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1. Introduction
Results of study on intermodulation distortion (IMD) products and harmonics of band combination (3+26) are provided in this contribution. This band combination belongs to inter-band carrier aggregation (CA) class A4 having an intermodulation problem with own Rx. Also conflicts with other Rx bands, GNSS frequencies and ISM frequencies are reported.
2. Discussion
In RAN 4 meeting #67 it was agreed that only 2nd and 3rd order intermodulation frequencies are considered when studying UE-to-UE co-existence. In other cases, such as Rx desensitization and GNSS/ISM co-existence, also higher order IMD may be considered. Also a common format for analysis tables was agreed on. [1] 

A harmonics and IMD co-existence table for dual uplink inter-band CA within band combination (3+26) is provided in table 1.
Table 1: Band 3 and band 26 UL IMD products and harmonics

	UE UL Carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	814
	849
	1710
	1785

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

	2nd harmonics frequency limits (MHz)
	1628 - 1698
	3420 - 3570

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

	3rd harmonics frequency limits (MHz)
	2442 - 2547
	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)
	861 - 971
	2524 - 2634

	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)
	157 - 12
	2571 - 2756

	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)
	3338 - 3483
	4234 - 4419


Frequency limits for 5th order IMD is provided in table 2.
Table 2: Band 3 and band 26 5th order UL IMD product frequency ranges.
	|2*fx - 3*fy|
	3338 - 3483

	|2*fx + 3*fy|
	3432 - 3727

	|2*fy - 3*fx|
	6758 - 7053

	|2*fy + 3*fx|
	873 - 1128

	|fx - 4*fy|
	5862 - 6117

	|fx + 4*fy|
	5991 - 6326

	|fy – 4*fx|
	7654 - 7989

	|fy + 4*fx|
	1471 - 1686


Based on table 1 2nd order IMD may fall into own Rx of band 26. In addition to this 5th order IMD may fall into band 26 Rx also, which is seen in table 2 and may have to be considered in Rx desensitization studies. 2nd and 3rd order IMD and harmonics may also fall into Rx frequencies of bands 5, 6, 7, 8, 18, 19, 22, 26, 27, 38, 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 3.

Table 3: Frequency bands reserved for GNSS and ISM operation.

	System name
	Beidou (COMPASS)
	Galileo
	GLONASS
	GPS
	ISM

	Frequency range [MHz]
	1559 - 1592
	1544 - 1545
	1593 - 1610
	1563 - 1587
	2402 - 2482


In tables 1 and 3 it can be seen that 3rd harmonic of band 26 may fall into ISM band. 5th order IMD may fall into all GNSS systems.
3. Conclusion
Results of study on intermodulation distortion (IMD) products and harmonics of band combination (3+26) were provided in this contribution. Also conflicts with GNSS and ISM frequencies were reported.
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9.4
LTE-Advanced Carrier Aggregation of Band 3 and Band 26
Table 9.4-1: E-UTRA interband CA band for CA_3-26

	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_3-26
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	
	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	


9.4.1

List of specific combination issues

9.4.1.1
Channel bandwidths per operating band for CA_3A-26A
Table 9.4.1.1-1: Channel bandwidths per operating band for CA_3A-26A
	CA operating / channel bandwidth

	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 Sets

	CA_3A-26A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	26
	
	
	Yes
	Yes
	Yes
	
	
	

	
	3
	
	
	Yes
	Yes
	
	
	20
	1

	
	26
	
	
	Yes
	Yes
	
	
	
	


9.4.1.2
Co-existence studies for CA_3A-26A with 2ULs
2nd and 3rd order intermodulation frequencies are considered when studying UE-to-UE co-existence. In other cases, such as Rx desensitization and GNSS/ISM co-existence, also higher order IMD may be considered.

A harmonics and IMD co-existence table for dual uplink inter-band CA within band combination (3+26) is provided in Table 9.4.1.2-1.
Table 9.4.1.2-1: Band 3 and band 26 UL IMD products and harmonics

	UE UL Carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	814
	849
	1710
	1785

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

	2nd harmonics frequency limits (MHz)
	1628 - 1698
	3420 - 3570

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

	3rd harmonics frequency limits (MHz)
	2442 - 2547
	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)
	861 - 971
	2524 - 2634

	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)
	157 - 12
	2571 - 2756

	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)
	3338 - 3483
	4234 - 4419


Frequency limits for 5th order IMD is provided in Table 9.4.1.2-2.

Table 9.4.1.2-2: Band 3 and band 26 5th order UL IMD product frequency ranges.
	|2*fx - 3*fy|
	3338 - 3483

	|2*fx + 3*fy|
	3432 - 3727

	|2*fy - 3*fx|
	6758 - 7053

	|2*fy + 3*fx|
	873 - 1128

	|fx - 4*fy|
	5862 - 6117

	|fx + 4*fy|
	5991 - 6326

	|fy – 4*fx|
	7654 - 7989

	|fy + 4*fx|
	1471 - 1686


Based on Table 9.4.1.2-2 2nd order IMD may fall into own Rx of band 26. In addition to this 5th order IMD may fall into band 26 Rx also, which is seen in Table 9.4.1.2-2 and may have to be considered in Rx desensitization studies. 2nd and 3rd order IMD and harmonics may also fall into Rx frequencies of bands 5, 6, 7, 8, 18, 19, 22, 26, 27, 38, 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 9.4.1.2-3.

Table 9.4.1.2-3: Frequency bands reserved for GNSS and ISM operation.

	System name
	Beidou (COMPASS)
	Galileo
	GLONASS
	GPS
	ISM

	Frequency range [MHz]
	1559 - 1592
	1544 - 1545
	1593 - 1610
	1563 - 1587
	2402 - 2482


In Tables 9.4.1.2-1 and Table 9.4.1.2-3 it can be seen that 3rd harmonic of band 26 may fall into ISM band. 5th order IMD may fall into all GNSS systems.
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