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1. Introduction
An LS reply in [1] has been received from RAN1 on PUCCH and PUSCH repetition and Joint Channel Estimation. Several supplementary questions were asked, that we list below for convenience:

	· 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?
· What factors determine the maximum duration?
· Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
· Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
· Whether the maximum duration is 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



In this contribution we will discuss the phase continuity issues in the context of the new questions asked by RAN1.

2. Discussion
In the following sections we will address the questions one by one.

2.1 RAN1 agreements impacting RAN4 discussions
In the context of PUSCH or PUCCH repetitions, it is worth noting some of the JCE related RAN1 agreements and definitions from [2] impacting RAN4 further discussions:

	PUSCH related agreements:
· The JCE is not supported over non-back-to-back PUSCH within a slot.
· Definition of the maximum duration: a maximum time duration during which UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements. 
· FFS whether or not such a definition is necessary for RAN1 specifications.
· Note: whether such a definition is to be specified in RAN4 specifications is up to RAN4.
· FFS the maximum duration may be reported by UE.
· Note: it is understood that for a UE, the maximum duration is no less than the time domain window duration
· Joint channel estimation for PUSCH transmissions is enabled or disabled via RRC configuration for a UE
· FFS: whether additional dynamic signalling is needed to enable/disable joint channel estimation for PUSCH transmissions
· Note: the enabling of such a feature is subject to certain prerequisites
· FFS RRC parameter details (including explicit vs. implicit configuration)
· FFS For joint channel estimation for PUSCH, the time domain window is not explicitly enabled or disabled separately from joint channel estimation.
· For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, down select one of the following alternatives for the time domain window.
· Alt 1: All the repetitions are covered by one single time domain window
· The start of the window is the first PUSCH transmission
· FFS: how to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum
· FFS: frequency hopping and precoder cycling
· Alt 2: All the repetitions are covered by one or multiple time domain windows
· For the start of each window,
· The start of the first window is the first PUSCH transmission.
· FFS: how to determine the start of other windows, e.g., whether multiple windows are consecutive or non-consecutive, whether the start of the window depends on DL/UL configuration for unpaired spectrum
· For the length of each window,
· FFS Each window consists of at least two adjacent physical slots for UL transmission.
· The length of each window is no longer than the maximum duration.
· FFS: how to determine the length of each window
· FFS: whether the length of each window depends on DL/UL configuration for unpaired spectrum
· FFS: how to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum.
· FFS: frequency hopping and precoder cycling
· Other alternatives are not precluded.
PUCCH related agreements:
· For DMRS bundling for PUCCH repetitions, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUCCH repetitions subject to power consistency and phase continuity requirements.
· Strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible

· For PUCCH repetitions, the following use cases are deprioritized in RAN1 work on PUCCH DMRS bundling
· Use case 1: back-to-back PUCCH repetitions within one slot.
· Use case 2: non-back-to-back PUCCH repetitions within one slot.
· Use case 2a: no uplink transmission in the middle of two PUCCH repetitions 
· Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions 




A first observation is that RAN4 should concentrate on multi slot repetitions as the intra-slot are not at the core of RAN1 JCE design priorities.

Observation 1:  RAN4 should concentrate on multi-slot phase continuity study for JCE.

We can see that for PUSCH repetitions of the same TB there are mainly two alternatives with some non-contiguous repetitions that are FFS. Mainly the alternatives related to time domain window are related to a single or multiple JCE windows. We believe that single versus multiple time domain windows choices are related to the UE capability to maintain phase continuity.
As the UE may maintain a certain phase continuity tolerance over a certain number of repetitions that may be less than the maximum repetitions set by higher layer RRC configurations, it becomes clear that RAN4 discussions will impact RAN1 decisions concerning the JCE number of windows or maximum window size. 

Observation 2: The single versus multiple time domain windows for JCE choices are related to the phase continuity RAN4 discussions and conclusions on phase continuity tolerance.

It is even more clear from the above listed RAN1 agreements that non-back-to-back repetitions are pending RAN4 conclusions.

Observation 3: The JCE for non-back-to-back design or restrictions is pending RAN4 phase continuity study conclusions.


2.2 Factors impacting the JCE time domain window length
Currently RAN4 studies the phase continuity related tolerance considering the JCE SNR gain or TP gain as metrics.
However, the JCE window dimensioning was not a target of the exercise and probably can be the object of a subsequent set of simulations.

Observation 4: The JCE window length dimensioning is not the goal of the current simulation campaign. 

However, some factors that may impact the JCE window length can be certainly mentioned:

· The phase continuity disruption magnitude is expected to impact differently the modulations order under discussion in terms of supported phase tolerance level.
· Since the phase noise is very different in FR1 versus FR2, it is expected that at least for FR1 and FR2 spectrum split phase continuity tolerance level to have a different impact.

Observation 5: Known factors that may impact the JCE window length:

· The phase continuity disruption magnitude is expected to impact differently the modulations order under discussion in terms of supported phase tolerance level.
· Since the phase noise is very different in FR1 versus FR2, it is expected that at least for FR1 and FR2 spectrum split phase continuity tolerance level to have a different impact.

Observation 6: The UE may need to signal JCE maximum window length as a UE capability per case. 

In the last RAN4 meeting WF [3] the TA residual error and the UE based timing adjustment handling is still FFS. The timing errors translate in phase errors and clearly the BS has no knowledge of such timing shift. Similarly, the frequency adjustments, internal processes to the UE, will have a phase impact and again the base station has no full knowledge of the adjustments.

Moreover, the non-back-to-back repetitions where supposedly a gap of 13 or 14 symbols may be supported is under discussion with the assumption that the Tx side may be kept ON while reception may or may not be required. This must be further studied, due to the RF requirements impact.

Observation 7: The UE timing adjustment, TA errors and non-back-to-back phase continuity issues are studied without any mitigation methods, and this has a direct impact on JCE window length.

We believe the timing adjustments and TA error and the non-back-to-back repetitions require a mitigation error handling targeting a common and uniform JCE design. A possible mitigation method can be addition of the PT-RS for phase correction. Moreover, a mitigation method will enable a unified design for repetition and JCE window length. As the analysis for phase continuity is applicable for both FR1 and FR2 [3], an evaluation analysis for PT-RS impact should be conducted for both FR1 and FR2.

Observation 8: The use of PT-RS may influence determination of JCE window length.

Proposal 1: For JCE window length determination discuss the addition of PT-RS for simulation assumptions for the cases where phase continuity tolerance prove to be problematic for the JCE feature gain.

	
3. Conclusion
In this contribution we made the following observations and proposals:

Observation 1:  RAN4 should concentrate on multi-slot phase continuity study for JCE.

Observation 2: The single versus multiple time domain windows for JCE choices are related to the phase continuity RAN4 discussions and conclusions on phase continuity tolerance.

Observation 3: The JCE for non-back-to-back design or restrictions is pending RAN4 phase continuity study conclusions.

Observation 4: The JCE window length dimensioning is not the goal of the current simulation campaign. 

Observation 5: Known factors that may impact the JCE window length:

· The phase continuity disruption magnitude is expected to impact differently the modulations order under discussion in terms of supported phase tolerance level.
· Since the phase noise is very different in FR1 versus FR2, it is expected that at least for FR1 and FR2 spectrum split phase continuity tolerance level to have a different impact.

Observation 6: The UE may need to signal JCE maximum window length as a UE capability per case. 

Observation 7: The UE timing adjustment, TA errors and non-back-to-back phase continuity issues are studied without any mitigation methods, and this has a direct impact on JCE window length.

Observation 8: The use of PT-RS may influence determination of JCE window length.

Proposal 1: For JCE window length determination discuss the addition of PT-RS for simulation assumptions for the cases where phase continuity tolerance prove to be problematic for the JCE feature gain.
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