A LAYERED MIMO OFDM SYSTEM WITH CHANNEL EQUALIZATION

Khalida Noorit, Sami Ahmed Haider?

Electrical Engineering Department, Military College of Signals,

National University of Sciences and Technology, Pakistan
khalida@mcs.edu.pk

2Electrical Engineering Department, Military College of signals,

National University of Sciences and Technology, Pakistan
sami@mcs.edu.pk

ABSTRACT: This paper proposes a simple and efficient method
for layered MIMO-OFDM system with channel equalization.
Temporal variations in the channel are due to Doppler spread,
a sign of relative motion between transmitter and receiver.
Results are simulated in both Rayleigh channel and additive
white Gaussian noise (AWGN) channel. Decision feedback
equalizer (DFE) with recursive least square (RLS) algorithm is
used for channel equalization. Different type of Layered structure
is applied to MIMO-OFDM system and their performance is
evaluated. Different modulations schemes are used with same
number of transmit and receive antennas. Simulation results
are shown for both vertical and horizontal coded layered
structure MIMO-OFDM systems with different modulation
schemes and different number of transmit antennas.
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1. Introduction

High transmission data rate, spectral efficiency, and reliability
are necessary for future wireless communication systems.
Deploying multiple antennas at both transmitter and receiver in
wireless channel, achieves high data rate and capacity without
increasing total transmission power or bandwidth. Orthogonal
Frequency Division Multiplexing (OFDM) is a multi-carrier
transmission technique proposed in mid 1960’s [1]. In frequency-
selective channel, delay spread of the channel impulse response
introduces inter-symbol interference (ISI) in a single carrier
system, which causes severe system performance degradation
if not taken care of. OFDM effectively counters the channel delay
spread by converting channel into a number of overlapping but
mutually orthogonal sub-channels in frequency domain. Multiple
Input Multiple Output Orthogonal Frequency Division

Multiplexing (MIMO-OFDM) system is an effective solution to
improve communication quality, performance, capacity, and
transmission rate. MIMO-OFDM is a promising technology
that embraces advantages of both MIMO system and OFDM,
i.e., immunity to delay spread as well as huge transmission
capacity. Different types of Space time codes were applied to
MIMO-OFDM system to increase the capacity [2]. They have a
potential drawback that the decoder complexity grows
exponentially with the number of bits per symbol thus limiting
the achievable data rates [3, 4]. Foschini proposed a coding
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technique called layered structure that offers a low complexity
solution to realize the attractive capacity of MIMO —OFDM
systems [5]. Layered structure has shown its potential as a
low-complexity, low-cost solution to future wireless
communication systems with huge increase in spectrum
efficiency and throughput [6]. Most of work done in this paper
is to enhance performance of layered structure MIMO-OFDM
systems in terms of BER. This paper is organized as follows;
second and third section is about MIMO and MIMO-OFDM
system. Section four describes layered structure and the
remaining section provides simulation results.

2. MIMO System

In MIMO transmission, if antennas are well separated, the
signals at different antennas experience independent fading
in a dispersal environment. Consider T transmits antennas
and R receives antennas as shown in the Figure 1.
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Figure 1. Block diagram of MIMO system

Let hTR be the channel coefficient between the Tth transmit
antenna and Rthreceive antenna. Let X=[X1 X2 ... XT]/be
the transmitted dataand Y =[Y1 Y2.... YR]/bethereceived
data, /" stands for transpose operation. In matrix form, the
relation is given by
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3. MIMO OFDM System

Equation 1 shows expression for a MIMO-OFDM system with
T transmit and R receive antennas, the received signal at the
k-th sub-carrier of the n-th block from the j -th receive antenna:
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forj=1,..., Randk=0,..., K- 1, where xi [n; k] is the symbol
transmitted from the i-th transmit antenna at the k-th sub-
carrier of the n-th block, Hji [n; K] is the channel's frequency
response at the k-th sub-carrier of the n-th block corresponding
to the i-th transmit and the j-th receive antenna, and, wj [n; K] is
additive (complex) Gaussian noise . Block diagram of MIMO
OFDM system is shown in Figure 2.
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Figure 2. System diagram of MIMO OFDM system

{

4. Layered MIMO OFDM System

Main tool for increasing the transmission rate with multiple
transmit antennas system consist of transmitting more
independent streams, or layers of data from all available
transmit antennas, simultaneously. In more specific terms, if
we have a system with N transmit antennas, we can transmit,
simultaneously, Nt independent symbols one from each
transmit antenna. At the receiver, we can get, at any time instant
Nr observations one from each receive antenna. Therefore at
any time instant, we have a system of Nr observations in Nt
unknowns.

5. Simulation Setup

Before presenting the simulation results, first the parameters
of simulated Layered MIMO OFDM system is described.
Simulation is also done for vertical and horizontal layered
structure MIMO-OFDM system. OFDM system with 32
subcarriers is used. Different modulation scheme are used
with same number of transmit and receive antennas.
Recursive least algorithm (RLS) is used for channel
estimation.

6. Implementation of MIMO OFDM Systems
Figure 3 shows block diagram of a MIMO OFDM system with

2 transmit and 2 receive antennas according to which
simulation is done.
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Figure 3. System diagram of MIMO OFDM system

6. 1 Simulation results

Simulation result shows the bit error rate (BER) of MIMO-
OFDM system having 32 sub-carriers, with two transmits and
two receive antennas over a Rayleigh fading with additive
white Gaussian noise (AWGN) channel. It is noticeable that
the bit error rate reduces as the signal to noise ratio increases.
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Figure 4. BER plot of MIMO OFDM system

7. Implementation of Layered MIMO OFDIM Systems

7.1 -Vertical layered MIMO OFDM system

Figure 5 shows block diagram of vertical layered structure MIMO
OFDM system according to which simulation is done.
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Figure 5. System diagram of Vertical Layered MIMO OFDM System
with three transmit and three receive antennas
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7.2 Simulation results

Simulation result shows the bit error rate (BER) of vertical
LST architecture OFDM system having 32 sub-carriers, with
three transmits and three receives antennas over a Rayleigh
fading with additive white Gaussian noise (AWGN) channel.
On the x-axis is signal to noise ratio and on y-axis is bit error
rate. It is in plain sight that the bit error rate reduces as the
signal to noise ratio increases. At approximately 16dB, BER
is 10-6, whereas at 19dB, BER is 10-9.
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Figure 6. BER plot of vertical layered MIMO OFDM system

7.3 Horizontal layered MIMO OFDM system

Figure 9 shows the block diagram of horizontal coded layered
structure MIMO OFDM system with two transmit and two receive
antennas.
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Figure 7. Block diagram of horizontal coded layered structure MIMO
OFDM system with two transmit and two receive antennas

7.4 Simulation results

Simulation result shows the bit error rate (BER) of horizontal
coded LST architecture OFDM system having 32 sub-carriers,
with two transmit and two receive antennas over a Rayleigh

fading with additive white Gaussian noise (AWGN) channel.
On the x-axis is signal to noise ratio and on y-axis is the bit
error rate. It can analyze from the Figure 8 that the bit error rate
reduces as the signal to noise ratio increases. 02
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Figure 8. BER of horizontal layered structure MIMO OFDM system
8. Conclusion

In this paper, a technique for layered MIMO OFDM is proposed
with low complexity that uses the RLS algorithm for channel
estimation. Turbo codes are used in layered architecture
which gives best complexity/performance trade off. BER of
different layered architecture is analyzed. On basis of the
simulated results, it was concluded that the layered structure
has low bit error rate as compared to previous coding
schemes. It is shown through numerical simulations that high
performance gain is achieved in layered MIMO OFDM system.
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