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Abstract – In this paper, we investigate the bit error rate 

(BER) performance of orthogonal frequency division 
multiplexed signal and its comparison under AWGN and 
Rayleigh Fading Channel. As we know that OFDM is a 
special case that can be seen as either a modulation 
technique or a multiplexing technique. Orthogonal 
Frequency Division Multiplexing is modeled and simulated 
under different channel conditions such as AWGN and 
Rayleigh fading. Subsequently, a comparison study is carried 
out to obtain the BER performance for OFDM under one-
path fading channel and AWGN channel condition to 
identify that which channel gives the best BER performance. 
The comparison study showed that BER for AWGN channel 
gives the best BER performance compared to Rayleigh 
channel. 
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I.  I NTRODUCTION  
 

The Bit Error Rate (BER) [1] for orthogonal frequency 
division multiplexing (OFDM) under different channels 
condition is an important parameter in digital 
communication. From today’s scenario digital multimedia 
applications create an ever increasing demand for 
broadband communications systems. OFDM has grown to 
be the most popular communications system in high speed 
communications in the last decade. In fact, it has been said 
by many industry leaders that OFDM technology [2] is the 
future of wireless communications. The identification of 
Orthogonal Frequency Division Multiplexing technology 
that gives the best BER performance under AWGN [3] & 
Fading channel environment using simulation is reported 
in the following sections. 

 
II. AWGN AND RAYLEIGH FADING CHANNEL  

 
AWGN is a noise that affects the transmitted signal 

when it passes through the channel. It contains a uniform 
continuous frequency spectrum over a particular 
frequency band while in Rayleigh fading has no LOS path 
exists in between transmitter and receiver, but only have 

indirect path than the resultant signal received at the 
receiver which will be the sum of all the reflected and 
scattered waves. 

 Noise exists in all communications systems operating 
over an analog physical channel, such as radio. The main 
sources are thermal background noise, electrical noise in 
the receiver amplifiers, & inter-cellular interference. In 
addition, this noise can also be generated internally to the 
communication system as a result of Inter-Symbol 
Interference, Inter-Carrier Interference & Inter-
Modulation Distortion. These sources of noise decrease 
the Signal to Noise Ratio (SNR) & thus limiting the 
spectral efficiency of the system. This noise has a uniform 
spectral density & a Gaussian distribution in amplitude. 
Thermal & electrical noise from amplification, primarily 
have white Gaussian noise properties, allowing them to be 
modelled accurately with AWGN. Also most other noise 
sources have AWGN properties due to the transmission 
being OFDM. OFDM signals have a flat spectral density 
& a Gaussian amplitude distribution provided that the 
number of carriers is large, because of this the inter-
cellular interference from other OFDM systems have 
AWGN properties. When information is transmitted in an 
environment with obstacles (Non Line-of-sight - NLOS) 
more than one transmission paths will appear as result of 
the reflection(s). The receiver will then have to process a 
signal which is a superposition of several different 
transmission paths. If there exists a large number of 
transmission paths may be modelled as statistically 
independent; the central limit theorem will give the 
channel statistical characteristics of a Rayleigh 
Distribution. In this paper, the effect of fading is evaluated 
by Quadrature Phase Shift Keying (QPSK) modulation. 
                                       

III. OFDM-BER  CONFIGURATION USING 

MATLAB SIMULATION  
 
This paper creates results and observed the behavior of 

OFDM-BER under AWGN & Rayleigh channel 
properties. 
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Fig. 1. Implementation to transmit a computer file in binary data form modulated by QPSK 
 

The MATLAB code used is in the present work. This 
implementation is used to transmit a computer file in 
binary data form modulated by OFDM and QPSK [4] 
modulation. Scheme of every part of the implementation 
done in MATLAB and channel imperfections are modeled 
in this implementation. In the end of the transmission, 
when the receiver receives the data, a comparison of the 
transmitted and the received messages is done in order to 
calculate the Bit Error Ratio (BER). 

The binary data to be transmitted is differentially 
encoded using a QPSK modulation scheme, obtaining a 
sequence of complex data symbols. In this one symbol 
consist of 2 bits. There are two possibilities to perform 
differential modulation in the presented OFDM scheme. 
Data can be encoded in the relative phase of adjacent 
symbols in each sub channel (correspondent samples in 
two consecutive OFDM symbols) or in the relative phase 
of samples transmitted in adjacent sub channels, that is 
consecutive samples of an OFDM symbol. Since the IFFT 
block accepts N parallel samples to its entry. If the 
modulation is made on the serial stream, prior to the 
parallel conversion required by IFFT, then an in-frame 
modulation is chosen, since N consecutive serial samples 
will simultaneously modulate N orthogonal carriers, 
forming an OFDM symbol. The parameter for the 
simulation has been defined as follows: 

parach = 128 ; % Number of parallel channel 
fftlen = 128; % FFT length 
noc =128; % Number of carrier 
nd = 6; % Number of OFDM symbol 
for one loopml = 2; % Modulation level : QPSK 
smr = 250000; % Symbol rate 
br = sr.*ml; % Bit rate per carrier gilen = 32; % 
Length of guard interval 
ebn0 = 100; % ebn0 : Eb/No 
nloop = 100; % Number of simulation loops 
noe = 0; % Number of error data 
nod = 0; % Number of transmitted data 
 

IV. SIMULATION STEPS 
 

(a)  To start the simulation, random serial data of 0 and 1 
are generated consisting of 1-bypara*nd*ml vector. 

This vector is called as “serialdata”. We can generate 
this by rand function. 

(b)  Then, the serial data vector, “serialdata” was 
converted into a parallel data vector, “parallel data”, 
consistiong of a para-bynd* ml vector to transmit the 
data in parallel in order to enable parallel 
transmission with 128 sub-channels where each 
channel was using a QPSK modulation scheme. 

(c)  After that the vector “parallel data” was fed into the 
mapping circuit. In the circuit, the parallel data were 
converted into modulated parallel data of two 
channels, Ich and Qch by a predefined mapping 
method. 

(d)  After the mapping, these parallel data on the 
frequency axis were fed into the IFFT circuit. In this 
circuit, the parallel data were converted into serial 
data on the time axis by using OFDM and after that 
guard interval were inserted to eliminate ISI caused 
by multipath fading. 

(e) At the receiver, the received signal was first 
contaminated by AWGN and Fading environment. 
The noise function for AWGN was introduced as a 
function comb. m and for Rayleigh fading as 
sefade.m. In this simulation, the variable “attn” will 
vary in accordance with given Eb/No. 

(f)  By using “attn” and comb.m, the transmitted data was 
contaminated by AWGN and then, the guard interval 
was removed from received signal.  

(g)  After that signal were fed into the FFT circuit. In this 
circuit, the serial data were converted into parallel 
data on the frequency axis and the demodulated data 
were converted into a 1-by-para*nd*ml vector. 

(h)  Hence cumulative number of errors and data bits in 
noe and nod are given by noe = noe +noe2; 
nod=nod+nod2; and BER under different 
communication channel can be obtained using the 
following operation: ber = noe/nod. 

 
V. RESULTS AND DISCUSSIONS 

 
A.  Comparison of OFDM-BER under AWGN 
Channel Theory and Simulation 
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Fig. 2. Comparison of BER between AWGN theory and 

simulation 
 

Under this condition, the BER performance of OFDM 
under AWGN channels are simulated two times. One for 
theoretically and another is with MATLAB code 
simulation. The result shows that AWGN under 
simulation gives 0.9691 db shifts from the theoretical 
value. This shift was caused by the cutting off of the guard 
interval power from the received signal (Figure 1). The 
shift value(db) can be obtained by Shift value (dB) = 
Received signal power – Guard interval power 
B.  Comparison of BER between one path Rayleigh 
Theory and Simulation 

 
Fig. 3. Comparison OFDM under one path Rayleigh 

between theory and simulation 
 

Figure 2 shows the Comparison OFDM under one path 
Rayleigh between theory and simulation. From the BER 
performance under one path Rayleigh fading, it shows that 
if we can compensate for the amplitude and phase 
fluctuations caused by fading perfectly, 0.9691 dB shifted 
can be obtained from the theoretical value. 
C.   OFDM-BER Comparison Under two Different 
Channels:   

AWGN and One Path Rayleigh Fading Figure. 4 show 
the performance for both communication channels. 

 
Fig. 4. OFDM-BER Comparison between AWGN and 

One Path Rayleigh fading 
 

VI. CONCLUSION  
 

In order to achieve the objectives of this paper, first, the 
concept of Orthogonal Frequency Division Multiplexing 
(OFDM) is studied. Then, communication channel models 
for ideal AWGN and worst case (multipath fading) 
channels were studied. AWGN is fairly simple to 
implement in MATLAB using its built-in function. After 
that Rayleigh fading model is implemented in MATLAB 
to simulate multipath fading channel. All the expected 
results are obtained. From the results, it has been shown 
that the OFDM BER performance under AWGN channel 
gives 0.9691 db shift. The shift of the value was caused by 
guard interval power for the received signals. The OFDM 
BER performance for one path Rayleigh fading also gives 
0.9691dB shift. This value can be obtained if the 
amplitude and phase fluctuations caused by fading can be 
compensated perfectly. Lastly, from the simulations, 
AWGN communications channels give the best ideal 
communication as compared to one path Rayleigh fading. 
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