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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#91, Revised WID on NR coverage enhancements was approved [1]. The following issues are going to be discussed for PUCCH.
	· 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]
· When applicable, based on similar mechanism(s) for enabling joint channel estimation for PUSCH


In this contribution, we discuss the above aspects.

Dynamic PUCCH repetition factor indication
In RAN1#104 meeting, several options to support the signaling of dynamic PUCCH repetition factor were discussed, and the following agreements were reached [2].
	Agreements: Down select from the following two options to support dynamic PUCCH repetition factor indication.
· [bookmark: _GoBack]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


For the above two options, both of them have pros and cons. For option 1, only RRC signaling enhancements are needed, and no DCI size increment, but the flexibility is certainly very limited. While for option 2, introduce a new field or increase the number of bits of an existing field can increase the flexibility, but a larger DCI size in addition to existing field may bring degraded PDCCH performance.
From our perspective, compared to the increased complexity and possible performance degradation caused by larger DCI size of option2, the limitation of flexibility of option 1 is acceptable. If option 1 is adopted, it can be further considered to update the set of available repetition numbers via MAC-CE. Therefore, we slightly prefer option 1. 
Proposal 1：To support dynamic PUCCH repetition factor indication, enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource and PUCCH repetition factor is implicitly indicated by DCI.
	-FFS：MAC-CE updates the set of available repetition numbers.

For Periodic/Semi-persistent PUCCH, no direct DCI is related to periodic PUCCH. Currently, almost all parameters are configured via RRC, except features like spatial relation/ SP CSI reporting can be updated via MAC-CE. On one hand, we can still use MAC-CE to indicate the repetition factor for periodic PUCCH. On the other hand, we can set some rules. For example, the Periodic/Semi-persistent PUCCH can follow the repetition factor of latest aperiodic PUCCH. However, different PUCCH format/ nrofSymbols could require different level of repetition. To be more accurate, we can set constraints on latest aperiodic PUCCH, e.g., same PUCCH format and/or same nrofSymbols.
From our perspective, the latter solution is more favorable. Without introducing new MAC-CE format, less specification effort can be expected.



Proposal 2. For P/SP PUCCH, the repetition factor can be determined by the latest PUCCH with some constraints, e.g., same PUCCH format and/or same nrofSymbols.

DMRS bundling across PUCCH repetitions
In RAN1#104 meeting, several issues related to DMRS bundling across PUCCH repetitions were discussed, and the following agreements or conclusions were reached [2].
	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

Conclusion: In Rel-17, deprioritize the study of DMRS pattern/location/granularity optimization for PUCCH coverage enhancement in AI 8.8.2. This conclusion could be revisited after the progress on the study of  DMRS pattern/location/granularity optimization for PUSCH coverage enhancement in AI 8.8.1.3. 

Conclusion: For the study of enhancing inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, at least the following aspects can be considered:
· Performance tradeoff between maximizing # consecutive UL slots in one frequency hop (to achieve more DMRS bundling gain) and maximizing # hops (to achieve more diversity gain)
· Note: the maximum # frequency hopping positions is still 2 as in Rel-15/16., which is signaled by startingPRB and secondHopPRB
· Interaction between hopping boundary determination and TDD configuration

Conclusion: For the simulations to study the enhancement of inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, simulation assumptions in 38.830 are reused as a starting point. 
Note: Additional simulation scenarios/assumptions are not precluded.


Regarding the additional frequency hopping patterns than Rel-16, inter-slot frequency hopping pattern considering TDD configurations should be studied. For example, to facilitate joint channel estimation, the repetitions of PUCCH in consecutive UL slots can be mapped to the same hop as many as possible.
Proposal 3. Inter-slot frequency hopping pattern considering TDD configurations should be studied.

Conclusions
In this contribution, we have the following proposals:
Proposal 1：To support dynamic PUCCH repetition factor indication, enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource and PUCCH repetition factor is implicitly indicated by DCI.
	-FFS：MAC-CE updates the set of available repetition numbers.
Proposal 2. For P/SP PUCCH, the repetition factor can be determined by the latest PUCCH with some constraints, e.g., same PUCCH format and/or same nrofSymbols.
Proposal 3. Inter-slot frequency hopping pattern considering TDD configurations should be studied.
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