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1 Introduction
WI LTE_CA_NC_B3 calls for a study of potential interference resulting from the aggregated component carriers’ harmonics and intermodulation (IM) products. This paper discusses such interference and is intended to support a separate text proposal for TR36.833-2-3, covering the matter [1]. The discussion is limited to second and third order phenomena.
Harmonics and intermodulation products are created as a result of RF energy passing a non-linear device. The non-linearity can be described as a polynomial series. The second order phenomena refer to the results of the quadratic term in such a series, whereas the third order phenomena refer to the cubic term. The second order harmonics are thus the result of the transmitted signal modulating itself and the third order harmonics are the result of the signal modulating its second order harmonics. In the frequency domain, modulation is described by convolution, which shows that the resulting signal will have a bandwidth which corresponds to the sum of the bandwidths of the signals modulating each other. It is also easily seen that the intermodulation products will cover several frequency bands. In the following discussion, only the edges of these bands will be discussed.
2 Discussion
It is assumed in the WID [2] that only two component carriers (CC) shall be used in the investigation.

The second order harmonics of each CC will have twice the BW of the CC and be centered on twice the centre frequency of the CC itself. This means that the lowest frequency in the respective CC harmonic will be twice the lowest frequency for the CC itself. The same applies for the highest frequencies.
Second order intermodulation (IM2) products from the two CCs will appear with the lowest IM frequency being the sum of the lowest frequency in each CC and corresponding for the highest frequency. 

There will also be a corresponding intermodulation at the difference frequencies for the two CCs, whereas the corresponding harmonics at zero frequency are exactly DC.

The lowest frequency in the third order harmonic of a CC is three times the lowest frequency of the CC itself. The corresponding applies for the higher frequencies.

The IM3products will appear at two times on CC frequency plus 1 times the other, and at two times one CC frequency one times the other. Figure 1 shows the frequency limits for the IM3 products around operating band 3. 
Table 1 captures the frequency range inside which the harmonics and the IM2 and IM3 products will be limited. (Note that some second and third order products are covered by the corresponding harmonics frequency range.)
Table 1: Operating band 3 non-contiguous 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


The frequency band of defined by the second harmonics frequency limits in Table 1 cover largely operating band 43.
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Figure 1. Operating band, CC1 of BW “a” and CC2 of BW “b” and schematic resulting IM3 spectrum.
It can be noted that the outmost frequencies in Figure 1 are f-low and f-high from the last row in Table 1. 
The distance between the lowest frequency of CC1 (the lower CC) and the lowest frequency of the operating band (OBTxflow) is called “c”, and the distance from the highest frequency of CC2 (the higher CC) to the highest frequency of the operating band (OBTxfhigh) is called “d”. The bandwidth of CC1 is “a” MHz and the bandwidth of CC2 is “b” MHz.
Operating band 3 has its DL band in 1805 to 1880 MHz and its UL band in 1710 to 1785 MHz. We look for CC allocations where IM3 products as described in Figure 1 can interfere with UL signals in the BS. We use “a”, “b”, “c” and “d” and the operating band DL band edge frequencies to describe the scenario. The duplex distance in operating band 3 is 95 MHz. The WID [2] states that “a” and “b” can take the values 5, 10, 15 and 20 MHz.
First we note that min(CC1flow +CC2flow– CC2fhigh) = min((1805 + c) + (1880-d-b) – (1880-d)) = min(1805 + c – b) = 1785 MHz (for c=0 and b = 20).
Thus, only the lowest IM3 products (gray in Figure 1) can reach into the UL frequency band.
Assuming paired UL to one of the DL CC: 
CC1 UL will be without interference if:

The lowest frequency of the IM3 product falls above the highest frequency of CC1 UL.

I.e. CC1fhigh – 95 < 2*CC1flow – CC2fhigh
1805+c+a – 95 < 2*(1805+c) – (1880-d), which gives; 

a < 20 + c + d.  (Since max(a) = 20, and c and d are positive, this is always fulfilled.)

I.e. CC1 UL is never impaired by IM3 from the NC AC in operating band 3.

CC2 will be without interference if:

The lowest frequency of the IM3 product falls above the highest frequency of CC2 UL.

I.e. CC2fhigh – 95 < 2*CC1flow – CC2fhigh
1880-d – 95 < 2*(1805+c) – (1880-d), which gives; 

c + d > 22.5.

or if:

The highest frequency of the IM3 product falls below the lowest frequency of CC2 UL.
I.e. CC2flow – 95 > 2*CC1fhigh – CC2flow
1880-d-b – 95 > 2*(1805+c+a) – (1880-d-b), which gives; 

a + b +c + d < 22.5.

I.e. CC2 will encounter interference from IM between the DL CC1 and CC2 if a + b +c + d > 22.5 AND c + d < 22.5.

Table 2 captures this relation:

Table 2: Operating band 3 BS transmit configurations with 3rd order IM within Operating band 3 BS own receive block CC2
	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 < 22.5

	5
	10
	12.5 < c + d < 22.5

	5
	15
	7,5 < c + d < 22.5

	5
	20
	2.5 < c + d < 22.5

	10
	5
	12.5 < c + d < 22.5

	10
	10
	7.5 < c + d < 22.5

	10
	15
	2.5 < c + d < 22.5

	10
	20
	c + d < 22.5

	15
	5
	7.5 < c + d < 22.5

	15
	10
	2.5 < c + d < 22.5

	15
	15
	c + d < 22.5

	15
	20
	c + d < 22.5

	20
	5
	2.5 < c + d < 22.5

	20
	10
	c + d < 22.5

	20
	15
	c + d < 22.5

	20
	20
	c + d < 22.5


NOTE: This table shows where paired carriers will inflict interference on the own receive carrier through IM3 in the DL NC CA. The interference applies in CC2. CC1 will not be reached by IM3 products.

It can also be noted that no IM3 products fall inside the UL band (at all) if the lowest IM3 band frequency is above the highest frequency of the UL band.
I.e. 1880 – 95 < 2*CC1flow – CC2fhigh
1880 – 95 < 2*(1805+c) – (1880-d), which gives; 

2c + d > 55.
Studying the impact on the receive band of operating band 1, it can be noted that no IM3 products will fall inside this band if the highest frequency of the highest IM3 product falls below the lowest frequency of operating band 1 Rx band.

I.e. 1920 < 2*CC2fhigh – CC1flow
1920 < 2*(1880-d) – (1805+c), which gives; 

c + 2d > 35.

3 Conclusion
The conditions on component carrier position for NC CA causing IM3 products inside the UL of operating band 3 are deduced.
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