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Introduction
In RAN#105 meeting inconsistencies in RAN4 high power UE requirements and how support for higher power classes are indicated were identified in [1]. In this contribution we discuss the linkage between minimum requirements, how their indication is done across clauses 5 and 6, and RRC signaling parameters.      
2
Discussion
Based on the documents and discussions on previous meeting, including [1] and [2], RAN4 is currently not aligned on how minimum requirements for HPUEs work especially when band supporting HPUE is part of a CA configuration. Currently power class for band combinations is specified in clause 6.2A.1 while clause 5.5A is used to indicate when higher power class is allowed for specific band in UL configuration. The logic in adding this information to 5.5A was in making it clear when MSD and A-MPR have been verified with higher power UL. 
However, the problem with this approach is that it is no longer obvious what is the minimum requirement applicable for specific band combination, and reader needs to look at multiple clauses to even find out what is the allowed maximum power. To further the issue, currently the specification does not take a stand on how RRC-parameters impact the applicability of requirements, which may result in different interpretations depending on who reads the specification.

It would greatly beneficial to have a clear and unambiguous specification which makes it clear to reader what exactly are the minimum requirements and how RRC-signalled parameters impact these. This is especially important for such a fundamental part of the specification as what is allowed maximum output power.
Observation 1: Specification should be unambiguous and give a clear guideline which are the minimum requirements by default and how UE capabilities affect them. This is not the status currently.
Signaling parameters

The signaling parameters related to power class are summarized in Table 1. It is important to note that only ue-PowerClass, ue-PowerClass-v1610, ue-PowerClass-v1700 is a mandatory parameter. Therefore, specification should work when only this parameter is present. However, it cannot be expected that power class information is ideal and optimized in case UE does not take advantage of the other parameters, which allow providing information with higher granularity. 
It can be observed that powerClass, powerClass-v1610 provides the power class for band combination and according to the description in a case where powerClass is higher than ue-PowerClass in a given band, ue-PowerClass will take priority. Therefore, for a band in a band combination, power class is min(ue-PowerClass, powerClass). 
Observation 2: powerClass, powerClass-v1610 conveys the powerClass for band combination, and for individual bands Tx power cannot be higher than ue-PowerClass. Therefore, for a band in a band combination, power class is min(ue-PowerClass, powerClass). 
Table 1: Power Class related RRC-parameters

	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	ue-PowerClass, ue-PowerClass-v1610, ue-PowerClass-v1700

For FR1, if the UE supports the different UE power class than the default UE power class as defined in clause 6.2 of TS 38.101-1 [2], the UE shall report the supported UE power class in this field. For FR2, UE shall report the supported UE power class as defined in clause 6 and 7 of TS 38.101-2 [3] in this field. UE indicating support for pc6 supports the enhanced intra-NR RRM and demodulation processing requirements for FR2 to support high speed up to 350 km/h as specified in TS 38.133 [5]. This capability is not applicable to IAB-MT. The power class pc7 is only applicable for RedCap UEs operation in FR2.
	Band
	Yes
	N/A
	N/A

	powerClass, powerClass-v1610
Indicates power class the UE supports when operating according to this band combination. If the field is absent, the UE supports the default power class. If this power class is higher than the power class that the UE supports on the individual bands of this band combination (ue-PowerClass in BandNR), the latter determines maximum TX power available in each band. The UE sets the power class parameter only in band combinations that are applicable as specified in TS 38.101-1 [2] and TS 38.101-3 [4]. This capability is not applicable to IAB-MT.
	BC 
	No
	N/A
	FR1 only

	ue-PowerClassPerBandPerBC-r17

Indicates the UE power class per band per band combination.

NOTE:       It is not applicable to the case when UL-MIMO and intra-band UL CA are in operation at the same time.
	FS
	No
	N/A
	FR1 only


Finally, ue-PowerClassPerBandPerBC-r17 allows signaling power class per individual band in band combination. The original intention in introducing this parameter is to allow signaling lower power class for a band when it is part of band combination than for single carrier operation.
Therefore, if this parameter is absent, UE has no need to indicate lower power class. 

Another way to approach absence of ue-PowerClassPerBandPerBC-r17 is that in such case power class need to be deduced from the other signalled parameters. This reduces to the same outcome as observation 2.
Observation 3: If ue-PowerClassPerBandPerBC-r17 is absent, UE does not have a need to indicate support for lower power class for individual bands in a band combination.
Minimum requirements
Now that the understanding on the RRC-parameters is clear we discuss how they connect to setting minimum requirements in clause 5 and clause 6 while following the general guideline that we need to have a default for UE minimum requirements as well as describe how the RRC-signalled parameters can impact the default. 

In high level we support the approach proposed in [2] which uses the mandatory RRC-parameter ue-PowerClass as the default and the other RRC-parameters are used to provide exceptions to this. Therefore, it is the baseline that UE shall meet the power class as indicated by ue-PowerClass for each band of the CA combination. 

Second general principle is that when PowerClass, i.e. power class of band combination, is indicated the power class of individual band in band combination cannot be higher than the power class of the band combination. This can be written as power class of a single band when part of a band combination being min(ue-PowerClass, PowerClass).
Finally, ue-PowerClassPerBandPerBC-r17 can be used to indicate lower power class for a band than what is indicated in ue-PowerClass and PowerClass.
All these aspects should be specified in clause 6.2A to make minimum requirements and their linkage to RRC-signaling unambiguous.

Proposal 1: Specify in clause 6.2A that

· By default UE shall meet the power class indicated by ue-PowerClass for each NR band of the CA configuration

· Power class of a band in band combination cannot be higher than the power class of the band combination, i.e. for a band in band combination power class min(ue-PowerClass, PowerClass) applies. If PowerClass is not indicated default power class applies to the band combination.
· ue-PowerClassPerBandPerBC-r17 can be used to indicate lower power class for a band in band combination than given by the earlier rules. This does not change the power class of the band combination, i.e. PowerClass. If ue-PowerClassPerBandPerBC-r17 is not signalled the earlier rules apply.
Still, together with these rules it is necessary to avoid a scenario where a higher power class is introduced for an operating band, and this automatically propagates to all DL CA configurations which include this band. Therefore, the current approach where 5.5A indicates the cases where higher power class can be used is still needed. An exception to this is TDD intra-band DL CA where there is no risk of MSD.
Observation 4: A case where introduction of higher power class for single carrier operation automatically propagates to all DL CA configurations needs to be avoided as need for MSD may not be verified. An exception to this is TDD intra-band DL CA where there is no need for MSD.
Proposal 2: Indicate in clause 5.5A the bands within CA configuration for which MSD has been evaluated in the basket work.
3
Conclusion
In this contribution power class indication and RAN4 minimum requirements and their linkage to power class related RRC signaling parameters were discussed. Following proposals and observations were made:
Observation 1: Specification should be unambiguous and give a clear guideline which are the minimum requirements by default and how UE capabilities affect them. This is not the status currently.

Observation 2: powerClass, powerClass-v1610 conveys the powerClass for band combination, and for individual bands Tx power cannot be higher than ue-PowerClass. Therefore, for a band in a band combination, power class is min(ue-PowerClass, powerClass). 
Observation 3: If ue-PowerClassPerBandPerBC-r17 is absent, UE does not have a need to indicate support for lower power class for individual bands in a band combination.

Observation 4: A case where introduction of higher power class for single carrier operation automatically propagates to all DL CA configurations needs to be avoided as need for MSD may not be verified. An exception to this is TDD intra-band DL CA where there is no need for MSD.
Proposal 1: Specify in clause 6.2A that

· By default UE shall meet the power class indicated by ue-PowerClass for each NR band of the CA configuration

· Power class of a band in band combination cannot be higher than the power class of the band combination, i.e. for a band in band combination power class min(ue-PowerClass, PowerClass) applies. If PowerClass is not indicated default power class applies to the band combination.

· ue-PowerClassPerBandPerBC-r17 can be used to indicate lower power class for a band in band combination than given by the earlier rules. This does not change the power class of the band combination, i.e. PowerClass. If ue-PowerClassPerBandPerBC-r17 is not signalled the earlier rules apply.
Proposal 2: Indicate in clause 5.5A the bands within CA configuration for which MSD has been evaluated in the basket work.
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