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Introduction
There is an LS from RAN1 asking about the maximum duration over which phase continuity can be maintained [2].
In this paper, we present our view on the LS questions, including how to set the maximum duration.
Discussion
In WF[1], the options of the maximum duration are listed below and it is worthwhile to discuss the factors that impact the maximum duration first, and then discuss the length of the maximum time window.
Agreement: For issue 1-5-1 in WF R4-2120003, use below WF instead
· Issue 1-5-1: What factors determine the maximum duration
· WF recommendation:
· Option 1: The maximum time the UE not adjusting its frequency/time
· Option 2: Phase and power tolerance within the duration

In previous RAN4 meeting, there is concern on the temperature change during the maximum duration. The reason is that when the temperature changes and UE may make gain compensation for TX chain gain to maintain the output power. In [3], the temperature change in smartphones is investigated in detail and the temperature change is seen when heat is accumulated in minutes. If the maximum duration in context is less than 1 second, the temperature will change little. In previous LS reply, it is agreed that duration of more than 32 time slots will be not discussed in RAN4 so thermal change in such short period could be ignored, therefore, there is no need to consider the temperature impact on the phase/power tolerance within the duration.
[bookmark: _Ref89790951]No need to consider the temperature impact on the phase/power tolerance within 32 time slots.
From the simulation results analysis in our companion paper[4], a “constant CFO” between the repetition time slots is identified as one condition to have better JCE performance at BS receiver.  If there is frequency adjustment in UE, the frequency change would be factored into the phase change across the time slots and in turn, this will be reflected as the phase change in baseband signal.  For a BS JCE receiver, when constant CFO is assumed in its algorithm, it is difficult to separate the phase change caused by the UE’s TX chain and phase change caused by frequency adjustment as there is no knowledge about the time when UE makes the frequency change. In the worst case, this may result in a UE failing the RF test because the test receiver also makes the CFO correction and compensation and has no knowledge of time when UE makes frequency change. Therefore, from both UE test and BS JCE receiver perspectives, the UE should not make frequency adjustment and thus relying the frequency/time stability maintained by oscillator.
Additionally, RAN1 agrees that UE will not make the autonomous time adjustment:
Agreement:
· UE should not perform UE autonomous TA adjustment during the actual time domain window.
This would also mean that UE should not make frequency adjustment otherwise the transmission time would be also changed accordingly.
[bookmark: _Ref89790954]The maximum time duration for the UE not adjusting its frequency/time should be one factor 
In RAN4#101e, there is also a discussion on FFS of 21ms, this relates to the aggregated power tolerance requirement. The aggregated power control requirement covers the non-continuous transmission case so the TX gain may change and thus requirement of 3.5 dB. On the other hand, companies believe that if there is no TX gain change, the output power should maintain a good stability. If UE keeps the TX ON during a time domain window (TDW) and there is no TX gain change, it seems not likely there is an RF related factor to decide maximum duration if no temperature change is considered during the TDW. It also worth mentioning that the time interval of 21ms for aggregate power requirement considers the reasonable test time for aggregate power test with certain power control delay (4ms from PDCCH till the UE reacts + 1ms transmission time) as shown in Figure 1. It does not consider the longer time than 20 ms as the test time needs to be controlled and assumption of no temperature impact in such a short duration still holds. For the 32 time slots duration or a maximum 32 ms, there is hardly the temperature change and thus output power stability requirement in response to the 0 dB TPC command could be extended. RAN1 also agrees there is no transmission configuration change as agreement below. So, the UE will not change its configured output power because the PUSCH/PUCCH allocation is the fixed. Again, the aggregate power control tolerance is quite relaxed, covering the non-continuous transmission and the frequency hopping, with current JCE pre-condition, UE could meet tighter power consistence tolerance and thus it is hard to regard the power consistency tolerance as a factor that impacts the maximum duration. The phase should be treated the similar as both power and phase relates to the TX gain control.
Agreement:
· For non-back-to-back PUSCH/PUCCH transmissions across consecutive slots, the other uplink transmission in the middle of two PUSCH/PUCCH transmissions constitutes an event that violates power consistency and phase continuity.
[bookmark: _Ref89791329]Power/phase consistency tolerance is not a factor impacting the maximum duration considering the 32 ms as upper limit for RAN4 investigation.

[bookmark: _Ref89791542]Frequency/time stability of the UE is one factor to determine the maximum time duration.



Figure 1          “Figure 6.3.4.4.4.2-1 Test uplink transmission [6]”

Issue 1-5-2: How long is the maximum duration
WF recommendation:
· Depend on the outcome of Issue 1-5-1.
· Note: The number of slots for maximum duration means the consecutive slots. In case of non-scheduled gap and/or other channel transmission, the duration of the non-scheduled gap and/or other channel should be counted.

In order to not adjust frequency across the repetition slots, a UE will rely on the oscillator frequency stability. There will be hardly any time drift within 32 time slots. To give a rough feeling of the time drift within 32ms using the 0.1ppm frequency offset, the time drift will be 0.1 x 0.032 = 0.0032 us which is far less than the 0.57 us CP for 120kHz SCS. In our opinion, the maximum duration could be minimum 160ms which is maximum period of the SSB signal which UE needs to support UEs could also report other values if the duration could be more than 160ms. Anyway, as the 32ms is agreed upper limit of RAN4 investigation, there is no issue to support this number.
[bookmark: _Ref89791558]There is no issue for UE to support 32 ms as maximum duration. 
The remaining issues in WF[1] is listed below:
Issue 1-5-3: Whether the maximum duration is dependent on the modulation order of transmission
WF recommendation:
· No. 
· Note: It has been agreed to only focus on the modulation orders not higher than QPSK.
Issue 1-5-4: Whether the length of maximum duration is band specific
WF recommendation:
The length of maximum duration is:
· Option 1: Band specific
· Option 2: FR specific
Issue 1-5-5: 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
Summary of 1st round discussion:
· Option 1: Yes.
· Option 2: Subject to a single maximum duration.
· Define a single maximum duration for a given set of factor(s), and the set of factor(s) depends on the conclusions for the other issues under discussion.
· The support of the feature may associated with capability per band
· Option 3: Needs further discussion 
· Option 4: UE could report the supported value(s)
WF recommendation:
· Down select among the following options once we have the results of the simulations:
· Option 1: Subject to a single maximum duration value.
· The value is defined for a given set of factors which are depends on the conclusion for the other issues under discussion.
· Option 2: Subject to multiple maximum duration value and UE could report the supported value(s).

For issue 1-5-4, to meet the phase/power tolerance may be band dependent as the RF requirement always relates to band, so feature itself is band dependent/specific. For maximum duration, as it only valid discussion if phase/amplitude tolerance would be supported within a band, thus maximum duration indirectly dependent on the band. And thus related to UE capability to comply/test per band basis. 
For Issue 1-5-5, we do not see phase and power consistency tolerance as one factor to impact maximum duration in discussion of issue 1-5-1 and option 1 is our preference:
· Option 1: Subject to a single maximum duration value.
· The value is defined for a given set of factors which are depends on the conclusion for the other issues under discussion.

Having discussed above the further reply for the LS is suggested as below:
· 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?
[answer] The maximum duration could be 32ms and other number than 32ms is not discussed in RAN4.
      What factors determine the maximum duration?
[answer] The maximum time during which the UE does not adjust its frequency.
· Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
[answer] As the factors are not related to the modulated signal, the conclusion should be the same for both PUSCH and PUCCH.
· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
[answer] RAN4 focuses on QPSK only as no JCE gain was seen for higher modulations (16QAM and 64QAM).
Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
[answer] No.
· Whether the maximum duration is band specific?
[answer] Yes. As to meet RF requirement on phase and power consistency tolerance may be 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
[answer] No; Subject to a single maximum duration value, a minimum maximum time duration should be specified for all UEs that meet the RF phase/amplitude discontinuity tolerance requirement (that may associated with capability per band).
Conclusions
In this contribution, we provide our reply for on the LS [2], and discuss how to set the maximum duration.
Regarding the maximum duration, we have below observations and proposals.:
Observation 1	No need to consider the temperature impact on the phase/power tolerance within 32 time slots.
Observation 2	The maximum time duration for the UE not adjusting its frequency/time should be one factor
Observation 3	Power/phase consistency tolerance is not a factor impacting the maximum duration considering the 32 ms as upper limit for RAN4 investigation.
Proposal-1:	Frequency/time stability of UE is one factor to determine the maximum time duration.
Proposal-2:	There is no issue for UE to support 32 ms as maximum duration.

For the LS reply, we propose the following:
· 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?
[answer] The maximum duration could be 32ms and other number than 32ms is not discussed in RAN4.
· What factors determine the maximum duration?
[answer] The maximum time during which the UE does not adjust its frequency.
Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
[answer] As the factors are not related to the modulated signal, the conclusion should be the same for both PUSCH and PUCCH.
· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
[answer] RAN4 focuses on QPSK only as no JCE gain was seen for higher modulations (16QAM and 64QAM).
Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
[answer] No.
· Whether the maximum duration is band specific?
[answer] Yes. As to meet RF requirement on phase and power consistency tolerance may be 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
[answer] No; Subject to a single maximum duration value, a minimum maximum time duration should be specified for all UEs that meet the RF phase/amplitude discontinuity tolerance requirement (that may associated with capability per band).
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