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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 FFS aspects of phase continuity and also our view on the LS questions.
Discussion
In the RAN1 LS[2], questions on the maximum duration the UE can maintain phase continuity under a certain tolerance level are asked. Some high level answer/thinking on the questions would be helpful for aligning the RAN4 understanding and also be helpful to set the final RF requirement on the UE.
· 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.
[reasoning] From the simulation results analysis in our companion paper [4], a constant CFO between the repetition time slot is identified as one prerequisite to enable the JCE at BS receiver.  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 as there is RF frequency error requirements in RRC connected mode. Not making the frequency adjustment means the frequency control loop between UE and BS breaks, and the frequency drift will rely on the oscillator frequency stability.  The point is that if we assume the CFO is 0.1ppm which is exactly the RF frequency error requirement, there is no room left for further frequency error degradation due to the free running oscillator. 
Breaking the frequency tracking loop and relying on the oscillator will risk violating the RF frequency error requirement and risk to lose the DL communication, therefore, the JCE should be done within the interval during which the UE does not make the frequency adjustments. The UE could combine several SSB samples to estimate the frequency/timing, so the maximum duration could be counted as the SSB duration, depending the UE frequency tracking algorithm design and oscillator frequency stability. 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. Beyond the 160ms, it could depend on the UE hardware capability.
· What factors determine the maximum duration?
[answer] The maximum time the UE not adjusting its frequency/time but still meet 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

[reasoning] we see very little gain on JCE for higher modulation, and so doubt the usefulness of the higher modulation scheme with JCE. The gain from joint channel estimation, and therefore the phase discontinuity tolerance, may be different for different modulation schemes. 
Here, we simulate the joint channel estimation (JCE) using different MCS for TDD at 4GHz, with 8 repetitions. To ensure the phase continuity, JCE is applied over back-to-back UL slots only with DDDDDDDDUU pattern. A fixed CFO of 0.1ppm is considered as the phase error. Other configurations can be found in Appendix. The results are shown in Figure 2-1 and summarized in Table 1.
In the simulation results we can see that the JCE gain decreases with the increasing modulation order, for the 8 repetitions simulated. Hence, the number of repetitions, and perhaps the maximum duration, may need to be increased at higher modulation to to compensate for the lower JCE gain. The results also indicate that joint channel estimation is not a necessity at high MCS, given the limited gains. 
[image: ]
Figure 2‑1 The JCE performance with different MCS at midband
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




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] If 160ms could be a minimum duration, the repetition perhaps should be done and no need to define longer time than this. 
Conclusions
In this contribution, we provide our answer on the LS reply:
· 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 adjustment. Such maximum duration could be counted as the length of the SSB periodicity and depending 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 not adjusting its frequency/time but still meet 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] If 160ms could be a minimum duration, the repetition perhaps should be done and no need to define longer time than this.
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Appendix
Table 1: Basic setup of LLS for joint channel estimation on PUSCH, for TDD at 4 GHz
	System
	· Carrier frequency 4 GHz
· 30 kHz SCS
· TDD, DL/UL pattern DDDSU (special slot not used for UL unless explicitly mentioned), unless explicitly stated 
· 273 PRBs BWP size

	UE speed
	· 3 km/h

	Payload / tx scheme
	· MCS 4 unless otherwise stated, 4 PRBs, 14 symbols
· 2 DMRS symbols per UL slot unless otherwise explicitly stated
· Special slot not used, unless explicitly stated (in which case it contains 2 DMRS symbols)
· 8 (actual) repetitions, no re-transmissions
· No FH

	Channel
	· TDL-C (NLoS), 30 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (400 Hz)
· Phase offsets between slots as/if indicated in respective section
· No time offset errors between slots

	Antennas
	· 1T4R, otherwise explicitly stated

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver), except CFO known where explicitly indicated in Section 2.3.1.
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PUSCH, 4GHz, 3km/h, 30ns, 4PRBs, no FH, 8 reps, 4 Rx

MCS 4, JCE

MCS 10, JCE

MCS 15, JCE

MCS 4, no JCE

MCS 10, no JCE

MCS 15, no JCE


