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1.
Introduction

The WI proposal to support the LTE Advanced Carrier Aggregation (CA) of Band 3 and Band 5 with 2 uplink carriers (2UL) was approved in RAN#55 [1]. One objective of the WI is to specify the band-combinations specific Radio Frequency (RF) requirements for inter-band CA of this band combination with 2UL. 
In this paper, we analyzed Harmonics and InterModulation Distortion (IMD) products caused by LTE Advanced User Equipment (UE) supporting CA of this band combination with 2UL.
BaseStation (BS) side Harmonics and IMD products of CA with Band3 and Band5 (2DL/1UL case) were already discussed in previous contributions from Samsung [3] and Alcatel-Lucent [4] and are not included in this paper.
2.
Discussion
Table 1 shows the operating bands for CA Band 3 and Band 5.
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_3-5
	3
	1710 MHz
	–
	1785 MHz
	10, 15, 20
	1805 MHz
	–
	1880 MHz
	10, 15, 20
	FDD

	
	5
	824 MHz
	–
	849 MHz
	5, 10
	869 MHz
	–
	894 MHz
	5, 10
	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 5 is operating at 824 – 849 MHz for UL and 869 – 894 MHz for DL. Therefore, the 2nd and 3rd order harmonics and IMD products caused in the Band 3 and Band 5 carriers for\UL can be calculated as shown in Table 2 and Table 3 below:
Table 2: Band 3 and Band 5 UL harmonics and IMD products, assuming UE transmit the whole band
	BS UL carriers
	f1-low
	f1-high
	f2-low
	f2-high

	UL frequency (MHz)
	824
	849
	1710
	1785

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	1648
	1698
	3420
	3570

	3rd harmonics frequency limits (MHz)
	2472
	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
	961
	2534
	2634

	
	
	
	
	

	3rd order IMD products 
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2*f2-high – f1-low)

	IMD frequency limits (MHz)
	12
	137
	2571
	2746

	
	
	
	
	

	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)
	3358
	3483
	4244
	4419

	
	
	
	
	

	3rd order IMD products 
	(f1-low – f2-high + f2-low)
	(f1-high + f2-high – f2-low)
	(f2-low – f1-high + f1-low)
	(f2-high + f1-high – f1-low)

	IMD frequency limits (MHz)
	749
	924
	1685
	1810


Note that the calculation in Table 2 assumes the UE is transmitting with the whole 75 MHz DL frequency of Band 3 and the whole 25 MHz DL frequency of Band 5. If the UE is only transmitting an up to 20 MHz DL in Band 3 and an up to 10 MHz DL in Band 5 as stated in [5], then harmonics and IMD products can be calculated as shown in Table 3.
Table 3: Band 3 and Band 5 UL harmonics and IMD products, assuming the channel bandwidth is limited by the WID [5]
	BS UL carriers
	f1-low
	f1-high
	f2-low
	f2-high

	UL frequency (MHz)
	824
	849
	1710
	1785

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	1648
	1698
	3420
	3570

	3rd harmonics frequency limits (MHz)
	2472
	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
	961
	2534
	2634

	
	
	
	
	

	3rd order IMD products 
	(f2-low – 2*f1-high)
	(f2-high – 2*f1-low)
	(2*f2-low – f1-high)
	(2*f2-high – f1-low)

	IMD frequency limits (MHz)
	12
	137
	2571
	2746

	
	
	
	
	

	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)
	3358
	3483
	4244
	4419

	
	
	
	
	

	3rd order IMD products 
	(f1-low – f2-high + f2-low)*
	(f1-high + f2-high – f2-low)*
	(f2-low – f1-high + f1-low)**
	(f2-high + f1-high – f1-low)**

	IMD frequency limits (MHz)
	804
	869
	1700
	1795


* The maximum channel bandwidth is 20MHz in Band 3, so the maximum value of f2-high – f2-low is 20. 
** The maximum channel bandwidth is 10MHz in Band 5, so the maximum value of f1-high – f1-low is 10.
Considering that the channel bandwidth of each component carrier transmitted from UE will be limited by the CA bandwidth configuration of WID [5] and section 5.6.1 of TS 36.101[6], the calculated values of Table 3 would be more realistic analysis of CA_B3_B5 with 2UL case.  
3.
Summary

Table 4 summarizes frequency ranges of harmonics caused by 2 uplink carriers, calculated in Table 3.  
It can be seen that none of the UL harmonics are in the UE receiver range (Band3 DL: 1805-1880, Band5DL: 869-894MHz). 
Table 4: Summary of UL harmonics
	Band
	UL low
	UL high
	2nd harmonics
	3rd  harmonics

	3
	1710 MHz
	1785 MHz
	3420-3570 MHz
	5130-5355 MHz

	5
	824 MHz
	849 MHz
	1648-1698 MHz
	2472-2547 MHz


Table 5 summarizes frequency ranges of 2nd and 3rd IMD products caused by 2 uplink carriers, calculated in Table 3. 

It can be seen that one of the 2nd IMD products may fall into the UE Band5 receiver range (Band5: 869-894 MHz) and none of 3rd IMD products are in the UE receiver range (Band3DL: 1805-1880, Band5DL: 869-894MHz).

Table 5: Summary of UL 2nd and 3rd IMD products 
	Band
	UL low
	UL high
	2nd IMD
	3rd  IMD

	3
	1710 MHz
	1785 MHz
	861 - 961 MHz
2534-2634 MHz
	12-137 MHz
2571-2746 MHz

3358-3483 MHz

4244-4419 MHz

804-869 MHz

1700-1795MHz

	5
	824 MHz
	849 MHz
	
	


In this paper, the impact of harmonics and IMD products caused by LTE Advanced UE supporting CA of Band 3 and Band 5 with 2UL to the receiver of own UE and we have shown that 2nd IMD products fall into UE own receive block. 

Band 3+5 belongs to inter-band CA class A1, Low-high band combination without harmonic relation between bands for 1UL. In case of 2UL, the effect of IM2 products in the own receiver needs to be considered.
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