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1. Introduction
The power class ambiguity issue has been discussed for several meetings [1,2,3], and mainly include two issues, i.e. the allowed power class in the band combination tables, and the applicable power class for band in a band combination. This paper further discusses these two issues.

2. [bookmark: _Hlk126176045]Power class in the band combination tables
There are serval places in clause 5 of 38.101-1 to further restrict the applicable power classes in addition to the MOP sections. One example is as below for intra-band contiguous, non-contiguous and inter-band CA tables.
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It was clarified that these notes were added to show which DL configurations have specified the MSD for higher Tx powers like PC2/1.5. And this will help the basket WIs to check the MSD status when adding new higher CA configurations.

The concerns were that these notes will make the NW/UE difficult to track which band combination supports which power class since it will not purely be determined by the MOP sections but need to cross check the CA configuration tables and this sometimes will cause discrepancies.

And after discussions some modification of these notes is needed with the goal of keep the indication of MSD status.

Observation 1:   The NOTEs in inter-band CA configuration tables currently are to indicate the applicable power classes of a DL configuration together with UL configuration.

To better understand the impacts if no power class restriction in CA configuration tables in clause 5 of 38.101-1. One example is considered here (as shown in table 1):
· For CA_A-B, the PC2 was introduced for UL/DL CA_A-B. 
· Then band C is added to this band combination in DL (CA_A-B-C) with same UL (CA_A-B) but PC3 only.

Table 1 Example of introduce higher band combination
	DL configuration
	UL configuration
	Power class supported
	MSD specified

	A+B
	A+B
	PC2 and PC3
	PC2 and PC3

	A+B+C
	A+B
	PC3 only
	Case 1: there is additional MSD caused by A+B to C and specified for PC3 only

Case 2: there is no additional MSD for A+B to C



Then consider two cases:
· Case 1: there is additional MSD comparing to CA_A-B in UL and DL, and specified for PC3 only in spec
· Case 2: there is no additional MSD comparing to CA_A-B in UL and DL

Then how to determine whether UL CA_A-B with DL CA_A-B-C can support PC2 if without the power class indication notes in clause 5 of 38.101-1?
· For case 1, readers will see no MSD in PC2 tables, and three interpretations might show:
· Interpretation 1: the PC2 MSD is not needed
· Interpretation 2: the PC2 MSD is missing in current spec
· Interpretation 3: the PC2 is not supported for this UL CA_A-B with DL CA_A-B-C band combination

The interpretation 1 is the most straight forward interpretation since the UL CA_A-B PC2 is specified in MOP table, and UL CA_A-B with DL CA_A-B-C is also specified in clause 5 of 38.101-1. It can be seen there is high risk that misunderstanding of the spec will happen.

Even after careful comparison of PC3 MSD tables and PC2 MSD tables, readers might find out that there is MSD specified for UL CA_A-B with DL CA_A-B-C, and it should also be specified for PC2 if supported, still it is too difficult for readers to get this point.

If readers successfully preclude interpretation 1, then between interpretation 2 and 3, it is even more difficult to know which one is the real condition, and some companies may consider this is something wrong since PC2 of this UL CA is supported in MOP table without DL CA restriction.

· For case 2, there will be no additional MSD for UL CA_A-B with DL CA_A-B-C, and no way to know this band combination is only for PC3.

Observation 2:   It is quite difficult to judge which power class is supported for a certain DL configuration only based on MOP and MSD tables, for example:
· PC2 is supported for CA_A-B in UL and DL. If only PC3 is introduced for {UL CA_A-B, DL CA_A-B-C}, then PC2 MSD for {UL CA_A-B, DL CA_A-B-C} will not be defined in the spec. In this case, PC2 should not be supported for {UL CA_A-B, DL CA_A-B-C}, but this cannot be told if the clause 5 NOTEs are removed or changed.

Proposal 1:   	The supported power class for a UL+DL CA configuration shall be clearly indicated in the spec if notes in clause 5 of 38.101-1 is modified/removed and should avoid let readers to find out this information by comparison of MSD tables with different power classes.

3. The applicable MPR for band in CA
This also has been long discussed, and our understanding is summarized in below table, i.e. MIN {ue-PowerClass, powerClass} will be applied for the Tx power and MPR.

Table 2 Comparison of ue-PowerClass and powerClass in UL CA
	Compare ue-PowerClass and PowerClass
	MOP and MPR for the band under band combination

	ue-PowerClass is lower than PowerClass
	ue-PowerClass will restrict the MOP and MPR

	ue-PowerClass is higher than PowerClass
	PowerClass will be applied in determining the MOP and MPR

	ue-PowerClass is equal to PowerClass
	Either power class can be applied



Besides, it should be noted that in real UE implementation the MPR/AMPR settings corresponding to the power class in power control process is relatively stable. So even the max Tx power may be restricted due to for example max UL duty cycle the MPR/AMPR settings might not be changed.

Observation 3:   In UE implementation the MPR/AMPR settings are determined by power class, and it will not be changed due to for example max UL duty cycle though the max Tx power may be restricted.

[bookmark: _Hlk141894888]Proposal 2:   	Min {ue-PowerClass, powerClass} should be used to determine the MPR for the band under inter-band UL CA.

[bookmark: _Hlk142487682]Regarding the single CC in UL and CA in DL scenario, from PA ability perspective there is no difficulty to keep same Tx power as the single band power class. The only thing needs to be considered is whether the added CCs in DL will cause problem if the Tx power of single band is kept, for example the additional MSDs are needed to be defined, etc. 

And from signalling perspective, it allows UE to indicate a different power class based on powerClass IE in DL CA combination and if this IE is absent then default power class 3 is applied. Therefore, in principle the scenarios in table 2 (ue-PowerClass is lower/higher/equal to PowerClass) can also exist in single UL CC with DL CA case. 

The simplest way to determine the power class of single UL CC with DL CA is to apply the powerClass IE directly. If UE cannot reach the MOP of single band due to for example the additional MSDs are needed, etc. it can use this IE to report to NW. And according to RAN2 spec, if PowerClass is not indicated, the power class 3 will be applied.

Observation 4:   For single CC in UL and CA in DL scenario, 
· from PA ability perspective, there is no difficulty to keep same Tx power as the single band power class, however, the added CCs in DL may need MSD to be defined.
· from signalling perspective, it allows UE to indicate a different power class based on powerClass IE in DL CA configuration and it can be lower/higher than or equal to ue-powerClass IE.

Observation 5:   For single CC in UL and CA in DL scenario, the simplest way to determine the power class of single UL CC with DL CA is to apply the powerClass IE directly and decouple from single band power class.

Proposal 3:   	For single CC in UL and CA in DL scenario, use the powerClass IE directly to determine the power class and MPR. If this IE is not reported, power class 3 is applied (this is aligned with current RAN2 spec).

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

Observation 1:   The NOTEs in inter-band CA configuration tables currently are to indicate the applicable power classes of a DL configuration together with UL configuration.

Observation 2:   It is quite difficult to judge which power class is supported for a certain DL configuration only based on MOP and MSD tables, for example:
· PC2 is supported for CA_A-B in UL and DL. If only PC3 is introduced for {UL CA_A-B, DL CA_A-B-C}, then PC2 MSD for {UL CA_A-B, DL CA_A-B-C} will not be defined in the spec. In this case, PC2 should not be supported for {UL CA_A-B, DL CA_A-B-C}, but this cannot be told if the clause 5 NOTEs are removed or changed.

Proposal 1:   	The supported power class for a UL+DL CA configuration shall be clearly indicated in the spec if notes in clause 5 of 38.101-1 is modified/removed and should avoid let readers to find out this information by comparison of MSD tables with different power classes.

Observation 3:   In UE implementation the MPR/AMPR settings are determined by power class, and it will not be changed due to for example max UL duty cycle though the max Tx power may be restricted.

Proposal 2:   	Min {ue-PowerClass, powerClass} should be used to determine the MPR for the band under inter-band UL CA.

Observation 4:   For single CC in UL and CA in DL scenario, 
· from PA ability perspective, there is no difficulty to keep same Tx power as the single band power class, however, the added CCs in DL may need MSD to be defined.
· from signalling perspective, it allows UE to indicate a different power class based on powerClass IE in DL CA configuration and it can be lower/higher than or equal to ue-powerClass IE.

Observation 5:   For single CC in UL and CA in DL scenario, the simplest way to determine the power class of single UL CC with DL CA is to apply the powerClass IE directly and decouple from single band power class.

Proposal 3:   	For single CC in UL and CA in DL scenario, use the powerClass IE directly to determine the power class and MPR. If this IE is not reported, power class 3 is applied (this is aligned with current RAN2 spec).
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5.5A.2 Configurations for intra-band non-contiguous CA

Table 5.5A.2-1: NR CA configurations and bandwidth combination sets defined for intra-band non-
contiguous CA
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Parameter value accounts for both, the maximum frequency range of band n48 (150 MHz), and the minimum

frequency gaps in between NR non-contiguous component carriers.
Power Class 2 is allowed forJthis uplink combination or single uplink carrier in this downlink/uplink combination
Power Class 1.5 is allowed fpr this uplink combination or single uplink carrier in this downlink/uplink combination

Only single uplink carriers with power class other than PC3 are listed.

For a UE not indicating [intraBandNonColocatedCA-r18], the minimum requirements for intra-band non-
contiguous CA apply when the maximum power spectral density imbalance between downlink carriers is within 6
dB. For a UE indicating [intraBandNonColocatedCA-r18], the power imbalance requirement defined in subclause
7.10A apply. For these UEs, the power spectral density imbalance condition also applies for these carriers when
applicable intra-band non-contiguous NR CA configuration is a subset of a higher order NR CA configuration.
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5.5A.3.1 Configurations for inter-band CA (two bands)
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The following notes are applied to the above tables:

NOTE 1: This UE channel bandwidth is applicable only to downlink.

NOTE 2: The minimum requirements for intra-band contiguous or non-contiguous CA apply.

NOTE 3: The SCS of each channel bandwidth for NR band refers to Table 5.3.5-1.

NOTE 4: This UE channel bandwidth is optional in this release of the specification.

NOTE 5: For this bandwidth, the minimum requirements are restricted to operation when carrier is configured as an
SCell part of DC or CA configuration.

NOTE 6: For this bandwidth, the minimum requirements are restricted to operation when carrier is configured as an
downlink SCell part of CA configuration

NOTE 7: Limited to operation at 3450-3550 MHz and 3700-3980 MHz.

NOTE 8: Power Class 2 is allowed for this uplink combination or single uplink carrier in this downlink/uplink combination
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NOTE 9: Power Class 1.5 is allowed for this uplink combination or single uplink carrier in this downlink/uplink
combination

NOTE 10:

NOTE 11: The CA configurations are given in Table 5.5A.1-1 or Table 5.5A.

NOTE 12: UL configurations are for non-simultaneous Rx/Tx operation.

in this specification
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.5.5A.1 Configurations for intra-band contiguous CA.





