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1	Introduction 

Considering that many existing UEs are already hardware capable of supporting inter-band UL combinations with simultaneous 1Tx transmission in one band (TDD or FDD) and 2Tx transmission in the other band (TDD) for UL MIMO or Tx diversity, an objective of introducing 2-band with simultaneous 3Tx transmission feature has been included in a newly approved Rel-18 work item [1]. Among the eight initially proposed band combinations to support the 3Tx feature, only one combination is intended to support PC1.5 which is considered as a new feature for inter-band UL combinations. All other combinations are proposed as PC2. For the PC1.5 UL combination, there may be a need to develop new 2UL IMD MSD framework as was discussed in [2]. For the PC2 band combinations, the Rx requirements (mainly the REFSENS exceptions) for their 2Tx counterpart have mostly been specified except for three band combinations where only PC3 UL configuration was specified as identified in [3]. Despite with the same power class, owing to the front-end architecture difference between the 2Tx and 3Tx for the same band combination, there were considerations on specifying new MSD requirements for the 3Tx combinations [3-4] as summarized in the approved “WF on 3Tx requirements” [5]. In this contribution, we share our views on whether new MSD requirements for PC2 combinations with 3Tx are needed and how Rx requirements for PC1.5 combinations may be handled.                                                            
2 Discussion

2.1	PC2 band combinations with 3Tx

Table 2.1-1 summarizes the eight initially proposed PC2 band combinations to support the 3Tx feature.    

	Band combination
	UL Configuration
	1Tx Band and PC
	2Tx Band and PC

	CA_n28A-n41A
	CA_n28A-n41A
	n28 PC3
	n41 PC2 

	CA_n28A-n78A
	CA_n28A-n78A
	n28 PC3
	n78 PC3 or PC2

	CA_n8A-n78A
	CA_n8A-n78A
	n8 PC3
	n78 PC2

	CA_n41A-n71A
	CA_n41A-n71A
	n71 PC3
	n41 PC2

	CA_n41A-n77A
	CA_n41A-n77A
	n41 PC2
	n77 PC2

	
	
	n77 PC2
	n41 PC2

	CA_n26A-n78A
	CA_n26A-n78A
	n26 PC3
	n78 PC2

	DC_3A_n78A
	DC_3A_n78A
	B3 PC3
	n78 PC2

	DC_40A_n78A
	DC_40A_n78A
	B40 PC3
	n78 PC3 or PC2



Table 2.1-1 Proposed PC2 inter-band combinations with 3Tx

The combinations can basically be divided into two configurations, TDD-TDD and FDD-TDD. For TDD-TDD configuration with simultaneous 3Tx, since both bands are transmitting, there would not be any DL reception, as a result, no MSD requirement would need to be considered. 

Observation 1: For TDD-TDD configuration with simultaneous 3Tx, since both bands are transmitting, there would not be any DL reception and no MSD requirement would need to be considered.

For FDD-TDD configuration, the 2Tx UL always resides in TDD band. Since FDD band is at lower frequency and with relatively wide frequency separation from TDD band, under simultaneous 3Tx, only FDD band DL may potentially be impacted by either Rx harmonic mixing or 2UL IMD. For Rx harmonic mixing, despite the UL aggressor is now explicitly with 2Tx, it should be of no difference to the same DL CA combination where UL is in TDD band. As in DL CA combination with Rx harmonic mixing issue, the UL aggressor in TDD band can be either 1Tx or 2Tx of the same power class except for PC1.5, RAN4 has never differentiated the MSD requirement based on either 1Tx or 2Tx implementation, we think the existing MSD requirements under the same TDD band power class can be reused for the same combination with 3Tx, and no new requirement would need to be specified.

Observation 2: For FDD-TDD configuration with simultaneous 3Tx, only FDD band DL may potentially be impacted by either Rx harmonic mixing or 2UL IMD.

Observation 3: In DL CA combination with Rx harmonic mixing issue, the UL aggressor in TDD band can be either 1Tx or 2Tx of the same power class except for PC1.5, RAN4 has never differentiated the MSD requirement based on either 1Tx or 2Tx implementation.        

Proposal 1: For FDD-TDD configuration with Rx harmonic mixing issue, the existing MSD requirements under the same TDD band power class can be reused for the same combination with 3Tx, and no new requirement would need to be specified.   

For 2UL IMD impact to FDD band DL, the dominating IMD mechanism is expected to be the FDD band PA forward mixing where the IMD level would depend on the TDD band UL power coupled to the FDD band PA input. Though the total TDD band UL power coupled to FDD band PA input may have subtle difference between 1Tx and 2Tx implementations in TDD band UL as alluded in [4], in our view, it would not be practical to assume a different coupling factor between 1Tx and 2Tx that can be agreeable by all companies. Therefore, the most sensible approach is to assume no difference in UL power coupling between 1Tx and 2Tx and that also means the PC2 2UL IMD MSD requirements defined for 2Tx can be reused for 3Tx for the same band combination.    

Observation 4: For 2UL IMD impact to FDD band DL, though the total TDD band UL power coupled to FDD band PA input may have subtle difference between 1Tx and 2Tx implementations in TDD band UL, it would not be practical to assume a different coupling factor between 1Tx and 2Tx that can be agreeable by all companies.
   
Proposal 2: PC2 2UL IMD MSD requirements defined for 2Tx can be reused for 3Tx for the same band combination.

Along the thought of Proposal 2, we realize that the 2Tx PC2 requirements for CA_n26A-n78A, CA_n8-n78A, and DC_40A_n78A actually had not yet been introduced as was identified in [3]. For DC_40A_n78A with 3Tx, there would be of no concern as no new Rx requirement is needed according to Observation 1. However, for CA_n26A-n78A and CA_n8-n78A, there is 2UL IMD issue where new PC2 MSD requirements would need to be specified. As simultaneous 3Tx is considered as a more advanced feature than 2Tx for the same UL inter-band combination, in our view, the 2Tx requirements should be introduced earlier than or at least in parallel with the 3Tx of the same power class, despite the RF requirements can be identical.       

Proposal 3:  For the same UL inter-band combination, the 2Tx requirements should be introduced earlier than or at least in parallel with the 3Tx of the same power class.

2.2	PC1.5 band combinations with 3Tx

Among the eight initially proposed band combinations to support the 3Tx feature, only one combination is intended to support PC1.5, as listed in Table 2.2-1.

	Band combination
	UL Configuration
	1Tx Band and PC
	2Tx Band and PC

	CA_n41A-n71A
	CA_n41A-n71A
	n71 PC3
	n41 PC1.5 



Table 2.2-1 Proposed PC1.5 inter-band combinations with 3Tx

In general, for PC1.5 inter-band UL combination with 3Tx, the possible UL configurations would be,

(PC3 + PC1.5)
(PC2 + PC2)
(PC2 + PC1.5)
  
REFSENS impact would potentially be of concern only when the PC3 or PC2 band is an FDD band. For FDD band REFSENS degradation caused only by PC2 or PC1.5 UL aggressor, such as due to Rx harmonic mixing or cross-band isolation, the MSD requirements should be of no difference to the same combination with single PC2 or PC1.5 UL which shall be specified prior to the introduction of the corresponding 2UL configuration with 3Tx. For that the MSD framework should already exist and no new MSD requirement needs to be defined. On the other hand, for FDD band REFSENS degradation caused by 2UL IMD, a new MSD framework may need to be developed. Since PC2 for FDD bands in an UL band combination is not yet in the scope of any Rel-18 work items, the only 3Tx 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 2.2-2.

	MSD test configuration
	PC3 FDD band
	PC1.5 TDD band

	Option 1
	23 dBm
	27.8 dBm

	Option 2
	23 dBm
	23 dBm


 
Table 2.2-2 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 5:  MSD requirements are meant to verify the PA linearity, filter isolation, as well as receiver linearity performance.

Observation 6: 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 4: 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 2.2-1) and requirements.

Proposal 5: 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.

Alternatively, since PC1.5 for inter-band UL CA/DC is a new feature where certain general requirements may need to be developed, and there is only one combination requested to support PC1.5 in the current WID, if RAN4 would not be able to reach consensus on the 2UL IMD MSD framework for the intended PC1.5 UL configuration, it may be better to postpone the PC1.5 feature for inter-band UL CA/DC into Rel-19 to simplify the scope and reduce the workload of the WID.

Observation 7: PC1.5 for inter-band UL CA/DC is a new feature where certain general requirements may need to be developed.

Proposal 6: If RAN4 would not be able to reach consensus on the 2UL IMD MSD framework for the intended PC1.5 UL configuration, postpone the PC1.5 feature for inter-band UL CA/DC into Rel-19 to simplify the scope and reduce the workload of the WID.

3	Conclusion

In this contribution, we share our views on whether new MSD requirements for PC2 combinations with 3Tx are needed and how Rx requirements for PC1.5 combinations may be handled.

Observation 1: For TDD-TDD configuration with simultaneous 3Tx, since both bands are transmitting, there would not be any DL reception and no MSD requirement would need to be considered.

Observation 2: For FDD-TDD configuration with simultaneous 3Tx, only FDD band DL may potentially be impacted by either Rx harmonic mixing or 2UL IMD.

Observation 3: In DL CA combination with Rx harmonic mixing issue, the UL aggressor in TDD band can be either 1Tx or 2Tx of the same power class except for PC1.5, RAN4 has never differentiated the MSD requirement based on either 1Tx or 2Tx implementation.

Observation 4: For 2UL IMD impact to FDD band DL, though the total TDD band UL power coupled to FDD band PA input may have subtle difference between 1Tx and 2Tx implementations in TDD band UL, it would not be practical to assume a different coupling factor between 1Tx and 2Tx that can be agreeable by all companies.

Observation 5:  MSD requirements are meant to verify the PA linearity, filter isolation, as well as receiver linearity performance.

Observation 6: 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.

Observation 7: PC1.5 for inter-band UL CA/DC is a new feature where certain general requirements may need to be developed.

Proposal 1: For FDD-TDD configuration with Rx harmonic mixing issue, the existing MSD requirements under the same TDD band power class can be reused for the same combination with 3Tx, and no new requirement would need to be specified.

Proposal 2: PC2 2UL IMD MSD requirements defined for 2Tx can be reused for 3Tx for the same band combination.

Proposal 3:  For the same UL inter-band combination, the 2Tx requirements should be introduced earlier than or at least in parallel with the 3Tx of the same power class.

Proposal 4: 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 2.2-1) and requirements.

Proposal 5: 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.

Proposal 6: If RAN4 would not be able to reach consensus on the 2UL IMD MSD framework for the intended PC1.5 UL configuration, postpone the PC1.5 feature for inter-band UL CA/DC into Rel-19 to simplify the scope and reduce the workload of the WID.
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