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1 Introduction
In the past RAN1 and RAN4 meetings, a lot of agreements were achieved regarding the PHR enhancement for dynamic waveform switching (DWS) and delta Power Class reporting (DPC reporting), as per the LSs [1] [2]. 
In this contribution, we would like to discuss the potential RAN2 impacts of PHR enhancement for DWS and DPC Reporting. Hopefully, RAN2-related work can be triggered in the upcoming meeting. 
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
2.1 PHR enhancement for DWS
PHR enhancement for DWS was agreed to be supported based on the following agreement made in RAN1 #114 meeting.
	[bookmark: _Hlk146893993]Agreement
Support following enhancement to assist the scheduler in determining waveform switching:
· Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 
· Note: Any MAC CE related design is up to RAN2
· Subject to separate UE capability 
· Details FFS.

Agreement
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH contains:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· No consensus in RAN1 if the following applies or not: if UE reports legacy PHR in a PUSCH transmission, power headroom information for assumed PUSCH is also reported.
· Note: RAN endorsed the following at RAN#100: “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” [RP-231498].
Send LS to RAN2 to inform above agreement.


As can be seen, it has been agreed that “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” which means no new PHR triggering procedure is expected from RAN2 perspective. Based on this, in our understanding, to fulfill the goal mentioned by RAN1 (reporting the PH of the assumed PUSCH and the legacy PH), we think the simplest way to use a new PHR MAC CE to report PH value for the assumed PUSCH, whenever a legacy PHR triggering conditions are met and when DWS is enabled for the DCI scheduling a PUSCH carrying the PHR. The reason to use a NEW PHR MAC CE is that there are not enough reserved bits left for extension. Regarding the details of MAC CE design, basically, there are two solutions:
Opt 1: Introduce a new MAC CE only to include the PH information for the assumed PUSCH. The legacy PHR MAC CE and new MAC CE are generated together. 
Opt 2: Introduce a new MAC CE to include both the PH information for the assumed PUSCH and the legacy PH information. 
Frankly, both solutions work well. In our opinion, Opt 1 might be simpler in terms of MAC CE design while Opt 2 might help to reduce overhead. Thus, we suggest RAN2 to choose one of them. 
Observation 1: For PHR enhancement of DWS, both PH information for the assumed PUSCH and legacy PH information need to be reported. 
Proposal 1: RAN2 to choose one of the options:
Opt 1: Introduce a new MAC CE only to include the PH information for the assumed PUSCH. The legacy PHR MAC CE and new MAC CE are generated together. 
Opt 2: Introduce a new MAC CE to include both the PH information for the assumed PUSCH and the legacy PH information. 
Further, it comes to how to associate the new MAC CE with a LCID/eLCID. In our understanding, this should be discussed in the common CCCH LCID session. 
Proposal 2: Shift the LCID discussion for new eCovEnh MAC CE to common CCCH LCID session.
[bookmark: _GoBack]2.2 DPC reporting
As per the RAN4 LS, we can know that current specification of 38.101-1 v18.2.0, 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. 
Furthermore, it can also be understood 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 the above cases not related to duty cycle requirement, the DPC is actually known by both gNB and UE. Thus, it is not necessarily to be reported.
[bookmark: _Ref142035928]Observation 2: DPC is already known by both gNB and UE for cases where power class change is not due to high duty cycle.
Observation 3: DPC reporting is necessary in case power class change is due to high duty cycle, which cannot be known at the NW side.
To facilitate such kind of reporting, from UE point of view, the simplest way is to use MAC CE. Perhaps this is the reason why RAN4 also sends the LS to RAN2 for action (i.e. RAN4 asks RAN2 to consider the above in its further work). For example, a new MAC CE can be introduced to report ΔPPowerClass as defined in 38.101. 2 bits can be defined to indicate ΔPPowerClass, i.e. ‘DPC’ = {00, 01, 10, 11} indicates {0dB, 3dB, 6dB, reserved} respectively, as shown in the following Figure 1. 


Figure 1. New DPC MAC CE for DPC 
[bookmark: _Ref141372461]Based on the above, we have the following proposals, 
Proposal 3: RAN2 agrees to introduce a new MAC CE for DPC reporting.   
[bookmark: _Ref146719879]Proposal 4: RAn2 specifies the trigger conditions for DPC reporting in MAC spec with adding a reference to RAN4 duty cycle requirement.
3 Conclusion
In this contribution, we have further discussed potential RAN2 impacts of PHR enhancement for DWS and DPC Reporting. All the observations and proposals are summarized below:

PHR enhancement for DWS:
Observation 1: For PHR enhancement of DWS, both PH information for the assumed PUSCH and legacy PH information need to be reported. 
Proposal 1: RAN2 to choose one of the options:
Opt 1: Introduce a new MAC CE only to include the PH information for the assumed PUSCH. The legacy PHR MAC CE and new MAC CE are generated together. 
Opt 2: Introduce a new MAC CE to include both the PH information for the assumed PUSCH and the legacy PH information. 
Proposal 2: Shift the LCID discussion for new eCovEnh MAC CE to common CCCH LCID session.

DPC reporting:
Observation 2: DPC is already known by both gNB and UE for cases where power class change is not due to high duty cycle.
Observation 3: DPC reporting is necessary in case power class change is due to high duty cycle, which cannot be known at the NW side.
Proposal 3: RAN2 agrees to introduce a new MAC CE for DPC reporting.   
Proposal 4: RAn2 specifies the trigger conditions for DPC reporting in MAC spec with adding a reference to RAN4 duty cycle requirement.
4 References
[1] R1-2308561, LS on further clarifications on enhancements to realize increasing UE power high limit for CA and DC.
[2] R4-2314728, LS on enhancements to realize increasing UE power high limit for CA and DC.
image1.emf
R R R R R R DPC


Microsoft_Visio_Drawing.vsdx

R
R
R
R
R
R
DPC



