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Introduction
In RAN4 #67 a general table format for the 2UL CA harmonics and IMD analysis was agreed in R4-133060, R4-133126. This input considers the harmonics and IMD for the European inter-bands: B3 + B7, B3 + B20.
IMD analysis
Table 1 lists B3+B7 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE-to-UE coexistence analysis. Table 2 lists the band numbers where IMD2 and/or IMD3 terms fall into the DL of these protected bands.
Table 1: Band 3 and Band 7 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	2500
	2570

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

	2nd harmonics frequency limits (MHz) 
	3420 – 3570
	5000 – 5140

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

	3rd harmonics frequency limits (MHz)
	5130 – 5355
	7500 – 7710

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

	IMD frequency limits (MHz)
	715 – 860
	4210 – 4355

	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)
	850 – 1070
	3215 – 3430

	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)
	5920 – 6140
	6710 – 6925


Table 2: Protected bands / spectrum affected by IMD2/IMD3 from CA with B3 + B7
	Protected bands / spectrum affected by 2nd or 3rd order harmonics
	B3 protected DL bands: 22  42
B7 protected DL bands: 22  42

	Protected bands / spectrum affected by IMD2
	B3 protected DL bands: 20  26  27  28  44

B7 protected DL bands: 20  27  28  29

	Protected bands / spectrum affected by IMD3
	B3 protected DL bands: 8  18  19  26  27  42

B7 protected DL bands: 8  27  42


Table 3 lists B3+B20 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE-to-UE coexistence analysis. Table 4 lists the band numbers where IMD2 and/or IMD3 terms fall into the DL of these protected bands.
Table 3: Band 20 and Band 3 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	832
	862
	1710
	1785

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

	2nd harmonics frequency limits (MHz) 
	1664 – 1724
	3420 – 3570

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

	3rd harmonics frequency limits (MHz)
	2496 – 2586
	5130 – 5355

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

	IMD frequency limits (MHz)
	848 – 953
	2542 – 2647

	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)
	0 – 121
	2558 – 2738

	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)
	3374 – 3509
	4252 – 4432


Table 4: Protected bands / spectrum affected by IMD2/IMD3 from CA with B20 + B3
	Protected bands / spectrum affected by 2nd or 3rd order harmonics
	B3 protected DL bands: 22  38  42
B20 protected DL bands: 22  38  42

	Protected bands / spectrum affected by IMD2
	B3 protected DL bands: 7   8  18  19  26  27  38

B20 protected DL bands: 7  8  38

	Protected bands / spectrum affected by IMD3
	B3 protected DL bands: 7  38  42

B20 protected DL bands: 7  38   42




	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	

	
	
	
	
	

	
	
	

	
	
	
	
	

	
	
	

	
	
	
	
	

	
	
	

	
	
	
	
	

	
	
	



	
	


	
	


	
	



For the own receiver band and other in-device radio systems like WiFi, GPS, etc. IMD has to be also studied (R4-132713). It was not concluded so far up to which IMD order needs to be considered for this (R4-133126). Based on R4-133666 the tables below shows up to 3rd order harmonics and IMD up to 5th order if falling into the receiving bands for the following in-device systems:
Table 7: In-device receiving systems frequency range
	
	WiFi 2.4 and 5 GHz
	Positioning systems:
GPS (U.S.), GLONASS (Russia), Compass (China), and Galileo (EU).

	Frequency range [MHz]


	2402 – 2482
5150 – 5250
5250 – 5350
5470 – 5725
	1563 - 1587
1593 - 1610
1559 – 1592
1559 – 1587


Table 8: B3 + B7 CA harmonics or IMDs hiding the receive band
	
	B3 DL
	B7 DL
	WiFi 2.4GHz
	Wifi 5 GHz
	GPS
	Galileo
	Glonass
	Compass

	2nd harmonic
	
	
	
	
	
	
	
	

	3rd harmonic
	
	
	
	Yes
	
	
	
	

	2nd IMD
	
	
	
	
	
	
	
	

	3rd IMD
	
	
	
	
	
	
	
	

	5th IMD
	
	
	
	
	
	
	
	


Table 9: B20 + B3 CA harmonics or IMDs hiding the receive band
	
	B20 DL
	B3 DL
	WiFi 2.4GHz
	Wifi 5 GHz
	GPS
	Galileo
	Glonass
	Compass

	2nd harmonic
	
	
	
	
	
	
	
	

	3rd harmonic
	
	
	
	Yes
	
	
	
	

	2nd IMD
	
	
	
	
	
	
	
	

	3rd IMD
	
	
	
	
	
	
	
	

	5th IMD
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes



	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


References

[1]

Text proposal for TR 36.860 V0.2.0
LTE Advanced Dual Uplink Inter-band Carrier Aggregation 
----- Start of TP -----
6.3
LTE-Advanced Carrier Aggregation of Band 3 and Band 20
6.3.1
Operating bands for CA

Table 6.3.1-1: Inter-band CA operating bands

	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_3-20
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	


6.3.2
Channel bandwidths per operating band for CA

Table 6.3.2-1: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	


6.3.3
Harmonics and IMD study
Table 6.3.3-1 lists B3+B20 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE-to-UE coexistence analysis. Table 6.3.3-2 lists the band numbers where IMD2 and/or IMD3 terms fall into the DL of these protected bands.

Table 6.3.3-1: Band 20 and Band 3 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	832
	862
	1710
	1785

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

	2nd harmonics frequency limits (MHz) 
	1664 – 1724
	3420 – 3570

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

	3rd harmonics frequency limits (MHz)
	2496 – 2586
	5130 – 5355

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

	IMD frequency limits (MHz)
	848 – 953
	2542 – 2647

	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)
	0 – 121
	2558 – 2738

	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)
	3374 – 3509
	4252 – 4432


Table 6.3.3-2: Protected bands / spectrum affected by IMD2/IMD3 from CA with B20 + B3
	Protected bands / spectrum affected by 2nd or 3rd order harmonics
	B3 protected DL bands: 22  38  42
B20 protected DL bands: 22  38  42

	Protected bands / spectrum affected by IMD2
	B3 protected DL bands: 7   8  18  19  26  27  38

B20 protected DL bands: 7  8  38

	Protected bands / spectrum affected by IMD3
	B3 protected DL bands: 7  38  42

B20 protected DL bands: 7  38   42


Table 6.3.3-4 shows for B20 + B3 CA with two simultaneous ULs up to 3rd order harmonics and IMD up to 5th order if falling into the receiving bands for the following in-device systems:

Table 6.3.3-3: In-device receiving systems frequency range
	
	WiFi 2.4 and 5 GHz
	Positioning systems:

GPS (U.S.), GLONASS (Russia), Compass (China), and Galileo (EU).

	Frequency range [MHz]


	2402 – 2482
5150 – 5250
5250 – 5350
5470 – 5725
	1563 - 1587
1593 - 1610
1559 – 1592
1559 – 1587


Table 6.3.3-4: B20 + B3 CA harmonics or IMDs hiding the receive band
	
	B20 DL
	B3 DL
	WiFi 2.4 GHz
	Wifi 5 GHz
	GPS
	Galileo
	Glonass
	Compass

	2nd harmonic
	
	
	
	
	
	
	
	

	3rd harmonic
	
	
	
	Yes
	
	
	
	

	2nd IMD
	
	
	
	
	
	
	
	

	3rd IMD
	
	
	
	
	
	
	
	

	5th IMD
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes


----- Unchanged sections omitted -----
----- Next changed sections -----
8.3
LTE-Advanced Carrier Aggregation of Band 3 and Band 7
8.3.1
Operating bands for CA

Table 8.3.1-1: Inter-band CA operating bands

	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_3-7
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	


8.3.2
Channel bandwidths per operating band for CA

Table 8.3.2-1: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	


8.3.3
Harmonics and IMD study

Table 8.3.3-1 lists B3+B7 2UL CA 2nd and 3rd order harmonics and 3rd order IMD for the UE-to-UE coexistence analysis. Table 8.3.3-2 lists the band numbers where IMD2 and/or IMD3 terms fall into the DL of these protected bands.

Table 8.3.3-1: Band 3 and Band 7 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	2500
	2570

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

	2nd harmonics frequency limits (MHz) 
	3420 – 3570
	5000 – 5140

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

	3rd harmonics frequency limits (MHz)
	5130 – 5355
	7500 – 7710

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

	IMD frequency limits (MHz)
	715 – 860
	4210 – 4355

	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)
	850 – 1070
	3215 – 3430

	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)
	5920 – 6140
	6710 – 6925


Table 8.3.3-2: Protected bands / spectrum affected by IMD2/IMD3 from CA with B3 + B7
	Protected bands / spectrum affected by 2nd or 3rd order harmonics
	B3 protected DL bands: 22  42
B7 protected DL bands: 22  42

	Protected bands / spectrum affected by IMD2
	B3 protected DL bands: 20  26  27  28  44

B7 protected DL bands: 20  27  28  29

	Protected bands / spectrum affected by IMD3
	B3 protected DL bands: 8  18  19  26  27  42

B7 protected DL bands: 8  27  42


Table 8.3.3-4 shows for B3 + B7 CA with two simultaneous ULs up to 3rd order harmonics and IMD up to 5th order if falling into the receiving bands for the following in-device systems:

Table 8.3.3-3: In-device receiving systems frequency range
	
	WiFi 2.4 and 5 GHz
	Positioning systems:

GPS (U.S.), GLONASS (Russia), Compass (China), and Galileo (EU).

	Frequency range [MHz]


	2402 – 2482
5150 – 5250
5250 – 5350
5470 – 5725
	1563 - 1587
1593 - 1610
1559 – 1592
1559 – 1587


Table 8.3.3-4: B3 + B7 CA harmonics or IMDs hiding the receive band
	
	B3 DL
	B7 DL
	WiFi 2.4 GHz
	Wifi 5 GHz
	GPS
	Galileo
	Glonass
	Compass

	2nd harmonic
	
	
	
	
	
	
	
	

	3rd harmonic
	
	
	
	Yes
	
	
	
	

	2nd IMD
	
	
	
	
	
	
	
	

	3rd IMD
	
	
	
	
	
	
	
	

	5th IMD
	
	
	
	
	
	
	
	


----- End of TP -----
