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Background
At RAN#90 e-meeting, following objectives for PUCCH enhancements are included in the WID of Coverage enhancement [1]. 
	The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. 
The detailed objectives of the work item are as follows:
…
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]


We discuss potential specification impacts based on the following agreements in the corresponding study item at RAN1#103 e-meeting [2].
	Agreements:
For dynamic PUCCH repetition factor indication, capture the following in the TR
Potential Spec impact: 
· a new PUCCH repetition signalling mechanism needs to be specified
Impact to receiver: None
Impact to UE implementation: 
· Need implement transmissions of the PUCCH repetitions based on the dynamic indicator
     [Impact to system]
· [FFS the impact to system]

Agreements:
For DMRS bundling cross PUCCH repetitions, capture the following in the TR
Potential Spec impact: 
· Restrictions to guarantee phase coherency cross repetitions need to be specified
· UE behaviour needs to be defined if the phase coherency of PUCCH repetition is impacted by other procedures
· DMRS bundling with inter-slot frequency hopping pattern enhancement need to be specified, if the frequency hopping enhancement is agreed. 



Dynamic PUCCH repetition factor indication
In Rel-15/Rel-16 PUCCH repetition, the number of repetitions (i.e., repetition factor) is configured by a higher layer parameter for each PUCCH format. Therefore, for a PUCCH format, dynamic indication of repetition factor is not supported. For coverage enhancement to PUCCH, dynamic PUCCH repetition factor indication depending on UCI size improves coverage and spectral efficiency. 

In this section, we discuss 2 approaches for dynamic PUCCH repetition factor indication.

Approach 1:
Approach 1 introduces an additional DCI field indicating the PUCCH repetition factor. A PUCCH scheduled by the DCI is configured to repeat a certain number of times indicated by the additional DCI field.

Both pros and cons of Approach 1 are summarized as the following:
Pros
· Full flexible.
Cons
· DCI size is increased for DCI format 1_1.
· Not applicable to fallback DCI.

Approach 2:
Approach 2 reuses a PUCCH resource indicator (PRI) field in DCI. In Rel-15/Rel-16, the PRI indicates a PUCCH resource among configured PUCCH resources in a PUCCH resource set. As an extension of this, a repetition factor can be configured for each PUCCH resource.

Both pros and cons of Approach 2 are summarized as the following:
Pros
· DCI size does not need to be increased.
· Applicable to fallback DCI.
Cons
· The number of configurable PUCCH resources for a given repetition factor is reduced.

Comparing Approach 1 and Approach 2, Approach 1 negative impacts on PDCCH coverage performance due to the additional DCI field and increasing DCI size. In Approach 2, there is no potential coverage degradation and it is applicable to fallback DCI because an additional DCI field is not required and existing PRI field in the fallback DCI can be reused. For this reason, PRI field should be reused for dynamic PUCCH repetition factor indication.

Proposal 1: PRI field should be reused for dynamic PUCCH repetition factor indication.

In Approach 2, although the number of configurable PUCCH resources for a given repetition factor is reduced, the PUCCH resources in non-first PUCCH resource sets can be more than 8. For example, gNB can indicate one of up to 32 PUCCH resources by using not only the PRI field, but also first CCE index for PDCCH. In this indication, since the size of the PRI field is not increased, PDCCH coverage performance is not degraded.

Proposal 2: PUCCH resources in non-first PUCCH resource sets can be more than 8. Without increasing size of PRI field, gNB can indicate one of up to 32 PUCCH resources by using first CCE index for PDCCH.

Conclusion
In this contribution, we have the following proposal:
Proposal 1: PRI field should be reused for dynamic PUCCH repetition factor indication.

Proposal 2: PUCCH resources in non-first PUCCH resource sets can be more than 8. Without increasing size of PRI field, gNB can indicate one of up to 32 PUCCH resources by using first CCE index for PDCCH.

References
[1] RP-202928, New WID on NR coverage enhancement, December 2020
[2] RAN1 chairman’ note at RAN1#103 e-meeting, October 2020
1

