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[bookmark: _Ref4817]Introduction 
In RAN#100, it was agreed that no RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL coverage WI. That is, RAN1 will not work on the non-transparent FDSS schemes, and therefore no need any further RAN1 discussion on MPR/PAR reduction. 
	· Proposal #1 (endorsed)
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact



In this contribution, we provide our view on the remaining issues for increasing UE power high limit for CA/DC. 
Increasing UE power higher limit for CA/DC
According to RAN4 LS [1], RAN4 has updated the solution for information exchange needed between the UE and gNB to improve scheduling and network performance, which is also listed below. 
	[bookmark: OLE_LINK1]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 
· [bookmark: OLE_LINK4]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.



In RAN1#113, RAN1 has also extensively discussed the pros and cons about the potential PHR enhancements, and the following conclusion was reached. 
	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 ΔPPowerClass 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.


[bookmark: OLE_LINK2]Combined with conclusion in RAN1#113 and guidance from RAN4 above, PHR enhancement with reporting ΔPPowerClass should be supported.
Proposal 1: Reporting of ΔPPowerClass to the PHR report framework is supported.
Additional clarification
The solution agreed in RAN4 is to enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceeded. 
Besides the configured duty cycle, ΔPPowerClass could also be triggered by default duty cycle. For example, when 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%, ΔPPowerClass = 3 dB is applied for a power class 2 capable UE or 6 dB for a power class 1.5 UE. From RAN1 perspective, if the default duty cycle is exceeded, ΔPPowerClass should be also reported because the power class requirements that the UE is referring to is also reduced, which is similar as the configured duty cycle case. 
[bookmark: OLE_LINK10]Furthermore, besides above cases, ΔPPowerClass could also be triggered when the default/configured duty cycle is partially exceeded. For example, when 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 between 25% and 50%; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is between maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC2-FR1/2 as defined in TS 38.306; ΔPPowerClass = 3 dB is applied for a power class 1.5 UE. If the default/configured duty cycle is partial exceeded, ΔPPowerClass should be reported because the power class requirements that the UE is referring to is also reduced, which is similar as the duty cycle wholly exceeded case.
Proposal 2: Except for when configured duty cycle is exceeded, RAN1 understands that reporting of ΔPPowerClass to the PHR is also supported when the default duty cycle is exceeded or when the default/configured duty cycle is partially exceeded.
· Send LS to RAN4 to confirm above RAN1 understanding. 
PHR with reporting ΔPPowerClass 
· Candidate values of ΔPPowerClass
Based on TS38.101-1, the candidate values (dB) of ΔPPowerClass for PC2 capable UE comprise 0 and 3, and 0, 3 and 6 for PC1.5 capable UE. Therefore, 2 bits reporting in PHR is needed. 
Observation 1: 2-bit is needed for a UE to report on the ΔPPowerClass.

· Bit field in PHR MAC CE for ΔPPowerClass report
Since ΔPPowerClass is only applied for FR1 and 2-bit is needed for a UE to report on the ΔPPowerClass, 2-bit MPE field used for FR2 can be reused to report ΔPPowerClass for FR1.
[bookmark: OLE_LINK8]Observation 2: 2-bit MPE field used for FR2 in PHR MAC CE can be reused to report ΔPPowerClass for FR1.

· How to set the value of ΔPPowerClass
[bookmark: OLE_LINK7]Since the enhanced PHR comprises the indication of ΔPPowerClass, how to report ΔPPowerClass in PHR should be determined. In details, whether the reported value of ΔPPowerClass is a cumulative value or an absolute value, and how to set the value of ΔPPowerClass triggered by legacy event should be determined.
[image: ]
[bookmark: OLE_LINK3]Figure 1 Example of PC fallback for a PC1.5 capable UE
An example is shown in Figure 1. If the duty cycle of PC1.5 is exceeded by the percentage of uplink symbols transmitted in a certain evaluation period in the first evaluation period, ΔPPowerClass= 3 dB in PHR is triggered at t0 by the new event. As a result, PC2 will be assumed after t0. 
· During t0<t<t1, how to set ΔPPowerClass in PHR if triggered by a legacy event should be determined. 
· If the actual value of ΔPPowerClass can be reported, ΔPPowerClass= 0 dB can be applied based on a cumulative value or ΔPPowerClass= 3 dB based on an absolute value referring to PC1.5. 
· If the actual value of ΔPPowerClass cannot be reported, ΔPPowerClass can be set to ‘Reserved’ (i.e., set to ‘00’ as legacy) in PHR to represent a PHR reporting triggered by the legacy event. It means, the state of ‘00’ cannot be used for the indication of ΔPPowerClass.
· At t1, if the duty cycle of PC2 is exceeded by the percentage of uplink symbols transmitted in a certain evaluation period in the second evaluation period, ΔPPowerClass= 3 dB can be applied based on a cumulative value referring to PC2 or ΔPPowerClass= 6 dB based on an absolute value referring to PC1.5. As a result, PC3 will be assumed in the third evaluation period. 
· After t1, similar as above, it should be clarified that whether ΔPPowerClass= 0 dB, 6 dB or ‘Reserved’ in PHR if triggered by a legacy event. 
[bookmark: OLE_LINK5]Above all, the PHR with ΔPPowerClass triggered at different time occasions are summarized in Table 1.
Table 1 PHR with ΔPPowerClass triggered at different time occasions
	Triggering time
	ΔPPowerClass in PHR
	Event

	t=t0
	3 dB
	New event

	t0<t<t1
	Reserved or 0 dB (cumulative value) or 3 dB (absolute value)
	Legacy event if any

	t=t1
	3 dB (cumulative value) or 6 dB (absolute value)
	New event

	>t1
	Reserved or 0 dB (cumulative value) or 6 dB (absolute value)
	Legacy event if any


Note that, ΔPPowerClass field set as ‘Reserved’ for a legacy event means the 2-bit field should be kept as ‘00’, which is effectively equivalent to set as ‘00’ representing 0 dB as accumulative value. 
Proposal 3: Clarify that how to set the value for the ΔPPowerClass field in the PHR reporting for the following cases: 
· Case 1: Whether to report ΔPPowerClass in an accumulative manner or absolute manner when triggered by the new defined event.
· Case 2: Whether and how to report ΔPPowerClass when triggered by legacy events.

· How to report ΔPPowerClass combined with full-power MIMO transmission capability
There are three UL full-power modes defined in Rel-16 and one of the modes can be configured by higher layer signalling semi-statically. 
	PUSCH-Config ::= SEQUENCE { 
ul-FullPowerTransmission-r16 ENUMERATED {fullpower, fullpowerMode1, fullpowerMode2} OPTIONAL, -- Need R 
ul-FullPowerTransmission 
Configures the UE with UL full power transmission mode as specified in TS 38.213. This field is not configured if ul-powerControl is configured in the BWP-UplinkDedicated in which the PUCCH-Config is included.


In RAN4 LS, it mentions that the full-power transmission capability corresponding to the current reference power class can be reported together with ΔPPowerClass. However, the benefit of such behavior is not rather clear and should be further justified, especially considering the lack of reserved bits for FR1 in PHR.
Observation 3: Whether/how to report both ΔPPowerClass and UL full-power mode should be further clarified.

Conclusion
Based on above analysis, we have the following observations and proposals. 
Increasing UE power higher limit for CA/DC
Observation 1: 2-bit is needed for a UE to report on the ΔPPowerClass.
Observation 2: 2-bit MPE field used for FR2 in PHR MAC CE can be reused to report ΔPPowerClass for FR1.  
Observation 3: Whether/how to report both ΔPPowerClass and UL full-power mode should be further clarified. 
Proposal 1: Reporting of ΔPPowerClass to the PHR report framework is supported.
Proposal 2: Except for when configured duty cycle is exceeded, RAN1 understands that reporting of ΔPPowerClass to the PHR is also supported when the default duty cycle is exceeded or when the default/configured duty cycle is partially exceeded.
· Send LS to RAN4 to confirm above RAN1 understanding. 
Proposal 3: Clarify that how to set the value for the ΔPPowerClass field in the PHR reporting for the following cases: 
· [bookmark: _GoBack]Case 1: Whether to report ΔPPowerClass in an accumulative manner or absolute manner when triggered by the new defined event.
· Case 2: Whether and how to report ΔPPowerClass when triggered by legacy events.
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