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1 Introduction
This contribution presents harmonic and intermodulation analysis for a dual uplink inter-band CA class A5. In the discussion part B19+B21 is used as an example.
2 Discussion
The frequencies for B19+B21 are the following:

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_19-21
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9MHz
	


Harmonic and intermodulation frequencies up to 3rd order are presented in table 1.
Table 1: Band 19 and Band 21 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	830
	845
	1447.9
	1462.9

	2nd harmonics frequency limits
	2*f1_low
	2*f1_high
	2* f2_low
	2* f2_high

	2nd harmonics frequency limits (MHz) 
	1660 to 1690
	2895.8 to 2925.8

	3rd harmonics frequency limits
	3*f1_low
	3*f1_high
	3* f2_low
	3* f2_high

	3rd harmonics frequency limits (MHz)
	2490 to 2535
	4343.7 to 4388.7

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	602.9 to 632.9
	2277.9 to 2307.9

	Two-tone 3rd order IMD products
	|2*f1_low – f2_high|
	|2*f1_high – f2_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	197.1 to 242.1
	2050.8 to 2095.8

	Two-tone 3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	3107.9 to 3152.9
	3725.8 to 3770.8


Frequency limits for 5th order IMD are presented in table 2
Table 2: Band 19 and Band 21 5th order UL IMD product frequency ranges.
	 |2*fx - 3*fy|
	2653.7 – 2728.7

	 |2*fx + 3*fy|
	6003.7 – 6078.7

	 |2*fy - 3*fx|
	360 – 435.8

	 |2*fy + 3*fx|
	5385.8 – 5460.8

	 |fx - 4*fy|
	4946.6 – 5021.6

	 |fx + 4*fy|
	6621.6 – 6696.6

	 |fy – 4*fx|
	1857.1 – 1932.1

	 |fy + 4*fx|
	4767.9 – 4842.9


Based on table 1 and table 2 IMD will not fall into own RX band. 2nd and 3rd order IMD and harmonics may also fall into RX frequencies of bands 2, 3, 7, 9, 25, 33, 35, 36, 37, 39, 40 and 41.
In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 3.

Table 3: B19+B21 general IMD/Harmonics analysis to protect ISM bands and GNSS
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	no
	
	

	Galileo
	1559
	-
	1591
	no
	
	

	GLONASS
	1591
	-
	1610
	no
	
	

	GPS
	1563
	-
	1587
	no
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	no
	US/Europe
	

	
	2400
	-
	2494
	yes
	Asia
	B19 H3

	ISM band
 (5GHz)
	5150
	-
	5925
	yes
	US
	IMD5

	
	5150
	-
	5350
	no
	Europe
	

	
	5470
	-
	5725
	no
	
	

	
	5150
	-
	5825
	yes
	Asia
	IMD5
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Class A5. Combinations not classified in A1-A4

10.1
Specific issue for dual uplink inter-band CA class A5
10.2
LTE-Advanced Carrier Aggregation of Band 1 and Band 21
10.2.1.1.2 UL Harmonics and Intermodulation

A general harmonics and IMD coexistence analysis table for inter-band CA with 2UL is given in table 10.2.1.1.2-1. For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation.

Table 10.2.1.1.2-1: Band 1 and Band 21 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	1447.9
	1462.9

	2nd harmonics frequency limits
	2*f1_low
	2*f1_high
	2* f2_low
	2* f2_high

	2nd harmonics frequency limits (MHz) 
	3840 to 3960
	2895.8 to 2925.8

	3rd harmonics frequency limits
	3*f1_low
	3*f1_high
	3* f2_low
	3* f2_high

	3rd harmonics frequency limits (MHz)
	5760 to 5940
	4343.7 to 4388.7

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	457.1 to 532.1
	3367.9 to 3442.9

	Two-tone 3rd order IMD products
	|2*f1_low – f2_high|
	|2*f1_high – f2_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	2377.1 to 2512.1
	915.8 to 1005.8

	Two-tone 3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	5287.9 to 5422.9
	4815.8 to 4905.8


Frequency limits for 5th order IMD are presented in table 10.2.1.1.2-2
Table 10.2.1.1.2-2: Band 1 and Band 21 5th order UL IMD product frequency ranges.
	 |2*fx - 3*fy|
	383.7 – 548

	 |2*fx + 3*fy|
	8183.7 – 8348.7

	 |2*fy - 3*fx|
	2834.2 – 3044.2

	 |2*fy + 3*fx|
	8655.8 – 8865.8

	 |fx - 4*fy|
	3811.6 – 3931.6

	 |fx + 4*fy|
	7711.6 – 7831.6

	 |fy – 4*fx|
	6217.1 – 6472.1

	 |fy + 4*fx|
	9127.9 – 9382.9


Based on table 10.2.1.1.2-1 and table 10.2.1.1.2-2 IMD will not fall into own RX band. 2nd and 3rd order IMD and harmonics may also fall into RX frequencies of bands 8, 31, 40, 41 and 42
In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 10.3.1.1.2-3.

Table 10.3.1.1.2-3: B1+B21 general IMD/Harmonics analysis to protect ISM bands and GNSS
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	no
	
	

	Galileo
	1559
	-
	1591
	no
	
	

	GLONASS
	1591
	-
	1610
	no
	
	

	GPS
	1563
	-
	1587
	no
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	yes
	US/Europe
	IMD3

	
	2400
	-
	2494
	yes
	Asia
	IMD3

	ISM band
 (5GHz)
	5150
	-
	5925
	yes
	US
	B1 H3, IMD3

	
	5150
	-
	5350
	yes
	Europe
	IMD3

	
	5470
	-
	5725
	no
	
	

	
	5150
	-
	5825
	yes
	Asia
	B1 H3, IMD3


10.3
LTE-Advanced Carrier Aggregation of Band 19 and Band 21
10.3.1.1.2 UL Harmonics and Intermodulation

A general harmonics and IMD coexistence analysis table for inter-band CA with 2UL is given in table 10.3.1.1.2-1. For UE-UE coexistence, it is sufficient to consider only up to 3rd order intermodulation.

Table 10.3.1.1.2-1: Band 19 and Band 21 UL harmonics and IMD products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	830
	845
	1447.9
	1462.9

	2nd harmonics frequency limits
	2*f1_low
	2*f1_high
	2* f2_low
	2* f2_high

	2nd harmonics frequency limits (MHz) 
	1660 to 1690
	2895.8 to 2925.8

	3rd harmonics frequency limits
	3*f1_low
	3*f1_high
	3* f2_low
	3* f2_high

	3rd harmonics frequency limits (MHz)
	2490 to 2535
	4343.7 to 4388.7

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	602.9 to 632.9
	2277.9 to 2307.9

	Two-tone 3rd order IMD products
	|2*f1_low – f2_high|
	|2*f1_high – f2_low|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	197.1 to 242.1
	2050.8 to 2095.8

	Two-tone 3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	3107.9 to 3152.9
	3725.8 to 3770.8


Frequency limits for 5th order IMD are presented in table 10.3.1.1.2-2
Table 10.3.1.1.2-2: Band 19 and Band 21 5th order UL IMD product frequency ranges.
	 |2*fx - 3*fy|
	2653.7 – 2728.7

	 |2*fx + 3*fy|
	6003.7 – 6078.7

	 |2*fy - 3*fx|
	360 – 435.8

	 |2*fy + 3*fx|
	5385.8 – 5460.8

	 |fx - 4*fy|
	4946.6 – 5021.6

	 |fx + 4*fy|
	6621.6 – 6696.6

	 |fy – 4*fx|
	1857.1 – 1932.1

	 |fy + 4*fx|
	4767.9 – 4842.9


Based on table 10.3.1.1.2-1 and table 10.3.1.1.2-2 IMD will not fall into own RX band. 2nd and 3rd order IMD and harmonics may also fall into RX frequencies of bands 40, 41 and 43.
In addition to E-UTRA bands also co-existence with GNSS and ISM frequencies was studied. GNSS and ISM frequencies which were included in the study are captured in Table 10.3.1.1.2-3.

Table 10.3.1.1.2-3: B19+B21 general IMD/Harmonics analysis to protect ISM bands and GNSS
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	no
	
	

	Galileo
	1559
	-
	1591
	no
	
	

	GLONASS
	1591
	-
	1610
	no
	
	

	GPS
	1563
	-
	1587
	no
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	no
	US/Europe
	

	
	2400
	-
	2494
	yes
	Asia
	B19 H3

	ISM band
 (5GHz)
	5150
	-
	5925
	yes
	US
	IMD5

	
	5150
	-
	5350
	no
	Europe
	

	
	5470
	-
	5725
	no
	
	

	
	5150
	-
	5825
	yes
	Asia
	IMD5


