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1. Introduction
This document is a following on to (5).  The combination B41+n77 was not agreed so it has been resubmitted for approval in San Diego.  In addition B41 +n79 is also considered.  Although both combinations are likely used in a synchronous mode, with constraints both can operate ina asynchronous mode.  B41+n77 MSD is significant but usable and constrained by harmonic mixing and cross band isolation.  B41+n79 MSD is very large, constrained by TX 2nd harmonic and harmonic mixing but is only across a very small range of operating frequencies in B41 and n79.
This document, outlines the MSD for 3 combinations of LTE + NR(1).  The combos were chosen as a minimum set that outline the most common types of MSD to be expected as the DC combination list grows with time.  NR band n77 encompasses n78 and is the widest of all NR bands. 
Table 1: DC configurations considered.
	DC LTE+NR
	Duplex configuration
	
	Comments

	B41+n77
	TDD+TDD
	
	No self  de-sense with DUL.

	B41+n79
	
	
	


2. DC 41A-n77

This combination suffers from cross band isolation issues and harmonic mixing.  The cross band issues are less concerning than the harmonic mixing issues.
The isolation from B41 TX to n77 RX and from n77 TX to B41 RX were both considered.  The problem is most pronounced on B41 RX .  Table 4 below details the cross band  from B41 TX to n77 RX, is largely independent of BW and is dominated by OOB noise.. 
Table 2: Cross Band and harmonic mixing 3xB41 TX=2xn77 RX (BW 10MHz) 

	
	
	PRX
	DRX

	Thermal noise
	dBm
	-102.3
	-102.3

	Target
	dBm
	-118.3
	-118.3

	OOB noise in Victim Rx
	dBm
	-94.9
	-89.9

	IM2 noise
	dBm
	-107.7
	-99.8

	reciprocal mixing
	dBm
	-110.9
	-106.9

	Harmonic Mixing (2xRxLO = 3xTx)
	dBm
	-129.1
	-126.1

	(Total noise - thermal noise)
	dBm
	-94.5
	-89.4

	Total Noise at QLNA input (PRx)
	dBm
	-93.9
	-89.2

	De-sense
	dB
	8.5
	13.2

	PRx + DRx Sensitivity
	dBm
	-94.1
	 

	Desense (PRx+DRx)
	dB
	8.3
	 




The harmonic mixing issues are the 2nd harmonic of the n77 TX falling at the 3RXLO of B41. This de-sense B41 RX by 10.4 dB.  The overall de-sense due harmonic mixing, is outlined below and for B41 BW =20MHz and n77 BW = 10 Mhz.  OOB noise contributes 4.5dB whereas at the undesired frequency combinations the de-sense due to harmonic mixing is 10.4dB
Table 3: Cross Band and harmonic mixing 2xn77 TX = 3xB41 RX (BW 5MHz)
	
	
	PRX
	DRX

	Thermal noise
	dBm
	-105.4
	-105.4

	Target
	dBm
	-121.4
	-121.4

	OOB noise in Victim Rx
	dBm
	-112.7
	-107.8

	IM2 noise
	dBm
	-102.1
	-94.1

	reciprocal mixing
	dBm
	-99.0
	-95.0

	Harmonic Mixing (3xRxLO = 2xTx)
	dBm
	-99.6
	-97.4

	(Total noise - thermal noise)
	dBm
	-97.1
	-91.4

	Total Noise at QLNA input (PRx)
	dBm
	-94.8
	-90.3

	De-sense
	dB
	10.6
	15.1

	PRx + DRx Sensitivity
	dBm
	-95.0
	 

	Desense (PRx+DRx)
	dB
	10.4
	 


The range of frequencies where the extra de-sense will be noticed is outline below.

Table 4: Range of frequencies where Harmonic mixing is an issue
	N77 TX
	B41 RX
	De-sense 
	Comments

	3744
	2496
	10.4 dB
	2TXn77 = 3xRXB41

	4035
	2690
	
	


Table 5: Range of frequencies where Harmonic mixing is an issue

	B41 TX
	N77 RX
	De-sense 
	Comments

	2496
	3744
	8.3 dB
	3TX B41 = 2xRX n77

	2690
	4035
	
	


3. DC 41A + n79
This combination suffers from 2nd harmonic B41 TX in victim n79 RX and n79 TX 2nd harmonic mixing with B41 RX – both over very narrow range of frequencies.  Other than these two concerns where the de-sense can be huge, there are no other concurrency issues.   
The 2nd harmonic of B41 TX (2496 MHz) falling into the very top of the n79 Rx (4992 MHz) is over a very narrow range B41(2496 – 2500 MHz) and n79 (4992 – 5000 MHz).  
Table 6: 2nd harmonic B41 TX to n79 RX

	Factor help from 3GPP
	dB
	0.0
	 

	Thermal noise
	dBm
	-102.3
	-102.3

	Target
	dBm
	-118.3
	-118.3

	OOB noise in Victim Rx
	dBm
	-109.7
	-104.8

	IM2 noise
	dBm
	-124.7
	-116.8

	reciprocal mixing
	dBm
	-110.9
	-106.9

	Tx 2H noise in Victim Rx
	dBm
	-55.6
	-50.6

	(Total noise - thermal noise)
	dBm
	-55.6
	-50.6

	Total Noise at QLNA input (PRx)
	dBm
	-55.6
	-50.6

	De-sense
	dB
	46.8
	51.8

	PRx + DRx Sensitivity
	dBm
	-55.6
	 

	Desense (PRx+DRx)
	dB
	46.7
	 


Table 7: n79 TX on 2nd harmonic mixing of B41 RX
	Factor help from 3GPP
	dB
	0.0
	 

	Thermal noise
	dBm
	-105.4
	-105.4

	Target
	dBm
	-121.4
	-121.4

	OOB noise in Victim Rx
	dBm
	-122.3
	-122.3

	IM2 noise
	dBm
	-129.3
	-129.3

	reciprocal mixing
	dBm
	-105.0
	-105.0

	Harmonic Mixing (2xRxLO = Tx)
	dBm
	-83.8
	-86.5

	(Total noise - thermal noise)
	dBm
	-104.9
	-104.9

	Total Noise at QLNA input (PRx)
	dBm
	-83.7
	-86.4

	De-sense
	dB
	21.7
	18.9

	PRx + DRx Sensitivity
	dBm
	-86.6
	 

	Desense (PRx+DRx)
	dB
	18.8
	 


	MSD Issue
	Band
	Frequency Low MHz
	Frequency high Mhz
	comments

	2nd harmonic B41 TX on n79 RX
	B41
	2496
	2500
	Small range of problematic frequencies but very large MSD (46.7 dB)

	
	n79
	4992
	5000
	

	n79 TX on 2nd harmonic mixing B41 RX
	B41
	2496
	2500
	Small range of problematic frequencies and significant MSD (18.8 dB)

	
	n79
	4992
	5000
	


4. Conclusions
B41+n77 can operate asynchronous mode with MSD of 8.3dB for cross band isolation issues and 10.4 dB for harmonic mixing 2xTXn77 = 3xRXB41.  B41+n79 has a narrow range of operating frequencies where the de-sense is huge, 46.7 dB for 2nd harmonic issue and 18.8 dB for the harmonic mixing issue.  However B41+n79 can operate in asynchronous mode if the following range of frequencies are avoided:
· B41 avoid 2496 – 2500 MHz
· n79 avoid 4492 – 5000 MHz.

The following proposals are suggested
 Proposal 1: B41+n77 can operate in asynchronous mode

Proposal 2; B41+n77 cross band B41TX to n77 RX MSD = 8.3 dB

Proposal 3: B41+n77 harmonic mixing 2xTXn77 = 3xRXB41 MSD = 10.4dB
Proposal 4: B41+n79 can operate in asynchronous mode if range of operating frequencies are avoided.

Proposal 4: B41+n79 avoid B41 2496 – 2500 MHz
Proposal 5: B41+n79 avoid n79 4992 – 5000 MHz
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6.51 DC_41A-n77A
6.51.1
Operating bands for DC

	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_41A-n77A
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD

	
	n77
	3300 MHz
	–
	4200 MHz
	3300 MHz
	–
	4200 MHz
	TDD


6.51.2
Channel bandwidths per operating band for DC

Table 6.51.2-1: DC band combination of LTE 1DL/1UL + one NR band
	DC operating / channel bandwidth

	E-UTRA and NR DC Config.
	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_41A-n77A
	41
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	120

	
	n77
	15
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	

	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	


6.51.3
Co-existence studies
Table 6.51.3-1 lists up to 7th order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis for Band 41+Band n77 2UL DC.

Table 6.51.3-1: Band 41 and Band n77 UL harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	2496
	2690
	3300
	4200

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

	2nd harmonics frequency limits (MHz) 
	4992-5380
	6600-8400

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

	3rd harmonics frequency limits (MHz)
	7488-8070
	9900-12600

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz)
	9984-10760
	13200-16800

	5th harmonics frequency limits
	5*fx_low
	5*fx_high
	5*fy_low
	5*fy_high

	5th harmonics frequency limits (MHz)
	12480-13450
	16500-21000

	6th harmonics frequency limits
	6*fx_low
	6*fx_high
	6*fy_low
	6*fy_high

	
	14976-16140
	19800-25200

	7th harmonics frequency limits
	7*fx_low
	7*fx_high
	7*fy_low
	7*fy_high

	7th harmonics frequency limits (MHz)
	17472-18830
	23100-29400

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

	IMD frequency limits (MHz)
	610-1704
	5796-6890

	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)
	792-2080
	3910-5904

	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)
	8292-9580
	9096-11090

	Two-tone 3rd order IMD products
	(fx_low – max BW fy)
	(fx_high + max BW fy)
	(fy_low – max BW fx)
	(fy_high + max BW fx)

	IMD frequency limits (MHz)
	2396-2790
	3280-4220

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	3288-4770
	7210-10104

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

	IMD frequency limits (MHz)
	1220-3408
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	10788-12270
	12396-15290

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

	IMD frequency limits (MHz)
	11592-13780
	

	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)
	10510-14304
	5784-7460

	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)
	4520-7608
	912-1470

	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)
	15696-19490
	13284-14960

	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)
	14892-17980
	14088-16470


Based on Table 6.51.3-1, the 3rd and 4th order IMD may fall into Band 41 and Band n77. However, it should be noted that IMD will not be an issue for TDD bands (no self-interference for the TDD band)  even through the IMD products may fall into the concerning band. 
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 6.51.3-2 lists if up to 7th order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.51.3-2: Band 41 and Band n77 harmonic and IMD for ISM and GNSS bands
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	2nd, 3rd, 4th IMD

	Galileo
	1559
	-
	1591
	Yes
	
	2nd, 3rd, 4th IMD

	GLONASS
	1591
	-
	1610
	Yes
	
	2nd, 3rd, 4th IMD

	GPS
	1563
	-
	1587
	Yes
	
	2nd, 3rd, 4th IMD

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	3rd, 4th IMD

	
	2400
	-
	2494
	Yes
	Asia
	3rd, 4th IMD

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	2nd harmonic, 2nd, 3rd IMD

	
	5150
	-
	5350
	Yes
	Europe
	2nd harmonic, , 3rd IMD

	
	5470
	-
	5725
	Yes
	
	3rd IMD

	
	5150
	-
	5825
	Yes
	Asia
	2nd harmonic, 2nd, 3rd IMD


Table 6.51.3-3: 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_xA-yA
	E-UTRA or NR Band A
	FDL_low
	-
	FDL_high
	
	
	

	
	Frequency range
	
	-
	
	
	
	

	NOTE N:



6.51.4
∆TIB and ∆RIB values
There are no configuration requirements for this band combination that would require additional front-end loss and hence ΔTIB,c.or ΔRIB
.
Table 6.51.4-4: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_41A-n77A
	41
	0.6

	
	n77
	0.8

	


Table 6.51.4-5: ΔRIB
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_41A-n77A
	41
	0.2

	
	n77
	0.5

	


.
6.51.5
MSD
B41 and n77 are both TDD and close in frequency and lack of isolation in the band filters will result in RX bands noise from the TX path of one band de-sensing the RX of the other band.  However, the MSD is acceptable for asynchronous operation.  For B41 TX cross band to n77 RX, MSD =8.3 dB (cross band isolation + ΔRIB).  However the harmonic mixing component (2xTX n77 = 3xRXB41) is more significant, MSD =10.4 dB and cross band is only 4,5 dB
Table 6.51.5-6: MSD for the dual connectivity configuration for asynchronous operation and cross band B41 and n77.

	Channel bandwidth

	EUTRA/NR DC Configuration
	EUTRA/NR band
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	100
MHz
	Duplex mode

	CA_41A-n77A
	41
	-93.5
	-90.5
	-88.7
	-87.5
	
	
	
	
	
	TDD

	
	n77 SCS =30 kHz
	
	-87.9
	-85.9
	-84.7
	-81.5
	-80.5
	-79.6
	-78.4

	-77.4
	TDD


The Harmonic mixing component is 2xTX n77 = 3xRXB41
Table 6.51.5-7: Band 41 and Band n77 harmonic mixing MSD
	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_41A-n77A(1)
	41
	2496(2)
	20
	100
	2496
	10.4
	TDD
	Harmonic mixing

	
	n77
	3744(2)
	10
	25
	3744
	NA
	TDD
	N/A

	DC_41A-n77A(1)
	41
	2690(2)
	20
	100
	2690
	10.4
	TDD
	Harmonic mixing

	
	n77
	4035(2)
	10
	25
	4035
	NA
	TDD
	N/A

	
NOTE 1: 2xTXn77 = 3xRXB41
NOTE2:
.All channel frequencies between those specified also are de-sense the same amount


6.53 DC_41A-n79A
4.1.1. 6.53.1
Operating bands for DC
Table 6.53.1-1: 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_41A-n79A
	41
	2496 MHz 
	–
	2690 MHz
	2496 MHz 
	–
	2690 MHz
	TDD

	
	n79
	4400 MHz 
	–
	5000 MHz
	4400 MHz 
	–
	5000 MHz
	TDD


4.1.2. 6.53.2
Channel bandwidths per operating band for DC
Table 6.53.2-1: 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_41A-n79A
	41
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	120

	
	n79
	15
	
	
	
	
	Yes
	Yes
	
	
	
	

	
	
	30
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	

	
	
	60
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	


4.1.3. 6.53.3
Co-existence studies

Table 6.53.3-1 lists up to 7th order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis for Band 41+Band n79 2UL DC.

Table 6.53.3-1: Band 41 and Band n79 UL harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	2496
	2690
	4400
	5000

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

	2nd harmonics frequency limits (MHz) 
	4992-5380
	8800-10000

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

	3rd harmonics frequency limits (MHz)
	7488-8070
	13200-15000

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz)
	9984-10760
	17600-20000

	5th harmonics frequency limits
	5*fx_low
	5*fx_high
	5*fy_low
	5*fy_high

	5th harmonics frequency limits (MHz)
	12480-13450
	22000-25000

	6th harmonics frequency limits
	6*fx_low
	6*fx_high
	6*fy_low
	6*fy_high

	
	14976-16140
	26400-30000

	7th harmonics frequency limits
	7*fx_low
	7*fx_high
	7*fy_low
	7*fy_high

	7th harmonics frequency limits (MHz)
	17472-18830
	30800-35000

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

	IMD frequency limits (MHz)
	1710-2504
	6896-7690

	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)
	8-980
	6110-7504

	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)
	9392-10380
	11296-12690

	Two-tone 3rd order IMD products
	(fx_low – max BW fy)
	(fx_high + max BW fy)
	(fy_low – max BW fx)
	(fy_high + max BW fx)

	IMD frequency limits (MHz)
	2396-2790
	4380-5020

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	2488-3670
	10510-12504

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

	IMD frequency limits (MHz)
	5008-3420
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	11888-13070
	15696-17690

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

	IMD frequency limits (MHz)
	13792-15380
	

	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)
	17504-14910
	6360-4984

	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)
	10008-7820
	730-2512

	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)
	20096-22690
	14384-15760

	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)
	18192-20380
	16288-18070


Based on Table 6.53.3-1, the 2nd harmonic may fall into Band n79. The 2nd, 3rd, 4th and 5th order IMD may fall into Band 41 and 3rd, 4th,5th order IMD product may also fall into Band n79. However it should be noted that IMD will not be an issue for TDD bands (no self-interference for the TDD band)  even through the IMD products may fall into the concerning band. 
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 6.53.3-2 lists if up to 7th order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.53.3-2: Band 41 and Band n79 harmonic and IMD for ISM and GNSS bands
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	5th IMD

	Galileo
	1559
	-
	1591
	Yes
	
	5th IMD

	GLONASS
	1591
	-
	1610
	Yes
	
	5th IMD

	GPS
	1563
	-
	1587
	Yes
	
	5th IMD

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	2nd, 3rd, 4th, 5th IMD

	
	2400
	-
	2494
	Yes
	Asia
	2nd, 3rd, 4th, 5th IMD

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	2nd harmonic, 5th IMD

	
	5150
	-
	5350
	Yes
	Europe
	2nd harmonic, 5th IMD

	
	5470
	-
	5725
	Yes
	
	5th IMD

	
	5150
	-
	5825
	Yes
	Asia
	2nd harmonic, 5th IMD


Table 6.53.3-3 lists the protected bands required for the dual connectivity configuration.

Table 6.53.3-3: 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_xA-yA
	E-UTRA or NR Band A
	FDL_low
	-
	FDL_high
	
	
	

	
	Frequency range
	
	-
	
	
	
	

	NOTE N:



4.1.4. 6.53.4
∆TIB and ∆RIB values
For DC_41A-n79A, the (TIB,c and (RIB values are given in Table 6.53.4-1 Table 6.53.4-2 for UEs not supporting simultaneous Tx/Rx.

Table 6.53.4-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_41A-n79A
	41
	0.3

	
	n79
	0.8


Table 6.53.4-2: ΔRIB
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_41A-n79A
	41
	0

	
	n79
	0.5


4.1.5. 6.53.5
MSD

Text will be added.

6.53.6

Self-interference analysis

This section provides the formulation to determine whether the DL carriers would be impacted by UL harmonics, 2UL inter-modulation products (IMD), or DL harmonic mixing with UL interferer based on UL and DL channel combinations. The potential self-interference mechanism has been identified in section 6.53.3 co-existence studies except for harmonic mixing which are used to generate an interference mixing coefficient table for this DC combination, as shown in Table 6.53.6-1.

Table 6.53.6-1: Band 41 and Band n79 interference mixing coefficients
	EUTRA-NR DC
Configuration
	EUTRA/NR
Band
	UL
Coefficient
	DL
Coefficient
	Harmonic/IMD
Order
	Victim
Band
	Interference
Type

	DC_41A_n79A
	41
	a
	2
	b
	0
	2
	n79
	Harmonic

	
	n79
	c
	0
	d
	-1
	
	
	


Equations (1) and (2) below are used to calculate the interference center frequency (fINT) and its effective bandwidth (BWINT) where coefficients a, b, c, and d are defined in Table 6.53.6-1 and CBW stands for channel bandwidth.
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Formula (3-1) and (3-2) below are then used to indicate when the interference is overlapping with RX1 and RX2, respectively.

                        
[image: image3.wmf]2

|

|

1

RX

INT

INT

CBW

BW

f

+

<

                                (3-1)

                        
[image: image4.wmf]2

|

|

2

RX

INT

INT

CBW

BW

f

+

<

                                (3-2)

For DC 41A-n79 there are two options for operation, synchronous and asynchronous operation.  Synchronous operation has no issue with MSD as TX and RX slots between B41 and n79 are aligned.  For asynchronous operation, there are a small range of frequencies for DC 41A-n79 where large MSD occurs. The two types of MSD, B41 TX 2nd harmonic falling on n79 RX and TX harmonic mixing, n79 TX harmonic mixing with B41 RX.  Asynchronous operation can also have no MSD if the problematic frequencies are avoided for this combination (Table 6.53.5-4).
Table 6.53.5-1: Band 41 and Band n79 harmonic mixing MSD
	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_41A-n79A
	41
	2498.5(2)
	5
	
	2496
	18.8
	TDD
	Harmonic mixing

	
	n79
	4980(2)
	40(3)
	
	4980
	NA
	TDD
	N/A

	NOTE 1: 2xRXnB41= TX n79
NOTE 2: There is only one channel allocation for B41 and n79 that is problematic.
NOTE 3: This is the minimum CBW for n79


Table 6.53.5-2: MSD due to 2nd harmonic B41 on n79 RX
	MSD due to harmonic exception for the DL band

	UL band
	Ul BW MHz
	DL band
	
	
	
	
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	
	
	
	
	
	
	
	dB
	dB
	dB
	dB
	dB

	41
	5
	n791,2
	
	
	
	
	47.6
	46.6
	46
	44.6
	43.6

	
	
	
	
	
	
	
	
	
	
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.
NOTE 2:
The minimum CBW for n79 is 40 MHz and maximum CBW for B41 is 20 MHz.  


Table 6.53.5-3 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_41-n79
	41
	
	
	12
	26
	39
	531
	1002
	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.


Table 6.53.5-4: DC_41A-n79A frequencies to avoid
	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
	

	
	
	Frequencies to avoid
	Frequencies to avoid
	

	DC_41A-n79A
	41
	2496 MHz 
	–
	2500 MHz
	2496 MHz 
	–
	2500 MHz
	TDD

	
	n79
	4992 MHz 
	–
	5000 MHz
	4992 MHz 
	–
	5000 MHz
	TDD


�Same as for B41+B42


�The n77 row values are incorrect and need to be update
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