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ABSTRACT

The implementation of OFDM system suffers from the effect of phase noise generated by the local oscillator
which disturbs the orthogonality among sub carriers and causes inter carrier interference (ICI). The ICI may also suffers
due to insufficient cyclic prefix at the transmitter Self cancellation is the method is suggested for reducing the ICI. The
frequency offsets between the transmitter and receiver is measured in terms of carrier to interference ratio (CIR) and bit
error rate (BER).
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INTRODUCTION

OFDM is emerging as the preferred modulation scheme in the modern high data rates wireless communication
systems [1, 2.]. OFDM is a special case of MC (Multicarrier modulation). MC is the concept of splitting a signal into a
no. of signals, modulating each new signal to several frequency channels and combining the data received on the multiple
channels at the receiver. OFDM has been used in many communication systems such as WLAN (wireless LAN), DVB
(Digital video broadcasting), etc. However one of the major problems in OFDM is its vulnerability to frequency offset
which leads to loss of orhogonality resulting into ICI [3, 4]. For suppressing ICI there is self cancellation, (SC)
[5, 6, and 7] techniques in OFDM. Self-cancellation is a two stage technique that uses predefined weighting coefficients to
reduce ICI for OFDM systems [8, 9, 10, and 11].

OFDM SYSTEM DESCRIPTION
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Figure 1: Baseband OFDM Transceiver System

Output Bit

In an OFDM system the input bit stream is multiplexed into N symbol streams each with symbol period T and each
symbol is modulate with sub-carriers. A serial to parallel converter groups the stream of input bits from the source encoder

log, M

into groups of bits. Where M is the alphabet size of digital modulation scheme
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A typical discrete-time baseband OFDM transceiver system. A serial to parallel converter groups the stream of
input bits from the source encoder into groups of log,M bits. Where M is the alphabet size of the digital modulation scheme
employed on each sub-carrier a total of N such symbols X, are created. The N symbols are mapped to bins of an IFFT.
The IFFT bins corresponding to the orthogonal sub-carriers in the OFDM system. Therefore OFDM symbol can be

expressed as
N-1
1 E'JT':'_!':'J‘J
x(n) = ~ X, e N
m=0 (1)

Where X, is the base band symbol on each sub-carrier

The Digital to Analog converter creates an analog time-Domain signal which is transmitted through the channel.
At the receiver, the signal is converted back to a discrete N point sequence y (n), corresponding to each sub-carrier.
The discrete signal is demodulated using an N-point FFT operation at the receiver

The demodulated symbol stream is given by

N-1
—=j Zenm
y(m) = Z y (-n)e—x +~w(n)
m=0 )
Where w (m) corresponds to the FFT of the samples of w (n), which is the additive white Gaussian noise (AWGN)
introduced in the channel. The high speed data rates for OFDM are accomplished by the simultaneous transmission of data
at a lower rate on each of the orthogonal sub-carriers. Because of low data rate transmission distortion in the received signal

induced by multipath delay in the channel is not as significant as compared to single carrier high data rate systems.

Multipath distortion can also cause inter symbol interference (ISI) where adjacent symbols overlap with each other.
The ISl is prevented in OFDM by the insertion of a cyclic prefix between successive OFDM symbols. This cyclic prefix is

discarded at the receiver to cancel out ISI.

ANALYSIS OF INTER-CARRIER INTERFERENCE
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Figure 2: Frequency Offset Model
The main disadvantage of OFDM is its susceptibility to small differences in frequency at the transmitter and
receiver, normally referred to as frequency offset. This frequency offset can be caused by Doppler shift due to relative

motion between the transmitter and receiver or by difference between the frequencies of the local oscillators at the

transmitter and receiver.
The frequency offset is modeled as a multiplicative factor introduced in the channel

The received signal is given by

2mne

y(n) =x(n)e” ¥ +w(n) (3)
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Where € is the normalized frequency offset and is given by 4NT: Where 4fthe frequency difference between

the transmitted and received carrier frequencies is T: is the subcarrier symbol period (n) is the AWGN introduced in the

channel.

The effect of this frequency offset on the received symbol is given by Y (k) on the K" subcarrier
N-1

Y(k) = X(k)S(0) + Z X(DS(L— k) + nk
1=01=k 4)

Where N is the total number of subcarriers, X(k) is the transmitted symbol for the k™ subcarrier, n is the FFT of
w(n), and S(I-k) are the complex coefficients for the ICI components in the received signal. The ICI components are the
interfering signals transmitted on sub-carriers other than the k™ sub-carrier. The complex coefficients are given by

sin (w(l+e —k))
Nsin(m(l+c —k))

S(l—k) = eprE(l—%)U—E—kD

(%)
To analyze the effect of ICI on the received signal. We consider a system with N=16 carriers. The frequency offset
values used are 0.2 and 0.4 and | is taken as 0. That is, we are analyzing the signal received at the sub-carriers with index 0.

The complex ICI Coefficient S (I-k) are plotted for all sub-carrier indices
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Figure 3: ICI Coefficients for N=16 Carriers
ICI SELF-CANCELLATION SCHEME

The main idea is to modulate the input data symbol on to a group of sub-carriers with predefined coefficients such

that the generated ICI signals within that group cancel each other hence the name self-cancellation.

ICI Cancelling Modulation
The ICI self-cancellation scheme requires that the transmitted signals be constrained such that X(1) = -X(0),
X(3) = -X(2),......X(N-1) = -X(N-2).

Using equation....( 5) the transmitted symbols allows the received signal on sub-carriers k and k+1 to be written as
N-2
Y= ) XOBU-K)-SU+1-0]+n,
I=0=even ©)
N-2

v(k+1)= X(D[SU—k—1)— S — k)] + npey
.!=D.!Z;1-'E?z ‘ (7)
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And the ICI coefficient S* (I-k) = S(I-k)-S(1+1-k)
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Figure 4: Comparison of |S (I-k)|, |S* (I-k)|, and |S” (L-k)| for N=64 and ep=0.4
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Figure 4. shows a comparison between |S” (I-k)| and |S (I-K)| on a logarithmic scale. It is seen that |S* (I-k)|<<|S

(I-K)| for most of the I-k values.

ICI Cancelling Demodulation

ICI modulation introduces redundancy in the received signal each pair of sub-carriers transmit only one data

symbol. The received signal at the (k+1) ™ sub-carrier. Where k is even, is subtracted from the k™ sub-carrier. This is

expressed mathematically as

Y?(K)=Y’(K)-Y’(k+1)

N-2

- Z X(D[-SU—k—-1)+25(1— k) —S(I—k+ Dln, —ny.,

I=0l=even

The ICI coefficients for this received signal becomes

s'(l—k)=—-S(I—k—1)+25(—k)—S(I—k+1)
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Figure 5: An Example of S(I-k) for N=16; 1=0. (a) Amplitude of S (I-k).
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When compared to the two previous ICI coefficients |S(I-k)| for the standard OFDM system and |S’(1-k)| for the ICI
cancelling modulation. |S”(1-k)| has the smallest ICI coefficients for the majority of I-k values, followed by |S’(1-k)| and
IS (I-K)!.

The reduction of the ICI signal levels in the ICI self-cancellation scheme leads to a higher CIR. The theoretical can

be written as

| -5(-1)+25(0)-5(1)°

CIR =
N-1 7
E,!:g..il|5|_5“_1)_25“)_5“_1” (10)
CIR versus OFDM system
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Figure 6: CIR vs. for a Standard OFDM System
SIMULATION

In order to evaluate the performance of OFDM systems in the presence of frequency offset between the transmitter
and the receiver. BER curves were used. For the simulations in this paper, MATLAB. Modulation scheme of 2- psk and
QAM were chosen Simulations for cases of normalized frequency offsets equal to 0, 0.05, 0.15 and 0.3.
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Figure 7: BER vs Ey, No for Basic OFDM Using 4-PSK for Different Values of Epsilon



156 Velamala Suryanarayana & Vadaravu Jagan Naveen

BASIC OFDM4gam

10°
= 0o A
e S — 0.05 1
P = ——0.15 ]
] \ >—03
10” ®
X
& 10? k
w %
10°
10"

10 15

EbNo(db)
Figure 8: BER vs. EyNo for Basic OFDM Using QAM for Different Values of Epsilon
These results shows that degradation of performance increases with frequency offset. When frequency is small, the
2-psk and 2-QAM system has a lower BER.
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Comparisons of the performance of the SC schemes for different values of the frequency offset ep=0 &0.15.
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Figure 9: Comparison of Basic OFDM and Self Cancellation Method for Epsilon=0
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Figure 10: Compare of Basic OFDM and Self Cancellation Method for Epsilon=0.05



Inter-Carrier Interference Reduction in OFDM System 157

CONCLUSIONS

In this paper, the performance of OFDM system in the presence of frequency offset between the transmitter and

receiver has been studied in terms of carrier-to-interference ratio (CIR). The bit error rate (BER). Inter-carrier interference

(ICI). Which results from frequency degrades the performance of the OFDM system. Self cancellation does not require very

complex hardware or software for implementation. However, it is not band width efficient as there is a redundancy of 2 for

each carrier.

All simulations were performed in an AWGN Channel.
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