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1 Introduction
The work item on NR RF Requirement Enhancements for FR2 agreed in [1] includes an objective to avoid RLFs or Connection Release caused by applying large P-MPR due to exposure compliance in FR2:
· 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 FR2, there are requirements for maximum permitted exposure (MPE), whereby the UE measures its average energy level over a period. Currently the UEs may signal maxUplinkDutyCycle-FR2 as a capability. However, the gNB is not bounded by any rules to meet this limit, since the MPE limit can be exceeded at different power levels, being computed as an averaged power density over a certain period. The only method used today is P-MPR and this can be quite drastic, leading to possible loss of UL connection and thus followed by a Connection Release.

Secondly, the P-MPR is really hard to determine in FR2 from Pcmax and PHR, due to the Pcmax and Power Class definition nature. To avoid RLF or Connection Release, RAN4 agreed for means for the UE to timely report the P-MPR value to the gNB using a MAC CE. 
For such MPE mitigation, RAN4 has agreed to the following in RAN4#93:

· RAN2 based signaling solutions are sufficiently fast for the FR2 MPE purposes

· RAN4 shall request RAN2 to develop signaling for FR2 MPE purposes with the following assumptions;

· RAN4 understands MAC-CE is suitable method

· MPE event related assistance Information provided by the UE to the network

· P-MPR is indicated to the network and is agreed in RAN4#93 
· Report should be configurable as periodic, or event triggered. Configurable periods and trigger conditions are FFS 

And in RAN4#94bis-e: 
· Network configured threshold for event-triggered FR2 MPE P-MPR reporting is defined based P-MPR being higher than a configurable threshold. Whether an additionally relative threshold will be defined is still under discussion in RAN4 and RAN4 will inform RAN2 the outcome in the following meeting

· P-MPR reporting range and reporting granularity will be defined in the next RAN4 meeting using [2…5] bits. RAN4 will inform RAN2 the exact reporting range and reporting granularity in its next meeting. 

· P-MPR is reported by the UE after or on the grant and the exact details are up to UE implementation. 

Offline discussion “[AT109bis-e][041][NR16 Other] MPE enhancements FR2” was started in RAN2#109bis-e, but the consensus was to wait for further progress in R4. RAN4 has since sent an LS to RAN2 in [2], asking RAN2 to design a MAC CE to timely report MPE-related measurements. MPE reporting methods agreed by RAN4 are summarized in [3] and [4]. 
2 Discussion
To mitigate the MPE effects, the UE may either rely on a preemptive or a reactive approach. For a preemptive approach, the UE timely reports its measured MPE related headroom the gNB, ideally before reaching the MPE limit. The UE’s power exposure level is an averaged power density measurement over a certain period. 
Energy exposure is measured over all the UL transmissions in a cell group, including all serving cells in the cell group. All transmissions over all active serving cells in the cell group should therefore be considered when averaging measurements in the period. All uplink cells in a group rely on the same scheduler entity (e.g. the MgNB or the SgNB), and thus share the same RF front end in the operating frequency band. The UE shall therefore report estimated P-MPR per MAC entity. A single-entry MAC-CE report per cell group is thus sufficient for P-MPR reporting. P-MPR is indicated to the gNB as an absolute value (e.g in dB). Given the granularity of the report can be up to 5 bits, it is not desirable to re-use the PHR MAC CE to report the MPR. A new MAC CE can accommodate more than 2 bits for P-MPR, thus giving flexibility for whichever reporting granularity is decided by R4. Further, the P-MPR threshold can be configured to be tailored to the exposure case with a separate new MAC CE.

Proposal 1: 
A new single-entry MAC CE is introduced to report MPE-related P-MPR estimates over all active serving cells of the MAC entity.
RAN4 has agreed that the P-MPR report shall be configurable and event triggered based P-MPR being higher than a configurable threshold. Given the dynamic duty cycle was not agreed in R4, event triggered reporting is enough for the immediate purpose of P-MPR fast signaling. Periodic P-MPR reporting is thus not needed. 

Proposal 2: 
A prohibit timer and event-based triggering are specified in MAC for P-MPR MPE reporting. Periodic reporting is not needed.

An open issue in discussed in offline 041 in R2#109-bis-e is whether there is a need to signal a new SR when MPE is triggered and UE has no grant. R4 agreed that P-MPR is reported by the UE after or on the grant and the exact details are up to UE implementation. Given a new MAC CE is envisioned for P-MPR reporting, there is no need to trigger SR/RACH, as the new MAC CE will be dynamic in nature during dynamic scheduling. This is similar to the inclusion of the PHR MAC CE.

Observation 1: 
No need to trigger a new SR/RACH when a grant is not available to accommodate the MPE P-MPR reporting MAC CE.
Our companion contributions [6] and [7] illustrate how to capture P-MPR reporting in TS 38.321 and TS 38.331 respectively. RAN4 is still discussing details of MPE reporting granularity, but those CRs can be agreed as baseline until further input is provided from R4.
Proposal 3: 
Agree to CRs in R2-2005141 and R2-2005151 as baseline for P-MPR reporting in L2.
3 Conclusion

RAN2 should discuss the above and agree to the following:

Proposal 1: 
A new single-entry MAC CE is introduced to report MPE-related P-MPR estimates over all active serving cells of the MAC entity.
Proposal 2: 
A prohibit timer and event-based triggering are specified in MAC for P-MPR MPE reporting. Periodic reporting is not needed.

Observation 1: 
No need to trigger a new SR/RACH when a grant is not available to accommodate the MPE P-MPR reporting MAC CE.
Proposal 3: 
Agree to CRs in R2-200xxxx and R2-200xxxx as baseline for MPE P-MPR reporting in L2.
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