
comin This alternative seems simple for CA with same SCS. But how does it work
Incorpo- in CA with different SCS is an interesting open topic. And the RRC overhead
rated with this alternative is large, as Huawei pointed out. But at the end, this option

can still work. So we don’t object it.

8 Motorola Not support. Since flexible carrier switching is not possible, cannot fully exploit
Mobility the benefit of PUCCH carrier switching.
UK Ltd.

Moreover, let’s also try to see if we could agree on the support of PUCCH carrier switching without
at the same time defining which alternative is to be supported in the end.

Proposal 7.6.1: Support PUCCH carrier switching for HARQ-ACK feedback in Rel-17.
FFS: which alternative (Alt. 1 / 1A / 2B / 2C) is to be adopted

FFS: additional details

Feedback Form 9: Support of PUCCH carrier switch-
ing in Rel-17 (Proposal 7.6.1). Please start your reply
with ‘support / not support / object’ followed by the
explanation of your company’s position.

Item| Com- Comments
pany
1 MediaTek | Support.
Inc. PUCCH carrier switching has significant gain for the feedback latency and en-

hancing the system performance.

2 vivo Not support. Based on our comments above, for each Alt., the details and
Mobile involved specification impacts are still not clear. In addition, no comparison
Commu- has been done for each Alt comapred to the existing scheme, e.g., scheduling
nication the PUSCH on the SCell to multiplex the UCI, configuring PUCCH SCell in
Co., addition to the PCell. Therefore, we suggest to continue studying this feature.
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Item| Com- Comments
pany
3 Samsung Support.
Elec-
tronics o First, although the topic is closed, we would like to reiterate that there is
Romania no ambiguity on the cell of the PUCCH transmission — the gNB indicates
time/slot & frequency/cell that are same in all DCIs (same as in R16 for
time/slot).

o To respond to Vivo’s questions/comments, a simple way to view dynamic
carrier switching is as cross-carrier scheduling for PUSCH. The dynamic
indication is the CIF for the PUCCH. The specification impact is trivial.
We prefer it because it does not involve any UE procedure for cell deter-
mination as semi-static rules possibly do (the ones relying on the UE to
determine the PUCCH cell).

e The next question is whether to support carrier switching for RRC con-
figured PUCCH (SR and SPS HARQ-ACK).

¢ One option is to focus only on dynamic HARQ-ACK, similar to support-
ing cross-carrier scheduling only for dynamic PUSCH. But then carrier
switching will not be very useful.

¢ Another option is to use Option 2C. The gNB can determine everything
in advance (e.g. based on corresponding UL-DL configurations or SSBs
..), signal the cell-slot pattern it wants the UE to use, and that’s it. It is
simple for the gNB and the UE again does nothing.

4 NTT DO- | Since we think scheduling a PUSCH on other CC to multiplex UCI can achieve
COMO similar result, we suggest to firstly clarify the disadvantages of using such an
INC. existing scheme (maybe DCI overhead consideration?) and then determine the
necessity of supporting PUCCH carrier switching.
5 ZTE Cor- | Support
poration
6 China Support.
Telecom-
munica-
tions
7 China Mo- | Support. The gain may not be significant but worth having a feature just in
bile Com. | case some customers want super latency performance.
Corpora-
tion
8 Asia support
Pacific
Telecom
co. Ltd
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Item| Com- Comments
pany

9 HUAWEI | Support. As the increasing capability of shortening the processing time for ven-
TECH- dors, the DL/UL configuration are becoming the bottleneck for further reducing
NOLO- the latency; therefore we see the strong value on latency reduction especially for
GIES Co. | the operators which have multiple bands with different DL/UL configurations.
Ltd. In addition, we believe each of the alternatives can overcome this bottleneck,

and the differences are the specification efforts and further benefits like flexible
load balancing/frequency selective gain. Thus we would like to support the
feature in advance, and then further discuss the pros/cons of the alternatives
for down selection.

10 Nokia Not supported
Germany | As some companies noted, the use case for this feature is rather limited (i.e.

inter-band with different UL/DL configurations which are offset) to achieve the
gains. So if we support this feature, the related effort (in terms of specification
work and implementation work/complexity) should be limited. So in this re-
spect, we cannot agree on the support overall, if the complex Alternatives 1A
and 2B are still an option.

11 Qual- Support. We think this is the most useful feature among all the features being
comm discussed in Rel-17 URLLC to improve latency and reliability of HARQ-ACK.
Incorpo- In terms of latency reduction, it is much useful and effective than the SPS
rated HARQ-ACK deferring feature. As commented already, with SPS HARQ-ACK

deferral, there is nothing we can do if the A/N hit a DL slot on PCC. We
have to further defer it. With this feature, in the case, the UL slot on other
CC can be useful to transmit A/N. Isn’t obvious that this feature has strong
functionality than SPS A/N deferral?

To Nokia and VIVO: Again, we don’t think the specification of feature is more
complicated than SPS deferral. Actually, this feature can be much simpler
than SPS deferral, even with option 2B. For example, we can limit to configure
only 1 additional SCC for PUCCH Tx. Then for any slot, UE just check PCC
first, if PCC can transmit PUCCH, go ahead; if PCC can not, transmit on
SCC. The check on PCC can just leverage whatever agreed for checking first
available PUCCH resource”. How complicated is this procedure? In terms of
performance, in most of the use cases, switching between 2 CCs should be good
enough, which is similar to diversity factor of 2 is sufficient in most of the
diversity transmission schemes.
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Item| Com- Comments
pany

12 Ericsson Not support (at the current level of understanding the features).

LM We need to understand more. We raised few questions that the answers help
us to understand the usefulness of the feature.
Q1: what are the assumptions on the SCS when PUCCH carrier switching is
supported?
Q2: Is there any pre-requisite on cells in a PUCCH group in general to support
the feature?
Q3: What is the behavior with respect to configured PUCCHs? Are the slots
with configured PUCCH resources not applicable to PUCCH carrier switching?
Q4: On semi-static approach: we are not interested on rule based/or jitter
window based approaches. The reason is that the usage of the feature would be
limited to the only solution in spec. It is better, for this approach, leave it to
the NW to determine the switching pattern semi-statically that is useful for the
NW. How strong is the position of proponents for there specific approaches?

13 Motorola Support. Can reduce HARQ-ACK feedback delay, dropping.

Mobility

UK Ltd.

14 China Mo- | [CMCC] We support this feature. CA with unaligned SFN which has been
bile Com. | specified in R16 is a very useful and important feature, it is based on our
Corpora- practical requirement in the deployment. At least it is very imporant and
tion useful in our network. We noticed that PUCCH carrier switching for HARQ

in this scenario will bring performance gain for low latency, so we support this
feature to be supported in R17. Regarding the specification effort, I think we
can try to limit the spec impact under a certain level that could be acceptable
by every company.

15 NEC Cor- | Support the proposal.
poration

7.6 Additional details on the semi-static rules for Alt. 2B:

Unfortunately, there is still little input on the detailed envisioned operation of the semi-static rule
the UE uses to determine the applicable PUCCH cell from companies supporting Alt. 2B.

There is some input on the order of cells (e.g. increasing number of cell IDs, RRC configured order
of cells), but then how to look for an applicable cell here had been little input. The issue in this
respect may be rather similar compared to the SPS HARQ deferral in terms of what is a ‘invalid or
valid symbol’ for the PUCCH carrier selection, but in terms of differentiating semi-static UL symbols
and semi-static flexible symbols (& SFI) one in addition needs to select between more than one cell
at the same time (i.e. hopefully the ‘best’ / ‘most promising’ cell from the candidate cells.

Therefore, companies are encouraged to specifically provide input on this.
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Question 7.5.1: If Alt. 2B is supported, how is the ‘best’ PUCCH cell selected from the
number of candidate cells considering the available semi-static UL and flexible UL
symbols (how to prioritize)? Or is the UE just going in an order of the cells
(predetermined) and selecting the first where certain conditions are satisfied? Please
describe the intended operation.

Feedback Form 10: Question 7.5.1: If Alt. 2B is sup-
ported, how is the ‘best’ PUCCH cell selected from
the number of candidate cells considering the avail-
able semi-static UL and flexible UL symbols (how to
prioritize)? Or is the UE just going in an order of the
cells (predetermined) and selecting the first where
certain conditions are satisfied? Please describe the
intended operation.

Item| Com- Comments
pany

1 Samsung That can be further discussed but using the cell with the lowest index is a
Elec- simple possibility.
tronics
Romania

2 China For searching of the target cell, the cell with PUCCH resource consisted of only
Telecom- semi-static UL symbols is considered with priority. If no target cell is found,
munica- then semi-static flexible symbol (in addition to semi-static UL symbols) can be
tions used for the valid PUCCH resource. This applies especially for HARQ-ACK of

only SPS PDSCH to reduce the further dropping on the switched cell due to
dynamic DL scheduling or not UL SFI configuration for the flexible symbol.

3 Intel Ko- | Rules similar to SPS HARQ-ACK deferring can be used
rea, Ltd.

4 ZTE Cor- | From UE perspective, UE just follows the order of the cells and selects the first
poration where certain conditions are satisfied. gNB could make sure the best PUCCH

cell selected implicitly via the K1 setting in DCI.

) NTT DO- | For simpler rule, we prefer "UE just going in an order of the cells (predeter-
COMO mined) and selecting the first where certain conditions are satisfied” for Alt
INC. 2B.

6 HUAWEI | Selecting the PUCCH carrier following the order of the Cell index (e.g., from
TECH- low to high), and determine the target PUCCH carrier if it can provide available
NOLO- resources to carry the PUCCH
GIES Co.

Ltd.

7 LG Elec- | the first issues is that PUCCH resource are common for all candidate PUCCH
tronics cell. Since background assumption is that different cell have different TDD
Inc. pattern, PUCCH resource also needs to be different according to TDD pattern.

If so, we should discuss how to manage PUCCH resource first. Otherwise,
among activated CCs, UE can choose CCs having lowest index which can afford
the indicated PUCCH resource.
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Item| Com- Comments
pany
8 Motorola UE may choose to transmit HARQ-ACK feedback in one of the configured
Mobility PUCCH carriers where an uplink symbol(s) for the PUCCH transmission is
UK Ltd. available at the earliest. That is, the selection of the best PUCCH cell is based
on the earliest available uplink symbol for the transmission of HARQ-ACK
feedback.
9 Qual- Disagreement with the FL statement that “there is still little input on the
comim detailed envisioned operation of the semi-static rule”. We have submitted the
Tech- semi-static rule in our contributions since 2 meetings back. The rule works as
nologies following:
Int Step 1: UE still following K1 (referenced to PCC numerology) to determine the
slot to feedback HARQ-ACK.
Step 2: In the determined slot, following a predefine ordering of CCs (such as
PCC first, then SCC1, SCC2), the first CC has enough UL OFDM symbols to
accommodate the HARQ-ACK PUCCH resource is used to transmit HARQ-
ACK. The procedure to check the “enough UL OFDM symbols” can be the
same as SPS A/N deferral.
In case of different SCSs on different CCs are supported, the determined slot
in step 1 can be treat as a reference slot. In step 2, if on the first CC there
are multiple physical slots has enough UL OFDM symbols to accommodate the
HARQ-ACK PUCCH resource, PUCCH is transmitted on the earliest slot in
the set of multiple slots on the first CC.
Reading the comments from other companies, I think the above simple rule is
more or less the common understanding among all companies (at least for the
same SCS case). We expect a FL proposal to summarize this majority view.
10 PANA- UE may select the carrier with the highest priority that satisfies certain condi-
SONIC tions.
R&D
Center
Germany
11 NTT DO- | One additional comment is that maybe certain limitation on candidate PUCCH
COMO CCs are needed, e.g. SCS of candidate PUCCH cell.
INC. For example, as commented by Qualcomm:

"In case of different SCSs on different CCs are supported, the determined slot
in step 1 can be treat as a reference slot. In step 2, if on the first CC there
are multiple physical slots has enough UL OFDM symbols to accommodate the
HARQ-ACK PUCCH resource, PUCCH is transmitted on the earliest slot in
the set of multiple slots on the first CC.”

This is for the case when SCS of PCell is smaller than candidate PUCCH Scell.
On the other hand, if SCS of PCell is larger than candidate PUCCH Scell,
i.e. multiple slots on Pcell will correspond to one slot on candidate PUCCH
Scell. In this case, if there are two HARQ-ACK PUCCHs in different slots
determined on PCell, they may be mapped to the same slot on the candidate
PUCCH Scell. It seems to be contrdicted with the principle that HARQ-ACKs
in two different PUCCHs will not be multiplexed (at least in Rel-16). So we
suggest some additional conditions for possible PUCCH cells.
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Item| Com- Comments
pany

12 Ericsson Not support (at the current level of understanding the features).

LM We need to understand more. We raised few questions that the answers help
us to understand the usefulness of the feature.
Q1: what are the assumptions on the SCS when PUCCH carrier switching is
supported?
Q2: Is there any pre-requisite on cells in a PUCCH group in general to support
the feature?
Q3: What is the behavior with respect to configured PUCCHs? Are the slots
with configured PUCCH resources not applicable to PUCCH carrier switching?
Q4: On semi-static approach: we are not interested on rule based/or jitter
window based approaches. The reason is that the usage of the feature would be
limited to the only solution in spec. It is better, for this approach, leave it to
the NW to determine the switching pattern semi-statically that is useful for the
NW. How strong is the position of proponents for there specific approaches?

13 Apple Eu- | Currently only 2C looks more feasible, and even 2C is for very special setup.
rope Lim- | We have issues with Alt. 1 and its variants. URLLC design is complex already,
ited it does not make sense to complicate things even more, from that 2B is also

not preferred. We don’t want to sign up for PUCCH carrier switching without
knowing its actual enabler.

14 vivo Some companies commented that such details should NOT be discussed in this
Mobile stage. We do not share the views since now we are deciding whether and which
Commu- Alt to be supported, this requires us to discuss about the details. We are in the
nication WI phase, we should be realistic to estimate the required specification effort for
Co., each scheme.

For Alt.2B, we share the views with DCM that we need to also taken into
account that the SCS of PCell is larger than that of the PUCCH carriers. In
addition, we would also like to understand when Alt.2B starts running, it may
result in some unnecessary low priority data, and the selected PUCCH carrier
based on the semi-static rule may switch back and forth due to the intermediate
PUCCH resource.

In addition, for all Alts, not only Alt.2B, if PUCCH carrier switching is sup-
ported, at least HARQ for SPS and SR should be supported as one complete
solution. It does not make sense to only prioritize the URLLC downlink traffic
over URLLC uplink traffic.

26






		Introduction

		

		

		

		

		

		Discussion on PUCCH carrier switching for HARQ feedback 

		Moderator comments

		Support of PUCCH carrier switching for other UCI types (than HARQ-ACK):

		Effect of a missed DCI scheduling PUCCH on PUCCH carrier switching:

		Semi-static PUCCH operation for Alt. 1 (e.g. SPS HARQ):

		Input on company positions on Alt. 1, 1A, 2B, 2C and overall features support

		Additional details on the semi-static rules for Alt. 2B:






image8.png
DCl with PRI

Overwritten
PUCCH

PCell

Scell uL DL





image9.png
packet arrival without jitter

packet arrival with jitter

slot n+1

nominal reception occassion 1

nominal reception occassion 2

nominal reception occassion 3





image10.png
New sub-slot
granularity action time

2 0OS sub-slot granularity 3ms application time 708 SUb'S;m granularity
|





image11.emf
P6 P0 P7 P1 P8 P2

Slot 1 Slot 2 Slot 3 Slot 4 UL slot

SPS configuration 1

SPS configuration 2

PUCCH

P0 P0

b

0

b

1

b

2

b

6

b

7

b

8


image12.emf
Periodicity P

time

SPS configuration 1

SPS configuration 2 SPS configuration 3

HARQ-ACK codebook

b

j

b

0

ĂĂ ĂĂ


oleObject7.bin

image13.emf
0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

11

11

12

12

13

13

PDCCH monitoring occasion 

for DCI format 1_2

PDCCH monitoring occasion 

for DCI format 1_2

Configured SLIV

Configured SLIV

Symbol 

index

Symbol 

index

0

0

1

1

2

2

3

3

4

4

5

5

Slot index

Slot index

K1 set: {4,5}

K1 set: {4,5}

K1=5

Slot with DCI format  1_2 MO

Slot with DCI format  1_2 MO

K1=4

0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

11

11

12

12

13

13

Extended reference SLIV

Extended reference SLIV

Redundant extended SLIV

Redundant extended SLIV


oleObject8.bin
�

0


1


2


3


4


5


6


7


8


9


10


11


12


13


PDCCH monitoring occasion for DCI format 1_2


Configured SLIV


Symbol index


Extended reference SLIV


K1 set: {4,5}


K1=5


Slot with DCI format 1_2 MO


K1=4


0


1


2


3


4


5


Slot index


0


1


2


3


4


5


6


7


8


9


10


11


12


13


Redundant extended SLIV



image14.emf
0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

11

11

12

12

13

13

PDCCH monitoring occasion 

for DCI format 1_2

PDCCH monitoring occasion 

for DCI format 1_2

Configured SLIV

Configured SLIV

Symbol 

index

Symbol 

index

0

0

1

1

2

2

3

3

4

4

5

5

Slot index

Slot index

K1 set: {4,5}

K1 set: {4,5}

K1=5

Slot with DCI format  1_2 MO

Slot with DCI format  1_2 MO

K1=4

0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

11

11

12

12

13

13

Extended reference SLIV

Extended reference SLIV

Redundant extended SLIV

Redundant extended SLIV


oleObject9.bin
�

0


1


2


3


4


5


6


7


8


9


10


11


12


13


PDCCH monitoring occasion for DCI format 1_2


Configured SLIV


Symbol index


Extended reference SLIV


K1 set: {4,5}


K1=5


Slot with DCI format 1_2 MO


K1=4


0


1


2


3


4


5


Slot index


0


1


2


3


4


5


6


7


8


9


10


11


12


13


Redundant extended SLIV



image15.png
Example 1 m

D

D

s u

[oc DL [o [oc DL DL DL DL DL [oc F F uL uL
invalid__[invalid__|invalid__|invalid
1) When checking deferring, invalid symbol configuration is considered.

In this case, there is no valid/available symbol. So SPS1_AN is deferred.
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1) When checking deferring, invalid symbol configuration is considered.
In this case, there is no valid/available symbol. So SPS1_AN is deferred.

If the invalid symbols are only applicable for SPS AN, the remaining PDSCHAN can be transmitted.
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