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Background
This contribution provides text proposal on the LTE CA configuration CA_1A-7A-20A with two UL as defined in Revised WID on Rel-16 LTE inter-band Carrier Aggregation for x bands DL (x= 3, 4, 5) with 2 bands UL RP-191743 [1].
Text Proposal
[bookmark: _Toc405202255]---Start of changes---
[bookmark: OLE_LINK94]6.x LTE-A inter-band CA: Band 1 and Band 7 and Band 20 DL with 2 bands UL
6.x.1	List of specific combination issues
6.x.1.1	Channel bandwidth per operating band for CA
Table 6.x.1.1-1: CA configurations under study
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_1A-7A-20A
	CA_1A-7A
CA_1A-20A
CA_7A-20A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0
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	Yes
	Yes
	Yes
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	Yes
	Yes
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	Yes
	Yes
	Yes
	Yes
	60
	1
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	Yes
	Yes
	Yes
	
	

	
	
	20
	
	
	Yes
	Yes
	Yes
	Yes
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	Yes
	Yes
	Yes
	Yes
	60
	2

	
	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	



6.x.1.2	Co-existence studies for LTE-A inter-band CA 3 bands DL CA_1A-7A-20A and 
2 bands UL
For 3 bands DL with 2 bands UL, own receiver desensitization study 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were analyzed in Table 6.x.1.2-1/6.x.1.2-2/6.x.1.2-3.
Table 6.x.1.2-1: Co-existence study for DL CA_1A-7A-20A with UL CA_1A-7A
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1920
	1980
	2500
	2570

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

	2nd harmonics frequency limits (MHz) 
	3840
	3960
	5000
	5140

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

	3rd harmonics frequency limits (MHz)
	5760
	5940
	7500
	7710

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

	4th harmonics frequency limits (MHz)
	7680
	7920
	10000
	10280

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

	5th harmonics frequency limits (MHz)
	9600
	9900
	12500
	12850

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

	IMD frequency limits (MHz)
	520
	650
	4420
	4550

	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)
	1270
	1460
	3020
	3220

	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)
	6340
	6530
	6920
	7120

	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)
	3190
	3440
	5520
	5790

	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)
	8260
	8510
	9420
	9690

	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)
	1300
	1040
	8840
	9100

	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)
	8360
	8020
	5420
	5110

	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)
	3870
	3540
	940
	620

	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)
	11920
	12260
	10180
	10490

	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)
	11340
	11670
	10760
	11080



When uplink CA_1A-7A is paired with downlink CA_1A-7A-20A, the 5th order IMD product by band 1 and band 7 falls into the Rx frequency band 20. The MSD exception should be considered.
Table 6.x.1.2-2: Co-existence study for DL CA_1A-7A-20A with UL CA_1A-20A
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1920
	1980
	832
	862

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

	2nd harmonics frequency limits (MHz) 
	3840
	3960
	1664
	1724

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

	3rd harmonics frequency limits (MHz)
	5760
	5940
	2496
	2586

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

	IMD frequency limits (MHz)
	1148
	1058
	2752
	2842

	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)
	2978
	3128
	316
	196

	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)
	4672
	4822
	3584
	3704

	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)
	4898
	5108
	516
	666

	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)
	6592
	6802
	4416
	4566

	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)
	2116
	2296
	5504
	5684

	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)
	1528
	1348
	7088
	6818

	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)
	1254
	1464
	4276
	4036

	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)
	5248
	5428
	8512
	8782

	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)
	6336
	6546
	7424
	7664


When uplink CA_1A-20A is paired with downlink CA_1A-7A-20A, the 4th order IMD product by band 1 and band 20 falls into the Rx frequency band 1. The MSD has been solved by DL_1A-20A_UL_1A-20A

Table 6.x.1.2-3: Co-existence study for DL CA_1A-7A-20A with UL CA_7A-20A
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	2500
	2570
	832
	862

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

	2nd harmonics frequency limits (MHz) 
	5000
	5140
	1664
	1724

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

	3rd harmonics frequency limits (MHz)
	7500
	7710
	2496
	2586

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

	IMD frequency limits (MHz)
	1738
	1638
	3332
	3432

	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)
	4138
	4308
	906
	776

	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)
	5832
	6002
	4164
	4294

	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)
	6638
	6878
	74
	86

	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)
	8332
	8572
	4996
	5156

	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)
	3276
	3476
	6664
	6864

	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)
	948
	758
	9448
	9138

	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)
	2414
	2644
	6046
	5776

	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)
	5828
	6018
	10832
	11142

	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)
	7496
	7726
	9164
	9434


When uplink CA_7A-20A is paired with downlink CA_1A-7A-20A, the 3rd and 5th order IMD product by band 7 and band 20 falls into the Rx frequency band 20. The MSD has been solved by DL_7A-20A_UL_7A-20A.
When uplink CA_7A-20A is paired with downlink CA_1A-7A-20A, the 5th order IMD product by band 7 and band 20 falls into the Rx frequency band 7. The MSD has been solved by DL_7A-20A_UL_7A-20A.

6.x.1.3	MSD
When uplink CA_1A_7A is paired with downlink CA_1A-7A-20A, the MSD issue is analysed as below. We use main/diversity antenna topology as RF front-end architecture in our analysis. The component linearity assumptions are listed in table 6.x.1.3-1, and the component attenuation and isolation values are listed in table 6.x.1.3-2.
Table 6.x.1.3-1 General linearity parameters
	Component
	IP5(dBm)

	Antenna switch
	53

	Diplexer
	53

	Duplexer
	53

	PA forward mixing
	28

	PA reverse mixing
	30

	LNA
	-10


Table 6.x.1.3-2 Attenuation and isolation values
	Attenuation and Isolation Parameter
	Value (dB)
	Comment

	Antenna ISO
	10
	Main antenna to diversity antenna

	L-H Diplexer IL
	0.5
	

	H-H Diplexer IL
	0.5
	

	Antenna switch IL
	1
	

	PA gain
	25
	

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

	Duplexer IL
	4
	

	Diplexer isolation T1-T2
	50
	



Table 4 MSD calculation for victim Rx of band 38
	Component
	IMD5 (dBm)

	
	Main_@Antenna
	Div_@Antenna

	B1 PA Forward mixing interference
	-157
	

	B7 PA Forward mixing interference
	-120
	

	B1 PA Reserve mixing interference
	-280
	

	B7 PA Reserve mixing interference
	-205
	

	Diplexer (H-H)
	-116.5
	

	B1/B7 Duplexer
	-165.5
	

	B20 LNA via filters
	-202
	

	B20 LNA via PCB coupling
	-130
	

	Diplexer (L-H)
	-109.5
	-161.5

	Antenna switch
	-119
	-163

	interference From main path
	
	-118

	Total
	-108
	-118



According to the analysis, the interference signal is very little, so the MSD results are listed as below.
	EUTRA CA
	EUTRA CA
	EUTRA band
	UL Fc
	UL BW
	UL
	DL Fc
	DL BW
	MSD
	Duplex mode
	Source of IMD

	DL Configuration
	UL Configuration
	
	(MHz)
	(MHz)
	CLRB
	(MHz)
	(MHz)
	(dB)
	
	

	CA_1A-7A-20A
	CA_1A-7A
	1
	1950
	5
	25
	2140
	5
	N/A
	FDD
	N/A

	
	
	7
	2520
	5
	25
	2640
	5
	N/A
	FDD
	N/A

	
	
	20
	851
	5
	25
	810
	5
	0
	FDD
	IMD5


6.x.1.4	∆TIB and ∆RIB values
The requirements of ∆TIB values in table 6.2.5-3 from TS36.101 [2] can be applied for CA_1-7-20.
The requirements of ∆RIB values in table 7.3.1-1B from TS36.101 [2] can be applied for CA_1-7-20.  
---End of changes---
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