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ABSTRACT

To achieve high data rates and good error performance in
wireless communication is the main challenge in last ten
years. MIMO systems with multiple antenna elements at
both link ends are an efficient solution for future wireless
communications systems as they provide high data rates
by exploiting the spatial domain under the constraints of
limited bandwidth and transmit power. Space-Time Block
Coding (STBC) is a MIMO transmit strategy which
exploits transmit diversity and high reliability. The
objective of this paper is to provide the description of
different type of space time block codes and to provide the
performance analysis of these codes with different schemes.
We propose new space time block code and compare it with
other codes.

Keywords - MIMO systems, full diversity, linear receivers,
OSTBC, Q-OSTBC.

INTRODUCTION

In the last decade, there has been a dramatic  increase in the
demand for higher data rates in cellular networks, wireless
local area networks and high-definition audio and video
broadcasting services. Providing wireless access to the Internet
and multimedia services requires an increase in data rates. One
of the most significant and promising advances in wireless
communications that can meet the demand for higher data
rates is the use of multiple antennas at the transmitter and
receiver. Deploying multiple antennas at the transmitter and
receiver creates a multiple-input multiple-output (MIMO)
channel that not only offers higher transmission rates, but it
can also improve the system's reliability and robustness to
noise compared to single antenna systems.

Signal transmission over the wireless channel suffers not only
from additive noise, but also from multipath fading.
Specifically, a transmitted radio signal propagates through
multiple paths, due to scattering and reflections from different
objects in the environment, before it reaches the receiver
antenna. At the receiver due to multipath fading, the received
signal can be significantly attenuated and the receiver cannot
correctly detect the transmitted signal.

One way to overcome the problem of multipath fading is
diversity. The basic concept of diversity is to transmit the
same information symbols over multiple channels that are

fading independently. This way, if one of the channels is in a
deep fade, the receiver can still recover the transmitted signal
if one of the other channels is in a good enough state to allow
for reliable detection.

1.1 Transmit and Receive Diversity

In most scattering environments, antenna diversity is a
practical, effective and, hence, a widely applied technique for
reducing the effect of multipath fading. The classical approach
is to use multiple antennas at the receiver and perform
combining or selection and switching in order to improve the
quality of the received signal. The major problem with using
the receive diversity approach is the cost, size, and power of
the remote units. A base station often serves hundreds to
thousands of remote units. It is therefore more economical to
add equipment to base stations rather than the remote units.
For this reason, transmit diversity schemes are very attractive

[1].

1.2 Space Time Coding

A key idea in multiple antenna systems is space-time coding,
in which the time dimension inherent in digital
communications is complemented by the spatial dimension
inherent in the use of multiple antennas. A key benefit of
space-time coding is the ability to turn multipath propagation,
into a benefit for multiple antenna systems by taking
advantage of the random fading in increasing the transmission
rate of the communication link as well as increase its
reliability. The purpose of space time coding is to achieve
maximum diversity gain as well as high data rate.

1.3 Focus and Outline of the paper

The objective of this paper is to provide the basics of space
time block codes and propose a new scheme. This paper is
organized as follows. In Section II, we describe the model of
space time block codes. In Section 111, we present the different
type of space time block codes and their property. In section
IV, We give the simulation result and performance comparison
of different space time block codes with different schemes. In
Section V, Some conclusions are offered. Although the list of
references is not intended to be exhaustive, the cited papers (as
well as the references therein) will serve as a good starting
point for further reading.
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Il. SPACE TIMEBLOCK CODES

2.1 Transmission Model
We consider a wireless communication system with N
antennas at the base station and M antennas at the remote. At

each time slot t, signals (i i=1,2,..N are transmitted
Simultaneously from the N transmit antennas. The channel is
assumed to be a flat fading channel and the path gain from
transmit antenna i to receive antenna j is defined to be

% . The path gains are modeled as samples of independent
complex Gaussian random variables with variance 0.5 per real
dimension. This assumption can be relaxed without any
change to the method of encoding and decoding [33]. The
wireless channel is assumed to be quasi-static so that the path
gains are constant over a frame of length and vary from one
frame to another.

At time t the signal 3 , received at antenna, is given by

o Z ol
= - . )

where the noise samples 7t are independent samples of a zero-
mean complex Gaussian random variable with variance n
/(2 SNR) per complex dimension. The average energy of the
symbols transmitted from each antenna is normalized to be
one, so that the average power of the received signal at each
receive antenna is n and the signal-to-noise ratio is SNR.
Assuming perfect channel state information is available, the
receiver computes the decision metric

Over all codeword
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And decides in favor of the code word that minimizes the sum.

2.2 Encoding Algorithm

A space—time block code is defined by a PxN transmission
matrix G. The entries of the matrix are linear combinations of
the variables X;X,........ Xy and their conjugates. The number
of transmission antennas is N and we usually use it to separate
different codes from each other. For example, G, represents a
code which utilizes two transmit antennas and is defined by

G,= [ X)Wl 3)

-X; K.
We assume that transmission at the baseband employs a signal
constellation A with 2° elements. At time slot 1, kb bits arrive
at the encoder and select constellation signals S;S,Ss.....Sk.
Setting for S;= X; for i=1,2,3.... in G, we arrive at a matrix C
with entries linear combinations of S;S,S;.....Sk and their
conjugates. So, while G contains indeterminate  X;X,........ Xy
,C contains specific constellation symbols (or their linear
combinations) which are transmitted from N antennas for each
kb bits as follows. So the ith column of C represents the
transmitted symbols from the i th antenna and the t th row of C
represents the transmitted symbols at time slot t. Note that C
is basically defined using G , and the orthogonality of G’s

columns allows a simple decoding scheme which will be
explained in the sequel.

Since P time slots are used to transmit K symbols, we define
the rate of the code to be R=K/P. For example, the rate of G2
is one. Next we review the decoding of these codes.

2.3 The Decoding Algorithm

Maximum likelihood decoding of any space-time block code
can be achieved using only linear processing at the receiver.
The space-time block code (first proposed by [2]) uses the
transmission matrix in (3). Suppose that there are 2° signals in
the constellation. At the first time slot 2b bits arrive at the
encoder and select two complex symbols S; and S2. These
symbols are transmitted simultaneously from antennas one and
Two, respectively. At the second time slot, signals -S,” and S;”
are transmitted simultaneously from antennas one and two,
respectively.

Then maximum likelihood detection amounts to Minimizing
the decision metric

Yol — e, 5 —a, 5,

Over all possible values of S; and S,. Note that due to the
quasi-static nature of the channel, the path gains are constant
over two transmissions. The minimizing values are the
receiver estimates of S; and  S,, respectively.

1. TYPES OF SPACE TIME BLOCK CODES
Now | am discussing quasi-orthogonal space time block codes.
First | explained ALAMOUTI code then orthogonal space
time blocks codes and quasi orthogonal space time block code.
Then different schemes for quasi-orthogonal space time block
codes discussed. Last | explain proposed code.

3.1 ALAMOUTI Code

Historically, the ALAMOUTI code is the first STBC that
provides full diversity at full data rate for two transmit
antennas [2]. The information bits are first modulated using an
M-ary modulation scheme. The encoder takes the block of
two modulated symbols S; and S, in each encoding
operation and hands it to the transmit antennas according to
the code matrix

5, 15,
s[5

=555

.................. 4)

The first row represents the first transmission period and the
second row the second transmission period. During the first
transmission, the symbols S; and S, are transmitted
simultaneously from antenna one and antenna two
respectively. In the second transmission period, the symbol S,”
is transmitted from antenna one and the symbol —-S,” from
transmit antenna two. It is clear that the encoding is performed
in both time (two transmission intervals) and space domain
(across two transmit antennas). The two rows and columns of
S are orthogonal to each other and the code matrix is
orthogonal.

3.2 ORTHOGONAL SPACE TOME BLOCK CODE

The theory of orthogonal designs is an arcane branch of
mathematics which was studied by several great number
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theorists including Radon and Hurwitz. The encyclopedic
work of Geramita and Seberry [28] is an excellent reference. A
Classical result in this area is due to Radon who determined
the set of dimensions for which an orthogonal design exists
[29]. Radon’s results are only concerned with real square
orthogonal designs.

In this OSTBC TAROKH code [3], they extend the results of
Radon to both nonsquare and complex orthogonal designs and
introduce a theory of generalized orthogonal designs. Using
this theory, they construct space-time block codes for any
number of transmit antennas.

3.3 QUASI-ORTHOGONAL SPACE TIME BLOCK
CODE

The main characteristic of the codes designed in [3] is the
orthogonality property of the codes. The codes are designed
using orthogonal designs which are transmission matrices with
orthogonal columns. It is shown how simple decoding which
can separately recover transmit symbols is possible using an
orthogonal design. In Quasi orthogonal space time block code
(JAFARKHANI code) [27], we propose structures that are not
orthogonal designs and, therefore, at the decoder, cannot
separate all transmitted symbols from each other. Instead, in
Quasi OSTBC structure, the transmission matrix columns are
divided into groups. While the columns within each group are
not orthogonal to each other, different groups are orthogonal
to each other. We call such a structure a quasi-orthogonal
design. It is shown that using a quasi-orthogonal design, pairs
of transmitted symbols can be decoded separately. The
application of such a structure is in designing codes which
provide higher transmission rates while sacrificing the full
diversity.
By using the orthogonality of the transmitted symbols,
ALAMOUTI [2] first defined a space time transmission matrix
as

) 4 Xg}

Arz = [—Xf x;

Where the subscript A;, indicates the indeterminate X; and
X, existing in the transmission matrix. Based on ALAMOUTI

orthogonal STBC, JAFARKHANI [27] gave a quasi
orthogonal STBC form for four transmit antennas as
X X X X
c. = [—41,2 -'13,4]_ —X3 X7 e
Fol-Ag Al ] | XX X X3
Xe Xg XXl (6)

Where A;, and Az, are ALAMOUTI codes. Further, different
from JAFARKHANI scheme, the TBH case [31] has

X Xz X3 X4
c = [A:L,Z —"13,4] | XEXY -XIXS
! Azs iy X X X X

XXz XXyl @)
Using a unitary pattern idea introduced in [34] to investigate
the distribution of conjugates in the transmission matrices, we
find that it is related to the positions of correlated values. By

changing the distribution of conjugates, we can obtain
matrices with different positions of correlated values.

3.3.1 JAFARKHANI Case with TBH Correlated Position
We change the conjugates’ distribution of JAFARKHANI
matrix, and let

X X, XX,
—X3 K] —X[K;

Xy —X3—X X
=X X XX,
3.3.2 TBH case with JAFARKHANI- correlated positions
Similar to the above modification, we exchange the last row
and the third row from eqn. (7) and let

=1
Cir=
IE

¥, X, X, X,
X: XX X3
Xi—X§ X5 —X;
e X, X,

j+3
s —
i

3.4 ABBA Code

ABBA codes [31], [32], a class of QSTBC, have been
proposed to increase the rate of orthogonal space-time block
codes (OSTBC). ABBA QSTBC also has low complexity pair
wise complex-symbol decoding and performs better than
OSTBC. ABBA codes have been widely studied for coherent
and non-coherent transmissions, beamforming, and others. The
ABBA codes enable pair-wise real-symbol (PWRS) decoding;
and call such codes minimum decoding complexity (MDC)
codes. Thus, not only is their code rate higher than that of
OSTBC, but also their decoding complexity is equal to that of
OSTBC.

3.5 Proposed Code

We proposed a new space time block code matrix whose
performance is better than other space time block codes. This
space time block code is quasi-orthogonal in nature. We use
zero-forcing technique for the analysis of this code. Channel is
assumed to be quasi-static Rayleigh flat fading channel. The
matrix of the proposed code is given by

IV. SIMULATION RESULT AND
PERFORMANCE COMPARISION

In simulation result, first we give the comparison of
ALAMOUTI space time block codes with 1x1 scheme. We
also provide comparison with 1x2 MRC scheme. The
comparison of analytical and simulation result is also given.
ALAMOUTI scheme is better than other schemes but there is
3-dB difference between ALAMOUTI scheme and (1x2)
MRC scheme. Reason is that in ALAMOUTI scheme the
signal power is divided in 2 antennas equally.
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BER for BPSK modulation with Alamouti STBC (Rayleigh channel)
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FIG 1: BER performance of ALAMOUTI STBC with
different scheme

In next results, we give comparisons of all the space time
block codes explained in this paper. The codes are compared
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FIG 6: BER performance comparisons of different STBC under 64 QAM scheme

Analyzing all the results, we find that proposed code has
better result than other space time block codes under linear
receiver.

V. CONCLUSION

In this paper we give the modeling of space time block
codes. ALAMOUTI space time block code is based upon
this modeling. We explain different space time block codes
with their code matrix. Finally we give comparisons of the
different space time block codes and show that proposed
space time block code is showing better results comparing
with different cases. Further, there is a scope of research in
MxN space time block codes.
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