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1 [bookmark: _Ref521334010]Introduction
In RAN1#105-e meeting, coverage enhancement for PUCCH was extensively discussed and the following agreements were achieved [1]:
	Agreement: For DMRS bundling for PUCCH repetitions, specify 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.
· Strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible. 

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

Conclusion: For PUCCH repetitions, the following use cases are deprioritized in RAN1 work on PUCCH DMRS bundling
   Use case 1: back-to-back PUCCH repetitions within one slot.
   Use case 2: non-back-to-back PUCCH repetitions within one slot.
‐   Use case 2a: no uplink transmission in the middle of two PUCCH repetitions 
‐ Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions



In this contribution, we provide our views on PUCCH enhancement.
2 Discussion
2.1 Dynamic PUCCH repetition factor indication
Dynamic indication of PUCCH repetition factor is supported through implicit scheme based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI, which has been agreed during RAN1#105e [1]. The remaining issue is the details of RRC signalling enhancement.
PUCCH repetition factor would be configured per PUCCH resource. Since short PUCCH, e.g. PUCCH format 0/2 does not support slot-based PUCCH repetition so far, additional PUCCH repetition factor can only be configured for PUCCH resources with long PUCCH including PUCCH format 1/3/4. In addition, the candidate values are undetermined. Considering the average gap for different PUCCH formats in some coverage limited scenarios is not very large [2], it can be compensated by the combination gain obtained from existing repetition numbers.
Proposal 1: The dynamic PUCCH repetition factor can only be configured to the PUCCH resources with long PUCCH formats.
Proposal 2: It is not necessary to introduce new candidate values for dynamic PUCCH repetition. 
In addition, for semi-static UCI, such as SR, periodic CSI and semi-persistent CSI, any repetition parameters of the corresponding PUCCH resource can only be semi-statically configured by RRC. However, dynamic indication of repetition number may be naturally applied to the PUCCH that can be dynamically indicated or triggered, e.g. HARQ-ACK and A-CSI. On the other hand, SR with small bits may not be the bottleneck according to the previous simulation conducted in study item, and CSI can be reported in aperiodic way. In this regard, it is not necessary to apply dynamic repetition factor indication on semi-static UCI.
Proposal 3: It is not necessary to apply dynamic repetition factor indication on semi-static UCI.
2.2 DMRS bundling across PUCCH repetitions
It has been agreed to support enabling PUCCH repetitions with DMRS bundling via RRC configuration in RAN1#104-e meeting. Some remaining issues need to be further discussed.
	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


First of all, the quality of channel condition is common for all PUCCH formats. For example, if a UE is in the scene of deep fading, the performance of the PUCCH transmission would always be terrible no matter which PUCCH format is used. Hence, it is more reasonable to enable the DMRS bundling per UE rather than per PUCCH resource. 
Proposal 4: DMRS bundling for PUCCH repetitions should be configured per UE.
In RAN1#104-e meeting, the following agreement was achieved:
	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 


Then in RAN1#105-e meeting, it was supported to specify a time domain window:
	Agreement: For DMRS bundling for PUCCH repetitions, specify 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.
· Strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible. 


According to the previous discussion, it was agreed to strive for common design of the time domain window and the inter-slot frequency hopping pattern for PUSCH/PUCCH with DMRS bundling as much as possible [1][3]. The use cases of DMRS bundling across PUCCH repetitions are simpler relative to the use cases of joint channel estimation for PUSCH. As agreed in RAN1#105-e meeting, the uses case of PUCCH transmissions within one slot is deprioritized. On the other hand, for joint channel estimation, only the case of repetition transmission is included in the scope of PUCCH enhancement, which is a subset of the use cases in PUSCH enhancement. Considering the joint channel estimation of PUCCH repetition is generally similar with the PUSCH repetition, to avoid duplicate discussion, further details of PUCCH should wait for the progress in joint channel estimation for PUSCH.
Proposal 5: The detailed design of the time domain window and the inter-slot frequency hopping pattern for PUCCH should wait for the progress in joint channel estimation for PUSCH.
3 Conclusion
In this contribution, we provided our view on method for PUCCH coverage enhancement with the following observations and proposals:
Proposal 1: The dynamic PUCCH repetition factor can only be configured to the PUCCH resources with long PUCCH formats.
Proposal 2: It is not necessary to introduce new candidate values for dynamic PUCCH repetition. 
Proposal 3: It is not necessary to apply dynamic repetition factor indication on semi-static UCI.
Proposal 4: DMRS bundling for PUCCH repetitions should be configured per UE.
Proposal 5: The detailed design of the time domain window and the inter-slot frequency hopping pattern for PUCCH should wait for the progress in joint channel estimation for PUSCH.
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