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1 Introduction
This contribution presents harmonic and intermodulation analysis for A4 band combination B5+B7 and has associated text proposal.
2 Discussion
The UL and DL frequencies for CA_5A-7A are presented in table 1:

Table 1: E-UTRA interband CA band for CA_5-7
	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_5-7
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620MHz
	–
	2690 MHz
	


Harmonic and intermodulation frequency ranges up to 3rd order are presented in table 2.
Table 2: CA_5A-7A UL harmonics and IMD products 
	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

	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)
	802 - 922
	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


Frequency limits for 5th order IMD are presented in table 3
Table 3: CA_5A-7A 5th order UL IMD product frequency ranges
	 |2*fx - 3*fy|
	5802 – 6062 MHz

	 |2*fx + 3*fy|
	9148 – 9408 MHz

	 |2*fy - 3*fx|
	2453 – 2668 MHz

	 |2*fy + 3*fx|
	7472 – 7687 MHz

	 |fx - 4*fy|
	9151 – 9456 MHz

	 |fx + 4*fy|
	10824 – 11129 MHz

	 |fy – 4*fx|
	726 – 896 MHz

	 |fy + 4*fx|
	5796 – 5966 MHz


Based on table 1 and table 2 IMD3 may fall into own RX of band 5. 2nd and 3rd order IMD and harmonics may also fall into RX frequencies of bands 6, 18, 19, 26, 27, 28, 41, 42 and 44.
Based on table 1 and table 3 5th order IMD and harmonics may also fall into own RX of bands 5 and 7 and additionally on Rx frequencies of bands 6, 12, 13, 14, 17, 18, 19, 38, 41 and 44.
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: B5+B7 general IMD/Harmonics analysis to protect ISM bands and GNSS
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	

	Galileo
	1559
	-
	1591
	Yes
	
	

	GLONASS
	1591
	-
	1610
	Yes
	
	

	GPS
	1563
	-
	1587
	Yes
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	H3, IMD5

	
	2400
	-
	2494
	No
	Asia
	H3, IMD5

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	IMD3, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	

	
	5470
	-
	5725
	Yes
	
	

	
	5150
	-
	5825
	Yes
	Asia
	IMD3, IMD5


3 Conclusion

This contribution presents harmonic and intermodulation analysis for A4 band combination B5+B7 and has associated text proposal.
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9.7
LTE-Advanced Carrier Aggregation of Band 5 and Band 7

Table 9.7-1: E-UTRA interband CA band for CA_5-7
	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_5-7
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	2620MHz
	–
	2690 MHz
	


9.7.1

List of specific combination issues

9.7.1.1
Channel bandwidths per operating band for CA

Table 9.7.1.1-1: Supported E-UTRA bandwidths per CA configuration for CA_5-7
	CA operating / channel bandwidth

	aE-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_5A-7A
	5
	Yes
	Yes
	Yes
	Yes
	
	
	30
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	


9.7.1.2
Co-existence studies for CA_5A-7A with 2ULs
Harmonic and intermodulation frequency ranges up to 3rd order are presented in Table 9.7.1.2-1
Table 9.7.1.2-1: CA_5A-7A UL harmonics and IMD products 

	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

	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)
	802 - 922
	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


Frequency limits for 5th order IMD are presented in Table 9.7.1.2-2
Table 9.7.1.2-2: CA_5A-7A 5th order UL IMD product frequency ranges

	 |2*fx - 3*fy|
	5802 – 6062 MHz

	 |2*fx + 3*fy|
	9148 – 9408 MHz

	 |2*fy - 3*fx|
	2453 – 2668 MHz

	 |2*fy + 3*fx|
	7472 – 7687 MHz

	 |fx - 4*fy|
	9151 – 9456 MHz

	 |fx + 4*fy|
	10824 – 11129 MHz

	 |fy – 4*fx|
	726 – 896 MHz

	 |fy + 4*fx|
	5796 – 5966 MHz


Based on table 9.7-1 and table 9.7.1.2-1, IMD3 may fall into own RX of band 5. 2nd and 3rd order IMD and harmonics may also fall into RX frequencies of bands 6, 18, 19, 26, 27, 28, 41, 42 and 44.

Based on table 9.7-1 and table 9.7.1.2-2, 5th order IMD and harmonics may also fall into own RX of bands 5 and 7 and additionally on Rx frequencies of bands 6, 12, 13, 14, 17, 18, 19, 38, 41 and 44.

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 9.7.1.2-3.
Table 9.7.1.2-3: B5+B7 general IMD/Harmonics analysis to protect ISM bands and GNSS

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	

	Galileo
	1559
	-
	1591
	Yes
	
	

	GLONASS
	1591
	-
	1610
	Yes
	
	

	GPS
	1563
	-
	1587
	Yes
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	H3, IMD5

	
	2400
	-
	2494
	No
	Asia
	H3, IMD5

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	IMD3, IMD5

	
	5150
	-
	5350
	Yes
	Europe
	

	
	5470
	-
	5725
	Yes
	
	

	
	5150
	-
	5825
	Yes
	Asia
	IMD3, IMD5


