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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN4#105, the RAN2 LS [1] was received on the applicability of Rel-17 per band per BC power class (as shown in below table) where the relation with existing power classes need to be clarified.

	1. Overall Description:
RAN2 discussed the interaction between R4 16-8 in the R4 feature list (R4-2215143) and the existing power class capabilities. During the RAN2 discussion, companies think that the interaction between R4 16-8 and other existing different power class parameters should be resolved by RAN 4 and have the following questions to RAN4: 
1) [bookmark: _Hlk118118224]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) ?
RAN2 sincerely requests RAN4 to provide answers of the above 2 questions for RAN2 future work.



In RAN4#104e, CRs [2][3] were submitted which proposed to clarify the applicable MPR and corresponding power class for the band under band combination. However, no conclusion at that time.

These two topics are correlated, and can be discussed together to get an agreement on the applicable power class of a band in a band combination for the case with or without the newly introduced per band per BC power class capability.
2 Discussion
2.1 Rel-17 per band per BC power class capability
[bookmark: _Hlk126680594]The Rel-17 per band per BC power class is something in the middle between per band power class (ue-PowerClass /ue-PowerClass-v1610/ue-PowerClass-1700) and per BC power class (powerClass/powerClass-v1610). There are situations that single band power class is higher or lower or same than the per BC power class as discussed in [2][3]. And with the Rel-17 per band per BC power class introduced, the applicable power class for the band under a band combination is clear. However, for Rel-16/15, the problem will be more complex as there is no such dedicated capability signalling to indicate the power class of a band under the band combination.

Observation 1:   Single band power class (ue-PowerClass) can be higher or lower or same than the per BC power class (powerClass), and the applied power class for the band under band combination is determined by new per band per BC power class in Rel-17, however, which power class is applied is unclear in Rel-16/15.

Proposal 1:         For Rel-17, the applicable power capability for a band under CA band combination is determined by the Rel-17 new per band per BC power class capability and this capability is independent from legacy per band or per BC power class capability.

2.2 Rel-16 the applicable power class of band under BC
Below, three cases will be discussed for Rel-16 where no dedicated per band per BC power class signalling, i.e. the single band power class is smaller/higher/equal to the per BC power class.
· Case 1: Single band power class is smaller than per BC power class
For this case, it is clearly defined in 38.306, i.e. the per band power class apply.
[image: ]
Example band combination as below:
	
	Per band power class 
 (ue-PowerClass) 
	Per BC power class
(powerClass)
	Each band Tx power under BC

	CA_n1A-n78A
	N1: PC3
N78: PC3
	N1+N78: PC2
	N1: PC3
N78: PC3



Observation 2:   In case of single band power class is smaller than per BC power class, UE Tx power will be limited by the single band power class

· Case 2: Single band power class is larger than per BC power class
[bookmark: _Hlk126680733]This case exists in Rel-16. For this case, apparently UE cannot transmit power higher than the per BC power class in this band. Therefore, UE Tx power will be limited by the per BC power class.
Two example band combinations are as below:
	
	Per band power class 
 (ue-PowerClass) 
	Per BC power class
(powerClass)
	Each band Tx power under BC

	CA_n3A-n78A
	N3: PC3
N78: PC2 (1xPC2 PA)
	N3+N78: PC3
	N3: PC3
N78: PC3



· For the CA_n3A-n78A, each band has only one PA implemented. The n78 PA is PC2 capable, however, can only transmit with PC3 power in the band combination. 
-> This is the smaller power class, i.e. min {ue-PowerClass, powerClass}

Observation 3:   In case of single band power class is higher than per BC power class, UE Tx power will be limited by the per BC power class

· Case 3: Single band power class is equal to per BC power class
For this case in Rel-16, it may depend on how UE to achieve the power class in single band, e.g. whether TxD is applied. If single PA applied, then same power class can be applied. However, if two PA with TxD is applied then power class lower than the total power class will be applied. And this probably can be differentiated by TxD capability “txDiversity-r16”, if not reported then same power class applied, if reported then next smaller power class is applied.
	
	Per band power class 
 (ue-PowerClass) 
	Per BC power class
(powerClass)
	Each band Tx power under BC

	CA_n2A-n77A
	N2: PC3
N77: PC3
	N2+N77: PC3
	N2: PC3
N77: PC3



Observation 4:   In case of single band power class is equal to per BC power class, UE Tx power will depend on either power class since there is only PC3 CA power class in Rel-16.


Proposal 2:         For Rel-16, the min{ue-PowerClass, powerClass} can be applied to the band under a CA band combination, more specifically as below table:
	Relation between single band power class and per BC power class
	Power class for the band under band combination

	Single band power class is smaller than the per BC power class
	Single band power class will be applied, i.e. min {ue-PowerClass, powerClass}

	Single band power class is larger than the per BC power class
	Per BC power class will be applied, i.e. min {ue-PowerClass, powerClass}

	Single band power class is equal to the per BC power class
	Either power class can be applied, considering there is only PC3 CA power class in Rel-16 and UE always use 1PC3 PA to achieve that



2.2 Rel-15 the applicable power class of band under BC
Below, three cases will also be discussed for Rel-15 where no dedicated per band per BC power class signalling, i.e. the single band power class is smaller/higher/equal to the per BC power class.
For Rel-15, there are only two band combinations in inter-band UL CA with total power class PC3, below is one of the band combinations:
	
	Per band power class 
 (ue-PowerClass) 
	Per BC power class
(powerClass)
	Each band Tx power under BC

	CA_n3A-n78A
	N3: PC3
N78: PC3
	N3+N78: PC3
	N3: PC3
N78: PC3

	
	N3: PC3
N78: PC2 (1xPC2 PA or 2xPC3 PA)
	N3+N78: PC3
	N3: PC3
N78: PC3



From the above summary table, it can be seen that for two PC3 bands to achieve PC3 total power class, the applicable power class is PC3 for the band under band combination. There is no ambiguity in this case.
For the case of n3 PC3 + n78 PC2 = PC3 total power class, the applicable power class of n78 is similar as the Rel-16 discussion above, i.e. the per BC power class will be applied to the band under band combination, i.e. min {ue-PowerClass, powerClass}
Proposal 3:         For Rel-15, the min{ue-PowerClass, powerClass} can be applied to the band under a CA band combination, more specifically as below table:

	Relation between single band power class and per BC power class
	Power class for the band under band combination

	Single band power class is larger than the per BC power class
	The per BC power class will be applied, i.e. min {ue-PowerClass, powerClass}

	Single band power class is equal to the per BC power class
	Either power class will be applied



3 Conclusion
In this paper, we discussed the Rel-17 per band per BC power class capability handling related to RAN2 LS and also the handling of Rel-15 and Rel-16 power class applicability in the band under band combinations, then got following observations and proposals.

Observation 1:   Single band power class (ue-PowerClass) can be higher or lower or same than the per BC power class (powerClass), and the applied power class for the band under band combination is determined by new per band per BC power class in Rel-17, however, which power class is applied is unclear in Rel-16/15.

Proposal 1:         For Rel-17, the applicable power capability for a band under CA band combination is determined by the Rel-17 new per band per BC power class capability and this capability is independent from legacy per band or per BC power class capability.

Observation 2:   In case of single band power class is smaller than per BC power class, UE Tx power will be limited by the single band power class

Observation 3:   In case of single band power class is higher than per BC power class, UE Tx power will be limited by the per BC power class

Observation 4:   In case of single band power class is equal to per BC power class, UE Tx power will depend on either power class since there is only PC3 CA power class in Rel-16.

Proposal 2:         For Rel-16, the min{ue-PowerClass, powerClass} can be applied to the band under a CA band combination, more specifically as below table:
	Relation between single band power class and per BC power class
	Power class for the band under band combination

	Single band power class is smaller than the per BC power class
	Single band power class will be applied, i.e. min {ue-PowerClass, powerClass}

	Single band power class is larger than the per BC power class
	Per BC power class will be applied, i.e. min {ue-PowerClass, powerClass}

	Single band power class is equal to the per BC power class
	Either power class can be applied, considering there is only PC3 CA power class in Rel-16 and UE always use 1PC3 PA to achieve that



Proposal 3:         For Rel-15, the min{ue-PowerClass, powerClass} can be applied to the band under a CA band combination, more specifically as below table:

	Relation between single band power class and per BC power class
	Power class for the band under band combination

	Single band power class is larger than the per BC power class
	The per BC power class will be applied, i.e. min {ue-PowerClass, powerClass}

	Single band power class is equal to the per BC power class
	Either power class will be applied
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