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1. Introduction

In RAN4 #98e meeting, initial discussion was taken place for NR coverage enhancements WI, with the reply LS on PUCCH and PUSCH repetition approved in [1], and WF on phase continuity and power consistency approved in [2].
According to the reply LS and WF, one important open issue is whether UE can maintain the phase continuity and power consistency with non-zero gap in-between adjacent transmissions. This contribution presents our view on this non-zero gap scenario.
2. Discussion

Firstly, according to the WI status report in [3], RAN1 has identified the following potential use cases for PUSCH joint channel estimation.
RAN1 #104-e 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.

It is seen that for use case 2, 4 and 5, certain non-zero gap exists in-between adjacent transmissions. Therefore, from the use case point of view, non-zero gap in-between adjacent transmissions is an important scenario to be further discussed and confirmed in RAN4.

Observation 1: Potential use cases for joint channel estimation with non-zero gap in-between adjacent transmissions have been identified in RAN1.
Additionally, based on our analysis, non-back-to-back PUSCH transmissions within one slot or across slots can happen in the following practical scenarios:

· For non-back-to-back PUSCH transmissions within one slot:

· Non-zero gap in-between adjacent PUSCH transmissions due to invalid symbol(s) for PUSCH repetition type B

· Non-zero gap in-between adjacent PUSCH transmissions for different TBs scheduled by network.

· For non-back-to-back PUSCH transmissions across slots:
· Non-zero gap in-between adjacent PUSCH transmissions due to SRS or PUCCH transmission from other UE(s) in-between adjacent PUSCH transmissions

· Non-zero gap in-between adjacent PUSCH transmissions due to invalid symbol(s)/orphan symbol for PUSCH repetition type B

· Non-zero gap in-between adjacent PUSCH transmissions for different TBs scheduled by network.
Observation 2: Non-back-to-back PUSCH transmissions within one slot or across slots can happen in several practical scenarios.

From the feasibility point of view, it is worth noting that similar discussion happened in LTE, and RAN4 has approved an LS response on RF impacts related to sPUSCH design in [4], with the following RAN4 answer to RAN1:
Q3: If there is any RF impacts that would degrade sPUSCH demodulation performance when allocating DMRS symbol(s) non-contiguously in time?
A3: DMRS symbol could be shared in between 2 non-contiguous (in time) sTTI if the gap is equal to up to 2 sTTIs. There should not be any power change and have the same centre frequency, the same RB allocation and the same system bandwidth in between such non-contiguous sTTIs. When such non-contiguous sTTI would be scheduled, BS should indicate UE to keep its PLL ON to limit power consumption impact.
Based on this LTE experience, it is feasible to consider non-zero gap between uplink transmissions with joint channel estimation. Regarding the exact number of OFDM symbols for the gap, further discussion is needed in RAN4.

Observation 3: Based on LTE experience, it is feasible to consider non-zero gap between uplink transmissions with joint channel estimation.
Proposal: RAN4 to confirm the feasibility to keep phase continuity and power consistency (with certain tolerance level) for scenario with non-zero gap in-between the PUSCH or PUCCH repetition, and further discuss the possible number of OFDM symbols for the gap.
3. Conclusion

This contribution presented our views on joint channel estimation with non-zero gap in-between adjacent transmissions, with the following observations and proposal:
Observation 1: Potential use cases for joint channel estimation with non-zero gap in-between adjacent transmissions have been identified in RAN1.
Observation 2: Non-back-to-back PUSCH transmissions within one slot or across slots can happen in several practical scenarios.

Observation 3: Based on LTE experience, it is feasible to consider non-zero gap between uplink transmissions with joint channel estimation.
Proposal: RAN4 to confirm the feasibility to keep phase continuity and power consistency (with certain tolerance level) for scenario with non-zero gap in-between the PUSCH or PUCCH repetition, and further discuss the possible number of OFDM symbols for the gap.
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