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Introduction
A work item on enhanced IIoT and URLLC was approved [1]. One of objectives of this work item is to study, identify and specify if needed, required physical layer enhancements for meeting URLLC requirement covering UE feedback enhancements for HARQ-ACK. This document provides our view on potential techniques related to UE feedback enhancement for HARQ-ACK.
Discussion
SPS HARQ-ACK dropping for TDD
Conditions for deferral from / within the initial slot.
In RAN1#104e. following alternatives were identified on the condition of SPS HARQ-ACK dropped for TDD to be subject to deferral.
· Alt.1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.
· Note: This means, that if SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource then it cannot be deferred.
· FFS on the definition of ‘not valid’ (i.e., TDD configuration and semi-static flexible symbol handling)
· Alt.2: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using SPS-PUCCH-AN-List-r16, n1PUCCH-AN or other configured PUCCH resources(s) is not valid.
· FFS: Other configured PUCCH resource(s) (e.g., PUCCH-ResourceSet, multi-CSI-PUCCH-ResourceList)
· FFS on the definition of ‘not valid’ (i.e., TDD configuration and semi-static flexible symbol handling)
· Alt.3: Defer if there is no available symbol for an UL transmission in the initial slot/sub-slot.
· FFS on the definition of ‘not valid’ (i.e., TDD configuration and semi-static flexible symbol handling)
· Note: For all options, the initial slot/sub-slot refers to the slot/sub-slot for HARQ-ACK transmissions determined by the indicated k1 value in the SPS activation DCI.
Alt.1 provide similar UCI multiplexing behavior to Rel.16. That means for cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, the PUCCH resource to be used is determined by reusing Rel.15 mechanism (PRI in DCI scheduling dynamic PDSCH). The concern would be in case of missed DCI scheduling PDSCH. Alt.2 can be considered as intra-slot deferral before inter-slot deferral. That means 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. Alternative resource may be from PUCCH-ResourceSet or another (e.g., newly configured) alternative set for SPS HARQ-ACK. In Alt.2 missed DCI issue would be less since the alternative PUCCH resource may be valid. In our view, Alt.1 would require less specification impact from for UCI multiplexing behavior. If missed DCI is the issue, some modification of UCI multiplexing might be considered that if SPS HARQ-ACK PUCCH resource is overlapping, it will be deferred even through it could still be multiplexed e.g., due to PRI overriding.
Proposal 1: 
· On the condition of SPS HARQ-ACK deferral, either of following alternatives should be supported.
· Alt.1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.
· If SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource, then it cannot be deferred.
· Alt.1a: Deferral only, if the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the HARQ-ACK transmission assuming SPS HARQ-ACK only is not valid in the initial slot/sub-slot.
· If SPS HARQ-ACK PUCCH resource is overlapping, it will be deferred even though it could still be multiplexed e.g., due to PRI overriding.

Configuration per SPS configuration or per PUCCH group?
In RAN1#104e, following agreement was made.
Agreement:
· Further down select between the following two options for SPS HARQ-ACK deferral.
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group.
· Note: Any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral.
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration.
· Note: Part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral.
Since different SPS configurations can be used for different service type, some SPS configurations may have short periodicity so it is difficult to avoid the collision between the corresponding HARQ-ACK feedback and semi-static DL/SSB. Some SPS configurations may have longer periodicity, then the configuration for its HARQ-ACK feedback can avoid the semi-static DL/SSB symbols. Therefore, it would better to allow the gNB to differentiate priority in terms of needed retransmission/deferral of SPS HARQ-ACK of different traffic/service. From this point of view, Option 2 has flexibility. On the other hand, Option 1 could also have flexibility if maximum deferral limitation is configured per SPS configuration. Therefore, we propose following.
Proposal 2: 
· On SPS HARQ-ACK deferral, either of the following option should be supported.
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group.
· For Option 1, maximum deferral limitation is supported and configured per SPS configuration.
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration.

Limitations on k1def – minimum or maximum value needed
In RAN1#104e, following agreement was made.
Agreement:
· For SPS HARQ-ACK, the deferral from the initial slot / sub-slot determined by k1 in the activation DCI to the target slot / sub-slot determined by k1 + k1def, the UE will check the validity of a target slot / sub-slot evaluating from one slot / sub-slot to the next slot / sub-slot (i.e., in principle k1def granularity is 1 slot / sub-slot).
· FFS: If there is a limit on the minimum deferral considered the required UE processing (k1def >= 0)
· FFS: If there is a limit on the maximum deferral
On minimum deferral, if deferral is determined in semi-static manner, minimum deferral would not be necessary. On the other hand, the need to consider UE processing time may exist in case in which the HARQ payload in the deferral SPS PUCCH is different than the initial/original HARQ payload, e.g., in case the deferred SPS HARQ-ACK is transmitted jointly with PUCCH HARQ-ACK for other DL transmissions. The UE needs to eventually adjust the HARQ process and in any case the UE needs to encode the new HARQ payload from the beginning.
Proposal 3: Minimum deferral might be necessary if to trigger a deferral dynamically is supported.

On maximum deferral, following limitation was identified in RAN1#104e.
· Alt.1: The limitation is given in number of slots/sub-slots for deferral itself by k1def <= k1def,max
· Alt.2: The deferral limitation is given in the total PDSCH to HARQ-ACK delay/offset, i.e., k1eff = k1+k1def <= k1def,max
At first, whether limitation of maximum deferral is necessary or not should be concluded. From URLLC point of view, the limitation of maximum deferral would be necessary.
If the limitation of maximum deferral is supported, since the HARQ-ACK feedback latency is the motivation to limit maximum deferral, Alt.2 (total PDSCH to HARQ-ACK delay/offset) could be considered. However, Alt.1 is simple if k1def,max is common for all SPS configurations.
Proposal 4: 
· Maximum deferral is supported. Either of the following alternatives is ok for us.
· Alt.1: The limitation is given in number of slots/sub-slots for deferral itself by k1def <= k1def,max
· Alt.2: The deferral limitation is given in the total PDSCH to HARQ-ACK delay/offset, i.e., k1eff = k1+k1def <= k1def,max

SPS HARQ skipping and payload size reduction
Following methods has been identified in the previous meetings.
· Method 1: NACK skipping for SPS PDSCH, based on the following operation
· A PUCCH transmission is skipped by the UE if the PUCCH is only carrying SPS PDSCH NACK(s) associated with SPS PDSCH configurations configured for NACK skipping.
· Method 2: Dynamic indication of skipped SPS PDSCH occasion
· Method 3: ACK skipping for SPS PDSCH based on the following operation
· A PUCCH transmission is skipped by the UE if the PUCCH is only carrying SPS PDSCH ACK(s) associated with SPS PDSCH configurations configured for ACK skipping
· Method 4: HARQ bundling / compression
· Method 5: HARQ-ACK disabling / skipping for certain SPS configurations
On Method 1, the motivation should be clarified. In TSN situation, UE could be configured with a lot of SPS resource in DL for reducing the latency, while only a few of them would carry actual data and the remaining would be unused. In this situation, sending HARQ-ACK for all the DL SPS occasions would increase the overhead. However, in such situation, instead of using SPS PDSCH, just to use dynamic grant would be sufficient as the latency is not reduced by SPS resource usage itself. More flexible assignment of the resource by dynamic grant could reduce the latency further because of avoiding the resource collision or using lower coding rate.
On Method 2, dynamic indication of skipped SPS PDSCH occasion, additional DL signalling in DCI would be necessary. The merit is unclear since it requires additional overhead. The advantage of using SPS PDSCH with dynamic indication over using dynamic grant instead of using SPS PDSCH should be clarified.
Proposal 5: NACK skipping for SPS PDSCH and dynamic indication of skipped SPS PDSCH occasion are not supported in Rel.17.

On SPS HARQ skipping for ‘non-skipped’ SPS PDSCH, in case of not using HARQ-ACK codebook, just to send only NACK on PUCCH instead of to transmit both ACK and NACK can reduce the uplink interference levels as the majority is ACK if lower initial BLER is targeted and DTX/NACK is not distinguished in some of the network operations. On SPS HARQ payload size reduction, if the HARQ codebook is involved, the merit of ACK or NACK skipping is unclear. If HARQ-ACK codebook is used, in order to ensure aligned codebook size between gNB and UE, both ACK and NACK would be reported. Therefore, HARQ payload size reduction could be realized by HARQ bundling and/or HARQ-ACK disabling. Disabling HARQ-ACK feedback for SPS could be considered assuming sufficiently lower BLER.
[bookmark: _Hlk54259404]Proposal 6: ACK skipping for SPS PDSCH, in which a PUCCH transmission is skipped by the UE if the PUCCH is only carrying SPS PDSCH ACK(s) associated with SPS PDSCH configurations configured for ACK skipping, is supported in Rel.17.
Proposal 7: HARQ bundling/compression and HARQ-ACK disabling/skipping could be considered to handle SPS payload size reduction.

PUCCH repetition enhancements
In RAN1#104e, to support sub-slot-based PUCCH repetition for HARQ-ACK based the Rel.16 PUCCH procedure for slot-based PUCCH applied to sub-slot-based PUCCH was agreed. In addition, the support of dynamic repetition indication is also agreed.
For the signaling of dynamic PUCCH repetition factor, following options were identified in CovEnh WI.
· Option 1 (without DCI enhancement): Enhance RRC signalling to allow configuration of PUCCH repetition factor per PUCCH resource. PUCCH repetition factor is implicitly indicated by DCI.
· FFS: Details, e.g., via reusing the “PUCCH resource indicator” field (without increasing the number of bits of it), starting CCE index (when applicable) of DCI, by PDCCH aggregation level, etc.
· FFS: RRC signalling enhancement details
· Option 2 (with DCI enhancement): PUCCH repetition factor is explicitly indicated by DCI.
· E.g., introduce a new field or increase the number of bits of an existing field (e.g., PRI) in DCI for PUCCH repetition factor indication
· FFS: Whether there is a need for RRC update
Option 2 would provide much flexibility at the cost of DCI overhead. For option 1, PUCCH repetition factor can be indicated as an additional parameter in the PUCCH resource set. This does not increase the DCI overhead and provides dynamic indication with limited number of combination than Option 2. In our view, in the consideration of trade-off between DCI overhead and flexibility, Option 1 is preferred. To specify the dynamic repetition factor indication is one of objective in Rel.17 NR coverage enhancement. The dynamic indication mechanism to be specified in NR coverage enhancement should also be applicable to sub-slot-based PUCCH repetition.
Proposal 8: For dynamic PUCCH repetition factor indication, enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. PUCCH repetition factor is indicated via reusing PUCCH resource indicator field.
Proposal 9: Synchronization with CovEnh discussion is necessary. Since PUCCH agenda in CovEnhis not treated in RAN1#104bis-e, RAN1 would need to wait the discussion on dynamic repetition factor indication in CovEnh.

PUCCH carrier switching 
 PUCCH carrier switching can reduce the latency of UCI transmissions. In RAN1#104e, the following agreements were made.
Agreements:
· For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
Alt. 1 provides a high scheduling flexibility for the PUCCH switching fully controlled by the gNB. In addition, the carrier can be indicated through the PRI. The PRI field size can also be increased to support a wider range of PUCCH resources in different carriers. This alternative should be considered for dynamic scheduling.
The flexibility of PUCCH scheduling for Alt. 2B is limited, as the PUCCH is determined according to the predefined rules. In addition, the semi-static rules may include the maximum size of UCI for each PUCCH resource. In this regard, for the case of dynamic scheduling, missing a DCI may lead to wrong payload size of UCI in PUCCH resources. Instead, this alternative should be considered for SPS operation.
Alt. 2C would require a timing pattern update after enabling/disabling a PUCCH carrier, which may introduce a large amount of signaling overhead. In addition, the configuration of each PUCCH carrier may not be feasible. Hence, it is not preferred to support Alt. 2C.
Proposal 10: On PUCCH carrier switching, support of Alt. 1 for dynamic DL scheduling in Rel. 17.
Proposal 11: On PUCCH carrier switching, support of Alt. 2B for SPS DL in Rel. 17.
Conclusion
In this contribution, we provide our view on UE feedback enhancement for Rel.17 enhanced IIoT/URLLC. We made following proposals.
Proposal 1: 
· On the condition of SPS HARQ-ACK deferral, either of following alternatives should be supported.
· Alt.1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid.
· If SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource, then it cannot be deferred.
· Alt.1a: Deferral only, if the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the HARQ-ACK transmission assuming SPS HARQ-ACK only is not valid in the initial slot/sub-slot.
· If SPS HARQ-ACK PUCCH resource is overlapping, it will be deferred even though it could still be multiplexed e.g., due to PRI overriding.
Proposal 2: 
· On SPS HARQ-ACK deferral, either of the following option should be supported.
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group.
· For Option 1, maximum deferral limitation is supported and configured per SPS configuration.
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration.
Proposal 3: Minimum deferral might be necessary if to trigger a deferral dynamically is supported.
Proposal 4: 
· Maximum deferral is supported. Either of the following alternatives is ok for us.
· Alt.1: The limitation is given in number of slots/sub-slots for deferral itself by k1def <= k1def,max
· Alt.2: The deferral limitation is given in the total PDSCH to HARQ-ACK delay/offset, i.e., k1eff = k1+k1def <= k1def,max
Proposal 5: NACK skipping for SPS PDSCH and dynamic indication of skipped SPS PDSCH occasion are not supported in Rel.17.
Proposal 6: ACK skipping for SPS PDSCH, in which a PUCCH transmission is skipped by the UE if the PUCCH is only carrying SPS PDSCH ACK(s) associated with SPS PDSCH configurations configured for ACK skipping, is supported in Rel.17.
Proposal 7: HARQ bundling/compression and HARQ-ACK disabling/skipping could be considered to handle SPS payload size reduction.
Proposal 8: For dynamic PUCCH repetition factor indication, enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. PUCCH repetition factor is indicated via reusing PUCCH resource indicator field.
Proposal 9: Synchronization with CovEnh discussion is necessary. Since PUCCH agenda in CovEnhis not treated in RAN1#104bis-e, RAN1 would need to wait the discussion on dynamic repetition factor indication in CovEnh.
Proposal 10: On PUCCH carrier switching, support of Alt. 1 for dynamic DL scheduling in Rel. 17.
Proposal 11: On PUCCH carrier switching, support of Alt. 2B for SPS DL in Rel. 17.
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Appendix: Agreements in previous meeting
RAN1#102e
Agreement:
· Study further at least the following schemes.
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot-based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and/or skipping for ‘non-skipped’ SPS PDSCH
· Type-1 HARQ codebook based on sub-slot PUCCH config
· PUCCH carrier switching for HARQ feedback
· Companies are encouraged to provide detailed analysis and comparison accordingly

Agreement:
· Support Rel.17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol.
· This topic is to be considered as high priority.
· FFS: Detailed solution(s)

RAN1#103e
Agreement:
· To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options:
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g., first) available PUCCH, CB construction / multiplexing
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of retransmission
· FFS: Details on triggering and/or CB construction (including Type-3 CB optimizations) / multiplexing

Agreement:
· For the studies on SPS HARQ skipping for SPS PDSCH, the further discussions should focus on the following reduced sets methods.
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt.1)
· FFS: Details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: This alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt.3)
· FFS: Details including dynamic indication methods such as e.g., DCI, MAC CE, specific DMRS instead of SPS DMRS, …

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

Agreement:
· In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that part of the active UL CA configuration.

RAN1#104e
Agreement:
· Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel.17 based on semi-static configuration of slot format.
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation

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

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

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

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

Agreement:
· Support sub-slot-based PUCCH repetition for HARQ-ACK based on the Rel.16 PUCCH procedure for slot-based PUCCH applied to sub-slot-based PUCCH.
· Note: The intention is to take the Rel.16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary.
· FFS whether or not there is any restriction for the applicability of sub-slot-based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot-based PUCCH in Rel.17.
· FFS: If the method to be specified in CovEnh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed.

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

Agreement:
· For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives.
· Alt.1: PUCCH carrier switching is based on dynamic indication in DCI
· Alt.2b: PUCCH carrier switching is based on certain (semi-static) rule
· Alt.2c: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a PCell / PSCell or an SCell in a PUCCH group, can be sent on a PUCCH on an SCell also instead of only on PCell / PSCell / PUCCH-SCell in the same PUCCH group, as opposed to Rel.16 where HARQ-ACK corresponding to PDSCH received on a PCell / PSCell or an SCell iin a PUCCH group can only be sent on PCell / PSCell / PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study.
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