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1 Introduction
In RAN1 #102-e, UE feedback enhancements for HARQ-ACK were discussed and the following agreements were made [1].
 Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)
Agreements:
· Simultaneous PUSCH / PUCCH within a cell group (of Sec. 6.13 of R1-2007216) and enhanced (sub-slot) HARQ-ACK multiplexing on PUSCH (of Sec. 4.3 of R1-2007216) can be further discussed as part of AI 8.3.3 in this WI (but not as part of AI 8.3.1.1).   
Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
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 maximum number of slots that can be deferred for SPS HARQ-ACK is configured per SPS configuration.
In current specification, there is PUCCH resource for only 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 the 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 only SPS HARQ-ACK should be provided in a slot in which no SPS HARQ-ACK is indicated to be transmitted. The PUCCH resource for only SPS HARQ-ACK 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.
Proposal 2: A PUCCH resource for only SPS HARQ-ACK should be provided in a slot in which no SPS HARQ-ACK is indicated to be transmitted.

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.
Observation 2: It is beneficial to allow gNB to trigger a Type-3 HARQ-ACK codebook by a DCI indicating low priority or indicating high priority.

PUCCH carrier switching for HARQ-ACK
In the last meeting, it was agreed that we could study PUCCH carrier switching for HARQ-ACK further. In Rel-15 and Rel-16, the index of the serving cell of the same cell group is configured for PUCCH by a field pucch-Cell in PDSCH-ServingCellConfig. If the field is absent, the UE sends the HARQ feedback on the PUCCH of the SpCell of this cell group, or on this serving cell if it is a PUCCH SCell. In other words, The PUCCH can only be transmitted on a configured cell, and thus for DL heavy TDD configuration, it would be hard to meet the latency requirement. However, how to achieve dynamic PUCCH carrier switching (e.g., explitly or implicitly) may need to be further studied.  
Proposal 4: Support dynamic PUCCH carrier switching for HARQ-ACK in Rel-17.

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.
[bookmark: _Toc4685930][bookmark: _Hlk32550844]Observation 2	It is beneficial to allow gNB to trigger a Type-3 HARQ-ACK codebook by a DCI indicating low priority or indicating high priority.
Proposal 1	The maximum number of slots that can be deferred for SPS HARQ-ACK is configured per SPS configuration.
Proposal 2	A PUCCH resource for only SPS HARQ-ACK should be provided in a slot in which no SPS HARQ-ACK is indicated to be transmitted.
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 dynamic PUCCH carrier switching for HARQ-ACK in Rel-17.
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