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1	Introduction
In this contribution, we discuss open issues related to PUCCH repetition on cell-specific PUCCH resources.
[bookmark: _Ref178064866]2	Discussion
2.1	Scope of PUCCH repetition on cell-specific PUCCH resources
RAN#100 endorsed the following proposal from [1]:
	The discussion on the followings is postponed to RAN#101 however without further discussion in RAN1#114
· whether to support repetitions for PUCCH transmission when dedicated PUCCH resource configuration is not provided
· Regarding the PUCCH transmission behavior after the transmission of HARQ ACK of PDSCH with UE contention resolution identity until the decoding of RRC message containing  dedicated PUCCH resource configuration, whether to support SIB indication for the choice between "no PUCCH repetition" or "same as the PUCCH transmission of HARQ ACK of PDSCH with UE contention resolution identity"



In the following, we continue discussion on the two postponed open issues.
2.1.1	Open issue 1: Whether to support repetitions for PUCCH transmission when dedicated PUCCH resource configuration is not provided 
The WID [2] currently states that the objective is “to specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition)”, which was identified as a coverage bottleneck in the study phase. Other PUCCH transmissions on cell-specific PUCCH resources (i.e., when dedicated PUCCH resources are not configured) were not evaluated. However, in case dedicated PUCCH resources are not configured in Msg4, e.g. if the UE capabilities are not known when Msg4 is sent, HARQ-ACK will continue to be sent on cell-specific PUCCH resources until dedicated PUCCH resources are configured. The coverage performance of the HARQ-ACK does not depend on what DL PDSCH it ACKs, so the coverage gap remains unless repetitions can be applied for all PUCCH transmissions on cell-specific PUCCH resources.
[bookmark: _Toc144754848]The coverage gap for Msg4 HARQ-ACK PUCCH identified during the study phase applies equally for other PUCCH transmitted on cell-specific PUCCH resources.
Extension of the scope to all PUCCH transmission on cell-specific PUCCH resources is straightforward and does not increase the workload in RAN1, since it was agreed at RAN1#113 that the same solution, signalling, etc., apply:
	Agreement
If PUCCH repetition discussed in R18 NR NTN coverage enhancement is supported for PUCCH transmission when dedicated PUCCH resource configuration is not provided:
· The agreements and working assumptions for PUCCH for Msg4 HARQ-ACK are applied to any PUCCH transmission by using common PUCCH resource
· The same repetition factor is applied for PUCCH for Msg4 HARQ-ACK and subsequent PUCCH transmissions by using common PUCCH resource
· Note: It is not precluded for gNB to provide dedicated PUCCH config via Msg4 PDSCH.



[bookmark: _Toc144754849]Extension of the scope to all PUCCH transmission when dedicated PUCCH resources are not configured is straightforward and does not increase the workload in RAN1, since it was agreed at RAN1#113 that the same solution, signalling, etc., apply.
Therefore, we propose the following:
[bookmark: _Toc144754852]Extend the objective scope to support repetitions for PUCCH transmission when dedicated PUCCH resource configuration is not provided.
2.1.2	Open issue 2: Whether to support SIB indication for the choice between "no PUCCH repetition" or "same as the PUCCH transmission of HARQ ACK of PDSCH with UE contention resolution identity"
The repetition factor for Msg4 HARQ-ACK PUCCH repetition is configured in SIB. In case multiple repetition factors are configured in SIB, the factor to use is indicated in the DCI scheduling Msg4. According to the agreement from RAN1#113 (see above), if PUCCH repetition is supported when dedicated PUCCH resource configuration is not provided, the same repetition factor would be used for all PUCCH transmissions until dedicated resources are configured.
It has also been proposed to support additional SIB indication indicating whether repetition is applied only for Msg4 HARQ-ACK PUCCH or also for other PUCCH when dedicated PUCCH is not configured. The benefit of this additional configuration is not clear, given that the same coverage performance can be expected for Msg4 HARQ-ACK PUCCH and subsequent PUCCH, as discussed above. Applying different repetition factors for Msg4 HARQ-ACK PUCCH and subsequent PUCCH could potentially be useful in case the radio conditions change, or in case the load on the cell-specific PUCCH resources change. However, the particular case of supporting repetitions for Msg4 HARQ-ACK PUCCH but not for subsequent PUCCH seems to be of limited use. To adapt to changing radio conditions, it would be more useful to be able to increase the repetition factor in case the conditions suddenly deteriorate. For load/congestion control, SIB reconfiguration is likely too slow, and it would be more efficient to dynamically adapt the PUCCH repetition factor per UE using the already agreed indication in DCI scheduling Msg4.
[bookmark: _Toc144754850]Additional SIB configuration to indicate whether PUCCH repetitions are applied only for Msg4 HARQ-ACK PUCCH or also for subsequent PUCCH (before dedicated PUCCH resources are configured) does not add any clear benefit.
[bookmark: _Toc144754853]Do not support additional SIB configuration to indicate whether PUCCH repetitions are applied only for Msg4 HARQ-ACK PUCCH or also for subsequent PUCCH (before dedicated PUCCH resources are configured).
2.2	Applicability to NTN and TN
Even though repetition for Msg4 HARQ-ACK PUCCH (and possibly other cell-specific PUCCH) is specified within the NR NTN enhancements work item [2], the feature as such should not be limited to non-terrestrial networks. Indeed, coverage on cell-specific PUCCH can potentially be a problem also in terrestrial networks. The need for Msg4 HARQ-ACK PUCCH repetitions in terrestrial networks was evaluated during the Rel-17 coverage enhancement study. The results in TR 38.830 [3] were inconclusive since only a few companies evaluated this channel, but the results indicate that the Msg4 HARQ-ACK PUCCH might be the bottleneck in some FDD scenarios (see e.g. Table 5.1.1.5-2 in TR 38.830 [3]).
[bookmark: _Toc134708301][bookmark: _Toc142655501][bookmark: _Toc144754851]Repetition of Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH) can be useful also in terrestrial networks.
[bookmark: _Toc134708315][bookmark: _Toc142327967][bookmark: _Toc142655524][bookmark: _Toc144754854]The optional UE capability of repetition of Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH) should be possible to indicate for both NTN and TN bands. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The coverage gap for Msg4 HARQ-ACK PUCCH identified during the study phase applies equally for other PUCCH transmitted on cell-specific PUCCH resources.
Observation 2	Extension of the scope to all PUCCH transmission when dedicated PUCCH resources are not configured is straightforward and does not increase the workload in RAN1, since it was agreed at RAN1#113 that the same solution, signalling, etc., apply.
Observation 3	Additional SIB configuration to indicate whether PUCCH repetitions are applied only for Msg4 HARQ-ACK PUCCH or also for subsequent PUCCH (before dedicated PUCCH resources are configured) does not add any clear benefit.
Observation 4	Repetition of Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH) can be useful also in terrestrial networks.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Extend the objective scope to support repetitions for PUCCH transmission when dedicated PUCCH resource configuration is not provided.
Proposal 2	Do not support additional SIB configuration to indicate whether PUCCH repetitions are applied only for Msg4 HARQ-ACK PUCCH or also for subsequent PUCCH (before dedicated PUCCH resources are configured).
Proposal 3	The optional UE capability of repetition of Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH) should be possible to indicate for both NTN and TN bands.
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