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1 Introduction
In release 15, the HPUE was introduced for SA and intra-band EN-DC with some solutions for SAR. UE is allowed to fall back to PC3 from PC2 when the SAR solutions like maxUplinkdutycycle capabilities are not met. And the issue of whether UE needs to do 3dB power back off was actually discussed in Rel-15 for many meetings [1][2]. At that time, idea of defining specific MPR for SAR was discussed which means UE is allowed to maximum 3dB power back off. It was considered as more power efficient than directly 3dB power class fall back, however, it was not adopted due to potentially large spec impact and tight Rel-15 time limitations. Now in Rel-16, similar power handling approach was re-brought up [3] and also some new optimizations are shown [4]. Maybe now in Rel-16 we have sufficient time to rethink about it and find some optimizations at this point.
This paper provides some thoughts on the power class fall back optimizations.
2 Discussion
The potential HPUE power optimization when the duty cycle exceeds its capability generally includes following three approaches.

a) ΔPPowerClass capability [3]
b) Specific MPR for SAR [1]

c) Liner assumption of maxUplinkdutycycle [4]
In paper [3], new ΔPPowerClass capability was proposed and UE is required to report the power back off value when ΔPPowerClass < 3dB, but after discussion companies have concern on this new capability mainly because the ΔPPowerClass is designed for specific purpose with fixed value instead of a capability. Besides, how BS use this capability is unknown, therefore, in this paper we will not discuss this approach anymore.

Observation 1: ΔPPowerClass is designed for specific purpose with fixed value and using ΔPPowerClass as capability is not agreeable.

2.1 Specific MPR for SAR
The specific MPR for SAR was discussed before, and it relies on UE implementation to choose how many dB power back off is needed and this value is not reported. From concept perspective, it’s good for UE to use more power when it is available. What we need to think about is the impacts to the spec and paper [2] can be used as a starting point which summarized the aspects we need to consider when it is at the end of Rel-15. Besides, it is desired to use a common approach for HPUEs in SA and NSA.

Observation 2: From concept perspective, defining specific MPR for SAR can make UE transmit higher power when it is available.

Observation 3: Using common approach for HPUEs in SA and NSA is desired.

Currently in Rel-15 the behaviour of HPUE to meet SAR is to fall back to the default power class when the maxUplinkdutycycle capability is not met for SA HPUE, or UE uses E-UTRA UL/DL configuration other than 0 and 6 for intra-band ENDC HPUE. In Rel-16, inter-band EN-DC HPUE is also under discussion and the LTE TDD+NR TDD behaviour is finished and sending to RAN2 for new signalling design whose behaviour is similar to the SA HPUE. And the LTE FDD+NR TDD HPUE behaviour is still under discussion. In summary, the following HPUE behaviour need to be changed in RAN4 spec:

· Rel-15 SA HPUE 
=> Redefine the power class fall back due to maxUplinkdutycycle capability

· UE maximum output power
· Configured transmitted power (ΔPPowerClass)
· Rel-15 NSA intra-band contiguous and non-contiguous HPUE
=> Redefine the power class fall back due to EUTRA UL/DL configurations
· UE maximum output power
· Configured transmitted power (ΔPPowerClass)
· Rel-16 NSA LTE TDD+NR TDD HPUE
=> Redefine the power class fall back due to maxUplinkdutycycle-EN-DC capability

· UE maximum output power
· Configured transmitted power (ΔPPowerClass)
· Rel-16 NSA LTE FDD+NR TDD HPUE
=> Behaviour is under discussion but behaviour may be similar to maxUplinkdutycycle-EN-DC
Observation 4: The changes to RAN4 specs need to consider both Rel-15 and ongoing Rel-16 HPUEs.

The maxUplinkdutycycle and maxUplinkdutycycle-EN-DC signalling are defined in RAN2 38.306 and 38.331 specs. The behaviour changes potentially will impact RAN2 specs. Below are the signalling in RAN2. It seems the behaviour is only defined in RAN4 and no impact to RAN2.
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Observation 5: Defining specific MPR for SAR has no impact to RAN2 signalling.

From the above discussion it can be seen the power back off optimisation by using the MPR is possible and no impact to RAN2 signalling but the changes to RAN4 spec is not trivial.
2.2 Liner assumption of maxUplinkdutycycle
The c) approach was discussed in paper [4] and the main idea is assuming the duty cycle capability and power levels are linear then derive the duty cycle capability for different power levels based on UE reported capability. 
The benefit of this approach is UE can transmit higher power levels comparing to power class fall back and BS can scheduling higher duty cycles. And no changes to the spec is required.

The drawback is it requires UE and BS have same duty cycle calculation window, including the starting point and window length. This cannot be guaranteed by current RAN4 spec since it only says this duty cycle calculation is within “certain evaluation period” and “the evaluation period is no less than one radio frame”. 
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In other words it is difficult to require UE and BS on the same page of how this duty cycle is counted and the only way is to ensure this duty cycle capability is met in every symbol based sliding window. And this might be not easy for the BS scheduling and UE implementation. 
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Besides, this way of optimisation can only apply to the SA HPUE and NSA inter-band HPUE but not NSA intra-band HPUE which power restriction is coming from the EUTRA UL/DL configurations.
Observation 6: Liner assumption of maxUplinkdutycycle capability can make UE effectively use its power and no spec change is needed.

Observation 7: It requires UE and BS uses same duty cycle counting window and this cannot be guaranteed by the spec unless symbol based sliding window is used which is not easy to implement.

Observation 8: It is not applicable to Rel-15 NSA intra-band HPUE.

2.3 Summary

Based on the discussion of specific MPR for SAR solution and liner assumption of maxUplinkdutycycle capability solution it can be seen that none of the solutions can easily meet the goal of optimizing 3dB power back off without much impact on spec changes or implementation. If we really consider this 3dB power class fallback is a problem need to be fixed then the specific MPR based solution is preferred considering the BS scheduling complexity and UE implementation difficulties.

Proposal: Defining specific MPE for SAR to optimizing the 3dB power back off if it is a problem deemed to be solved.
Note: Company CR are R4-1910732 and R4-1910733.
3 Conclusion
The 3dB power back off was chosen in the Rel-15 due to spec impacts and tight time schedule at that time. Now in Rel-16 it might be possible to do some optimization from the power utilization perspective. This paper analyses three potential optimisations from the spec change perspective and implementation perspective and gets following observations and proposal.
Observation 1: ΔPPowerClass is designed for specific purpose with fixed value and using ΔPPowerClass as capability is not agreeable.

Observation 2: From concept perspective, defining specific MPR for SAR can make UE transmit higher power when it is available.

Observation 3: Using common approach for HPUEs in SA and NSA is desired.

Observation 4: The changes to RAN4 specs need to consider both Rel-15 and ongoing Rel-16 HPUEs.

Observation 5: Defining specific MPR for SAR has no impact to RAN2 signalling.

Observation 6: Liner assumption of maxUplinkdutycycle capability can make UE effectively use its power and no spec change is needed.

Observation 7: It requires UE and BS uses same duty cycle counting window and this cannot be guaranteed by the spec unless symbol based sliding window is used which is not easy to implement.

Observation 8: It is not applicable to Rel-15 NSA intra-band HPUE.

Proposal: Defining specific MPE for SAR to optimizing the 3dB power back off if it is a problem deemed to be solved.
Note: Company CR is R4-19xxxxx
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