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1. Introduction
During RAN1 meeting #103-e discussions under NR coverage enhancements, the PUSCH/PUCCH repetitions and DMRS bundling schemes, identified as possible enhancements, raised several questions around keeping the phase continuity and the same power level (under a certain tolerance level) across PUSCH or PUCCH repetitions.
RAN1 agreed to send a LS to RAN4 in [1] asking several questions that we reproduce here for convenience:

	In the study of coverage enhancement in Rel-17, DMRS bundling cross PUCCH or PUSCH is identified as a potential scheme to enhance PUCCH or PUSCH coverage. For RAN1 to further study the DMRS bundling scheme, RAN1 made the following agreement to ask feedback from RAN4 on the conditions for UE to keep phase continuity and same power level (with certain tolerance level) cross PUCCH or PUSCH repetitions. 
Agreements: For DMRS bundling cross PUCCH or PUSCH repetitions, send an LS to RAN4 to ask the following 
· Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions
· Power control tolerance level cross PUCCH or PUSCH repetitions

2. Actions:
RAN1 respectfully asks RAN4 to provide answers to the following questions
· 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




In this contribution we are addressing the questions from RAN1 and suggest answers.

2. Discussion
We will address the questions from RAN1 in order, while accounting for RAN4 RF requirements.

Question 1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 


First, we would like to highlight that phase continuity and power level between slots or symbols are related to the physical channel type, and then the time and frequency domain allocations of multiplexed channels. At first the precoding matrix and the power level should be maintained between PUSCH or PUCCH repetitions.

Observation 1: To preserve the phase continuity across PUSCH or PUCCH repetitions, the same precoding matrix and power level shall be maintained.

Also, the above observation is valid for intra-slot or inter-slot repetitions if the intra-slot and inter-slot frequency hopping is not enabled since change in frequency due to frequency hopping introduces a jump in phase.

Observation 2: Keeping the phase continuity and power level are possible for inter-slot PUCCH repetitions and both intra and inter-slot PUSCH repetitions when the frequency hopping is not enabled.

Based on the above observations, we propose the following answer for Question 1:

Proposal 1: Agree on Q1 answer.
Q1 answer:
· The phase continuity and same power level maintenance are possible for PUCCH and PUSCH repetitions when the same precoding matrix and power level is maintained and no frequency hopping for intra-slot and inter-slot are enabled.


Question 2: Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions.

Uninterrupted PUSCH or PUCCH back-to-back transmissions can maintain the power and phase continuity over repetitions.  An interrupting transmission refers to a time and frequency domain signal like SRS or PUCCH transmitted between PUSCH repetitions for example, thus physical signals that have their own different power allocation and resources different than that of the ongoing repetition that may cause a change of the PA behavior.

Observation 3: Contiguous PUSCH or PUCCH back-to-back uninterrupted repetitions can maintain phase continuity and power level.

Proposal 2:  Agree on Q2 answer.
Q2 answer:
· Yes, for contiguous and uninterrupted back-to-back PUSCH or PUCCH repetitions without hopping, the phase continuity and power level can be maintained.



Question 3: Under what conditions UE can meet the power control tolerance level cross PUCCH or PUSCH repetitions

For this question we see two situations:

First one is about contiguous PUCCH or PUSCH repetitions. In this situation, one of the conditions we see here is to avoid any other transmission in-between repetitions that would imply a power change. For example, if an SRS is transmitted, or an SRS for antenna switching is scheduled, then it may affect the power level and the phase continuity of the repetitions since the SRS has its own power control parameters that may lead to a different RB power allocation and power level.

The second situation account for non-contiguous PUCCH or PUSCH repetitions.
Based on the relative power tolerance requirements in [2] we can maintain the power level for repetitions or transmissions occurring at a maximum 20ms interval if there are no other transmissions in-between and TPC = 0. 
PUSCH or PUCCH repetitions are also linked to DMRS bundling for channel estimation. If power/phase continuity is maintained across PUSCH(s) or PUCCH(s) transmissions, DMRS bundling for PUSCH or PUCCH allows joint channel estimation at the gNB by using DMRS symbols across PUSCH(s) or PUCCH(s). However, in our opinion, the effectiveness of DMRS bundling for non-contiguous repetitions should be investigated in RAN1.

Observation 4: The UE can maintain the power level within relative power accuracy tolerances over a 20ms interval for a non-contiguous repetition if there are no other transmissions in-between repetitions.


Proposal 3:  Agree on Q3 answer.
Q3 answer:
· To maintain the power level accurate, there shouldn’t be other transmissions in-between contiguous PUSCH or PUCCH repetitions.
· The power can be maintained within a defined tolerance between non-contiguous repetitions, occurring at maximum 20ms interval, based on relative power accuracy requirement. For non-contiguous repetitions, the benefits of DMRS bundling shall be investigated by RAN1.

3. Conclusion
In this contribution we addressed the questions for the LS from RAN1 in [1] and made the following and proposals for the related answers:

Proposal 1: Agree on Q1 answer.
Q1 answer:
· The phase continuity and same power level maintenance are possible for PUCCH and PUSCH repetitions when the same precoding matrix and power level is maintained and no frequency hopping for intra-slot and inter-slot are enabled.

Proposal 2:  Agree on Q2 answer.
Q2 answer:
· Yes, for contiguous and uninterrupted back-to-back PUSCH or PUCCH repetitions without hopping, the phase continuity and power level can be maintained.

Proposal 3:  Agree on Q3 answer.
Q3 answer:
· To maintain the power level accurate, there shouldn’t be other transmissions in-between contiguous PUSCH or PUCCH repetitions.
· The power can be maintained within a defined tolerance between non-contiguous repetitions, occurring at maximum 20ms interval, based on relative power accuracy requirement. For non-contiguous repetitions, the benefits of DMRS bundling shall be investigated by RAN1.
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