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1 Introduction
The WID for NR DC was updated in RAN #82 meeting. This contribution provides a TP for TR 37.716-11-11 for DC_7_n71. 
2 Discussion

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 2-1.
Table 2-1: Harmonic and IMD analysis
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	663
	698
	2500
	2570

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

	2nd harmonics frequency limits (MHz)
	1326
	1396
	5000
	5140

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

	3rd harmonics frequency limits (MHz)
	1989
	2094
	7500
	7710

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

	4th harmonics frequency limits (MHz)
	2652
	2792
	10000
	10280

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

	5th harmonics frequency limits (MHz)
	3315
	3490
	12500
	12850

	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)
	1802
	1907
	3163
	3268

	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)
	1244
	1104
	4302
	4477

	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)
	3826
	3966
	5663
	5838

	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)
	581
	406
	6802
	7047

	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)
	4489
	4664
	8163
	8373

	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)
	3604
	3814
	6326
	6536

	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)
	82
	292
	9302
	9617

	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)
	5152
	5362
	10663
	10978

	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)
	3151
	2906
	6104
	6384

	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)
	8826
	9106
	6989
	7234


Based on the table 2-1, 4th order harmonic of Band n71 Tx may fall into the own Rx Band of Band 7. For the combination, a diplexer can be used to combine the low and high bands. A harmonics filter is assumed placed behind the B71 duplexer. Table 2-2 shows the calculation for harmonic interference.
Table 2-2 MSD calculation for harmonic interference

	　
	Primary
	Diversity

	Parameter
	Value
	H2 Level
	Value
	H2 Level

	B71 PA output power,dBm
	27.5
	　
	27.5
	　

	B71 Duplexer IL,dB
	2.5
	　
	2.5
	　

	Harmonics Filter IL,dB
	0.5
	　
	0.5
	　

	HB Switch IL,dB
	0.7
	　
	0.7
	　

	Diplexer IL,dB
	0.8
	　
	0.8
	　

	B71 PA H4,dBm
	45
	-17.5
	45
	-17.5

	B71 Duplexer Rejection,dB
	30
	-47.5
	30
	-47.5

	B71 Duplexer H3,dBc
	100
	-72.5
	100
	-72.5

	H3 at Duplexer output,dBm
	　
	-47.4863
	　
	-47.4863

	Harmonics Filter Rejection,dB
	25
	-72.4863
	25
	-72.4863

	HB Switch H4,dBc
	100
	-76.2
	100
	-76.2

	H4 at HB Switch output,dBm
	　
	-70.9474
	　
	-70.9474

	Diplexer Rejection&Isolation,dB
	25
	-95.9474
	25
	-95.9474

	Antenna Isolation,dB
	　
	　
	10
	-105.947

	UHB Switch IL,dB
	1
	-96.9474
	1
	-106.947

	B7 Duplexer IL,dB
	2
	-98.9474
	2
	-108.947

	PA to LNA Isolation,dB
	80
	-97.5
	80
	-97.5

	Single Chip DA to LNA,dBm
	-90
	-90
	-90
	-90

	Composite H3 at LNA port,dBm
	　
	-88.8431
	　
	-89.2424

	Chip Nosie Figure,dB
	4
	　
	4
	　

	Nosie Floor (10M),dBm
	　
	-103.468
	　
	-103.468

	Composite noise
	　
	-88.6958
	　
	-89.0813

	CBW
	5 MHz

	Combined MSD,dB
	14.6



Reference sensitivity exceptions for DC_7_n71 are proposed in Table 2-3 with uplink configuration specified in Table 2-4.
Table 2-3: MSD due to UL harmonic for EN-DC in NR FR1

	UL band
	DL band
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)
	25 MHz

(dB)
	30 MHz (dB)
	40 MHz

(dBm)
	50 MHz

(dBm)
	60 MHz

(dBm)
	80 MHz

(dBm)
	90 MHz

(dBm)
	100 MHz

(dBm)

	n71
	76,7
	14.6
	11.7
	10.1
	9
	
	
	
	
	
	
	
	

	NOTE 6:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.
NOTE 7:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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Table 2-4: Uplink configuration for reference sensitivity exceptions due to UL harmonic interference for EN-DC in NR FR1

	
	E-UTRA or NR Band / Channel bandwidth of the high band

	UL band
	DL band
	5

MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	n71
	7
	8
	16
	25
	25
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Text Proposal
<TP for TR 37.716-11-11>
6.1.x
DC_7_n71
6.1.x.1
Operating bands for DC

Table 6.1.x.1-1: DC band combination of 1 LTE band + 1 NR band

	EN-DC band
	E-UTRA Band
	NR Band
	Single UL allowed

	DC_7_n71
	7
	n71
	No


6.1.x.2
Configuration for DC
Table 6.1.2.2-1:  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_7A_n71A
	DC_7A_n71A
	7A
	n71A


6.1.x.3
Maximum output power for DC
Table 6.1.x.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_7A_n71A
	23
	+2/-3


6.1.x.4
Spurious emission band UE co-existence for DC

Table 6.1.x.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_7A_n71A
	E-UTRA Band 4, 5, 12, 13, 14, 17, 26, 30, 66, 85
	FDL_low 
	-
	FDL_high
	-50
	1
	　

	
	E-UTRA Band 2, 70
	FDL_low 
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 29
	FDL_low 
	-
	FDL_high
	-38
	1
	5

	
	Frequency range
	2570
	-
	2575
	1.6
	5
	5, 6, 7

	
	Frequency range
	2575
	-
	2595
	-15.5
	5
	5, 6, 7

	
	Frequency range
	2595
	-
	2620
	-40
	1
	5, 6


6.1.x.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.x.5-1.
Table 6.1.x.5-1: Harmonic and IMD analysis
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	663
	698
	2500
	2570

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

	2nd harmonics frequency limits (MHz)
	1326
	1396
	5000
	5140

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

	3rd harmonics frequency limits (MHz)
	1989
	2094
	7500
	7710

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

	4th harmonics frequency limits (MHz)
	2652
	2792
	10000
	10280

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

	5th harmonics frequency limits (MHz)
	3315
	3490
	12500
	12850

	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)
	1802
	1907
	3163
	3268

	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)
	1244
	1104
	4302
	4477

	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)
	3826
	3966
	5663
	5838

	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)
	581
	406
	6802
	7047

	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)
	4489
	4664
	8163
	8373

	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)
	3604
	3814
	6326
	6536

	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)
	82
	292
	9302
	9617

	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)
	5152
	5362
	10663
	10978

	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)
	3151
	2906
	6104
	6384

	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)
	8826
	9106
	6989
	7234


Based on the table 6.1.x.5-1, 4th order harmonic of Band 71 Tx may fall into the own Rx Band of Band 7. For the combination, a diplexer can be used to combine the low and high bands. A harmonics filter is assumed placed behind the B71 duplexer.
Reference sensitivity exceptions for DC_7_n71 are proposed in Table 6.1.x.5-2 with uplink configuration specified in Table 6.1.x.5-3.
Table 6.1.x.5-2: MSD due to UL harmonic for EN-DC in NR FR1

	UL band
	DL band
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)
	25 MHz

(dB)
	30 MHz (dB)
	40 MHz

(dBm)
	50 MHz

(dBm)
	60 MHz

(dBm)
	80 MHz

(dBm)
	90 MHz

(dBm)
	100 MHz

(dBm)

	n71
	76,7
	14.6
	11.7
	10.1
	9
	
	
	
	
	
	
	
	

	NOTE 6:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.
NOTE 7:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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Table 6.1.x.5-3: Uplink configuration for reference sensitivity exceptions due to UL harmonic interference for EN-DC in NR FR1

	
	E-UTRA or NR Band / Channel bandwidth of the high band

	UL band
	DL band
	5

MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	n71
	7
	8
	16
	25
	25
	
	
	
	
	
	
	
	


6.1.x.6
∆TIB and ∆RIB values
For DC_7_n71, the (TIB,c and (RIB,c values are given in the tables below.

Table 6.1.x.6-1: ΔTIB,c

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

	DC_7_n71
	7
	0.3

	
	n71
	0.6


Table 6.1.x.6-2: ΔRIB,c

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

	DC_7_n71
	7
	0

	
	n71
	0.2


<End of TP >
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