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Introduction
In the last RAN4#109 meeting, the WF [1] was approved to provide the missing MSD requirements for higher order combinations whose fallbacks support simultaneous Rx/Tx operation, which have not been specified. 
In this contribution	we evaluate IMD calculation and resulting MSD for higher order combinations of CA_n40A-n41A and CA_n39A_41A, in other words CA_n8A-n40A-n41A, CA_n28A-n40A-n41A, CA_n40A-n41A-n79A, CA_28A-39A-41A and CA_39A-41A-79A.
Discussion
IMD relations 
Higher order combinations of CA_40A-41A
Below IMD relations can be observed for higher order combinations of CA_n40A-n41A whose fallback combinations support simultaneous Rx/Tx operation.

1) CA_n8A-n40A-n41A
A. IMD5 between n41 UL and n8 UL is falling into n40 DL
2) CA_n28A-n40A-n41A
A. IMD5 between n40 UL and n28 UL is falling into n41 DL
3) CA_n40A-n41A-n79A
A. IMD2 between n40 UL and n79 UL is falling into n41 DL
B. IMD4 between n40 UL and n79 UL is falling into n41 DL
C. IMD5 between n40 UL and n79 UL is falling into n41 DL
D. IMD2 between n41 UL and n79 UL is falling into n40 DL
E. IMD5 between n41 UL and n79 UL is falling into n40 DL


Higher order combinations of CA_39A-41A
Below IMD relations can be observed for higher order combinations of CA_n39A-n41A whose fallback combinations support simultaneous Rx/Tx operation.

1) CA_n28A-n39A-n41A
A. IMD2 between n41 UL and n28 UL is falling into n39 DL
B. IMD2 between n39 UL and n28 UL is falling into n41 DL
2) CA_n39A-n41A-n79A
A. IMD2 between n39 UL and n79 UL is falling into n41 DL
B. IMD5 between n39 UL and n79 UL is falling into n41 DL
C. IMD2 between n41 UL and n79 UL is falling into n39 DL
D. IMD5 between n41 UL and n79 UL is falling into n39 DL


IMD and MSD calculations
Assumptions
Figure 1 and Figure 2 show the reference architecture for the IMD and MSD analysis for the higher order combinations of CA_n40A-41A or CA_n39A-41A using shared antenna and separate antenna between MHB and LB/UHB respectively.
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Figure 1. Reference architecture for (a) LB + MHB (b) MHB+UHB using shared antenna
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Figure 2. Reference architecture for (a) LB + MHB (b) MHB+UHB using separate antenna


We performed IMD calculation based on the below linearity parameters (IP2, IP4 and IP5), filter attenuation, diplexer isolation and PCB and antenna isolation which are presented in Table 1 and Table 2.

Table 1 Intercept point parameters
	　
	IP2
	IP4
	IP5

	PA forward
	27 
	31 
	27 

	PA reverse
	38 
	33 
	32 

	Switch
	112 
	55 
	53 

	Filter/Duplexer
	100 
	55 
	53 

	Diplexer
	115 
	55 
	53 

	LNA
	6 
	-5 
	-10 







Table 2 Filter attenuation/isolation, PCB and antenna isolation
	n41 filter attenuation at LB
	35

	n41 filter attenuation at n40
	30

	n41 filter attenuation at n79
	40

	n40 filter attenuation at LB
	35

	n40 filter attenuation at n41
	40

	n40 filter attenuation at n79
	30

	n39 filter attenuation at LB
	30

	n39 filter attenuation at n41
	35

	n39 filter attenuation at n79
	40

	LB filter attenuation at n39
	45

	LB filter attenuation at n40
	45

	LB filter attenuation at n41
	45

	n79 filter attenuation at n39
	40

	n79 filter attenuation at n40
	40

	n79 filter attenuation at n41
	40

	Diplexer isolation
	20

	
	

	Antenna isolation
	15

	PCB isolation
	60



IMD and MSD calculation
IMD and corresponding MSD performance was calculated after correlated MRC for each band combinations. The correction factors were included in the resulting IMD calculation to account for the differences between CW based IMD calculation and modulation IMD calculation. The correction factor is highly dependent on the two ULs bandwidth (or UL configuration), DL BW and IMD order because the partial portion of the full IMD product is failing in the victim DL bandwidth.

 Shared antenna architecture
Table 3 and Table 4 summarize the IMD and MSD for shared antenna architecture.


Table 3 Results for IMD calculation and MSD for higher order combinations of CA_n40A-n41A using shared antenna architecture
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Table 4 Results for IMD calculation and MSD for higher order combinations of CA_n39A-n41A using shared antenna architecture
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Therefore, we propose to use below tables for RF requirements of MSD for higher order combinations of CA_n40A-41A and CA_n39A-41A supporting simultaneous Rx/Tx in case of shared antenna architecture.


Table 5 3DL/2UL MSDs for CA_n8-n40-n41
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n8-n40-n41
	n8
	900
	5
	25
	945
	N/A
	FDD
	N/A

	 
	n40
	N/A
	5
	N/A
	2360
	3.0
	TDD
	IMD5

	 
	n41
	2530
	10
	50
	2530
	N/A
	TDD
	N/A




Table 6 3DL/2UL MSDs for CA_n28-n40-n41
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n28-n40-n41
	n28
	725
	5
	25
	780
	N/A
	FDD
	N/A

	 
	n40
	2360
	5
	25
	2360
	N/A
	TDD
	N/A

	 
	n41
	N/A
	10
	N/A
	2545
	3.3
	TDD
	IMD5




[bookmark: _Hlk158024318]Table 7 3DL/2UL MSDs for CA_n40-n41-n79
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n40-n41-n79
	n40
	2330
	5
	25
	2330
	N/A
	TDD
	N/A

	 
	n41
	N/A
	10
	N/A
	2520
	26.0
	TDD
	IMD2

	 
	n79
	4850
	40
	216
	4850
	N/A
	TDD
	N/A

	 
	n40
	2350
	5
	25
	2350
	N/A
	TDD
	N/A

	
	n41
	N/A
	10
	N/A
	2550
	5.7
	TDD
	IMD4

	
	n79
	4500
	40
	216
	4500
	N/A
	TDD
	N/A

	
	n40
	2350
	5
	25
	2350
	N/A
	TDD
	N/A

	 
	n41
	N/A
	10
	N/A
	2550
	3.4
	TDD
	IMD5

	 
	n79
	4800
	40
	216
	4800
	N/A
	TDD
	N/A

	
	n40
	N/A
	5
	N/A
	2330
	23.7
	TDD
	IMD2

	
	n41
	2520
	10
	50
	2520
	N/A
	TDD
	N/A

	
	n79
	4850
	40
	216
	4850
	N/A
	TDD
	N/A

	
	n40
	N/A
	5
	N/A
	2330
	3.0
	TDD
	IMD5

	
	n41
	2530
	10
	50
	2540
	N/A
	TDD
	N/A

	
	n79
	4960
	40
	216
	4960
	N/A
	TDD
	N/A




Table 8 3DL/2UL MSDs for CA_n28-n39-n41
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n28-n39-n41
	n28
	725
	5
	25
	780
	N/A
	FDD
	N/A

	 
	n39
	N/A
	5
	N/A
	1895
	32.6
	TDD
	IMD2

	 
	n41
	2620
	10
	50
	2620
	N/A
	TDD
	N/A

	 
	n28
	725
	5
	25
	780
	N/A
	FDD
	N/A

	 
	n39
	1985
	5
	25
	1895
	N/A
	TDD
	N/A

	 
	n41
	N/A
	10
	N/A
	2620
	32.6
	TDD
	IMD2




Table 9 3DL/2UL MSDs for CA_n39-n41-n79
	[bookmark: _Hlk158116633]Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n39-n41-n79
	n39
	1900
	5
	25
	1900
	N/A
	TDD
	N/A

	 
	n41
	N/A
	10
	N/A
	2650
	26.0
	TDD
	IMD2

	 
	n79
	4550
	40
	216
	4550
	N/A
	TDD
	N/A

	 
	n39
	1890
	5
	25
	1890
	N/A
	TDD
	N/A

	
	n41
	N/A
	10
	N/A
	2680
	9.2
	TDD
	IMD5

	
	n79
	4880
	40
	216
	4880
	N/A
	TDD
	N/A

	
	n39
	N/A
	5
	N/A
	1900
	24.8
	TDD
	IMD2

	 
	n41
	2650
	10
	50
	2650
	N/A
	TDD
	N/A

	 
	n79
	4550
	40
	216
	4550
	N/A
	TDD
	N/A

	
	n39
	N/A
	5
	N/A
	1900
	3.1
	TDD
	IMD5

	
	n41
	2620
	10
	50
	2620
	N/A
	TDD
	N/A

	
	n79
	4880
	40
	216
	4880
	N/A
	TDD
	N/A




 Separate antenna architecture
Table 10 and Table 11 summarize the IMD and MSD for separate antenna architecture.

Table 10 Results for IMD calculation and MSD for higher order combinations of CA_n40A-n41A using separate antenna architecture
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Table 11 Results for IMD calculation and MSD for higher order combinations of CA_n39A-n41A using separate antenna architecture
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Therefore, we propose to use below tables for RF requirements of MSD for higher order combinations of CA_n40A-41A and CA_n39A-41A supporting simultaneous Rx/Tx in case of separate antenna architecture.

Table 12 3DL/2UL MSDs for CA_n8-n40-n41
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n8-n40-n41
	n8
	900
	5
	25
	945
	N/A
	FDD
	N/A

	 
	n40
	N/A
	5
	N/A
	2360
	8.0
	TDD
	IMD5

	 
	n41
	2530
	10
	50
	2530
	N/A
	TDD
	N/A




Table 13 3DL/2UL MSDs for CA_n28-n40-n41
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n28-n40-n41
	n28
	725
	5
	25
	780
	N/A
	FDD
	N/A

	 
	n40
	2360
	5
	25
	2360
	N/A
	TDD
	N/A

	 
	n41
	N/A
	10
	N/A
	2545
	18.2
	TDD
	IMD5




Table 14 3DL/2UL MSDs for CA_n40-n41-n79
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n40-n41-n79
	n40
	2330
	5
	25
	2330
	N/A
	TDD
	N/A

	 
	n41
	N/A
	10
	N/A
	2520
	33.6
	TDD
	IMD2

	 
	n79
	4850
	40
	216
	4850
	N/A
	TDD
	N/A

	 
	n40
	2350
	5
	25
	2350
	N/A
	TDD
	N/A

	
	n41
	N/A
	10
	N/A
	2550
	12.7
	TDD
	IMD4

	
	n79
	4500
	40
	216
	4500
	N/A
	TDD
	N/A

	
	n40
	2350
	5
	25
	2350
	N/A
	TDD
	N/A

	 
	n41
	N/A
	10
	N/A
	2550
	9.4
	TDD
	IMD5

	 
	n79
	4800
	40
	216
	4800
	N/A
	TDD
	N/A

	
	n40
	N/A
	5
	N/A
	2330
	35.7
	TDD
	IMD2

	
	n41
	2520
	10
	50
	2520
	N/A
	TDD
	N/A

	
	n79
	4850
	40
	216
	4850
	N/A
	TDD
	N/A

	
	n40
	N/A
	5
	N/A
	2330
	6.5
	TDD
	IMD5

	
	n41
	2530
	10
	50
	2540
	N/A
	TDD
	N/A

	
	n79
	4960
	40
	216
	4960
	N/A
	TDD
	N/A





[bookmark: _Hlk158318416]Table 15 3DL/2UL MSDs for CA_n28-n39-n41
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n28-n39-n41
	n28
	725
	5
	25
	780
	N/A
	FDD
	N/A

	 
	n39
	N/A
	5
	N/A
	1895
	45.0
	TDD
	IMD2

	 
	n41
	2620
	10
	50
	2620
	N/A
	TDD
	N/A

	 
	n28
	725
	5
	25
	780
	N/A
	FDD
	N/A

	 
	n39
	1985
	5
	25
	1895
	N/A
	TDD
	N/A

	 
	n41
	N/A
	10
	N/A
	2620
	42.7
	TDD
	IMD2




Table 16 3DL/2UL MSDs for CA_n39-n41-n79
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n39-n41-n79
	n39
	1900
	5
	25
	1900
	N/A
	TDD
	N/A

	 
	n41
	N/A
	10
	N/A
	2650
	33.6
	TDD
	IMD2

	 
	n79
	4550
	40
	216
	4550
	N/A
	TDD
	N/A

	 
	n39
	1890
	5
	25
	1890
	N/A
	TDD
	N/A

	
	n41
	N/A
	10
	N/A
	2680
	18.2
	TDD
	IMD5

	
	n79
	4880
	40
	216
	4880
	N/A
	TDD
	N/A

	
	n39
	N/A
	5
	N/A
	1900
	32.0
	TDD
	IMD2

	 
	n41
	2650
	10
	50
	2650
	N/A
	TDD
	N/A

	 
	n79
	4550
	40
	216
	4550
	N/A
	TDD
	N/A

	
	n39
	N/A
	5
	N/A
	1900
	4.7
	TDD
	IMD5

	
	n41
	2620
	10
	50
	2620
	N/A
	TDD
	N/A

	
	n79
	4880
	40
	216
	4880
	N/A
	TDD
	N/A




Discussion
It can be seen that the MSD using shared antenna architecture is lower than separate antenna architecture with the help of additional diplexer isolation between LB/UHB and MHB. Because the MSD is highly dependent on the baseline architecture, we would like to discuss more which architecture would be appropriate by providing below two proposals.

Proposal 1: Use Table 5-9 for the RF requirements of MSD of higher order combinations of CA_n40A-41A and CA_n39A-41A supporting simultaneous Rx/Tx in case of shared antenna architecture.

Proposal 2: Use Table 12-16 for the RF requirements of MSD of higher order combinations of CA_n40A-41A and CA_n39A-41A supporting simultaneous Rx/Tx in case of separate antenna architecture.

Conclusion
In this contribution, we presented the IMD relations for higher order combinations of CA_n40A-n41A and CA_n39A-41A supporting simultaneous Rx/Tx determining the IMD downlink overlaps and resulting MSDs, which have not been specified yet. With the introduction of the results, missing RF requirements can be identified by making the following proposals.

Proposal 1: Use Table 5-9 for the RF requirements of MSD of higher order combinations of CA_n40A-41A and CA_n39A-41A supporting simultaneous Rx/Tx in case of shared antenna architecture.

Proposal 2: Use Table 12-16 for the RF requirements of MSD of higher order combinations of CA_n40A-41A and CA_n39A-41A supporting simultaneous Rx/Tx in case of separate antenna architecture.
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