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1	Introduction 

NR inter-band EN-DC and UL CA have been introduced since Rel-15. However, up till Rel-17, the HPUE feature for inter-band EN-DC and UL CA has only been specified up to PC2, despite PC1.5 has already been introduced for single UL TDD band since Rel-16. In RAN #98-e meeting, a new work item with an objective to introduce inter-band UL CA/DC with simultaneous 3Tx feature was approved [1]. The intended UL configurations include 1Tx PC3 in one band and 2Tx PC1.5 in the other band. Since this UL configuration already supports PC1.5 in one of the constituent bands, introducing PC1.5 for inter-band UL CA/DC would be inevitable as there is no good reason to constrain the power class for such band combinations to PC2 or PC3. As PC1.5 for inter-band UL CA/DC is a new UE feature where certain general requirements may need to be specified, in this contribution, we share our views on how PC1.5 for inter-band UL CA feature may be introduced in RAN4 specifications, including the required general requirements and the MSD framework for 2UL IMD.          
2 Discussion

The objective on introducing inter-band UL CA/DC with simultaneous 3Tx feature in a new work item [1] approved in RAN #98-e meeting has called for the development of new PC1.5 feature for inter-band UL CA/DC in order to support the intended UL configuration which is composed of 1Tx PC3 in one band and 2Tx PC1.5 in the other band. Since PC1.5 for inter-band UL CA/DC is a new UE feature, certain general requirement may need to be specified. On the other hand, it seems necessary to first introduce PC1.5 with PC2 1Tx in one band and PC2 1Tx in the other band in order to set the foundation for PC1.5 with 3Tx, or at least, PC1.5 with 2Tx needs to be developed in parallel with PC1.5 with 3Tx.

Observation 1: For PC1.5 inter-band UL CA/DC, it seems necessary to introduce PC1.5 with PC2 1Tx in one band and PC2 1Tx in the other band in order to set the foundation for PC1.5 with 3Tx, or at least, PC1.5 with 2Tx needs to be developed in parallel with PC1.5 with 3Tx.          

In our view, the easiest path to introduce PC1.5 UL CA/DC is to start with PC2+PC2 in TDD+TDD band combinations, such as PC1.5 for UL CA_n41A-n77A. As the maximum total output power for PC2+PC2 is exactly PC1.5 where each UL can independently control its output power without the concern of exceeding the combined PCMAX, the rather complicated UL power sharing would not be needed. On the other hand, for TDD+TDD combination under simultaneous 2Tx operation, there would not be DL reception in both bands, therefore, MSD issue does not need to be considered.

Observation 2: The easiest path to introduce PC1.5 UL CA/DC is to start with PC2+PC2 in TDD+TDD band combinations.

Proposal 1: Introduce PC1.5 with (PC2 1Tx + PC2 1Tx) for UL CA_n41-n77A to set the foundation for PC1.5 with 3Tx.

On the PC1.5 inter-band UL CA/DC Tx general requirements side, since for inter-band UL combinations, the Tx requirements are basically per-band based, therefore, no new requirement is expected. However, some specifications updates are still required as a formality which include adding PC1.5 in Table 6.2A.1.3-1 UE Power Class for uplink inter-band CA (two bands) and increasing the PCMAX range up to 29 dBm in Table 6.2A.4.1.3-1 PCMAX tolerance for uplink inter-band CA (two bands) in TS 38.101-1 [2]. We also propose to remove PC4 columns in Table 6.2A.1.3-1 to leave space for PC1.5 as PC4 has never been defined in RAN4 specifications.

Observation 3: To introduce PC1.5 feature for inter-band UL CA, the required Tx specifications updates are to add PC1.5 in Table 6.2A.1.3-1 and increase the PCMAX range up to 29 dBm in Table 6.2A.4.1.3-1 in TS 38.101-1.

Proposal 2: Remove PC4 columns in Table 6.2A.1.3-1 to leave space for PC1.5 as PC4 has never been defined in RAN4 specifications.

On the Rx general requirements side, the only requirement which may need to be developed for inter-band UL CA/DC is the new MSD framework for 2UL IMD. For PC1.5 inter-band UL CA/DC combinations, the possible UL configurations can be,

(PC2 + PC2)
(PC3 + PC1.5)
(PC2 + PC1.5)

MSD caused by 2UL IMD would be of concern only when one or both bands are FDD bands. Since PC2 for FDD bands in an UL band combination is not yet in the scope of Rel-18 work items, the only UL configuration where the new MSD framework for 2UL IMD may need to be developed would be,

(PC3 FDD + PC1.5 TDD)

For this UL configuration, in our view, there can be two possible 2UL IMD MSD test configurations as shown in Table 2-1.

	MSD test configuration
	PC3 FDD band
	PC1.5 TDD band

	Option 1
	23 dBm
	27.8 dBm

	Option 2
	23 dBm
	23 dBm


 
Table 2-1 Possible 2UL IMD MSD test configurations for PC1.5 with (PC3 FDD + PC1.5 TDD)

Though Option 1 seems to be the most intuitive test configuration as the total outpower is aligned with the PC1.5 PCMAX at 29 dBm, it may create additional MSD fragmentation when PC2 FDD band in a PC1.5 UL CA/DC combination would be introduced later where the 2UL IMD MSD test configuration likely would be specified as (26dBm + 26 dBm). In our view, the MSD requirements are meant to verify the PA linearity, filter isolation, as well as receiver linearity performance. Though ideally it may be desired to set the outpower at PCMAX for the worst-case MSD, there would be no loss of test coverage if reusing the PC2 2UL IMD MSD test configuration (Option 2) for PC1.5 UL CA/DC with (PC3 FDD + PC1.5 TDD) UL configuration. The benefit of reusing the PC2 MSD test configuration is that no new MSD requirement needs to be developed which can help save substantial RAN4 specifications work. Nonetheless, this does not mean new MSD framework is also not needed when PC1.5 UL CA/DC with (PC2 FDD + PC2 FDD or TDD) and (PC2 FDD + PC1.5 TDD) would be introduced later.
    
Observation 4: MSD requirements are meant to verify the PA linearity, filter isolation, as well as receiver linearity performance.

Observation 5: Though ideally it may be desired to set the outpower at PCMAX for the worst-case MSD, there would be no loss of test coverage if reusing the PC2 2UL IMD MSD test configuration (Option 2) for PC1.5 UL CA/DC with (PC3 FDD + PC1.5 TDD) UL configuration.

Proposal 3: For PC1.5 UL CA/DC with (PC3 FDD + PC1.5 TDD) UL configuration, reuse the PC2 2UL IMD MSD test configuration (Option 2 in Table 2-1) and requirements.

Proposal 4: New 2UL IMD MSD framework is to be discussed only when PC1.5 UL CA/DC with (PC2 FDD + PC2 FDD or TDD) and (PC2 FDD + PC1.5 TDD) would be introduced later.  

3	Conclusion

In this contribution, we share our views on how PC1.5 for inter-band UL CA feature may be introduced in RAN4 specifications, including the required general requirements and the MSD framework for 2UL IMD. 

Observation 1: For PC1.5 inter-band UL CA/DC, it seems necessary to introduce PC1.5 with PC2 1Tx in one band and PC2 1Tx in the other band in order to set the foundation for PC1.5 with 3Tx, or at least, PC1.5 with 2Tx needs to be developed in parallel with PC1.5 with 3Tx.

Observation 2: The easiest path to introduce PC1.5 UL CA/DC is to start with PC2+PC2 in TDD+TDD band combinations.

Proposal 1: Introduce PC1.5 with (PC2 1Tx + PC2 1Tx) for UL CA_n41-n77A to set the foundation for PC1.5 with 3Tx.

Observation 3: To introduce PC1.5 feature for inter-band UL CA, the required Tx specifications updates are to add PC1.5 in Table 6.2A.1.3-1 and increase the PCMAX range up to 29 dBm in Table 6.2A.4.1.3-1 in TS 38.101-1.

Proposal 2: Remove PC4 columns in Table 6.2A.1.3-1 to leave space for PC1.5 as PC4 has never been defined in RAN4 specifications.

Observation 4: MSD requirements are meant to verify the PA linearity, filter isolation, as well as receiver linearity performance.

Observation 5: Though ideally it may be desired to set the outpower at PCMAX for the worst-case MSD, there would be no loss of test coverage if reusing the PC2 2UL IMD MSD test configuration (Option 2) for PC1.5 UL CA/DC with (PC3 FDD + PC1.5 TDD) UL configuration.

Proposal 3: For PC1.5 UL CA/DC with (PC3 FDD + PC1.5 TDD) UL configuration, reuse the PC2 2UL IMD MSD test configuration (Option 2 in Table 2-1) and requirements.

Proposal 4: New 2UL IMD MSD framework is to be discussed only when PC1.5 UL CA/DC with (PC2 FDD + PC2 FDD or TDD) and (PC2 FDD + PC1.5 TDD) would be introduced later.
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