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1. Introduction
In RAN4 #99e meeting, one more reply LS on PUCCH and PUSCH repetition was sent to RAN1 [1], and the WF on phase continuity and power consistency was approved in [2]. In addition, RAN1 sent an LS on the maximum duration for joint channel estimation for PUSCH and PUCCH to RAN4 in [3], with some questions to be answered.
This contribution provides our views on the timing adjustment impact on phase continuity and maximum duration for joint channel estimation.
2. Discussion

2.1  Timing adjustment impact on phase continuity
Considering the timing adjustment impact on phase continuity, RAN4 has sent the following reply to RAN1 in LS [1], and listed the further discussion points in the WF [2].
RAN4 reply to RAN1 [1]:
· RAN1 Question 2:

· Whether “no TA adjustment in between PUCCH transmissions or PUSCH transmissions” is another necessary condition to keep phase continuity across PUCCH repetitions or PUSCH transmissions?

RAN4 Answer is that TA adjustment and UE uplink timing autonomous adjustments cause the phase to change. RAN4 is still investigating the full impacts of the detailed scenarios, and will provide a final view about this at the next RAN4 meeting.

RAN4 WF [2]:
For RAN1 Question 1 on TPMI change and Question 2 on TA impact: there are transmission timing errors associated with TA adjustment and UE uplink timing autonomous adjustments. Transmission timing errors cause the phase change. 
· For network commanded TA adjustments:
· It is known by both gNB side and UE side.
· FFS how to handle the transmission timing error in TA inaccuracy.
· For UE autonomous adjustments:
· FFS whether the autonomous adjustments can be handled by UE or BS and how to handle. 
For network commanded TA adjustment, the exact TA value and the applicable uplink slot are known to both UE and BS. So, to our knowledge, the corresponding phase change can be pre-compensated at UE or compensated at BS in baseband processing.

One more thing related to TA adjustment is the TA adjustment accuracy, which is a upper bound of the difference between the network commanded TA value and the exact TA value adjusted by UE, as defined in Table 7.3.2.2-1 of TS 38.133. In practical, the TA adjustment accuracy is depending on the timing adjustment granularity at the UE, so it is known to UE and probably not known to the BS. So the phase change caused by the TA adjustment tolerance can be pre-compensated in UE baseband processing. Or alternatively, BS can estimate the TA adjustment tolerance based on uplink reference signal and compensate the corresponding phase change in baseband processing.

For UE autonomous adjustment, it applies when the transmission timing error between the UE and the reference timing exceeds a threshold, i.e., when the propagation delay between the BS and UE changes due to UE movement. For UE autonomous adjustment, similar to TA adjustment tolerance, it is known to UE and probably not known to the BS. Also, it is technically possible for UE to pre-compensate the corresponding phase change in the baseband processing. Or alternatively, BS can estimate the autonomous timing adjustment amount based on uplink reference signal and compensate the corresponding phase change in baseband processing.
So, in summary, to analyze the impact on phase continuity, the timing adjustments can be categorized into two types:
1) Network commanded TA adjustment, which is known to both UE and BS. The corresponding phase change can be pre-compensated at UE baseband processing or compensated at BS baseband processing.
2) TA adjustment tolerance and UE autonomous adjustment, which it is known to UE and probably not known to the BS. The corresponding phase change can be pre-compensated at UE baseband processing. Or alternatively, BS can estimate the timing tolerance/adjustment based on uplink reference signal and compensate the corresponding phase change in baseband processing.

If the above analysis is confirmed by the group, we can send the related information to RAN1.
Observation 1: To analyze the impact on phase continuity, the timing adjustments can be categorized into two types:

1) Network commanded TA adjustment, which is known to both UE and BS. The corresponding phase change can be pre-compensated at UE baseband processing or compensated at BS baseband processing.
2) TA adjustment tolerance and UE autonomous adjustment, which it is known to UE and probably not known to the BS. The corresponding phase change can be pre-compensated at UE baseband processing. Or alternatively, BS can estimate the timing tolerance/adjustment based on uplink reference signal and compensate the corresponding phase change in baseband processing.

2.2  Maximum duration for joint channel estimation
RAN4 has received one more LS from RAN1 in [3], with the following question on the maximum duration for joint channel estimation for PUSCH and PUCCH.
· 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?

· What factors determine the maximum duration?

· Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?

· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM?
· Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?

· Whether the maximum duration is band specific?

· 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

To our understanding, there will be a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level. The exact duration may be related to the required phase continuity and amplitude consistency tolerance during the duration. For example, if an aggregate power tolerance of ± 2.5/3.5 dB is required for PUCCH/PUSCH, the maximum duration can be 21 ms, according to the definition of aggregate power tolerance requirements in sub-clause 6.3.4.4 of TS 38.101-1.
Observation 2: There will be a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level.
3. Conclusion

This contribution presented our views on the timing adjustment impact on phase continuity and maximum duration for joint channel estimation, with the following observations:
Observation 1: To analyze the impact on phase continuity, the timing adjustments can be categorized into two types:

1) Network commanded TA adjustment, which is known to both UE and BS. The corresponding phase change can be pre-compensated at UE baseband processing or compensated at BS baseband processing.
2) TA adjustment tolerance and UE autonomous adjustment, which it is known to UE and probably not known to the BS. The corresponding phase change can be pre-compensated at UE baseband processing. Or alternatively, BS can estimate the timing tolerance/adjustment based on uplink reference signal and compensate the corresponding phase change in baseband processing.

Observation 2: There will be a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level.
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