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Abstract

In some telecommunication systems, the signals received or sent by different antennas are
combined with each other in a way that has the most benefit in a specific spatial direction. The
signal sent or received by all antennas is the same and differs only in amplitude and phase. On the
other hand, in some array systems, the transmitted signal is different from different antennas.
Similarly, the receiver has a separate processor for each antenna. In MIMO systems where the
transmitted signals from various antennas are different and each antenna has a separate receiver
in reception, the physical distance between the different antennas must be greater than a certain
value so that the paths of each antenna to the destination are independent. In this paper,
considering this distance in practical systems, a number of auxiliary antennas are placed between
the main antennas of the MIMO system. The main antenna together with its adjacent auxiliary
antennas forms antenna assemblies. The function of auxiliary antennas is to eliminate co-channel
interference by performing appropriate irradiation.

In this paper, the considered model is a channel with a feed rail that has a full order. For this
channel model, different radiators such as MVDR, LCMV, GSC, ZF and maxSNR were
investigated. And two different modes were considered for the transmitter. One of them is when
the desired transmitter has one antenna and the other is when the desired transmitter has two
antennas and uses Alamouti coding. In addition, both the state that the receiver is aware of the
interference channel and the state that is not aware were examined. For each of these radiators,
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the output signal of the radiator was presented in order to decode the Alamouti coding. In
addition, the LCMV radiator was examined under different conditions. In all these cases, the
effect of the presence or absence of auxiliary antennas in eliminating all-channel interference
was investigated. The simulations performed show the superiority of the performance of the
methods proposed in this paper in the face of inter-channel interference.

Keywords: MIMO System; Alamouti Coding; Interference Cancellation; Side Lobe Canceller;

Normalized LCMV Method.

1. INTRODUCTION

The development and commercial operation
of fifth-generation systems to meet the high
demand for data transmission is rapidly
advancing in the next decade [1]. Fifth
generation networks integrate with intelligent
systems that include advanced signal
processing [2], D2D device technology [3],
loT, edge computing [1], and additional
wireless technologies [4] which have
received a lot of attention in recent years [5].
The fifth generation (5G) cellular network is
expected to support an increasing number of
mobile devices with global access services
[6]. Compared to the 4th generation, the 5th
generation should achieve 1000 times the
system capacity and spectral efficiency,
energy efficiency, and data rate 10 times and
the average cell efficiency 25 times [7]. To
achieve these ambitious goals, advanced
fifth-generation wireless technologies are
being developed for greater spectral
efficiency, higher energy efficiency, and
denser cell deployment. Fig.1 shows some of
these features of fifth generation systems [8].

The goals of the fifth generation are to
increase data transfer speeds up to 20 Gbps
(one Gigabit per second per user), increase
the service capacity of network users (more
users), reduce network latency and optimize
power consumption in network equipment
and users (such as Mobile phone), as well as

support higher speeds for moving users (such
as a user riding a car on the freeway or high-
speed train) [9]. In this generation, at least
one million mobile broadband users per
square kilometer must be able to connect to
the network, and each user must be able to
experience a minimum speed of 100 Mbps in
the busiest state, which was not specified in
the fourth generation standard. Reducing
energy consumption is also a criterion that
has been considered in this generation, and
the transmitters and receivers of operators
should enter the energy saving mode in low
consumption hours and be activated quickly,
which is not a criterion in the fourth
generation. As a result, the fifth generation,
for example, allows people to communicate
as current media during peak hours via
mobile phones. Also, its other operational
goal is to improve support for car-to-car
communication, ie 10T, at a lower cost, lower
battery consumption and less latency than the
fourth generation [9].

One of the important issues for the
development of current and future wireless
networks is the high density of wireless
devices. With limited radio spectrum, many
wireless users are required to share similar
resources over time and / or frequency. As a
result, the interference between devices
becomes inevitable. In fact, such interactions
are one of the main bottlenecks that limit the
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capacity of the cellular network. Many efforts
have been made to research interference
management techniques. Thanks to the use of
multiple antennas on MIMO systems, beam
shaping has been shown to be an effective
way to manage interference. That is, the
transmitted signals are directed in a direction
to minimize their negative effect on the
receivers [7]. Array antennas have been
introduced as one of the best options for use
in the next generation of telecommunication
receivers and transmitters due to the
performance improvement they provide in
telecommunication systems. The use of these
antennas in the transmitter and receiver parts
requires the use of appropriate processes in
order to exploit the maximum capacity
created. Radiation in fuzzy array systems,
which was initially performed in analog
form, can be considered the first practical use
of array antennas. With advances in high-
power digital processors, systems were found
that used digital radiation in the receiver.
Since the received signal from each antenna
must be sampled, it is necessary to install a
separate receiver for each antenna, which will
increase the cost. Of course, the benefits of
digital radiation in some applications justify
the high cost. With the technology
advancement and the need  for
telecommunication systems with  high
transmission rates along with good service
quality, the idea of using arrays in the
receiver and transmitter simultaneously and
the use of proper processing has been
highlighted. The processes performed in
MIMO telecommunication systems, along
with the channel nature of these systems,
make it possible to achieve high rates in

telecommunication systems in malicious
feedings.

In general, the goal of a
telecommunication system is to achieve the
desired data transmission rate with the least
possible error. However, in wireless
channels, despite the feeding phenomenon,
achieving these two goals simultaneously is a
major challenge [10].

In addition to increasing the bit rate and
reducing the error rate, the multi-antenna
system can also be used to increase the SNR,
counteract all-channel interference, and thus
increase the SINR. This can be achieved by
using an array of adaptive antennas, also
known as smart antennas. Using beam
shaping, the antenna beam can be rotated in
the desired direction or zeroed in the
undesirable direction, for example in the
direction of interference. Beam shaping is
actually a kind of filtering in the field of
space.

To form a beam in the receiver, the
receiver must know the channel between the
transmitter and each of the receiver antennas.
Or to know the direction of signal input and
the location of the receiver antennas. This
information forms the direction vector. If the
beam needs to be formed in the transmitter,
the transmitter must also know the channel
information between each of the transmitter
antennas and the receiver antenna (or
antennas). Therefore, there must be a
mechanism for sending channel information
to the transmitter to form a beam in the
transmitter. In this respect, beam shaping at
the receiver is preferable to beam shaping at
the transmitter [10]. In [11] it is suggested
that when the number of transmitter antennas
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is large, the transmitter antennas should be
divided into several subgroups and a time-
frequency code should be considered for each
subgroup and each subgroup should send its
own data to increase data transmission rate in
the system. Thus, if the receiver knows the
desired signal channel and interference
channel and the number of receiver antennas
is more than the number of interfering
antennas, the receiver can eliminate the
interference. This method is called zero
forcing (ZF).

In order to have spatial diversity and deal
with co-frequency interference at the same
time, the combination of space-time codes
and beam shaping has been studied in many
papers, including [18]. In [12-14], [19,20] the
combination of beam shaping in the
transmitter and block space-time code is
investigated. To form a beam in the
transmitter, the transmitter must also have
channel information.

In a multi-antenna system with N;
transmitter antenna and N, receiver antenna,
the maximum available spatial
diversification gain is N.N,. As the
diversification gain increases, the system
performance in the feed channel will be
similar to the system performance in the
AWGN channel. In practice, increasing the
diversification gain too much will not be that
much useful and will only increase the
complexity of the recipient.

In [15], the allocation of power and beam
formation in both the transmitter and the
receiver is proposed for a multi-user MIMO
system in order to maximize the SINR. For
this purpose, the method presented in [16]
has been used. The method presented in [16]
for a system in which the desired transmitter

has multiple antennas in the presence of
interference, obtains a receiver that will have
a maximum SINR.

In [21], a beam-forming method is
proposed in the transmitter to reduce
interference for the case where the desired
transmitter and the interference both use the
Alamouti code. For this purpose, the receiver
must know both the desired transmitter
channel and the interference channel. Using
this information, the receiver calculates a
phase value and notifies the transmitter
through a feedback channel. The transmitter
shifts its second antenna signal by this
amount of phase to reduce interference
between the transmitters at the receiver.

2. SYSTEM MODEL

Consider a MIMO system consisting of a
transmitter-receiver pair, similar to that
shown in Fig.1. Note that to simplify the
relationships, a structure with this number of
users is provided, and this system can be
generalized to any number of users. Without
interrupting the whole issue, it is assumed
that BS is the receiver. Both the transmitter
and the receiver use an array antenna. The
figure shows that there are two paths between
the desired user and BS; Direct path and path
reflected from the ground. To have a channel
matrix with independent rows and columns,
the two paths must be independent of each
other. As mentioned previously, the distance
between the receiving antennas must be
greater than a certain value for path
independence. In the BS receiver, because
the antennas are mounted at a higher altitude
than the ground, the distance between the
antenna elements must be relatively large for
the paths to be independent of each other.
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Depending

system, this distance can be selected up to 15
times the wavelength. It is clear that under
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Fig.1. Display a MIMO system consisting of optimal transmitter and interference.
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In the method presented in this paper, the
arrangement of the main antennas of the
MIMO system receiver is determined by
considering the limitations in the distance
between the elements. In this paper, a
uniform linear array structure is used for the
array on both the transmitter and receiver
sides. After taking into account all the
limitations of the system, the arrangement of
the array antennas in the receiver is
determined, a number of auxiliary antennas
are placed in the distance between the main
antennas. These antennas can be of the same
type as the main antennas or different from
them. A main antenna together with adjacent
auxiliary antennas form a set of antennas. In
each antenna assembly, radiation is received
spatially on the receiver side to eliminate the
interference signal, and the filtered signal is
given according to the next processing to
perform MIMO processing on it.

The described receiver structure is shown
in Fig.2. In this figure, the antennas marked
in black are the main antennas. The antennas
shown in red are auxiliary antennas. The
signal received from the auxiliary antennas
and the main antenna enters the radiation
section. First, using the blocking technique,
the component related to the desired signal is
removed from the signal of the auxiliary
antennas. Then, using the weights obtained
by the adaptive algorithm, the signals of
different antennas are multiplied by different
mixed weights and added together. This
signal is subtracted from the main antenna
signal and the resulting signal, as one of the
signals used in MIMO processing, enters the
next processing class.

It is important to note that the signals of
each antenna set are combined and one signal

for each set enters the MIMO process.
Therefore, the distance between the centre of
each set and the centre of the adjacent set will
be considered as the distance between the
antennas of the MIMO  system.
Consequently, this distance is equal to the
distance between the main elements marked
in black. Therefore, all restrictions that must
be placed to the distance between adjacent
elements in the MIMO system must be true
on the distance between the main elements. It
should be noted that the method presented in
this chapter is only to add auxiliary elements
on the receiver side and on the transmitter
side of the used antennas for MIMO
processing.

Assume that the MIMO system uses the
number of N, antennas on the transmitter side
and the number N, = n,Ng; on the receiver
side, where n,. is the total number of antenna
sets and Ng; is the number of antennas in the
I set. After performing digital sampling on
the receiver, which is synchronized with the
signal sent from the sender, the received
signal vector X(n) € CV*1 in the n'" time
slot on the receiver will be as follows:

x(n) =
M Lm
z z {klmar (elm)at(elm)TSm(n)} (1)

m=11l=1
+n(n)

In the above formula, the orientation
vectors of receiver and transmitter are as
follows:

a, (Qr,lm)
1

= \/_Vr [1,exp (—j

2mnd, )

sin 9r,lm>)
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2nd,
, e €Xp (—J 7 (N,

- 1) sin Hr,lm)]T

at(et,lm)

1 o G 2nd; 8.0
=—[1,ex ——sin ,

/—Nt P 2 t,lm (3)

2md, . T
e exp (J 71 (N — 1) sin Qt,lm)]

M is the number of separate sources in the
environment and L,,, is the number of paths
between the source m and the receiver. kq,,
is the attenuation coefficient that models the
effects of the environment on the transmitted
signal of the mth source from the [th path.
a,(0y,) and a.(6;,) represent the
directional vectors on the receiver side and on
the transmitter side, respectively, which
depend on the angle of transmission and
reception of the wave from the mth source
and in the [th path. S, (n) is the symbol
vector sent from the mth source in the n time
interval. The vector n(n) is the noise vector
in the receiver which is a randomized white
Gaussian process with variance 2. This
noise is independent of the transmitted
signals and the noise of each element is
considered independent of the other
elements. Therefore, for this random
variable, the variance vector is defined and
the covariance matrix is not defined. If the
covariance matrix has to be considered for
this random variable, it will be a diagonal
matrix whose diameter values are the
members of the vector 2.

In the continuation of this section, the
matrix of channel coefficients related to the
desired signal with H; is shown and the
matrix of channel coefficients related to the j

source of interference with H,; is displayed.
According to the relationship that existed for
the received signal in the receiver, the matrix
of the desired signal channel coefficients will
be defined as follows:

Ly

Ho 2 ) (knaBr)ac®o)™ @)
=1
Note that without disturbing the whole
problem, the first signal is considered the
desired signal and the other signals are
assumed to interfere. The channel coefficient
matrix for other signals is obtained in a
similar way. By performing these definitions,
the received signal vector x(n) is displayed
as follows:

M

x(n)=Hgysg (n)+ D H s (n)

m=2 (5)
+n(n)

Note that S;(n) is the vector of the signal
transmitted from the desired source in the
time interval n. In order to take advantage of
multi-path in MIMO systems, different paths
between different antennas must have
independent feedings. Therefore, it is
assumed that the distance between the
antennas is not less than the reference
distance, which depends on the system
configuration.

In the system presented in this section,
due to the large distance between the
elements on the receiver side, a number of
additional antennas are placed between the
main elements of the MIMO system. Each
main antenna together with adjacent auxiliary
antennas form a set of antennas. The radiation
weights in each antenna set are determined in
such a way that the effect of the interfering
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signals on the final signal from each antenna
set is as small as possible [22].

Assume that the MIMO system uses the
number of N, antennas on the transmitter side
and the number N, = n,.Ng; on the receiver
side, where n,. is the total number of antenna
sets and Ng; is the number of antennas in the
i set. Next, the number of elements in the
antenna assemblies are assumed to be equal
to each other. The received vector signal in
the i subset will be as follows:

xi(n) =
M Lm

DY i (025 Br)ae(01) 7} ©

m=1 l=1
+n;(n); i=1,..,n,

where a,; € CNsi*1 is the signal orientation
vectors in the it set, which are defined as
follows:

ari(er,lm)
1 2nd,
= [11 exp (_] 1 sin Hr,lm):

NSl (7)
2md,
.., exp (—j 7 (Ng;

- 1) sin er,lm)]T

In these relations, d, is the distance
between the antennas, including the auxiliary
elements; this means that the distance
between the two adjacent antennas in the
receiver in each set is equal to d,.

As shown in the receiver structure in
Fig.2, the received signals in each antenna set
first pass through the blocking unit. The task
of this section is to remove the components
related to the desired signal from the
auxiliary path signals. If there is a favourable
signal in the auxiliary path, the optimal
weights obtained for the radiation will be

such that instead of the radiator is able to
eliminate the interfering signal, it will
eliminate the desired signal. The output
vector of the blocking unit in time interval n
will be as follows:

yi (n) =Bx; (n) (8)

where B € LNsi*Nsi js the blocking matrix
which is obtained as follows:

B = Ingxny — Aa(AGAq) T'AY ©)

where A, is the vector signal matrix of the
desired signal at the receiver. Assume that the
number of paths from the desired signal
source to the receiver is p. Therefore, the
matrix of directional vectors related to the
desired signal will be as follows:

A =[a,(6s) - a(6,)] (10)

where i =1,pa,(6;) € CVs*1 is  the
direction vector for each antenna set in the
receiver. Therefore, the relation 0 will always
be established and the desired signal will be
removed from the output signal of the
blocking process:

B"A, =0 (11)

See reference [57] for more information
on matrix B. The y;;i =1, ...,n, signal is
first weighted by the radiation vectors w;.
Then, the signal from the main path signal is
reduced. The result of subtracting the
auxiliary path from the main path is
represented by e;(n); i =1,...,n, and sent
to the next classes for MIMO processing.
This signal will be as follows:

e;(n)=m; (n)—w;"y,; (n) (12)
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m;(n) is the signal received from the main
antenna in the i*" set and in the n* time
interval.

w; radiation weights are obtained by
minimizing the mean square of the signal e;:

w; =argmin
E{|ei|2} = E{‘mi (n)—w;"y, (n)‘z}

The operator E{o} represents the
statistical mean operator. The relationship
expressed for finding the optimal irradiation
weights in Equation O is similar to the one for
finding the optimal weights in lateral petal
removal systems.

It is possible to use the relation that exists
to answer the optimal weights package and
obtain the optimal value of w;;i =1, ..., n,,
but due to the fact that the calculation of
optimal weights has a high computational
volume, the proposed method uses adaptive
algorithms to find these weights. The LMS
algorithm has been widely used in practical
systems due to its simplicity of
implementation and low computation rate for
updating weights [22].

(13)

3. PROPOSED IRRADIATION
METHODS TO ELIMINATE
INTERFERENCE IN THE ALAMUT
CODE RECEIVER

When the transmitter has two antennas, the
Alamouti code is one of the most important
and widely used space-time codes. In this
section, assuming that the desired transmitter
uses the Alamouti code and in the presence of
interference, the methods of beam formation
in the receiver with and without the help of

auxiliary antennas in the receiver are
investigated.

If the channel between the first
transmitter antenna and the receiver antennas
with  [hy; hyp ... hqy ], the channel
between the second transmitter antenna with
the receiver antennas with
[A21 haz ... hyy ] and the signal received
in N, the receiver antenna in the first time
range with [r;; 71, .. 71y.] and the signal
received in the second time period with
[121 T22 ... Top,.] are given; The Alamut
code receiver works to decode the s; and s,
symbols as follows:

Nr

5= Z hiirii + hyiry; (14)
i=1
Ny

S; = z h3ir1i — hqiTy; (15)
i=1

The optimal receiver to decode the
symbol s; selects point a; from all points of
the modulation system if and only if:

Ny
D hail? + 1ol = 1) gl
=1

+ dz(ail §1)
Ny

< |2

< (), (nd .
j=1

+ [hyi|?) — 1 ) |agl?
+ dz(ak,§1) Vk
* i,

In the above relation d?(x,y) is the
square of the Euclidean distance of the two
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signals x and y, which is obtained from the
following relation:

d*(x,y) = (x =) (x" —y") (17)

If the modulation used in the transmitter
is PSK, the energy of all the symbols of the
modulation system points is equal and the
optimal  decision-making criterion  for
decoding the symbol s; will be as follows:

d?(a; §,) < d*(ay, 51)
*i

vk (18)

Similarly, the optimal receiver to receive
the symbol s, from all points in the
modulation system selects point a; if and
only if:

Ny
D (il + 1hy?) = 1 | lal?
j=1

+ dz(aiJ§2)

< (Dl a9
j=1

+ [hyi1®) = 1 | |agl?

+ dz(ak,§2) vk

And for PSK modulation selects point a;
if and only if:

dz(air '§2) S dz(akl §2)
*i

vk (20)

Beam shaping is performed to counteract
interference with the receiver. Since the
Alamouti code transmitter has two antennas,
there is a favourable signal in the direction of
the two channels (or in other words, the two
direction vectors). The LCMV beam

formation is then investigated. Note that in

LCMYV beam the aim is to minimize the beam

output power minwfRw, provided that
w

wHiC = b. The channel between the first
transmitter antenna and the receiver antennas
is denoted by h; and the channel between the
second transmitter antenna and the receiver
antennas is denoted by h,.

hy=[hy; hyp - thT]T

h, =[h;1 hy - hZNr]T (21)
C = [hy h;]

b = [by b,]

According to the structure of Alamouti
code, the received signal in the receiver
antennas in two consecutive time intervals is
as follows:

1"1 - h1$1 + hZSZ + n1

22
1"2 == _hlsz + thI + n1 ( )

where r; and r, are the signal vectors
received in the receiver antennas in the first
and second time intervals and n, and n, are
the vectors related to the total noise and
interference in the receiver antennas in the
first and second time intervals. The output of
the LCMV beam in the first and second time
periods will be z; and z,.

Z1 = WHT1 = WHh151 + Wthsz

+ whn,

= blsl + szz

+ whn,

(23)

z, = whr, = —wlh;s;

+ wlh,s; + win,

= _bls; + szik

+ whn,
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To obtain the symbols s, and s,, first §; Zyy = (WHr,)*
and &, are formed as follows: = (—wihys;
3 + whh,s;
$1 = byz1 + b,z; n oo
_ 2 2 w3 nZ)
= (|b1|* + |b2]%)s; — lh II2s* H
brwh = [[hz||*s] + nzw,
Thw Zy1 = Wir, = wih;s; + wih,s, (28)
+ b,w™n; 21 2Tt 2 M1 S 2257

24
§2 = b;Zl - b12>2k ( )

= (Ib1]? + |b21?)s;
+ bswhn,
+ byw'n;}

The optimal receiver to decode the
symbol s; selects point a; from all points of
the modulation system if and only if:

dz((|b1|2 + |b2|2)ai;§1)
< d*((|b,|?
+ |by1*)ay, §1)

(25)

Vk+i

Similarly, to decode the symbol s, from
all points in the modulation system, the point
a; is selected if and only if:

d?((|b1]* + |b21D)a;, 53)
< d*((|b,|?
+ |b21*)ay, §2)

(26)

Vk+i

By considering different b and LCMV
beam conditions, two weight vectors w; and
w, are obtained, and by multiplying the
internal vectors of these two vectors in the
received signals in the first and second time
intervals:

Z11 = Wfrl = W{Ihlsl + W{IthZ (27)
+ wiln,

= |lhy|I%s; + win,

+ win,

= |lh,lI%s, + win,
21, = (WiTp)*

= (—wih;s;

+ whh,s;

+ whn,)*

= —|lhy|I?s,

T A, %
+W11’l2

To obtain the symbols s; and s,, first §;
and s, are formed as follows:

§1 =211 + 252 = (| |I?
+ ||z [1?)s,
+win, + win}
Sy =231 — 712
= (I, |I?
+ ||z [1?)s;
+win, + win}

(29)

Using §; and §,, the optimal receiver to
decode the symbol s; from all points of the
modulation system, the point a; is selected if
and only if:

d?((Ih 117 + 1Rz 11P)a, $1) <
d?((lhyI” +

1) 1) (30)

Vk=+I,

Similarly, to decode the symbol s, from
all points in the modulation system, the point
a; is selected if and only if:
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A?(([lhq|I? + 1R 11D a;, 55) < (31)
a?((llhy]I* +
|k, |1?)ay, §2) Vk+#i

4. SIMULATION RESULTS OF THE
SECOND PROPOSED METHOD
(ADAPTIVE ALGORITHM IN
AUXILIARY ANTENNAS)

In the second proposed method, in the case
that the transmitter uses Alamouti coding, it
will be wused to improve the system
performance and eliminate interference from
the auxiliary antennas based on the distance
between the two receiving antennas. In the

following, the figures related to the results
and comparisons of this method will be
presented.

4.1. Performance Of Different Irradiation
Methods for When the Optimum
Transmitter Has an Antenna for The
Channel With Rail Feeder

In this section, the performance of the
method presented in the dissertation for the
paper with co-channel interference in the
channel with Riley feeder will be examined.

The intereference channel is unknown, 1 Tx antenna, 4 Rx antennas,

100 SIR=0dB
1L 9\9\9\9\% i
i - \ﬁ\\
, “?ﬁ\\
10 N 3
i -
%) AL
1078 | N .
\ﬁ\
—E— without beamforming \\\
—A— MVDR EN
104 F - |——Lcmv SN A
i GSC R
—<t -maxSNR ]
10° ' '
0 5 10 15
ES/N0 (dB)

Fig.3. Comparison of the performance of different irradiation methods in eliminating interference
when the receiver does not interfere with information from the channel. The characteristics of the
simulation are as follows: QPSK modulation, SIR = 0 dB, an optimal single-antenna transmitter, a
single-antenna interferometer, a 4-antenna receiver.
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The intereference channel is unknown, 1 Tx antenna, 4 Rx antennas,

] SIR=5dB
107 . ;
102 F
o
W 103 k
o 10
—O— without beamforming \&\
10*F | —A—MVDR o
F —*— LCMV \\ ]
GSC ]
—< -maxSNR ?5’
107 : :
0 5 10 15

E_IN, (dB)

Fig.4. Comparison of the performance of different irradiation methods in eliminating interference
when the receiver does not interfere with information from the channel.

4.1.1. Without Knowing the Interference
Channel

MVDR and Maximum SNR methods do not
need to know the interference channel. The
LCMYV and GSC methods can be used both
with and without the knowledge of the
interference channel; If the interference
channel is not known, the conditions of the
optimization problem will be set only on the
basis of the beam output of one in the desired
signal direction. If there is also information
about the channel (direction) of interference,
the condition of zero (null) output of the
radiator in the direction of interference can be
added to the conditions of the optimizer
problem.

If the receiver does not know the
interference channel and the desired
transmitter has only one antenna, the
optimization problem will be the same in all
three methods MVDR, LCMV and GSC, and
these three methods will work the same.
Simulation also confirms this. (1) In general,
the LCMV and GSC methods are equivalent
to each other [23]. If only one condition is
met for LCMV or GSC radiation, this
radiation will be the same as MVDR
radiation.

Fig.3 and Fig.4 show the performance of
these three radiators for SIR = 0&5dB,
when there is an interfering device and 4
receiver antennas.
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The intereference channel is unknown, 1 Tx antenna, 3 Rx antennas,
Number of interferers =2, SIR=0 dB

10° 1
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L
n
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Fig.5. Effect of increasing the number of interferers.

The intereference channel is unknown, 1 Tx antenna, 3 Rx antennas,
Number of interferers = 3, SIR =0 dB

10° 1
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1072 ' '
0 5 10 15
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Fig.6. Effect of increasing the number of interferers.
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The intereference channel is unknown, 1 Tx antenna, 3 Rx antennas,

Number of interferers =1, SIR=0 dB
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Fig.7. The effect of the presence and absence of an auxiliary antenna in eliminating interference. The
characteristics of the simulation are as follows: QPSK modulation, a desirable single-antenna
transmitter, a single-antenna interferometer, a receiver with 3 main antennas, SIR =0 dB.

MVDR, LCMV and GSC are equivalent
when the transmitter is single antenna and the
receiver is not aware of the interference
channel. Also, the performance of the
maxSNR beam is exactly the same as the
other three beams.

The characteristics of the simulation are
as follows: QPSK modulation, SIR =5 dB, a
desirable single-antenna transmitter, a single-
antenna interferometer, a 4-antenna receiver.
MVDR, LCMV and GSC are equivalent
when the transmitter is single antenna and the
receiver is not aware of the interference
channel. Also, the performance of the
maxSNR beam is exactly the same as the
other three beams.

The effect of increasing the number of
interferers is shown in Fig.5 and Fig.6.

Fig.7 and Fig.8 show the performance of
interference methods without knowing the
interference channel, and for the case where
the optimum transmitter has an antenna in the
presence or absence of an auxiliary antenna.
The receiver has 3 main antennas whose
spatial distance is such that the channel
between the transmitter antenna and the main
antennas of the receiver are independent. An
auxiliary antenna is provided next to each
main antenna. The distance between the
auxiliary antenna and the main antenna is
small so that its gain channel is equal to the
gain of the main antenna and only its phase is
different from the main channel phase. Thus,
the placement of auxiliary antennas does not
require enlarging the physical dimensions of
the array. Also, as shown in the figure below,
because the auxiliary antenna is close to the



38 Ghaedi, Jamshidi, Mahboobi, Sadeghzadeh. Side Lobe Canceller ...

main antenna and its channel is not
independent of the main antenna channel,
adding diverse auxiliary antennas available in
the system does not increase. But as can be
seen from Fig.7 and Fig.8, adding an
auxiliary antenna helps a lot to eliminate
interference Fig.7. Operation of different
methods without knowing the interference
channel, in the presence of a desirable single-
antenna transmitter and a single-antenna
interfering and a receiver with 3 main
antennas, once without auxiliary antenna
(solid and black lines) and once with 1
antenna Auxiliary next to each main antenna,

i.e. a total of 3 auxiliary antennas (blue
dashed line) shows.

Fig.8 also shows the effect of auxiliary
antennas in eliminating interference. In this
scenario, there is a desirable single-antenna
transmitter, three single-antenna interferers,
and a receiver with two main antennas.
Operation of different methods without
auxiliary antenna (continuous black lines),
when there is one auxiliary antenna next to
each main antenna (blue stripes) and when
there are 2 auxiliary antennas next to each
main antenna (red dotted line point) has been
shown.

The intereference channel is unknown, 1 Tx antenna, 2 Rx antennas,

Number of interferers = 3, SIR =0 dB

10°
[ —O— without beamforming
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Fig.8. The effect of the presence and absence of an auxiliary antenna in eliminating interference.
Performance without auxiliary antenna (continuous black lines), when there is one auxiliary antenna
next to each main antenna (blue stripes) and when there are 2 auxiliary antennas next to each main
antenna (red dotted line point). The specifications of the simulation are as follows: QPSK modulation,
a desirable single-antenna transmitter, a single-antenna interferometer, a receiver with 2 main
antennas, SIR =0 dB.
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MRC with 4 Rx antenn
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Fig.9. Comparison of the performance of different irradiation methods in eliminating interference
when the receiver is aware of the interference; For different SIRs. The specifications of the simulation
are as follows: QPSK modulation, a desirable single-antenna transmitter, a single-antenna
interferometer, a receiver with 4 main antennas.

41.2. With Information from the

Interference Channel

This section examines the methods that work
by knowing the interference channel. These
methods include LCMV, GSC, and ZF. In all

three methods, the radiator sets the
interference direction to zero in order to
completely eliminate the interference.

Although the mathematical relationships for
obtaining weights are different in these three
methods, in all three methods the radiation
output is in the direction of zero interference.
As can be seen from the simulation results,
the performance of these three methods is the
same in terms of symbol error rate.

Fig.9 shows the performance of these
three methods for different SIRs. An

important and interesting point about
radiators that work with the knowledge of the
interference direction and set it to zero in this
direction is that when the interference power
is low (SIR is high), placing zero in the
direction of interference causes one of the
degrees of liberty of the recipient is merely to
satisfy this condition; And reduces the ability
of the radiator to reduce noise and interfere
with its output. As a result, when the noise
power is high (SNR is low) and the
interference power is low (SIR is high),
spending one degree of receiver freedom to
set zero in the direction of interference causes
the system to operate at a degree that the
freedom of the system is simple to put zero in
the non-interfering direction, to get worse.
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For example, at O for weak interference (SIR
= 10 dB) and at low SNRs, receiver
performance without beam shaping is better
than radionuclide methods.

The performance of the LCMV, GSC,
and ZF methods when an auxiliary antenna is
located next to each main antenna is shown
in Fig.10.

The effect of auxiliary antennas to deal
with interference in the presence of multiple
interference is shown in Fig.11 and Fig.12.

MRC with 6 Rx antenn

Fig.11 shows two interferometers and 3 main
receiver antennas. The solid black lines show
the performance without a small antenna and
the blue dashed lines show the performance
with an auxiliary antenna next to each main
antenna.

The solid black lines show the
performance without a small antenna and the
blue dashed lines show the performance with
an auxiliary antenna next to each main
antenna.

as, with Interference
T

100 F T T T T T T T T
[ —0©-- without beamforming
—-%--LCMV
—--B--GSC
-~/ -ZF
-1¢
107¢

1 0—4 I I 1 I
1 2 3 4 5

E_N, (dB)

Fig.10. Comparing the performance of different irradiation methods in eliminating interference when

the receiver is aware of the interference; For different SIRs. The specifications of the simulation are as

follows: QPSK modulation, a desirable single-antenna transmitter, a single-antenna interferometer, a
receiver with 3 main antennas and 3 auxiliary antennas.
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The intereference channel is known, 1 Tx antenna, 3 Rx antennas,
Number of interferers =2, SIR=0 dB
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Fig.11. Effect of presence and absence of auxiliary antenna in eliminating interference. The
characteristics of the simulation are as follows: QPSK modulation, one optimal single antenna
transmitter, 2 single antenna interferers, receiver with 3 main antennas, SIR = 0 dB.

The intereference channel is known, 1 Tx antenna, 2 Rx antennas,
Number of interferers =3, SIR=0 dB
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Fig.12. The effect of the presence and absence of auxiliary antenna in eliminating interference. The
specifications of the simulation are as follows: QPSK modulation, a desirable single-antenna
transmitter, 3 single-antenna interferers, a receiver with 2 main antennas, SIR =0 dB.
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Fig.12 shows three interferometers and
two main receiver antennas. The solid black
lines show the performance without a small
antenna, the blue dashed line shows the
performance with one auxiliary antenna next
to each main antenna, and the red dotted lines
show the performance with two auxiliary
antennas next to each main antenna. In the
case without auxiliary antennas, since the
sum of the receiving antennas is less than the
interfering antennas, the ZF method fails
completely. Despite the auxiliary antenna,
the performance of the ZF and LCMV
methods is exactly the same.

The solid black lines show the
performance without a small antenna, the
blue dashed line shows the performance with
one auxiliary antenna next to each main
antenna, and the red dotted lines show the
performance with two auxiliary antennas
next to each main antenna.

4.2. Performance of Different Irradiation
Methods

Operation of different irradiation methods for
when the desired transmitter has more than
one antenna.

When the transmitter has multiple
antennas, the Alamouti code is one of the
most important and widely used space-time
codes. Assuming that the desired transmitter
uses the Alamouti code and in the presence of
interference, this section examines the
methods of beam formation in the receiver
with and without the help of auxiliary
antennas in the receiver.

4.2.1. Recommended LCMV Beam

Performance in Alamouti Code Receiver

Fig.13 shows the simulation results for the
case where the MIMO transmitter uses the
Alamouti code, and in the presence of
interference, when the vectorbis b = [1 1],
b =T[llhyll llholl] and b =
[Ilh.1?  |lh2]?]. Among these three vectors
of b, the state b = [||hy]|%]|h,]|?] has a better
performance in terms of the probability of a
symbol error.

In addition, another case is considered. In
order to decode the symbols of Alamut code,
the signal of each transmitting antenna for the
other antenna is considered as interference
and the LCMV irradiation conditions are set
as two vectors b = [0 ||hy]|?] and b =
[llh.]I* 0]; And from them two vectors of
weight w; and w, are obtained.

When the optimum signal power and the
interference power are equal (SIR = 0dB),
the simulation results are shown in Fig.13.
Therefore, when using the LCMV beam, it is
best to obtain two different weight vectors
corresponding to the two Alamouti
transmitter antennas. In this case, each time
the output of the radiator in the direction of
one of the transmitter antennas is equal to
||R]|? and in the direction of the other antenna
is zero. In the following, wherever the LCMV
beam is mentioned for the MIMO channel,
the beam with these conditions is considered.

In both forms, the performance of the
radiator is shown for different conditions.
The specifications of the simulation are as
follows: QPSK modulation, a desirable dual-
antenna transmitter, a single-antenna
interferometer, a receiver with 4 main
antennas. In Fig.14, the receiver is not aware
of the interference.
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SER of Alamouti coding in presence of Interference
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Fig.13. LCMV radiation performance in interference elimination when the transmitter uses the
Alamouti code and the receiver is unaware of the interference (SIR = 5dB).
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Fig.14. LCMV beam performance in eliminating interference when the transmitter uses Alamouti code
(SIR = 0dB).
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4.2.2. Performance of the Proposed
MVDR Beam in the Alamouti Code
Receiver

As seen in the previous section, when the
transmitter has a single antenna and the
receiver has multiple antennas, the MVDR
beam performs well in eliminating
interference. The performance of this
irradiator is then evaluated when the
transmitter uses the Alamouti code. To use
the MVDR Dbeam for the MIMO
communication channel, the weight vector is
obtained by the number of N, desired
transmitter antennas. In fact, N, is a weight
vector, each of which is in the direction of
one of the desired transmitter antennas, and
the signal of the other transmitter antennas,

along with interference and noise, is
considered an undesirable signal. Fig.15 and
Fig.16 show the performance of the MVDR
irradiator against interference at SIR values
of 0 and 5 dB. The simulation specifications
for both forms are as follows: QPSK
modulation, a desirable dual-antenna
transmitter, a single-antenna interferometer,
and a receiver with 4 main antennas.

4.2.3 Recommended maxSNR Beam
Performance in Alamouti Code Receiver

Fig.17 and Fig.18 show the maxSNR
irradiator performance for different SIRs.
Symbols detected by the maxSNR beam are
calculated using the following criterion when
the transmitter uses the Alamouti code.

0 SER of Alamouti coding in presence of Interference, SIR =5 dB
107 F T T T T T T T T ]
f —OS— without beamforming
I —A— MVDR
—>—LCMV
10'1{

SER

10°

10 F

10-5 1 1 1
0 2 4 6

8

10 12 14 16 18

E_N, (dB)

Fig.15. The function of the MVDR beam is to eliminate interference when the transmitter uses
Alamouti code.
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Fig.16. Performance of the MVDR beam in eliminating interference when the transmitter uses the
Alamouti code.
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Fig.17. Comparison of the performance of different irradiation methods to deal with interference when

the transmitter uses the Alamouti code.
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% = argmin ) 10%(C;) .
i t=0,1 (32)
- G)H(Cl) Q(C1)Ct|2

In the above relation, among all the
vector symbols sent by ¢, with dimensions
2 x 1, a vector is found that minimizes the
above expression. If the modulation order
used in the transmitter is M, the number of
possible vectors for the symbols sent from the
transmitter antennas ct is equal to MMt = M2,
Therefore, the computational complexity of
the maxSNR method is proportional to M2,
Since the sender uses the alumni code, when
finding the minimum value, if the symbol
sent at time t = 0is considered equal to
Co = [s1, s2]7, the symbol sent at time

t = 1 must be considered ¢; = [—s;, s1]7.

The specifications of the simulation are
as follows: SIR =5 dB, QPSK modulation, a
desirable two-antenna transmitter, a single-
antenna interferometer, a receiver with 4
main antennas.

Fig.19 shows the performance of
different irradiation methods when two
sources of interference are present in the
medium. In this scenario, the MVDR beam is
better than the LCMV, and the maxSNR
beam is better than both. The specifications
of the simulation are as follows:

SIR = 0.5 dB, QPSK modulation, an
optimal dual antenna transmitter, two single-
antenna interceptors, the receiver has 4 main
antennas.

SER of Alamouti coding in presence of Interference, SIR = 0 dB

[ —O&— without beamforming
10+ —A— MVDR

2 —*—LCMV

—H— maxSNR ]

r 1
10-6 I 1 1 I 1 1

0 2 4 6 8 10 12 14
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Fig.18. Comparison of the performance of different irradiation methods to deal with interference when
the transmitter uses the Alamouti code.
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0 SER of Alamouti coding in presence of 2 interferers, SIR = 0 dB
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Fig.19. Comparison of the performance of different irradiation methods to deal with interference when
two sources of interference are in the environment and the transmitter uses the Alamouti code.

Fig.20 shows the operation of different
irradiation methods when the transmitter uses
the Alamouti code, there are two sources of
interference in the environment and the
receiver has three main antennas. Therefore,
in this scenario, the number of receiving
antennas is less than the sum of the desired
transmitter antennas and interference. As can
be seen from the diagram, in this case the
performance of the irradiation methods
against interference is severely impaired.

The specifications of the simulation are
as follows: SIR = 0 dB, QPSK modulation, a
desirable two-antenna transmitter, two
single-antenna interceptors, the receiver has
3 main antennas. Therefore, the number of
receiver antennas is less than the sum of the
desired transmitter antennas and interferers.

As a result, the performance of irradiation
methods has been severely impaired.

Now, if an auxiliary antenna is used next
to each main antenna, as shown in Fig.21, the
performance of the system will be greatly
improved. The use of auxiliary antennas can
not be the two main advantages of channels
because their distance from the main
antennas is less than 10 times the wavelength
and the channel between the transmitter
antenna and the auxiliary antenna is highly
correlated with the channel between the
transmitter antenna and the main antenna.
MIMO means providing spatial diversity and
increasing bit rate; But irradiation by using
auxiliary antennas and counteracting the
interference with their help, greatly improves
the performance of the system. Especially
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SER of Alamouti coding in presence of 2 interferers, SIR = 0 dB
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Fig.20. Comparison of the performance of different irradiation methods to deal with interference when
two sources of interference are in the environment and the transmitter uses the Alamouti code.

SER of Alamouti coding in the presence of 2 interferers,
3 Rx antennas, and SIR =0 dB
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Fig.21. The effect of auxiliary antenna on the performance of different irradiation methods in
eliminating interference. The continuous black lines correspond to the state without the auxiliary
antenna and the blue dashed lines correspond to the state with the auxiliary antenna.
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SER of Alamouti coding in presence of 2 interferers, SIR = 0 dB
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Fig.22. Comparison of the performance of different irradiation methods to deal with interference when
two sources of interference are in the environment and the transmitter uses the Alamouti code.

when the number of receiver antennas is
less than the total number of transmitter
antennas (including both optimal transmitter
and interference), the use of auxiliary antenna
in the receiver at low cost (both in terms of
space required for the antenna, etc.) will
significantly increase system performance.

The specifications of the simulation are
as follows: SIR = 0 dB, QPSK modulation, a
desirable dual antenna transmitter, two
single-antenna interceptors, the receiver has
3 main antennas, which also has 1 auxiliary
antenna next to each main antenna.

In Fig.22, the simulation specifications
are as follows: SIR = 0 dB, QPSK
modulation, a desirable dual antenna
transmitter, two single-antenna interceptors,
the receiver has 2 main antennas. Therefore,
the number of receiver antennas is less than
the sum of the desired transmitter antennas
and interferers. As a result, the performance

of irradiation methods has been severely
impaired.

In Fig.23, the simulation specifications
are as follows: SIR = 0 dB, QPSK
modulation, a desirable dual-antenna
transmitter, two single-antenna interceptors,
the receiver has 2 main antennas, and 1
auxiliary antenna is located next to each main
antenna. Comparison shows that the use of
auxiliary antennas greatly improves the
performance of irradiation methods.

In Fig.24, the simulation specifications
are as follows: SIR = 0 dB, QPSK
modulation, a desirable two-antenna
transmitter, two single-antenna interceptors,
the receiver has 2 main antennas, and next to
each main antenna there are 2 auxiliary
antennas. Comparison shows that the use of
auxiliary antennas greatly improves the
performance of irradiation methods.
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SER of Alamouti coding in presence of 2 interferers, SIR =0 dB
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Fig.23. Comparison of the performance of different irradiation methods to deal with interference when
two sources of interference are in the environment and the transmitter uses the Alamouti code.
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Fig.24. Comparison of the performance of different irradiation methods to deal with interference when
two sources of interference are in the environment and the transmitter uses the Alamouti code.
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SER of Alamouti coding in the presence of 2 interferers,

2 Rx antennas, and SIR =0 dB
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Fig.25. The effect of auxiliary antenna on the performance of different irradiation methods in
eliminating interference.

For easier comparison and to investigate
the effect of auxiliary antennas in the
elimination of interference by different
radiators, the diagrams in Fig.21, Fig.22 and
Fig.23 are shown together in Fig.24, where
the continuous black lines correspond to the
state without the auxiliary antenna. It is the
case that there is 1 auxiliary antenna next to
each main antenna and the red dotted line
point is related to the case where there are 2
auxiliary antennas next to each main antenna.
Fig.25 shows the effect of auxiliary antenna
on the performance of different irradiation
methods in eliminating interference.

The continuous black lines correspond to
the state without auxiliary antenna, the blue
dashed line corresponds to the state with 1
auxiliary antenna next to each main antenna,
and the red dotted line corresponds to the

state with 2 auxiliary antennas next to each
main antenna.

5. CONCLUSION

The use of an adaptive algorithm to assist the
received signal beam will eliminate
interference and improve the performance of
MIMO wireless systems. Adding an auxiliary
antenna significantly improves system
performance. Especially before adding the
auxiliary antenna, the number of main
antennas of the receiver is less than the total
number of transmitter antennas and by
adding the auxiliary antennas, the total
number of receiver antennas exceeds the total
number of transmitter antennas. In this case,
adding an auxiliary antenna will improve the
performance of the system as a whole and to
a great extent. The reason for this position is
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that in order to eliminate interference using
irradiation methods, it is necessary that the
number of receiving antennas is greater than
the number of transmitting antennas.

It was also shown that the adaptive
algorithm can be adapted to different
channels and with different modulations. In
both internal and external scenarios, the
algorithm will perform well despite the
increase in path loss.

In any case, in order to be able to use the
MIMO system to increase the transmission
rate through space multiplexing or reduce the
error rate through space diversification,
adjacent antennas must be spaced far enough
apart that all paths between the different
antennas between the transmitter and receiver
are independent of each other. But auxiliary
antennas do not have this feature and do not
help to increase the transmission rate or
reduce the error rate. But as shown in this
paper, auxiliary antennas through radiation
are very suitable for eliminating interference.
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