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Abstract 
 
OFDM is excellent performance for promising broadband 
communication systems. Spectrum OFDM has high data rate 
transmission capability with high bandwidth efficiency which makes 
OFDM robust to multipath fading. But one of the major weakness of 
Orthogonal Frequency Division Multiplexing (OFDM) is Inter Carrier 
Interference (ICI). And this ICI cause BER performance degradation. 
To overcome this weakness Various techniques have been proposed by 
various authors including Time Domain Windowing, Frequency 
Domain Equalization, Maximum Likelihood Estimation (MLE) , 
Extended kalman filtering (EKF) and ICI self cancellation technique, 
Data Conjugate ICI Self Cancellation. In this paper three ICI reduction 
techniques such as Extended kalman filtering (EKF) and ICI self 
cancellation, Data Conjugate ICI Self Cancellation has been compared 
on the basis of BER performance. 
 
Keywords: ICI ,OFDM, EKF,MLE. 

 
1. Introduction 
OFDM is an outstanding performance for promising broadband communication 
systems such as digital audio broadcasting (DAB), high-definition television (HDTV), 
wireless local area network (IEEE 802.11a and HIPERLAN/2). OFDM is promising as 
the supreme modulation scheme that encodes the digital data on numerous carrier 
frequencies [1]. And their subcarrier is compactly spaced and overlap with each other, 
due to this overlapping spectrum OFDM has high data rate transmission capability 
with high bandwidth efficiency which makes OFDM robust to multipath fading. 
OFDM is very supreme case of multi-carrier modulation. The basic theory of OFDM is 
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that, dividing the single signal which is of high data rate into numerous signals which 
is of low data rate and modulate each of these new low data rate signal with orthogonal 
frequency channel or subcarrier and at the receiver end, they are combined to generate 
the original signal. But one of the major weaknesses of OFDM system is loss of 
orthogonality. The causes of loss of orthogonality and amplitude reduction of OFDM 
signal lead to ICI, because OFDM system is very sensitive to carrier frequency offset 
(CFO), this ICI destroy the orthogonality of the spectrum and signal can’t be received 
without interference. To overcome this weakness Various techniques have been 
proposed by various authors including Time Domain Windowing, Frequency Domain 
Equalization, Maximum Likelihood Estimation (MLE) , Extended kalman filtering 
(EKF) and ICI self cancellation technique, Data Conjugate ICI Self Cancellation. This 
paper provides the BER comparison of three ICI reduction techniques such as 
Extended kalman filtering (EKF), ICI self cancellation, Data Conjugate ICI Self 
Cancellation scheme. 
 
2. OFDM System Model & Analysis of ICI 
A basic OFDM system contains modulation scheme, serial to parallel transmission, 
parallel to serial transmission and IFFT/FFT [5]. Fig.1, illustrate the block diagram of 
OFDM system. The input data stream is converted into parallel data Stream and 
mapped with modulation scheme. Then the symbols are mapped with Inverse Fast 
Fourier Transform (IFFT) and converted to serial stream. The complete OFDM symbol 
is transmitted through the channel 

 
Fig. 1: Block Diagram of FFT Based OFDM System. 

 
Therefore OFDM symbol can be expressed as 

ሺ݊ሻݔ ൌ ଵ
ே

∑ ܺሺ݉ሻ݁௝ଶగ௡௠ ே⁄௡ିଵ
௠ୀ଴ ............................................... . (1) 

Where x (n) denotes the sample of the OFDM signal, X (m) denotes the modulated 
symbol within subcarrier and N is the number of subcarriers..  

The received symbol stream is given by 
ሺ݊ሻݕ ൌ ሺ݊ሻ݁௝ଶగ௡ఌݔ ே⁄ ൅  ሺ݊ሻ............................ ....................... (2)ݓ
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Where ߝ represents the normalized frequency offset, that is ߝ ൌ ∆݂ ሺ1 ܰܶሻ ⁄⁄ where 
∆݂ is the frequency difference between the transmitter and the receiver, and NT 
denotes the interval of an FFT, w(n) is the AWGN introduced in the channel and T is 
the subcarrier symbol period. The effect of the channel frequency offset on the 
received symbol stream can be understood by considering the received symbol Y (K) 
on the ܭ௧௛ sub-carrier. In an OFDM communication system, assume is channel 
frequency offset, the received signal on subcarrier k can be written as 

ܻሺܭሻ ൌ ܺሺܭሻܵሺ0ሻ ൅ ∑ ܺሺ݈ሻܵሺ݈ െ ሻܭ ൅ ݊௄
ேିଵ
௟ୀ଴,௟ஷ௄ ........... .... (3) 

ܭ ൌ 0,2 … … … … … ܰ െ2 
Where w (m) corresponds to the FFT of the samples of the w (n).Where N is the 

total number of the subcarriers ܺሺܭሻ denotes the transmitted ݊௄ symbol is an additive 
noise sample. ܵሺ݈ െ  ሻ Is the complex coefficient for the ICI components in theܭ
received signal. The sequence ܵሺ݈ െ  ሻ is defined as the ICI coefficient between ݈௧௛ܭ
and ܭ௧௛ subcarriers, which can be expressed as 

 

ܵሺ݈ െ ሻܭ ൌ ୱ୧୬ሺగሺଵାఌି௄ሻሻ

ே ୱ୧୬ሺഏሺభశഄష಼ሻ
ಿ ሻ

expሺ݆ߨሺെ 1 ܰሻሺ1 ൅ ߝ െ ⁄ሻܭ  (4) 

 
The first term in the right-hand side of (3) represents the desired signal. The second 

term is the ICI components.  
 

3. ICI Self Cancellation Scheme 
ICI Cancelling Modulation The main concept of this scheme is to modulate the input 
data symbol onto a group of subcarriers with predefined coefficients such that the 
generated ICI signals within that group cancel each other, hence the name self- 
cancellation 

The ICI self-cancellation scheme requires that the transmitted signals be 
constrained such that 

ሺ1ሻݔ ൌ െݔሺ0ሻ, ሺ3ሻݔ ൌ െݔሺ2ሻ. . ሺܰݔ െ 1ሻ ൌ െݔሺܰ െ 2ሻ ......... (5) 
Then the received signal on subcarrier k becomes 
 

ܻ′ሺܭሻ ൌ ∑ ሺ݈ሻሾܵሺ݈ݔ െ ሻܭ െ ܵሺ݈ ൅ 1 െ ሻሿ݊௞ܭ
ேିଶ

௟ୀ଴
௟ୀ௘௡௘௡

.. .......... (6) 

Similarly the received signal on subcarrier k+1 becomes 
 

ܻ′ሺܭሻ ൌ ∑ ሺ݈ሻሾܵሺ݈ݔ െ ܭ െ 1ሻ െ ܵሺ݈ െ ሻሿ݊௞ାଵܭ
ேିଶ

௟ୀ଴
௟ୀ௘௡௘௡

. (7) 

At the demodulator he received signal at the ሺܭ ൅ 1ሻ௧௛ subcarrier, where K is even 
is subtracted from the ܭ௧௛ subcarrier. This is expressed mathematically as 

 
ܻ′′ሺܭሻ ൌ ܻ′ሺܭሻ െ ܻ′ሺܭ ൅ 1ሻ 

∑ ሺ݈ሻሾെܵሺ݈ݔ െ ܭ െ 1ሻ ൅ 2ܵሺ݈ െ ሻܭ െ ܵሺ݈ െ ܭ ൅ 1ሻሿ ൅ ݊௞
ேିଶ

௟ୀ଴
௟ୀ௘௩௘௡

െ ݊௞ାଵ (8) 
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Subsequently, the ICI coefficients for this received signal becomes 
ܵᇱᇱሺ݈ െ ሻܭ ൌ െܵሺ݈ െ ܭ െ 1ሻ ൅ 2ܵሺ݈ െ ሻܭ െ ܵሺ݈ െ ܭ ൅ 1  (9) 

 
4. Extended Kalman Filter ICI Cancellation Scheme 
The Kalman filter is a very powerful recursive estimation algorithm. As a recursive 
filter, it is mainly useful to non-stationary method such as signals transmitted in a time-
variant radio channel. In estimating non-stationary processes, the Kalman filter 
computes estimates of its own performance as part of the recursion and use this 
information to update the estimate at each step. Therefore, the estimation procedure is 
adjusted to the time-variant statistical characteristics of the random process. 

There are two stages in the EKF scheme to mitigate the ICI effect: the offset 
estimation scheme and the offset correction scheme. 

 
4.1. Offset Estimation Scheme 
To estimate the quantity ߝሺ݊ሻ using an EKF in each OFDM frame, the state equation is 
built as 

In this case we are estimating an unknown constant ߝ .This constant is distorted by 
a non-stationary process x (n), an observation of which is the preamble symbols 
preceding the data symbols in the frame. The observation equation is 

ሺ݊ሻݕ ൌ ሺ݊ሻ݁ݔ
ೕమഏ೙ᇲഄሺ೙ሻ

ಿ ൅  ሺ݊ሻ………………………………… (10)ݓ
 
where y(n) denotes the received preamble symbols distorted in the channel, w(n) 

the AWGN, and x(n) the IFFT of the preambles X(k) that are transmitted, which are 
known at the receiver. Assume there are ௣ܰ  preambles preceding the data symbols in 
each frame are used as a training sequence and the variance ߪଶ the AWGN w (n) is 
stationary. The computation procedure is described as follows. 
 

1. Initialize the estimate ̂ߝሺ݊ሻ and corresponding state error P (0) 
2. Compute the H (n), the derivative of y (n) with respect to ߝሺ݊ሻ at ̂ߝሺ݊ െ 1ሻ , the 

estimate obtained in the previous iteration 
3. Compute the time-varying Kalman gain K (n) using the error variance P (n-1), 

H(n), and , ߪଶ 
4. Compute the estimate ݕොሺ݊ሻ using x (n) and ̂ߝሺ݊ െ 1ሻ 
5. Update the estimate ̂ߝሺ݊ሻ by adding the K (n)-weighted error between the 

observation y (n) and ݕොሺ݊ሻ to the previous estimation ̂ߝሺ݊ െ 1ሻ .  
6. Compute the state error P (n) with the Kalman gain K(n), H(n), and the 

previous error P(n-1).  
7. If n is less than ௣ܰ increment n by 1 and go to step 2; otherwise stop.  
 
It is observed that the actual errors of the estimation ̂ߝሺ݊ሻ from the ideal value ߝሺ݊ሻ 

are computed in each step and are used for adjustment of estimation in the next step.  
4.2. Offset Correction Scheme 
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The ICI distortion in the data symbols x (n) that follow the training sequence can then 
be mitigated by multiplying the received data symbols y(n) with a complex conjugate 
of the estimated frequency offset and applying FFT, i.e. 

 

ොሺ݊ሻݔ ൌ ܶܨܨ ൜ݕሺ݊ሻ݁ି௝మഏ೙ᇲഄො
ಿ ൠ… .(11) 

 
As the estimation of the frequency offset by the EKF ICI cancellation scheme is 

pretty efficient and accurate, it is expected that the performance will be mainly 
influenced by the variation of the AWGN 

 
5. Data Conjugate ICI Self Cancellation Scheme 
In the data-conjugate scheme, subcarrier signals are remapped in the form of ݔᇱሺ݇ሻ ൌ
,ሺ݇ሻݔ ᇱሺ݇ݔ ൅ 1ሻ ൌ െכݔሺ݇ሻ for k=0, 2,4...N-2 Where ݔሺ݇ ሻ is the information data to 
the subcarrier before modified ICI cancelling modulation and െכݔሺ݇ሻ is the 
information data to the subcarrier after modified ICI cancelling modulation. At the 
receiver end the original data can be recovered by multiplying ‘-1’ to the received 
signal at the (k+1) subcarrier and then added to the one at the ‘k’ subcarrier. 
That is 

ܻᇱᇱሺ݇ሻ ൌ ܻᇱሺ݇ሻ ൅ ሺെܻכሺ݇ ൅ 1ሻሻ…  (12) 
 

6. Simulation Result 
BER performance curve is used to examine the performance of the ICI Self 
Cancellation schemes. For simulation MATLAB was employed with its 
communication toolbox. And the simulations were performed using an AWGN 
channel. 

 

 
Fig. 2: BER performance of Standard OFDM system, ICI Self Cancellation Scheme, 

EKF ICI Cancellation scheme and Data conjugate ICI cancellation Scheme. 
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6.1 Discussion 
Hence from the figure we can see that the BER reduces significantly for the proposed 
(Data conjugate ICI self cancellation) scheme in comparison to the ICI Self 
cancellation scheme and Extended Kalman Filtering ICI cancellation scheme, at the 
low SNR. And at the high SNR the BER of Data Conjugate ICI self cancellation 
scheme is almost zero. 

 
7. Conclusion 
This paper studies the various ICI self-cancellation schemes to cancel the effect of ICI 
caused by frequency offset in OFDM systems. Simulation results shows that BER 
performance of Extended Kalman Filtering ICI Cancellation Scheme is Better than the 
BER performance of standard OFDM system without ICI cancellation, and BER 
performance of ICI self cancellation is even better than the BER performance of 
Extended Kalman Filtering ICI Cancellation Scheme and BER performance of Data 
Conjugate ICI Self Cancellation is much better than the BER performance of the ICI 
self cancellation Scheme. 

 
References 

 
[1] Ghassan M. T. Abdalla, “Orthogonal Frequency Division Multiplexing 

Theory and Challenges”, UofKEJ ,Vol. 1, Issue 2, pp. 1-8, (October 2011). 
[2] T. Wang, J. G. Proakis, E. Masry, and J. R. Zeidler, “Performance 

Degradation of OFDM Systems Due to Doppler Spreading”,IEEE 
Transactions on Wireless Communications, vol. 5, pp. 1422-1432, June 2006. 

[3] R.Kumar, S.Malarvizhi, “Time Domain Equalization Technique for 
Intercarrier Carrier Interference Suppression in OFDM System”, Information 
Technology Journal, ANSINET, Vol 7(1), PP.149-154,1-jan-2008. 

[4] Yin-Ray Huang1, Carrson C, “Frequency Domain Equalization for OFDM 
Systems with Insufficient Guard Interval using null subcarriers”,17th European 
Signal Processing Conference (EUSIPCO 2009) Glasgow, Scotland, August 
24-28, 2009. 

[5] L.uca Rugini “BER of OFDM system impaired by carrier frequency offset in 
multipath fading channels”,IEEE transaction on wireless communication 
,vol.4.no.5,September 2005. 

[6] B.Sathish Kumar,K.R.Shankar Kumar,“An Efficient Inter Carrier Interference 
Cancellation Schemes for OFDM Systems”,(IJCSIS) International Journal of 
Computer Science and Information Security, Vol. 6, No. 3, 2009. 

[7] M. Palanivelan, Sheila Anand “PAPR and ICI Reduction in OFDM Systems 
using Modified Raised Cosine Power Pulse Shape”. European Journal of 
Scientific Research Vol.72, No.4 (2012), pp. 618-627. 

[8] Srabani Mohapatra, Susmita Das,“PerformanceEnhancement of OFDM 
System with ICI Reduction Technique”,Proceedings of the World Congress on 
Engineering, Vol.1, July 1 - 3, 2009, London, U.K. 



Comparison of ICI Cancellation Schemes for BER Performance Improvement 443 

 

[9] Hen-Geul Yeh,“A scheme for cancelling ICI transmission in multicarrier 
communication system,” IEEE transaction on wireless communication, 
vol.6,Issue.1,jnuary 2007. 

[10] Shruti M. Kallurwar, Rahila Patel ,“An Experimental Study to Reduce the 
Effect of ICI in OFDM Based WLAN System”,IJCST, Vol. 3, Issue 1, Jan. - 
March 2012. 

[11] Haitham J. Taha, M.F.M. Salle, “ICI Self-Cancellation for FFT-OFDM 
System”, Australian Journal of Basic and Applied Sciences, 4(11): 5621- 
5629, 2010. 

[12] K.Prasad, K.Ramudu ,“Compensation of Inter Carrier Interference in OFDM 
Systems by using Self ICI cancellation Scheme”, IJART, Vol. 2, Issue 3, 
2012.  

[13] Megha Gupta, Prof. Rajesh Nema, Dr. Ravi Shankar, “ Bit Error Rate 
Performance in OFDM System Using MMSE & MLSE Equalizer Over 
Rayleigh Fading Channel Through The BPSK, QPSK,4 QAM & 16 QAM 
Modulation Technique”, Journal of Engineering Research and Applications 
(IJERA), vol.1,Issue 3,pp.1005-1011. 

[14] Heung-Gyoon Ryu, “An improved ICI reduction method in OFDM 
communication systemise Transitions on broadcasting ,vol.51,no.3,September. 

[15] Wen-Sheng Hou and Bor-Sen Chen ,“ICI cancellation for OFDM 
communication system in time-varying multipath fading channels”,IEEE 
transction on wireless communication ,vol.4,no.5,september 2005. 

[16] Fan JunLe,Hu Yongjiang,Chen ZiLi”A new ICI self-cancellation method with 
Double bandwidth efficiency in OFDM system.” International conference on 
communication and mobile computing,2010. 

[17] Mitalee Agrawal ,Yuddhishthir Raut, “Evaluating the impact of guard period 
on the performance of MIMO-OFDM system” ,International journal of engg. 
Research and pplicaation,vol.1,issue 4,pp.2105-2110. 

[18] R. Kumr, Dr. S. Malarvizhi , “Reductionof of intercarrierinterference in 
OFDM system”. 

[19] Xiang Liu and Hnzo ,“Exct BER analysis of OFDM system communicating 
over frequency-elective fading channel subjected to carrier frequency offset”. 

[20] R.Suknesh,R.Sundarguru ,“ICI Reduction in OFDM system by using phase 
factor optimization technique”, European Journal of Scientific Research ,Vol 
.52,no.3(2011),pp.280-286. 

 
 
 
 
 
 
 
 



Sonika Chouhan & Deepak Sharma 

 

444

 
 
 
 
 
 
 
 
 
 


