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1 Introduction
During RAN4 #93 meeting, WF[1] was approved which captured the consensus in RAN4 and send LS to RAN2 informing them the progress. 
	· 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 and LS is sent to RAN2 from RAN4#93

· Dynamic duty cycle will be further discussed in RAN4#94 and if agreed by RAN4 then RAN2 will be informed

· Single entry PHR will be further discussed in RAN4 #94 

· Report should be configurable as periodic, or event triggered. Configurable periods and trigger conditions are FFS 

· RAN4 will send LS to RAN2 in RAN4 #93 to inform RAN2 that MAC-CE signaling may be required for MPE solutions. RAN4 will inform RAN2 on the complete solution in RAN4 #94 


This paper provides analysis on MPE enhancement for FR2. 
2 Discussion
2.1 How to transfer PMPR information to the network
Most companies agree to indicate PMPR value to the network with the time applicability on data scheduling. Then PHR seems an easy way to solve the time applicability issue since there is already mature mechanism on PHR reporting. Since PHR is transmitted with PUSCH, the report always reflects the UE’s current status on power headroom, it ensures the instantaneity. 
If directly putting PMPR value into PHR framework, the UE need to report the real-time PMPR value to the network. [0, 18]dB range is proposed by one company, which would consumes 5bit in the PHR. Actually, the specific PMPR value would be under control of the UE, it is hard to verify whether it is accurate since Pcmax in the PHR also include MPR, AMPR and other back offs defined in the spec.

For P-bit signaling, it is already defined in multi-entry PHR. It is the most simple and effective way for RAN4 and RAN2 fulfilling MPE enhancement in Rel-16. As discussed in the previous meetings, P-bit in the single entry PHR is missing in the current RAN2 spec. 
Proposal 1: RAN4 agrees to specify P-bit in single entry PHR for FR2 in Rel-16, and send LS to RAN2 ASAP.

For FR2 PCMAX, RAN4 defines it as a conduct value which is defined on the RSRP measurement reference point. Since conduct requirement cannot be tested for FR2, RAN4 also defines the PUMAX as EIRP. We copy PUMAX definition in TS 38.101-2 as below:

PPowerclass – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
And the spec requires the UE to set PCMAX to fulfil with the corresponding PUMAX. It means the PCMAX reporting for FR2 also needs to consider MPR, AMPR and PMPR. The network can calculating the real-time PMPR by the current mechanism.
The parameters for calculating PMPR are as below:
· Reference PCMAX without addition of any MPR,AMPR and PMPR

· The current PCMAX with addition of MPR,AMPR and PMPR

· P bit 

Since FR2 PCMAX definition don’t have a reference value, the real reference value actually depends on UE implementation, and this value is static which do not need any kind of dynamic reporting. If the network can get this reference PCMAX, the specific PMPR value can be easily deduced by the network side and it is naturally accessed by the current PHR MAC CE, no additional MAC signalling is needed. The specific PMPR value is calculated as below:

· If P bit =1, PMPR=reference PCMAX- current PCMAX reported in PHR MAC CE

· If P bit=0, PMPR=0

The reference PCMAX can be reported by RRC, adding one signalling as UE capability for the reference PCMAX​ is enough.
Proposal 2: RAN4 agrees to define new UE capability on reference PCMAX which is the PCMAX value without addition of any MPR, AMPR and PMPR for FR2.
For PMPR report triggering, RAN4 don’t need to define new method since PHR already defined with PMPR triggering which is captured in TS 38.321:

phr-ProhibitTimer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true for any of the activated Serving Cells of any MAC entity with configured uplink:

-
there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]) for this cell has changed more than phr-Tx-PowerFactorChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.

It means the network can configure the PMPR threshold to the UE with the IE hr-Tx-PowerFactorChange, once this valus is exceeded, PHR will be triggered. There is also timer for controlling such report would not too frequently.
Proposal 3: RAN4 don't need to define PMPR report triggering mechanism.
2.2 Dynamic duty cycle
Since the UL transmission ratio is definitely less than the UL-DL-configuration, the gNB can take the UL-DL-configuration as reference to decide on the following/future effective uplink duty cycle to each UE. For example, the UE reports reference Pcmax=23dBm, and reports Pcmax=20dBm, Pbit=1 in the PHR, it means UE use 3dB PMPR. If the current UL-DL-configuration is 40%, the gNB can revise the following the effective uplink duty cycle into 20% to avoid the PMPR usage. 
Take UL-DL-configuration as reference may not fast as dynamic duty cycle, but it actually can converge into the real needed duty cycle within 2 adjustments. For example, the real needed duty cycle is 10%, UL-DL-configuration is 20%, UE will report reference Pcmax=23dBm, Pcmax=20dBm, p-bit=1 in the PHR, it means UE use PMPR=3dB. Then gNB can secondly reduce the scheduling UL ration to 10%. 

Proposal 4: The UE do not need to dynamically report the maxUplinkDutyCycle to the network.
3 Conclusion

In this contribution we discussed on the open issues on FR2 MPE, according to the analysis, we have the following proposals:
Proposal 1: RAN4 agrees to specify P-bit in single entry PHR for FR2 in Rel-16, and send LS to RAN2 ASAP.

Proposal 2: RAN4 agrees to define new UE capability on reference PCMAX which is the PCMAX value without addition of any MPR, AMPR and PMPR for FR2.

Proposal 3: RAN4 don't need to define PMPR report triggering mechanism.
Proposal 4: The UE do not need to dynamically report the maxUplinkDutyCycle to the network.
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