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1 Introduction
The WID for NR DC was updated in RAN #87 meeting. This contribution provides a TP for TR 37.716-21-11 to finish the UE RF requirements for the band combination. 
2 Discussion
This inter-band ENDC combination is subjected to the 2nd and 5th order IM issues. We use main/diversity antenna topology as RF front-end architecture in our analysis, as shown in figure 1. The component linearity assumptions are listed in table 1, and the component attenuation and isolation values are listed in table 2.

Table 1 General linearity parameters

	Component
	IP4(dBm)
	IP5(dBm)

	Antenna switch
	56
	53

	Diplexer
	55
	53

	Duplexer
	74
	53

	PA forward mixing
	30
	28

	PA reverse mixing
	30
	40

	LNA
	-6
	-10
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Figure 1 main/diversity antenna topology

Table 2 Attenuation and isolation values

	Attenuation and Isolation Parameter
	Value (dB)
	Comment

	Antenna ISO
	10
	Main antenna to diversity antenna

	PA gain
	25
	

	PCB isolation Paout-Pain
	60
	PCB isolation (PA forward mixing)

	B3 Tx attenuation at Band 32 Rx
	46
	

	n78 Tx attenuation at B32 RX
	30
	


Table 3 and Table 4 summarize the MSD analysis results for DC_3-32_n78 with UL band 3 and n78.

Table 3 MSD calculation for victim Rx of band 32

	Component
	IMD4(dBm)
	IMD5(dBm)

	
	Main_@Antenna
	Div_@Antenna
	Main_@Antenna
	Div_@Antenna

	B3 PA Forward mixing interference
	-134
	
	-196.8
	

	n78 PA Forward mixing interference
	-230
	
	-252.2
	

	B3 PA Reserve mixing interference
	-140
	
	-217.3
	

	n78 PA Reserve mixing interference
	-189
	
	-197.4
	

	B3 Duplexer 
	-152
	
	-136
	

	B32 LNA via filters
	-100
	
	-99
	

	B32 LNA via PCB coupling
	-118.5
	
	-131
	

	Diplexer (L-H)
	-83.5
	-124.5
	-110
	-161.5

	Antenna switch
	-94.5
	-128.5
	-129
	-163

	interference From main path
	
	-92.1
	
	-108.7

	Total
	-82.1
	-91.9
	-98.7
	-108.5


Table 4 MSD requirements for DC_1-32_n78 with UL band 1 and n78

	EN-DC Configuration
	EUTRA/NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL

LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_3-32_n78
	3
	1730
	5
	25
	1825
	N/A
	N/A

	
	32
	N/A
	5
	25
	1470
	4.9
	IMD4

|fn78-3*fB3|

	
	n78
	3720
	10
	50
	3720
	N/A
	N/A

	
	3
	1775
	5
	25
	1870
	N/A
	N/A

	
	32
	N/A
	5
	25
	1475
	0
	IMD5

|2*fn78-3*fB3|

	
	n78
	3400
	10
	50
	3400
	N/A
	N/A
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5.1.x

DC_3-32_n78
5.1.x.1
 Operating bands for DC
Table 5.1.x.1-1: Band combinations EN-DC (three bands)
	EN-DC band
	E-UTRA CA band
	NR band
	Single UL allowed

	DC_3-32_n78
	CA_3-32
	n78
	no


5.1.x.2 
Configuration for DC
Table 5.1.x.2-1: Inter-band EN-DC configurations (three bands)
	EN-DC

configuration
	Uplink EN-DC

configuration

(NOTE 1)
	E-UTRA CA configuration
	NR band

	DC_3A-32A_n78A

DC_3A-32A_n78(2A)
	DC_3A_n78A
	CA_3-32
	n78


5.1.x.3
 Co-existence studies

For UE coexistence study of Band 3 + Band n78, the 2nd, 3rd, 4th and 5th order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 5.1.x.3-1.

Table 5.1.x.3-1: Harmonic and IMD analysis

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	3300
	3800

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

	2nd harmonics frequency limits (MHz) 
	3420
	3570
	6600
	7600

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

	3rd harmonics frequency limits (MHz)
	5130
	5355
	9900
	11400

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

	4th harmonics frequency limits (MHz)
	6840
	7140
	13200
	15200

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

	5th harmonics frequency limits (MHz)
	8550
	8925
	16500
	19000

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

	IMD frequency limits (MHz)
	1515
	2090
	5010
	5585

	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)
	380
	270
	4815
	5890

	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)
	6720
	7370
	8310
	9385

	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)
	1330
	2055
	8115
	9690

	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)
	8430
	9155
	11610
	13185

	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)
	4180
	3030
	10020
	11170

	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)
	13490
	11415
	3840
	3040

	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)
	7980
	6330
	1245
	2470

	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)
	14910
	16985
	10140
	10940

	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)
	13320
	14970
	11730
	12955


Based on the table, IMD4 and IMD5 may fall into Rx of band 32 with UL DC_3A_n78A.
5.1.x.4
 ∆TIB and ∆RIB values

Table 5.1.x.4-1: ΔTIB,c due to EN-DC(three bands)

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

	DC_3-32_n78
	3
	0.6

	
	32
	N/A

	
	n78
	0.8


Table 5.1.x.4-2: ΔRIB,c due to EN-DC (three bands)

	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_3-32_n78
	3
	0.2

	
	32
	0

	
	n78
	0.5


5.1.x.5
REFSENS requirements
The reference sensitivity exception (MSD) due to IMD issues for DC_3-32_n78 with UL DC_3_n78 is specified as below.
Table 5.1.x.5-1: MSD test points for Scell due to dual uplink operation for EN-DC in NR FR1 (three bands)

	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL

LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_3A-32A_n78A

DC_3A-32A_n78(2A)
	3
	1730
	5
	25
	1825
	N/A
	N/A

	
	32
	N/A
	5
	25
	1470
	4.9
	IMD4

	
	n78
	3720
	10
	50
	3720
	N/A
	N/A

	
	3
	1775
	5
	25
	1870
	N/A
	N/A

	
	32
	N/A
	5
	25
	1475
	0
	IMD5

	
	n78
	3400
	10
	50
	3400
	N/A
	N/A


<End of TP >
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