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1 Introduction
In RAN1 #106b-e, UE feedback enhancements for HARQ-ACK were discussed and the following agreements were made [1].

Agreement
For PUCCH carrier switching, support PUCCH carrier switching only among different TDD cells with PUCCH configured on the NUL carrier in Rel-17
Agreement
For semi-static PUCCH cell switching, PCell / PSCell / PUCCH-SCell is reference cell:
· The time domain pattern configurations are based on the numerology of the reference cell. 
· The PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of a reference cell to be able to apply the time-domain PUCCH cell switching pattern. 
· Note: There may not be a need to define a ‘reference cell’ in the specification. This terminology is used for further clarifications of the procedure. 
Agreement
For PUCCH cell switching, support independent TPC per PUCCH cell including
· Separate P0 / TPC configuration per PUCCH cell
· Note: This flexibility is already provided as PUCCH-config is per UL BWP of a PUCCH cell
· Accumulating closed loop power control commands only within the same PUCCH target cell by reusing Rel-15 procedure, i.e.
· For dynamic PUCCH cell indication, the TPC command in the DCI scheduling the PUCCH only applies for the dynamically indicated PUCCH target cell
· For semi-static / time-domain pattern, the TPC command in the DCI scheduling the PUCCH only applies for the determined PUCCH target (using the time-domain pattern)
· Separate TPC command indication using DCI format 2_2 for the individual PUCCH cells
· Note: this requires configuration of individual TPC command starting points for each PUCCH cell within DCI format 2_2
Agreement
UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot. 
Agreement
For semi-static PUCCH cell switching, the time-domain pattern configuration is based on the following properties:
· A single time-domain pattern is configured per PUCCH cell group
· The granularity of the time-domain pattern is one slot of the PCell / PSCell / PUCCH-SCell reference cell 
· The time-domain pattern is applied periodically 
· FFS on period / pattern length (e.g., 10ms, RRC configured, …).
· The pattern defines for each slot of the PCell / PSCell / PUCCH-SCell reference cell at least the applicable target PUCCH cell
Agreement
For semi-static PUCCH cell switching, the PUCCH resource indicator (PRI) is interpreted based on the PUCCH configuration of determined target PUCCH cell. 
Conclusion
For SPS HARQ-ACK deferral, only SPS HARQ-ACK bits subject to deferral from one or more initial slots which have not reached the maximum deferral value are jointly deferred to the next available PUCCH (other SPS HARQ-ACK is dropped). 
Agreement
For SPS HARQ-ACK deferral, the bit ordering of deferred SPS HARQ-ACK information from one or more initial slots in the target PUCCH slot is based on the Rel.16 SPS HARQ-ACK bit order principle as in clause 9.1.2 of TS38.213 is applied, i.e., based on serving cell index, SPS configuration index, SPS PDSCH slot index. 
Conclusion
No additional enhanced Type 3 CB ‘types’ (such as activated CCs, of specific SPS configurations, etc.) in terms of RRC configuration are supported. 
Agreement
For one enhanced Type 3 HARQ-ACK CB, the same CBG and NDI configuration applies to both PHY priorities following the RAN1#106-e agreement. 
Agreement
The same set of enhanced Type 3 CBs (incl. CBG and NDI configuration) is applied for triggering using DCI format 1_1 and 1_2. 
Agreement
Reuse the legacy 1-bit ‘one-shot HARQ-ACK request’ for triggering indication of the enhanced Type 3 HARQ-ACK CB of smaller size. 
· At least if only a single enhanced Type 3 HARQ-ACK CB is configured, the triggering DCI with the triggering bit set to ‘1’ is also able to schedule PDSCH. 
Agreement
Support triggering of one-shot HARQ re-transmission on PUCCH using DCI format 1_2. 

Agreement
To align with Rel-16 slot-based PUCCH repetition operation, support sub-slot based PUCCH repetition configured with / using nrofSlots (i.e., not using dynamic indication) of all UCI types (incl. HARQ, SR & CSI). 
Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 



Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement: Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.



Agreement
For PUCCH cell switching based on dynamic indication in the DCI,  introduce a new, dedicated DCI field for the DCI scheduling PDSCH to indicate the target PUCCH cell. 
Agreement
In addition, the dynamic target PUCCH cell indication also applies to HARQ-ACK corresponding to SCell dormancy indication without scheduling PDSCH.
Agreement
The periodicity / length of the time-domain pattern for semi-static PUCCH cell switching is directly determined by the RRC configuraton of the time domain pattern pucchCellPattern 
· Note: pucchCellPattern has a variable length of (1… maxNrofSlots) 

Agreement
For semi-static and dynamic indication of PUCCH cell switching, the PUCCH repetition factor is determined based on the PUCCH format or PUCCH resource on the target PUCCH cell for the first repetition. 
Agreement
The CBG and NDI usage can be independently configured for different enhanced Type 3 HARQ-ACK CBs. 
Agreement
For Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17, the TDRA pruning/grouping is performed per DL slot after TDRA determination per sub-slot.
· Strive to minimize the impact on relevant pseudo-code
Conclusion
For SPS HARQ-ACK deferral, the operation in the ‘initial’ slot is further clarified as: 
· The UE performs first the (Rel-16) UCI multiplexing operation. If after the UCI multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN which is not valid, the SPS HARQ-ACK configured for deferral is deferred.
Agreement
The maximum number of simultaneously configurable enhanced Type 3 CB is indicated by the UE through UE capability signaling from the set of {1, 2, 4, 8}.
Agreement
PUCCH cell switching between 2 cells is supported in Rel-17. 
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Agreement
For PUCCH repetition enhancements:
· Support inter-slotFrequencyHopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for slot-based PUCCH configurations. 
· Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Formats 0, 1, 2, 3 and 4 for 7OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config. 
· (Working Assumption) Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config. 
· Note: As for Rel-15, the configuration / enabling of inter-slotFrequencyHopping and intraSlotFrequencyHopping is not supported. 
Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.



Agreement
The RAN1#106-e agreement on the target slot definition is updated as follows (in RED): 
	Agreement (from RAN1#106-e)
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot, where after performing the (Rel-16) UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than the PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii)  would be transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN being regarded as valid.  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
Support PUCCH cell switching based on dynamic indication in the DCI using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The presence of the ‘PUCCH carrier switching’ bitfield in DCI format 1_2 is RRC configured. 
Conclusion
If the UE is not configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determinated according to their respective PHY priorities.
· FFS on the PHY priority handling for SPS HARQ deferral if the UE configured with Rel-17 Intra-UE multiplexing
Agreement
For one-shot HARQ re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as either: 
· Alt. 1: n = m - HARQ_retx_offset
· Alt. 2: n = m + k - HARQ_retx_offset
· FFS: value range of the HARQ-retx_offset
Agreement
Down-select in RAN1#107-e from Alt. 1 & Alt. 3 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot
· Alt. 3: using a relative slot-offset within the reference cell slot, the relative slot offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each reference cell slot)
· Note: different relative slot offset can be configured for each reference cell slot in the time domain pattern, details see R1-2108829
Agreement
Down-select in RAN1#107-e from Alt. 2 & Alt. 4 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 
Conclusion
There is no consensus to support multiplexing of HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI on the dynamically indicated PUCCH cell (other than PCell / PSCell / PUCCH-SCell) in Rel-17.
· FFS: further handling, incl. e.g., UE does not expect overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI or overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI is to be dropped
· FFS: overlapping definition for SR and P/SP-CSI in terms of PUCCH slot or PUCCH resource
Agreement
For one-shot triggering of HARQ-ACK re-transmission on PUCCH, 
· in case the dynamic Type 2 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 2 HARQ-ACK codebook to be re-transmitted to the Type 2 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.
· in case the semi-static Type 1 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 1 HARQ-ACK codebook to be re-transmitted to the Type 1 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.

In this contribution, we provide our views on PUCCH carrier switching.
2 [bookmark: _Hlk861261]Discussion
PUCCH carrier switching for HARQ-ACK
After RAN1#106b meeting, a big picture for RRC configured PUCCH cell timing pattern for PUCCH carrier switching become clearer, and thus some further details should be finished in this meeting. 
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, including the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot, and the case the PCell slot to be shorter than the target PUCCH cell slot.
· For the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot, Alt 1: the first target PUCCH slot overlapping with the PCell slot is preferred since it is no need to take extra effort to introduce additional offset and this rule can further ensure that PUCCH would be transmitted on the earliest slot.  
· For the case the PCell slot to be shorter than the target PUCCH cell slot, Alt 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot is preferred since alternative 4 places tight restrictions on the combination of configured SCS for PUCCH cells.  

Proposal 1: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot, apply Alt.1: the first target PUCCH slot overlapping with the PCell slot. 
Proposal 2: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, apply Alt.2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot.

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 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 3: How to handle misaligned PUCCH configuration from different PUCCH cells, for example, sub-slot configuration, priority indication of PUCCH, and SPS PDSCH only HARQ-ACK, should be specified in this meeting. 
Proposal 4: To handle misaligned PUCCH configuration, consider prohibiting some parameters in PUCCH-Config from being different or establishing some rules for PUCCH carrier switching procedure. 

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 5: Apply semi-static PUCCH carrier switching as basis and further override the configured PUCCH carrier for a slot by DCI. 

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 6: 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 7: 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	For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot, apply Alt.1: the first target PUCCH slot overlapping with the PCell slot. 
Proposal 2	For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, apply Alt.2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot.
Proposal 3	How to handle misaligned PUCCH configuration from different PUCCH cells, for example, sub-slot configuration, priority indication of PUCCH, and SPS PDSCH only HARQ-ACK, should be specified in this meeting.
Proposal 4	To handle misaligned PUCCH configuration, consider prohibiting some parameters in PUCCH-Config from being different or establishing some rules for PUCCH carrier switching procedure.
Proposal 5	Apply semi-static PUCCH carrier switching as basis and further override the configured PUCCH carrier for a slot by DCI.
Proposal 6	 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 7	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. 
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