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1	Introduction
[bookmark: _Hlk58440727]RAN4#102-e discussed necessity of power class(PC) per band within CA while RAN4#102-e was not able to draw a conclusion on it. This contribution shares our views on scalability and necessity of PC per band within CA for the sum method.
2	Discussion
2.1	TxD
A contribution of [1] provided a comprehensive and useful analysis on PC per band within CA. The below Table 1 is extracted from [1].
Table 1: Possible combinations of all power classes with 1Tx and 2Tx cases extracted from [1] by adding an index column 
	Index
	band max power
	1 or 2 Tx
	effective max power with 2Tx
	Inter-band max power class
	increased power option

	
	band1
	band2
	tot
	band1
	band2
	band1
	band2
	tot
	
	

	1
	20
	20
	23.0
	1Tx
	1Tx
	20.0
	20.0
	23.0
	PC3 
	N

	2
	20
	23
	24.8
	1Tx
	1Tx
	20.0
	23.0
	24.8
	PC3 
	Y

	3
	20
	23
	24.8
	1Tx
	2Tx
	20.0
	20.0
	23.0
	PC3
	N

	4
	20
	26
	27.0
	1Tx
	1Tx
	20.0
	26.0
	27.0
	PC2 
	Y

	5
	20
	26
	27.0
	1Tx
	2Tx
	20.0
	23.0
	24.8
	PC3 
	Y

	6
	20
	29
	29.5
	1Tx
	2Tx
	20.0
	26.0
	27.0
	PC2 
	Y

	7
	23
	23
	26.0
	1Tx
	1Tx
	23.0
	23.0
	26.0
	PC2
	N

	8
	23
	23
	26.0
	1Tx
	2Tx
	23.0
	20.0
	24.8
	PC3 
	Y

	9
	23
	23
	26.0
	2Tx
	2Tx
	20.0
	20.0
	23.0
	PC3
	N

	10
	23
	26
	27.8
	1Tx
	1Tx
	23.0
	26.0
	27.8
	PC2 
	Y

	11
	23
	26
	27.8
	1Tx
	2Tx
	23.0
	23.0
	26.0
	PC2
	N

	12
	23
	26
	27.8
	2Tx
	2Tx
	20.0
	23.0
	24.8
	PC3 
	Y

	13
	23
	29
	30.0
	1Tx
	2Tx
	23.0
	26.0
	27.8
	PC2 
	Y

	14
	23
	29
	30.0
	2Tx
	2Tx
	20.0
	26.0
	27.0
	PC2 
	Y

	15
	26
	26
	29.0
	1Tx
	1Tx
	26.0
	26.0
	29.0
	PC1.5 but not R17
	N

	16
	26
	26
	29.0
	1Tx
	2Tx
	26.0
	23.0
	27.8
	PC2 
	Y

	17
	26
	26
	29.0
	2Tx
	2Tx
	23.0
	23.0
	26.0
	PC2
	N

	18
	26
	29
	30.8
	1Tx
	2Tx
	26.0
	26.0
	29.0
	PC1.5 but not R17
	N

	19
	26
	29
	30.8
	2Tx
	2Tx
	23.0
	26.0
	27.8
	PC2 
	Y

	20
	29
	29
	32.0
	2Tx
	2Tx
	26.0
	26.0
	29.0
	PC1.5 but not R17
	N



Though the contribution of [1] proposed the introduction of “A per UL band power class in inter-band CA configuration” in Rel-17, our interpretation of the Table 1 is that we don’t necessarily need such a capability to achieve the objective of this WI. The interpretation comes from the following reasons.
· Total maximum number of Tx chains available during CA is two
· if one of the bands supports 2 Tx in single band operation, the corresponding PC becomes half during CA as can be seen in indexes of 3, 5, 6, 8, 11, 13, 16 and 18.
· Since PC for a band with 1 Tx stays during CA and PC for a band with 2 Tx can half during CA, total achievable power as CA can be easily calculated and if the total power is one of the existing power classes, this new feature is not available and the UE will not report the capability for the new feature. On the other hand, if the total power is different from any of the existing power classes, the UE can indicate a capability of the sum method together with one of the existing power classes which is smaller than the achievable total power and is the closest to it. If the UE does not support the sum method, then, the UE just indicates one of the existing power classes which is smaller than the achievable total power and is the closest to it, e.g., if the total achievable power is 24.8 dBm, the indicated PC is PC3 while the total power is capped by the PC3 per band combination.
· Even if two bands consist of 2Tx respectively, the same principle applies. That is, PCs of the two bands for single band operation become half during CA as can be seen in indexes of 9, 12, 14, 17, 19 and 20.
As a conclusion, as far as we have a discipline that total maximum number of Tx chains available during CA is two, power class per band during the CA can be calculated. 
Observation 1: For a case that one of the bands or both bands support TxD, power class per band within CA can be known as far as we have a discipline that the maximum number of Tx chains during CA is two.
2.2	UL MIMIO
Three ULFPTx modes were specified in Rel-16, where “normally” following PA configurations are assumed. They are two half rated PC x 2, one full-rated PC + one half rated PC and two full-rated PC x 2.
Table 2: Some possible combinations of power classes with one band with 1Tx and the other band with UL MIMO cases 
	Band max power
	1 or 2 Tx
	effective 
max 
power 
with 2Tx
	Inter-band
 max 
power class
	increased 
power 
option

	band1
	band2
	tot
	
	
	
	

	PC
	PA configuration
	PC
	PA 
configuration
	
	B1
	B2
	B1
	B2
	tot
	
	

	
	PA1
	PA2
	
	PA1
	PA2
	
	
	
	
	
	
	
	

	23
	23
	N/A
	23
	20
	20
	26.0
	1Tx
	2Tx
	23
	20
	24.8
	PC3 
	Y

	23
	23
	N/A
	23
	20
	23
	26.0
	1Tx
	2Tx
	23
	20
	24.8
	PC3 
	Y

	23
	23
	N/A
	23
	20
	23
	26.0
	1Tx
	2Tx
	23
	23
	26.0
	PC2 
	N

	23
	23
	N/A
	23
	23
	23
	26.0
	1Tx
	2Tx
	23
	23
	26.0
	PC2 
	N

	23
	23
	N/A
	26
	23
	23
	27.8
	1Tx
	2Tx
	23
	23
	26.0
	PC2 
	N

	23
	23
	N/A
	26
	23
	26
	27.8
	1Tx
	2Tx
	23
	23
	26.0
	PC2 
	N

	23
	23
	N/A
	26
	23
	26
	27.8
	1Tx
	2Tx
	23
	26
	27.8
	PC2 
	Y

	23
	23
	N/A
	26
	26
	26
	27.8
	1Tx
	2Tx
	23
	26
	27.8
	PC2 
	Y

	23
	23
	N/A
	29
	26
	26
	30.0
	1Tx
	2Tx
	23
	26
	27.8
	PC2 
	Y

	23
	23
	N/A
	29
	26
	29
	30.0
	1Tx
	2Tx
	23
	26
	27.8
	PC2 
	Y

	23
	23
	N/A
	29
	26
	29
	30.0
	1Tx
	2Tx
	23
	29
	30.0
	PC1.5 but not R17
	Y

	23
	23
	N/A
	29
	29
	29
	30.0
	1Tx
	2Tx
	23
	29
	30.0
	 PC1.5 but not R17
	Y


As can be seen from Table 2, there is no ambiguity on PC per band within CA for one band with 1Tx and the other band with UL MIMO. 
Observation 2: Ambiguity of power class per band during CA doesn’t exist if one band supports 1 Tx and the other band supports UL MIMO if we set a discipline in a way that mode 1=half PC x 2, mode 2=half PC+PC and modefull=PCx2 are expected.
The situation changes when it comes to considering combinations of both bands with UL MIMO. 
Example 1: Index 1-4 in Table 3
Regarding index of 1 and 4, there is no ambiguity for total achievable power and achievable powers of the respective bands during CA. With respect to index of 2 and 3, however, total achievable power as CA is the same(24.8 dBm) while each band’s PC during CA is not clear from network perspective. 
This ambiguity can be avoided if we have a discipline that during CA, always higher PC per band to be used. Then, in this particular case, each band’s PC becomes 23 dBm each and we don’t need to consider the existence of the index 2 and 3. In fact, in this example, what this UE can achieve is 26 dBm and the purpose of this discussion is allowance of higher power by lifting the restriction. There is no need to dare to lower power class in each band.
Example 2: Index 5-8 in Table 3
Regarding index of 5 and 7, there is no ambiguity for total achievable power and achievable powers of the respective bands during CA. With respect to index of 6 and 8, however, it is not clear if total achievable power as CA is 27.0 or 27.8 dBm as well as each band’s PC during CA, respectively.
These ambiguities demonstrated in example 1 and 2 can be avoided if we have a discipline that during CA, always higher PC per band to be used. Then, in this particular case, each band’s PC becomes 23 dBm each and we don’t need to consider the existence of the index 1, 2 and 3 in the example 1 and 5, 6 and 7 in the example 2. Given that the purpose of this discussion is allowance of higher power by lifting the restriction. There is no need to dare to lower power class in each band.
Table 3: A specific example whose per band PC is not clear during CA 
	index
	Band max power
	1 or 2 Tx
	effective max power
 with 2Tx
	Inter-band max power class
	increased power option

	
	B1
	B2
	tot
	
	
	
	

	
	PC
	PA config
	PC
	PA config
	
	B1
	B2
	B1
	B2
	tot
	
	

	
	
	PA1
	PA2
	
	PA1
	PA2
	
	
	
	
	
	
	
	

	1
	23
	20
	23
	23
	20
	23
	26.0
	2Tx
	2Tx
	20
	20
	23.0
	PC3 
	N

	2
	23
	20
	23
	23
	20
	23
	26.0
	2Tx
	2Tx
	20
	23
	24.8
	PC3 
	Y

	3
	23
	20
	23
	23
	20
	23
	26.0
	2Tx
	2Tx
	23
	20
	24.8
	PC3 
	Y

	4
	23
	20
	23
	23
	20
	23
	26.0
	2Tx
	2Tx
	23
	23
	26.0
	PC2 
	N

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	23
	20
	23
	26
	23
	26
	26.0
	2Tx
	2Tx
	20
	23
	24.8
	PC3 
	Y

	6
	23
	20
	23
	26
	23
	26
	26.0
	2Tx
	2Tx
	20
	26
	27.0
	PC2 
	Y

	7
	23
	20
	23
	26
	23
	26
	26.0
	2Tx
	2Tx
	23
	23
	26.0
	PC2 
	N

	8
	23
	20
	23
	26
	23
	26
	26.0
	2Tx
	2Tx
	23
	26
	27.8
	PC2 
	Y



Observation 3: Ambiguity of power class per band during CA can exist if both bands support UL MIMO and allow full flexibility of PC selection per band during CA.
Observation 4: The ambiguity in observation 3 would be able to be avoided if always higher PC per band during CA is selected. 
Finally, in any case, the ambiguity is, however, NOT specific to the sum method. Even if we introduced a new power class capability for 24.8, 27.0, 27.8 dBm or whatever, the ambiguity would exist. Moreover, even if we use the existing requirement, i.e., cap the total power by PC3, still the ambiguity does stay. Overall, the issue is a generic one.
Observation 5: Discussion on ambiguity of power class per band during CA is NOT specific to the sum method, but it applies to the existing traditional power class per band combination method.
3	Conclusion
This contribution discussed scalability and necessity of PC per band within a CA for the sum method. As a result, the contribution obtained the following observations and proposals.
Observation 1: For a case that one of the bands or both bands support TxD, power class per band within CA can be known as far as we have a discipline that the maximum number of Tx chains during CA is two.
Observation 2: Ambiguity of power class per band during CA doesn’t exist if one band supports 1 Tx and the other band supports UL MIMO if we set a discipline in a way that mode 1=half PC x 2, mode 2=half PC+PC and modefull=PCx2 are expected.
Observation 3: Ambiguity of power class per band during CA can exist if both bands support UL MIMO and allow full flexibility of PC selection per band during CA.
Observation 4: The ambiguity in observation 3 would be able to be avoided if always higher PC per band during CA is selected. 
Observation 5: Discussion on ambiguity of power class per band during CA is NOT specific to the sum method, but it applies to the existing traditional power class per band combination method.
Proposal 1: Power class per band within CA signaling discussion should not hinder the completion of WI of Increasing UE power high limit for CA and DC.
Proposal 2: Necessity of power class per band within CA should be discussed in a generic way separately from WI of Increasing UE power high limit for CA and DC.
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