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ABSTRACT

The space-time block coding (STBC) makes use of a high
algebraic structure to provide diversity gain. Paper shows that
the multiple receiver antennas increase the diversity, which
results in high SNR. The two illustrative examples of Multiple
Input Multiple Output (MIMO) system in wireless network
using STBC are presented. Firstly, paper compares the case of
single user while incorporating multiple receiving antennas.
Secondly, paper compares the case of multiple users while
incorporating multiple receiving antennas. The simulation
results after experimental testing are in good agreement.
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1. INTRODUCTION

Extensive computer simulations of any complex hardware are
performed on  various  software  prior  practical
implementations. Wireless Communication system e.g.
mobile communication, radar etc. are simulated with research-
intensive models of hardware and underlying mathematics [1].
In simulation all aspects are taken into account (hardware and
software). The main idea is to be able to observe directly
effects of component design or architecture on performance of
the system and optimization of components. The main focus is
on system performance which is in the form of Quality-of-
Service (QoS) or in bit-error-rate (BER).

As we know that wireless spectrum used in wireless
communication is very expensive thus we need to design
system with more capacity and less requirement of
Bandwidth.  Therefore there is need to optimize
communication system with some techniques which gives
high network capacity without increasing bandwidth. To
optimize communication system interference cancellation is
important to enhance the network capacity. In propagation
media due to destructive addition of multipath signals and
interference from other user’s wireless communication suffers
attenuation. Channel conditions are usually Rayleigh in nature
and it makes receiver difficult to determine the transmitted
signal. If receiver is provided with less attenuated replica of
the original signal, receiver now will have many options to
predict (recover) original data. This technique of providing
multiple copies is known as diversity [2]. This is the best
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technique which achieves faithful transmission over a fading
channel. The main motivation of diversity is to recover robust
replica of transmitted signal at receiver side by combining
multiple copies which are independently faded. By
interference cancellation in Time Division Multiple Access
(TDMA) and Code Division Multiple Access (CDMA)
mobile users can potentially allow to share same time slots
and same code words.

In this paper, we considered multiple antenna scenarios at
both receiver and transmitter side. In paper [3], the multiuser
multi-antenna interference cancellation technique is addressed
for first time. In this paper, Tarokh et al. consider the cases
where N transmitter antennas are equipped to each user. They
have shown that each user can be decoded separately with
antennas equal to N times number of users. In the work by
Naguib et al [4]. They have used orthogonal space time block
code (STBC) properties and provided an interference
cancellation method using very less receive antennas equal to
number of users. But this method works for only users with
two transmitting antennas. The work in [5] improved the
system to more number of antennas but only for two users. In
[6], Javad et al. showed why the work in [4] cannot be applied
to more number of transmit antennas when the constellation
used is complex. They offered an alternative method based on
similar modulation scheme of Quasi Orthogonal Space Time
Block Code (QOSTBC) [7-8]. They also used number of
receiver antennas equal to number of users.

When multiple antennas are available then the Space-time
codes can be designed so as to provide highest possible
diversity. But on the other hand, using multiple-antenna
system codes like BLAST [9] can achieve potentially high
data rate but with less diversity than space-time codes[10].
Codes like Golden [11] and Perfect [12] can achieve both full
diversity and at the same time can provide high data rate. But
drawback of these codes is that they require receiving
antennas equal to number of transmitting antennas, because
they use sphere decoding. On the other hand orthogonal
space-time block code (OSTBC) and Quasi orthogonal space-
time block code (QOSTBC) [13] achieve full diversity and
require less receive antennas m = k. So codes OSTBC and
QOSTBC are advantageous to use in our simulation.

The outline of the paper follows next. In Section Il, we
describe a MIMO system and its features. We provide the
details of space time block coding and described channel
model in Section Ill. Section IV provides simulation results
and section V concludes the paper.
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Fig.1. STBC coded multiuser MIMO system

2. WIRELESS COMMUNCATION
USING MIMO

In the last two decade or so, there has been huge growth and
development in the wireless communication market. At the
starting there was focus on only speech processing and the
implementation challenge was to increase number of users per
spectrum and in given bandwidth [1]. Today there is a very
huge demand of high data rates, for various advanced internet
services like video calling, net browsing, navigation, high
definition Tele-Vision etc and this demand is increasing day
by day. To meet this growing demand various spectrally
efficient protocols have been designed. Previous studies on
MIMO have shown that if n transmit antennas and m receive
antennas are equipped then capacity (data rate) of the system
is improved up to a factor of n or m, based on wireless
channel conditions. The main obstacles in wireless
communication are scattering, multipath, attenuation and
Doppler shift [1]. Together we can call or refer them as noise
in system. We can use spacial multiplexing to increase much
of the system capacity. Diversity concept with spatially
separated antennas can be used to increase system capacity.
We can take advantage of fading i.e. every signal traverse
different path, fades independently and meet at transmitter.
Probability of getting correct data is high when we have more
than one observation because receiver gets more number of
copies to determine original data. Space Time coding [14] is
best approach for achieving spacial diversity, without
knowledge of channel state information (CSI) at transmitter.

MIMO can be sub divided into three main parts precoding,
spacial multiplexing and diversity coding [18].

2.1 Precoding

Precoding in short can be defined as multi-stream
beamforming. In this case all spacial processing is performed
at transmitting side. Same signal is transmitted from number
of antennas with appropriate phase and gain, so that receiver
input signal power is maximized. Benefits of this are
increased signal gain achieved by constructive addition of
signals transmitted by multiple antennas and decreased
multipath fading effects. But to use precoding at both

transmitter and receiver knowledge of channel state
information is needed.

2.2 Spacial Multiplexing

In Spacial Multiplexing (SM) multiple lower rate signal
streams are created form a high rate signal and using same
frequency channel each signal stream is transmitted through a
different transmit antenna. This technique is very useful as it
increases channel capacity at high SNR. This method can be
used without channel state information (CSI) at transmitter. If
CSl is available then we can take advantage of precoding.

2.3 Diversity

Diversity coding technique is used when there is no
knowledge of channel state information at transmitter. Unlike
multiple streams in SM, here single stream is transmitted but
space-time coding technique is used. This technique uses
orthogonality for signal transmission. Diversity coding does
not use array gain or beamforming as there is no channel
knowledge. If channel state information is present at
transmitter then spacial multiplexing can be combined with
diversity coding.

3. SPACE TIME BLOCK CODES AND

CHANNEL MODEL

Since the evolution of Space Time Block Code (STBC), they
have been of wide interest because they provide significant
increase in transmission rate, range and reliability. More
interesting is that we get these benefits without need of
increase in bandwidth. By using rich structure of STBC we
can reduce number of required receive antennas to number of
users and provide diversity of NM [12] and suppress k-1 co
channel space time users. The Main idea of using Multiple
Input Multiple Output system is ability to turn multipath
propagation, which is usually an obstacle in conventional
wireless communication system into benefit.

In our first experiment we used a wireless communication
system with two antennas at transmitter n; and n, and
assumed the channel to be flat fading. Let hy be path gains
from transmit antenna i to receive antenna j. Symbols to be
transmitted are Sy, S,, S3, Sa, Ss, Se... then transmission can be
expressed in matrix form as
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S1 S2
$= [_52* Sl*] (1)

Columns of the matrix represent number of antennas and rows
represents time period. Therefore at time t; symbols from first
row sl and s2 are sent form antenna nl1 and n2 respectively.
At time t, symbols form second row —s2* and s1* are sent
from antenna nl and n2 we will plot in Table 1 for better
understanding.

Now ignoring the noise, corresponding received signal will be
as shown in Table 2. hl is channel coefficient form transmit
antenna n, to receive antenna m; and h2 is channel coefficient
from antenna n, to my, receive signal can also be written in
the form

[:21*] = [:21* _};121*] [i;] r=Hs 2

To make this method more general, we extended this to n

transmitting antennas and m receiving antennas, signal rtf
represents received signal by antenna j at time t, and written
as

rtj =Y hijstj + ng (3)

Where n; is noise received at antenna j at time t, and it is
considered as independent, complex, zero mean Gaussian
random variable. 1/n is average energy of symbols transmitted
by each n antenna. Assuming there is perfect channel
knowledge h;; (from transmit antenna i to receive antenna j) at
receiver side, the decision metric was

l m J n Jj1?
Yt=1 Zj:llrt — Xi=1 hijst | 4
Over all code words
Sis?..sl'sisZ..sh.. .. stsf..sl', (where n s

number of receiving antennas and | length of frame, decision
is taken in favor of the codeword that minimizes this sum).

For real symbol constellation, matrix of size n with orthogonal
symbols +s4, +S;,...+s, can be written for 4 transmit
antenna as

51 S2 S35

_SZ Sl _S4 S3
_S3 54_ Sl _SZ (5)
_54_ _53 Sz Sl

At first time slot first row (s S;, 53, S4) is transmitted by four
transmit antennas and at second time slot second row is
transmitted (—s, 51, —S4, S3) and so on.

Design provides transmit diversity by using orthogonal
design, this provides maximum possible rate and can achieve
full diversity so there is no loss in bandwidth. Because of
orthogonal design we used simple maximum likelihood
decoding algorithm.
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Table 1: Block codes for two transmit antennas

Time Antenna n; Antenna n,
t Sy Sy
t+T =S, N
t+2T S3 Sy
t+3T -S4 Ss
t+4T S Sg
t+5T -Sg S5

Table 2: Received codes at receiver

Time Antenna my
t hisy + hys,
t+T -hysy +h,sy

t+2T hyS3 + hys,
t+3T -hys, +hosg

4. SIMULATION RESULTS

In this section we have provided simulation results for single
user and multiple users. Figure 1 illustrates the system block
diagram. We took two examples, one with single user and
other with multiuser (four users).

Experiment 1: We considered single user with two
transmitting antennas and observed results by increasing
number of receiving antennas. We plotted these results for
better understanding as shown in Figure 2. We used QPSK
modulation and space-time block coding (STBC) for
transmission and reception of symbol. To prepare Simulation
model we took source as Binary Generator and signal was
then modulated using QPSK modulator. Orthogonal space-
time block code (OSTBC) was used for transmission of
signal. We used two antennas at transmitter and signals were
passed through Rayleigh fading channel, AWGN was used to
add white Gaussian noise to input signal. This signal was then
received by OSTBC decoder and finally we demodulated the
signal using QPSK demodulator to predict original signal.
Comparing the output signal and input signal we plotted the
graph of signal to noise ratio (SNR) versus Bit error rate
(BER).

We followed this method for one, two and four receive
antennas and compared their results in a single graph.

Experiment 2: As per system block diagram Figure 1 we
modeled simulation setup for multiuser MIMO system. We
took integer generator and modulated the signal by 4-QAM,
using orthogonal space-time block coding (OSTBC) and four
transmitting antennas for each user. Taking into consideration
channel state information (CSI) we multiplied signal with
precoder. Signal traversed channel and AWGN noise was
added. OSTBC combiner was used to receive the signal and
simple maximum likelihood (ML) decoding was used. We
demodulated the signal and compared it with original
transmitted signal.
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Figure 2. Single user MIMO STBC system with two transmitting antennas and QPSK modulation

Multi-user MIMO system
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Figure 3. Four users MIMO with four transmitting antennas for each user and QAM modulation

We followed this procedure for four; six and eight receive
antennas and plot the results for Signal to Noise Ratio (SNR)
versus bit error rate (BER).

5. CONCLUSION

Paper showed how the space time block codes (STBC) using
multiple receive antennas increases the diversity, which
results in high (Signal to Noise Ratio) SNR. It is observed that
by using multiple receive antennas SNR increases for both
single and multiple users.

Future scope of this idea includes examination of the results
for more than 8 receive antennas for multiple users.
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