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[bookmark: _Ref513464071]Introduction
RAN1 has been discussing enhancements to increase UE power high limit for CA and DC. To this end, several enhancements of power headroom reporting have been considered and the following have been agreed:
	RAN1 #112:
Agreement
Further discussions in RAN1 concerning means to facilitate higher power transmissions in CA and DC, if applicable, can target increasing gNB awareness of UE’s Tx power, e.g., PHR reporting enhancement such as current power class, power class change, or application of P-MPR by UE (subject to RAN4’s input). 
· FFS: details.

RAN1 #112b-e:
Observation
RAN1 discussed advantages and disadvantages of solutions included in R1-2302270 (R4-2303701) on enhancements to realize increasing UE power high limit for CA and DC. Pros and cons of the inclusion in the PHR report of at least one of the following quantities have been analyzed for different reporting mechanisms, triggers, and reporting periodicities:
· ∆PPowerClass 
· Power class
· P-MPR 
· Start and length of evaluation period for power class fallback
· Estimated duration of power class fallback
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required
· Sustainable duty cycle to prevent a fallback
· Energy/power availability

RAN1 #113:
Conclusion
If enhancements to the PHR report are to be specified in Rel-18, at least the following enhancements to the PHR report framework might be potentially useful for realizing high power uplink transmissions in CA and DC:
· Reporting of ∆PPowerClass and/or current power class
· Reporting of P-MPR.
Discussion continues in RAN1 on whether enhancements to the PHR report are needed in Rel-18.



In this contribution we discuss enhancements to the PHR report.
Discussion
RAN4 has been actively discussing higher power transmission and the following LS has been sent to RAN1 [4]:
	With regard to enhanced information exchange between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN4 would like to provide the following recommendation and guidance as a follow-up to our earlier Reply LS in R4-2303701 from RAN4#106:
· enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceed 
· The occasion of the report should be limited to when configured duty cycle is exceeded. 
· can be combined with full-power MIMO transmission capability reporting corresponding to the current power class 
· not to introduce P-MPR report since this is closely related to SAR implementation, which is sensitive to UE design
· RAN4 stops the discussion on reporting prediction with specific evaluation periods and durations in Rel-18.
· RAN4 does not consider EHR feasible.




According to the current specification TS 38.101-1, power class fallback can happen when the ratio of UL symbols over the total symbols within a certain evaluation period exceeds the indicated maxUplinkDutyCycle:
	38.101-1:
If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and half the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;
-	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2.4;
-	else if the UE does not support a power class with higher maximum output power than PC2; or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 25% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 0.5*maxUplinkDutyCycle-PC2-FR1 (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the power class 2 or lower;
-	shall apply all requirements for power class 2 to the supported power class and set the configured transmitted power as specified in clause 6.2.4;
-	else shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2.4.



When power class fallback happens, the reported total configured maximum power would reflect the change in transmit power but the gNB is not aware of the PC fallback. Since the power class information can be utilized by the gNB for configuration and scheduling purposes, we propose to follow RAN4’s recommendation:
[bookmark: _Hlk142511298]Proposal 1: Support including ΔPPowerClass in the power headroom report.

Another potential enhancement is to report P-MPR for FR1. As RAN4 has suggested, P-MPR depends on UE implementation and may be due to reasons outside the network’s knowledge (e.g., proximity to human tissue). In addition, only reporting P-MPR may not be helpful since the duration over which the reported P-MPR may be valid is not known by the network. Although there have been proposals to report this duration, in our view it cannot be reliably predicted. Therefore, we again propose to follow RAN4’s recommendation.
[bookmark: _Hlk142511278]Proposal 2: Do not support P-MPR report for FR1.
Conclusion
In this contribution, we have discussed potential enhancements to the PHR report and proposed the following:
Proposal 1: Support including ΔPPowerClass in the power headroom report.
Proposal 2: Do not support P-MPR report for FR1.
References
Draft Report of 3GPP TSG RAN WG1 #112
Draft Report of 3GPP TSG RAN WG1 #112b-e
Draft Report of 3GPP TSG RAN WG1 #113
R4-2310500, “Reply LS on enhancements to realize increasing UE power high limit for CA and DC”
