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1. Introduction
The power class ambiguity issue has been discussed for several meetings [1,2,3,8], and the left issue is the applicable power class for band in a band combination which relates to how UE will apply the MPR/AMPR and its power control. This paper further discusses this issue.

2. [bookmark: _Hlk155799200]Whether the band within BC is capped by powerClass of the BC
For the case that at least two CCs are configured in UL, in our view it is straight forward that UE power in a band of a band combination should not exceed the power class of the BC, otherwise, it lost the meaning of defining the total Tx power class capability of a band combination.

[bookmark: _Hlk155799297]It was raised the idea that allow UE to transmit higher Tx power than the power class of the BC. Although it might be useful to exceed the limitation of total power capability, this is indeed a new feature to UE implementation should be discussed in future releases as an enhancement.

Proposal 1:   	The MOP of a band within BC shall be capped by powerClass of the BC.
Proposal 2:   	Consider the case that UE Tx power in a band exceeds the total power class of band combination in future release if necessary.
3. [bookmark: _Hlk126176045]Applicable power capability for band in inter-band UL CA
The ue-PowerClassPerBandPerBC-r17 IE was introduced to allow UE to indicate the exact power capability for the band in an inter-band combination. If UE report this IE, then its power will be determined only by this IE, then the power capability is clear. 

In last meeting, when ue-PowerClassPerBandPerBC-r17 is absent which power class is applicable for a band in a band combination was discussed and this is called the “default power class”. In this case, only the ue-PowerClass and powerClass IEs can be relied on. 

From UE Tx power point of view, three scenarios are considered in below table, and it can be seen that the UE Tx power will be limited by MIN {ue-PowerClass, powerClass}. This is aligned with proposal 1 above.

Table 1 Comparison of ue-PowerClass and powerClass in UL CA Tx power
	Compare ue-PowerClass and powerClass
	Tx power limitation for the band under band combination

	ue-PowerClass is lower than PowerClass
	ue-PowerClass

	ue-PowerClass is higher than PowerClass
	PowerClass

	ue-PowerClass is equal to PowerClass
	Either one



Observation 1:   From UE Tx power point of view, UE Tx power of band in a BC will be limited by both ue-PowerClass and powerClass of the BC, i.e. actual max Tx power is Min {ue-PowerClass, powerClass}.

Regarding the applicable power class when ue-PowerClassPerBandPerBC-r17 is absent, there seems no difference in adopting either ue-PowerClass of the band or Min{ue-PowerClass, powerClass} in determining UE Tx power. For example, even the default power class is ue-PowerClass, its Tx power still be limited by powerClass, then in the end the MOP is Min{ue-PowerClass, powerClass}. 

Observation 2:   When ue-PowerClassPerBandPerBC-r17 is absent, there seems no difference in adopting either ue-PowerClass of the band or Min{ue-PowerClass, powerClass} in determining UE Tx power since even the default power class is ue-PowerClass, in the end its Tx power still be limited by powerClass which is same as Min{ue-PowerClass, powerClass}.

The only meaning of this discussion is about which MPR and RF requirements should be complied in tests, PC2 or PC3 for the band in BC. This might be different for using ue-PowerClass of the band or Min{ue-PowerClass, powerClass} since it means different reference power classes and requirements.
· For the case of ue-PowerClass is lower than PowerClass, it is clear that the MPR/RF requirements of ue-PowerClass should be applied. 
· For the case of ue-PowerClass is higher than PowerClass, let’s consider the case (as yellow highlighted in below table) that ue-PowerClass of band A is PC2 and powerClass of band combination A+B is PC3. Then UE Tx power will be limited by 23dBm in band A of A+B. UE in fields and also tests should comply with PC3 MPR/RF requirements for band A. 
	ue-PowerClass of band A
	powerClass of A+B
	MPR / RF requirements for the band under BC

	PC3
	PC2
	PC3

	PC2
	PC3
	PC3



[bookmark: _Hlk155943473]Therefore, from requirement tests perspective, take Min{ue-PowerClass, powerClass} as the default power class will be more straight forward and aligned with the actual Tx power (Min{ue-PowerClass, powerClass}) comparing to use ue-PowerClass as the default power class. 

Observation 3:   From requirements test perspective, UE shall be tested according to its real max Tx power. In other words, when ue-PowerClass is higher than powerClass, then it shall be tested according to the lower power capability which caps the max Tx power.

If use ue-PowerClass as the default power class, then it will lead to the situation that UE max Tx power and requirements are determined by Min{ue-PowerClass, powerClass}, but power class is claimed as ue-PowerClass of the band, they are inconsistency and complexity when ue-PowerClass of band A is higher than powerClass of A+B. To avoid this, then UE has to report ue-PowerClassPerBandPerBC-r17. This probably is doable for Rel-17 and onwards, but apparently is not for Rel-15/16. 

Observation 4:   If use ue-PowerClass as the default power class, then it means UE has to report ue-PowerClassPerBandPerBC-r17 when ue-PowerClass of band A is higher than powerClass of A+B. This probably is doable for Rel-17 and onwards, but apparently is not for Rel-15/16.

To make the power class handling among different releases consistent, Min{ue-PowerClass, powerClass} is preferred.

[bookmark: _Hlk141894888][bookmark: _Hlk155857271]Proposal 3:   	The MPR/RF requirements to be tested for a band in BC shall be according to its real max Tx power which is capped by both ue-PowerClass of the band and powerClass of the BC when ue-PowerClassPerBandPerBC-r17 is absent. 

Proposal 4:   	Apply Min{ue-PowerClass, powerClass} as the default power class when ue-PowerClassPerBandPerBC-r17 is absent with considerations of
· UE Tx power and requirements will be capped by the lower power capability of ue-PowerClass of the band and powerClass of the BC;
· And to make it applicable also for Rel-15/16 instead of only for Rel-17 onwards.

4. Applicable power capability and MPR for DL-only CA
[bookmark: _Hlk142487682]Regarding the DL-only CA scenario, from PA ability perspective there is no difficulty to keep same Tx power as the single band power class. 

The only issue with the added CCs in DL is whether MSD is needed to keep the Tx power. However, this will not change the Tx power but only impact the REFSENS with MSD as long as it has specified and supported. This can be covered by the agreed CR [4], i.e. if the MSD has not been specified the higher power class is not supported by spec for certain band combination.

Observation 5:   From PA ability perspective, there is no difficulty to keep same Tx power as the single band power class as long as the MSD if any has been introduced in the spec.

From signalling perspective, the powerClass IE definition and applicability in DL-only CA case is not crystal clear. If UE is allowed to also report the power capability in DL-only CA case via powerClass IE, it gives UE chance to indicate a different power class than ue-PowerClass IE. Then ue-PowerClass could also be higher/lower/equal to the powerClass in DL CA only case.
· One example is that PC2 is specified for band A, but only PC3 is specified for (UL A /DL A+B) case, due to for example MSD hasn’t been defined. In this case, UE cannot only use ue-PowerClass IE to determine the MOP of band A in (UL A /DL A+B), instead the powerClass IE is a more suitable choice for the capability reporting. 

Therefore, we can use either Min{powerClass, ue-powerClass} or purely powerClass to determine the Tx power of band A in DL only CA, and comparingly use powerClass IE is more simple approach.

[image: ]

Observation 6:   From signalling perspective, if powerClass IE is applicable to DL-only CA case, then it can be different from ue-powerClass IE, and MOP of powerClass is no higher than MOP of ue-powerClass in DL-only CA.

Proposal 5:   	Clarify powerClass IE is applicable to DL-only CA scenario.
Proposal 6:   	For DL-only CA scenario, UE indicate its Tx power capability via powerClass IE, if not the default power class is applied.

5. Applicable power capability for intra-band UL CA in intra +inter band combination
5.1 Background
This topic actually discussed in Rel-18 coverage enhance WI, however, due to related to how the power classes are applied it is discussed together with the maintenance power class topics. In RAN4#109, CR [9] was agreed with some notes as below:
	Agreement: 
· The CR is based on the assumptions that the default power class is per band power class in order to complete this WI. If there is new agreement coming from the discussions in the maintenance agenda, the new agreement can be captured by modifying the corresponding sections.



In CR [9], the power class for intra-band UL CA in intra +inter band combination used the ue-powerClass IE when ue-PowerClassPerBandPerBC-r17 is absent.
[image: ]
Below it will further discuss how to better define the power class for intra-band UL CA in intra +inter band combination.
5.2 ue-powerClass IE
In [9], the ue-powerClass IE was used to determine the power class for intra UL CA in inter+intra UL CA. Below with an example to see whether there is problem.

From current spec (shown in figure 2), UE supports PC1.5 in band n41, but can only report PC2 in CA_n41C due to PC1.5 hasn’t been defined yet, and only PC3 is defined for CA_n3A-n41C. In this case, if ue-powerClass IE is applied for the n41C within UL CA_n3A-n41C, then the total power of band combination with higherPowerLimit-r17 feature is Ppowerclass,CA = 23dBm+29dBm = 30dBm which is much higher than the real achievable max Tx power of CA_n3A-n41C, i.e. 23dBm + 26dBm = 27.8dBm. 

UL CA_n3A-n41C   -> powerClass        PC3 (PC3 in n3 + PC3 in n41C)
UL CA_n41C           -> powerClass        PC2
UL n41                     -> ue-powerClass   PC1.5

[image: ]
Figure 2 Power class definition for n41, CA_n41C, and CA_n3A-n41C in 38.101-1

[bookmark: _Hlk149722246][bookmark: _Hlk155863273]Observation 7:   If apply the ue-powerClass IE to determine the power class of intra UL CA in inter+intra UL CA, the UE power capabilities might be overestimated. One example is as below according to current spec:
	Band / band combination
	Power capability

	UL CA_n3A-n41C
	powerClass      =   PC3

	UL CA_n41C
	powerClass      =   PC2

	UL n41
	ue-powerClass =   PC1.5



5.2 powerClass IE
Another choice is to use powerClass IE to determine the power class of intra UL CA in inter+intra UL CA. 

The Pcmax,L of intra+inter UL CA is also bounded by the SUM of Pcmax,L of each band according to current spec (shown in table 2), and the Pcmax,L of the band with intra-band UL CA is defined in clause 6.2A.4.1.1 where the intra-band UL CA power class takes effect (shown in table 3). 

Observation 8:   Pcmax,L of intra+inter UL CA is also bounded by the SUM of Pcmax,L of each band, and for Pcmax,L of intra-band UL CA the CA power class takes effect.

This means in above CA_n3A-n41C case, the CA_n41C power class is referred instead of n41 ue-powerClass to determine the Pcmax,L of the n41C in CA_n3A-n41C and also the total power. And from hardware perspective, CA_n41C is closer to the Tx power capability of n41C in CA_n3A-n41C.

Table 2 Pcmax of intra+inter UL CA
	For combinations of intra-band and inter-band carrier aggregation with UE configured for transmission on three serving cells (up to two contiguously aggregated carriers per operating band), the following apply:
[bookmark: _Hlk149673010]The UE power class for the serving cell(s) on the operating band Bi including intra-band carrier aggregation shall be determined by the ue-PowerClassPerBandPerBC-r17 IE [7] as indicated for the band combination if signalled.
For the case when p and q belong to the same band and k belongs to a different band, but p, q and k are of the same numerology and slot patterns.
	PCMAX_L = MIN {10log10∑( pCMAX_L, Bi), PEMAX,CA, PPowerClass.CA }
	PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass.CA }
Where
-	pCMAX_L, Bi is the linear values of PCMAX_L specified for the specific operating band Bi.
-	The linear value of PCMAX_L specified for uplink intra-band contiguous carrier aggregation in subclause 6.2A.4.1.1 applies for operating band supporting two contiguous serving cells, designated by its band index Bi. The linear value of PCMAX_L specified for single carrier in subclause 6.2.4 applies for operating band Bj supporting one serving cell. 



Table 3 Pcmax of intra band UL CA where powerClass IE will take effect
	For uplink intra-band contiguous carrier aggregation when same slot pattern is used in all aggregated serving cells, 
	PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC , PEMAX,CA,(PPowerClass,CA– ΔPPowerClass,CA) – MAX(MAX(MPR, A-MPR) + ΔTIB,c + TC + TRxSRS, P-MPRc ) }
	PCMAX_H  = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA– ΔPPowerClass,CA }
where 
-	pEMAX,c is the linear value of PEMAX,c which is given by IE P-Max for serving cell c in [7];
-	PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.1-1 without taking into account the tolerance;



From above, it is more nature to apply the power class of intra-band UL CA to determine the power capability of intra-band UL CA under inter-band combination.

Observation 9:   It is more nature to apply the power class of intra-band UL CA to determine the power capability of intra+inter band combination and this is also what specified in current spec.

For the issues identified in [7], i.e. the powerClass is an optional capability and may not be reported for UL CA_n41C. From the capability reporting perspective, the power class capability for CA_n41C needs to be reported if it is different from parent BC power class, and it can be skipped if it is same as parent BC power class. Therefore, no matter from direct reporting or inherited from the parent BC power class reporting the power class for UL CA_n41C with certain DL configuration should be clear.

Observation 10: For the intra-band UL CA, as long as the DL CA configuration is fixed, the applicable power capability is clear no matter it is reported via powerClass IE or inherited from parent BC power class.

However, one possible issue is that if the UL CA_n41C power capability is different when the DL band combination is changed, then this may lead to the question of which DL band combination should be used to determine the n41C power capability. 
· For example, UL CA_n41C with DL CA_n41C the power capability is PC2, and for UL CA_n41C with DL CA_n1A-n41C the power capability is PC3, then which power class should be applied is something unclear. 

Observation 11: For the same intra-band UL CA, if UE report different power classes when the DL CA configurations are different, then there will be some ambiguity in which power class should be applied for this intra-band UL CA.

5.3 Comparison of ue-powerClass and powerClass for intra UL CA within inter+intra UL CA
From all the above discussion, we see none of ue-powerClass IE or powerClass IE is perfect to be used in determining the power class of intra-band CA in inter-band UL band combination:
· if use the ue-powerClass IE, then it will overestimate UE power capabilities, and considering power class is an important factor in determining the MPR/AMPR, power control, mobility, etc. it needs to be careful in using this.
· if use powerClass IE, there might be some ambiguity in determine the intra-band UL CA power capability when the power capability is different for different DL CA configurations.

Observation 12:  Neither ue-powerClass IE nor powerClass IE is perfect in determining the power class of intra-band CA in inter+intra UL CA.

Considering RAN4 has already provided the new ue-PowerClassPerBandPerBC-r17 IE to clearly indicate UE power capability of each band in inter-band UL CA, then using ue-powerClass IE as default for the case that UE doesn’t indicate ue-PowerClassPerBandPerBC-r17 seems doable.

Observation 13: If use ue-powerClass IE as default, and UE real Tx power of intra-band UL CA in inter+intra UL CA, then UE can use the ue-PowerClassPerBandPerBC-r17 IE to report the exact power capability.

Proposal 7:   	Apply ue-powerClass as default to determine the power capability of intra-band UL CA part in intra+inter UL CA from Rel-17 onwards, and if UE implementation is different from this it shall report the ue-PowerClassPerBandPerBC-r17 IE to clearly indicate its power capability.

6. Conclusions
In this contribution, Rel-17 power class related clarifications are discussed and got the following observations and proposals.

Whether the band within BC is capped by powerClass of the BC
Proposal 1:   	The MOP of a band within BC shall be capped by powerClass of the BC.
Proposal 2:   	Consider the case that UE Tx power in a band exceeds the total power class of band combination in future release if necessary.

Applicable power capability for band in inter-band UL CA
Observation 1:   From UE Tx power point of view, UE Tx power of band in a BC will be limited by both ue-PowerClass and powerClass of the BC, i.e. actual max Tx power is Min {ue-PowerClass, powerClass}.

Observation 2:   When ue-PowerClassPerBandPerBC-r17 is absent, there seems no difference in adopting either ue-PowerClass of the band or Min{ue-PowerClass, powerClass} in determining UE Tx power since even the default power class is ue-PowerClass, in the end its Tx power still be limited by powerClass which is same as Min{ue-PowerClass, powerClass}.

Observation 3:   From requirements test perspective, UE shall be tested according to its real max Tx power. In other words, when ue-PowerClass is higher than powerClass, then it shall be tested according to the lower power capability which caps the max Tx power.

Observation 4:   If use ue-PowerClass as the default power class, then it means UE has to report ue-PowerClassPerBandPerBC-r17 when ue-PowerClass of band A is higher than powerClass of A+B. This probably is doable for Rel-17 and onwards, but apparently is not for Rel-15/16.

Proposal 3:   	The MPR/RF requirements to be tested for a band in BC shall be according to its real max Tx power which is capped by both ue-PowerClass of the band and powerClass of the BC when ue-PowerClassPerBandPerBC-r17 is absent. 

Proposal 4:   	Apply Min{ue-PowerClass, powerClass} as the default power class when ue-PowerClassPerBandPerBC-r17 is absent with considerations of
· UE Tx power and requirements will be capped by the lower power capability of ue-PowerClass of the band and powerClass of the BC;
· And to make it applicable also for Rel-15/16 instead of only for Rel-17 onwards.

Applicable power capability and MPR for DL-only CA
Observation 5:   From PA ability perspective, there is no difficulty to keep same Tx power as the single band power class as long as the MSD if any has been introduced in the spec.

Observation 6:   From signalling perspective, if powerClass IE is applicable to DL-only CA case, then it can be different from ue-powerClass IE, and MOP of powerClass is no higher than MOP of ue-powerClass in DL-only CA.

Proposal 5:   	Clarify powerClass IE is applicable to DL-only CA scenario.
Proposal 6:   	For DL-only CA scenario, UE indicate its Tx power capability via powerClass IE, if not the default power class is applied.

Applicable power capability for intra-band UL CA in intra +inter band combination
Observation 7:   If apply the ue-powerClass IE to determine the power class of intra UL CA in inter+intra UL CA, the UE power capabilities might be overestimated. One example is as below according to current spec:
	Band / band combination
	Power capability

	UL CA_n3A-n41C
	powerClass      =   PC3

	UL CA_n41C
	powerClass      =   PC2

	UL n41
	ue-powerClass =   PC1.5


Observation 8:   Pcmax,L of intra+inter UL CA is also bounded by the SUM of Pcmax,L of each band, and for Pcmax,L of intra-band UL CA the CA power class takes effect.
Observation 9:   It is more nature to apply the power class of intra-band UL CA to determine the power capability of intra+inter band combination and this is also what specified in current spec.
Observation 10: For the intra-band UL CA, as long as the DL CA configuration is fixed, the applicable power capability is clear no matter it is reported via powerClass IE or inherited from parent BC power class.
Observation 11: For the same intra-band UL CA, if UE report different power classes when the DL CA configurations are different, then there will be some ambiguity in which power class should be applied for this intra-band UL CA.

Observation 12:  Neither ue-powerClass IE nor powerClass IE is perfect in determining the power class of intra-band CA in inter+intra UL CA.
Observation 13: If use ue-powerClass IE as default, and UE real Tx power of intra-band UL CA in inter+intra UL CA, then UE can use the ue-PowerClassPerBandPerBC-r17 IE to report the exact power capability.

Proposal 7:   	Apply ue-powerClass as default to determine the power capability of intra-band UL CA part in intra+inter UL CA from Rel-17 onwards, and if UE implementation is different from this it shall report the ue-PowerClassPerBandPerBC-r17 IE to clearly indicate its power capability.
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For the case when the UE indicates higherPowerLimit-r17, Prowerclassca is replaced by 10 logio (prowerClass.a +
Where «

DrowerClass a is the linear value of the maximum UE power for serving cell ¢ on the operating band A specified in
Table 6.2.1-1 according to ue-PowerClassPerBandPerBC-r17 if indicated or ue-PowerClass otherwise
without taking into account the tolerance; «

- [Drovarcizecalis the linear va.lue of the maximum UE power for serving cell(s) on the operating band B including
intra-band carrier a specified in Table 6.2F.1A.2-1 according to ue-PowerClassPerBandPerBC-r17

or ue-PowerClass, otherwise [without taking into account the tolerance. «
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Table 6.2.1-1: UE Power Class

NR Class 1 | Tolerance | Class 1.5 | Tolerance | Class 2 | Tolerance | Class 3 | Tolerance
band (dBm) (dB) (dBm) (dB) (dBm) (dB) (dBm) (dB)
nat 290 | sy | 26 | w2 | 2 2
Table 6.2A.1.1-1: UE Power Class for intra-band contiguous CA
NRCA Class 1 | Tolerance | Class 2 | Tolerance | Class 3 | Tolerance | Class4 | Tolerance
Configuration | (dBm) (dB) (dBm) (dB) (dBm) (dB) (dBm) (dB)
CA_n5B 23 +2/-2
CA_n7B 23 +2/-2
CA_n40B 23 +2/-2
CA_n41B 23 +2/-2
CA _n41C 26 +2-3 23 42127
Table 6.2A.1.3-1 UE Power Class for uplink inter-band CA (two bands)
Uplink CA Class 1 | Tolerance | Class 2 | Tolerance | Class 3 | Tolerance | Class 4 | Tolerance
Configuration (dBm) (dB) (dBm) (dB) (dBm) (dB) (dBm) (dB)
'CA_n3A-n41C 23 +2/-3
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