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1 Introduction
During RAN4 #94e meeting, WF[1] was approved which captured the agreement on the solution of MPE enhancement:
· Specific PMPR value is indicated with PHR

· P-bit is added for single entry PHR

This paper provides further analysis on FR2 MPE enhancement.
2 Discussion
2.1 Reference PCMAX
In the WF, reference PCMAX definition is further clarified as: PCMAX without considering any MPR, AMPR and PMPR which is a static value reported as UE capability in initial access. Besides the static definition in the WF, reference PCMAX is also the real time Pcmax for reference waveform specified in TS 38.101-2(where MPR=0, AMPR=0, PMPR=0).
For FR2 MPE issue, the solution in Rel-15 is that UE indicates the UE capability with maxUplinkdutyCycle for FR2. And we have agreement that this UE capability only valid for the maximum transmission power for the worst case in [3]. When transmission power is lower, the uplink duty cycle can be scheduled higher than UE capability. Actually, the reference maximum transmission power for maxUplinkdutyCycle indication is reference PCMAX.
In[2], it is clarified that MPR/AMPR has been used to derive PA back off levels, which is under conducted domain considerations. For FR2 PCMAX, RAN4 defines it as a conduct value which is defined on the RSRP measurement reference point. It means UE set this conducted value PCMAX with MPR, AMPR and PMPR deriving in conducted domain. The network can calculating the real-time PMPR by following parameter:

· Reference PCMAX without addition of any MPR,AMPR and PMPR

· The real time PCMAX with addition of MPR,AMPR and PMPR

· P bit 

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 1: the reference maximum transmission power used as the reference for maxUplinkdutyCycle indication is specified as ‘reference PCMAX’.

Proposal 2: Reference PCMAX is defined as PCMAX without adding MPR, AMPR and PMPR.
2.1.1 Why reference PCMAX is needed even PMPR is already indicated
Firstly, reference PCMAX is the reference transmission power for UE capability maxUplinkdutyCycle, the relation should be clarified in the spec and this value need to indicate to the network for the uplink scheduling.
Secondly, PMPR indicating with an absolute value have some drawbacks:

1.
PMPR reporting is all dependent on UE side, no verification can ensure the exact value of the reported PMPR. UE may just want to change scheduling for other reasons. We highly doubt on this point.

2.
PMPR reporting need to be periodically or event triggered.

3.
The range of PMPR is not easy to decide, it may not only depending on PC3 UE, but PC3 UEs are allowed with a unnecessary range.

While the reference PCMAX means the Pcmax with no MPR/AMPR/PMPR, it is the UE RF ability. It can be reported with UE capability one time, then the network can use the real time PCMAX to calculating PMPR. This method have some obvious advantages:

1.
Accurately transfer the PMPR UE used to the network at each PHR
2.
Simple and effective, transfer dynamic PMPR with only a static UE capability

3.
Do not need to consider the PMPR range
Proposal 3: RAN4 agrees to define new UE capability on reference PCMAX.
2.2 PMPR reporting

MPE requirement is defined by the regulation organization, the test is unlike FR1 SAR, currently the test is under OTA environment, the measurement equipment captures the radiated power within an area with a fixed distance, e.g. 5mm. The UE shall ensure the power density projected on a certain sphere area is satisfied. 
However, in TS 38.101-2, PMPR is also defined for proximity detection of human body:

a)
ensuring compliance with applicable electromagnetic power density exposure requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;

b)
ensuring compliance with applicable electromagnetic power density exposure requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.

Meanwhile, maxUplinkDutyCycle-FR2 UE capability is applicable to all FR2 power classes.
According to above situation, FWA device may not severe with MPE issue since no proximity detection could happen for FWA. However, we are not sure whether FWA shall pass the MPE test. Hence, we firstly would like to clarify that PMPR range is defined based on all FR2 power classes or only power class 3. 

Proposal 4: For the discussion on PMPR reporting range, RAN4 shall firstly clarify whether PC1 need to be considered or it only works for PC3.
From WF, we can see that PMPR range is up to 30dB. If it works for PC3, even the UE is configured with EIRP=22.4dBm(min peak EIRP), after adding PMPR, the transmission power is -8dBm. With such PMPR, we don’t think gNB can correctly receive this PHR and reduce the uplink duty cycle accordingly. According to our analysis, for PC3, without considering of MPR and AMPR, the maximum PMPR required for the strongest beam on peak direction would not exceed 15dB, under 5mm distance MPE requirement. Additionally, there is no regulation requirement which is stricter than 5mm distance according to our knowledge. 
Observation 1: considering the most strict MPE requirement(d=5mm) from different organization, the maximum PMPR required for the strongest beam on peak direction would not exceed 15dB for PC3 UE.
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 5: RAN4 don't need to define PMPR report triggering mechanism, reuse the mechanism specified in TS 38.321.
2.3 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 6: 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 MPE enhancement, according to the analysis, we have the following proposals:
Proposal 1: the reference maximum transmission power used as the reference for maxUplinkdutyCycle indication is specified as ‘reference PCMAX’.

Proposal 2: Reference PCMAX is defined as PCMAX without adding MPR, AMPR and PMPR.
Proposal 3: RAN4 agrees to define new UE capability on reference PCMAX.
Proposal 4: For the discussion on PMPR reporting range, RAN4 shall firstly clarify whether PC1 need to be considered or it only works for PC3.
Observation 1: considering the most strict MPE requirement(d=5mm) from different organization, the maximum PMPR required for the strongest beam on peak direction would not exceed 15dB for PC3 UE.
Proposal 5: RAN4 don't need to define PMPR report triggering mechanism, reuse the mechanism specified in TS 38.321.
Proposal 6: The UE do not need to dynamically report the maxUplinkDutyCycle to the network.
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