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[bookmark: _Hlk510705081]In RAN#90-e, the work item description (WID) for Rel-17 coverage enhancement was approved. The following can be noted from the WID [1]:
· “Specification of PUSCH enhancements [RAN1, RAN4]
· […] 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]
· […]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]”.
From the WID, it can be observed that a similar feature, which is joint channel estimation by bundling the DMRS symbols across the repetitions, is going to be specified in Rel-17 for both PUSCH and PUCCH. However, these two channels (and hence two enhancements) are handled in different agenda items in RAN1.
In RAN#91-e, the WID was updated as follows [2]:
· “Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· When applicable, based on similar mechanism(s) for enabling joint channel estimation for PUSCH”
In this document, we provide our views on how to handle the highlighted part with reasonable RAN1 effort and avoid carrying out the same discussion in separate agenda items.
[bookmark: _Toc67700557]Discussion
Rel-17 coverage enhancements for PUSCH and PUCCH share a similar feature, which is referred to as joint channel estimation for PUSCH transmissions and as DMRS bundling for PUCCH repetitions. Although different terminologies are used, the common understanding in RAN1 is that this feature simply means using jointly DMRS symbols across the PUSCH transmissions/PUCCH repetitions for channel estimation at the receiver. In this document, we refer to this feature as DMRS bundling for the sake of consistency. It is worth noting that for PUSCH, the discussion on whether DMRS bundling should be applied across PUSCH repetitions only or can be applied across any PUSCH transmissions is still open. However, considering at least the scenario of PUSCH repetitions, DMRS bundling across PUSCH or PUCCH repetitions could indeed share many similar, if not all, basic design aspects. This is even more relevant given the updated WID.
[bookmark: _Toc71576059]Proposal 1. For DMRS bundling across PUSCH repetitions and PUCCH repetitions, given the updated WID, RAN1 should strive to avoid repeating the discussion on similar aspect in both agenda items.
On the other hand, PUCCH enhancements agenda item was not handled in the previous RAN1#104-bis-e meeting. Consequently, the discussion on DMRS bundling for PUSCH transmissions/repetitions has made better progress compared to the PUCCH counterpart. Some recent agreements related to DMRS bundling for PUSCH transmissions are also applicable for PUCCH repetitions. For example, at least the following agreements are relevant and can be considered for PUCCH repetitions as well:
	Agreements:
· For joint channel estimation, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS how the time domain window is determined (e.g., via explicit configuration and/or implicitly derived) and whether or not to have the possibility of enabling/disabling the time domain window
· FFS the units the time domain window (e.g. repetitions, slots, and/or symbols)
· FFS : association between the potential use case(s) and units of the time window
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS whether or not to further consider impacting of timing advance

Agreements:
· For the time domain window for joint channel estimation, down select on the following two options:
· Option 1: The unit of the time domain window is defined separately for the following PUSCH transmissions:
· PUSCH repetition type A
· PUSCH repetition type B, if agreed
· TBoMS, if agreed
· Different TB, if agreed
· Option 2: The unit of the time domain window is the same for the following PUSCH transmission:
· PUSCH repetition type A
· PUSCH repetition type B, if agreed
· TBoMS, if agreed
· Different TB, if agreed
Agreements:
· For inter-slot frequency hopping with inter-slot bundling, down select on the following two options:
· Option 1: The bundle size (time domain hopping interval) equals to the time domain window size.
· Option 2: The bundle size (time domain hopping interval) can be different from the time domain window size.
· FFS: Whether the bundle size (time domain hopping interval) is explicitly configured or implicitly determined.
· FFS: Whether/How the bundle size (time domain hopping interval) is defined separately for FDD and TDD.
· FFS: relation between the bundle size (time domain hopping interval) and the time domain window size


Indeed, with the agreement to specify the time-domain window, RAN1 should strive for a similar agreement for PUCCH repetitions. Further details on how the time-domain window is determined for PUSCH repetitions can also be applicable for PUCCH repetitions. The unit of the time-domain window can also be the same for both PUSCH and PUCCH repetitions. In addition, details on whether the bundle size can be different from the time-domain window size for PUSCH repetitions are also relevant for PUCCH repetitions. Conversely, progress on DMRS bundling for PUCCH repetitions can also be leveraged at least for PUSCH repetitions. For example, discussion on DMRS bundling for PUSCH transmissions/repetitions has not resulted in an agreement (yet) on how to enable the DMRS bundling. However, this has been agreed for PUCCH repetitions with the following agreement, which can be applied at least for PUSCH repetitions.
	Agreements:
Subject to the prerequisites of DMRS bundling for PUCCH repetitions, support enabling PUCCH repetitions with DMRS bundling via RRC configuration. 
· FFS: the configuration is per UE or per PUCCH resource. 
· FFS: whether additional dynamic signaling is needed to enable/disable PUCCH repetitions with DMRS bundling
· FFS: necessity of additional signaling/configuration of DMRS bundling duration/window and associated size


Therefore, given the updated WID, we propose the following for the agreements made in the previous meetings in both PUSCH and PUCCH enhancements agenda items:
[bookmark: _Toc71576060]Proposal 2. For DMRS bundling across PUSCH repetitions and PUCCH repetitions, RAN1 should consider applying the agreements made for PUSCH repetitions to PUCCH repetitions and vice versa.
For future discussions or agreements on this aspect in RAN1, we have the following proposal:
[bookmark: _Toc71576061]Proposal 3. For DMRS bundling across PUSCH repetitions and PUCCH repetitions, before making a new agreement, RAN1 should consider whether such agreement can be applicable for both PUSCH and PUCCH repetitions to avoid repeating the discussion.

[bookmark: _Toc67700564]Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to joint channel estimation in Rel-17. The following proposals have been made:
Proposal 1. For DMRS bundling across PUSCH repetitions and PUCCH repetitions, given the updated WID, RAN1 should strive to avoid repeating the discussion on similar aspect in both agenda items.
Proposal 2. For DMRS bundling across PUSCH repetitions and PUCCH repetitions, RAN1 should consider applying the agreements made for PUSCH repetitions to PUCCH repetitions and vice versa.
Proposal 3. For DMRS bundling across PUSCH repetitions and PUCCH repetitions, before making a new agreement, RAN1 should consider whether such agreement can be applicable for both PUSCH and PUCCH repetitions to avoid repeating the discussion.
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