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1.	Introduction
RAN1 has approached Ran4 with an LS on the coverage enhancement WI and LS present some questions that are related to phase continuity assumptions RAN1 can make in their work. In the paper we discuss aspects related and propose a way to move forward. 
2. 	Discussion
Ran4 has discussed very similar issue previously in the context of coherent UL MIMO. Requirements can not be translated directly since for coherent UL MIMO the phase continuity matter between the branches where for repetitions the phase need to be contiguous within in one tx and across transmissions. In RAN1 LS there is a question about the back-to-back PUSCH or PUCCH. This means if one condition for phase continuity is that transmissions need to follow each other. If there is a gap in a transmission, UE may turn off TX parts and then the continuity is lost. 
Observation 1: In order to maintain the phase continuity, the transmissions need to be back-to-back   
In the LS, there is a question about the power control aspect. TX chain can be assumed to have multiple discrete gain modes and if those gain modes need to be switched, the phase coherence is lost. For any smaller change in power control which can be assumed to be implemented with small changes in continuously adjusted gain stages, it can be assumed that the phase difference will change only small amount. 
For DMRS bundling and repetitions, it is not known at which power level the repetition will happen in general but since the purpose is to enhance the coverage, we can assume that the power level is relatively high and large gain step modes do not need to be switched during repetition. If the power level change is small and if it is close to max power level of the UE, we can conclude that there may be scenarios where despite the power change, the phase change can be relatively small. 
Observation 2: Power change between two transmissions will cause phase to change but it is possible that if power change is small, the phase will change only small amount 
Only power change may not be sufficient condition to maintain phase continuity since if RB allocation changes between the transmissions, the PSD of the transmission may change even with the same output power level. His change in PSD may cause UE to adjust gain and therefore losing phase continuity. 
Observation 3: Power or PSD change in the transmission can be assumed to break phase continuity between transmissions
An other problem with the RB allocation change that the reference for the phase is lost and UE may adjust its PLL in the process. It can be concluded that if the RB allocation changes, the phase continuity is lost. 
Observation 4: Change in RB allocation between transmissions will result in lost phase continuity 
Further, the criteria for the phase change is not clear. Even if all the above mentioned conditions are met, the phase of the tx signal may drift for example only because there is a frequency error in the UE compared to the gNB receiver. 
For the detailed analysis, an understanding on the critical amount of the phase change is needed. This study may involve demodulation simulations where the gNB receivers ability to benefit from bundling of signals with small phase difference needs to be studied. 
Proposal: Study the amount tolerable phase change between transmission when DMRS bundling still brings benefits  
Conclusion
We discussed the DMRS bundling and repetitions and conditions for phase continuity and made the following observations: 
Observation 1: In order to maintain the phase continuity, the transmissions need to be back-to-back   
Observation 2: Power change between two transmissions will cause phase to change but it is possible that if power change is small, the phase will change only small amount 
Observation 3: Power or PSD change in the transmission can be assumed to break phase continuity between transmissions
Observation 4: Change in RB allocation between transmissions will result in lost phase continuity 
And made one proposal for the continuation of the work:
Proposal: Study the amount tolerable phase change between transmission when DMRS bundling still brings benefits  
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1. Overall Description:
Ran4 has discussed the phase continuity and concluded that the cases where continuity is lost 
Questions from RAN1 with answers from RAN4
· Question 1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· RAN4 Answer 1: If the following conditions are met
· Transmissions need to follow each other without a gap
· Frequency aspects i.e. RB allocation must remain the same across the repetitions
· Power and PSD of the transmission needs to remain the same

· 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 2: Yes, back-to-back transmissions are needed to maintain phase continuity 

· Question 3: Under what conditions UE can meet the power control tolerance level cross PUCCH or PUSCH repetitions
· RAN4 answer 3: UE is not able to change its power and maintain phase continuity in full. In some cases, such as if the transmissions are close to max power and power change is small, the phase change is also small and may meet criteria for phase continuity. 

Ran4 has also discussed that in order to quantify the phase discontinuity, more understanding is needed how much phase can change between two transmissions and how long gap in time between two repetitions is possible. 


2. Actions:
RAN4 respectfully asks RAN1 to consider the answers in their work.

3. Date of Next RAN1 Meetings:
TSG-RAN WG4 Meeting #98-Bis-e			April 2021		E-meeting.
TSG-RAN WG4 Meeting #99-e				May 2021		E-meeting.




