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1
Introduction
In last RAN4 meeting, 2UL inter-band CA MSD levels had been proposed by a few companies [1-4]. However, there was no agreement on the requirements as the proposed numbers for some CA combinations varied significantly among companies. In this contribution, we re-derived the MSD levels based on a set of front-end component linearity and isolation parameters as proposed in [1] with some modifications.      
2
Discussion
The MSD was calculated based on the front-end component linearity parameters as summarized in Table 2-1, where most parameters are derived based on recent measurement and simulation data. Table 2-2 summarizes the isolation parameters also required for MSD estimation, where most numbers had been quoted in earlier RAN4 contributions. The numbers highlighted with yellow background in both tables represent a modification from previous assumptions [1] with performance tightening.  
	Component
	IP2 (dBm)
	IP3 (dBm)
	IP4 (dBm)
	IP5 (dBm)

	Ant. Switch
	112
	68
	56
	53

	Diplexer
	115
	86
	55
	53

	Duplexer
	100
	74
	55
	53

	Quadplexer
	113
	74
	55
	50

	PA Forward
	27
	30
	28 (LB)
	27

	
	
	
	32 (HB)
	

	PA Reversed
	38
	28
	33
	32

	LNA
	5
	-6
	-6
	-10


Table 2-1 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)
	50
	L-H/H-L cross-band (diplexer + duplexer)

	PA (out) to PA (out)
	50
	H-H cross-band (quadplexer)

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

	LNA (in) to PA (out)
	50
	H-H cross-band (quadplexer)

	Duplexer
	50
	Tx band rejection at Rx band


Table 2-2 Front-end component isolation parameters for MSD calculation
The MSD derivation process is slightly different between L/H and H/H (or L/L) CA combinations due to reference architecture difference where diplexer is used for L/H, and quadplexer is assumed for H/H (or L/L) CA combinations, respectively. In the following two sections, MSD calculation for one example L/H and one example H/H CA combinations will be illustrated, and the same derivation process can be applied for the rest of CA combinations.

2.1 MSD for L/H CA combinations

CA_B3_B20 IMD4 to B20 is used as an example to illustrate the MSD derivation process for L/H CA combinations. The main path IMD power level, diversity IMD power, and MSD after MRC are summarized in Table 2.1-1, 2.1-2, and 2.1-3, respectively.

	Main Path

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

	Antenna Switch
	5
	20
	56
	-103

	Diplexer
	20
	20
	55
	-85

	B20 Duplexer
	5
	23
	55
	-91

	B3 PA Forward
	23
	-7
	32
	-149

	B20 PA Forward
	-7
	23
	28
	-72

	B3 PA Reversed
	23
	-27
	33
	-212

	B20 PA Reversed
	-27
	23
	33
	-107

	Tx Total
	
	
	
	-71.7

	B20 LNA
	-35
	-27
	-6
	-95

	Total IMD
	
	
	
	-71.7

	Total IMD after CF
	
	
	
	-72.7


Table 2.1-1 IMD4 power level to B20 Rx main path
	Diversity Path

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

	From Main Path
	
	
	
	-81.7

	Antenna Switch
	-5
	10
	56
	-143

	Diplexer
	10
	10
	55
	-125

	B20 Filter
	-5
	10
	55
	-140

	B20 LNA
	-45
	-40
	-6
	-144

	Total IMD
	
	
	
	-81.7

	Total IMD after CF
	
	
	
	-82.7


Table 2.1-2 IMD4 power level to B20 Rx diversity path
	
	Thermal
	IMD
	Total

	Main Path (dBm)
	-94
	-72.7
	-72.7

	Diversity Path (dBm)
	-94
	-82.7
	-82.4

	After MRC (dBm)
	
	
	-82.9

	MSD (dB)
	
	
	14.1


Table 2.1-3 MSD for B20 in B3_B20 2UL CA caused by IMD4
2.2 MSD for H/H (or L/L) CA combinations

CA_B3_B7 IMD4 to B7 is used as an example to illustrate the MSD derivation process for H/H (or L/L) CA combinations. The main path IMD power level, diversity path IMD power level, and MSD after MRC are summarized in Table 2.2-1, 2.2-2, and 2.2-3, respectively.
	Main Path

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

	Antenna Switch
	20
	20
	56
	-88

	Quadplexer
	23
	23
	55
	-73

	B3 PA Forward
	23
	-7
	32
	-84

	B7 PA Forward
	-7
	23
	32
	-144

	B3 PA Reversed
	23
	-27
	33
	-107

	B7 PA Reversed
	-27
	23
	33
	-207

	Tx Total
	
	
	
	-72.5

	B7 LNA
	-27
	-27
	-6
	-87

	Total IMD
	
	
	
	-72.4

	Total IMD after CF
	
	
	
	-73.2


Table 2.2-1 IMD4 power level to B7 Rx main path
	Diversity Path

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

	From Main Path
	
	
	
	-82.5

	Antenna Switch
	10
	10
	56
	-128

	Duplexer
	10
	10
	55
	-125

	B7 LNA
	-40
	-40
	-6
	-139

	Total IMD
	
	
	
	-82.5

	Total IMD after CF
	
	
	
	-83.3


Table 2.2-2 IMD4 power level to B7 Rx diversity path
	
	Thermal
	IMD
	Total

	Main Path (dBm)
	-92
	-73.2
	-73.1

	Diversity Path (dBm)
	-92
	-83.3
	-82.8

	After MRC (dBm)
	
	
	-83.2

	MSD (dB)
	
	
	11.8


Table 2.2-3 MSD for B7 in B3_B7 2UL CA caused by IMD4
2.3 MSD summary for 2UL inter-band CA with potential IMD problem

By exercising the MSD derivation process as tabulated in section 2.1 and 2.2, the MSD level for each CA combination with potential IMD problem as defined in Table 3.1 of [5] can be obtained, which is summarized in Table 2.3-1.
	CA
	IMD
	UL Fc (MHz)
	UL BW (MHz)
	UL RB #
	DL Fc (MHz)
	CF (dB)
	MSD (dB)

	B3
	IMD4
	3*fB20 - fB3
	1735
	5
	25
	 1830
	N/A
	N/A

	B20
	
	
	847
	5
	25
	806
	1.0
	14.1

	B3
	IMD4
	2*fB3 - 2*fB20
	1775
	5
	25
	1870
	1.0
	4.3

	B20
	
	
	840
	5
	25
	 799
	N/A
	N/A

	B3
	IMD4
	3*fB8 - fB3
	1755
	10
	50
	 1850
	N/A
	N/A

	B8
	
	
	900
	5
	25
	945
	3.1
	12.3

	B3
	IMD5
	2*fB3 - 3*fB8
	1780
	10
	50
	 1875
	N/A
	N/A

	B8
	
	
	882.5
	5
	25
	927.5
	31.2
	0

	B3
	IMD4
	3*fB3 - fB7
	1730
	5
	25
	 1825
	N/A
	N/A

	B7
	
	
	2535
	10
	50
	2655
	0.8
	11.8

	B4
	IMD4
	3*fB4 - fB7
	1730
	5
	25
	 1825
	 N/A
	N/A

	B7
	
	
	2535
	5
	25
	2655
	1.0
	14.3

	B2
	IMD3
	2*fB2 - fB4
	1860
	20
	501
	1940
	15.8
	3.4

	B4
	
	
	1752.5
	5
	25
	 2152.5
	N/A
	N/A

	B2
	IMD5
	3*fB2 - 2*fB4
	1868.3
	5
	25
	 1948.3
	N/A
	N/A

	B4
	
	
	1735
	5
	25
	2135
	1.1
	6.0

	B3
	IMD2
	fB3 - fB5
	1721
	10
	50
	1816 
	N/A
	N/A

	B5
	
	
	838
	5
	25
	883
	2.4
	26.0

	B3
	IMD4
	2*fB3 - 2*fB5
	1771
	10
	50
	1866
	1.5
	2.8

	B5
	
	
	838
	5
	25
	 883
	N/A
	N/A

	B3
	IMD5
	2*fB3 - 3*fB5
	1715
	10
	50
	 1810
	N/A
	N/A

	B5
	
	
	846.3
	5
	25
	891.3
	4.3
	0.2

	B3
	IMD2
	fB3 - fB19
	1721
	5
	25
	 1816
	N/A
	N/A

	B19
	
	
	838
	5
	25
	883
	0.4
	30.0

	B3
	IMD4
	2*fB3 - 2*fB19
	1771
	5
	25
	1866
	1.0
	4.3

	B19
	
	
	838
	5
	25
	 883
	N/A
	 N/A

	B3
	IMD5
	2*fB3 - 3*fB19
	1712.5
	5
	25
	 1807.5
	N/A
	 N/A

	B19
	
	
	842.5
	5
	25
	887.5
	32.4
	0

	B3
	IMD2
	fB3 - fB26
	1721
	5
	25
	 1816
	N/A
	 N/A

	B26
	
	
	838
	5
	25
	883
	0.4
	27.5

	B3
	IMD4
	2*fB3 - 2*fB26
	1771
	5
	25
	1866
	1.0
	4.3

	B26
	
	
	838
	5
	25
	 883
	N/A
	N/A

	B3
	IMD5
	2*fB3 - 3*fB26
	1715
	5
	25
	1810
	N/A
	N/A

	B26
	
	
	846.3
	5
	25
	891.3
	1.1
	0.3

	B5
	IMD3
	fB7 - 2*fB5
	834
	5
	25
	879
	2.8
	14.4

	B7
	
	
	2547
	10
	50
	 2667
	N/A
	 N/A

	B5
	IMD5
	4*fB5 - fB7
	846.5
	5
	25
	891.5
	3.4
	11.7

	B7
	
	
	2505
	10
	50
	 2625
	N/A
	 N/A

	B7
	IMD3
	fB7 - 2*fB20
	2512
	10
	50
	2632 
	N/A
	 N/A

	B20
	
	
	851
	5
	25
	810
	2.8 
	13.3

	B7
	IMD5
	4*fB20 - fB7
	2561
	10
	50
	 2681
	N/A
	N/A

	B20
	
	
	840
	5
	25
	799
	3.4
	10.8

	Note 1: RBstart = 0


Table 2.3-1 MSD summary for 2UL inter-band CA with potential IMD problem
3
Proposal
Based on the MSD levels as summarized in Table 2.3-1, it is proposed to define the following REFSENS exceptions and test configurations in the core specifications for 2UL inter-band CA with 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
	3.4
	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
	6.0
	

	CA_3A-5A
	3
	1771
	10
	50
	1866
	2.8
	FDD

	
	5
	838
	5
	25
	883
	N/A
	

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

	
	5
	838
	5
	25
	883
	26.0
	

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

	
	7
	2535
	10
	50
	2655
	11.8
	

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

	
	8
	900
	5
	25
	945
	12.3
	

	CA_3A-19A
	3
	1771
	5
	25
	1866
	4.3
	FDD

	
	19
	838
	5
	25
	883
	N/A
	

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

	
	19
	838
	5
	25
	883
	30.0
	

	CA-3A-20A
	3
	1775
	5
	25
	1870
	4.3
	FDD

	
	20
	840
	5
	25
	799
	N/A
	

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

	
	20
	847
	5
	25
	806
	14.1
	

	CA_3A-26A
	3
	1771
	5
	25
	1866
	4.3
	FDD

	
	26
	838
	5
	25
	883
	N/A
	

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

	
	26
	838
	5
	25
	883
	27.5
	

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

	
	7
	2535
	5
	25
	2655
	14.3
	

	CA_5A-7A
	5
	834
	5
	25
	879
	14.4
	FDD

	
	7
	2547
	10
	50
	2667
	N/A
	

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

	
	20
	851
	5
	25
	810
	13.3
	

	Note 1: RBSTART = 1


Table 3-1 Proposed 2UL inter-band CA REFSENS exceptions and test configurations

4
Conclusion
In this contribution, we re-derived the MSD level for the CA combination with potential IMD problem as tabulated in [5] and propose to develop the 2UL inter-band CA REFSENS exceptions and test configurations as captured in Table 3.1 into core specifications.        
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