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1. Introduction
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.
In this contribution, some key issues about PUCCH coverage enhancement are further analyzed, and we will share our initial opinions. 
1. Discussion
2.1 Dynamic PUCCH repetition factor indication
For a PUCCH with associated scheduling DCI, support enhancing RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource and reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index of DCI to indicate a PUCCH resource and its associated repetition factor. 
In current spec, PUCCH-Resource is configured in PUCCH-Config. And the same PUCCH resource may be referred by different RRC parameters. Therefore, a mapping from PUCCH resource to its repetition number should be added in each PUCCH-ResourceSet rather than in each PUCCH resource.
A straightforward way is to configure the PUCCH repetition factor in the PUCCH-ResourceSet and adding repetition factor information for each PUCCH resource in PUCCH-ResourceSet, that is, repetition factor is bundling with each PUCCH resource by one-to-one mapping. Then when a PUCCH resource is indicated by PRI, the corresponding repetition factor for this PUCCH resource is also be determined. Even with the same pucch-ResouceId, different repetition factor can be configured in different PUCCH resource sets.
Table 1: PUCCH-ResourceSet with repetition factor configured
	Index
	PUCCH resource
	Repetition factor

	0
	PUCCH Resource 1
	2

	1
	PUCCH Resource 2
	4

	2
	PUCCH Resource 3
	8

	3
	PUCCH Resource 4
	3

	4
	PUCCH Resource 5
	5

	5
	PUCCH Resource 6
	7

	6
	PUCCH Resource 7
	1

	7
	PUCCH Resource 8
	6


Proposal 1: Different repetition factor can be configured for each PUCCH resource in different PUCCH resource sets.
2.2  Inter-slot frequency hopping enhancement with DMRS bundling
To facilitate the joint channel estimation, DMRS bundling across PUCCH repetitions should be supported. As the same principle of cross-slot channel estimation solution for PUSCH coverage enhancement, frequency location during the PUCCH repetitions needs to remain the same in order to allow DMRS interpolation for channel estimation. So DMRS bundling should be jointly considered with frequency hopping. As for the interaction between the time domain hopping interval determination and the time domain window for DMRS bundling determination, we think a UE should determine the hopping interval first, since the frequency hopping would damage phase continuity, and DMRS bundling is limited by phase continuity, thus, DMRS bundling size should be within the frequency hopping interval, so UE should determine the hopping interval first. 
Proposal 2：Support UE determines the hopping intervals first before determining the time window(s) for DMRS bundling.
Further, because UE determine the hopping interval first and there is a limitation of phase consistency for DMRS bundle, so as long as the DMRS bundle is limited within the range of frequency hopping interval, the DMRS bundle size can be different from the time domain hopping interval. Regarding how to configure the frequency hopping interval, one method is configure the frequency hopping interval explicitly, it will increase the signaling overhead. Another method is predefine a scaler factor or a mapping rule, which is based on repetition number implicitly.
repetition
Frequency hopping 
interval
DMRS bundling size

DMRS bundling size=2

repetition
Frequency hopping interval
DMRS bundling size
DMRS bundling size=3   

Proposal 3：Inter-slot frequency hopping interval can be bigger than the time domain window. 
2.3 Signaling to enable DMRS bundling
In last meeting, whether an additional dynamic signaling is needed to enable or disable PUCCH repetitions with DMRS bundling is discussed. In our understanding, the advantage of using the dynamic signaling for enabling or disabling PUCCH repetitions is flexible and rapid, but there is no strong motivation or necessary scenario that PUCCH repetitions should be enabled sensitively and rapidly. For simple UE implementation, the dynamic signaling for enabling or disabling PUCCH repetitions with DMRS bundling is not supported.
Proposal 4: The additional dynamic signaling for enabling/disabling PUCCH repetitions with DMRS bundling is not supported.
2.4 Power control and TA with PUCCH repetition
Regarding the TA adjustment and power control with PUCCH repetition, UE should not perform TA adjustment during the time domain window. Similar to TPC command, we suggest UE receive but ignore the TA command without taking effect during the TDW. One lifecycle P of TA adjustment could be configured by RRC signaling. After the end of joint channel estimation, check whether the instruction is still within the lifecycle P. If yes, continue to perform TA adjustment following the TA command. Otherwise, the TA command received in TDW will not be executed any more.
[image: ]
Proposal 5: For power control and TA adjustment, a lifecycle P of TA adjustment command should be introduced. If the command is still within the lifecycle after the TDW of joint channel estimation, continue to perform TA adjustment.
1. Conclusion
In this contribution, we discussed on the potential techniques for PUCCH coverage enhancement in WID. Based on the discussion we made following proposals:
Proposal 1: Different repetition factor can be configured for each PUCCH resource in different PUCCH resource sets.
Proposal 2：Support UE determines the hopping intervals first before determining the time window(s) for DMRS bundling.
Proposal 3：Inter-slot frequency hopping interval can be bigger than the time domain window.
Proposal 4: The additional dynamic signaling for enabling/disabling PUCCH repetitions with DMRS bundling is not supported.
Proposal 5: For power control and TA adjustment, a lifecycle P of TA adjustment command should be introduced. If the command is still within the lifecycle after the TDW of joint channel estimation, continue to perform TA adjustment.
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