3GPP TSG RAN WG1 #106-e			                                  R1-2107420
e-Meeting, August 16th – 27th, 2021
Agenda item:	8.8.2
Source: 	CMCC
Title: 	Discussion on PUCCH enhancements
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In the RAN1 #105e meeting, the PUCCH enhancements was discussed focusing on the dynamic PUCCH repetition factor indication and DMRS bundling across PUCCH repetition [1]. The agreements will be listed within the corresponding sections. 
In this contribution, we provide our views on the PUCCH enhancements.
Discussion
2.1 Dynamic PUCCH repetition factor indication
In the last meeting, a working assumption is achieved to support dynamic PUCCH repetition factor indication.

	Working assumption: In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signalling 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 signalling enhancement details




Based on the working assumption, the repetition factor should be configured per PUCCH resources. Current repetition factor of 2, 4, 8 could be reused, as the increase the repetition number of PUCCH is out of the scope. 
The PRI could be used to indicate the PUCCH resources and the CCE index could be used for the indication of repetition factor from the value set configured for the PUCCH resource. But there are two issues. The first one that, when the PUCCH resource configured is larger than 8, the CCE index should be also used for the indication of PUCCH resource in addition. And the 2nd issue is, the starting CCE index is related with the aggregation level. There could be too many starting CCE index over the candidate values of repetition factor. Or there could be not enough starting CCE indexes to indicate all the candidate values. For the not enough CCE index indications, additional information could be provided. Or for those high aggregation level PDCCH, the repetition factor should be limited below 3 values to fit the indication number. 

Proposal 1:  
Confirm the working assumption, support using the PRI and starting CCE index to indicate a PUCCH resource and its associated repetition factor.

Proposal 2:
The issues of sharing the CCE index for indication of more than 8 PUCCH resources should be discussed

Proposal 3:
The issues of redundant and not enough indications of repetition factors through starting CCE indexes considering different aggregation level should be discussed.

In addition to indicating the repetition factor, the CE UE should also support the switching between PUCCH with and without repetitions. 

Proposal 4:
The indication of repetition of PUCCH on and off should be supported. 

2.2 DMRS bundling across PUCCH repetitions
The DMRS bundling of PUCCH DMRS is similar with the joint channel estimation of PUSCH. The coverage could be improved due to the enhancements of the accuracy of channel estimations. The PUCCH repetition under the consecutive slots could be benefit from the DMRS bundling. The PUCCH repetition number could be reduced due to the improvement of channel estimation. Similar as joint channel estimation, the DMRS bundling should consider the power consistency, phase consistency, and the use of time-frequency resources. Since the frequency hopping is usually configured for the PUCCH transmission. The combination of frequency hopping and DMRS bundling should also discussed.

In the last meeting, the following agreements have been reached. 

	Agreement: For DMRS bundling for PUCCH repetitions, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUCCH repetitions subject to power consistency and phase continuity requirements.
· Strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible. 




Since the combination of frequency hopping and joint channel estimation have been discussed in the agenda of joint channel estimation, frequency hopping pattern should at least the starting point. 

Proposal 5:
For the design of frequency hopping, the DMRS bundling of PUSCH should could be the starting point of PUCCH. 

Conclusions
In this contribution, we provide our views on the PUCCH enhancements. The proposals are as below.
Proposal 1:  
Confirm the working assumption, support using the PRI and starting CCE index to indicate a PUCCH resource and its associated repetition factor.

Proposal 2:
The issues of sharing the CCE index for indication of more than 8 PUCCH resources should be discussed

Proposal 3:
The issues of redundant and not enough indications of repetition factors through starting CCE indexes considering different aggregation level should be discussed.

Proposal 4:
The indication of repetition of PUCCH on and off should be supported. 

Proposal 5:
For the design of frequency hopping, the DMRS bundling of PUSCH should could be the starting point of PUCCH. 
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