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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN #95 meeting, WI on enhancements of NTN was approved and one of the objective of the WI is to study the coverage enhancements aspects for commercial UEs accessing the NTN cell [1]. In RAN#97-e meeting, the work item description (WID) for NR NTN enhancements was revised [2] and the objectives for coverage enhancement were refined as follows:

· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]

The revised WID includes the following assumptions for coverage enhancement for NR NTN.
	The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarisation loss (per antenna port). 
Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.
The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.



In this contribution, we provide our views on some aspects of coverage enhancement for PUCCH for Msg4 HARQ-ACK.
[bookmark: _Ref129681832]Discussion
In RAN1 #110, the following was concluded regarding the PUCCH for HARQ-ACK of the Msg4:

	Conclusion
RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.



Supporting multiple repetitions is a straightforward mechanism for coverage enhancement when dedicated PUCCH resource configuration is not provided. In RAN1#111 meeting, following working assumption was made on a high level procedure for PUCCH repetition for Msg4 HARQ-ACK:

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· [bookmark: _Hlk127199262]FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion
 
Since channel characteristics of different UEs in an NTN cell are not expected to vary considerably, configuration of repetition factors in cell-specific manner via SIB can save signaling overhead as compared to UE specific signaling. UEs which are incapable of repetition can ignore this indication. However, gNB must be aware of such UEs to avoid waste of network resources and, therefore, UE indication of repetition capability can be useful for spectral efficiency. In our view, UE repetition request is one way for indicating repetition capability. Two options which have been extensively discussed for reporting PUCCH repetition capability include indication via PRACH (i.e. Msg1) and Msg3 PUSCH. 

Indication of PUCCH repetition capability via PRACH will result in segmentation of the PRACH preambles which would lead to increased collision probability. Since large preamble fragmentation already exists for the support of other features and the large cell sizes in NTN, PUCCH repetition capability reporting via Msg1 is not preferred.

Solutions for indication of PUCCH repetition capability via Msg3 are as follows:

· [bookmark: _Hlk118361119]Solution 1: Msg3 PUSCH repetition request automatically implies Msg4 PUCCH repetition request/capability signalling.
· Solution 2: PUCCH repetition capability is indicated via Msg3. Existing proposals can be categorized into two solutions:
· Alt-1: UE sends PUCCH repetition request explicitly in Msg3 by either using an existing field or introducing a new field. 
· Alt-2: Using a dedicated configuration for Msg3 transmission to implicitly indicate PUCCH repetition capability
[bookmark: _Hlk118295725]In our view, solution 1 is a simple solution to indicate Msg4 PUCCH repetition capability with minimum specification impact and standards effort. gNB can use UL measurement results based on PRACH and/or Msg3 to dynamically determine and indicate repetition number to the UEs with PUCCH repetition capability. Dynamic indication can help avoid PUCCH performance degradation by adapting the number of repetitions if the channel conditions change. This can  avoid PUCCH performance degradation (e.g. by indicating higher repetition factor when channel conditions get worse) and can also be useful for avoiding waste of network resources (e.g. indicating lower value if channel conditions are favorable). However, if only one repetition factor is configured via SIB, UEs with PUCCH repetition capability can perform repetition with the indicated factor and no dynamic indication is needed. 

Proposal 1: Msg3 PUSCH repetition request automatically implies Msg4 PUCCH repetition capability signalling.

Proposal 2: Support dynamic indication of number of PUCCH repetitions for Msg4 HARQ-ACK by gNB.

When repetition factor is not configured via SIB, UE behavior is still FFS. In our view, gNB has better knowledge of coverage issues for PUCCH, absence of repetition factor configuration via SIB will happen only when it determines no repetition is needed. In this case, repetition factor is assumed to be 1 and legacy procedure follows for Msg4 HARQ-ACK transmission. 
 
Proposal 3: UE assumes PUCCH repetition factor for MSG4 HARQ-ACK is 1when repetition factor is not configured via SIB.

[bookmark: _Hlk127200536]On the issue of more than one UE capabilities, we can follow the connected mode mechanism relating to performing PUCCH repetitions. In connected mode, PUCCH repetition capability indication applies to all the repetition factors in the set. Similarly, only one capability indicating support for all the repetitions factors that can be configured for Msg4 HARQ-ACK seems more straightforward. 

 Proposal 4: Support only one capability indication for all the repetition factors which can be configured for PUCCH repetitions for Msg4 HARQ-ACK.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have following proposals.

Proposal 1: Msg3 PUSCH repetition request automatically implies Msg4 PUCCH repetition capability signalling.

Proposal 2: Support dynamic indication of number of PUCCH repetitions for Msg4 HARQ-ACK by gNB.

Proposal 3: UE assumes PUCCH repetition factor for MSG4 HARQ-ACK is 1when repetition factor is not configured via SIB.

Proposal 4: Support only one capability indication for all the repetition factors which can be configured for PUCCH repetitions for Msg4 HARQ-ACK.
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