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ABSTRACT

A STUDY ON PERFORMANCE ANALYSIS OF SPACE TIME BLOCK
CODING IN MULTIPLE INPUT MULTIPLE OUTPUT WIRELESS
COMMUNICATION SYSTEMS
GHANEM, KAMAL DAW
MSc., Department of Electrical and Electronic Engineering
Supervisor: Prof. Dr. Ali KARA
February 2021, 58 pages
Building a Multiple Input Multiple Output (MIMO) channel to face real-world
fading and noise efficiently needs good diversity and coding techniques. Space-time
block code techniques of MIMO system can achieve huge performance gains in
multipath fading wireless links. It has evolved as a most vibrant research area
in wireless communications. Recently, STBC has been trying to incorporate in
the forthcoming generation of mobile communication standard which aims to
deliver true multimedia capability.
The aim of this thesis study is to provide a two different encoding schemes of STBC
depending on the selection for rate and number of transmit antennas, provide an
Alamouti STBC encoding, an orthogonal STBC encoding and linear decoding
technique while offering full diversity benefits in MIMO system. Our design aims
to improve Bit Error Rate (BER) performance, increase the diversity order with less
complexity in receiver, and improve error performance of synchronous data links
without sacrificing data rate or requiring more bandwidth. The simulations have been
done in MATLAB Simulink® 2020 environment.
Simulation results have been compared in MIMO fading channel for QPSK
modulation, which provide better BER performance in Rician fading channel
compared to the Rayleigh fading channel. However, performance of the
implemented MIMO-STBC depending on the selection for code rate and diversity
order. By using Alamouti STBC, full diversity is accessible to the 2 x 8, whereas
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orthogonal STBC to the 4 x 8 MIMO system. Therefore, better results are produced
if the received side uses maximum number of antennas. Diversity clearly depends
on the number of receive antennas so it diversity and receive antennas are directly
proportional. The simulation results show that the Orthogonal STBC design by
various code rates can efficiently reduce the BER at the same time reduce signal –
to - noise ratio (SNR).

Keywords: Space-Time Coding (STC), Alamouti scheme, MIMO Fading Channels,
AWGN, BER

iv

ÖZ
A STUDY ON PERFORMANCE ANALYSIS OF SPACE TIME BLOCK
CODING IN MULTIPLE INPUT MULTIPLE OUTPUT WIRELESS
COMMUNICATION SYSTEMS
GHANEM, KAMAL DAW
MSc., Elektrik ve Elektronik Mühendisliği Bölümü
Tez Yöneticisi: Prof. Dr. Ali KARA
Şubat 2021, 58 sayfa
Gerçek dünyadaki solma ve gürültüyle verimli bir şekilde yüzleşmek için Çoklu
Giriş Çoklu Çıkış (MIMO) kanalı oluşturmak, iyi çeşitlilik ve kodlama teknikleri
gerektirir. MIMO sisteminin uzay zamanı blok kod teknikleri, çok yollu kablosuz
bağlantılarda büyük performans kazanımları sağlayabilir. Kablosuz iletişimde en
canlı araştırma alanı olarak gelişti. Son zamanlarda STBC, gerçek multimedya
yeteneklerini sunmayı amaçlayan gelecek nesil mobil iletişim standardını dahil
etmeye çalışıyor.
Bu tez çalışmasının amacı, iletim antenlerinin hız ve sayısına bağlı olarak iki farklı
STBC kodlama şeması sağlamak, bir Alamouti STBC kodlaması, ortogonal bir
STBC kodlama ve doğrusal kod çözme tekniği sağlamak ve MIMO sisteminde tam
çeşitlilik faydaları sunmaktır. Tasarımımız, veri hızından ödün vermeden veya daha
fazla bant genişliği gerektirmeden Bit Hata Oranı (BER) performansını iyileştirmeyi,
alıcıda daha az karmaşıklıkla çeşitlilik sırasını artırmayı ve senkronize veri
bağlantılarının hata performansını iyileştirmeyi amaçlamaktadır. Simülasyonlar
MATLAB Simulink® 2020 ortamında yapılmıştır.
Simülasyon sonuçları, Rayleigh sönümleme kanalına kıyasla Rician fading
kanalında daha iyi BER performansı sağlayan QPSK modülasyonu için MIMO
fading

kanalında

karşılaştırılmıştır.

Ancak,

uygulanan

MIMO-STBC'nin

performansı, kod oranı ve çeşitlilik sırası seçimine bağlı olarak. Alamouti STBC'yi
kullanarak, tam çeşitliliğe 2 x 8, ortogonal STBC ise 4 x 8 MIMO sistemine
erişilebilir. Bu nedenle, alınan taraf maksimum sayıda anten kullanıyorsa daha iyi
v

sonuçlar üretilir. Çeşitlilik açıkça alıcı antenlerin sayısına bağlıdır, bu nedenle
çeşitlilik ve alıcı antenler doğru orantılıdır. Simülasyon sonuçları, çeşitli kod hızları
ile Ortogonal STBC tasarımının BER'i verimli bir şekilde azaltabildiğini, aynı
zamanda sinyal-gürültü oranını (SNR) azaltabildiğini göstermektedir.
Anahtar Kelimeler: Uzay-Zaman Kodlaması (STC), Alamouti şeması, MIMO Solma
Kanalları, AWGN, BER
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CHAPTER 1

1. INTRODUCTION

In recent years, the fourth generation of cellular communication has been the subject
of a lot of research. Subscribers have done 15 times more pace with our service than
with 3rd generation networks (3G) in a real-world situation. In addition, WIFI has been
incorporated into mobile devices; most people are now relying on it for
communication. With all these advances in communication systems, many changes
have been made in communication technology. Using multiple antennas at the
transmitter and receiver increases the useful number of outlets, and it can be achieved
without increasing the overall amount of power transmitted [1].
In a traditional Single Input Single Output (SISO) system, one information copy is
transmitted from one transmitter antenna to one receiver antenna. The likelihood of
the signals being effected by fading is very high. As wireless systems need more data
to be transmitted, their actual system can result in a higher data rate due to more
advanced Multiple Input Multiple Output (MIMO) systems, which will support the
overall system's ability to tolerate fading. In a MIMO system, multiple antennas may
be used to transmit and receive multiple streams of information from the same
time/frequency resources. This is known as the "Spatial Multitasking" technique. In
Spatial Diversity, a lot more information are broadcasted in a single time stamp, and
that increases the reliability of such broadcasted information. Recently, in order to
realize Space-time coding (STC), their performance and their limits, an enormous
effort has been made by the research community [2].
Space-time coding (STC) is a promising technique which the number of the transmit
antennas are equal to the number of transmitted code symbols per time slot. Spacetime coding can find their applications in wireless local area networks as well as in
cellular communications. There are many various coding methods like space-time
block codes (STBC), space-time trellis codes (STTC). The major matter in the last
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mention schemes is the utilization of redundancy to attain high performance gain, high
reliability and high spectral efficiency [3].
The aim of this study will be focusing how to explain the conception of space-time
block coding in a systematic way. In this thesis, an overview of STBC design
principles and performance is provided. The main motivation is devoted to study two
coding techniques of space-time block codes STBCs. The two different coding
schemes (Alamouti and orthogonal STBC) of space -time block codes (STBCs) have
been explored and analyzed with the proposed various code rates for different antenna
configurations, and to analyze their performance on different MIMO fading channels.
1.1 Thesis contribution
The contributions to my work on MIMO systems are as follows:


In this thesis, two different coding schemes has been simulated for QPSK
modulation for different antenna configurations in MIMO fading channel.



I have tested a MIMO system by Alamouti -STBC for Rayleigh fading channel
and Rician fading channel scenario, as well as. It is evaluated in terms of the
BER. The BER analysis shows that the model is working well (BER).



The MIMO system tested with the Orthogonal STBC for Rician fading channel
and Rayleigh fading channel scenarios.



The OSTBC-MIMO is compared with the typical Alamouti MIMO system on
different antenna configurations. This is a demonstration of how increasing the
number of transmitters increases overall system performance.



The system model was developed in Matlab environment to evaluate the
performance Bit error rate compared to signal to noise ratio in the situation of
a flat fading channel.

The first two tests help set up the research question, and are key to reproducing
previous work.
1.1.1 Research Question


How does line of sight (LOS) and non-line of sight (NLOS) effect the
efficiency of MIMO wireless systems using Alamouti and OSTBC?



Under which conditions does a MIMO with OSTBC code perform better than
MIMO system with Alamouti code?
2



What is a good representation of variables and parameters in realism Channel?



What is the impact of code rates on the STBC MIMO system?

1.1.2 New Aspects in This Thesis
In this study thesis, the following points describe the new aspects studied.


To simulate MIMO with different STBC schemes in different realistic
scenarios in MATLAB.



The model was also evaluated by varying the Rician factor (K). The K-factor
demonstrates how the direct and scattering components impact the baseline
fading model. Through the experiment, we have learned that the atmosphere
degraded efficiency.



Evaluate the performance of various m x n MIMO configurations with different
code rates are employed to observe the behavior of the MIMO system.



Reduce the complexity, processing time and higher cost in multi-antenna
systems.

1.1.3 Motivation
The most challenging tasks in multi-input multi-output (MIMO) wireless
communication systems are optimizing channel estimation. The motivation behind this
thesis is to explain how switching to space-time block code (STBC) technique for
MIMO system provides better error performance and spectral efficiency. Moreover,
increases the diversity order with less complexity in receiver, and needs for efficient
open loop system. We will be experimenting with using different multipath fading
channels within this method to gain some insight to the MIMO channel and the effect
on system output of fading components. Although there are many other techniques
available to code spatial diversity, its full code rate and clear linear processing decoder
are the reasons behind sticking to the referred STBC technique. It also enhances
synchronous data link error performance without sacrificing the data rate or needing
more bandwidth.

3

1.2 Outline of the Thesis
The thesis has been organized as following sections:


Chapter 1 describes a brief history of the research, its context, and its
importance to the study.



Chapter 2 provides a comprehensive survey of the literature on this work.
Citations are provided to begin to review the basics of wireless multipath
fading channel, to review the performance criteria, to implement MIMO
framework, and to review the STBC techniques for communication over
multipath fading channels.



Chapter 3 gives the research methodology which utilizing for achieving the
research aims. The design of MIMO system model with space-time block
coding is explored in detail in this section, and accompanied by mathematical
equations that can be used to analyze the system and calculate the BER and
their relationship to the SNR sent.



Chapter 4 displays results and Discussions.



Chapter 5 provides the conclusions of the research findings and future work.
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CHAPTER 2

2. LITERATURE REVIW

2.1 MIMO System Model for Wireless communication Networks
In 1996, the first MIMO system known as BLAST was proposed by BELL
laboratories. The main aim of this system was to fulfil the maximum capacity of
wireless communications utilizing several antennas [4]. Foschini [5] and Telatar [6]
are small number of those researchers who primarily studied the MIMO systems. The
use of multiple antennas at both ends of the network offers improved and more
effective connectivity and more efficient spectral performance [7].
MIMO configuration achieves spatial diversity and rises in channel capacity by
evading the requests of higher bandwidth or greater transmission power [8]. Lately,
the usage of multiple receive and transmit antennas play a principal role in improving
the performance of wireless network communications of MIMO structures [8]. The
MIMO is an advanced technology that enhances wireless communication systems by
using the spatial domain of wireless channel fading channels effectively [9]. Also,
conventional MIMO systems is known by way of point-to-point MIMO or collocated
MIMO requests both the receiver and transmitter of a communication system to
support with numerous antennas. In practice, due to the cost, hardware limits, size, and
numerous wireless equipment cannot be support the various antennas [9].

Figure 2.1: MIMO Systems Sample Diagram
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The benefits of MIMO wireless systems are following [9], [10]:


Beamforming - beamforming and steering their primary beams towards one
another could be carried out by both transmitter and receiver, which increase the
power of receiver and finally the Single-to-Noise ratio (SNR).



Spatial diversity- Through the use of radio transmission antennas, a signal can be
code generating redundancy which leads to a decrease the outage probability.



Spatial multiplexing - As a group of streams, they can all be transmitted
simultaneously, every stream having a various transmit antenna element. Then
the signal processing appropriate to the transmitted signals could be executed to
separate them at the receiver side.



It is essential to realize that in a MIMO system each antenna element has the same
frequency, therefore, there is no need to have an additional idle bandwidth.
Furthermore, the total of power that passes through every element of the antenna
is equal or less than to that of a single - antenna system , as shown below:

N

∑ Pk ≤ P

(2.1)

k=1

Where,


N : Number of elements of the antenna



Pk : The power allocated through antenna element ( k th )



P ∶ power of the input signal which has a single antenna element[11].

Productively, the above mentioned equation confirms that a MIMO system does not
consume more power because of its multiple antenna elements [12].
As a result of numerous MIMO system advantages from various standards
organizations around the world, the attention of international standards organizations
was drawn to MIMO wireless systems. Utilizing MIMO has been suggested, many
times, for use in high-speed packet data mode of third generation cellular systems
(3G), such as packet data for cellular phones (PDC) and broadcasting in base stations
(BS), in fourth generation cellular systems (4G), [13] and several other networks (PDC
and BS).
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2.1.1 Line-of-Sight MIMO
In addition, one must assume strong scattering channel or Rayleigh fading, it has been
vastly well-known that line-of-sight (LOS) channel conditions, under certain scenarios
can achieve suitable spectral efficiencies [15]. One of the necessary parameters in
LOS-MIMO channel situations is the best distance among the antennas; a small
difference in the optimum distance among the antennas may significantly affect the
spectral efficiency of the system [15]. In [16] the threshold conditions have been
investigated for phase response of the antenna, which can have an effect on the
capability of the LOS environment. Therefore, the distance between the array antennas
should be chosen carefully as for LOS-MIMO systems. The modern researches have
proposed the idea of taking out the best performance in LOS-MIMO wireless systems
by modifying the spacing of the antenna array.
The MIMO system’s performance highly depends highly on the channel
characteristics that has been determined by richness of scattering and antenna
configuration. The usage problem of MIMO communication in strong LOS component
propagation has been addressed by Limited studies. When comparing it to a single
antenna links, the LOS structures of MIMO propose a pertinent throughput rise but, at
the same time, they are highly susceptible to phase noise, especially when design
considerations support having numerous oscillators across two sides feeding signals to
each antenna.
The main idea beyond LOS of M×N MIMO is that to obtain a full-rank channel matrix
𝐻 through a LOS link by carefully positioning the transceiver antennas[17][18][19].
Indeed, if the antenna spacing d is satisfied by the transmitter and receiver:
dt dr =

λR
N

(2.2)

Where,


dt : Distance among transmitter antennas.



dr : Distance among receiver antennas.



λ : Wavelength.



R : Distance among transmitter and receiver.



N : Number of receiver antennas
7

The channel matrix H be able to be made by both unitary and full-rank. References
[18] [19] have treated in terms the Optimal deployment of linear antenna array channel
capacity, since it has illustrated that the delay of the MIMO paths and geometrical
distance determine size for matrix channel𝐻𝐿𝑂𝑆 .
Figure 2.2 demonstrates a linear antenna array. The channel matrix is a meaning of the
propagation time 𝜏𝑛𝑚 and the carrier frequency 𝑓𝑐 amongst each pair of transmitting
and receiving antennas, hence 𝑛, 𝑚 ∈ [1, 𝑁]. The minor difference among MIMO
paths in distance can be estimated based on a plane wave equation approximation.
From the far-field assumption, the gains of all paths are equal and normalized to one.
It is possible to express the channel matrix for a MIMO system as

𝐻𝐿𝑂𝑆

ℎ11
=[ ⋮
ℎ𝑁1

⋯
⋱
⋯

ℎ1𝑁
𝑒 𝑗2𝜋𝑓𝜏11
⋮ ]=[
⋮
𝑗2𝜋𝑓𝜏𝑁1
ℎ𝑁𝑁
𝑒

…
⋱
…

𝑒 𝑗2𝜋𝑓𝜏1𝑁
]
⋮
𝑗2𝜋𝑓𝜏𝑁𝑁
𝑒

Figure 2.2 Example of configuring a rectangular LOS-MIMO system.
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(2.3)

Assuming all signals have equal power, the MIMO channel with the optimal
throughput for all columns or rows is the one with orthogonal channels, (ℎ𝑘 , ℎ𝑙 ) = 0
for 𝑘, 𝑙 ∈ [1. 𝑁].
The 𝑁 × 1 vectors ℎ𝑘 and ℎ𝑙 represent 𝑘 𝑡ℎ and 𝑙 𝑡ℎ column of the channel matrix. Now
consider 𝐻 = 𝐻𝐿𝑂𝑆 “the optimal channel condition, that is given by:
𝑁

(ℎ𝑘 , ℎ𝑙 ) = ∑ 𝑒 (𝑗2𝜋𝑓[𝜏𝑛𝑘−𝜏𝑛𝑙 ])
𝑛=1
𝑁

2𝜋

= ∑ 𝑒 (𝑗 𝜆

[𝑟𝑛𝑘 −𝑟𝑛𝑙 ])

𝑛=1
𝑁

= ∑ 𝑒 (𝑗2𝜋[∠ℎ𝑛𝑘 −∠ℎ𝑛𝑙 ]) = 0

(2.4)

𝑛=1

Where 𝑟𝑛𝑚 is the geometrical distance from the 𝑛𝑡ℎ receiving antenna to the 𝑚𝑡ℎ
transmitting antenna, ∠ is the angle of operation and 𝜆 is the wavelength. A careful
deployment of the antennas may easily satisfy the optimal condition for a linear
antenna array. The distances 𝑟𝑛𝑚 will be given from geometric deployment and it is
calculated as:
𝑟𝑛𝑚 = √𝑅2 + (𝑛𝑑𝑟 − 𝑚𝑑𝑡 )2 ≈ 𝑅 (1 +
=−

𝑛𝑚𝑑𝑟 𝑑𝑡
𝑅

+(

𝑛 2𝑑𝑟2 −𝑚 2𝑑𝑡2
2R

(𝑛𝑑𝑟 − 𝑚𝑑𝑡 )2
)
2𝑅2

)+𝑅

(2.5)

where 𝑑𝑡 and 𝑑𝑟 are the antenna separation for the transmitter's respective receiver
along a general axis normal to the hop direction and the hop length is R.
Since 𝑑 << 𝑅 the distances from the Taylor expansion of the first order can be
approximated. The path difference between pairs of antennas is given by:
𝑟𝑛𝑘 − 𝑟𝑛𝑙 =

(𝑖 − 𝑘)𝑛𝑑𝑟 𝑑𝑡 (𝑘 2 − 𝑙 2 )𝑑𝑡2
+
𝑅
2𝑅

The second term

(𝑘 2 −12 )𝑑𝑡2
𝑅

(2.6)

presents a phase shift which can not alter the

orthogonality.
So the resulting condition is indicated by:
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(𝑗2𝜋
⟨𝒉𝑘 , 𝒉𝑙 ⟩ = ∑𝑁
𝑛=1 𝑒

𝑑𝑡 𝑑𝑟
(1−𝑘)𝑛)
𝜆𝑅

=0

(2.7)

By using this formula , the solution for each of those separation distances. was
obtained as:
𝑑𝑡 𝑑𝑟 =

𝜆𝑅
𝑁

(2.8)

So far away it has been supposed that the antenna array setup was desgined to be
parallel, howover, It is easy to apply the main idea to a non-rectangular setup.
Reference [20] has reported that each linear array configuration could be projected
onto parallel array, needed to the optimal expression as given (2.8).
2.2 Wireless Channel Characteristics
Every wireless communication channel that was tested had different behavioral
characteristics. This influenced the implementations and designs of the receiver
components. For instance, a band-limited channel can only accommodate a specific
spectrum of carrier frequencies. Furthermore, nonlinearity in phase levels or
fluctuations of the amplitude suggest the need of equalization components in receiver
side. The general characteristics of channel model are described in this section.
The received signal propagated over the radio is created by both the signal which is
coming straight from the transmitter and also from the scattered copies of the original
one, diffracted and combination of reflected. This influence is known as multi-path
propagation.
Reflection may be occurring if the interrupted signal strikes the same surface, a small
signal will be absorbed by the surface, and the remaining energy will travel a great
distance before it can travel to a receiver antenna. It is likely that the signal will be
reflected many times before it ends at the receiver by more than one surface. The
phenomenon that called diffraction is occurred when the signal is derived from
secondary signals. In consequence, scattering will occur if spread out surfaces disperse
the signal energy in all directions, providing additional energy at the receiver [21].
If the medium is air in radio channel, the path direction between the receiver and
transmitter reduces the power of the signal by a factor proportional to the square of the
distance and square of the carrier frequency. The effect that causes loss of the power
10

in the free space is known as Path Loss. However, when the medium is disrupted the
signal is significantly different. This is known as shadowing.
Additionally, the Doppler Effect can diminish the accuracy of the signal. The mobile
unit shifts, which causes the wave frequency to change. That is the difference in
frequency between the received and transmitted waves. This frequency's name is
Doppler shift and happens due to motion. The Doppler Shift measurements of the
spectrum that have the highest amplitudes (i.e. broadening).
Since the direction of the signal does have an interruption, it causes the reflected signal
to enter a delay with respect to the original. This pause spread Coherence that is
directly linked to the performance of the invention. Bandwidth quantifies the response
of the channel frequency.
2.2.1 Multipath
In wireless communications, a signal can traverse various paths from sender to
receiver. Because of the obstacles along the way, this is evident; such signals are
reflected and refracted, often resulting in total signal loss or signal quality degradation.
When a connection is made, and signal travels from the transmitter to the receiver,
there are chances for the signal quality to degrade or even be lost. In the figure
attached, there are shown all possible signal manipulations in a multipath setting, i.e.,
reflections, diffractions, refractions, and obstructions of signals on the route to the
consumer.

Figure 2.3 Multipath and Fading representation in Real-time.
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2.2.2 Fading Channels
The time varying attenuations and delays which affect the output, define the model of
a fading channel as a Fading Channel In the last paragraph, we have a summary of
some explanations for these impacts, and their analysis is important for the design of
countermeasures against them, such as coding and diversity [22]. The fading channels
are classified according to the following meanings [23]:


Fast Fading: Fast fading happens when the coherence time (the time at which the
two symbols take on the same amplitude) is less than the signal's symbol length
(the time period which the two signals take on the same amplitude).



Slow Fading: The channel impulse response shifts slowly when the shift in
frequency as a result of Doppler is negligible. We describe this channel to be a
channel of slow fading.



Frequency-Flat: The channel is named a frequency-flat fading channel if the
channel bandwidth is greater than the signal bandwidth. The random variations in
the gain and frequency range are the fundamental distortions caused by this fading.
Because of the damaging intrusion, it pushes through deep fades and nulls. For
mobile radio networks, this model is widely used.



Frequency-Selective: In the other hand, the channel becomes a frequency-selective
fading channel if the channel bandwidth is less than the signal bandwidth. This
leads to symbols in the time domain, known as ISI, overlapping.



Rayleigh and Rician fading Models: If there is no direct path among the transmitter
and the receiver, the Rayleigh distribution approximates the flat fading channel,
which is a sum of two independent and identically distributed random variables.
Instead, the strongest component comes from the direct direction when there is a
line of sight, and it fades deeper relative to the components of the multipath. The
Rician distribution is typical of this behaviour [23].

In Rayleigh channel, the signal can be modeled by:
𝑁

𝑠(𝑡) = ∑ 𝛼𝑖 𝑐𝑜𝑠(𝜔𝑐 𝑡 + ∅𝑖 )

(2.9)

𝑖=1

Where:
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The vector “N is the total number of signal paths, 𝛼𝑖 and ∅𝑖 is amplitude and phase of
the 𝑖 th each signal reveal at the receiver from an angle 𝜑𝑖 relative to the direction of
motion of the received antenna. The angle 𝜑𝑖 and phase ∅𝑖 can be supposed to follow
a constant distribution over [0, 2π]”.” The Doppler shift is known by
𝜔𝑑 =

𝜔𝑐 𝑣
𝑐

𝑐𝑜𝑠 𝜑𝑖

(2.10)

Where v is the velocity of the mobile terminal, c is the light speed.
The received signal's Doppler shift could be expressed as:
𝑠(𝑡) = ∑𝑁
𝑖=1 𝛼𝑖 𝑐𝑜𝑠(𝜔𝑐 𝑡 + 𝜔𝑑 𝑡 + ∅𝑖 )

(2.11)

The obtained signal can also be signified as: on the Rician channel:
𝑠(𝑡) = ∑𝑁
𝑖=1 𝛼𝑖 𝑐𝑜𝑠(𝜔𝑐 𝑡 + 𝜔𝑖 𝑡 + ∅𝑖 ) + 𝑘𝑑 𝑐𝑜𝑠(𝜔𝑐 𝑡 + 𝜔𝑑 𝑡 )

(2.12)

Where: 𝜔𝑖 “is the Doppler shift that occurs along the indirect path (𝑖 𝑡ℎ ).
On the LOS direction, 𝜔𝑑 is the Doppler change of the direct wave and constant 𝑘𝑑 is
the speed of the direct wave.
2.3 System Performance Parameters
The ideas of Bit Error Rate (BER) and Signal-to-Noise Ratio (SNR) clarify the purpose
of this section that offers various measures of achievement associated to a
communication system.
2.3.1 Signal-to-Noise Ratio (SNR)
This is a digital communication system's most common performance feature and is
frequently measured at the output of the receiver. It offers convincing proof of the
system's fidelity (quality). It compares the transmitted signal to the noise level, like
how noise is described in decibels, and how the power is compared to the noise and
then expressed in decibels, the name of the signal (dB).
𝑆𝑁𝑅 = 10𝑙𝑜𝑔10

Average signal power
Noise signal power

(𝑑𝐵)

(2.13)

The modulated energy ratio to the noise spectral density per information bit is:
𝑆𝑁𝑅 =

Modulated energy per bit
Noise spectral density

𝐸

= 𝑁𝑏 (𝑑𝐵)

(2.14)

0
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2.3.2 Bit Error Rate (BER)
One could use a criterion to evaluate the behavior of the system that is easiest to do,
so that is useful. The decimal number of data bits divided by the total number of data
bits. The wireless communications function is typically represented utilizing BER vs.
SNR plots.
For example of an AWGN channel and QPSK modulation, the BER as a function of
𝐸𝑏 /𝑁0 is given by the following equation:
1

𝐸

𝐵𝐸𝑅 = 2 𝑒𝑟𝑓𝑐 (√𝑁𝑏 ) "

(2.15)

0

Where, 𝑒𝑟𝑓𝑐 is function of the complementary error [13].
The error rate of the packet (PER) or the error rate of the block (BLER) is the number
of data packets being sent that are wrong. In this situation, if at least one bit inside is
wrong, a packet or block is treated as a mistake.

2.4 Diversity Techniques
The effect of fading on a multipath channel has been addressed so far. Communication
engineers have developed a few diversity techniques to protect the data from multi
path fading. All possible independently, non-fading networks, are one in which the
point of diversity is to transmit multiple reproductions of information. The user still
has access to the data because of maintaining multiple copies, even though some have
degraded or are detached. Various methods of achieving diversity are available.
Time Diversity is where the same data is presented for replication in different time
slots. Likewise, Frequency Diversity, where information is directed in various slices
of frequency. The same group is also covered by Angle Diversity, Polarization
Diversity and Spatial Diversity.
Spatial Diversity is the one that suits best for MIMO configuration from the abovenarrated diversities.
2.4.1 Spatial Diversity
In a MIMO system, Spatial Diversity is a more practical and commonly used technique
to combat fading. By only maintaining a few wavelengths of separation between
antennas, Spatial Diversity can be achieved. The channel width for separate and
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uncorrelated fading paths is given by this gap. When data is sent through these
channels, because of copies in other independent paths, the effect of fading on one
independent path will not affect the information reaching the receiver.
At the receiver end, differentiating the fading signals often requires sufficient spacing
between receiving antennas. Spacing is any of Spatial Diversity's key principles and is
a valuable MIMO modeling property. Electromagnetic coupling increases as the
separation between the antenna pair decreases, which results in higher coherence
among them. The spacing among antennas should be greater than half of the
wavelength of the signal we receive.
Spatial Diversity improves the system's overall efficiency. Whereas Spatial
Multiplexing, that is another type in MIMO, focuses on the capacity in system and
increasing the data rate [24][25].

Figure 2.4: The MIMO block diagram.

Pointing out this block diagram illustrates the uplink for this study as well as its
proposals. Consequently, Base Station as Receivers and user devices (mobile phones)
considers as Transmitters.
While Spatial Diversity is the fundamental of MIMO, due to the impracticality of not
fitting multiple antennas and coding complexes to the transmitter, it was first
implemented at the receiver end. One of the earliest strategies for receiver variety is
Maximal Ratio Receive Combining (MRRC). MRRC uses the Optimal Linear
Receiver Combining technique [26], where a linear weighted combination of the inputs
consists of the output combiner. As the demand for data rate and efficiency grows over
time, communication engineers have begun to grow transmitter-side diversity. This
approach is known as Transmit Diversity.
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2.5 Transmit Diversity
Early attempts on the transmitter side to achieve diversity have challenges such as
knowing Channel State Information at the Transmitter (CSIT), transmitting power
hiking, and a few more practically challenged requirements. A non-trivial undertaking
is the development of transmission diversity with similar receiver diversity constraints.
Channel State Information at the Transmitter is one of the main challenges to achieving
transmission diversity (CSIT).
If the transmitter wants to know the channel information in advance, it needs to know
how the equivalent receiver diversity strategies are implemented as well. Usually, only
the receiver knows the channel information in a communication device. It's indeed
practically non-trivial to build a MIMO system that is based mostly on CSIT [26].
Another tradeoff is the data rate, which might achieve transmit diversity by
transmitting the same information to all transmission antennas. It points out that either
sacrifice of data rate or a CSIT should be considered in order to attain the diversity of
transmission by looking at these challenges. After several breakthroughs, a technique
called Space-Time Coding diversity was developed by communication engineers to
attain transmission diversity.
2.6 Space-Time Block Coding
Space Time Coding utilizes the use of time and space diversity combined to improve
reliability of wireless communication systems. There are two major classes of space
time coding: Space time trellis coding (STTC), and Space–time block codes (STBCs)
where they differ in the way of coding process.
A multiple input multiple output (MIMO) antenna system has been industrialized to
allocate reliable transmission, and STBC has been industrialized to allocate reliable
transmission. Different STBC schemes build codes with various gains in multiplexing
and diversity [28].Within these many designs [29], Alamouti STBC and orthogonal
space-time block codes (OSTBC) are the interest of this research work. This conveys
redundant copies of symbols to compensate for fading, assuming that the receiver side
receives some of the symbols in a better state than others [30].
Lately, however, for frequency selective fading channels, space-time codes have been
checked. In [31], an error floor exists when space-time encoded signals are sent over
ISI channels. This allows equalization to occur. For some frequency selective fading
16

channels, many STBC configurations have been suggested, such as using orthogonal
frequency division modulation (OFDM) modulation for space-frequency coding. For
situations like this, systems are well equipped for block fading channels and will
produce high gain over SISO transmission. However, the extension inside a
transmission block to channels with time-variant operation is not straightforward [31].
Recently wireless antennas and networks are used to improve performance over
wireless networks. Space Time Block Coding (STBC) has attracted considerable
interest due to its improved coding performance. Alamouti suggests using an STBC
system which uses two antennas at the transmitting end and one antenna at the
receiving end to meet maximum rate output While STBC still needs to be mastered
when more than two transmitters and more than one receivers are used. By using two
or more transmit antennas; this particular diversity approach allows for signals to be
repeated in various time slots. If the antennas are positioned correctly, each copy of
the signal is independent of fading. The risk of experiencing deep fading is very low
as fades for slow flat fading channels can be prevented [34]. In order to respond to the
low transmission rate of Alamouti code, several other codes have been suggested. In
[36], the researchers investigated a 2 x 2 full-rate full-diversity STBC that provided
the best possible performance corresponding to other 2 x 2 full-rate STBCs recently
published for the PAM constellation. While these codes benefit from full-diversity and
full-rate properties in [34] and [35], they suffer from the complexity of the receiver,
resulting in high power consumption for the decoding process. For example, the
Golden code [34] and the code suggested in [36], as the fourth power of the signal
constellation scale, the complexity of the optimum receiver increases. To minimize the
complexity on the receiver side, many STBCs are recorded. The STBC presented in
[37], for instance, as it increases the simplicity of the sphere decoder. [38], but also
requires time-consuming and complex QR decomposition at the receiver. The
designed STBC in [39], whose optimum receiver rises exponentially with the scale of
the signal constellation, is another example. A full diversity STBC and full rate for
two transmission antennas was introduced in [33] to reduce the complexity of STBCs
with a high data transmission rate, resulting in linear complexity at the receiver.
These code sets are orthogonal and can simultaneously achieve all the diversity
possible. In addition to having closely related encoding and decoding schemes as the
17

Alamouti space-time code, both the transmitter and receiver sides have the same
encoding and decoding schemes. The data is represented in a matrix where the number
of rows is equal to the number of available time slots for data transmission, and the
number of columns is equal to the number of antennas that can receive the data. The
signals are first combined in the receiver to produce the maximum likelihood estimate,
and then decision rules are applied.
STBCs are designed with a simple linear decoding algorithm to attain the maximum
diversity order for the specified number of receiving and transmitting antennas, subject
to limits on complexity and expense. This method has become popular as of late, and
is most popularly used.
It has been reported in [40], at the receiver better results on the performance of channel
estimation can be provided by methods based on training. If there is a need to design
a reliable and an accurate MIMO channel a pure training based techniques can be
considered as an advantage. Even though, it might be a disadvantage if there is a
request of bandwidth efficiency. Because of the employment of a long training
succession which is necessarily in demand to get a reliable MIMO channel estimation
this is because pure training based methods minimize the bandwidth efficiency
importantly. there are a lot of wireless communication systems still utilize pilot
succession for estimating the channel parameters at the receiver side due to the
complication of blind and semi-blind methods.
2.6.1 Alamouti Space-time Coding Scheme
Alamouti is a famous communication engineer identified for his contribution to the
MIMO system's Space-Time coding. A new approach to achieving transmission
diversity using STBC coders was proposed by Alamouti. Later, this method became
known as the Alamouti code by its name, and it is one of the previously recognized
space coding techniques [40].
Alamouti Code is one of the earliest developed OSTBC techniques to achieve diversity
transmission without losing any of the previously described difficulties (discussed in
section 2.5). Alamouti code is a method of providing gain through the use of multiple
antenna. It consists of four key basic functions; channel state estimation, maximum
likelihood decoding, diversity combining and space-time coding.
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The diagram shows all the aforementioned functions in a 2x2 Alamouti STBC [41].
The Alamouti scheme offers diversity in the same way by utilizing two transmit
antennas and one receive antenna, like the Maximum Ratio Receiver Combining
(MRRC).

Figure 2.5 2x2 Alamouti schematic diagram.

By easily expanding to two transmit antennas, as well as, N numbers of receive
antennas, this technique can provide a diversity order of 2N. Focused on the three
functions below, this system:


“the transmission sequence and encoding



“the combining technique at the receiver”



"the maximum likelihood decision rule"
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For instance, in case of two transmit antennas and also one antenna’ receiver:
Table 1.1 Transmission Sequence for Alamouti STBC

Antenna 1

Antenna 2

Time (𝑡)

𝑠1

𝑠2

Time (𝑡 + 𝑇)

−𝑠2∗

𝑠1∗

At time t, the symbols 𝑠1 and 𝑆2 is transmitting respectively from antenna one and two.
Symbols −𝑠2∗ is transmitting from antenna one and 𝑠1∗ is transmitting from antenna
two throughout time 𝑡 + 𝑇.
For a single case of receiver antenna at time t,
ℎ1 (𝑡) : Channel among one transmitter antenna (1) and receiver;
ℎ2 (𝑡) : Channel among transmitter antenna (2) and a receiver.”

Figure 2.6 “Alamouti STBC scheme with one receiver”

It is presumed that fading between two consecutive symbols is constant, so we can
have
ℎ1 (𝑡) = ℎ1 (𝑡 + 𝑇) = ℎ1
ℎ2 (𝑡) = ℎ2 (t + 𝑇) = ℎ2

(2.16)

The received signal 𝑟1 and 𝑟2 for both the time intervals 𝑡 and 𝑡+𝑇 can be given a
𝑟1 = 𝑟1 (𝑡) = ℎ1 𝑠1 + 𝑠2 ℎ2 + 𝑛1
𝑟2 = 𝑟2 (𝑡 + 𝑇) = −ℎ1 𝑠2∗ + ℎ2 𝑠1∗ + 𝑛2

(2.17)

Where, 𝑛1 and 𝑛2 gives random noise at 𝑡, 𝑡+𝑇.
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The combiner then generates the following two combined signals, which are sent to
the maximum - likelihood detector:
𝑠̇1 = ℎ1∗ 𝑟1 + ℎ2 𝑟2∗
𝑠̇2 = ℎ2∗ 𝑟1 − ℎ1 𝑟2∗

(2.18)

Now, substituting (2.16) and (2.17) in (2.18) we get,
𝑠̇1 = (|ℎ1 |2 + |ℎ2 |2 )𝑠1 + ℎ1∗ 𝑛1 + ℎ2 𝑛2∗
𝑠̇2 = (|ℎ1 |2 + |ℎ2 |2 )𝑠2 − ℎ1 𝑛2∗ + ℎ2∗ 𝑛1

(2.19)

Then the combined signals are transmitted to the maximum likelihood detector to
minimize the distance metric for all possible values using the following decision rule.
Choose 𝑠𝑖 if and only if
(|ℎ1 |2 + |ℎ2 |2 − 1)|𝑠𝑖 |2 + 𝑑 2 (𝑠̂1 , 𝑠𝑖 ) ≤
(|ℎ1 |2 + |ℎ2 |2 − 1)|𝑠𝑘 |2 + 𝑑 2 (𝑠1 , 𝑠𝑘 ), ∀𝑖 ≠ 𝑘

(2.20)

Figures 2.7 and 2.8 display the encoder and the decoder of the Alamouti STBC
technique. The information is modulated before transmitting and then given to the
space-time encoder. As part of the MIMO system, the space-time encoder consists of
two transmitting antennas and information is transmitted over two different antennas.
There is a channel for each transmitting and receiving antenna pair, characterized by
different channel coefficients. The basic components needed for designing the device
are these channel coefficients. The complexity of a system rises with the number of
antennas at a both transmitter and receiver, and the increase in a system's complexity
[42].

Figure 2.7 Encoder for Alamouti STBC

21

The output of the Space-Time Decoder is provide for the channel estimator. Via an
input to the maximum likelihood detector, then the estimated coefficients to the
channel with the combiner are given. Then the detected signal is sent for demodulation.
Finally, demodulator provides the original signal which was sent as an output.

Figure 2.8 Alamouti Space-Time Decoder

2.6.2 Orthogonal Space-Time Coding Scheme
Orthogonal Space Time Block Codes are used in many forms of wireless
communications. For open-ended subtraction codes, the rate is less than or equal to
one. Alamouti coding is the only STBC code, which uses full diversity and full code
rate.
An OSTBC consists of a matrix where each row represents a time slot and each
column represents that of one of the antenna over the time period [30].

𝑆11
𝑆21
Over the time slots 𝑛T ↓ .
.
𝑆
[ 𝑛𝑇 1

Over the T𝑥 antenna
𝑆12 … … 𝑆1𝑛𝑇𝑥
𝑆22 … … 𝑆2𝑛𝑇𝑥
…… ……
.
…… ……
.
𝑆𝑛𝑡2 … … 𝑆𝑛𝑇𝑛𝑇𝑥 ]
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(2.21)

If we look at the transmission matrix, see that the columns are perpendicular to each
other . This means that two antennas don't impact each other. The orthogonality lets
us achieve total transmission diversity and at the same time it helps the receiver who
only need to decode a simple ML decoding to distinguish the signals emitted from
different antennas and thus allows a simple decoder.
2.6.3 Code Rate
The symbol rate is based on the space-time code rate. The code rate is a combination
of how many different symbols are included in a code word and which symbols are
included in that word.
"R =

Number of symbols transmitted in the codeword
Number of symbol periods used to transmit all the symbols

"

(2.22)

The number of coded symbols used in a code word is described in Information Theory
as Channel usage [42]. Thus, it is meaningful to use units of code rate, R, by way of
symbols per channel use. If the number of symbols is equal to the number of symbol
periods, a codeword will have the full code rate.
2.6.3 Diversity Order
The MIMO system's diversity order is the representation of the number of replicas of
a given input signal to which the receiver can be receptive. The maximum diversity of
a MIMO system is composed out of the items the number of receivers and transmitters
of a MIMO system.
2.7 Related works:
There are many research efforts on performance analysis and implementing of STC in
MIMO systems. Most of this research provides a partial solution to the problem of
multipath fading, So take one side without the other aspects arising from such cost,
complexity, BER and the SNR, In many cases, the study provides a viable solution for
one of the variables affecting the performance of communications systems, but does
not represent the best solution because it often requires a lot of studies and analyzes
the complex that are difficult to cover the whole by one researcher or group. But
requires a series of studies and each one takes the side of the aspects are grouped in
the end all those solutions discussion so that we take its beauty as much as possible
and try to avoid the disadvantages thereof. There are different research efforts to
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overcome this problem; list here a brief for some of them. Rafik Ahmad et al. [44]
presented a Comparison of Wireless MIMO System under Maximum Ratio
Combining Technique and Alamouti’s Scheme. The fundamental concept of these
systems is to relay more than one copy of the original signals and receive them. The
system has exactly the same diversity order using two transmitter antennas and one
receiver antenna as the Maximum -Ratio Receiver Combining (MRRC) with one
transmitter antenna and two receiver antennas.
That is, branches are further amplified with a strong signal, whereas weak signals are
attenuated. Generally,
1) The signals that is given from every channel are merged.
2) Each channel's gain is proportional to the level of the rms signal and inversely
proportional to the mean level of square noise in that channel.
3) For each channel, different proportionality constants are used.
The optimal combiner for separate AWGN channels is Maximum-ratio combining.
The maximum ratio combining process, where multiple input signals are weighed
individually and combined to get one output. In the figure below, a block diagram
representation of a maximum ratio combining (MRC) diversity.

Figure 2.9 block diagram of MRC diversity.

We can see, the output of signal is a linear combination of a weighted. Therefore, the
output of the process is all of the signals obtained by:
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The output signal is all of the received signals revealed by:
𝑟 = ∑𝐿𝑖=1 𝑎𝑖 𝑟𝑖

(2.23)

The weighting factor of every receiving antenna is selected to be proportional to its
own signal voltage to noise power ratio in the maximum combination ratio.
A comparison of diversity strategies and the potential for Rayleigh fading to influence
the efficiency of mobile phone transmission is addressed. This paper studies the
efficiency of Maximum Ratio combining and Alamouti codes under the assumption
that the signal affected by reflections and diffraction. It is shown that in wireless
MIMO systems using Alamouti diversity and Maximum ratio combining techniques,
AWGN channel and Rayleigh fading channel efficiency can be enhanced by increasing
the transmit power level of the system. Despite of where it is distributed, the averaged
transmitted power is the same. However there are limitations in this study because it
relied on the system only two antennas and neglected the possibility of increasing the
antennas in the transmitter and receiver in addition to the value of high SNR used to
achieve this.
Shreedhar A Joshi et al. [45] studied Space Time Block Coding for MIMO Systems
utilizing Alamouti Scheme with Digital Modulation Techniques BPSK and QAM
Modulation Scheme with channel state information (CSI) at the transmitter.
The efficiency of the Alamouti code using BPSK symbols with realizations attained
by simulations of Rayleigh channels. The total transmission power of the two antennas
utilized in the Alamouti method is assumed to be the similar as the transmission power
transmitted from a single transmission antenna to two receiving antennas and the MRC
added to the receiver. It is often assumed that the fading amplitudes of each transmit
antenna are mutually uncorrelated to each receive antenna and Rayleigh is distributed
such that the average signal powers of each receive antenna from each transmit antenna
are the same. Figure 2.10 depicts performance of Alamouti, QPSK constellation using
Alamouti. The BER efficiency of the Alamouti scheme, and the BER efficiency of a
(1 × 1) scheme, and the BER efficiency of a (1 × 2) MRC scheme. The simulation
results show that the same diversity of the Alamouti (2×1) is as good as or better than
the MRC using scheme. However, the Alamouti scheme is a 3 dB inferior to the
scheme. This is because the transmitting power from each of the transmit antennas is
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half of the power radiated from each transmit antenna, and similarly divided among
two receive antennas and sent to two additional receive antennas. In this manner, the
two schemes have the same effectiveness in transmitting.
The other digital modulation technique was employed in this proposed work is QAM
which compares the Symbol error rate (SER) performance of Alamouti space-time
coding with 2 transmitting antennas and 1 receive antenna. The Symbol Error Rate
performance is done for different orders of QAM is shown from figure (2.11) .

Figure 2.10 The BER performance of the QPSK Alamouti Scheme, nt = 2, nr = 1,2

A comparative analysis of orthogonal space time block codes with trellis coded
modulation, was carried out by Chourasia and Patel[46]. Our main aims in this paper
is to evaluate the efficiency of OSTBC with TCM over the fading channel of Rayleigh
and Rician and to compare the performance of this technique over the fading channel
of Rayleigh and the fading channel of Rician.
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Figure 2.11 The sembol error rate performance for 4 QAM with Alamouti, nt = 2,nr = 1

Where a major diversity gain over the TCM scheme is given by this scheme and about
approximately 2 dB coding gain over the Alamouti code. And when the line of sight
(LOS) route is considered, this suggested technique for OSTBC with TCM shows the
better output about 3 dB over Rician fading channel. If no line of sight (NLOS)
direction is considered, this technique gives a better result than the Rician fading
channel of about 1dB over the Rayleigh fading channel. The disadvantages of this
work that he must first determine the type of transmitter LOS or NLOS and the main
drawback is the high value of SNR used.
2.8 Chapter summary
This chapter includes a literature review of various techniques important in
understanding this stud, including digital communication system fundamentals,
characteristics of a wireless channel and performance parameters.
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CHAPTER 3

3. RESEARCH METHODOLOGY

In this chapter, provides the system model in details with all strategies and methods
adopted for not only transmitter but also receiver processing. Herein, analytical
expressions and detailed derivations related with the proposed scheme are simulated using
the MATLAB.

3.1 System Model
Figure 3.1 provides an illustration of an Alamouti MIMO communication system
which is based on the usage of multiple receive and transmit antennas. The information
has been collected from the source, and has been symbolically mapped. This symbol
mapr's signal is modulated by QPSK. Then the N coded bits are mapped in parallel to
an STBC encoder. Every bit that is encoded in each sub-stream is then transmitted
from the programming antenna. As the signals are transmitted simultaneously through
each antenna as they scatter across the wireless multiple input/multiple output (MIMO)
channel, interference takes place. The encoded data from the transmitter will be
recieved by the antenna element at the receiver, and will then be decoded at the
Alamouti STBC decoder.

Figure 3.1 The Generic Block diagram of Alamouti STBC Model
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3.2 Transmitter Design
Figure 3.2 shows the simmurized block daigram of the desgin which represents the
transmitter.

Fig 3.2 The block diagram represents the transmitter.

3.2.1 Bits Generation
In the First step the bits for the message has been generated by utilizing the Bernoulli
Binary Generator block. This kind of block produces random binary numbers utilizing
a Bernoulli distribution. However, the output signal may be a frame-based matrix, a
sample-based one-dimensional array or a sample-based column or row vector. The
Frame-based outputs is controlling those attributes, Interpret vector parameters and
Samples per frame as 1-D parameters.
In the model, the Bernoulli Binary Generator block provides the data source for the
simulation. The block creates a frame of 1500 random bits. They can determine the
length of the output frame using the samples per frame parameter. In this case, the
output frame length is 1500 and "Boolean" is the output data form.
3.2.2 Modulation Parameters
In the second step the modulation parameters is being generated by the transmitter
side. The structure contains various parameters including training sequence, TX and
RX oversampling factor, modulation scheme and filter parameter. The values of the
various block parameters such as the tuning parameters are selectable on the block
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settings panel. In this model, the modulation technique is implemented QPSK
modulation scheme using QPSK modulator block. The block produces the required
suitable pulse shaping filter coefficients. After that, the bits/symbol is generated from
the array.
QPSK is a two-dimensional modulation of the signal where four 00, 01, 10, and 11
symbols are used as a reference to modulate the transmission information. Here, 45°,
135°, 225°, and 315° phase reversals are applied to these symbols.
For 10 sample input bits, the plot below shows QPSK. Here, the input bits are split
into even, odd bits and are known to be states of In-phase (I) and Quadrature (Q). The
graph below displays the signal modulating components of the In-phase and
Quadrature of a QPSK. These components were subsequently combined to complete
the QPSK modulation.

Figure 3.3 QPSK Description of Modulation.
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3.2.3 Symbol Mapping and Alamouti Encoding
The generated bits will map into the symbols utilizing the QPSK modulator map bits
to symbols, then applied STBC Encoder Block for encoding the generated symbols
by using the Alamouti encoding scheme for 2 transmit antennas in Simulink.
The transmission sequence was exactly what we mentioned in section 2.8, Alamouti
STBC.
3.2.4 Training Sequence
In Simulink, the effect of the Alamouti STBC is in the form of a 2D array of two
sources. After the stream of symbols, each multiplied by a training symbol sequence.
The aim of this block is to to cover all training sequences prior to each zero
transmission packet, then add offset training sequence suitable for antenna
transmission. This helps to organize the data such that one of the two transmitters and
then the other transmits the series. For synchronisation and to estimate the channel, the
receiver uses the training sequence.
3.2.5 Data Flow of the Transmitter in Simulink
A 2D array of symbols was generated after applying Alamouti STBC to the created
symbols. This 2D symbol array has the capacity to represent two streams. As it is a 2
x 2 MIMO, one stream is available for every transmitter. After that, each transmission
antenna was added to a training sequence. The sequence of training symbols remains
the same for both transmitters, but only one training sequence is sent at a time by one
of the two transmitters. The receiver enables use of this training sequence for
synchronization and the channel estimation. Finally, the up-sampling of symbols was
performed prior to transmission according to the given TX symbol rate.
3.3 MIMO channel model
Multipath Rayleigh Fading Channel packets are used by this model. Rayleigh fading
is a mathematical model for the attenuation of a signal in an area where many
reflections occur. Remote vision is most widely applied where no line of sight is
present among the transmitter and receiver. The key blocks utilized in the channel
model are Rayleigh fading channels, concatenated models, summing and switching
matrices. The selector block determines the order in which the Rayleigh fading channel
triggers audio. Then the channel outputs are combined to create a single output stream,
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and the channel gains are combined to give the approximate channel coefficients at the
combiner. In simulation a background noise simulates "additive white noise" (AWGN)
at the receiver side.
3.4 Receiver Design
Figure 3.4 shows the simmurized block daigram of the desgin which represents the
receiver.

Fig 3.4 the block diagram represents the Receiver

3.4.1 Packet Extraction
The first step, on the receiver side, involves the extraction of the packets from the data
frames obtained. The start of the packet is calculated by an energy detection algorithm
and the remaining non-packet part of the frame is discarded. This stage, in other words,
finds the packet to be acquired and trims the non-packet portion.
3.4.2 Symbol and Frame Synchronization
The next step requires synchronization of the symbol and frame, which relies on the
arrangement on the transmitter side of the two training sequences. Symbol
synchronization is achieved by using the data with the strongest signal from the
antenna. Both transmitters use the same training sequence in the case of frame
synchronization, but are offset in time from one another. They appear as one
continuous training sequence, which is twice the duration, when they are overlapped.
By searching for the portion of the training sequence where the two consecutive sets
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of T symbols are most closely correlated, the program exploits this overlap for frame
synchronization. Finally, on both rows of the obtained 2D array, the estimated frame
offset is added. The synchronization block for symbols and frames is implemented
using the built-in Matlab functions.
3.4.3 Channel Estimation
The decoded signal is obtained, and then channel estimation is measured. Not all
characteristics of the channel at the beginning of the transmission are known, so it may
be the case that it changes over time. Therefore, it is important to adjust the equalizer
for these variations. In order to do this, the equalizer tracks the changes in a channel's
bandwidth, signal-to-noise ratio, or signal-to-noise ratio. Four separate channels allow
the estimation of the channel in the case of 2x2 MIMO. There are two patterns in each
row of the 2D array, which repeat twice (one from each transmitter). Therefore, in each
row, the filter estimates the current channel then calculates the four channel estimate.
Due to built-in Matlab function, the channel estimation block is introduced.
3.4.4 Alamouti Decoding
These estimates are important for the next step where they are used in decoding the
Alamouti coding system and then combined to give a 1D and 2D array of symbols.
The transmission sequence of information symbols in the case of a single receiver is
exactly that shown in the Table 3.1. The Alamouti scheme for two receivers is shown
in Figure 3.5, which is the configuration of our model.

Figure 3.5 The Alamouti STBC scheme with two antenna receivers

We can see, there are four channels due to two receiving antennas and two
transmitting antennas.
33

Table 3.1 Channels between Transmit and Receive antennas

RX for antenna 1

RX for antenna 2

TX for antenna 1

ℎ1

ℎ3

TX for antenna 2

ℎ2

ℎ4

As we have two receiver antennas, it is necessary to identify signals at various time
slots as revealed in Table 3.2
Table 3.2 Received signals at the Two Receiver Antennas for different time slots

RX for antenna 1

RX for antenna 2

Time T

ℎ1

ℎ3

Time (𝑡 + 𝑇)

ℎ2

ℎ4

Thus, it is possible to express received signals as:
𝑟1 = ℎ1 𝑠1 + ℎ2 𝑠2 + 𝑛1
𝑟2 = −ℎ1 𝑠2∗ + ℎ2 𝑠1∗ + 𝑛2
𝑟3 = ℎ3 𝑠1 + ℎ4 𝑠2 + 𝑛3
𝑟4 = −ℎ3 𝑠2∗ + ℎ3 𝑠1∗ + 𝑛4

(3.1)

n1, n2, n3 and n4 are samples from a random noise dataset. In the same way, the
combiner creates two signals that are then interpreted by the Maximum Likelihood
Decoder.
𝑠1 = ℎ1∗ 𝑟1 + ℎ2 𝑟2∗ + ℎ3∗ 𝑟3 + ℎ4 𝑟4∗
𝑠2 = ℎ2∗ 𝑟1 − ℎ1 𝑟2∗ + ℎ4∗ 𝑟3 − ℎ2 𝑟3∗

(3.2)

Substituting the appropriate equations, we get
𝑠̇1 = (|ℎ1 |2 + |ℎ2 |2 + |ℎ3 |2 + |ℎ4 |2 )𝑠1 + ℎ1∗ 𝑛1 + ℎ2 𝑛2∗ + ℎ3∗ 𝑛3 + ℎ4 𝑛4∗
𝑠̇2 = (|ℎ1 |2 + |ℎ2 |2 + |ℎ3 |2 + |ℎ4 |2 )𝑠2 − ℎ1 𝑛2∗ + ℎ2∗ 𝑛1 − ℎ3 𝑛4∗ + ℎ4∗ 𝑛3

(3.3)

Among these combined signals, the maximum likelihood detector is responsible for
making decisions based on the following criteria:
For the signal S1 , choose the Si if and only if
(|ℎ1 |2 + |ℎ2 |2 + |ℎ3 |2 + |ℎ4 |2 − 1)|𝑠𝑖 |2 + 𝑑 2 (𝑠̇1 , 𝑠𝑖 ) ≤
(|ℎ1 |2 + |ℎ2 |2 + |ℎ3 |2 + |ℎ4 |2 − 1)|𝑠𝑘 |2 𝑑 2 (𝑠1 , 𝑠𝑘 )"
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(3.4)

In the same way for the signal S2 : choose the Si if and only if
(|ℎ1 |2 + |ℎ2 |2 + |ℎ3 |2 + |ℎ4 |2 − 1)|𝑠𝑖 |2 + 𝑑 2 (𝑠̂2 , 𝑠𝑖 ) ≤
(|ℎ1 |2 + |ℎ2 |2 + |ℎ3 |2 + |ℎ4 |2 − 1)|𝑠𝑘 |2 + 𝑑 2 (𝑠̂2 , 𝑠𝑘 )"

(3.5)

After decoding the Alamouti code, the system produces the BER of the received signal.
3.4.4 Data Flow of the receiver in Simulink
The first stage on the receiver side requires the extraction of the received packet from
data frames. A 2D array representing the received signals from each TX antenna, one
for each row, is the received signals. By comparing the two rows of the 2D array, a
stream was determined that had a stronger signal. By utilizing a matched filter, the
strongest signal has been detected. With the data from the antenna, the symbol
synchronization of the strongest signal was then performed. Each row in 2D array
contain two training sequences, i.e. one training sequence from each transmitter,
provided the channel estimate. In order to estimate the channel, the transmission
antenna is chosen portion of the training sequence.So, These channel estimates play a
critical role in transforming the 2D array of symbols into a 1D array of symbols.
3.5 Orthogonal STBC Coding Scheme
Since the 2x2 MIMO offers better outcomes, people want to extend MIMO to get
better results out of the MIMO system with a few more transmitters and receivers. A
strong code word that is similar to the Alamouti STBC method is required to
accomplish this. The Alamouti coding technique cannot be applied to more than two
antennas at the transmitter end. Because, while Alamouti mentioned that his technique
might expand with the n receiver antenna, it is not possible to increase antennas on the
transmitter side. Alamouti restricted the transmitter count to two since his method does
not attain both full code rate and full diversity for more than two transmit antennas. As
a result,


Researchers were able to come up with various codewords by either sacrificing
coding or diversity.



To reach the diversity order of NtNr and



To introduce computationally efficient per-symbol detection at the receiver to
achieve the best possible detection result by maximum- likelihood function.
that achieves the ML performance
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The MIMO OSTBC codeword, which inspired by 2x2 Alamouti STBC is developing
utilizing recursive construction rule that which has been proposed by Walsh Hadamard error correction code [13].
OSTBCs are an enticing technique for MIMO wireless network communications. They
enjoy symbol-wise maximum likelihood (ML) decoding and exploit full spatial
diversity order. A demodulator is located at the receiver side and combines the
obtained symbols for decoding an outer code.
3.5.1 System Model
Fig. 3.6 illustrates a System Model of OSTBC-MIMO systems with 𝑁𝑇 transmit
antennas and 𝑁𝑅 receive antennas. At first, the bit stream is mapped into symbol
stream {𝑥̃𝑖 }𝑁
𝑖=1 . As drawn in Fig. 3.6, a symbol stream of size 𝑁 is encoded
(t)

𝑁𝑇

into{𝑥̃𝑖 }

𝑖=1

, t = 1, 2,…,T, where 𝑖 is the antenna index and t is the symbol time

index. Note that the number of symbols in a OSTBC codeword is 𝑁𝑇 ⋅ 𝑇(i.e., 𝑁 = 𝑁𝑇 ⋅
𝑁𝑇

(𝑡)

𝑇). In other words, {𝑥̃𝑖 }

𝑖=1

, 𝑡 = 1,2, … , 𝑇, forms a OSTBC codeword. By way of 𝑁

symbols are sent by a codeword over 𝑇 time slots, the coding rate of OSTBC-MIMO
system is given by,
𝑟=

𝑁
𝑇

(3.6)

On the hand of the receiver, the symbol stream {𝑥̃𝑖 }𝑁
𝑖=1 N i=1 is estimated by utilizing
(𝑡)

𝑁𝑅

the received signals{𝑦̃𝑗 }

𝑖=1

, 𝑡 = 1,2, … , 𝑇. Let ℎ(𝑗𝑖)(𝑡) denote the channel gain from

the 𝑖 -th (𝑖 = 1,2, … , 𝑁𝑇 ) transmit antenna to the 𝑗 -th (𝑗 = 1,2, … , 𝑁𝑅 ) receiver
antenna over the 𝑡 − 𝑡ℎ(𝑡 = 1,2, … , 𝑇) time slots. The symbol time index can be
omitted from the formula when the channel gain for the T time slots is constant.
However, since the transmit and receive antennas are spaced sufficiently apart 𝑁𝑅 ×
(𝑡)

(𝑡)

𝑁𝑇 fading gains {ℎ𝑗𝑖 } can be assumed to be statistically independent. If 𝑥𝑖 is the
transmitted signal from the 𝑖 -th transmit antenna during 𝑡 − 𝑡ℎ time slot, the received
signal at the 𝑖 − 𝑡ℎ receive antenna during the 𝑡 − 𝑡ℎ time slot is given by,
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(𝑡)

𝑥1

(𝑡)

𝑦𝑖

(𝑡)
𝑬𝒙
(𝑡) (𝑡)
(𝑡)
(𝑡)
=√
(ℎ𝑗1 ℎ𝑗2 ⋯ ℎ𝑗𝑁𝑇 ) 𝑥2
+ 𝑧𝑗
𝑵𝟎 𝑁𝑇
⋮
(𝑡)
(𝑥𝑁𝑇 )
(𝑡)

where 𝑧𝑗

(3.7)

is the additive Guassian noise at the 𝑗 -th receive antenna during 𝑡 −

𝑡ℎ time slot. 𝑬𝒙 denotes the average energy of each transmitted signal.

Figure 3.6 OSTBC-MIMO System

3.5.2 Codeword Design
In its general form, a linear STBC is expressed as [43],
𝑪 = ∑𝑄𝑞=1 𝑷𝑞 ℜ(𝑐𝑞 ) + 𝑷𝑞+𝑄 ℑ(𝑐𝑞 )

(3.8)

where 𝑷 are complex base matrix of 𝑁𝑇 × 𝑇, 𝑐𝑞 is the symbol of complex information.
Q is the number of complex 𝑐𝑞 symbols transmitted through a codeword.
Specially, Two following properties characterize OSTBCs:
1. the basis matrices are wide unitary:
T

𝐏q 𝐏qH = QN 𝐈NT , ∀q = 1, ⋯ ,2Q

(3.9)

T

2. the basis matrices are pairwise skew-hermitian:
𝐏q 𝐏pH + 𝐏p 𝐏qH = 0, q ≠ p

(3.10)
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3.5.3 Higher order STBCs
The OSTBC Encoder block allows for various encoding algorithms. The calculation
relys on the selection of the 'rate' and 'number' of transmit antennas, in NxM system
the block implements different algorithms as shown below:
1. OSTBC for N=4 with rate ½

"𝐺448

𝑥1
−𝑥2
−𝑥3
−𝑥4
= 𝑥∗
1
−𝑥2∗
−𝑥3∗
(−𝑥4∗

𝑥2
𝑥1
𝑥4
−𝑥3
𝑥2+
𝑥1∗
𝑥4∗
−𝑥3∗

𝑥3
−𝑥4
𝑥1
𝑥2
𝑥3∗
−𝑥4∗
𝑥1∗
𝑥2∗

𝑥4
𝑥3
−𝑥2
𝑥1
𝑥4∗ "
𝑥3∗
−𝑥2∗
𝑥1∗ )

(3.11)

Four transmit antennas deliver four symbols over eight time slots
2. OSTBC for N=3 with rate ½

"𝐺348

𝑥1
−𝑥2
−𝑥3
−𝑥4
= 𝑥∗
1
−𝑥2∗
−𝑥3∗
(−𝑥4∗

𝑥2
𝑥1
𝑥4
−𝑥3
𝑥2∗
𝑥1+
𝑥4∗
−𝑥3∗

𝑥3
−𝑥4
𝑥1
𝑥2
𝑥3+ "
−𝑥4∗
𝑥1∗
𝑥2∗ )

(3.12)

Three transmit antennas deliver four symbols over eight time slots
3. OSTBC for N=4 with rate ¾

𝐺434 =

𝑥1

𝑥2

−𝑥2∗

𝑥1∗

𝑥3∗

𝑥3∗

√2
𝑥3∗

√2

( √2

−

𝑥3

𝑥3

√2
𝑥3

√2

√2
−𝑥1 −𝑥1∗+𝑥2 −𝑥2∗

√2
−𝑥2 −𝑥2∗ +𝑥1 −𝑥1∗

𝑥3∗

2
𝑥2 +𝑥2∗ +𝑥1 −𝑥1∗

√2

2

−

−

𝑥3

2
𝑥1+𝑥1∗ +𝑥2−𝑥2∗
2

"
)

Four transmit antennas deliver three symbols over four time slots
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(3.13)

4. OSTBC for N=3 with rate ¾

𝐺334 =
(

𝑥3

𝑥1

𝑥2

−𝑥2∗

𝑥1∗

𝑥3∗

𝑥3∗

√2
−𝑥1 −𝑥1∗ −𝑥2 −𝑥2∗

√2
𝑥3∗

√2
𝑥3∗

2
𝑥2 +𝑥2∗+𝑥1 −𝑥1∗

√2

−

√2
𝑥3

√2

2

"

(3.14)

)

Three transmit antennas deliver three symbols over four time slots.
3.5.4 Decoding
One especially appealing aspect of orthogonal STBCs is that it is possible to achieve
maximum likelihood decoding at the receiver with only linear processing. A model of
the wireless communications system is required in order to consider a decoding
process.
𝑗

At time 𝑡, the signal 𝑟𝑡 received at antenna 𝑗 is:
𝑗

𝑛

𝑗

𝑇
𝑟𝑡 = ∑𝑖=1
𝛼𝑖𝑗 𝑠𝑡𝑖 + 𝑛𝑡

(3.15)
𝑗

where 𝛼𝑖𝑗 is the path gain from transmit antenna 𝑖 to receive antenna 𝑗, 𝑛𝑡 is a sample
of additive white Gaussian noise (AWGN) and 𝑠𝑡𝑖 is the signal transmitted by transmit
antenna 𝑖.
The maximum likelihood decision rule produces the variable to be evaluated.
𝑛𝑇
𝑗
𝑅
∑𝑛𝑗=1
𝑅𝑖 = ∑𝑡=1
𝑟𝑡 𝛼𝜖𝑡(𝑖)𝑗 𝛿𝑡 (𝑖 )"

(3.16)

where 𝛿𝑘 (𝑖) is the sign of 𝑺𝑖 in the 𝑘 th row of the coding matrix, 𝜖𝑘 (𝑝) = 𝑞 denotes
that 𝑠𝑝 is (up to a sign difference), the (𝑘, 𝑞) element of the coding matrix, for 𝑖 =
1,2, … , 𝑛 𝑇 and then decide on constellation symbol 𝑺𝑖 that satisfies
𝑠𝑖 = arg 𝑚𝑖𝑛 (|𝑅𝑖 − 𝑠|2 + (−1 + ∑𝑘,𝑙 |𝛼𝑘𝑙 |2 )|𝑠|2 )"
𝑠∈𝒜
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(3.17)

3.5.5 Simulation Model and Design
By following the MATLAB simulation process discussed in the previous model in
Simulink.


Generate an arbitrary binary sequence.



Group them into two pairs of symbols (the information bits are modulated using
QPSK modulation).



Apply OSTBC code



Multiply the symbols with the channel and then add AWGN



Equalize the received symbols



Perform decoding and then count the bit errors



Repeat and plot the simulation results for several EbN0 values.

The MIMO-OSTBC model is tested in Rician and Rayleigh fading channel in
MATLAB. All of the experiments were performed using QPSK modulation scheme.
The figure below demonstrates the steps of our simulation. First, all the parameters are
initialized, which will be discussed laterSecond, the data source produces, and delivers
it to the modulator, a binary m-sequence in NRZ format. In the BER testing module,
the sequence is also stored. Passing through the channel module, the transmitted signal
is distorted by the AWGN or Rayleigh fading channel at the output of the modulator.
Independent channel modules are used to achieve non-correlated branches of diversity.
Subsequently, these branches are combined to create the 'best' signal for demodulation
at the diversity combining module. Next, from the performance of the diversity
module, the demodulator recovers the data sequence. Finally, in the BER test module,
the recovered and original data sequences are compared to find out how many bits are
in error.
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Figure 3.7 The flowchart for simulation
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3.6 Simulation parameters:
The table below shows the basic variables for design.
Table 3.3 Simulation parameters
Variable
Frame length

Value
1500 Symbols

Eb/No

Varying: 0 to 10 and 16 dB

Bit Error Rate (BER)

0 to 10-6

Maximum number of transmit antennas (Tx) :N

4

Maximum number of receive antennas (Rx) :M

8

Modulation scheme

QPSK

3.7 Chapter summary
This chapter begins by illustrating the conceptual system model used to construct
Alamouti STBC and describes the experimental approach used. It then provides the
detailed architecture of the Simulink transmitter, which includes things such as
modulation parameters, bit generation, symbol mapping, and Alamouti encoding,
training series, up-sampling, and pulse shaping filter. Also defined in depth is the
receiver architecture in Simulink, which includes packet extraction, down-sampling
and matched filter, symbol and frame synchronization, channel estimation, and
Alamouti decoding. In addition, the generalized system model of MIMO orthogonal
space-time block codes (OSTBC) is introduced and accompanied by mathematical
equations that can be used to evaluate the system and measure the BER and its relation
to the sent SNR.
Finally discussion of the proposed method (NxM OSTBC) of this work in solving the
problem of multipath fading over Rayleigh fading channel and equations analyzed.
The next chapter provides the results of simulations, and achieved from each of the
experiments.
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CHAPTER 4

5. SIMULATION RESULTS AND DISCUSSION

This section will describe the MATLAB simulation results of the MIMO system for
specific scenarios based on the system model, well described in the previous chapter,
are presented and followed by discussions. For this system, The performance
comparison is carried out on the fading channels of Rician and Rayleigh. At the end,
it discuss and shows the simulation results from those individual blocks, and then
analyses the efficiency of the proposed MIMO method in terms of BER
4.1 MATLAB Simulation
The simulation is generated within a MATLAB program referring to a signal-to-noise
ratio (SNR value) in the X-axis and a bit-error error rate (BER value) in the Y-axis, by
using Monte Carlo simulation in Matlab. It has been believed that the direction
between the source and the detector is constant over all time slots. Here both the tests
were run with QPSK modulation.
4.2 Simulation Model for MIMO system with Alamouti STBC using QPSK:
Alamouti space-time code can be attain the full transmit diversity of Nt = 2. The
advantage of utilizing this codeword is for its full code rate (Rate =1). That means
MIMO has to send all symbols from all transmitters at a specified time. This helps to
effectively utilize channel capacity and spectral efficiency of the MIMO system.
4.2.1 Over Rayleigh Channel:
Results of Simulation:
Simulation results explain the bit-error-rate (BER) versus signal-to-noise-ratio
(Eb/No) output on the Multipath Rayleigh fading channel and the AWGN for Alamouti
transmit diversity scheme. From Figure below BER curves improves. On the other
hand, multiple antennas can bring better result. The number of receiving antennas is
clearly related to diversity, so diversity and receiving antennas are directly
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proportional. Higher diversity will deliver better outcomes. So, with the rise in the
diversity order, the BER is improving efficiency.
BER Performance over Rayleigh Fading Channels with AWGN noise

Figure 4.1 BER Performance Comparison of MIMO with Alamouti STBC for different antenna
configurations

4.2.2 Over Rician Channel:
The Rician fading channel is simulated and the 2x2 referred codeword for Alamouti
code in the Line of Sight (LOS) scenario.
Results of Simulation:
This simulation is performed analyzing Rician fading channels for different values of
of k-factor. The simulated performance curves From the Figure below, It can be seen
that the portion of the typical LOS signal is increased when the k-factor is boosted.
However, it decreases the probability of deep fading. Because of this, the BER output
improves when k-factors increase. Also, It is addressed in the modeling of the Rician
channel that the channel model is less affected by fading when K>10. So, in LOS
conditions, the 2 x 2 MIMO system works better. It's because the Rayleigh does not
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have theLOS path, hence an increased amount of transmitted power is required to
attain the same BER.
BER Performance over Racian Fading Channels with AWGN noise

Figure 4.2 compares the efficiency of 2 x 2 MIMO with Alamouti and Rician for different k factors.

4.3 Simulation Model of MIMO with Orthogonal Space-Time Code (OSTBC).
In the previous model, it is noted that Alamouti STBC concluded that when more than
two antennas are used on the transmitter side, a full diversity codeword and full code
rate are not feasible.Therefore, it was shown that no code for more than two transmit
antennas could reach full-rate so modifications of this code for multiple antennas must
give up sensitivity , so modified versions of this code must sacrifice rate for more than
two antennas.
In this model, The codeword is tested with two code rates (Rate- ½ and Rate- ¾ ) and
full diversty for more than two antennas, as the code rate benefits spectral efficiency
and the diversity order benefits Bit Error Rate performance.
The BER of MIMO with Orthogonal Space-Time Block Coding has been Simulated
for different coderates at different number of both transmitter and receiver antennas.
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4.3.1 Simulation Model of MIMO-OSTBC for different Coderates using fixed
number of transmit antennas
In this study, various m x n MIMO configurations with different code rates are
employed to observe the behavior of the mimo system.
Firstly, we will plot the output graphs of two different receiver antenna at each site
(Rate ½ vs. Rate ¾) using only the reciever antennas in NLOS. Additionally, we plot
the role of accuracy improvement with increasing coderates.
4.3.1.1 Over Rayleigh Channel:
Simulation Results:
The figures below show the results of STBC with code rate values less than 1 for QPSK
modulation over NLOS scenario. It can be clearly seen from all our performance
curves at deacresing the code rate is not going to provide any futher improvements in
errore rate curves. So, the ¾ rate is better than rate ½. It is also observable that the
recieved singnal improves with the increase in number of antenna elements at the
recieving end.
BER Performance over Rayleigh Fading Channels with AWGN noise

Figure 4.3 BER Performance Comparison of MIMO-OSTBC with CodeRate 1/2 for different
reciever antenna configurations over Rayleigh and AWGN Channels
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BER Performance over Rayleigh Fading Channels with AWGN noise

Figure 4.4 Performance Comparison of MIMO-OSTBC with CodeRate ¾ for different receiver
antenna configurations over Rayleigh and AWGN Channels

Figure 4.5 BER Performance Comparison of MIMO-OSTBC with different CodeRates for different
reciever antenna configurations over Rayleigh and AWGN Channels
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4.3.1.2 Over Rician Channel:
Simulation Results:
Through the exhaustive simulations run by adjusting the K-factor, the 4x4 MIMOOSTBC with different code rates outperforms the 2x2 MIMO - Alamouti, which is
stronger at higher K-factors.
BER Performance over Racian Fading Channels with AWGN noise

Figure 4.6 Performance Comparison of (4 x 4) MIMO-OSTBC with R=1/2 under Rician Channel for
various k factors
BER Performance over Racian Fading Channels with AWGN noise

Figure 4.7 Performance Comparison of (4 x 4) MIMO-OSTBC with R=3/4 over Rician Channel for
various k factors
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4.3.2 Simulation Model of MIMO-OSTBC for different Coderates using
different number of transmit antennas with a fixed number of receiver antenna.
After the BER and various code rates for each receiver and number of transmit
antennas have been calculated. Based on the observed conditions, a better signal-tonoise ratio was found by employing more antennas on both sides of the communication
channel. In simulation results, it was observed that the maximum number of transmit
antennas in MIMO system provides the best efficiency. Also it was observed that the
diversity order benefits BER performance, and code rate benefits special diversity.

BER Performance over Racian Fading Channels with AWGN noise

Figure 4.8 Performance Comparison of multiple transmitter antennas with one receiver over Rayleigh
Channel for various coderates
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Figure 4.9 Performance Comparison of multiple transmitter antennas with two receiver over Rayleigh
Channel for various coderate

Figure 4.10 Performance Comparison of multiple transmitter antennas with four receiver over
Rayleigh Channel for various coderate
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Figure 4.11 Performance Comparison of multiple transmitter antennas with six receiver over
Rayleigh Channel for various coderate

Figure 4.12 Performance Comparison of multiple transmitter antennas with eight receiver over
Rayleigh Channel for various coderate
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4.4 Chapter Summary
This chapter explains the outcomes of the simulated MIMO with Space-Time block
coding in MIMO multipath fading channels, as well as the BER performance
comparison of simulated MIMO in Rician and Rayleigh channels with Alamouti and
OSTBC is outlined. It has also been demonstrated in various receiver antenna
configurations. In NLOS and LOS conditions. Finally, the performance study of
simulated and implemented MIMO with Alamouti STBC is compared with
Orthogonal STBC for different antenna configurations.
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CHAPTER 5

5. CONCLUSION AND TUTURE WORKS

5.1 Conclusions
The demand for capacity in wireless network systems worldwide has been rising
rapidly. This was motivated by the growing demand for wireless communication
systems for data rate requirements and the increasing demand for wireless Internet and
multimedia services. Because the radio spectrum available is small, only by designing
more effective signaling techniques can higher data rates be achieved. It is desirable
to create OSTBCs with high order signal constellations to increase spectral efficiency
for potential high data rate transmissions. However, with constellation size and the
number of transmission antennas, the geometry of MIMO STBC increases
exponentially. This Work improves STBC reliability and data rates, have derived Bit
Error Rate of STBC with QPSK versus SNR over mulitpath fading channel
environments.
Our study activities and contributions are summarised as in the following:


It describes the principle of MIMO technology. It is also postulated that the
Space-Time Block Coding (STBC) can in part be clarified by a simple Alamouti
scheme and Orthogonal STBC. In a simulation,
simulated for

they scheme has been

QPSK modulation in a MIMO multipath fading channels..

Alamouti coding is the only STBC code, which has both full code rate and full
diversity.


After that, the BER of orthogonal space-time block coding was calculated for
each diversty order and each code rate. In order to better the BER curve, more
number of antennae should be used on both sides of the wireless communication
system



For certain OSTBC with constant RX antenna the more we increase TX antenna
the better the performance. The importance of the STBC codewords, code rate
and the diversity order. Adjust size of codebook easily possible to improve array
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gain antenna selection. Better diversity gain and performance in fading
environment. As STBC order increases we have to compromise with code rate
¾ OSTBC always outperforms over rate ½ OSTBC, and OSTBC can be used
with one receive antenna.


diversity order benefits BER performance, code rate benefits special diversity



low complexity at receiver



No feedback from receiver to transmitter is required for CSI



No bandwidth expansion

In summary, using the software known as Matlab, our goal of applying an STBC
MIMO framework and validating the theoretical prediction has been achieved. Can
see a system that could have a potential for change in the future, including the option
of the number of rows and columns of the existing antenna, the power allocation
scheme, and modulation methods.
5.2 Future Works
The successfully developed testbed opens many ways to study additional the advance
signal processing methods such as channel coding and transmission sequence for
MIMO systems. Also, it could be extended to in several propagation channels for
instance mobile wireless channels and out-door environment (That is where there is
relative motion between the transmitter and the receiver). Thus, some of the promising
future works regarding to the topic of this study as mentioned below:


Further, this work can be extended with spatial multiplexing and spatial
modulation



It is possible to add different modulation to improve the data rates. We can also
rise the number of transmitter and receiver antennas without creating any
interference between the antennas.



Add channel coding on the applied MIMO system.



In future we apply Orthogonal Space Time Block codes in in Multi –User
MIMO and analysis the performance



In the thesis we have used ML decoding, in future we will focus on Sphere
Decoding for OSTBC and compare the performance with ML decoding
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