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Introduction
In this contribution, we address the remaining issues of HARQ-ACK. Feedback enhancements for Rel-17 URLLC.
[bookmark: _Toc54340760]Discussion
At RAN1 #108-e, the Rel-17 URLLC was declared as completed. One remaining issue is PUCCH repetition with PUCCH carrier switching, which was also discussed in RAN #95-e (RP-220759):
Observation 1: Joint operation of PUCCH cell switching and PUCCH repetition is essential for PUCCH latency and reliability.
Observation 2: Option#1 for joint operation of PUCCH cell switching and PUCCH repetition (i.e., the PUCCH cell of the first repetition is applicable for all the PUCCH repetitions), is straightforward and can be adopted with minimum specification impact.
Observation 3: Option#2 for joint operation of PUCCH cell switching and PUCCH repetition (i.e., the PUCCH cell is determined separately for each PUCCH repetition), can be adopted with some restrictions to reduce the specification and implementation impact.
Proposal 1: RAN plenary should provide one of the following guidance to RAN1.
·       Alt-1: RAN1 to adopt Option#1 for joint operation between PUCCH cell switching and PUCCH repetition (i.e., the PUCCH cell of the first repetition is applicable for all the PUCCH repetitions).
·      Alt-2: RAN1 to adopt the following options for joint operation between PUCCH cell switching and PUCCH repetition:
o   Option#1: the PUCCH cell of the first repetition is applicable for all the PUCCH repetitions.
o  Option#2: the PUCCH cell is determined separately for each PUCCH repetition (with restrictions to reduce the specification and implementation impact).


Our understanding is that PUCCH carrier switching was motivated by potential latency reduction when different DL/UL configurations are configured at different TDD carriers. With that, when HARQ-ACK for PDSCH is available, instead of waiting for a next PUCCH slot in the PCell, a UE has a chance to transmit PUCCH earlier over an SCell before the PUCCH slot in the PCell. If PUCCH repetition over multiple slots is used, the latency requirement for the feedback cannot be too stringent. Hence, we don’t think PUCCH repetition belongs to the targeted use case for PUCCH carrier switching. Purely considering latency sensitive traffic only, the joint operation of PUCCH repetition and PUCCH carrier switching is not well motivated.  

In the context of traffic mix with URLLC and eMBB, it may be beneficial to enable PUCCH carrier switching for URLLC traffic, then the only reasonable case where PUCCH repetition comes into the picture is the presence of PUCCH feedback for eMBB traffic, which should have a more relaxed latency requirement than URLLC’s, hence PUCCH repetition may be a suitable choice.  We have

Observation: In the context of PUCCH carrier switching, if traffic mix with URLLC and eMBB is supported, the only reasonable case where PUCCH repetition comes into the picture is PUCCH (with repetition) feedback for DL/UL eMBB traffic.


Hence the problem to deal with should be clear: in the maintenance stage, we can develop a solution so PUCCH repetition for eMBB traffic’s feedback is not broken. And supporting different PUCCH repetitions across cells is not motivated at all. And the discussion can focus on the design detail of PUCCH repetitions on the same cell.  If there are companies holding different views, then as a compromise PUCCH repetition on the same cell is supported for physical layer priority 0 (low priority), and whether and how to support PUCCH repetition with physical layer priority 1 can be left for future releases, and at that time if other companies can be convinced of its necessity and PUCCH repetitions across different CCs has a chance to come back. 

Finally, since Rel-17 IIoT/URLLC is considered complete without the support of the discussed joint operation, leaving the whole discussion for future is also an option, which would mean there is no support of joint operation of PUCCH repetition and PUCCH carrier switching in Rel-17.

We have
Proposal: 
Consider two alternatives if joint operation of PUCCH repetition and PUCCH carrier switching is to be supported in Rel-17:

Alt. 1 
When 1) PUCCH carrier switching is supported by the UE and configured by the network and 2) PUCCH repetition is supported by the UE and configured by the network, PUCCH repetition over the same CC is supported, and PUCCH repetition across different CCs is not supported. 

Alt. 2
When 1) PUCCH carrier switching is supported by the UE and configured by the network and 2) PUCCH repetition is supported by the UE and configured by the network, PUCCH repetition with low physical layer priority over the same CC is supported, and other cases including PUCCH repetition across different CCs are not supported. 


Conclusion
In this contribution, we discuss PUCCH repetition and PUCCH carrier switching. We have 

Observation: In the context of PUCCH carrier switching, if traffic mix with URLLC and eMBB is still supported, the only reasonable case where PUCCH repetition comes into the picture is PUCCH (with repetition) feedback for DL/UL eMBB traffic.

Proposal: 
Consider two alternatives if joint operation of PUCCH repetition and PUCCH carrier switching is to be supported in Rel-17:

Alt. 1 
When 1) PUCCH carrier switching is supported by the UE and configured by the network and 2) PUCCH repetition is supported by the UE and configured by the network, PUCCH repetition over the same CC is supported, and PUCCH repetition across different CCs is not supported. 

Alt. 2
When 1) PUCCH carrier switching is supported by the UE and configured by the network and 2) PUCCH repetition is supported by the UE and configured by the network, PUCCH repetition with low physical layer priority over the same CC is supported, and other cases including PUCCH repetition across different CCs are not supported. 
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