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Abstract:— Wireless networks have quickly become part of everyday life. Wireless LANSs, cell phone networks, and
personal area networks are just a few examples of widely used wireless networks. However, wireless devices are range and
data rate limited. The research community has spent a great deal of effort on finding ways to overcome these limitations. In
other words, high Data-Rate wireless access is demanded by many applications. Traditionally, more bandwidth is required
for higher data-rate transmission. However, due to spectral limitations, it is often impractical or sometimes very expensive to
increase bandwidth. Multiple transmit and receive antennas can be used to form multiple-input multiple-output (MIMO)
channels to increase the capacity by a factor of the minimum number of transmit and receive antennas. Along with MIMO
channels Orthogonal frequency division multiplexing (OFDM) i.e. MIMO-OFDM is considered for wideband transmission
to mitigate inter symbol interference and enhance system capacity, Whereas optical communication has several benefits such
as larger bandwidth, reduced power consumption that has made it an attractive implementation option for various
communication systems including wireless LAN’s. This paper investigates the feasibility of MIMO-OFDM technique optical
fiber based system i.e. MIMO-OFDM for optical communication.

Keywords:— Fast Fourier Transform(FFT), Inverse Fast Fourier Transform(IFFT), Multiple Input Multiple Output
(MIMO), Orthogonal Frequency Division Multiplexing (OFDM).

I. INTRODUCTION

The performance of wireless communication systems is
mainly governed by the wireless channel environment. As
opposed to the typically static and predictable
characteristics of a wired channel, the wireless channel is
rather dynamic and unpredictable, which makes an exact
analysis of the wireless communication system often
difficult. In recent years, optimization of the wireless
communication system has become critical with the rapid
growth of mobile communication services and emerging
broadband mobile Internet access services. In fact, the
understanding of wireless channels will lay the
foundation for the development of high performance and
bandwidth-efficient wireless transmission technology [2].
The requirement for wide bandwidth and flexibility
imposes the use of efficient transmission methods that
would fit to the characteristics of wideband channels
especially in wireless environment where the channel is
very challenging.

In wireless environment the signal is propagating from
the transmitter to the receiver along number of different
paths, collectively referred as multipath. While

propagating the signal power drops of due to three effects:

path loss, macroscopic fading and microscopic fading.
Fading of the signal can be mitigated by different
diversity techniques. To obtain diversity, the signal is
transmitted through multiple independent fading paths
e.g. in time, frequency or space and combined
constructively at the receiver. Multiple input multiple
output (MIMO) exploits spatial diversity by having
several transmit and receive antennas [3]. OFDM is
modulation method known for its capability to mitigate
multipath as well as inter symbol interference. In OFDM
the high speed data stream is divided into Nc¢ narrowband
data streams, Nc corresponding to the subcarriers or sub
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channels i.e. one OFDM symbol consists of N symbols
modulated for example by QAM or PSK.[4].

The demand for broadband services has driven research
on millimeter- wave frequency band communications for
wireless access network due to its spectrum availability,
and compact size of radio frequency devices. The mm-
wave signals suffer from severe loss along the
transmission as well as atmospheric attenuation. Optical
fiber is a technology by which microwave (electrical)
signals are distributed by means of optical components
and techniques. One of the major motivation and system
requirements for optical fiber technology is reduced
complexity of the transmission equipment close to the
antennas, a minimised visual impact of these equipments,
and lower operational costs of the network due to
infrastructure sharing among different Base Stations.

The electrical signal distributed may be baseband data,
modulated IF, or the actual modulated RF signal. The
electrical signal is used to modulate the optical source.
The resulting optical signal is then carried over the
optical fiber link to the remote station. By delivering the
radio signals directly, the optical fiber link avoids the
necessity to generate high frequency radio carriers at the
antenna site. Since antenna sites are usually remote from
easy access, there is a lot to gain from such an
arrangement. However, the main advantage of optical
fiber is the ability to concentrate most of the expensive,
high frequency equipment at a centralized location,
thereby making it possible to use simpler remote sites.
The critical advantage of using OFDM in optical fiber
communications includes better spectral efficiency,
elimination of sub channel and symbol interference using
the fast Fourier transform (FFT) for modulation and
demodulation, which does not require any equalization
and dispersion tolerance. Optical fiber is very attractive
technique for wireless access network infrastructure,
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because it can transmit microwaves and milli meter-
waves over a long distance [1].

The combination of these three technology i.e MIMO,
OFDM and Optical fiber can overcome the obstacles in
wireless communication and transmit the signal with high
throughput, high data rate and high bandwidth.

1. MIMO-OFDM

A. MIMO System & Model

Multiple input multiple output (MIMO) techniques
employing multiple antennas at both ends of a
transmission link have received attention because of the
potential improvements in data transmission rates and
link reliability [8]. The fig.1 shows the reference model
of MIMO system with n number of transmitting and
receiving antenna.

w
Fig.1 MIMO Reference Model [5]

The transmitter emits the signal s € CN" over stationary
memory less flat fading channel H € CN*NT  with tap-
gain h; from the j™ transmit to the i receive antenna.
Block fading model is used for the channel H. The
channel remains constant for some period, long enough to
allow for accurate estimation, and changes to an
independent realization in the next block. This can be
achieved with a sufficiently long interleaver. The
received vector x € C"® s perturbed by a zero mean
circularly symmetric Gaussian noise vector w € C™?. A
function g (+) acts on every antenna, producing the output
vector as,

y=9(r) =g(x+w) -(1)
The function g (.) maps the complex valued received
signal r from the complex plane into one real dimension,
element-wise on every antenna. The detector has access
onlytoy [6].
Let, hy, be a complex number corresponding to the
channel gain between transmit antenna n and receive
antenna m. If at a certain time instant the complex signals
{X1, . . ., Xnr} are transmitted via the Nt antennas,
respectively, the received signal at antenna m can be
expressed as

Ny
ymzzhmn+wm '(2)
=1

Where, wy, is a noise term.

The above relation can be easily expressed in a matrix
framework. Let x and y be Nt and Ng vectors containing
the transmitted and received data, respectively. Define the

following Nt x Ng channel gain matrix
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hl,l hl, NT
h NR, 1 h NR, NT

Then, the received signal can be written as
y=Hx+w -(3)

Where, w = [w; - - - Wyg]" is a vector of noise samples. If
several consecutive vectors {Xy, . . . ,Xn} are transmitted,
the corresponding received data can be arranged in a
matrix

Y=[y1- Wl -(4)

and written as follows:
Y =HX+W -(5)

Where, X =[x; - - - Xn] and W=1]wy - - - wWy] .

B. OFDM system & Model

A multi-carrier communication system with orthogonal
sub-carriers is called an Orthogonal Frequency Division
Multiplex (OFDM) system. In an OFDM system, the
carrier spacing Af is 1/NT, where N is the number of the
carriers and 1/T is the overall symbol rate.

frequency

n

| -
frequency

-
W N

Fig.2 Multicarrier System[10]

With this carrier spacing, the sub-channels can maintain
orthogonally, although the sub-channels overlap.
Therefore, there is no inter-sub-carrier interference with
ideal OFDM systems. The number of sub-carriers N is
chosen so that the sub-channel bandwidth is less than the
channel coherence bandwidth. Under this condition, each
sub-channel does not experience significant Inter-symbol
Interference (ISI) .

Fig.3 OFDM Spectrum [10]

In the receiver the pilot symbol is used for
synchronization at the starting stage and the same symbol
is used for equalization at the later stage. All the other
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processes at the receiver are the reverse process of the
transmitter. The mathematical equivalent of OFDM
signal is expressed as

N-1
v(t)=ZXkeJZ"k‘/T0st<T -(6)
k=0

where, Xy are the data symbols and T is the OFDM
symbol time. The sub-carrier spacing of 1/T makes them
orthogonal over each symbol period [7].

C. MIMO-OFDM system & Model

MIMO-OFDM combines OFDM and MIMO techniques
thereby achieving spectral efficiency and increased
throughput. A  MIMO-OFDM  system  transmits
independent OFDM modulated data from multiple
antennas simultaneously. At the receiver, after OFDM
demodulation, MIMO decoding on each of the
subchannels extracts the data from all the transmit
antennas on all the subchannels. In this application
MIMO-OFDM combines the advantages of MIMO with
tolerance to delay spread. OFDM system can exploit
different MIMO approaches in order to enhance the data
throughput or transmission reliability. These techniques
include STC [9], spatial multiplexing, beam forming, and
some combinations of these. These techniques can, for
example, are classified according to whether they are
applied in the frequency or time domain, at the receiver
or at the transmitter, with closely located antennas or
separate antennas, or for example whether they need to
know the channel state information i.e. channel matrix at
the transmitter or not.

————
Data symbols, Xor—{  grpg _Y DN ,"Y_ o | L,
Filot symbols, Xpi1—s{ Modulator 1 v “\,: Demodulator 1

Y
Xor=b oy j X :’i oM || Chamel |,
Xez—+  Modulator 2 ! X Demodulator 2 Fstimation

H Detection

& 1}
LN
————
Xow=¥  opDM _Y Yl OFDM
Xpu—# Modulator My Demodulator My ™ ™

Fig.4 MIMO-OFDM System

The general transceiver structure of MIMO-OFDM is
presented in Fig.4. The system consists of N transmit
antennas and M receive antennas. The cyclic prefix is
assumed to be longer than the channel delay spread. The
OFDM signal for each antenna is obtained by using
inverse fast Fourier transform (IFFT) and can be detected
by fast Fourier transform (FFT).

Antenna 1

z
o
z

QUG I PO N
Freamble Drafta + pliok
I tones

Fig.5 Frame Structure [11]
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The frame structure of a typical MIMO-OFDM
system is shown in Fig.5. The OFDM preamble consists
of Q training symbols of length N\+G, where, GSN<N,
N;=N/I and | is an integer that divides N. Often the length
of the guard interval in the training period is doubled.
Consider the preamble portion of the OFDM frame. The
length N,+G preamble sequences are obtained by exciting
every I" coefficient of a length-N frequency-domain
vector with a nonzero training symbol from a chosen
alphabet.

. MIMO-OFDM FOR
COMMUNICATION

The increasing demand for higher data rates in wireless
broadband services is pushing towards smaller cell sizes
and a higher number of Base Stations. In this situation,
the use of optical fibers is an efficient solution enabling
infrastructure sharing and operational expenses reduction.
Several scenarios where RoF links could provide
compelling advantages, for example in WiMAX
infrastructure rollouts, have been identified for e.g.
Optically fed distributed antenna systems, where an
assortment of low power indoor remote antenna units are
fed by WiMAX over fiber links from a central location or
control station.

OPTICAL

MIMO —
— MIMO
OFDM T :r
Tranzmitter o OFDM
Cplical Fibre Receiver

Fig. 6 MIMO-OFDM with Optical Fiber link

The modal dispersion of multimode fiber can be exploited
by MIMO rather than being avoided [12]. Note that for a
long time the multipath nature of wireless channels was
viewed as a limiting factor to be avoided. In recent years
it has been realized that the multipath nature of a channel
can actually enhance throughput if it is properly
exploited. If each guiding mode is regarded as a
scattering path, MMF behaves similar to a wireless
channel with rich multipath scattering which is shown in
the fig.7.
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Fig.7.a) wireless channel b) Multimode channel[12]
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The multi mode fiber is simulated using impulse response
model. To model optical fiber channel as a linear system
therefore, for an intensity modulated system we can
express the output intensity spectrum I,(f) of the channel
in terms of the input intensity spectrum I;(f) as,

lo(A)=IHDI 1i() -(7)

Where, H(f) is the field transfer function from the input to
output field amplitude for the fiber channel.

The magnitude squared of the field transfer function is
required in order to relate the input field intensity
spectrum to the output field intensity spectrum. Therefore,
we write, field intensity transfer function in terms of
normalized frequency as ,

IH()|? ={(((2-8)/ 2) cos(8—2) % F).sin (2 - d)f)
+(2m8% 1641)[C(E) + C(E)IY
+{((2-3/2)sin((6- 2)2f sin ¢((2-9)f)

+(2n5 164F)[S(1) +S(E2)1¥

) -(8)
whnere,
g1 = (6%f12m)Y? - (9)
g2 =[(6% - 4)2f 1 2m)¥2] - (10)

d is dispersion parameter and value of it varies in between
0 and 4.
Frequency f is given by,

f=A%Tynf /4 _ )
where, A is given by
2 2
ng—n
a=-2_d - (12)
2ncI

where, ng is refractive index of core, ng is refractive
index of clad and Ty is given by
L
Tp=—20 - (13)
c

where, L is length of fiber, c is velocity of light.
The above transfer function is used for modeling of
multimode optical link.

These equations are used for the performance analysis
of optical fiber.

V. SIMULATION RESULTS

The system is modeled using Matlab to allow various
parameters of the system to be varied and tested. The aim
of doing the simulations is to measure the performance of
MIMO-OFDM under different modulation techniques
and to allow for different configurations of MIMO to be
tested.

ISSN: 2250-3021

WWW.i0srjen.org

Transmit spectrum OFDM

-30

power spectral density

frequency, MHz

Fig. 7 OFDM Spectrum

In fig.7, the OFDM signal spectrum can be seen
corresponding to a random binary input sequence.

e —&—BPSK STBC OFDM
4y —+— QPSK STBC OFDM
g} 8-PSK STBC OFDM

Bit Error Rate

i [3 0 15 0 2 30 E3 0
Eb/NO (dE)

Fig.8 MIMO-OFDM with2x2

Fig.8 illustrates the BER performance of MIMO-OFDM
system with 2 transmitting and 2 receiving antenna using
BPSK, QPSK & 8-PSK signaling. It can be observed that
as signal to noise ratio increases bit error rate decreases.
As well as if number of bits per symbol increases the bit
error rate increases. So we have to compromise on the
symbol period and noise that can be handle by the
receiver.

—&—2x1 STBC OFDM)
—4—2x2 STBC OFDM)

Bit Error Rate
=

, \ . . .
0 5 10 15 20 25 a0
Eb/ND (dB)

Fig.9. BER Vs SNR for 2x1 and 2x2 system

Fig.9 illustrates the BER performance of MIMO-OFDM
system with 2 transmitting and 1 receiving antennas & 2
transmitting and 2 receiving antennas. It shows that the
BER performance improves with increase in number of
antennas at the transmitting and receiving side. Bit error
rate is less for 2x2 system as compare to 2x1 system.
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Fig.10 2x2 MIMO-OFDM without optical link

BER ‘s SNR

Bit Error Rate
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Fig.11 2x2 MIMO-OFDM with optical link

Fig.10 shows the MIMO-OFDM system with 2
transmitting and 2 receiving antenna without optical link
whereas fig.11 shows with optical system. From this it
can observe that the BER performance of the system with
optical link improves than without optical link. The BER
for without optical system is 10 whereas for with optical
system is 10

Channel Capacity Vs SNR

—&— 21 STBC OFDM)
—4—2x2 STBC OFDM) g

Channel Capacity

0 5 10 15 20 25 30 E3 10
SHR(dE)

Fig. 12 Channel capacity for 2x1 and 2x2

From fig. 12 shows the graph of channel capacity Vs
signal to noise ratio. Channel capacity is the maximum
data rate that can be carried over the transmission
medium. So from the graph it can be analysed that with
increasing the SNR at low values capacity is increasing
linearly, while going higher value of SNR capacity
increases logarithmically.
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V. CONCLUSIONS

The studying of OFDM modulation and radio over fiber
technology becomes very important because both of them
have been developed to support some important future
wireless systems. This paper gives the study of
performance analysis of RoF system for transmission of
MIMO - OFDM based signals for long distance
transmission. MIMO - OFDM is a very promising
technology for optical communications, but the very
different constraints introduced open up many new
interesting avenues for research.
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