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1 Introduction
In RAN1 #105-e, UE feedback enhancements for HARQ-ACK were discussed and the following agreements were made [1].
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
Working Assumption: For at least HARQ-ACK re-transmission:
l. 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: 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, we provide our views on SPS HARQ-ACK deferral, retransmission of cancelled HARQ-ACK, and PUCCH carrier switching.
2 Discussion
SPS HARQ-ACK deferral
It was 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: k1eff,max is configured per SPS configuration.
It was agreed to restrict the further discussions on the initial slot handling for SPS HARQ-ACK deferral to the identified alternatives Alt. 1, Alt. 1A and Alt. 2.
Compared to Alt. 1A, in Alt. 1, SPS HARQ-ACK can be multiplexed in a PUCCH for HARQ-ACK corresponding to dynamically scheduled PDSCH or in a PUCCH for CSI, which can reduce latency if the PUCCH for SPS HARQ-ACK configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN collides with invalid symbols. However, Alt. 1 may cause discrepancy between gNB and UE if DCI scheduling PDSCH is miss detected by UE. Alt. 1A does not have the issue but may result in longer latency.
[bookmark: _Hlk79154640]In our view, Alt. 1 should be adopted. To solve the issue of DCI miss detection, the size of SPS HARQ-ACK codebook in a slot should be determined based on the number of non-deferred SPS HARQ-ACK bits and the number of SPS HARQ-ACK bits that may be deferred to the slot. The number of SPS HARQ-ACK bits that may be deferred to the slot can be determined based on TDD configuration and SPS-PUCCH-AN-List-r16. For example, if the PUCCH resources configured by SPS-PUCCH-AN-List-r16 collides with semi-static DL symbols, SSB, or CORESET#0 in the slot, no HARQ-ACK bits can be deferred to the slot. For another example, if the PUCCH resources configured by SPS-PUCCH-AN-List-r16 do not collide with semi-static DL symbols, SSB, or CORESET#0 in the slot, the number of SPS HARQ-ACK bits that may be deferred to the slot can be determined based on the number of SPS PDSCH occasion within k1eff,max slots.
Proposal 2: The size of SPS HARQ-ACK codebook in a slot should be determined based on the number of non-deferred SPS HARQ-ACK bits and the number of SPS HARQ-ACK bits that may be deferred to the slot.

[bookmark: _Hlk861261]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.
[bookmark: _Hlk47703839]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. 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 specified.
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.
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, especially when intra-UE multiplexing of physical channels of different physical layer priorities is not enabled. For example, if the HARQ-ACK bits that needs to be retransmitted are corresponding to HARQ processes scheduled by DCIs indicating high priority, the PUCCH carrying the Type-3 HARQ-ACK codebook should not be deprioritized when overlapping with other UL channels of low physical layer priority. On the other hand, if the HARQ-ACK bits that needs to be retransmitted 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 of high physical layer priority.
To achieve the purpose, triggering a Type-3 HARQ-ACK codebook by DCI format 1_1 and DCI format 1_2 with a priority indicator should be supported. When the priority indicator indicates low priority, a PUCCH resource configured in the first PUCCH-Config should be selected based on the payload size of the Type-3 HARQ-ACK codebook and the PRI in the triggering DCI, and when the priority indicator indicates high priority, a PUCCH resource configured in the second PUCCH-Config should be selected based on the payload size of the Type-3 HARQ-ACK codebook and the PRI in the triggering DCI.
Proposal 3: Support triggering a Type-3 HARQ-ACK codebook by DCI format 1_1 and DCI format 1_2.
[bookmark: _Hlk71711182]Proposal 4: When the priority indicator in a DCI triggering a Type-3 HARQ-ACK codebook indicates a PUCCH of low priority or a PUCCH of high priority, the PUCCH resource for the Type-3 HARQ-ACK codebook should be selected based on the payload size of the Type-3 HARQ-ACK codebook and the PRI in the triggering DCI, from the PUCCH resources configured in the first PUCCH-Config or in the second PUCCH-Config, respectively.
In previous meetings, there was discussion on enhanced Type-3 HARQ-ACK codebook, which aims for reduced HARQ-ACK codebook size. In our view, simple enhancement of Type-3 HARQ-ACK codebook without much specification efforts should be considered.
When a Type-3 HARQ-ACK codebook is triggered for retransmitting HARQ-ACK bits that were meant to be transmitted on a PUCCH of low physical layer priority, reduced HARQ-ACK codebook size seems to be less motivated.
On the other hand, when a Type-3 HARQ-ACK codebook is triggered for retransmitting HARQ-ACK bits that were meant to be transmitted on a PUCCH of high physical layer priority, reduced HARQ-ACK codebook size is motivated. As discussed above, the priority indicator of the triggering DCI should indicate high priority and the PUCCH resource for the triggered Type-3 HARQ-ACK codebook should be selected from the second PUCCH-Config. Since the HARQ-ACK bits may require higher reliability, the size of Type-3 HARQ-ACK codebook should be reduced. In addition, the size of Type-3 HARQ-ACK codebook should also be able to fit the PUCCH resources configured in the second PUCCH-Config, which usually have smaller capacity.
To achieve the purpose, the following method should be adopted for reducing the Type-3 HARQ-ACK codebook size. A list with up to two pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 should be able to be configured. The first pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is applied for a Type-3 HARQ-ACK codebooks triggered by DCI indicating low priority, and the second pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is applied for a Type-3 HARQ-ACK codebooks triggered by DCI indicating high priority. Since PDSCH-CodeBlockGroupTransmissionList-r16 may not include the second PDSCH-CodeBlockGroupTransmission for PDSCH scheduled by DCIs indicating high priority, it is reasonable that the when the HARQ-ACK bits that needs to be retransmitted are corresponding to HARQ processes scheduled by DCIs indicating high priority, the triggered Type-3 HARQ-ACK codebook does not include CBG HARQ-ACK bits. It is possible to achieve this by not configuring the second pdsch-HARQ-ACK-OneShotFeedbackCBG-r16.
Similarly, to reduce the overhead of including NDI in the Type-3 HARQ-ACK codebook, a list with up to two pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 should be able to be configured. The first pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is applied for a Type-3 HARQ-ACK codebooks triggered by DCI indicating low priority, and the second pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is applied for a Type-3 HARQ-ACK codebooks triggered by DCI indicating high priority.
Proposal 5: A list of pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is used to indicate the presence of CBG HARQ-ACK bits in the Type-3 HARQ-ACK codebooks triggered by DCI formats indicating low priority and high priority.
Proposal 6: A list of pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is used to indicate the presence of NDI bits in the Type-3 HARQ-ACK codebooks triggered by DCI formats indicating low priority and high priority.

PUCCH carrier switching for HARQ-ACK
In last meeting, it is agreed that both dynamic indication and RRC configured PUCCH cell timing pattern for PUCCH carrier switching are supported. It is clear that a field in DCI scheduling a PUCCH is used to indicate the target PUCCH cell and the PDSCH to HARQ-ACK offset K1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell. On the contrary, it is unclear that how to indicate the target PUCCH cell using PUCCH cell timing pattern. Furthermore, the additional rules for supporting the timing pattern across cells with different numerologies needs to be discussed. 
RRC configured PUCCH cell timing pattern
What information should be included in the PUCCH cell timing pattern needs to be specified in the meeting. Otherwise, it is too unclear to switch the PUCCH carrier through the PUCCH cell timing pattern . Firstly, a set of bitmaps can be used to configure the target PUCCH cell for each slot within a period. On the other hand, providing the activated status for each PUCCH cell in the PUCCH cell group for each slot can be considered. A bit or a set of bits can be used to indicate the target PUCCH cell, the number of bits for a set of bits indicating the target PUCCH cell for each slot can be based on the number of configured PUCCH cells in a PUCCH cell group. For instance, if the number of configured PUCCH cells is 4, the number of bits for each set of bits indicating the target PUCCH cell for each slot is log2(4)=2 bits. Secondly, each PUCCH cell timing pattern can correspond to a configurable periodicity to provide the configured pattern with sufficient flexibility to adapt to TDD configuration in each cell. Besides, each PUCCH cell timing pattern can last for a given duration. In other words, instead of applying the same PUCCH cell timing pattern before reconfiguration, if a duration is configured, the other PUCCH cell timing patterns can be further adopt to enhance the flexibility. Lastly, each PUCCH cell timing pattern corresponding to a certain index, which is similar to rate matching pattern can be considered. Thus, different PUCCH cell timing pattern can be combined or exchanged easily by indicating the certain index.   
Proposal 7: For RRC configured PUCCH cell timing pattern, some information including bitmaps, periodicity, and duration should be specified. 
Proposal 8: The PUCCH cell timing pattern configuration can contain sets of bits with each set of bits indicating the target cell for each slot within a period. The PUCCH cell timing pattern configuration can contain periodicity to determine how may slots the PUCCH cell timing pattern are indicated. The PUCCH cell timing pattern configuration can contain a duration to indicate the time duration within it the PUCCH cell timing pattern is repeatedly applied. 
Proposal 9: Mutiple PUCCH cell timing pattern can be configured, and each PUCCH cell timing pattern can have an associated index which can be indicated dynamically for faster switching between different patterns. 

The maximum number of PUCCH cells
In previous discussion, some companies proposed that at most two PUCCH cells can be considered. From our point of view, if there are just two PUCCH cells are configured to switch, the problem would present due to the lack of possibiliy to switching to ideal cells with sufficient uplink resources. Thus, it would be better to provide a configurable maximum number of PUCCH cells or not set a limit on maximum number of PUCCH cells.
Proposal 10: Either a configurable maximum number of PUCCH cells or not setting a limit on maximum number of PUCCH cells is preferred. 
The support of joint operation of dynamic and semi-static carrier switching for a UE
When the PUCCH carriers indicated by dynamic indication and the PUCCH carrier indicated by PUCCH cell timing pattern are different, a clear rule should be specified. For instance, dynamic indication overrides the semi-static indication. Furthermore, whether to apply dynamic switching to scheduled PUCCH and semi-static switching to configured PUCCH separately should be determined. However, a slot may include both scheduled PUCCHs and configured PUCCHs. Thus, to providea flexible scheduling, applying semi-static carrier switching to all slots  as basisand further changing the indicated PUCCH carrier for a slot by DCI can be considered.  
Proposal 11: Applying semi-static carrier switching to all slots as basis and further changing the indicated PUCCH carrier for a slot by DCI can be considered. 
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 proposals as follows.
Proposal 1	k1eff,max is configured per SPS configuration.
Proposal 2	The size of SPS HARQ-ACK codebook in a slot should be determined based on the number of non-deferred SPS HARQ-ACK bits and the number of SPS HARQ-ACK bits that may be deferred to the slot.
Proposal 3	Support triggering a Type-3 HARQ-ACK codebook by DCI format 1_1 and DCI format 1_2.
Proposal 4	When the priority indicator in a DCI triggering a Type-3 HARQ-ACK codebook indicates a PUCCH of low priority or a PUCCH of high priority, the PUCCH resource for the Type-3 HARQ-ACK codebook should be selected based on the payload size of the Type-3 HARQ-ACK codebook and the PRI in the triggering DCI, from the PUCCH resources configured in the first PUCCH-Config or in the second PUCCH-Config, respectively..
Proposal 5	A list of pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is used to indicate the presence of CBG HARQ-ACK bits in the Type-3 HARQ-ACK codebooks triggered by DCI formats indicating low priority and high priority.
Proposal 6	A list of pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is used to indicate the presence of NDI bits in the Type-3 HARQ-ACK codebooks triggered by DCI formats indicating low priority and high priority.
Proposal 7	For RRC configured PUCCH cell timing pattern, the information included in the pattern should be specified.
Proposal 8	The PUCCH cell timing pattern configuration can contain sets of bits with each set of bits indicating the target cell for each slot within a period. The PUCCH cell timing pattern configuration can contain periodicity to determine how may slots the PUCCH cell timing pattern are indicated. The PUCCH cell timing pattern configuration can contain a duration to indicate the time duration within it the PUCCH cell timing pattern is repeatedly applied.
Proposal 9	Mutiple PUCCH cell timing pattern can be configured, and each PUCCH cell timing pattern can have an associated index which can be indicated dynamically for faster switching between different patterns.
Proposal 10	Either a configurable maximum number of PUCCH cells or not setting a limit on maximum number of PUCCH cells is preferred.
Proposal 11	Applying semi-static carrier switching to all slots as basis and further changing the indicated PUCCH carrier for a slot by DCI can be considered.
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