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1. [bookmark: _Ref490222521]Introduction
In the RAN#96 meeting, the revised WID [1] on further NR coverage enhancements was discussed. The objectives related to power domain enhancements are captured as follows:
	· Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)


According to the WID, 2 aspects need to be studied, including the high power UE (HPUE) and frequency domain spectrum shaping (FDSS) enhancements. In this contribution, we discuss remaining issues on these aspects based on the agreements made in RAN1 #114 meeting [2] and earlier meetings, including:
· Enhanced information exchange between the UE and gNB,
· Potential RRC parameter list.
2. Discussions
2 
2.1 Enhanced information exchange between the UE and gNB
	[bookmark: _Hlk131094631]RAN4’ Reply LS in RAN4 #107
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.

RAN4’ LS in RAN4 #108
Although R4-2310500 explicitly stated that the occasion of reporting ΔPPowerClass should be limited to when configured duty cycle is exceeded, it was not only what RAN4 intended to state. RAN4’s intention is reporting ΔPPowerClass should be limited to occasions when maximum transmission power changes originating from a duty cycle mechanism. Hence, the exchange of ΔPPowerClass is allowed for when maximum transmission power falls as well as it rises. In summary, the main bullet and the 1st sub-bullet in the LS are corrected as follows:
· enable UE report on ΔPPowerClass to indicate which power class requirements that the UE is referring to where only ΔPPowerClass (power reduced) resulting from duty cycle exceedance or ΔPPowerClass (power return) resulting from duty cycle reduction  
· The occasion of the report should be limited to either when the scheduled duty cycle exceeds the UE maximum duty cycle capability or reduces to equal to or below the UE maximum duty cycle capability after exceedance.
It is also noted that RAN4 agreed that full-power MIMO transmission capability reporting corresponding to the applicable power class requirements is the only feature that can be combined with ΔPPowerClass at this writing.

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.


[bookmark: OLE_LINK5]In RAN1 #110bis meeting, RAN1 sent an LS to RAN4, asking for information that can improve gNB awareness of UE Tx power. In RAN1#113 meeting, above conclusion was reached in connection with enhancements to realize increasing UE power high limit in CA and DC. Two kinds of information, ∆PPowerClass and/or current power class and P-MPR, could be considered to be reported to gNB. 
In RAN4 #107 meeting, a reply LS from RAN4 has been sent to RAN1 [3]. In RAN4 #108 meeting, a supplemental LS for the Replay LS approved in RAN4 #107 has been sent to RAN1 [4]. RAN4 has reached a consensus on the information exchange between the UE and gNB and only the report of ΔPPowerClass is supported. 
According to above, reporting of ∆PPowerClass (delta power class, DPC) should be focused on in both RAN1, RAN2 and RAN4 discussions. To support this feature, issues that need to be discussed include reporting mechanisms, trigger conditions, signalling enhancements and impacts on UE UL full power mode determination.
2.1.1 Trigger conditions for DPC report
As is known, in current specification of 38.101-1 v18.2.0 [5], a ∆PPowerClass may be considered to determine the lower and upper bound of configured maximum output power in FR1.
	ΔPPowerClass =
-	3 dB for a power class 2 capable UE or 6 dB for a power class 1.5 UE when P-max of 23 dBm or lower is indicated; or 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%; 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 larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or when 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). 
-	3 dB for a power class 1.5 capable UE when P-max of between 23 dBm and 26 dB is indicated; or 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 (The exact evaluation period is no less than one radio frame); or when 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).
-	3dB when the UE is configured with SUL configurations and the requirements of default power class are applied as specified in sub-clause 6.2C.1 on the band where UE indicates power class 2; 
-	3dB is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ with configured SRS resources in each SRS resource set(s) consisting of one SRS port when PC2 capable UE with txDiversity-r16 capability or PC1.5 capable UE further indicates SRS-TxSwitch capability ‘t1r2’ or ‘t1r4’ or ‘t1r1-t1r2’ or ‘t1r1-t1r2-t1r4’;
-	0 dB otherwise;


As can be seen, UE power class may change when the duty cycle requirement is not met. For example, when a UE transmits more often than a duty cycle threshold (e.g. 50%), the power class would degrade from its nominal value (26 or 29 dBm for power class 2 and 1dot5 UEs, respectively) to 23 dBm (power class 3), which corresponds to a value of 3 or 6 dB ΔPPowerClass. In this case, the power class change is not known to gNB as the duty cycle calculation is dependent on the UE implementation, and the time at which the power class change occurs is not clear to gNB. Therefore, some aperiodic reporting or event-triggering reporting could be used for DPC reporting. 
It can also be seen that the power class change may be due to other cases not related to duty cycle requirement, including:
· 3 dB for a power class 2 capable UE or 6 dB for a power class 1.5 UE when P-max of 23 dBm or lower is indicated; 
· 3 dB for a power class 1.5 capable UE when P-max of between 23 dBm and 26 dB is indicated;
· 3dB when the UE is configured with SUL configurations and the requirements of default power class are applied as specified in sub-clause 6.2C.1 on the band where UE indicates power class 2; 
· 3dB is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ with configured SRS resources in each SRS resource set(s) consisting of one SRS port when PC2 capable UE with txDiversity-r16 capability or PC1.5 capable UE further indicates SRS-TxSwitch capability ‘t1r2’ or ‘t1r4’ or ‘t1r1-t1r2’ or ‘t1r1-t1r2-t1r4’.
In all above cases not related to duty cycle requirement, the DPC is actually known by both gNB and UE and is not necessarily to be reported.
[bookmark: _Ref142035928]Observation 1: DPC is already known by both gNB and UE for cases where power class change is not due to high duty cycle.
If DPC is carried in PHR report, the trigger conditions for PHR could be also applied to DPC reporting. In addition, to avoid unnecessary and too frequent DPC report, other conditions, such as the changes in actual power class, the change of ∆PPowerClass, and the change of the uplink beam, could also be considered. However, the decision on trigger conditions for DPC report may be up to RAN2.
According to above observation and discussions, we have following proposal.
[bookmark: _Ref141372461]Proposal 1: Study the trigger conditions/events for aperiodic DPC reporting based on trigger conditions/events for PHR report when duty cycle requirement is not met in FR1.
2.1.2 Signalling enhancements for DPC report
According to discussions in previous sections, reporting DPC should be limited to occasions when maximum transmission power changes originating from a duty cycle mechanism. However, even if the UE has the capability of DPC reporting and meets the reporting conditions, it should not report DPC at will. In our view, for those UEs that support DPC reporting, DPC reporting should be enabled or disabled by network, as this benefits UE/gNB energy saving.
[bookmark: _Ref146719878]Proposal 2: For UEs supporting DPC, DPC reporting should be enabled or disabled by network.
The signalling enhancements for DPC report could be considered in two ways. One is to reuse legacy PHR report, modify the definitions of the relevant fields. In Rel-17, take the single-entry PHR as an example, the PHR reports mainly contain a power headroom (6 bits), the PCMAX,f,c (6 bits), and the MPE (2 bits). Power headroom reflects the amount of remaining transmit power, PCMAX,f,c reflects the maximum power a UE can deliver, while MPE reporting is only enabled in FR2. Therefore, in FR1 band, the 2 bits MPE field could be used for DPC report. One example is provided, as shown in Figure 1. This way of reusing some fields of the legacy MAC-CE has less spec. impact and can reuse some PHR reporting conditions. However, in this option, the number of bits that can be used for DPC report is small and DPC report flexibility is also low since it has to be combined with PHR report.
The other way is to define a new MAC-CE specific for DPC report with a new LCID/eLCID, as shown in Figure 2. For this method, a new DPC report specific MAC-CE increases DPC report flexibility and can be signalled with more reserved bits, although signalling overhead may be a bit high since DPC specific headers may be needed for this new MAC-CE.
Another issue is about the exact definition of  DPC. It can be the ΔPPowerClass as defined in 38.101. For example, 2 bits can be defined to indicate ΔPPowerClass, i.e. ‘DPC’ = {00, 01, 10, 11} indicates {0dB, 3dB, 6dB, reserved} respectively. Alternatively, DPC can be just an indication of whether power class is changed. 
According to above discussions, we have following proposal.
[bookmark: _Ref146719879]Proposal 3: Study the signalling designs for delta power class reporting and the exact definitions of delta power class.


Figure 1. Enhanced single entry PHR MAC CE 


Figure 2. New DPC MAC CE 
2.1.3 UL full power transmission mode
[bookmark: OLE_LINK12]In RAN4’s latest LS [4], it is mentioned that full-power MIMO transmission capability reporting corresponding to the applicable power class requirements is the only feature that can be combined with the ΔPPowerClass reporting.  For this issue, we understand that there are two main impacts. The first is the UE capability, for a UE supporting DPC report, the UE can per power class reports the UL full power mode capability. The second is the RRC configuration, the network should configure per power class UL full power mode by RRC, and the UE can determine the UL full power mode according to the the actual power class after the power class change. And the configuration of UL full power mode would impact the RAN1 specification update, such as the precoding information table in TS 38.212. In addition, in order for network and UE to have the same assumptions of the precoding used for uplink transmissions as well as the number of layers, etc., it is necessary for network and UE to be aligned with the effective time of the new power class after power class change.
According to above discussions, we have following proposals.
[bookmark: _Hlk141438924][bookmark: _Ref141372464]Proposal 4: UE reports the UL full power mode capability per power class.
[bookmark: _Ref146560122]Proposal 5: Network configures per power class UL full power mode for UEs supporting DPC.
2.2 Potential RRC list to support power domain enhancements
According to discussions above and agreements made in previous meetings and the potential RRC parameter required to support MPR/PAR reduction, at least the list of RRC parameters provided in Table 1 can be applied for supporting high power uplink transmission and MPR/PAR reduction.
[bookmark: _Ref142039135]Proposal 6: Support the updated RRC parameter list for supporting high power uplink transmission and MPR/PAR reduction according to Table 1.
[bookmark: _Ref142039049]Table 1. RRC parameter list for supporting high power uplink transmission and MPR/PAR reduction
	Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description

	High power uplink transmission
	PHR-Config
	delta_power_class-r18
	New
	This parameter indicates whether DPC report is enabled.

	High power uplink transmission
	PUSCH-Config
	ul-FullPowerTransmissionPC1dot5-r18
	New
	Configures the UE with UL full power transmission mode for UEs supporting PC1dot5. This field is not configured if ul-powerControl is configured in the BWP-UplinkDedicated in which the PUCCH-Config is included.

	High power uplink transmission
	PUSCH-Config
	ul-FullPowerTransmissionPC2-r18
	New
	Configures the UE with UL full power transmission mode for UEs supporting PC2. This field is not configured if ul-powerControl is configured in the BWP-UplinkDedicated in which the PUCCH-Config is included.

	High power uplink transmission
	PUSCH-Config
	ul-FullPowerTransmissionPC3-r18
	New
	Configures the UE with UL full power transmission mode for UEs supporting PC3. This field is not configured if ul-powerControl is configured in the BWP-UplinkDedicated in which the PUCCH-Config is included.

	[MPR/PAR reduction]
	[UplinkConfig]
	[powerBoostQPSK]
	[New]
	FFS, depending on RAN4 discussions.


3. Conclusion
In this contribution, we discuss the remaining issues of supporting HPUE and FDSS related enhancements, and have following observations and proposals: 
Observation 1: DPC is already known by both gNB and UE for cases where power class change is not due to high duty cycle. 
Proposal 1: Study the trigger conditions/events for aperiodic DPC reporting based on trigger conditions/events for PHR report when duty cycle requirement is not met in FR1.
Proposal 2: For UEs supporting DPC, DPC reporting should be enabled or disabled by network.
Proposal 3: Study the signalling designs for delta power class reporting and the exact definitions of delta power class.
Proposal 4: UE reports the UL full power mode capability per power class.
Proposal 5: Network configures per power class UL full power mode for UEs supporting DPC.
Proposal 6 RAN1 to discuss the potential RRC parameter list for supporting high power uplink transmission and MPR/PAR reduction according to Table 1 as a start point.
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