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1	Introduction
In RAN1 #107bis-e [1], most of the details for HARQ-ACK enhancements for IIoT/URLLC have been completed. In this contribution, we address a few remaining open issues that are summarized in [1].
[bookmark: _Ref178064866]2	Discussion
2.1	Joint operation of SPS HARQ-ACK deferral and Rel-17 intra-UE multiplexing
[bookmark: _Hlk61362087]When both SPS HARQ-ACK deferral and Rel-17 intra UE multiplexing are configured to UE, the same principle of the previous agreement and conclusion based on Rel-16 UCI multiplexing below can be followed.
	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.



SPS HARQ-ACK of different PHY priorities can be separately deferred with the target PUCCHs separately determined according to their respective PHY priorities. Then depending on where the target slot(s) is/are located, Rel-17 intra UE multiplexing can be applied. That is, if SPS HARQ-ACK can be multiplexed into PUCCH/PUSCH with different priorities in a slot, following the Rel-17 intra UE multiplexing. If the resultant PUCCH resource is valid and can be transmitted, the deferral is stopped. Otherwise, the deferral is continued. Note that in this case, SPS HARQ-ACK of different PHY priorities can be separately deferred since they can be associated to different SPS configurations with different maximum deferral value.

[bookmark: _Toc94824675]If after the Rel-17 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.
[bookmark: _Toc94824676]SPS HARQ-ACK of different PHY priorities can be separately deferred with the target PUCCHs separately determined according to their respective PHY priorities. Then depending on where the target slot(s) is/are located, Rel-17 intra UE multiplexing can be applied when applicable.
2.2	Joint operation of PUCCH cell switching and Rel-17 intra-UE multiplexing
The agreed framework for PUCCH cell switching (dynamic or semi-static) ensures that in a PUCCH group, at a given time, the PUCCH resources would be allocated a same cell being either on PCell /PSCell / PUCCH SCell or on PUCCH sScell even when dynamic PUCCH cell switching, or semi-static PUCCH cell switching is enabled. This property can be observed from the agreements/conclusions below:
	Semi-static PUCCH cell-switching
Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. 
Agreement
For PUCCH cell 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), adopt Alt 1, i.e., the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.
Agreement
For PUCCH cell switching based on semi-static operation, adopt Alt. 4, i.e., the UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.


	Dynamic PUCCH cell-switching
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.
Conclusion: 
For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH PUCCH cell.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the alternative PUCCH cell.



Therefore, once a target cell is determined based on the dynamic indication or time-domain pattern due to dynamic PUCCH cell switching or semi-static PUCCH cell switching, respectively, the intra-UE multiplexing procedures can be applied in case of overlapping PUCCH resources on the target cell.

[bookmark: _Toc94824672]When dynamic or semi-static PUCCH cell switching is enabled for a PUCCH group, at any given time the PUCCH resources would be allocated to a same cell (either PCell /PsCell / PUCCH SCell or PUCCH sScell).
[bookmark: _Toc94824673]Once a target cell is determined based on a dynamic indication or time-domain pattern due to dynamic or semi-static PUCCH cell switching, respectively, the intra-UE multiplexing procedures can be applied to resolve collision in case of overlapping PUCCH resources on the target cell.

Therefore, we propose the following:
[bookmark: _Toc94824677]Joint configuration of dynamic/semi-static PUCCH cell switching and Rel-16/Rel-17 intra-UE multiplexing is supported.

2.3	Joint operation of semi-static PUCCH cell switching and PUCCH repetition
For semi-static PUCCH cell switching and PUCCH repetition, there were two alternatives under discussion on how the target PUCCH cell is determined/used for different PUCCH repetitions:
· Alt. 1: The target PUCCH cell is determined for each PUCCH repetition individually
· This may include the limitation of cell switching of the same SCS / PUCCH slot length
· Alt. 2: The target PUCCH cell determination applies to the first PUCCH repetition and the rest of the PUCCH repetitions use the same target PUCCH cell.
Alt.1 may seem like a natural solution since the UE is already configured with semi-static time domain pattern to follow for PUCCH transmission in each slot. However, there are some complications which need to be handled, e.g., when PUCCH resources configured for PCell and alternative SCell for PUCCH cell switching are different. The indicated PUCCH resource to be used for the first PUCCH repetition on the cell indicated by semi-static time domain pattern may not be available in the set of PUCCH resources configured for the other cell. Thus, some limitation on PUCCH resource configuration and/or indication may be needed. Moreover, when SCS of the two cells for PUCCH cell switching are different, there should be some limitation on the PUCCH resource indication so that the indicated PUCCH resource to use for PUCCH repetition is applicable for both cells. Some clarification on the reference SCS to use for counting/increasing the number of repetitions is also needed.
Alt. 2 appears to be simpler. The same PUCCH resource can be used for PUCCH repetition on the target PUCCH cell determined for the first repetition. Since PUCCH repetition has built-in deferral, there should be no issue with having full PUCCH repetition transmitted in valid slots on the target PUCCH cell determined for the first repetition.
Based on above discussion and given the remaining time in RAN 1, Alt. 2 is preferred.
[bookmark: _Toc94824674]Some limitations on PUCCH resource configurations and/or indication are needed to support PUCCH repetition on target PUCCH cells determined individually for each PUCCH repetition. 
[bookmark: _Toc94824678]For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported. A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions / the repetition is postponed as in Rel-16.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	When dynamic or semi-static PUCCH cell switching is enabled for a PUCCH group, at any given time the PUCCH resources would be allocated to a same cell (either PCell /PsCell / PUCCH SCell or PUCCH sScell).
Observation 2	Once a target cell is determined based on a dynamic indication or time-domain pattern due to dynamic or semi-static PUCCH cell switching, respectively, the intra-UE multiplexing procedures can be applied to resolve collision in case of overlapping PUCCH resources on the target cell.
Observation 3	Some limitations on PUCCH resource configurations and/or indication are needed to support PUCCH repetition on target PUCCH cells determined individually for each PUCCH repetition.

Based on the discussion in the previous sections we propose the following:
Proposal 1	If after the Rel-17 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.
Proposal 2	SPS HARQ-ACK of different PHY priorities can be separately deferred with the target PUCCHs separately determined according to their respective PHY priorities. Then depending on where the target slot(s) is/are located, Rel-17 intra UE multiplexing can be applied when applicable.
Proposal 3	Joint configuration of dynamic/semi-static PUCCH cell switching and Rel-16/Rel-17 intra-UE multiplexing is supported.
Proposal 4	For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported. A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions / the repetition is postponed as in Rel-16.
[bookmark: _In-sequence_SDU_delivery] 
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