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1. Introduction
In [1], TP for DC_3A_n50A was provided. However MSD due to cross band isolation for the combination when n50 uplink bandwidth equals to 60MHz was missing. The contribution provide MSD analysis for the band combination.
2. Discussion
The frequency gap of n50 uplink(1432~1517MHz) to Band 3 downlink(1805~1880MHz) is 288MHz. n50 uplink bandwidth is up to 60MHz so the gap/UL-BW ratio is 4.8 while spectrum regrowth of n50 uplink can introduce wideband noise to Band 3 downlink range. The MSD analysis assumption parameters are listed as table 2-1 based on separate antenna architecture:

	Parameter
	Value
	Unit

	Antenna isolation 
	10
	dB

	n50 filter rejection at B3 receiving range
	40
	dB

	Band 3 duplexer rejection at n50 frequency range
	40
	dB

	Front-end loss 
	4
	dB

	Thermal noise at n28 RX ANT port
	-164
	dBm/Hz

	n50 PA output noise at B3 receiving range
	-125
	dBm/Hz

	Transceiver phase noise 
	-150
	dBc/Hz

	SNR requirement for QPSK
	-1
	dB



Table 2-1 Typical receiver performance parameters for MSD analysis
Calculated MSD due to cross band isolation result based on above assumption as below:

	Direct Signal Path

	Parameter
	Main
	Diversity
	 

	n50 TX power at antenna port (Primary path)
	23
	23
	dBm

	n50 PA output noise power at B3 freq
	-125
	-125
	dBm/Hz

	n50 reciprocal mixing noise at B3 LNA input port
	-106.4
	-106.4
	dBm/5MHz

	Thermal noise at RX ant port
	-161
	dBm/Hz

	Total noise level refer to B3 LNA input port
	-94.5
	-94.5
	

	Combined

	MSD (5MHz BW)
	2.5
	dB



Table 2-2 Link analysis for Band 3 5MHz REFSENS calculation at fc=1807.5MHz


Table 2-3: Reference sensitivity exceptions (MSD) due to cross band isolation for EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n50
	3
	2.5
	1.9
	1.6
	1.5
	
	
	
	
	
	
	



Table 2-4: Uplink configuration for reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1
	E-UTRA or NR Band / SCS / Channel bandwidth of the affected DL band / UL RB allocation of the agressor band

	UL band
	DL band
	SCS of UL band (kHz)
	5 MHz
(LCRB)
	10 MHz
(LCRB)
	15 MHz
(LCRB)
	20 MHz
(LCRB)
	25 MHz
(LCRB)
	30 MHz
(LCRB)
	40 MHz
(LCRB)
	50 MHz
(LCRB)
	60 MHz
(LCRB)
	80 MHz
(LCRB)
	90 MHz
(LCRB)
	100 MHz
(LCRB)

	n50
	3
	30
	160
	160
	160
	160
	
	
	
	
	
	
	
	



TP for TR 37.716-11-11 DC_3A_n50A is correct as below:
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[bookmark: _Toc16782399]6.1.23	DC_3_n50
6.1.23.1	Operating bands for DC
Table 6.1.23.1-1: DC band combination of 1 LTE band + 1 NR band
	EN-DC band
	E-UTRA Band
	NR Band
	Single UL allowed

	DC_3_n50
	3
	n50
	



6.1.23.2	Configuration for DC
Table 6.1.23.2-1:  Inter-band EN-DC configurations of 1 LTE band + 1 NR band
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	E-UTRA configuration
	NR configuration

	DC_3A_n50A
	DC_3A_n50A
	3A
	n50A



6.1.23.3	Maximum output power for DC
Table 6.1.23.3-1: Maximum output power for inter-band EN-DC of 1 LTE band + 1 NR band
	DC configuration
	Power class 3
(dBm)
	Tolerance
(dB)

	DC_3A_n50A
	23
	+2/-3



6.1.23.4	Spurious emission band UE co-existence for DC
Table 6.1.23.4-1: Spurious emissions for inter-band EN-DC of 1 LTE band + 1 NR band
	E-UTRA and NR DC Configuration
	Spurious emission 

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

	DC_3A_n50A 
	E-UTRA Band 5, 7, 8, 12, 13, 17, 18, 19, 20, 26, 27, 28, 29, 31, 32, 38, 40, 41, 43, 44, 48, 52, 67, 68, 69, 72, 73
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 1, 2, 4, 33, 34, 39, 42, 65, 66
NR Band n77, n78, n79
	 FDL_low
	-
	FDL_high
	-50
	1
	2

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	

	
	Frequency range
	1400
	-
	1427
	-42
	27
	

	NOTE 2:	As exceptions, measurements with a level up to the applicable requirements defined in Table 6.5.3.1-2 are permitted for each assigned 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.



6.1.23.5	MSD analysis for DC
For 2UL/2DL UE coexistence study 2nd, 3rd, 4th and 5th order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 6.1.23.5-1
Table 6.1.23.5-1: Harmonic and IMD analysis
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	1432
	1517

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

	2nd harmonics frequency limits (MHz) 
	3420
	3570
	2864
	3034

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

	3rd harmonics frequency limits (MHz)
	5130
	5355
	4296
	4551

	UL
	f1_low
	f1_high
	f2_low
	f2_high

	 
	1710
	1785
	1432
	1517

	DL
	f1_low
	f1_high
	f2_low
	f2_high

	 
	1805
	1880
	1432
	1517

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

	IMD frequency limits (MHz)
	-353
	-193
	3142
	3302

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

	IMD frequency limits (MHz)
	1903
	2138
	1079
	1324

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

	IMD frequency limits (MHz)
	4852
	5087
	4574
	4819

	3rd order IMD products
	(fx_low – fy_high + fy_low)
	(fx_high + fy_high – fy_low)
	(fy_low – fx_high + fx_low)
	(fy_high + fx_high – fx_low)

	 
	1625
	1870
	1357
	1592

	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)
	1630
	1865
	1412
	1537

	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)
	3613
	3923
	2511
	2841

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

	IMD frequency limits (MHz)
	-706
	-386
	 
	 

	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)
	6562
	6872
	6006
	6336

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

	IMD frequency limits (MHz)
	6284
	6604
	 
	 

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

	IMD frequency limits (MHz)
	3943
	4358
	5323
	5708

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

	IMD frequency limits (MHz)
	726
	1131
	2491
	2096

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

	IMD frequency limits (MHz)
	7438
	7853
	8272
	8657

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

	IMD frequency limits (MHz)
	7716
	8121
	7994
	8389



	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	1432
	1517

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

	2nd harmonics frequency limits (MHz)
	3420
	3570
	2864
	3034

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

	3rd harmonics frequency limits (MHz)
	5130
	5355
	4296
	4551

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

	4th harmonics frequency limits (MHz)
	6840
	7140
	5728
	6068

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

	5th harmonics frequency limits (MHz)
	8550
	8925
	7160
	7585

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

	IMD frequency limits (MHz)
	353
	193
	3142
	3302

	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)
	1903
	2138
	1079
	1324

	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)
	4852
	5087
	4574
	4819

	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)
	3613
	3923
	2511
	2841

	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)
	6562
	6872
	6006
	6261

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

	IMD frequency limits (MHz)
	706
	386
	6284
	6604

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

	IMD frequency limits (MHz)
	5323
	5708
	3943
	4358

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

	IMD frequency limits (MHz)
	8272
	8657
	7438
	7853

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

	IMD frequency limits (MHz)
	2096
	2491
	726
	1131

	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)
	7716
	8121
	7994
	8389


According to the above table, there is no harmonic/IMD problem for the Rx of band combination of DC_3_50.
The frequency gap of n50 uplink(1432~1517MHz) to Band 3 downlink(1805~1880MHz) is 288MHz. n50 uplink bandwidth is up to 60MHz so the gap/UL-BW ratio is 4.8 while spectrum regrowth of n50 uplink can introduce wideband noise to Band 3 downlink range. The MSD due to cross band isolation is proposed as below:
Table 6.1.23.5-2: Reference sensitivity exceptions (MSD) due to cross band isolation for EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	n50
	3
	2.5
	1.9
	1.6
	1.5
	
	
	
	
	
	
	



Table 6.1.23.5-3: Uplink configuration for reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1
	E-UTRA or NR Band / SCS / Channel bandwidth of the affected DL band / UL RB allocation of the agressor band

	UL band
	DL band
	SCS of UL band (kHz)
	5 MHz
(LCRB)
	10 MHz
(LCRB)
	15 MHz
(LCRB)
	20 MHz
(LCRB)
	25 MHz
(LCRB)
	30 MHz
(LCRB)
	40 MHz
(LCRB)
	50 MHz
(LCRB)
	60 MHz
(LCRB)
	80 MHz
(LCRB)
	90 MHz
(LCRB)
	100 MHz
(LCRB)

	n50
	3
	30
	160
	160
	160
	160
	
	
	
	
	
	
	
	


Based on the table 6.1.23.5-1:
· 2nd order harmonic products may also fall into Rx frequencies of bands 22, 42, n77, n78
· 3nd order harmonic products may also fall into Rx frequencies of bands 46, n79
· 2nd IMD products may also fall into Rx frequencies of bands n77, n78
· 3rd IMD products may also fall into Rx frequencies of bands 1/n1, 2/n2, 3/n3, 4, 9, 10, 11, 21, 24, 25/n25, 32, 33, 34/n34, 35, 36, 37, 39/n39, 45, 50/n50, 51/n51, 65/n65, 66/n66, 70/n70, 74/n74, 75/n75, 76/n76, n79
· 4th IMD products may also fall into Rx frequencies of bands 7/n7, 38/n38, 41/n41, 43, 69, n77, n78
· 5th IMD products may also fall into Rx frequencies of bands 5/n5, 6, 8/n8, 12/n12, 13, 14, 17, 18, 19, 20/n2026, 27, 28/n28, 29, 44, 46, 67, 68, n77, 85

Tables below list the MSD required for the dual connectivity configuration due to IMD 3.
Table 6.1.23.5-2: Reference sensitivity exceptions due to dual uplink operation for EN-DC in NR FR1 (two bands)
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	IMD order
	Single UL allowed

	DC_3_n50
	3
	TBD
	5
	25
	TBD
	TBD
	FDD
	IMD 3
	Yes

	
	n50
	TBD
	5
	25
	TBD
	N/A
	TDD
	N/A
	


6.1.23.6	∆TIB and ∆RIB values
For DC_3_n150, the TIB,c and RIB,c values are given in the tables below.
Table 6.1.23.6-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_3_n50
	3
	0.5

	
	n50
	0.5



Table 6.1.23.6-2: ΔRIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_3_n50
	3
	0

	
	n50
	0




Reference:
1. R4-1911329 TP for TR 37.716-11-11 DC_3A_n50A, RAN4#92-bis
3GPP
