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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]”.
For specifying DMRS bundling for PUSCH and PUCCH repetitions as mentioned in the above WID, several LSs have been exchanged between RAN1 and RAN4. In this document, we analyze question from the recent reply LS from RAN4 [2] and propose the way-forward.
[bookmark: _Toc67700557]Discussion
The following can be noted from the recent reply LS from RAN4 [2]:
	RAN1 question: For joint channel estimation, is there a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level? If any, how long is it?
RAN4 answer: Yes, there is a maximum duration but RAN4 has not agreed how many slots it is. 
· RAN1 question: What factors determine the maximum duration? 
· RAN4 answer: RAN4 has agreed that TA adjustment should be avoided across the PUSCH/PUCCH transmissions (i.e., from start of first transmission until the end of last transmission) for joint channel estimation. RAN4 is still investigating other factors impact  in more detail. 
· RAN1 question: Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
· RAN4 answer: Yes
· RAN1 question: Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
· RAN4 answer: Considering the scenario of coverage extension, RAN4 recommends to only focus on modulation orders not higher than QPSK, i.e., focus on QPSK (PUCCH and PUSCH), Pi/2 BPSK (PUCCH and PUSCH), BPSK (PUCCH). RAN4 is still discussing whether maximum duration depends on modulation order for the above modulation schemes.
· RAN1 question: Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
· RAN4 answer: No
· RAN1 question: Whether the maximum duration is band specific? 
· RAN4 answer: It may be FR dependent, and RAN4 is still discussing whether it is band dependent as well.
· RAN1 question: Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration
· RAN4 answer: Still under discussion in RAN4. 

RAN4 has further agreed for the gap between PUSCH/PUCCH transmissions, that the 13-symbol is the maximum length for the gap for all SCS, and that the 14-symbol or 1ms will not be discussed in RAN4 anymore for un-scheduled gap in Rel-17.
RAN4 has agreed for the case of other signals/channels in the gap between repetitions, it is not considered for UE to transmit other channels in the gap with different settings.
For the case of other UL signals/channels in the gap between repetitions with same settings, as communicated in R4-2105417, RAN4 has further refined the conditions when phase continuity can be met as follows:
· Signals/channels with repetitions and other UL signals/channels in the gap have the same:
· PAPR and average power, e.g., PUSCH/PUCCH part of repetitions and SRS has same PAPR and average power.
· Allocated number and locations of PRBs transmitted
· Antenna port settings 
RAN4 has not agreed detailed requirement for phase continuity and plans to revisit the above agreement in the scenario of other UL signals/channels in the gap once the requirement is defined. Therefore, RAN4 would like to ask RAN1 what are the consequences if phase continuity cannot be maintained in that scenario? 


In RAN1#106-bis-e meeting, RAN1 should discuss an answer to the question highlighted above from RAN4 on the observed impact on network operations if the scenario of other UL transmission with the same settings in-between PUSCH/PUCCH repetitions is not supported. In principle, given the huge efforts from both RAN1 and RAN4 so far on identifying the constraints for supporting this scenario, it is not only unfortunate but also unreasonable if this scenario is not supported unless there is an evident technical reason for not supporting it, aside from concerns on the complication.
[bookmark: _Toc83935833]Observation 1. Given the huge efforts from both RAN1 and RAN4 so far, it is not only unfortunate but also unreasonable if DMRS bundling is not supported for the scenario of other UL transmission with the same settings in-between PUSCH/PUCCH repetitions, unless there is an evident technical reason for not supporting it, aside from concerns on the complication.
Switching the focus on the above question from RAN4, the consequence if phase continuity cannot be maintained in the scenario of other UL transmission with the same settings in-between PUSCH/PUCCH repetitions simply is that DMRS bundling cannot be applied across the PUSCH/PUCCH repetitions when there is the UL transmission in-between. However, and similar to the discussion in our companion contribution [3] for the case of other UL transmission with different settings, the scheduler should have full flexibility to schedule the other UL transmission with the same or different settings in-between PUSCH/PUCCH repetitions, even if DMRS bundling is enabled. In this case, other UL transmission with the same or different settings can be considered as one of the violating events for the determination of actual TDWs as currently discussed in RAN1. 
[bookmark: _Toc83935834]Proposal 1. RAN1 to consider the following answer to the question from RAN4 on the consequences if phase continuity cannot be maintained in the scenario of other UL transmission with the same setting in-between PUSCH/PUCCH repetitions:
· In case phase continuity cannot be maintained for the scenario of other UL transmission with the same settings in-between PUSCH/PUCCH repetitions, DMRS bundling can not be applied in the scenario. However, RAN1 expects that the scenario should be supported, unless there is an evident technical reason for not supporting it, aside from concerns on the complication.
[bookmark: _Toc67700564]Conclusion
In this contribution, the following observations can be noted:
Observation 1. Given the huge efforts from both RAN1 and RAN4 so far, it is not only unfortunate but also unreasonable if DMRS bundling is not supported for the scenario of other UL transmission with the same settings in-between PUSCH/PUCCH repetitions, unless there is an evident technical reason for not supporting it, aside from concerns on the complication.
In addition, the following proposal has been made:
Proposal 1. RAN1 to consider the following answer to the question from RAN4 on the consequences if phase continuity cannot be maintained in the scenario of other UL transmission with the same setting in-between PUSCH/PUCCH repetitions:
· In case phase continuity cannot be maintained for the scenario of other UL transmission with the same settings in-between PUSCH/PUCCH repetitions, DMRS bundling cannot be applied in the scenario. However, RAN1 expects that the scenario should be supported, unless there is an evident technical reason for not supporting it, aside from concerns on the complication.
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