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Abstract
In OFDMA systems, the multiple user signals are separated in the 
time and/or frequency domains. Typically, a burst in an OFDMA 
system will consists of several OFDM symbols. The subcarriers 
and the OFDM symbol period are the finest allocation units in the 
frequency and time domain, respectively. Hence, multiple users 
are allocated different slots in the time and frequency domain (i.e., 
different groups of subcarriers and/or OFDM symbols are used for 
transmitting the signals to/from multiple users). The aim of this 
project is to investigate the use of Orthogonal Frequency Division 
Multiplexing (OFDM) Modulation, as a vehicle for supplying 
these future needs. This literature contains details about use of 
OFDM for wireless communication, drawbacks in OFDM system 
and methods to improve the overall system performance. 
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I. Introduction to Project
In recent years, the need for fast wireless communications has 
increased. This has led to a number of investigations as to how 
these services can best be provided. The aim of this project is to 
investigate the use of Orthogonal Frequency Division Multiplexing 
(OFDM) Modulation, as a vehicle for supplying these future needs. 
This literature contains details about use of OFDM for wireless 
communication, drawbacks in OFDM system and methods to 
improve the overall system performance. 

A. OFDM for Mobile Communications
OFDM represents a different system-design approach. It can be 
thought of as a combination of modulation and multiple-access 
schemes that segments a communications channel in such a way that 
many users can share it. Whereas TDMA segments are according 
to time and CDMA segments are according to spreading codes, 
OFDM segments are according to frequency. It is a technique 
that divides the spectrum into a number of equally spaced tones 
and carries a portion of a user’s information on each tone. A tone 
can be thought of as a frequency, much in the same way that 
each key on a piano represents a unique frequency. OFDM can 
be viewed as a form of frequency division multiplexing (FDM), 
however, OFDM has an important special property that each tone 
is orthogonal with every other tone. FDM typically requires there 
to be frequency guard bands between the frequencies so that they 
do not interfere with each other. OFDM allows the spectrum of 
each tone to overlap, and because they are orthogonal, they do 
not interfere with each other. By allowing the tones to overlap, 
the overall amount of spectrum required is reduced. 
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Fig. 1: OFDM Tones

OFDM is a modulation technique in that it enables user data to 
be modulated onto the tones. The information is modulated onto 
a tone by adjusting the tone’s phase, amplitude, or both. In the 
most basic form, a tone may be present or disabled to indicate a 
one or zero bit of information; however, either phase shift keying 
(PSK) or Quadrature Amplitude Modulation (QAM) is typically 
employed. An OFDM system takes a data stream and splits it 
into N parallel data streams, each at a rate 1/N of the original 
rate. Each stream is then mapped to a tone at a unique frequency 
and combined together using the Inverse Fast Fourier Transform 
(IFFT) to yield the time-domain waveform to be transmitted. 
For example, if a 100-tone system were used, a single data stream 
with a rate of 1 megabit per second (Mbps) would be converted 
into 100 streams of 10 kilobits per second (kbps). By creating 
slower parallel data streams, the bandwidth of the modulation 
symbol is effectively decreased by a factor of 100, or, equivalently, 
the duration of the modulation symbol is increased by a factor of 
100. Proper selection of system parameters, such as the number of 
tones and tone spacing, can greatly reduce, or even eliminate, ISI, 
because typical multipath delay spread represents a much smaller 
proportion of the lengthened symbol time. Viewed another way, 
the coherence bandwidth of the channel can be much smaller, 
because the symbol bandwidth has been reduced. The need for 
complex multi-tap time-domain equalizers can be eliminated as 
a result. 

Fig. 2: OFDM Transmitter Chain [5]

II. Literature Survey
The origins of OFDM development started in the late 1950’s with 
the introduction of Frequency Division Multiplexing (FDM) for 
data communications. In 1966 Chang [1] patented the structure of 
OFDM and published the concept of using orthogonal overlapping 
multi-tone signals for data communications. Shortly after Chang 
presented his paper, Saltzberg [2] performed an analysis of the 
performance where he concluded that “the strategy of designing 
an efficient parallel system should concentrate more on reducing 
crosstalk between adjacent channels than on perfecting the 
individual channels themselves, since the distortions due to 
crosstalk tend to dominate”. This is an important conclusion, 
which has proven correct in the digital baseband processing that 
emerged a few years later.
In 1971 Weinstein [3] introduced the idea of using a Discrete 
Fourier Transform (DFT) for implementation of the generation and 
reception of OFDM signals, eliminating the requirement for banks 
of analog subcarrier oscillators. This presented an opportunity for 
an easy implementation of OFDM, especially with the use of Fast 
Fourier Transforms (FFT), which are an efficient implementation 
of the DFT. This suggested that the easiest implementation of 
OFDM is with the use of Digital Signal Processing (DSP), which 
can implement FFT algorithms. It is only recently that the advances 
in integrated circuit technology have made the implementation 
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of OFDM cost effective.
The reliance on DSP prevented the wide spread use of OFDM 
during the early development of OFDM. It wasn’t until the 
late 1980’s that work began on the development of OFDM 
for commercial use, with the introduction of the Digital Audio 
Broadcasting (DAB) system.
Another important contribution was due to Peled and Ruiz in 1980 
[4], who introduced cyclic prefix (CP) or cyclic extension, solving 
the orthogonlity problem. Instead of using an empty guard space, 
they filled the guard space with cyclic extension of the OFDM 
symbol. This effectively stimulates a channel performing cyclic 
convolution, which implies orthogonlity over dispersive channels 
when the CP is longer than the impulse response of the channel. 
This introduces an energy loss proportional to the length of the 
CP, but the zero ICI generally motivates the loss.

III. Problem Definition
As the demand for fast mobile data rates increases, engineers 
are constantly looking for new transmission methods. Until 
recently, this was achieved by simply increasing the symbol rate. 
However, the advent of OFDM (orthogonal frequency division 
multiplexing) provides an innovative way to provide broadband 
data at a relatively low symbol rate, making it a much more robust 
modulation technique for multipath environments such as homes, 
offices, or cars.
Frequency selective fading gives a distortion to the channel 
frequency response, so when a signal is sent through a frequency 
selective fading channel, some subcarriers experience high 
attenuation whereas others experience low attenuation. Although 
there are indeed subcarriers with low attenuation and no errors, 
the average BER of an uncoded OFDM system is determined by 
the worse BERs in subcarriers with high attenuation, so its BER 
performance is very close to that of an uncoded single carrier 
system in a frequency nonselective fading channel. 

IV. Objective
In order to generate a Radio Frequency (RF) signal at the desired 
transmit frequency, filtering and mixing is required. OFDM 
allows for a high spectral efficiency as the carrier power and 
modulation scheme can be individually controlled for each carrier. 
However in broadcast systems these are fixed due to the one-
way communication. Channel coding refers to the class of signal 
transformations designed to improve communications performance 
by enabling the transmitted signal to better withstand the effects of 
various channel impairments, such as noise, fading, and jamming. 
The goal of channel coding is to improve the bit error rate (BER) 
performance of power-limited and/or bandwidth limited channels 
by adding structured redundancy to the transmitted data. The 
two major categories of channel coding are block coding and 
convolutional coding. 

V. Significance of Project
WiMAX (World Interoperability for Microwave Access) is the 
name of a mark intended for labeling compatible equipment with 
American IEEE 802.16 standard and European ETSI HiperMAN 
standard. Its theoretical data rate is 70 Mb/s with a range of up 
to a maximum of 50 km. A single WiMAX main station can 
serve hundreds of users. Endpoints install within days instead 
of the weeks required for wired connections.  Data rates as high 
as 280Mbps and distances of 30 miles are possible.  Users can 
operate mobile within 3-5 miles of a base station at data rates 
up to 75Mbps.  No FCC radio licensing is required. In WiMAX 

OFDM technique used. In the project we OFDM.

Need of OFDM:-
1. Next-generation systems are demanding higher and higher bit 
rates.

i.e., requires more and more bandwidth (wider channel)• 
Wider channel increasingly less likely to be flat. (spectrally • 
shaped)
Spectrally-shaped channels are the frequency-domain • 
equivalent to time-domain dispersive channels.

2. Multipath propagation effects in wireless channels limit the 
increase of such rates.                                     

These effects cause Intersymbol Interference (ISI).  • 
Smearing of multiple adjacent data symbols with each other • 
which increase the bit-error rate.

Solution:  Transmit a wideband signal with many narrowband 
sub-bands.

VI. Methodology
In the project OFDM is used to increase the data rate. Orthogonal 
Frequency Division Multiplexing (OFDM) is a new digital 
modulation technique which consists of transmitting a data stream 
on several carriers instead of using only one carrier.
OFDM is mainly used on wideband transmissions. We’ll see that 
OFDM is well suited for transmissions in frequency selective 
channels. Such a situation is met for example in multipath 
environments. Channel coding plays a very important role in 
OFDM systems performance. 
The structure of OFDM systems makes channel coding more 
effective in confronting fading channels. Sometimes Coded OFDM 
is known as COFDM. The role of channel coding in conjunction 
with frequency and time interleaving is to provide a link between 
bits transmitted on separated carriers of the signal spectrum, in 
such a way that the information conveyed by faded carriers can 
be reconstructed in the receiver. Frequency selectivity, currently 
known to be a disadvantage, is then turned into an advantage that 
can be called frequency diversity. Using Channel State Information 
(CSI), channel coding can yield some additional gain. Channel 
state information is frequency response of the channel or signal 
to noise ratio in each carrier.
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Orthogonal multicarrier techniques

50% bandwidth saving

frequency

frequency

6Fig. 3:

The orthogonlity of the carriers means that each carrier has an 
integer number of cycles over a symbol period.
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Objective 
Thorough study of OFDM system & MATLAB.• 
To design the OFDM system using  Matlab• 
To compare the output of the OFDM by using different modulation techniques to find out that in which case data rate transmission • 
is high.
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SCM & MCM:-

Fig. 6:

VII. Hardware Requirements

A. Processor
Any Intel or AMD x86 processor supporting SSE2 instruction 
set.

B. Disk Space
3–4 GB for a typical installation MATLAB only

C. RAM
1024 MB (At least 2048 MB recommended)

Software Requirements
Matlab (Matrix Laboratory) Software Version 2010

VIII. Work to be Done
OFDM has recently received increased attention due to its capability 
of supporting high data-rate communication in frequency selective 
fading environments which cause Intersymbol interference (ISI). 
Instead of using a complicated equalizer as in the conventional 
single carrier systems, the ISI in OFDM can be eliminated 
by adding a guard interval which significantly simplifies the 
receiver structure. However, in order to take advantage of the 
diversity provided by the multi-path fading, appropriate frequency 
interleaving and coding is necessary. Therefore, coding becomes 
an inseparable part in most OFDM applications and a considerable 
amount of research has focused on optimum encoder, decoder, and 
interleaver design for information transmission via OFDM over 
fading environments. The main function of a practical OFDM 
system are as follows:

Some processing is done on the source data, such as coding • 
for correcting errors, interleaving and mapping of bits onto 
symbols. An example of mapping used is QAM.
The symbols are modulated onto orthogonal sub-carriers. • 
This is done by using IFFT
Orthogonlity is maintained during channel transmission. This • 
is achieved by adding a cyclic prefix to the OFDM frame 
to be sent. The cyclic prefix consists of the L last samples 
of the frame, which are copied and placed in the beginning 
of the frame. It must be longer than the channel impulse 
response.

Synchronization: the introduced cyclic prefix can be used to • 
detect the start of each frame. This is done by using the fact 
that the L first and last samples are the same and therefore 
correlated. This works under the assumption that one OFDM 
frame can be considered to be stationary.
Demodulation of the received signal by using FFT• 
Channel equalization: the channel can be estimated either by • 
using a training sequence or sending known so-called pilot 
symbols at predefined sub-carriers.
Decoding and de-interleaving.• 
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