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1. Introduction

In the last RAN #83 meeting, new EN-DC basket WI are approved for LTE x bands DL and 1UL (x=1,2,3,4) + NR 2 bands DL and 1UL DC band combinations [1]. 
· IMD problems cases in self desense analysis summary Table [2]
	EN-DC Downlink 
band configuration
	Uplink 
EN-DC Configuration
	Harmonic

relation issues
	intermodulation to own rx  band 
(3rd band)
	interference due to small frequency separation
	MSD

	DC_1_n40-n78
	DC_1A_n40A
	
	4th IMD & 5th IMD
	-
	- FFS by 4th IMD

- FFS by 5th IMD

	
	DC_1A_n78A
	
	4th IMD
	-
	- FFS by 3rd IMD

	DC_3_n1-n79
	DC_3A_n1A
	
	5th IMD
	Yes
	- FFS by 5th IMD

	
	DC_3A_n79A
	
	5th IMD
	-
	- FFS by 5th IMD

	DC_3_n40-n78
	DC_3A_n40A
	2nd harmonic
	5th IMD
	-
	Harmonic issue already covered in DC_3A_n78A

- FFS by 5th IMD

	
	DC_3A_n78A
	
	5th IMD
	-
	- FFS by 5th IMD

	DC_66_n25-n41
	DC_66A_n25A
	-
	-
	-
	No issue

	
	DC_66A_n41A
	
	4th IMD
	-
	- FFS by 4th IMD


In this paper, we provide our MSD analysis results to support EN-DC operation by dual transmission.
2. MSD analysis
In rel-16 NR new WI, RAN4 also 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. 
For the MSD analysis of these 3DL/2UL EN-DC NR UE, we assume the parameters and attenuation levels based on current UE RF FE components as shown in Table 1 and 2. 
Table 1 show the RF component isolation parameters to derive MSD level at sub-6GHz. 
Table 1: UE RF Front-end component parameters

	UE ref. architecture
Component
	Triplexer-Diplexer

Architecture w/ single ant.
	Cascaded Diplexer 
Architecture w/ single ant.

	
	DC_1A_n40A-n78A, DC_3A_n1A_n79A, 

DC_3A_n40A-n78A
	DC_66A_n25A-n41A

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

	Ant. Switch
	112
	68
	55
	55
	112
	68
	55
	55

	Triplexer
	110
	72
	55
	52
	
	
	
	

	Diplexer
	115
	87
	55
	55
	115
	87
	55
	55

	Duplexer
	100
	75
	55
	53
	100
	75
	55
	53

	PA Forward
	28.0
	32
	30
	28
	28.0
	32
	30
	28

	PA Reversed
	40
	30.5
	30
	30
	40
	30.5
	30
	30

	LNA
	10
	0
	0
	-10
	10
	0
	0
	-10


Table 2 show the isolation levels according to the RF component. 
Table 2: 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)

	Triplexer
	20
	High/low band isolation

	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 3: Proposed MSD test configuration and results by IMD problems
	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_n40A-n78A
	1
	IMD4
	|3*fB1-fn40|
	1930
	5
	25
	2120
	5
	1.0
	N/A

	
	n40
	
	
	2340
	5
	25
	2340
	5
	
	

	
	n78
	
	
	3450
	10
	50
	3450
	10
	
	9.8

	
	1
	IMD5
	|2*fB1 -3*fn40|
	1925
	5
	25
	2115
	5
	0.4
	N/A

	
	n40
	
	
	2390
	5
	25
	2390
	5
	
	

	
	n78
	
	
	3320
	10
	50
	3320
	10
	
	4.2

	
	1
	IMD4
	|3*fB1 -fn78|
	1960
	5
	25
	2150
	5
	0.8
	N/A

	
	n78
	
	
	3520
	10
	50
	3520
	10
	
	

	
	n40
	
	
	2360
	5
	25
	2360
	5
	
	10.6

	DC_3A_n1A-n79A
	3
	IMD5
	|4*fB3-fn1|
	1720
	5
	25
	1815
	5
	0.5
	N/A

	
	n1
	
	
	1930
	5
	25
	2120
	5
	
	

	
	n79
	
	
	4950
	10
	50
	4950
	10
	
	4.7

	
	3
	IMD5
	|4*fB3 -fn79|
	1750
	5
	25
	1845
	5
	0.5
	N/A

	
	n79
	
	
	4860
	40
	216
	4860
	10
	
	

	
	n1
	
	
	1950
	5
	25
	2140
	5
	
	3.6

	DC_3A_n40A-n78A
	3
	IMD5
	|2*fB3-3*fn40|
	1730
	5
	25
	1825
	5
	0.5
	N/A

	
	n40
	
	
	2360
	5
	25
	2360
	5
	
	

	
	n78
	
	
	3620
	10
	50
	3620
	10
	
	4.8

	
	3
	IMD5
	|3*fB3 -2*fn78|
	1730
	5
	25
	1825
	5
	0.5
	N/A

	
	n78
	
	
	3665
	10
	50
	3665
	10
	
	

	
	n40
	
	
	1950
	5
	25
	2140
	5
	
	4.4

	DC_66A_n25A-n41A
	66
	IMD4
	|2*fB66 -2*fn41|
	1715
	5
	25
	2115
	5
	1.1
	N/A

	
	n41
	
	
	2685
	10
	50
	2685
	10
	
	

	
	n25
	
	
	1860
	5
	25
	1940
	5
	
	11.0


3. Conclusions


In this contribution, we provide the required MSD levels 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: The proposed MSD test configuration and MSD levels should be considered to specify the MSD requirements in related TR and TS for EN-DC band combinations.
======== Text Proposal for TR37.716-21-21 section 6.X ========

6.x
DC_1A_n40A-n78A
----- Unchanged sections omitted -----
6.x.5
MSD
Based on Table 5.3-1 in TR 37.716-21-21 [2], there is IMD4 & IMD5 products produced by Band 1 and n40 that impact the reference sensitivity of NR n78. 
In addition, there is IMD4 product produced by Band 1 and n78 that impact the reference sensitivity of Band n40. The required MSD are shown in the following table.
Table 6.x.5-1: MSD exception for Scell due to dual uplink operation for EN-DC_1A_n40A-n78A
	DC bands
	UL DC
	IMD
	UL Fc (MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc (MHz)
	MSD (dB)

	DC_1A_n40A-n78A
	1
	IMD4
	|3*fB1-fn40|
	1930
	5
	25
	2120
	N/A

	
	n40
	
	
	2340
	5
	25
	2340
	

	
	n78
	
	
	3450
	10
	50
	3450
	9.8

	
	1
	IMD5
	|2*fB1 -3*fn40|
	1925
	5
	25
	2115
	N/A

	
	n40
	
	
	2390
	5
	25
	2390
	

	
	n78
	
	
	3320
	10
	50
	3320
	4.2

	
	1
	IMD4
	|3*fB1 -fn78|
	1960
	5
	25
	2150
	N/A

	
	n78
	
	
	3520
	10
	50
	3520
	

	
	n40
	
	
	2360
	5
	25
	2360
	10.6


6.X
DC_3_n1-n79
----- Unchanged sections omitted -----
6.X.5
MSD
Based on Table 5.3-1 in TR 37.716-21-21 [2], there is IMD5 products produced by Band 3 and n1 that impact the reference sensitivity of NR n79. 
In addition, there is IMD5 product produced by Band 3 and n79 that impact the reference sensitivity of NR Band n1. The required MSD are shown in the following table.
Table 6.X.5-1: MSD exception for Scell due to dual uplink operation for EN-DC_3A_n1A-n79A
	DC bands
	UL DC
	IMD
	UL Fc (MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc (MHz)
	MSD (dB)

	DC_3A_n1A-n79A
	3
	IMD5
	|4*fB3-fn1|
	1720
	5
	25
	1815
	N/A

	
	n1
	
	
	1930
	5
	25
	2120
	

	
	n79
	
	
	4950
	10
	50
	4950
	4.7

	
	3
	IMD5
	|4*fB3 -fn79|
	1750
	5
	25
	1845
	N/A

	
	n79
	
	
	4860
	40
	216
	4860
	

	
	n1
	
	
	1950
	5
	25
	2140
	3.6


6.X
DC_3_n40-n78
----- Unchanged sections omitted -----
6.X.5
MSD
Based on Table 5.3-1 in TR 37.716-21-21 [2], there is IMD5 products produced by Band 3 and n40 that impact the reference sensitivity of NR band n78. 
In addition, there is IMD5 product produced by Band 3 and n78 that impact the reference sensitivity of NR Band n40. The required MSD are shown in the following table.
Table 6.X.5-1: MSD exception for Scell due to dual uplink operation for EN-DC_3A_n40A-n78A

	DC bands
	UL DC
	IMD
	UL Fc (MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc (MHz)
	MSD (dB)

	DC_3A_n40A-n78A
	3
	IMD5
	|2*fB3-3*fn40|
	1730
	5
	25
	1825
	N/A

	
	n40
	
	
	2360
	5
	25
	2360
	

	
	n78
	
	
	3620
	10
	50
	3620
	4.8

	
	3
	IMD5
	|3*fB3 -2*fn78|
	1730
	5
	25
	1825
	N/A

	
	n78
	
	
	3665
	10
	50
	3665
	

	
	n40
	
	
	1950
	5
	25
	2140
	4.4


6.X
DC_66_n25-n41
----- Unchanged sections omitted -----
6.X.5
MSD
Based on Table 5.3-1 in TR 37.716-21-21 [2], there is IMD4 products produced by Band 66 and n41 that impact the reference sensitivity of NR band n25. The required MSD is shown in the following table.
Table 6.X.5-1: MSD exception for Scell due to dual uplink operation for EN-DC_66A_n25A-n41A

	DC bands
	UL DC
	IMD
	UL Fc (MHz)
	UL BW (MHz)
	UL 
RB #
	DL Fc (MHz)
	MSD (dB)

	DC_66A_n25A-n41A
	66
	IMD4
	|2*fB66 -2*fn41|
	1715
	5
	25
	2115
	N/A

	
	n41
	
	
	2685
	10
	50
	2685
	

	
	n25
	
	
	1860
	5
	25
	1940
	11.0


----- End of changed -----
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