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1 Introduction
MPE in FR2 has been discussed for several meetings and several LS capturing the agreements of MPE solution, i.e. PMPR reporting have been sent to RAN2 up to now. To give a whole picture of the PMPR reporting solution, the LS main contents are reproduced below.
In RAN4#94e, LS R4-2002916, following agreements were sent.
	RAN4 would like to ask RAN2 to develop the following Rel-16 FR2 MPE signalling based on MAC-CE to ensure sufficiently short signalling delays:

· at least UE’s P-MPR based event-triggered reporting including also reporting of the actual P-MPR level that UE needs for FR2 MPE reasons. 

· Network configurable P-MPR reporting threshold 

· A prohibit timer is enabled to be configured by network to trigger the P-MPR reporting

· P-MPR reporting range and reporting granularity are still under discussion in RAN4.


In RAN4#94e-bis, LS R4-2005670, following agreements were sent.

	In addition to the previous details provided for the Rel-16 FR2 MPE enhancement signalling RAN4 would like to ask RAN2 to take the following additional details into account when developing MAC-CE based signalling for the FR2 MPE enhancements:

· Network configured threshold for event-triggered FR2 MPE P-MPR reporting is defined based P-MPR being higher than a configurable threshold. Whether an additionally relative threshold will be defined is still under discussion in RAN4 and RAN4 will inform RAN2 the outcome in the following meeting

· P-MPR reporting range and reporting granularity will be defined in the next RAN4 meeting using [2…5] bits. RAN4 will inform RAN2 the exact reporting range and reporting granularity in its next meeting. 

· P-MPR is reported by the UE after or on the grant and the exact details are up to UE implementation. 


In RAN4#95e, LS was not sent due to no agreement on the value and range, but still many progresses are achieved in other aspects, and captured in WF R4-2008479.
	· Further down select PMPR reporting values from 2bits and 3bits

· Agreement: Relative PMPR threshold is introduced as an additional complimentary to the previously agreed absolute P-MPR threshold.

· FFS on the details related to relative PMPR threshold, e.g. the values, relation to the absolute PMPR threshold, how relative PMPR threshold works below absolute PMPR threshold, etc.

· Agreement: Relative PMPR trigger threshold can work below and above the absolute PMPR threshold.

· Agreement: Signaling details are left for RAN2 to discuss and decide.

· Agreement: There is beneficial for NW to know UE return to normal operation, but no explicit PMPR=0 reporting is needed. This UE status can be derived implicitly like via P-bit in PHR or relative PMPR reporting, and it is up to implementation.

· Agreement: The handling of temporary PMPR is up to implementation.

· Agreement: To solve RLF, PHR information is needed in addition to PMPR and this is limited to FR2.

· Agreement: Periodic PMPR reporting is not introduced.

· Agreement: Whether or not extend/enhance current PHR report to accommodate PMPR reporting is RAN2 issue and will not be discussed in RAN4.

· Agreement: P-MPR report value mapping table will be introduced in TS38.133.

· Further discuss what other aspects need to be captured in 38.101-2 in next meeting.

· CRs will be provided in next meeting.


With above progress, the overall picture of PMPR reporting can be summarized below:
	PMPR Reporting solution

· Value & Range: 2bits or 3bits => FFS
· Report condition
· Event trigger based (NW configured threshold)

· Absolute threshold: PMPR ≥ threshold
· Relative threshold: PMPR changes  ≥ threshold
· Relative threshold can works below and above absolute threshold
· FFS on the relative threshold values, relation to absolute threshold
· FFS how relative threshold works below absolute threshold
· Prohibit timer based
· Up to implementation scenarios
· PMPR report after or on UL grant
· PMPR report when back to normal condition
· Report of temporary PMPR change
· Relation with PHR
· PHR and PMPR both needed in solving MPE
· CR
· 38.133
· Capture mapping of PMPR reporting value and real PMPR values
· 38.101-2
· FFS on the impact and necessary changes


This paper discuss the remaining open issues.

2 Discussion

2.1 PMPR report value
	· 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}


The two candidate options are as above. In the past few meetings, this discussion keeps converging and down selecting but still cannot reach consensus on the final value. Typical views of each option are as below:
· Option A supporters:

· 2bits can fit RAN2 current PHR reporting spare bits, so no big change is required

· TX power tolerance is large, so reporting granularity smaller than 3dB is not meaningful
· Option B supporters:
· 3bits have better resolution and may lead to less performance loss
In previous RAN4 agreements, whether or not extend/enhance current PHR report to accommodate PMPR reporting is RAN2 issue and will not be discussed in RAN4. So RAN4 shall focus on the reporting value technical feasibility and also the benefits.
Observation 1:   It has been agreed that signaling design is not within RAN4 discussion scope.

In 38.101-2, the relative power control tolerance is defined which is the ability of the UE transmitter to set its output power relatively to the power of the most recently transmitted. The definitions are as below.

Table 6.3.4.3-2: Relative power tolerance, PUMAX ≥ P > Pint
	Power step ∆P (Up or down)

 (dB)
	All combinations of PUSCH and PUCCH, PUSCH/PUCCH and SRS transitions between sub-frames, PRACH (dB)

	ΔP < 2
	± 3.0

	2 ≤ ΔP < 3
	± 4.0

	3 ≤ ΔP < 4
	± 5.0

	4 ≤ ΔP < 10
	± 6.0

	10 ≤ ΔP < 15
	± 8.0

	15 ≤ ΔP
	± 9.0

	NOTE 1:
The requirements apply with ue-BeamLockFunction enabled.

NOTE 2:
For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, guard periods: for a power step ΔP = 1 dB, the relative power tolerance for transmission is ± 1.0 dB.


Considering the MPE issue mainly happens when the output power is at high level, thus the table 6.3.4.3-2 can be used as reference. In which it can be seen that the relative power tolerance is larger than 3dB even when the power step is less than 2dB, and the tolerance becomes even larger when the power steps are large. This makes the power change resolution smaller than 3dB in UE side is not accurate.
Based on this technical reasons, it seems the 1dB PMPR resolution is not needed. 

Observation 2:   Relative power tolerance is larger than 3dB in FR2 which makes the power change resolution smaller than 3dB is not accurate.

Observation 3:   1dB PMPR resolution is not necessary.

On the other hand, the RLF issue can only happen when the PMPR is larger than the BS radio link adaptation ability. Considering the radio link adaptation is basic function of BS, and even in FR1 the moving UE will normally have several dB power dynamic changes. Therefore, in FR2 the scenario of several dB power changes will cause RLF is really weird and questionable. From this perspective, the small reporting value like less than 3dB is not necessary and is over design of PMPR reporting for MPE.
Observation 4:   Radio link adaptation is basic function of BS, it can handle at least several dB dynamic power changes.
Observation 5:   RLF issue can only happen when the PMPR is larger than the BS radio link adaptation ability.

Observation 6:   It is not a valid scenario that several dB power changes will cause RLF in FR2.

Observation 7:   Small PMPR values are not necessarily to be reported.

Based on above considerations, from technical perspective, the value range should start from at least 3dB with relatively large steps, e.g 3dB.
Proposal 1:        The lowest value should be larger than at least 3dB.

Proposal 2:        The PMPR reporting steps should be relatively large, e.g. 3dB.

In previous meetings, it was agreed that the PC1 FWA devices need to be considered in MPE discussion. Considering the higher power levels and also other UE types might coming, it may be more future proof to allow larger ranges and more values to be reported.

Observation 8:   FWA devices was agreed to be considered in PMPR reporting.
In 38.101-2, the min peak EIRP is 40dBm for PC1 FWA devices, and the min peak EIRP is 18.7dBm for PC3 hand held UEs. It makes the min peak EIRP difference achieves nearly 22dB. If we further consider the max peak EIRP for PC1 FWA devices, i.e. 55dBm, it makes the peak EIRP difference between devices types achieve nearly 37dB. Therefore, if we assume handheld UE can meet MPE with 3dB PMPR, then the FWA device might need more than 20dB or even more than 30dB to cope with MPE.
Observation 9:   Peak EIRP differences between FWA and HH UEs can achieve nearly 37dB.
From above example it can be seen that when multiple device types are considered, the PMPR value range will be large. And FWA UE even with 20dB power back off might still can keep the connection. Therefore, the PMPR reporting range should be large enough to cover more cases.

Proposal 3:        The PMPR reporting range should be large enough to cover different UE types.

Based on above analysis, within the two candidate PMPR reporting bit values, 3 bit seems more safe and future proof.
Proposal 4:        Adopt 3 bits for the PMPR reporting for future proof reasons.

About the exact values of PMPR reporting, with above discussion, the following conditions should be met:
	· Lowest PMPR reporting value should be larger than at least 3dB.

· PMPR reporting steps should be relatively large, e.g. 3dB

· PMPR reporting range should be large enough
· 3 bits for the PMPR reporting


Therefore, the following ranges can be considered as the compromise between Option 1 and Option 2.

{3 ≤ P-MPR < 6, 6 ≤ P-MPR < 9, 9 ≤ P-MPR < 12, 12 ≤ P-MPR < 15, 15 ≤ P-MPR < 18, 18 ≤ P-MPR < 21, 21 ≤ P-MPR < 24, P-MPR  ≥  24}
Proposal 5:        Take following 8 PMPR reporting values as compromise between original Option 1 and Option 2.

{3 ≤ P-MPR < 6, 6 ≤ P-MPR < 9, 9 ≤ P-MPR < 12, 12 ≤ P-MPR < 15, 15 ≤ P-MPR < 18, 18 ≤ P-MPR < 21, 21 ≤ P-MPR < 24, P-MPR  ≥  24}
2.2 PMPR report trigger 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.

· Agreement: Signaling details are left for RAN2 to discuss and decide.

· FFS on the details related to relative PMPR threshold, e.g. the values, relation to the absolute PMPR threshold, how relative PMPR threshold works below absolute PMPR threshold, etc.
Note: 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 relative PMPR threshold was agreed to be introduced in addition to absolute PMPR threshold, and the major remain issue for signalling design is the PMPR threshold values, including absolute and relative thresholds.
· Relative PMPR threshold values

In PHR reporting, the relative threshold phr-Tx-PowerFactorChange was introduced (shown below) which can be used as a reference for PMPR relative threshold design.
	PHR-Config ::=                      SEQUENCE {

    phr-PeriodicTimer                   ENUMERATED {sf10, sf20, sf50, sf100, sf200,sf500, sf1000, infinity},

    phr-ProhibitTimer                   ENUMERATED {sf0, sf10, sf20, sf50, sf100,sf200, sf500, sf1000},

    phr-Tx-PowerFactorChange            ENUMERATED {dB1, dB3, dB6, infinity},

    multiplePHR                         BOOLEAN,

    dummy                               BOOLEAN,

    phr-Type2OtherCell                  BOOLEAN,

    phr-ModeOtherCG                     ENUMERATED {real, virtual},

    ...

}


Similarly, several candidate values can be used for PMPR relative threshold, however, considering the min PMPR resolution is 3dB as proposed in section 2.1, so the minimum relative threshold should be no small than 3dB. The candidate values can be {3dB, 6dB, 9dB, infinity}.
Proposal 6:        Take relative PMPR threshold {3dB, 6dB, 9dB, infinity}, considering the min PMPR resolution is 3dB
· Absolute PMPR threshold values

Absolute PMPR threshold values are also needed for RAN2 signaling design. Considering the min PMPR value proposed in section 2.1 is 3dB, and also the large ranges of PMPR reporting values, the candidate PMPR absolute threshold could be {3dB, 6dB, 9dB, 12dB, 15dB, 18dB, 21dB, infinity}
Proposal 7:        Take absolute PMPR threshold {3dB, 6dB, 9dB, 12dB, 15dB, 18dB, 21dB, infinity}, considering the min PMPR is 3dB
· Relation between absolute and relative PMPR threshold
In our understanding, the absolute and relative PMPR thresholds are separate tools that BS can use to scheduling UE reporting PMPR. BS can choose to use either of the thresholds or both thresholds and it is up to BS implementation.

Proposal 8:        Absolute and relative PMPR thresholds are separate tools, and it is up to BS implementation how to use them.
2.3 PMPR reporting impact to RAN4 specs
In last meeting the 38.133 CR for PMPR reporting was provided, and it was agreed that the corresponding changes will be made. What’s not clear is whether some changes are needed for 38.101-2.
The only content that can be found in 38.101-2 for PMPR is the configured transmit power, however, no value of PMPR is specified. In our view, the PMPR reporting doesn’t have impact on the configured transmit power scheme and the reported PMPR actually is a value range rather than an exact value, therefore no change is needed for 38.101-2. PMPR related reporting scheme can be defined in RRM and MAC specs.
	The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds

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
…

maxUplinkDutyCycle-FR2, as defined in TS 38.306 [14], is a UE capability to facilitate electromagnetic power density exposure requirements. This UE capability is applicable to all FR2 power classes.

If the field of UE capability maxUplinkDutyCycle-FR2 is present and the percentage of uplink symbols transmitted within any 1 s evaluation period is larger than maxUplinkDutyCycle-FR2, the UE follows the uplink scheduling and can apply P-MPRf,c.
If the field of UE capability maxUplinkDutyCycle-FR2 is absent, the compliance to electromagnetic power density exposure requirements are ensured by means of scaling down the power density or by other means. 

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.




Observation 10:   In 38.101-2, PMPR is only included in configured transmit power section, however, no value of PMPR is specified.

Proposal 9:         No change is needed for PMPR in 38.101-2.

3 Conclusion

2.1 PMPR report value
Observation 1:   It has been agreed that signaling design is not within RAN4 discussion scope.

Observation 2:   Relative power tolerance is larger than 3dB in FR2 which makes the power change resolution smaller than 3dB is not accurate.

Observation 3:   1dB PMPR resolution is not necessary.

Observation 4:   Radio link adaptation is basic function of BS, it can handle at least several dB dynamic power changes.
Observation 5:   RLF issue can only happen when the PMPR is larger than the BS radio link adaptation ability.

Observation 6:   It is not a valid scenario that several dB power changes will cause RLF in FR2.

Observation 7:   Small PMPR values are not necessarily to be reported.

Proposal 1:        The lowest value should be larger than at least 3dB.

Proposal 2:        The PMPR reporting steps should be relatively large, e.g. 3dB.

Observation 8:   FWA devices was agreed to be considered in PMPR reporting.
Observation 9:   Peak EIRP differences between FWA and HH UEs can achieve nearly 37dB.

Proposal 3:        The PMPR reporting range should be large enough to cover different UE types.

Proposal 4:        Adopt 3 bits for the PMPR reporting for future proof reasons.

Proposal 5:        Take following 8 PMPR reporting values as compromise between original Option 1 and Option 2.

{3 ≤ P-MPR < 6, 6 ≤ P-MPR < 9, 9 ≤ P-MPR < 12, 12 ≤ P-MPR < 15, 15 ≤ P-MPR < 18, 18 ≤ P-MPR < 21, 21 ≤ P-MPR < 24, P-MPR  ≥  24}
2.2 PMPR report trigger threshold
Proposal 6:        Take relative PMPR threshold {3dB, 6dB, 9dB, infinity}, considering the min PMPR resolution is 3dB
Proposal 7:        Take absolute PMPR threshold {3dB, 6dB, 9dB, 12dB, 15dB, 18dB, 21dB, infinity}, considering the 
min PMPR is 3dB
Proposal 8:        Absolute and relative PMPR thresholds are separate tools, and it is up to BS implementation how to use them.

2.3 PMPR reporting impact to RAN4 specs
Observation 10:   In 38.101-2, PMPR is only included in configured transmit power section, however, no value of PMPR is specified.

Proposal 9:         No change is needed for PMPR in 38.101-2.

