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Abstract
OFDM (Orthogonal Frequency Division Multiplexing) is an 
anticipating nominee for attaining high data rates in mobile 
environment. In multicarrier modulation the orthogonality 
between closely spaced subcarrier is necessary in order to 
overcome inter-carrier interference (ICI).This ICI reduces the 
bit error rate (BER) performance of the system. In this paper a 
bandwidth efficient algorithm for self-ICI cancellation scheme is 
discussed to improve the system performance. In this paper the 
performance analysis of several FFT algorithms such as Radix 
2, split radix are presented and compared for BER performance 
of OFDM system. Bandwidth efficient radix-2 and split radix ICI 
cancellation algorithm gives 3.5dB to 5dB improvement in SNR 
than present schemes.
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I. Introduction
In wideband wireless and multimedia communication systems 
OFDM is becoming the most popular multicarrier modulation 
technique. The demand for high speed wireless applications 
and limited RF signal bandwidth has incited the development 
of power and bandwidth efficient air interface schemes. OFDM 
can provide large data rates in wireless extremely hostile 
channels at a comparable low complexity. OFDM is a digital 
modulation technique which multiplexes complex data symbols 
and transmits these symbols on multiple carriers that are nearly 
spaced in frequency and are orthogonal to each other. Standard 
OFDM utilize Inverse Fast Fourier Transform (IFFT) algorithm 
at transmitter and corresponding Fast Fourier Transform (FFT) 
algorithm at receiver as computing the Fourier transform with 
respect to a set of complex values result in an orthogonal 
data set. The IFFT is performed for each transmitted carrier 
to provide time domain representation of complex symbols 
generated by modulation schemes .The FFT algorithm is utilized 
at receiver to reverse the effect of IFFT and convert data into 
frequency domain .In frequency domain, equalization process is 
quite simplified.  Another advantage of OFDM modulation is that 
it can function successfully in frequency selective environment 
as channel response can be considered flat with respect to that 
carrier. In OFDM system two major problems are intercarrier 
interference and peak to average power ratio (PAPR). In this 
paper focus is on ICI caused by frequency offset which leads 
to loss of orthogonality [1].  There are several techniques to 
reduce ICI namely Equalization [2], Windowing technique [3], 
Self-cancellation technique [4].ICI self-cancellation scheme 
was introduced by Zhao and Häggman in order to combat and 
Suppress ICI in OFDM [4]. The main idea 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. 
This technique also categorized as adjacent data conversion 
[4], conjugate self cancellation, symmetric data conversion, 

symmetric data conjugate [5], and conjugate cancellation [6]. 
The major limitation of self-ICI cancellation scheme requires 
repetition of input data which reduces the bandwidth efficiency 
of normal OFDM system. To overcome these issue two parallel 
Discrete Fourier Transform (DFT) modules were proposed at 
transmitter side to reduce the sensitivity to frequency offset 
[7]. DFT based ICI self-cancellation schemes are bandwidth 
efficient [7-8] and performs well   at low   frequency offset.  In 
this paper the constriction of DFT based ICI self-cancellation 
scheme is ameliorated at high frequency offset. In section 
II discusses conventional OFDM system model. In Section III 
proposed models using different FFT butterfly algorithms is 
presented.  In section IV, simulation results and conclusion 
are analyzed.

II. OFDM System Model
In standard OFDM system model input data stream is modulated 
by M-QAM or M-PSK and mapped into symbols. The symbols are 
converted in parallel stream using serial to parallel converter 
(S/P). These parallel subcarriers are modulated by IFFT. This 
transform is used at OFDM transmitter side to map an input 
signal onto a set of orthogonal subcarriers or orthogonal basis 
functions of DFT. The transmitted signal in time domain after 
IFFT can be expressed as 

(1)
Where N is total number of OFDM subcarriers,  x(n) represents 
nth sample of OFDM transmitted signal,   represents  
modulated symbol for kth subcarrier for k=0,1..N-1. WN is 
complex valued phase factor or twiddle factor which is an 
Nth root of unity and can be expressed as . The 
received signal in time domain can be expressed as

                             (2)
Where is the normalized given by .  is the Doppler 
frequency offset shift and  is subcarrier symbol period.  
is AWGN noise introduced  in the channel. The received signal 
at kth subcarriers is given by

 
  , W (k) represents FFT of w (n).

A. Symmetric Data Conjugate Scheme (SCSR)
In symmetric data conjugate scheme, modulated 
data symbols are mapped on the subcarriers  as 

 , for k=0,1,…N/2-1.
The new data block having redundant data becomes 

At  receiver the symmetrical received samples are combined 
linearly. The resultant data sequence is used for making symbol 
decision and may be written as
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Albeit loss of 50% throughput, SCSR is a promising technique 
to for improving BER in OFDM system [5].

III. Proposed Algorithm
DFT based signal processing algorithms are widely used in 
many applications such as communications, signal processing, 
instrumentation, biomedical engineering. The basic idea of this 
approach is to decompose the N-point DFT into successively 
smaller DFT. Eventually, this approach leads to a family of highly 
efficient computation of FFT algorithm. Hence, this would reduce 
the number of multiplication and additions for complex data. 
The DFT based ICI cancellation approach is more bandwidth 
efficient as redundant data is not required in this scheme. 
However system complexity is increased due to additional signal 
processing at transmitter and receiver. 

A. Radix-2 butterfly FFT algorithm 
The OFDM model based on radix 2 discrete in frequency (DIF) 
FFT algorithm shown in Fig. 1. The radix-2 DIF FFT algorithm 
is obtained by decimating the output Frequency series into an 
even-indexed set 

Fig. 1: Radix-2 DIF-FFT based OFDM system model

  and an odd-indexed set 

further, Two half-size sub 
problems can be written as   

      

=

   

=         
      
From above equation two types of equations are obtained which 
depends on whether l is even or odd. X (l) is decomposed into 
even numbered sequence X (2r) and odd numbered sequence 
X(2r+1) where r=0,1…..,N/2-1 as

     

  

For convenience let us represent X(2r) as Z1(k) and X(2r+1) 
as Z2(k) ,then Z(k) is combined effect of Z1(k) and Z2(k).Then 
IFFT of Z(k) can be expressed as 

                                                  (6)                        
Due to frequency   offset introduced by channel the received 
signal can be expressed as            

                              (7)

The frequency domain signal after FFT can be written as 

    (8)

Y(k) is divided into two equal parts the even and odd numbered 
sequence as Y(2r) and Y(2r+1) as

       

     (9b)

Let Y(2r) is expressed as H1(r) and Y(2r+1) is as H2(r) and H(r) is 
combined effect of H1(r) and H2(r).

B. Split Radix FFT algorithm (SRFFT)
In split radix DIF FFT   a combination of radix-2 and radix-4 
algorithm is applied.FFT of length N is divided in three parts 
one smaller FFT of length N/2, two smaller of length N/2 [9] 
as shown in Fig. 3. The even-numbered samples of the N-point 
DFT is same as for radix-2 which is

for k=0,1,….N/2-1.
 

Fig. 2: Split Radix FFT Algorithms

By considering a radix-4 decimation-in-frequency FFT algorithm 
for the odd-numbered samples of the N-point DFT, we obtain 
the following N/4-point DFTs:
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  (10b) 

   (10c)        
for k=0,1,….N/4-1. The complexity of SRFFT is lower than Radix 
algorithm.

IV. Simulation Results
BER performance of proposed system is compared using 
Radix 2, Split Radix2/4 FFT algorithm in Fig. 3(a-c) at different 
frequency offset values. Simulations have been performed by 
considering system parameters as OFDM symbol length 64 
with 4-QAM modulation technique considering additive white 
Gaussian (AWGN) channel. Results of 200 OFDM symbols are 
averaged in simulations. Table 2 shows comparison of SNR 
performance for OFDM system at BER 10-2. BER comparison of 
SCSR, Radix-2 and split radix for normalized offset 0.3, 0.4 & 
0.5 is shown in Fig. 4 respectively. From Fig. 3(a) it was found 
that Radix-2 algorithm achieves  SNR gain of 0.5dB and 5dB 
over split Radix and SCSR technique at BER 10-2  respectively.  
Similarly, from Fig. 3(b-c) it was found that Radix-2 algorithm 
is most suitable for SNR improvement in OFDM system.

Table 2: (BER v/s Eb/No)
Frequency
offset 

SCSR
Scheme

Radix2FFT 
algorithm

Split 
radix FFT 
algorithm

0.3 12dB 7 dB 7.5dB
0.4 13.5dB 10dB 11dB
0.5 >25dB 20dB >25dB

V. Conclusion
The conventional ICI cancellation schemes are cited as rate 
half repetition coding which further reduces data throughput 
and are not spectrally efficient. The existing DFT-IDFT based 
ICI self-cancellation schemes are suitable for small values 
of normalized frequency ε<0.3. For large value of frequency 
offset the performance of system performance degrades. 
In this paper Radix-2 and split Radix based efficient signal 
processing technique is proposed. The proposed scheme 
further improves system performance even at high frequency 
offset ε>0.3 significantly.
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Fig. 3(a-c) : BER v/s Eb/No for ep 0.3,0.4, 0.5
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