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Figure 6.1.3.8-1: Single Entry PHR MAC CE.
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1 Introduction
WF [1] was approved in RAN4#92bis meeting, all the solutions proposed during the meeting were captured. Rapid indication methods are focus on the alerting of back off (happened or in future) while assistance information are concentrated on the kinds of headroom reporting expecting gNB can be referenced to the following scheduling. 
This paper provides analysis on the MPE enhancement solution for Rel-16 based on the WF. 
2 Discussion
2.1 Reporting PMPR to the network
In WF[1], many reporting proposals are provided as below, while PMPR reporting can be seen as one class regardless of the reporting method(1bit or more information, MAC or RRC or L1). How much PMPR is used reflects the current exposure status and it already can be reported preliminary in RAN2 spec already. The only impact to RAN2 spec may be concentrated on whether specific information can be included. In my understanding, specific PMPR information do have advantage for gNB to avoid the risk of RLF from implementation perspective. Thus simple way on reporting PMPR is very important to save additional signaling burden and enhance the MPE much.
	· Rapid indication methods

· P-MPR

· Before P-MPR is taken

· While P-MPR is applied

· Can be one bit or include more information

· Alert/Emergency signal to indicated back off is about to happen

· Is this alert only or does it contain more information?

· Assistance information methods

· Energy headroom

· How much energy UE has for transmissions until specific time

· Power headroom

· PHR reporting is in place already

· Exposure headroom

· Dynamic or Multiple maxUplinkdutycycle


2.1.1 Simple way reporting specific PMPR value to the network
Currently the power headroom report are comprised with single entry PHR and multiple entry PHR, while single entry PHR is used for single CC and multiple entry PHR is used for multiple CCs. The structures can be seen as in Fig1.
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Figure 6.1.3.9-1: Multiple Entry PHR MAC CE with the highest ServCellindex of Serving Cell with
configured uplink is less than 8.




Fig 1. Single entry PHR and multiple entry PHR structure specified in TS 38.321
In the report PCMAX specified in TS 38.101 need to be reported together with power headroom. For FR2, RAN4 spend much time on the PCMAX definition. Considering the RAN1/RAN2 spec impact and the antenna gain is not easy to evaluate on each possible direction, RAN4 defines FR2 PCMAX 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. Meanwhile, P bit is also reported in the PHR MAC CE, which indicated whether PMPR is used. 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. It seems we have the chance to deduce the specific PMPR value from PHR MAC CE. The parameters we need 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 indicating

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<MPR or AMPR
The reference PCMAX can be reported by RRC, adding one signalling as UE capability for the reference PCMAX​ is enough.
The other issue is that P bit reporting is missing in single entry MAC CE, it can be referenced to [2].

Observation 1: the current PHR reporting mechanism can support accurate PMPR value reporting implicitly

Proposal 1: RAN4 agrees to specify P-bit in single entry PHR for FR2 in Rel-16. 

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: send an LS to RAN2 to inform them all the impacts 
in P1 and P2.

2.2 How gNB react to the PMPR value signaling
In the last meeting, most contributions are doing analysis on what and how to signal the MPE information to the network. It is worth noting that if network do nothing after receiving any of the signaling, the UE will still be allowed to use the PMPR to avoid exposure exceeding. Then, nothing is improved. In Rel-16, we would like to introduce some mechanism on gNB side besides UE solution. 
Observation 2: The MPE issue cannot be enhanced if gNB do nothing after receiving any of the proposed signaling.
In Rel-15, RAN4 introduce the maxUplinkDutyCycle UE capability to reduce the opportunity adopting PMPR. It is common understanding that this capability only take effect when UE transmit the maximum power, and not ensure for other configured power. If PMPR can be reported to the network by the implicit way, the gNB can get the information that how much PMPR is used on the current uplink scheduling and UL-DL configuration. Assume the current PMPR is 3dB, and the real-time uplink duty cycle is 40%, the gNB can choose to reduce the uplink scheduling or the UL-DL configuration to avoid PMPR usage. 
From UE implementation perspective, we can see two kinds of PMPR solutions, UEs with static solution or dynamic solution. For static PMPR solution, the UEs is generally set a PMPR value depending on the UL-DL configuration. Regardless of scheduling, the UE will use this PMPR value to avoid the exposure exceeding combing with the triggering of events (e.g. body proximity). While UEs with dynamic solution will calculate the uplink duty cycle with the real scheduling or average transmit power in a time window.

For UEs with static solution, it is highly important for UE to get the information on the following uplink duty cycle scheduling information, then the UE can decide whether PMPR is used and how much is used in the next transmission instead of adopting PMPR depending on the UL-DL-configuration.
For UEs with dynamic MPE solution, although the UE can calculate the scheduled uplink duty cycle in a shifted time window, it will lead to a large delay since the UE always includes the previous transmission into the calculating which cannot reflects the gNB’s action immediately. 

Therefore, the direct information on the future scheduling information transferred by the gNB can accurately and immediately change the PMPR usage on UE side. So we propose to define a new DL signaling to inform UE on the effective uplink duty cycle by MAC CE.

Additionally, the gNB also can reuse the current SFI mechanism to revise the F symbol configuration by DCI format 2-0, which actually revise the following UL-DL-configuration specifically after receiving the PMPR reporting. For example, UE reports the reference Pcmax=23dBm and the gNB configure the UL-DL-configuration as 8:1:1 (DL:UL:F), with the configuration of SFI into 8:2(DL:UL), the UE reports the PHR for the first round as: Pcmax=20dBm, Pbit=1, then the gNB can configure all the F symbols into DL which results in adjusting the UL ratio to 10%.(DL:UL=9:1) 
Observation 3: Regardless of the PMPR solution(static or dynamic), gNB directly indicate the effective uplink duty cycle in the future will solve the high PMPR problem.
Proposal 4: RAN4 agrees to define a new MAC CE for gNB to inform the UE on the following effective uplink duty cycle.
Proposal 5: additionally, the gNB can reuse the current DCI format 2-0 to revise the following UL-DL-configuration specifically after receiving the PMPR reporting, which results in UL transmission ratio revision.

2.2.1 How gNB decide the following effective uplink duty cycle after receiving PMPR
In the last meeting, companies propose to dynamic report the maxULdutycycle to the network accompany with PMPR. Since the UL transmission ratio is definitely less than the UL-DL-configuration, the gNB can reference the UL-DL-configuration to decide on the following effective uplink duty cycle. 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. As mentioned above, the following effective uplink duty cycle can be informed by the new MAC CE or the current DCI format 2-0.Observation 4: the UE do not need to dynamically report the maxUplinkDutyCycle to the network, the gNB can use the UL-DL-configuration as the reference to adjust the following effective uplink duty cycle.
3 Conclusion

In this contribution we discussed on the open issues on MPE enhancement solution, according to the analysis, we have the following proposals:
Observation 1: the current PHR reporting mechanism can support accurate PMPR value reporting implicitly

Proposal 1: RAN4 agrees to specify P-bit in single entry PHR for FR2 in Rel-16. 

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: send an LS to RAN2 to inform them all the impacts in P1 and P2.

Observation 3: Regardless of the PMPR solution(static or dynamic), gNB directly indicate the effective uplink duty cycle in the future will solve the high PMPR problem.
Proposal 4: RAN4 agrees to define a new MAC CE for gNB to inform the UE on the following effective uplink duty cycle.

Proposal 5: additionally, the gNB can reuse the current DCI format 2-0 to revise the following UL-DL-configuration specifically after receiving the PMPR reporting, which results in UL transmission ratio revision.
Observation 4: the UE do not need to dynamically report the maxUplinkDutyCycle to the network, the gNB can use the UL-DL-configuration as the reference to adjust the following effective uplink duty cycle.
References
[1] R4-1913057, “WF on MPE enhancement”, RAN4#92bis, Nokia
[2] R4-1912404, “On MPE enhancement for Rel-16”, RAN4 #92bis, Huawei, HiSilicon
3GPP


