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1. Introduction

Agreements and conclusions in previous meetings on UCI enhancements:
In SI:
Agreements:

· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Conclusion:

For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:

· How to separate HARQ-ACK multiplexing windows for different PUCCHs?

· How to indicate the starting symbol of different PUCCHs?

· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?

· How to determine dynamic HARQ codebook?

· How to determine semi-static HARQ-ACK codebook?

· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?

· How to determine PUCCH resource for each PUCCH?

· How to do PUCCH resource overriding for HARQ-ACK multiplexing?

· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
Agreements:

· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE

· FFS more details (including procedures when applicable)

· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both

· FFS more than 2

· FFS whether or not CBG configuration is supported for Rel-16 URLLC

Agreements:

· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to trranmit in resources overlapping in time
· FFS details, e.g., multiplexing and/or prioritizing or parallel tx
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 

· FFS in potential WI the details of the PHY identification
In RAN1#96bis:

Agreements:

For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.
Agreement:

For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook

FFS: For SPS PDSCH (including SPS release PDCCH)

In this paper, Tdocs submitted to RAN1#97 on this issue and offline discussion status will be summerized.

2. Multiple PUCCHs for HARQ-ACK within a slot for a service type
2.1. Details of Sub-slot-based HARQ-ACK feedback procedure
Issue 2.1.1: PDSCH-to-sub-slot association and K1 definition
· K1 is the number of sub-slots from the sub-slot containing end of PDSCH to the sub-slot containing start of PUCCH. 
· HW, Nokia, E///, QC, ZTE, Intel, CATT, Samsung, LGE, DCM, Pana, Moto, OPPO, Sony, ETRI, CAICT, InterDigital
· Opt.1: Use UL numerology to define the sub-slot grid (HW, Nokia, E///, QC, ZTE, Samsung)
· Opt.2: DL and UL sub-slots are defined as function of PDSCH and PUCCH SCS respectively (Intel) – needs to be further clarified.

Issue 2.1.2: Configurability of sub-slot boundary
· Location of each subslot boundary can be configured, e.g. via a bitmap: QC, LGE. 
Issue 2.1.3:  Extend range of configurable K1?

· Extended to 31 or 63: Intel.
Potential proposal 2-1: 

For sub-slot-based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing end of PDSCH  to the sub-slot containing start of PUCCH. 
· Use UL numerology to define the sub-slot grid.
· FFS: If sub-slot boundary is configurable for a given number of sub-slots in a slot.

· FFS: The configurable value range of K1 needs to be extended.
Issue 2.1.4: Maximum number of UL sub-slots in a slot
· Opt.1: Up to 14 (e.g. 2, 4, 7, 14)
· ZTE

· Opt.1: Up to 7 (e.g. 2, 4, 7)
· Nokia, QC, CATT, InterDigital, Intel (function of PUCCH SCS, 7 @15kHz SCS), DCM (2, 7)
· Arguments: R15 UE feature 3-5b allows maximum 7 monitoring spans per slot
· Opt.2: Up to 4
· E///, Spreadtrum
· Opt.3: Up to 2 (use Codebook-less HARQ for finer granularity)
· MTK
Potential proposal 2-2: 

For sub-slot-based HARQ-ACK feedback procedure, number of UL sub-slots in a slot is UE-specifically semi-statically configured.
· Configurable number of UL sub-slots: {2, 4, 7}.

Issue 2.1.5: Allowing PUCCH resource across sub-slot boundary or not?

· Yes: HW, Nokia, E///, DCM, InterDigital, OPPO, Motorola Mobility, Lenovo
· Arguments: Guarantee coverage
· No: CATT, LGE, Pana (multi-sub-slot tx for a longer PUCCH), vivo, Sony, CAICT
· Arguments: Avoid PUCCH resource overlapping

Issue 2.1.6: PUCCH resource configuration

· Opt.1: PUCCH resource is defined relative to sub-slot boundary. And PUCCH resource set configuration can be different for different sub-slot configurations.
· HW, E///, Nokia, ZTE, Intel, vivo, OPPO
· Opt.1a: Per sub-slot configuration (HW, E///, Pana)
· Arguments: Scheduling flexibility for different sub-slot
· Opt.1b: Reuse R15 PUCCH resource configuration (can be re-configured when the sub-slot configuration is changed) (Nokia, Intel)
· Opt.2: A PUCCH resource is defined relative to a slot boundary(flexible reconfiguration of sub-slot boundary without reconfiguring the PUCCH resource set). Reuse Rel-15 PUCCH resource configuration. 
· Motorola Mobility, Lenovo
Potential proposal 2-3: 

For sub-slot-based HARQ-ACK feedback procedure, PUCCH resource is defined relative to sub-slot boundary.
· PUCCH resource set configuration can be different for different sub-slot configurations.
· For a given sub-slot configuration, FFS same or different PUCCH resource sets can be configured for different sub-slots within a slot.
Issue 2.1.7: Applicability of Type I HARQ-ACK codebook for sub-slot HARQ feedback procedure?

· Yes: HW, Nokia, E///, QC, ZTE, LGE, DCM, InterDigital, China Unicom, WILUS
· No or low priority: MTK, Intel, CATT, Samsung, Pana, vivo, Spreadtrum,OPPO
	
	Pros
	Cons

	Support Type I HARQ-ACK codebook for sub-slot-based HARQ-ACK feedback procedure
	· Aligned with R15

· Reduce DCI overhead

· Robustness to DCI mis-detection which is essential for high-reliability services

· More applicable for SPS/periodic PDSCH

· Loose coordination between CCs in CA case (DCM)

· Feedback redundancy may not be essential for high-reliability services, and can be reduced by configuring a small K1/SLIV set, a K1 set matched to periodic traffic, or a pruning algorithm
	· Inefficiently large HARQ-ACK payload in case of large number of sub-slots in a slot

· Increase PUCCH overhead

· URLLC PDCCH is more reliable

· R16 URLLC services do not require CA (Samsung)
· Specification efforts




Potential proposal 2-4: 

Prioritize Type II HARQ-ACK codebook for sub-slot-based HARQ-ACK feedback procedure in R16.
Issue 2.1.8: Type I HARQ-ACK codebook construction for sub-slot HARQ feedback procedure?

· Opt.1: PDSCH occasions are determined within each sub-slot

· E///, QC, DCM
· Opt.2: PDSCH occasions are jointly determined across sub-slots within one slot
· HW
Issue 2.1.9: Support CBG configuration for sub-slot-based HARQ-ACK feedback procedure?

· Yes: Samsung
· No: LGE

2.2.  “Codebook-less HARQ”
Issue 2.2.1: Use “Codebook-less HARQ” or not as a complementary to slot-based and sub-slot-based HARQ-ACK procedures?

· Yes: MTK, Intel, Samsung (reuse R15), ETRI (reuse R15), WILUS
· No: CATT
MTK proposals: 

Observation 1: HARQ multiplexing favours larger sub-slots or no partitioning at all, which may involve losing the retransmission occasion in certain corner cases. A good trade-off for sub-slot partition size is not always guaranteed.

Observation 2: Only codebook-less HARQ feedback sending can achieve zero PUCCH alignment delay.
Observation 3: Complementary codebook-less HARQ procedure can allow choosing coarser or no partitioning for the codebook-based procedure. This benefits scheduling and HARQ multiplexing.

Proposal 1: Use “Codebook-less HARQ” as a complementary procedure, simultaneously to the codebook-based procedure. The number of PUCCH’s carrying codebook-less HARQ in a (sub-)slot needs not be restricted.  

Proposal 2: Limit the configurable number of sub-slots to maximum two sub-slots per slot.

Proposal 4: For codebook-less procedure, the PUCCH resource assigned by the PRI should be sent in the earliest sub-slot that abides by the N1 UE timeline.
Proposal 5: To avoid signalling overheads, a configurable special K1 (index) value could select codebook-less HARQ_ACK sending.
Intel proposals: 

Proposal: Codebook-less HARQ mechanism can be considered further as a complementary mechanism.
Samsung proposals: 

Proposal 3: The Rel-15 non-codebook based HARQ-ACK generation is also supported for Rel-16 URLLC.
CATT proposals: 

Observation 3: Codebook-less HARQ is not needed since an unified solution is preferred to differentiate the traffic type.

ETRI proposals: 

Observation 1: Codebook-less HARQ feedback is already supported in Rel-15 NR, and can be used for Rel-16 eURLLC purpose with dropping/multiplex the other UCI.
WILUS proposals: 

Proposal 3: Support the codebook-less transmission in Rel-16 URLLC

· The codebook-less transmission is to report HARQ-ACK information for a single PDSCH without multiplexing other PDSCHs

· The codebook-less transmission can be indicated via an existing field in a scheduling DCI

	Question:
	Answer:

	How to separate HARQ-ACK multiplexing windows for different PUCCHs?
	A virtual subslot grid based on UL numerology is defined over DL and UL parts. HARQ-ACKs mapped into a subslot are multiplexed into a PUCCH.

The sub-slot size is 7 or 14 OFDM symbols as configured per BWP and HARQ procedure.
Note: The subslot grid is not used for PDSCH scheduling. A PDSCH can start from any applicable symbol and with any applicable duration.

	How to indicate the starting symbol of different PUCCHs?
	Separate PUCCH resource sets from R15 are configured for subslot-based PUCCH, in which starting symbol is configured relative to subslot boundary.

	How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
	Both PDSCH-to-subslot and PUCCH-to-subslot association aredetermined based on UL SCS and subslot grid.

· Reference point of a PDSCH occasion is its ending symbol.
· Reference point of a PUCCH is its starting symbol.
Then K1 is indicated in unit of subslot.
Specific K1 value (or K1 index applied in DCI) indicated along with high-priority HARQ procedure selects codebook-less HARQ procedure, which in turn operates without K1 information.  

	How to determine dynamic HARQ codebook?
	Same as in R15, but in unit of subslot, and by excluding DCI’s handled by different HARQ procedure.

	How to determine semi-static HARQ-ACK codebook?
	Same as in R15, but in unit of subslot, and by padding a NACK in place of HARQ information reported by different HARQ procedure.

	How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
	Separate PUCCH resource sets from R15 are configured for eURLLC.

	How to determine PUCCH resource for each PUCCH?
	Same as in R15.

For, codebook-less HARQ, select PUCCH from PUCCH resource set 0 based on PRI. Transmit the PUCCH instance in the earliest admissible half-slot, i.e., infer PUCCH timing (K1) from the N1 timeline, and the UL/DL and BWP configurations.

	How to do PUCCH resource overriding for HARQ-ACK multiplexing?
	Same as in R15, but in unit of subslot.

No overriding with codebook-less sending. (Consider multiplexing if same PUCCH instance selected.)


2.3. Other enhancements
Issue 2.3.1: Can HARQ-ACK be omitted in case latency requirement cannot be met?

· Yes: OPPO.
· Dynamical indication, based on K1, to UE the HARQ-ACK for one URLLC PDSCH is not transmitted should be considered.
· No: Samsung, Moto
· Minor optimization as the network operation can always choose to ignore a HARQ-ACK reception. Moreover, relative HARQ-ACK overhead or UE power consumption are minimal and HARQ-ACK information can still be used by the network for other purposes such as link adaptation.
· With proper PUCCH/PUSCH resource prioritization (when colliding) and UCI multiplexing rule, HARQ-ACK without meeting latency requirement should not occur.   
Issue 2.3.2: HARQ-ACK multiplexing for SPS PDSCH.
· Support HARQ-ACK multiplexing for SPS PDSCH: OPPO
3. Separate HARQ-ACK codebook constructions for different service types
3.1. PHY identification for differentiating HARQ-ACK codebook/procedure for eMBB or URLLC?

Issue 3.1.1: Use of PHY identification
· Opt.1: The PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook.
· Nokia, InterDigital, Motorola Mobility, Lenovo, Pana
· Opt.2: The PHY identification of HARQ-ACK codebook is not used to determine the priority of the HARQ-ACK codebook.
· Intel
Potential proposal 3-1: 

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook.

Issue 3.1.2: Down-selection for PHY identification for dynamically-scheduled PDSCH
· Opt.1: By DCI format/size
· Samsung, Sony
· Opt.2: By RNTI
· HW, Fujitsu, NEC, Sony, China Telecom, InterDigital, ZTE(only for Type II HARQ-ACK codebook), Samsung (when same DCI size for eMBB and URLLC), OPPO (for USS, and priority of the DCI transmitted in CSS with C-RNTI should be predefined)
· Opt.3: By explicit indication in DCI 
· Nokia, MTK, Intel, DCM, Pana, InterDigital, Moto, Lenovo, Fujitsu, China Telecom, ZTE (only for Type II HARQ-ACK codebook)
· Opt.3a: Add a new field (Nokia, ZTE)
· Opt.3b: Reuse another field (MTK)
· Opt.4: By CORESET/search space 
· CATT, InterDigital
· Opt.5: By PDSCH duration (for Type I HARQ-ACK codebook and SPS PDSCH)

· ZTE
	
	Concerns expressed

	Opt.1: By DCI format
	· Rely on introduction of a new DCI format for URLLC.

· Unnecessarily Link the new DCI format to service type. Unreasonable to prevent gNB from using Rel-15 DCI formats to schedule URLLC traffic, or using new DCI format to schedule eMBB traffic.

· Increase number of DCI sizes and CCEs/BDs for PDCCH monitoring

	Opt.2: By RNTI
	· If a new RNTI, PDCCH false alarm rate will increase.
· If MCS-C-RNTI is reused, new MSC table is bundled with low-latency HARQ-ACK.

	Opt.3: By explicit indication in DCI
	· Increased DCI overhead.

	Opt.4: By CORESET/search space
	· Complicates the configuration of the CORESET/search space.
· Restrict the scheduling flexibility.
· Potentially increase the PDCCH blocking probability and/or the number of CCEs/BDs.


Issue 3.1.3: PHY identification for SPS PDSCH
· Opt.1: By SPS PDSCH configuration
· ZTE, Samsung
· Opt.2: By DCI format activating the SPS PDSCH
· Samsung, InterDigital
Issue 3.1.4: More than 2 codebooks?

· No: Nokia, Intel, Pana, OPPO

Potential proposal 3-2: 

For R16, up to two HARQ-ACK codebooks can be simultaneously constructed for supporting different service types for a UE.

3.2. Separately configurable parameters 
Issue 3.2.1: What parameters can be separately configured for different HARQ-ACK codebook constructions?

· Separate K1 definitions (e.g. slot/sub-slot) configurations (HW, Nokia, E///, Pana, InterDigital, vivo, OPPO)
· Separate K1 set configurations (HW, Nokia, vivo, Spreadtrum, OPPO)
· Separate PUCCH resource set configurations (HW, Nokia, QC, Intel, LGE, DCM, Pana, Moto, Lenovo, InterDigital, vivo, Spreadtrum, OPPO, Fujitsu, NEC)
· Separate TDRA tables (HW, InterDigital, OPPO)
· Separate HARQ-ACK codebook type configurations?

· Separate (OPPO)

· Same HARQ-ACK codebook type as baseline (E///)

· Separate configurations of power control parameters (Pana, InterDigital, vivo)
· Separate MaxCoderate (vivo,OPPO)
· Separate simultaneousHARQ-ACK-CSI (vivo)
Potential proposal 3-3: 

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, following parameters/configurations can be separately configured for different HARQ-ACK codebooks:

· K1 definition (e.g. in unit of slot or sub-slot).

· K1 set.

· PUCCH resource set.
· FFS for other parameters/configurations.
3.3. Other enhancements 
Issue 3.3.1: Simultaneous multiple UL Tx
Support simultaneous PUSCH/PUCCH or PUCCH/PUCCH transmissions for Rel-16 URLLC as a UE capability. 
· Samsung, NEC
4. UCI-related multiplexing
Issue 4.1: Support PHY-layer SR priority

· Nokia, QC, E///, InterDigital, Spreadtrum
· Opt.1: Given by SR configuration (QC, InterDigital)

· Opt.2: Given by MAC layer (MTK, CATT)
Issue 4.1: Collision scenarios

Potential proposal 4-1: 

· SR priority (e.g. high or low priority) should be known at PHY. 
· FFS whether the priority information is from MAC layer or based on SR configurations.
· Further study the collision scenarios in the table below:

· Companies are encouraged to fill in solution, i.e. multiplexing, priorization, for each scenario.
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH
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	eMBB HARQ-ACK
	
	
	
	

	eMBB PUSCH
	
	
	
	


4.1. Multiplexing rules between PUCCH and PUCCH

Issue 4.1.1: Multiplexing HARQ-ACK codebooks with different service types in case of overlapped PUCCH resources

· Opt.1: Two HARQ-ACK codebooks for different service types can be multiplexed into a PUCCH under some conditions

· Considered by: HW, Nokia, E///, ZTE, CATT, LGE, OPPO, Fujitsu, Sony, Motorola Mobility, Lenovo
· Arguments: Avoid decrease of eMBB throughput when applicable.

· Opt.1: The condition is the requirement to timeline and/or coding rate is still satisfied after multiplexing.
· Considered by: HW, ZTE, CATT, OPPO
· Opt.2: The condition is to be enabled by the gNB (FFS: dynamic or semi-static)
· Considered by: Nokia, Samsung
· Opt.2: No multiplexing i.e. dropping, puncturing or postponing the low-priority codebook

· Considered by: MTK, QC, vivo

· Arguments: 
· eMBB codebook is normally large which can hardly multiplexed with URLLC codebook
· Multiplexing may be complex.

Companies’ proposals:
HW proposals: 

Proposal 8: For URLLC HARQ-ACK colliding with URLLC HARQ-ACK,

· This case should be avoided by gNB scheduling; or

· The later scheduled HARQ-ACK transmission should be prioritized.

Proposal 9: For PUCCH 1 carrying eMBB UCI colliding with PUCCH 2 carrying URLLC UCI, these two UCIs could be multiplexed on PUCCH resource, e.g., PUCCH 3, only if the timeline is satisfied and PUCCH 3 ends no later than PUCCH 2.
Proposal 10: Enhanced MUX method should be supported to handle the collision of more than two HARQ-ACKs colliding with other PUCCHs.

Nokia proposals: 

Proposal 3-1: SR priority (e.g. high or low priority) should be known at PHY. FFS whether the priority information is from MAC layer or based on SR configurations.
Proposal 3-2: Do not introduce different priority levels for P-CSI report.
Proposal 3-3: Consider the following table as a starting point for the discussion of handling collisions between a high priority SR and a high priority HARQ-ACK, and further consider the timeline requirements.

	
	HARQ-ACK with F0
	HARQ-ACK with 

F1
	HARQ-ACK with F2
	HARQ-ACK with 

F3 or F4

	SR with F0
	Send both on HARQ-ACK resource; similar to Rel-15 rule.
	Drop HARQ-ACK and send SR on SR resource.
	Send both on HARQ-ACK resource; in a similar way as in Rel-15.
	Alt.1) drop HARQ-ACK and send SR on the SR resource.
Alt.2) allow multiplexing (only) in case latency and reliability of SR are not impacted.

	SR with F1
	Send both on HARQ-ACK resource; similar to Rel-15 rule.
	Follow Rel-15 rule, i.e., transmit HARQ-ACK on SR resource when SR is positive, and transmit HARQ-ACK on HARQ-ACK resource when SR is negative.
	
	


Proposal 3-4: The handling rules for the case where a high priority SR overlaps with a high priority HARQ-ACK as shown in Table 3-1 are also used for the case where a high priority SR overlaps with a low priority HARQ-ACK.
Proposal 3-5: For the case where a high priority HARQ-ACK overlaps with a low priority SR, Rel-15 handling rules are reused.
Proposal 3-6: Periodic CSI is not multiplexed with high priority HARQ-ACK/SR on a PUCCH. 

In case of prioritization, priority rule for the UCI is defined as: high priority HARQ-ACK/SR > regular HARQ-ACK/SR > P-CSI.
Ericsson proposals: 

Proposal 3-6: Consider Table 1 as a baseline for resolving overlapping between control and data or control resources.

Table 1. Intra UE prioritization cases between control/control and control/data

	Collision cases
	URLLC LCH SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH
	eMBB LCH SR
	eMBB HARQ-ACK
	eMBB PUSCH

	URLLC SR
	----
	Multiplex on PUCCH

(Rel-15 rules)
	Multiplex on PUCCH if possible, otherwise Dropping rules are used
	Do not sent SR (post-pone or send BSR if time allows) (Rel-15 rule)
	Prioritize URLLC SR
	Multiplex on PUCCH  if possible, otherwise combine (AND) feedbacks
	Drop/puncture PUSCH or piggyback UCI with SR

	URLLC HARQ-ACK
	
	----
	Dropping rules are used
	Multiplex UCI on PUSCH with high beta factor
	Multiplex on PUCCH
	Multiplex on PUCCH  if possible, otherwise combine (AND) feedbacks
	Multiplex UCI on PUSCH with high beta factor

	CSI
	
	
	----
	Use low or „omit“ beta-factor
	Multiplex on PUCCH 
	Multiplex on PUCCH
	Multiplex UCI on PUSCH (Rel-15 rule)

	URLLC PUSCH
	
	
	
	----
	Do not sent SR
	Use low or „omit“ beta-factor
	Data-data collision is discussed in [6]

	eMBB SR
	
	
	
	
	----
	Multiplex on PUCCH
	Do not sent SR (Rel-15 rule)

	eMBB HARQ-ACK
	
	
	
	
	
	----
	Multiplex UCI on PUSCH (Rel-15 rule)

	eMBB PUSCH
	
	
	
	
	
	
	----


MTK proposals: 

Proposal 9: SR priority at PHY is determined by MAC layer for the purpose of PHY prioritization.   
Proposal 10: URLLC SR should have priority over other UCI. Multiplexing with HARQ should only be allowed between same traffic type and PUCCH format. 

Observation 7: P/SP CSI is used to optimize scheduling for better spectral efficiency. URLLC reliability is not directly dependent on it.

Proposal 11: Deprioritize P/SP-CSI when it conflicts with URLLC SR or HARQ or PUSCH.

Proposal 12: Multiplex P/SP-CSI with eMBB HARQ or PUSCH when Rel-15 conditions are met.

QC proposals: 

Proposal 11: For a UE that supports different traffic types, RAN1 should discuss how the priority of PUCCH carrying P-CSI should be inferred in case it collides with another PUCCH or PUSCH. 
Proposal 13: The priority of the SR should be indicated to the PHY via the RRC configuration of the PUCCH resources intended for SR transmission.
Proposal 14: In NR Rel. 16, in case of collision between the high and low priority channels in the uplink, the minimum processing timeline of the high priority channel should be extended by d symbols.

· FFS the exact value of d

Proposal 15: RAN1 should study the impact of processing interruption, incurred under the inter-UE and intra-UE multiplexing scenarios, on the minimum processing timeline of the CBG-based PUSCH re-transmission. 

ZTE proposals: 

Proposal 6: New conditions and methods should be considered for multiplexing overlapping PUCCHs containing URLLC PUCCH in one PUCCH (denoted as a new PUCCH), for example:
· The end of the new PUCCH is no later than the end of the URLLC PUCCH.
· The URLLC UCI and eMBB can be independently encoded, and then they are transmitted using the new PUCCH resource.
· The URLLC PUCCH can be transmitted through the punctured eMBB PUCCH in overlapping symbols.
Intel proposals: 

Proposal 9

· If resources of multiple HARQ-ACKs overlap with SR and/or CSI, UE multiplexes them into one resulting PUCCH resource if the timeline and/or payload requirement is satisfied, e.g., following Rel-15 behavior, if the HARQ-ACKs correspond to same codebook.

· If resources of multiple HARQ-ACKs overlap with SR and/or CSI and if the HARQ-ACKs correspond to different codebooks, UE prioritizes and transmit the HARQ-ACK corresponding to later DL transmission, with or without multiplexing SR, and drops other HARQ-ACK and CSI.

· SR configuration can be exploited to identify when to prioritize SR if its resource overlaps with HARQ-ACK and/or CSI.

CATT proposals: 

Observation 5: SR priority is needed in PHY to handle the case of overlapping between two SRs and overlapping between HARQ-ACK and SR.

Proposal 8: Priority of different SR configurations can be indicated by RRC or determined based on the transmission parameter of each SR configuration in PHY layer.

Proposal 9: In case of overlapping between PUCCHs carrying SR with different priorities, the SR with lower priority is dropped in PHY layer.

Proposal 10: In case of overlapping between PUCCHs carrying HARQ-ACK and SR with different priorities, HARQ-ACK and SR can be multiplexed on one PUCCH as long as the reliability and latency can be maintained or one of the HARQ-ACK and SR with lower priority is dropped otherwise in PHY layer.

Proposal 11: In case of overlapping between PUCCHs carrying non-URLLC HARQ-ACK and URLLC HARQ-ACK, the non-URLLC HARQ-ACK could be dropped under the following conditions:

· If multiplexing of URLLC and non-URLLC HARQ-ACKs would exceed the target code rate of URLLC PUCCH and/or if the last symbol of the determined PUCCH resource for HARQ-ACK multiplexing is later than X symbols after the last symbol of the initial PUCCH resource for the URLLC HARQ-ACK.

LGE proposals: 
Proposal 9: If PUCCH resources carrying eMBB HARQ-ACK/SR/CSI and carrying URLLC HARQ-ACK are overlapped in time, 

· Multiplexing onto one PUCCH is supported. 

· Prioritizing one PUCCH over another PUCCH is supported.

· FFS details (e.g., dropping condition/timeline check/maximum coding rate/etc).

DCM proposals: 
Proposal 7:

· RAN2 can take the lead for the discussion for resource conflict between SR and SR.

Proposal 8:   

· For resource conflict between HARQ-ACK and HARQ-ACK/CSI for different traffic types, HARQ-ACK with higher priority should be transmitted. HARQ-ACK or CSI with lower priority is either dropped or punctured. 
· FFS how to derive the priority.
Proposal 9:

· For resource conflict between HARQ-ACK and SR for different traffic types, following two options can be considered in general:  
· Option 1: Transmit the HARQ-ACK or SR with higher priority, drop the SR or HARQ-ACK with lower priority. 
· Option 2: Dropping or multiplexing is determined case-by-case. 
· FFS how to derive the priority.
InterDigital proposals: 
Proposal 11: RRC configures priority of SR for each SR resource configuration.
vivo proposals: 
Proposal 10: Whether/how to support the case with more than one positive SR transmissions overlapping in time in PHY layer should be further study.

Proposal 11: Whether to define URLLC-specific CSI report or whether to differentiate service type for a CSI report should be FFS. 

Proposal 12: Prioritization between URLLC SR and eMBB HARQ-ACK or CSI report should be considered to guarantee transmission of URLLC SR.

·  The prioritization can be based on SR transmission periodicity or RRC configurations.

· If SR is prioritized over HARQ-ACK/CSI report, dropping HARQ-ACK/CSI report and transmitting SR only can be considered
· FFS multiplexing if the reliability reduction and latency delay are acceptable.
Spreadtrum proposals: 
Proposal 8.
Consider the following cases for intra-UE prioritization/multiplexing behaviours in RAN1.
	
	URLLC HARQ-ACK PUCCH
	URLLC SR PUCCH
	URLLC DG/CG PUSCH

	eMBB HARQ-ACK PUCCH
	Prioritize URLLC HARQ-ACK

Deprioritize eMBB HARQ-ACK
	Prioritize URLLC SR
Deprioritize eMBB HARQ-ACK
	Prioritize URLLC PUSCH

Deprioritize eMBB HARQ-ACK PUCCH

	eMBB SR PUCCH
	Prioritize URLLC HARQ-ACK
Deprioritize eMBB SR
	RAN2
	RAN2

	P/SP-CSI PUCCH or SP PUSCH
	Prioritize URLLC HARQ-ACK

Deprioritize CSI
	Prioritize URLLC SR
Deprioritize CSI
	Prioritize URLLC PUSCH

Deprioritize CSI PUCCH/PUSCH

	eMBB DG/CG PUSCH
	Prioritize URLLC HARQ-ACK PUCCH

Deprioritize eMBB PUSCH
	Prioritize URLLC SR PUCCH

Deprioritize eMBB PUSCH
	RAN2


OPPO proposals: 
Proposal 11: When SR triggered by URLLC collides with long PUCCH, the positive SR should be transmitted.
Proposal 14: If eMBB HARQ-ACK is canceled by URLLC transmission, a PUCCH resource for eMBB HARQ-ACK should be reallocated.

Sony proposals: 
Proposal 6: When two PUCCHs carrying HARQ-ACKs collide in the time domain, the PUCCH carrying HARQ-ACKs for URLLC has higher priority than the PUCCH carrying HARQ-ACKs for eMBB.

Proposal 7: When URLLC PUCCH and eMBB PUCCH collides, if the URLLC PUCCH has spare capacity, the eMBB’s HARQ-ACKs can be multiplexed into the URLLC PUCCH.

Proposal 8: If the URLLC PUCCH spare capacity cannot carry all the eMBB’s HARQ-ACKs then the HARQ-ACKs associated with later granted eMBB PDSCHs have priority over earlier granted eMBB PDSCHs.

Proposal 9: eMBB HARQ-ACKs that cannot be multiplexed into URLLC PUCCH are postponed to another PUCCH occasion.

CAICT proposals: 
Proposal 5: Multiplex the HARQ-ACKs within the same time unit into multiple codebooks according to the service type identified in PHY indications.

· When PUCCHs within one time unit for different services are overlapped, the PUCCH for low latency service should be prioritized.

· If multiple PUCCHs in different time units are overlapped, the PUCCH in shorter time unit would have higher priority.

ITRI proposals: 
Proposal 1: When UCI resources for different traffic types are collided, the following priority rule can be adopted: HARQ-ACK/SR for higher priority traffic > HARQ-ACK/SR for lower priority traffic > P-CSI

Proposal 2: If multiplexing of UCI among different traffic types into a PUCCH cannot satisfy the target code rate of the UCI corresponding to higher priority traffic, the UCI corresponding to lower priority traffic should be dropped or compressed before multiplexing.

4.2. Multiplexing rules between PUCCH and PUSCH
HW proposals: 

Proposal 11: Enhanced UCI mapping methods for URLLC PUCCH colliding with eMBB PUSCH should be supported, e.g., only mapping URLLC UCI on the first hop and configuring different beta-offsets for eMBB UCI and URLLC UCI.
Proposal 12: Enhanced UCI piggyback method to prioritize URLLC PUSCH transmission should be supported, e.g., enabling beta-offset < 1 to reduce the resources allocated for eMBB UCI and even beta-offset = 0  to implicitly disable UCI piggyback.
Proposal 13: When eMBB UCI and URLLC UCI are piggybacked on one PUSCH, support separate coding and mapping for these two UCIs.
Proposal 14: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
Nokia proposals: 

Proposal 3-7: RAN1 should introduce PUSCH priority for efficient multiplexing/prioritization for the scenario where control channel and data channel are colliding.
Proposal 3-8: Take the following table as the starting point for discussing resource collision between control and data channels in UL.
	
	High priority PUSCH
	Low priority PUSCH

	High priority HARQ-ACK
	Multiplexing (mapping to the first part of resource in case frequency hopping is used for PUSCH) 

or dropping HARQ-ACK in case no possibility for multiplexing due to e.g. timeline issue


	Multiplexing (mapping to the first part of resource in case frequency hopping is used for PUSCH) or dropping low priority PUSCH in case no possibility for multiplexing due to e.g. timeline issue



	High priority SR
	Dropping SR

(SR is dropped in Rel-15)
	Multiplexing or dropping low priority PUSCH 

(SR is dropped in Rel-15)

	Low priority HARQ-ACK
	Multiplexing or dropping HARQ-ACK 
	Multiplexing
(according to Rel-15)

	Low priority SR
	Dropping SR
(according to Rel-15)
	Dropping SR
(according to Rel-15)

	P-CSI
	Multiplexing or dropping P-CSI
	Multiplexing

(according to Rel-15)


Ericsson proposals: 

Proposal 10: Consider increasing the range for beta factors in Rel. 16 to include values less than 1.0 for multiplexing URLLC UCI on PUSCH

Proposal 11: Consider 0.0 in range of beta factors in Rel.16, as an indicator for dropping of corresponding UCI from PUSCH. 

MTK proposals: 

Proposal 13:   In scenarios where dropping one of two conflicting P/SP-CSI transmissions is inevitable, the priority rules should favour dropping the P/SP-CSI with the higher BLER target if those differ.

Observation 8: PUSCH will never conflict with SR of the same traffic type because BSR can be sent instead. 
Proposal 14: eMBB PUSCH conflicting with URLLC SR or URLLC HARQ should be deprioritized (aborted or punctured). Details: FFS.

Proposal 15: FFS: Multiplexing PUSCH and PUCCH using UCI-priority-level dependent beta. Extended range to beta<0 and beta=0.
QC proposals: 

Proposal 10: In case of collision between a low priority PUSCH (PUCCH) and high priority PUCCH (PUSCH), always drop the low priority transmission; its contents should not be piggybacked on the high priority channel.

Proposal 12: The priority of a dynamic PUSCH is indicated at the PHY layer.

ZTE proposals: 

Proposal 5: RAN1 should consider the following solutions to resolve the UL data/control resource collision with different service types:
· If the eMBB UCI is to be multiplexed on the URLLC PUSCH, the gNB can set beta < 1 or even 0. However, RAN1 should consider the transmission performance and opportunities of eMBB UCI.
· URLLC PUCCH is transmitted through the punctured eMBB PUSCH in overlapping symbols.
Intel proposals: 

Proposal 10

· Overlapping HARQ-ACK(s) and CSI report can be multiplexed onto PUSCH if timeline and payload requirements are met, i.e., following Rel-15 rules.
· If CG PUSCH, higher layer configuration can be used to prioritize PUSCH and drop UCI.
· If SR configuration is prioritized, SR can be transmitted dropping PUSCH.

CATT proposals: 

Proposal 6: Dynamically indicating whether UCI is transmitted on a URLLC PUSCH can be supported by indication field in the DCI scheduling the PUSCH.

Proposal 7: Adding smaller values to the higher layer parameter “scaling” should be considered for Rel-16 URLLC PUSCH configuration.

Proposal 12: In case of overlapping between PUSCH and SR with different priorities, one of the PUSCH and SR with lower priority is dropped in PHY layer.

Proposal 13: In case of overlapping between PUSCH and HARQ-ACK with different priorities, HARQ-ACK can be multiplexed on the PUSCH as long as the reliability and latency can be maintained, or one of the HARQ-ACK and PUSCH with lower priority is dropped otherwise in PHY layer.

Proposal 14: UCI dropping rule should be defined for mixed UCI type multiplexing on Rel-16 URLLC PUSCH.
Proposal 15: For a UE supporting URLLC and non-URLLC traffics, consider enhancements to UCI multiplexed on PUSCH based on

· Independent beta offsets for URLLC and non-URLLC PUSCH

· Independently configured higher layer parameter scaling for URLLC and non-URLLC PUSCH

Samsung proposals: 
Proposal 6: Support simultaneous PUSCH and PUCCH transmissions for Rel-16 URLLC as a UE capability. 

Proposal 7: A Rel-16 UE can be separately provided two separate sets of values for all parameters associated with UCI multiplexing in a PUCCH or PUSCH.  

LGE proposals: 
Proposal 10: If PUCCH and PUSCH resources with different service/traffic type(s) are overlapped in time, 

· Multiplexing onto PUSCH is supported. 

· Dropping one of PUCCH(s) is supported. 

· FFS details (e.g., dropping condition/timeline check/beta offset/etc).

DCM proposals: 
Proposal 10:   

· For resource conflict between SR for higher priority traffic and PUSCH for lower priority traffic, drop or puncture the PUSCH with lower priority.
· For resource conflict between PUSCH for higher priority traffic and CSI for lower priority traffic, drop the CSI.
· For resource conflict between HARQ-ACK and PUSCH for different traffic types, following two options can be considered in general:  
· Option 1: Transmit the HARQ-ACK or PUSCH with higher priority, drop the PUSCH or HARQ-ACK with lower priority. 
· Option 2: Dropping or multiplexing is determined case-by-case. 
· FFS how to derive the priority.
Panasonic proposals: 
Proposal 10: For enhancement on UCI multiplexing on PUSCH, following should be studied.

· For URLLC PUCCH overlapping eMBB PUSCH case
· Tx prioritization such as dropping or puncturing eMBB PUSCH

· Enhancement of beta-offset values including specific value, which allows for dropping eMBB PUSCH

· For eMBB PUCCH overlapping URLLC PUSCH case
· Tx prioritization such as dropping or puncturing eMBB PUCCH

· Enhancement of beta-offset values including specific value, which allows for dropping eMBB UCI
Proposal 11: Priority indication is introduced for PUSCH scheduling, priority between PUSCH and HARQ-ACK can be determined based on priority indication in UL grant and DL assignment.

InterDigital proposals: 
Proposal 12: DCI scheduling PUSCH indicates its priority. FFS if a new field is introduced.

Proposal 13: RRC configures priority of PUSCH in the case of configured grant type 1.
Proposal 14: HARQ-ACK is multiplexed on PUSCH of equal or lower priority with PUSCH duration less than x symbols, otherwise PUSCH is dropped. Value of x is FFS.
Proposal 15: SR is multiplexed on PUSCH of lower priority with PUSCH duration less than y symbols, otherwise PUSCH is dropped. Value of y is FFS.
Proposal 16: Support configuration of additional sets of beta factors for multiplexing HARQ-ACK/SR on PUSCH of different priority.
Moto proposals: 
Proposal 5: If a URLLC PUCCH carrying HARQ-ACK information overlaps with a non-URLLC PUSCH including other HARQ-ACK information, the URLLC PUCCH should be prioritized. FFS how to handle the other HARQ-ACK information. 

Proposal 6: A UE cancels transmission of a low priority overlapping channel for transmission of a high-priority data/control channel. The timing of transmission cancellation is dependent on the minimum required cancellation duration or the largest fraction of the low priority overlapping channel that can be transmitted.  

vivo proposals: 
Proposal 13: 

When URLLC PUSCH is overlapping in time with eMBB PUCCH, 
· URLLC PUSCH is transmitted and eMBB PUCCH is dropped entirely or partially.

· FFS :eMBB UCI piggyback on URLLC PUSCH 

When URLLC PUCCH is overlapping in time with eMBB PUSCH,
· URLLC PUCCH is transmitted and eMBB PUSCH is dropped entirely or partially.

OPPO proposals: 
Proposal 13: Beta offset smaller than 1.0 is supported for URLLC PUSCH.
Proposal 15: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
Proposal 16: PUSCH should be punctured by short-periodicity SR, if SR is positive.
Fujitsu proposals: 
Proposal 4: Enable dropping of corresponding UCI from PUSCH by allowing beta_offset = 0.0.

Proposal 5: Support separate RRC configurations of beta_offset for PUSCHs with low/high priority data, respectively.

Proposal 6: UE can decide whether or not to drop low priority UCI based on configuration on maximum number of REs which can be occupied by UCI when PUCCHs with low/high priority UCIs overlap with a PUSCH.

ETRI proposals: 
Proposal 6: New Beta offsets are considered.
Proposal 7: Mapping SR and HARQ-ACK onto PUSCH are considered.
ITRI proposals: 
Proposal 3: Independent beta_offset for UCI with different traffic types on PUSCH with different traffic types should be supported.

Proposal 4: When UCI for higher priority traffic is collided with PUSCH with lower priority traffic, the UCI multiplexing should be supported if the latency and processing time requirements of the UCI can be satisfied. Otherwise the PUSCH should be dropped and the UCI should be transmitted on PUCCH.

Asia Pacific proposals: 
Proposal 1: When PUCCH resources and PUSCH resources with different priorities overlap, multiplex UCI on PUSCH if timeline conditions are met, otherwise drop the resources with lower priority.  

Proposal 2: Whether to drop the PUCCH resources with lower priority can be dynamically indicated by the DCI field or configure an extended beta offset value (e.g. beta offset value = 0). 

Proposal 3: Consider indicating separate beta offset factors or a joint beta offset factor for multiplexing UCI with different priorities on the PUSCH.

Proposal 4: New beta offset indicators or/and new beta offset values configured by higher layers for corresponding HARQ-ACK information may be needed.

Proposal 5: How to provide beta offset indicator for different service types in a DCI format which schedules a colliding PUSCH transmission should be further studied.


WILUS proposals: 
Proposal 4: RAN1 needs to further discuss how to specify collision handling between PUCCH/PUSCH and PUSCH with different reliability requirement considering minimizing impact of eMBB operation and minimizing scheduling delay.

Proposal 5: If a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling is occurred, drop PUCCH.

5. Other proposed enhancements
5.1. PUCCH power control enhancements
HW proposals:
Proposal 14: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
Ericsson proposals:
Proposal 11: Consider enhancements in PUCCH power control to enable larger power difference between PUCCH transmission related to eMBB and PUCCH transmission related to URLLC: 

· New TPC table allowing larger power adjustment steps, and/or

· Dynamic indication of power setting (e.g., [image: image2.png]


, closed-loop index) using DCI indication 

Samsung proposals:
Proposal 4: 
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 is separately configured per UCI type.
Proposal 5: A UE can be configured with multiple sets of values for the open-loop power control parameters and a field in an associated DCI format indicates a set from the multiple sets. 
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