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Introduction

In last RAN4 meeting, a WF[1] on FR2 MPE Enhancement was agreed, where the options proposed for MPE are shown as follow.
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 In this contribution, we give some additional discussions on the solutions for FR2 MPE mitigation and the possible specification impact, also similar contribution is proposed in [2] in this meeting. 

Enhancement(s) on FR2 MPE mitigation
In NR Rel-15, RAN4 has introduced P-MPRf,c for reducing the maximum transmission power, i.e., PCMAX,f,c, from the power class, taking into account the MPE impact. Specifically, if the percentage of uplink symbols transmitted within any 1s evaluation period is larger than maxUplinkDutyCycle-FR2, the UE follows the uplink scheduling and can apply P-MPRf,c. This can be seen as a starting point for Rel-16, but some enhancements are needed for better UL performance. 

There is no doubt that the MPE impact for different UL beams can be very different, hence when considering the solutions on MPE impact, PHR as example, it is reasonable to consider the MPE value per beam since PHR reporting for different beam may be very different. However, there is no beam-specific P-MPR definition in Rel-15. Consequently, beam-specific P-MPR should be introduced firstly, i.e., P-MPRs,f,c where S denotes the UL beam index, e.g., RS resource or spatial relation index. With introduction of beam-specific P-MPR, the Pcmax equation in TS38.101-2 need some slightly changes. How to do the changes can be discussed later.
Subsequently, the real UL transmission power is determined by the min value between Pcmax and required power. For PUSCH transmission, we have the following formula for calculating transmission power. 
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In general, whether the performance is degraded by MPE impact is up to the real transmission. 

For instance, if the required UL power is 15 dBm for PUSCH transmission i, there is still no performance loss even if the Pcmax is reduced to 16dBm from 23dBm due to MPE. 

Therefore, if beam reporting is only based on MPE rather than both MPE and the virtual/real transmission, the UL beam (with low MPE but large path loss) recommended by reporting may be useless, and more power is wasted for keeping the same performance. On the other hand, beam specific PHR reporting, i.e., difference between Pcmax and the required transmission power, can well present the MPE impact transparently. Further, an UL beam re-indication can be performed by gNB if a low PHR, e.g., 0-dB or negative, is received for the current beam.

In order to detect the candidate UL beams with low MPE impact, the virtual PHR should be further enhanced to report CRI/SSBRI or UL power control parameter set, which is pre-configured by gNB. 

Once the impact of MPE, e.g., the value of P-MPR or UL duty cycle, is beyond the threshold, the virtual PHR is triggered to be reported. The UE shall report the PHR with the objective of maximizing PHR value, i.e., minimizing the value of P-MPR and PL, and its associated CRI/SSBRI or UL power control parameter set.

Note that, if the CRI/SSBRI is reported, the PL value for the virtual PHR calculation is determined according to the CRI/SSBRI.

In order to feed back the impact of MPE in one CC, its virtual PHR(s) can be reported together with its real PHR.

UL power control parameter set includes a P0, an alpha, a PL RS and a closed loop process.

At least the virtual PHR for PUSCH should be supported. The need to further enhance virtual PHR for SRS, which is usually used for CSI acquisition, can be further studied.

Observation:  For maximum permissible exposure (MPE), we have the following observation

UL transmission performance is determined by the MPE impact and parameters for the UL transmission, and consequently only reporting of CRI/SSBRI (where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission) without considering potential transmission may degrade performance, e.g., throughput and energy efficiency.

Beam specific PHR can present the MPR impact transparently, through reporting the difference value between Pcmax and required transmission power. 
Proposal-1: Enhance PHR reporting to determine beam-specific MPE impact transparently 
Beam-specific P-MPR is introduced in UL power control framework

 Support UE to report CRI/SSBRI or UL power control parameter set along with virtual PHR for PUSCH.

For one CC, multiple virtual PHRs and a real PHR can be included in a PHR reporting together.

FFS: Triggering condition for the enhanced virtual PHR.

FFS: virtual PHR for SRS.

Besides, we can further consider the UE event-driven reporting procedure of UL duty-cycle to be introduced into the UEAssistanceInformation message in RRC, which has been supported in Rel-15 for informing the network of the UE's delay budget report carrying desired increment/decrement in the connected mode DRX cycle length, or overheating assistance information. The procedure of UEAssistanceInformation message in RRC as in Rel-15 is shown in Figure 1. Specifically,

The UEAssistanceInformation message can be enhanced to include dynamic UL duty cycle information.

It can be further consider whether this UEAssistanceInformation message can further include PHR/P-MPR messages.

The UEAssistanceInformation message can be triggered/transmitted when the value of P-MPR or back-off value of Pc,max is more than one threshold. 

When receiving this report about the updated duty cycle, the gNB side can adjust the subsequent UL transmission accordingly.
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Figure 1 Procedure of UE Assistance Information in Rel-15

Proposal-2: The UL duty cycle information can be introduced into the RRC UEAssistanceInfomation message for mitigating the FR2 MPE impact.

The triggering condition for reporting UL duty cycle information can include that the value of P-MPR or back-off value of Pc,max is more than one threshold
Conclusion

In this contribution, we provide the following observation and proposals for FR2. 
Observation:  For maximum permissible exposure (MPE), we have the following observation

UL transmission performance is determined by the MPE impact and parameters for the UL transmission, and consequently only reporting of CRI/SSBRI (where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission) without considering potential transmission may degrade performance, e.g., throughput and energy efficiency.

Beam specific PHR can present the MPR impact transparently, through reporting the difference value between Pcmax and required transmission power. 
Proposal-1: Enhance PHR reporting to determine beam-specific MPE impact transparently 
Beam-specific P-MPR is introduced in UL power control framework

 Support UE to report CRI/SSBRI or UL power control parameter set along with virtual PHR for PUSCH.

For one CC, multiple virtual PHRs and a real PHR can be included in a PHR reporting together.

FFS: Triggering condition for the enhanced virtual PHR.

FFS: virtual PHR for SRS.

Proposal-2: The UL duty cycle information can be introduced into the RRC UEAssistanceInfomation message for mitigating the FR2 MPE impact.

The triggering condition for reporting UL duty cycle information can include that the value of P-MPR or back-off value of Pc,max is more than one threshold
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