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1
Introduction

This contribution provide the MSD test results for xDL/2UL inter-band CA combination with self-interference issues in Band 46. Based on the agreed WF [1], we provide the MSD level due to IMD problems into Band 46.
Reference
[1] R4-168231, “WF on MSD due to IMD problems for xDL/2UL CA with Band 46,”   LG Electronics
****************** Start of the TP in section 6 of TR36.714-00-02 ************************
6
3DLs/2ULs Inter-Band Carrier Aggregation: Specific Band Combination Part

<Unchanged sections are omitted>
6.21
LTE Advanced Carrier Aggregation: Band 1 and Band 5 and Band 46 with 2 ULs

6.21.1
List of specific combination issues
6.21.1.1
Channel bandwidths per operating band for CA
 Table 6.21.1.1-1: CA configurations under study

	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-5A-46A
	CA_1A-5A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	
	46
	
	
	
	
	
	Yes
	
	


6.21.1.2
Co-existence studies for LTE-A UL CA_1A-5A and DL CA_1A-5A-46A
For 2UL / 3DL own receiver desensitization study up to 8th order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 6.21.1.2-1 and 6.21.1.2-2.

Table 6.21.1.2-1: Harmonic analysis

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	849
	1920
	1980

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

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	3840
	3960

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

	3rd harmonics frequency limits (MHz)
	2472
	2547
	5760
	5940

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

	4th harmonics frequency limits (MHz) 
	3296
	3396
	7680
	7920

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

	5th harmonics frequency limits (MHz)
	4120
	4245
	9600
	9900

	6th harmonics frequency limits
	6*fx_low
	6*fx_high
	6* fy_low
	6* fy_high

	6th harmonics frequency limits (MHz)
	4944
	5094
	11520
	11880

	7th harmonics frequency limits
	7*fx_low
	7*fx_high
	7* fy_low
	7* fy_high

	7th harmonics frequency limits (MHz) 
	5768
	5943
	13440
	13860

	8th harmonics frequency limits
	8*fx_low
	8*fx_high
	8* fy_low
	8* fy_high

	8th harmonics frequency limits (MHz)
	6592
	6792
	15360
	15840


Table 6.21.1.2-2: IMD analysis

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	849
	1920
	1980

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

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	3840
	3960

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

	3rd harmonics frequency limits (MHz)
	2472
	2547
	5760
	5940

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

	IMD frequency limits (MHz)
	1071
	1156
	2744
	2829

	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)
	332
	222
	2991
	3136

	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)
	3568
	3678
	4664
	4809

	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)
	492
	627
	4911
	5116

	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)
	4392
	4527
	6584
	6789

	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)
	2312
	2142
	5488
	5658

	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)
	7096
	6831
	1476
	1316

	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)
	8504
	8769
	5216
	5376

	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)
	4292
	4062
	1293
	1488

	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)
	7408
	7638
	6312
	6507


From the harmonics analysis table, the 3rd harmonics by Band 1 fall into the Band 46 own RX ranges.And also the 7th harmonics by Band 5 fall into the Band 46 own RX frequency ranges. But the harmonics problems of each interference band has covered in 2DL/1UL CA_1A-46A in rel-13 and 5A-46A in rel-14 with additional guard band to ganruntee 0dBi MSD. 

The 4th IMD fall into the own Rx frequency of Band 1. But this impact has covered in 2DL/2UL CA_1A-5A.

The 4th & 5th IMDs by Band 1 and Band 5 fall into the own Rx frequency of Band 46. It will be analysed to slove the self- interference problem.
6.21.1.3
MSD
When uplink CA configurations CA_1A-5A is paired with downlink CA configuration CA_1A-5A-46A there is interference components from 2 uplink operation which would interfere the downlink of the Band 46.
Based on the WF [6], the merged MSD level was provided from interested companies as below Table 6.21.1.3-1.
Table 6.21.1.3-1: MSD values provided by companies
	DL CA
	UL CA
	IMD
	LGE
	Qualcomm
	Huawei
	Avg. 

MSD [dB]

	B1+B5+B46
	B1
	IMD4
	2*fB1 +2*fB5
	0.88
	TBD
	0
	[0.44]

	
	B5
	
	
	
	
	
	

	
	B1
	IMD5
	fB1 +4*fB5
	
	
	0
	0

	
	B5
	
	
	
	
	
	


6.21.1.4
∆TIB and ∆RIB values
[Editor Note] It will be updated in future
6.22
LTE Advanced Carrier Aggregation: Band 1 and Band 7 and Band 46 with 2 ULs

6.22.1
List of specific combination issues
6.22.1.1
Channel bandwidths per operating band for CA
 Table 6.22.1.1-1: CA configurations under study

	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-46A
	CA_1A-7A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	
	
	46
	
	
	
	
	
	Yes
	
	


6.22.1.2
Co-existence studies for LTE-A UL CA_1A-7A and DL CA_1A-7A-46A
For 2UL / 3DL own receiver desensitization study up to 8th order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 6.22.1.2-1 and 6.22.1.2-2.

Table 6.22.1.2-1: Harmonic analysis

	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

	6th harmonics frequency limits
	6*fx_low
	6*fx_high
	6* fy_low
	6* fy_high

	6th harmonics frequency limits (MHz)
	11520
	11880
	15000
	15420

	7th harmonics frequency limits
	7*fx_low
	7*fx_high
	7* fy_low
	7* fy_high

	7th harmonics frequency limits (MHz) 
	13440
	13860
	17500
	17990

	8th harmonics frequency limits
	8*fx_low
	8*fx_high
	8* fy_low
	8* fy_high

	8th harmonics frequency limits (MHz)
	15360
	15840
	20000
	20560


Table 6.22.1.2-2: IMD analysis

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1920
	1980
	2500
	2570

	Two tone 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 – fy_high|
	|3*fx_high – fy_low|
	|3*fy_low – fx_high|
	|3*fy_high – fx_low|

	IMD frequency limits (MHz)
	3190
	3440
	5520
	5790

	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)
	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
	|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_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
	|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


From the harmonics analysis table, the 3rd harmonics by Band 1 fall into the Band 46 own RX ranges. But the harmonics problem by Band 1 transmission has covered in 2DL/1UL CA_1A-46A in rel-13 with additional guard band to ganruntee 0dBi MSD. 

The 4th & 5th IMDs by Band 1 and Band 7 fall into the own Rx frequency of Band 46. It will be analysed to slove the self- interference problem.
6.22.1.3
MSD
When uplink CA configurations CA_1A-7A is paired with downlink CA configuration CA_1A-7A-46A there is interference components from 2 uplink operation which would interfere the downlink of the Band 46.
Based on the WF [6], the merged MSD level was provided from interested companies as below Table 6.22.1.3-1.

Table 6.22.1.3-1: MSD values provided by companies
	DL CA
	UL CA
	IMD
	LGE
	Qualcomm
	Huawei
	Avg. 

MSD [dB]

	B1+B7+B46
	B1
	IMD4
	3*fB7 -fB1
	4.20
	TBD
	5.3
	[4.75]

	
	B7
	
	
	
	
	
	

	
	B1
	IMD5
	4*fB1 -1*fB7
	
	
	0
	0

	
	B7
	
	
	
	
	
	


6.22.1.4
∆TIB and ∆RIB values
[Editor Note] It will be updated in future
6.23
LTE Advanced Carrier Aggregation: Band 5 and Band 7 and Band 46 with 2 ULs

6.23.1
List of specific combination issues
6.23.1.1
Channel bandwidths per operating band for CA
 Table 6.23.1.1-1: CA configurations under study

	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_5A-7A-46A
	CA_5A-7A
	5
	
	
	Yes
	Yes
	
	
	50
	0

	
	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	
	
	46
	
	
	
	
	
	Yes
	
	


6.23.1.2
Co-existence studies for LTE-A UL CA_5A-7A and DL CA_5A-7A-46A
For 2UL / 3DL own receiver desensitization study up to 8th order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 6.23.1.2-1 and 6.23.1.2-2.

Table 6.23.1.2-1: Harmonic analysis

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	849
	2500
	2570

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

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	5000
	5140

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

	3rd harmonics frequency limits (MHz)
	2472
	2547
	7500
	7710

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

	4th harmonics frequency limits (MHz) 
	3296
	3396
	10000
	10280

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

	5th harmonics frequency limits (MHz)
	4120
	4245
	12500
	12850

	6th harmonics frequency limits
	6*fx_low
	6*fx_high
	6* fy_low
	6* fy_high

	6th harmonics frequency limits (MHz)
	4944
	5094
	15000
	15420

	7th harmonics frequency limits
	7*fx_low
	7*fx_high
	7* fy_low
	7* fy_high

	7th harmonics frequency limits (MHz) 
	5768
	5943
	17500
	17990

	8th harmonics frequency limits
	8*fx_low
	8*fx_high
	8* fy_low
	8* fy_high

	8th harmonics frequency limits (MHz)
	6592
	6792
	20000
	20560


Table 6.23.1.2-2: IMD analysis

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	849
	2500
	2570

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

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	5000
	5140

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

	3rd harmonics frequency limits (MHz)
	2472
	2547
	7500
	7710

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

	IMD frequency limits (MHz)
	1651
	1746
	3324
	3419

	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)
	922
	802
	4151
	4316

	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)
	4148
	4268
	5824
	5989

	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)
	98
	47
	6651
	6886

	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)
	4972
	5117
	8324
	8559

	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)
	3492
	3302
	6648
	6838

	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)
	9456
	9151
	896
	726

	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)
	10824
	11129
	5796
	5966

	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)
	6062
	5802
	2453
	2668

	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)
	9148
	9408
	7472
	7687


From the harmonics analysis table, the 7th harmonics by Band 5 fall into the Band 46 own RX ranges. But the harmonics problem by Band 5 transmission has covered in 2DL/1UL CA_5A-46A in rel-14 with additional guard band to ganruntee 0dBi MSD. 

The 3rd & 5th IMDs fall into the own own Rx frequency of Band 5. Also the 5th IMD fall into the own Rx frequency of Band 7. But these impacts were already covered in 2DL/2UL CA_5A-7A.

The 3rd & 5th IMDs by Band 5 and Band 7 fall into the own Rx frequency of Band 46. It will be analysed to slove the self- interference problem.
6.23.1.3
MSD
When uplink CA configurations CA_5A-7A is paired with downlink CA configuration CA_5A-7A-46A there is interference components from 2 uplink operation which would interfere the downlink of the Band 46.
Based on the WF [6], the merged MSD level was provided from interested companies as below Table 6.23.1.3-1.

Table 6.23.1.3-1: MSD values provided by companies
	DL CA
	UL CA
	IMD
	LGE
	Qualcomm
	Huawei
	Avg. 

MSD [dB]

	B5+B7+B46
	B5
	IMD3
	2*fB7 +*fB5
	6.84
	TBD
	15.4
	[11.12]

	
	B7
	
	
	
	
	
	

	
	B5
	IMD5
	3*fB7 -2*fB5
	
	
	0
	0

	
	B7
	
	
	
	
	
	


6.23.1.4
∆TIB and ∆RIB values
[Editor Note] It will be updated in future
