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1 Introduction
In RAN#88e meeting, a WID [1] was approved to study the power class 2 inter-band UL CA and SUL band combinations. part of the objectives is as following.

1) Specify the applicable scheme for power class 2 UE to facilitate compliance with the SAR limits for band combinations of power class 2

· For SUL configurations with power class 2 on NUL and power class 3 on SUL, specify the scheme, which is not based on UE implementation only, to comply with SAR limits 
i. The power class under consideration is shown below
	UE power class on SUL band
	UE power class on NR TDD band

	23dBm
	26dBm


ii. Design the UE capability report signalling

Note: RAN4 needs to discuss whether the specified RAN2 signalling for can be reused to solve the issues in this WI. If there is RAN2 signalling impact then RAN4 will send LS to RAN2 to inform the solution. No RAN2 TUs are requested for this WI

WF[2] in RAN4#96e, options for SAR schemes for PC2 NR inter-band CA and SUL configurations:

· Duty cycle based solutions
· Option 1: Report one total UL duty cycle capability 
· Option 2: Report the duty cycle capabilities per band
· UE implementation based solution, i.e. P-MPR
· Other options are not precluded and will be continually discussed in next meeting
The following issue are identified for further discussion:

· Whether and how to distinguish the power class 2 scenarios (23+23, 23+26, etc….)
· Whether and how to decide the reference carrier configurations for Duty cycle based solution option 2
· Whether and how to handle the uncertain interpretation for duty cycle capability in both power and time domain for Duty cycle based solution (see R4-2010349)
· E.g. Is UE duty cycle capability applicable only for UE working in maximum power or maximum duty cycle, or other none maximum cases? If applicable for all the cases, then how to measure and evaluate the actual duty and power? 
· Release independency issue needs to be decided in next meeting
In this contribution, the issues in RAN4#96e WF for SUL PC2 are discussed and the proposed solutions are introduced.
2 Discussion

2.1 Reference carrier configurations for Duty cycle based solution
There are 3 totally different HPUE SAR solutions for SA, ENDC TDD-TDD, ENDC FDD-TDD, the details referring our company another contribution [3].
In this WI, a new solution for inter-band CA will be defined. A high-performance UE may need support all of these solutions. Considering UE implementation and SAR compliance test, RF compliance test, totally different solutions already introduced extra effort. And from network side, it may also introduce too much restriction for the scheduler.
Proposal 1: Reuse the SA, ENDC TDD-TDD, ENDC FDD-TDD HPUE SAR solution as much as possible for PC2 UE with SUL to reduce complexity.
In 23 dBm SUL + 26 dBm TDD NUL case, as SUL is supplementary link, and NR UL has higher power, reporting SUL duty cycle based on TDD frame structures seems a good solution, and also reuse ENDC HPUE SAR solution. But LTE, there are only 7 frame configurations. It’s possible to report NR TDD duty cycle based on LTE frame configuration. TDD frame structures of NR are different with LTE TDD, where flexible slot ‘X’ is introduced for NR TDD, and ‘X’ can be configured as ‘D’ or ‘U’, which means the ration of uplink slot can be any value between 0% and 100%.  We cannot reuse ENDC TDD-TDD SAR solution directly.
The total SAR effect is the combination of SAR effect of SUL and NUL, but not just the linear summation due to different bands, different antenna locations, different antenna radiation pattern etc. The exactly nonlinear combination of SAR effects could help fully use the maximum power of PC2 UE within the SAR limits. To indicate the exactly nonlinear combination of SAR effects of each band, the more reference points are better. But considering the signalling overhead and network scheduling complexity, it will be better to reuse FDD-TDD EN-DC solution and set 2 reference point of NUL, and UE report duty cycle of SUL based on the reference points. And also, the reference points are only based on UE actual uplink transmission on TDD band and provide a baseline for another carrier to report a capability, and this should not restrict the actual NR TDD frame structures.
Proposal 2: Considering NR TDD frame configuration flexibility, UE reports maximum supported UL duty cycle on the SUL band based on 2 reference points of NR TDD uplink transmission.
Then the next issue is how to determine reference points of NUL? Since UE has 26 dBm on NUL, to comply with SAR on NUL, the uplink duty cycle is usually less than 50%. The reference points [40% 70%] in ENDC FDD-TDD may not be applicable to SUL. Considering UE implementation flexibility and forward compatibility, the specific reference points are proposed to be reported by UE for PC2 with SUL case.
Proposal 3: Considering UE implementation flexibility and forward compatibility, the specific reference points are proposed to be reported by PC2 UE with SUL case.
The current HP UE SAR solutions for SA, ENDC TDD-TDD, ENDC FDD-TDD are all based on power class fallback. But there is no definition of power class for the combination of 23 dBm SUL and 26 dBm TDD NUL. How to deal with power reduction when the UE scheduled uplink transmission time exceeds UE capability will be different from the current HP UE SAR solution. In 38.213, the power allocation prioritizing order is defined as: Pcell/Pscell is 1st priority, the carrier with PUCCH is 2nd priority. If PUCCH is not configured, NR UL has higher priority than SUL. Similarly, when the scheduled uplink transmission time exceeds UE capability, UE reduces the transmission power on the lower priority carrier.
Proposal 4: To align with power allocation prioritizing order in 38.213, UE reduces the transmission power on the lower priority carrier.
2.2 Whether and how to distinguish the power class 2 scenarios
For PC2 UE with SUL, UE reports supported power class on NR band and SUL band respectively.  There is no demand to distinguish the power class scenarios.
Observation 1: Whether and how to distinguish the power class 2 scenarios is not applicable to SUL case.
2.3 Whether and how to handle the uncertain interpretation for duty cycle capability in both power and time domain for Duty cycle based solution

This is independent for SUL/inter-band CA, and there is an identical analysis in [3]. The proposal is also copied here as below:   

Proposal 5: Confirm it is the maximum output power that is behind the duty cycle reporting, while not to reflect this in the spec to keep the flexibility.
2.4 Release independency issue
Considering the coverage and system performance improvement of PC2 UE, especially high frequency of NR, the uplink is bottleneck of the NR system. SAR solution for PC2 UE with SUL may improve the system performance, but new signaling may be introduced, it may be a challenge to implemented in the early release.    
 Proposal 6: Further discuss the release independency, based on the signaling scheme etc.

3
Conclusions

In this contribution, we propose the possible SAR solution for SUL PC2 UE based on WF discussion. 

Proposal 1: Reuse the SA, ENDC TDD-TDD, ENDC FDD-TDD HPUE SAR solution as much as possible for PC2 UE with SUL to reduce complexity.
Proposal 2: Considering NR TDD frame configuration flexibility, UE reports maximum supported UL duty cycle on the SUL band based on 2 reference points of NR TDD uplink transmission.
Proposal 3: Considering UE implementation flexibility and forward compatibility, the specific reference points are proposed to be reported by PC2 UE with SUL case.

Proposal 4: To align with power allocation prioritizing order in 38.213, UE reduces the transmission power on the lower priority carrier.
Proposal 5: Confirm it is the maximum output power that is behind the duty cycle reporting, while not to reflect this in the spec to keep the flexibility.
Proposal 6: Further discuss the release independency, based on the signaling scheme etc.

Observation 1: Whether and how to distinguish the power class 2 scenarios is not applicable to SUL case.
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