3GPP TSG-RAN WG4 Meeting #94bis-e                                R4-2005143
Electronic Meeting, 20th April – 30th April, 2020
Source: 
Huawei, HiSilicon, CITC
Title: 
TP for TR 37.716-21-11 DC_1A-3A_n71A\DC_1A-3A_n71B
Agenda Item:
8.4.2
Document for:
Approval
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 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
	IP5(dBm)

	Antenna switch
	53

	Diplexer
	53

	Duplexer
	53

	PA forward mixing
	28

	PA reverse mixing
	40

	LNA
	-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)

	Band 1 Tx attenuation at Band 3 Rx
	40
	

	n71 Tx attenuation at B3 RX
	40
	


Table 3 and Table 4 summarize the MSD analysis results for DC_1-3_n71 with UL band 1 and n71.

Table 3 MSD calculation for victim Rx of band 3
	Component
	IMD5(dBm)

	
	Main_@Antenna
	Div_@Antenna

	B1 PA Forward mixing interference
	-115
	

	n71 PA Forward mixing interference
	-112
	

	B1 PA Reserve mixing interference
	-148
	

	n71 PA Reserve mixing interference
	-164
	

	B1 Duplexer
	-157
	

	B3 LNA via filters
	-103
	

	B3 LNA via PCB coupling
	-128.5
	

	Diplexer (L-H)
	-110
	-111.6

	Antenna switch
	-141
	-163

	interference From main path
	
	-111.5

	Total
	-101.6
	111.6


Table 4 MSD requirements for DC_1-3_n71 with UL band 1 and n71

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

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

	DC_1-3_n71
	1
	1940
	5
	25
	2130
	N/A
	N/A

	
	3
	1760
	5
	25
	1855
	0
	IMD5

|3*fn71-2*fB1|

	
	n71
	675
	5
	25
	629
	N/A
	N/A
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5.1.x

DC_1-3_n71
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_1-3_n71
	CA_1-3
	n71
	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_1A-3A_n71A

DC_1A-3A_n71B
	DC_1A_n71A

DC_3A_n71A
	CA_1-3
	n71


5.1.x.3
 Co-existence studies

For UE coexistence study of Band 1 + Band n71, 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)
	1920
	1980
	663
	698

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

	2nd harmonics frequency limits (MHz) 
	3840
	3960
	1326
	1396

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

	3rd harmonics frequency limits (MHz)
	5760
	5940
	1989
	2094

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

	4th harmonics frequency limits (MHz)
	7680
	7920
	2652
	2792

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

	5th harmonics frequency limits (MHz)
	9600
	9900
	3315
	3490

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

	IMD frequency limits (MHz)
	1317
	1222
	2583
	2678

	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)
	3142
	3297
	654
	524

	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)
	4503
	4658
	3246
	3376

	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)
	5062
	5277
	9
	174

	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)
	6423
	6638
	3909
	4074

	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)
	2444
	2634
	5166
	5356

	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)
	872
	672
	7257
	6982

	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)
	1746
	1971
	4614
	4364

	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)
	4572
	4772
	8343
	8618

	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)
	5829
	6054
	7086
	7336


For UE coexistence study of Band 3 + Band n71, 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.3-2: Harmonic and IMD analysis

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	663
	698

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

	2nd harmonics frequency limits (MHz) 
	3420
	3570
	1326
	1396

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

	3rd harmonics frequency limits (MHz)
	5130
	5355
	1989
	2094

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

	4th harmonics frequency limits (MHz)
	6840
	7140
	2652
	2792

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

	5th harmonics frequency limits (MHz)
	8550
	8925
	3315
	3490

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

	IMD frequency limits (MHz)
	1122
	1012
	2373
	2483

	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)
	2722
	2907
	459
	314

	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)
	4083
	4268
	3036
	3181

	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)
	4432
	4692
	204
	384

	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)
	5793
	6053
	3699
	3879

	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)
	2024
	2244
	4746
	4966

	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)
	1082
	867
	6477
	6142

	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)
	1326
	1581
	4029
	3734

	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)
	4362
	4577
	7503
	7838

	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)
	5409
	5664
	6456
	6751


IMD5 may fall into Rx of band 3 with UL DC_1_n71.
IMD4 may fall into Rx of band 1 with UL DC_3_n71.
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_1-3_n71
	1
	0.3

	
	3
	0.3

	
	n71
	0.3


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_1-3_n71
	1
	0

	
	3
	0

	
	n71
	0


5.1.x.5
REFSENS requirements
The reference sensitivity exception (MSD) due to IMD4 for DC_1-3_n71 with UL DC_3_n71 is specified as below referring to the MSD for DC_66A_n71A from 38.101-3.
The reference sensitivity exception (MSD) due to IMD5 for DC_1-3_n71 with UL DC_1_n71 is shown as below, based on the discussion.
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_1A-3A_n71A

DC_1A-3A_n71B
	1
	1960
	5
	25
	2150
	5
	IMD4

	
	3
	1750
	5
	25
	1845
	N/A
	N/A

	
	n71
	675
	5
	25
	629
	N/A
	N/A

	


<End of TP >

3GPP


