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Abstract— 

Orthogonal Frequency division multiplexing(OFDM) is 

promising technique for broadband wireless 

communication system. Intercarrier interference (ICI) 

occurs in OFDM which must be removed. There are 

various methods to reduce ICI in OFDM . In this paper 

we will discuss these various methods like  maximum 

likelihood Estimation(MLE), self cancellation 

(SC),Extended Kalman filtering (EKF) ,Time domain 

window ,frequency domains window techniques, and 

channel estimation techniques . 
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        I.Introduction 

In a basic communication system, the data are 

modulated onto a single carrier frequency. The 

available bandwidth is then totally occupied by each 

symbol. This kind of system can lead to inter-symbol-

interference (ISI). OFDM is a frequency division 

multiplexing technique used as a multi carrier 

modulation method. Because of high capacity 

transmission of OFDM, it has been applied to digital 

transmission system, such as digital audio broadcasting 

(DAB) system, digital video broadcasting TV (DVB-T) 

system. The basic principle of OFDM is to split a high 

rate data-stream into multiple lower rate data streams 

that are transmitted simultaneously over a number of 

sub carriers. OFDM uses the spectrum much more 

efficiently by spacing the channels much closer. This is 

achieved by making all the carriers orthogonal to one 

another, preventing interference between the closely 

spaced carriers. OFDM sends multiple high-speed 

signals concurrently on orthogonal carrier frequencies. 

This results much more efficient use of bandwidth as 

well as robust communications during noise and other 

interferences 

The block diagram of OFDM system is given in figure 

1 as shown  

 
                                          Fig.1 

The high speed data rates for OFDM are 

accomplished by the simultaneous transmission of data 

at a lower rate on each of the orthogonal sub-carriers. 

Because of the low data rate transmission, distortion in 

the received signal induced by multi-path delay in the 

channel is not as significant as compared to single-

carrier high-data rate systems. As a narrowband signal 

sent at a high data rate through a multipath channel will 

experience greater negative effects of the multipath 

delay spread, because the symbols are much closer 
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together. Multipath distortion can also cause inter-

symbol interference (ISI) where adjacent symbols 

overlap with each other. This is prevented in OFDM by 

the insertion of a cyclic prefix between successive 

OFDM symbols. This cyclic prefix is discarded at the 

receiver to cancel out ISI. 

II.INTERCARRIER  

 There exists two problems with OFDM, first one is 

high peak to average power ratio and other is its 

sensitivity to frequency offset between the transmitted 

and received signals, which may be caused by Doppler 

shift due to relative motion between transmitter and 

receiver, or by the difference between the transmitter 

and receiver local oscillator frequencies. This carrier 

frequency offset causes loss of orthogonality between 

sub-carriers and then the signals transmitted on each 

carrier are not independent of each other. The 

orthogonality of the carriers is no longer maintained, 

which results in inter-carrier interference. ICI problem 

would become more complicated when the multipath 

fading is present. If ICI is not properly compensated it 

results in a power leakage among the sub carriers, thus 

this degrades the system performance. The various 

methods that can be used to minimize the ICI are 

frequency domain equalization, time domain 

windowing scheme, ICI self cancellation scheme, 

maximal likelihood estimation, extended kalman 

filtering etc. 

. 

III.METHODS TO REDUCE ICI 

. 

A. ICI Self- Cancellation Method 

 In ICI Self- Cancellation method, at the transmitter 

side, one data symbol is modulated onto a group of 

adjacent subcarriers with a group of weighting 

coefficients. The weighting coefficients are designed 

so that the ICI caused by the channel frequency 

errors can be minimized. At the receiver side, by 

linearly combining the received signals on these 

subcarriers with proposed coefficients, the residual 

ICI contained in the received signals can then be 

further reduced. This method is suitable for 

multipath fading channels.  

B. Maximal Likelihood Estimation : 

 This method was suggested by Moose. This method 

estimates the frequency offset and cancels this offset 

at the receiver. In this technique, an OFDM symbol 

stream of N symbols is replicated such that the 

duplicate symbols are N positions apart in the 

symbol stream. These symbols are then modulated 

using a 2N-point inverse fast Fourier transform. At 

the receiver, the first set of N symbols are 

demodulated using an N-point fast Fourier transform 

to yield the sequence 𝑌1𝑘 , and the second set is 

demodulated with another N-point FFT to yield the 

sequence 𝑌2𝑘 . The frequency offset is the phase 

difference between 𝑌1𝑘  and𝑌2𝑘 , that is, 𝑌2𝑘 =

𝑌1𝑘𝑒
𝑗2𝜋 . 

Once the frequency offset is known, the ICI 

distortion in the data symbols can be reduced by 

multiplying received symbols with a complex 

conjugate of the frequency shift.  

C. Extended Kalman Filter : The Extended Kalman 

Filtering (EKF) technique is another method to 

estimate the frequency offset in the received signal. 

The received symbols are 

𝑌 𝑛 = 𝑋 𝑛 . 𝑒
𝑗2𝜋𝑛 ′𝜀(𝑛)

𝑁 +𝑊(𝑛)                           (2) 

There are two stages in the EKF scheme to mitigate 

the ICI effect: the offset estimation scheme and the 

offset correction scheme. 

D. Time Domain Window Method: When the signal is 

transmitted in a band limited channel, certain 

portion of the signal spectrum will be cut off, which 

will cause ICI occurrence. To overcome the 

interference the spectrum of the signal wave form 

need to be more concentrated. This is achieved by 

windowing the signal. Windowing is the process of 

multiplying a suitable function to the transmitted 

signal wave form. The same window is used in the 

receiver side to get back the original signal. The 
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time domain window method reduces the ICI caused 

by band limited channel but this is not major source 

of   ICI. This method introduces the problem of 

noise enhancement.  

E. Frequency Domain Equalization: frequency 

domain equalization process is used for reduction of 

ICI by using suitable equalization techniques. This 

technique can only reduce the ICI caused by fading 

distortion which is not the major source of ICI. This 

method is only suitable for flat fading channels, but 

not in wireless communication channels that are 

frequency selective fading in nature because of 

multipath components.  

F.Channel estimation Techniques: The channel 

estimation can be performed by either inserting pilot 

tones into all of the subcarriers of OFDM symbols with 

a specific period or inserting pilot tones into each 

OFDM symbol. The first one, block type pilot channel 

estimation, has been developed under the assumption of 

slow fading channel. The Second one is Comb-type 

pilot channel estimation. In this type, every OFDM 

symbol has pilot tones at the periodically-located 

subcarriers, which are used for a frequency-domain 

interpolation to estimate the channel along the 

frequency axis. And third one is Lattice Type in which 

pilot tones are inserted along both the time and 

frequency axes with given periods. The pilot tones 

scattered in both time and frequency axes facilitate 

time/frequency-domain interpolations for channel 

estimation. 

G. Training Symbol-Based Channel Estimation 

Training symbols can be used for channel estimation, 

usually providing a good performance. However, their 

transmission efficiencies are reduced due to the 

required overhead of training symbols such as preamble 

or pilot tones that are transmitted in addition to data 

symbols. The least-square (LS) and minimum-mean-

square-error (MMSE) techniques are widely used for 

channel estimation when training symbols are available 

          H.  DFT-Based Channel Estimation 

The DFT-based channel estimation technique has been 

derived to improve the performance of LS or MMSE 

channel estimation by eliminating the effect of noise 

outside the maximum channel delay. Figure 2 shows a 

block diagram of DFT-based channel estimation. The 

DFT-based channel estimation technique has been 

derived to improve the performance of LS or MMSE 

channel estimation by eliminating the effect of noise 

outside the maximum channel delay. 

 

 

                                                    Fig.2 

IV. CONCLUSIONS 

 In this paper we investigate the ICI   in OFDM by 

various method. The self cancellation method is simple 

method to reduce ICI, Extended Kalman Filtering is 

does not reduce bandwidth as in self –cancellation 

method. The time domains and frequency domains 

methods are used to reduce ICI. The further work can 

be done by extending the concept of self-cancellation 

and by performing the simulation to investigate the 

performance of these  ICI cancellation schemes in 

multipath fading. 
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