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1 Introduction

In this contribution, we continue to provide our views on the remaining issues for Rx requirement for 3Tx based on the latest WF [1] from the last meeting.
2 Discussion
From the objective of 3Tx, the following power class configuration would be considered in the WI.
·   CA power class or EN-DC power class is PC2

· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)

· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO)

· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)

·   CA power class or EN-DC power class is PC1.5

· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)

On the Rx requirements side, the only issue that needs to be studied is on how to define MSD requirement for above 3Tx configurations. 
2.1
PC2 inter-band CA or EN-DC

Based on the extensive discussion in previous meeting, it was agreed that for PC2 inter-band CA or EN-DC, the following could be as baseline for defining MSD requirement:

· Same MSD requirements can be applied for the band combination with either 1Tx or 2Tx in TDD aggressor band UL with same power class for harmonic mixing and cross band isolation, and 

· the requirements specified based on 1Tx-1Tx UL configuration are applicable for 1Tx-2Tx UL configuration
With the agreements, If PC2 is already introduced for the corresponding inter-band CA and EN-DC band combination with 2Tx, the same MSD requirements could be reused for 3Tx. If PC2 is not introduced, the MSD requirements should be re-evaluated. 
Based on the above approach and our summary on MSD requirements in [3], we could confirm the status of the example band combination in the WF [1] is correct.

	Issue 5-2-1: Completed band combinations

· WF: Companies further check the status of below band combinations.

· CA_n28A-n41A, CA_n8A-n78A, CA_n71A-n41A, CA_n41A-n77A, and DC_3A_n78A are complete for 3Tx WI

· CA_n28A-n78A can be completed by reusing the DC_28A-n78A with 2Tx PC2 IMD5 MSD.

Issue 5-2-2: PC2 Band combinations needs MSD studies

· Proposals

· The PC2 band combinations in the WID which needs MSD studies are as below (OPPO)

Band comb
3Tx MSD

CA_n26A-n78A
· FFS: 2Tx PC2 IMD4 MSD was not defined in spec
· Keep as not defined: 2Tx PC2 harmonic mixing 4th order MSD

DC_40A_n78A
· FFS: 2Tx PC2 harmonic mixing 3rd order MSD was not defined in spec 

· FFS: 2Tx PC2 cross band leakage MSD was not defined in spec




Observation 1: the status of the example band combination in the WF [1] is correct.
2.1.1 CA_n26-n78

Based on the above summary on the status of the example band combinations, PC2 IMD4 should be evaluated for CA_n26-n78. According to the agreed UL power configuration for PC2, 23 dBm shall be assumed for each bands when considering intermodulation interference due to dual uplink operation. And with the following assumptions in table 1 and 2, we have evaluated the MSD. And based on the results, the proposal 1 is made.
Table 1: RF-front component linearity IP4 parameters

	
	IP4 (dBm)

	Ant. Switch
	56

	Diplexer
	55

	Duplexer
	55

	PA Forward
	32

	PA Reversed
	33

	LNA
	-6


Table 2: the isolation parameters
	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	Main antenna to diversity antenna

	PA (out) to PA (in)

PA(out) to LNA (in)
	65
	PCB isolation (PA forward mixing and n78 PA leakage into B26 LNA

	PA (out) to PA (out)
	50
	L-H/H-L cross-band (diplexer + duplexer)

	PA (out) to LNA (in)
	50
	L-H/H-L cross-band (diplexer + filter)

	Duplexer
	45
	Tx band rejection at Rx band

	diplexer
	15
	


Proposal 1: the IMD4 for CA_n26-n78 could be defined as follow.
Table 3: the proposal on IMD4 for CA_n26-n78
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n26-n78
	n26
	836.5
	5
	25
	881.5
	24.6
	FDD
	IMD4

	
	n78
	3391
	10
	50
	3391
	N/A
	TDD
	N/A


2.1.2
DC_40A_n78A
According the above summary on the status of the example band combinations, the harmonic mixing and cross band isolation MSD for DC_40A_n78A due to high power PC2@n78 should be evaluated. Fortunately, the MSD requirements for the similar band combination CA_40A-n77A for high power have been defined in the current spec, the similar MSD requirements could be reused for DC_40A_n78A when PC2@n78

Proposal 2: the similar harmonic mixing and cross band isolation MSD requirements for PC2 CA_n40A-n77A could be reused for DC_40A_n78A when PC2@n78.
2.2
PC1.5 inter-band CA or EN-DC
Regarding PC1.5 inter-band CA or EN-DC, in the objective, only the following power class configuration is included 

· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)

As above power class configuration case has never been considered for band combination with 2Tx case, the MSD requirements should be further study. 

For MSD due to harmonic, harmonic mixing and cross band isolation if needed, the maximum PC1.5 for one band should be considered and the MSD requirements should be studied case by case manner. For MSD requirement due to 2UL IMD, if we follow the following WF, the MSD value should be studied for PC1.5

WF: 23+27.8 is used as the power configuration in the 3Tx PC1.5 IMD calculation where band A is 23dBm and band B is 24.8dBm+24.8dBm with 2Tx

With the above conclusions, the statues for PC1.5 band combination could be summarized as follow.
	UL configuration
	Power class
	Existing MSD requirement
	MSD for 3Tx

	CA_n41A-n71A
	PC3@n71 1Tx; PC1.5@n41 2Tx; 

CA power class PC1.5
	- 4th harmonic MSD PC3@n71
-PC3 IMD4 MSD

-PC2 IMD4 MSD
	Reuse harmonic MSD requirement for PC3
FFS: PC1.5 IMD4

	CA_n25A-n77A
	PC3@n25 1Tx; PC1.5@n77 2Tx;

CA power class PC1.5
	- 2rd harmonic MSD  PC3@n71
- harmonic mixing PC3/PC2@n77
- cross band isolation PC2@n77

- PC3 IMD2/4/5/7 MSD
-PC2 IMD2/4 MSD
	Reuse harmonic MSD requirement for PC3

FFS: harmonic mixing when  PC1.5@n77
FFS: cross band isolation PC1.5@n77

FFS:  PC1.5 IMD2/4


	CA_n5A-n77A
	PC3@n5 1Tx; PC1.5@n77 2Tx;

CA power class PC1.5
	- harmonic MSD  PC3@n5

- harmonic mixing PC3/PC2@n77

- PC3 IMD4/5 MSD

-PC2 IMD4 MSD
	Reuse harmonic MSD requirement for PC3

FFS: harmonic mixing when  PC1.5@n77

FFS:  PC1.5 IMD4


Observation 2: the statues for the example PC1.5 band combinations could be summarized as above.
2.2.1 CA_n41-n71

Based on the above summary on the status of the example band combinations, PC1.5 IMD4 should be evaluated for CA_n41-n71. According to the agreed WF, 23+27.8 is used as the power configuration in the 3Tx PC1.5 IMD calculation where band 71 is 23dBm and band 41 is 24.8dBm+24.8dBm with 2Tx. And with the following assumptions in table 1 and 2, we have evaluated the MSD and the results could be found in table 3.
Table 1: RF-front component linearity IP4 parameters

	
	IP4 (dBm)

	Ant. Switch
	56

	Diplexer
	55

	Duplexer
	55

	PA Forward
	32

	PA Reversed
	33

	LNA
	-6


Table 2: the isolation parameters
	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	Main antenna to diversity antenna

	PA (out) to PA (in)

PA(out) to LNA (in)
	65
	PCB isolation (PA forward mixing and n41 PA leakage into n71 LNA

	PA (out) to PA (out)
	65
	L-H/H-L cross-band (diplexer + duplexer)

	PA (out) to LNA (in)
	60
	L-H/H-L cross-band (diplexer + filter)

	Duplexer
	50
	Tx band rejection at Rx band

	diplexer
	15
	


Table 3: the evaluation result on IMD4 for CA_n41-n71
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n41-n71
	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	21.3
	FDD
	IMD4


2.2.2
CA_n25A-n77A
With the following assumptions in table 1 and 2, we have evaluated the MSD value for CA_n25A-n77A. And the results could be found in table 6.
Table 4: RF-front component linearity IP4 parameters

	
	IP2 (dBm)
	IP4 (dBm)

	Ant. Switch
	112
	56

	Diplexer
	115
	55

	Duplexer
	100
	55

	PA Forward
	27
	32

	PA Reversed
	38
	33

	LNA
	5
	-6


Table 5: the isolation parameters
	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	Main antenna to diversity antenna

	PA (out) to PA (in)

PA(out) to LNA (in)
	65
	PCB isolation (PA forward mixing and n77 PA leakage into n25 LNA

	PA (out) to PA (out)
	60
	L-H/H-L cross-band (diplexer + duplexer)

	PA (out) to LNA (in)
	55
	L-H/H-L cross-band (diplexer + filter)

	Duplexer
	45
	Tx band rejection at Rx band

	diplexer
	15
	


Table 6: the evaluation result on IMD2/IMD2 for CA_n25-n77
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n25-n77
	n25
	1855
	5
	25
	1935
	36.8
	FDD
	IMD2

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	
	n25
	1900
	5
	25
	1980
	23.8
	FDD
	IMD4

	
	n77
	3690
	10
	50
	3690
	N/A
	TDD
	N/A


2.2.3
CA_n5A-n77A
With the following assumptions in table 1 and 2, we have evaluated the MSD value for CA_n5A-n77A. And the results could be found in table 8.
Table 7: the isolation parameters
	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	Main antenna to diversity antenna

	PA (out) to PA (in)

PA(out) to LNA (in)
	65
	PCB isolation (PA forward mixing and n77 PA leakage into n5 LNA

	PA (out) to PA (out)
	65
	L-H/H-L cross-band (diplexer + duplexer)

	PA (out) to LNA (in)
	60
	L-H/H-L cross-band (diplexer + filter)

	Duplexer
	50
	Tx band rejection at Rx band

	diplexer
	15
	


Table 8: the evaluation result on IMD4 for CA_n5-n77
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n5-n77
	5
	844
	5
	25
	889
	22.8
	FDD
	IMD4

	
	n77
	3421
	10
	50
	3421
	N/A
	TDD
	N/A


2.2.4
IMD proposals
Based on above evaluation, we give the following proposal on IMD MSD for CA_n41-n71, CA_n25-n77 and CA_n5-n77 respectively. 
Proposal: the IMD MSD values for CA_n41-n71, CA_n25-n77 and CA_n5-n77 are defined as follow.

Table 9: the proposals on IMD MSD for the example band combinations for PC1.5 inter-band CA with 3Tx 
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n41-n71
	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	21.3
	FDD
	IMD4

	CA_n25-n77
	n25
	1855
	5
	25
	1935
	36.8
	FDD
	IMD2

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	
	n25
	1900
	5
	25
	1980
	23.8
	FDD
	IMD4

	
	n77
	3690
	10
	50
	3690
	N/A
	TDD
	N/A

	CA_n5-n77
	5
	844
	5
	25
	889
	22.8
	FDD
	IMD4

	
	n77
	3421
	10
	50
	3421
	N/A
	TDD
	N/A


3 Conclusion

In this paper, we continue provide some considerations on the impact of Rx requirement for the introduction of 3Tx with 2 band for inter-band CA and EN-DC. Based on the considerations, we give the following proposal and observations.
PC2 inter-band CA or EN-DC
Observation 1: the status of the example band combination in the WF [1] is correct.

Proposal 1: the IMD4 for CA_n26-n78 could be defined as follow.
Table 3: the proposal on IMD4 for CA_n26-n78
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n26-n78
	n26
	836.5
	5
	25
	881.5
	24.6
	FDD
	IMD4

	
	n78
	3391
	10
	50
	3391
	N/A
	TDD
	N/A


Proposal 2: the similar harmonic mixing and cross band isolation MSD requirements for PC2 CA_n40A-n77A could be reused for DC_40A_n78A when PC2@n78.
PC1.5 inter-band CA or EN-DC
Observation 2: the statues for the example PC1.5 band combinations could be summarized as follow.
	CA_n41A-n71A
	Reuse harmonic MSD requirement for PC3

FFS: PC1.5 IMD4

	CA_n25A-n77A
	Reuse harmonic MSD requirement for PC3

FFS: harmonic mixing when  PC1.5@n77

FFS: cross band isolation PC1.5@n77

FFS:  PC1.5 IMD2/4

	CA_n5A-n77A
	Reuse harmonic MSD requirement for PC3

FFS: harmonic mixing when  PC1.5@n77

FFS:  PC1.5 IMD4


Proposal 3: the IMD MSD values for CA_n41-n71, CA_n25-n77 and CA_n5-n77 are defined as table 9.

Table 9: the proposals on IMD MSD for the example band combinations for PC1.5 inter-band CA with 3Tx 
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n41-n71
	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	21.3
	FDD
	IMD4

	CA_n25-n77
	n25
	1855
	5
	25
	1935
	36.8
	FDD
	IMD2

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	
	n25
	1900
	5
	25
	1980
	23.8
	FDD
	IMD4

	
	n77
	3690
	10
	50
	3690
	N/A
	TDD
	N/A

	CA_n5-n77
	5
	844
	5
	25
	889
	22.8
	FDD
	IMD4

	
	n77
	3421
	10
	50
	3421
	N/A
	TDD
	N/A
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