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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. Up till the recent new WIDs for NR PC2 inter-band CA were initiated [1-2], the total maximum output power for inter-band UL CA has been constrained to 23 dBm, or the so-called power class 3 (PC3), despite single band high power UE (HPUE) has been widely introduced for a number of TDD bands. 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 of the constituent bands, the proposals for enabling inter-band UL CA with (23dBm + 26dBm) and (26dBm + 26dBm) operation has been instigated in last three RAN4 meetings [3-5]. On the other hand, with the introduction of NR-U, there may also be the potential UL CA power compositions as (20dBm + 23dBm) and (20 dBm + 26dBm). 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, especially, when the MSD due to 2UL transmissions need to be defined for all UL CA power classes. In this contribution, we share our view on how we may enable NR inter-band UL CA to fully utilize each constituent band power capability.            
2 Discussion

With the advent of single band HPUE in various TDD bands, many existing UEs are already hardware capable of supporting the following maximum output power compositions for inter-band UL CA,
23dBm + 23dBm
23dBm + 26dBm
26dBm + 26dBm 
where (23dBm + 23dBm) is the objective of the current WIDs for PC2 inter-band UL CA [1-2], while other maximum output power compositions were also being discussed [3-5]. On the other hand, with the introduction of NR-U, there may also be the potential UL CA power compositions as,
20dBm + 23dBm
20dBm + 26dBm
which has not yet been discussed. The PC2 power classification for (23dBm + 23dBm) seems to be rather straightforward as the maximum instantaneous total power is close 26 dBm. However, there would be one potential issue associated with PC2 UL CA, that is, when UL SCell is deactivated, the UE would not be able to maintain PC2 power capability if its per band capability is only PC3.

Observation 1: One potential issue with PC2 inter-band UL CA is when UL SCell is deactivated, the UE would not be able to maintain PC2 power capability if its per band capability is only PC3.  
On the other hand, there are a few characteristics associated with inter-band UL CA as mentioned in [6].

1. The UL power control can be totally independent for each cell.
2. Forward/reverse IMD likely would not be an issue from Tx requirements perspective. MPR/A-MPR are per band based.
3. Regulatory limits may only apply individually to each band unless there is a per-UE requirement.
4. Thermal and SAR limitations are inter-related which would depend on the composite output power.

These characteristics may indicate that the per-band requirements can very well be applied for inter-band UL CA without the need for defining the composite power class provided the thermal and SAR issues can be mitigated, just like that for FR1-FR2 UL CA.

Observation 2: Per-band requirements can very well be applied for inter-band UL CA without the need for defining the composite power class provided the thermal and SAR issues can be mitigated, just like that for FR1-FR2 UL CA.

UE power class is a capability of the device. UE may choose to report a CA power class which is less than the sum of each band’s maximum power capability owing to the SAR or thermal issue. However, once the SAR mitigation solution can be developed which may also resolve the thermal issue at the same time, then UE should take advantage of its per band maximum output power capability. In our view, inter-band UL CA power class is only needed when a UE would like to confine its own total maximum output power to less than the sum of its per-band power capability. Otherwise, per-band power capability should be sufficient.

Observation 3: Inter-band UL CA power class is only needed when a UE would like to confine its own total maximum output power to less than the sum of its per-band power capability. Otherwise, per-band power capability should be sufficient.

Therefore, to enable NR inter-band UL CA to fully utilize each constituent band power capability, a new CA power class specific to inter-band UL CA can be introduced. Under this new CA power class, the requirements would be based on per-band power capability. And there is no need to further explicitly introduce power classes based on the power sum of (20dBm + 23dBm or 24.8dBm), (20dBm + 26 dBm or 27dBm), (23dBm + 26dBm or 28dBm), (26dBm + 26dBm or 29dBm).

Proposal 1: Introduce a new CA power class where the requirements would be based on per-band power capability to enable NR inter-band UL CA to fully utilize each constituent band power capability. 

With regard to 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. For total UL power higher than PC3, the MSD requirements can be verified based on PC3 UL CA test configurations. For total UL power higher than PC2, the MSD requirements can be verified based on PC3 UL CA test configurations.

Proposal 2: 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 power capability.       
3	Conclusion

In this contribution, we share our view on how we may enable NR inter-band UL CA to fully utilize each constituent band power capability.

Observation 1: One potential issue with PC2 inter-band UL CA is when UL SCell is deactivated, the UE would not be able to maintain PC2 power capability if its per band capability is only PC3.

Observation 2: Per-band requirements can very well be applied for inter-band UL CA without the need for defining the composite power class provided the thermal and SAR issues can be mitigated, just like that for FR1-FR2 UL CA.

Observation 3: Inter-band UL CA power class is only needed when a UE would like to confine its own total maximum output power to less than the sum of its per-band power capability. Otherwise, per-band power capability should be sufficient.

Proposal 1: Introduce a new CA power class where the requirements would be based on per-band power capability to enable NR inter-band UL CA to fully utilize each constituent band power capability.

Proposal 2: 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 power capability.
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