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Abstract
Carrier frequency offset is the major problem aisged with OFDM systems as it causes the loss thiogonality
of sub-carriers & hence results into Inter Carhigerference (ICl). So, the minimization of (IG¢)one of the most
important challenges for OFDM system developersnyossible methods exist to minimize/remove 1Cioughe
maximum extent. The aim of this paper is to focustlee use of Kalman Filter for ICI cancellation @FDM
system. This paper also shows the simulation resuwler specified parameters & thus investigatepdatéormance
in reducing ICI.
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I ntroduction

The word OFDM stands for Orthogonal Frequency Theory

Division Multiplexing. It is a bandwidth efficient 1. Different possible waysto minimizelCl:
signaling scheme for digital communication in which

the input bit stream is modulated in parallel on a There are many ways to eradicate the problem of ICI

number of sub-carriers which are orthogonal to each Some of them can be named as:
other. Relation of orthogonality is the prime faatof * Pulse shaping

OFDM sub-carriers. OFDM based systems are an » Frequency domain equalization
example of multicarrier systems which are extergive +  Time domain windowing

employed in applications such as Tellurian Digital e |Cl self cancellation

Video Broadcasting (DVB-T), Digital Audio «  Extended Kalman Filtering etc.

Broadcasting (DAB), IEEE 802.1la standard for Qut of the above one of the important methods isghe
wireless Local Area Network (WLAN) etc. One of the taken into consideration for further exploratiorhis™

major limitations of OFDM systems is that they are method is ICI reduction via Extended Kalman Fileri
very sensitive to frequency offsets. This give® ris (EKF).

Inter Carrier Interference (ICI).Since OFDM systems 12
ensure the existence of multicarrier hence they are L
prone to frequent Inter Carrier Interference (ICl).
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Fig: Sub-carries spacing in OFDM system with I1CI
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Extended Kalman Filter ICI Cancellation Approach
As it is a well known fact that in OFDM systems ICI
generally occurs due to the small differences ofiea
frequencies at transmitter & receiver. These diffiees
of frequencies are commonly termed agqgdiency
offsets.

Kalman filters are very common in the field of

ISSN: 2277-5528

z(m)=fr(e(n=1))d(m)+w(n)

This shows that z(n) are linearly related.
Now considering the certain assumptions true [I6¢; t
state equation to approximate the offset can be as

g(m=&(n-1)

engineering especially termed in communications and

signal processing technigques. The Kalman filtears
outstandingly  versatile and potent
approximation  algorithm that has

antenna arrays,

The pseudo (code for EKF) of computation can be
recursive diven with state error

enormous
applications in communications, such as adaptive
adaptive equalization of fading

p(m)=[l=k(m)H)]p(n-1)

dispersive channels, and adaptive equalization of &

telephone channels.

As a recursive filter, it is particularly applicato non-
stationary processes such as signals transmitteal in
time-variant radio channel. In approximating non-

22D 2T | o s - b
stationary processes, the Kalman filter computes & gln)=eln—1)+Rey k(1) v(n)—x(n)e
approximates its own performance as part of the | L

recursion and use this information to update the

approximate at each step. Therefore, the approkimat
procedure is adjusted to the time-variant statibtic
characteristics of the random process.

A state —space model of discreet Kalman filter is

defined as
z(n) = a(n).d(n) + v(n)
In this model, the observatioz(n) has a linear
relationship with the desired valuién) . By using the
discrete Kalman filter,d(n) can be recursively
estimated based on the observationz@f) and the
updated estimation in each recursion is optimurtién
minimum mean square sense.
. 2mn's(n)

vim=x(me ¥ +w(n)

it can also be V\{ritten as:
v(n)=f(g(n))+win)

2’ s(n)
Where f(g(”:]:]:j;(n:lej N

from taylor series expansion

update approximate

=

On applying offset correction scheme[5][6],
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Results

The Matlab simulation results of EKF ICI cancelbetti

approach under the following parameters are shown b
figures given below:
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Parameters Specifications
FFT Size 64
Preamble size 256
Sub-carriers size 512
Signal BPSK,QPSK
constellation
No. of OFDM 256
frames

The extended Kalman filter (EKF) method for
approximation and cancellation of the frequencgetff

for OFDM system results shows that this method does

v(n) = fI:E:"I:P -1))+ f {é‘{n —1))[&(n) —E:"t:f! retlrgdkae(Bandwidth efficiency as the frequendyef

wheree"(n-1) is the approximation @fn-1).
Define

z(m)=y(n) - f(E(n-1))
dn)=emn)—&(n-1)

& following relationship

can be approximated from the preamble of the data
For high frequency

sequence in each OFDM frame.
offset the Kalman filter does perform extremely wk|
gives a significant boost to performance. Significa

gains in performance can be achieved using the EKF

method for a large frequency offset. This is attiéal
to the fact that EKF method approximate the fregyen
offset very accurately and cancel the offset ushig
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Fig: BER performance of OFDM system with EKF
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