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1 Introduction

During the last RAN Plenary, RAN#57, the work item LTE-Advanced Carrier Aggregation of Band 3 and Band 26 was approved [1]. Analysis regarding harmonics and Inter-Modulation Distortions (IMDs) between Band 3 and Band 26 would be provided in this contribution.
2 Background
Table 1 shows the operating bands for CA Band 3 and Band 26.

Table 1: Inter band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit
	Channel BW (MHz)
	BS transmit / UE receive
	Channel BW (MHz)
	

	
	
	FUL_low   –  FUL_high
	
	FUL_low   –  FUL_high
	
	

	CA_3-26
	3
	1710 MHz
	–
	1785 MHz
	10, 15, 20 
	1805 MHz
	–
	1880 MHz
	10, 15, 20
	FDD

	
	26
	814 MHz
	–
	849 MHz
	5, 10, 15
	859 MHz
	–
	894 MHz
	5, 10, 15
	FDD


It can be seen from Table 1 that Band 3 is operating at 1710 – 1785 MHz for UL and 1805 – 1880 MHz for DL, and Band 26 is operating at 814 – 849 MHz for UL and 859 – 894 MHz for DL. Therefore, the 2nd and 3rd order harmonics and IMD products caused in the Band 3 and Band 26 carriers for both UL and DL can be calculated as shown in Table 2 and 3 below:
Table 2: Band 3 and Band 26 UL harmonics and IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high

	DL frequency (MHz)
	814
	849
	1710
	1785

	
	
	
	
	

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

	3rd harmonics frequency limits (MHz)
	2442
	2547
	5130
	5355

	
	
	
	
	

	2nd order IMD products 
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	861
	971
	2524
	2634

	
	
	
	
	

	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)
	-157
	-12
	2571
	2756

	
	
	
	
	

	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)
	3338
	3483
	4234
	4419

	
	
	
	
	


Table 3: Band 3 and Band 26 DL harmonics and IMD products

	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high

	DL frequency (MHz)
	859
	894
	1805
	1880

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	1718
	1788
	3610
	3760

	3rd harmonics frequency limits (MHz)
	2577
	2682
	5415
	5640

	
	
	
	
	

	2nd order IMD products 
	(f2-low – f1-high)
	(f2-high – f1-low)
	(f2-low + f1-low)
	(f2-high + f1-high)

	IMD frequency limits (MHz)
	911
	1021
	2664
	2774

	
	
	
	
	

	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)
	-162
	-17
	2716
	2901

	
	
	
	
	

	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)
	3523
	3668
	4469
	4654

	
	
	
	
	


Band 3 and Band 26 shall be categorized as High and Low band, respectively. In this contribution, we investigate influences of harmonics and IMDs caused by Band 3 and Band 26.
3 Analysis
Table 4 summarizes frequency ranges where harmonics occur due to Band 3 or Band 8 for both UL and DL. 
Table 4: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	3
	1710
	1785
	1805
	1880
	3420
	3570
	5130
	5355
	3610
	3760
	5415
	5640

	26
	814
	849
	859
	894
	1628
	1698
	2442
	2547
	1718
	1788
	2577
	2682


 It can be seen that distortions caused by harmonics of Band 26 does not locates within the passband of Band 3. Hence, this should be categorized as Class A1.

 Table 5 summarized frequency ranges where IMD occurs due to Band 3 or Band 26 for both UL and DL.

Table 5: 2nd order and 3rd order IMD Products (UL)
	Band
	UL low band edge
	UL high band edge
	UL 2nd order products
	UL 3rd order products

	3
	1710 MHz
	1785 MHz
	861 – 971 MHz

2524 – 2634 MHz
	2571 – 2756 MHz

3338 – 3483 MHz

4234 – 4419 MHz

	26
	814 MHz
	849 MHz
	
	


Table 6: 2nd order and 3rd order IMD Products (DL)
	Band
	DL low band edge
	DL high band edge
	DL 2nd order products
	DL 3rd order products

	3
	1805 MHz
	1880 MHz
	911-1021 MHz
2664 – 2774 MHz
	2716 – 2901 MHz
3523 – 3668 MHz

4469 – 4654 MHz

	26
	859 MHz
	894 MHz
	
	


 It can be seen that 2nd order IMD products are falling within the Band 26 when 2 ULs are used. Therefore further relaxation may be needed.
4 Proposal
In this contribution, we have investigated the impacts which are caused by harmonics and IMDs. There are no issues with harmonics for 1UL and for 2UL, 2nd order IMD may require additional relaxation for this CA combination. In order to handle these issues, we would like to propose as following;
Proposal 1: Carrier Aggregation of Band 3 and Band 26 for 1UL shall be treated as Class A1.
Proposal 2: Same relaxation values from Class A1 shall also be used for this combination
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