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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, unlike DMRS bundling for PUCCH which is specifically applied for PUCCH repetitions, the enhancement for PUSCH is applied over multiple PUSCH transmissions, including both PUSCH repetitions and any PUSCH transmissions that satisfy the constraints on power consistency and phase continuity. In this document, we evaluate the progress of the discussion on DMRS bundling for PUSCH so far and propose way-forward.
[bookmark: _Toc67700557]Discussion
In RAN1#104-e, the following use cases for joint channel estimation were identified:
	Agreements (RAN1#104-e):
· Following potential use cases are considered for joint channel estimation for PUSCH:
· Use case 1: back-to-back PUSCH transmissions within one slot.
· Use case 2: non-back-to-back PUSCH transmissions within one slot.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
· Use case 5: PUSCH transmissions across non-consecutive slots.
Note: RAN1 assumes “back-to-back PUSCH transmission” has zero gap in-between adjacent PUSCH transmissions.



RAN1 only agreed to support necessary design aspects to enable joint channel estimation for Use case 3 in RAN1#104-e meeting. Two specific scenarios of this use case (one was agreed, and one resulted in a working assumption) were noted as follows:
	Agreements (RAN1#104-e):
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation at least for the following case:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant
· FFS details (including possible other cases)

Working assumption:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability



In RAN1#104-bis-e meeting, the following scenario under Use case 3 was further supported:
	Agreement (RAN1#104-bis-e):
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· FFS: Over back-to-back PUSCH transmissions with different TBs



In RAN1#105-e meeting the following agreements were made:
	Agreement:
· Joint channel estimation over non-back-to-back PUSCH transmissions within one slot is not supported.

Agreement:
· For back-to-back PUSCH transmissions within one slot, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A with consecutive slots 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· Joint channel estimation over back-to-back PUSCH transmissions with different TBs within one slot is not supported.

Working assumption:
· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant.
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions 
· Subject to UE capability
· FFS: Over non-back-to-back PUSCH transmissions with different TBs
· FFS: Over non-back-to-back PUSCH transmissions for TBoMS 
· For the non-back-to-back PUSCH transmissions, it is defined as at least when there is no UL transmission between the two successive PUSCH transmissions
· Subject to UE capability with details FFS (e.g., separate vs. joint capability for type A & type B, w.r.t. OFF power requirements, etc.)
· FFS: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot.



Based on the agreements so far, and similar to the discussion in our companion contribution in [2], we try to summarize status of the discussion for two cases: PUSCH transmissions of the same TB and PUSCH transmission of different TBs. Results are summarized in Table 1 and Table 2, respectively. 
[bookmark: _Ref74241210][bookmark: _Ref74241195]Table 1. Summary of supported/not-supported scenarios for the case of PUSCH transmissions of the same TB.
	
	Back-to-back
	Non-back-to-back

	
	
	no UL transmission between the two successive PUSCHs
	Other UL transmission(s) between the two successive PUSCHs

	Within a slot
	· PUSCH repetition type B with constraints.
	Not supported
	Not supported

	Across consecutive slots
	· PUSCH repetition type A and type B with constraints.
· TB processed over multiple slots (WA)
	PUSCH repetition type A and type B with constraints (WA).
	To be discussed

	Across non-consecutive slots
	N/A
	Deprioritized according to RAN1 LS [3]
	To be discussed



[bookmark: _Ref74241216]Table 2. Summary of supported/not-supported scenarios for the case of PUSCH transmissions of different TBs.
	
	Back-to-back
	Non-back-to-back

	
	
	no UL transmission between the two successive PUSCHs
	Other UL transmission(s) between the two successive PUSCHs

	Within a slot
	Not supported
	Not supported
	Not supported

	Across consecutive slots
	To be discussed
	To be discussed
	To be discussed

	Across non-consecutive slots
	N/A
	Deprioritized according to RAN1 LS [3]
	To be discussed



From the tables above, it can be observed that: 
· Many open scenarios still need further discussion to enable (or not) DMRS bundling support for any PUSCH transmissions.
· The discussions on supporting DMRS bundling for PUSCH transmissions of the same TB have achieved better progress than the discussions on supporting DMRS bundling for PUSCH transmission of different TBs. 
[bookmark: _Toc78900681][bookmark: _Toc78820295]Observation 1. There are many open scenarios that need further discussion for supporting DMRS bundling for any PUSCH transmissions.
[bookmark: _Toc78900682]Observation 2. The discussions on supporting DMRS bundling for PUSCH transmissions of the same TB have achieved better progress than the discussions on supporting DMRS bundling for PUSCH transmission of different TBs.
On the other hand, supporting DMRS bundling for PUSCH transmissions of different TBs may introduce further complication on the indication/determination of the time-domain window. Indeed, as discussed in [2], if DMRS bundling is considered for PUSCH repetitions only, an implicit rule for defining the time-domain window can be applied based on the repetition duration, which is known at both UE and gNB. Conversely, if DMRS bundling is considered for PUSCH transmissions of different TBs, the UE needs an indication on the exact duration (similar to the repetition duration) within which PUSCH transmissions could be considered for DMRS bundling (before further determining the PUSCH bundles based on the conditions for keeping power consistency and phase continuity).
[bookmark: _Toc78900683]Observation 3. Supporting DMRS bundling for PUSCH transmissions of different TBs may introduce further complication on the indication/determination of the time-domain window, which can be avoided in case of DMRS bundling for PUSCH repetitions by exploiting the repetition duration.
With the above observations and given that we are already in the second half of the timeline allocated for this WI, RAN1 should prioritize the discussion on supporting DMRS bundling for PUSCH repetitions. The discussion on supporting DMRS bundling for PUSCH transmissions of different TBs could be considered after a baseline framework for DMRS bundling for PUSCH repetitions is defined.
[bookmark: _Toc78900684]Proposal 1. RAN1 should prioritize the discussion on supporting DMRS bundling for PUSCH repetitions. The discussion on supporting DMRS bundling for PUSCH transmissions of different TBs could be considered after a baseline framework for DMRS bundling for PUSCH repetitions is defined.
[bookmark: _Toc67700564]Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to joint channel estimation/DMRS bundling in Rel-17. 
The following observations can be noted:
Observation 1. There are many open scenarios that need further discussion for supporting DMRS bundling for any PUSCH transmissions.
Observation 2. The discussions on supporting DMRS bundling for PUSCH transmissions of the same TB have achieved better progress than the discussions on supporting DMRS bundling for PUSCH transmission of different TBs.
Observation 3. Supporting DMRS bundling for PUSCH transmissions of different TBs may introduce further complication on the indication/determination of the time-domain window, which can be avoided in case of DMRS bundling for PUSCH repetitions by exploiting the repetition duration.
In addition, the following proposal has been made:
Proposal 1. RAN1 should prioritize the discussion on supporting DMRS bundling for PUSCH repetitions. The discussion on supporting DMRS bundling for PUSCH transmissions of different TBs could be considered after a baseline framework for DMRS bundling for PUSCH repetitions is defined.
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