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1. Introduction

In the last RAN4 AH #3 meeting, RAN4 agreed to study on MSD for below 6GHz DC band combinations to solve the self-desense problems by own single or dual uplink transmission as below. 

· Harmonic/IMD problems in paper [1]
· Harmonic problem case 
· 6th harmonic : DC_19A-n79A, DC_28A-n79A
· 7th harmonic : DC_28A-n79A
· IMD problem case

· 3rd IMD : DC_21A-n79A

· 5th IMD : DC_19A-n77A
·  Harmonic mixing case
· 3rd harmonic mixing : DC_21A-n79A
· 5th harmonic mixing : DC_19A-n79A, DC_28A-n77A
· Additional Harmonic/IMD problems case
· Additional harmonic problem case 
· 2nd harmonic : DC_1A-n77A
· 4th harmonic : DC_5A-n78A, DC_8A-n78A, DC_20A-n78A

· 5th harmonic : DC_5A-n77A, DC_8A-n79A, DC_20A-n77A

· Additional IMD problem case
· 2nd IMD : DC_1A-n77A, DC_3A-n77A, DC_39A-n77A

· 4th IMD : DC_1A-n77A, DC_3A-n77A, DC_7A-n77A, DC_8A-n77A,  DC_19A-n77A, DC_20A-n77A, DC_26A-n77A, DC_3A-n7A
· 5th IMD : DC_3A-n79A, DC_8A-n79A, DC_2A-n66A
To support dual connectivity between NR band and LTE E-UTRA band, RAN4 should evaluate coexistence analysis for non-stand-alone (NSA) operation UE within some NR deployment scenarios. Hence, in this paper, we provide our MSD analysis results to support DC operation even though the self-interference will be impacted own Rx frequency bands.
2. Coexistence scenarios for NSA UE in sub-6GHz
In rel-15 NR WI, RAN4 consider shared antenna RF architectures for NSA UE in sub-6GHz as LTE system. So we consider shared antenna RF architecture for general NSA DC UE to derive MSD levels. But some DC band combinations for NR DC UE should consider separate RF architecture which mean the operating frequency range between NR band and LTE band are overlapped cases, such as DC_42A-n77A, DC_42A-n78A and DC_41_n41A UE.
2.1. Harmonics problems to NR bands
Based on coexistence analysis results for NSA DC UE, RAN4 should evaluate the required MSD level according to these 5 cases. So we analyse the required MSD level with harmonic trap filter.
· 2nd harmonic : DC_1A-n77A

· 4th harmonic : DC_5A-n78A, DC_8A-n78A, DC_20A-n78A

· 5th harmonic : DC_5A-n77A, DC_8A-n79A, DC_19A-n77A, DC_20A-n77A

· 6th harmonic : DC_19A-n79A, DC_28A-n79A
· 7th harmonic : DC_28A-n79A
2.1.1 MSD level by 2nd harmonic 
Table 1 show the RF component isolation parameters to derive MSD level at sub-6GHz. 
Table 1. DC_1A-77A UE RF FE component isolation parameters

	Parameter
	Option1 : W/ HTF
	Option2: W/O HTF

	
	Primary
	Diversity
	Primary
	Diversity

	
	Value
	H2 level
	Value
	H2 level
	Value
	H2 level
	Value
	H2 level

	B1 Tx in PA output
	28
	　
	28
	　
	28
	　
	28
	　

	B1 PA H2 attenuation
	35
	-7
	35
	-7
	35
	-7
	35
	-7

	B1 duplexer H2 attenuation
	30
	-37
	30
	-37
	30
	-37
	30
	-37

	Harmonic filter
	25
	-62
	25
	-62
	0
	-37
	0
	-37

	Mid switch H2
	-65
	-60.2
	-65
	-60.2
	-65
	-37
	-65
	-37 

	Diplexer attenuation
	25
	-85.2
	25
	-85.2
	25
	-62
	25
	-62 

	Antenna isolation
	0
	-85.2 
	10
	-95.2 
	0
	-62 
	10
	-72 

	HB switch attenuation
	0.7
	-85.9
	0.7
	-95.9 
	0.7
	-62.7 
	0.7
	-72.7 

	HB switch H2
	-130
	-85.9 
	-110
	-95.8
	-130
	-62.7 
	-110
	-72.7 

	n77 Rx filter atten.
	1.5
	-87.4 
	1.5
	-97.3 
	1.5
	-64.2 
	1.5
	-74.2 

	n77 Rx filter H2
	-110
	-87.4 
	-110
	-97.0 
	-110
	-64.2
	-110
	-74.2 

	B1 PA to NR B77 LNA isolation
	60
	-67.0
	60
	-67.0
	60
	-67.0 
	60
	-67.0 

	Composite
	　
	-67.0
	　
	-67.0
	　
	-62.4 
	　
	-66.2 


The dominant factor to determine MSD level by 2nd harmonic is isolation level from B1 PA to n77 LNA. It was restricted by B1 PA attenuation level into 3.3~4.2GHz.
From the Table 1, MSD level for DC_1A-n77A is derived as below Table 2. 
Table 2. Estimated MSD level at NR Band 77 (DC_1A-n77A)

	　
	Thermal
	W/ HTF
	W/O HTF

	
	
	H2 level (dBm)
	MSD (dB)
	H2 level (dBm)
	MSD (dB)

	Main Path
	-101
	-67.0
	34.8
	-62.4
	39.4

	Diversity Path
	-101
	-67.0
	34.8
	-66.2
	35.5

	After MRC
	
	
	31.8
	
	34.0


2.1.2 MSD level by 4th harmonic 
Table 3 show the RF component isolation parameters to derive MSD level at sub-6GHz. 
Table 3. DC_5A-78A UE RF FE component isolation parameters

	Parameter
	Option1 : W/ HTF
	Option2: W/O HTF

	
	Primary
	Diversity
	Primary
	Diversity

	
	Value
	H4 level
	Value
	H4 level
	Value
	H4 level
	Value
	H4 level

	B5 Tx in PA output
	28
	　
	28
	　
	28
	　
	28
	　

	B5 PA H4 attenuation
	48
	-20
	48
	-20
	48
	-20
	48
	-20

	B5 duplexer H4 attenuation
	30
	-50
	30
	-50
	30
	-50
	30
	-50

	Harmonic filter
	25
	-75
	25
	-75
	0
	-50
	0
	-50

	Low switch H4
	-65
	-64.6
	-65
	-64.6
	-65
	-49.9
	-65
	-49.9 

	Diplexer attenuation
	27
	-91.6
	27
	-91.6
	27
	-76.9
	27
	-76.9 

	Antenna isolation
	0
	-91.6 
	10
	-101.6 
	0
	-76.9 
	10
	-86.9 

	HB switch attenuation
	0.7
	-92.3
	0.7
	-102.3 
	0.7
	-77.6 
	0.7
	-87.6 

	HB switch H4
	-130
	-92.3 
	-110
	-101.6
	-130
	-77.6 
	-110
	-87.5 

	n78 Rx filter atten.
	1.5
	-93.8 
	1.5
	-103.1 
	1.5
	-79.1 
	1.5
	-89.0 

	n78 Rx filter H4
	-110
	-93.7
	-110
	-102.3 
	-110
	-79.1
	-110
	-89.0 

	B5 PA to NR B78 LNA isolation
	60
	-80.0
	60
	-80.0
	60
	-80.0 
	60
	-80.0 

	Composite
	　
	-79.8
	　
	-80.0
	　
	-76.5
	　
	-79.5 


From the Table 3, MSD level for DC_5A-n78A is derived as below Table 4. 
Table 4. Estimated MSD level at NR Band 78 (DC_5A-n78A)

	　
	Thermal
	W/ HTF
	W/O HTF

	
	
	H4 level (dBm)
	MSD (dB)
	H4 level (dBm)
	MSD (dB)

	Main Path
	-101
	-79.8
	22.0
	-76.5
	25.3

	Diversity Path
	-101
	-80.0
	21.8
	-79.4
	22.3

	After MRC
	
	
	18.9
	
	20.6


2.1.3 MSD level by 5th harmonic 
Table 5 show the RF component isolation parameters to derive MSD level at sub-6GHz. 
Table 5. DC_19A-77A UE RF FE component isolation parameters

	Parameter
	Option1 : W/ HTF
	Option2: W/O HTF

	
	Primary
	Diversity
	Primary
	Diversity

	
	Value
	H5 level
	Value
	H5 level
	Value
	H5 level
	Value
	H5 level

	B19 Tx in PA output
	28
	　
	28
	　
	28
	　
	28
	　

	B19 PA H5 attenuation
	53
	-25
	53
	-25
	53
	-25
	53
	-25

	B19 duplexer H5 attenuation
	30
	-55
	30
	-55
	30
	-55
	30
	-55

	Harmonic filter
	25
	-80
	25
	-80
	0
	-55
	0
	-55

	Low switch H5
	-65
	-64.9
	-65
	-64.9
	-65
	-54.6
	-65
	-54.6 

	Diplexer attenuation
	27
	-91.9
	27
	-91.9
	27
	-81.6
	27
	-81.6 

	Antenna isolation
	0
	-91.9 
	10
	-101.9 
	0
	-81.6 
	10
	-91.6 

	HB switch attenuation
	0.7
	-92.6
	0.7
	-102.6 
	0.7
	-82.3 
	0.7
	-92.3 

	HB switch H5
	-130
	-92.6 
	-110
	-101.8
	-130
	-82.3
	-110
	-92.2 

	n77 Rx filter atten.
	1.5
	-94.1 
	1.5
	-103.3 
	1.5
	-83.8 
	1.5
	-93.7 

	n77 Rx filter H5
	-110
	-94.0
	-110
	-102.5 
	-110
	-83.8
	-110
	-93.6 

	B19 PA to NR B77 LNA isolation
	60
	-85.0
	60
	-85.0
	60
	-85.0 
	60
	-85.0 

	Composite
	　
	-84.5
	　
	-84.9
	　
	-81.3
	　
	-84.4 


From the Table 5, MSD level for DC_19A-n77A is derived as below Table 6. 
Table 6. Estimated MSD level at NR Band 77 (DC_19A-n77A)

	　
	Thermal
	W/ HTF
	W/O HTF

	
	
	H5 level (dBm)
	MSD (dB)
	H5 level (dBm)
	MSD (dB)

	Main Path
	-101
	-84.5
	17.4
	-81.3
	20.5

	Diversity Path
	-101
	-84.9
	16.9
	-84.4
	17.4

	After MRC
	
	
	14.1
	
	15.7


2.1.4 MSD level by 6th harmonic 
Table 7 show the RF component isolation parameters to derive MSD level at sub-6GHz. 
Table 7. DC_19A-79A UE RF FE component isolation parameters

	Parameter
	Option1 : W/ HTF
	Option2: W/O HTF

	
	Primary
	Diversity
	Primary
	Diversity

	
	Value
	H6 level
	Value
	H6 level
	Value
	H6 level
	Value
	H6 level

	B19 Tx in PA output
	28
	　
	28
	　
	28
	　
	28
	　

	B19 PA H6 attenuation
	60
	-32
	60
	-32
	60
	-32
	60
	-32

	B19 duplexer H6 attenuation
	30
	-62
	30
	-62
	30
	-62
	30
	-62

	Harmonic filter
	25
	-87
	25
	-87
	0
	-62
	0
	-62

	Low switch H6
	-70
	-69.9
	-70
	-69.9
	-70
	-61.4
	-70
	-61.4 

	Diplexer attenuation
	27
	-96.9
	27
	-96.9
	27
	-88.4
	27
	-88.4 

	Antenna isolation
	0
	-96.9 
	10
	-106.9 
	0
	-88.4 
	10
	-98.4 

	HB switch attenuation
	0.7
	-97.6
	0.7
	-107.6 
	0.7
	-89.1 
	0.7
	-99.1 

	HB switch H6
	-130
	-97.6 
	-110
	-105.6
	-130
	-89.1
	-110
	-98.7 

	n79 Rx filter atten.
	1.5
	-99.1 
	1.5
	-107.1 
	1.5
	-90.6
	1.5
	-100.2 

	n79 Rx filter H6
	-110
	-98.8
	-110
	-105.3 
	-110
	-90.5
	-110
	-99.8 

	B19 PA to NR B79 LNA isolation
	60
	-92.0
	60
	-92.0
	60
	-92.0 
	60
	-92.0 

	Composite
	　
	-91.2
	　
	-91.8
	　
	-88.2
	　
	-91.3 


From the Table 7, MSD level for DC_19A-n79A is derived as below Table 8. 
Table 8. Estimated MSD level at NR Band 79 (DC_19A-n79A)

	　
	Thermal
	W/ HTF
	W/O HTF

	
	
	H6 level (dBm)
	MSD (dB)
	H6 level (dBm)
	MSD (dB)

	Main Path
	-101
	-91.2
	11.0
	-88.2
	13.8

	Diversity Path
	-101
	-91.8
	10.4
	-91.3
	10.8

	After MRC
	
	
	7.7
	
	9.1


2.1.5 MSD level by 7th harmonic 
Table 9 show the RF component isolation parameters to derive MSD level at sub-6GHz. 
Table 9. DC_28A-79A UE RF FE component isolation parameters

	Parameter
	Option1 : W/ HTF
	Option2: W/O HTF

	
	Primary
	Diversity
	Primary
	Diversity

	
	Value
	H7 level
	Value
	H7 level
	Value
	H7 level
	Value
	H7 level

	B28 Tx in PA output
	28
	　
	28
	　
	28
	　
	28
	　

	B28 PA H7 attenuation
	70
	-42
	70
	-42
	70
	-42
	70
	-42

	B28 duplexer H7 attenuation
	30
	-72
	30
	-72
	30
	-72
	30
	-72

	Harmonic filter
	25
	-97
	25
	-97
	0
	-72
	0
	-72

	Low switch H7
	-80
	-79.9
	-80
	-79.9
	-80
	-71.4
	-80
	-71.4 

	Diplexer attenuation
	27
	-106.9
	27
	-106.9
	27
	-98.4
	27
	-98.4 

	Antenna isolation
	0
	-106.9 
	10
	-116.9 
	0
	-98.4 
	10
	-108.4 

	HB switch attenuation
	0.7
	-107.6
	0.7
	-117.6 
	0.7
	-99.1 
	0.7
	-109.1 

	HB switch H7
	-130
	-107.6 
	-110
	-109.3
	-130
	-99.1
	-110
	-106.5 

	n79 Rx filter atten.
	1.5
	-109.1 
	1.5
	-110.8 
	1.5
	-100.6
	1.5
	-108.0 

	n79 Rx filter H7
	-110
	-106.5
	-110
	-107.4 
	-110
	-100.1
	-110
	-105.9 

	B28 PA to NR B79 LNA isolation
	60
	-102.0
	60
	-102.0
	60
	-102.0 
	60
	-102.0 

	Composite
	　
	-100.7
	　
	-100.9
	　
	-97.9
	　
	-100.5 


From the Table 9, MSD level for DC_28A-n79A is derived as below Table 10. 
Table 10. Estimated MSD level at NR Band 79 (DC_19A-n79A)

	　
	Thermal
	W/ HTF
	W/O HTF

	
	
	H6 level (dBm)
	MSD (dB)
	H6 level (dBm)
	MSD (dB)

	Main Path
	-101
	-100.7
	3.6
	-97.9
	5.4

	Diversity Path
	-101
	-100.9
	3.5
	-100.5
	3.7

	After MRC
	
	
	0.53
	
	1.5


Based on the harmonic analysis, we can proposed as follow
Proposal 1: For harmonic problem, RAN4 should define MSD level for NR bands up to 6th harmonic order to support NSA DC operation. From 7th order harmonic products will not have critical impact to NR sensitivity.
2.2. IMDs problems to LTE band and NR refarming bands
Based on coexistence analysis results for NSA DC UE, RAN4 should evaluate the required MSD level according to these 5 cases. So we analyse the required MSD level with harmonic trap filter.
· IMD problem case

· 2nd IMD : DC_1A-n77A, DC_3A-n77A, DC_3A-n78A
· 3rd IMD : DC_21A-n79A

· 4th IMD : DC_1A-n77A, DC_1A-n78A, DC_3A-n77A, DC_3A-n78A, DC_7A-n77A, DC_8A-n77A,  DC_19A-n77A, DC_20A-n77A, DC_26A-n77A, DC_3A-n7A

· 5th IMD : DC_3A-n79A, DC_8A-n79A, DC_19A-n77A, DC_2A-n66A
2.2.1 MSD level by IMD products

Table 11 show the RF component isolation parameters to derive MSD level at sub-6GHz. 
Table 11: UE RF Front-end component parameters

	UE ref. architecture
	Cas-caded Diplexer 

Architecture

	Component
	DC_1A-n77A, DC_3A-n77A, DC_3A-n78A, DC_21A-n79A

	
	IP2 (dBm)
	IP3 (dBm)
	IP4 (dBm)
	IP5 (dBm)

	Ant. Switch
	112
	68
	55
	55

	Diplexer
	115
	87
	55
	55

	Duplexer
	100
	75
	55
	53

	PA Forward
	28.0
	32
	30
	28

	PA Reversed
	40
	30.5
	30
	30

	LNA
	10
	0
	0
	-10


Table 12 show the isolation levels according to the RF component. 
Table 12: UE RF Front-end component isolation parameters

	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
	25
	High/low band isolation

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

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

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

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

	Duplexer
	50
	Tx band rejection at Rx band


Based on these assumptions, we proposed the MSD levels as below.
Table 13: Proposed MSD test configuration and results by 2nd IMD problem
	DC bands
	UL DC
	IMD
	UL Fc (MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc (MHz)
	DL BW (MHz)
	CF (dB)
	MSD (dB)

	DC_1A-n77A
	1
	IMD2
	|fB77 -fB1|
	1930
	5
	25
	2120
	5
	2.2
	31.1

	
	n77
	
	
	4050
	10
	52
	4050
	10
	
	N/A

	DC_3A-n77A
	3
	IMD2
	|fB77 -fB3|
	1730
	5
	25
	1825
	5
	2.5
	31.3

	
	n77
	
	
	3555
	10
	52
	3555
	10
	
	N/A

	DC_3A-n78A
	3
	IMD2
	|fB78 -fB3|
	1730
	5
	25
	1825
	5
	2.5
	31.3

	
	n78
	
	
	3555
	10
	52
	3555
	10
	
	N/A


Table 14: Proposed MSD test configuration and results by 3rd IMD problem
	DC bands
	UL DC
	IMD
	UL Fc (MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc (MHz)
	DL BW (MHz)
	CF (dB)
	MSD (dB)

	DC_21A-n79A
	21
	IMD3
	|fB79 -2*fB21|
	1457.5
	5
	25
	1505.5
	5
	1.8
	18.4

	
	n79
	
	
	4420.5
	40
	216
	4420.5
	40
	
	N/A


Table 15: Proposed MSD test configuration and results by 4th IMD problem
	DC bands
	UL DC
	IMD
	UL Fc (MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc (MHz)
	DL BW (MHz)
	CF (dB)
	MSD (dB)

	DC_1A-n77A
	1
	IMD4
	|fB77 -3*fB1|
	1930
	5
	25
	2120
	5
	1.5
	8.3

	
	n77
	
	
	3670
	10
	52
	3670
	10
	
	N/A

	DC_1A-n78A
	1
	IMD4
	|fB78 -3*fB1|
	1930
	5
	25
	2120
	5
	1.5
	8.3

	
	n78
	
	
	3670
	10
	52
	3670
	10
	
	N/A

	DC_3A-n77A
	3
	IMD4
	|fB77 -3*fB3|
	1770
	5
	25
	1865
	5
	1.5
	8.5

	
	n77
	
	
	3445
	10
	52
	3445
	10
	
	N/A

	DC_3A-n78A
	3
	IMD4
	|fB78 -3*fB3|
	1770
	5
	25
	1865
	5
	1.5
	8.5

	
	n78
	
	
	3445
	10
	52
	3445
	10
	
	N/A

	DC_7A-n77A
	7
	IMD4
	|2*fB77 -2*fB7|
	2560
	10
	50
	2680
	10
	1.6
	9.3

	
	n77
	
	
	3900
	10
	52
	3900
	10
	
	N/A

	DC_8A-n77A
	8
	IMD4
	|fB77 -3*fB3|
	910
	5
	25
	955
	5
	1.3
	8.4

	
	n77
	
	
	3685
	10
	52
	3685
	10
	
	N/A

	DC_19A-n77A
	19
	IMD4
	|fB77 -3*fB19|
	840
	5
	25
	885
	5
	1.7
	8.7

	
	n77
	
	
	3405
	10
	52
	3405
	10
	
	N/A

	DC_20A-n77A
	20
	IMD4
	|fB77 -3*fB19|
	857
	5
	25
	816
	5
	1.7
	9.0

	
	n77
	
	
	3387
	10
	52
	3387
	10
	
	N/A

	DC_26A-n77A
	26
	IMD4
	|fB77 -3*fB26|
	819
	5
	25
	864
	5
	1.7
	9.0

	
	n77
	
	
	3321
	10
	52
	3321
	10
	
	N/A

	DC_3A-n7A
	3
	IMD4
	|fB7 -3*fB3|
	1740
	5
	25
	1835
	5
	1.5
	N/A

	
	n7
	
	
	2550
	10
	52
	2670
	10
	
	7.5


Table 16: Proposed MSD test configuration and results by 5th IMD problem
	DC bands
	UL DC
	IMD
	UL Fc (MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc (MHz)
	DL BW (MHz)
	CF (dB)
	MSD (dB)

	DC_3A-n79A
	3
	IMD5
	|fB79 -4*fB3|
	1712.5
	5
	25
	1807.5
	5
	0.5
	0.0

	
	n79
	
	
	4995
	10
	52
	4995
	10
	
	N/A

	DC_8A-n79A
	8
	IMD5
	|fB79 -4*fB8|
	900
	5
	25
	945
	5
	1.0
	2.7

	
	n79
	
	
	4545
	10
	52
	4545
	10
	
	N/A

	DC_19A-n77A
	19
	IMD5
	|fB77 -4*fB19|
	832.5
	5
	25
	877.5
	5
	0.5
	0.0

	
	n77
	
	
	4195
	10
	52
	4195
	10
	
	N/A

	DC_2A-n66A
	2
	IMD5
	|2*fB66 -3*fB2|
	1860
	5
	25
	1940
	5
	0.8
	N/A

	
	n66
	
	
	1725.5
	5
	52
	2130
	5
	
	2.0


Based on the test configuration and MSD levels, we proposed as follow

Proposal 2: For IMD problems, RAN4 should define MSD level for NR bands up to 5th IMD order to support NSA DC operation. And corresponding test configuration and MSD level will be considered to specify the NSA UE DC sensitivity level.

3. Conclusions


In this contribution, we provide MSD test configuration and initial MSD analysis results based on shared antenna RF architectures to support NSA DC operation in sub-6GHz. Based on the analysis in session 2, we proposed as below 
Proposal 1: For harmonic problem, RAN4 should define MSD level for NR bands up to 6th harmonic order to support NSA DC operation. From 7th order harmonic products will not have critical impact to NR sensitivity.

Proposal 2: For IMD problems, RAN4 should define MSD level for NR bands and LTE bands up to 5th IMD order to support NSA DC operation. And corresponding test configuration and MSD level will be considered to specify the NSA UE DC sensitivity level.
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