[bookmark: OLE_LINK2][bookmark: OLE_LINK3]3GPP TSG RAN WG1 #105-e                                            R1-2105257
e-Meeting, May 10th – 27th, 2021

[bookmark: Source][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Agenda item:	8.8.2
Source:	NEC
Title:              	Discussion on PUCCH enhancements
[bookmark: DocumentFor]Document for:	Discussion and Decision

1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#104-e meeting [1], some agreements were made as following,
	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

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

Agreements:
Subject to the prerequisites of DMRS bundling for PUCCH repetitions, support enabling PUCCH repetitions with DMRS bundling via RRC configuration. 
· FFS: the configuration is per UE or per PUCCH resource. 
· FFS: whether additional dynamic signaling is needed to enable/disable PUCCH repetitions with DMRS bundling
· FFS: necessity of additional signaling/configuration of DMRS bundling duration/window and associated size



In this contribution, we provide our view on PUCCH enhancements.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Dynamic PUCCH repetition factor indication
Two options are agreed to down select in .RAN1#104-e meeting. Each options have their pros and cons. Option 1 can save DCI bits overhead but reduce dynamic resources flexibility due to some entries in RRC configuration is used for repetition number indication, while option 2 is the other way around. Different option may be suitable for different scenario and force to down select seems not to be a good way to fulfil every use case. It’s beneficial to give network flexibility to choose tradeoff between DCI overhead and PUCCH resources indication flexibility. When PUCCH resources indication flexibility is more preferred by network, it can increase DCI bits to indicate repetition number. When DCI payload is more preferred by network, it can reduce the number of different PUCCH resources within a slot. 
Proposal 1: Both option 1 and option 2 can be selected to support dynamic PUCCH repetition factor indication based on network preference and configuration.
For option 1, when RRC configures dynamic resource repetition factor and static resource repetition factor, UE should use dynamic factor and ignore static factor which is similar as RRC configured dynamic PUSCH repetition factor has higher priority than RRC configured static PUSCH aggregation factor.
Proposal 2: For option 1, when RRC configures dynamic repetition factor and static repetition factor, UE should use dynamic factor and ignore static factor.
2.2 DMRS bundling for PUCCH repetitions
Subject to the prerequisite of DMRS bundling for PUCCH repetitions, additional frequency hopping pattern, e.g. more frequency hopping position, may have larger frequency diversity gain. When RRC configures number of dynamic PUCCH repetition together with PUCCH resources, the flexibility of the selection of PUCCH is reduced. Hence, the selective scheduling gain of PUCCH, if any, may be less than legacy non-dynamic PUCCH repetition factor case. To compensate the diversity gain loss, it may consider to enhance the inter-slot frequency hopping pattern.
Proposal 3: Additional frequency hopping patterns than Rel-16 should be supported.
DMRS bundling can provide joint channel estimate gain. However, joint channel estimation gain depends on channel condition and network receiver strategy. DMRS bundling may not have gain for all variable cases. Network granting dynamic DMRS bundling indication to UE has benefit especially for high speed and higher Doppler spread scenario. To save DCI overhead, dynamic indication can be done by configuration of DMRS bundling per PUCCH resources.
Proposal 4: DMRS bundling for PUCCH repetitions is configured per PUCCH resource.
3 Conclusion
In this contribution, we provide our view on PUCCH enhancements and propose that,
Proposal 1: Both option 1 and option 2 can be selected to support dynamic PUCCH repetition factor indication based on network preference and configuration.
Proposal 2: For option 1, when RRC configures dynamic repetition factor and static repetition factor, UE should use dynamic factor and ignore static factor.
Proposal 3: Additional frequency hopping patterns than Rel-16 should be supported.
[bookmark: _GoBack]Proposal 4: DMRS bundling for PUCCH repetitions is configured per PUCCH resource.
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