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Abstract— The paper proposes a QAM based OFDM transceiver system as a learning model to study the advances in 
MIMO wireless technology. As OFDM supports high data rate and superior performances under various wireless 
transmission  channel conditions, has found numerous applications in future wireless, mobile and broadband communication 
systems. For this purpose, a learning model for QAM based OFDM transmitter & receiver system has been developed The 
performance of the transceiver system has been analyzed by using a wireless channel impaired with AWGN noise and by 
varying the SNR ratio of the channel, its effect on the BER performance of the system has been studied. The results indicate 
that the SNR ratio of the channel varies inversely to the BER values of the system. 
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I. INTRODUCTION 

 
With the advent of the next generation  4G broadband 
wireless communication, the combination of MIMO 
wireless technology with OFDM has been recognized 
as the most promising techniques to support high data 
rate and high performances. There is a huge demand 
for fast and reliable wireless communication channels 
that can transmit wideband frequency signals at high 
data rate. Future broadband communication systems 
should process data with less complexity, send data 
through channels at high rate with robust 
performance. Broadband wireless communication 
channel includes  many impairments such as time 
selective fading and frequency selective fading. One 
promising solution to address this problem is to use 
multiple input multiple output (MIMO) antennas and 
Orthogonal frequency Division Multiplexing(OFDM) 
modulation. MIMO systems  are recently actively 
used for their potential to achieve higher data rate and 
providing more reliable reception performances 
compared with traditional single antenna systems for 
wireless communications. OFDM is based on 
Frequency division Multiplexing(FDM) but is 
utilized here as digital modulation scheme using Fast 
Fourier Transform(FFT) and Inverse Fast Fourier 
Transform(IFFT).The major advantage of OFDM is 
that it can cope with severe channel impairments, for 
e.g. multipath fading and narrowband interference 
without complicated equalization filters. OFDM is 
now used in ADSL and VDSL broadband access via 
telephone network copper wires, the terrestrial digital 
TV systems(DVB-T) and some wireless LAN and 
metropolitan area network(MAN)applications 
including IEEE 802.11 and Wi-Max.(IEEE802.16). 
 
II. BASICS OF OFDM 
 
OFDM is a discrete implementation of multicarrier 
modulation. In multicarrier modulation scheme, the 

data is separated into small portions and use a number 
of parallel orthogonal sub carriers to transmit the 
data. In a conventional transmission , a single carrier 
is modulated with all the data to be sent. OFDM is a 
special case of FDM. In FDM, no special relationship 
between the carrier frequencies whereas in OFDM 
the carrier frequencies are harmonics of a baseband 
frequency. The carriers are orthogonal to each other 
and the spacing between sub-carriers is governed by 
the following relation:∆f=1/TU where TU is the 
symbol period and fk= k ∆f.[1] 

TU∆f=1 is the condition for orthogonality. 
OFDM splits the channel into narrowband channels 
enables significant simplification of equalization 
design. The implementation of OFDM transceiver is 
possible by the use of IFFT-FFT. The transmitter is 
modeled using IFFT and Receiver is modeled using 
FFT. 

 
2.1 OFDM Transmitter Design using IFFT 
The OFDM modulated signal can be represented as: 
 
s(t)=∑s(k)ej2πfkt where 0≤k≤N-1.  
 
where fk=f0+k∆f. 

 
Therefore, the OFDM transmitter can be 
implemented using IFFT. The IFFT algorithm 
provides an efficient implementation of equation (3). 
 
2.2 OFDM Receiver Design using FFT 
The OFDM Demodulated signal is represented as: 

sk=1/TU[∫s(t)e-j2πf
k
t  dt] where 0<t<TU 

Therefore, the OFDM receiver can be implemented 
using FFT. The FFT algorithm provides an efficient 
implementation of equation (4). 
 
2.3 Use of Cyclic Prefix in Transmitter 
To deal with Inter-symbol Interference (ISI) and the 
delay spread in wireless channels, a guard interval is 
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inserted in between two data blocks of OFDM signal 
during the final transmission. The process of inserting 
a guard interval is given below: 

 
Guard Interval is TG and Data Interval is TD. 

 
Guard Time(TG) is defined as a guard block that is 
inserted between the two data blocks to avoid 
interferences between them. It helps in multipath 
transmission. Also, the guard time interval carries no 
useful data(redundant data that will be discarded once 
received) causing loss in power.   [1] 

 
T=  TD/[TD+TG] 
PD= T. P Symbol 

 
where Psymbol is the power of modulated data without 
guard blocks attached to it. The guard interval is an 
overhead for the modulated transmission and needs to 
be minimized. This is a limitation for the OFDM 
systems. Therefore longer the actual data block frame 
TD, better is the optimization of power loss  i . e 
TG<<TD. 

The Symbol Period(Ts)= TG+TD 
 
Data Time Interval(TD): is the time interval for the 
actual data block to be processed by the receiver 
system. 
 

 
Figure 1: Conceptual Design of OFDM Transmitter 

 

 
Figure 2: Design of OFDM Receiver 

 
III. FORMULATION OF PROBLEM 

 
3.1. Data Source: 
A Bernoulli binary generator is used as the input  data 
source to generate Bernoulli distributed random 
binary numbers.  

 

3.2. QAM Modulation 
Quadrature Amplitude Modulation  modulates the 
input signal using M-array QAM with a constellation 
on a rectangular lattice. The output is a baseband 
representation of the modulated signal. 

 
3.3 Serial to Parallel Converter(S/P Converter) 
The transmitter first converts the input data from a 
serial stream to parallel sets. Each set of data contains 
one symbol, Si, for each subcarrier. For e.g. a set of 
four data would be[S0,S1,S2,S3]. 

 
3.4 Inverse Fast Fourier Transform(IFFT) 
Inverse Fast Fourier Transform generates the 
orthogonal subcarriers. It converts the frequency 
domain data samples to time domain data samples. 
IFFT is useful for OFDM as it generates samples of a 
waveform with orthogonal frequency components.  

 
3.5 Cyclic Prefix 
By adding a guard time i.e. cyclic prefix, prevents 
inter symbol interference(ISI). The cyclic prefix is 
usually a copy of the last portion of the data symbol 
appended to the front of the symbol during the guard 
interval. 

 
3.6 Channel 
Channel allows to transmit the signal from the 
transmitter through receiver. The AWGN(Additive 
White Gaussian Noise) channel block adds white 
Gaussian noise to a real and complex input signal. 
Typical values of SNR(Signal to Noise ratio) for an 
AWGN channel are between 5dB and 30dB. When 
SNR of channel is low the Bit Error Rate(BER) is 
high. When the SNR of channel is high the BER is 
low. 

 
3.7 Remove Cyclic Prefix 
It removes the guard interval from the data block. As 
the guard interval does not contain any relevant 
information and used only to avoid the Inter Symbol 
Interferences. Hence, it needs to be removed at the 
receiver side. 

 
3.8 Fast Fourier Transform(FFT) 
Fast Fourier Transforms is used to get QAM symbols 
from the received OFDM signal. It converts the time 
domain signal back to frequency domain signal i.e. 
QAM symbols. 

 
3.9 Parallel To Serial Converter(P/S Converter) 
It converts the parallel data to serial form. The serial 
form data is then demodulated to give the original 
signal. 

 
3.10 QAM Demodulator 
It demodulates QAM symbols into signal values in 
integer form. 

 
3.11 Error Calculator 
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The Error Rate Calculation block compares input data 
from transmitter and output data from receiver. In our 
case the input and output signals are in bits form , 
therefore the BIT ERROR Rate is calculated. For a 
good system design, the BER should be low. 

 
IV. IMPLEMENTATION OF OFDM SYSTEMS 

 
The proposed OFDM Transceiver Design is 
simulated using MATLAB. The goal of the 
simulation is to implement a learning model for the 
OFDM Transceiver system and to study the effects of 
variation of AWGN noise in the channel on Bit Error 
Rate. The proposed model as shown in Figure() is 
used to send and receive QAM modulated OFDM 
signal. [2] 

 

 
Figure3: Implementation of OFDM Transceiver System using 

MATLAB 
 

V. SIMULATION RESULTS  
 

5.1 Input Signal Plot 
 

 
Figure 4: Bernoulli Binary Signal Generator 
 

5.2 QAM Modulated Signal  
 

 

 
5.3 QAM Demodulated output 

 

 
 
 

5.4 OFDM Signal in Time Domain 
 

 
 

5.5 Signal at OFDM Receiver output 
 

 
 

5.6 SNR Vs. BER values 
 
Table 1: SNR v/s BER values 
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CONCLUSION 
 

This paper implemented a learning model for OFDM 
Transmitter Receiver System using QAM Modulation 
and Demodulation. The Channel was modeled using 
AWGN noise. The SNR of the channel was varied, 
and its effect on the BER value was carefully 
examined. The results of our experiments clearly 
show that  the SNR of the channel is inversely 
proportional to the BER value. 
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