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1 Introduction
In RAN4 #98-e phase continuity and power consistency for PUCCH and PUSCH repetition was discussed [1], a WF was approved [2] and an LS was sent to RAN1 [3]. 

The following issues are captured in the WF [2] and agreed to be further studied:
· Whether phase continuity can be maintained if the other signals/channels power in-between the repetitions can be different with the power of repetition or if PRB content of the channels/signals in between can be different 
· RAN4 further study on the feasibility of phase continuity when there is DL slot(s) in-between repetitions
· RAN4 to evaluate the required tolerance of the phase continuity and amplitude consistency from link performance simulation:
· RAN4 to provide simulation assumption in the next meeting
· Initial simulation result is also encouraged to be provided in the next meeting 

Moreover, a reply LS on PUCCH and PUSCH repetition from RAN1 has been sent to RAN4 [4], where the following questions have been raised: 

· 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? 
· 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?
· 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)
· “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE.
· “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.

In this contribution, we share our views on the selected issues above.

2 Discussion
2.1 Conditions for maintaining the phase continuity and the required tolerance of the phase continuity and amplitude consistency
A general view shared with other companies is that, to maintain the phase continuity and amplitude consistency from the UE transmission, it is vital to ensure the state of the Tx chain through the transmission cycle. However, changing the state of the TX chain does not necessarily mean that the phase continuity would be lost. UE may calibrate the output signal so that the phase across the repetitions can remain. An example of retuning the phase back to the original state in a different channel between two repetitions has been shown in companies’ contribution in the last RAN4 meeting [5].
Similarly, changing signals/channels power or even PRB content in-between the repetitions affects the state of the Tx chain. Thus, to maintain the phase continuity, the device may be required to tune the phase to remain the same across the repetitions. 

Observation 1: Depending on the implementation, it may be possible for a UE to retune the phase so as to maintain phase continuity in-between repetitions if either the power of other signals/channels in-between the repetitions is different from the power of the repetitions, or the PRB content of the channels/signals in-between is different.

On the other hand, conditions for maintaining the phase continuity have been discussed over multiple meetings in RAN4, but it is unclear how large phase variations between PUCCH/PUSCH repetitions can be tolerated while still enabling a successful joint channel estimation from the network side. The network estimator is typically able to tolerate some phase/amplitude variations when it performs the joint channel estimation over PUCCH and PUSCH repetition. A higher tolerance can broaden the use cases of performing the joint channel estimation over repetitions while reducing the UE power consumption and implementation complexity to maintain the phase/amplitude continuity. 
Observation 2: The feasibility of a use case and UE implementation complexity is up to the acceptable phase/amplitude tolerance for the network to perform a joint channel estimation over PUCCH and PUSCH repetition. 
Therefore, it is essential to understand the acceptable phase/amplitude tolerance before concluding the feasibility of certain use cases. 
Proposal 1: RAN4 should study the acceptable phase/amplitude variation tolerance before concluding the feasibility of a specific use case. 
To further facilitate the discussion, we thereby provide some preliminary simulation results that illustrate how the phase variation can alter the performance of joint channel estimation over PUCCH and PUSCH repetition in the next section.

2.2 Preliminary assessment on tolerance of the phase continuity 
In this section, we provide simulations of the impact of phase discontinuity on performance of channel estimation. We have used a highly simplified simulation setup. However, we believe that it captures the most important aspects and allows us to draw general conclusions.
We assume that there is a sequence of UL periods, with DL between any two UL periods. Within a single period, we assume that the frequency direction can be divided into a set of  channel coherence blocks (see Fig. 1). Furthermore, we assume that the propagation channel is independent among all  blocks, and within each block, we consider the channel to be constant (block fading). The channel within a certain block  in UL period  is correlated to the channel at block  in period  as , i.e., an AR(1) model. Let the channel in frequency block  of UL period  be denoted by , our propagation model is then described by

Within each block we assume, without loss of generality for our purposes, that there is a single pilot present. The received signal at these pilot positions can be written as
,
where we have assumed that the pilots have been removed and that the noise is  ; we remark that more pilots are equivalent to a reduced noise density. 
The variables  account for phase discontinuity among UL periods, and we assume them to be independent and uniformly distributed  We have assumed that all frequency blocks within a given UL period are equally affected by the phase discontinuity. While the number of frequency blocks is limited to , we assume an infinite number of UL periods to make our results independent of this parameter. 
The radio channel of interest includes  and can be written as . Our aim is to study the impact of  on channel estimation of , wherefore we report results on the MSE . An overall block diagram to illustrate the simulation flow is shown in Fig. 1. 
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Figure 1. Block diagram of the simulation flow to assess the impact of phase discontinuity on the joint channel estimation error. 

We consider 4 different channel estimators:
i. A genie estimator which knows the exact value of  Note that this estimator is joint over all UL periods.
ii. A phase discontinuity non-aware estimator. That is, it will perform channel estimation as if . Note that this estimator is still joint over all UL periods.
iii. A maximum-a-posteriori estimator that is aware of the number . This is, in a MAP sense, the optimal estimator and will make a jointly optimal estimate of  and , . Note that this estimator is still joint over all UL periods.
iv. An estimator that works over a single UL period.

We next present a selected set of simulations for ; a case we consider to be quite common in practice. We start with setting  (narrowband signals). In Figure 2(a) below, we present our results for all four estimators. Note that estimator i is equivalent to ii and iii if  As can be seen, phase discontinuities up to around  lead to ii and iii outperforming iv; or in other words, the correlation among UL periods is still useful. For  below , there is no noticeable impact on channel estimation performance. In general, ii performs better than iii at low SNR, unless  but the situation is reversed at higher SNRs. As an overall conclusion: If , channel estimation across multiple UL periods with estimator iii performs roughly the same as single UL period estimation (ii), but estimator iii performs much worse than iv.
Let us now move to . It follows from the channel model that  has no relevance for the performance of estimators i, ii, and iv. Therefore, we keep the curves from Figure 2(a) for said estimators, and plot the results for estimator iii for . In fact, we set  for all curves generated with estimator iii. The results are shown in Figure 2(b) for the 3 cases of , and . As we can see, already for , estimator iii is nearly perfectly able to estimate the phase values  as the curve is very close to that of estimator iv. For , we see that it is beneficial to perform multi UL period channel estimation despite the fact that 
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(a)                                                                                           (b)
Figure 2. (a) Results for F=1 and r=0.8. All four estimators (Estimator i coincides with ii and iii if ). (b) Results for estimator iii with , and  with . Curves for estimators ii and iv are taken from Figure 2(a) as they are not dependent on .
As a summary, we can observe that the tolerance of phase discontinuity on the network side depends on the estimator design, frequency span of the pilot signal and SNR level. Moreover, the network can handle moderated phase discontinuity while obtaining more accurate channel estimation by performing joint channel estimation over uplink transmission repetitions. 
Observation 3: The tolerance of phase discontinuity on the network side depends on the estimator design, frequency span of the pilot signal and SNR level. 
Observation 4:  It is possible for the network to handle moderated phase discontinuity while obtaining more accurate channel estimation by performing joint channel estimation over uplink transmission repetitions. 
It is worth mentioning again that the observation above is based on a simplified simulation setup. The actual phase tolerance needs to be derived based on practical DMRS sequence and slot structures. Moreover, the corresponding impact on the channel throughput also needs to be examined. 
2.3 Feasibility of phase continuity when there is DL slot(s) in-between repetitions
One critical condition to maintain the phase continuity and amplitude consistency during the non-back-to-back uplink transmission is to keep the states of Tx chain unchanged, especially for the PA. One possible solution is to keep the Tx chain on (e.g., PA biased) during the un-scheduled UL symbols (as discussed in [6]). One issue could be that, due to the emission from the Tx chain, the off-power requirement would not be able to be met. Such a condition has been confirmed in the last RAN4 meeting in the Reply LS on PUCCH and PUSCH repetition to RAN1 [3]. 
In the Reply LS on PUCCH and PUSCH repetition from RAN1 [4], the following question has been raised up:
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.

To our understanding, if there were no actual DL transmission and no DL monitoring occasions configured by gNB, it is similar to the scenario with un-scheduled symbols in between PUSCH or PUCCH repetition, as the UE may not necessarily switch from Tx to Rx. Since RAN4 has confirmed the feasibility of phase continuity and power consistency for non-zero un-scheduled gap case, as mentioned previously, we think it also reveals the possibility to maintain the phase/amplitude continuity in the case when there are no actual DL transmission and no DL monitoring occasions from gNB to the UE during the DL reception in-between the PUSCH or PUCCH repetition. 
Observation 5: The cases of a downlink reception without actual DL transmission/ DL monitoring occasions and of an un-scheduled symbol in between PUSCH or PUCCH repetition are similar. Therefore, it is possible to have a DL slot while maintaining the phase/amplitude continuity under such a scenario.
When it comes to the scenario that there is actual DL data transmission or DL monitoring occasions configured during the DL slot(s) in-between repetitions, the UE needs to have Rx during this case. To maintain the phase/amplitude continuity, it would require high isolation between the Tx chain and Rx chain so that UE can keep the Tx chain-on while it is receiving the DL receptions. 
Observation 6: It is possible to keep the Tx chain on during the DL slots if the UE supports high isolation between the Tx and Rx chains. 
To further elaborate on our observation above, possible implementations with high isolation between the Tx and Rx chain have been illustrated for FR1 and FR2. 
2.3.1 Separate UL / DL antennas in FR1
Figure 3 schematically shows a typical UE front-end module (FEM) implementation for FR1 TDD operation.
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[bookmark: _Ref68185204]Figure 3. Typical FEM implementation for FR1 TDD operation.
In Fig. 3, there are two antenna ports, a cross switch (X-sw in Fig. 3) to ensure that UL can gain access to the best antenna port and an Rx/Tx switch. The problem is that the enable signal (e.g., bias) to the PA and the change in load impedance from the Rx/Tx switch results in a phase jump, which deteriorates the phase continuity each time a UL/DL switching occur (see, e.g. [3]). The secondary receiver path is used for DL diversity/multiplexed operation, which, in CE scenarios, relates to diversity.
We propose to configure the UE to use different antennas for UL and DL. Fig. 4 shows how the same FEM can be configured to use different antennas for UL and DL. 
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[bookmark: _Ref68185609]Figure 4. FEM implementation for FR1 TDD operation with different Rx and Tx antennas.
By keeping the Rx/Tx switch configured for Tx and the PA active (without transmitting) during the Rx symbols, the phase and amplitude can be kept continuous and consistent, respectively. During DL the alternative antenna is used.
[bookmark: _Hlk47387515]Possible challenges that may need further study relate to additional power consumption (as the PA is constantly biased) and isolation between the ports if there is noise leaking from the PA that may desensitize the receiver.
2.3.2 Separate UL/DL panels in FR2
Like in FR1, different antenna panels in FR2 can enable the PAs to be continuously active over DL durations to maintain phase continuity and amplitude consistency. Implementation-wise, as shown in Fig. 5, different panels may be associated with different polarizations or spatial coverages.  
Suppose the same spatial coverage is needed among different panels. In that case, the panels may need to be placed side by side for Tx/Rx, respectively. In this case, there would be no additional specification impact.  
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[bookmark: _Ref68186144]Figure 5. Two antenna panels, each associated with a spatial coverage or polarization.
On the other hand, if the UE would not be able to maintain the same spatial coverage between the multiple panels, there are implications on the specification relating to beam management, which need to be managed outside the JCE window. Similarly, as for FR1, also for FR2 mutual awareness is needed, since this operational mode very much depends on the availability of an alternative DL beam-pair, which needs to be configured in case it is a different gNB beam.
Overall, we foresee feasible UE RF architectures that can maintain the phase/amplitude continuity when there is DL reception in between PUSCH or PUCCH repetition. Such UE implementations can increase the opportunities for the network to perform the joint channel estimation and further improve the uplink coverage, which is particularly important for a high UL/DL ratio scenario (e.g., uplink video streaming). RAN4 can further study the corresponding scenario from both UE implementation aspect and network tolerance aspect to conclude its feasibility. 
[bookmark: _GoBack]Observation 7: Enabling phase/amplitude continuity when there is a DL slot in between PUSCH or PUCCH repetition could benefit the uplink coverage under high UL/DL ratio scenarios, e.g., uplink video streaming.
Proposal 2:  RAN4 shall further study the scenario where DL slots between PUSCH or PUCCH repetition from both UE implementation and network tolerance aspects conclude its feasibility. 

3 Conclusion
In this contribution, we have discussed phase continuity for PUCCH and PUSCH repetition and UE configuration for enhanced Joint Channel Estimation in TDD. The following observations and proposal are made:
Observation 1: Depending on the implementation, it may be possible for a UE to retune the phase so as to maintain phase continuity in-between repetitions if either the power of other signals/channels in-between the repetitions is different from the power of the repetitions, or the PRB content of the channels/signals in-between is different

Observation 2: The feasibility of a use case and UE implementation complexity is up to the acceptable phase/amplitude tolerance for the network to perform a joint channel estimation over PUCCH and PUSCH repetition. 
Observation 3: The tolerance of phase discontinuity on the network side depends on the estimator design, frequency span of the pilot signal and SNR level. 
Observation 4: It is possible for the network to handle moderated phase discontinuity while obtaining more accurate channel estimation by performing joint channel estimation over uplink transmission repetitions. 
Observation 5: The cases of a downlink reception without actual DL transmission/ DL monitoring occasions and of an un-scheduled symbol in between PUSCH or PUCCH repetition are similar. Therefore, it is possible to have a DL slot while maintaining the phase/amplitude continuity under such a scenario.
Observation 6: It is possible to keep the Tx chain on during the DL slots if the UE supports high isolation between the Tx and Rx chains. 
Observation 7: Enabling phase/amplitude continuity when there is a DL slot in between PUSCH or PUCCH repetition could benefit the uplink coverage under high UL/DL ratio scenarios, e.g., uplink video streaming.
Proposal 1: RAN4 should study the acceptable phase/amplitude variation tolerance before concluding the feasibility of a specific use case. 
Proposal 2:  RAN4 shall further study the scenario where DL slots between PUSCH or PUCCH repetition from both UE implementation and network tolerance aspects conclude its feasibility. 
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