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1	Introduction 

Inter-band UL CA has been introduced since Rel-12 E-UTRA and the feature was also incorporated in NR since Rel-16. The associated UL CA power class which defines the maximum total output power has inherited the UE single-band power class definition of PC3 at 23 dBm and PC2 at 26 dBm respectively. Recognizing that the PA output power capability has been under-utilized in PC3 inter-band UL CA (20dBm + 20dBm) and may also be under-utilized in PC2 inter-band UL CA (23dBm + 23dBm) with 26dBm capable PA available in either or both constituent bands, the aspiration for enabling inter-band UL CA with (23dBm + 26dBm) and (26dBm + 26dBm) operation has been rigorously discussed in past few RAN4 meetings [1,2] and was eventually formulated into a new work item on “Increasing UE power high limit for CA and DC” as approved in RAN #93-e meeting [3]. In last RAN4 meeting, although a WF on increased MOP (Maximum Output Power) capturing the agreements on certain technical aspects such as signalling, regulatory requirements and SAR was approved [4], there were still a few open items remained to be addressed, such as the scope for various power compositions, needing new MSD requirements or not, handling of TxD in a band combination, etc. In this contribution, we share our views on how the UE requirements may be defined in technical specifications to enable NR inter-band UL CA to fully utilize each constituent band maximum output power capability.            
2 Discussion

To enable NR inter-band UL CA to fully utilize each constituent band maximum output power capability, the following aspects would be considered and further discussed with details in the following sub-sections.

· Signalling
· Regulatory requirements
· SAR handling
· PCMAX limits
· MSD requirements
· Bands with transmit diversity (TxD) in a combination
· Rel-17 scope for power compositions
· Specification works

2.1	Signalling

Irrespective of whether the intended operation would be based on new power classes, a new UE capability [5], or a conceptual power class as proposed in [6], a new signalling is deemed necessary to differentiate the requirements from the existing power classes for inter-band UL CA. 

Observation 1: To enable NR inter-band UL CA to fully utilize each constituent band maximum output power capability, a new signalling is deemed necessary to differentiate the requirements from the existing power classes for inter-band UL CA.

Though defining and mapping new inter-band UL CA power classes with the sum of the possible single-band power classes seems to be a rather straightforward approach such as PC1.8 for (23dBm + 26dBm) = 27.8dBm, in our view, such new power classes are truly redundant if the intention is to maximize each constituent band’s power capability independently. On the other hand, if we would introduce all the possible UL CA power compositions as new power classes for inter-band UL CA, the impact to the specifications could be quite substantial [7].  

Observation 2: If we would introduce all the possible UL CA power compositions as new power classes for inter-band UL CA, the impact to the specifications could be quite substantial.
   
Conversely, the concern with the new capability approach is that as it is not part of band combination power class declaration, it is not clear whether the band combination is still tied to a certain power class, or the capability simply supersedes the power class definition. If it is the latter case, how would the TL (the lower tolerance of the power class) be specified? If it is the former case, what would be the meaning of the power class for the combination under the capability? In our view, the issue is not on the capability itself, but that the requirement is still based on the total power of the combination. As mentioned earlier, if the intention of this feature is to maximize each constituent band’s power capability independently, the total power of the combination would be of no importance and there is no need to define the configured transmitted power based on the total power of the combination. 

Therefore, to enable NR inter-band UL CA to fully utilize each constituent band power capability, we propose to introduce a new conceptual inter-band UL CA power class called power class 0 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 conceptual inter-band UL CA power class called power class 0 where the requirements would be based on per-band power capability. 

2.2	Regulatory requirements

To our understanding, the regulatory requirements in general are per band based except in Japan where the total UE maximum output power would be limited in FR1 range. Nonetheless, since such total maximum output power limit is clearly specified by the regulation, if the 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 the new feature which would follow the per-band based requirements. On the other hand, if the 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.

Observation 3: The regulatory requirements in general are per band based except in Japan where the total UE maximum output power would be limited in FR1 range.

Observation 4: If the regulatory 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 the new feature which would follow the per-band based requirements.

Observation 5: If the regulatory 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.

2.3	SAR handling

For any UL CA combinations with total maximum output power capability exceeding 23 dBm, the SAR handling would not be different from PC2 inter-band UL CA which may base on P-MPR mechanism or maximum UL duty-cycle reporting with proration to the total power. On the other hand, since the requirements can be per-band based, a simpler approach is to define the maximum duty cycle for each constituent band as 50% from its single-band counterpart.

Observation 6: For SAR handling, a simpler approach is to define the maximum duty cycle for each constituent band as 50% from its single-band counterpart.
   
2.4	PCMAX limits

There has been debate on whether only the PCMAX high limit (PCMAX_H) would be revised to accommodate the increased maximum output power limit or both PCMAX_H and PCMAX_L would need to be revised. However, such issue would not exist if per-band based requirements are specified for the new feature, meaning that the UE only needs to fulfil the PCMAX limits for each constituent band, but not the PCMAX limits for the power sum.

Observation 7: If per-band based requirements are specified for the new feature, the UE only needs to fulfil the PCMAX limits for each constituent band, but not the PCMAX limits for the power sum.   

2.5	MSD requirements

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. These performance can already be verified by the PC3 and PC2 UL CA requirements. There is no need to further define separate MSD requirements 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 8: There is no need to further define separate MSD requirements with different UL CA power compositions other than PC2 and PC3 to enable NR inter-band UL CA to fully utilize each constituent band maximum output power capability.

2.6	Bands with transmit diversity (TxD) in a combination

The concern was raised in last RAN4 meeting [8] that for NR bands which rely on TxD to achieve the intended power class may not maintain the same power class in a band combination due to the hardware limitation. This issue has been taken care in MR-DC where an IE powerClassNRPart-r16 was introduced to allow UE to signal a different power class for the NR band in a combination than its single band power class. If the same hardware limitation would also occur to UE in an NR inter-band UL CA or DC combination, the similar signaling mechanism for MR-DC may need to be developed. However, this issue is not specific to the new feature for the work item on “Increasing UE power high limit for CA and DC” and is generic to all NR inter-band UL CA or DC combinations. Therefore, the issue does not need to be handled within the scope of this work item.     

Observation 9: The issue for NR bands with TxD in a band combination is generic to all NR inter-band UL CA or DC combinations and does not need to be handled within the scope of this work item.

2.7	Rel-17 scope for power compositions

Based on the already proposed NR inter-band UL CA combinations, the potential power compositions other than PC3 and PC2 can be,

· 23dBm + 26dBm
· 26dBm + 26dBm
· 23dBm + 29dBm
· 26dBm + 29dBm
· 29dBm + 29dBm
· 23dBm + 20dBm
· 26dBm + 20dBm
· 29dBm + 20dBm

However, due to the time constraint in Rel-17 and the complication for configurations with 29dBm in either one or both bands, we propose to focus on the (23dBm + 26dBm) and (26dBm + 26dBm) power compositions in Rel-17 only. The rest of the power compositions can be handled in a dedicated Rel-18 work item or basket WID.

Proposal 2: Rel-17 scope for power compositions only focuses on (23dBm + 26dBm) and (26dBm + 26dBm).

2.8	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 support inter-band UL CA power class 0 can be introduced in a separate table under clause “6.2A.1.3 UE maximum output power for inter-band CA” as shown in the exemplified band combinations below. Notice that the band combinations supporting inter-band UL CA power class 0 can only be introduced when the corresponding PC3 or PC2 requirements for the same combinations have been defined.

Table 6.2A.1.3-2 Band combinations supporting inter-band UL CA power class 0
     
	Uplink CA Configuration
	Band
	Power Class
	Duty Cycle at Full Power
	MSD Configuration

	CA_n1A-n78A
	n1
	3
	50%
	PC2

	
	n78
	2
	25%
	

	CA_n1A-n78A
	n1
	3
	50%
	PC3/PC2

	
	n78
	3
	50%
	

	CA_n5A-n78A
	n5
	3
	50%
	PC3

	
	n78
	3
	50%
	

	CA_n41A-n77A
	n41
	2
	25%
	PC2

	
	n77
	2
	25%
	


3	Conclusion

In this contribution, we share our views on how we may enable the new feature for NR inter-band UL CA to fully utilize each constituent band maximum output power capability.

Observation 1: To enable NR inter-band UL CA to fully utilize each constituent band maximum output power capability, a new signalling is deemed necessary to differentiate the requirements from the existing power classes for inter-band UL CA.

Observation 2: If we would introduce all the possible UL CA power compositions as new power classes for inter-band UL CA, the impact to the specifications could be quite substantial.

Observation 3: The regulatory requirements in general are per band based except in Japan where the total UE maximum output power would be limited in FR1 range.

Observation 4: If the regulatory 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 the new feature which would follow the per-band based requirements.

Observation 5: If the regulatory 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.

Observation 6: For SAR handling, a simpler approach is to define the maximum duty cycle for each constituent band as 50% from its single-band counterpart.

Observation 7: If per-band based requirements are specified for the new feature, the UE only needs to fulfil the PCMAX limits for each constituent band, but not the PCMAX limits for the power sum.

Observation 8: There is no need to further define separate MSD requirements with different UL CA power compositions other than PC2 and PC3 to enable NR inter-band UL CA to fully utilize each constituent band maximum output power capability.

Observation 9: The issue for NR bands with TxD in a band combination is generic to all NR inter-band UL CA or DC combinations and does not need to be handled within the scope of this work item.

Proposal 1: Introduce a new conceptual inter-band UL CA power class called power class 0 where the requirements would be based on per-band power capability.

Proposal 2: Rel-17 scope for power compositions only focuses on (23dBm + 26dBm) and (26dBm + 26dBm).
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