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In this contribution, we continue discussing joint channel estimation for PUSCH.
Time domain window design
	Agreement:
· Definition of the maximum duration: a maximum time duration during which UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements. 
· FFS whether or not such a definition is necessary for RAN1 specifications.
· Note: whether such a definition is to be specified in RAN4 specifications is up to RAN4.
· FFS the maximum duration may be reported by UE.
· Note: it is understood that for a UE, the maximum duration is no less than the time domain window duration


In previous meeting, the parameter maximum duration has been introduced reflecting the UE’s capability of maintaining power consistency and phase continuity. From our perspective, UE should report this parameter and gNB should guarantee the configured time domain window no larger than the maximum duration.
Proposal 1: UE should report its capability for the maximum duration.
	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.


For non-back-to-back PUSCH transmissions across consecutive slots, both PUSCH repetition type A/B should be supported with dynamic grant/configured grant. Among two adjacent PUSCH transmissions, we can allow other UL transmissions with the premise of no violation on power consistency and phase continuity. 
Different TBs for non-back-to-back PUSCH transmissions can be considered for its potential benefit despite less scheduling flexibility. For TBoMS, the maximum slot number has not been determined. Furthermore, if the maximum slot number is larger than the maximum duration, supporting TBoMS for joint channel estimation will be too complicated. Thus, we can decide whether support non-back-to-back PUSCH transmissions with TBoMS after finalizing the maximum slot number for TBoMS and the value of maximum time duration.
Proposal 2: Support joint channel estimation over non-back-to-back PUSCH transmissions with different TBs.
Proposal 3: Decide whether support non-back-to-back PUSCH transmissions with TBoMS after finalizing the maximum slot number for TBoMS and the value of maximum time duration.

	Agreement:
· Joint channel estimation for PUSCH transmissions is enabled or disabled via RRC configuration for a UE
· FFS: whether additional dynamic signaling is needed to enable/disable joint channel estimation for PUSCH transmissions
· Note: the enabling of such a feature is subject to certain prerequisites
· FFS RRC parameter details (including explicit vs. implicit configuration)
· FFS For joint channel estimation for PUSCH, the time domain window is not explicitly enabled or disabled separately from joint channel estimation.
Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.


For the different functionalities, the signalling of time domain window and joint channel estimation for PUSCH should be decoupled. Further, there is no clear benefit of introducing dynamic signalling for joint channel estimation for PUSCH. If we want more scheduling flexibility, dynamically indicating time domain window is sufficient. 
Proposal 4: No need to use dynamic signaling to enable/disable joint channel estimation for PUSCH transmissions.
	Agreement:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitons of the same TB, down select one of the following alternatives for the time domain window.
· Alt 1: All the repetitions are covered by one single time domain window
· The start of the window is the first PUSCH transmission
· FFS: how to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum
· FFS: frequency hopping and precoder cycling
· Alt 2: All the repetitions are covered by one or multiple time domain windows
· For the start of each window,
· The start of the first window is the first PUSCH transmission.
· FFS: how to determine the start of other windows, e.g., whether multiple windows are consecutive or non-consecutive, whether the start of the window depends on DL/UL configuration for unpaired spectrum
· For the length of each window,
· FFS Each window consists of at least two adjacent physical slots for UL transmission.
· The length of each window is no longer than the maximum duration.
· FFS: how to determine the length of each window
· FFS: whether the length of each window depends on DL/UL configuration for unpaired spectrum
· FFS: how to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum.
· FFS: frequency hopping and precoder cycling
· Other alternatives are not precluded.


The maximum repetition number for PUSCH has been increased to 32. Currently, we are not sure whether UE can maintain power consistency and phase continuity across 32 repetitions, which depends on the value of maximum duration. Besides, if hopping is enabled, different hopping positions probably cannot be jointly channel estimated. Therefore, we support Alt.2.
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Conclusions
In this contribution, we discuss joint channel estimation over multi-PUSCH with the following proposals:
Proposal 1: UE should report its capability for the maximum duration.
Proposal 2: Support joint channel estimation over non-back-to-back PUSCH transmissions with different TBs.
Proposal 3: Decide whether support non-back-to-back PUSCH transmissions with TBoMS after finalizing the maximum slot number for TBoMS and the value of maximum time duration.
Proposal 4: No need to use dynamic signaling to enable/disable joint channel estimation for PUSCH transmissions.
Proposal 5: All the repetitions are covered by one or multiple time domain windows
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