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1 [bookmark: _Ref521334010]Introduction
In RAN1#106-e meeting, coverage enhancement for PUCCH was extensively discussed and the following agreements were achieved [1]:
	Confirm the following working assumption
Working assumption: 
In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details

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
· 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
· For DMRS bundling for PUCCH repetitions, RAN1 at least prioritize use cases 3 and 4a in R1-2104119.

Agreement
Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.



In this contribution, we provide our views on the remaining issues for PUCCH enhancement.
2 Discussion
2.1 Dynamic PUCCH repetition factor indication
The working assumption on dynamic indication of PUCCH repetition factor has been confirmed during RAN1#106-e meeting [1]. However, no consensus has been reached on the application of dynamic PUCCH repetition factor indication. 
The following conclusion and agreement were achieved in URLLC item during last meeting:
	Conclusion
The dynamic repetition indication solution for slot-based PUCCH repetition from the RAN1#105-e working assumption from Cov. Enh. WI can be directly applied for dynamic repetition indication for sub-slot based PUCCH repetition.

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 


Hence, dynamic PUCCH repetition factor indication can be support for all PUCCH formats.
Proposal 1: Dynamic PUCCH repetition factor indication can be applied to all PUCCH formats.
Another remaining issue is whether dynamic PUCCH repetition factor indication for HARQ-ACK feedback for SPS PDSCH can be supported or not. In the current specification, at most four PUCCH resources for SPS HARQ-ACK are configured by RRC in sps-PUCCH-AN-List. When the UCI only includes HARQ-ACK bits in response to SPS PDSCH receptions, the UE determines one PUCCH resource from the list of PUCCH resources according to the size of UCI bits. In other words, only one candidate PUCCH resource is available for a specific UCI bit size, and the PRI field in the active DCI is reserved. Since the list of PUCCH resources are configured by RRC without dynamic changing, it is useless to apply dynamic repetition factor indication on HARQ-ACK feedback for SPS PDSCH. We should avoid introducing large complexity to the standard but achieve marginal benefit in return.
Proposal 2: It is not necessary to apply dynamic repetition factor indication on the HARQ-ACK feedback for SPS PDSCH.
2.2 DMRS bundling across PUCCH repetitions
Granularity for the RRC configuration 
It is supported to enable/disable PUCCH repetitions with DMRS bundling via RRC configuration. As for the detailed configuration, the following proposal was discussed during RAN1#106-e meeting:
	FL proposal : The RRC configuration for DMRS bundling across PUCCH repetitions is 
· Option 1: per UE
· Option 2: per UL BWP
· Option 3: per PUCCH resource format 
· Option 4: per PUCCH resource  


For option 1, as pointed out in the previous discussion [2], it is inconvenient to configure the DMRS bundling on per UE level, which is higher than the level of the configuration of PUCCH-Config on per BWP level. In addition, option 3 and option 4 are both not desirable due to the requirement of unified design between PUCCH and PUSCH. Hence, we propose that the RRC configuration for DMRS bundling across PUCCH repetitions is configured per BWP.
Proposal 3: The RRC configuration for DMRS bundling across PUCCH repetitions is configured per BWP.

Interaction between hopping interval and DMRS bundling
In RAN1#106-e meeting, following two options are proposed to discuss the interaction between the determination of time domain hopping interval determination and the determination of time domain window for DMRS bundling.
· Option 1: A UE determines the time window(s) for DMRS bundling first. After the time window(s) for DMRS bundling is determined, the UE determines the hopping interval(s) and corresponding hop position for each hopping interval. 
· Option 2: A UE determines the hopping intervals first. After the hoping intervals are determined, the UE determines the time window(s) for DMRS bundling.  
The determination of the time domain window for DMRS bundling across Type A PUSCH repetitions can be reused for DMRS bundling across PUCCH repetitions. Then, the conception of configured TDW and actual TDW shall also be applied for PUCCH repetitions. In our opinion, the time window(s) mentioned in both options seems to be the actual TDW during which the DM-RS bundling shall be actually applied. 
It has been agreed that frequency hopping is one of the events which violate power consistency and phase continuity. In other words, the hopping interval is one of the bases for dividing the configured TDW. When a configured TDW is determined, actual TDWs are naturally formed after executing segment rules including frequency hopping point. Hence, a UE should determine the hopping interval before determining an actual TDW.
Proposal 4: A UE should determine the hopping interval before determining an actual TDW.
In addition, how to determine the hopping interval are unified discussed for PUCCH/PUSCH in [3]. To avoid duplicate discussion, further details of PUCCH should wait for the progress in joint channel estimation for PUSCH.
Proposal 5: The determination of the hopping interval for PUCCH should wait for the progress in joint channel estimation for PUSCH.
3 Conclusion
In this contribution, we provided our view on method for PUCCH coverage enhancement with the following proposals:
Proposal 1: Dynamic PUCCH repetition factor indication can be applied to all PUCCH formats.
Proposal 2: It is not necessary to apply dynamic repetition factor indication on the HARQ-ACK feedback for SPS PDSCH.
Proposal 3: The RRC configuration for DMRS bundling across PUCCH repetitions is configured per BWP.
Proposal 4: A UE should determine the hopping interval before determining an actual TDW.
Proposal 5: The determination of the hopping interval for PUCCH should wait for the progress in joint channel estimation for PUSCH.
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