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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN4#95, progress was made towards completing the MAC requirements for reporting the P-MPR. There are some open issues regarding the triggering details and representing the P-MPR values [1]. In addition, some details can be finalized regarding behavior. The contribution discusses the remaining open issues.
Discussion
Background
From the WF [1], there were some open issues captured:
PMPR reporting values
· Option A: 2 bits (4 values) 
· example value {3 ≤ P-MPR < 6, 6 ≤ P-MPR < 9, 9 ≤ P-MPR < 12, P-MPR  ≥  12}
· Option B: 3-bits (8 values)
· example value {1 ≤ P-MPR< 2, 2 ≤ P-MPR< 3, 3 ≤ P-MPR< 4, 5 ≤ P-MPR< 8, 8 ≤ P-MPR< 12, 12 ≤ P-MPR< 16, 16 ≤ P-MPR< 20, 20 ≤ P-MPR}
Relative PMPR threshold
· Agreement: Relative PMPR threshold is introduced as an additional complimentary to the previously agreed absolute P-MPR threshold.
· Agreement: Relative PMPR trigger threshold can work below and above the absolute PMPR threshold.
· Signaling details are left for RAN2 to discuss and decide.
The “relative PMPR threshold” means PMPR reporting will be triggered when the PMPR changes applied by UE is larger than the “relative PMPR threshold” configured by NW.
The following section provides an analysis of the issues.
P-MPR values
One issue is deciding between 2-bit vs. 3-bit representation of the P-MPR values. For each representation option, there are many opinions regarding MAC CE size, measurement accuracy due to tolerance, and dynamic range of P-MPR values. The MAC CE size consideration could affect the RAN2 design especially if RAN2 elects to use the reserved bits in the PHR MAC CE.
One aspect which was not clarified was how many links should be reported when an MPE event occurs. This is also related to common beam management (CBM) and independent beam management (IBM).
According to clause 6.2.4 of [2]
“P-MPRf,c is the allowed maximum output power reduction. The UE shall apply P-MPRf,c for carrier f of serving cell c only for the cases described below. For UE conformance testing P-MPRf,c shall be 0 dB.
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.
NOTE 1:	P-MPRf,c  was introduced in the PCMAX,f,c equation such that the UE can report to the gNB the available maximum output transmit power. This information can be used by the gNB for scheduling decisions.
NOTE 2:	P-MPRf,c and maxUplinkDutyCycle-FR2 may impact the maximum uplink performance for the selected UL transmission path.”
Based on the description in [2], the network can receive a P-MPR value per UL carrier per cell. One advantage with this level of reporting is that the network can be informed which directions are affected by MPE. However, it is unclear whether a UE shall report the P-MPR values for all UL carriers when at least one P-MPR value is reported due to a triggered event. For example, when the UE reports the P-MPR for every configured UL carrier, the base station can obtain a snapshot which directions are less affected by MPE. In another example, with CBM, if one CC is affected, then another CC will be affected. In this case, should both P-MPR values be reported? 
Questions:
1) Should the P-MPR value be reported for each UL carrier when the trigger threshold is exceeded for one or more carrier(s)?
2) Should the P-MPR value be reported for each affected UL carrier when the trigger threshold is exceeded for one or more carrier(s)?
a. (related) With common beam management, if one beam (carrier) is affected, should the P-MPR value be applicable to the other beam(s)?
b. With common beam management, should one value be reported?
The answer to these questions may impact the size of the reported P-MPR values in several ways. For question 1: if each value is reported, then for n UL carriers, n fewer bits are needed with a 2-bit P-MPR value vs. a 3-bit value. However, with more resolution in the reported P-MPR values (e.g., 3-bit values), the network obtains an accurate picture to the extent of MPE (direction) and can avoid link failure. For example, if every P-MPR value were reported, one value may be needed for 0 dB. With 2-bit reporting, then the remaining 3 values would have to cover the dynamic range, which may be insufficient for obtaining an accurate picture. 
Observation 1: Another factor to consider in the reporting resolution is capturing which carriers to report when an MPE event is triggered
In general, because reporting of P-MPR values is new, having more resolution can be beneficial when devising means to mitigate the effects of MPE.
Relative P-MPR report trigger threshold
Another issue is the details for relative P-MPR reporting and thresholds. Although the WF mentioned RAN2 would complete the design, there are some factors to consider.
A UE reports an MPE event by setting the P field of the PHR MAC CE when there is a change due to power management [3]. Note that the UE sends the MAC CE after a prohibit timer expires. With the introduction of the absolute (/relative) trigger for P-MPR levels, it is possible that a UE can experience an MPE event but not report the P-MPR levels due to the threshold. For example, if the threshold were 4 dB and the P-MPR value is 3 dB, the network would be alerted by the P field in the PHR MAC CE but not by the trigger. The network can infer that the P-MPR value is between 1 and 3 dB inclusive. The P field is effectively an absolute threshold of 0. 
Similarly, the absence of a ‘1’ in the P field can indicate the P MPR value is 0. But there is no PHR MAC CE sent by the UE in that case. A base station can determine when the P-MPR is 0 by examining the PHR MAC CE.
With the triggers, there are several operations to consider
· relative and absolute triggers are independent
Both triggers can be managed independently.
· Relative trigger activated after the absolute trigger has occurred. There are two possible behaviors for the relative trigger. The trigger values are independently set.
· Relative trigger only active if P-MPR value > absolute threshold. The base station can monitor how the P-MPR value changes above the absolute threshold. This mode is effective if the absolute threshold is low.
· Relative trigger active regardless of P-MPR value. The base station can monitor how the P-MPR changes. This mode differs from the previous one when the absolute threshold is high. For instance, if the absolute threshold is 9 dB and relative threshold is 3 dB, the P-MPR values can be reported when it is below 10 dB. Note that the transition to 0 dB may not be reported.
Having both triggers operate independently implies that the absolute trigger can be disabled. This is contrary to RAN4 agreements of having an absolute trigger. Independent operation of the triggers should be not considered.
The observation “The P-MPR reporting range and reporting granularity should be related to the threshold values” was captured in [4]. With dual triggers, the relationship between reported values and thresholds are more complex.
For example:
· [bookmark: _Hlk47683739]With option A from above, an absolute threshold could be 3n dB. However, if the relative threshold were 1 dB, a report would be generated but the network would not know the actual value of the P-MPR that caused the trigger.
· With option B from above, an absolute threshold of 10 dB could be used. But with a 1 dB trigger, the network has better knowledge of the P-MPR below 10 dB but limited coarse knowledge above 10 dB. 
Observation 2: The P-MPR reporting range and reporting granularity should be related to the threshold values

Specifications impact
As the work item is completing, what behavior is captured in the specifications and which specification is impacted needs to be determined.
From the agreements [1], tables will be introduced in 38.133 to capture the mapping of (2-3)-bit value to represent the P-MPR. In [5], the draft 38.306 CR proposed that P-MPR reporting is an optional feature. A companion draft 38.331 CR proposed some configuration signaling. 38.321 will capture elements of the MAC CE signaling once a LS from RAN4 is provided.
What is unclear whether 38.101-2 should be modified.
· If modifications are needed, the specification should include some provisions condition on whether a UE indicates a capability (or receives the corresponding signal indicative of the capability).

Text Proposal
[bookmark: _Toc21340781][bookmark: _Toc29805228][bookmark: _Toc36456437][bookmark: _Toc36469535][bookmark: _Toc37253944][bookmark: _Toc37322801][bookmark: _Toc37324207][bookmark: _Toc45889730]6.2.4	Configured transmitted power 
…
P-MPRf,c is the allowed maximum output power reduction. The UE shall apply P-MPRf,c for carrier f of serving cell c only for the cases described below. For UE conformance testing P-MPRf,c shall be 0 dB.
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.
NOTE 1:	P-MPRf,c  was introduced in the PCMAX,f,c equation such that the UE can report to the gNB the available maximum output transmit power. This information can be used by the gNB for scheduling decisions.
NOTE 2:	P-MPRf,c and maxUplinkDutyCycle-FR2 may impact the maximum uplink performance for the selected UL transmission path.
NOTE 3:	feature-FR2, as defined in TS 38.306 [14], is a UE capability to report P-MPRf,c to the gNB for scheduling decisions. This UE capability is applicable to all FR2 power classes.

[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
This contribution addresses several remaining issues for P-MPR reporting. For the reporting, some UE behavior about what should be reported when an MPE event occurs.
Observation 1: Another factor to consider in the reporting resolution is capturing which carriers to report when an MPE event is triggered
With a relative trigger active after an absolute trigger happened, the thresholds and reporting range should be related. 
Observation 2: The P-MPR reporting range and reporting granularity should be related to the threshold values
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