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1	Introduction 

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. 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. In this contribution, we intend to clarify the misconception of power class fallback and propose 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.                                                 
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.

[image: A diagram of a power class

Description automatically generated with medium confidence]

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.

It could be possible that the original intention for applying all requirements for the default power was meant for maximum output power requirement only. However, power class related requirements should not only include maximum output power requirement, but also MPR and A-MPR requirements.
Observation 4: Power class related requirements not only include maximum output power requirement, but also MPR and A-MPR requirements.

The misconception of power class fallback may cause two potential issues. Firstly, as already mentioned above, power class is also an indirect indication of how high the UE power amplifier output power can be driven while meeting certain emission requirements, or in other words, how linear the power amplifier input to output transfer function is in the vicinity of its maximum output power. For example, power class 2 (PC2) PA is expected to be more linear than PC3 PA at 23 dBm, and that also implies the PC2 PA does not require as much MPR or A-MPR as PC3 PA at the same maximum output power. Since UE power amplifier performance does not change with UL duty cycle or P-Max, it would not be correct for PC2 UE to apply the PC3 MPR or A-MPR when operating near PC3 maximum output power.

Secondly, the configured maximum output power (PCMAX) as specified in sub-clause 6.2.4 in TS 38.101-1 [1] and captured below includes both PPowerClass and ΔPPowerClass in its lower bound (PCMAX_L) and upper bound (PCMAX_H).
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Using PC2 UE as an example, if UL duty cycle or P-Max meets the criteria that UE shall apply all the default power class (PC3) requirements to the supported power class, then PPowerClass becomes 23 dBm. On the other hand, under the same condition for UL duty cycle or P-Max, ΔPPowerClass = 3 dB would also be applied according to the following specification as defined in TS 38.101-1 [1] sub-clause 6.2.4.
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As a result, the UE configured maximum output power would be capped at 20 dBm instead of 23 dBm as in the original intention for the default power class. That means if the concept of “power class fallback” would be applied, the UE configured maximum output power reduction would be mistakenly double counted. And what could be even worse is that for PC1.5 UE, if UL duty cycle or P-Max meets the criteria that UE shall apply all the default power class (PC3) requirements to the supported power class, the UE configured maximum output power would be capped at 17 dBm instead of 23 dBm.

Observation 5: For PC2 UE, if UL duty cycle or P-Max meets the criteria that UE shall apply all the default power class (PC3) requirements to the supported power class, the UE configured maximum output power would be capped at 20 dBm instead of 23 dBm.

Observation 6: For PC1.5 UE, if UL duty cycle or P-Max meets the criteria that UE shall apply all the default power class (PC3) requirements to the supported power class, the UE configured maximum output power would be capped at 17 dBm instead of 23 dBm.

Observation 7: If the concept of “power class fallback” would be applied, the UE configured maximum output power reduction would be mistakenly double counted.
To fix this issue, the simplest approach 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.

Observation 8: The text descriptions below the power class tables in UE maximum output power sub-clauses for all features 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.

Proposal: Remove the entire text descriptions below the power class tables in UE maximum output power sub-clauses for all features to avoid the misconception of power class fallback which could result in double-counting the PCMAX power reduction and excessive allowance of MPR/A-MPR for HPUE.  
      
3	Conclusion

In this contribution, we intend to clarify the misconception of power class fallback and propose 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. 

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.

Observation 4: Power class related requirements not only include maximum output power requirement, but also MPR and A-MPR requirements.

Observation 5: For PC2 UE, if UL duty cycle or P-Max meets the criteria that UE shall apply all the default power class (PC3) requirements to the supported power class, the UE configured maximum output power would be capped at 20 dBm instead of 23 dBm.

Observation 6: For PC1.5 UE, if UL duty cycle or P-Max meets the criteria that UE shall apply all the default power class (PC3) requirements to the supported power class, the UE configured maximum output power would be capped at 17 dBm instead of 23 dBm.

Observation 7: If the concept of “power class fallback” would be applied, the UE configured maximum output power reduction would be mistakenly double counted.

Observation 8: The text descriptions below the power class tables in UE maximum output power sub-clauses for all features 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.

Proposal: Remove the entire text descriptions below the power class tables in UE maximum output power sub-clauses for all features to avoid the misconception of power class fallback which could result in double-counting the PCMAX power reduction and excessive allowance of MPR/A-MPR for HPUE.

4	Reference

3GPP TS 38.101-1 V18.4.0 (2023-12)
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- 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-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%; 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-FRI as efined 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-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).
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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.





