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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 two 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 share our views on these four options and propose how the associated UE requirements can be defined in technical specifications to enable the feature for NR inter-band UL CA to fully utilize each constituent band maximum output power capability.              
2 Discussion

2.2	Views on different methods

Below we share our views on the four options which have been considered on how to define the associated UE requirements for the intended new feature.

Option 1: The “sum” method with PCMAX_L kept at the existing power class (e.g.: 23dBm+26dBm for PC2)
In our view, there are a couple of issues with this method:
1. The “summed” power (23dBm+26dBm) has a different power rating than PC2 (26dBm) which would cause confusion in power class definition.

2. 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+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 which however would also alter the original definition of PC2. 
 
3. With the “sum” method, if we only look at the power sum requirement, assuming the band with 26dBm capability can truly transmit up to 26dBm, in that case, the other band can actually transmit at a very low power and still pass the total power requirement. To prevent such issue from happening, we still need to check each constituent band’s PCMAX under UL CA to ensure each band can deliver the expected power. In the end, we would only need to check each band’s PCMAX, and as long as each band’s PCMAX is met, the “sum” should also meet the requirement. Therefore, in our view the per-band requirements should the one to be concerned, but not the “sum”. For the feature of this WI which we intend to achieve, the power “sum” is truly redundant.

Observation 1: The “summed” power (23dBm+26dBm) has a different power rating than PC2 (26dBm) which would cause confusion in power class definition.

Observation 2: With PCMAX_L kept at PC2, we could simply increase PC2 upper tolerance without any other specifications change nor any capability signalling to enable the intended feature which however would also alter the original definition of PC2.

Observation 3: For the feature of this WI which we intend to achieve, the power “sum” is truly redundant.

Option 2: Define new power class for each different power composition
This is the conventional way of specifying a new power class for a band combination. The concern with this approach is that we could end up with defining so many new power classes based on the power sum of each constituent band’s power class as shown in Table 2-1.

	Class
	PC Composition
	Power (dBm)

	PC1.x
	PC2+PC3
	27.8

	PC1.y
	PC2+PC5
	27.0

	PC1.5
	PC2+PC2
	29.0

	PC2.5
	PC3+PC5
	24.8

	PC1.z
	PC1.5+PC3
	30.0

	PC1.w
	PC1.5+PC5
	29.5

	PC1.v
	PC1.5+PC2
	30.8

	PC0.x
	PC1.5+PC1.5
	32.0



Table 2.1-1 Potential power classes to be defined based on Option 2 method

If following the RAN4 procedure on specifying the requirements of a new power class, each power class would be handled with an individual WID to first define the generic RF requirements with certain example band combination(s), then followed by an associated basket WID to introduce other band combinations intended for the same power class. With the 8 potential new power classes as listed in Table 2-1, we would expect 16 new WIDs to cover all the possible requirements. Therefore, the impact to the specifications work and requirements development based on this method could be quite substantial.     

Observation 4: For the method based on defining new power class for each different power composition, the impact to the specifications work and requirements development could be quite substantial.

Option 3: Look-Up Table (LUT) method

The LUT method was proposed in [3] which can essentially be represented by the following mapping table recaptured from [3].

	IE powerClass-v17
	PA Configuration
PPowerClass, c
	max Total Output Power PPowerClass,CA (dBm)

	0
	23dBm + 23dBm
	26

	1
	23dBm + 26dBm
	27.8

	2
	26dBm + 23dBm
	27.8

	3
	26dBm + 26dBm
	29

	4
	23dBm + 20dBm
	24.8

	5
	26dBm + 20dBm
	27.0

	…
	…
	…



Table 2.2-2 Mapping table for band combination power classes (2-band UL) [3] 
In our view, the LUT method is no different from defining new power class (which is renamed as power class index) for each different power composition but potentially adding even more power classes as compared to Option 2 method. For example, index 0 is equivalent to existing PC2 which would render to be redundant. Index 1 and index 2 are the same from total power perspective. Flipping the per band power class order does not seem to have any meaning. What really matters is the power class for each constituent band. The new IE powerClass-v17 proposed in the LUT method is essentially redundant as the per band power class signaling should be sufficient to indicate the maximum total output power as intended in this work item.

Observation 5: the LUT method is no different from defining new power class for each different power composition but potentially adding even more power classes as compared to Option 2 method.  

Observation 6: The new IE powerClass-v17 proposed in the LUT method is essentially redundant as the per band power class signaling should be sufficient to indicate the maximum total output power as intended in this work item.

Option 4: Define a new single power class PC0 where the requirements are per band based [4-5]

Option 4 in our view is the simplest approach to introduce the intended new feature for inter-band UL CA into the specifications. It also avoids all the issues in other methods such as power class ambiguity, specifications impact, and signaling redundancy. 

On the signaling side, RAN2 only needs to extend the power class IE under BandCombinationList parameters to powerClass-v17xy with the following field added,

powerClass-v17xy   ENUMERATED {pc0}   OPTIONAL,

The definition of PC0 would be clarified in RAN4 specifications.  

Since the intended feature is to fully utilize each constituent band maximum output power capability, only the per-band outpower power requirement is of importance, and there is no need to define the combined PCMAX requirement for PC0 as in PC3 and PC2. The concern with the regulatory requirement for total UE maximum output power in certain region/country can be handled by the following rules,
· If the regulatory UE total power limit is equal to or higher than the total power capability of an UL CA combination, then the combination in the region can still be specified with PC0.

· If the regulatory UE total power limit is lower than the total power capability of an UL CA combination, then the combination in the region can only be specified with the existing power classes (PC2 or PC3) where the combined PCMAX requirement applies.

Observation 7: Since the intended feature is to fully utilize each constituent band maximum output power capability, only the per-band outpower power requirement is of importance, and there is no need to define the combined PCMAX requirement for PC0.

Observation 8: PC0 applies where there is no regulatory UE total power limit, or the limit is equal to or higher than the total power capability of an UL CA combination.

Regarding the MSD due to 2UL transmissions, in our view, the requirements are meant to verify the PA linearity, filter isolation, as well as receiver linearity performance which can already be verified by the PC3 and PC2 UL CA requirements. There is no need to further define separate MSD requirements for PC0 with different UL CA power compositions other than PC2 and PC3. The MSD requirements can be verified based on PC3 or PC2 UL CA test configurations whichever the highest power requirements have been defined. 

Observation 9: There is no need to further define separate MSD requirements for PC0 with different UL CA power compositions other than PC2 and PC3.
Based on the assessments and observations above, the merit of Option 4 over other three options can be clearly recognized. Therefore, to enable NR inter-band UL CA to fully utilize each constituent band power capability, we propose to introduce a new inter-band UL CA power class PC0 which would not be tied to a specific total power value. Under this new CA power class, the requirements would be based on per-band power capability. 

Proposal 1: Introduce a new inter-band UL CA power class PC0 where the requirements would be based on per-band power capability.

2.2	Specification works

Based on Proposal 1 in this contribution, to enable the new feature for inter-band UL CA to fully utilize each constituent band maximum output power capability in the technical specifications, a new sub-clause 6.2A.4.1.3a can be added under “6.2A.4.1.3 Configured transmitted power for inter-band CA” as,

6.2A.4.1.3a Configured transmitted power for Inter-band CA power class 0 

For inter-band UL CA power class 0, UE configured output power specified in clause 6.2.4 applies for each constituent band respectively.  

For band combinations which would be intended to support inter-band UL CA power class 0 can be introduced in the existing Table 6.2A.1.3-1 UE Power Class for uplink inter-band CA (two bands) as shown below,

Table 6.2A.1.3-1 UE Power Class for uplink inter-band CA (two bands)
	Uplink CA Configuration
	Class 0
	Class 1 (dBm)	
	Tolerance (dB)	
	Class 2 (dBm)
	Tolerance
(dB)	
	Class 3 (dBm)
	Tolerance (dB)	

	CA_n1A-n3A
	
	
	
	
	
	23
	+2/-3

	CA_n1A-n5A
	
	
	
	
	
	23
	+2/-3

	CA_n1A-n7A
	
	
	
	
	
	23
	+2/-3

	CA_n1A-n8A
	
	
	
	
	
	23
	+2/-3

	CA_n1A-n18A
	
	
	
	
	
	23
	+2/-3

	CA_n1A-n28A
	
	
	
	
	
	23
	+2/-3

	CA_n1A-n40A
	
	
	
	
	
	23
	+2/-3

	CA_n1A-n41A
	Yes
	
	
	
	
	23
	+2/-3

	CA_n1A-n74A
	
	
	
	
	
	23
	+2/-3

	CA_n1A-n77A
	
	
	
	
	
	23
	+2/-3

	CA_n1A-n78A
	Yes
	
	
	266
	+2/-3
	23
	+2/-3

	CA_n1A-n79A
	
	
	
	
	
	23
	+2/-3

	CA_n2A-n5A
	
	
	
	
	
	23
	+2/-3

	CA_n2A-n7A
	
	
	
	
	
	23
	+2/-3

	CA_n2A-n12A
	
	
	
	
	
	23
	+2/-3

	CA_n2A-n14A
	
	
	
	
	
	23
	+2/-3

	CA_n2A-n30A
	
	
	
	
	
	23
	+2/-3

	CA_n2A-n48A
	
	
	
	
	
	23
	+2/-3

	CA_n2A-n66A
	
	
	
	
	
	23
	+2/-3

	CA_n2A-n77A
	Yes
	
	
	266
	+2/-3
	23
	+2/-3

	…
	
	…
	…
	…
	…
	…
	…

	NOTE X:	For power class 0, the MSD requirements are verified under PC2 configuration, or PC3 configuration if PC2 requirements have not been specified.



Notice that the above reduced table is intended for illustration purpose where only a portion of uplink inter-band CA combinations are included. The combinations marked with the support of power class 0 does not represent any real proposal from proponent companies. The columns for power class 4 and its tolerance in the existing power class table were intentionally removed as power class 4 has never been specified.      

3	Conclusion

In this contribution, we share our view on how the associated UE requirements can be defined in technical specifications to enable the feature for NR inter-band UL CA to fully utilize each constituent band maximum output power capability.

Observation 1: The “summed” power (23dBm+26dBm) has a different power rating than PC2 (26dBm) which would cause confusion in power class definition.

Observation 2: With PCMAX_L kept at PC2, we could simply increase PC2 upper tolerance without any other specifications change nor any capability signalling to enable the intended feature which however would also alter the original definition of PC2.

Observation 3: For the feature of this WI which we intend to achieve, the power “sum” is truly redundant.

Observation 4: For the method based on defining new power class for each different power composition, the impact to the specifications work and requirements development could be quite substantial.

Observation 5: the LUT method is no different from defining new power class for each different power composition but potentially adding even more power classes as compared to Option 2 method.

Observation 6: The new IE powerClass-v17 proposed in the LUT method is essentially redundant as the per band power class signaling should be sufficient to indicate the maximum total output power as intended in this work item.

Observation 7: Since the intended feature is to fully utilize each constituent band maximum output power capability, only the per-band outpower power requirement is of importance, and there is no need to define the combined PCMAX requirement for PC0.

Observation 8: PC0 applies where there is no regulatory UE total power limit, or the limit is equal to or higher than the total power capability of an UL CA combination.

Observation 9: There is no need to further define separate MSD requirements for PC0 with different UL CA power compositions other than PC2 and PC3.

Proposal 1: Introduce a new inter-band UL CA power class PC0 where the requirements would be based on per-band power capability.
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