
  
Abstract—Orthogonal frequency Division Multiplexing 

(OFDMA) based communication systems are most popular these 
days, since high rate data stream is divided into a number of lower 
rate data streams and transmitted over a number of subcarriers. 
Quadrature Phase Shift Keying (QPSK), M-PSK (M-array phase shift 
keying) and QAM (Quadrature Amplitude Modulation) can be 
combined with OFDMA for better data transmission with advantage 
of both OFDMA & the various high rate modulation techniques. In 
the present paper, OFDMA system is incorporated with various 
modulation schemes where the information bits are modulated using 
BPSK, QPSK, M-PSK and QAM schemes. The simulative analysis 
has been performed for OFDMA system under pervasive 
environment where frequency selective fading is included in addition 
to AWGN channel. 
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I. INTRODUCTION 
FDMA is an extraordinary part of multicarrier 
transmission, where a single datastream is communicated 

over ‘n’ number of lower rate subcarriers [1]. OFDMA was 
selected as the ground basis for the new 5-GHz standard by the 
IEEE standardization society in July 1998 that focuses on a 
range of data flow from 6 up to 54 Mbps. The standard is the 
foremost to use OFDMA in datagram-based communications 
as compared to OFDMA’s limited access to continuous 
transmission systems till now. OFDMA has been of great 
importance for researchers all across the globe. It has already 
been accepted for the new wireless local area network 
standards IEEE 802.11a, High Efficiency LAN type 2 
(HIPERLAN/2) and Mobile Multimedia Access 
Communication (MMAC) Systems [2]. It is also expected to 
be used for wireless broadband multimedia communications. 
As Data rate is the fundamental of Broadband, the new 
standard specifies bit rates up to 54 Mbps. Such high rate 
imposes large bandwidth, hence demanding carriers for values 
higher than UHF band. OFDMA is basically a modulation 
technique or a multiplexing technique. It is used to enhance the 
robustness against frequency selective fading or narrowband 
interference. A single fade or interferer can cause the entire 
link to fail in a single carrier system, but in a multicarrier 
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system, a large number of parallel narrow-band subcarriers 
instead of a single wide-band carrier are used to transport 
information, hence resulting in only a small percentage of the 
affected subcarriers. Error correction coding can then be used 
to correct for the few erroneous subcarriers. OFDMA leads to 
high peak to average power ratio and is responsive to phase 
noise and frequency offset. 

In a classical parallel data system, the total signal frequency 
bandwidth was divided into N Non-overlapping frequency sub 
channels. Each sub channel was modulated with a separate 
symbol and then the N sub channels were frequency-
multiplexed. It was considered advantageous to avoid spectral 
overlap of channels to eliminate interchannel interference. 
However, this led to inefficient utilization of the available 
spectrum. To deal with the inefficiency, the ideas proposed 
were to use parallel data and FDM with overlapping sub 
channels, in which, each carrying a signaling rate b is spaced b 
apart in frequency to avoid the use of high-speed equalization 
and to ignore impulsive noise and multipath distortion, as well 
as to fully use the available bandwidth [2]. 

II. RELATED WORK 
The OFDMA are significantly researched in the present 

world and has been seen greatly advantageous as it can lead to 
greater and better communication across wireless channels. 
The Carrier Interferometry Orthogonal Frequency Division 
Multiplexing (CI-OFDMA) system expands each information 
symbol across all N sub-carriers using orthogonal CI spreading 
codes. It shows the advantage of PAPR (peak to average 
power ratio) reduction and frequency diversity gains without 
facing any loss in the communication output [1]. The precoded 
multiuser OFDMA (PMU-OFDMA) system recently 
introduced can reduce multi-access interference (MAI) 
because of the carrier frequency offset (CFO) to a negligible 
amount by preceding the data of each user with a codeword 
selected from either even or odd Hadamard–Walsh codes [2].  
Reduction in power consumption and complexity of a 
multiband orthogonal frequency-division multiplexing (MB-
OFDMA) ultra wideband (UWB) system can be done by 
applying ideas from pulsed UWB systems. The approach is the 
enhancement proposed used pulses with duty cycles minor to 
1. Digital OFDMA symbols spread the spectrum of the 
modulated signals in the frequency domain, resulting to a gain 
equal to the inverse of the duty cycle of the pulsed subcarriers 
[3]. Two altered OFDMA formats that enhance the signaling 
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characteristics of OFDMA are spectrally precoded orthogonal 
frequency-division multiplexing (OFDMA) and constant-
envelope OFDMA (CEOFDMA). They accept the 
implementation by discrete Fourier transform and the insertion 
of guard gaps to counteract channel dispersion [4].  Unique 
word orthogonal frequency division multiplexing (UW-
OFDMA) makes use of the deterministic sequences, the so-
called unique words (UWs) that replace cyclic prefixes (CPs). 
The UWs are developed by loading a set of redundant 
subcarriers [5].  OFDMA-based Broadband and Wired 
Communication (BWC) systems reside upon the time domain 
synchronous OFDMA (TDS-OFDMA) as it has higher spectral 
efficiency but suffers from severe performance loss over high 
frequency mobile channels [6]. A fundamentally distinct 
OFDMA-based transmission scheme called time-frequency 
training OFDMA (TFT-OFDMA) proposes that every TFT-
OFDMA symbol has training information both in the time and 
frequency domains. BER performance based on BPSK-based 

modulation scheme under AWGN and Rayleigh channel 
conditions from  comparison study observes that the OFDMA- 
BPSK modulation has no specific advantage over a 
conventional BPSK modulation scheme in AWGN channel but 
OFDMA-BPSK modulation in AWGN channel has great 
advantage over OFDMA-BPSK modulation in Rayleigh fading 
channel. Hence, it is found that both OFDMA-BPSK and 
conventional BPSK have small bit error rate probability than 
that of the Rayleigh fading based BPSK system [7]. 

III. OFDMA SYSTEM 
Orthogonal frequency division multiplexing (OFDMA) is an 

extraordinary part of multicarrier transmission, where a single 
datastream is communicated over ‘n’ number of lower rate 
subcarriers. The general architecture of the OFDMA based 
communication system has been presented in Fig 1 
 

 
 

 
Fig. 1 OFDMA Architecture 

 
The word orthogonal defines the precise mathematical 

relationship between the frequencies of the carriers in the 
system. In a normal frequency-division multiplex system, the 
numbers of carriers are spaced apart in a way that the 
datastreams can be received using filters and demodulators [8]. 
In such  

Receivers, guard bands are introduced between the different 
carriers and in the frequency domain, which results in a 
lowering of spectrum efficiency. It is possible, however, to 
arrange the carriers in an OFDMA signal so that the sidebands 
of the individual carriers overlap and the signals are still 
received without adjacent carrier interference. To do this, the 
carriers must be mathematically orthogonal. The receiver acts 
as a bank of demodulators, translating each carrier down to 
DC, with the resulting signal integrated over a symbol period 
to recover the raw data. If the other carriers all beat down the 
frequencies that, in the time domain, have a whole number of 
cycles in the symbol period T, then the integration process 
results in zero contribution from all these other carriers. Thus, 
the carriers are linearly normal (i.e., orthogonal) if the carrier 
spacing is a multiple of 1/T. The transmitter performs the 
conversion of input data from a serial stream to parallel sets. 
Each data set contains only a single symbol, Si, for each 

subcarrier. For example, a series of four data would be [S0 S1 
S2 S3]. The receiver performs just opposite operation of the 
transmitter [8]. The amplitude and phase of the subcarriers are 
then picked out and converted back to digital data. In 
Orthogonal Frequency Division Multiplexing, multiple 
sinusoidal with frequency separation 1/T is used where T is the 
active symbol period. The information  gk to be send on each 
subcarrier k is multiplied by the corresponding carrier gk (t), 

 

                              (1) 
 
Where, k =0, 1, ...N-1 correspond to the frequency of the 

sinusoidal and w(t) =u(t)-u(t-T) is a regular window over [0, 
T] . Since OFDMA uses multiple sinusoidal having frequency 
separation 1/T, therefore each sinusoidal is modulated by 
independent information. Mathematically can be written as: 

 

                                (2) 
 
where, is the kth symbol in the message symbol sequence 
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for k in [0, N-1], N is the number of carriers.  

IV. METHODOLOGY 
On the basis of the architecture of the OFDMA system, 

simulation model has been developed. The performance of the 
OFDMA system will be analyzed for different modulation 
schemes (such as BPSK, QPSK QAM) under dispersive fading 
channel. The channel coding such as convolutional coding 
effects the performance of the system. The simulation design 
will be analyzed with and without convolution coding in 
OFDMA environment.  

V.  OFDMA SIMULATION 
The simulation of OFDMA based communication system 

has been performed in MATLAB. The steps to design the 
simulative model of OFDMA system are as: 

Step1:    Generate the information bits randomly. 
Step2: Encode the information bits using a convolutional 

encoder. 
Step3: Use different modulation techniques (such as PSK 

and QAM) to convert the binary bits, 0 and 1, into complex 
signals. 

Step4:  Use IFFT to generate OFDMA signals. 
Step5:  Introduce noise to simulate channel errors. The 

signals are transmitted over an AWGN (Additive White 
Gaussian Noise) and Rayleigh channel. 

Step6:  Perform reverse operations to decode the received 
sequence at the receiver side. 

Step7:  Count the number of erroneous bits by comparing 
the decoded bit sequence with the original one. 

Step8:   Calculate the BER and plot it. 
 
The simulation model of the OFDMA system has been 

presented in Fig.2. 
 
 

 
Fig. 2 OFDMA Simulation Model 

VI. SIMULATION RESULTS 
The performance evaluation results of OFDMA based 

wireless communication system have been presented in Fig. 
3- Fig.7. The comparative analysis various modulation 
schemes with and without convolutional coding algorithm 

has been presented in these results. The results are analyzed 
at varying values of SNRs under dispersive environment, 
where frequency selective fading is incorporated in addition 
to the AWGN channel. The BER performance of 64-PSK-
OFDMA (64-PSK-OFDMA) techniques has been shown in 
Fig.3. The BER performance of QPSK-OFDMA and BPSK-
OFDMA techniques has been shown in Fig.4 and Fig.5. The 
performance of the OFDMA system has been decreased as 
the Eb/No Value increases in all PSK modulation schemes. 
Increasing the Eb/No value means increasing the signal 
power. In both the cases the error rate is higher in multipath 
fading channel than normal AWGN channel. The error rate 
becoming constant after a certain value of Eb/No in 64-
PSK-OFDMA, QPSK-OFDMA, BPSK-OFDMA techniques 
during the simulations.  But QPSK-OFDMA based 
communication system gives better results as the error rate 
becomes decreases as the SNR values increases.  

 
Fig.3 BER for OFDMA-64 PSK Modulation with & without 

Convolutional Coding 
 
The BER performance of 64 QAM-OFDMA and 128 

QAM-OFDMA techniques has been shown in Fig.6 and Fig.7. 
It is observed that the QAM-OFDMA based wireless system 
gives much better results under the dispersive channel 
conditions. The convolutional coding enhanced the 
performance of the QAM-OFDMA system as the BER reaches 
to 10-2 as Eb/No reaches to 30-35 in both the simulative 
conditions of QAM-OFDMA, but much better results has been 
obtained with convolutional coding along with 64-QAM-
OFDMA scheme.   
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Fig.4 BER for OFDMA-QPSK Modulation with & without 

Convolutional Coding 
 

 
Fig.5 BER for OFDMA-BPSK Modulation with & without 

Convolutional Coding 
 

 
Fig.6 BER for OFDMA-64 QAM Modulation with & without 

Convolutional Coding 
 

 
Fig.7 BER for OFDMA-128 QAM Modulation with & without 

Convolutional Coding 
 

VII. CONCLUSION & FUTURE WORK 
The performance of the OFDMA based communication 

system has been analyzed for various modulations techniques 
along with convolutional coding scheme. In PSK modulations, 
bandwidth increases as the value of M such as number of bits 
in symbol increases. But lower order modulation techniques 
are preferred over higher order modulation techniques as the 
communication range increases between a transmitter & 
receiver. It was obtained from simulation results that QPSK-
OFDMA based communication system provide better results 
in comparison to BPSK and higher order M-PSK. 
Convolutional coding of the information signal provides 
robustness to the signal and enhances the performance of the 
system. QAM-OFDMA system can be preferred for better 
communication since it provided the better BER performance 
along with convolutional coding. In future, the performance of 
the OFDMA system will be analyzed for higher order M-QAM 
under various fading channels such as Rician and Nakagami 
fading channels. 
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