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1	Introduction 

The aspiration to exploit each constituent band’s maximum output power capability in an inter-band UL CA or DC combination has spawned a new WID on “Increasing UE power high limit for CA and DC” which was approved in RAN #93-e meeting [1]. In last three RAN4 meetings, despite the vigorous discussions on the aspects of signalling, regulatory requirements, PCMAX limits, MSD requirements, and Rel-17 scope for power compositions, the views on how to introduce this feature into the specifications were still relatively diverged where four options on how to define the associated requirements have been considered [2]. In this contribution, we focus only on the “sum” method as other options seemed to gain less traction in last RAN4 meeting. By comparing the two variants in the “sum” method where the difference is whether to lift both PCMAX_H and PCMAX_L or only PCMAX_H to higher power limit with PPowerClass,CA replaced by 10log10∑ pPowerClass,c, we recognize that keeping the PCMAX_L unchanged can simply be accomplished by increasing the PPowerClass,CA upper tolerance which is the most efficient way to enable the feature with least specifications impact and fully aligns with the spirit of the WI objective.                         
2 Discussion

The “sum” method is essentially to replace PPowerClass,CA in the PCMAX formula by 10log10∑ pPowerClass,c, the power sum of each band’s power class, which was originally proposed in [3] and further considered in [4]. There have been debates on whether the PPowerClass,CA replacement should only be applied to PCMAX_H or to both PCMAX_H and PCMAX_L. In the context below, we share our views on how these two approaches may impact the specifications in order to enable this intended feature.       

2.1	PPowerClass,CA replacement only in PCMAX_H

Using PC2 UL CA as an example, by keeping PCMAX_L unchanged, any power combination where the PUMAX falls into the PCMAX range could all be called as PC2 with the increased power limit capability, including PC3+PC2, PC3+PC3, and PC5+PC2. As a result, it would end up with no differentiation among PC3+PC2, PC3+PC3, and PC5+PC2. In that case, we could simply increase PC2 upper tolerance without any other specifications change nor any capability signalling to enable the intended feature. The merits of this approach include not only the least specifications impact, but also easily scalable to other power classes, such as PC3 and potential PC1.5 in future development for UL CA. It also does not cause confusion on the power class definition as the nominal power level does not change, but only the upper tolerance.

Observation 1: With PCMAX_L kept unchanged at PC2, we could simply increase PC2 upper tolerance without any other specifications change nor any capability signalling to enable the intended feature.

Observation 2: The merits of only changing the power class upper tolerance to enable the intended feature include not only the least specifications impact, but also easily scalable to other power classes. It also does not cause confusion on the power class definition as the nominal power level remains unchanged.
Now the question is how much upper tolerance for each power class can be increased. As RAN4 power class for nominal UE type has been specified with 3dB step, the upper tolerance increase should be less than 3 dB, or the combination should belong to the next higher power class group. Table 2.1-1 summarizes all the potential power compositions for inter-band UL CA. It can be seen that for each power class, the power limit increase is at most 1.8 dB. Therefore, the upper tolerance increase can potentially be set as 2 dB.     

	PC Composition
	Power (dBm)
	PC Group
	Δ to PC (dB)

	PC5+PC5
	23.0
	PC3
	0

	PC3+PC5
	24.8
	PC3
	1.8

	PC3+PC3
	26.0
	PC2
	0

	PC2+PC3
	27.8
	PC2
	1.8

	PC2+PC5
	27.0
	PC2
	1.0

	PC2+PC2
	29.0
	PC1.5
	0

	PC1.5+PC3
	30.0
	PC1.5
	1.0

	PC1.5+PC5
	29.5
	PC1.5
	0.5

	PC1.5+PC2
	30.8
	PC1.5
	1.8

	PC1.5+PC1.5
	32.0
	N/A
	N/A



Table 2.1-1 Potential power compositions in inter-band UL CA

Observation 3: The power class upper tolerance can be increased by 2 dB to enable the feature for increasing UE power high limit.

2.2	PPowerClass,CA replacement in both PCMAX_H and PCMAX_L

With PCMAX_L lifted to a higher power limit than nominal PC2, a capability signalling would be needed in order to properly decide the PCMAX range. However, such capability does not always mean that the UE is capable of transmitting higher total maximum output power as compared to its nominal power class. For example, a UE with a PC2 combination based on (PC3+PC3) configuration can still signal the high-power limit capability despite the limit does not really increase as compared to nominal PC2. On the other hand, some clarifications would also be needed in the specifications as whether (PC2+PC2) can still be signalled as PC2 with high-power limit capability. Therefore, compared to the approach by only increasing the power class upper tolerance, we do not find more benefit in changing both PCMAX_H and PCMAX_L, but more downsides as summarized below:
· Impact to RAN2 specifications to introduce new capability
· Impact to RAN4 specifications to PCMAX formula
· Impact to RAN4 specifications to clarify what per-band power composition is applicable for high-power limit capability for certain power class 
· Power class ambiguity as the nominal power would vary with the per-band power composition
· Debate on whether new MSD requirements would be needed      

In our view, all the above downsides seem to be against the original intent and the spirit of the work item to efficiently enable the feature with minimum specifications impact which unfortunately have been seen hindering the progress of the requirement development.

Observation 4: With PCMAX_L lifted to a higher power limit than nominal PC2, a capability signalling would be needed in order to properly decide the PCMAX range.

Observation 5: Compared to the approach by only increasing the power class upper tolerance, there is no more benefit in changing both PCMAX_H and PCMAX_L.

Based on the above assessment and observations, we propose to enable the feature for increasing UE power high limit for inter-band UL CA by only increasing the power class upper tolerance.

Proposal 1: RAN4 to enable the feature for increasing UE power high limit for inter-band UL CA by only increasing the power class upper tolerance by 2 dB.

If any other proposals to enable this feature would be considered, we propose no new MSD requirements to be introduced for the reason as we have stated in our previous contribution [5].

Proposal 2: No new MSD requirements to be introduced for the existing inter-band UL CA power class to enable the feature for increasing UE power high limit for inter-band UL CA.  

3	Conclusion

In this contribution, we compare the two variants in the “sum” method where the difference is whether to lift both PCMAX_H and PCMAX_L or only PCMAX_H to higher power limit and recognize that by increasing the PPowerClass,CA upper tolerance is the most efficient way to enable the feature with least specifications impact which also fully aligns with the spirit of the WI objective.

Observation 1: With PCMAX_L kept unchanged at PC2, we could simply increase PC2 upper tolerance without any other specifications change nor any capability signalling to enable the intended feature.

Observation 2: The merits of only changing the power class upper tolerance to enable the intended feature include not only the least specifications impact, but also easily scalable to other power classes. It also does not cause confusion on the power class definition as the nominal power level remains unchanged.

Observation 3: The power class upper tolerance can be increased by 2 dB to enable the feature for increasing UE power high limit.

Observation 4: With PCMAX_L lifted to a higher power limit than nominal PC2, a capability signalling would be needed in order to properly decide the PCMAX range.

Proposal 1: RAN4 to enable the feature for increasing UE power high limit for inter-band UL CA by only increasing the power class upper tolerance by 2 dB.

Proposal 2: No new MSD requirements to be introduced for the existing inter-band UL CA power class to enable the feature for increasing UE power high limit for inter-band UL CA.
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