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Introduction
Discussion for 3Tx with two bands was kicked off in last RAN4 meeting. Issues identified during the discussion were recorded in WF [1]. 
This contribution provides analysis for some of the issues.
Discussion
MSD consideration for 3T vs 2T 
Whether MSD should be re-evaluated, there were two options discussed in last meeting. 
· Option 1: Evaluate whether existing MSD for 2 Tx is also applicable for 3Tx for the same band combination. No need to perform case by case study for such evaluation.
· Option 2: MSD evaluation for the bands in the WID is as below table
	Band combination in WID
	MSD evaluation status

	CA_n28A-n41A
	- No new MSD will be defined

	CA_n28A-n78A
	- No new harmonic MSD will be defined
- New PC2 IMD5 MSD and PC2 Receive harmonic mixing MSD should be defined

	CA_n8A-n78A
	- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined

	CA_n41A-n71A
	- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined

	CA_n41A-n77A
	- New PC2 harmonic mixing MSD should be defined
- New PC2 Cross band isolation MSD should be defined

	CA_n26A-n78A
	- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined

	DC_3A_n78A
	- No new harmonic MSD will be defined
- New PC2 harmonic mixing MSD and PC2 IMD2/4 MSD should be defined

	DC_40A_n78A
	- New PC2 harmonic mixing MSD should be defined
- New PC2 cross band isolation MSD should be defined



We take DC_3A_n78A as an example for some qualitative analysis. The proposed UE implementation is 2Tx@n78 and 1Tx@band 3 according to the WID. As studied before, three MSD mechanisms exist for the band combination, i.e. IMD, harmonic and harmonic mixing. 
For single Tx and 2Tx at n78, the IMD generative paths are illustrated in Figure separately. 
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Figure 1: IMD MSD for DC_3-n78 with 1Tx or 2Tx @ n78
Specifically, IMD of DC_3A_n78A falls into FDD band 3 Rx. IMD products for 1Tx and 2Tx at n78 are different. Additional IMD needs to be considered for n78. Since the output power for 2Tx n78 is 3dB lower than 1Tx, and the reverse IMD from the diversity chain has additional antenna isolation, whether obvious increasing of IMD should be further analysed. It is known that IMD products strong depends on the linearity assumptions of RF components, and the parameters could be different for different band combinations, thus accurate analysis should be performed case by case.
For harmonic mixing, as illustrated in Figure 2, additional harmonic paths should also be considered for 2Tx implementation. 
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Figure 2: Harmonic mixing MSD for DC_3-n78 with 1Tx or 2Tx @ n78
While for 2Tx implementation, not all MSD mechanisms need to be re-visited. Figure 3 shows the harmonic comparison between 1Tx and 2Tx at n78. It can be seen that for the TDD band, no matter 1Tx or 2Tx, the harmonic impact from the low band is the same. 
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Figure 3: Harmonic MSD for DC_3-n78 with 1Tx or 2Tx @ n78
Though there is no cross-band isolation MSD for DC_3-n78, since the noise floor could be in similar level for different power class especially for the far end noise, it is expected that the MSD for 2Tx would be increased. Thus for a band combination with cross band isolation, the impact with 2Tx should also be re-evaluated.
Observation 1: For certain band combinations, due to additional paths for non-linearity products, some MSD mechanisms should be re-evaluated. 
Observation 2: As the linearity assumptions vary band by band, the MSD values, if needed, should be studied case by case for 3Tx vs 2Tx band combinations. 
Proposal 1: MSD analysis should be performed case by case for the proposed band combinations with 3Tx in two operating bands.
Spec changes due to different MSD for 3T
Here we use harmonic MSD as an example to discuss the possible spec changes due to different MSD for 3Tx.
In the existing TS 38.101-1 specification, now PC3 and PC2 aggressor UL band define different tables.
Table 7.3A.4-1: Reference sensitivity exceptions and uplink/downlink configurations due to UL harmonic from a PC3 aggressor NR UL band for NR DL CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	23.9
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n78
	10
	15
	50 (RBstart=0)
	100
	13.8
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	1.1
	NOTE 6
	UL2/DL1
near-miss



Table 7.3A.4-2a: Reference sensitivity exceptions and uplink/downlink configurations due to UL harmonic from a PC2 aggressor NR UL band for NR DL CA FR1 for UE not supporting Tx Diversity
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	
	

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	27.1
	NOTE 2
	UL2/DL1
direct-hit

	n3
	n78
	10
	15
	50 (RBstart=0)
	100
	16.6
	NOTE 2
	UL2/DL1
direct-hit



Though the combination is not exactly the same as that proposed in the WID for 3T, it is expected that 3T for CA could be proposed later. The TP for 2Tx n3 with harmonic MSD was approved in last meeting under the FDD basket WI [2]. When the harmonic MSD analysis for PC2 n78 2Tx is finished, it is natural to have requirements specified in a separate table for UE supporting Tx diversity. 
It is also noticed that PC3 UE with 2Tx in some bands for some 3T band combinations are considered in the WID as well. In that case, we also think that separate tables would be a better choice. 
Proposal 2: If new MSD values are to be defined for 3Tx band combinations, separate tables should be considered in the specification.
ΔTIB,c /ΔRIB,c for 3Tx with inter-band UL CA/EN-DC
The delta Tib and Rib values reflect the insertion loss of combining the operating bands for a specific combination. As illustrated in Figure 1~3 in section 2.1, we didn’t see big difference for the IL for the RF component to support 3Tx, thus, the same delta Tib and Rib for 2Tx of the same band combination can be reused.
Proposal 3: Existing delta Tib and Rib values are also applicable for the two-band combination with 3Tx.
UE capability issues
There are two issues related to UE capability were discussed in last meeting. 
· whether a new UE capability for 3Tx transmission in 2 bands is needed
· whether 3Tx capable UE can support Tx switching feature
For first issue, though the requirements could be different from 3T and 2T, e.g. MSD, we see no obvious benefit to report a new UE capability for UE supporting 3Tx for a 2-band combination. 
As for Tx switching, so far we think there is no necessity to report switching period UE capability. If issues are identified later, we are open to have further discussion.
Proposal 4: No need to consider new UE capabilities for UE supporting 3Tx for two-band combinations.
Conclusion
This contribution provides further consideration for FWA UE supporting 3Tx for two bands.
Observation 1: For certain band combinations, due to additional paths for non-linearity products, some MSD mechanisms should be re-evaluated. 
Observation 2: As the linearity assumptions vary band by band, the MSD values, if needed, should be studied case by case for 3Tx vs 2Tx band combinations. 
Proposal 1: MSD analysis should be performed case by case for the proposed band combinations with 3Tx in two operating bands.
Proposal 2: If new MSD values are to be defined for 3Tx band combinations, separate tables should be considered in the specification.
Proposal 3: Existing delta Tib and Rib values are also applicable for the two-band combination with 3Tx.
Proposal 4: No need to consider new UE capabilities for UE supporting 3Tx for two-band combinations.
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