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Abstract— This paper discusses the effects of frequency offset on the performance of orthogonal frequency division multiplexing (OFDM) digital 
communications. The main problem with frequency offset is that it introduces interference among the multiplicity of carriers in the OFDM signal. The aim 
of this survey is to investigate  Carrier frequency offset estimation method in based OFDM systems. According to this, using maximum likelihood 

estimation algorithm (MLE), the carrier frequency offset (CFO) can be estimated. A maximum likelihood estimation (MLE) algorithm is derived and its 
performance computed and compared with simulation results. 
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1 INTRODUCTION  

Orthogonal frequency division multiplexing (OFDM) 

techniques has widely been considered to be a very 

promising strategy to enhance data rate, capacity, and quality 

for broadband wireless systems over frequency-selective 

fading channels [1]. Along with this strategy, oscillator jitter 

and Doppler shift make carrier frequency offset (CFO) that 

degrades the performance of system remarkably [2]. 

A multi carrier orthogonal modulation system , using the 

immediate Fourier diversion technique creates interest range 
and changes the switch frequency to several flat sub channels; 

But lack of source and target and outbreak of delay by the 

channel decreases the function of this system. In other words, 
this kind of system has a high sensitivity toward time and 

frequency delays. 

     The frequency-selective fading MIMO channel can be 

transformed into a set of flat-fading MIMO channels by using 

Orthogonal Frequency-Division Multiplexing (OFDM). This 

transformation achieves a high capacity at a low cost of 

equalization and demodulation [3], [4]. However, just as with 

the SISO-OFDM, MIMO-OFDM systems too are sensitive to 

frequency offset. Many SISO-OFDM frequency offset 

estimators have been proposed [5]–[7]. 
 

Navid daryasafar  is with Department of Communication, Bushehr Branch, 

Islamic Azad University Bushehr, Iran.(phone:+989173730829 ; e-mail: 
navid_daryasafar@yahoo.com). 
 

     

The frequency offset in the OFDM symbols represents the 

frequency shift between the transmitted and the received 

symbols. This case arises as a result of frequency change in 

the receivers during transmission. As a result of this 

frequency offset problem, there arises a condition where the 

orthogonality of the individual carriers is affected. Thus the 

inter symbol interference (ICI) arises.  

There are two deleterious effects caused by frequency offset; 

one is the reduction of signal amplitude in the output of the 

filters matched to each of the carriers and the second is 

introduction of IC1 from the other carriers which are now no 

longer orthogonal to the filter. Because, in OFDM, the carriers 

are inherently closely spaced in frequency compared to the 

channel bandwidth, the tolerable frequency offset becomes a 

very small fraction of the channel bandwidth. 

 

Further, in the second chapter the MIMO-OFDM systems are 

introduced. In the third chapter, synchronizing methods are 

introduced. In the fourth chapter the maximum likelihood 

estimation(MLE) algorithm is presented in order to estimate 

CFO and in the fifth chapter the signal model with frequency 

offset in MIMO-OFDM systems will be described and finally, 

the simulation results will indicate the performance of 

suggested method. 

 

 

2 INTRODUCTION OF MIMO OFDM 

SYSTEMS 

In a traditional wireless communication system, provided 

that the bandwidth is constant, there is no possibility of 
increasing the sending rate of information. In this kind of 

situation, only diversity methods can be used to improve the 

quality of revealing. In designing communication systems, 

bandwidth, information sending rate and software-hardware 
complexities are the important parameters. To expand the new 

generation of communication systems, methods such as 

MIMO, OFDM and integrating them together as MIMO-

OFDM, are suggested. OFDM is used in numerous wireless 
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transmission standards nowadays (DAB, DVB-T, WiMAX 

IEEE 802.16, ADSL, WLAN IEEE 802.11a/g, Home Plug AV or 
DS2 200 aka "Home Bone"). The OFDM modulation 

transforms a broadband, frequency-selective channel into a 

multiplicity of parallel narrow-band single channels. A guard 

interval (called Cyclic Prefix CP) is inserted between the 
individual symbols. This guard interval must be temporally 

long enough to compensate for jitter in the transmission 

channel. Transmitted OFDM symbols experience different 

delays through the transmission channel. The variation of 
these delays at the receiving location is called jitter. The 

appearance of inter-symbol interference (ISI) can thus be 

prevented. It has been shown in that OFDM can be favourably 

combined with multiple antennas on the sending side as well 
as the receiving side to increase diversity gain and/or 

transmission capacity in time-varying and frequency-selective 

channels. 
The high intrinsic resistance of OFDM against the ISI event 

and its suitable function against fading destructive event, 

besides the high rate of information sending of MIMO, creates 

a very efficient complex in accession toward the fourth 
generation of wireless communication’s demands. Like OFDM 

systems, the MIMO-OFDM systems have a great deal of 

sensitivity toward synchronization errors. Again, according to 

the increase in number of unknowns, estimating the channel 
in these systems are more complex than estimating channel in 

one antenna systems [8]. Diagram block of one kind of MIMO-

OFDM systems, is shown in the figure1. 

 
Fig  1.MIMO communication system with M Tx antennas and N Rx 

antennas 

 

According to the figure, the information in each antenna is 

sent after IDFT actions and addition of (CP) cyclic prefix. Each 
receiver antenna receives sum of noises and signals sent by the 

transmitter’s antenna. In each receiver antenna the revealing is 

done after removing CP and DFT actions. 

3 SYNCHRONIZATION METHODS  

According to the surveys which have done until now, the 
first article with title synchronization in MIMO-OFDM 

systems has been published by Mody and Stuber in 

2001.[9,10].In those articles, Mody and Stuber generalized 

synchronization algorithm, proposed by Schmidl , Cox[11],for 
OFDM systems with one sender antenna and one receiver 

antenna to MIMO-OFDM. Zelst and Schenk in source[12] with 

considering all the necessary changes in synchronization 

algorithm, channel estimation,<,have generalized the  OFDM 
based standard of IEEE-802.11a to MIMO .  

The most important intrinsic restriction of the OFDM 

technique is its high sensitivity toward synchronizing errors. 
The first creator factor is called the asynchronousity of carrier 

frequency offset (CFO). This causes the loss of orthogonality 

between subcarriers and outbreak of interference between 

carriers. Another factor of asynchronousity is inequality of 
sending and receiving rate of samples precisely, which is 

introduced as sampling frequency delay. The proposed 

synchronizing algorithms for OFDM based systems are 

categorized to the following two main groups [13]: 

A. Before FFT algorithms 

The above-mentioned algorithms are divided to two 
groups of input based algorithms and non input based 

algorithms as follows: 

Non input based algorithms: this group of algorithms 

estimates the synchronization parameters using the special 
structure of OFDM symbols. This group is also called cyclic 

prefix based methods [14] and [15]. 

Input based algorithms: this group of algorithms uses the 

educational symbols sent in information frames to estimate 
synchronization parameters [16], [17], [18] and [19]. 

B. After FFT algorithms 

The algorithms of this group are also categorized in two 

groups of pilot based algorithms and direct decision 

algorithms. In comparing the two algorithms, before FFT 

algorithms are faster than after FFT algorithms, but after FFT 
algorithms has a higher throughput spectral. 

 

4 MAXIMUM LIKELIHOOD ESTIMATION(MLE) 
ALGORITHM 

Since the intercarrier interference energy and signal energy 

both contribute coherently to the estimate,the algorithm 

generates extremely accurate estimates even when the offset 

is great to demodulate the data values.The estimation error is 

insensitive to channel spreading and frequency selective 

fading. 

The transmitter sends X(K) data for K=0,<,N-1: 

                     

Adding the cyclic prefix(cp) and considering carrier 

frequency offset estimation, the r(n) vector is formed as 

following: 

 

Finally, we remove cp: 

 

         

 

To estimate the carrier frequency offset of r(n) vector, r1 and 

r2 vectors are formed as follow: 
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And 

 

Assuming d(n)=s(n)*h(n) and performing some calculations 

we have: 

–

 

–

 ∆                                                                                    

 

 

 

Finally the carrier frequency offset estimation is performed as 

follow: 

 

4.1 Frequency offset estimation using 802.11a 
short preamble 

 

Fig 2.  OFDM short preamble 802.11a specification 

From the equation defined in the previous section, 

 

Given that short preamble is perodic with ,  

 

At the receiver as both y(t)and are known, 

 

 

Taking angle() of both sides of the equation 

 

So, the frequency offset  is, 

 

 

 

 

 

5 SIGNAL MODEL WITH FREQUENCY 

OFFSET 

 
Signal model is as follows: 

 

 

Then vector r rate  in the presence of carrier frequency offset 

is: 

 

With eliminating cp and doing  a series of operations ,we 

have: 

 

Where Z (n) is White Gaussian Noise with an average of 0 . 

The output of the receiver is as follows: 

  

Result 

 

And 
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6 SIMULATION RESULTS 

In this chapter, SISO-OFDM and MIMO-OFDM system with 2 

transmitter antennas and 1, 2 receiver ones is used for the 

simulation. The assumed system has a QPSK modulation. The 

total number of subcarriers, N, is 64and L is the tap of 

channel. 

The simulations in channel estimation in SISO-OFDM and 
MIMO-OFDM systems are as follows: 

 

 

 
Fig 3.  CFO estimation for SISO-OFDM systems with MLE algorithm, L=5 

 

 

 
 

Fig 4.  CFO estimation for 2*2  MIMO-OFDM systems with MLE 

algorithm, L=4 

 

 
Fig 5.  Synchronization for SISO OFDM systems 

 
Fig 6.  Joint channel estimation and synchronization for SISO-OFDM 

systems 

 

 
Fig 7.   Plot of frequency offset estimate using 802.11a short preamble 

 

Fig 7 as can be observed starting from sample number 17 and 

till samples number 160(8  the frequency 

offset estimate is available. For improving accuracy in the 

presence of noise, typically the output  is 

accumulated prior to computation of angle. 
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7 CONCLUSION 

Estimation of channel coefficients and synchronization 

parameters are two main challenges in realization of MIMO-

OFDM systems which are practical. In almost all published 

references till no, estimation of cannel coefficients is done 

with the assumption of total frequency synchronously of 

transmitter and receiver. The created frequency 

synchronously between transmitter and receiver, in practice, 

is always exposed to risk due to presence of factors such as 

Doppler phenomenon and phase noise. Therefore for exact 

estimation of fading channel status, it’s necessary to keep the 

created frequency synchronously between transmitter and 

receiver, uninterrupted. 

An algorithm for maximum likelihood estimate (MLE) of 

frequency offset using the dft values of a repeated data 

symbol has been presented. It has been shown that for small 

error in the estimate is conditionally unbiased and is the 

sense that the variance is inversely proportional to the 

number of the carriers in the OFDM signal. Furthermore, both 

the signal values and the ICI, contribute coherently to the 

estimate so that it is possible to obtain very accurate estimates 

even when the offset is too great, that is there is too much ICI 

to demodulate the data values. Since the estimate error 

depends only on total symbol energy, the algorithm works 

well in the multipath channels. 
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