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1	Background 

· The objective of introducing the feature of inter-band UL CA/DC with simultaneous 1Tx transmission in one band (TDD or FDD) and 2Tx transmission in the other band (TDD) for UL MIMO or Tx diversity has been included in a recently approved Rel-18 work item on “Low NR band 4Rx and 3Tx” [1]

· Among the eight initially proposed band combinations to support the 3Tx feature as summarized in the table below, only one combination is intended to support PC1.5, and all other combinations are proposed as PC2.

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

	CA_n28A-n41A
	CA_n28A-n41A
	PC2
	n28 PC3
	n41 PC2 

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

	CA_n8A-n78A
	CA_n8A-n78A
	PC2
	n8 PC3
	n78 PC2

	CA_n41A-n71A
	CA_n41A-n71A
	PC2
	n71 PC3
	n41 PC2

	CA_n41A-n77A
	CA_n41A-n77A
	PC2
	n41 PC2
	n77 PC2

	
	
	PC2
	n77 PC2
	n41 PC2

	CA_n26A-n78A
	CA_n26A-n78A
	PC2
	n26 PC3
	n78 PC2

	DC_3A_n78A
	DC_3A_n78A
	PC2
	B3 PC3
	n78 PC2

	DC_40A_n78A
	DC_40A_n78A
	PC2
	B40 PC3
	n78 PC3 or PC2

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



· 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.

· For the same band combination, despite with the same power class, owing to the front-end architecture difference between the 2Tx and 3Tx implementations, there were considerations on specifying new MSD requirements for the 3Tx combinations as captured in the approved “WF on 3Tx requirements” in last RAN4 meeting [3].

· In this meeting, the main controversial point for Rx requirements is on whether the existing PC2 MSD requirements for 2Tx can be reused for the same combination with 3Tx.

· This way forward is intended to address the issues on Rx requirements for 3Tx UE, in particular, for REFSENS exceptions, and capture the agreements during the first-round GTW discussions.

 
2 Way forward discussions 
2.1	MSD due to UL harmonic

Observation 1: If the aggressor UL is with 1Tx, the MSD should be of no difference among single UL, 2Tx in 2UL, and 3Tx in 2UL for the same combination with same power class in the aggressor band.

Observation 2: If the aggressor UL is with 2Tx, the MSD should be of no difference between single UL and 3Tx in 2UL for the same combination with same power class in the aggressor band.

Observation 3: If MSD is expected to be different between 1Tx and 2Tx in the aggressor UL for the same power class, such as for CA_n3A-n78A with PC2 in n3 UL, the different MSD should first be specified in DL only combination. The MSD for 2Tx in aggressor UL can then be applied to the 3Tx configuration for the same combination.

GTW Agreement: 
· No harmonic MSD needs be analysed for band combination with high TDD band supporting 2Tx in this 3Tx WI.    

2.2	MSD due to Rx harmonic mixing

Observation 1: If the aggressor UL band is with 1Tx, the MSD should be of no difference among single UL band, 2Tx in 2UL bands, and 3Tx in 2UL bands for the same combination with same power class in the aggressor band.

Observation 2: If the aggressor UL band is with 2Tx, the MSD should be of no difference between single UL band and 3Tx in 2UL bands for the same combination with same power class in the aggressor band.

Observation 3: RAN4 has not been differentiating Rx harmonic mixing MSD requirements between 1Tx and 2Tx in an aggressor UL band with the same power class (PC3 or PC2) for DL only combination.

Way forward: 
· Companies are encouraged to further study on
· Rx harmonic mixing MSD difference between 1Tx and 2Tx in an aggressor UL band with the same power class
· Whether same Rx harmonic mixing MSD requirements can be applied for 1Tx and 2Tx in TDD aggressor UL band for 2UL-band combination with 2Tx and 3Tx.   

2.3	MSD due to cross-band interference

Observation 1: If the aggressor UL band is with 1Tx, the MSD should be of no difference among single UL band, 2Tx in 2UL bands, and 3Tx in 2UL bands for the same combination with same power class in the aggressor band.

Observation 2: If the aggressor UL band is with 2Tx, the MSD should be of no difference between single UL band and 3Tx in 2UL bands for the same combination with same power class in the aggressor band.



Observation 3: RAN4 has not been differentiating cross-band isolation MSD requirements between 1Tx and 2Tx in an aggressor UL band with the same power class (PC3 or PC2) for DL only combination.

Way forward: 
· Companies are encouraged to further study on 
· Cross-band isolation MSD difference between 1Tx and 2Tx in an aggressor UL band with the same power class
· Whether same cross-band isolation MSD requirements can be applied for 1Tx and 2Tx in TDD aggressor band UL for 2UL-band combination with 2Tx and 3Tx.

2.4	PC2 MSD due to 2UL IMD

Observation 1: For the same power class, 1Tx and 2Tx PA linearity could be different. Therefore, the resulted IMD power level could also be different.

Observation 2: For 2Tx UL bands, the interference coupling paths between 2 PAs of the aggressor band could be different, including filter rejection.

Observation 3: It may be difficult to agree on the combined IMD power difference between 1Tx-1Tx and 1Tx-2Tx among companies.  

Way forward: 
· 	Companies are encouraged to study on 
· IMD MSD difference between 2 bands UL configurations of 1Tx-1Tx and 1Tx-2Tx with the same power class
· The RF parameters assumptions between the 1Tx and 2Tx in TDD aggressor UL band shall be well documented in the analysis so that companies can understand where the MSD difference would come from. For example, whether the PA(s) is a PC3 PA or PC2 PA, whether the 2Tx PAs have different PCB coupling factors, filter rejections, insertion losses, etc., and also how the resulted IMDs from each PA are combined, in-phase or power sum?

2.5	PC1.5 MSD due to 2UL IMD

Observation 1: PC1.5 is a new feature for inter-band UL combinations where certain general requirements need to be specified.

Observation 2: Only one combination was originally intended in this WI. There were more combinations requested after the WID approval which have not yet been included in this WID.  

Observation 3: There may be a need to develop new 2UL IMD MSD framework.

Observation 4: For the only intended PC1.5 band combination, there can be two possible 2UL IMD MSD test configurations as shown below.

	MSD test configuration
	PC3 FDD band
	PC1.5 TDD band

	Option 1
	23 dBm
	27.8 dBm

	Option 2
	23 dBm
	[23] dBm




Way forward: 
· Companies are encouraged to study on 
· Band combination specific MSD for the BC
· Whether a new 2UL IMD MSD framework is needed for the intended PC1.5 band combination or the current PC2 IMD MSD test configuration can be reused.     
   
3 References

RP-230161 “Revised WID for Low NR band 4Rx and 3Tx”, OPPO, 3GPP TSG-RAN Meeting #99, Rotterdam, Netherlands, March 20th – 23rd, 2023
R4-2300361 “PC1.5 for inter-band UL CA/DC and MSD framework”, Apple, 3GPP TSG RAN WG4 Meeting #106, Athens, Greece, February 27th – March 3rd, 2023
R4-2303523 “WF on 3Tx requirements”, OPPO, 3GPP TSG RAN WG4 Meeting #106, Athens, Greece, February 27th – March 3rd, 2023

Apple Inc.
Apple Inc.
