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1.
Introduction

The WI proposal to support the LTE Advanced Carrier Aggregation (CA) of Band 4 and Band 13 was approved in RAN#50 [1]. One objective of the WI is to specify the band-combination specific Radio Frequency (RF) requirements for Band 4 and Band 13 inter-band CA.

In this paper, we investigate the impact of InterModulation Distortion (IMD) products caused by LTE Advanced Base Station (BS) supporting carrier aggregation of Band 4 and Band 13 to the receiver of own or different BS.
2.
Discussion
2.1
IMD Products

IMD products are caused by the mixing of multiple frequencies in non-linear circuit elements. Wireless systems producing transmit signals within multiple frequency bands must consider IMD generation as BS receiver desensitization may occur when IMD frequencies fall within the receive band of own or different BS. Usually the non-linear element is an amplifier or mixer, but RF connectors and BS antenna systems can also generate IMDs due to imperfect physical contact or dissimilar metals used in their construction. Wireless BS are particularly sensitive to IMD interference which fall upon uplink receiver channels that are in use by the BS. To prevent receiver desensitization, in-band IMD interference must be limited to less than 10 dB below the receiver noise floor.
IMD is measured as the ratio in power levels between the distortion signal and the input signal in units of dBc. A 1 dB change in the input carrier power will result in a 3 dB change in 3rd order IMDs. Likewise a 1 dB change in input carrier power will result in a 5 dB change in 5th order products and a 7 dB change in 7th order IMD products. In general, 5th order products will be 15 dB less than 3rd, and 7th order products will be 21 dB less than 3rd. For this reason, 3rd order products are considered the most damaging to wireless systems, while the higher order IMD products are generally less damaging. Therefore, we will focus our investigation on the 3rd order IMD products caused by mixing of Band 4 and Band 13 carriers in the BS.

2.2
Potential Causes of BS IMD
IMD products can be generated in different parts of the BS as described below:

· Antenna Passive Intermodulation: Antenna Passive Intermodulation (PIM) is caused by the mixing of multiple transmit signals in non-linearity in the antenna path. Non-linearity may be caused by dissimilar metals used in the construction of antenna systems as well as discontinuities in RF connectors. Non-linearity may also be caused by imperfections in the antenna path such as loose connections, kinked coaxial cable, or water intrusion. PIM falling within the BS receive band cannot be filtered and will pass directly into the receiver front end and may cause receiver desensitization.
· Transmit Path Generated IMD: This type of IMD is caused by multiple BS transmit frequencies mixing in the power amplifier or filter panel non-linearity, passing through the transmit filter and appearing at the Equipment Antenna Connector (EAC) of the BS. IMD falling within the receive band of own or different BS will then pass through the receive filter un-attenuated and may cause receiver desensitization.

· Receiver Path Generated IMD: This type of IMD is caused by the BS transmit carriers power at the EAC, passing through the receive filter and appearing at the receiver front end. The non-linearity of the receive path may generate IMD that fall upon a receive channel in use by the BS resulting in receiver desensitization. 
2.3
BS IMD for CA of Band 4 and Band 13
The LTE operating bands currently defined in the 3GPP standards are provided in Table 1 below [2]:

Table 1 LTE frequency bands

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	FDD

	11
	1427.9 MHz 
	–
	1447.9 MHz
	1475.9 MHz  
	–
	1495.9 MHz
	FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	15
	Reserved
	
	
	Reserved
	
	
	FDD

	16
	Reserved
	
	
	Reserved
	
	
	FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	18
	815 MHz 
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	19
	830 MHz 
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	...
	
	
	
	
	
	
	

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	TDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD

	41
	2496 MHz 
	–
	2690 MHz
	2496 MHz 
	–
	2690 MHz
	TDD

	42
	3400 MHz 
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	43
	3600 MHz 
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD

	Note 1: Band 6 is not applicable.


It can be seen from Table 1 that Band 4 is operating at 1710 – 1755 MHz for UL and 2110 – 2155 MHz for DL, and Band 13 is operating at 777 – 787 MHz for UL and 746 – 756 MHz for DL. Therefore, the 3rd order IMD products caused in the BS by mixing of Band 4 and Band 13 DL carriers can be calculated as shown in Table 2 below:

Table 2 Band 4 and Band 13 DL carriers IMD products

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

	DL frequency (MHz)
	746
	756
	2110
	2155

	
	
	
	
	

	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)
	-663
	-598
	3464
	3564


It can be seen from Table 2 that the IMD products caused by BS supporting carrier aggregation of Band 4 and Band 13 do not fall into the BS receive band of any operating bands except Band 42.
2.3
Possible Remedies for BS IMD
The possible remedies for IMD products caused by BS supporting carrier aggregation of Band 4 and Band 13 into the BS receive band of Band 42 are described below:

· Antenna Passive Intermodulation: Even passive systems such as antennas, duplexers or filter combiners can generate IMD products via the non-linearities of dissimilar metals used in their construction, discontinuities in connectors or imperfections in the antenna system. This type of interference impacts all BS systems, but can be particularly troublesome when multiple BS operating in different frequency bands share a common antenna system. In this case, the Band 4 DL signals will be combined with the Band 13 DL signals via a dual band diplexer and applied to a common antenna system, with the IMD products fall within Band 42 receive band and desensitize the BS receiver. Hence Band 42 BS receiver desensitization would occur if Band 4 BS transmitter, Band 13 BS transmitter and Band 42 BS receiver share the same antenna. Although an antenna industry PIM standard has not yet been defined, 2 tones @ 43 dBm generating no greater than -150dBc 3rd order IMD products has become the de facto performance target. With this performance target, the IMD products should be low enough in level that they would not cause receiver desensitization when Band 42 BS receiver does not share the same antenna with Band 4 and Band 13 BS transmitters.
· Transmit Path Generated IMD: This type of IMD is generated as signals pass through the amplifier stages of the BS transmit path. The BS transmit path will generate IMD products which will appear at the BS EAC as spurious emissions. Spurious emissions appearing at the EAC and falling within the Band 42 receive band will not be attenuated by the receive filter, and will pass into the receive path and desensitize the receiver. Since there is a large frequency gap between Band 4+13 DL and Band 42 UL, the Band 4+13 BS transmit filter should be able to provide substantial attenuation within the Band 42 receive band which would dramatically reduce emissions within the Band 42 BS receive band to well below the receiver noise floor.
· Receiver Path Generated IMD: This type of IMD is generated when the BS transmit signals appearing at the EAC pass through the receive filter and are applied to the front end of the receiver chain. This IMD is easily mitigated through a combination of receive filter attenuation within the transmit band and high 3rd order Input Intercept Point (IIP3) of the receive path. Since there is a large frequency gap between Band 4+13 DL and Band 42 UL, the Band 42 BS receive filter attenuation in the Band 4+13 BS transmit band should be substantial enough to limit the level of the transmit signals applied to the receiver front end. And the high IIP3 of the BS receive path would further reduce the potential IMD interference to well below the receiver noise floor.
3.
Conclusions

In this paper, we have investigated the impact of IMD products caused by LTE Advanced BS supporting carrier aggregation of Band 4 and Band 13 to the receiver of own or different BS. We have shown that the 3rd order IMD products caused by mixing of Band 4 and Band 13 DL carriers will fall within Band 42 UL, and hence Band 42 BS receiver desensitization may be an issue. However, with the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, we expect the IMD interference generated within the Band 42 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization. 
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