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Abstract
In this paper, we consider a wireless system for video 
transmission using orthogonal frequency division multiplexing 
signal over a channel with time varying frequency-selective 
fading and additive white Gaussian noise. Due to channel 
dispersion, intersymbol and intercarrier interference will 
occur at the receiver. To reduce this interference, a guard 
time is added as a cyclic prefix. The system performance is 
defined as the signal-to-noise ratio (SNR) at the receiver. After 
demodulation. the bit error rate performance is analyzed of an 
OFDM and Single Carrier Modulation systems transmitting over 
the channels having the characteristics of frequency selective 
and Rayleigh fading. In this case the parameters of Digital 
Video Broadcasting are taken for analysis. The time variation 
of the channel results into the poor performance of Single 
Carrier System by having Inter Carrier Interference and Inter 
Symbol Interference.
In this paper, Jake’s model is used for the Doppler effects, 
and exponential multipath profile, numerical results for the 
error probability are illustrated for 4-QAM and 16-QAM mapping 
techniques. OFDM gives better performance as compared to 
the single carrier system by saving 5 dB Eb/No ratio to achieve 
the 10-4 bit error rate.

Index Terms
OFDM, ICI, ISI, Doppler Spreading, Jakes Method, Digital Video 
Broadcasting (DVB).

I. Introduction 
A few years ago, high data rate systems are in demand to 
cater the needs of customers in the market. But high speed 
access to network is through the limited available spectrum, 
multipath dispersion, fading, Inter Symbol Interference (ISI), 
Inter Carrier Interferences (ICI) and system complexity create 
further challenges for Single Carrier Modulation (SCM) based 
system [1-2]. 
In a single carrier system where the data symbols are transmitted 
sequentially, strong inter-symbol interference is introduced 
when the duration of the impulse response of the dispersive 
channel exceeds the symbol interval length. The influence of 
the inter-symbol interference caused by the dispersive channel 
can be reduced by increasing the duration of a transmitted 
data symbol. This can be achieved by means of a multi-carrier 
technique, consisting of frequency-division multiplexing (FDM) 
[1-7]. Here, the available bandwidth is divided into a number 
of narrow sub-channels, each corresponding with a carrier of 
the multi-carrier signal. The symbol sequence to be transmitted 
is split into a large number of lower speed symbol streams, 
which each modulate in parallel a carrier from a different sub-
channel. Hence, equalization is potentially simpler than in a 
single carrier system.
In the conventional FDM technique, the system bandwidth is 
divided into non-overlapping sub-channels. However, as each 
sub-channel requires its own carrier oscillator and narrowband 

filter with sharp cut-off (both at transmitter and receiver), the 
number of sub-channels is limited by the implementation 
complexity. In the orthogonal frequency-division multiplexing 
technique, a discrete Fourier transform (DFT) [1-7], is used to 
modulate and demodulate the OFDM parallel data streams. 
In this technique, the sub-channels are not band-limited and 
spectrally overlap, so a high spectral efficiency can be achieved. 
The center frequency of a sub-channel is called the carrier 
frequency. In this multi-carrier technique, interference between 
carriers is eliminated by selecting the carrier spacing equal to 
the reciprocal of the per carrier symbol period. The transmitter 
and receiver of Orthogonal Frequency Division Multiplexing 
(OFDM) can be implemented efficiently by using Fast Fourier 
transform (FFT) techniques.
A problem encountered in the OFDM technique is that channel 
dispersion destroys the orthogonality between the carriers, 
causing interference between symbols. This problem is solved 
by inserting a cyclic extension of the OFDM signal. When the 
duration of the cyclic prefix exceeds the duration of the impulse 
response of the dispersive channel, the orthogonality between 
the carriers is maintained and interference between symbols 
is avoided [4-7]. In this case, equalization is very simple and 
can be implemented as one-tap equalizers after demodulation 
[8]. However, as inserting a cyclic prefix reduces the power 
efficiency and the data throughput, the cyclic prefix must be a 
small fraction of the per carrier symbol duration.
The noise performance of OFDM was found to depend solely 
on the modulation technique used for modulating each carrier 
of the signal. The performance of the OFDM signal was found 
to be better than for a single carrier system, using the same 
modulation technique.
OFDM is potentially a good technique that has been proposed 
to offer substantially high data rates and good BER than those 
currently available to the mobile user. This paper investigates 
the problem in more real like situation using Rayleigh Fading 
simulator by Jakes Model along with AWGN channel for SCM 
and OFDM system.

II. Theory
For a Single Carrier system, a very high symbol rate or very 
complex constellation with many bits per symbol, using such 
signaling constellation is undesirable for a wireless system 
because noise and amplitude variation (fading) make it difficult 
to detect the sent symbol. Likewise, signaling at high symbol rate 
is undesirable due to multipath problem which would require a 
complex high speed equalizer to cope up the same.
Severe ISI occurs when the transmitted symbol interval is not 
longer than the delay spread. ISI is countered by the equalizers, 
but rapid variation in the channel characteristics, makes the 
system more complicated.
In contrast to Single Carrier System, OFDM counter high mobility 
outdoors channel by transmitting a simple constellation at low 
symbol rates. In this OFDM more resistant to interference and 
delay spread. Fig. 1 illustrates the complete block diagram of 
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OFDM transmitter and receiver.
For this reason, OFDM is used to provide acceptable performance 
in the fading, multipath environment while promising high data 
rates. OFDM is a popular modulation format for high data rate 
communication [1]. It is multi-carrier modulation [2]. In this a 
serial data stream is split into parallel streams that modulate 
a group of orthogonal sub-carriers. OFDM system has long 
timing duration, but narrow bandwidth. Consequently, OFDM is 
robust to channel multipath dispersion and results in decrease 
in the complexity of equalizer for delay spread channels as well 
a high data rates [9].

Fig. 1: Block Diagram of OFDM System

In an OFDM system that employs M-ary digital modulation, a 
block of log2M input bits is mapped into a symbol constellation 
point by a data encoder and then N symbols are transferred by 
the serial-to-parallel converter (S/P). If 1/T is the symbol rate 
of the input data to be transmitted, the symbol interval in the 
OFDM system is increased to NT, which makes the system moret 
robust against the channel delay spread. Each sub-channel, 
however, transmits at a much lower bit rate of log2M
The use of IFFT in the transmitter and FFT in the receiver 
simplifies the overall system structure [3]. Processing each 
individual symbol’s modulation in the frequency domain reduces 
the modulation/ demodulation process to one of setting and 
comparing a single complex number for each sub-carrier. 
The composite signal is the sum of all carrier signal and is 
given by
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The time domain samples of equation above are given by 
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The coefficient x n are the time domain samples of the OFDM 
symbols with the duration of T. Equation 2 is the inverse discrete 
Fourier Transform (IDFT) and can be easily implemented by 
IFFT.

III. Channel Modeling
In the mobile communication number of factors affects the 
performance of the system such as scattering, reflection, 
diffraction and delay spread. Therefore, the received signal 
is the sum of various signals arriving at the receiver end after 
passing through the channel. Also due to the fading effect, 
the signal attenuation varies with the time that makes it time 
dependant [10].
Also, path delay and Doppler shift associated with different 
paths changes differently and in unpredictable manner and 
hence signal has to be modeled as random process. Thus, the 
received complex signal r(t) can be given as
r(t)=ri(t)+jrq(t)     (3) 
Where ri(t) and rq(t) are the in-phase and quadrature components 
of r(t). Assuming very large number of paths, and from central 
limit theorem, ri(t) and rq(t) can be modeled as Gaussian 
Random Process [7]. With no Line of Sight (LOS) component, 
ri(t) and rq(t) have zero mean. Then, the envelope of the received 
signal has a Rayleigh Density Function at any time t.
Jake’s method is used here to model the channel. This 
method for the modeling of Rayleigh Fading channel assumes 
the transmission of an un-modulated carrier in an isotropic 
scattering environment with N equal strength and stationary 
paths. Then according to [7], ri(t) and rq(t) can be written as   
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From the above explanation, the Rayleigh Fading simulator can 
be modeled as explained below:
Take M low frequency oscillators with frequencies 
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One oscillator with frequency fm to generated waveforms that 
are added together to produce quadrature components ri(t) and 
rq(t). The amplitude of all the oscillators are set unity except 

for the oscillator at frequency fm , which has amplitude 2
1 . 

For the phase of the r(t) to be uniformly distributed, take 0=δ  

and M
n

n
πβ = .

IV. System Simulation
In this paper, the system is simulated for both Single Carrier 
and for Orthogonal Frequency Division Multiplexing system 
in which mapping is done using 4-QAM and 16-QAM in the 
MATLAB environment. The simulation is carried out using DVB 
transmission parameters [11] which are given in table 1. 

Table 1: DVB transmission parameters
Parameter 2k Mode 
Number sub-carriers 1705
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U s e f u l  S y m b o l 
Duration (Ts) 

224 ms

Carrier Spacing (1/ 
Ts) 

4464 Hz

Bandwidth 7 . 6 1 
MHz

V Simulation Results and Discussion
The OFDM and Single Carrier system model is simulated in 
MATLAB for both fading and non-fading channel. The effects 
of multipath propagation and frequency selective fading have 
been included. All the performance graphs have been plotted 
between the Bit Error Rate and the Eb/No Ratio.
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Fig. 2: BER performance of 4-QAM mapped SC Modulation and 
OFDM in both fading and non fading environment

It has been observed from the above Fig.2 that when the 
performance of 4-QAM mapped system is analyzed at BER of 
10-4, the SNR value required for SCM and OFDM in non fading 
channel is 12 dB but when the same system is used over fading 
channel the BER value required is ≈25 dB & 18 dB respectively. 
Hence from this it is very clear that OFDM system in fading 
channel requires 7 dB less SNR value in comparison to the 
Single Carrier Modulation system.
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Fig. 3: BER performance of 16-QAM mapped SC Modulation 
and OFDM in both fading and non fading environment
From the Fig. 3 it has been observed that when he performance 

is analyzed at BER of 10-4 the SNR value required for 16-
QAM mapped SCM without fading is around 18 dB whereas 
for OFDM 17 dB SNR value is required and only 1 dB power 
saving is achieved but when the same system is used over 
fading channel the SNR value required for SCM is ≈32 dB 
and for OFDM 25 dB. In this way 7 dB signal power saving is 
achieved with the OFDM system.
It is also clear that for SCM system in fading channel 
approximately 14 db more SNR value is required whereas for 
OFDM system only 8 dB.

0 5 10 15 20 25 30 35 40 45 50

10
-4

10
-3

10
-2

10
-1

10
0

E b/No dB

BE
R

OF DM 4-QAM W ithout F ading
OF DM 16-QAM W ithout F ading
OF DM 4-QAM W ith F ading
OF DM 16-QAM W ith F ading

B E R  10-4

Fig. 4: BER Performance of 4-QAM and 16-QAM mapped OFDM 
in fading and non-fading channel

Fig. 4 gives the comparison of 4-QAM and 16-QAM mapped 
OFDM system in the fading and non-fading channel. It indicates 
that for non-fading channel in order to achieve the BER of 
10-4 around 12 dB Eb/No ratio is required for the 4-QAM 
mapped OFDM system and 17 dB Eb/No ratios for 16-QAM 
mapped OFDM system. It means that for OFDM system in 
the non-fading environment 16-QAM demands 5 dB more 
signal power in comparison to 4-QAM to achieve the same 
bit error rate. Similarly for the fading channel in case of 
16-QAM mapped OFDM system approx. 7 dB more Eb/No 
ratio is required. Now if we compare the performance of 
4-QAM and 16-QAM mapped OFDM system on the basis of 
Eb/No. 16-QAM requires more energy per bit. But it results 
into the higher data rate for a system. So, by using M-level 
a modulation technique it is possible increase the date rate 
significantly.

VI. Conclusions
In this paper, two modulation schemes 4-QAM and 16-QAM are 
considered for the implementation of Single Carrier & OFDM in 
AWGN and Rayleigh fading channel. In fading channel for single 
carrier system around 14 dB more SNR value is required with 
4-QAM and 16-QAM mapping in comparison to the non fading 
channel whereas for OFDM system only 5.5 dB (for 4-QAM 
mapping) & 8 dB (16-QAM mapping) more SNR is required. 
Result shows when OFDM is used as transmission system less 
SNR value are required.  Result shows that less SNR value 
is required as far as transmission of the signal using 4-QAM 
mapped COFDM is concerned. But with little bit increase in the 
Eb/No ratio it is possible to increase the data rate by using 
higher level modulation techniques.
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