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1 Introduction
In RAN1 #106-e, UE feedback enhancements for HARQ-ACK were discussed and the following agreements were made [1].
Agreement
The SPS HARQ-ACK deferral is enabled per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations enabled for deferral is in principle subject to deferral
Agreement
[bookmark: _Hlk84006694]Definition of when to defer from the initial slot: 
· Alt1: 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
Agreement
For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is RRC configured per SPS configuration.
Agreement
For SPS HARQ-ACK deferral, only SPS HARQ bits subject to deferral from HARQ-ACK codebook from an initial PUCCH slot are deferred to the target PUCCH slot.
Agreement
For SPS HARQ-ACK deferral, deferred SPS HARQ bits from more than one ‘initial PUCCH slot’ can be jointly deferred to a target PUCCH slot.
Agreement
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot where sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.
Agreement
For SPS HARQ-ACK deferral, if after the target PUCCH slot determination the deferred SPS HARQ-ACK cannot be transmitted, the deferred SPS HARQ-ACK bits are not further deferred and are dropped.
Agreement
For SPS HARQ-ACK deferral, in the target PUCCH slot the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits / Type 1 or Type 2 codebook.
Agreement
For SPS HARQ-ACK deferral, confirm the RAN1#104b-e working assumption with the following updates in RED:
(working assumption) To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE is expected to receives PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.
· Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID
Agreement 
Confirm the following RAN1#105-e working assumption:
For at least HARQ-ACK re-transmission:
· 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 
Support PHY priority handling for a PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size.
· The A/N of HARQ processes is mapped to the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· FFS: If the HARQ-ACK codebook size or structure is dependent on the PHY priority (e.g. separate configuration of CBG/NDI usage, separate configuration of HARQ IDs / CCs per priority, SPS HARQ-ACK process IDs of specific priority only for a SPS HARQ-ACK only codebook, …).

Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB in Rel-17. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB.
· The A/N of HARQ processes is mapped to the Rel-16 Type 3 HARQ-ACK CB irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured in Rel-17 with Rel-16 Type 3 HARQ-ACK CB and PHY prioritization. 
Agreement 
For the PHY priority handling of the enhanced Type 3 CB(s) of smaller size, the enhanced Type 3 HARQ-ACK has the same structure, size and content (in terms of HARQ-IDs, CCs) irrespective of the PHY priority. 
Agreement 
Support Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size triggering using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The triggering support for DCI format 1_2 is independently (from triggering using DCI format 1_1) RRC configured to the UE. 
Agreement 
Support Rel-16 Type 3 HARQ-ACK CB triggering using DCI format 1_2 in Rel-17 for a UE supporting DCI format 1_2. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured with DCI format 1_2 triggering of the Rel-16 Type 3 HARQ-ACK CB. 
Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 
Agreement 
The DCI triggering (by a DL assignment) the one-shot HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB dynamically indicates the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted. 
· FFS details 
Agreement 
A single DCI triggering the Rel-17 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 can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 
Agreement 
The Rel-17 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 is done through an explicit triggering indication in the DCI through a DCI field. 
Agreement 
Support PHY priority handling for the Rel-17 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. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 
Agreement
For enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processs of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS
Agreement
The following enhanced Type 3 CB types of smaller size are supported, the CB to contain either: 
· the HARQ processes of a subset of configured CCs, or
· a subset of configured HARQ processes (specific to CCs)
FFS: additional enh. Type 3 CB types
Agreement
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
· Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot
Agreement
Update the following RAN1#105-e agreement as (RED):   
· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH resource configuration (i.e. pucch-Config / PUCCH-ConfigurationList) is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
· FFS: CSI and SR
Agreement
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases
Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. 
Agreement 
For sub-slot based PUCCH repetition for HARQ-ACK, semi-static configured PUCCH repetition (i.e. using nrofSlots) and dynamic repetition factor based operation is supported. 
· Sub-slot based PUCCH repetition based on semi-static configuration (i.e. using nrofSlots) and based on dynamic indication is subject to separate UE capabilities
Agreement
Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2 also for single TRP operation. 
· The support is subject to independent UE capability indication 

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
[bookmark: _Hlk84009494][bookmark: _Hlk79154640]Alt. 1 for definition of when to defer from the initial slot was agreed in last meeting. 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.
More specifically, the SPS HARQ-ACK codebook for slot n should include a SPS HARQ-ACK bit for a SPS PDSCH if the SPS PDSCH is transmitted in slot m, m is larger than or equal to n-k1-k1def,max, and if the PUCCH resources configured by SPS-PUCCH-AN-List-r16 in slot m+k1 to slot n-1 collide with semi-static DL symbols, SSB, or CORESET#0. As such, if a DCI scheduling a PDSCH with HARQ-ACK transmitted in a slot from slot m+k1 to slot n-1 is missed, UE can transmit the SPS HARQ-ACK bit in slot n. On the other hand, if the SPS HARQ-ACK bit is multiplexed in a PUCCH resource in a slot from slot m+k1 to slot n-1, that is scheduled by a DCI, the SPS HARQ-ACK bit in slot n should be set to NACK.
Proposal 1: The SPS HARQ-ACK codebook for slot n includes a SPS HARQ-ACK bit for a SPS PDSCH if the SPS PDSCH is transmitted in slot m, m is larger than or equal to n-k1-k1def,max, and if the PUCCH resources configured by SPS-PUCCH-AN-List-r16 in slot m+k1 to slot n-1 collide with semi-static DL symbols, SSB, or CORESET#0.
Proposal 2: A SPS HARQ-ACK bit in a HARQ-ACK codebook is set to NACK for transmission in a slot if the SPS HARQ-ACK bit was reported before the slot.

[bookmark: _Hlk861261]Retransmission of cancelled HARQ-ACK
It was agreed that PHY priority handling of enhanced Type 3 HARQ-ACK codebook is supported, and the size of the enhanced Type 3 HARQ-ACK codebook is irrespective of the PHY priority indicated by the triggering DCI.
Since it is possible that the maxCodeBlockGroupsPerTransportBlock in PDSCH-CodeBlockGroupTransmission associated with high priority and the maxCodeBlockGroupsPerTransportBlock in PDSCH-CodeBlockGroupTransmission associated with low priority indicate different values, the number of CBG HARQ-ACK bits for a TB in the enhanced Type 3 HARQ-ACK codebook should be based on the maximum of the values indicated by maxCodeBlockGroupsPerTransportBlock in PDSCH-CodeBlockGroupTransmission associated with high priority and the maxCodeBlockGroupsPerTransportBlock in PDSCH-CodeBlockGroupTransmission associated with low priority when pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is configured.
Proposal 3: The number of CBG HARQ-ACK bits for a TB in the enhanced Type 3 HARQ-ACK codebook should be based on the maximum of the values indicated by maxCodeBlockGroupsPerTransportBlock in PDSCH-CodeBlockGroupTransmission associated with high priority and the maxCodeBlockGroupsPerTransportBlock in PDSCH-CodeBlockGroupTransmission associated with low priority when pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is configured.
For one-shot triggering for HARQ-ACK re-transmission, indication of which HARQ-ACK codebook is retransmitted should be supported. Since there can be only one HARQ-ACK codebook in a slot or in a subslot for HARQ-ACK codebook of a given priority, indication of the slot or the subslot in which the HARQ-ACK codebook was dropped can unambiguously identify a HARQ-ACK codebook for retransmission. It was agreed that the priority indicator in the triggering DCI is used to indicate the priority of the HARQ-ACK codebook for retransmission. Combined with priority indication, a slot offset indication can indicate the HARQ-ACK codebook for retransmission. The unit of slot offset for indication of HARQ-ACK codebook of a priority can be determined based on unit of slots if subslot is not configured for the PUCCH configuration associated with the priority. On the other hand, the unit of slot offset for indication of HARQ-ACK codebook of a priority can be determined based on unit of subslots if subslot is configured for the PUCCH configuration associated with the priority. The indicated slot offset should be counted backwards and the reference slot for counting the slot offset can be determined as the slot in which the triggering DCI is received.
Proposal 4: A slot offset is indicated by the triggering DCI for one-shot triggering for HARQ-ACK retransmission.

PUCCH carrier switching for HARQ-ACK
In previous meeting, it was 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
In last meeting, some proposals regarding the details for RRC configured PUCCH cell timing pattern are to be confirmed, which include the granularity of the time-domain pattern, the pattern length, the periodicity of the pattern, and the interpretation of K1. The granularity of the time-domain pattern is based on a slot of the reference cell, and hence the reference cell should be clearly indicated. Thus, a parameter can be used  to configure the reference cell for PUCCH cell timing pattern or taking the cell with the lowest SCS configuration as the reference cell. Moreover, since it is a high chance to configure PUCCH cell timing pattern according to the allocation of available UL slots, the pattern length and the periodicity of the pattern can be based on the configured TDD pattern. To be more specifically, the periodicity of pattern is same as the periodicity configured in TDD-UL-DL-pattern. On the other hand, if multiple PUCCH cell timing patterns can be configured, each pattern can correspond to an associated index and a duration to indicate how long the indicated pattern is applied. 
Proposal 5: For RRC configured PUCCH cell timing pattern, the reference cell is determined by a RRC parameter or the cell with the lowest SCS in a PUCCH cell group. 
Proposal 6: The PUCCH cell timing pattern length and the periodicity of the pattern are based on the configured TDD-UL-DL-pattern. 
Proposal 7: If mutiple PUCCH cell timing patterns can be configured, each PUCCH cell timing pattern can have an associated index and a duration to indicate how long the configrued pattern is applied. 

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. However, if the maximum number of PUCCH cells needs to be set,  the supported maximum number of PUCCH cells can be reported by a UE capability.
Proposal 8: Either a configurable maximum number of PUCCH cells or not setting a limit on maximum number of PUCCH cells is preferred. 
Proposal 9: The supported maximum number of PUCCH cells can be reported by a UE capability. 

Misaligned PUCCH configuration between the initial cell and the target cell
In last meeting, it was agreed that the PUCCH configuration is configured per UL BWP (i.e. per candidate cell) for PUCCH carrier switching operation, however, some configurations will lead to ambiguity if there are misaligned. For example, if sub-slot configuration is not configured to all candidate cells, how to generate sub-slot based HARQ-ACK codebook and how to interpret K1 with different sub-slot length for each cell should be clarified. Furthermore, if PUCCH-ConfiguationList is configured to the initial cell instead of the target cell, how to handle PUCCHs of different priority on target cell should be specified. Besides, how to multiplex SPS PDSCH HARQ-ACK if  SPS only HARQ-ACK is supported for the initial cell rather than being supported for the target cell and how to handle different PUCCH repetition configuration from different cells should be further discussed. 
To handle misaligned PUCCH configuration from different cells, one possible solution is to porhibit some parameters in PUCCH-Config from being different. Another solution is to establish some rules when misaligned configurations are received. The rules, for instance, allowing more than one SPS PDSCH HARQ-ACK to be appended to dynamic PDSCH HARQ-ACK or expecting the sub-slot length configured in the initial cell to be smaller than that in the target cell, can be further discussed in this meeting.   
Proposal 10: How to handle misaligned PUCCH configuration from different PUCCH cells, for example, sub-slot configuration, priority indication of PUCCH, SPS PDSCH only HARQ-ACK, and PUCCH repetition should be specified. 
Proposal 11: To handle misaligned PUCCH configuration, consider prohibiting some parameters in PUCCH-Config from being different or establishing some rules for PUCCH carrier switching. 

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 12: 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. 

PUCCH spatial relation indication for PUCCH carrier switching
When a UE is provided multiple values for PUCCH-SpatialRelationInfo from different cells, PUCCH spatial relation Activation/Deacitvation MAC CE for indicating activated PUCCH spatial relation information for the target cell may have not been received before switching PUCCH cell, and hence which spatial relation information is applied to the target cell is unclear. To ensure that PUCCH spatial relation Activation/Deacitvation MAC CE for each PUCCH cell is correctly activated, PUCCH spatial relation Activation/Deacitvation MAC CE can be expanded to indicate spatial relation information for more than one PUCCH cell independently. Another method to avoid above situation happening is to make sure that  PUCCH spatial relation Activation/Deacitvation MAC CE for the target cell should be received before the switching indication.  Also, there is a need to ensure that a cell to transmit a PUCCH for responding the PDSCH providing PUCCH-SpatialRelationInfo is same as the cell indicated by the MAC CE; Otherwise, gNB may not be able to confirm whether the UE receives the MAC CE on the associated cell.
Proposal 13: Expand the PUCCH spatial relation Activation/Deacitvation MAC CE to indicate PUCCH-SpatialRelationInfo for multiple cells or make some rules to ensure the PUCCH-SpatialRelationInfo is correctly indicated before switching PUCCH cell.
Proposal 14: For PUCCH carrier switching, ensure that a cell to transmit a PUCCH corresponding to the PDSCH providing PUCCH-SpatialRelationInfo is same as the cell indicated by the MAC CE.
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	The SPS HARQ-ACK codebook for slot n includes a SPS HARQ-ACK bit for a SPS PDSCH if the SPS PDSCH is transmitted in slot m, m is larger than or equal to n-k1-k1def,max, and if the PUCCH resources configured by SPS-PUCCH-AN-List-r16 in slot m+k1 to slot n-1 collide with semi-static DL symbols, SSB, or CORESET#0.
Proposal 2	A SPS HARQ-ACK bit in a HARQ-ACK codebook is set to NACK for transmission in a slot if the SPS HARQ-ACK bit was reported before the slot.
Proposal 3	The number of CBG HARQ-ACK bits for a TB in the enhanced Type 3 HARQ-ACK codebook should be based on the maximum of the values indicated by maxCodeBlockGroupsPerTransportBlock in PDSCH-CodeBlockGroupTransmission associated with high priority and the maxCodeBlockGroupsPerTransportBlock in PDSCH-CodeBlockGroupTransmission associated with low priority when pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is configured.
Proposal 4	A slot offset is indicated by the triggering DCI for one-shot triggering for HARQ-ACK retransmission.
Proposal 5	For RRC configured PUCCH cell timing pattern, the reference cell is determined by a RRC parameter or the cell with the lowest SCS in a PUCCH cell group. 
Proposal 6	The PUCCH cell timing pattern length and the periodicity of the pattern are based on the configured TDD-UL-DL-pattern.
Proposal 7	If mutiple PUCCH cell timing patterns can be configured, each PUCCH cell timing pattern can have an associated index and a duration to indicate how long the configrued pattern is applied. 
Proposal 8	Either a configurable maximum number of PUCCH cells or not setting a limit on maximum number of PUCCH cells is preferred. 
Proposal 9	The supported maximum number of PUCCH cells can be reported by a UE capability. 
Proposal 10	How to handle misaligned PUCCH configuration from different PUCCH cells, for example, sub-slot configuration, priority indication of PUCCH, SPS PDSCH only HARQ-ACK, and PUCCH repetition should be specified. 
Proposal 11	To handle misaligned PUCCH configuration, consider prohibiting some parameters in PUCCH-Config from being different or establishing some rules for PUCCH carrier switching.
Proposal 12	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.
Proposal 13	Expand the PUCCH spatial relation Activation/Deacitvation MAC CE to indicate PUCCH-SpatialRelationInfo for multiple cells or make some rules to ensure the PUCCH-SpatialRelationInfo is correctly indicated before switching PUCCH cell.
Proposal 14	For PUCCH carrier switching, ensure that a cell to transmit a PUCCH corresponding to the PDSCH providing PUCCH-SpatialRelationInfo is same as the cell indicated by the MAC CE.
References
RAN1 Chairman’s Notes, RAN1 #106-e

