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1 Introduction
RAN1 sent LS [1] to RAN4 requiring for condition of phase continuity between PUSCH or PUCCH transmissions.
This paper provides analysis and proposal on phase continuity for PUCCH and PUSCH repetition. Draft Reply LS is also provided in Annex.
2 Discussion
Generally, phase continuity among UL transmissions is depending on the status maintaining of Tx RF chain and BB processing chain, including PLL, gain of each amplifier stage on the RF chain, etc. Once one of these components changes status, there is possibly random phase shift existed between 2 UL transmissions. From RF theoretical analysis, we can get following corresponding principle to ensure phase continuity:
· No center frequency change 

· No frequency hopping intra-slot and inter-slot

· No transmission power change

· For FR2, No beam switching 

PUSCH or PUCCH repetition can be classified into several cases, and we provide analysis case by case:
· Case 1: 2 UL transmissions are back-to-back, and there is no transmission power change

With no center frequency change, and no frequency hopping, phase continuity can be ensured under this case. Note there should not RB scheduling change or other power control parameter change (e.g. PL, PMPR) between 2 UL transmissions in case MPR/AMPR update or other factors impact on transmission power. For FR2, there should not beam switching between 2 UL transmissions
· Case 2: 2 UL transmissions are back-to-back, and there is transmission power change

When there is power change, the status of amplifiers on the Tx chain may change status, then phase continuity cannot be ensured.

· Case 3: there is UL/DL switching between 2 UL transmissions

When there is DL slot between 2 UL transmissions, UE may turn off Tx chain to save power consumption. It may introduce random phase shift after UL/DL switching, phase continuity cannot be ensured.
· Case 4: No UL/DL switching, but there is un-scheduled UL symbol(s) between 2 UL transmissions

Phase continuity maybe maintained under such case, but off power requirement on the un-scheduled symbol cannot be met. Additional time mask requirement is needed.
In summary, conditions for UE to maintain phase continuity between 2 UL transmissions are provided in Proposal 1.
Proposal 1: the conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions are:
· No center frequency change 

· No frequency hopping intra-slot and inter-slot

· No transmission power change including: no RB scheduling change for both position and RB number. No power control parameter specified in TS 38.213 change, and same modulation order
· No additional TPC command across PUSCH and PUCCH repetition
· No UL/DL switching between 2 UL transmissions
· For FR2, there is no beam switching across repetition
· If there is un-scheduled UL symbol between 2 UL transmissions, off power requirement is not required for maintaining phase continuity.

Power control tolerance in TS 38.101 includes absolute tolerance, relative tolerance and aggregated tolerance. To ensure phase continuity, since there is no UL-DL switching between 2 UL transmissions based on P1, common PL evaluation is used for repletion transmissions. Considering absolute tolerance comes from RSRP measurement accuracy and RF transmission accuracy, UE can meet absolute power control tolerance level for PUSCH and PUCCH repetition. Since PL evaluation result are commonly used for these repetitions and Tx chain configurations are not changed to ensure phase continuity, the power control tolerance for each transmission is shifted on the same direction, i.e. If phase continuity conditions are fulfilled, the real transmission power difference between cross PUCCH or PUSCH repetitions is small. 
Observation 1: If phase continuity conditions are fulfilled, the real transmission power difference between PUCCH or PUSCH repetitions is small. 
Proposal 2: UE can meet the absolute power control tolerance level cross PUCCH or PUSCH repetitions, the absolute power control tolerance requirements are specified in TS 38.101-1/2. If phase continuity conditions are fulfilled, the real transmission power difference between PUCCH or PUSCH repetitions is small.
Conclusion

In this contribution we discussed on phase continuity for PUCCH and PUSCH repetition, according to the analysis, we have the following observations and proposals: 
Proposal 1: the conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions are:

· No center frequency change 

· No frequency hopping intra-slot and inter-slot

· No transmission power change including: no RB scheduling change for both position and RB number. No power control parameter specified in TS 38.213 change, and same modulation order
· No additional TPC command across PUSCH and PUCCH repetition
· No UL/DL switching between 2 UL transmissions
· For FR2, there is no beam switching across repetition
· If there is un-scheduled UL symbol between 2 UL transmissions, off power requirement is not required for maintaining phase continuity.

Observation 1: If phase continuity conditions are fulfilled, the real transmission power difference between cross PUCCH or PUSCH repetitions is small. 
Proposal 2: UE can meet the absolute power control tolerance level cross PUCCH or PUSCH repetitions, the absolute power control tolerance requirements are specified in TS 38.101-1/2. If phase continuity conditions are fulfilled, the real transmission power difference between PUCCH or PUSCH repetitions is small.
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1. Overall Description:

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

Q1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions?

A1: the conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions are as following:

• No center frequency change 

• No frequency hopping intra-slot and inter-slot

• No transmission power change including: no RB scheduling change for both position and RB number. No power control parameter specified in TS 38.213 change, and same modulation order
• No additional TPC command across PUSCH and PUCCH repetition

• No UL/DL switching across PUCCH or PUSCH repetition

• For FR2, there is no beam switching across PUCCH or PUSCH repetition

• Back-to-back PUCCH or PUSCH repetitions

Additionally, If there is un-scheduled UL symbol(s) between PUCCH or PUSCH repetition, off power requirement should not be required for maintaining phase continuity. However, allowing on power requirement on the un-scheduled UL symbol(s) may have other impacts.
Q2: Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions

A2: Generally back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions. For case that there is un-scheduled UL symbol(s) between PUCCH or PUSCH repetition, UE can maintain phase continuity only when off power requirement is not met for the un-scheduled UL symbol(s).
Question 3: Under what conditions UE can meet the power control tolerance level cross PUCCH or PUSCH repetitions

A3: UE can meet the absolute power control tolerance level cross PUCCH or PUSCH repetitions. If phase continuity conditions are met, the real transmission power difference across PUCCH or PUSCH repetition is small.
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 #98-e

12th – 21th March 2021
                  online meeting
References
[1] TS 38.101-1 g50

3GPP


