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1. Introduction
At the RAN1#90-e meeting, a new WID [1] on “NR coverage enhancements” was approved. The detailed objectives of PUCCH enhancements are as follows.

	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]



In this contribution, we discuss on the potential techniques for coverage enhancements for PUCCH.

2. Discussion on PUCCH enhancements
2.1 Dynamic PUCCH repetition factor indication 
Dynamic PUCCH repetition factor indication was agreed to be specified for coverage enhancement in order to dynamically indicate appropriate repetition factor with considering UE channel condition and/or location. In Rel-15/16 specification, single value of PUCCH repetition factor can be configured by RRC for all PUCCH formats and PUCCH resources. Hence, different values of PUCCH repetition factor cannot be configured for different PUCCH formats and PUCCH resources, and the value of PUCCH repetition factor cannot be dynamically changed.
In order to realize the dynamic PUCCH repetition factor indication, three options can be considered as follows.

Option 1: Different repetition factors are configured for each PUCCH formats via RRC, and PUCCH format can be dynamically changed as in Rel-15/16.
Option 2: Different repetition factors are configured for each PUCCH resources via RRC, and PUCCH resource can be dynamically indicated as in Rel-15/16.
Option 3: Multiple candidate values of repetition factors are configured via RRC, and one of the candidate values is dynamically indicated via DCI or MAC-CE

In option 1, different repetition factors are configured for each PUCCH formats, while the same repetition factor is applied for all PUCCH resources with the same PUCCH format. Therefore, although PUCCH format can be dynamically changed, it seems not flexible enough as dynamic PUCCH repetition factor indication. In option 2, different repetition factors are configured for each PUCCH resources, so that different PUCCH repetition factors can be applied to different PUCCH resources dynamically by DCI or MAC-CE indicating PUCCH resource which has an appropriate repetition factor. On the other hands, PUCCH resources can be configured up to 8 for each PUCCH resource sets, and hence option 2 would cause limitation on the number of combinations for PUCCH configurations, e.g., starting PRB, symbols and PUCCH format, due to combination with different PUCCH repetition factors for each PUCCH configuration. In option 3, multiple candidate values of repetition factors are configured and one of the candidate value is indicated via DCI or MAC-CE. Although there is no limitation for the number of combinations for PUCCH configurations for PUCCH resource, additional field (bits) or replacement of current field in DCI or MAC-CE is necessary. Thus, considering the limitations and impacts on specifications, option 2 may be the sufficient approach for the dynamic PUCCH repetition factor indication.

Proposal 1: Different repetition factors should be configured for each PUCCH resources

2.2 DMRS bundling across PUCCH repetitions
DMRS bundling across PUCCH repetitions was agreed to be specified for PUCCH enhancement as well as for PUSCH enhancement. In our companion contribution for PUSCH enhancement [2], we discuss the DMRS bundling for PUSCH, e.g., slot pattern, signalling mechanism, and DM-RS configurations. The principle mechanism of the technique should be common for PUCCH and PUSCH enhancements. Therefore, the mechanism of DMRS bundling discussed in PUSCH enhancement can be applied for PUCCH enhancement.

Proposal 2: The same mechanism of DMRS bundling across repetitions discussed in PUSCH enhancement can be applied for PUCCH enhancement

3. Conclusion
In this contribution, we discussed on the potential techniques for PUCCH for coverage enactments. Based on the discussion we made following proposals.

Proposal 1: Different repetition factors should be configured for each PUCCH resources

Proposal 2: The same mechanism of DMRS bundling across repetitions discussed in PUSCH enhancement can be applied for PUCCH enhancement
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