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1 Introduction
In last meeting, the coexistence analysis for DC_20A-n78A has been provided in the contribution [1], and pointed out that 4th order IMD products by Band 20 and Band n78 fall into the own Rx frequency of Band 20, and also the 4th order harmonic products by Band 20 fall into the Band n78. This contribution will analyze the corresponding MSD issue for Band 20 and Band n78.
2 Discussion
MSD level by 4th IMD

This DC combination has the 4th order inter modulation products falling into the Band 20 RX, see table below. 

	DC
	UL CA
	IMD
	UL Fc [MHz]
	UL BW [MHz]
	UL  [RB]
	DL Band
	IMD center [MHz]
	DL BW [MHz]

	20A-n78A
	B20
	IMD4
	1*fBn78 - 3*fB20
	850
	5
	25
	B20
	810
	5

	
	Bn78
	
	
	3360
	10
	50
	
	
	


We use the diplexer based RF front-end architecture in our analysis, which means a diplexer between Band 20 and Band n78
We analyze the amount of IMD using the following component linearity assumptions:

Table 2 General linearity parameters
	Component
	IP4 (dBm)

	Antenna switch
	56

	Diplexer
	55

	PA forward mixing
	32

	PA reverse mixing
	33

	LNA
	-6


Table 2 Attenuation and isolation

	Parameters
	Values (dB)

	Antenna isolation
	10

	PCB isolation PA-PA
	60

	Diplexer isolation
	15

	Tx duplexer rejection at Band 20 Rx
	50


Based on these parameters we get the following MSD. 

	DC
	UL CA
	IMD
	UL Fc [MHz]
	UL BW [MHz]
	UL  [RB]
	DL Band
	IMD center [MHz]
	DL BW [MHz]
	MSD [dB]

	20A-n78A
	B20
	IMD4
	1*fBn78 - 3*fB20
	850
	5
	25
	B20
	810
	5
	21.7

	
	Bn78
	
	
	3360
	10
	50
	
	
	
	


MSD level by 4th harmonic

The MSD level for Band n78 by 4th harmonic from Band 20 can reuse the value from LTE CA_20A-42A. Table 3 shows the MSD level for DC_20A-n78A. The MSD for 40MHz was calculated based on 20MHz, since the interference are same.
Table 3: MSD due to harmonic issue for DC_20-n78A
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	20
	n781,2
	
	10.8
	9.1
	8
	
	6
	
	
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 2:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that 
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Regarding the uplink configuration, 40MHz for n78 should be considered additionally. Therefore, 20MHz with 100RB allocation for Band 20 should be added. 

Table 4: Uplink configuration for the low band (exceptions) for E-UTRA
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	LTE-NR DC band combination
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	20 MHz
	Duplex mode

	DC_20A-n78A
	20
	
	
	8
	16
	25
	251
	252
	FDD

	NOTE 1:
The configuration is used for measurement of MSD for NR channel bandwidth of 20MHz.
NOTE 2:
The configuration is used for measurement of MSD for NR channel bandwidth of 40MHz.


References
[1] TR 37.863-01-01 v0.3.0
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6.45
DC_20A-n78A
6.45.1
Operating bands for DC

Table 6.45.1-1: DC band combination of LTE 1DL/1UL + one NR band
	E-UTRA and NR DC Band
	E-UTRA and NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	DC_20A-n78A
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	n78
	3300 MHz
	–
	3800 MHz
	3300 MHz
	–
	3800 MHz
	TDD


6.45.2
Channel bandwidths per operating band for DC

Table 6.45.2-1: Supported bandwidths per DC band combination of LTE 1DL/1UL + one NR band 
	DC operating / channel bandwidth

	E-UTRA and NR DC Configuration
	E-UTRA and NR Band
	Subcarrier spacing

[kHz]
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	[40

MHz]
	50

MHz
	[60

MHz]
	80

MHz
	100 MHz
	Maximum aggregated bandwidth

[MHz]

	DC_20A-n78A
	20
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	120

	
	n78
	15
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	

	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	


6.45.3
Co-existence studies
For 2UL/2DL UE coexistence study 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 6.45.3-1
Table 6.45.3-1: Harmonic and IMD analysis

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	832
	862
	3300
	3800

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz)
	1664
	1724
	6600
	7600

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	2496
	2586
	9900
	11400

	Two tone 2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	2438
	2968
	4132
	4662

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2136
	1576
	5738
	6768

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	4964
	5524
	7432
	8462

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	|3*fy_low – fx_high|
	|3*fy_high – fx_low|

	IMD frequency limits (MHz)
	1304
	714
	9038
	10568

	Two-tone 4th order IMD products
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	IMD frequency limits (MHz)
	5796
	6386
	10732
	12262

	Two-tone 4th order IMD products
	|2*fx_low – 2*fy_high|
	|2*fx_high – 2*fy_low|
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|

	IMD frequency limits (MHz)
	5936
	4876
	8264
	9324

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	14368
	12338
	148
	472

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	14032
	16062
	6628
	7248

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	9736
	8176
	4014
	5104

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	11564
	13124
	9096
	10186


Based on the table 6.45.3-1, the 4 order IMD products may fall in the own Rx of Band 20. In addition, 3rd order harmonic and 2nd, 3rd, 4th and 5th IMD products may also fall into Rx frequencies of bands 1-10, 12-14, 17-20, 25-29, 31, 33-39, 41, 44, 46-70 and n77.
When 2UL inter-band DC UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.45.3-2 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.45.3-2: 2UL Band x +Band y harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD 3

	Galileo
	1559
	-
	1591
	Yes
	
	IMD 3

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD 3

	GPS
	1563
	-
	1587
	Yes
	
	IMD 3

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD 2

	
	2400
	-
	2494
	Yes
	Asia
	IMD 2

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	IMD3, 4

	
	5150
	-
	5350
	Yes
	Europe
	IMD3, 4

	
	5470
	-
	5725
	Yes
	
	IMD3, 4

	
	5150
	-
	5825
	Yes
	Asia
	IMD3, 4


Table 6.45.3-3 lists the protected bands required for the dual connectivity configuration.
Table 6.45.3-3: Protected bands for the dual connectivity configuration

	E-UTRA DC Configuration
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	DC_20A-n78A
	E-UTRA Band 1, 3, 7, 8, 31, 32, 33, 34, 40, 50, 51, 65, 67, 68, 72, 74, 75, 76
	
	
	
	
	
	

	
	E-UTRA Band 20
	FDL_low
	-
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 38, 69
	FDL_low 
	-
	FDL_high
	-50
	1
	2

	NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd, 3rd, 4th [or 5th] harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2MHz + N x LCRB x 180kHz), where N is 2, 3, 4, [5] for the 2nd, 3rd, 4th [or 5th] harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.

NOTE 15:
These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.




6.45.4
∆TIB and ∆RIB values
For DC_20A-n78A, the (TIB,c and (RIB values are given in the tables below.

Table 6.41.4-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_20A-n78A
	20
	0.6

	
	n78
	0.8


Table 6.41.4-2: ΔRIB
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_20A-n78A
	20
	0

	
	n78
	0.5


6.45.5
MSD
Table 6.45.5-1 lists the MSD required for the dual connectivity configuration.

Table 6.45.5-1: MSD due to IMD issue for DC_20-n78A
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	EUTRA/NR DC 

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

	DC_20A-n78A
	20
	850
	5
	25
	810
	21.7
	FDD
	IMD44

	
	n78
	3360
	10
	50
	3360
	N/A
	TDD
	N/A


The MSD level for Band n78 by 4th harmonic from Band 20 can reuse the value from LTE CA_20A-42A. Table 6.45.5-2 shows the MSD level for DC_20A-n78A. The MSD for 40MHz was calculated based on 20MHz, since the interference are same.

Table 6.45.5-2: MSD due to harmonic issue for DC_20-n78A
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	20
	n781,2
	
	10.8
	9.1
	8
	
	6
	
	
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 2:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that 
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Regarding the uplink configuration, 40MHz for n78 should be considered additionally. Therefore, 20MHz with 100RB allocation for Band 20 should be added. 

Table 6.45.5-3: Uplink configuration for the low band (exceptions) for E-UTRA
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	LTE-NR DC band combination
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	20 MHz
	Duplex mode

	DC_20A-n78A
	20
	
	
	8
	16
	25
	251
	252
	FDD

	NOTE 1:
The configuration is used for measurement of MSD for NR channel bandwidth of 20MHz.
NOTE 2:
The configuration is used for measurement of MSD for NR channel bandwidth of 40MHz.


<end of TP >
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