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Introduction
In the RAN1 #104e 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, two options are agreed to be down-selected to support dynamic PUCCH repetition factor indication.
	
Agreements: Down select from the following two options to support dynamic PUCCH repetition factor indication.
· Option 1 (without DCI enhancement): Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. PUCCH repetition factor is implicitly indicated by DCI.
· FFS details, e.g., via reusing the “PUCCH resource indicator” field (without increase # bits of it), starting CCE index (when applicable) of DCI, by PDCCH aggregation level, etc.
· FFS: RRC signaling enhancement details
· Option 2 (with DCI enhancement): PUCCH repetition factor is explicitly indicated by DCI
· e.g., introduce a new field or increase the number of bits of an existing field (e.g., PRI) in DCI for PUCCH repetition factor indication
· FFS whether there is a need for RRC update




Both options with or without DCI enhancements could support the dynamic PUCCH repetition factor indication. In the option 1, the PUCCH repetition factor is configured per PUCCH resource and the repetition factor could be indicated through the PUCCH resource indications. The option 2 is an more straightforward way through explicit indication by DCI. Though during the study in the SI, the PDCCH coverage is not a problem compared with uplink transmissions, which means that increase the number of bits is acceptable for the system from the perspective of coverage. But we should try to limit the impacts due to the enhancements of PUCCH, which is not the critical bottleneck compared with PUSCH. Then the option 1 is slightly preferred. But if the design of the dynamic indication is too complicated following the option 1, the option 2 is also acceptable. 

Proposal 1: 
The option 1 of the dynamic PUCCH repetition factor indication without DCI enhancement is slightly preferred.  

For the detail design, using the starting CCE index to indicate the repetition number may limit the flexibility of CCE mapping. The operation of CCE mapping also consider the interference randomization. Using the CCE index to indicate the repetition number would concentrate the DCIs into certain CCE positions, which could induce more collisions within PDCCH. The aggregation level could provide some understandings on coverage from the gNB side. But the downlink and uplink coverage are not always symmetrical. Instead of using some basic operation of PDCCH mapping, such as CCE mapping and aggregation level, we would prefer to use PUCCH resource indicator with additional explicit or implicit information. Other mechanisms are not precluded.

Proposal 2:
Compared with CCE mapping and aggregation level, the PUCCH resource indicator based mechanisms are preferred. 

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. 
	Agreements: Subject to the prerequisite of DMRS bundling for PUCCH repetitions, enhance inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling. 
· FFS: details in inter-slot frequency hopping pattern enhancement, e.g., additional frequency hopping patterns than Rel-16.
· Strive for common design 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 3:
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: 
The option 1 of the dynamic PUCCH repetition factor indication without DCI enhancement is slightly preferred.
Proposal 2:
Compared with CCE mapping and aggregation level, the PUCCH resource indicator based mechanisms are preferred. 
Proposal 3:
For the design of frequency hopping, the DMRS bundling of PUSCH should could be the starting point of PUCCH. 
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