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1
Introduction
In RAN4#71 in Seoul a way forward for MSD for band combinations with potential IMD problems was agreed in [1]. Based on this way forward MSD has been derived by calculations and simulations and the results are presented in this document.
2
Discussion
When evaluating MSD component linearity and isolation/attenuation between components are the most essential parameters. Linearity parameters used in calculations and simulations have been gathered in table 1 and isolations/attenuations in table 2. The linearity values are based on measurements of single components in typical conditions, and therefore there is some uncertainty in them. 
	Component
	IP2 (dBm)
	IP3 (dBm)
	IP4 (dBm)
	IP5 (dBm)

	Ant. Switch
	112
	72
	54
	55

	Diplexer
	121
	91
	55
	55

	Duplexer
	102
	77
	55
	53

	Quadplexer
	118
	74
	55
	52

	PA Forward
	Measurements in R4-143375

	PA Reversed
	Measurements in R4-133728

	LNA
	10
	0
	0
	-10


Table 1: Front-end component linearity parameters for MSD calculation

	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	Main antenna to diversity antenna

	PA (out) to PA (in)
	60
	PCB isolation (PA forward mixing)

	Diplexer
	15
	High/low band isolation

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

	PA (out) to PA (out)
	45
	H-H cross-band (quadplexer)

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

	LNA (in) to PA (out)
	45
	H-H cross-band (quadplexer)

	Duplexer
	45
	Tx band rejection at Rx band


Table 2: Front-end isolation and attenuation parameters for MSD calculation
2.1 MSD for L/H CA combinations

Here band combination B3+B20 which has IMD4 issue is used as an example to show the derivation of MSD. The IMD in main path is shown in table 3, IMD in diversity path in table 4 and MRC combining in table 5.
	Main Path

	Component
	PB3 (dBm)
	PB20 (dBm)
	IP4 (dBm)
	IMD4 (dBm)

	Antenna Switch
	5
	20
	54
	-97

	Diplexer
	20
	20
	55
	-85

	B20 Duplexer
	5
	23
	55
	-91

	B3 PA Forward
	23
	-7
	28
	-142

	B20 PA Forward
	-7
	23
	36
	-91

	B3 PA Reversed
	23
	-37
	N/A
	N/A

	B20 PA Reversed
	-37
	23
	N/A
	-120*

	Tx Total
	 
	 
	 
	-83

	B20 LNA
	-37
	-22
	0
	-103

	Total IMD
	 
	 
	 
	-83

	Total IMD after CF
	 
	 
	 
	-84


Table 3: IMD4 power level to B20 Rx main path
	Diversity Path

	Component
	PB3 (dBm)
	PB20 (dBm)
	IP4 (dBm)
	IMD4 (dBm)

	From Main Path
	 
	 
	 
	-93

	Antenna Switch
	-5
	10
	54
	-137

	Diplexer
	10
	10
	55
	-125

	B20 Filter
	-5
	10
	55
	-140

	B20 LNA
	-37
	-37
	0
	-148

	Total IMD
	 
	 
	 
	-93

	Total IMD after CF
	 
	 
	 
	-94


Table 4: IMD4 power level to B20 Rx diversity path
	 
	Thermal
	IMD
	Total

	Main Path (dBm)
	-94
	-84
	-83.6

	Diversity Path (dBm)
	-94
	-94
	-91

	After MRC (dBm)
	 
	 
	-91.7

	MSD (dB)
	 
	 
	5.3


Table 5: MSD for B20 in B3_B20 2UL CA caused by IMD4
It can be seen that the MSD is in practice defined by the diversity branch. However, in this calculation things like IMD generated in duplexer attenuating before reaching antenna connector has not been considered. In simulations we have modelled this kind of impacts and typically reach 2-4 dB less interference after MRC combining. Simulated MRC output with 4.5 MHz measurement bandwidth is shown in Figure 1.
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Figure 1: IMD level after MRC

2.2 MSD for H/H (or L/L) CA combinations

Similar example has been calculated also for H-H band combination 3+7 where IMD4 is also potential issue. The calculations for main path, diversity path and MRC have been provided in tables 6-8.
Table 6: IMD4 power level to B7 Rx main path
	Main Path

	Component
	PB3 (dBm)
	PB7 (dBm)
	IP4 (dBm)
	IMD4 (dBm)

	Antenna Switch
	20
	20
	55
	-85

	Quadplexer
	23
	23
	55
	-73

	Diplexer
	20
	20
	54
	-82

	B3 PA Forward
	23
	-7
	36
	-91

	B7 PA Forward
	-7
	23
	36
	-151

	B3 PA Reversed
	23
	-22
	N/A
	-105*

	B7 PA Reversed
	-22
	23
	N/A
	N/A

	Tx Total
	 
	 
	 
	-72.2

	B7 LNA
	-22
	-22
	0
	-88

	Total IMD
	 
	 
	 
	-72.2

	Total IMD after CF
	 
	 
	 
	-73


Table 7: IMD4 power level to B7 Rx diversity path
	Diversity Path

	Component
	PB3 (dBm)
	PB7 (dBm)
	IP4 (dBm)
	IMD4 (dBm)

	From Main Path
	 
	 
	 
	-82.2

	Antenna Switch
	10
	10
	55
	-125

	Duplexer
	10
	10
	55
	-125

	B7 LNA
	-37
	-37
	0
	-148

	Total IMD
	 
	 
	 
	-82.2

	Total IMD after CF
	 
	 
	 
	-83


Table 8: MSD for B20 in B3_B7 2UL CA caused by IMD4
	 
	Thermal
	IMD
	Total

	Main Path (dBm)
	-92
	-73
	-73

	Diversity Path (dBm)
	-92
	-83
	-82.5

	After MRC (dBm)
	 
	 
	-82.6

	MSD (dB)
	 
	 
	12.4


Also in this case diversity branch is in practice defining the MSD.
2.3 MSD summary for 2UL inter-band CA with potential IMD problem

By calculating and simulating the MSD as illustrated in sections 2.1 and 2.2, the MSD level caused by lowest order IMD for each CA combination with potential IMD problem, as defined in Table 3.1 of [1], has been obtained. This is summarized in Table 9. Also the correction factors presented in [1] were re-calculated and tested with simulations, and no need to change those was observed.
Table 9: MSD proposal for 2UL inter-band CA with potential IMD problem
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA 
Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode

	
	
	
	
	
	
	
	

	CA_2A-4A
	2
	1860
	20
	501
	1940
	1
	FDD

	
	4
	1752.5
	5
	25
	2152.5
	N/A
	

	CA_2A-4A
	2
	1868.3
	5
	25
	1948.3
	N/A
	FDD

	
	4
	1735
	5
	25
	2135
	4
	

	CA_3A-5A
	3
	1771
	10
	50
	1866
	5
	FDD

	
	5
	838
	5
	25
	883
	N/A
	

	CA_3A-5A
	3
	1721
	10
	50
	1816
	N/A
	FDD

	
	5
	838
	5
	25
	883
	29
	

	CA_3A-7A
	3
	1730
	5
	25
	1825
	N/A
	FDD

	
	7
	2535
	10
	50
	2655
	12
	

	CA_3A-8A
	3
	1755
	10
	50
	1850
	N/A
	FDD

	
	8
	900
	5
	25
	945
	3
	

	CA_3A-19A
	3
	1771
	5
	25
	1866
	4
	FDD

	
	19
	838
	5
	25
	883
	N/A
	

	CA_3A-19A
	3
	1721
	5
	25
	1816
	N/A
	FDD

	
	19
	838
	5
	25
	883
	29
	

	CA_3A-20A
	3
	1775
	5
	25
	1870
	4
	FDD

	
	20
	840
	5
	25
	799
	N/A
	

	CA_3A-20A
	3
	1735
	5
	25
	1830
	N/A
	FDD

	
	20
	847
	5
	25
	806
	4
	

	CA_3A-26A
	3
	1771
	5
	25
	1866
	4
	FDD

	
	26
	838
	5
	25
	883
	N/A
	

	CA_3A-26A
	3
	1721
	5
	25
	1816
	N/A
	FDD

	
	26
	838
	5
	25
	883
	28.5
	

	CA_4A-7A
	4
	1730
	5
	25
	1825
	N/A
	FDD

	
	7
	2535
	5
	25
	2655
	13
	

	CA_5A-7A
	5
	834
	5
	25
	879
	15
	FDD

	
	7
	2547
	10
	50
	2667
	N/A
	

	CA_7A-20A
	7
	2512
	10
	50
	2632
	N/A
	FDD

	
	20
	851
	5
	25
	810
	14
	

	Note 1: RBSTART = 0


4
Conclusion
In this contribution, we derived the MSD level for each CA combination with potential IMD problem according to the WF in [1] and propose to develop the 2UL inter-band CA REFSENS exceptions and test configurations as captured in Table 9 into core specifications.
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