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In interference cancellation, the null at the angle of arrival (AoA) of interference can suppress interference. However, due to the
large spacing between array elements and the periodicity of the array, some small nulls at the angles of noninterference are formed
inevitably. When the AoA of the desired signal is in these small nulls, they impair the effectiveness of interference cancellation by
attenuating the desired signal. This paper proposes the concept of a side null to represent these nulls in the noninterference
direction. And the cancellation ratio of the desired signal (SCR) is deduced to quantitatively characterize the side null. The spatial
noncooperative interference cancellation model based on the main-auxiliary antenna array is established. Based on this, the SCRis
derived to evaluate the amount of desired signal attenuation. Then the simulation, respectively, in two-dimensional plane and
three-dimensional space, describes the side null visually. Moreover, the method of side null reduction is discussed by modulation
of the array. Finally, the existence of side null and its influence on interference cancellation are verified through the experiments.
The results of the simulation and experiment are in good agreement, and both support the theoretical analysis.

1. Introduction

To solve electromagnetic interference, interference cancel-
lation is an important electromagnetic compatibility tech-
nology in both civil and military applications [1, 2]. The
interference cancellation system synthesizes cancellation
signal by sampling the interference signal. Then, the can-
cellation signal is cancelled with the interference signal from
the desired signal in equal amplitude and inverse phase [3].
It is shown in the spatial domain that the null is formed at
the angle of arrival (AoA) of the interference signal to
suppress it [4]. Interference can be divided into self-
interference and noncooperative interference. The self-
interference generally comes from the cooperative plat-
form, and the signal is known. Interference cancellation can
take advantage of the prior knowledge of the interference
signal [5-7]. However, as for noncooperative interference,
the interference signal is completely unknown. They can be
intentional adversarial interference or unintentional high-
power interference [8, 9]. Therefore, interference sampling

becomes much more difficult than self-interference. To solve
the challenge of sampling interference, it is common to load
auxiliary antennas, forming the antenna array [10-12].
However, how to arrange these auxiliary antennas, that is,
the manifold of the array and the radiation pattern it forms,
is decisive to the effectiveness of interference cancellation.
This paper is to analyze, in noncooperative interference
cancellation, one kind of null feature of the radiation pattern
formed by an array with inconsistent main and auxiliary
antennas and its effect on interference cancellation.

From the perspective of the spatial domain, interference
cancellation can be issued because the radiation pattern of
the array forms the null at AoA of the interference signal. It
reduces the array gain on the interference signal to suppress
interference [13, 14]. However, in the simulation and
measurement, some small nulls in the angles of non-
interference can be observed obviously. These small nulls are
undesired. When AoA of the desired signal is in these small
nulls, the effectiveness of interference cancellation is im-
paired unequally. In order to research the effect of these nulls
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on interference cancellation, the null at AoA of the in-
terference is described as the main null, and those small nulls
at AoA of noninterference are described as the side nulls,
respectively, with reference to the definitions of main lobe
and side lobe.

The main null and side null are important features for
interference cancellation, just as main lobe and side lobe are
important for beamforming. The main lobe is the main
direction of radiation, while the side lobe generally appears
around the main lobe because of the large spacing between
array elements and the periodicity of the array, which would
disperse the power of the main lobe [15]. Thus, many papers
have discussed the side lobe and proposed various methods
to suppress it [16-18]. They mainly include optimizing the
array by the optimization algorithm [19, 20], improving the
antenna structure [21, 22], and superposing the radiation
pattern to suppress the side lobe [23, 24]. The studies in [25]
combines the metasurface with amplitude and phase con-
trollable unit cell, and realize the side-lobe levels suppression
of a metasurface lens. Reference [26] proposes a 2D joint
iterative adaptive filtering method by adopting the re-
iterative minimum mean square error (RMMSE) criterion to
reduce the side lobe. Some papers consider both the side-
lobe reduction and anti-interference performance of the
array. The studies in [27] introduces the bat algorithm (BA)
to the uniformly spaced linear array (ULA). It suppresses the
side lobe and also discusses the null formed at the in-
terference directions. The studies in [28] proposes an
adaptive null broadening method for suppression of rapidly
moving interferences. However, most papers only concern
themselves with the null generated in interference directions
and pay no attention to the null in noninterference di-
rections that may attenuate the desired signal. Reference [29]
considers the desired signal loss incurred by interference
nulling, but it is for the situation when the arrival direction
of the interference signal and the desired signal are similar.
In [30], the grating null is mentioned to affect spatial in-
terference reduction in GPS receivers, but it is not clearly
characterized in the paper. Table 1 compares the research in
different applications between parts of similar references and
this paper. For the common omnidirectional main antenna,
the side nulls are obvious and have a significant effect on the
desired signal. Therefore, it is necessary to characterize the
side null quantitatively and analyze its influencing factors.

It is known that the purpose of interference cancellation
is to eliminate interference signals and reserve desired
signals. In the spatial domain, the main null is formed in the
AoA of the interference signal to reduce interference.
However, due to the existence of the side null, when the AoA
of the desired signal is on the side null, the desired signal is
also suppressed. In this way, even if the interference is
cancelled, the desired signal is also attenuated. Therefore, the
communication based on the desired signal is unable to
recover to the level before interference. The effectiveness of
interference cancellation decreases, that is, the interference
cancellation is affected by the side null. In fact, the effect of
side null with different depths on interference cancellation is
different, so the quantitative characterization is essential for
estimating its influence. Considering that the side null affects

International Journal of Antennas and Propagation

interference cancellation by affecting the reception of the
desired signal, the amount of the desired signal attenuation
is used to characterized the side null. The attenuation of the
desired signal is also described as the cancellation ratio of the
desired signal (SCR).

This paper focuses on the side null of the main-auxiliary
antenna array in noncooperative interference cancellation.
The concept of the side null is proposed through practical
phenomena. Then, the concept is characterized quantita-
tively through modeling and derivation. Finally, it is verified
by simulation and experiment. The major works of this
paper are summarized as follows:

(1) Compared with most papers that mainly discuss the
characteristics of the lobe or the null at AoA of
interference in radiation pattern, this paper focuses
on the null at noninterference directions in in-
terference cancellation and proposes the concept of
the side null through the practical phenomenon of
interference cancellation.

(2) The side null is characterized quantitatively by the
attenuation of the desired signal and is verified by
simulation and experiment.

(3) The methods of reducing side null by modifying
arrays are discussed, which provides possibilities for
the subsequent research of side null suppression.

The paper is organized as follows. Section 2 establishes
the noncooperative interference cancellation spatial model
based on the main-auxiliary antenna array. Section 3 de-
duces the SCR to characterize the side null quantitatively and
analyzes the influence factors of input signal power and
antenna pattern. The simulation in two-dimensional plane
and three-dimensional space is also discussed. Section 4
discusses three methods to realize side null reduction
through adjusting the array. The experiment is conducted in
Section 5 to verify the existence of the side null and its
influence on interference cancellation. Finally, conclusions
are drawn in Section 6.

2. System Model for Noncooperative
Interference Cancellation

2.1. Model of the Main-Auxiliary Antenna Array. The
schematic diagram of spatial noncooperative interference
cancellation is shown in Figure 1. The interference signal is
from the noncooperative platform, and its power is much
higher than the desired signal. The AoA of the interference
signal and the desired signal are different. Figure 2 shows the
established coordinate system. 8 € [0, 7] is the pitch angle
and ¢ € [-m, 7] is the azimuth angle in the coordinate
system. G (6, @) represents the radiation pattern of main
antenna. The column vector g (6, ¢) = [g, (6, ¢), g, (6, ¢), - --
9 (6,9)]" represents M radiation patterns of auxiliary
antennas. Because the main antenna undertakes the function
of transmitting and receiving high-power communication
signals, it tends to be larger in gain and size than the auxiliary
antenna, which constitutes the main-auxiliary antenna ar-
ray. The position of the main antenna is located at the
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FIGURE 1: Schematic diagram of noncooperative interference cancellation.
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FIGURE 2: The coordinate system of the main-auxiliary antenna array.

coordinate origin. P = [P}, P,,---P,,]7 represents the po-
sition coordmates of auxiliary antennas, and the coordinate
of the M™ auxiliary antenna is Py, = [x,,,, ¥,

of arrival signal for the main antenna is regarded as the
standard phase, then the signal phase dlﬂerences for aux-

z,]. Thephase iliary antennas are ¢ (6, ¢) = [¢;, Py, - - -¢p,]7 > Where
2 . . :
Op (0,0,%,9,2) = T (xsin O cos @ + ysin Osin ¢ + z cos 0). (D)
e(t) =Y (t) + X (t) = wyy (t) - Wk (1) (5)

Thus, the array manifold of the auxiliary antennas can be
expressed as follows:
(2)

A, (0,9) =[g(6,9)0 exp[j$ (6, 9, x, ,2)]]".

Itis assumed that the AoA of interference signal i (¢) is
(6;, ¢;), and the power is P;. The AoA of the desired signal
s(t) is (0,,9,), and the power is P. w, is the weight
of signal output by the main antenna, and
W = [w, w,,--wy]" is the weights of signals output by
the auxiliary antennas. Then the signal received by the

main antenna is
y(t) = s()G (6, ¢,) +i(1)G(6;, ;) + n(t), (3)

where n(t) is the received noise signal. Then the signal
received by auxiliary antennas is

x(t) = s(t)A, (6, 9,) +i(t)A, (0, 9;) + n(2). (4)

Therefore, the output signal after the interference can-
cellation is

And the synthetic radiation pattern of the antenna array
is

G, (6,9) = w,G (6, 9) - WA, (6, 9). (6)

2.2. Power Inversion Criterion. In interference cancellation,
the optimal weights are obtained based on the output cri-
terion. Power inversion (PI) is a commonly used cancella-
tion algorithmic criterion, which is suitable for the case of
strong interference and the weak desired signal. It regards
the output signal as the error signal, and the weights are
calculated to minimize the power of the error signal. Its
performance function can be expressed as follows:

£=E[le(n)].

It can be converted into a minimum problem of
min & = E[le(#)]?]. To avoid the occurrence of invalid so-
lution of 0, w, =1 is set as the constraint. Equation (5) is
substituted into (7) and we get

(7)
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&= E[le(®)]’] = E[e(t)e” (¢)]

(8)
= E[ly ()] - 2Re[W''r, | + WIR, W,

where R, is the autocorrelation matrix of x () and r, is the
cross-correlation matrix of x(t) and y(¢). The optimal so-

lution of weight can be obtained as follows:
W, =R r, . 9)
When the desired signal, interference signal, and noise
signal are mutually incoherent, R, can be expressed as

follows:

much higher than the desired signal, R, can be ignored. R,
can be written approximately as follows:

Rxx = Rii + Rnn
= piA, (0, 9)AL (6, 9,) + 0 (11)
=01+ A, (0,9;) pl- Af (6 9;)s

where o2 is the noise power and I is the identity matrix.
According to the matrix inversion lemma:

(A+BCD) '=A"'-A" IB(C_I + DA™ IB)_ ‘DAL

(12)
R, =R,;+R;+R,, 10 .. . .
o = s i Ko (10) R,, is inverted and is written as
where, R, R;;, and R, is the autocorrelation matrix of the
desired signal s(t), interference signal i (), and noise signal
n(t), respectively. Because the power of interference signal is
1 1
-1
Rxx :_21__21'Aa(9i’¢i)
o o
1 . 1 R 1
) ;I-'_Aa (Gix(Pi)'gI'Aa(evﬁoi) Ay (91'7%)'? (13)
1

2
o

And the cross-correlation matrix r,, can be written as

Iy = PiG (0 9:)A, (6 9;) + 021M><1- (14)

=R 'r

opt XXXy

w

2

o 02+Mpi

3. Description of Side Null

3.1. Side Null Characterization. The purpose of interference
cancellation is to preserve the desired signal and to cancel the
interference signal. Side null causes the attenuation of the
desired signal, and thus the amount of desired signal attenu-
ation is considered to quantitatively characterize side null. The
attenuation of the desired signal is represented by the cancel-
lation ratio of the desired signal (SCR). When SCR is less than
a certain value, the null in the noninterference direction is
regarded as the side null. The SCR can be expressed by the ratio
between input and output signal noise ratio (SNR). The input
SNR, SNR;, can be represented directly:

_ L (I 3 piA, (65 GDi)AaH (6 9:)

_ 1 <I _PiAy (0;, ‘Pi)Af (6;» ‘Pi))
o+ Mp; '

Therefore, the optimal weight can be expressed as

(15)
) : (PiG(Gi) 9;)Aq (6> ;) + UZIMXI)'
P
SNR;, = —. (16)
0,

And the output SNR, SNR_ can be obtained from the
above modeling:

E(|s(1G (6., 9.) - Wik (695 0] )

> :
0,

SNR, =
(17)

Thus, substituting equations (15)-(17), SCR can be
expressed as



_ SNR,;,

SCR =
SNR,,

E([s(9G (6, 9.) - Wik (0950 ) 2
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2
0,

il
PS

_E(IsOF)[G (0, 9) - Wik, Gu )] o2

G2 (65’ (Ps) : 0?

[G(6.0,) - WA, (8. 9,)]

G’ (6, 9,)

1 1

P

S

(18)

G (0, 9,)

TG (09| | 7

where 0,2 and 0,2 are the input and output power of noise
signals, respectively.

In further analysis, when the AoA of interference signal
(8;, ¢;) is known, the AoA of desired signal (8, ¢,) can be
written as (0; + A6, ¢, + Ap). Where A6 and A¢ are the
angular differences between the interference signal and
desired signal in the pitch plane and azimuth plane, re-
spectively. Therefore, in the radiation pattern after in-
terference cancellation, the range of side null can be
expressed as

f(6,9)=SCR<y;,
g(6,9) =) f '(SCR,A,Ap), A6 € [0,7]Ag € [-m, 7],
(19)

0 € Ogy» ¢ € Ogy,

where g (6, ¢) represents the sum of side nulls in the range.

3.2. Analysis of Influence Factors. The influence of signal
input power and the pattern of main and auxiliary antennas
on the side null is analyzed. For the PI algorithm, it is suitable
for high input interference to signal power ratio (ISR). Thus,
the signal input power is discussed in the cases of strong
interference and weak desired signals. From (18), it can be
seen that the SCR is related to the pattern of the main antenna
G (0, ¢), the auxiliary array manifold A, (6, ¢), and the power
of interference signal P;. The pattern of auxiliary antennas is
included in A, (6, ¢). For the power of the desired signal,
because SCR represents the relative attenuation value of the
desired signal, SCR is independent of the power of the desired
signal in (18). However, under the same attenuation, different
powers of the desired signal input will generate different
desired signal outputs. The higher power of the desired signal
output will be conducive to the subsequent desired signal
inspection and amplification. For antenna pattern, because

__(I_piAa(

(PG (05 9:)A, (6 9;) + 0" Tp)

H
0;, S"i)Af (91" 901‘))

o2+ Mp; N
a \Ui> @i

the omnidirectional antenna has no specific main lobe, the
effect of the side null is more obvious. Meanwhile, the om-
nidirectional antenna is a representative main antenna and an
auxiliary antenna, which is used for moving communication
systems or systems with a nonfixed direction of desired
signals. Therefore, the omnidirectional main and auxiliary
antennas of different gains are analyzed subsequently. Fig-
ure 3 shows the radiation pattern of the main antenna and
auxiliary antenna. Figure 4 shows the array of synthetic ra-
diation patterns under different input interference signal
powers in the two-dimensional plane of 6 = 90°. It can be
observed that higher input interference power will result in
a deeper main null.

3.3. Side Null Simulation in a Two-Dimensional Plane.
Taking the linear array as an example, one main antenna and
three auxiliary antennas are simulated and analyzed. Three
auxiliary antennas are periodically located with a uniform
spacing of x, equal-height with the main antenna, as shown
in Figure 5. The spacing x is taken as A. A is the wavelength
corresponding to the signal center frequency. Input SNR and
INR are set at 20 dB and 50 dB, respectively. The AoA of the
interference signal is randomly selected as (90°,45%). To
simplify the analysis, the side null is first discussed in the
two-dimensional plane.

It is assumed that the AoA of the desired signal in the
pitch plane is 8 = 90°. The same as that of the interference
signal. And the AoA of the desired signal in the azimuth
plane, ¢, is traversed from — to 7, and the possibility of any
azimuth angle is equal. The curve of SCR changing with the
AoA of desired signal ¢ is shown in Figure 6(a). It can be
observed that when ¢, = ¢, =45, SCR,;, =-72dB. It
means that the deepest null is formed at the AoA of the
interference signal ¢; = 45°, which is in the main null. And
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FIGURE 3: The radiation pattern of main antenna and auxiliary antenna. (a) The main antenna. (b) The auxiliary antenna.
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F1GURrE 5: The simulated linear array of one main antenna and three auxiliary antennas.

when the AoA of the desired signal and the interference
signal are same, the attenuation of the desired signal is
maximum. As shown in Figure 6(a), the red dotted line
corresponds to the AoA of the desired signal when
SCR = —3dB. This means that the power of the desired signal
is attenuated by half. It is assumed that the communication
system is unable to communicate at this level with the
desired signal. Thus, when SCR < —3dB at the AoA of the
desired signal, they are described as side nulls. It is observed

that when SCR< -3dB, the range of side nulls is
¢, € (~166,-160)U (-20,-14) U (131, 139).

Then, the side null is further analyzed in the pitch plane.
When the desired signal is from the same azimuth plane
¢ = 45° with the interference signal, the AoA of the desired
signal in the pitch plane 0, is traversed from 0 to 7 and the
possibility of any pitch angle is equal. The curve of SCR
changing with the AoA of the desired signal 6, is shown in
Figure 6(b). It also can be seen that when 6, = 6; = 90°,
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SCR,in = —71.9dB. The deepest null appears in the AoA of  equidistantly from 0 to 5), and the other conditions keep the

the desired signal and interference signal are same. The red
dotted line corresponds to the AoA of desired signal when
SCR = -3dB. It is observed that the main null and the side
nulls are fused together. When SCR < —-3dB, §; € (72,95).

3.4. Side Null Simulation in Three-Dimensional Space.
Based on the analysis above, the side null is then discussed in
three-dimensional space. The simulation conditions remain
the same. However, the AoA of the desired signal is from any
direction in the space. The pitch angle of desired signal 0, is
traversed from 0 to 7 and the azimuth angle ¢ is traversed
from —m to 7. The possibility of the desired signal from any
angle is equal. The curve of SCR changing with the AoA of
the desired signal (6,, ¢,) is shown in Figure 7(a). Similarly,
3dB is taken for the communication threshold, that is,
X1 = —3. Figure 7(b) shows the range of SCR< —3dB. It
means that when the AoA of the desired signal is from these
ranges, the desired signal will be attenuated more than 3 dB
and the communication will be affected. Besides the main
null, where the AoA of the desired signal and interference
signal are the same, the side nulls in the radiation pattern
after interference cancellation can be clearly observed.

4. Side Null Reduction

The side null is caused by the large array spacing and phase
periodicity. Therefore, the reduction of the side null can be
considered by adjusting the array manifold. In this section,
the array manifold is optimized from three aspects of the
array, including element spacing, element number, and
array configuration, to discuss the methods of side null
reduction.

4.1. The Spacing between Array Element. From the equations
of (1) and (18), it can be found that SCR is affected by the
spacing x. Figure 8(a) shows the proportion of side nulls in
three-dimensional space when spacing x changes

same. It can be observed that when the spacing x is near /2,
the proportion of side nulls is the minimum. When
0<x<A/2, the proportion decreases with the increasing
spacing. When x > /2, with the increase of spacing, the
proportion first increased and then decreased in the local
scope, showing a certain periodicity, but it increased overall.
This is related to the periodicity of the phase. But it is not
completely periodic, probably due to the different gains of
the main and auxiliary antennas. x = A/2 and x = A/4 are
selected for signal simulation to verify Figure 8(a).
Figure 8(b) shows the side nulls of the two spacing x. The
dark blue range is the common side nulls of x = 1/2 and
x = A/4, and the light red range is the side nulls where x =
A4 is more than x = A/2. The proportion of side nulls is
1.41% when x = A/2 and 3.13% when x = A/4, respectively. It
is consistent with two points of 1.44% and 3.21% in
Figure 8(a).

The genetic algorithm (GA) is also used to optimize
the array spacing x. The parameters of GA are set as
follows. The population size is 100. The probability of
crossover is 0.6, and the probability of variation is 0.01.
The position of the array element is encoded in binary.
Figure 8(c) shows the convergence curves with randomly
selected spacing x for the initial values. The optimization
results also show that when x = A/2, the proportion of side
nulls is at its minimum, about 1.38%. This is consistent
with the result above.

4.2. The Number of Array Element. The array manifold
A, (6, ¢) and SCR are both affected by the number of array
element M. When other conditions remain unchanged,
changing the number of array elements M will observe
a change of the side null. Figure 9 shows the position and
range of the side nulls under different number of auxiliary
antennas. The color ranges from light to dark, showing more
side nulls in small antennas number array than in the large
antenna number array in sequence. It can be found that the
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range of side nulls decreases when the number of auxiliary
antennas increases. However, the positions of the side nulls
do not change with the increase in antenna number. Table 2
shows the proportion of side nulls with different numbers of
auxiliary antennas. Increasing the number of antennas can
realize the reduction of the side null, but it increases the
array aperture and requires more complex practical
implementation.

4.3. The Configuration of the Array. The configuration of the
antenna array affects SCR by affecting the array manifold
A, (6, ¢). Taking typical one-dimensional linear array, and
two-dimensional circular array, as examples, the influence of
configuration on side null is analyzed. The simulated con-
ditions of two kinds of arrays remain the same as above, and
the configuration of the circular array is shown in
Figure 10(a). Figure 10(b) shows the side nulls of the circular
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TABLE 2: Proportion of side nulls with different number of auxiliary antennas.
Number Proportion of side nulls
of auxiliary antennas (%)
1 5
2 3.38
3 2.55
4 2.05
5 1.76
6 1.61
z
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FiGure 10: (a) The configuration of the circular array. (b) The side nulls of the circular array.

array when the array radius r = A. It can be observed that,
compared with the linear array in Figure 10(b), side nulls of
the circular array increase significantly, accounting for about
11.2%. However, the side nulls become more dispersed in the
pitch plane and decrease in the same azimuth plane. This
means that the circular array has better direction finding in
the azimuth plane.

4.4. Comparison and Analysis. It can be seen from above
that the array manifold is important in side null re-
duction. The side null can be suppressed by adjusting the
array. The method of array analysis is also used in some

papers. The studies in [34] replaces the separate auxiliary
antennas with a number of existing elements of the main
antenna array in radar systems, and it maintains a dis-
tortionless response for the desired signal under high
input SINR. It analyzes a number of various auxiliary
configurations to validate the presented methods by
comparing output SINR. The studies in [35] analyzes
effect of auxiliary element position on performance of the
side-lobe canceller by the numerical simulation of some
auxiliary element combinations. It also compares the
output SINR to reflect the performance of the array. It
can be known that when there are various influencing
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factors and the analytical solution cannot be obtained,
the simulation of different arrays manifold is an effective
analysis method.

5. Experimental Validation

Based on the above analysis and simulation, experiments are
conducted to verify the side null. The experimental scenario
is shown in Figure 11. Two signal generators are used to
transmit signals. One transmits the single-tone signal as the
desired signal, and the other transmits the white noise with
bandwidth of 3 MHz as the interference signal. The input
SNR and INR are 20dB and 50dB, respectively. The di-
rectional horn antenna is used as the interference-
transmitting antenna, and the omnidirectional antenna is
used as the desired signal-transmitting antenna. A main-
auxiliary antenna array consisting of one main antenna and
three uniformly linearly placed auxiliary antennas is used as
the receiving array. Through adjusting the position of the

transmitting antenna, different AoA of signals can be re-
alized. The received signals are then transmitted to the in-
terference cancellation module. The data are collected and
processed in the computer. The output SNR can be obtained
by calculation. The input SNR is decided by the input power
of the desired signal and the background noise. According to
equation (18), the SCR is obtained.

The element spacing is one wavelength, and the other
experimental parameters are consistent with the simulation.
Figure 12 shows the frequency spectrums of the desired
signal and the interference signal. The AoA of the in-
terference signal is (90°,45°). The AoA of the desired signal
is chosen as (90°,25°) and (90°, —17°), where (90°, —17°) is in
the side null. The frequency spectrums before and after
interference cancellation at two AoA are shown in Figure 13.
It is observed that the desired signal is submerged by the
interference signal without interference cancellation. After
interference cancellation, the interference signal is cancelled,
and the desired signal is revealed. However, when the
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TaBLE 3: The comparison of simulation and measurement in different arrival angles.

AoA of desired signal

Simulated SCR (dB)

Measured SCR (dB)

(90°,137°)
(90°, 85°)
(90°,-75°)
(80°,45°)
(100°, 45%)

-23 -20
6
-2
-16 -15
6

desired signal is from the side null of (90°, -17°), the desired
signal is attenuated about 14 dB. When the desired signal is
from (90°,25°), the desired signal almost returns to the
original level. Other five AoAs of the desired signal are
measured in the experiments. The results are shown in
Table 3. It is roughly consistent with the theoretical calcu-
lation and verifies that the desired signal is attenuated when
it comes from the direction of the side null, which affects the
effect of cancellation. The experimental results are in good
agreement with the simulation. It proves the existence of side
nulls and theoretical analysis.

6. Conclusion

In this paper, the side null of the main-auxiliary antenna
array in noncooperative interference cancellation is ana-
lyzed. The null in the noninterference direction is described
as the side null. When the AoA of the desired signal is in the
side nulls, the effectiveness of interference cancellation is
impaired even the interference signal is eliminated. This
means that communication based on the desired signal
cannot recover to the level before interference, and the effect
of interference cancellation is negatively affected. To
quantitatively characterize the side null, SCR is deduced
through modeling interference cancellation of the main-
auxiliary antenna array. The simulation and analysis in the
two-dimensional plane and three-dimensional space in-
tuitively describe the side null. Besides, the side null re-
duction is discussed through an adjusting array. It has been
found that the side null suppression can be achieved by
adjusting element spacing, increasing element number, and
adjusting array configuration. Finally, the existence of side
null and its effect on interference cancellation are verified by

experiments. The analysis, simulation, and experiment agree
well with each other. The concept and quantitative char-
acterization of side null proposed in the paper and the
discussion of side null reduction provide the basis for
subsequent research of the array design in the non-
cooperative interference cancellation.
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