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Introduction
[bookmark: _Hlk22834419]This contribution discusses remaining aspects related to enhancements for PUCCH. 

DMRS bundling across PUCCH repetitions
Inter-slot frequency hopping with DMRS bundling
In RAN1#107-e [1] it was agreed the following:

	Agreement 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE perform the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering.  One option of the following options is to be selected.
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· FFS: DMRS bundling should be restarted in case of frequency hopping event
· FFS: whether same or separate RRC configuration(s) for hopping interval and configured TDW. 

· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”

Agreement 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE performs the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering, based on the following option 1.
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· DMRS bundling shall be restarted at the beginning of each frequency hop
· DMRS bundling is per actual TDW
· FFS: Frequency hopping pattern is determined by physical slot indices.
· FFS: different FH pattern determination for PUCCH and PUSCH
· FFS: details of FH pattern design
· Support separate RRC configuration(s) for hopping interval and configured TDW length. 
· if hopping interval is not configured, the default hopping interval is the same as the configured TDW length
· FFS: if both hopping interval and TDW length are not configured
· Note: hopping interval is only determined by the configuration of hopping interval if hopping interval is configured





Regarding the FFS on how to determine a FH pattern for PUCCH discussed in RAN1#107-e [2], it seems that there is no technical justification for changing the Rel-16 behavior that determines the FH pattern based on the relative slot index ensuring an efficient use of the PUCCH resources. For additional flexibility and potentially better performance, it can be considered a frequency hopping interval that is larger than a single slot as in Rel-16. The advantage of using a frequency hop interval of multiple slots would be to perform DMRS bundling over the multiple consecutive slots. It is noted that in Rel-17 it is not possible to perform DMRS bundling over non-consecutive slots (for both PUSCH and PUCCH). Additionally, more than two hops can be useful to exploit the channel frequency diversity especially when the number of repetitions is large. 


Proposal 1: 
For DMRS bundling for PUCCH transmission with repetitions, the frequency hopping pattern is determined based on a relative slot index as in Rel-16.

Proposal 2: 
For DMRS bundling for PUCCH transmission with repetitions, the frequency hopping interval can be larger than one slot.

Proposal 3: 
For DMRS bundling for PUCCH transmission with repetitions, further discuss whether the number of hops is larger than two. 


RRC parameters
Similar to DMRS bundling for PUSCH, for PUCCH it was agreed to introduce the two following RRC parameters:
· PUCCH-DMRS-Bundling to enable/disable DMRS bundling and time domain window
· PUCCH-TimeDomainWindowLength to indicate the length of the time domain window in slots

[bookmark: _GoBack]Whether the two parameters are configured per UL BWP or per PUCCH resource was discussed in past meetings and is still not finalized [3]. For both parameters, we think it is sufficient to be configured per UL BWP.

Proposal 4: 
For DMRS bundling for PUCCH transmission with repetitions, the following two parameters are configured per UL BWP
· PUCCH-DMRS-Bundling 
· PUCCH-TimeDomainWindowLength 


Conclusion
This contribution discusses the remaining details for PUCCH coverage enhancement. The proposals made in this contribution are summarized as below:

Proposal 1: 
For DMRS bundling for PUCCH transmission with repetitions, the frequency hopping pattern is determined based on a relative slot index as in Rel-16.

Proposal 2: 
For DMRS bundling for PUCCH transmission with repetitions, the frequency hopping interval can be larger than one slot.

Proposal 3: 
For DMRS bundling for PUCCH transmission with repetitions, further discuss whether the number of hops is larger than two. 

Proposal 4: 
For DMRS bundling for PUCCH transmission with repetitions, the following two parameters are configured per UL BWP
· PUCCH-DMRS-Bundling 
· PUCCH-TimeDomainWindowLength 
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