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1 Introduction
In RAN1 #104-e, UE feedback enhancements for HARQ-ACK were discussed and the following agreements were made [1].
Agreements:
· [bookmark: _Hlk62406356]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
[bookmark: _Hlk62747561]Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral
Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed
Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition
Agreement: Rel-16 UCI multiplexing  / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.
Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity (TBD) of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0 >1)  
· FFS: if there is a limit on the maximum deferral given in terms of e.g. k1def <=X or k1+k1def <=X
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 CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study

In this contribution, we provide our views on UE feedback enhancements for HARQ-ACK.
2 Discussion
[bookmark: _Hlk861261]Avoid SPS HARQ-ACK dropping
In Rel-16 eURLLC, periodicity of SPS PDSCH receptions of a SPS configuration can be as small as 1 slot. If SPS PDSCH receptions are with 1-slot periodicity in TDD, large number of SPS HARQ-ACK will be dropped. It is agreed to support enhancements for SPS HARQ-ACK to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. Deferring SPS HARQ-ACK to the available valid PUCCH resource after the slot indicated by K1 can avoid SPS HARQ-ACK dropping. If the traffic transmitted using SPS PDSCH has small lantency requirement, deferring the SPS HARQ-ACK exceeding the latency requirement is not meaningful and may increase the HARQ-ACK payload. Therefore, a maximum number of slots that SPS HARQ-ACK can be deferred should be configured. The maximum number of slots that SPS HARQ-ACK can be deferred should be SPS configuration-specific since different traffic may have different latency requirements.
Proposal 1: The SPS HARQ-ACK deferral is configured per SPS configuration.
In current specification, there is PUCCH resource for only containing SPS HARQ-ACK in a slot if there is at least a SPS PDSCH reception in K1 slots before the slot, and the PUCCH resource in the slot is determined based on the payload size of SPS HARQ-ACK indicated to be transmitted in the slot. To provide PUCCH resource for deferred SPS HARQ-ACK as early as possible, a PUCCH resource for SPS HARQ-ACK only should be provided in a slot where no SPS HARQ-ACK is indicated to be transmitted. The PUCCH resource for SPS HARQ-ACK only in a slot should be selected from SPS-PUCCH-AN-List based on the total payload size of the deferred SPS HARQ-ACK and the non-deferred SPS HARQ-ACK. Specifically, a PUCCH resource is provided in a slot (i.e., the first available PUCCH resource) for a deferred SPS HARQ-ACK if symbols conatining the PUCCH resource selected from SPS-PUCCH-AN-List in the slot based on the payload size of deferred SPS HARQ-ACK and non-deferred SPS HARQ-ACK includes semi-UL symbols. Furthermore, it would be beneficial if the first available PUCCH resource includes semi-flexible symbols, since the deferred SPS HARQ-ACK may be transmitted earlier in case UE is not required to monitor DCI format 2_0 or in case the SPS HARQ-ACK is multiplexed in other PUCCH resource.
Proposal 2: The first available PUCCH resource for a SPS HARQ-ACK is defined as the first PUCCH resource selected from SPS-PUCCH-AN-List in a slot after the original slot indicated by K1 for the SPS HARQ-ACK, based on the payload size of deferred SPS HARQ-ACK and non-deferred SPS HARQ-ACK in the slot, if the symbols conatining the PUCCH resource are indicated as semi-UL symbols or semi-flexible symbols in the slot.

Retransmission of cancelled HARQ-ACK
In Rel-16 eURLLC, a UE may be configured with 2 HARQ-ACK codebooks, with one HARQ-ACK codebook being low priority (with priority index 0) and one HARQ-ACK codebook being high priority (with priority index 1). Each HARQ-ACK codebook may be a Type-1 HARQ-ACK codebook or a Type-2 HARQ-ACK codebook.
In Rel-16 eURLLC, due to the introduction of intra-UE prioritization, a low priority HARQ-ACK PUCCH may be cancelled if UE is scheduled with a high priority PUSCH or a high priority PUCCH overlapping with it. It is also possible that a low priority HARQ-ACK codebook multiplexed in a low priority PUSCH is cancelled if it is overlapping with a high priority PUCCH or overlapping with the UL resource indicated by a DCI format 2_4. Furthermore, a high priority HARQ-ACK codebook multiplexed in a high priority PUSCH may also be cancelled if it is overlapping with the UL resource indicated by a DCI format 2_4, and if UE is not configured with applicabilityforCI.
[bookmark: _Hlk47703839]To sum up, both a high priority HARQ-ACK codebook and a low priority HARQ-ACK codebook may be cancelled. Therefore, mechanism for retransmission of both HARQ-ACK codebooks should be studied.
Observation 1: Both a high priority HARQ-ACK codebook and a low priority HARQ-ACK codebook may be cancelled.
In Rel-16 NRU, enhanced Type-2 HARQ-ACK codebook and Type-3 HARQ-ACK codebook are introduced for HARQ-ACK retransmission for operation in a cell with shared spectrum channel access where a PUCCH or a PUSCH carrying a HARQ-ACK codebook may fail due to adverse channel condition or LBT failure. The two types of HARQ-ACK codebooks can be used as a starting point for enabling retransmission of high priority HARQ-ACK codebook and low priority HARQ-ACK codebook if they are cancelled.
Proposal 3: Study mechanism for retransmission of high priority HARQ-ACK codebook and low priority HARQ-ACK codebook using enhanced Type-2 HARQ-ACK codebook and Type-3 HARQ-ACK codebook as a starting point.
Retransmission using enhanced Type-2 HARQ-ACK codebook can be straightforward, for example, configure both high priority HARQ-ACK codebook and low priority HARQ-ACK codebook with enhanced Type-2 HARQ-ACK codebook. For each HARQ-ACK codebook, the HARQ-ACK codebook is reset when the NFI in a DCI indicating the priority of the HARQ-ACK codebook is toggled compared to the NFI in a previous DCI indicating the priority of the HARQ-ACK codebook. 
Retransmission using Type-3 HARQ-ACK codebook requires some clarification on the priority of the PUCCH carrying a Type-3 HARQ-ACK codebook. It seems beneficial to allow gNB to trigger a Type-3 HARQ-ACK codebook by a DCI indicating low priority or indicating high priority. For example, if the HARQ-ACK bits required by gNB are corresponding to HARQ processes scheduled by DCIs indicating high priority, the PUCCH carrying the Type-3 HARQ-ACK codebook should be prioritized when overlapping with other UL channels. On the other hand, if the HARQ-ACK bits required by gNB are corresponding to HARQ processes scheduled by DCIs indicating low priority, the PUCCH carrying the Type-3 HARQ-ACK codebook should not be prioritized when overlapping with other UL channels.
Proposal 4: Support triggering a Type-3 HARQ-ACK codebook by a DCI indicating low priority or indicating high priority.
PUCCH carrier switching for HARQ-ACK
In last meeting, some alternatives are listed for discussing how to support PUCCH carrier switching. 
· For Alt. 1: PUCCH carrier switching is based dynamic indication in DCI, a dynamic indication for PUCCH carrier switching could provide more flexibility on scheduling a PUCCH transmission and achieve low latency requirement more efficiently, and hence supporting dynamic indication would be our first priority. Basically, using a DCI field to indicate the PUCCH carrier index where the PUCCH is transmitted is preferrable.
· For Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules, and the certain rule includes switching to the carrier with the earliest available PUCCH transmission occasion or switching to the cell with the lowest index.
· For Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells, and the timing pattern can indicate which PUCCH cell to be applied for each slot.
In general, we support Alt.1 and Alt.2B for simplicity, also, support of both dynamic indication and semi-static rules and a configurable indication to indicate which alternative is applied could be an option. For instance, a RRC parameter can indicate dynamic or semi-static to allow switching flexibility.

Proposal 5: For PUCCH carrier switching, support of Alt.1 (dynamic indication) and Alt.2B (switching based on certain rules) is preferred.
Proposal 6: Consider a configurable indication for selecting between dynamic indication and semi-staic rule as a compromised option.
3 Conclusions
In this contribution, we discussed the issues regarding UE feedback enhancements for HARQ-ACK. Based on the discussion in section 2, we have observations and proposal as follows.
[bookmark: _Toc4685928]Observation 1	Both a high priority HARQ-ACK codebook and a low priority HARQ-ACK codebook may be cancelled.
Proposal 1	The SPS HARQ-ACK deferral is configured per SPS configuration.
Proposal 2	The first available PUCCH resource for a SPS HARQ-ACK is defined as the first PUCCH resource selected from SPS-PUCCH-AN-List in a slot after the original slot indicated by K1 for the SPS HARQ-ACK, based on the payload size of deferred SPS HARQ-ACK and non-deferred SPS HARQ-ACK in the slot, if the symbols conatining the PUCCH resource are indicated as semi-UL symbols or semi-flexible symbols in the slot.
Proposal 3	Study mechanism for retransmission of high priority HARQ-ACK codebook and low priority HARQ-ACK codebook using enhanced Type-2 HARQ-ACK codebook and Type-3 HARQ-ACK codebook as a starting point.
Proposal 4	Support triggering a Type-3 HARQ-ACK codebook by a DCI indicating low priority or indicating high priority.
Proposal 5	For PUCCH carrier switching, support of Alt.1 (dynamic indication) and Alt.2B (switching based on certain rules) is preferred.
Proposal 6	Consider a configurable indication for selecting between dynamic indication and semi-staic rule as a compromised option.
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