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1.	Introduction
In previous meetings, there has been correspondence between ran1 and ran4 and few WF’s in ran4 side [see references]. Discussion has been mostly about “when and in which use cases phase between two transmissions can be continuous”. RAN4 or RAN1 has not concluded on a number or how to specify it when phase is considered continuous despite many agreements in the topic. This paper discusses some open items and makes proposals how to proceed. 
Ran4 received an LS regarding maximum duration [10]. Especially in this issue some aspects on the actual requirement become important and this paper proposes how requirement should be set and how to reply to their questions. 
2. 	Discussion
2.1	Requirement discussion for phase continuity
So far RAN4 has been discussing feasibility of phase continuity between two repetitions. To extend this with an actual requirement in mind, there is also a question on how the phase continuity is defined. The question is if it only matters what the phase change between two consecutive repetitions is or is phase change over all repetitions in same bundle relevant. 
Observation 1: RAN4 has not discussed aggregated phase continuity requirement over all transmissions that are part of same repetition bundle.
This leads to the question how long one bundle can be which is an open item the LS from RAN1 [10]. From RAN4 point of view, impacting aspect is UE power consumption since UE may need to keep circuitry that impacts TX phase in unchanged state i.e. ON so long bundle will consume more power than series of shorter bundles. 
An other issue worth discussing is the CFO issue brought up in [9]. If UE has 0.1 ppm frequency error in the transmissions as allowed according to the requirements, this will be visible as constant phase drift in the receiver. assuming the gNB receive frequency is perfectly matched with the gNB TX that is the reference for the UE RX and 0.1 ppm is compared to that.
This issue with closer look seems to be a problem even without repetitions since the receiver will do the channel estimate from DMRS and it can be first symbol in the slot. As calculated in [9] the phase change because of this can be up to 252 degrees within the slot of 14 symbols with 60 kHz SCS. [9] only refers to a phase change in a gap but same would happen in a slot with 14 UL symbols transmitted. Even bigger problem would be possible doppler shift in the observed received frequency at gNB if UE is moving. This problem must be solved in gNB even without repetitions.  
Observation 2: Phase drift due to CFO is a problem regardless of gaps between repetitions and need to be solved in the receiver. 
How requirement over multiple transmissions is set to the UE, depends on how CFO problem will be solved. It seems that UE would still need to allowed for 0.1 ppm frequency error which then, if requirement is set for aggregate phase, would end up a very large number and therefore we think that the residual frequency error should be compensated in the receiver and phase continuity requirement should address only the phase changes because of other imperfections in UE than the frequency error. 
Proposal 1: Frequency error is compensated in the receiver in the phase continuity test for joint channel estimation 
2.2	Other channels in between repetitions
The case when two consecutive repetitions have same frequency content (same RB allocations) but there is an other channel in between with different frequency content needs more discussions. Figure 1 describes the case to ease the discussion.

Figure 1. Case of other channels in between two repetitions
If UE needs to retune and then come back to the same phase what it had in the previous transmission, first UE needs to store the phase into the memory and then after transmitting the other channel, UE needs to reset the retuned LO back to the original phase that was stored in the memory and therefore needs some time to do this and therefore needs a guard period. We can denote the time of the guard with Y and the gap length has been agreed to be 13 symbols or less.
Earlier agreement in LS [4] does not mention that modulation order of the other channels needs to be the same, so this enables a case where there is an SRS in between repetitions. LS mentions that the power and RB allocation needs to be the same. How to ensure that the UE power output power is the same for SRS and PUSCH is close to impossible since symbol generation and power control processes are different between the two. There is also the possibility that UE does not apply all allowed MPR for the other channel and in the result is that power levels are different. It is also questionable what is the benefit of sounding the channel with repetitions for same RBs and power from network point of view. WF [8] mentions in scenario 1 that the power and RB allocation of the other channel can be different but does not mention studying different modulations. If Ran4 considers to allow different power and RB allocations in channel that are transmitted in between two transmission that are part of same repetitions, it is better to allow a guard after any kind of channel in between repetitions to ensure UE has a possibility to return to the original phase.  
Proposal 2: In the case of different channel in between two repetitions, a guard period before returning to the repetition transmission is allowed to the UE. Length of guard period Y is FFS but shall not exceed 2 symbols. 
2.3	Gap length for other SCS’s
Agreement [8] is that the gap can be up to 13 symbols and to be discussed what is the gap length for different SCS and if it can be 14 symbols.  We believe the 13 symbols came from used notation < 14 but the intention was to use ≤ 14 so from our point of view, gap can be 14 symbols.
For other SCS, our view is that the gap should not exceed 14 symbols. It maybe possible but not preferrable since all the circuitry needed to maintain the phase consumes power and from UE point of view, the benefit of repetitions compared to a higher power amplifier implementation diminishes with long gaps because of this idle current consumption. It is also not clear what would be the benefit from network side with much longer gaps. With longer gaps also the latency increases. With > 14 symbols gaps it seems there is only losses on both sides.  Drawback is also that if UE is configured for multiple repetitions with long gaps and if UE can not receive even PDCCH in between repetitions, if repetition bundle for some reason becomes unusable during it, network has no means to execute early termination and stop UE from transmitting and occupying the resources. Overall, long gap does not seem very beneficial for network of the UE. 
Proposal 3: Maximum gap length between the repetitions is no more than 14 symbols for every SCS
2.4	TA adjustment 
TA adjustment can have an error ±256 Tc where Tc = 0.5 nsec. This is total of 0.13 usec and corresponds to 7.7 MHz frequency. Phase error because of this allowed TA adjustment error is large. So regardless if the TA adjustment happens autonomously or by network commanded, the event with associated errors will cause unpredictable phase discontinuity in the UL signal.
Observation 3: TA adjustment in between repetitions will cause phase to be discontinuous in all cases.
Possible solution for this issue is that gNB receiver detects these and corrects these but it maybe impossible since the use case for repetitions is when gNB can not detect single transmissions alone reliably enough to detect the phase jump reliably. An other solution is to block TA adjustments during repetitions in UE. 
Proposal 4: TA adjustments are disabled in UE during repetitions. 
2.5	OFF power 
The OFF power requirement in between transmissions when the gap is shorter than 14 symbols is not defined. The 38.101-1 specifies that OFF power is measured for duration of 1 msec. If a requirement for shorter period will be defined, it should be considered that some UE’s might then fail this since they may take advantage of the longer integration time for OFF power. Figure 2 explains the case. 

Figure 2 Shorter OFF power period
If the OFF power period is revised to shorter time, the dBm value should be relaxed. It should be noted that minimum power requirement is -40 dBm and OFF power is -50 dBm. 
Proposal 5: If OFF power measurement period is made shorter, the dBm value for OFF power should be relaxed. 
2.6	Maximum duration of repetition
RAN1 sent one further LS [10] about the maximum duration of the repetitions. In appendix we provide our proposed answers. Ran4 has not concluded on the value when phase is considered continuous or how consistent the power should be so RAN4 is not able to provide a value at this point.  
Proposal 6: Reply to RAN1 according to the text in the appendix
Conclusion
We discussed open items for phase continuity requirement for UEs and made following observations:
Observation 1: RAN4 has not discussed aggregated phase continuity requirement over all transmissions that are part of same repetition bundle.
Observation 2: Phase drift due to CFO is a problem regardless of gaps between repetitions and need to be solved in the receiver. 
Observation 3: TA adjustment in between repetitions will cause phase to be discontinuous in all cases.
And made the following proposals:
Proposal 1: Frequency error is compensated in the receiver in the phase continuity test for joint channel estimation 
Proposal 2: In the case of different channel in between two repetitions, a guard period before returning to the repetition transmission is allowed to the UE. Length of guard period Y is FFS but shall not exceed 2 symbols. 
Proposal 3: Maximum gap length between the repetitions is no more than 14 symbols for every SCS
Proposal 4: TA adjustments are disabled in UE during repetitions. 
Proposal 5: If OFF power measurement period is made shorter, the dBm value for OFF power should be relaxed. 
We also proposed to reply to RAN1 about the maximum duration according to the text in the appendix
Proposal 6: Reply to RAN1 according to the text in the appendix
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1. Overall Description:
RAN1 question: 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?
RAN4 answer: Yes, there is a maximum duration but RAN4 has not agreed how many slots it is. 
· RAN1 question: What factors determine the maximum duration? 
· RAN4 answer: Factors determining could include UE ability to defer frequency error corrections, timing corrections, etc. If a certain level of performance relative to ideal DMRS bundling is to be ensured, then maximum duration also depends on the phase jitter observed across slots.
· RAN1 question: Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
· RAN4 answer: Yes
· RAN1 question: Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
· RAN4 answer: If a certain level of performance relative to ideal DMRS bundling is to be ensured, then maximum duration depends on modulation order.
· RAN1 question: Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
· RAN4 answer: No
· RAN1 question: Whether the maximum duration is band specific? 
· RAN4 answer: It is FR dependent, maybe band dependent as well.
· RAN1 question: 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
· RAN4 answer: Yes

2. Actions:
To RAN2 group.
ACTION:  RAN4 respectfully requests RAN2 in addition to the previously communicated capability for TX diversity to provide means to distinguish the three possible implementation variants. 

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting#101-e 	 Nov 2021		Electronic Meeting
TSG-RAN4 Meeting#101-Bis-e 	 Jan 2022		Electronic Meeting
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