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Abstract--- Future networks will be characterized by 

variable and high data rates, various Quality of services 

(QoSs) and seamless mobility. A technology is developed to 

fulfil these requirements is WiMAX (Worldwide 

Interoperability for Microwave Access). Since WiMAX is 

based on OFDM (Orthogonal Frequency Division 

Multiplexing) [6]. In this paper, an OFDM system used in 

WiMAX network is designed and explained. Also an 

optimize performance analysis of OFDM system is done on 

the basis of variation in BER with respect to SNR for 

AWGN, Rayleigh and Ricean Channel with different guard 

intervals. 
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I. INTRODUCTION 

Wireless communication systems [8] had been facing high 

level of Inter symbol interference (ISI) which originates 

from multipath propagation and inherent channel delay 

spread. Since WiMAX [7] networks are based on multi-user 

orthogonal frequency division multiplexing (OFDM) and 

this enables going towards the 4G mobile in the future. 

OFDM is becoming widely applied in high data rate 

wireless communications systems like WiMAX due to its 

high bandwidth efficiency and its robustness with regard to 

multi-path fading and delay in highly dispersive channels. A 

high-data-rate system [4] will generally have τ ≥ Ts, where 

Ts is symbol duration and τ is channel delay spread and the 

inter symbol interference (ISI) [1] becomes very severe in  

 

Fig. 1: Orthogonal Subcarriers in multicarrier system 

(OFDM) 

WiMAX systems etc. OFDM belongs to a family of 

transmission schemes called multicarrier modulation, 

multicarrier modulation divides the wideband or high data 

rate incoming data stream into parallel L narrowband or 

lower data rate  sub-streams, each of which has Ts/ L >>τ 

and these sub-carriers or tones become  effectively ISI free. 

Then each of which is then transmitted over a different 

orthogonal-frequency sub-channel making system spectrally 

efficient. Orthogonality is a property that allows the signals 

 To be perfectly transmitted over a common channel and 

detected without interference. 

Thus in an OFDM scheme, a large number of 

orthogonal, overlapping, narrow band sub-carriers are 

transmitted in parallel simultaneously. 

II. PROBLEM FORMULATION 

The task is to design an OFDM communication system and 

get maximum better performance after addition of cyclic 

prefix in different channels.  In this paper, we are going to 

design OFDM transmitter-receiver system using MATLAB. 

Then the performance of system is analyzed for three 

different channels i.e. Additive White Gaussian Noise 

(AWGN), Rayleigh and Ricean from the simulation results. 

III. SYSTEM MODEL  

In this section we will discuss the OFDM communication 

system [3]. As we all know basic communication system 

consist of three main components 1. Transmitter 2. Chanel 

and 3. Receiver. 

 Transmitter: Transmitter is responsible for transmitting A.

the data to specified channel. 

 Channel: Channel is the medium over which B.

information is sent from transmitter to receiver. Receiver: 

Receiver receives the transmitted data from the specified 

channel.  

 
Fig. 2: Block Diagram of OFDM Trans- receiver system 
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 Important Terms: C.

1) Modulation: In our system we use Quadrature Phase 

Shift Keying (QPSK) modulation which is a digital 

modulation. Digital modulation transfer digital information 

(stream of bits) over an analog band pass channel. The 

device that performs the modulation is called Modulator and 

that performs the inverse operation of it is known as 

demodulator. QPSK uses four points on the constellation 

diagram, equi-spaced around a circle. With four phases, 

QPSK can encode two bits per symbol therefore provide 

twice the rate of BPSK.  

2) Channel Coding: In communication systems channel 

coding [2] is used to detect and/or correct the errors. In our 

system we use convolution coding because it adds 

redundancy to the information bits and all the 

implementation cost is low. Convolution codes operate on 

serial data, one or a few bits at a time. The Viterbi 

algorithm is the optimum algorithm used to decode 

convolution codes.  

3) Guard band: Guard intervals are used to ensure that 

distinct transmissions [5] do not interfere with one another. 

The purpose of the guard interval is to introduce immunity 

to propagation delays, echoes and reflections, to which 

digital data is normally very sensitive. Longer guard periods 

allow more distant echoes to be tolerated. 

4) IFFT/FFT: A fast Fourier transform (FFT) is an 

efficient and fast algorithm to compute the discrete Fourier 

transform (DFT) and IFFT is an efficient and fast algorithm 

to compute the IDFT.  IFFT convert the signal from 

frequency to time domain while FTT perform reverse 

operation. 

 Let x0, ...., xN-1 be complex numbers. The DFT is defined by 

the formula: 

 
5) Cyclic Prefix: In an OFDM system the cyclic prefix [13] 

is a repeat of the end of the symbol at the beginning. 

 
Fig. 3: OFDM Cyclic Prefix 

The purpose of cyclic prefix is to allow multipath 

to settle before the main data arrives at the receiver thus 

provide robustness to multipath. The length of the cyclic 

prefix is often equal to the guard interval. 

IV. DESIGN ALGORITHMS FOR TRANSMITTER AND RCEIVER 

Since MATLAB has the feature of flexibility to change 

different properties of transmitter, channel and receiver 

easily. So the proposed algorithms use various MATLAB 

commands to design OFDM transmitter and receiver.   

 

 

 

 

 For Transmitter: A.

 

 For Receiver: B.

 

http://en.wikipedia.org/wiki/Viterbi_algorithm
http://en.wikipedia.org/wiki/Viterbi_algorithm
http://en.wikipedia.org/wiki/Complex_number
http://en.wikipedia.org/wiki/Orthogonal_frequency-division_multiplexing
http://en.wikipedia.org/wiki/Guard_interval
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V. SIMULATION RESULTS 

The OFDM System is analyzed for different channels. 

Simple AWGN channel, Rayleigh channel and Ricean 

channel. Cyclic prefix is added to our transmit OFDM 

signal. Then BER vs SNR graphs are plotted for different 

guard intervals and for different channels. 

 Effect of IFFT Bin length on BER performance: A.

Simulation results show that as we increase IFFT Bin length 

the BER of the system improves. Here we vary the IFFT Bin 

length from 256, 512 and 1024. To perform this analysis we 

keep other factor like guard interval, number of carriers etc. 

same. 

 

Fig. 4: Effect of IFFT bin length on BER 

 Analysis for Simple AWGN Channel: B.

Additive white Gaussian noise (AWGN) [10] is a channel 

model  in which communication becomes weaker due to 

linear addition of wideband or white noise with a constant 

spectral density and a Gaussian distribution of amplitude. 

BER of the system is analysed for this channel with 

different value of guard interval. Results show that BER 

improves as we increase the guard intervals.  

A Gaussian function is expressed as below:  
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Where a, b and c are real constants greater than zero. 

 The codes for AWGN are given as: C.

Tx_signal_power = var(Tx_data); 

noise_sigma = Tx_signal_power/snr(j); 

noise_scale_factor = sqrt(noise_sigma); 

noise = randn(1, length(Tx_data))*noise_scale_factor; 

Rx_Data = Tx_data + noise; 

 

Fig. 5: Variation of BER with different value of Guard 

Interval for AWGN channel 

 Analysis for Rayleigh Channel: D.

Rayleigh fading [10] [11] models assume that the magnitude 

of an information signal that has passed through such 

communication channel will vary randomly, or fade, 

according to a Rayleigh distribution. Rayleigh fading is an 

important model when there are many objects in the 

environment that scatter the radio signal before it arrives at 

the receiver. It can be modelled as a Gaussian 

process irrespective of the distribution of the individual 

components. And Rayleigh fading is mostly used when there 

is no line of sight between the transmitter and receiver. 

For  > 0 and ¸ λ> 0, the two-parameter generalized 

Rayleigh distribution has the distribution function: 

        
2( ); , (1 )xF x e        ; x>0 

 The codes for Rayleigh channel are given as: E.

Chan= rayleighchan(ts, fd) 

y = filter(chan,x). 

The first code constructs a frequency-flat ("single path") 

Rayleigh fading channel object. ts is the sample time of the 

input signal, in seconds. fd is the maximum Doppler shift, 

in hertz. And the second code model the effect of the 

channel on a signal x.  

BER of the system is analysed for this channel with 

different value of guard interval. Here also results show that 

BER improves as we increase the guard intervals. 

http://en.wikipedia.org/wiki/Channel_(communications)
http://en.wikipedia.org/wiki/Channel_(communications)
http://en.wikipedia.org/wiki/White_noise
http://en.wikipedia.org/wiki/Gaussian_distribution
http://en.wikipedia.org/wiki/Fading
http://en.wikipedia.org/wiki/Rayleigh_distribution
http://en.wikipedia.org/wiki/Scattering
http://en.wikipedia.org/wiki/Gaussian_process
http://en.wikipedia.org/wiki/Gaussian_process
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Fig. 6: Variation of BER with different value of Guard 

Interval for Rayleigh channel 

 Analysis for Ricean Channel: F.

The model behind Rician fading [9][10] is similar to that 

for Rayleigh fading, except that in Rician fading one 

stronger dominant component is present. This dominant 

component (stationary or non-fading) can for instance be the 

line-of-sight wave. 

 The codes for Ricean channel are given as: G.

chan = riceanchan(ts,fd,k) 

This code constructs a frequency-flat (single path) Ricean 

fading-channel object. ts is the sample time of the input 

signal, in seconds. fd is the maximum Doppler shift, in 

hertz. k is the Rician K-factor in linear scale. We have 

performed same analysis for this channel also. Simulation 

results show the same results i.e. BER improves as we 

increase the value of guard intervals.   

 

Fig. 7: Variation of BER with different value of Guard 

Interval for Ricean channel 

VI. CONCLUSION 

In this paper, OFDM system is designed using MATLAB 

programming. Then performance of this OFDM system is 

done using cyclic prefix for three channels with different 

guard intervals (like 0.0625, 0.125, 0.25 0.5 etc.) As we 

increase the guard interval the performance of OFDM 

system increases. But it increases the spectral bandwidth. So 

we have to make a compromise in the guard interval 

between BER and spectral bandwidth. Results show that 

0.25 guard band is the most effective in all the three cases. 

Also keeping all other factors constants BER of the system 

improves by increase in IFFT bin length. 
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