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1. Introduction
In RAN1 105-e meeting, several agreements about PUCCH have been achieved as follows:
	Working assumption: In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signalling 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 signalling 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 will further discuss the remaining issues of the PUCCH enhancement based on above conclusions.
1. Repetition number indication details
Number of PUCCH repetitions indicated by PRI has been supported in Rel-16 to certain extent. Although number of repetitions are configured for PUCCH format rather than resource, NW can configure PUCCH resource#0 as PUCCH format 3 with 2 repetitions, and configure PUCCH resource#1 as PUCCH format 4 with 4 repetitions. Hence, the number of repetitions dynamically indicated by PRI has been already supported by Rel-16, but in a quite restrictive manner, i.e., different repetition numbers can be achieved by indicating PUCCH resources with different format. The enhanced solution in the working assumption just remove this restriction, and higher flexibility can be achieved by NW to configure PUCCH resources with separated repetition numbers.
[bookmark: PR0]Proposal 1 : Confirm the working assumption on dynamic PUCCH repetition factor indication made in RAN1#105-e.
With this agreement, the remaining issue is RRC signaling details. To support more flexible PUCCH repetition, PUCCH repetition factor can be configured per PUCCH resource as follows. For example, network can configure a PUCCH resource#0 without repetition and PUCCH resource#1 with repetition, and both of these resources can be configured with the same PUCCH format. According to TS 38.331, PUCCH resource Id is configured for PUCCH-Resource, and repetition factor can be configured for the PUCCH resource, e.g. a parameter, repetitionFactor can be optionally configured for each PUCCH resource. Thus, the network can explicitly indicate PUCCH repetition with PRI, and implicitly through starting CCE index when applicable. In this case, dynamic PUCCH repetition is well supported by enhancements of higher layer signaling, an example is provided as follows. 
PUCCH-Resource-r17 ::=                      SEQUENCE {
    pucch-ResourceId                        PUCCH-ResourceId,
    repetitionFactor                        ENUMERATED {n2,n4,n8}  OPTIONAL, -- Need R
	startingPRB                             PRB-Id,
    intraSlotFrequencyHopping               ENUMERATED { enabled } OPTIONAL, -- Need R
    secondHopPRB                            PRB-Id                 OPTIONAL, -- Need R
    format                                  CHOICE {
        format0                                 PUCCH-format0,
        format1                                 PUCCH-format1,
        format2                                 PUCCH-format2,
        format3                                 PUCCH-format3,
        format4                                 PUCCH-format4
    }
}
Figure 1. Dynamic PUCCH repetition configuration
[bookmark: PR1]Proposal 2: For RRC signaling enhancement to support dynamic indication of PUCCH repetition, repetitionFactor is optionally configured per PUCCH resource.
1. Use cases for DMRS bundling 
Use cases for DMRS bundling were discussed in the last meeting, and it was agreed to deprioritize use case 1 and 2. For use case 3, due to back to back PUCCH repetition, phase continuity is easier to be maintained, hence use case 3 should be supported.
For use case 4 and 5, both of them can be further divided into case ‘a’ and case ‘b’. In case ‘a’, there exists a gap between PUCCH repetitions, where the gap is less than 14 symbols for case 4a, while larger than 14 symbols for case 5a. According to RAN4 reply LS [1], for the case of gap between PUCCH repetition less than 14 symbols is feasible to maintain phase continuity and power consistency when UE is not required to meet the existing off power requirements, and RAN4 is further discussing the case of larger than 14 symbols gap between PUCCH repetition. Hence use case 4a should be at least supported, and further input from RAN4 is required on feasibility for use case 5a. 
While in case ‘b’, other uplink signals are transmitted between PUCCH repetitions, where other uplink signals may include PUSCH or SRS. In current spec, the antenna port for PUCCH is numbered as 2000, while for PUSCH/SRS the antenna port number starts with 1000, it is not guaranteed that UE transmission behavior is same for antenna port 2000 and 1000. 
For UL transmission, since different antenna ports, e.g., different physical antennas, can be used for PUCCH and PUSCH/SRS, it is hard to maintain phase continuity between PUCCH repetition transmissions for case ‘b’. Even if the UE can apply same physical antenna for PUCCH and PUSCH/SRS, it is not easy to ensure that the parameters, such as precoder, the PRB allocation, frequency location and etc., does not change across the transmissions. The performance loss resulted from these restrictions may outweigh the gain from DMRS bundling, therefore case ‘b’ in use case 4 and use case 5 should be deprioritized.
[bookmark: PR2][bookmark: _GoBack]Proposal 3: Regarding the use cases for PUCCH DMRS bundling, we have following proposal:
· Use cases 3 and 4a should be supported
· Use cases 4b and 5b should be deprioritized.
1. Conclusion 
In this contribution, we discussed remaining issues on dynamic indication of PUCCH repetition and DMRS bundling, and we have following proposals: 
Proposal 1: Confirm the working assumption on dynamic PUCCH repetition factor indication made in RAN1#105-e.
Proposal 2: For RRC signaling enhancement to support dynamic indication of PUCCH repetition, repetitionFactor is optionally configured per PUCCH resource.
Proposal 3: Regarding the use cases for PUCCH DMRS bundling, we have following proposal:
· Use cases 3 and 4a should be supported
· Use cases 4b and 5b should be deprioritized
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