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Abstract— This paper presents a bandwidth efficient
self-cancellation scheme for interchannel interference
(ICI) in OFDM transmission systems. Conventional self-
cancellation schemes provide an excellent cancellation
capability of ICI for relatively low frequency offsets.
However, this capability is achieved at the expense of
bandwidth efficiency and thus a higher modulation level
is often used to compensate for desired throughput. By
applying a partial differential coding (PDC) to the
transmit data prior to the ICI self-cancellation,
bandwidth efficiency is greatly improved by a factor of 2,
while maintaining a string of data (+1, -1) alternately for
the ICI self-cancellation in OFDM systems. Computer
simulations show that the performance of the proposed
scheme is comparable to the conventional self-
cancellation scheme with slight performance degradation
for relatively lower frequency offsets.

Index Terms—ICl, OFDM, PDC

L. INTRODUCTION

OFDM supports high data rate using a large number of
subcarriers. Each subcarrier is designed to undergo flat
fading, thus avoiding an adverse effect of intersymbol
interference. To achieve high performance in an OFDM
transmission system, frequency synchronization is
essential because otherwise it causes intercarrier
interference (ICI) because of the lack of orthogonality
between the subcarriers. The ICI results in performance
degradation. There are various approaches for
eliminating or reducing the ICI: frequency-domain
equalization [1],[2], time-domain windowing [3],[4] and
ICI self-cancellation scheme [5]. Among these schemes,
the ICI self-cancellation scheme appears to be promising,
due to its simplicity and effectiveness. The main idea of
this scheme is to simply repeat each symbol with
negative polarity and transmits over adjacent subcarriers.
Thus, it achieves self-cancellation effect at the receiver
because of similar ICI wvalues between adjacent
subcarriers [5].

However, this self-cancellation effect is attained at the
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expense of reducing the number of data transmitting
subcarriers by halfband therefore the scheme suffers
from reduced bandwidth efficiency and throughput.

This paper considers a partial differential coding for
re-arranging the transmit data prior to the ICI self-
cancellation scheme and the OFDM modulation. The
differential coding is performed selectively only on the
data that have no alternating data pattern of +1 and -1 for
the self-cancellation. Thus, it is called a partial
differential coding (PDC). By doing so, we attempt to
maintain full bandwidth efficiency by making use of all
available subcarriers for data transmission, while
maintaining a data pattern of +1 and -1 alternately. In
other words, the input data are re-arranged through PDC
so that the input data appear to be repeated with negative
polarity on adjacent subcarriers as required for the self-
cancellation.

In Section 2, an analysis of interchannel interferenceis
given with the self-cancellation scheme in detail. The
bandwidth efficient self-cancellation is described in
detail in Section 3. Simulations and results are provided
in Section 4 and conclusions are drawn in Section 5.

IL. SELF-CANCELLATION SCHEME

One of the disadvantages of OFDM is its susceptibility
to frequency mismatch. Due to Doppler shift, the
frequencies between the transmitter and receiver are
often mismatched, i.e. loss of synchronization, so that the
performance of OFDM is greatly affected. The frequency
mismatch, or the existence of frequency offset, can be
modeled as a multiplicative factor introduced in the
channel as shown in Figure 1.
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Fig. 1 Frequency offset model.

The received signal is given by

r(n) = s(n)e’* M"Y 1 w(n)

0]

where ¢ is frequency error, s(n) is the transmit OFDM
symbol, w(n) is the additive white Gaussian noise
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sample and N is the number of subcarriers.
Therefore, the received symbol on subcarrier &, R(k),
is written as

N-1
R(k)=s(k)Cy+ X S(k)C,, +n,k=0,,..N-1
=012k ’ )

S(k) is the transmitted symbol on subcarrier k, C;;
denotes the ICI coefficient between Ith and kth
subcarriers and nk is an additive noise sample. With
some mathematical manipulation, C;; can be found as

c, - sin(z(l + & — k) exp[ j ”(l_i](, oo k)J
N sin[% (+e- k)) N

3

If there is no frequency error (¢ = 0), then Cy = 1.

The ICI self-cancellation scheme requires that the
transmitted signals be constrained such that S(1) = -S(0),
S(3)=-S(2), *-*., S(N-1) = -S(N-2). Therefore, the
received signals on subcarrier k£ and £+/ are written as

(5]

N=2
Rk)= ZS(I)[C,,,{ —Cltn,
1=0

I=even

N-2
R(k+1)= ZS(I)[CI,kH —Cl+ny,
=0
I=even ( 4)

The ICI coefficient is then obtained as

C'I,k = Cl,k - C1+l,k (5)

It can be seen that the values of CLk’ are much less
than C/k for most of the 1-k values. Hence, the ICI
components are much smaller in (5) than they are in (3).

The ICI self-cancellation scheme introduces
redundancy in the received signal since each pair of
subcarriers transmit only one data symbol. This
redundancy is exploited to improve the system power
performance and self-cancellation of ICI, while
sacrificing bandwidth efficiency. The received signal at
the (k+1)th subcarrier, where k is even, is subtracted
from the kth subcarrier. That is,

R(k)=Rk) -Rk+1)

N-2
= Z S (l)[_Cl—k,l + 2Cl,k - CI—k,—l I+n,—n,,
=0
I=even (6)
Therefore, the ICI coefficient now becomes

C'y=—Crn+2C, —¢ ¢ %)

It is obvious that this ICI coefficient is much smaller

than C,; and C;4. The ICI self-cancellation scheme,
therefore, offers excellent performance of ICI
cancellation.

In addition to the smaller ICI coefficients, the ICT self-
cancellation scheme provides the improvement of the
carrier-to-interference ratio (CIR). The CIR is given [5]

cl’  laf
CIR: N—|l kl 5 = N|—l Ol ;
e 2l
1=0 1=0
Ik (8)

This derivation assumes zero-mean transmit data and
statistically independent symbols transmitted on the
different subcarriers.

III. BANDWIDTH EFFICIENT SELF-
CANCELLATION

The ICI self-cancellation scheme has a disadvantage
of bandwidthin efficiency as mentioned in the previous
section. That is, it does not make full use of available
subcarriers for data transmission. To alleviate this
problem, one method is conceivable that a higher level
modulation scheme is employed instead, to achieve full
bandwidth efficiency as reported in [5]. However, this
method does not make full use of the available
subcarriers and will also cause performance degradation
with a higher level modulation.

Another alternative is to perform a partial differential
coding. This technique is considered in this paper. The
main idea of this method is to re-arrange the transmit
data using the differential coding to have the desired data
arrangement as it would be with the ICI self-cancellation
scheme. That is, by observing the transmit data, a
differential coding is employed only to the data which do
not have the desired data pattern, i.e. an alternating
binary data of +1 and -1. The differential coding is used
selectively for the transmit data. The algorithm is
summarized as follows.

Step 1. Observe the transmit data, s(n)

Step 2. Identify the locations of s(n) that has a string
of +1 or -1.

Step 3. Perform a differential coding at those positions
and store the locations for use in the receiver.

Step 4. Perform the ICI self-cancellation scheme
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Fig. 2 Graphical representation of the PDC operation.

The PDC algorithm is graphically described in Figure
2. When the data (+1 or -1) repeats on adjacent
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subcarriers, the PDC operation is performed. In Figure 2,
four PDC operations are performed in order to have a
desired data pattern for the ICI self-cancellation.

The proposed OFDM system with a partial differential
coding is depicted in Figure 3.
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Fig. 3 Block diagram of the proposed system.

The bandwidth efficient ICI self-cancellation system
begins with the PDC, followed by the ICI self-
cancellation scheme. By converting serial data into
parallel data, the IFFT operation is then performed on the
input parallel data. After the cyclic prefix operation is
completed, the data is transmitted over the mobile radio
channel. At receiver, the cyclic prefix is first removed
and the FFT is performed together with a conversion of
the parallel data into serial data. The OFDM
demodulated data undergoes the ICI self-cancellation
demodulation, followed by the PDC decoding. At this
point, the PDC location information is used for correct
differential decoding. Note that the PDC location
information is assumed to be transmitted error-free via a
separate control channel.

IV. SIMULATIONS AND RESULTS

In order to evaluate the performance of the proposed
scheme, simulations have been conducted. The simplest
way of evaluating the bandwidth efficient ICI self-
cancellation scheme is to transmit the data through a
channel with constant frequency offsets.

Simulation parameters are as follows. The number of
subcarriers is 64 and a total of 384,000 data have been
used for the evaluation of BER performance at a given
Eb/No. The transmit data have been submitted to the
additive white Gaussian noise channel (AWGN) with
constant normalized frequency offsets of 0, 0.15 and 0.3.
Figure 3 shows the BER performance for the standard
OFDM with BPSK modulation. It is seen that as the
frequency offsets increase, the performance becomes
very poor, due to the frequency mismatch and
subsequent loss of orthogonality between the subcarriers.

Figure 4 shows the performance of the ICI self-
cancellation scheme proposed by Zhao et. al. [5] for
comparison purpose. QPSK is employed for a bandwidth
efficiency of 1 b/s/Hz. It is shown that the BER
performance clearly indicates superior performance to
the standard OFDM for all frequency offset values.
However, this performance improvement is achieved at
the expense of bandwidth efficiency and throughput.
That is, in order to achieve a bandwidth efficiency of 1

b/s/Hz, QPSK modulation format was used instead of
BPSK modulation scheme. This is because a half of the
available subcarriers are used for the repetition of the
data with negative polarity for the ICI self-cancellation.

The BER performance of the proposed scheme is
shown in Figure 5. The proposed scheme uses QPSK
modulation for all available subcarriers, thus increasing
bandwidth efficiency by a factor of 2, in comparison
with the Zhao'sself-cancellation scheme.
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Fig. 4 BER performance of standard OFDM.
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Fig. 5 BER performance of the ICI self-cancellation
OFDM.
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Fig.i6 BER performance of the ICI self-cancellation
OFDM with the PDC.

This improvement in bandwidth efficiency is achieved
by applying the PDC to the transmit data before the self-
cancellation and the subsequent OFDM modulation.
There is, however, a drawback in this scheme that
although differential coding is employed selectively, the
use of differential coding leads to performance
degradation slightly as shown in Figure 5. Comparing
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with the performance of the ICI self-cancellation
proposed by Zhao, the proposed scheme shows a loss of
approximately 2dB at relatively low frequency offsets.
For a higher frequency offset, the performance
degradation appears to be more than 2dB. It is
anticipated that the number of bit positions where the
differential coding is performed plays an important role
in degrading the BER performance. The more the
differential coding is performed on the transmit data, the
worse the performance of the proposed scheme will be in
comparison to the Zhao's ICI self-cancellation scheme.
Therefore, it can be said that there is a trade-off between
bandwidth efficiency and the BER performance of the
proposed scheme.

V. CONCLUSIONS

A bandwidthefficient scheme for the ICI self-
cancellation OFDM system is considered. Unlike the
previously reported scheme that suffers from the loss of
bandwidth efficiency, the proposed scheme offers full
bandwidth efficiencythrough a partial differential coding,
i.e. differential coding employed only where necessary
on the transmit data for the self-cancellation. Due to the
use of differential coding, it causes a degree of
performance degradation slightly for relatively low
frequency offsets. Therefore, for low frequency offsets,
the proposed scheme is useful in terms of both
bandwidth efficiency and BER performance. A more
rigorousevaluation is deemed to be necessary for the
scheme to be more viable. The performance evaluation
of the proposed scheme under mobile radio propagation
channel would be interesting. In addition, a more refined
partial differential coding can be found to minimize the
effect of the differential coding on the performance. This
work is presently underway and promising results are
being obtained.
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