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1	Introduction
Regarding the LS [1] from RAN2 on ue-PowerClassPerBandPerBC-r17, RAN4 had some initial discussions in RAN4#105. It seems that the majority companies tend to agree that this Rel-17 UE capability is only applicable for inter-band UL CA. Additionally, some companies think that it would be useful to clarify the legacy UE behaviour when this UE capability is not indicated. In the following, we share our views on this matter and propose the text for the reply LS as shown in the end.
2	Discussion
2.1 R17 Power class per band per BC
The UE capability ue-PowerClassPerBandPerBC-r17 was introduced in Rel-17 to resolve the potential power class ambiguity for NR inter-band CA [2], when the power class for a band within a band combination may be different from that reported for the single-band operation on that band. The clause affected is 6.2A.4.1.3 Configured transmitted power for Inter-band CA. In the meantime, this capability is utilised by the higher power limit feature to calculate the sum of the maximum power for inter-band UL CA [3].
Observation 1: The UE capability ue-PowerClassPerBandPerBC-r17 was introduced in Rel-17 to resolve the potential power class ambiguity for NR inter-band CA. And the clauses affected are limited to the transmitter power requirements for inter-band UL CA in TS 38.101-1.
2.2 R15&R16 Power class capabilities
As seen from the LS [1], a number of power class related UE capabilities are defined in the RAN2 spec, which are listed in the table below.
	powerClassNRPart-r16
Indicates NR part power class the UE supports when operating according to this band combination.
This field only applies for MR-DC BCs containing only single CC or intra-band CA in NR side in this release.
	BC
	No
	N/A
	FR1 only

	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-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

	ue-PowerClassPerBandPerBC-r17
Indicates the UE power class per band per band combination.
	FS
	No
	N/A
	FR1 only



There’re some corner cases of which the applicable power classes may seem ambiguous. In the following, we discuss two of such cases.
2.2.1 Power class per band for two-band UL CA
As per the description for powerClass and its extension, it’s clear that the ue-PowerClass and its extensions apply to the individual bands if the BC power class is higher. However, the opposite cases are not specified, resulting in potential ambiguity [4][5].
For example, it’s not clear which one is applicable if ue-PowerClass for a band is higher than powerClass for the BC. Since the total power of the UL CA shall not exceed the maximum power indicated by powerClass for the BC, the maximum power of the individual bands shall be confined at least by the same limit. From the perspective of the effective maximum output power, it’s reasonable to apply the lower power class (between ue-PowerClass and powerClass) to individual bands. 
Table 1: Examples of applicable power classes for two-band UL CA
	Use Case
	ue-PowerClass for Band A
	ue-PowerClass for Band B
	powerClass for CA_A-B
	Applicable power class for (Band A, Band B) in UL CA
	Remarks

	BC power class is higher than individual band power class
	PC3
	PC3
	PC2
	(PC3, PC3)
	Apply min{ue-PowerClass, powerClass} as specified in TS 38.306

	BC power class is lower than individual band power class
	PC1.5
	PC2
	PC3
	(PC3, PC3)
	Unspecified, suggest to assume min{ue-PowerClass, powerClass}

	BC power class is equal to individual band power class
	PC2
	PC2
	PC2
	(PC2, PC2) or
(PC2, PC3) or
(PC3, PC2) or
(PC3, PC3)
	Unspecified, suggest to indicate ue-PowerClassPerBandPerBC-r17, otherwise assume min{ue-PowerClass, powerClass}. 
Refer to [4][5] for more details on the use cases.



Observation 2: For two-band UL CA, the best way to avoid ambiguity is to indicate the UE capability of ue-PowerClassPerBAndPerBC-r17. Otherwise, it’s reasonable to assume min{ue-PowerClass, powerClass} to individual bands.
2.2.2 Power class for single-carrier UL with DL CA
The DL CA with single-carrier UL is a special form of band combinations. In terms of maximum output power, the UE is certainly capable of supporting the power class indicated by ue-PowerClass for the UL band when the band combination is configured. However, the MSD requirement for this band combination may not be completed yet, which is the task of the corresponding HPUE basket work items.
Observation 3: Depending on the progress of the corresponding HPUE basket WI, it’s not straightforward to apply the single-band power class (ue-PowerClass) for the single-carrier UL with DL CA.
Furthermore, in Rel-16 TS 38.101-1 [6], it’s explicitly specified that PC2 is not applicable for band n41, n77, n78 and n79 when DL CA is configured. The corresponding requirements are duplicated below.
 (
6.2A.1.3
UE maximum output power for Inter-band CA
For inter-band downlink carrier aggregation with one uplink carrier assigned to one NR band, the transmitter power requirements in clause 6.2 apply.
For inter-band carrier aggregation with two uplink contiguous carrier assigned to one 
NR
 band
,
 the 
transmitter power
 
requirements specified in 
sub
clause 6.2A.1.1
 apply. 
For inter-band uplink carrier aggregation with uplink assigned to two NR bands, UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is defined as the sum of maximum output power from each UE antenna connector. The period of measurement shall be at least one sub frame (1 ms). The maximum output power is specified in Table 6.2A.1.3-1.
For 
PC3 
inter-band carrier aggregation with one uplink component carrier assigned to one NR band in NR band n41, n77, n78, and n79, the requirements for power class 2 are not applicable and the corresponding requirements for a power class 3 UE shall apply
.
)
Observation 4: In Rel-16, power class 2 may be indicated (via ue-PowerClass or its extensions) for band n41, n77, n78 and n79, but it’s not applicable when DL CA is configured.
For the sake of specification compliance as well as avoiding ambiguity, one option is for the UE to indicate the power class for the single-carrier UL using the power class capability for the BC.
Observation 5: The power class for the single-carrier UL with DL CA may be indicated by the BC power class (i.e. powerClass IE and its extension).
3	Conclusion
In this paper, we have shared our understanding on the different power class related UE capabilities defined from Rel-15 to Rel-17.
Observation 1: The UE capability ue-PowerClassPerBandPerBC-r17 was introduced in Rel-17 to resolve the potential power class ambiguity for NR inter-band CA. And the clauses affected are limited to the transmitter power requirements for inter-band UL CA in TS 38.101-1.
Observation 2: For two-band UL CA, the best way to avoid ambiguity is to indicate the UE capability of ue-PowerClassPerBAndPerBC-r17. Otherwise, it’s reasonable to apply min{ue-PowerClass, powerClass} to individual bands.
Observation 3: Depending on the progress of the corresponding HPUE basket WI, it’s not straightforward to apply the single-band power class (ue-PowerClass) for the single-carrier UL with DL CA.
Observation 4: In Rel-16, power class 2 may be indicated (via ue-PowerClass or its extensions) for band n41, n77, n78 and n79, but it’s not applicable when DL CA is configured.
Observation 5: The power class for the single-carrier UL with DL CA may be indicated by the BC power class (i.e. powerClass IE and its extension).
Based on the above observations, a draft reply LS to RAN2 is provided at the end of this paper.
Proposal 1: Send the reply LS to RAN2 as shown at the end of the paper.
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1. Overall Description:
RAN4 would like to thank RAN2 for the LS to inquire the interaction between ue-PowerClassPerBandPerBC-r17 (R4 16-8) and other existing power class capabilities. More explicitly, the following two questions are asked:
1) Whether R4 16-8 is applicable to only inter-band CA?
2) What is the interaction between R4 16-8 and the existing power class capabilities (i.e. ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700, powerClassNRPart-r16 (if R4 16-8 is also applicable to the cases other than inter-band CA) and powerClass/powerClass-v1610)?
RAN4 would like to provide the following responses for RAN2’s questions:
Response to 1): Yes. It is applicable to NR inter-band UL CA only.
Response to 2): ue-PowerClassPerBandPerBC-r17 indicates the power class that a UE supports for each individual band within a given band combination, while powerClass or powerClass-v1610 indicates the power class for this band combination, in other words, the maximum total output power. If indicated, ue-PowerClassPerBandPerBC-r17 shall supersede other power class capabilities such as ue-PowerClass/powerClass and its extensions in determining the power class of the individual bands within a band combination.

2. Actions:
To RAN2:
ACTION: RAN4 respectfully ask RAN2 to take the above RAN4 responses into consideration.

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #106-bis-e	17 - 26 April 2023             E-meeting
TSG-RAN WG4 Meeting #107	22 - 26 May 2023             Incheon, Korea

