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Introduction
[bookmark: _Hlk510705081]The following can be noted from the work item description (WID) for Rel-17 coverage enhancement :
· 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]
As described in the WID, two main features are introduced for PUCCH coverage enhancements in Rel-17. The support of dynamic PUCCH repetition factor indication is straightforward and can be done with only RAN1 efforts. In contrast, the DM-RS bundling (or joint channel estimation) across PUCCH repetitions requires inputs from RAN4 regarding the requirements on power consistency and phase continuity, which keeps the discussion in RAN1 open to some extent. This document discusses issues and potential solutions for these two features.
Discussion
Dynamic PUCCH repetition factor indication
In Rel-16, the gNB indicates the number of PUCCH repetitions by means of the field nrofSlots in PUCCH-FormatConfig, which can be separately configured in PUCCH-Config for each PUCCH format. For dynamic indication in Rel-17, the information for selecting the number of PUCCH repetitions should be included in the scheduling DCI. A new field in the DCI could be introduced, for instance. In this case, a mechanism for using this field should be further discussed. This field could include one or more bits depending on how the feature is designed. Details such as the bit-width of the field, size of the set of possible values for repetitions number and RRC configuration implications would need to be discussed in detail.
[bookmark: _Toc61895505]Proposal 1. If a new field is introduced in the DCI for dynamic PUCCH repetition factor indication, the following aspects should be discussed: 
· Bit-width of the field;
· Mechanism for using the new field;
· RRC configuration implications.

DM-RS bundling across PUCCH repetitions
Before proceeding, a clarification on the terminology used for PUSCH and PUCCH in the WID is in order, to avoid possible confusion in the rest of the contribution. Indeed, some ambiguity may exist between the expression “joint channel estimation” used for PUSCH, and the expression “DM-RS bundling” is used for PUCCH. From our perspective, a substantial difference exists between the two expressions. Consider Figure 1, for simplicity. Therein, an example of joint channel estimation is provided in part a), where each slot carries (at least) one DM-RS symbols and these symbols are used for jointly estimating channels for PUCCH symbols across the slots, if the phase continuity and power consistency requirements are satisfied. Conversely, part b) of Figure 1 illustrates an example of DM-RS bundling in which a number of slots are bundled together and DM-RS symbols are not present in all of them, i.e., PUCCH is scheduled without DM-RS for some slots in the bundle.
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[bookmark: _Ref61532000]Figure 1. Illustration of joint channel estimation and DM-RS bundling.

It can be argued that there is no difference between the two cases from UE perspective, since the latter just needs to ensure the power consistency and phase continuity across slots. How DM-RS across slots are used, and the channel is estimated, is then up to the gNB’s implementation. However, from DM-RS allocation perspective, the two cases can be quite different. For “joint channel estimation”, the legacy Rel-16 DM-RS allocation algorithm can still be reused (despite of the potential suboptimality in DM-RS distribution, as discussed in our companion contribution [2] for PUSCH). In contrast, “DM-RS bundling” allows a PUCCH to be scheduled without DM-RS. From the above discussion, we propose the following:
[bookmark: _Toc61895506]Proposal 2. RAN1 to clarify whether “DM-RS bundling” means that a PUCCH of format 1/2/3/4 can be scheduled without DM-RS. If yes, mechanisms for determining a non-DM-RS PUCCH should be considered and discussed by RAN1 for PUCCH format 1/2/3/4.
[bookmark: _Toc61895507]Proposal 3. RAN1 to clarify whether “DM-RS bundling” also means joint channel estimation among at least two PUCCHs each having at least one DM-RS symbol. 

Conclusion
In this contribution, we discussed issues and potential solutions for dynamic PUCCH repetition factor indication and DM-RS bundling across PUCCH repetitions. The following proposals have been made:
Proposal 1. If a new field is introduced in the DCI for dynamic PUCCH repetition factor indication, the following aspects should be discussed:
· Bit-width of the field;
· Mechanism for using the new field;
· RRC configuration implications.
Proposal 2. RAN1 to clarify whether “DM-RS bundling” means that a PUCCH of format 1/2/3/4 can be scheduled without DM-RS. If yes, mechanisms for determining a non-DM-RS PUCCH should be considered and discussed by RAN1 for PUCCH format 1/2/3/4.
Proposal 3. RAN1 to clarify whether “DM-RS bundling” also means joint channel estimation among at least two PUCCHs each having at least one DM-RS symbol.
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