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Introduction
In WF[1], there is several scenario to be investigated for the phase continuity:
· Issue 1-1-2: Non-zero gap with other signals/channels for the UE
· Proposals
· Option 1: Not consider these scenarios 
· Option 2: A guard period before returning to the repetitions should be defined, and the length including the guard period of the other channel in between two repetitions is less than 14 symbols. 
· Further study on following issues:
· Whether off power requirement can be met on the un-scheduled symbols
· The length of non-zero un-scheduled gap

· Issue 1-1-5: DL slot(s) in-between repetition
· Proposals
· Use different antennas/panels for UL and DL traffic during the JCE window 
· RAN4 further study on the feasibility of phase continuity when there is DL slot(s) in-between repetitions
In this paper, we present our view on the FFS aspect of phase continuity.
Discussion
The main source of the phase distortion on the baseband signal comes from the three blocks, namely the up-conversion, power amplifier and RF tuning block. Figure 1 illustrates the modelling of the phase distortion when baseband signal is upconverted and transmitted from the UE transmitter. 
For the up-conversion, the phase distortion comes from the local oscillator when the baseband signal is mixing with offset frequency to generate the RF signal.  The local oscillator is a filtered noise generator equivalent to a FM and AM modulations on an ideal RF sine wave. The ƟLO(t) is modelled to represent the phase noise generated from the oscillator and is characterized with PSD with different frequency offset in frequency domain. Another phase component added on top of the ƟLO(t) is the phase drift caused by frequency error between the BS frequency and the UE recovered frequency using the SSB signal from the BS. This is the residual estimated CFO using the SSB signal for frequency adjustment. Because the periodicity of the SSB signal is 5ms or larger, so the residual estimated CFO change will not occur within one SSB periodicity and the residual frequency error can be assumed as constant. The system effect of the phase noise is the fuzzy region in the constellation diagram and the residual estimated CFO will add the rotation of the constellation of multiple symbols and also cause the ICI and degrade the SNR of demodulated signal.
The second source of phase distortion comes from the AM-PM effect of a non-linear power amplifier. The PA usually operates around the P1dB region to gain the power efficiency using the envelop tracking technique. In Figure 1, the phase shift caused by AM-PM is modelled as g(A(t)) which relates to the magnitude of the envelop of input signal.  The AM-PM characteristic needs to be measured and the magnitude is different for different PA implementation. Previous LS reply does not mention the magnitude of the phase distortion caused by PA. It should be further discussed that whether this should be modelled as part of the phase tolerance simulation assumption.
The third part of the phase distortion is from the RF tuning for the impedance tuning between duplexer/swich and antenna or aperture tuning to tune antenna supporting different band. The phase change should be one-time thing when RF tuning kicks in, if there is no transmit frequency band change between the repetition, such change could be ignored.


Figure 1: phase distortion modelling on the baseband signal 
Timing error relating to the transmission error or TA
UE is allowed to change the its transmission timing whenever there is received downlink timing change or there is a TA command received to order a adjust the transmission time. UE transmission time can be changed autonomously or ordered by network. When the transmission time is changed, phase distortion will be introduced to the baseband signal. The time delay in transmission for the baseband signal can be modeled as m(t-t0) where the t0 is the time delay or time error. The time shift of the t0 result in a phase shift of -2πft0 in frequency domain:
F(m(t-t0))= M (f) e (-2πft0)
For each time UE makes a transmission time adjustment, there will be time error associated with it. Such time error may be caused by measurement uncertainty on received downlink timing, UE clock jitter and UE transmission time adjustment granularity. For the UE transmission error, it is specified in TS 38.133 with TA adjustment error, so for a wideband transmission signal, the edge subcarrier will be mostly impacted, for 30kHZ SCS, the t0 = +/130ns, the phase error for the edge subcarrier for a 10 PRB transmission signal will be 130*10e(-9)* (120*30kHz)*360=168 degree.  To keep such phase distortion minimum, it seems there is a benefit to keep transmission signal bandwidth low when there is a need to adjust the uplink timing.
Observation#1: The phase jump introduced to 10 PRB transmission with time error of +/- 130ns could be 168 degree.
Observation#2: The narrowband transmission will be less impacted by transmission time error.
As UE could be in mobility and UE uplink transmission timing change seem inevitable, as such, either UE could reduce the transmission error so network with JCE can tolerate it, or UE indicate to network such change and network can make the adjustment on JCE at receiver side.
 Proposal-1: RAN4 discuss how to handle the transmission error in general.
Issue 1-1-2: Non-zero gap with other signals/channels for the UE
From the discussion above, it can be observed that the phase continuity of the baseband signal cannot be hold when there is a transmission gap between the repetition. This is mainly because the phase addition from the residual estimated CFO. For example, when the SNR of SSB signal is low due to the UE locating at the cell edge, the residual CFO could be high and in worst case it could be bounded by frequency error requirement (0.1ppm). For a 60kHz SCS and a 30GHz frequency band, the residual CFO could be 0.1ppm * 30GHz = 3kHz. For 14 symbols duration of the un-scheduled gap between the repetition period, the phase change will be 3kHz * 14/60kHz * 360 = 252 degree. 
Observation#3: There could be a phase jump added to the repetition signal due to the CFO for non-zero gap transmission.
RAN4 has focus on the LS response on the phase continuity resulting from the power amplifier and not considering the phase noise, time error and residual CFO, these aspects should be further investigated in the link layer simulation.
Observation#4: Previous LS response to RAN1 needs further clarification that the conclusion is only hold when phase noise , time error and residual CFO effect is ignored.
Proposal-2: CFO, time error and phase noise need to be further investigated in the link layer simulation.
There is also TX OFF power aspects brought on the LS response discussion. If there is no TX off power requirement during the un-scheduled gap, there will be no time mask requirement as time mask is specified with the relation of ON/OFF TX power in time domain. Therefore, there is no certain UE power transient behaviour for the TX power ramp down/up time during the un-schudeled symbol gap period and the interference situation at network receiving due to the slow ramp down/up is also not known. For example, the slow TX power ramp down in the un-scheduled gap may cause interference to another UE received at network side. As such, it would be beneficial to clarify the UE transient power behaviour during the un-scheduled symbol to help evaluate the interference perspective at network level. The un-scheduled gap between uplink transmission for e.g Type B PUSCH, PUCCH is already in Rel-15-16, there may be missing corresponding UE RF behaviour for it. Currently there is no RF component in URLLC WID and thus care should be taken to avoid the RF specification spill over to other WID..
Observation#5: The un-scheduled gap between uplink transmission for e.g Type B PUSCH, PUCCH is already in Rel-15-16, there may be missing corresponding UE RF behaviour for it.
Proposal-3: RAN4 investigate the UE RF behavior for  un-scheduled gap between uplink transmission for e.g Type B PUSCH, PUCCH in general.

Issue 1-1-5: DL slot(s) in-between repetition
In this case, the TX OFF power requirement during the DL slot should be complied with. For the TDD band, if TX OFF power requirement  is not complied with during the DL slots, there may be interference to the close-by UE DL receiving. This should be avoided. There are some proposal to blank the DL receiving on the DL slots in-between repetition to avoid the self-desensitization, however, in our opinion, the link layer simulation should be performed to understand the joint channel estimation gain considering the phase distortion from the major sources. In the TDD case, the magnitude of the phase distortion from the AM-PM could be quantified so later one the total phase discontinuity tolerance budgets could be allocated to each phase distortion source.
Porposal-4: the phase tolerance for TDD case should be simulated before deciding how the UE behaviour would be impacted.

There are some questions in LS reply from RAN1 and answers are provided below based on our understanding.
Question 1: In addition to the conditions provided in R4-2103393, can RAN4 please confirm that “Applying the same TPMI precoder across PUSCH transmissions” is also a necessary condition to keep phase continuity across PUSCH transmissions? 
[answer] To initiate the new TPMI, the network need to order the UE to send the SRS signal and according to RAN4 previous reply, the phase continuity will not hold because the SRS signal may be transmitted in different antenna ports between the repetition signal. From this perspective, The same TPMI is a necessary condition to keep the phase continuity. 
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?
[answer] There will be phase discontinuity introduced into the baseband signal when the baseband makes the uplink time adjustment in general. Such time adjustment could be autonomously or ordered by network with a TA command. There is also transmission time error associated with the transmission time adjustment and such time error will result in phase discontinuity uncertainty between the repetition transmission. From this perspective, even if there is no TA command adjustment between PUCCH/PUSCH transmissions, UE could still make the time adjustment as received downlink timing could change when UE is in mobility. 
Question 3: There are two different interpretation in RAN1 regarding the “downlink reception” in “No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case” (in R4-2103393)
1) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE.
2) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE and/or downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.
Can RAN4 please confirm which interpretation is correct?

[answer] RAN4 needs further study on the feasibility of phase continuity when there is DL slot(s) in-between repetitions according to WF (R4-2105418). Until the feasibility is confirmed there is no need to clarify the meaning of the downlink reception.

Conclusions
In this contribution, the phase continuity issue is further discussed based on the modeling of the phase distortion from different RF block with below proposal:
Observation#1: The phase jump introduced to 10 PRB transmission with time error of +/- 130ns could be 168 degree.
Observation#2: The narrowband transmission will be less impacted by transmission time error.
Proposal-1: RAN4 discuss how to handle the transmission error in general.
Observation#3: There could be a phase jump added to the repetition signal due to the CFO for non-zero gap transmission..
Observation#4: Previous LS response to RAN1 needs further clarification that the conclusion is only hold when phase noise , time eror and residual CFO effect is ignored.
Proposal-2: CFO , time error and phase noise need to be further investigated in the link layer simulation.
Observation#5: The un-scheduled gap between uplink transmission for e.g Type B PUSCH, PUCCH is already in Rel-15-16, there may be missing corresponding UE RF behaviour for it.
Proposal-3: RAN4 investigate the UE RF behavior for un-scheduled gap between uplink transmission for e.g Type B PUSCH, PUCCH in general.
Porposal-4: the phase tolerance for TDD case should be simulated before deciding how the UE behaviour would be impacted.
There are some questions in LS reply from RAN1 and answers are provided below based on our understanding.
Question 1: In addition to the conditions provided in R4-2103393, can RAN4 please confirm that “Applying the same TPMI precoder across PUSCH transmissions” is also a necessary condition to keep phase continuity across PUSCH transmissions? 
[answer] To initiate the new TPMI, the network need to order the UE to send the SRS signal and according to RAN4 previous reply, the phase continuity will not hold because the SRS signal may be transmitted in different antenna ports between the repetition signal. From this perspective, The same TPMI is a necessary condition to keep the phase continuity. 
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?
[answer] There will be phase discontinuity introduced into the baseband signal when the baseband makes the uplink time adjustment in general. Such time adjustment could be autonomously or ordered by network with a TA command. There is also transmission time error associated with the transmission time adjustment and such time error will result in phase discontinuity uncertainty between the repetition transmission. From this perspective, even if there is no TA command adjustment between PUCCH/PUSCH transmissions, UE could still make the time adjustment as received downlink timing could change when UE is in mobility. 
Question 3: There are two different interpretation in RAN1 regarding the “downlink reception” in “No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case” (in R4-2103393)
1) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE.
2) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE and/or downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.
Can RAN4 please confirm which interpretation is correct?

[answer] RAN4 needs further study on the feasibility of phase continuity when there is DL slot(s) in-between repetitions according to WF (R4-2105418). Until the feasibility is confirmed there is no need to clarify the meaning of the downlink reception.
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