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1 Introduction
MPE caused radio link failure issue has been discussed in past two meetings, and several solutions were proposed. In RAN4#93 meeting, the PMPR is agreed to be reported to the network, however, several remaining issues are to be discussed.
	· 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 our view on these issues.
2 Discussion
2.1 MPE objective
In the latest version of WID for FR2, the objective of MPE issue was captured in [1] and it is clear that the MPE topic will focus on “avoiding radio link failures and connection releases due to significant and unpredictable UE P-MPRs”. In last RAN4 meeting the PMPR was agreed to be reported to the network. From avoiding RLF and making PMPR predictable perspective, the objective can be achieved. The leftover issue is the reporting conditions.
	· 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)


Observation 1: The FR2 WID shows that the targeted MPE issue in Rel-16 is to avoid radio link failures and connection releases due to significant and unpredictable UE P-MPRs.
Observation 2: The MPE objective can be considered achieved by already agreed PMPR reporting.

Observation 3: The leftover issue of PMPR reporting is the configurable periods, trigger conditions and values.

Proposal 1: The RLF issue caused by MPE shall focus on PMPR reporting mechanisms.
2.2 PMPR reporting
It has been recognized that PMPR reporting before it applies is important for BS to avoid RLF. In [2], duty cycle based pre-warning solution was introduced, in which it reused the maxUplinkdutycycle capability to make the spec change small. However, considering the maxUplinkdutycycle capability is optional and the PMRP reporting does not need to be combined with the maxUplinkdutycycle capability, therefore, the modified mechanism is like below example figure. 
· “UE limit” is the duty cycle that cause PMPR applies;

· “Threshold” is the duty cycle that UE send the pre-warning information, i.e. PMPR;

Observation 4: In duty cycle based solution, PMPR reporting could be independent from maxUplinkdutycycle capability.
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Figure 1 Duty cycle based solution
PMPR might be applied if the UL duty cycle exceeds the “Threshold”. The reported PMPR can be used in NW side as a pre-warning information. More specifically, the UL duty cycle “Threshold” is a UE specific value which can be predefined as in [1] or purely relied on UE implementation. 
	· Predefined or NW configured approach:
· The “Threshold” could be {10%, 20% … 90%} corresponding to the “maxUplinkdutycycle” UE capability.

· Rely on UE implementation:

· The “Threshold” is transparent to NW


Comparing with the two approach, relying on UE implementation is more easier way to go and could be applied to UE that do not support maxUplinkdutycycle capability.
Observation 5: In duty cycle based solution, the definition of duty cycle “Threshold” could rely on UE implementation which is easy and could apply to UE that do not support maxUplinkdutycycle capability.

Proposal 2: The PMPR reporting condition, i.e. duty cycle “Threshold”, is depending on UE implementation.

The other thing is the reported PMPR values. Considering the PMPR that UE might apply and also the values that could potentially cause RLF, the candidate values could be {6, 8, 10, 12, 14, 16 and 18}.

Proposal 3: The candidate PMPR values could be {6, 8, 10, 12, 14, 16 and 18}.
2.3 Dynamic duty cycle

The dynamic duty cycle reporting was mentioned in last meeting, however, it does not related to RLF caused by MPE. It is just a performance enhancement to the Rel-15 duty cycle reporting which is a static capability. This enhancement is out of the scope of Rel-16 FR2 WI. From procedure perspective, the dynamic capability signaling discussion should be separated from the MPE RLF. In other words, PMPR reporting and dynamic duty cycle reporting should be two unrelated reporting. A UE supporting PMPR reporting is not necessarily required to report dynamic duty cycle capability.
Observation 6: Dynamic duty cycle reporting is a performance enhancement rather than solving RLF.

Observation 7: PMPR reporting and dynamic duty cycle reporting are two unrelated reporting.
Proposal 4: A UE supporting PMPR reporting is not necessarily required to report dynamic duty cycle capability.

From implementation perspective, the dynamic duty cycle capability reporting could be per-UE based or per-Beam based which actually is a UE implementation choice and it is unnecessary to be standardized.
Proposal 5: It is up to UE implementation to decide per-beam based or per-UE based duty cycle capability if reported.
2.4 Single entry PHR
The P bit in Single entry PHR was found empty which is different from multi entry PHR. And there is proposal of informing RAN2 to add this P bit to PHR reporting. Actually this is out the scope of RAN4 which is more suitable to discuss in RAN2 meeting. We have tried to find the reason why P bit is empty for single entry PHR but without clear answers. It seems this is inherited from LTE, but anyway there is no problem found due to no P bit in single entry PHR. Besides, for the MPE enhancement the P bit is unnecessarily to be introduced. From this perspective, it would be much better to discuss directly in RAN2 rather than in RAN4 for this topic.
Observation 8: There is no clear answer about the reason why there is no P bit in single entry PHR.

Observation 9: No problem has been found due to no P bit in single entry PHR.

Observation 10: The P bit is not necessarily to be introduced for the MPE enhancement.

Proposal 6: It is encouraged to discuss the introduction of P bit to single entry PHR in RAN2 directly rather than RAN4.
3 Conclusion
MPE objective
Observation 1: The FR2 WID shows that the targeted MPE issue in Rel-16 is to avoid radio link failures and connection releases due to significant and unpredictable UE P-MPRs.

Observation 2: The MPE objective can be considered achieved by already agreed PMPR reporting.

Observation 3: The leftover issue of PMPR reporting is the configurable periods, trigger conditions and values.

Proposal 1: The RLF issue caused by MPE shall focus on PMPR reporting mechanisms.
PMPR reporting
Observation 4: In duty cycle based solution, PMPR reporting could be independent from maxUplinkdutycycle capability.

Observation 5: In duty cycle based solution, the definition of duty cycle “Threshold” could rely on UE implementation which is easy and could apply to UE that do not support maxUplinkdutycycle capability.

Proposal 2: The PMPR reporting condition, i.e. duty cycle “Threshold”, is depending on UE implementation.

Proposal 3: The candidate PMPR values could be {6, 8, 10, 12, 14, 16 and 18}.
Dynamic duty cycle
Observation 6: Dynamic duty cycle reporting is a performance enhancement rather than solving RLF.

Observation 7: PMPR reporting and dynamic duty cycle reporting are two unrelated reporting.
Proposal 4: A UE supporting PMPR reporting is not necessarily required to report dynamic duty cycle capability.

Proposal 5: It is up to UE implementation to decide per-beam based or per-UE based duty cycle capability if reported.
Single entry PHR

Observation 8: There is no clear answer about the reason why there is no P bit in single entry PHR.
Observation 9: No problem has been found due to no P bit in single entry PHR.
Observation 10: The P bit is not necessarily to be introduced for the MPE enhancement.

Proposal 6: It is encouraged to discuss the introduction of P bit to single entry PHR in RAN2 directly rather than RAN4.
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