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Abstract— Orthogonal Frequency Division Multiplexing(OFDM) is one technique that has been proposed to offer substantially higher data rates
than those currently available to the mobile user. As with any communications system effective, reliable and efficient techniques are required
that will allow synchronization of remote terminal. Accurate frequency and timing synchronization of OFDM system is required in order to
achieve good performance. The property that these systems rely on ortho-gonality of the subcarriers will be lost if synchronization is inaccurate.
In this paper we focus on the frequency synchronization. This paper presents A Simu-link model based on 802.16 OFDM PHY baseband is built

for simulation and performance evaluation.
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l. INTRODUCTION

Orthogonal  frequency division  multiplexing
(OFDM) is a digital multi-carrier modulation technique that
has been come increasingly popular scheme in modern
digital communication. It is the attractive technique for high
speed wireless communication. It is robust against
frequency selective fading in multipath channel . several
wireless communication system adopt OFDM as a
modulation technique such as wireless local area network (
WLAN), wireless fidelity(Wi-Fi), 3" generation partnership
project long term evolution(3GPP LTE) & 4G LTE. It is
also integrated in Digital Audio Broadcasting(DAB), Digital
Video Broadcasting(DVB), DVB-T.

In OFDM, there are various domain of
synchronizations such as timing synchronization, frequency
synchronization and symbol synchronization. In this paper
we examine the frequency synchronization. OFDM is very
sensitive to carrier frequency offset(CFO) in the received
signal due to Doppler shift or instability in local oscillator
and results in a loss of subcarrier orthogonality. Hence it is
required to reduce the frequency errors to small fraction of
the subcarrier spacing. In this paper there are various
techniques have been proposed for the frequency
synchronization in OFDM.

1. LITERATURE REVIEW
The following literature review shows that different
synchronization methods and algorithm. Moose [1] derived
the maximum likelihood estimation (MLE) for carrier
frequency offset (CFO) in frequency domain. The limit of
acquisition for the CFO is +-1/2 of subscriber spacing.
Schmidl and Cox [2] proposed frequency and timing
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synchronization algorithm by using repeated data symbol.
Wei Zhong [3] proposed a novel integral frequency offset
estimation which examined the phase changes of
synchronization signals in frequency domain this method
provides very low computational complexity. C.Geetha
priya and A.M.Vasumathi [4] proposed accurate frequency
synchronization method using Zadoff-chu sequence. Eric
Bjornemo [5] proposed a Bayesian analysis in this way
enables using fast frequency acquisition without pilots at
low SNR. Ching-Liang Wang [6] proposed method of to
make a modulatable orthogonal sequence partially
geometric for Large CFO estimation. E.C. Kim [7]
proposed enhanced the performance of frequency offset
compensation by adding the ternary sequence to OFDM
signals. Haling Minn [8] proposed frequency offset
estimation approach using a maximum likelihood principle
with sliding observation vector. Adegbenga B. Awoseyila
[9] proposed a novel technique for 3GPP LTE specifications
using one training with simple structure of two identical
parts to achieve robust and full range time-frequency
synchronization in OFDM system.

In this paper we synchronized data with additional
cyclic prefix or preamble bit or guard bit. By adding these
bits, we provide a perfect synchronization at receiver side. It
also improves the performance of SNR, BER of the system.

I1l. OFDM SYSTEM MODEL
This model represents end to end baseband model
of the physical layer of wireless metropolitan area
network(WMAN) according to IEEE 802.16 standard. The
transmitter consists of the incoming input Bernoulli binary
stream are first generates a random data which applied to
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FEC and modulator bank. Generally FEC is farward error
correction encoding. In this encoding Reed Soloman coding
is used. Modulator bank consists of different modulation
techniques are used such as BPSK, QPSK and QAM. Using
synthesis filter bank we use a single modulation technique is
used. The input signal is now digital in nature, hence we use
IFFT it is inverse fast Fourier transform which convert
discrete samples into the continuous time domain signal. In
this model, MISO OFDM channel is used. It is a multiple
input and single output consist of one or more transmitter
and single receiver. It has a maximum Doppler shift is 0.5
Hz. In that model, AWGN Channel is also used to improves
the SNR of the system. In order to maintain SNR of 20 dB
for OFDM carrier, offset is limited to 4%.

The Receiver section consists of OFDM Receiver
which having space time diversity combiner consists of odd
even preamble which added with continuous received signal
and applied to the space time block coding. The extract data
carriers are extracted the pilot bits in the received signal.
The demodulator bank consists of different demodulating
techniques such as BPSK, QPSK, QAM. At the output we
resulting the different system performance. All the preamble
based frequency offset estimation methods given in
literature aims to accuracy and increase the range of
frequency offset estimation. The importance of frequency
offset estimation in various high speed broadband wireless
applications.

V. PROPOSED FREQUENCY OFFSET

ESTIMATION AND CORRECTION
Frequency offset Caused by the
asynchronous local oscillators at the transmitter and receiver
and other is the Doppler shift. Later it shown that this offset
results in a loss in SNR which independent of the sub-carrier
index. At the front end of the receiver OFDM signals are
subject to synchronization errors due to oscillator
impairments and sample clock differences. The
demodulation of the received radio signal to baseband,
possibly via an intermediate frequency, involves oscillators
whose frequencies may not be perfectly aligned with the
transmitter frequencies. This results in a carrier frequency
offset. The front end of an OFDM receiver where these

€rrors can occur.

The most important effect of a frequency offset between
transmitter and receiver is a loss of ortho-gonality between
the subcarriers resulting in ICIl. The characteristics of this
ICI are similar to white Gaussian noise and lead to a
degradation of the SNR. For both AWGN and fading
channels, this degradation increases with the square of the
number of subcarriers. This degradation as a function of the
frequency offset normalized to the inter-carrier spacing.
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Receiver carrier and transmitter carrier are
generated from local oscillators. The oscillators are not
phase synchronous, creating an arbitrary phase error .At the
same time, deviations from the nominal oscillators values
will create a carrier frequency offset (CFO) .A pure Doppler
shift generates the same effects. The proposed a new
technique for frequency synchronization using a filter banks.
In OFDM, receiver carrier and transmitter carrier are
generated from local oscillator.These local oscillator are not
phase synchronous hence it creating the arbitrary phase
error. Therefore deviations from local oscillators values will
create carrier frequency offset (CFO).

Af=fTc—1fRc
fcR = Receiver carrier frequency
fcT = Carrier frequency of received signal
Af = Carrier frequency offset, CFO

The proposed frequency synchronization technique.
The frequency error estimation should be performed after
the receiver filter bank. If frequency error estimation is done
then at the same time frequency error correction should be
performed in front of filter bank. Since, the carrier
frequency is the derivative of carrier phase with respect to
time. The OFDM system with frequency estimation after
filter bank will produce error estimates at maximum rate of
1/T. In this frequency estimation, their having one filter-
bank which carries filtered signal. And other is filtering
feedback delay circuit which provides error frequency signal
and this feedback frequency error signal is applied to
frequency error correction through the feedback. If error will
arises then it will correcting through feedback loop by using
a filter bank.

Generally in this project we uses two types of filter
banks such as analysis and synthesis filter bank at
transmitter and receiver of the OFDM model. The above
concept is also related to the filter bank concept. With the
help of that concept, frequency is synchronize at both the
transmitter and receiver side with improves the parameters
such as SNR, BER. Generally 64 QAM is used for high data
rates , so the following simulation shows that using 64QAM.

V. SIMULATION AND DISCUSSION

The simulation of synchronization for OFDM
system using IEEE 802.16 standard is generally performed
using Simu-link software. By using this software we
analyses the results of Channel SNR , BER and Rate ID. In
this simulation, we changes the different modulation and
demodulation techniques. Band-width remains in between
1MHz- 28 MHz using802.16 standard.
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In that model, if we use 64 QAM modulation and
demodulation technique is used and bandwidth requirement
is 5SMHz then BER is 0.0001 and error is zero. So in this
case SNR is 20.29dB. The simulation result as shown in
figure 1, 2 and 3.
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Figure 2. OFDM Transmitterl Spectrum
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Figure 3. OFDM Transmitter 2 Spectrum

Figurel shows that the how receiver is
synchronized with the transmitter. Here in this constellation
figure shows that quadrature amplitude of signal is in phase
with the amplitude of carrier signal. Figure 2 and 3 shows
that spectrum of transmitted signal which having less
bandwidth required and improves the SNR up to 20.29 dB
and BER is also zero. Hence efficiency of the system model
is increases .

VI. CONCLUSION

There are different modulation and demodulation
techniques were applied to that 802.16 OFDM Physical Link
Model. Using that model we get different results using
constellation figure, BER , SNR and synchronization is
provided in terms of frequency. In OFDM system model, if
bandwidth increases above the specific value then BER and
number of errors are also increases due to noise ,so proper
synchronization is not takes place. Proposed frequency
synchronization estimation and correction having better
performance as compare to other methods. For proper
synchronization we use filter bank and adding a preamble
bits or guard bits. This model uses an adaptive modulation
and variable error correction is provided.

REFERENCES

[1] T. M. Schmidl and D. C. Cox, “Robust frequency and
timing synchronization for OFDM,” IEEE Trans.
Commun., vol. 45,pp. 1613-1621,Dec. 1997.

[2] G. L. Ren, Y. L. Chang, H. Zhang and H. N. Zhang, “A
Novel Burst Synchronization Method for OFDM Based
WLAN Systems,” |IEEE Trans.Consumer Electron, Vol.
50, 2004, pp. 829-834.d0i:10.1109/TCE.2004.1341687

[3] A. B. Awoseyila, C. Kasparis and B. G. Evans, “Robust
Time-domain Timing and Frequency Synchronization for
OFDM Systems,” IEEE Transactions on Consumer Elec-
tronics, Vol. 55, 2009, pp. 391-399.



http://www.ijritcc.org/

[4]

[5]

[6]
[7]

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Frequency Synchronization in OFDM System C. Geetha
Priyal, A. M. Vasumathi2 Journal of Signal and
Information Processing, 2013, 4, 138-143
doi:10.4236/jsip.2013.43B024 Published Online August
2013 (http://www.scirp.rg/journal/jsip)

J. J. van de Beek, M. Sandell, and P. O. Borjesson, “ML
Estimation of Time and Frequency Offset in OFDM
Systems,” IEEE Trans. on Sig.Proc., vol. 45, no. 7, July
1997

Erik Bjornemo “Frequency Synchronization in OFDM
,”IEEE Trans.On signal .,vol.0-7803-8887-9,2005

B.Chen and H.-Wang, “Blind Estimation of OFDM Carrier
Frequency Offset via Oversampling,” IEEE Trans. Signal
Processing , vol.52,pp.2047-2057, July 2004.

W. Zhong, “A Simple and Robust Estimation of Integral
Frequency Offset for OFDM Systems,” |EEE Transac-
tions on Consumer Electronics Vol. 54, 2008,
pp.41413.doi:10.1109/TCE.2008.4560107

H.Minn, V.K.Bhargava and K.B.Letaif , “ A Combined
Timingand Frequency Synchronization and Channel
Estimation for OFDM Systems,” IEEE Trans. On
Communications, vol.54 , 2006 ,pp. 416-422.
doi:10.1109/TCOMM.2006.869860

A. Shah, “Theory Design and Structures for
Multidimensional Filter Banks and Applications in Coding
of Interlaced Video,” Ph.D. dissertation Columbia
University, New York, NY, 1994.

T. A. Kalker and 1. A. Shah, “On ladder structures and
linear phase conditions for multidimensional bi-orthogonal
filter banks.” Submitted to IEEE Tram Signal Processing,
1993.

IRACST on “Synchronization Techniques in OFDM
Systems “ International ~ Journal of Computer Networks
and Wireless Communications (IJCNWC), ISSN: 2250-
3501 Vol.2, No6, December 2012.

A Research Report on Synchronization in OFDM By Jan-
Jaap van de Beek from Lulea University of Technology in
Division of Signal Processing , Lulea, Sweden September
1998

A. Omri and R. Bouallegue Laboratory 6’Tel @ Higher
School of Telecommunication of Tunis International
Journal of Next-Generation Networks (IJNGN) Vol.3,
No.1, March 2011.

B. Sahu, S. Chakrabarti, and S.L. Maskara (February
2010), “An improved residual frequency offset estimation
scheme for OFDM based WLAN systems,” Digital Signal
Processing, vol. 20,n0.2, pp. 454-461.

S. Hara and R. Prasad, “Multi-Carrier Techniques for 4G
Mobile Communications,” 1st Edition, Artech House,
Boston, 2003.

http://www.ijritcc.org



http://www.ijritcc.org/
http://www.scirp.rg/journal/jsip

