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Introduction
In R4#102-e, unfortunately, no conclusion was reached on how to enable the increased power within the PCmax equations and the related signaling; thus, extension of the Release 17 WI was agreed upon in RAN#95e. To ease the conclusion, this contribution focuses on PC2 while [2] was covering all power classes and points at the relevant 2TX cases in one band as already discussed in [1]. Proposals are made for PCmax equation implementation and signaling principle with a per band power class to enable a generic approach.
Discussion
Valid PC2 increased power inter-band UL configurations
In Table 1 we provide all the possible cases of combining power classes 5, 3, 2 and 1.5 with 1Tx or 2Tx approaches that result in a potential for increased power for a PC2 band combination. It should be noted that for PC5 we restricted to 1Tx; but in any case, for PC5 and PC3, the assumption is that there is always at least one full power PA.

The Table provides:
· The single band power class per UL band and achievable total power
· The 1Tx or 2TX operation per UL band, 
· The effective power per UL band once accounted for 2TX operation and related achievable total power.
Table 1: Possible PC2 combinations with increased power with 1Tx and 2Tx cases
	band power class
	band max power
	1 or 2 Tx
	Effective max power with 2Tx

	band1
	band2
	band1
	band2
	tot
	band1
	band2
	band1
	band2
	tot

	PC5
	PC2
	20
	26
	27.0
	1Tx
	1Tx
	20.0
	26.0
	27.0

	PC5
	PC2
	20
	29
	29.5
	1Tx
	2Tx
	20.0
	26.0
	27.0

	PC3
	PC1.5
	23
	29
	30.0
	2Tx
	2Tx
	20.0
	26.0
	27.0

	PC3
	PC2
	23
	26
	27.8
	1Tx
	1Tx
	23.0
	26.0
	27.8

	PC3
	PC1.5
	23
	29
	30.0
	1Tx
	2Tx
	23.0
	26.0
	27.8

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

	PC2
	PC1.5
	26
	29
	30.8
	2Tx
	2Tx
	23.0
	26.0
	27.8



Observations:
· As can be seen from the table above there are two possibilities for a total reachable output power that is > 26dBm and thus an increased power option for PC2: 27dBm or 27.8dBm i.e., 1dB or 1.8dB power increase exists
· The first 3 rows corresponding to the 27dBm reachable power are assuming NR-U as first band and the row highlighted in yellow would only apply to a NR-U band 1 using 2Tx with two 20dBm PAs which has not yet been a specified combination in Release 17.
Proposal on valid increased power cases and signalling
To enable all the cases with 1Tx and 2Tx and have a future proof solution, the most straight-forward option is that additional signaling for a per band power class in inter-band CA configuration is introduced in Release 17 which works for both NR-U and NR cases.

Proposal for valid configuration for increased power: UL configurations valid for increased power are those for which the power sum of the per UL band power class in inter-band CA configuration is > CA power class and < CA power class + 2dB.

Proposal for signaling:
· An optional UE capability for increased power is introduced in Release 17
· [bookmark: _Hlk100928226]A per UL band power class in inter-band CA configuration is introduced in Release 17 that can serve for PC2 inter-band CA with or without increased power capability but can later support any combinations including 3Tx cases
· The increased power is calculated as the difference between the power sum of the declared per UL power class and the declared inter-band power class
· For UL band where the single band power class can only be achieved with 2 Tx, the per UL band power class in inter-band CA configuration should signal a power class equivalent to its single band power class -3dB.

Such approach is scalable and does not require the introduction of “in between” power classes. It can also be used to clarify the applicable maximum power for different UL configurations of an inter-band PC2 band combination. 

As an example, for PC2 CA_n41A-n77A the following UL configurations and power class can apply:
· CA_n41-n77 UL PC2
· n41 PC3 1Tx, PC2 1Tx or 2Tx or PC1.5 2Tx 
· n77 PC3 1Tx, PC2 1Tx or 2Tx or PC1.5 2Tx 
Since only up to 2 Transmit is allowed in Release 17, the maximum power is different depending on the UL configuration, PA architecture per band and increased power capability.
MSD requirement at increased power
First, it should be clear that MSDs for PC2 inter-band combination that are already in the specification:
· Will not change for 1UL since it is already considering that each band can reach its maximum power independently.
· The power class to determine 1UL related MSD should use the declared per UL band power class in inter-band CA configuration.

Thus, only 2UL IMD related MSDs will increase for the increased power case compared to the baseline PC2 inter-band MSD and the increase can be directly derived from the IMD order and side, compared to the increased UL band together with the amount power increase of one of the UL.

As such, we do not see the value of additional intermodulation MSD test points for the increased power case on top of the current PC3 and PC2 cases already specified.

Proposal for MSD: As only the 2UL MSD can change for increased power and the increase is directly proportional to the power increase of one side and the IMD order we propose that no additional MSD is specified and measured for the “increased power” case.

Based on the above, inter-band RFESENS for a “increased power” capable UE will be measured without enabling the “increased power” capability. Since the “increased power” capability is not compliant with regulation in some countries, that functionality of disabling the “increased power” capability is needed anyhow and in order to verify the increased power capability it is sufficient to measure the power in each UL bands with and without the “increased power” capability enabled and verify that the difference is in accordance with the per UL band power class declaration.
Implementing increased power in the specification
One of the remaining issues is whether the increased power applies to the lower PCmax limit on top of the upper PCmax limit. It seems that the proponents of the increasing both the lower and higher limit are concerned with the fact that the UE could declared the “increased power” capability without increasing it. Though it should be noted that with the current +2/-3dB tolerances, a UE that is calibrated to fit into the upper 3dB of the range would meet a 1.8dB “increased power” lower limit without changing its power. It is therefore best to verify a 3dB power change with/without the capability enabled on each band rather than checking whether it fits in a 1.8dB shifted range that overlap significantly with the normal PC2 range.

It should also be noted that MPR/A-MPR only applies per band and thus should be applied versus the declared per UL band power class in inter-band CA configuration.

Proposal on checking “increased power” capability: Rather than checking a total inter-band CA PCmax range, we propose measuring the PCmax per band according to the declared per UL band power class in inter-band CA configuration with and without the “increased power” capability enabled. For a UE with “increased power capability”, only a per UL band PCmax is specified according to the per UL band power class in inter-band CA configuration declaration.
Conclusions
In this contribution, we discuss all the possible 1Tx/2Tx configurations per UL band and their achievable maximum output power for PC2 “increased power” case, associated signaling, MSD and PCmax aspect. Based on this, we provide the following proposals.

Proposal for signaling:
· An optional UE capability for increased power is introduced in Release 17
· A per UL band power class in inter-band CA configuration is introduced in Release 17 that can serve for PC2 inter-band CA with or without increased power capability but can later support any combinations including 3Tx cases
· The increased power is calculated as the difference between the power sum of the declared per UL power class and the declared inter-band power class
· For UL band where the single band power class can only be achieved with 2 Tx, the per UL band power class in inter-band CA configuration should signal a power class equivalent to its single band power class -3dB.

Proposal for MSD: As only the 2UL MSD can change for increased power and the increase is directly proportional to the power increase of one side and the IMD order we propose that no additional MSD is specified and measured for the “increased power” case.

Proposal on checking “increased power” capability: Rather than checking a total inter-band CA PCmax range, we propose measuring the PCmax per band according to the declared per UL band power class in inter-band CA configuration with and without the “increased power” capability enabled. For a UE with “increased power capability”, only a per UL band PCmax is specified according to the per UL band power class in inter-band CA configuration declaration.
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