3GPP TSG-RAN4 WG4 Meeting # 99-e
R4-2111385
Electronic meeting, May. 19 – 27, 2021
Source: 
Huawei, HiSilicon
Title: 
On phase continuity for multiple transmissions
Agenda Item:
9.17.2
Document for:
Approval
1 Introduction
LS[1] was approved in RAN4 that left issues of phase continuity for non back-to-back transmission case are captured. WF[1] was approved capturing some RAN4 following works.
Meanwhile, RAN1 sent LS to RAN4 with some further questions on phase continuity:

	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)

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?


This paper provides further analysis on phase continuity for multiple transmissions, and draft reply LS to RAN1. 
2 Discussion
2.1 Non-zero unscheduled gap
For case that non-zero unscheduled gap in-between repetitions, the agreement and left issues are captured in the WF:
· RAN4 confirms the phase can be maintained when there is non-zero un-scheduled gap in-between the PUSCH or PUCCH repetition
· Whether off power requirement can be met on the un-scheduled symbols
· The length of non-zero un-scheduled gap
For un-scheduled OS, UE could keep Tx chain open, it means some RF components may not switch off, then phase continuity can be maintained. If off power need to be met on the un-scheduled OS, UE need to turn off some of the RF components to ensure the output power is below -50dBm. It means, there would be on-off and off-on transitions on the unscheduled symbols. During the transient time, off power cannot be met, and this what we define for Rel-15 and Rel-16 NR. The mask can be seen in Fig 1:
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Fig 1. On-off and off-on transients to ensure transmit off power
During the on-off and off-on transients, off power may not met by the UE. This is also allowed by Rel-15/16 NR. For 15/30kHz SCS, 1OS length ~70/35us is enough for the transients. But for 60kHz SCS, 1OS length ~17us is less than 20us. Then we have 2 choices:

· For 60kHz SCS, if the unscheduled gap is less than 2OS, then off power if not required during the gap.

· Or for 60kHz SCS, the unscheduled gap should be at least 2OS.

Observation 1: For 60kHz SCS, unscheduled gap with 1OS length is not sufficient for on-off and off-on transitions.
Proposal 1: For non-zero unscheduled gap in-between repetitions case, off power can be ensured only when:

· On-off and off-on transient period is allowed during the gap as in fig 1. During the transients, off power is not required.

· The repetitions meet the conditions to maintain the phase continuity, i.e. Modulation order does not change, RB allocation in terms of length and frequency position should not be changed, No change on transmission power level.
Proposal 2: define time mask requirement for the un-scheduled OS in-between repetitions case.
The other issue is the number of unscheduled symbols for phase continuity, we think the unscheduled OS could not cross slot with the 2nd UL transmission, see Fig 2, if there is un-scheduled OS occupied the whole slot, phase continuity cannot be maintained.
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Fig 2. There is one slot un-scheduled between 2 UL transmissions.
Meanwhile, the lowest length may be 2OS for 60kHz SCS.
Proposal 3: The maximum length of non-zero un-scheduled gap is 13OS. 

Proposal 4: For 60kHz SCS, we provide solutions to solve off-power requirement:

Option 1: the minimum length of non-zero un-scheduled gap is 2OS
Option 2: off power requirement is not required during the unscheduled gap

· If option 2 is selected, whether to define a new transmit power requirement during the gap FFS.

In current TS 38.101, transmit off power is defined as the mean power in a duration of at least 1ms excluding transients. For un-scheduled symbols that is less than 1ms, there seems no exact off power requirement definition currently. It is not a specific case for coverage enhancement, it is already existed in Rel-15/16 NR. 

Observation 2: From Rel-15, Transmit off power is generally required on the unscheduled symbols without clarification for <1ms case.

Proposal 5: We provide 2 options for this <1ms transmit off power clarification:

Option 1: RAN4 do nothing on this issue, transmit off power is only measured with at least 1ms duration.

Option 2: Define additional off power requirement for <1ms duration case.

2.2 DL slot(s) in between repetition

There are 2 cases for DL slot(s) in between repetition:

Case 1: downlink reception in-between the PUSCH or PUCCH repetition refers to downlink symbols with actual DL transmission from gNB to UE
Case 2: downlink reception in-between the PUSCH or PUCCH repetition downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.
For case 1, it is already clearly discussed in RAN4 #98-e meeting. When there is DL slot with actual reception between 2 UL transmissions, UE will turn off Tx chain to save power consumption and switch to Rx chain. It may introduce random phase shift after UL/DL switching, phase continuity cannot be ensured. 

For case 2, even there is no real DL service scheduled to the UE, it needs to switch Tx chain to Rx chain for monitoring in case there is DL loss. 
For there is no real DL service and no DL monitoring occasions configured, phase continuity can be maintained because UE could stay on Tx chain and keep the RF components on. However, in case UE can meet off power requirement on the DL slot(s) without real DL service and DL monitoring occasions configured, on-off and off-on time mask definition is needed.
Proposal 6: For DL slots that refers to actual DL transmission, and/or without actual DL transmission from gNB to UE in-between repetitions, UE cannot maintain phase continuity for PUSCH or PUCCH repetition.
Proposal 7: For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained but not recommended. Additional on-off and off-on time mask definition is needed. 
2.3 Reply to RAN1 LS

For 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? 

TPMI precoder is multiplied before the signal is sent into analog/RF domain, different TPMI precoder will not impact the phase continuity across repetitions. However, different TPMI precoder applied to the UL transmissions do have impact on joint channel evaluation, considering DMRS on each UL transmission is multiplied with different precoder that gNB receiver will observe different matrix multiplied on DMRS.

For 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?

TA adjustment in between PUCCH or PUSCH transmissions are known by both gNB side and UE side. This adjustment could be compensated by UE side before transmission, so TA adjustment in between UL transmissions will not impact on 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.

As discussed in section 2.2, for DL slots that refers to actual DL transmission, and/or without actual DL transmission from gNB to UE in-between repetitions, UE cannot maintain phase continuity for PUSCH or PUCCH repetition. For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained. But additional on-off and off-on time mask definition is needed instead of U/D switching time.
Proposal 8: The reply to three questions in RAN1 LS is drafted as below:

Answer 1: “Applying the same TPMI precoder across PUSCH transmissions” is not a condition to keep phase continuity across PUSCH transmissions. TPMI precoder will not have impact on the RF signal phase transmitted, but “Applying the same TPMI precoder across PUSCH transmissions” is a necessary condition for joint channel evaluation across PUSCH transmissions.
Answer 2:  RAN4 confirms“no TA adjustment in between PUCCH transmissions or PUSCH transmissions” is not the condition to keep phase continuity across PUCCH repetitions or PUSCH transmissions. It means even there is TA adjustment in between PUCCH transmissions or PUSCH transmissions, the phase continuity can be maintained by UE.
Answer 3: For DL slots that refers to actual DL transmission, and/or without actual DL transmission from gNB to UE in-between repetitions but DL monitoring occasions configured, UE cannot maintain phase continuity for PUSCH or PUCCH repetition. For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained but not recommended. But additional on-off and off-on time mask requirement definition is needed.
3 Conclusion

In this contribution we discussed on the open issues on phase continuity for coverage enhancement, according to the analysis, we have the following proposals: 
Observation 1: For 60kHz SCS, unscheduled gap with 1OS length is not sufficient for on-off and off-on transitions.
Proposal 1: For non-zero unscheduled gap in-between repetitions case, off power can be ensured only when:

· On-off and off-on transient period is allowed during the gap as in fig 1. During the transients, off power is not required.

· The repetitions meet the conditions to maintain the phase continuity, i.e. Modulation order does not change, RB allocation in terms of length and frequency position should not be changed, No change on transmission power level.
Proposal 2: define time mask requirement for the un-scheduled OS in-between repetitions case.
Proposal 3: The maximum length of non-zero un-scheduled gap is 13OS. 

Proposal 4: For 60kHz SCS, we provide solutions to solve off-power requirement:

Option 1: the minimum length of non-zero un-scheduled gap is 2OS

Option 2: off power requirement is not required during the unscheduled gap

· If option 2 is selected, whether to define a new transmit power requirement during the gap FFS.

Observation 2: From Rel-15, Transmit off power is generally required on the unscheduled symbols without clarification for <1ms case.

Proposal 5: We provide 2 options for this <1ms transmit off power clarification:

Option 1: RAN4 do nothing on this issue, transmit off power is only measured with at least 1ms duration.

Option 2: Define additional off power requirement for <1ms duration case.

Proposal 6: For DL slots that refers to actual DL transmission, and/or without actual DL transmission from gNB to UE in-between repetitions, UE cannot maintain phase continuity for PUSCH or PUCCH repetition.

Proposal 7: For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained. Additional on-off and off-on time mask definition is needed.

Proposal 8: The reply to three questions in RAN1 LS is drafted as below:

Answer 1: “Applying the same TPMI precoder across PUSCH transmissions” is not a condition to keep phase continuity across PUSCH transmissions. TPMI precoder will not have impact on the RF signal phase transmitted, but “Applying the same TPMI precoder across PUSCH transmissions” is a necessary condition for joint channel evaluation across PUSCH transmissions.

Answer 2:  RAN4 confirms“no TA adjustment in between PUCCH transmissions or PUSCH transmissions” is not the condition to keep phase continuity across PUCCH repetitions or PUSCH transmissions. It means even there is TA adjustment in between PUCCH transmissions or PUSCH transmissions, the phase continuity can be maintained by UE.

Answer 3: For DL slots that refers to actual DL transmission, and/or without actual DL transmission from gNB to UE in-between repetitions but DL monitoring occasions configured, UE cannot maintain phase continuity for PUSCH or PUCCH repetition. For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained. But additional on-off and off-on time mask requirement definition is needed.
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1. Overall Description:

RAN4 would like to thank RAN1 for the LS on PUCCH and PUSCH repetition. RAN4 further discussed the phase continuity condition for PUCCH or PUSCH repetitions, and has reached agreement on these questions and provides answers as 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? 

Answer 1: “Applying the same TPMI precoder across PUSCH transmissions” is not a condition to keep phase continuity across PUSCH transmissions. TPMI precoder will not have impact on the RF signal phase transmitted, but “Applying the same TPMI precoder across PUSCH transmissions” is a necessary condition for joint channel evaluation 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?

Answer 2:  RAN4 confirms“no TA adjustment in between PUCCH transmissions or PUSCH transmissions” is not the condition to keep phase continuity across PUCCH repetitions or PUSCH transmissions. It means even there is TA adjustment in between PUCCH transmissions or PUSCH transmissions, the phase continuity can be maintained by UE.

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.

Answer 3: For DL slots that refers to actual DL transmission, and/or without actual DL transmission from gNB to UE in-between repetitions but DL monitoring occasions configured, UE cannot maintain phase continuity for PUSCH or PUCCH repetition. For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained but not recommended. Additional on-off and off-on time mask requirement definition is needed.
2. Actions:

To: 3GPP TSG RAN WG1.

ACTION: RAN4 respectfully asks RAN1 to take the above information into account.
3. Date of Next TSG-RAN WG4 Meetings:

TSG RAN4 Meeting #100-e

12th – 21th August 2021
                  online meeting
3GPP
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