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1.
Introduction

The WI proposal to support the Intra-band Non-contiguous Carrier Aggregation (CA) for Band 3 for LTE was approved in RAN#55 [1]. One objective of the WI is to specify the band-combinations specific Radio Frequency (RF) requirements for intra-band non-contiguous CA of this band.

In this paper, we investigate the impact of Harmonics and InterModulation Distortion (IMD) products caused by LTE Advanced Base Station (BS) supporting intra-band non-contiguous CA of this band to the receiver of own or different BS.
2.
Discussion
For LTE Advanced BS supporting intra-band non-contiguous CA, the transceivers of the two non-contiguous component carriers (CC) within the CA band would typically share a common radio front-end and antenna system. When BS for two bands share the same antenna, operators should ensure the following:

· One band BS transmitter Out-Of-Band Emissions (OOBE) including harmonics and IMD falling into the other BS receive band do not cause BS receiver desensitization; and one band BS transmit carrier powers do not result in the other band BS receiver blocking.
· Third order Passive Intermodulations (PIM) generated by BS antenna path (including antennas, cables and connectors) and caused by multiple transmit band carriers do not fall into one of multiple BS receive bands and result in BS receiver desensitization.
2.1
Harmonics and IMD Products

Harmonics are produced by the BS oscillator or generated in non-linear circuit elements; while IMD products are caused by the mixing of multiple frequencies in non-linear circuit elements. Wireless systems producing transmit signals within multiple frequency blocks must consider harmonics and IMD generation as BS receiver desensitization may occur when harmonics or 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 harmonics and IMDs due to imperfect physical contact or dissimilar metals used in their construction. Wireless BS are particularly sensitive to harmonics and IMD interference which fall upon uplink receiver channels that are in use by the BS. To limit the receiver desensitization to 0.4 dB, in-band harmonics and IMD interference must be limited to less than 10 dB below the receiver noise floor.
Harmonics and IMD are measured as the ratio in power levels between the distortion signal and the input signal in units of dBc. The magnitudes of the harmonics and IMD depend on the characteristics of the non-linear element, and the magnitude normally decreases as the order of the harmonics and IMD increases. For this reason, lower order harmonics and IMD products are considered the most damaging to wireless systems, while the higher order harmonics and IMD products are generally less damaging. Therefore, we will focus our investigation on the 2nd and 3rd order harmonics and IMD products caused by transmitting of non-contiguous carriers for Band 3 in the BS.

2.2
BS Harmonics and IMD for CA
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

	21
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	FDD

	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	24
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	25
	1850 MHz 
	–
	1915  MHz
	1930 MHz 
	–
	1995 MHz
	FDD

	26
	814 MHz
	–
	849 MHz
	859 MHz 
	–
	894MHz
	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 3 is operating at 1710 – 1785 MHz for UL and 1805 – 1880 MHz for DL. Therefore, the 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of non-contiguous Band 3 DL carriers can be calculated as shown in Table 2 below:

Table 2: Band 3 DL harmonics and IMD products

	BS DL carriers
	f-low
	f-high

	DL frequency (MHz)
	1805
	1880

	
	
	

	2nd harmonics frequency limits (MHz)
	3610
	3760

	3rd harmonics frequency limits (MHz)
	5415
	5640

	
	
	

	2nd order IMD products 
	(f-low – f-high)
	(f-high – f-low)

	IMD frequency limits (MHz)
	-75
	75

	
	
	

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

	IMD frequency limits (MHz)
	1730
	1955


It can be seen from Table 2 that the 2nd harmonics of BS transmitting non-contiguous carriers in Band 3 may fall into the BS receive band of Band 43, while the 3rd IMD products of BS supporting non-contiguous carrier aggregation of Band 3 may fall into the BS receive band of Bands 1, 2, 3, 4, 9, 10, 25, 33, 35, 36, 37 and 39. Note that the calculation in Table 2 assumes the BS is transmitting with the whole 75 MHz DL frequency of Band 3.
Assume that the 2 non-contiguous CC transmitted by the Band 3 BS are a and b MHz channel bandwidth and c and d MHz from the edges of Band 3 DL frequency band as shown in Figure 1 below:

[image: image1]
Figure 1: Non-contiguous CC transmitted by the Band 3 BS
And the corresponding BS receive blocks are as shown in Figure 2 below:

[image: image2]
Figure 2: Non-contiguous CC received by the Band 3 BS
Then the 3rd order IMD products caused in the BS by transmitting of the 2 CC can be calculated as shown in Table 3 below:
Table 3: Band 3 BS DL 3rd order IMD products

	3rd order IMD products
	IMD frequency limits (MHz)

	(2*f1-low – f2-high)
	1730 + 2*c + d

	(2*f1-high – f2-low)
	1730 + 2*c + d + 2*a + b

	(2*f2-low – f1-high)
	1955 – 2*d – c – 2*b – a

	(2*f2-high – f1-low)
	1955 – 2*d – c

	(f1-low – f2-high + f2-low)
	1805 + c – b

	(f1-high + f2-high – f2-low)
	1805 + c + b + a 

	(f2-low – f1-high + f1-low)
	1880 – d – a – b 

	(f2-high + f1-high – f1-low)
	1880 – d + a


Comparing the IMD frequency limits in Table 3 with the BS receive blocks in Figure 2, it can be deduced that the 3rd order IMD products caused in the BS by transmitting of the 2 CC will only fall into the BS own receive blocks of Band 3 under one of the transmit configurations shown in Table 4 below (note that a and b can be 5, 10, 15 or 20 as stated in [1]):
Table 4: Band 3 BS transmit configurations with 3rd IMD within Band 3 BS own receive blocks
	1st CC channel bandwidth (a MHz)
	2nd CC channel bandwidth (b MHz)
	1st and 2nd CC position (c and d MHz)

	5
	5
	17.5 < c + d < 27.5

	5
	10
	12.5 < c + d < 27.5

	10
	5
	12.5 < c + d < 27.5

	10
	10
	7.5 < c + d < 27.5

	5
	15
	7.5 < c + d < 27.5

	15
	5
	7.5 < c + d < 27.5

	10
	15
	2.5 < c + d < 27.5

	15
	10
	2.5 < c + d < 27.5

	15
	15
	c + d < 27.5

	5
	20
	2.5 < c + d < 27.5

	20
	5
	2.5 < c + d < 27.5

	10
	20
	c + d < 27.5

	20
	10
	c + d < 27.5

	15
	20
	c + d < 27.5

	20
	15
	c + d < 27.5

	20
	20
	c + d < 27.5


2.3
Possible Remedies for BS Harmonic and IMD

It can be seen from Table 2 that BS transmitting non-contiguous carriers in Band 3 may cause 2nd harmonics and 3rd IMD to BS receiver of Bands 1, 2, 3, 4, 9, 10, 25, 33, 35, 36, 37, 39 and 43. However, Bands 2, 4, 9, 10, 25, 35, 36, 37 and 39 are not intended for use in the same geographical area as Band 3. Consequently, we focus here on the harmonics and IMD products falling into Bands 1, 3, 33 or 43.
The possible remedies for harmonics and IMD caused by BS supporting non-contiguous carrier aggregation of Band 3 into the BS receive band of Band 1, 3, 33 or 43 are described below:

· Transmit Path Generated Harmonics and IMD: This type of harmonics and IMD is generated in the oscillator or as signals pass through the amplifier stages of the BS transmit path. The BS transmit path will generate harmonics and IMD which will appear at the BS equipment antenna connector (EAC) as spurious emissions. Spurious emissions appearing at the EAC and falling within the receive band of own or other BS will not be attenuated by the receive filter, and will pass into the receive path and desensitize the receiver. As shown above, the 3rd harmonics as well as the 2nd IMD products of non-contiguous Band 3 DL carriers do not fall into the BS receive band of Band 1, 3, 33 or 43. Also if the BS can avoid the transmit configurations shown in Table 4 above, then the 3rd IMD products will not fall into the own BS receive blocks of Band 3. But the 2nd harmonics and 3rd IMD products may still fall within the receive band of other Band 1, 3, 33 or 43 BS. Since there is at least 20 MHz frequency gap between Band 3 DL and Band 1, 3, 33 or 43 UL, the Band 3 BS transmit filter should be able to provide sufficient attenuation within the Band 1, 3, 33 or 43 receive band to reduce emissions within the Band 1, 3, 33 or 43 BS receive band to well below the receiver noise floor.
· Receiver Path Generated Harmonics and IMD: This type of harmonics and 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 type of interference can be mitigated through a combination of receive filter attenuation within the transmit band and high 2nd and 3rd order Input Intercept Point (IIP2 and IIP3) of the receive path. Since there is at least 20 MHz frequency gap between Band 3 DL and Band 1, 3, 33 or 43 UL, the Band 1, 3, 33 or 43 BS receive filter attenuation in the Band 3 BS transmit band should be enough to limit the level of the transmit signals applied to the receiver front end to well below the Band 1, 3, 33 or 43 BS receiver noise floor, and the high IIP3 of the BS receive path would also reduce the potential interference. And as discussed above, the 3rd IMD products will only fall into the own BS receive blocks of Band 3 if the BS use the transmit configurations shown in Table 4.
· Antenna Passive Intermodulation: Even passive systems such as antennas, duplexers or filter combiners can generate IMD products via the non-linearity 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 the Band 3 case, the two non-contiguous Band 3 DL signals would be combined via a diplexer and applied to a common antenna system, with the 3rd IMD products fall within Band 1, 3 or 33 receive band and desensitize the BS receiver, and the 3rd IMD products fall into the own BS receive blocks of Band 3 if the BS transmit configurations shown in Table 4 are used; in these cases Band 3 BS transmitters should not share the same antenna with Band 1, 3 or 33 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 1, 3 or 33 BS receiver desensitization. The following alternatives can be used to avoid antenna sharing of Band 3 BS transmitters with Band 1, 3 or 33 BS receiver:
1. Use separate antenna elements for the transmitter and receiver. This could be done with the higher frequency bands using state-of-the-art Adaptive Active Antenna (AAA). With the performance target of current antenna system and the extra coupling loss between the transmitter and receiver antenna elements, the PIM products should be low enough in level that they would not cause BS receiver desensitization.
2. Use separate transmitter chains and antenna elements for transmitting the two non-contiguous Band 3 DL carriers. This technique could also be used for load balancing between the multiple transmit antennas of a BS.

3.
Conclusions

In this paper, we have investigated the impact of harmonics and IMD products caused by LTE Advanced BS supporting non-contiguous CA of Band 3 to the receiver of own or different BS. We have shown that the 2nd harmonics of BS transmitting non-contiguous carriers in Band 3 may fall into the BS receive band of Band 43, while the 3rd IMD products caused by mixing of two non-contiguous 5, 10, 15 or 20 MHz DL carriers may fall within Band 1, 3 or 33 UL, and even the own BS receive blocks of Band 3 if certain BS transmit configurations are used, and hence BS receiver desensitization may be an issue.
Therefore, we recommend that Band 3 BS transmitters supporting non-contiguous CA should not share the same antenna with other Band 1, 3 or 33 BS receiver, or the own Band 3 BS receiver if the aforementioned BS transmit configurations are used, in order to not to cause Band 1, 3 or 33 BS receiver desensitization, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band 1, 3 or 33 BS receiver desensitization.
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