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Introduction
This document provides some further analysis to help to close the open RAN4 issues related to phase continuity for PUCCH and PUSCH repetition, as documented in [1], and provides some initial views on the additional questions in the latest LS received by RAN WG1 in [2].  

 Further analysis on open issues from R4-2105418
The following sub-sections provide analysis on the open issues from the Way Forward at RAN#98bis-e. 
WF#1: Whether OFF power level can be met during non-zero unscheduled gap
While the UE transmitter is ON during the gap, Carrier Leakage may be present. The current Carrier Leakage requirements in TS38.101 are highlighted in the table below. 
Table 6.4.2.2-1: Requirements for Carrier Leakage
	Parameter
	Relative Limit (dBc)

	Output power > 10 dBm 
	-28

	0 dBm ≤ Output power ≤ 10 dBm
	-25

	-30 dBm ≤ Output power < 0 dBm
	-20

	-40 dBm ≤ Output power < -30 dBm
	-10



If the UE requires repetitions, then this would likely be because the UE already has its transmitter configured for maximum output power, meaning that the residual power level observed during the gap could be in the region of -5dBm for a PC3 UE, and -2dBm for a PC2 UE.
Observation 1: OFF power requirement observed during the non-zero unscheduled gap cannot be assumed to be achievable if phase is to be maintained. 
Proposal 1: Agree that OFF power level cannot be achieved during non-zero unscheduled gap.

WF#1: Length of non-zero gap with NO intermediate transmissions
With UE has transmitter ON during an unscheduled gap, then up to 14 symbols gap length could be achievable. However, due to Carrier Leakage, power saving would not be possible during the gap. RAN1 would need to analyse any system level performance impact caused by such residual power in the system.
Observation 2: Up to 14 symbols gap could be achieved with UE transmitter ON during the gap. However, there would be a detrimental impact to UE power consumption, and possibly impact to system level performance may be observed.
Proposal 2: Highlight to RAN1 that the longer the gap the more detriment there is to UE power consumption.

WF#2: Non-zero gap with other signals/channels inserted with power/PRB config not maintained
If power level and PRB configuration cannot be maintained, then the transmitter configuration will likely change and retuning may be required. There is no guarantee that the phase can be sufficiently maintained in such a scenario and identifying the specific configurations where it may be achievable would seem challenging.
Proposal 3: Agree that phase cannot be guaranteed to be maintained if other signals are present during the gap with different power settings or different PRB configuration.

WF#5: Non-zero gap with DL slot scheduled in the gap
In the case of TDD, if a downlink slot were to be scheduled during the gap, any Carrier Leakage generated due to UE having transmitter ON would lead to self-desensitization of the UE receiver. Selectively using different Tx and Rx antennas for downlink and uplink in our view would not guarantee sufficient isolation, and such design constraints may further limit the coverage of the UE in uplink and downlink. Both of these outcomes would seem to counteract the original aim of using repetitions.
Observation 3: Maintaining phase while inserting a DL slot within a non-zero gap, is likely to cause DL reception issues for the same UE when transmitter is ON. Antenna isolation is not likely to achieve the required antenna isolation to overcome this issue without also impacting coverage performance. 
Proposal 4: Do not consider further the case where there is a DL slot within a non-zero gap.

Additional questions from RAN1 LS in R1-2104119
RAN1 asked the following questions in their latest LS to RAN4, and we provide some views for each below.
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? 
Changing the TPMI precoder across repetitions may result in changing the Tx RF configuration and has the ability to impact phase continuity. It is also not clear to us whether from BS receiver side joint channel estimation could be performed if TPMI changes across repetitions.
Observation 4: Phase continuity following a change of TPMI precoder cannot be generically assumed. Base Station vendors should also comment on ability to perform Joint Channel Estimation when TPMI changes.

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?
This may lead to an additional change in the transmitter phase compensation required, which would impact phase continuity. Therefore, we would propose that “no TA adjustment” is a necessary condition.
Proposal 5: RAN4 to agree that “no TA adjustment” is a necessary condition to keep phase continuity.

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?
The important case is when the UE is required to receive a signal or perform any DL monitoring, as self-interference will prevent signals from being received and will equally prevent the UE from performing any DL monitoring during the DL slot.
Proposal 6: RAN4 to reply to RAN1 that in-between PUSCH/PUCCH repetitions, the UE shall not be required to receive any DL signal, meaning that the UE shall not be required to receive any DL transmission and shall not be required to perform any DL monitoring.

Conclusion & Proposals
The following observations and proposals are made regarding the study points agreed in RAN4#98bis-e:
Observation 1: OFF power requirement observed during the non-zero unscheduled gap cannot be assumed to be achievable if phase is to be maintained. 
Proposal 1: Agree that OFF power level cannot be achieved during non-zero unscheduled gap.
Observation 2: Up to 14 symbols gap could be achieved with UE transmitter ON during the gap. However, there would be a detrimental impact to UE power consumption, and possibly impact to system level performance may be observed.
Proposal 2: Highlight to RAN1 that the longer the gap the more detriment there is to UE power consumption.
Proposal 3: Agree that phase cannot be guaranteed to be maintained if other signals are present during the gap with different power settings or different PRB configuration.
Observation 3: Maintaining phase while inserting a DL slot within a non-zero gap, is likely to cause DL reception issues for the same UE when transmitter is ON. Antenna isolation is not likely to achieve the required antenna isolation to overcome this issue without also impacting coverage performance. 
Proposal 4: Do not consider further the case where there is a DL slot within a non-zero gap.
The following observations and proposals are made regarding how to respond to the latest RAN1 LS:
Observation 4: Phase continuity following a change of TPMI precoder cannot be generically assumed. Base Station vendors should also comment on ability to perform Joint Channel Estimation when TPMI changes.
Proposal 5: RAN4 to agree that “no TA adjustment” is a necessary condition to keep phase continuity.
Proposal 6: RAN4 to reply to RAN1 that in-between PUSCH/PUCCH repetitions, the UE shall not be required to receive any DL signal, meaning that the UE shall not be required to receive any DL transmission and shall not be required to perform any DL monitoring.

