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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 is listed below and it is worthwhile to discuss the factor to impact the maximum duration first and then discuss the length of the maximum time window.
Issue 1-5-3: What factors determine the maximum duration?
Further discuss on following proposals, and other factor is not precluded
· Proposal 1: Energy efficiency and thermal changes
· Proposal 2: The maximum time the UE not adjusting its frequency/time. 
· Proposal 3: Phase tolerance within the duration 
· Proposal 4: Factors related to the leftover frequency offset across slots, e.g., channel BW 
· Proposal 5: Whether to configure the PT-RS 
· Proposal 6: Clock stability and PA behavior 

In the above factors, the temperature changes may impact the transmitter gain compensation, if the maximum duration in context is less than 1 second, the temperature will not change dramatically. In [3], the temperature change in smartphone is investigated in detail and the temperature change is seen when heat is accumulated in minutes. So thermal change may be ignored if in the end the time window discussed within 1 second. 
For the factors related to the estimated residual frequency error across time slots, from our companion paper on the updated simulation results [4], it is observed that such residual frequency error does not give significant negative gain on JCE performance, on the contrary, in some cases, the residual frequency error gives positive gain on JCE performance and compensate the phase offset between time slots. 
From the simulation results analysis in our companion paper, a constant CFO between the repetition time slot is identified as one condition so as to have better JCE performance at BS receiver.  If there is frequency adjustment, the frequency change would be factored into the phase change across the time slots and in the end it is difficult to detect/compensate this in UE RF testing and for the UE to fail the test. In this sense, constant CFO should be made as one pre-condition for the time window definition from both JCE performance and for UE RF test perspective.  Constant CFO means UE would not make frequency adjustment and thus the frequency/time stability maintained by clock would be a concern.
Proposal-1: Frequency/time stability of UE is one factor to determine the maximum time duration.
Issue 1-5-2: If there is a maximum duration, how long is it?
· Option 1: The maximum duration should depend on the interval where the UE does not make frequency adjustment with DL signal
· Alt 1: at least smaller/equal than the configured SSB periodicity
· Alt 2: other DL RS periodicity
· Option 2: Depends on JCE performance considering the phase tolerance and/or gNB frequency offset compensation accuracy during the duration even within a sync periodicity.
· Option 3: Maximum duration length depends on both option 1 and option 2

To keep the CFO constant across the repetition slot, the UE should not make any frequency adjustments during JCE. Meanwhile, the UE should always receive the DL with a correct FFT window. The UE always does the frequency and time tracking to align with BS in RRC connected mode. UE will not make frequency adjustment during the interval where no reference signal is transmitted and during this period the time/frequency drift will rely on the oscillator frequency stability.  
There are DL RS that could be used for frequency/time tracking. CSI-RS reference signal could be one. The CSI-RS is UE specific and can be configured to be periodic, semi-persistent or aperiodic. Compared with CSI-RS, SSB is available in a configured period and could be used for time/frequency tracking. The maximum SSB period is 160ms, which UE should support in general, and thus 160ms should be minimum maximum duration that all UEs should support. To give a rough feeling of the time drift within 160ms using the 0.1ppm frequency offset, the time drift will be 0.1 x 0.16 = 0.016 us which is far less than the 0.57 us CP for 120kHz SCS.
In TS 38.133, 5 seconds are assumed for the cell to be known, so the timing of a cell could be remembered/held quite long time (in a few second) and no need to make a fresh cell identification. 
In FR2, the target cell is known if it has been meeting the following conditions:
During the last 5 seconds before the reception of the handover command:
-	the UE has sent a valid measurement report for the target cell and
-	One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.3,
-	One of the SSBs measured from the target cell also remains detectable during the handover delay according to the cell identification conditions specified in clause 9.3.
otherwise it is unknown.
Proposal-2: Use 160ms as a starting point to define the minimum maximum time duration. 
The remaining issues in WF[1] is listed below:
Issue 1-5-4: Whether the maximum duration is dependent on the modulation order of transmission?
For modulation orders not higher than QPSK, further discuss whether the maximum duration is dependent on the modulation order of transmission or not?

Issue 1-5-6: Whether the maximum duration is band specific?
FFS on whether maximum duration is FR(frequency range) specific, and/or band specific

Issue 1-5-7: 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
FFS with following options:
· Option 1: Yes
· Option 2: Subject to a single maximum duration
· Option 3: Needs further discussion 

For issue 1-5-4 and modulation dependency, the simulation for higher modulation shows different JCE gain for different modulation scheme and thus it may end up with different phase/amplitude discontinuity tolerance requirements. Such tolerance may have dependency on PA technology. So long as the tolerance requirement is met, the factor deciding the time window would be constant CFO. Here we do not see a strong connection between modulation order and maximum duration.
Table 1
	MCS 
	Modulation order
	Target code rate R x 1024
	Spectral efficiency
	JCE gain @10% BLER

	4
	QPSK
	308
	0.6016
	0.5 dB

	10
	16QAM
	340
	1.3281
	0.3 dB

	15
	16QAM
	616
	2.4063
	0.1 dB



For issue 1-5-6, as the clock stability relates to the SSB signal periodicity, it is not clear to us if this is FR or band specific. The tolerance is set according the JCE receiver performance. If the UE in a given band can meet the requirement, it reports its capability. Thus the question may be formulated as whether the capability is per band or per FR; we think RF requirements are usually per band, so such capability per band would be fine.   
For issue 1-5-7, as mentioned above, the UE capability to support the phase/amplitude discontinuity tolerance could be band specific, but we do not see the need to also define a maximum duration capability as we see the UE should provide clock stability in a minimum time window.
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 should depend on the interval where the UE does not make frequency adjustments. Such maximum duration could be counted as the length of the SSB periodicity and depend on UE implementation. The minimum duration should be 160ms which corresponds to the largest SSB period in NR Rel-15.
· What factors determine the maximum duration?
[answer] The maximum time the UE does not adjust its frequency/time but still meets the 3GPP requirements. 
· 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] No.
Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
[answer] No.
· Whether the maximum duration is band specific?
[answer] No.
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; a minimum maximum time duration should be specified for all UE 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 propose:
Proposal-1: Frequency/time stability of UE is one factor to determine the maximum time duration.
Proposal-2: Use 160ms as a starting point to define the minimum maximum time 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 should depend on the interval where the UE does not make frequency adjustments. Such maximum duration could be counted as the length of the SSB periodicity and depend on UE implementation. The minimum duration should be 160ms which corresponds to the largest SSB period in NR Rel-15.
· What factors determine the maximum duration?
[answer] The maximum time the UE does not adjust its frequency/time but still meets the 3GPP requirements. 
· 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] No.
Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
[answer] No.
· Whether the maximum duration is band specific?
[answer] No.
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; a minimum maximum time duration should be specified for all UE that meet the RF phase/amplitude discontinuity tolerance requirement (that may associated with capability per band).
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