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In RAN1#103e, an LS regarding PUCCH and PUSCH repetition issues was sent to RAN4 [1]. Questions are shown below:
	•	Question 1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
•	Question 2: Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions
•	Question 3: Under what conditions UE can meet the power control tolerance level cross PUCCH or PUSCH repetitions


The following answers of Q2 are from RAN4#98e [2].
	· Question 2: Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions.
· RAN4 Answer for question 2: 
· For back-to-back transmissions with zero gap in-between adjacent transmissions, the conditions under Q1 need to be met to maintain phase continuity. 
· For non-back-to-back transmission with non-zero gap in-between adjacent transmissions, RAN4 concluded that at least following additional condition also need to be met in addition to the conditions under Q1: 
· No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case
· In scenario of no more than X un-scheduled OFDM symbols in-between the PUSCH or PUCCH repetition (e.g., X = 0, 1, 2, …, 14), and scenario of other physical signals/channels in-between PUCCH or PUSCH repetitions from the UE perspective, e.g., SRS or PUCCH transmission in-between the PUSCH repetition for the UE, RAN4 is still discussing if X can be non-zero value and UE can maintain phase continuity  


 In this contribution, we continue discussing joint channel estimation over multi-PUSCH based on RAN4 inputs.
Use cases
	Agreements:
· 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.
Agreements:
· 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)


Although five use cases have been identified during last meeting, not all of them needs to be supported in Rel-17. Based on the feedback from RAN4, it is premature for non-back-to-back PUSCH transmissions case and RAN4 needs more time and efforts to evaluate. Considering RAN4 workload, non-back-to-back case should be removed from Rel-17. In addition, even only supporting use cases 1/2/5, it will still consume many efforts and time for RAN4 to do evaluation and coordination work with RAN1. 
[bookmark: _GoBack]Besides, within a time window for joint estimation, same TB and different TBs are two options. The latter one will set many strict constraints for scheduling, e.g., same power, same FDRA etc. The scheduling flexibility will be severely impacted. 
Thus, we incline to only support back-to-back PUSCH transmissions with the same TB in Rel-17.   
Proposal 1. Only back-to-back PUSCH transmissions with the same TB is considered in Rel-17.
Time window design
	Agreements:
· For joint channel estimation, a time domain window is introduced to facilitate further discussion, during which UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS: whether the window should be specified
· FFS: the length of the time domain window is defined by a set of repetitions/slots/symbols
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: the time domain window may or may not be configured
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS: Whether the window is determined by the power consistency and phase continuity requirements and/or by other factors is to be decided.


The concept of time domain window was introduced in RAN1#104e. From our view, we need to minimize the specification impact of this new parameter. Either explicitly indicated by RRC or DCI is not preferred. 
As mentioned earlier, we only support back-to-back PUSCH transmissions with the same TB, which means only repetition type A and repetition type B can be considered. A natural choice is to use repetition factor as the time window.
Proposal 2. For back-to-back PUSCH transmissions with the same TB, time domain window can be implicitly determined by the repetition factor.

Unbalanced DMRS issue
	Agreements: Capture the followings into the TR
· DM-RS balancing among frequency hops was studied. Potential specification impacts include:
· Related signaling design, DMRS configuration and pattern.
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Fig.1 DMRS unbalanced issue
In Rel-15/16[3], for PUSCH mapping type A, if high layer parameter configures dmrs-AdditionalPosition= pos1 together with =5, 6 or 7, the number of DMRS symbols in second hop of PUSCH is larger than 1st hop’s. As highlighted in Table-1, there are 3 cases causing such issue. Such unbalanced DMRS issue may not be serious for legacy transmission, but for joint channel estimation the performance bias between two hops inevitably impacts the transmission performance. 

Table 1: PUSCH DM-RS positions  within a slot for single-symbol DM-RS and intra-slot frequency hopping enabled. 
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	4
	2
	0
	2
	0
	3
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	0
	3
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	0, 4
	3
	0
	3
	0, 4
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	0, 4


It is better to avoid the unbalanced cases. A simple solution is to replace the unbalanced DMRS pattern by balanced pattern, and the details need further investigation. 
Proposal 3. For DMRS unbalanced issues, we can replace the unbalanced DMRS pattern by balanced pattern.
DMRS enhancement
	Agreements:
· Companies are encouraged to study optimization of DMRS granularity in time domain with joint channel estimation, including:
· Use cases
· Simulations results
· Enhanced schemes, e.g.,
· Different DMRS density for different PUSCH transmissions
· No DMRS for some PUSCH transmissions
· If applicable, impact of dynamic changes, e.g., cancellation of a repetition and companies report the evaluation method.
· Companies are encouraged to study optimization of DMRS location in time domain with joint channel estimation, including:
· Use cases
· Simulations results
· Enhanced schemes, e.g.,
· DMRS equally spaced among PUSCH transmissions
· DMRS located in special slots
· Orphan symbol used for DMRS
· If applicable, impact of dynamic changes, e.g., cancellation of a repetition and companies report the evaluation method.
· Note: the simulation assumptions for DM-RS in TR 38.830 are used as baseline for performance evaluation on optimization of DMRS location/granularity in time domain.
· Take into account impairments such as frequency offset, and report corresponding parametrization together with the results. Further discuss impairment details.


During SI stage of CovEnh, enhancement of DMRS pattern has been proved to be effective. Compared with equally DMRS distribution, DMRS located in special slots clearly needs less specification efforts. From performance perspective, a PUSCH totally without DMRS is risky. Thus, we prefer only reducing the transmission opportunities for additional DMRS.
Proposal 4. Within time domain window, DMRS is only located in special slots.
Conclusions
In this contribution, we discuss joint channel estimation over multi-PUSCH with the following proposals:
Proposal 1. Only back-to-back PUSCH transmissions with the same TB is considered in Rel-17.
Proposal 2. For back-to-back PUSCH transmissions with the same TB, time domain window can be implicitly determined by the repetition factor.
Proposal 3. For DMRS unbalanced issues, we can replace the unbalanced DMRS pattern by balanced pattern.
Proposal 4. Within time domain window, DMRS is only located in special slots.
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