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Abstract

This paper presents the capacity performance of multiple antennas for wireless communication systems. Multiple
antennas structures can be classified into single-input multiple-outputs (SIMO), multiple-inputs single output (MISO),
and multiple-inputs multiple-outputs (MIMO) systems. Assuming that the channel is unknown at receiver, capacity
expressions are provided for each structure. Our results also show that increasing the number of transmitting and
receiving antennas for a wireless MIMO channel does indeed improve the channel capacity that can be obtained.
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1. Introduction

During the past decade, Wireless Communications and
especially mobile communication systems have grown
considerably. The radio communication systems must meet a
growing number of users and no less demand for new
services. New digital technologies are currently being
studied to determine the fourth generation of mobile
communication systems with the objectives to provide high
spectral efficiency and a wide variety of services. In this
context, communication systems MIMO (Multiple Input
Multiple Output) based on the use of an antenna array at the
transmitter and receiver are able to offer high-speed
transmission with a minimum quality of service guarantee.
The intense research on MIMO systems was inspired by
seminal works by Telatar [11] and Foschini and Gans [12]
that showed a dramatic linear increase in channel capacity
with the number of antennas [13]. MIMO systems allow us
to operate two distinct dimensions of a radio link; the first
being the Diversity and the second being the Capacity. In
this paper we will focus on the Capacity of MIMO
channels because it is a performance measure for digital
communication systems and it is the maximal transmission
rate for which a reliable communication can be achieved.

This paper is organized as follows. Presentation of SISO,
MISO, SIMO and MIMO Systems (Section II). Then we will
present Capacity for all systems and we will concentrate to
MIMO channels capacity in (Section III) and we will finish
(Section IV) by a comparison between different multi-
antenna systems and the gain on capacity by increasing the
number of antennas.

2. MIMO Systems (SISO- MISO/SIMO-MIMO)
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There are many formats of MIMO can be used from SISO,
through SIMO and MISO to the full MIMO systems [6].
These are all able to provide significant improvements of
performance, but generally at the cost of additional
processing and the number of antennas used. Balances of
performance against costs, size, processing available and the
resulting battery life need to be made when choosing he
correct option. Multiple-input and multiple-output, or
MIMO is the use of multiple antennas at both the transmitter
and receiver to improve communication performance.
MIMO systems can be viewed as an extension of the so-
called smart antennas, a popular technology using antenna
arrays for improving wireless transmission dating back
several decades [1]. Also it can offer huge advantages over
single-antenna systems, both with regard to capacity and
error performance. MIMO systems, which use multiple
element antennas for signal transmission and reception, are
expected to play a key role in improving the performance of
future wireless communication systems [2], [3]. It has been
shown that if the signal fading between pairs of transmit and
receive antenna elements are independent and identically
distributed (i.i.d.), the capacity of MIMO systems can
increase linearly with the number of antennas [4]. Multiple-
input multiple-output, or MIMO [5], is a radio
communications technology or RF technology that is being
mentioned and used in many new technologies these days.
Wi-Fi, LTE; Long Term Evolution, and many other radio,
wireless and RF technologies are using the new MIMO
wireless technology to provide increased link capacity and
spectral efficiency combined with improved link reliability
using what were previously seen as interference paths. A
MIMO system includes N transmission antennas and M
reception antennas shown in (1), x is a vector with N
symbols [11, 14]:

X=[Xq o0 X o Xp]T (1)

H is the channel matrix of size N x M. [6], [7], [14]
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Multi-antenna channel h,,, corresponding to the channel
between the n'" transmission antenna and m™ reception
antenna. (Fig.1)
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Fig.1. MIMO system NxM

We consider the noise vector b of the M receives
antennas such that:

b=[b; ..b;..by]T 3)
Then the received vector y is expressed as follows:
y=Hx+b 4

It is generally assumed that the noise is negligible able to
reconstruct the transmitted signal. The expression (4) can be
written:

Knowing y and H, the relationship which allows
reconstruction X is:
x=H"y (6)

Mathematically, solving this equation requires that H is
invertible which means that H is full rank (its size is equal to
its rank). Physically, this results in attenuation and different
phase shifts suffered by each transmitted signal. This is why

it is essential to have an environment rich in multipath to
take full advantage of the contributions of a MIMO system.

3. Capacity of SISO, MISO, SIMO and MIMO
Channel

I

H H 3-1 u
0 le—-—J\ »>

EEEi " e e I it > 4 N

1 1 e | I 1 | v

H H / N

S P2

N

Fig.2. SISO, SIMO, MISO, MIMO Channels

In this section we will explain the expression of all
wireless communication systems Fig.2 and we will
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concentrate to the capacity of MIMO channels Fig.1 and
Fig.2. As we know Capacity is a performance measure for
digital communication systems. It is the maximal
transmission rate for which a reliable communication can be
achieved [8]. If the transmission rate gets larger than the
capacity, the system breaks down and the receiver makes
decoding errors with a non negligible probability. Capacity
is the primary tool to characterize the performance of MIMO
systems and it also serves in practical system as a guide to
properly design the transmitted signals as well as the
processing of the received signals [8].

With the same way we will illustrate a comparison
between the different multi-antenna systems; the purpose of
this section is to evaluate how changing the transmission
capacity in terms of antenna number. Here we will compare
the capacity of various existing channels (SISO, SIMO,
MISO and MIMO) without knowledge of the state of the
CSI channel. The notion of channel Capacity was introduced
by Claude Shannon by an expression (7) often known as
Shannon’s formula [9]-[11]:

C =W log, (1 + P/N) bits/second. @)
An expression (logarithmic function) for how many bits
of information can be transmitted without error per second

over a channel with a bandwidth of W (Hz) and signal to
noise ratio (P/N).

A. Capacity of SISO Channel

SISO system with the channel gain h, SNR the signal to
noise ratio at the receiving antenna, capacity without
knowing the CSI:

C = log,(1 + SNR|h|?) Bit/s/Hz ®)
Thus the theoretical capacity will be:

Crheo = E(C) = log, (1 + SNR.E([h]?)) ©)
Or E(Jh|?) =1

Thus: Crheo = log,(1 + SNR) (10)

(6]
The capacity increases as logarithmic function of (1+SNR).

B. Capacity of SIMO Channel

A channel SIMO (Single Input, Multiple Output) is a multi-
antenna system with a transmit antenna and M antennas at
the reception. With h; the complex gain between the
transmit antenna and the i*" receiving antenna, its capacity
will be:

C =1log,(1+ SNR.IM, |h;|?) (11)

Avec XM |h; | = M?, its Shannon capacity is given by:

Ctheo = E(C) = log,(1 + SNR.M?) (12)
We find that its capacity increases with the log of
(1 + SNR M ?), faster than in the SISO case.

C. Capacity of MIMO Channel

With MIMO system multiple antennas are employed both at
the transmitter and the receiver, the addition of multiple
antennas at the transmitter combined with advanced signal
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processing algorithms at the transmitter and at the receiver
gives a performance in terms of capacity and diversity[10].
A MIMO channel is a wireless link between N transmits and
M receive antennas. It consists of NM eclements that
represent the MIMO channel coefficients. The multiple
transmit and receive antennas could belong to a single user
modem or it could be distributed among different users [10].
For a MIMO channel with N transmit antennas and M
receive antennas, as we know H is the channel matrix of size
N x M.

hy; o hgy

H = : . : (13)
hyy -+ hun

hy; is the complex channel gain between the j™ transmit

antenna and the i™® receiving antenna:

C = log,(det [Iy + === HH"]) (14)
In this equation, “det” means determinant, I, means N
xM identity matrix and H¥ means Matrix transpose
conjugate Where the numbers of antennas N and M are
important, the Expected value function of capacity for a
Rayleigh channel grows proportionally to M.
E[C] = M.log,(1 + SNR) Bit/s/Hz
In conclusion, Capacity increases much faster in MIMO
systems than in the SISO and SIMO thanks to the large
number of antennas case.

4. Comparison of Capacity for SISO, MISO, SIMO and
MIMO

Fig.3 shows the capacity of SISO and MIMO systems in
terms of SNR for several values of N and M. [15]. In the
SISO case (N =1 and M = 1) capacity ranges from 1 to 17
bps / Hz. It remains low and increases slowly with the SNR,
which illustrates the limitations of SISO transmissions.
Despite the current techniques to make the most of a SISO
channel capacity remains limited and a multi-antenna
system, even under-exploited, get better performance. With
MIMO examples (N=4 and M=4) capacity ranges from 3 to
48 bps/Hz (3 times larger than SISO). It increases rapidly
with the SNR, which illustrates the performance of a MIMO
communication.
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Fig. 3. Comparison in Capacity between SISO and MIMO.

To illustrate the increase of capacity according to the
number of antennas for all systems we give the following
(Fig.4) [8]:
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Fig. 4. Capacity vs number of antennas for MIMO, SIMO, MISO and
SISO systems.

When we look at Figs 3 and 4, we observe that MIMO
capacity grows linearly with respect to the number of
antennas and it‘s approximately M times larger than SISO
capacity (M number of antennas). For MISO, the
performance gain is negligible when the number of transmit
antennas increases. For SIMO system it’s more efficient than
SISO and MISO system which ranges from 1 to 3.4 bps /
Hz. and other remains connected to the value 1 bps/Hz; it
remains low with increasing number of antennas, which
illustrates the limitations of SISO MISO transmissions. We
can compare the variations of capacity of SIMO and MIMO
systems based on the number of antennas for an SNR of
15dB (for example) .Improved capacity is more pronounced
for high SNR. For a SIMO system, the capacity follows a
logarithmic trend when we increment the number of
antennas at the reception while the MIMO system increases
linearly when we increase the number of transmit and
receive antennas. The advantage (in term of capacity) of
MIMO systems is mainly due to the exploitation of
multipath. First, they allow the receiver to distinguish the
different transmitting antennas, and therefore to
simultaneously transmit multiple symbols. Then, each path
is a replica of the transmitted signal, and therefore carries
useful information. We can also say that each path is
equivalent to the direct signal emitted by a virtual antenna,
which virtually increases the number of transmit antennas.
The price to pay for this increase in capacity is first material,
with the proliferation of antennas and their associated
electronics, but also software with much more complex
receivers and asking for more power calculation and
therefore increased consumption. Finally, degradation of the
correlation coefficient between the antennas can result in
reduced capacity. By increasing the number of antennas for
many MIMO systems capacity increases with, and we have
the following (Fig. 5):
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Fig.5. Capacity vs number OF MIMO antennas.
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When we compare these three pairs of antennas
(Ny=Mz=2),( N;=Mz=4) and (N;=Mz=3),( N;=Mz=6) and
(Ny=Mg=4),( N;.=Mr=8) we find that MIMO capacity is
doubled 2 times; MIMO capacity then increases much more
rapidly with the SNR , to finish with a gain of more than
50% at 20 dB SNR. After that when we look at the pair of
antennas (Np=Mz=6),( Np.=Mr=12) MIMO capacity then
increases much more rapidly with the SNR , to finish with a
gain of more than 70% at 20 dB SNR.

5. Conclusion

In this research, we have attempted to provide a clear image
of the effect of using multiple antennas on the Capacity of
wireless communication systems by using Matlab codes.
Results generated show the relationship between Number of
Antenna and Capacity; our results show that increasing the
number of transmitting and receiving antennas for a wireless
MIMO channel does indeed improve the channel capacity
and performance that can be obtained.

Future wireless communication systems will perform a
breakthrough in system performance, by taking use of
antenna arrays at both sides of the communication link.
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