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Introduction
[bookmark: _Hlk22834419][bookmark: _GoBack]This contribution discusses aspects related to enhancements for PUCCH. RAN1#106-e agreements are listed in the Appendix. 

Dynamic PUCCH repetition factor indication
In RAN1#106-e [1] it was agreed to enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. The RRC signaling for dynamic PUCCH repetition factor indication was discussed in a post-RAN1#106-e email discussion [2]. Further considerations on RRC parameters for Rel-17 Coverage Enhancement are given in [3].

DMRS bundling across PUCCH repetitions
As agreed in RAN1#105-e, a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUCCH repetitions subject to power consistency and phase continuity requirements will be specified for DM-RS bundling for PUCCH repetitions. Details of the time domain window design are currently discussed in AI 8.8.1.3 for PUSCH repetitions [4]. Some mechanisms of DM-RS bundling already discussed for PUSCH repetitions are also applicable to PUCCH repetitions, and are briefly discussed here. 


Power consistency/phase continuity
Similar to PUSCH, DM-RS interpolation across PUCCH repetitions requires the UE to preserve power and phase continuity over multiple PUCCH repetitions. The benefit from DM-RS interpolation will mainly be for PUCCH format 3 or 4, even when additional DM-RS is included, as PUCCH format 1 includes a large number of DM-RS. It is noted that I/Q combining is already possible for repetitions of a PUCCH transmission. 

During a time domain window where a UE transmits PUCCH repetitions with a same power, the UE skips application of TPC commands and does not update the CLPC adjustment state. The UE can accumulate TPC commands, update the CLPC adjustment state and apply a latest updated value to determine a power for repetitions of the PUCCH transmission when the window changes. 

Proposal 1: Support a same power and frequency position for a number of repetitions of a PUCCH transmission. 

Proposal 2: A UE updates the CLPC adjustment state per time domain window.


Configuration of DM-RS bundling
In RAN1#104-e it was agreed to support enabling PUCCH repetitions with DMRS bundling via RRC configuration. One FFS yet to be finalized is about whether the configuration is per UE or per PUCCH resource. The configuration should be UE-specific as a gNB would configure a UE with the DM-RS feature that improves UL coverage when the UE is not in good coverage. During RAN1#106-e it was also discussed that the configuration can be per UL BWP. This would also make sense.

Proposal 3: Further discuss whether the configuration of DM-RS bundling is per UL BWP.


Time domain window
The design of the time domain window (TDW) for DM-RS bundling is currently discussed in AI 8.8.1.3 for PUSCH repetitions. To avoid duplicate discussion, we suggest to finalize the TDW design for PUSCH and then adopt it for PUCCH repetitions with any necessary change. Our considerations on the TDW design are provided in [4].

Proposal 4: The design of the time domain window for DM-RS bundling for PUSCH repetitions is applied to PUCCH repetitions with necessary changes, if any.


Conclusion
This contribution discusses the remaining details for PUCCH coverage enhancement. The proposals made in this contribution are summarized as below:

Proposal 1: Support a same power and frequency position for a number of repetitions of a PUCCH transmission. 

Proposal 2: A UE updates the CLPC adjustment state per time domain window.

Proposal 3: Further discuss whether the configuration of DM-RS bundling is per UL BWP.

Proposal 4: The design of the time domain window for DM-RS bundling for PUSCH repetitions is applied to PUCCH repetitions with necessary changes, if any.
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Appendix
RAN1#106-e 8.8.2 Agreements
	Confirm the following working assumption
Working assumption: 
In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details

Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 

Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.
 
Agreement
· For DMRS bundling for PUCCH repetitions, RAN1 at least prioritize use cases 3 and 4a in R1-2104119.

Agreement
Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.
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