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ABSTRACT
Orthogonal frequency division multiplexing (OFDM) is a technol-
ogy for high data rate broadband wireless communication system.
It provides high spectral efficiency. The main limitation which de-
grades the performance of OFDM is inter-carrier interference (ICI),
which is caused by Doppler frequency offset and transceiver local
oscillator frequency offset. To mitigate ICI effect, a new method of
ICI reduction using quadrature Kalman filter (QKF) is proposed
and investigated. In this paper, we compared proposed method
with pulse shaping and self-cancellation methods of ICI reduction
for different digital modulation scheme. For simulation purpose
AWGN channel is considered and results show that the proposed
method outperforms the existing ICI reduction methods.
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1. INTRODUCTION
In OFDM, the high data rate channel is divided into low data rate
sub-channels. These sub-channels are modulated on different sub-
carriers (SCs). Due to low data rate, the bandwidth of each sub-
channels is less than the coherence bandwidth of channel. Hence,
each sub-channels experience flat fading and leads to receiver de-
sign simple [1]-[2].

In presence of frequency offset between transceiver oscillator or
Doppler frequency shift, the orthogonality between SCs is lost and
causes ICI. ICI degrades the performance of OFDM, so ICI is the
main issue of OFDM. Many methods have been proposed to miti-
gate the ICI in literature, including self - cancellation [3]-[5], pulse
shaping [6]-[7] etc.

In this paper, a new method of ICI reduction using QKF is proposed
to mitigate the effect of ICI in OFDM system. This method is based
on estimation and correction of frequency offset. QKF [8] linearize
the estimate process and measurement function using statistical lin-
ear regression (SLR) through a set of Gauss - Hermite quadrature
points.

The rest of paper is organised as follows. Section 2 describes the
ICI analysis and brief review of pulse shaping and self-cancellation
techniques of ICI mitigation . In section 3, proposed method is in-

vestigated. Simulation results are discussed in section 4 and finally
conclude the paper in section 5.

2. ANALYSIS OF ICI IN OFDM
The OFDM system model and ICI analysis followed the same tech-
nique as in [9]. In base-band system of OFDM model, the time-
domain transmitted signal is given by:

x(n) =
1

N

N−1∑
k=0

X(k)ej2πkn/N (1)

where x(n) denotes the nth sample of transmitted signal,X(k) de-
notes the modulated symbol in kth subcarrier andN is total number
of subcarriers.

The received signal in time-domain is given by:

y(n) = x(n)ej2πnε/N + w(n) (2)

where ε(∆fT ) is normalized frequency offset, ∆f is the Doppler
frequency shift and T denotes the OFDM symbol period. w(n) is
additive white Gaussian noise.

The received signal at the kth subcarrier is given by:

Y (k) =
∑N−1

l=0
y(n)e−j2πkn/N

= X(k)S(0) +

N−1∑
l=0,l 6=k

X(l)S(l − k) +W (k) (3)

The desired carrier signal and ICI signal is given by first and sec-
ond term of (3) respectively, W (k) is the FFT of w(n). The ICI
components are the interfering signals other than the kth subcarrier
signal. S(l−k) are complex coefficients for the ICI components in
received signal and expressed as:

S(l − k) =
sin(π(l+ ε− k))

Nsin(π(l+ ε− k)/N)
ejπ(1−1/N)(l+ε−k) (4)

The number of subcarriers N affects little to ICI total power.

Many methods have been proposed to mitigate the ICI effect
like pulse shaping, self-cancellation etc. In OFDM spectrum the
subcarriers consist of a main lobe followed by reducing ampli-
tude side lobes. When orthogonality is loss between sub-carriers
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due to frequency offset, these side lobes interfere the main lobe
and causes ICI [10]. So the main purpose of pulse shaping is
to reduce the amplitude of side lobes and hence reduce the ICI
power. Improved sinc power pulse (ISP) [7] is proposed, in which
exp(−a(fT )2)sincn(fT ) is used to reduce the amplitude of side
lobes. Here a is a design parameter to adjust the amplitude and n is
the degree of the sinc function.

In self-cancellation, one data symbol is modulated onto next ad-
jacent subcarrier with predefined weighting coefficients. A new
scheme of ICI self-cancellation is proposed [5], in which the
symbol allocation is given as X

′
(k) = X(k),X

′
(k + 1) =

e−jπ/2X∗(k) (where X∗(k) is the conjugate of X(k)). It means
the data symbol modulated at (k+ 1)th subcarrier is phase rotated
by −π/2 of the conjugate of the data symbol modulated at kth
subcarrier.

3. PROPOSED METHOD OF ICI MITIGATION
The proposed method of ICI mitigation is based on estimation and
correction of frequency offset. In this paper, a new QKF algorithm
presented in [8] is used for estimation and correction purpose. This
new QKF is simplified version of QKF of Ito and Xiong [11]. Ito
and Xiong QKF views filtering problem from numerical integration
perspective where as New QKF uses statistical linear regression
(SLR) to linearise a non-linear function through a set of Gauss Her-
mite quadrature points. Calculation of m quadrature points are
given in [8] and expressed as: Suppose J is a symmetric tridiag-
onal matrix with zero diagonal elements Ji,i+1 =

√
i/2, 1 ≤

i ≤ (m − 1) Then calculate the quadrature points xi, where xi is
the i-th eigenvalue of J ; and the corresponding weight ωi = (νi)

2
1,

where (νi)1 is the first element of the i-th normalized eigenvector
of J .

In proposed method, one preamble is sent before transmitting the
data information and it is known to both transmitter and receiver.
The non-linear function f(n) can be expressed as: f(n) = y(n)

x(n)

It can also be expressed as :

f(n) = ej2πnε/N + w(n)/x(n) (5)

The QKF algorithm computes both time update and measurement
update steps at each time. The steps of time update and measure-
ment update is given in [8] as:

3.1 Time Update Steps

(1) Assume at time n, the posterior density function
N(ε̂n−1|n−1, Pn−1|n−1) is known. Factorize Pn−1|n−1 =√
Pn−1|n−1(

√
Pn−1|n−1)∗ where ε̂n−1|n−1 and Pn−1|n−1 is

the mean and covariance of posterior density function.

(2) Evaluate the quadrature points as: εl,n−1|n−1 =√
Pn−1|n−1ξl + ε̂n−1|n−1 where ξl =

√
2xl with weights ωl.

(3) Evaluate the propagated quadrature points as: ε
′
l,n|n−1 =

f(εl,n−1|n−1, n− 1) where f(.) is the process function.

(4) Estimate the predicted state: ε̂n|n−1 =
∑m

l=1
ωlε

′
l,n|n−1

(5) Estimate the predicted error covariance: Pn|n−1 =∑m

l=1
ωlε

′
l,n|n−1ε

′∗
l,n|n−1 − ε̂n|n−1ε̂∗n|n−1 + Qn where Qn is

the covariance of process noise.

Fig. 1. BER vs Eb/No for ε = 0.15 under BPSK mapping

3.2 Measurement Update Steps

(1) Factorize Pn|n−1 =
√
Pn|n−1(

√
Pn|n−1)∗

(2) Evaluate the quadrature points as: εl,n|n−1 =
√
Pn|n−1ξl +

ε̂n|n−1
(3) Evaluate the propagated quadrature points as: Zl,n|n−1 =

h(εl,n|n−1, n) where h(.) is the measurement function.
(4) Estimate the predicted measurement: ẑn|n−1 =∑m

l=1
ωlZl,n|n−1

(5) Estimate the innovation covariance: Pzz,n|n−1 = Rn +∑m

l=1
ωlZl,n|n−1Z

∗
l,n|n−1− ẑn|n−1ẑ∗n|n−1 whereRn is the co-

variance of measurement noise.
(6) Estimate the cross covariance: Pxz,n|n−1 =∑m

l=1
ωlεl,n|n−1Z

∗
l,n|n−1 − ε̂n|n−1ẑ∗n|n−1

(7) Estimate the Kalman gain: Wn = Pxz,n|n−1P
∗
zz,n|n−1

(8) Estimate the updated state: ε̂n|n = ε̂n|n−1 +Wn(zn− ẑn|n−1)

(9) Estimate the corresponding error covariance: Pn|n = Pn|n−1−
WnPzz,n|n−1W

∗
n

where (.)∗ is the conjugate of (.). Using the above steps of time
update and measurement update, ε is estimated and the effect of
ICI in OFDM is effectively eliminated by the compensation of ε̂ at
the receiver.

4. RESULTS AND DISCUSSION
In this section, the performance of proposed method with con-
ventional ICI mitigation method like pulse shaping and self-
cancellation in AWGN channel for BPSK and QPSK modulation
are compared. We have takenN = 64,Np(preamble) = 128 for sim-
ulation and assumed that throughout the transmitting of one block
of data ε is constant. For each block of data, time update steps ex-
ecute one time and measurement update steps execute Np times.
Three quadrature points via ξ1 = −

√
3, ξ2 = 0 and ξ3 =

√
3, and

their corresponding weights, ω1 = 1/6, ω2 = 2/3 and ω3 = 1/6 re-
spectively (e.g.,see [12] ) are taken.

Figs.1-4 show that as normalised frequency offset increases, the
performance of conventional methods of ICI mitigation degrades,
it means these methods required large Eb/No for same BER as ε
increases, so conventional methods are highly sensitive to small

30



International Journal of Computer Applications (0975 - 8887)
Volume 77 - No. 6, September 2013

Fig. 2. BER vs Eb/No for ε = 0.3 under BPSK mapping

Fig. 3. BER vs Eb/No for ε = 0.15 under QPSK mapping

Fig. 4. BER vs Eb/No for ε = 0.3 under QPSK mapping

change in ε. But the proposed method is less sensetive or insensitive
to change in ε.

5. CONCLUSION
In this paper, a new method of ICI cancellation using QKF has
proposed. This method is based on estimation of ε and cancel the
effect of ICI by compensation of ε̂ at the receiver. It is also less
sensitive to change in frequency offset and it outperforms the other
ICI cancellation methods as results show. It achieves better BER
performance irrespective of ε.
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