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Novel Doppler effects compensation schemes based on constellation
estimation of OFDM system
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ABSTRACT . .

A new and effective Doppler effects compensation scheme for orthogonal frequency division multiplex(OFDM) system based

on constellation estimation is presented with analytical descriptions which quantitatively clarify the mechanism of inter-carrier

interference(ICI). The proposed compensation techniques, applicable both frequency and time domain with remarkable

accuracy, are crucial to the future OFDM system operating on ultra high speed mobile vehicles.l
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I. Introduction

OFDM has emerged as one of the most practical and
potent system for mobile data communication in frequency
selective and relatively low time-selective fading channel.
However in near future, OFDM systems are expected to
operate on express railroad trains and airplanes which have
to be experiencing high level of time selectivity. The OFDM
systems operating on the fastest mobile vehicles at high
satellite frequency band will experience severe ICI due to
Doppler frequency shift (DFS). The vulnerability of OFDM
system to the DFS is explained by the existence of saturated
bit error floors even in relatively low range of frequency
offsets with irrelevancy of random noise [1],[2]. In an effort
to relieve the distortion from ICI, the ICI self canceling
schemes by using correlative coding with its BER analysis
are presented in [3], which imply the substantial reduction in
bandwidth efficiency. Hypothesized ICI elimination method
by jointly finding the frequency offset and channel
frequency response is presented in [4], which has problem of
handing large dimension interference matrix and search
time. Low-complexity banded minimum mean square error
(MMSE) equalizers for OFDM systems in Doppler spread
channel are introduced in [5] which still are not free from
computational complexity problems. If the ICI due to DFS is
successfully cancelled first then the design requirement of
all the other adaptive equalizer and channel estimator of
OFDM system can be relieved. For a good conditioned
Rician channel, like the case of LOS satellite communication,
DFS compensation techniques presented in this letter are
strict  BER

well suited for applications to achieve

requirement without any other advanced equalizer.

I. OFDM SIGNAL AND ICI
MECHANISM

In an OFDM communication system, assume the channel
offset(DFO) the

sub—carrier separation is e, then the received signal on

Doppler  frequency normalized by

sub-carrier k& can be expressed as[3]

Y(k)=X(k)S(0)+ S X(DHS(U-k)+n,

1207k
k=0,1,---,N-1 1)
Where N is the total number of the sub-carriers, X(k)
represents the transmitted symbol for the kth sub—carrier
and n, is additive white Gaussian noise(AWGN). The ICI
coefficients S(1—k), representing ICI term from the Ith
sub-carrier to kth sub-carriers, can be expressed as

SU—k) = sin(z(l -k +¢))

exp(ja(l——) I~k +)
Nsin(%(l—k-ﬁ—s)) N

2)

II. Coinstellation Deformed By ICI

Since the significant ICI to the kth sub-carrier are
coming from the neighboring few sub-carriers, equation(1)

can be approximated with four adjacent ones as follows,
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Y(k) = X(k)S(0)+ X (K ~1)S(=1)+ X (K +1)S(+1)

+X(K =2)S(=2) + X (K +2)S(+2) 3)
To simplify the equation (3) further, the first and second
terms of the equation (2) are manipulated based on the basic
trigonometric equation and can be approximated to following
equation,

sin(z({—k+¢)) sin zze

( [z
Ns1n(ﬁ(l—k+5)j Nsm{ﬁ(l—k)}
~_ &
Ti-k @

exp(jr(1-1/NYI-k+¢))=exp(jn(l-k))-exp(jrme) (5)
Compared to the 2V, length of the practical OFDM system,
the magnitudes of the values of (I—%) and e are negligible

so the equation (3) can be further developed as equation(6),
after substituting equation(4) and (5) into equation (3).
Y (k)= X(k)exp(jze)

+{—X(K—1)—X(K+1)}£exp(j7z5)

©®

Where 5(0) exp(jme). The
constellation deformation in amplitude and phase of each
received symbol ¥(k) can be estimated by normalized value
ie. Y(k)/X(k) expressed in equation (7).

Y (k)

m =exp(jre)

+H{X(K=2)+ X(K+ 2)}§exp( jne)

is approximated as

+{—X(k—1)—X(k+1)

50 }g exp(jze)

£ exp(jze)

XD+ XK+
2 (7)

X (k)
Two random sequence Z, ,Z, are defined as
Z, ={(-X(k=1)= X (k+1))/ X (k)}

Z, ={(X(k=2)+ X (k+2))/ X (k)} Q)

Then,
Elz]=0, EZ]=0 )
So taking expectation value of both sides of equation (7),

the final equation (10) can be achieved.

E[Y(k)/ X(K)] = exp(jze) (10)

The equation reveals that average value of the normalized
received symbol by transmitted symbol converge to one in
amplitude however the phase of received symbol, ¥(k), is
shifted to (me) radian from the nominal phase of transmitted
symbol, X(k).

The level of dispersiveness of the constellation whose
center is at me radian shifted from the nominal position, is

dependent on the variance of the resultant of complex
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random sequence Z expressed by

7, = Zeexp(jme) +Z2§ea:p(j7re) (11)

The random sequence Z is also proportional to e so the

phase shiftness as well as dispersiveness of the constellation

becomes larger proportional to the Doppler frequency shift.

IV. Doppler Compensation Methods

In general, compensation techniques are classified into
time domain or frequency domain method depends on where
the techniques are applied. Two different frequency domain
compensation methods are feasible. One is taking inverse
operation of the distortion based on equation (10). Before
providing the received data to the final slicing stage, the
received symbols are compensated by taking reverse
operation like,

Y (k)=Y(k)/exp(jze) (12)

This operation can be interpreted as convolution of ¥{k)
with frequency shifting Delta function like following
equation,

Y.(k) = Y(k)*6(k—me) (13)

By this compensation, the biased constellation center will
be back to the nominal position, however the dispersiveness
of the constellation due to composite complex random
sequence represented in equation (8), can not be diminished.

Another frequency domain compensation scheme can be
achieved using the interference matrix S which can be
constructed based on equation (2). By multiplying S™! to
the received symbol vector Y, estimated symbol vector X
can be achieved as following equation.
X=5'Y
Y ={Y(0), Y(),..,YO(N-DI”
X =[X(0), X(1),..X(N-1)]7

More powerful time domain pre-FFT compensation is

14)

where

possible by multiplying ¢(n) sequence to the received time
domain sequence y(n).

c(n) =IFFT[5{k — (7€)} ] 15)

This time domain approach can maintain the best BER

performance because correction of the signal in time domain

before the demodulation processing of FFT precludes any

rotation in phase and dispersiveness of the constellation in

the following demodulation process.

V. Simulation Results and Discussion
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Simulation results are obtained with 865 sub-carriers in
1024 IFFT/FFT structure employing QAM modulation and
sub-carrier space and carrier frequency are set 9.77 KHz
and 2.3 GHz modeling WiMax system. Fig 1 presents
constellation figures for different frequency offset value in
very low AWGN environment,(SNR=40dB). Angular
rotation and the dispersiveness of the constellations are very
proportional to frequency offset value e which is set —0.06,
0.04, 0.11, 0.19 and 0.26.The previous arguments proposed by
equation (7),(8) are verified by the simulation result of Fig.
1. Recovered constellations by three different compensation
methods, where SNR=23 dB, ¢=0.15, are shown in Fig 2.
The results of no compensation, compensation in frequency
domain by S™!, compensation in frequency domain based on
equation (13) and compensation in time domain are
designated by  ‘NONE, Freql’,Freq?’
respectively. For the constellation figure compensated by S

and ‘Time’

~1 dispersion level appears even greater than that of the
non—-compensated one because the randomness of adjacent
superposed
multiplication, nevertheless the constellation center is

carriers are in the process of matrix
corrected. Only the time domain method can correct angular
disposition as well as the dispersiveness of the constellation
as can be noticed in the Fig 2. In Fig 3, BER performance
of three different compensation methods are presented for e
is equally assumed 0.15. The simulation results of Fig. 3 are
just reconfirmation of the rationale behind the simulation
results of Fig. 2. As mentioned in other research activity in
reference [1], saturated BER lower bound can be noticed in
none compensation as well as the case of compensation by
S™!. From the practical BER
requirements without

results,
be met

simulation
may not adequate
compensation techniques in some ranges of e and the
proposed compensation methods can be a simple but
effective measure to solve the problem. Through the
simulation, the theoretical derivation of the paper are proved
so some of schemes can be successfully adopted to

compensate Doppler effect distortion of OFDM system.
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Fig.1. Constellation of Different Doppler Frequncy offset
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Fig. 2. Constellation for Different Compensation Schemes

BER of Different Compensation Methods
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Fig. 3. BER of the different Compensation Schemes
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