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Abstract 

Synchronization increases SNR and reduces BER. In this paper synchronization errors and synchronization 
algorithms in OFDM are discussed. And BER performance of OFDM system has been evaluated for QAM under 
AWGN channel, Raleigh fading Channel and Rician Fading channel.It has been analyzed from the simulation result 
that for 4 bits/symbol constellation the BER performance is best under AWGN channel.Also it has been analysed 
that the fading channels are more sensitive to frequency offsets.  
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Introduction 
              The broadband wireless system faces some 
challenges like requirement of a high performance 
reliable data link, high speed data requirement, 
overcoming multipath fading, ISI, ICI. Each of this can 
be achieved using OFDM. Also it provides high spectral 
efficiency and is easy to implement. As OFDM is 
orthogonal, hence phase distortion does not affect data 
transmission. Because of its several advantages this 
modulation technique has increased its usage in 
telecommunication nowadays. OFDM is multicarrier 
system and a special case of FDM. It divides the channel 
into a number of equally spaced frequency bands and 
each subcarrier carrying message signal is transmitted 
through each channel. In 1966, Chang presented a 
principal orthogonal multiplexing to transmit number of 
message signals through a band limited transmission 
channel and that too without ISI and ICI, in his 
pioneering paper [1].Also OFDM adaptively modifies 
modulation density and deals efficiently with channel 
delay spread.There are two main reasons to use guard 
interval [3]. One is to maintain receiver carrier 
synchronization and the second one is that cyclic 
convolution can be applied between the OFDM signal 
and the channel response.The complexity comparison 
betweenO-QAM system and a digital single channel 
QAM system made it clear that O-QAM system using 
digital processing method based on N/2-point DFT 
processing is better than single channel QAM system. 
This is so because O-QAM system is a multichannel 
system having baud rate spacing between adjacent carrier 
frequencies [2]. In 1989, I. Kalet found the maximum bit 
rate of multitone QAM system [3].Cheong Yui Wong 
et.al. proposed a multiuser OFDM subcarrier, bit and 
power allocation algorithm to minimize the total transmit 
power [4].  Carrier synchronization problem of OFDM 
system was considered by F. Clessen et.al. and frequency 

estimation algorithms were presented for data aided 
mode [5]. In 1997, L. Hazy et.al. developed ajoint initial 
frame synchronization and initial channel estimation 
algorithm for OFDM systems [6]. Efficient OFDM 
transmission can be done by reducing BER and 
increasing the SNR. This can be achieved by maintaining 
the receiver carrier synchronization. Moose suggested 
that the phase difference between subcarriers can be used 
to estimate the frequency errors up to half the subcarrier 
spacing [13]. 

A wide range of synchronization aspects for 
OFDM system were discussed in [7] and [8]. After this 
synchronization over frequency selective channels were 
taken into account in [9] and [10]. OFDM is sensitive to 
small carrier frequency offsets and sampling clock 
offsets. Thomas Keller et.al. described the different 
synchronization techniques for frequency selective 
fading channels [11]. The paper contributes in the area 
by implementing synchronization technique which is 
capable of reducing synchronization errors for providing 
better performance of the system. 

Paper is structured as follows: section II 
describes the system model for OFDM system using 
synchronization. Section III discusses the 
synchronization offsets which can affect the OFDM 
system performance. Section IV suggests the 
synchronization techniques in OFDM system. Section V 
describes the simulation results. And the last section 
concludes the paper. 
 
System Model 
A. Transmitter section 

At the transmitter, the input from the source is 
high speed complex data. High speed input data streams 
are coded at the code rate by encoder and then mapped to 
one of the symbols by the symbol generator. The symbol 
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generatorprovides complex output symbols of duration 
T. Then the data is given to serial to parallel converter so 
as to provide different OFDM subcarriers with different 
data groups [12]. The set {�� , 0 < � < � − 1} is the set 
of symbols which is modulated by IFFT and are 
converted from frequency domain to time domain. Then 
a cyclic prefix is added to Demultiplexed IFFT output. 
And finally, the obtained signal is then converted to a 
continuous time analog signal applied to OFDM 
modulator. To prevent ISI and to eliminate ICI, the guard 
time is chosen to be larger than expected delay spread. 

If discrete time signal is denoted by 
���for X(w) 
Fourier transform and ‘N’ as FFT length for ‘m’ number 
of signals then, IFFT operation is according to the 
equation  
 


��� = � ����
���

���
������

�                                          �1� 

For�� guard interval, the OFDM signal is given as 

 �!�
= "��� + !�, ! = −��, … . . −�� + 1

��!�, ! = 0,1, … … … � + 1         �2�' 
 

 
Figure 1. Block diagram of OFDM system 

B. Receiver section 
After synchronization, the received signal is 

demodulated and the demodulated signal is converted 
from continuous time analog signal to digital signal. The 
serial to parallel converter provides different OFDM 
subcarriers with different data groups. FFT operation is 
performed on different data groups so as to extract the 
high speed output data. Received signal in time domain 
is 

() = 
 ��� ∗ +��� + �                                          �3� 
After passing it through FFT and considering no ISI, the 
output equation in frequency domain is 

-��� = ����+��� + �                                         �4� 
 
Synchronization Offsets 

There are three different synchronization 
error/offsets as described further 

A. Symbol (timing) offset 
In this kind of error the transmitter and receiver 

do not have a common time reference. Hence, in this 
case severe ISI and ICI occur and to avoid these 
interferences receiver needs to find symbol boundaries. 
This degrades the BER performance of the system. In 
this the receiverassumes symbols with red coloured dots 
in the time-frequency grid as shown in fig.2. 

 
Figure 2. Symbol (timing) offset 

 
B. Carrier frequency/phase offset (OFDM) 

Carrier frequency of transmitter’s local 
oscillator and receiver’s local oscillator can be different 
by some ppm. This may result in frequency difference 
between transmitter and receiver which causes offsets in 
the received signal. Receiver needs to compensate for the 
frequency offset. In this case severe ICI occurs.This 
interference deteriorates BER of the system. 

 
Figure 3. Carrier frequency offset 
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Figure 4. Fourier Transforms of carriers 
In fig.4 the dotted line shows the actual 

frequency values and hard line shows the frequency shift 
that is assumed at receiver. And the difference in 
frequencies is denoted by ∆/0.The OFDM system has to 
face consequences if ∆/0 ≠ 0. One is that, when 
compared with transmitted data,each subcarrier of a 
multicarrier symbol at receiver ends up at a frequency 
positionwhich is shifted by ∆/0 Hz. In other words, 
thesubcarrier orthogonality is lost. Other is that 
synchronization in OFDM is quite critical as interference 
from all other subcarriers occur if∆/0 ≠ 0. For 
orthogonalitysynchronization is required and for 
correction of offsets orthogonality is required. 

The carrier offset correction can be done using 
oscillator and two different oscillators can be used. One 
is oscillator of down-converter, which is adaptively tuned 
so as to correct carrier offset called the controlled 
oscillator. Second one is freely running oscillator which 
corrects the offset by multiplying the received signal 
with ��234∆6 7/69: before FFT block. If characteristics of 
frequency and timing errors are known then, 
synchronization process is split into two phases, which 
are acquisition phase and tracking phase [11]. In 
acquisition phase errors are initially estimated and this is 
done by using more complex algorithms and a higher 
synchronization information in data signal. And in 
second stage, the tracking algorithms only correct the 
small deviations. 
C. Symbol clock/sampling frequency offset 

The frequency/phase of transmitter’s local 
oscillator and receiver’slocal oscillator for the sampling 
clock can have a difference of some ppm. The frequency 
difference between transmitter and receiver clock is 
denoted by ∆/;. And this frequency difference causes ISI 
and ICI. 

 
Figure 5. Symbol clock (sampling) offset 
In fig.5, the receiver assumes the symbols with 

red dots to be the output instead of the symbol marked 
with blue (original). These symbols with red dots are 
shifted in time as well as in frequency domain. This 
increases ICI and then gradually increases symbol timing 
offset. Fig.6 shows that the shift in frequency with time 
is increasing. If ∆/; ≠ 0 then, the frequency spacing of 
received signal’s FFT is larger or smaller than the 
spacing of the transmitted signal’s FFT and due to this 
the orthogonality is lost. The distortion for a subchannel 
depends on the constellation size and the BER 
performance. 

 
Figure 6. Fourier Transforms of carriers 

 
Synchronization in OFDM 

Section III clearly shows that accuracy of 
synchronization system greatly affects the overall BER 
of the system [11]. Synchronization process consists of 
two tasks: one is to estimate the error and second is to 
correct that estimated error. Synchronization basically 
works in two phases: acquisition and tracking. 
Acquisition provides an initial estimate of frequency or 
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timing errors and this estimate must be accurate to half of 
the subcarrier spacing so as to support tracking. Tracking 
relies on already established error estimates with an error 
which is less than half of the subcarrier spacing. 
Tracking basically corrects the errors estimated in 
acquisition phase. OFDM synchronization techniques 
can be categorised into two categories: one is data-aided 
algorithms and second one is non data-aided algorithms. 
A. Data-Aided Algorithms 

Synchronization time for high rate data 
transmission should be quite short about a few OFDM 
symbols. This can be achieved by special OFDM training 
symbols. For correction of time and frequency offsets, 
for synchronization, sometimes the loss in some amount 
of bandwidth is also justified. This bandwidth can take 
the form of preamble, pilot tones or the combination of 
preamble and pilot tones. The length and contents of 
preamble must be carefully designed so as to provide 
enough information for good synchronization. There are 
many different estimators like stochastic data-aided 
estimation, data-aided estimators in multipath channel, 
which are used for synchronization using data aided 
schemes. Moose gave the idea of using repeated data 
symbols for synchronization [13]. Using Moose’s idea 
Schmidl and Coxcame up with a new idea of a 2-symbol 
preamble with special structure to estimate the time and 
frequency offsets. This was a drawback in Schmidl and 
Cox’s algorithm as it creates difficulty to find the start of 
OFDM symbol. Many algorithms tried to solve the 
problem but most of them only modified the structure of 
preamble and the timing matrices. 
B. Non data-aided algorithms 

They are also called as blind algorithms. They 
do not require transmission of training symbols. The time 
and frequency parameters can be estimated by exploiting 
the redundancy created by CP. For doing this, the 
correlation of CP and the end of the OFDM symbol are 
averaged. Length of cyclic prefix and SNR value are the 
two factors that influences the performance of this 
algorithm. A non-data-aided scheme was considered by 
Van de Beek et.al. , where a Maximum Likelihood 
estimator was used [9]. C. Williams et.al. analysed [14] 
that the algorithm performs well in AWGN channel, but 
in multipath channel it exhibits errors as ISI distorts CP. 
He used a modified ML estimator for solving this 
problem.B<= lcskeiproposed a blind method for 
synchronization in pulse-shaped OFDM [15]. This blind 
method exploited cyclostationarity which was used to 
blindly identify both symbol timing and frequency 
offsets. 

 
Simulation Results 

In Fig.7 and fig.8 the degradation in AWGN 
(blue coloured line) and in fading channel (red coloured 

line) has been plotted as a function of the carrier 
frequency offset for different values of signal to noise 
ratio SNR. It can be observed from the two figures that 
the degradation in SNR due to carrier frequency offset is 
more in fading channel than in AWGN channel. This is 
so because fading reduces channel capacity. 

 

 
Figure 7. Degradationdue to frequency offset for 30dB SNR 

 
Figure 8. Degradation due to frequency offset for 10dB 

SNR 

 
Figure 9. BER comparison B/W AWGN, Rayleigh, Rician 

channels for QAM 
Fig. 9 shows the BER v/s SNR comparison 

between AWGN channel, Rayleigh channel and Rician 
channel for quadrature amplitude modulation. It can 
clearly be observed that the BER performance for QAM 
under AWGN channel is better than the fading channels. 
This is so because fading channels are more prone to 
errors. 
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Conclusion 
An ideally synchronized system performs 

marginally better than the practical one. The simulation 
result shows clearly that fading channel are more 
sensitive to carrier frequency synchronization errors and 
with increase in frequency offsets, SNR degradation also 
increases. And increase in SNR raises the bit error rate. 
Hence synchronization is required for better OFDM 
transmission. 
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