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1	Introduction 

The concern of the power class fallback misconception in current RAN4 specifications has been brought up in last RAN4 meeting [1] which could potentially cause misunderstanding on how the UE configured maximum output power can be applied, and that may result in double-counting the PCMAX power reduction and excessive allowance of MPR/A-MPR for HPUE. While the issue was generally acknowledged by most RAN4 companies during the discussions in last RAN4 meeting, there was no concrete way forward on how to mitigate this issue in current RAN4 specifications. In this contribution, we share our view on how the current RAN4 specifications may be revised to address this concern.                                                        
2 Discussion

The term of “power class fallback”, though has not been formerly defined in 3GPP specifications, was often quoted during RAN4 high-power UE (HPUE) related discussions. 

In 3GPP, UE power class has been defined as the UE transmitter maximum output power capability in RAN4 specifications. It is also an indirect indication of how high the UE power amplifier output power can be driven while meeting certain emission requirements. For frequency range 1 (FR1), UE power class 3 (PC3) with nominal output power at 23 dBm has been defined as the default power class. For other UE power classes supporting higher maximum output power than default power class are all considered as High-Power UE (HPUE). Ever since HPUE was introduced, RAN4 also incorporated the conditions where HPUE shall apply all requirements for the default power class, including UL duty cycle exceeding certain % number or when P-Max is 23 dBm or lower which are specified under the sub-clauses of UE maximum output power (power class) for all UE features. The behavior when an HPUE applies all requirements for the default power class or next power class with lower maximum output power was often unofficially regarded as “power class fallback” which however was a misconception.

Observation 1: The behavior when an HPUE applies all requirements for the default power class or next power class with lower maximum output power was often unofficially regarded as “power class fallback” which however was a misconception.

The excerpt below as captured from TS 38.101-1 [1] sub-clause 6.2.1 is one of the many examples where these conditions are stated.
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In our view, the proper understanding on the UE behavior when UL duty cycle exceeds certain % number or when P-Max is 23 dBm or lower should be that UE configured maximum output power is capped below the UE power class capability via ΔPPowerClass or P-Max. There should be no “power class fallback” or UE power class change as UE power amplifier performance does not change with UL duty cycle or P-Max.

Observation 2: The proper understanding on the UE behavior when UL duty cycle exceeds certain % number or when P-Max is 23 dBm or lower should be that UE configured maximum output power is capped below the UE power class capability via ΔPPowerClass or P-Max.

Observation 3: There should be no “power class fallback” or UE power class change as UE power amplifier performance does not change with UL duty cycle or P-Max.

To mitigate this issue, the simplest approach as we proposed in [1] is to discard the concept of “power class fallback”, or more specifically, to remove the entire text descriptions below the power class tables in UE maximum output power sub-clauses for all features which not only duplicate the information already sufficed in “configured transmitter power” sub-clauses for the specification of ΔPPowerClass, but could also cause potential misunderstanding on how the UE configured maximum output power can be applied. However, it has been recognized that most features except single carrier UL have the specification of ΔPPowerClass referenced to the text descriptions below the power class tables in UE maximum output power sub-clause. Therefore, for those features it would not be feasible to simply remove the entire text descriptions below the power class tables, or the definition of ΔPPowerClass would be lost.

Since the most relevant UE requirement in conjunction with the UL duty cycle and P-Max conditions is the configured maximum output power, we propose to move the text descriptions of the UL duty cycle and P-Max conditions directly underneath the ΔPPowerClass definition in “configured transmitter power” sub-clauses, the same way as already implemented in single carrier operation.           

Table 2-1 summarizes the proposed changes for the impacted sub-clauses in current RAN4 specifications including TS 38.101-1, TS 38.101-3, and TS 36.101, where “text descriptions” means texts describing the UL duty cycle and P-Max conditions for defining the ΔPPowerClass values.

	TS 38.101-1

	Feature
	Impacted sub-clauses
	Proposed changes

	Single carrier
	6.2.1
	Remove text descriptions

	Intra-band contiguous CA
	6.2A.1.1
	Move text descriptions to 6.2A.4.1.1

	
	6.2A.4.1.1
	Add text descriptions to ΔPPowerClass,CA

	Intra-band non-contiguous CA
	6.2A.1.2
	Move text descriptions to 6.2A.4.1.2

	
	6.2A.4.1.2
	Add text descriptions to ΔPPowerClass,CA

	Inter-band CA
	6.2A.1.3
	Move text descriptions to 6.2A.4.1.3

	
	6.2A.4.1.3
	Add text descriptions to ΔPPowerClass,CA

	SUL
	6.2C.1
	Remove text descriptions

	Inter-band UL CA with UL MIMO
	6.2H.3.1
	Move text descriptions to 6.2H.3.4

	
	6.2H.3.4
	Add text descriptions to ΔPPowerClass,CA 

	Inter-band UL CA with Tx diversity
	6.2L.3.1
	Move text descriptions to 6.2L.3.4

	
	6.2L.3.4
	Add text descriptions to ΔPPowerClass,CA

	TS 38.101-3

	Feature
	Impacted sub-clauses
	Proposed changes

	Intra-band contiguous EN-DC
	6.2B.1.1
	Remove text descriptions

	Intra-band contiguous NE-DC
	6.2B.4.1.1a
	ΔPPowerClass,NE-DC = 0 dB for PC3 only

	Intra-band non-contiguous EN-DC
	6.2B.1.2
	Remove text descriptions

	Inter-band EN-DC within FR1
	6.2B.1.3
	Move text descriptions to 6.2B.4.1.3

	
	6.2B.4.1.3
	Add text descriptions to ΔPPowerClass,EN-DC

	Inter-band NE-DC within FR1
	6.2B.4.1.3a
	ΔPPowerClass,NE-DC = 0 dB for PC3 only

	Inter-band EN-DC with UL MIMO
	6.2H.1.3
	Remove text descriptions

	Inter-band EN-DC with Tx Diversity
	6.2L.1.3
	Remove text descriptions

	TS 36.101

	Feature
	Impacted sub-clauses
	Proposed changes

	Single carrier
	6.2.2
	Remove text descriptions posed changes

	Intra-band contiguous CA
	6.2.2A
	Remove text descriptions for B41

	
	6.2.5A
	Editorial change for B41 ΔPPowerClass


 
Table 2-1 Proposed changes in RAN4 specifications on mitigating power class fallback issue

The example text proposal below illustrates how the UL duty cycle and P-max conditions can be moved to ΔPPowerClass,CA for intra-band contiguous CA.

· ΔPPowerClass,CA = 3 dB for a power class 2 capable UE if the field of UE capability maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.306 is absent and the percentage of total uplink symbols transmitted on all UL CCs in a certain evaluation period is larger than 50%, or if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of total uplink symbols transmitted on all UL CCs in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1, or if 10 log10 ∑ pEMAX,c or PEMAX,CA is 23dBm or lowerwhen the requirements of default power class are applied as specified in sub-clause 6.2.A.1.1; otherwise ΔPPowerClass,CA = 0 dB;

The same text proposal above can also be applied to intra-band non-contiguous CA.

For inter-band UL CA, the following example text proposal illustrates how the UL duty cycle and P-max conditions can be moved to ΔPPowerClass,CA.

-	ΔPPowerClass,CA = 3 dB for a power class 2 capable UE if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 as defined in TS 38.306 is not absent and the average percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-interBandCA-PC2, or if 10 log10 ∑ pEMAX,c or PEMAX,CA is 23dBm or lower; otherwise ΔPPowerClass,CA = 0 dB;ΔPPowerClass,CA = 3 dB for a power class 2 capable UE when the requirements of default power class are applied as specified in sub-clause 6.2.A.1.3; otherwise ΔPPowerClass, CA = 0 dB;
NOTE: 	The average percentage of uplink symbols is defined as 50%  ( DutyNR, x /maxDutyNR,x + DutyNR, y /maxDutyNR,y, ). DutyNR, x, DutyNR, y represent the actual percentage of uplink symbols transmitted in the same evaluation period (The exact evaluation period is no less than one radio frame) for NR Band x, NR Band y respectively; maxDutyNR,x, maxDutyNR,y represent the field of UE capability maxUplinkDutyCycle-PC2-FR1 per band as defined in TS 38.306.  For NR Band x or NR Band y,
–	if power class of one or both of the bands within the band combination is power class 2 and the corresponding UE capability maxUplinkDutyCycle-PC2-FR1 is absent,
–	the corresponding maxDutyNR,x or maxDutyNR,y is equal to 50%;
–	else if the band is configured with power class 3,
–	the corresponding maxDutyNR,x or maxDutyNR,y is equal to 100%.

For inter-band UL CA with UL MIMO and inter-band UL CA with Tx diversity, the following example text proposal illustrates how the UL duty cycle and P-max conditions can be moved to ΔPPowerClass,CA.

-	ΔPPowerClass,CA:

–	For a power class 2 capable UE, it is 3dB if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 as defined in TS 38.306 is present and the average percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-interBandCA-PC2, or if 10log10 ∑ pEMAX,c or PEMAX,CA which defined in sub-clause 6.2A.4.1.3 is 23dBm or lowerwhen the requirements of default power class are applied as specified in sub-clause 6.2.H.3.1, ; otherwise ΔPPowerClass, CA = 0 dB;
NOTE: 	The average percentage of uplink symbols is defined in sub-clause 6.2A.4.1.
–	For a power class 1.5 capable UE, it is 6dB if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 is present and the average percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-interBandCA-PC2, or if 10log10 ∑ pEMAX,c or PEMAX,CA which defined in sub-clause 6.2A.4.1.3 is 23dBm or lowerwhen the requirements of default power class are applied as specified in sub-clause 6.2.H.3.1; and it is 3dB if the average percentage of uplink symbols transmitted in a certain evaluation period is larger than 0.5maxUplinkDutyCycle-interBandCA-PC2 but less than or equal to maxUplinkDutyCycle-interBandCA-PC2, or if 10log10 ∑ pEMAX,c or PEMAX,CA is between 23dBm and 26dBmwhen the requirements of power class 2 are applied as specified in sub-clause 6.2.H.3.1; otherwise ΔPPowerClass, CA = 0 dB;
NOTE: 	The average percentage of uplink symbols is defined in sub-clause 6.2A.4.1.3 except if power class of one band within the band combination is power class 1.5 and the corresponding UE capability 0.5*maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC1dot5-MPE-FR1 are both absent, the corresponding maxDutyNR,x or maxDutyNR,y is equal to 25%; or if only one of the corresponding UE capability 0.5*maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC1dot5-MPE-FR1 is reported, the corresponding maxDutyNR,x or maxDutyNR,y is according to the reported capability; or the corresponding maxDutyNR,x or maxDutyNR,y is the smaller of maxUplinkDutyCycle-PC1dot5-MPE-FR1 and 0.5*maxUplinkDutyCycle-PC2-FR1.

For intra-band contiguous NE-DC, the following changes to ΔPPowerClass,EN-DC is applied as currently only PC3 has been specified for this configuration.

-	ΔPPowerClass,NE-DC = 3 dB for a power class 2 capable NE-DC UE when requirements of default power class had been applied as specified in sub-clause 6.2B.1; otherwise ΔPPowerClass,NE-DC = 0 dB for a power class 3 UE; 

For inter-band EN-DC, the following example text proposal illustrates how the UL duty cycle and P-max conditions can be moved to ΔPPowerClass,EN-DC.

-	∆PPowerClass,EN-DC = 3 dB for a power class 2 capable EN-DC UE when requirements of default power class had been applied as specified in sub-clause 6.2B.1with an E-UTRA TDD and NR TDD Inter-band EN-DC band combination if the field of UE capability maxUplinkDutyCycle-interBandENDC-TDD-PC2-r16 as defined in TS38.331 is absent and the percentage of NR uplink symbols transmitted in a certain evaluation period is larger than 30%, or if the field of UE capability maxUplinkDutyCycle-interBandENDC-TDD-PC2-r16 is not absent and the percentage of NR uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-interBandENDC-TDD-PC2-r16, or if the IE p-maxUE-FR1 as defined in TS 38.331 is provided and set to the maximum output power of the default power class or lower; otherwise ∆PPowerClass,EN-DC = 0 dB;
-	∆PPowerClass,EN-DC = 0 dB for a power class 2 capable EN-DC UE with an E-UTRA FDD and NR TDD Inter-band EN-DC band combination if UE indicating the two capabilities maxUplinkDutyCycle-FDD-TDD-EN-DC1 and maxUplinkDutyCycle-FDD-TDD-EN-DC2 as defined in TS 38.331 where
–	if the IE p-maxUE-FR1 as defined in TS 38.331 is not provided or set to the higher value than the maximum output power of the default power class, and the percentage of EUTRA uplink symbols transmitted in a certain evaluation period is between 40% and 70%, and the percentage of NR uplink symbols transmitted in a certain evaluation period is less than or equal tomaxUplinkDutyCycle-FDD-TDD-EN-DC1, or
–	if the IE p-maxUE-FR1 as defined in TS 38.331 is not provided or set to the higher value than the maximum output power of the default power class, and the percentage of EUTRA uplink symbols transmitted in a certain evaluation period is no larger than 40%, and the percentage of NR uplink symbols transmitted in a certain evaluation period is less than or equal to maxUplinkDutyCycle-FDD-TDD-EN-DC2;
otherwise ∆PPowerClass,EN-DC = 3 dB;

For inter-band NE-DC, the following changes to ΔPPowerClass,EN-DC is applied as currently only PC3 has been specified for this configuration.

-	ΔPPowerClass,NE-DC = 3 dB for a power class 2 capable NE-DC UE when requirements of default power class had been applied as specified in sub-clause 6.2B.1; otherwise ΔPPowerClass,NE-DC = 0 dB for a power class 3 UE;

Since the proposed changes above do not impact any core requirement but an improvement in current RAN4 technical specifications to avoid the potential misconception on power class fallback, in our view, making the changes starting from current release (Rel-18) of specifications would be sufficient.  

Based on the above assessment, we propose the following way forwards on mitigating the concern of the power class fallback misconception in current RAN4 specifications:
   
Proposal 1: Move the text descriptions on UL duty cycle and P-max conditions below the power class tables in “UE maximum output power” sub-clauses to ΔPPowerClass definitions in “Configured output power” sub-clauses as proposed in Table 2-1.

Proposal 2: Use the example text proposals for ΔPPowerClass definitions proposed in this contribution as baseline for CR drafting.

Proposal 3: Make the changes starting from current release (Rel-18) of specifications.

We also prepare the corresponding draft CRs [3-5] in this meeting for consideration.
3	Conclusion

In this contribution, we share our view on how the current RAN4 specifications may be revised to address concern of the power class fallback misconception in current RAN4 specifications as brought up in last RAN4 meeting which could potentially cause misunderstanding on how the UE configured maximum output power can be applied. 

Observation 1: The behavior when an HPUE applies all requirements for the default power class or next power class with lower maximum output power was often unofficially regarded as “power class fallback” which however was a misconception.

Observation 2: The proper understanding on the UE behavior when UL duty cycle exceeds certain % number or when P-Max is 23 dBm or lower should be that UE configured maximum output power is capped below the UE power class capability via ΔPPowerClass or P-Max.

Observation 3: There should be no “power class fallback” or UE power class change as UE power amplifier performance does not change with UL duty cycle or P-Max.

Proposal 1: Move the text descriptions on UL duty cycle and P-max conditions below the power class tables in “UE maximum output power” sub-clauses to ΔPPowerClass definitions in “Configured output power” sub-clauses as proposed in Table 2-1.

Proposal 2: Use the example text proposals for ΔPPowerClass definitions proposed in this contribution as baseline for CR drafting.

Proposal 3: Make the changes starting from current release (Rel-18) of specifications.
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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:

- ifthe field of UE capability maxUplinkDutyCycle-PC2-FRI is absent and the field of UE capability
maxUplinkDutyCycle-PC1dot5-MPE-FRI 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

- ifthe field of UE capability maxUplinkDutyCycle-PC2-FRI is not absent and the percentage of uplink symbols
transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FRI as defined in TS 38.306
(The exact evaluation period is no less than one radio frame); or

- ifthe field of UE capability maxUplinkDutyCycle-PCldot5-MPE-FRI is not absent and half the percentage of
uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PCldot5-MPE-
FRI as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or

- ifthe 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

- ifthe field of UE capability maxUplinkDutyCycle-PC2-FRI is absent and the field of UE capability
maxUplinkDutyCycle-PC1dot5-MPE-FRI is absent and the percentage of plink symbols transmitted in a certain
evaluation period is larger than 25% (The exact evaluation period is no less than one radio frame); or

- ifthe field of UE capability maxUplinkDutyCycle-PC2-FRI is not absent and the percentage of uplink symbols
transmitted in a certain evaluation period is larger than 0.5*maxUplinkDutyCycle-PC2-FRI (The exact
evaluation period is no less than one radio frame); or

- ifthe field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FRI is not absent and the percentage of uplink
symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PCldot5-MPE-FRI as
defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or

- ifthe 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.





