Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 #108-e	R1- 2201783
e-Meeting, February 21st – March 3rd, 2022 

Agenda Item:	8.8.2
Source:	Apple Inc.
Title:	Remaining issues on PUCCH coverage enhancements 
Document for:	Discussion, Decision
[bookmark: _Ref4510574]Introduction
In 3GPP RAN#90-e, a work item for Rel-17 NR coverage enhancements was approved. One of the objectives of this WI is

· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]

Although Rel-17 RAN1 work is closed in RAN1#107-e, in this contribution, we present our views on remaining open aspects to enhance NR coverage for PUCCH channel.

Open Aspects to PUCCH Repetitions

DMRS bundling and inter-slot frequency hopping 
RAN1 has discussed for couple of meeting on how the hopping pattern is determined, yet it seems views from different companies are not aligned. In our view, the hopping interval is fixed, and not floating for example due to dropping a repetition occasion. Accordingly, slots associated with each hop are determined once the first hopping interval is determined. Now the question is how the first hopping interval is determined. We think a procedure similar to existing specification can be adopted, where the first hop is determined relative to the scheduling DCI and/or the starting repetition occasion. For example, if UE is indicated that hopping interval is 4 slots, and the first repetition occasion is in slot n, then slots n to n+3 are on the first hop, slots n+4 to n+7 are on the second hop and so on.

Based on the above discussion, we have the following proposal:   

Proposal: For DMRS bundling with frequency hopping, the first hopping interval starts relative to scheduling DCI and/or the first repetition occasion. The subsequent intervals are determined based on a fixed (not floating) hopping pattern.

Dynamic indication of PUCCH repetition number
Dynamic indication of repetition factor for PUCCH is discussed and the working assumption agreed in RAN1 #105e, which was finally confirmed in RAN1#106e [2]:  
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

Given that configuration of each PUCCH resource can be associated with a RRC repetition factor, potentially there will be more PUCCH resources per resource set, e.g. some with repetition factor 2, 4, etc. In current specification, there are two mechanisms to indicate a PUCCH resource within a set with more than 8 resources. The first mechanism is specified in 38.213 Sec. 9.2.1 for cell-specific PUCCH indication (fixed to 16 resources), and the second mechanism is specified in 38.213 Sec. 9.2.3, which allows resource indication for dedicated PUCCH config when the set size is up to 32. The latter mechanism is only applicable to the first PUCCH resource set (set0) which may have more than 8 resources (up to 32 resources). Without any changes to specification, it is expected that number of PUCCH resources within each resource set does not violate Rel-15/16. That is in rel-17, number of PUCCH resources with and without configured repetition factor shall be less than 32 for set0 and less than 8 for other resource sets. This is not ideal design, but at this late stage it is acceptable. Thus, in order to clarify UE behavior, we propose to take the following conclusion: 

Conclusion: No new value for the maximum number of PUCCH resources within each resource set is defined in Rel-17.
 
Conclusions
In this contribution, we provided our thoughts on techniques NR coverage enhancement. Based on views shared in this paper, we make the following proposal and conclusion:

Proposal: For DMRS bundling with frequency hopping, the first hopping interval starts relative to scheduling DCI and/or the first repetition occasion. The subsequent intervals are determined based on a fixed (not floating) hopping pattern.

Conclusion: No new value for the maximum number of PUCCH resources within each resource set is defined in Rel-17. 
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