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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The conclusion of the study item is nicely captured in the TR 38.830, and some of issues are listed in the work item description including the indication of number of repetitions and joint channel estimations. In this contribution, we address views about each issue.
	· 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]


2. Discussion
2.1. Dynamic indication of PUCCH repetition factor
	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]



The PUCCH repetition factor is indicated by higher layers, and it is applied for format. The dynamic indication allows much flexibility per resource assignment. In our understanding, different UCI combination in the same format may have different robustness and the dynamic indication can utilize the resource more efficiently.
The dynamic indication for PUCCH repetition factor can be based on the scheduling DL-DCI. The repetition factor is a part of time domain resources, and following two alternatives can be made:
· Alt 1: Additional field for K
· Alt 2: One of existing field implies the repetition factor.
The additional field can be introduced but it changes a size of DL-DCI. The size budget is limited and it is desirable to have the unified framework between the normal coverage and the edge coverage. We prefer to reuse the existing field as much as possible, and the higher layer signalling indicates the way of interpreting one of the existing field. It is natural approach since the PDSCH/PUSCH aggregation is indicated by extending the legacy TDRA table. Following this way, the PUCCH time resource can be extended.
Extending the PUCCH time resource can be further clarified. The time resource is given within the (sub)slot, and the same time resource is repeated as many as the repetition factor. Some candidate fields can be HARQ feedback timing (K1), and PUCCH resource indication (PRI). Although they seem equivalent, following the multi-PDSCH/PUSCH scheduling framework, we can extend the PRI field to further include the repetition factor. Similarly, the PUCCH resource itself can be extended, but we prefer to extend PRI field because the UCI mapping is repeated per (sub)slot. 
[bookmark: _Ref61639922]Proposal 1: The DL-DCI indicates a repetition factor jointly with PRI.
In addition to the scheduling DL-DCI, the activating/retransmitting DL-DCI can be considered to apply the dynamic indication. The VoIP for the edge coverage would require the efficiency, and we would like to have the unified approach to SPS PDSCH as well. 
[bookmark: _Ref61639926]Proposal 2: Further study whether dynamic indication also applies to the SPS PDSCH.

2.2. DM-RS bundling across PUCCH repetitions
	Agreements: For DMRS bundling cross PUCCH repetitions, capture the following in the TR
Restriction of the scheme: 
· Phase coherency cross PUCCH repetitions is required
· The same frequency resource allocation cross PUCCH repetitions is required
· The same power cross PUCCH repetitions is required

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. 

Agreements:
For DMRS bundling cross PUCCH or PUSCH repetitions, send an LS to RAN4 to ask the following 
· Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions
· Power control tolerance level cross PUCCH or PUSCH repetitions



DM-RS bundling is studied during the study item phase, and literally some PUCCH format does not have DM-RS. We think the phase/power coherence may well apply to the sequence based formats, and DM-RS based formats as well as PUSCH may share the same phase/power coherence policy
[bookmark: _Ref61639929]Proposal 3: The unified DM-RS bundling policy can be applicable to for both PUCCH and PUSCH.
PUCCH repetitions (as well as PUSCH repetitions) keep the phase and the power coherence to achieve the gain of joint DM-RS estimation. In our understanding, the power coherence can be more clarified. In the current TS 38.213, the UL power control formula is provided, where the formula are comprised of open loop parameters and closed loop parameters. 
In one way, the power keeps unchanged by using the same open loop parameters and closed loop parameters until the last PUCCH repetition. In other way, whenever the gNB can expect the change of the power, the gNB can compensate the change. The gNB can indicate the TPC command to a UE and the UE follows this command. Thus, the open loop parameters are unchanged, and the closed loop parameters are updated per indication. In this case, to achieve the desirable gain from the joint estimation, the predictable power level at the gNB should be guaranteed. If the closed loop TPC command requires the tolerance level, which will be more clear by the reply LS from RAN4, then we think that the joint estimation may not show gains. 
[bookmark: _Ref53658367][bookmark: _Ref61639933]Proposal 4: At least open loop power component is not updated during the PUCCH repetitions.
Regarding the phase coherence, the UE maintains a coherent modulation across repetitions so that the gNB can exploit DM-RS from different repetitions. Possible issues may be larger memory requirements and processing timeline. In our understanding, all repetitions may not keep the same phase coherence and it can depend on UE capabilities.
The DM-RS bundling can be applied to any repetition type, e.g., type A or type B. The power coherence may not be maintained if some of PUCCH repetitions are not consecutive, i.e., the power level goes to 0 between PUCCH repetitions. In our understanding, the power is changed but the power coherence may not be changed if each PUCCH repetition is dependent upon the other repetitions.
3. Conclusion
We address our view on coverage enhancements and propose the followings:
Proposal 1: The DL-DCI indicates a repetition factor jointly with PRI. 
Proposal 2: Further study whether dynamic indication also applies to the SPS PDSCH.
Proposal 3: The unified DM-RS bundling policy can be applicable to for both PUCCH and PUSCH.
Proposal 4: At least open loop power component is not updated during the PUCCH repetitions.
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