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1 Introduction
Revised WID[1] was approved in RAN #85, the target on MPE enhancement is revised which may relates to the RAN1/2 work range.

	· Enhancements methods for avoiding radio link failures and connection releases due to significant and unpredictable UE P-MPRs due to the FR2 UE RF exposure compliance reasons [RAN4, RAN1, RAN2]

· This work is started after RAN#84 when the Rel-15 requirements are completed

· RAN4 will provide further details on the RAN4 agreed solution(s) to RAN1/RAN2 before RAN1/RAN2 start their work if RAN1/RAN2 help is needed. 

· This objective does not aim to propose the same alternatives which were not agreed (i.e. Alt1, Alt2 and Alt3 not agreed in RAN1#98 under Rel-16 NR eMIMO work item)


In Rel-15, the UE capability maxUplinkDutyCycle is introduced for MPE, and PMPR can be used which is up to UE implementation if the capability is absent. Considering the output power for FR2 is limited, and network cannot control how much PMPR is needed, MPE enhancement is raised to study in FR2 RF WI.
This paper provides analysis on the MPE enhancement in Rel-16. 
2 Discussion
In RAN1 #97 meeting, MPE enhancement is discussed with several alternatives:

	· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission

· FFS: whether to support SRI in addition to CRI/SSBRI

· FFS on details of the reporting configuration(e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)

· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple

· Alt3. Reuse Rel-15 beam specific PHR reporting to determine beam specific MPE impact transparently, i.e. by difference value between Pcmax(which is calculated based on PMPR) and the required transmission power

· FFS: enhancement on UL beam configuration for virtual PHR

· Alt4. No enhancement considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specification support 


In RAN1 #98 meeting, there is further agreement that no additional specification support in R16 from RAN1 perspective.
For Alt 1 and Alt 2, the concept is to make power control procedure as part of beam management procedure, and UE can report the corresponding SSBRI and CRI to the network after beam measurement. During the discussion of RAN1, most companies provide system simulation results that no gains on UL coverage/link-failure since there is low possibility the better signal quality on the other panel. From implementation perspective, if UE need to distinguish the PMPR difference between two beams or beams on two panels, the sensors need to be accurate enough and have little impact on form factor. Therefore, Alt1 and Alt2 are with high implementation complexity, and the gain is limited. 
Proposal 1: the enhanced solutions in Alt1 and Alt2 discussed in RAN1 #98 meeting are not evaluated further in Rel-16.
For Alt 3, the fact that PMPR may not needed when configured power is not high was raised in RAN1. Thus enhancement based on Rel-15 beam specific PHR may be the start line of MPE enhancement in Rel-16. While Alt 3 is not an integrated solution in RAN1, RAN4 may need further discussion how could the current PHR can be enhanced.
In Rel-15 RAN4 MPE discussion, there are several main solutions under discussion:

· The UE capability maxUplinkDutyCycle is only used for the beam which generates the maximum PD. It generally happens for the maximum output power on the peak direction.
· When the configured power is lower than the maximum output power, the maxUplinkDutyCycle can be higher

· P-bit is already introduced in the current PHR to indicate whether PMPR is used by UE. How could UE utilize the mechanism to enhance MPE.

Pcmax for FR2 is defined on the reference plane which RSRP is measured, since this value cannot be verified RAN4 don’t specify explicit RF requirement. In another word, Pcmax for FR2 is up to UE implementation. Therefore, how much PMPR is used cannot be derived by PHR. It seems P-bit on single carrier may need some enhancement for FR2. In the current TS 38.321, P-bit is only specified for multiple entry PHR which is used for multiple CCs, while P-bit cannot be reported for single entry PHR. We propose to define P-bit in single entry PHR for FR2 in TS 38.321, and RAN4 further discuss how p-bit could be enhanced for MPE.
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Figure 1: Single Entry PHR MAC CE without P-bit

Observation 1: P-bit is not defined for single entry PHR in the current TS 38.321. P-bit enhancement for PMPR indication is needed for FR2.

Proposal 2: RAN4 agrees to specify P-bit in single entry PHR for FR2 in Rel-16, and send an LS to RAN2 to inform them.
3 Conclusion

In this contribution we discussed on the open issues on MPE enhancement, according to the analysis, we have the following proposals:
Proposal 1: the enhanced solutions in Alt1 and Alt2 discussed in RAN1 #98 meeting are not evaluated further in Rel-16.

Observation 1: P-bit is not defined for single entry PHR in the current TS 38.321. P-bit enhancement for PMPR indication is needed for FR2.

Proposal 2: RAN4 agrees to specify P-bit in single entry PHR for FR2 in Rel-16, and send an LS to RAN2 to inform them.
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