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Abstract—A high mobility algorithm is introduced for OFDM
systems based on the FFT which can compensate Doppler shifts
in time-variant channels with low complexity. We first propose
a channel matrix inversion algorithm with a complexity similar
to FFT and then introduce a channel matrix construction based
on matching pursuit algorithm.

I. INTRODUCTION

OFDM is one of the most popular multiplexing schemes
in communication systems today. Unfortunately, these

communication systems lack a desired high mobility since
frequency shifts (Doppler shifts) destroy the orthogonality
of the OFDM systems and cause an intercarrier interference
(ICI) in mobile environments which can be modelled as a
linear time-variant channels (LTV). Although inter symbol
interference (ISI) can be compensated using a cyclic prefix
(CP) in OFDM systems the ICI makes one tap post-FFT
equalization inefficient.

When we look at recent ICI cancellation techniques we see
that they have a similar approach with two main challenges.
The first is to determine ICI, aka the channel matrix, which
can also be called a channel estimation. The second is the
inversion of this matrix which is very complex, O(N3) in
the best case. For instance, in [1] an optimization problem is
introduced which has a high complexity similar to O(N3) for
binary phase-shift keying (BPSK). However, when quadrature
amplitude modulation (QAM) is used its complexity will be
folded with the number of bits used. In [2] partial minimum
mean square error (MMSE) estimation is introduced with
slightly less complexity than O(N3) which can hurt the per-
formance. In our paper, we show that ICI can be compensated
with low complexity similar to O(N · logN) without causing
performance degradations.

Our contribution in this paper are the FFT-based Doppler
compensation in multipath environment which guarantees a
high mobility in OFDM systems and a low complexity chan-
nel matrix construction based on the matching pursuit (MP)
algorithm.

II. OFDM SYSTEM AND CHANNEL MODEL

One of the advantages of OFDM is the usage of the fast
Fourier transform (FFT) algorithm. In the transmitter, the
inverse FFT (IFFT) can be written as below for the symbols
X(l), l = 0, . . . , N − 1 which enter into the IFFT block
where they are processed accordingly for k = 0, . . . , N − 1

as x(k) = 1
N

N−1∑
l=0

X(l)exp
(
j2π k·lN

)
. After IFFT, the N

symbols x (k) are transmitted and in the receiver the received
symbols will enter the FFT block where they are processed

for l = 0, . . . , N − 1 as X(l) =
N−1∑
k=0

x(k) · exp
(
−j2π · l·kN

)
.

LTV channel model represents a multipath progapation with
different attenuations, time delays, frequency- (Doppler-) and
phase-shifts for given paths. The channel response h(t, τ)
with attenuation, phase shift, time delay and Doppler-shift is
denoted with ρp, φp, τp and νp for p-th path and can be written
as

h(t, τ) =

P−1∑
p=0

hpe
j2πνptδ(τ − τp) (1)

The received signal can be written as follows

y(t) = h(t, τ)⊗ x(t) + w(t) (2)

In the receiver, y enters into the FFT block, and the output
Y can be written as follows

Y (f) =

P−1∑
p=0

hp
(
F(Dp(t))⊗ e−j2πfτp

)
X(f) (3)

Where Dp(t) equals to e(j2π·νp·t). To make further simpli-
fications hpe−j2πfτp can be denoted with Hp, and (3) can be
written as

Y (f) =

P−1∑
p=0

(F(Dp(t))⊗Hp)X(f) (4)

In classical form the Doppler-shift ν can be written for each
path p as νp = v · fcc · cos(ϕp). ϕp is the angle between the
transmitter and the receiver, and ν is the relative velocity of
the transmitter or reciver.

III. DOPPLER SHIFT COMPENSATION

Here, we show how to compensate the Doppler effect with
low complexity: F(Dp(t)) ⊗Hp(f) in (4) can be written as
Dcp ·Hp where Dcp is a circulant matrix for p-th path:

Dcp =


Dp0 Dp(N−1) · · · Dp1

Dp1 Dp0

...
. . .

...
Dp(N−1) · · · Dp0

 (5)
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This circulant matrix Dcp can be inverted based on FFT
with O(N · logN) operations [3], [4]. Hence, Dcp can be
diagonalized in terms of the Fourier matrix which is subject
to FFT transform. To invert H for all the paths we apply the
FFT to the channel response h(t, τ) and write as follows

H(f) =

P−1∑
p=0

F(Dp(t))⊗Hp(f) (6)

To construct the channel response we use an MP algorithm
with dictionary D which contains elements dj , j = 1, . . . ,K·L
with K time and L Doppler shifts [5]. The algorithm will be
iterated for possible P delays by selecting j-th element of D
based on the maximum rank-one projection. It is important to
note that for calculation of the coefficients at each iteration,
we use least squares (LS) algorithm within MP. The dictionary
can be searched using efficient search algorithms, sec. IV.

IV. COMPUTATIONAL COMPLEXITY

The complexity can be explained based on our simulation
where N = 8K is the number of carriers in an OFDM symbol,
Npilot = 578 is the number of pilots in the OFDM symbol, p
is the index of the path in the channel up to P . In general the
dictionary has M = K ·L elements where the first factor is the
number of delays and can be taken as a division of maximum
delay (τmax = tguard interval) to granularity of delays (1ns)
which is K = τmax/1ns = 112ms/1ns. The second factor
is the number of the Doppler elements and can be written as
a division of maximum Doppler shift to the Doppler intervals
L = fdmax/1Hz = 200Hz/1Hz.

The computational complexity can be grouped into three
parts: The first part is the complexity of the channel response
construction or MP algorithm which equals to O(S ·P 2) where
S is the number of the elements we have to search in the
dictionary. This search can be performed using several low
complexity search techniques. As one example, we introduce
a search techique where we first search for a delay within K
elements and after that we search for a Doppler element for
the selected delay. Hence, we first search for 1ms precision
delay in 12 steps and find τµs element, and then search for 10
times smaller delays around τµs in 3 iterations until we reach
to ns precision delay τns in just 66 steps. Using the same
method we need 30 steps for Doppler shifts for the selected
delay element τns where the number of total elements that we
have to search equals to S = 66 + 30 = 96.

After constructing the channel matrix, the second part is the
channel matrix inversion. Its complexity equals to O(N ·logN)
[3]. Note that this was more than O(N3) in [1].

The final part is the dictionary generation or storage part.
For the dictionary, either M elements can be stored in advance
or S elements can be generated during simulation. In case we
want to generate the dictionary elements without storing them
we will need O(Npilot · logNpilot) operations.

V. RESULTS

For simulations we implement our algorithms in DVB-T2
common simulations package (DVB-T2 CSP) [6]. The selected
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Fig. 1. BER vs.SNR for OFDM system

system parameters are OFDM with 1/8 guard interval, 8K
mode, 256-QAM modulation and PP2 pilot symbols. Here,
we assume the synchronization to be perfect. The carrier
frequency and speed are 862 MHz and ts = 7/64µs. As a
channel we implement standard 6-path Rayleigh Channel with
maximum Doppler shift of 200Hz. In figure (1) we compare
LS (1-tap equalizer) and MP algorithm to the result with ideal
compensation and that without Doppler compensation. The
granularity of the dictionary for MP is 1ns for delays and
1Hz for Doppler shifts. MP algorithm constructs h efficiently
and its accuracy depends on the size of the dictionary. Hence,
the perfomance improves with the increased dictionary size
although there will be no difference when forward error
correction (FEC) is applied.

VI. CONCLUSION

In this paper, we proposed Doppler compensation algorithm
which guarantees a high mobility for OFDM systems. The
channel response can be efficiently constructed based on
MP algorithm and inverted in frequency domain with low
complexity. In future this can be tested for different mobile
channel models and real data.
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