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Introduction
In the RAN1#104bis-e meeting, the following agreements were reached [1]. 
	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
· 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)
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: 
· 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
Conclusion: 
No support for dynamic indication of skipped SPS PDSCH occasions in Rel-17 as part of this WI.

Agreement: 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 the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e



In the RAN1#105-e meeting, only two topics of transmission of the cancelled HARQ-ACK and PUCCH carrier switching for HARQ-ACK are discussed and the following agreements were reached [2].
	Working Assumption: For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities

Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral
Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 
Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.


In this contribution, some analysis and proposals are provided for the topics on avoiding SPS HARQ-ACK dropping for TDD, PUCCH repetition enhancements, transmission of the cancelled HARQ-ACK, Type 1 HARQ-ACK codebook based on sub-slot for URLLC and PUCCH carrier switching for HARQ-ACK. 
HARQ-ACK feedback enhancements for SPS
1.1 Avoiding SPS HARQ-ACK dropping for TDD
In the RAN1#104b-e meeting, the following agreement was reached for this topic. During the discussion, some issues (FFS) were still not resolved and were left to the RAN1#106-e meeting. In this section, we will analyze and discuss the remaining issues.
	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
· 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)
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: 
· 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



The main remaining issues should be considered as:
· Configuration per SPS configuration or per PUCCH group?
· Down selection from Alt1, 1A, 2 on conditions for deferral from /within the initial slot.
· How to define the maximum deferral value (e.g. max. k1 in K1 set or RRC config per SPS configuration)
· Decision considering the full UCI multiplexing or (deferred) SPS HARQ-only?
· HARQ codebook construction considering deferred SPS HARQ and initial SPS & DG HARQ
· If the SPS HARQ cannot be transmitted on the identified target slot, would the HARQ-ACK be dropped or is further deferral possible?
· SPS HARQ-ACK deferral configuration
In the RAN1#104-e meeting, two options are provided to support SPS HARQ-ACK deferral configuration, but this issue is not discussed in RAN1#104b-e meeting:
· 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
Considering that not all SPS configurations need to support SPS HARQ-ACK PUCCH, we prefer that SPS HARQ-ACK deferral is configured per SPS configuration, which is easy to configure and has a flexible configuration granularity, compared to the configuration of the SPS HARQ-ACK deferral per PUCCH cell group.
Proposal 1: The SPS HARQ-ACK deferral configured per SPS configuration should be supported.

· Deferring condition
Although we have the agreement on 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. It is not clear that the flexible symbols with semi-statically configured in the initial slot can be regarded as the ‘invalid’ symbol.
The SPS HARQ-ACK PUCCH is more similar to the semi-statically configured PUCCH, because once it is indicated by the activated DCI, it cannot be changed before the SPS configuration is inactivated. Therefore, if an SPS HARQ-ACK PUCCH is determined to overlap with the semi-statically configured flexible symbol in the initial slot, the SPS HARQ-ACK PUCCH should be transmitted, i.e. the flexible symbols are valid for PUCCH.
Proposal 2: Regarding the determination of valid symbols on SPS HARQ-ACK PUCCH deferring conditions:
· 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.

There are three alternatives to be down selected for deferral from /within the initial slot.
	· 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. 


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. Deferral should not take multiplexing into account. Aim for minimal standardization efforts and UE complexity, defer determination should be based on semi-static status especially to avoid the missing DCI issue. To be specific, deferral is determined before multiplexing decision. So Alt. 1A is preferred.
Moreover, deferral determination in initial slot could be based on semi-static PUCCH resource, but when decide the target PUCCH resource, UE should consider the PUCCH resources including the dynamic scheduled PUCCH resources in the initial slot to reduce the deferral latency. This means UE can decide to defer from/within the initial slot.
Thus we propose to amend Alt.1A as：UE should determine whether the SPS HARQ-ACK PUCCH needs to be deferred before UCI multiplexing decision. UE determines the target slot from/within the initial slot/sub-slot.
Proposal 3: Regarding SPS HARQ-ACK PUCCH deferring conditions:
· UE should determine whether the SPS HARQ-ACK PUCCH needs to be deferred before UCI multiplexing decision.
· UE determines the target slot from/within the initial slot/sub-slot.

· Determining the maximum value of k1def for SPS HARQ-ACK deferral 
In the RAN1#104b-e meeting, it is agreed that for SPS HARQ-ACK, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def, there is no lower limit defined for k1def.
For k1def without lower limit, it means k1def can equal 0, the next available PUCCH could be in the initial slot/sub-slot.
Here, for the maximum value of k1def, we think that there will always be an available PUCCH in a UL slot/sub-slot, so the UE can always determine a next available PUCCH from the first UL slot/sub-slot after the initial slot/subslot. Therefore, the latest target slot/sub-slot should be the first UL slot/sub-slot after the initial slot/sub-slot. That is, the latest target slot/sub-slot corresponding to k1+k1def is the first UL slot/sub-slot after the initial slot/sub-slot.
Proposal 4: 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.

· Determining the PUCCH resource set in target slot for a next valid PUCCH
The issue is, where the PUCCH resource corresponding to the deferred HARQ-ACK codebook is chosen from? The PUCCH resources could be chosen from the PUCCH resource set for SPS configuration, or from the PUCCH resource set for DG PDSCH, or from the both of these resources starting from/within the initial slot. We prefer that PUCCH resource could be chosen from the PUCCH resource sets for either SPS configuration or DG PDSCH. Because it has more flexibility to choose a proper PUCCH resource for the sake of latency.
Proposal 5: 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/within the initial slot.

· Whether to use flexible symbols in target slot for the next valid PUCCH
It is natural that UL symbols should be allowed for the next valid PUCCH. The question is how about the flexible symbols before the UL symbols. In our view, at least part of the flexible symbols located before the UL symbols should be allowed for the next valid PUCCH in order to reduce the feedback latency.
In addition, if a UE is configured with flexible symbols set by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, and if the UE does not detect DCI2-0 (SFI), and if the UE is provided EnableConfiguredUL-r16, and if a semi-static PUCCH is triggered for transmission and is configured to contain flexible  symbols, then the PUCCH will be allowed to be transmitted. In other words, although the PUCCH contains flexible symbols, the flexible symbols are actually allowed to transmit PUCCH.
	11.1.1 of TS38.213
For a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot format for the slot
……
-	if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot and the UE is provided EnableConfiguredUL-r16, the UE can transmit the SRS, or PUCCH, or PUSCH, or PRACH, respectively.



It is proposed that the flexible symbols starting from the start symbol of original deferred PUCCH can be used for the next (e.g., first) 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.
Proposal 6: 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.
· Select PUCCH that meets the conditions
The issue is from the question: If the SPS HARQ cannot be transmitted on the identified target slot, would the HARQ-ACK be dropped or is further deferral possible?
Considering the HARQ-ACK feedback latency and performance requirement together, the selected PUCCH for deferred HARQ-ACK should 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. So, the delayed HARQ-ACK codebook can be effectively carried.
· The number of the selected PUCCH symbols is not less than the number of original PUCCH symbols to ensure coverage.
· The selected PUCCH has the earliest end symbol in order to reduce the latency.
If the conditions are not satisfied, the HARQ-ACK should be further deferred. 
Proposal 7: 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 8: If the above conditions are not satisfied, the HARQ-ACK should be further deferred.

· Codebook construction/multiplexing for deferring HARQ-ACK
If the next available PUCCH for deferred HARQ-ACK codebook is in slot n and another HARQ-ACK codebook is also indicated to be transmitted in slot n, then the deferred HARQ-ACK codebook should be multiplexed with another HARQ-ACK codebook in the same PUCCH determined by PRI in the last DCI. In this case, the UE should construct a new HARQ-ACK codebook including the deferred HARQ-ACK codebook and another HARQ-ACK codebook. The details of the construction of the new HARQ-ACK codebook are discussed below.
Option 1: Regardless of whether the UE is configured with a dynamic codebook or a semi-static codebook, the UE always concatenates the deferred HARQ-ACK codebook after the other HARQ-ACK codebook to generate a new HARQ-ACK codebook. 
Option 1 is a simple method, but if the semi-static HARQ-ACK codebook is configured, redundant overhead may be generated.
For example, in Figure 1, the UE is configured with a semi-static HARQ-ACK codebook with k1={2,3,4,5,6,7,8}, 6 DG PDSCHs are scheduled, and are instructed to feed back HARQ-ACK in slot n. An SPS PDSCH is transmitted and k1=2 is indicated by the activated DCI, but the HARQ-ACK of the SPS PDSCH is finally deferred to be transmitted in slot n. According to Option 1 of codebook construction, HARQ-ACK of DG PDSCHs and HARQ-ACK of deferred SPS PDSCH should be multiplexed by concatenation in the new HARQ-ACK codebook in slot n. 
Since the SPS PDSCH corresponds to k1=2, the HARQ-ACK of the SPS PDSCH is originally indicated to be transmitted in slot n-3. However, the SPS PDSCH in slot n-5 is included in the semi-static codebook window corresponding to the HARQ-ACK codebook of the DG PDSCHs. According to the existing mechanism, the SPS PDSCH in slot n-5 is also filled with NACK in HARQ-ACK codebook corresponding to the DG PDSCHs. In this way, the HARQ-ACK of slot n-5 is fed back twice. One is the actual HARQ-ACK corresponding to the SPS PDSCH that is included in the deferred HARQ-ACK codebook, and the other is the padding NACK corresponding to the slot of SPS PDSCH that is included in the HARQ-ACK codebook for DG PUSCHs. Therefore, a redundant HARQ-ACK bit is generated.
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Figure 1 An example for the delayed HARQ-ACK codebook
An optimized method is to construct the codebook for HARQ-ACK feedback in slot n according to the semi-static HARQ-ACK codebook mechanism instead of using the method of concatenating two sub-codebooks (deferred HARQ-ACK codebook and semi-static HARQ-ACK codebook corresponding to the DG PDSCHs) in Option 1.
Option 2: If the slot with SPS PDSCH is contained in the semi-static HARQ-ACK codebook window corresponding to a semi-static HARQ-ACK codebook of the DG PDSCHs, then UE constructs the new HARQ-ACK codebook containing the deferred HARQ-ACK for SPS PDSCH and HARQ-ACKs of the DG PDSCHs according to the semi-static HARQ-ACK codebook mechanism in principle, but the actual HARQ-ACK is always generated for the slot with SPS PDSCH. In other words, the SPS PDSCH is treated as DG PDSCH to generate HARQ-ACK. Otherwise, UE generates new HARQ-ACK codebook according to Option 1.
For example, also in Figure 1, according to Option 2, the slot of the SPS PDSCH corresponding to the deferred HARQ-ACK is included in the semi-static codebook window corresponding to the semi-static HARQ-ACK codebook of the DG PDSCHs. Thus, a new HARQ-ACK codebook is constructed according to the semi-static HARQ-ACK codebook mechanism, and actual HARQ-ACK is always generate for the SPS PDSCH in the slot where the SPS PDSCH exists, just like the SPS PDSCH is treated as DG PDSCH. In this way, no redundant HARQ-ACK will be generated.
Based on the above analysis, Option 2 inherits the advantages of Option 1 and discards its shortcomings. Therefore, from the perspective of overhead reduction, we prefer Option 2 to construct a new HARQ-ACK codebook if the new HARQ-ACK codebook contains deferred HARQ-ACK and another HARQ-ACK codebook corresponding to DG PDSCHs. 

Proposal 9: 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. 

PUCCH repetition enhancements (at least for HARQ-ACK)
In the RAN1#104b-e meeting, no any agreement was reached in URLLC session, but there had been some progress on the dynamic repetition indication in the Cov. Enh. WI as below: 
	Working assumption: In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details



Then there are still some remaining issues to be solved as below list.
Can the dynamic signaling based on the working assumption from coverage enhancements WI be reused for sub-slot based PUCCH repetition?
Regarding dynamic repetition indication working assumption in Cov. Enh WI, 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. However, it should be further discussed in detail, such as whether the PUCCH repetition factor is equivalent to the number of sub-slots of PUCCH repetition.
Is the Rel-16 type of PUCCH repetition using ‘nrofSlots’ also applicable for sub-slot based PUCCH repetition?
The same principle could be applied to PUCCH repetition based on sub-slot.
Can only one of them (dynamic indication or ‘nrofSlots’ RRC configured) be configured for sub-slot PUCCH or can we have both (i.e. interaction handling needed)
From the perspective of flexibility, both the dynamic indication and the number of sub-slots of PUCCH repetition configured by RRC should be supported, and the dynamic indication can override the RRC signaling.
Supported UCI types for sub-slot based PUCCH repetition (for dynamic indication and/or fixed ‘nrofSlots’)
We are open to support SR/CSI/HARQ-ACK for sub-slot based PUCCH repetition.
Short format support also for slot-based PUCCH?
Regarding PUCCH repetition for PUCCH formats 0 and 2 for slot-based PUCCH repetition, we think it is not necessary, because the same functionality can be easily replaced by a long format PUCCH in a slot.
Proposal 10: Regarding PUCCH repetition, especially sub-slot based PUCCH repetition:
· Regarding dynamic repetition indication, 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.
· ‘nrofSlots’ is also applicable for sub-slot based PUCCH repetition.
· Both the dynamic indication and the number of sub-slots of PUCCH repetition configured by RRC should be supported, and the dynamic indication can override the RRC signaling.
· It is not necessary to consider slot-based PUCCH repetition for PUCCH formats 0 and 2.
Transmission of the cancelled HARQ-ACK
In the RAN1#105-e meeting, the following Working Assumption was reached for this topic. After the discussion, a detailed list of issues is provided by FL for the two schemes for the RAN1#106-e meeting, as follows. In this section, we will analyze and discuss the remaining issues.
	Working Assumption: For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities



	Just as a list of issues that could be (at least) considered for RAN1#106-e:
· Could we confirm the working assumption, or what is needed to be able to confirm the working assumption?
· On enhanced Type 3 HARQ-ACK CB with smaller size, at least the following could be discussed (some of it already discussed during RAN1#104bis-e and RAN1#105-e)
· DCI 1_2 support for Rel-16 Type 3 HARQ-ACK CB triggering and/or Rel-17 Enhanced Type 3 HARQ-ACK CB with smaller size (see Sec. 2.3.1.1)
· PHY priority (i.e. two PUCCH config) support for Rel-16 Type 3 HARQ-ACK CB triggering and/or Rel-17 Enhanced Type 3 HARQ-ACK CB with smaller size (see Sec. 2.3.1.1)
· This includes potential details of Type 3 HARQ-ACK CB configuration (see Sec. 2.3.1.1) as well as if e.g. a different Enhanced Type 3 HARQ-ACK CB could be configured for different indicated PHY priority in the triggering DCI (see companies inputs)
· Dynamic indication of a specific enhanced Type 3 HARQ-ACK CB (i.e. DCI indicating one of more than one configured ones, as discussed in Question 2.3.3 of Sec. 2.3.1.2) or is just a single one configured
· Same or different handling for triggering DCI scheduling PDSCH and not scheduled DL-SCH?
· And of course, which set of Type 3 HARQ-ACK CB are to be supported in the specifications (independent if only a single one can be configured for a UE, or with dynamic indication if more than one is configured and dynamically indicated)
· Is there any multiplexing with ‘new HARQ-ACK’ to be supported?
· Note: for Rel-16 Type 3 HARQ-ACK CB this is not an issue, as all HARQ processes are to be reported. For the smaller size, there may be new HARQ-ACK to be transmitted on the same PUCCH which is not contained in the smaller size Type 3 HARQ-ACK CB. 
· On one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3), at least the following could be discussed (some of it already discussed during RAN1#104bis-e and RAN1#105-e)
· Supported DCI formats for triggering (1_1 & 1_2)? Same or separate configuration?
· Which HARQ-ACK CB(s) are to be retransmitted? (see e.g. Question 2.4.3 of Sec. 2.3.1.3)
· If more than one HARQ-ACK CB is to be re-transmitted (e.g. based on time window, Alt. 3 of Question 2.4.3), how is the multiple HARQ-ACK CBs multiplexed
· PHY priority handling not just the priority of the PUCCH carrying the re-transmission, but also the handling of PHY priority in terms of potential HARQ-ACK CB(s) selection for re-transmission. 
· Multiplexing of re-tx HARQ-ACK and ‘new, initial’ HARQ-ACK
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·  (Alt. 1) Enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
For at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17, we think it can solve the transmission of the dropped HARQ-ACK codebook, but it has the following shortcomings:
· Type3 codebooks cannot support HARQ-ACKs for release DCI and SCell dormancy indication. If the dropped HARQ-ACK codebook contains HARQ-ACKs for release DCI or SCell dormancy indication and is retransmitted by triggering a type3 codebook, then the type3 codebook cannot contain HARQ-ACKs for release DCI and SCell dormancy indication. Therefore, how should the HARQ-ACKs for the release DCI and SCell dormancy indication be handled if the type3 codebook is used to retransmit the dropped HARQ-ACK codebook?
· Type 3 codebook overhead is relatively large. For example, all CCs configured for the UE and all HARQ processes are required to generate HARQ-ACK in order to construct a type 3 codebook regardless of whether actual transmission occurs in the HARQ process. Although the enhanced Type 3 HARQ-ACK CB with smaller size could reduce the overhead, but the indication of subset of all HARQ process and all CCs by RRC singling can’t match the unpredictable dropped HARQ-ACK perfectly.
· The type 3 codebook cannot separately support single priority HARQ-ACK codebook construction. It is always constructed to contain the HARQ-ACKs corresponding to all HARQ processes regardless of the original HARQ-ACK priority indicated by DCI or RRC configuration. For example, when a canceled HARQ-ACK codebook is triggered for transmission, the UE needs to reconstruct a type 3 codebook according to the HARQ process, but the type 3 codebook cannot support the construction of only a low priority type 3 codebook. In other words, after the type 3 codebook is triggered, the type 3 codebook will contain high and low priority HARQ-ACKs in one codebook. We believe this is unreasonable and may have a negative impact on high-priority codebooks.
· More effort to reconstruct the dropped HARQ-ACK codebook according to the HARQ process and CCs. For example, the dropped HARQ-ACK codebook is a complete codebook that has been constructed according to a semi-static or dynamic codebook. However, after the type 3 codebook is triggered, the UE needs to reconstruct the type 3 codebook according to the HARQ process and CCs and introduce additional overhead. We think this is also unreasonable, and the dropped HARQ-ACK codebook does not need the procedure to be reconstructed.
· Type 3 codebook is an optional feature for UEs, so it cannot be supported by all UEs.
In summary, the type 3 codebook is not the best and simplest candidate to solve the retransmission of the dropped HARQ-ACK codebook.
In the RAN1#104b-e meeting, the type 3 codebook was discussed mainly to support the priority of the physical layer and reduce the codebook overhead. However, no effective method is provided to support the priority of the physical layer. This is because the type3 codebook is constructed based on the HARQ process, and the current HARQ process does not support differentiating the priority of the physical layer. Priority indication is an important feature in Rel-16, which can resolve conflicts between uplink transmissions and ensure the reliability of URLLC services. Therefore, if the enhanced type 3 codebook is supported for the retransmission of cancelled HARQ-ACKs, the construction of the enhanced type 3 codebook based on the priority indication should be studied first.
Proposal 11: RAN1 should consider the construction of the enhanced type 3 codebook based on the priority indication if the type 3 like codebook is supported for retransmission of the cancelled HARQ-ACK.

· (Alt. 2) One-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB in Rel-17
For Alt. 2, it is based on DCI to reschedule a PUSCH or PUCCH for the dropped HARQ-ACK codebook. The dropped HARQ-ACK codebook does not need to be reconstructed and no additional overhead is introduced. It can perfectly support the transmission of a dropped HARQ-ACK codebook in the new PUSCH/PUCCH. It only needs to design a DCI or add an indication field in the DCI to notify the UE that the DCI triggers the retransmission of a dropped HARQ-ACK codebook.
Alt. 2 can support to retransmit a dropped HARQ-ACK codebook including HARQ-ACKs for release DCI and SCell dormancy indication too. 
For Alt. 2, the UE is triggered to retransmit the dropped HARQ-ACK codebook, then the UE should retransmit all the dropped HARQ-ACK codebooks together. The UE can concatenate multiple dropped HARQ-ACK codebooks in order if necessary.
In FL's summary, one of questions is: If multiple codebooks are cancelled, how should Alt.2 solve it, for example, which HARQ-ACK codebook(s) are to be retransmitted? Some possible solutions are considered as follows.
Solution 1
The base station schedules a cancelled HARQ-ACK codebook through a DCI (by a DL assignment) with identification bits. The identification bit can be included in the DCI based on the configuration of the RRC signaling. The identification bit indicates that the DCI is used to schedule the cancelled codebook.
The base station should avoid the UE having multiple cancelled HARQ-ACK codebooks before scheduling the UE to retransmit the cancelled HARQ-ACK codebooks. For example, the base station always immediately schedules the UE to retransmit a HARQ-ACK codebook, if the HARQ-ACK codebook will be or has been cancelled due to a conflict. That is, when the HARQ-ACK codebook is cancelled or will be cancelled, the base station should schedule the retransmission of the HARQ-ACK codebook in the first chance. Solution 1 always schedules the cancelled HARQ-ACK codebooks one by one.
Obviously, the case that Solution 1 cannot retransmit multiple HARQ-ACK codebooks together which are cancelled, and it also includes the case that one or more cancelled HARQ-ACK codebooks are missed by the UE.
Considering that this is a low probability event that multiple consecutive HARQ-ACK codebooks are cancelled or missed, the solution 1 is acceptable from our point of view. 
Solution 2:
Design a new DCI format without PDSCH scheduling for scheduling one or more cancelled HARQ-ACK codebook transmissions. The DCI should include:
Parameter field 1: A parameter field 1 corresponds to the size of a scheduled HARQ-ACK codebook. For example, a parameter field 1 corresponds to n bits, which represents the size of the HARQ-ACK codebook, and a parameter field 1 also implies a scheduled HARQ-ACK codebook.
The number of parameter field 1 can be pre-defined or configured by RRC signaling.
The order of the multiple parameter fields 1 in the DCI is determined based on the order of the PUCCH starting symbols corresponding to the cancelled HARQ-ACK codebook. So, the base station shall ensure: The order of the parameter fields 1 in the DCI is consistent with the order of the PUCCH starting symbols corresponding to the scheduled HARQ-ACK codebook. In this way, it can ensure that the base station and the UE have a consistent understanding between the scheduled HARQ-ACK codebooks and the PUCCHs determined by the UE in order to transmit the HARQ-ACK codebook.
The new DCI needs to be identified in order to let the UE know that the DCI is for scheduling the HARQ-ACK codebooks retransmissions. For example, the CRC of the DCI is scrambled by a predefined RNTI.
The DCI can also include: PUCCH resource indication (PRI), indicates a PUCCH resource from the carrier used to transmit PUCCH. The PUCCH resource is used to transmit the scheduled HARQ-ACK codebooks.
The DCI can also include: PDCCH-to-HARQ_feedback timing indicator, indicates the slot interval between the PDCCH where the DCI is located and the PUCCH used to transmit the scheduled HARQ-ACK codebook. The interval is counted based on the subcarrier space (SCS) of the carrier/BWP of the PUCCH transmission.
In this way, if the UE receives the DCI, the UE can determine that the DCI is used for scheduling (cancelled) HARQ-ACK codebooks, and the UE can cascade the HARQ-ACK codebooks scheduled by the DCI based on the order of the parameter fields 1 in the DCI. 
Obviously, Solution 2 can retransmit multiple cancelled HARQ-ACK codebooks together, and the DCI design principle can follow the DCI 2-x series.
In summary, compared to Alt. 1, Alt. 2 is more efficient and should be applied to all UEs. For Solution 1 and Solution 2 in Alt. 2, we slightly prefer Solution 1 because of its simplicity.
Observation 1: Compared with Alt. 2, in order to support Alt. 1 (Type 3 CB), more issues need to be solved, which significantly increases the standardization work load.
Proposal 12: For the retransmission of the dropped HARQ-ACK codebook, Alt. 2 should be supported, i.e., DCI scheduling PUCCH to carry dropped HARQ-ACK codebook.
· In order to support one or more HARQ-ACK codebooks to be scheduled, the following detailed methods can be considered:
· Solution 1: Support a DCI triggering (by a DL assignment) of one HARQ-ACK codebook re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB in Rel-17.
· The identification bit is included in the DCI based on the configuration of the RRC signaling and indicates that the DCI is used to schedule the cancelled codebook.
· Solution 2: Support a new DCI format for scheduling one or more cancelled HARQ-ACK codebooks.
· The fields of size of one or more HARQ-ACK codebooks are included in the DCI.
· The order of the multiple size fields of one or more HARQ-ACK codebooks in the DCI is determined based on the order of the PUCCHs starting symbols corresponding to the cancelled HARQ-ACK codebooks. 
· The CRC of the DCI is scrambled by a predefined RNTI.
· PUCCH resource indication (PRI), indicates a PUCCH resource from the carrier used to transmit PUCCH.
· PDCCH-to-HARQ_feedback timing indicator, indicates the slot interval between the PDCCH where the DCI is located and the PUCCH used to transmit the scheduled HARQ-ACK codebook.
· Applicable scenarios for the transmission of the cancelled HARQ-ACK
A high priority HARQ-ACK codebook may be cancelled by the semi-static frame structure, but we believe that the probability of conflict between the high-priority HARQ-ACK codebook and the semi-static frame structure is quite tiny, while the probability of conflict between the high-priority HARQ-ACK codebook and the low-priority HARQ-ACK codebook is relatively high.
Therefore, we believe that the standardization work for retransmission of the low-priority HARQ-ACK codebook should be considered first. Preferably, the same principle can also be reused for retransmission of high-priority HARQ-ACK codebook.
Proposal 13: 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.
· When to trigger the transmission of the cancelled HARQ-ACK
In Rel-16, when a low-priority HARQ-ACK PUCCH conflicts with a high-priority PUCCH or a high-priority PUSCH, the low-priority HARQ-ACK PUCCH is canceled. If the dropped low-priority PUCCH carries many HARQ-ACK bits, all related PDSCHs have to be re-transmitted. In order to avoid this, one way is to perform intra-UE multiplexing which is discussed in a parallel agenda of Rel-17 URLLC. However, intra-UE multiplexing with different priorities will also negatively impact the transmission with high priority. And in some cases, the multiplexing of PUCCHs with different priorities cannot be done as the requirement of timeline. For example, high-priority PUCCH and low-priority PUCCH may not meet the multiplexing timeline due to the low latency requirement of the high-priority PUCCH. So, dropping is still expected, and thus enhancement on transmission of low-priority HARQ-ACK should be considered.
[image: ]
Figure 2 an example is for low-priority PUCCH resources to be modified.
For example, in Figure 2, a low-priority HARQ-ACK PUCCH is scheduled first, and then a high-priority PUCCH is scheduled and overlaps with the low-priority PUCCH. After the high PDCCH is received, the UE will know that the low-priority PUCCH will be cancelled. After the high PDCCH detection, the base station can send the new PDCCH to trigger a new low-priority PUCCH resource for the cancelled PUCCH as early as possible. In other words, the cancelled HARQ-ACK codebook can be triggered for transmission at the earliest after the conflict is determined. We believe that the cancelled HARQ-ACK codebook should be triggered as early as possible, which is beneficial to the UE, for example, avoiding the re-construction of the HARQ-ACK codebook.
Proposal 14: 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.
 
Type-1 HARQ-ACK codebook based on sub-slot for URLLC
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.
· 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 the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e 


FL further provides discussion issues for the next meeting, for example, the focus of the remaining discussion / required decision is on the TDRA grouping / pruning. Below we provide perspectives for these remaining issues.
Issue 1: The unnecessary repeated construction of type1 HARQ-ACK codebook is caused by sub-slots
To clarify this issue, an example is shown in Figure 3. The SCS of UL is 15KHz and the SCS of DL is 15KHz. Two UL 7-symbol sub-slots exactly correspond to one DL slot. If the UE's k1 set is {3, 4} and the type-1 HARQ-ACK codebook is indicated to be transmitted in sub-slot n, then the two UL sub-slots in Figure 3 will be selected to pass n-k1 respectively, but their corresponding DL slot is the same.
According to Rel-16, when the slot based type-1 HARQ-ACK codebook is constructed, the outer loop in pseudo code is first performed according to each k1, but not every k1 will be valid to enter into the loop and then there is no repetitive construction of HARQ-ACK codebook if two consecutive k1 values will cause two-time HARQ feedback for PDSCHs in the same DL slot. This mechanism is guaranteed by the code of “if [image: ]”. In this way, if the uplink transmission is slot level in Figure 3, when k1=3, a DL slot is determined through n-3, and the PDSCHs in the DL slot are used to construct the type-1 HARQ-ACK codebook. But when k1=4, the same DL slot is determined through n-4, and the PDSCHs in the same DL slot are not used to construct the type1 HARQ-ACK codebook twice as no permission to enter the loop again. 
[image: ]
Figure 3 An example is that one DL slot corresponds to multiple UL slots/sub-slots.

Obviously, in Rel-17, if the sub-slot based type-1 HARQ-ACK codebook  is introduced, for example, in Figure 3, 2 UL 7-symbol sub-slots correspond to a DL slot (a slot contains 14 symbols), the same problem will also occur and same codebook will be constructed twice. That is to say, it will potentially cause additional overhead for the type-1 HARQ-ACK codebook. 
Observation 2: If multiple UL sub-slots correspond to a DL slot, it will potentially cause additional overhead for the type-1 HARQ-ACK codebook because the DL slot is used multiple times for construction of the type-1 HARQ-ACK codebook.

Then the similar mechanism as Rel-16 could be used to prohibit the unnecessary HARQ-ACK codebook construction. When sub-slot based type-1 HARQ-ACK codebook is generated, if a DL slot is repetitively used to construct a type-1 codebook, the DL slot should be prohibited from being used to construct a type-1 codebook again. However, for the case mentioned in issue 2 below, the common boundary of two consecutive DL slots is aligned with the middle of a UL sub-slot. For this case, it is assumed that the sub-slot contains the two DL slots in order to execute pseudo-code.
In order to achieve the above objectives, the following modification can be considered in TS38.213:
	while [image: ] 
if [image: ] if the UE is not provided subslotLengthForPUCCH, or 
, if the UE is provided subslotLengthForPUCCH
Set [image: ] – index of a DL slot within an UL slot
while [image: ] 
Set [image: ] to the set of rows
Set [image: ] to the cardinality of [image: ]
Set [image: ] – index of row in set [image: ]
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and slot [image: ] is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
else 
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
[image: ];
else
[image: ]; 
end if
end while
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and [image: ], 
[image: ]; 
[image: ];
else 
Set [image: ] to the cardinality of [image: ]
Set [image: ] to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of [image: ]
while [image: ]
Set [image: ] 
while [image: ]
if [image: ] for start OFDM symbol index [image: ] for row [image: ] 
[image: ]; - index of occasion for candidate PDSCH reception or SPS PDSCH release associated with row [image: ]
[image: ];
[image: ];
else
[image: ]; 
end if
end while
[image: ]
[image: ];
Set [image: ] to the smallest last OFDM symbol index among all rows of [image: ];
end while
end if
;
end if
end while
end if
[image: ];
end while



Proposal 15: The unnecessary repetitive construction of the type-1 HARQ-ACK codebook due to the fact that one DL slot corresponds to multiple uplink sub-slots should be prohibited.

Issue 2: Dividing SLIV group in the case that UL SCS=15KHz, DL SCS=30KHz, and subslotlength=2 OS
In the RAN1#104b-e meeting, this question was raised as shown in Figure 4 below as a reference.
	Option 1 has several issues as we commented over the email reflector: ...; 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.


In Figure 4, the SCS of UL is 15KHz, the SCS of DL is 30KHz, and the sub-slot contains 2 OFDM symbols. An example of dividing SLIV groups based on per slot is given below. Here the PDSCH associated with a sub-slot is determined based on: the end of the PDSCH overlaps the UL sub-slot (This has been agreed in the Ran1#104b-e meeting). 
In Figure 4, if the sub-slots determined by n-k1 are the first, fourth, and seventh UL sub-slots, the PDSCHs determined to be used to divide the SLIV group include:
In the first DL slot, the PDSCHs associated with the first sub-slot and the fourth sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV groups in the first DL slot.
In the second DL slot, the PDSCHs associated with the fourth sub-slot and the seventh sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV groups in the second DL slot.
In Figure 4, if the sub-slots determined by n-k1 is the 1st to 7th, the determined PDSCH used to divide the SLIV group includes:
In the first DL slot, the PDSCHs associated with the 1st to 4th sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV groups in the first DL slot.
In the second DL slot, the PDSCHs associated with the 4th to 7th sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV group in the second DL slot.
If the sub-slot determined by n-k1 is only the fourth, the determined PDSCH used to divide the SLIV group includes:
In the first DL slot, the PDSCHs associated with the fourth sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV groups in the first DL slot.
In the second DL slot, the PDSCHs associated with the fourth sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV groups in the second DL slot.
Therefore, dividing SLIV groups based on per slot can still work in the example shown in Figure 4.
[image: ]
Figure 4 an example for UL SCS=15KHz, DL SCS=30KHz, and subslotlength=2 OS
Observation 3: Dividing SLIV group based on per slot can still work when UL sub-slot crossing 2 DL slots boundary.

Issue 3: How to deal with the situation where one UL sub-slot overlaps with one or more DL slots?
In the existing specification, the type-1 HARQ-ACK codebook already supports one UL slot overlaps with multiple DL slots, i.e. loop multiple DL slots within one UL slot. For sub-slot case, we can simply reuse the same principles, even same pseudo-code with simple clarification that the DL slot is overlapped with one UL sub-slot (in Rel-15, it is written by the DL slot is within one UL slot).
Proposal 16: 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.
Issue 4: How to generate HARQ-ACK information for Type-1 HARQ-ACK codebook based on sub-slot in case of one DL slot overlapping with one or more UL sub-slots?
In order for the type-1 HARQ-ACK codebook to support sub-slots, it should be strived to minimize standardization efforts and UE implementation complexity. A simple method is provided as following and there is no introduction of additional HARQ-ACK overhead.
For the convenience of description, the following steps are introduced to construct a type-1 HARQ-ACK codebook based on sub-slot:
1　 Determine the DL slot corresponding to the type-1 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 per slot level;
4　 Generate HARQ-ACK information for each SLIV group.
[image: ]
Figure 5 Type-1 HARQ-ACK codebook construction based on UL sub-slot
For example, In Figure 5, the UE is configured with a UL sub-slot with a length of 2 symbols (or called a UL slot, containing the number of symbols equal to the number of symbols of the sub-slot, and the following UL sub-slot can be replaced by the UL slot). The configuration of PDSCH#1~PDSCH#8 is shown in Figure 5 in a DL slot. Corresponding to Figure 5, it is supposed that the UE has determined the DL slot (or UL sub-slot) corresponding to the type-1 HARQ-ACK codebook, and further it is supposed that the UE has determined the UL sub-slot as the first, second, fifth and seventh UL sub-slots by n-k1 in Figure 5.
In this way, the end symbol of PDSCH#4, PDSCH#5 and PDSCH#6 does not overlap with the determined UL sub-slots, so PDSCH#4, PDSCH#5 and PDSCH#6 are removed from the PDSCHs candidates for generating HARQ-ACK feedback corresponding to the DL slot. Therefore, the remaining PDSCHs for generating HARQ-ACK are PDSCH #1, PDSCH#2, PDSCH#3, PDSCH#7 and PDSCH#8. Note that not all PDSCH candidates in the DL slot are used to construct a type-1 codebook.
Next, for PDSCH#1, PDSCH#2, PDSCH#3, PDSCH#7, and PDSCH#8, the SLIV group is divided based on slot level within the DL slot. Finally, the obtained SLIV groups are group {#1, #2}, group {#3} and group {#7, #8}, with a total of 3 SLIV groups. Each SLIV group generates a corresponding HARQ-ACK, in order to construct a type-1 HARQ-ACK codebook.
A possible specification modification for the type-1 HARQ-ACK codebook based on sub-slot with grouping per slot level is provided as follows for TS38.213:
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while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ],

Or, if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot 


 to slot , the end symbol of the PDSCH time resource derived by row [image: ] does not overlap with any UL slot(s) for an associated PUCCH transmission, where [image: ] is the k-th slot timing value in set [image: ], where the UL slot(s) simultaneously meets: 1) the UL slot(s) overlaps with the aforementioned each slot in the time domain; 2) the UL slot(s) belong to a set of slots determined by  where [image: ] is the each k1 value in set [image: ],
[image: ];
else
[image: ]; 
end if
...
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 

Or, if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot 


 to slot , the end symbol of the PDSCH time resource derived by row [image: ] does not overlap with any UL slot(s) for an associated PUCCH transmission, where [image: ] is the k-th slot timing value in set [image: ], where the UL slot(s) simultaneously meets: 1) the UL slot(s) overlaps with the aforementioned each slot in the time domain; 2) the UL slot(s) belong to a set of slots determined by  where [image: ] is each k1 value in the set [image: ],
[image: ];
else
[image: ]; 
end if
...



Proposal 17: Determine the type1 HARQ-ACK codebook based on sub-slot with grouping per slot level 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 per slot level;
4　 Generate HARQ-ACK information for each SLIV group.

PUCCH carrier switching for HARQ-ACK feedback
In the RAN1#105-e meeting, the following agreements were reached for this topic [2]. After the discussion, a detailed list of issues is provided by FL for the two schemes to be discussed in the RAN1#106-e meeting. In this section, we will analyze and discuss the remaining issues.
	Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral
Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 
Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.


1.2 Potential method for dynamic PUCCH carrier switching
In the RAN1#104b-e conference, several candidates were provided. Here we further investigate possible detailed contents for each alternatives.
· Alt. 1: PUCCH carrier switching is based on dynamic indication in DCI
Alt.1 can have more specific implementation methods.
Method 1: Add an indication field into DCI for PUCCH carrier switching.
Method 2: Reinterpret the legacy field in the DCI. For example, the high bits of PRI or k1 are reinterpreted as PUCCH carrier switching indication. The reinterpretation of the high bits of PRI or k1 needs to reduce the number of available PUCCH resources in the PUCCH set or the number of k1 values in the k1 set. For URLLC service, the k1 value is usually smaller than eMBB service, reducing the number of k1 value in k1 set is not harmful for k1 value set as less k1 values are likely to be configured in the k1 set.
Method 3: PRI is used to instruct PUCCH carrier to switch based on a new PUCCH resource set, which includes PUCCH resources of different UL CCs in the PUCCH cell group. For example, the new PUCCH resource set can be configured to include PUCCH resources of different UL CCs in the PUCCH cell group involved in PUCCH carrier switching. In this way, the PRI in the DCI not only indicates the PUCCH resource, but also indicates the PUCCH carrier. This method will not affect the physical layer specifications. 
An example is shown for method 3: a PUCCH carrier group for PUCCH switching is configured, and one PUCCH resource set is configured, all the carriers in the group will be involved in the PUCCH resource set. For example, we have two CCs, CC1 and CC2 in the switching group, and the PUCCH resource set can be {CC1 PUCCH resource 1, CC1 PUCCH resource 2, CC1 PUCCH resource 3, CC1 PUCCH resource 4, CC1 PUCCH resource 5, CC2 PUCCH resource 1, CC2 PUCCH resource 2, CC2 PUCCH resource 3}, which has total 8 resources, the number of PUCCH resources for each CC doesn’t need to be equal or unequal.
Method 1 will increase the overhead of DCI and potentially affect the reliability of DCI. Method 2 is suitable for the PUCCH carrier to switch between two carriers. If the number of PUCCH carriers is larger, the method 2 is unacceptable because it occupies more high bits of k1 or PRI. Method 3 is more flexible, it does not increase the overhead of DCI, and the number of PUCCH carriers that can be supported is relatively large. Just a new PUCCH resource set need to be configured by RRC signaling.
In above methods, we prefer Method 3 because it is simple and does not affect the physical layer specifications. 
Proposal 18: For dynamic PUCCH carrier switching, dynamic indication in DCI should be supported.
· PRI is used to instruct PUCCH carrier switching from a new configured PUCCH resource set, which can include PUCCH resources of different UL CCs. 

· Alt. 2: the semi-static PUCCH carrier switching configuration operation
Configure multiple carriers for the UE for PUCCH carrier switching. Determine a reference carrier for the UE. Configure the PUCCH carrier and PUCCH slot based on the slot of the reference carrier through RRC signaling.
As an example, in Figure6, the UE is configured with 4 carriers for PUCCH carrier switching. The reference carrier is determined to be Pcell. Then the base station can configure a PUCCH carrier for the UE during the slot duration of the Pcell. For example, during the duration of the second slot in the reference CC, CC3 is configured as a carrier for transmitting PUCCH (for example, the fourth slot in CC3 is marked as PUCCH transmission (marked by a "+")). In this way, if a PUCCH wants to be transmitted during the second slot of the reference CC, the PUCCH is transmitted in the fourth slot of CC3. Similarly, during the duration of the third slot of the reference carrier, CC0 is configured as a carrier for transmitting PUCCH (the third slot in CC0 is marked as PUCCH transmission (marked by "+")); During the the fourth slot of the reference carrier, CC1 is configured as a carrier for transmitting PUCCH (the fourth slot in CC1 is marked as PUCCH transmission (marked by "+")); During the fifth slot of the reference CC, CC1 is configured as a carrier for transmitting PUCCH(the fifth slot in CC1 is marked as PUCCH transmission (marked by "+")); During the sixth slot of the reference carrier, CC0 is configured as a carrier for transmitting PUCCH (the sixth slot in CC0 is marked as PUCCH transmission (marked by "+")).
Here, the configuration of the aforementioned PUCCH carrier can be periodic, for example, the duration of the period can be configured through RRC signaling. Within a period, each candidate PUCCH carrier corresponds to a bitmap signaling based on the number of UL slots in the period. The bitmap signaling configures whether a PUCCH slot is valid for PUCCH switching, and it implicitly indicates the valid PUCCH carrier from the candidate PUCCH carriers within the slot of the reference carrier. For example, only one PUCCH slot in the valid PUCCH carrier can be used within the duration of each reference carrier slot.. 
For example, Figure 6 shows the configuration period of a PUCCH carrier. Within the period, there are 2 UL slots in CC0, so the bitmap signaling is 2 bits, which is configured as 11("1" indicates that the corresponding UL slot is configured to transmit PUCCH, and "0" indicates that the corresponding UL slot is not configured to transmit PUCCH). There are 2 UL slots in CC1, so the bitmap signaling is 2 bits, which is configured as 11. There is 1 UL slot in CC2, so the bitmap signaling is 1 bit, which is configured as 0. There are 4 UL slots in CC3, so the bitmap signaling is 4 bits, which is configured as 1000. 
The k1 in DCI is interpreted based on the numerology of the reference carrier. The PRI in the DCI determines the PUCCH from the configured PUCCH carrier. 
For example, after receiving a DCI, the UE determines a slot from the reference carrier according to k1, and then determines the PUCCH carrier and a PUCCH slot within the slot duration according to configuration signaling (such as bitmap signaling). Then the UE determines a PUCCH resource in the PUCCH slot from the PUCCH carrier according to the PRI.
Using the above method, it can configure the PUCCH carrier for the UE per reference carrier slot, especially when multiple carriers are in the uplink slot at the same time, the above method can determine a PUCCH carrier from the multiple carriers.
[image: ]
Figure 6 An example for configuring PUCCH carrier
Proposal 19: For the semi-static PUCCH carrier switching configuration operation:
· Support to configure multiple carriers for PUCCH carrier switching.
· Support the configuration of a reference carrier.
· Support periodic configuration of PUCCH carrier based on the slot of the reference carrier.
· k1 is interpreted based on the reference carrier.
· PRI is interpreted based on the target PUCCH carrier.

Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: Compared with Alt. 2, in order to support Alt. 1 (Type 3 CB), more issues need to be solved, which significantly increases the standardization work load.
Observation 2: If multiple UL sub-slots correspond to a DL slot, it will potentially cause additional overhead for the type-1 HARQ-ACK codebook because the DL slot is used multiple times for construction of the type-1 HARQ-ACK codebook.
Observation 3: Dividing SLIV group based on per slot can still work when UL sub-slot crossing 2 DL slots boundary.
Proposal 1: The SPS HARQ-ACK deferral configured per SPS configuration should be supported.
Proposal 2: Regarding the determination of valid symbols on SPS HARQ-ACK PUCCH deferring conditions:
· 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.
Proposal 3: Regarding SPS HARQ-ACK PUCCH deferring conditions:
· UE should determine whether the SPS HARQ-ACK PUCCH needs to be deferred before UCI multiplexing decision.
· UE determines the target slot from/within the initial slot/sub-slot.
Proposal 4: 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 5: 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/within the initial slot.
Proposal 6: 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 7: 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 8: If the above conditions are not satisfied, the HARQ-ACK should be further deferred.
Proposal 9: 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 10: Regarding PUCCH repetition, especially sub-slot based PUCCH repetition:
· Regarding dynamic repetition indication, 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.
· ‘nrofSlots’ is also applicable for sub-slot based PUCCH repetition.
· Both the dynamic indication and the number of sub-slots of PUCCH repetition configured by RRC should be supported, and the dynamic indication can override the RRC signaling.
· It is not necessary to consider slot-based PUCCH repetition for PUCCH formats 0 and 2.
Proposal 11: RAN1 should consider the construction of the enhanced type 3 codebook based on the priority indication if the type 3 like codebook is supported for retransmission of the cancelled HARQ-ACK.
Proposal 12: For the retransmission of the dropped HARQ-ACK codebook, Alt. 2 should be supported, i.e., DCI scheduling PUCCH to carry dropped HARQ-ACK codebook.
· In order to support one or more HARQ-ACK codebooks to be scheduled, the following detailed methods can be considered:
· Solution 1: Support a DCI triggering (by a DL assignment) of one HARQ-ACK codebook re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB in Rel-17.
· The identification bit is included in the DCI based on the configuration of the RRC signaling and indicates that the DCI is used to schedule the cancelled codebook.
· Solution 2: Support a new DCI format for scheduling one or more cancelled HARQ-ACK codebooks.
· The fields of size of one or more HARQ-ACK codebooks are included in the DCI.
· The order of the multiple size fields of one or more HARQ-ACK codebooks in the DCI is determined based on the order of the PUCCHs starting symbols corresponding to the cancelled HARQ-ACK codebooks. 
· The CRC of the DCI is scrambled by a predefined RNTI.
· PUCCH resource indication (PRI), indicates a PUCCH resource from the carrier used to transmit PUCCH.
· PDCCH-to-HARQ_feedback timing indicator, indicates the slot interval between the PDCCH where the DCI is located and the PUCCH used to transmit the scheduled HARQ-ACK codebook.
Proposal 13: 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 14: 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 15: The unnecessary repetitive construction of the type-1 HARQ-ACK codebook due to the fact that one DL slot corresponds to multiple uplink sub-slots should be prohibited.
Proposal 16: 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 17: Determine the type1 HARQ-ACK codebook based on sub-slot with grouping per slot level 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 per slot level;
4　 Generate HARQ-ACK information for each SLIV group.
Proposal 18: For dynamic PUCCH carrier switching, dynamic indication in DCI should be supported.
· PRI is used to instruct PUCCH carrier switching from a new configured PUCCH resource set, which can include PUCCH resources of different UL CCs. 
Proposal 19: For the semi-static PUCCH carrier switching configuration operation:
· Support to configure multiple carriers for PUCCH carrier switching.
· Support the configuration of a reference carrier.
· Support periodic configuration of PUCCH carrier based on the slot of the reference carrier.
· k1 is interpreted based on the reference carrier.
· PRI is interpreted based on the target PUCCH carrier.
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