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1. Introduction
3Tx was introduced in Rel-18 with limited scope especially in UE types and power configurations of each band. In Rel-19, according to WID [1] one of the enhancements for 3Tx is to remove these restrictions and make this feature be applicable to any UE types and any power combinations. In last meeting, WF [2] was approved where below agreements related to 3Tx were reached. This paper will discuss these aspects.

	Configuration for 3Tx inter-band NR-CA/EN-DC
Way forward: 
· No restriction on the power/MIMO configurations of each band in the band combination. 
· Only PC3 is considered for LTE FDD in EN-DC, per the WID
· Both PC2 and PC1.5 are considered for inter-band NR-CA for 3Tx
MSD framework for IMD
Way forward: 
· For 3 Tx PC1.5 inter-band NR-CA, strive to reuse existing 2Tx/3Tx IMD framework/requirements and Rel-19 new 2Tx IMD framework/requirements, for new configurations if any
· For 3Tx PC2/PC1.5 inter-band EN-DC, follow same approach/methodology as for 3Tx PC2/PC1.5 inter-band NR-CA



2. Discussion
2.1 3Tx power class table
In last meeting, it was agreed that no restriction on the power/MIMO configurations of each band in the band combination. This can make 3T band combination power class definition is same as the current 2T band combination where only the total power class is defined. 

When implementing these agreements, the Rel-19 spec can be updated for example removing the NOTE 2/3/4 or modify them with least restriction of the band combination implementation. In the field, UE can report its MIMO/Power capability based on existing signalling. 

[bookmark: _Hlk146199214]Table 6.2H.3.1-1: UE Power Class for inter-band UL CA with UL MIMO in one frequency band
	NR UL CA Configuration
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	CA_n2A-n77A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n5A-n77A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n7A-n77A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n8A-n78A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n25A-n41A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n25A-n77A
	293
	+2/-3
	
	
	23
	+2/-3

	CA_n26A-n78A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n28A-n41A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n28A-n78A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n41A-n66A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n41A-n71A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n41A-n77A
	
	
	264
	+2/-3
	23
	+2/-3

	CA_n66A-n77A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n71A-n77A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	NOTE 1:	An uplink CA configuration in which at least one of the bands has NOTE 3 in Table 6.2.1-1 is allowed to reduce the lower tolerance limit by 1.5 dB when the transmission bandwidths of at least one of the bands is confined within FUL_low and FUL_low + 4 MHz or FUL_high - 4 MHz and FUL_high.
NOTE 2:	The UE supports PC3 in FDD band and PC3 or PC2 with UL MIMO in TDD band.
NOTE 3:	The UE supports PC3 in FDD band and PC1.5 with UL MIMO in TDD band.
NOTE 4:	The UE supports PC2 with UL MIMO in either one of the TDD bands and PC2 in the other TDD band.
NOTE 5:	Power class 3 is default power class unless otherwise stated.
NOTE 6:	FWA form factor is targeted unless otherwise stated.



Observation 1:   The MIMO/Power capability restrictions in current spec can be modified or removed to extend 3Tx applicability, and rely on UE capability reporting in the field to indicate its implementation.

2.2 3Tx MSD general aspects

[bookmark: _Hlk165898882]The main impact of this agreement is the MSD definition, whether some general agreements are needed for the new cases to facilitate the following basket WI. For example, in Rel-18, some general agreements as below were reached in specifying MSD requirements which were very useful in new band combination requests. 

	The below agreements can be followed when introduce new 3Tx band combinations:
· No harmonic MSD needs be analyzed for band combination with high TDD band supporting 2Tx
· For 3Tx PC2/PC1.5 harmonic mixing and cross-band leakage MSD:
· Reuse the MSD of 2Tx band combination for 3Tx band combination as long as the aggressor TDD band has same power class
· For 3Tx PC2 IMD MSD:
· 	The IMD MSD specified based on 1Tx-1Tx UL configuration are applicable for 1Tx-2Tx UL configuration.
· For 3Tx PC1.5 IMD MSD:
· 23+27.8 is used as the power configuration in the 3Tx PC1.5 IMD MSD calculation where band A is 23dBm and band B is 24.8dBm+24.8dBm with 2Tx
For the band combinations whose 2Tx MSD is not specified in the spec yet, 3Tx MSD needs to be evaluated. And it is encouraged to align the requirements between 2Tx and 3Tx band combinations.



Observation 2:   Some general agreements like whether to reuse the 2Tx band combination MSD or whether new MSD needs to be analyzed might be needed for the new cases in Rel-19 RF enhancement WI to facilitate the following basket WI.

When discussing the Rel-19 UE RF enhancements, some interested 3Tx band combinations were collected [3] as below table 1. From the table it can be seen that there can be many kinds of 3Tx band combinations in terms of FDD/TDD and PC3/2/1.5 combinations. The ‘*’ marked combinations were particularly interested from companies in Rel-19. Probably these band combinations can be used as starting point to review whether the above MSD agreements in Rel-18 can be applied also to these new band combination types.

Table 1 3T possible band combinations and interests in Rel-19
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Observation 3:   There are many FDD/TDD and power configuration combinations that are not touched in Rel-18, the high interested cases can be used as starting point for reviewing the Rel-18 MSD conclusions.

[bookmark: _Hlk165899373]For the PC2 total power class band combinations, no matter which power class in single band it supports, the real Tx power in each band should be PC3+PC3. And the only new case needs more attention is the FDD 1T +FDD 2T combinations. However, based on latest TS38.101-1 spec, there seems no FDD 1T + FDD 1T HPUE up to now. If to define such FDD HPUE band combination for 3Tx directly, then MSD needs to be analysed case by case like the 3Tx inter-band PC1.5 in Rel-18.

Observation 4:   For the PC2 total power class band combinations, the only new case needs more attention is the FDD 1T +FDD 2T. And no FDD 1T +FDD 1T HPUE in current spec.

Proposal 1:		The below Rel-18 3Tx MSD conclusions for band combinations with PC2 total power class can be reused in Rel-19 for other cases except FDD 1T +FDD 2T due to no FDD 1T + FDD 1T HPUE in the spec up to now.
· No harmonic MSD needs be analyzed for band combination with high band supporting 2Tx
· For 3Tx PC2 harmonic mixing and cross-band leakage MSD:
· Reuse the MSD of 2Tx band combination for 3Tx band combination as long as the aggressor band has same power class
· For 3Tx PC2 IMD MSD:
· The IMD MSD specified based on 1Tx-1Tx UL configuration are applicable for 1Tx-2Tx UL configuration.

Proposal 2:	For FDD 1T +FDD 2T band combinations with PC2 total power class, the MSD will be analyzed case by case with power configurations 20dBm + 20dBm +23dBm.

For the 3T PC1.5 total power class band combinations, in Rel-18, only FDD PC3 + TDD PC1.5 was considered and new MSDs were defined for PC1.5 3Tx inter-band combinations due to no 2T inter-band PC1.5 at that time. And the power configurations in MSD calculation were defined as 23dBm in PC3 band and 24.8dBm+24.8dBm in PC1.5 band. 

[bookmark: _Hlk165900667]In Rel-19, based on above table 1, it seems both FDD PC2 + TDD PC1.5 and TDD PC3/2 + TDD PC1.5 are of high interests. The real max transmit power configuration can be 23+23+26, or 23+24.8+24.8 in these new configurations. One of them can be used in the requirement definition especially for the PC2+PC1.5 cases where UE can transmit with both configurations. To keep consistent with Rel-18, 23+24.8+24.8 power configuration is preferred.

Meanwhile, it should also be noticed that the 2Tx PC1.5 band combinations are also discussed in Rel-19 UE RF enhancements, align 2T and 3T MSD requirements would be good. For example, for the same PC1.5 band combination define MSD based on 2T then reuse it for 3T or vice versa, either one is ok.

Observation 5:   MSD was analyzed for 3Tx PC1.5 band combinations in Rel-18 due to no corresponding 2T PC1.5 band combinations at that time. And in Rel-19, both 2T and 3T PC1.5 band combinations are discussed in UE RF WI. There is chance to align MSDs between them.

Proposal 3:	Align the MSD requirements between 2Tx and 3Tx PC1.5 band combinations. And if 3Tx is used as baseline for the MSD analysis, the Rel-18 power configuration 23dBm +24.8dBm +24.8dBm can be reused.

Proposal 4:		The below Rel-18 3Tx MSD conclusions for band combinations with PC1.5 total power class can be reused in Rel-19.
· No harmonic MSD needs be analyzed for band combination with high band supporting 2Tx
· For 3Tx PC1.5 harmonic mixing and cross-band leakage MSD:
· Reuse the MSD of 2Tx band combination if exist for 3Tx band combination as long as the aggressor band has same power class

3. Conclusion
This paper discussed the 3Tx related Rel-19 enhancements including how to relieve the MIMO/power configuration restrictions and how the MSD will be impacted. 

Observation 1:   The MIMO/Power capability restrictions in current spec can be modified or removed to extend 3Tx applicability, and rely on UE capability reporting in the field to indicate its implementation.

Observation 2:   Some general agreements like whether to reuse the 2Tx band combination MSD or whether new MSD needs to be analyzed might be needed for the new cases in Rel-19 RF enhancement WI to facilitate the following basket WI.

Observation 3:   There are many FDD/TDD and power configuration combinations that are not touched in Rel-18, the high interested cases can be used as starting point for reviewing the Rel-18 MSD conclusions.

Observation 4:   For the PC2 total power class band combinations, the only new case needs more attention is the FDD 1T +FDD 2T. And no FDD 1T +FDD 1T HPUE in current spec.

Proposal 1:		The below Rel-18 3Tx MSD conclusions for band combinations with PC2 total power class can be reused in Rel-19 for other cases except FDD 1T +FDD 2T due to no FDD 1T + FDD 1T HPUE in the spec up to now.
· No harmonic MSD needs be analyzed for band combination with high band supporting 2Tx
· For 3Tx PC2 harmonic mixing and cross-band leakage MSD:
· Reuse the MSD of 2Tx band combination for 3Tx band combination as long as the aggressor band has same power class
· For 3Tx PC2 IMD MSD:
· The IMD MSD specified based on 1Tx-1Tx UL configuration are applicable for 1Tx-2Tx UL configuration.

Proposal 2:	For FDD 1T +FDD 2T band combinations with PC2 total power class, the MSD will be analyzed case by case with power configurations 20dBm + 20dBm +23dBm.

Observation 5:   MSD was analyzed for 3Tx PC1.5 band combinations in Rel-18 due to no corresponding 2T PC1.5 band combinations at that time. And in Rel-19, both 2T and 3T PC1.5 band combinations are discussed in UE RF WI. There is chance to align MSDs between them.

Proposal 3:	Align the MSD requirements between 2Tx and 3Tx PC1.5 band combinations. And if 3Tx is used as baseline for the MSD analysis, the Rel-18 power configuration 23dBm +24.8dBm +24.8dBm can be reused.

Proposal 4:		The below Rel-18 3Tx MSD conclusions for band combinations with PC1.5 total power class can be reused in Rel-19.
· No harmonic MSD needs be analyzed for band combination with high band supporting 2Tx
· For 3Tx PC1.5 harmonic mixing and cross-band leakage MSD:
· Reuse the MSD of 2Tx band combination if exist for 3Tx band combination as long as the aggressor band has same power class
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