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Abstract 

This project aims to develop multiple-input multiple-output (MIMO) system to enhance the 
performance of wireless communications system. Cooperative communications is a new paradigm 
shift for the 4 generation wireless system that will guarantee high data rates to all users in the 
network, its anticipated that will be the key technology aspect in 5" generation wireless networks. 

This project aims to simulate and analyze four schemes of cooperative communications. 
They implemented based on amplify-and-forward (AF) relaying protocol under uncorrelated flat 
fading Rayleigh channel. The first scheme contains source (S), relay (R) and destination (D). Each 
node equipped with single antennas/(AF 1x1x1 SISO Relaying System). The other schemes are AF
2x2x2 MIMO relaying system, AF 4x4x4 MIMO relaying system and AF 8x8x8 MIMO relaying
system. Orthogonal space-time block coding (OSTBC) and maximal ratio combining (MRC) at the 
destination are used for all MIMO relaying systems. Also assumes that the channel status
information (CSI) is perfectly known at the relay and the destination. 

The project implements four schemes of AF Cooperative communications system by using 
MATLAB simulation. The project studies the probability of error (BER) performance and channel 
capacity performance of these schemes. It makes a comparison between the cooperative 
communications system schemes and the conventional systems in terms of BER and capacity 
performance. 
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Introduction 

1.1 Overview

Wireless communications, are one of the fastest growing fields in the engineering world. 
It provides a wide area to search, develop, simulate and design any topics or roots related to 
wireless communications systems. 

Wireless communication system have many limitations such as, limited spectrum 
available, channel environments, fading problem that resulted from multipath, more over 
interference and noise that affect the system performance. In multi path environments different 
copies of the same signal may reach at the destination with different attenuations (fading 
coefficients), with different delays due to scattering, reflections, refractions, diffractions of the 
transmitted signals. It's important for the benefit of these copies in order to achieve best quality, 
and good capacity. As a result a MIMO system which use multiple antennas at the transmitter 
and at the receiver utilize this fading environment to achieve better performance than 
conventional wireless communication system that uses single antennas for transmission and 
another one for reception. 

Researchers develop a new technology which is called spatial diversity that uses multiple 
antennas to transmit the same symbol to provide high signal-to-noise ratio (SNR) and cause to 
improve the reception, and enhance the data rate. Researchers almost dynamically search about 
how to develop MIMO system to enhance the performance of wireless systems based on data 
rate and BER. Due to request of people and their continuous need to benefit from the wireless 
technologies effectively, i.e. make a video call in cellular system 3G, 4G networks, and other 
cellular applications that need high data rate to work properly. 

The new system design that improved the wireless communications system performance 
to achieve people desires combines the cooperative diversity model with MIMO model to 
achieve good performance that we implement in this project. 
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1.2 The Importance of The Project 

Nowadays, multi hop wireless communications systems are able to provide a potential for 
broader, and more efficient coverage in bent pipe satellites, and microwave links, as well as 
modem ad-hoc, cellular, WLAN, and hybrid wireless networks.(]) 

Multiple antennas at transmitter and receiver introduce spatial degrees of freedom into a 
wireless communications system and this yield to boost link capacity or enhances link reliability 
of MIMO communication system. With spatial multiplexing, we can increase the data rate 
without additional cost of bandwidth or power by transmitting data streams simultaneously over 
spatial sub-channels which are available in a rich scattering environments. Future wireless 
communication environments are highly resource-constrained, offering a limited and tightly 
regulated spectrum. It is expected that future wireless broadband communication systems will 
operate beyond 5 GHZ, i.e., WLANS at 17 GHZ. (2) 

The energy supply of wireless terminals is usually very limited and must be properly 
conserved to gain the longest operational time possible. A promising approach to overcome such 
limitations is the use of multiple antennas both to transmit and receive information, also known 
as multiple-input multiple-output (MIMO) systems, which can provide a diversity gain as well as 
a multiplexing gain at no extra bandwidth or power consumption.(3) 

Relays are commonly used in wireless networks to improve the performance, although 
the fundamental capacity limits of relay channels have yet to be fully characterized, even for 
simple system. (5) 

Cooperative diversity has recently become a subject of significant interest in wireless 
communications as it realizes the performance of MIMO systems through multiple relays instead 
of having multiple transmit or receive antennas at the source and destination. MIMO relay system 
is quite useful · for communication across multiple base stations in large communication 
networks. Furthermore, MIMO relay techniques are also feasible in the ad-hoc networking as the 
mobile station can support up to two antennas. In the process the relay combines the symbols 
received at the antennas and without decoding, waits for a few time slots depending on the size 
of the space-time coding (STC) and then transmit the combined symbols by using STC with 
channel status information (CSI) based gain.(6) 

In a cooperative diversity network, users cooperate to transmit each other's messages; to 
some extent nodes therefore collectively act as an antenna array and create a virtual or 
distributed multiple-input multiple-output (MIMO) system. One of the gains in a true MIMO 
system is a multiplexing gain in the high signal-to-noise ratio (SNR) regime, an extra factor in 
front of the log in the capacity expression. It is shown that cooperative diversity gives no such
multiplexing gain, but it does give a high SNR additive gain. The benefits include an increased 
capacity-roughly proportional to the minimum of the number of receive and transmit antennas, a 
robustness to fading and shadowing. (8) 

In wireless environment, the fading effects and channel variation often degrade signal 
transmission and increase bit error rate. Diversity techniques have been widely used to suppress 
channel variation. (9) 
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. Since the growth of wireless communications technologies, the main interest is how to 
increase that data rate (capacity) or the speed of transmission of the system and how to reduce
the probability of error to enhance the quality and to develop a new application based wireless
commumcattons system with high data rate. 

. In order to . achieve a good performance that utilizes the system hardware and 
environment, we simulate a system that mitigate or overcome some of the wireless
communications limitations. Which is fixed gain AF MIMO relaying system. 

1.3 Project Objectives 

In this project there are four main objectives: 

I) Studying and perform deep analysis for cooperative diversity based on amplify-and­ 
forward (AF) relaying protocol under uncorrelated flat fading Rayleigh channel. 

2) Implementing four schemes of Cooperative diversity system by usmg MATLAB 
simulation. 

3) Studying the BER and capacity performance of these cooperative schemes. 

4) Comparing the performance of conventional systems with the performance of 
cooperative systems in terms of capacity and BER. 

1.4 Literature Review 

The authors present efficient performance bounds for multi hop wireless communication 
systems with non-regenerative fixed gain relay operating over non-identical generalized fading 
channels, and provide the end-to-end SNR formulation, and provide an upper bounded by using 
the well-known inequality between harmonic and geometric mean of positive random variables. 
Modulate a closed form for end-to-end SNR for Rayleigh, Nakagami-m, and Rice fading 
channels. Furthermore expressed the outage performance and the average error probability 
for coherent, and non-coherent modulation scheme by using the moment generating function 
(MGF) approach. The system model in this paper is a multi-hop wireless communication system 
is considered, operating over independent, but not necessarily i.e. fading channels.(!) 

This paper studies the impact of multiple amplifies-and-forward relays on the capacity of 
wireless MIMO channels. Furthermore it determines the compound (over two time slots) channel 
matrix of the relay assisted MIMO channel for wireless networks with one source ( destination 
pair equipped with multiple antennas) and several single antenna amplify-and-forward. It also 
derive the asymptotic Eigen values of the compound channel matrix by letting the number of 
transmit and receive antennas go to infinity. Moreover, it determines the asymptotic ergodic 
capacity of the amplify-and- forward transmission scheme for Rayleigh and Rice fading 
channels.2)

This paper propose a new amplify-and-forward cooperative spatial multiplexing scheme 
in which the transmitter (source), equipped with single antenna, forms virtual antenna array from 
collection of distributed single-antenna wireless terminals, and broad cast identical signal to those 
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terminals (relays). Each relay amplifies-and-forwards different portion of the received signal at a
reduced data rate to the receiver ( destination). The receiver is equipped with multiple antennas, 
nulls and cancels the interference from different relays in order of SNR, and detects the original 
signal transmitted from the source. The combination of transmitter, relays and receiver forms a 
virtual MIMO system in single antenna wireless terminals environment. (3) 

Instead of multiple antennas at the mobile user, antenna sharing among various users 
leads to improvement in the system performance. This paper makes a derivation of BER for dual 
hop cooperative network employing non-regenerative relays for MIMO Relay channel 
experiencing Rayleigh fading. Also the paper discussed the application of MRC on the source­ 
relay (S-R) link and space time coding (STC) on the relay-destination (R-D) link for a MIMO 
relay channel individually as well as jointly in the MRC-STC scheme. The team work consider 
the system model as follows: the source (S), relay (R) and the destination (D) may now support 
multiple antennas. There are N relays in the system. The source has M, transmit antennas, the r"
relay has M, antennas that are used for reception on the S-R link and transmission on the R-D
link, and the destination has Mct receive antennas. All transmissions are on orthogonal channels 
use binary phase shift keying (BPSK). (6) 

The basic idea of cooperative diversity is that several nodes, each with one antenna, form 
a kind of coalition to cooperatively act as a large transmit or receive array. When terminals 
cooperate as a transmit array, they first exchange messages and then cooperatively transmit those 
messages as a multi antenna broadcast transmitter; similarly for receive cooperation. The channel 
therefore shares characteristics with the MIMO channel, such as diversity. Cooperative diversity 
for wireless networks was first investigated by Sedonaris et al. for cellular networks and by 
Laneman et al. for ad-hoc networks. (8) 

MIMO systems are proposed to employ multiple transmitting and receiving antennas for 
signal transmission. The BER decreases due to the diversity gain and the increase in degree of 
freedom for signal detection. To achieve spatial diversity without multiple antenna equipment's, 
cooperative network has been proposed to achieve virtual MIMO systems with single antenna 
devices. In cooperative networks, the transmitting nodes use neighbor nodes as relays to obtain 
spatial diversity gain. The required mean uplink signal-to-noise ratio (SNR) of cooperative 
methods is significantly less than that of non-cooperative transmission. (9)

The study shows a result which is MIMO cooperative diversity offers a 3.4 dB increase 
in spectral efficiency at 5% outage, with no additional cost incurred in transmit time, power or 
bandwidth. The teamwork consider a fading relay channel where the total transmit power used is 
constrained to be equal to that of the standard single-hop channel. The relay channel used 
operates in what is termed as MIMO cooperative diversity mode, where the source transmits to
both relay and destination terminals in the first instance. Both the source and relay then transmit
to the destination in the second instance. Initially the cooperative diversity framework is
introduced to consider system constraints so a direct and fair comparison with the single-hop 
case can be made. (IO) 
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The team work study the Performance analysis of cooperative multiple-input multiple­ 
output (MIMO) relaying system with a single relay. The MIMO scheme is based on Alamouti 
space-time block coding (STBC) over flat fading Rayleigh channel. The source node, equipped 
with two transmit antennas, simply broadcasts each STBC code to the relay and the destination 
nodes. Then, the relay node, equipped with multiple antennas, amplifies-and-forwards (AF) the 
received STBC codes. Finally, the destination node uses maximum ratio combining (MRC) and 
exploits the diversity gain obtained through the direct and the indirect links simultaneously. 
Lower bounds of the symbol error probability (SEP) and the outage probability are derived by 
using the moment generating function (MGF) of the total signal-to-noise ratio (SNR) for a 
particular signal ofM-ary-quadrature-amplitude modulation (M-QAM). (11) 

The authors analyze diversity performance of scalar fixed gain amplify-and-forward (AF) 
cooperation in multiple-input multiple-output (MIMO) relay channels with multiple source 
antennas, multiple. relay antennas, and multiple destination antennas. They derive the exact 
symbol error probability (SEP) for maximum likelihood (ML) decoding of orthogonal space­ 
time block codes with M-ary phase-shift keying modulation over such channels. Also they 
characterize the effect of MIMO cooperative diversity on SEP behavior in a high signal-to-noise 
ratio. (12) 

The authors study the performance of existing cooperative protocols in the two-ring 
scattering model. The two source nodes and two destination nodes form a 2x2 virtual MIMO
cooperative system. The time division multiple access (TOMA) scheme is proposed with half 
duplex mode. They reached to the cooperative diversity brings performance improvement in 
correlated channel, even with the keyhole MIMO channel. And, cooperative strategy reduces the 
spatial correlation of each path, increases the capacity of the correlated channels and enhances 
the overall performance of virtual MIMO system by high quality of cooperative inter-user 
channel. (13) 

The team work analyzed the system performance ofMIMO-Relaying MIMO in different 
wireless channels. Relay networks achieve high performance by utilizing cooperation between 
nodes which can classified as multi-hop networks and cooperative MIMO relaying networks. As 
an important part of "spatial diversity" systems, cooperative diversity involving multi hop data 
relays is a solution to improve propagation performance, expanding coverage and enhancing 
system capacity in such wireless environments. In the third part mobile devices use and acting as 
relays to help the main transmission link for improving the performance such as bit error rate 
(BER), data rate and coverage. (14) 

The authors studied the Distributed space-time linear dispersion codes that are proposed 
for the cooperative strategies amplify-and-forward (AF) and decode-and-forward (DF) by
assuming that no channel state knowledge at the transmitter. The work's team consider different
configurations regarding the number of antennas at the relay and the destination nodes.
Cooperation among users at the physical layer level is studied for the downlink for a cellular 
network. (15) 
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. The team work study the performance of a multiple-relay system with fixed-gain 
amplify-and-forward (AF) relaying in Nakagami-m fading channels. To reduce the complexity at 
the relays, the fixed-gain relaying scheme has been proposed, which maintains the long-term
average transmit power at each relay. With K relays and when the maximal ratio combining
(MRC) is used at the destination, they obtained the average symbol error probability (SEP). I)

The authors consider multiple-input multiple-output (MIMO) orthogonal frequency 
division multiplexing (OFDM) amplify-and-forward relay channels. They analyze the maximum 
achievable diversity of the coded beam forming scheme in MIMO-OFDM relaying systems. For 
systems with multiple source, multiple relay and multiple destination antennas with proper code 
design. (17)

Cooperative diversity refers to user cooperative diversity because the terminals share 
their antenna and other resources to create a virtual array through distributed transmission and 
signal processing. In the relays , there is fixed relaying protocols in which the relay either 
amplifies what it receives, or fully decodes, re-encodes and retransmits the source message. 
These options called amplify-and-forward and decode-and-forward respectively. (19) 

Transmission over wireless channels suffers from random fluctuations in signal level 
known as fading and from co-channel interference. To solve this problem, we use diversity to 
mitigate fading. There is a new way of realizing spatial diversity in this new technology, multiple 
terminals in a network cooperate to form a virtual antenna array realizing special diversity in 
distributed fashion. The uplink capacity can be increased by cooperative diversity. (20) 

Diversity-Multiplexing Tradeoff (DMT) in MIMO relay Channels is a tool to 
characterize the fundamental limits of a communication system in fading environment and the 
fundamental tradeoff between the reliability and the number of degrees of freedom which 
measured by the special multiplexing gain, which is the rate of increase in transmission rate with 
SNR. In DMT, the links are assumed to be quasi-static, frequency non selective fading and there 
is no direct link between source and destination. The channel status information (CSI) is 
available only at the receiving end of each transmission. (21) 

Performances of distributed space-time block code (DSTBC) in cooperative MIMO are 
analyzed and compared with general cooperative diversity protocols. The increase of cooperative 
nodes, DSTBC could obtain both spatial diversity gain and coding gain. In addition, higher order
modulation with the increased number of relays could also enhance the BER performance in 
multi-relay cooperative MIMO network. In cooperative MIMO, outage performance and Pair 
wise Error Performance (PEP) are the basic index for system robustness. (22) 

This paper discusses space-time signal design for a simple amplify-and-forward relay
channel, code design criteria for the relay case that consists of the traditional rank and
determinant criteria as well as appropriate power control rules and the potential benefit of relay­ 
assisted communication over direct communication depending strongly on the channel 
conditions. Finally, it presents a switching criterion based on which the source terminal may opt
to forego relay-assisted communication and communicate with the destination terminal directly.
(23)
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This project simulates and studies the BER and capacity performance for four schemes of 
cooperative diversity system which consists of source (S), relay (R) and destination (D). Each 
node is equipped with M,, M, and M, antennas, respectively. In the first scheme each node
equipped with single antennas while the second, third and fourth schemes are equipped with two, 
four and eight antennas, respectively. These schemes are implemented based on fixed gain 
amplify-and-forward (AF) relaying protocol. Furthermore, this project makes a comparison 
between the performance of conventional systems with the performance of cooperative diversity 
systems in terms of capacity and BER. 

The project system design is different to last works in terms of using relay with multiple 
antennas and using fixed gain amplify-and-forward relaying scheme, i.e., the relay just receives 
the different copies, due to multipath channel, and amplifies-and-forwards them to the 
destination. It assumes the same power on each antenna. It also assume that the transmitted 
signal affected by three random flat fading Rayleigh channels, where the channel is not varying 
during time separation. In all schemes using BPSK modulation and use MRC at the destination 
in order to combine the two signal phases to enhance the total system SNR. And to assume each 
node obey half duplex constraint, .i.e., the node can't transmit and receive simultaneously. And it 
assumes that the channel status information (CSI) is perfectly known in both relay and 
destination. In all AF MIMO relaying systems OSTBC are used. 

1.5 Time Planning 

The project plan follows the time schedule, which includes the related tasks of study and 
system analysis. The time plan is for the first and second semesters: 

Table 1.1: Time planning for first semester 

~
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Choose a project idea 
Collect information 
about the project 
Writing project proposal 
Requirements analysis 
System design 

Documentations 
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Table 1.2: Time planning for second semester 

~
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Learning MATLAB simulation 

Writing project software 

Analyses the simulation result 

Plot explanation curves 

Make a conclusions 

Documentations 

Project delivery 

1.6 Cost Estimation 

Table 1.3: Cost estimation for software components 

Microsoft windows 7 4 600 
Microsoft office 2010 4 600 
MATLAB software R201lb 4 600 

Table 1.4: Cost estimation for hardware components 
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Theoretical Background 

2.1 The Wireless Channel 

A signal propagating through the wireless channel arrives at the destination along multi 
different paths which arise from scattering (deviation of waves from a straight trajectory as passing 
through the channel), reflection (wave propagating in one medium impinges upon another medium 
having different electrical properties, so the wave is partially reflected and partially transmitted) and 
diffraction ( occurs when the radio path between the transmitter and receiver is obstructed by a 
surface that has sharp irregularities) of radiated energy by objects in the environment. The power of 
the signal drops off due to three effects; path loss ( is a measure of attenuation based only on the 
distance to the transmitter ), macroscopic fading and microscopic fading. The first which is the 
mean propagation loss is a range dependent, in microcellular environments comes from inverse 
square law power loss and received signal power is given by: 

Pr= Pt C;d)2

GtGr (2.1) 

Where P and P, are the transmitted and received powers respectively, \, is the wavelength, G,
and Gr are the power gains of transmit and receive antennas respectively, and d is the range 
separation. In cellular environments the received power can be approximated by: 

2
Pr = Pt (h~~r) GtGr (2.2) 

Where h,, h, are the effective heights of transmit and receive antennas respectively, with
assumption that d? >> h,h,, so the effective path loss follows an inverse fourth power low. In real
environments the path loss exponent varies from 2.5 to 6. Also there are several path loss models 
such as Okumura and Hate models.(25) 

2.2 Limitations Facing Wireless Communication Systems 

The major problems that the wireless communications suffer are mainly the limited spectrum 
available, propagation channel environment, fading, path loss, interference and noise. Since the 
signal may reach the destination from multipath at the receiver side producing many copies of the 
signal with different attenuations and with different delays. 

The multipath environment causes the fading problem in the channel resulted from 
scattering, reflections, refractions and diffractions. 

Despite the fact that, multipath arrival of a signal was harmful to the conventional
communication system that uses one transmitter and one receiver, multi antenna systems has
benefited from this multipath propagation phenomena to enhance the system capacity, coverage, 
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and quality. But for now the available bandwidth will be the most limiting factor that faces 
wireless communication system, thus, all recent research related to wireless field focus on how to 
efficiently use the bandwidth.(25) 

2.3 Fading Models 

In wireless communications, fading is deviation of the attenuation that a carrier modulated 
telecommunication signal experiences over certain propagation media. The fading may vary with 
time, geographical position or radio frequency. 

The presence of reflectors in the environment surrounding a transmitter and receiver create 
multiple paths that a transmitted signal can travel. As a result, the receiver sees the superposition 
of multiple copies of the transmitted signal, each traveling a different path. Each signal copy will 
experience differences in attenuation, delay and phase shift while travelling from the source to the 
receiver. This can result in either constructive or destructive interference, amplifying or attenuating 
the signal power seen at the receiver. Strong destructive interference is frequently referred to as a 
deep fade and may result in temporary failure of communication due to a severe drop in the channel 
signal to noise ratio. 

Fading channel models are often used to model the effects of electromagnetic transmission 
of information over the air in cellular networks and broadcast communication. Mathematically, 
fading is usually modeled as a time varying random change in the amplitude and phase of the 
transmitted signal. 

There are two main types of fading, small scale fading and large scale fading: 

• Small Scale Fading (rapid fluctuations in the signals envelope) characteristic of radio 
propagation resulting from the presence of the reflectors and scatters that cause multiple 
versions of the transmitted signal to arrive at the receiver, each distorted in amplitude, 
phase and angle of arrival. 

Small scale fading has the following forms; Slow fading, Fast fading, Flat fading, and Frequency 
selective fading. 

• Large Scale Fading (slow fluctuations in the signals envelope) is explained by the 
gradual loss of received signal power ( since it propagates in all directions) with 
transmitter receiver separation distance. 

Several fading models have been developed, here are the most used 

I) Rayleigh Fading: Is a statistical model for the effect of a propagation environment on a 
radio signal, such as that used by wireless devices. Rayleigh fading models assume that the 
magnitude of a signal that has passed through a communication channel will vary randomly,
or fade, according to a Rayleigh distribution. Rayleigh fading is most applicable when there
is no dominant propagation along a line of sight between the transmitter and receiver.
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The Rayleigh distribution has a probability density function given by: 

P(r) -{i' exp ( - ;;, ) 0 ,; : : ; (2.3) 

Where a is the root mean square (rms) of the received voltage signal before envelope 
detection, and o is the time average power of the received signal before envelope detection. (2s)

2) Rician Fading: Whenever there is a dominant stationary signal component present, such as 
a line of site propagation path, the small scale fading envelope is Rician. In such a situation, 
random multipath components arriving at different path are superimposed on a stationary 
dominant signal. The Rician distribution degenerates to a Rayleigh distribution when the 
dominant component fades away. 

The Rician distribution is given by: 

{ 

(r2+A2) T" Hr ­
P(r)- 0, (.,) e '"' I;, ~ ! 0, r ~ o. .. . (2.4) 

Where the parameter (A) denotes the peak amplitude of the dominant signal. The 
Rician distribution is often described of a parameter K which is defined as the ratio between 
the deterministic signal power and the variance of the multipath. (27) 

2.4 Space Time Channel Mode 

The space-time channel is a channel that use multiple antennas at the transmitter and/or 
receiver in a wireless system. The typical space-time (ST) wireless system consist of Mt transmit 
antennas and M, receive antennas.

ST coding
interleaving

Modulation
RF pre­
filtering

RF
demodulation
post-filtering

De output 
interleaving
ST receiver

Figure 2.1: schemes of a ST wireless communication system 

The input data bits enter a ST coding block that add parity bits for protection against noise
and also capture diversity from space and possibly frequency or time dimensions in a fading
environment. After coding, the bits ( or words) are mterleaved a cross space, time, and frequency and 
mapped to data symbols. 
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The signals pass through the radio channel where they are attenuated and undergo fading in
multiple dimensions before they arrive at the M, receive antennas. Additive thermal noise in the M,
parallel RF chains at the receiver corrupts the received signal. The mixture of signal plus noise is 
matched-filtered and sampled to produce Mr output streams. These streams are them ST de­ 
interleaved and ST decoded to produce the output data bits. 

The difference between a ST communication system and a conventional system comes from 
the use of multiple antennas, ST encoding or interleaving, ST pre-filtering and post filtering and ST 
decoding or de-interleaving. 2s)

There are many ST channel models including SISO, SIMO, MISO, and MIMO. 

2.4.1 SISO Channel 

S(t) Y(t) 

T, R.

Figure 2.2. single-input single-output system 

SISO refer to single-input single-output; is a radio channel where we have one antenna in the 
transmitter and one antenna in the receiver. There is no diversity and no additional processing 
required. The advantage of SISO system is its simplicity. However, the SISO channel is limited in 
its performance, interference and fading will impact the system performance more than a MIMO 
system that using some kind of diversity and spatial multiplexing. 

Let us consider h (t, t) be the time varying channel impulse response that comes from the 
input of the pulse shaping filter g(-r) at the transmitter through the propagation channel p (t), to 
the output of the receiver matched filter. 

If a signal S (t) is transmitted, the received signal Y (t) is given by: 

Y (t)=.J,h(t, t)s(t-t)dr=h(t,t) +S(t) +n(t)........................................., (2.5)

Where: 

h(t, t), s (t), y (t) are complex envelopes of a narrow band signal, n(t) additive white Gaussian 
noise and * denotes the convolution operator and assumed a casual channel impulse response of 
duration t total. 
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If we assumed SISO system in A WON channel. The spectral efficiency is expressed as: 

C = log2 (1 + SNR)(bps/Hz) (2.6) 

Where SNR is the average signal-to-noise ratio at the receiver. 

To improve the performance of SISO system, engineers traditionally used several techniques 
to combat multi path, such as diversity which will explained briefly in the next sections.(28),(29), (30) 

2.4.2 MIMO Wireless Communication 

2.4.2.1 MIMO Concept 

A MIMO is referring to multiple-input multiple-output. The basic concept of MIMO is the 
use of multiple antennas at the transmitter and receiver in wireless system. 

s, Y

I lli 
[I T, ~ Rx !

I Tr: rl 
I'.! Ys r 

Figure 2.3. multiple-input multiple-output system 

The multiple antennas can be used to increase data rates through multiplexing or to improve 
the performance through diversity. Multiplexing is obtained by exploiting the structure of the 
channel gain matrix to obtain independent signaling paths that can be used to send independent data. 

The cost of the performance enhancements obtained through MIMO techniques is the added 
cost of deploying multiple antennas, the space and power requirements of these extra antennas 
(especially on small handheld units), and the added complexity required for multi-dimensional 
signal processing. 

2.4.2.2 MIMO Channel 

Consider a MIMO system with Mt transmit antennas and Mr receive antennas. Denoting the 
impulse response between the jth (j=l,2, , Mt) transmit antenna and the ith ((i=l,2, , Mr) 
receive antenna by h,,, t),the MIMO channel is given by: 
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The vector [h,,(t,t)[h,,(,t)........... h[hy,j,t)]7 is the channel induced by the jth
transrmt antenna. Across the receive antenna array. Furthermore, given that the signal S(t) is
launched from the jth transmit antenna, the received signal at the ith received antenna. 
Y,) is given by: 

Y,)=2h,,t) +S,) + n9, i=1,2,....,M,........................................ (2.8)
The input- output relation for the MIMO channel can be expressed as: 

Y(t)=Ht, t) * S(t) + TJ(t) (2.9) 

Where S(t) = [s,(t)s,) .....s,t)]'is an M, x 1 vector, and

y(t) = [Y1 (t)yz (t) ... YMr (t) f is an Mr X 1 vector.(28), (31) 

2.4.2.3 MIMO Frequency Flat Channel Sampled Signal Model 

The channel is modeled by a matrix H of dimension Mr x Mt. The signal model is: 

Y[k] [B,] + n[k] : (2.10) 
/Me

Where Y[k] is the received signal vector with dimension Mr x 1, S[k] is the transmit signal 
vector with dimension Mt x 1 and n[k] is the noise vector with variance NO in each dimension. 
Since the output at any instant of time is independent of inputs at previous time, we can drop the 
time index k for simplicity and express input-output relation as: 

Y = iHs + n (2.11) 

2.4.2.4 Capacity of The Frequency Flat Deterministic MIMO Channel 

In general the capacity of wireless channel is the basic measure of performance which 
request the maximum rate of communication for which arbitrary small error probability can be 
achieved.28), (29)

Assume the channel has a bandwidth of I Hz and is frequency flat over this band and the 
channel is unknown to the transmitter. Then the capacity of MIMO channel is given by: 
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C = logz ( det (1Mr + M:~o HHH)) bps/Hz (2.12) 

2.4.2.5 The Benefits of MIMO Technology 

There are many benefits of MIMO technology that help achieve such significant 
performance gains such that: 

I) Array Gain 

Array gain refers to the increase in the SNR that result from a coherent combining affected
of the wireless signals at the receiver. Array gain improves resistance to noise, thereby improving
the coverage and the range of a wireless communication network. Array gain exploitation requires 
channel knowledge at the transmitter. 

2) Spatial Diversity Gain 

Spatial diversity gain mitigates fading and is realized by providing the receiver with multiple 
copies (independent) of the transmitted signal in space, frequency, or time. The diversity order 
which refer to the number of copies if the copies increased as a result decrease the effect of fading or 
combat the fading because the receiver combines the independently faded versions of the same 
signal so the resultance signal reduced amplitude variability hence improving the quality (improving 
SNR), and reliability of reception. 

3) Spatial multiplexing gain 

MIMO system offers a linear increase in data rate ( capacity) through spatial multiplexing, 
i.e., using MIMO you can transmit or receive from multiple independent data streams 
simultaneously within the same bandwidth and with no additional power expenditure. This is only 
possible in MIMO channel under rich scattering environment. The spatial multiplexing gain 
increases capacity of a wireless network. 

In practical wireless communication system· there is a tradeoff between the diversity gain and 
the spatial multiplexing gain because the diversity benefit assumes that the data rate is held constant 
and BER decreases as SNR increases, while multiplexing assumes the BER is held constant and data 
rate increases with SNR, by use of increasingly bandwidth efficient modulation and coding schemes. 

4) Interference Reduction 

Co-channel interference a rises due to frequency reuse in wireless communication channel or 
when multiple users sharing time and frequency resources. Interference can be mitigated in MIMO
channel by exploiting the spatial dimension to increase the separation between users so allows using
of aggressive reuse factors and improves network capacity.
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In general we must note that it may not be possible to exploit simultaneously all the benefits 
of MIMO due to conflicting demand on the spatial degrees of freedom. However, using some 
combination of the benefits a cross a wireless network will improve capacity, coverage, quality, and 
reliability.(28),(3 I ),(32) ,(3 3) 

2.5 Binary Phase Shift keying (BPSK)

In binary phase shift keying (BPSK), the phase of a constant amplitude carrier signal is 
switched between two values a according to the two possible signals m, and m

2
, corresponding to 

binary I, and 0, respectively. Normally, the two phases are separated by 180 degree. If the 
sinusoidal carrier has an amplitude Ac and energy per bit: 

Eb= ~A~Tb················································································· (2.13) 2

Where T, is the bit time.

c?

0 1

Figure 2.4: Constellation Diagram Example for BPSK. 

Then the transmitted BPSK signal are: 

0 < t <T (binary 1) ·············· (2.14) S .(t)=cos(2mf,t+0); = =bpsk' T,

). 0 < t ~ Tb (binary 0) •· ···· · ··· ···· · ·· · ·········· · ..• (2.15)S .(t)=- ·cos(2if,t+0,J; =bpsk 

. . that information about the phase and odulation, which requires 
BPSK uses coherent ~e~le at the receiver.(31), (34) 

frequency of the carrier be availa
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2.6 Diversity

2.6.1 Principle of Diversity 

In wireless mobile communicati di :
% th fadi' :. attons, diversity technic :multipath fading and improve the reliabili± 11ques are widely used to reduce effects of

· · ta 1 tty of trans · · · • power or sacrificing the bandwidth. mission without increasing the transmitted 

The principle of diversity is to . d h . . 
casted sigma£. Each ofese vs,,,,",,"[,['®®er wit multiple versions of the same
affected by independent fading conditions th b b. ~s a diversity branch. If these versions are 
time reduces dramatically. To understa;d t~ pro a t1~ that all branches are in a fade at the same 
instantaneous signal-to-noise ratio is below ,,,,_"""®®» let p denote the probability that the
independently faded branches, p is the 5,,,,,,' ""®hold on each diversity branch. Then with' pro a 1 tty t at the in t t · 1 · • •below the same critical threshold on all L d" . b s an aneous s1gna -to-n01se rat10 1s iversity ranches.

Continuously selecting the path with the best signal quality will result in an improved
communication link. Different ways of accessing the radio ch 1 (d" · ) · p · 1 d h . anne 1vers1ty are possible to obtam 
uncorrelate pat s. In most wireless communication systems a number of diversity methods are used 
in order to get_ the required performance. According to the domain where diversity is introduced 
diversity techniq 1 "fi d · · ' ues are c assifie into time, frequency and space diversity. (27), (37),(40) 

2.6.2 Diversity Kinds 

2.6.2.1 Time Diversity 

Time diversity can be achieved by transmitting identical messages in different time slots 
which results in uncorrelated fading signals at the receiver. The required time separation is at least
the coherence time of the channel, or the reciprocal of the fading rate 1/fa. The coherence time is a 
statistical measure of the period of time over which the channel fading process is correlated. 
. The time separation between the replicas of the transmitted signals is provided by time 
interleaving to obtain independent fades at the input of the decoder. Since time interleaving results 
in decoding delays, this technique is usually effective for fast fading environments where the 
coherence time of the channel is small. For slow fading channels, a large interleave can lead to a 
significant. delay which is intolerable for delay sensitive applications such as voice transmission. 

. Clearly time diversity can't be used for stationary applications, since the channel coherence 
tune is infinite and thus fading is highly correlated over time. For example, when a mobile radio 
station is stationary, time diversity cannot help to reduce fades. 

. Time diversity does not require increased transmit power, but it does decrease the data rate 
Since data is repeated in the diversity time slots rather than sending new data in these time slots. Due
to the redundancy introduced in the time domam, there 1s a loss in bandwidth efficiency. 
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2.6.2.2 Frequency Diversity 

In frequency diversity, a numb of diffe
: '3 er of lirferent frequencies are used to transmit the same

message. The frequencies need to be separated enough to ensure independent fading associated with 
each frequency. The frequency separation of the order of several times the channel coherence 
bandwidth will guarantee that the fading statistics for different frequencies are essentially 
uncorrelated. The coherence bandwidth is different for different propagation environments. 

In mobile communications, the replicas of the transmitted signals are usually provided to the 
receiver in the form of redundancy in the frequency domain introduced by spread spectrum such as 
direct sequence spread spectrum (DSSS), multicarrier modulation and frequency hopping. Spread 
spectrum techniques are effective when the coherence bandwidth of the channel is small. However, 
when the coherence bandwidth of the channel is larger than the spreading bandwidth, the multipath 
delay spread will be small relative to the symbol period. In this case, spread spectrum is ineffective 
to provide frequency diversity. Like time diversity, frequency diversity induces a loss in bandwidth
efficiency due to a redundancy introduced in the frequency domain. This technique requires
additional transmit power to send the signal over multiple frequency bands. 

2.6.2.3 Space Diversity 

Space diversity has been a popular technique in wireless microwave communications. Space
diversity is also called antenna diversity. It is typically implemented using multiple antennas or 
antenna arrays arranged together in space for transmission and/or reception. 

The multiple antennas are separated physically by a proper distance so that the individual 
· 1 1 d A di id antage of space diversity is the increased volume needed to s1gnals are uncorrelatea. 11sadva,..,,, ,4, 3% 5licity

t . lt· 1 t as The attractiveness of this diversity implementation is its sIIDp ic1 . con am mu 1p e an enn . 

. . va with antenna height, propagation environment and 
The separation requirements ary 1 gths is enough to obtain correlated signals. In 

frequency. Typically a separation of a fe~ w~ve_ en ls are usually provided to the receiver in the 
space diversity, the replicas of the trans""",a neauency diversity, space diversity does
form of redundancy in the spac~ domam: """w is very attractive for high data rate 
not induce any loss in bandwidth efficiency- ,j angle diversity are two examples of space
wireless communications. Polarization diversity an 
diversity. (27), (31), (37),(39) 
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(a) Receiver diversity T T
(b) Transmit diversity 

Figure 2.5: Receiver Diversity (SIMO) and Transmit Diversity (MISO). 

2.6.3 Diversity Combining Methods 

In general, the performance of communication systems with diversity techniques depends on
how multiple signal rephcas are combined at the receiver to increase the overall received SNR. 
Therefore, diversity schemes can also be classified according to the type of combining methods 
employed at the receiver. 

According to the implementation complexity and the level of channel state information 
required by the combining method at the receiver, there are main types of combining techniques, 
including selection combining (SC), equal gain combining (EGC) and maximal ratio combining 
(MRC). Diversity combining that takes place at radio frequency (RF) is called pre-detection 
combining, while diversity combining that takes place at baseband is called post-detection 
combining. In many cases there is no difference in performance, at least in an ideal sense. The 
maximum diversity order of a system with M antennas is M, and when the diversity order equals M 
the system is said to achieve full diversity order. The diversity order indicates how the slope of the 
average probability of error as a function of average SNR changes with diversity. 

2.6.3.1 Selection Combining 

Selection combining (SC) is a simple diversity combining method. The diversity combiner
selects the signal with the largest instantaneous signal to noise ratio (SNR) at every ®bol inter@l
as the 

O
tp t h t th tp t SNR is equal to that of the best incoming sgnai. practice, e u u , so t a e ou u • 11 d · · · diffi I 

signal with the highest sum of the signal and noise power (S + N) is usua y use , since it is ticult

to measure the SNR. 

Since only one branch is used at a time, SC often requires just one receiver hats®U®
m. t h . h H a dedicated receiver on eac antenna ranc may e 

0 t e active antenna branc . owever, . d · I · n d d · sly in order to simultaneously an contmuous y monitor
,,®or systems that transmit co"""], sn the combiner bas an SNR equal to the maximum

S 
on each branch. With SC the pat . outpunl ne branch output is used, co-phasing of multiple 

NR of all the branches. Moreover, since O Y 0
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branches is not required, so this techni
modulation. que can be used · h wit either coherent or differential 

The average SNR of the combiner outp t • . ut in Rayleigh fading is:

===xM 1YE - y L.i=l -:- . l ......... 

Where, M is the number of branches (di · · · ·: · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • • • • • • (2.16) 
vers1ty order), 7 ' ±h' is t e average SNR on each branch . 

. Thus, the average SNR gain increases with M . 
by going from no diversity to two-branch di+ _._'· but not linearly. The biggest gain is obtained
from two to three will give much less gain th 1vers_1ty. Increasmg the number of diversity branches 

an gomg from one to two. 

Rxl Rx2 RxIM

rl r2 rM

RF 
Front End 

RF 
Front End 

RF 
Front End 

Logic Selector 

Output 

y2
Figure 2.6: Selection Combining Method 

2.6.3.2 Maximal Ratio Combining 

In this method first proposed by Kahn, the signals from all of the M branches are weighted 
according to their individual signal voltage to noise power ratios and then summed. The individual 
Slgn~ls must be co-phased before being summed (unlike selection diversity) which generally 
requrres an individual receiver and phasing circuit for each antenna element. 

Maximal ratio combining produces an output SNR equal to the sum of the individual SNRs. 
[hus, it has the advantage of producing an output with an acceptable SNR even when none of the
Individual signals are themselves acceptable. This technique gives the best statistical reduction of
fading of any known linear diversity combiner. Modem digital signal processing (DSP) techniques 
and digital receivers are now making this optimal form of practical diversity. 
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Figure 2.7: Maximal Ratio Combining and Equal-Gain Combining (a; = 1)

In maximal ratio combining (MRC) the output is a weighted sum of all branches, so the ais 
are all nonzero. Since the signals are co-phased, ai = ai e-jOi, where 0i is the phase of the incoming 
signal on the ith branch and a, is the weight of ith branch. Thus, the envelope of the combiner 
output will be r= E], a; r.

Assuming the same noise power spectral density ( PSD) N, in each branch yields a total noise 
PSD Ntot at the combiner output of Ntot = 2'% a N0• Thus, the output SNR of the combiner is: 

YE = -2:C_ = 2.. c~:f";J airi/ (2.17) 
Not No Y}%@

The goal is to choose the a; to maximize Y.1:· Then YE = My. Where, M is number of branches 
(diversity order) and y is average SNR on each branch. 

2.6.3.3 Equal Gain Combining 

MRC requires knowledge of the time varyi~g SNR. o? eachh_brhanch, hwhichthcan_ be Ivery 
d"ffi . h · · equal-gam combmmg, w 1c co-p ases e s1gna s on 

i icult to measure. A simpler tee mque is l . hf a - e-j0i Where a, = 1 for all 
each branch and then combines them with equa weig mg, i - • ' i - 

branches. 

t. l but simple linear combining method. It does not 
E I . b. • · a sub op 1ma . qua gam com vining 1S . d fc ch individual branch. Instead, the receiver sets the 

require estimation of the fading amplitude or ea 
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amplitudes of the weighting factors to b . . 
combining is significantly less than the »,,' The implementation complexity for equal gain

m rat10 combmmg. (31),(35)(36),(37),(39),(40) 

The SNR of the combiner output ass . . 
each branch, is then given by: ' ummg equal noise power spectral density (PSD) N, in

Y.r = N~M (L~o ri)
2

··· (2.18) 

2.7 Cooperative Communications 

2.7.1 The Concept 

Cooperative communications, allow users in the system to cooperate by relaying each other's
messages to the destination. By doing so, users can effectively form a distributed antenna array that
emulates the spatial diversity gams achievable by centralized MIMO systems. 

Due to multipath fading, the signal-to-noise ratios (SNRs) at the destination may vary 
rapidly over time, causing communication outage whenever one of the user's SNRs falls below the 
required level. However, if the two users can cooperate by relaying each other's messages to the 
destination, communication outage will occur only when both users simultaneously experience poor 
channels, thereby improving the transmission reliability.(26) 

2.7.2 The Benefits of Cooperative Diversity 

Cooperative communications is a new communication paradigm which generates 
independent paths between the user and the base station byintroducing a relay channel. Hence,
cooperative communications is a new paradigm shift for the 4' generation wireless system that will
guarantee high data rates to all users in the network, and it anticipated that will be the key
technology aspect in 5" generation wireless networks. In terms of research, cooperative 
communications can be seen as related to research in relay channel and MIMO systems. (41) 

2.7.3 The Relays 

2.7.3.1 The Concept 

h ht fas an auxiliary channel to the direct channel between the 
The relay channelcan be thOW\'j> is usually several wavelengths distant from the source,

source and destination. Since the relay . ndentl from the direct channel, which introduces a 
the relay channel is guaranteed to fade indeper !y . .
full rank MIMO channel between the source and the destination.

. • t there are a-priori few constraints to different nodes 
In the cooperative commumcatwns. se dut another transmitting node. The new paradigm in 

receiving useful energy that has been .emi!e \opriate signal processing algorithms at the nodes, 
User cooperation is that, by implementing I ~ app s overheard from other nodes and be made to 
multiple terminals can process the transmisswn 

II . · for each other. Collaborate by relaying mformat1on 
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The relayed information is sub l • . . 
. Th. sequent Y comb med at a destination node so as to create 

spatial diversity. Is creates a network that can be regarded as a system implementing a distributed 
multiple antenna where collaborating nodes create diverse signal paths for each other. 

2,7.3.2 Cooperative Relaying Schemes 

There are some basic cooperative relaying techniques such as: 

1) Decode-and-forward Relaying (DF) 

Decode-and-forward (DF) relaying schemes refer to cases where the relay explicitly decodes 
the message transmitted by the source and forwards a newly generated signal to the destination. 
These schemes are also known as regenerative relaying schemes, which have been widely adopted 
in the literature, including those employed in conventional multi-hop networks. 

There are three variants ofDF relaying schemes: 

a- The basic DF relaying scheme (Basic DF) 

b- The selection DF relaying scheme (Selection DF) 

c- The demodulate-and-forward (DeF) relaying scheme. 

2) Amplify-and-Forward Relaying(AF) 

In am lif -and-forward (AF) relaying schemes, the relay amplifies the analog signal 
· p y d ~ ards it to the destination (without explicitly decodmg or received from the source an Iorw

demodulating the messages or symbols) as shown in figure 2.8. 

These schemes are also referred to 
as non-regenerative relaying schemes. 
Here, relays need not have knowledge of 
the encoding or modulation schemes
employed at the source. More?ver, m 
addition to its low complexity, AF 
schemes are also desirable when the
quality of the source-relay (S-R) link is
not sufficient to guarantee reliable 
decoding at the relay. In this case, 
amplifying the analog signal preserves 50
Information that can be further exploited 
the destination. 

X =aY r r 

/ , 
i, 
; 

phase 2, 
; 
i
i, 
/ 

: 2.8 Ill stration of amplify-and-forward (AF) relaying scheme. 
Figure ..0. Iu
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We describe two variants of AF relaying schemes: 

a- The basic AF relaying scheme with and without di «»,,,, ;, % Thi
. . . . out Iiversity combining at the destination. is
is the mam idea of our project and will be explained in chapter 3. 

b- Incremental AF Relaying Scheme 

The basic AF relaying scheme is able to achieve full diversity when signals received in both 
Phase I and Phase 2 are combined for detection at the destination. However, the relaying schemes 
(including the DF schemes) may not be bandwidth efficient, compared to direct transmission, since 
the same codeword is transmitted twice over the entire cooperative transmission period. 

To improve upon this, as illustrated in figure (2.9), where the Phase 2 of the cooperative 
transmission is utilized only when the source transmission fails in Phase I. This leads to higher 
bandwidth efficiency, since the second transmission phase is not always required, and can be 
achieved with a simple feedback mechanism at the destination. 

X s 

t t·on of incremental AF relaying scheme. Figure 2.9. Illus ra • 

3) Selective Relaying Scheme 
: ti ·f the signal received at the relay exceeds a 

In selective relaying, if the signal-to-l"",, operation on the message. On the other
certain threshold the relay performs decode-and has severe fading such that the signal-to-noise 
hand if the channel between the source and the re ay "fthe source knows that the destination does • idl Moreover, 1 • • h ratio is below the threshold the relay 1 es. smit the information to the destination or t e , epeat to trans . h" not decode correctly then the source my, . termed as incremental relaying. In t is case, a 

3 ± whicl is te
relay may help forward information, and the relay is necessary. 
feedback channel from the destination to the source 
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4) Compress-and-Forward Rel . aying Schemes

Compress-and-forward (CF) 1 .. d . d re aymg schem .:: quantized, estimatea, or compressed versic 5¢, Jes reter to cases where the relay forwards
I . CF h ons o its obs tithe re ay in sc emes need not decode % 5erva ion to the destination. In contrast to DF 

« 5bs '® the Ffo Je perfectly the soits oluservation, t e inormation that is m t I urce message but need only to extract from fc os re evant to th d diof information extracted and forwarded to the . . e eco mg at the destination. The amount 
destination (R-D) link. destination depends on the capacity of the relay- 

In fact, it has been shown that CF 
source (i.e., decoding is less reliable4,," ""Perform DF when the relay is farther from the
information can be conveyed to he aestr re a~ and is closer to the destination (i.e., more 
provides a more general form of comp&,,,"." 9ugh the R-D channel). Moreover, CF also

compare to the simple scaling done in AF. 

The CF relaying scheme also takes on two hases . . 
transmits a message to both the relay and the de f ~- hof transmissi_on. ~ Phase 1, the source 

(D) · . s ma 10n, w ere the received signals are denoted by 
Y, and Y; , respectively; in Phase 2, the relay compresses Y, or extracts from Y, the information
that is most useful for the decoding at the destination. 

. The compression at the relaymust be performed with only statistical knowledge of the signal 
received at the destination, i.e., Y;', which relates to the works on distributed source coding or
source coding with side information. One approach to achieve this task is the use of Wyner-Ziv 
codmg (WZC) at the relay. (26),(41) 

2.8 Space-Time (ST) Coding 

Space-time coding finds its applications in cellular communications as well as in wireless 
local area networks. Some of the work on space-time coding focuses on explicitly improving the 
performance of existing systems (in terms of the probability of incorrectly detected data packets) by 
employing extra transmit antennas, and other research capitalizes on the promises of information 
theory to use the extra antennas for increasing the throughput. Speaking in very general terms, the 
design of space-time codes amounts to finding a constellation of matrices that satisfy certain 
optimality criteria. In particular, the construction of space-time coding schemes is to a large extent a 
trade-off between the three conflicting goals of maintaining a simple decoding (i.e., limit the 
complexity of the receiver), maximizing the error performance, and maximizing the information 
rate. 

The term space-time code is most commonly used to refer to a particular type of MIMO
transmission scheme whose objective is to maximize diversity gam. In the generalized sense, a 
space-time code is the generalization of a conventional code such as a forward error correcting 
(FEC) code. Such a code is defined as a set or codebook C ofM distinct sequences of symbols, often 
binary but in wireless communication often drawn from a complex constellation representing 
Ihodulated signals. For a space-time code these symbols become length nj complex vectors, whose
elements h d 1 t d signals transmitted on each transmit antenna. We will call these 

represent t e mo u a e . . vector s b 
1

. b ls to distinguish them from the modulation symbols transmitted 
ym o s space time symo ,on each /hi :h th lements of the vectors. The code sequences become arrays or 
antenna, w!ici are e e 

matrices of complex modulation symbols. 
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2,8.1 Alamouti Space Time Code 

The Alamouti scheme is historic II h 
• • c. • a y t e first space f bl k diversity for systems with two transmit tc > 3-ume lock code to provide full transmit

schemes can also achieve a full ne,,,""";_is worthwhile to mention that delay diversity
complex detectors are required at the ' . u t ey introduce interference between symbols and 

. h . . . receiver. In this secti
diversity technique, including encoding and decod· . 10n, we present Alamouti's transmit 

mg algonthms and its performance. 

]X * 1 

Information 
source Modulator Encoder 

Figure 2.10: Alamouti space-time Encoder 

Figure (2.10) shows the block diagram of the Alamouti space-time encoder. Let us assume 
that an ~-ary. modulation scheme is used. In the Alamouti space-time encoder, each group of m 
information bits is first modulated, where m =log, M. Then, the encoder takes a block of two 
modulated symbols x1 and x, . In each encoding operation and maps them to the transmit antennas 
according to a code matrix given by: 

The encoder outputs are transmitted in two consecutive transmission periods from two 
transmit antennas. During the first transmission period, two signals X1 and x, are transmitted 
simultaneously from antenna one and antenna two, respectively. In the second transmission period, 
signal -x,' is transmitted from transmit antenna one and signal x, from transmit antenna two, 
where x, is the complex conjugate of x,. It is clear that, the encoding is done in both the space and 
time domains. Let us denote the transmit sequence from antennas one and two by x

1 
and x

2
, 

respectively. 

x' = [ X1 -Xz *] (2.20) 

x? = [ X2 X1 *] (2.21) 

Th h Al f scheme is that the transmit sequences from the two transmit 
e key feature ofthe lamoutt (the sequences x and x° is zero,

antennas are orthogonal, since the inner product of th ?4
(i.e,,x'.x? =x4x,"- x,x, =0).
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The code matrix has the following property: 

x.x" =['eF o ]
·· 0 [,P+lx,p]= Ux4[?+[x,])L5........................................... (2.22)

Where 12 is a 2 x 2 identity matrix. 

The Alamouti scheme achieves the full diversity with s:. 5, % likelihcod· 1 'th Th I a very s1mp e maximum I e I oo 
decodmg agor: m. e key feature of the scheme is orthogonality between the sequences 
generated by the two transmit antennas. This scheme was generalized to an arbitrary number of 
transmit antennas by applymg the theory of orthogonal designs. <27) 

2.8.2 Space-Time Block Codes (STBC) 

In an STBC, the data stream to be transmitted is encoded in blocks or code words C which 
' 'are distributed among M antennas and across t time slots. Despite the name, an STBC can be 

considered as a modulation scheme for multiple antennas that provides full diversity and very low 
complexity encoding and decoding but, in general, cannot provide coding gains. The simpler block 
codes were envisioned by Alamouti and later by Tarokh et al. 

Figure (2.11) shows an encoder structure for space-time block codes. In general, a space­ 
time block code is defined by an nTx p transmission matrix X. Here nr represents the number of 
transmit antennas and p represents the number of time periods for transmission of one block of 
coded symbols. 

T

Information 
source 

Modulator 
Space-time 

Block Encoder 
X 

Figure 2.11: Encoder for STBC

. constellation consists of 2m points. At each encoding
Let us assume that the signal apped into the signal constellation to select k 

operation, a block of km informatIOn bitshare m f m bits selects a constellation signal. The k 
d 1 . X X where eacl group o II I . Imodulated signals X4,.2,---9.kw . block encoder to generate nr parallel signa

d d b a space time . modulated signals are enco e Y . . n matrix x These sequences are transmitted :. the transmission
sequences of length p according to in time periods. 
through n+ transmit antennas simultaneously P 
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In the space-time block code, the number of symbols the encoder takes as its input in each
ncoding operation ts k. The number of transmission periods required to transmit the space-time 
,aed symbols through the multiple transmit antennas is p. In other words, there are p space-time
symbols transmitted from each antennas for each block of k input symbols. 

The rate of a space-time block code is defined as the ratio between the number of symbols 
the encoder takes as its input and the number of space-time coded symbols transmitted from each 
antenna. It is given by R = kip. 

The spectral efficiency of the space-time block code is given by: 

T] = r; = r5
~R = ~m (2.23) 

Where r, and r, are the bit and symbol rate, respectively, and B is the bandwidth. (27), (28) 
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System Design 

3.1 Introduction
In this chapter, we explain our systems th t fi 

SISO relaving system and fixed · 1. a are ixed gain amplify-and-forward (AF) 
3" ' gain amplify-and-Forward (AF) MIMO el: 5· ste Wa· ss the general system des· d d . . re aymg sys em. e 

1scuS, S1gn an lo analysis design for our systems in details. We explain
the detailed block diagram for each scheme, that describe the subsystems block diagram for both 
scheme, and explam the overall system flow chart for both schemes. 

3.2 Analysis Design 

3.2.1 Amplify-and-Forward (AF) Relaying System 

In amplify-and-forward (AF) relaying schemes, the relay amplifies the analog signal 
received from the source and forwards it to the destination (without explicitly decoding or 
demodulating the messages or symbols). Figure 3.1 illustrates the AF relaying scheme. 

These schemes are also referred to as non-regenerative relaying schemes. Here, relays 
need not have knowledge of the encoding or modulation schemes employed at the source. 
Moreover, in addition to its low complexity, AF schemes are also desirable when the quality of 
the source-relay (S-R) link is not sufficient to guarantee reliable decoding at the relay. In this 
case, amplifying the analog signal preserves soft information that can be further exploited at the 
destination. (26) 

X (t) s 

X,©9=aY,(©
d fi rward (AF) relaying scheme. 

f lify-an - 0
F. 3 1 Illustration ° amp gure • ­

AF) SISO Relaying System 3.2.1.1 Fixed Gain Amplify-and-Forward (
I fi rwards a scaled version of the received 

. h e the re ay o . . 11 . Ph 1In the basic AF relaying schem ' 1 (S-R) link quality. Specifically, in ase. f the source-relaySignal to the destination, regardless O
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the source transmits the symbol bl k =
· . h h · oc Xs- [X [0] destination, w ere t e received signal . s ,. · · .X, [M - 1]] to both th I d h s are given by: e re ay an t e 

y-[m] = hs,rJPs°Xs[m] + Wr[m] . 
. . . . . . . · · · · · · · · · · · · · · · · · · · · · · (3.1) 

ya[m] = hs,ctfrsXs[m] + W,[m].................. ......... (3 2) ··························· . 
Form = 0, ... ,M-1.

In Phase 2, the relay first scales th . . . h 2 e received signal in (3 1) t . Id . vector X, wit E[IXr[m]I ] = I for all m If 1 · o yel a normalized transmit 
relay can multiply the received signal y [.m] obn y fithe mea~ of the channel gain n;, is known, the 

r Ya xed gam: 

1 6 = ,apvon 1 
2 ••••••••••••••• (3 3) Pslls r+<Y2 .. · · · · · .. · .. ··· · · · .. ·· · · · · · · · ·· · . r 

X,[m]=Gey-[m]=,1'E-h,,X,[m]+Pslls2,r+<Yr2 ' 2 2 Wr[m] (3.4) 
Psn;r+o;

. Where the constra.int E[lxr[m] 1
2]= I is satisfied. This is referred to the fixed-gain AF 

relaying scheme. Then, with power Pr, the relay forwards the signal X, to the destination, where 
the received signal can be expressed as: 

ya®[mi] = /Ph,,AX,-[m] + W.,fm] --- =[,±4-a.tl+ p5,¢awtml + w/®tl....6.59
For m =0,... ,M- 1.

The signals arriving at the destination can be utilized for detection with or without 
diversity combining. The performance of these two cases will be discussed in the following: 

Case 1: Without Diversity Combining (without direct link (S-D))

In the case without diversity combining, only the signal y~
2
) will be utilized for detection 

at the destination. By (3.5), the received SNR in this case can be computed as: 

Psvr q,, .[p,P 112 +cr2 s,r r,d y Y .dy s s,r' r _ s,r r, (3.6) 
BasicAF,1 = Prcr? [ ,[°. ,3 Ysr+vra+2 2 hr,d + <Yct 

Psn5r+Oj

• [re!Where ,, = P,n&, /o#, v-a =P,/h,a[/oj and y,, =P/h,}] /Of­

Thus the maximum achieved end to end capacity is given by: 

( ) 
_ ~lo (i + _ Ys,rYr,d ) (3.7) 

CsasicAF,I Ys,r, Yr,d - ,82 Ysr+vra+l
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Case 2: With Diversity Combining ( •th . 
WI direct link (S-D))

In the case of diversity combin· h . 
b . 11 mg, t e signal . d . 

(3.5), can e optima y combined at the d t· . s recervec in Phases 1 and 2 i.e.(3.2) and 
es mation usi MRC . ' . . ng to obtam the output signal: 

PsP[?'Fht jY. (1) _ _./Psh;,d (l) PslJlr +er~ s,r r,d 
d - cr2 yd + Pr 2 (2) 

d p 2 2lhrdl cr2+ cr2 Yct · · · · · · · · · .. · ··· · · · • .. • • (3.8) sTl5,r +o# ' r d 

The effective SNR at the output of the MRC is given by: 

Yss scars = slhsal, (@-l,,[op.@.l,go soa
as1cs s2 o} (Pn?,/o})+P[,{/Gg3,, 7 Ysa + srrrg ..................(3.9)

, r r rd. 'O Ysr +Yr,a+l

. . The maximum achievable end-to-end transmission rate for the basic AF relaying scheme 
with diversity combmmg is thus given by: 

CsasicAF,1(Ys,r, Yr,d, Ys,d) =3log,(1 + Ys,d + _ Ys,rYr,d ) (3.10) 
Ys,r+Yr,a+1

As a note, the term of direct link doesn't mean line of sight link; there is a multipath wireless 
channel between source and destination. 

Theorem 3. I: 

If all channel links h,a, h,,rand h,a are available, i.e., the variances of channels are 
cr

5
2 ct ::f:. 0. o? 0 and cr2 d -=t= O then when ~ anago to infinity, the SER of AF ' 3 sr r r N, N,

cooperation system with M-PSK modulation can be tightly approximated as: 

p ~ BN0
2
_1_(_1_+ --;.-) (3.11) 

es b? Po, P,o}, Pro#a

s,a¢"5
(rr:) 3(M-1) sin .57

Where b = sin 2 M , B = BM + sin?4
_ __,_M~ and NO 

2 is noise variance. 
321

F fi d I tr ·tted power total transmitted power Ps + Pr = P, we need to 
or a xe tota ansmi ' . • · (3 11) · · · · d 

t. · · h th totically tight SER approximation m . is mmimize . op im1ze P5 and Pr such t at e asymp

Theorem 3.2: 
h t' um power allocation for AF cooperation systems 

For sufficiently high SNR, t e op tm 
with M-PSK modulation is: 

P 
(3.12) 

····················
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·fa,
Pr= 3 ~+ a2 +8a2 P (3.13) [Ps.r' 'sr' 'r,d

From Theorem 3.2, we observe that the optimum power allocation for AF cooperation 
system is not modulation dependent. This is due to the fact that, in AF cooperation systems, the 
relay amplifies the received signal and forwards it to the destination regardless of what kind of 
received signal it is. We note that the asymptotic optimum power allocation scheme does not 
depend on the channel link between source and destination, but instead depends only on the 
channel that links between source and relay and between relay and destination. 

We can see from Theorem 3 .2 that the optimum ratio of transmitted power P, at the 
source over the total power P is less than 1 and larger than 1/2, while the optimum ratio of power 
P, used at the relay over the total power Pis larger than O and less than 1/2. In general, the equal 
power strategy is not optimum. For example, if cr~,r = cr:,d, then the optimum power allocation is 

p p
P. = - and Pr =-.(41)s 3 3 

3.2.1.2Fixed gain Amplify-and-Forward (AF) MIMO Relaying System 

source 

. o·iversity System with MO cooperative 
F• e. 3.2: Model of a MI lay and destination. 1gure- zennas at source, rel /multiple an 

relay and destination, each node · sts of source, . . . stem that cons: . fi re 3 2 Similarly, we Consider a cooperative syS espectively, as shown m gu · · h f 
ea way M,. M, d Mask",,sadd'o caopara6o ides oo." ""},'
assume that the relay obey half-dupl ·t a symbol vector X, = [Xs [l], · · · ' s [ ]]Th 

urce transm1 s ·itted on them-th antenna. e transmission. In Phase 1, the so [ ] is the symbol transmitte
th . t· where Xs m . by· e relay and the destma 10n, d t· ation are given · . d the es m stgnals received at the relay an 
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y, = ,/RH,,X,+ w' r . ······
y/1J = ,/P,H,,dx,+ wi1J (3.14)

........ (3 15) 
respectively, where P, is the transmi · .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. · 

1 ssion power of th 
M4yM,channel matrices of the S-R and the sours,, ° source, H,,, Ha are M, M, and
d ~CN(O z I ) (1) s-destmation (S-D) links 

an W;' 'M,> OF {M,,M-5W} -CN(0,,, 6}I
destination, respectively. ct' d-MaxM,4) are the A WGN at the relay and the 

Moreover, assume that the source b 1 .
complex Gaussian and the covariance matri s~h O vector is zero mean circularly symmetric IX O e source symbol vector is given by: 

R /),. [ H] 1=EX.X' =-Is - s s M MsXMs . 
s ••••• •••••• ••••••••••••••••••••••• ••••••••• (3.16) 

In Phase 2, the relay generates an M, x 1 symbol vector X, with E[ H J-l d. 
h 

·fi · r X-XrI= accor mg to 
t e speci c cooperat10n scheme and forwards the signal to th d ti ti · h n Wh· • · e testmnation witl power'. ere
the signal vector X, is a hnear transformation of Y . The signal received at th d tin. t· · 
Ph 2

· · b r e es a 1on 1n
ase is given y: 

v"= .J'PrHr,dXr + wf) (3.17) 

Where H,a is an MayM, channel matrix, and w!CN(O,, ojh,xu,), is the AWGN
at the destination. 

Consider the AF-based MIMO relay system where the relay employs a linear pre-coder F
on the received signal vector. Therefore, the signal transmitted by the relay is given by: 

X, = F Yr··············· .. ······················································· .. ················(3.l8) 

Where Fis an M,M, precoding matrix. With the linear pre-coder F, the signal received 
by the destination in Phase 2 can be written as: 

Y?=/RF,, FH,,X, + ,/F,H,,Fw, + w'
~H FH X + w~Cz) (3.l9) = v rsrr r,d s,r s d · · · 

Where w(2) = 'RH F + w(2) is the effective noise with covariance matrix is: 
d Vr-'r,d 'Wr d

[
~ (2) ~ (2)H] _ 2H FFHHH + cr2IM (3.20) R» E w d w d - PrO'r r,d r,d d ct 

Case 1: Without Source-Destination Link 
h th destination is located beyond the transmission 

Let us first consider the case w ere e . d · Phase 2 i e yCZ) is utilized for 
n1 th ignals receive m , · ·, d , 

range of the source and, thus, 0 Y e s 
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detection at the destination. Given th . 
capacity of the AF MIMO relay channete· m~tantaneous knowledge of both H,, and Hrd the 

Is given by: ' '°

And, then, the channel capacity is given by: 

1 (det(!Mr+(!Mr+ MPs zHs,rHrr)Pr~~FHHH H F)) C = - logz sO"r O"d r,d r,d 
2 det(I +Pra~FH H ) (3.22) 

Mr z 'H;aHraFCa' ·

In the equal gain s~heme, the signals received at the relay antennas are all amplified by a 
common weighting factor 1s: 

Case 2: With Source-Destination Link 

When the destination is within the transmission range of the source, the channel capacity 
and, thus, the relay pre-coder design must take into consideration the signal received at the 
destination on the source-relay (S-D) link. By combining the signals received at the destination 
in both phases, we obtain: 

~ fisH Xs + w (3.24) 

Where H = [. .J is the effective channel between the source and the destination, and 
/P,-H,aFH,,

0
/R.M,rF [ 

(1)] Wa .. ."][» the effective noise with covanance matnx 
I (2) 

Wa
o l · (3.25) 

P, (J2H ctFF8H~d + craIMct r r r, ,

it ·an be computed as: 
Given H H and H the channel capac1 y c 

s,r, r,d ( s,d, )) 11 (det (1 M + ~ HHHR;})) ......... (3.26) 
1 ( ~ H H R;,1- H =;l0g2 '2'la Ms C=;log, det IMs + Ms 
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The channel capacity can be further written as: 

The channel capacity can be upper bounded by: 

C == ! logz det (1 Mct +~ H5 d H Hct) +2 Msoj ' 's,

! log det(I, + PsPr H FH, .H!!FWH!!'. ( -1
2 2 Md Ms r,d s,r s,r r,d X Prcr;Hr,ctFF8H~d + craIMct) ) (3.28) 

The channel capacity is lower bounded by: 

1 ( ppC =-log, det IM 4 'EH, FH H8 F8tt8 x P, cr2H FFH H 2 -12 d M, d {s,r s,r r,d ( r r r,d Hr,d + crdlMct) ) (3.29) 

3.3 General System Design 

Our idea in this project is to use additional component, relay, between the source and the 
destination, the outage benefits from relay on communication system are mentioned in chapter 
two. The relay acts as transceiver, receive the modulated symbol from the source and make some 
signal processing on the received symbols, then forward the processed symbols to the 
destination. The relay may equipped with multiple antennas that use for receive and transmit 
symbols. Actually this called cooperative by relay (i.e. cooperate to reach the symbols / 
messages to the destination). 

3.3.1 Fixed Gain Amplify-and-Forward (AF) SISO Relaying System 

source 

y X r r TT Relay y

M,=1 

X,

s,a

r
===:=========t>LJl(Destinat~ 

on I

\. __ ~) 
M,=I

I f SISO cooperative Diversity System 
. S tern Mode o a · ·tiFigure. 3.3 First Y5 relay and destina 10n. 

with single antenna at source, ' 
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We describe a fixed g . . am amplif 
contains source, relay and destination ; 'and-forward SISO r .
half-duplex constraint i e a d. ach node is equipped . h . elaymg system in figure.3.3 that 

> ·U, node with singl ?
typically entails two phases. cannot transmit and . g e antenna where all nodes obey receive simultaneously. Our system 

In Phase 1, the source d . . d no e broad t destination no e. The relay node . cas s one symbol t th 
e destination node. t Pia, G""fes the received sytssi,,__"® node and to the

d d
. b d ' w':1.€ the sourc d . Y xe gain and forwards it to 

eco mg ase on the symbols th t . e no e remains silent Th d . . as irosiss as asil%,fie7al.5%7,{"gg®®"
&sicicy to tom iie fada&.,";""®" ·ode sis wail% &llk'

3.3.2 Fixed Gain Amplify-and-Forward ( . AF) MIMO Relaying System

y 
r X r 

source 
Destlnat 

Ion 

Y

Relay 

Figure. 3.4 Second System Model of a MIMO Cooperative Diversity System with 
multiple antennas at source, relay, and destination. 

. Figure.3.4 describes fixed gain amplify-and-forward (AF) MIMO relaying system that 
:ontams source, relayand destination. Each node equipped with M antennas. Where all nodes obey the 
t alf-duplex constramt, 1.e., a node cannot transmit and receive simultaneously. Our system 
ypically entails two phases. 

In Phase 1, the source node broadcasts the M symbols simultaneously, that has M 
antennas. Each antenna with the same power, both to the relay node and to the destination node. 
The relay node, amplifies the received symbols by fixed gain and forwards it to the destination 
node. In Phase 2, while the source node remains silent. The destination performs decoding based 

on the symbols were received in both phases. 

These two signal phases that form two diversity branches are combined by the _destination 
ode using cir af i> 4bining technique (MRC) to form the final received signal. Note

g maxima rat10 com tu.... . that we h hr diffe 1 s channels and each symbol will be affected by a random 
ave t ee 1 erent wire es ' 

Rayleigh channels with additive white Gaussian noise (AWGN).
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3.4 Detailed System Design 
3,4.1 Detailed Block Diagrams 

3,4.1.1 Detailed Block Diagr ams for Fixed G . 
am (AF) SISO relaying System 

3.4.1.1.1 The Source Block D;1agram

Information 
source Source 

Encoder 
B-PSK

Modulation 

Figure. 3.5 Source Block Di1agram

As we see in figure 3 5 th . . ' e source consists of thr bl . encoder, and BPSK modulator. ee ocks: information source, source 

1) Information Source 

. The source of information that is output may be either an analo . ®grteosiii,or aia soa. tao»icols&k,""
1S3 S3 S4....S,1], where n is an integer. urce 1s

2) Source Encoder 

. The second stage of the source converts the information source messages as a 
function of S into a binary sequence b.,i.e., the resulted bits are either zeros and ones. 

3) B-PSK Modulator 

The BPSK modulator maps the binary information sequence bk into a BPSK 
signals waveforms. In binary phase shift keying (BPSK), the phase of a constant 
amplitude carrier signal is switched between two values according to the two possible 
signals m; and my, corresponding to binary 1 and 0, respectively. Then the modulated
signals transmit to both the relay and the destination simultaneously.
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3,4.1.1.2 The Relay Block Diagram 

t[Amplify-then­
Forward rt===1

J

Figure. 3.6 Relay Block Diagram 

In figure.3.6, the relay receive the symbols that transmitted from the source and affected 
by the channel between source and relay (multiply by channel coefficient) with A WGN in the 
phase 1 (Yr). Then the relay forward the amplified symbols (X,), that affected by relay­ 
destination channel, to the destination in phase 2 and also these symbols will be affected by 
another A WGN. 

The relay transmitted symbol is not more than amplified version from the received 
symbols during phase 1. But the drawback of this method, that is amplifying the received symbol 
with its noise that comes from wireless channel. 

3.4.1.1.3 Wireless Channel 
We assume that the wireless channel is small scale fading and typically flat fading 

channel follows Rayleigh probability density function (PDF), where the channel is not varying
during time separation, or in other words the time separation between symbol block is greater or 
equal the channel coherence time (Tc ) in order to achieve independency at the receiver for MRC. 
Dunn· · t that the relay and destination lmow the characteristics of each g our project we assume 
channel. 

3.4.1.1.4 'I.line J!))esmm21tlmn Bfock ]))fagrmm 

g.-pSK
emodulation

X 
.S 



In the figure.3. 7, we assume th 
MRC combiner, BPSK demodulator at the destination block d' . , source decoder a d ML tagram contams four blocks, 

· h ' n detector Since two phases, the destinatic de ...
h fr on no e rece . 

1 and anot er one om relay during pha 2 Ive two signals one from so d • h se . urce unng p ase 

1) Maximal-Ratio-Combiner (MRC)

As we mentioned in chapter two th t th . . 
output SNR equals to the sum of the ,,", Maximal ratio combining produces an
statistical reduction of fading or an ,,,,"""""®! SNRs. Tis technique gives the best
MRC combined the sic als tha 'linear diversity combiner. In this stage the

· e signals that received in phase 1 and phase 2, ©) [3 .©)
respectively. In other words, it sums the two phases SNR . ' y ct an Y ct 

2) BPSK-Demodulator 

Demodulate the combined signals, to recover the original symbols. 

3) Source Decoder 

A decoder is a device which does the reverse operation of an encoder so that the 
original information can be retrieved. In our system design the decoder de-maps the 
binary information sequence b,from a BPSK demodulated signals waveforms. 

4) ML Detector 

W ML detection for calculate the probability of error and determine the 
e use d bi £ . b h 

a f t by Compan. ng the transmitte mary m ormatton y t e 
ccuracy o our sys em 
demodulating-decoding one. 
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3,4.1.2 Detailed Block Diagrams for Fixed G . A 
3,4.1.2.1 The Source Block Diagram am ( F) MIMO Relaying System 

Information;/>!
source 

Source 
Encoder B-PSK

Modulation 

Figure. 3.8 Source Block Diagram 

As we see in figure.3.8, the source contains four blocks, information source, source 
encoder, and BPSK modulator and space time block (STBC) encoder. 

The first three blocks, do the same functions that previously explained in figure 3.5. 

Space-Time Block (STBC) Encoder 

In this stage the source forms the symbols block, i.e., X,= [X,[1],...,X,[M,]]', where
M, is the number of source antennas, and X,[m] is the symbol transmitted on them-th antenna. 
So the size of each block is determined by the number of source antennas or the dimension of the 
system. 

3.4.1.2.2 The Relay Block Diagram 

y 
r 

1­• %,ass
i ~ Forward j 1 

X r 

:. 3.9 Relay Block Diagram Figure. ·-

STBC 

. f AF SISO relaying system. In AF MIMO relaying 
As previously explained m figure.3.6.0 th umber of antennas on the relay. 

system do the same thing, but the difference is e n 

3.4.1.2.3 Wireless Channel the channels, this means that the same thing 
ptions for e c ' . 

There is no difference in our ass~taken in AF MIMO relaying system.
Ve assume in AF SISO relaying system 15
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3,4.1.2.4 The Destination Block Diagram 

n#

MRC B-PSK
Demodulation=Dy Source 

Decoder 
ML 

l Detector
X 

Figure. 3.10 Destination Block Diagram 

In the figure.3.10. We assume that the destination block diagram contains four blocks, 
MRC combiner, BPSK demodulator, source decoder, and ML detector. 

Since two phases, the destination node receive M signals in two phases, from source 
during phase 1 and from relay during phase 2. 

As explained in AF SISO relaying system for destination block diagram, the same thing 
happens in AF MIMO relaying system, but with more complexity in processing because the 
number of antennas increased. 
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4 2 Systems Flow Charts 3 .. 
2 1 Flow Chart for Fixed Gain AF SISO Relaying System 3.4.

(1)
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(1)
(2) 

R-D

Figure 3.11 Illustration of First System Flow chart. 
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2 Flow Chart for Fixed Gain AF MIMO Relaying System 3.4.2.

S-D

(2) 

(1)
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{1)
(2) 

Figure 3.1.2 Illustration of Second System Flow chart
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4.1 Introduction

In this chapter, we introduce flow charts for all MATLAB Codes then describe the mean 
es for each one. stag 

4.2 Codes Flow Charts

4.2.1 SISO System Codes Flow Charts

4,2.1.1 SISO System BER Performance Code 

The flow chart of single-input single-output (SISO) system BER performance code under 
flat fading Rayleigh channel. 

Start

Define simulation
parameters

Create Modulation­
Demodulation objectives

/ Pre-allocate variables

I

s

Set up a figure
parameters

<=T
(Eb_No counter)

No 

J==T
Packet counteer)

I
(4) (5)

("1) (2)
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(1) (2)
(3) (4) (5)

Recc:eived signal with
Rayleigh channel

equalizer

B-PSK demodulation

Detennine Errors
for each packet

J=J+1

Calculate BER For
Current Eb_No

K=K+1

Plot Results

Figure 4.1 The Flow Chart of SISO System BER Performance MATLAB Code
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2 SISO System Capacity Performance Code 4.2.1.

The flow chart of single-input single-output (SISO) system capacity code under flat . Rayleigh channels. fading

Start 

Define simulator

1=1 
(Eb_No counter)

No 
Eb~o Within the 
range? 

<,

' yes
J=1 

(Monte-Car1os counter) 

MATLB CodeCapacity
f SJSO System Chart 0F. 4 2 The Flow 1gure ·.
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NxM MIMO System Codes Flow Charts 4.2.2

4,2.2.1 NM MIMO System BER Performance Code 

The flow chart of NxM MIMO system BER performance code under flat fading 
I • h channel. Where N and M are equal. Rayle1g

Start 

Define simulation 
parameters 

Generate Local 
Stream 

Create MC>dulatlon­ 
Demodulatlon objectives 

Pre-allocate variables

K=T
(Eb_No counter)

- 
within

{psos%,_ pr
\

No 

(4) (5)

(1) (2)
(3)
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(1) (2) (3)

Add AWGN

Multiply by ch annel 
matrix 

MIMO Received
signal (NxM sys) 

MRC 

B-PSK 
Demodulation 

·, 
Detennine Errors 
for current packet 

J=J+1

(4) (5)

Calculate BER For 
Current Eb_No

K=K+1

/tot Rousts [

o
igre 4·

3 
The Flow Chart of NxM MIMO System BER performance MATLAB Code 
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NxM MIMO System Capacity Performance Code 42.2.2

The flow chart ofNxM MIMO system capacity code under flat fading Rayleigh channel. d Mare qual. W}lere Nan

Define slmulatton 
parameters 

i== T

(SN~Rcou. nte~) _ 

'·, ,'
3

No 

J=1 
(Monte-Carlos counter) 

No 

~ yes 

Rayleigh I Generate nel matrix 
distributed ~~n 

. MATLAB Code CapacityIMO System hart ofNxM MFigure 4.4 The Flow CI 56



FiJ<ed Gain Amplify-a
nd

_Forward SISO Relaying System Codes Flow Charts .2.3

AF SISO Relaying System BER Performance Code 2.3.1

The flow chart of fixed gain amplify-and-forward (AF) SISO relaying system BER 
ce code under flat fading Rayleigh channel. erforman
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The Flow Chart of Amplify-and-Forward SISO Relaying System Capacity Code a32
The flow chart of amphfy-and-forward (AF) SISO relaying capacity system code under . Rayleigh channel. at fading
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" flow chart of amphfy-and-forward (AF) NxLxM MIMO relaying system capacity 
The fl t fading Rayleigh channel. Where N, Land Mare equal. odeunder a . 

start 

parameters 

Pre-a llocate 
variables 

rl,
~counter) 

j 

No 

aid , M MIMO Relaying r-dNxL' .and-Forwar
. ,Anlphfy- TLAB Code of Fixed Gatn ance MAFigure 4.8 The Flow Chart Capacity PerforJll 

System 62 



1,3 Codes Main Stages 

.j SISO System BER Performance Cod%

The main stages of SISO system BER 
performance code are: 

1. The MATLAB code begins by defi. . . 
b f k 

nmg simulation 
num er o pac ets, and E,/N, range. parameters such as packet length, 

2. Create BPSK modulation and de-mod 1 . .. . o u ation obJectiv 1up the simulation process, and set up fi . es, pre-a locate variables for speed 
gure variables fo · 1 · •3. Generate random binary data vector Th r visualizing the BER results. 

· en modulate th d modulation scheme. e generate data by using BPSK 

4. Generate random A WGN and Rayleigh ch 1 anneis.
5. The transmitted signal affected by flat fading R lcigh 3hayle1, channel
6. Demodulate the received signal. · 
7. Calculate the simulation BER for each value of E /N b. orange.
8. Plot the BER results versus E,/N,range.

1.3.2 SISO System Capacity Code 

The main stages of SISO system capacity code are: 

1. The MATLAB code begins by defining simulation parameters such as channel 
bandwidth, Monte-Carlo iterations and E,/N,range.

2. Pre-allocate variables to avoid growing matrix inside a loop. 
3. Generate random Rayleigh channel at every Monte-Carlo iteration. 
4. Take the magnitude of the channel matrix every Monte-Carlo iteration. 
5. Calculate the instantaneous capacity of SISO system under flat fading Rayleigh channel 

at every Monte-Carlo iteration for specific value of E,/N,range.
6. Calculate the mean capacity for each E,/N, value and plot the results. 

t3.3 NxM MIMO System BER Performance Code 
. BER performance code are: 

The mam stages ofNxM MIMO system
I . d fi · imulation parameters such as packet length, 

· The MATLAB code begins by e mng s d E /N range 
b b f transmit and receive antennas an b o . 

mun er of packets, num\er O • b. ctives pre-allocate variables for speed 
2. Create BPSK modulation and de-modulation"",,r visualizing the BER results.

d t figure variat Ies ii
up the simulation process, an set up 1 Then modulate the generated data by 

3. Generate random binary data vector per channe . 
using B-PSK modulation scheme. ti block coding (OSTBC) encoder.

4 E b6 orthogonal space me · ncoding the modulated data Y O b fl t fading Rayleigh channel. 
5. T · al · ffected Y a • · 1 ·· he transmitted encoded signe isal are combined using maximal rat1o
6 ~~~ 1 · The received signals from transm . d ignals by BPSK demodu ator. 

fate the combine© st£ 1l
combining (MRC). Then demodula e f E,,/N, range and Plot the BER resu ts. 

7. Calculate the simulation BER for each value 
O 

b 
0
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34NxM MIMO System Capacity Code

The main stages ofNxM MIMO s t 
ystem capacity code are: 

1. The MATLAB code begins by defi . . 
idth. Mc : 'Ing simulatiobandwi!t , onte-Carlo iterations n b n parameters such as channel 

> umber of transmit drange. tan receive antennas and E,/N,
2. Matrix initializations to avoid matrix gr . . .
carats cotes channel matt cs,,"""2;
4. Take the Hermitian of channel matrix. - ar O Iteration. 
5. Calculate the instantaneous capacity at every M t C . . 

h 
. onte-+ arlo iteration

6. Calculate t e mean capacity for every E /N 1 d 1 ·b o va ue an P ot the result 

1.3,5 Amplify-and-Forward SISO Relaying System BER Performance Code 

The main stages of amplify-and-forward SISO relaying system BER performance code 
ire:

1. The MATLAB code begins by defining simulation parameters such as packet length, 
number of packets and power range. 

2. Create BPSK modulation and de-modulation objectives. 
3. Pre-allocate variables for speed up the simulation process and set up figure variables for 

visualizing the BER results. 
4. Allocate power for both source and relay at each value of power range. 
5. Generate random binary data vector per channel. Then modulate the generated data by 

using BPSK modulation scheme. 
6. Generate three random A WGN and three random Rayleigh channels. 
7. In phase 1, the source transmits the modulated signal to the destination and relay, 

simultaneously. · r fi d by fixed gain then forwarded to the 
8. The received signal at the relay is amp 1 e ' 

destination in phase 2 at each power range value: MRC Then demodulate the combined 
9 · Combined the two signals from two phases usmg · 

signal by BPSK demodulator. 
10. Calculate the simulated BER for each value of power range. 

11. Plot the BER results versus E,/No­
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1.3.6 Amplify-and-Forward SISO Relaying System Ca . 
· pacity Performance Code

The main stages of amplify-and-forw? rd
ar SISO relavin

J • g syStem capacity code are: 
l The MATLAB code begins by d fi . · d idth e ntng simulaf ban'widt , power range, channel varian ion parameters such as channel 
2 aattocate variables io avoid grow,,,""®ecilo iterations.
3. Generate three random Rayleigh channels a%a ,""" P

every Monte-Carlo iteration. ca cu ate t e magnitude of each channel at 
4 Calculate SNR for each channel at every Mo t C 1 . ·. · h · ne- arlo iteration 
5. Calculate t e mstantaneous capacity of AF SISO rela . · . 

Rayleigh channel at every Monte-C 1 •t . ying system under flat fadmg arto iteration.
6. Calculate the mean capacity for each E,/N, value and plot the results. 

1.3.7 Amplify-and-Forward NxLxMMIMO Relaying System BER Performance Code 

The main stages of amplify-and-forward NxLxM MIMO relaying system BER 
erformance code are: 

1. The MATLAB code begins by defining simulation parameters such as packet length, 
number of packets, number of each node antennas, and power range. 

2. Create BPSK modulation and de-modulation objectives. 
3. Pre-allocate variables for speed up the simulation process, and set up figure variables 

for visualizing the BER results. 
4. Allocate power for both source and relay at each value of power range. 
5. Generate random binary data vector per channel. Then modulate the generated data by 

using BPSK modulation scheme. Then encode the modulated signals using orthogonal 

space-time block coding (OSTBC).
: thAWGN6. Generate three random Rayleigh channels wit · . . 
. h d lated signals vector to the destination and relay, 

7. In phase 1, the source transmit t e mo u 

simultaneously. . amplified by pre-coding matrix . Then 
8. The received signal vector at the relay ts P 1 . . h 2 t each power range va ue. 

forwarded to the destination 1n ase at in phase 1 using MRC Then
9 d . 1 vector from source, 1
. Combined the receivec s1gnat s] . hase 2 using MRC. Demodulate the 

combined the received signal vector from re ay, mp a 

combined signal by BPSK demodulat:- 1 of power range. 
10. Calculate the simulation BER for eacl Va ue 
11. Plot the BER results versus E,/No­
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13 8 Amplify-and-Forward NXLXM MIM
· · O Relav::ode Ylllg System Capacity Performance 

The main stages of amplify-and-for rd
rwar NXLxM MIMO .:

relaying system capacity code re.:

1. The MATLAB code begins by d fi . . 
bandwidth, power range , channel va:a mng Msimulation parameters such as channel 
node antennas. ±nces, [onte-Carlo iterations and number of each 

z. Pre-allocate variables to avoid growing tn· . . · 
hr ma x inside loop

3. Generate t ee random Rayleigh channels and take ..
every Monte-Carlo iteration. e the Hermitian of each channel at 

4. Calculate pre-coding matrix at every Monte c I ·t • . - ar o 1eration
5. Calculate the mstantaneous capacity at every Mo t c 1 ·. .ne-Carlo iteration
6. Calculate the mean capacity for each E,/N, range and plot the results.

4.4 Constructing MIMO System and AF MIMO Relaying System for Diversity 

This project simulates fixed gain AF MIMO relaying system using flat fading Rayleigh 
~hannel through means of space-time block coding (STBC), which constructed from known 
)rthogonal designs, achieving full diversity, and are easily decodable by maximum likelihood 
iecoding via linear processing at the receiver. Assumed that the channel is unknown for the 
;ource and perfectly known at the relay and destination for all systems. 

In all MIMO systems and AF MIMO relaying systems we use orthogonal space time
lock coding (OSTBC) which is employable when multiple transmitter antennas are used i.e .. m 
2x2 MIMO system AF 2x2x2 MIMO relaying system, we use full rate Alamouti STBC, while 
e use half rate OSTBC in 4x4 MIMO system, AF 4x4x4 MIMO relaying system, 8x8 MIMO
;ystem, and AF 8x8x8 MIMO relaying system. 

esent the symbol period (time slot) and 
Th . . . h. h the columns reprc :e following matrices 1n W ic te the STBC. These matnces are th ) e used to genera 

e rows represent the antennas (space ar · d AF MIMO relaying system codes 
considered as the main part in building MIMO system an 

hi f different cases.
Which are used to simulate the performance 0

. a diversity ( full rate Gz): 
a. Two-transmit two-receive antenn

S *] ·································(4.1) 

[
S
1 
- z .

S=G;-Aamouti =[s, S,''
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b. Four-transmit four- re . cerve a t ntenna d;iversity ( . Isl -s Half rate s ): 
G S z -S 
4-transmitters = 2 S, S 3 ~S4] S3 -S 4 ~S3 

S4 s; -~1 S2 .. 2 S1 ········ (4.2). 

S = [G 4, G/] . ··················· ····· ······ ······ ······· ····· ..................... (4.3) 

c. Eight-transmit eight . -receive ante . nna diversity ( H lf a rate S ): 

s, -s -S3 2 -s 
s,

-s -s s, s, 4 5 -s 
-s s6 

6 7 -Sa 

s, -S, s, 3 -Ss -s 

S,
S; -s -Sa 

a S,

Ga-transmitters= 
s, -S2 

7 S; S,

Ss -s 
S, -Sa S, -S,

6 S, Sa S,
S;

S, Ss Sa 
S, -S3 -S4 .. · .. · · ....... · · · · .... (4.4) 

-S, -S; S,
S, Sa -Ss 

S, -S,

Sa 
S, S; -S, S,

S, -S,
-S,

-Ss S, S; S; S,

S = [G a, Ga*] . ................................................. · .. · · .... · ..... · · · .... (4.5) 

fheMIMO . output is given by: 

Y = HTx S + N · ................... ········································ ············ ······ ······ (4.6) 

Where: 

S: it is th . e mput data matrix formulated as OSTBC. 

N: it is z ·ero Mean Circularly Symmetric Complex Gaussian Noise matrix. 

B: it is an . fadin 
rnd

ependent and identical distributed (i.i.d) complex matrix consists of frequency flat 

gRayl · h 
ante eig channels represents the channel response between transmit and receive 

nnas c2 . 7),(28),(43),(44). 
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l,S Simulation setup 

The simulation covers an end-to-end . 
conventional SISOd gain AF SISO relaying system and fixed . system, NxM MIMO system,

ixu gain AF NxLxM MIMO el» »
• r Land M are equal. Such that N equal 2 4 d 8 . . relaying system where 
, o an ·.Giving that the cha el ,, :
SI) is unknown at the source and perfect! kn c anne state m1ormat10n 

C Y own at both the relay and destination. 
In 2x2 MIMO system and AF 2x2x2 MIMO 5, .:

. . . relaying system, the modulated symbols 
ansmitted m 2 time slots using full rate Alamouti STBC. In 4 4 MIM
r . · x 0 system and AF 4x4x4
v1IMO relaymg system, the modulated symbols transmitted in 8 time slots using half rate 
gTBC. In 8x8 MIMO system and AF 8x8x8 MIMO relaying system, the modulated symbols
ransmitted in 16 time slots usmg half rate 0STBC. By considered that STBC is used to encode 
he transmitted symbols; transmitting different symbols through different antennas and different 
ime slots as follows 

The first column of S will be transmitted through the N antenna array elements at the 
ource during the first symbol period, then the symbol of column two of S will be transmitted 
rom the N antenna array elements during the following symbol period, and this process 
ontinues until all columns are transmitted. Monte-Carlo simulation methods are used to make 
·ealizations for channel when the capacity simulated. 
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5.3.1 Fixed Gain AF SISO Relaying System BER Performance 

5.3.1.1 Fixed Gain AF SISO Relaying System with Direct Link using Optimal 
Power Allocation 

5.3.1.2 Comparison between Fixed Gain AF SISO Relaying System with 
Direct Link using Optimal and Equal Power Allocation 

5.3.1.3 Comparison between SISO System, 2x2 MIMO System and Fixed 
Gain AF SISO Relaying System with and without Direct Link using Optimal 

Power Allocation 

5.3.2 Fixed Gain AF SISO Relaying System Capacity Performance 

5 3 2 1 C 
· b tween Fixed Gain AF SISO Relaying System with 

• • . ompanson e . 
Direct Link using Optimal and Equal Power Allocation 

. SISO System, 2x2 MIMO System and Fixed 
5.3.2.2 Comparison between . d ithout Direct Link using Optimal 
Gain AF SISO Relaying System wdh an w
Power Allocation 

Si,,z - ox2 MIMO Relaying System under Flat
F,,, "lation Results for Fixed Gain >
'g Rayleigh Channel 
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5,4.1 Fixed Gain AF 2x2x2 MIM0 Rela · ymng System BER p 
5.4.1.1 Comparison b tw erformance 
with Direct Link usin; 0 ee~ Fixed Gain AF 2x22ptimal and Equal p x MIMO Relaying System 

ower Allocation
5.4.1.2 Comparison b tw e een F' d 
MIMO System and Fixed 'xec Gain AF SISO . . without Direct Lin, ,''S@in AF 2x2x2 M1MG ,,"Rying System, 2x2using Optimal Power All . e aymg System with and 

ocation

5.4.2 Fixed Gain AF 2x2x2 MIMO Rela .ying System Capacity p ~ errormance
5.4.2.1 Comparison betwe F' ith Di» s% ®en Fixed Gain AF 2x2x2wi hirect Link using Optimal a d E x MIMO Relaying System n qual Power Allocation 

5.4.2.2 Comparison between Fi d G . 
MIMO System and Fxea Gan?',,," AF s1so Relaying System, 2x2
without Direct Link using Opti I p x MIMO Relaying System with and ma ower Allocation 

i,5 Simulation Results for Fixed Gain AF 4x4x4 :rading Rayleigh Channel MIMO Relaymg System under Flat 

5.5.1 Fixed Gain AF 4x4x4 MIMO Relaying System BER Performance 

5.5.1.1 Comparison between Fixed Gain AF 4x4x4 MIMO Relaying System 
with Direct Link using Optimal and Equal Power Allocation 

5.5.1.2 Comparison between 4x4 MIMO System and Fixed Gain AF 4x4x4
MIMO Relaying System with and without Direct Link using Optimal Power 
Allocation 

5.5.2 Fixed Gain AF 4x4x4 MIMO Relaying System Capacity Performance 

5.5.2.1 Comparison between Fixed Gain AF 4x4x4 MIMO Relaying System 
with Direct Link using Optimal and Equal Power Allocation 

5.5.2.2 Comparison between 4x4 MIMO System and Fixed Gain AF 4x4x4
MIMO Relaying System with and without Direct Link using Optimal Power 

Allocation 

F
S.6 Simulation Results for Fixed Gain AF 8x8x8 MIMO Relaying System under Flat 

ad;•ng Rayleigh Channel 
5.6.1 Fixed Gain AF sxsx8 MJMO Relaying System BER Performance 

+ d Gain AF 8x8x8 MIMO Relaying System 
5.6.1.1 Comparison betwee!,qual Power Allocation
with Direct Link using Optima an 

8 
MJMO System and Fixed Gain AF 8x8x8

5.6.1.2 Comparison between°, without Direct Link using Optimal Power 
MIMO Relaying System with an
Allocation 

70



5.6.2 Fixed Gain AF 8x8x8 MIMO Relayin S 
Y g ystem Capacity Performance 

5.6.2.1 Comparison between Fixed G . A . 
with Direct Link using Optin 1 d am F 8x8x8 MIMO Relaying System

ma an Equal Power Allocation 

5.6.2.2 Comparison between 8x8 MIMO System and Fixed Gain AF 8x8x8
MIMO Relaying System with and without Direct L'nk · o ti Ip 
Allocation using Jp ma ower 

;7 Comparison between Fixed Gain AF SISO, AF 2x2x2 MIMO, AF 4x4x4 MIMO andR l . S ' AF 8x8x8 MIMO e aymg ystems under Flat Fading Rayleigh Channel 

5.7.1 Comparison between Fixed Gain AF SISO, AF 2x2x2 MIMO, AF 4x4x4
MIMO and AF 8x8x8 MIMO Relaying Systems in terms of BER Performance 

5.7.2 Comparison between Fixed Gain AF SISO, AF 2x2x2 MIMO, AF 4x4x4 
MIMO and AF 8x8x8 MIMO Relaying Systems in terms of Capacity Performance 
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I troduction :jnt,.
This project use MATLAB to simulate the BER and capacity perfonnance of fixed gain 

gjSO relaying system with and without direct link, fixed gain AF 2x2x2 MIMO relaying
,th and without direct link, fixed gain AF 4x4x4 MIMO relaying system with' and
,y
st
•:ut direct link, and fixed gain AF 8x8x8 MIMO relaying system with and without direct 

v1
th 

d flat fading Rayleigh channel. ink underI • 

The project also simulate the BER and capacity perfonnance of SISO system, 2x2
0 s stem, 4x.4 MIMO system, and 8x8 MIMO system under flat fading Rayleigh channel.

JJJvl ak y omparison between the BER and capacity performance of conventional systems with 
ro m Re a c d capacity performance of AF relaying systems at the same conditions. he BE an 
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. 2 comparison between SISO 2 i% 4,, Mei 5 382 MIM,t Fading Rayleigh Channel 30, 4x4 MIM0 and 8x8 MIMO
• 2 t Comparison between SISO. 'Systems under 
,. · 2><2 M 
erltlS of BER Performance ' IMO, 4x4 MIM0 and 8x8 MIMO Systems in 

0 10 15 
Eb/No(dB) 

20 25 30 

igure 5.1 Comparison between SISO, 2x2 MIMO, 4x4 MIMO and 8x8 MIMO Systems under 
Flat Fading Rayleigh Channel in terms of BER Performance 

E,/N In this case, we assume that the number of transmitted symbols are 4,000,000 and the 
JIM 

O
range IS [0: I :30] dB. The figure show a comparison between SISO, 2x2 MIMO, 4x4

P

.., O and 8x8 MIMO systems under flat fading Rayleigh channel in terms of BER 
Cr1ormance.

1 
We notice that, the BER perfonnance of 8x8 MIMO system is better one followed by 

""Miwo system, 2x2 MIMO system and S!SO system, respectively, i.e., at E,/N, equal 3 

2 
'the BER of 8x8 MIMO system is equal 5.55 X 10-5, while the BER of 4x4 MIMO system,,,'2 MIMo system and S!SO system equal 4.073 x 10-3

, 1.107 x 10-
2
, and 9.194 x 10-

2

,

Ptively. There is approximately 4 dB difference between the BER of 4x4 MIMO system
d 8x8 MIMO st S : gx8 MIMO system reduce the power consumption and can 

achi sys em. o using
©Ve good BER performance at low E,/No­

As a 
1

/N . the BER decreases accordingly in all systems. The 
BER, Perfo resu t, when Eb ,increase», better than the BER perfonnance of SISO system. 
,""""®of MiMo'syites""" iii rtoance of MIMO system increases
accord' er of antennas mcreases, rtcin number of antennas So the BER

1ngly b t h' . . :. limited to a ce al . Perform u t 1s mcreasmg is_ 1. s become more better when using MIMO 
s,, "®"Ce of wireless communication sySI6

ems. This result matches the results in (47). 
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5,2.2 Comparison between SISO
terms of Capacity Performane, °2 MIMO, 4x4 MIM0 and 8x8 MIMO Systems in 

"FEsssy·
60 . . . . . . .. . . . --2x2 MIMO System C y i : : 4x4MIMOsy,, ®Pacily\............ ; :--axa MIMO em Capacity j ······T·······················l······

' System Capacity : :
50 ······················· .. r·············· = i :=.. . . . . . . . ~-. ····-:··················-·····

% 5 10 15 
Eb/No(dB)

..... ~ ~ .

20 25 30 

Figure 5.2 Comparison between SISO, 2x2 MIMO, 4x4 MIMO and 8x8 MIMO Systems under 
Flat Fading Rayleigh Channel in terms of Capacity Performance 

In this case, we assume that the E,/N, range is [0:1:30] dB and the number of Monte­ 
Carlo iterations is 10,000. The figure show a comparison between SISO, 2x2 MIMO, 4x4 
MIMO and 8x8 MIMO systems under flat fading Rayleigh channel in terms of capacity 
performance. As we notice, the mean capacity of 8x8 MIMO system is greater one followed by 
4x4 MIMO system, 2x2 MIMO system and SISO system, respectively, i.e., at E,/N, equal 30
dB, the mean capacity of 8x8 MIMO system is equal 69.2 bits/s/Hz, while the mean capacity of 
4x4 MIMO system, 2x2 MIMO system and SISO system are equal 34.86 bits/s/Hz, 17.73 
bits/s/Hz, and 9.159 bits/s/Hz, respectively. It's clear that, the mean capacity of 2x2 MIMO
system is approximately twice or less than the mean capacity of SISO system. The mean 
capacity of 4x4 MIMO system is approximately twice or less than the mean capacity of 2x2
MIMO system. The mean capacity of 8x8 MIMO system is approximately twice or less than the 

'lean capacity of 4x4 MIMO system at specific value of E,/No­

A 1 h E IN 
· creases the mean capacity increases accordingly in all 

s a resu t, w en b o m ' . . systems A h b f t antennas increases, the channel mean capacity increases
• s t e num er o sys em . . accord;

1
. -'°' ce of wireless communication systems become more 

Idingly so the capacity performan
better. This result matches the results in ( 45). 
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53 Simulation Results for F;· · xed Ga:payleigh Channel >@in AF SISO Relaying s ystem under Flat Fading 

5.3.l Fixed Gain AF SISO Rela . ying System BER p • · 'erformance
5,3.1.1 Fixed Gam AF SISO Rela .
Allocation ymg System with Dir . ect Link using Optimal Power 

+o

o

o'5'io15'20'26
Eb/No (ds) 30

'igure 5.3 Fixed gain AF SISO Relaying System with Direct Link using Optimal Power Allocation 
under Flat Fading Rayleigh Channel BER Performance 

In this case, we assume that the number of transmitted packets is 10,000 with pack et 1 ength I 000 
bits, and the E,/N, range is [0:1:30] dB. Also we assume that the channel variance is equal 1 in 
both source-relay (S-R) link and relay-destination (R-D) link, in order to achieve the optimal 
power allocation (P = ~ p P, = 2: p ). The figure show the relationship between BER versus 

s 3 ' r 3 Eb/No in dB for fixed gain AF SISO relaying system with direct link using optimal power 
allocation under flat fading Rayleigh channel. As we notice, the simulated BER of AF SJSO 
relaying system started at 1.467 X 10-1 when Eb/N0 equals 0 dB. And achieved BER equal 

5.472 x 107° when E,/N, equals 30 dB.

As a result, when the Eb/No increases, the BER decreases accordingly, i.e., the BER 
equals 2.275 x 

10
-3 at E,/N, equal 15 dB, while the BER is equal 4.085 X 10-s at Eb/N

0

equal 25 dB l" h . l t·on BER result matches the theoretical BER result except for 
. 1v.ioreover, t e szmu a
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53 Simulation Results for F' · . 1xed G • 
J{ayle1gh Channel ·@mn AF SIS 0 Relaying System unc :
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Ying System BER p · erforman

5,3.1.1 Fixed Gain AF SISO Relav+ ce 
Allocation ymg System with Diirect Link using Optimal Power 
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p· . igure 5.3 Fixed gain AF SISO Relaying System with Direct Link using Optimal Power Allocation 
under Flat Fading Rayleigh Channel BER Performance

~ this case, we assume that the number of transmitted packets is 10,000 with packet length 1000 
bits, and the E,/N, range is [0:1:30] dB. Also we assume that the channel variance is equal 1 in 
both source-relay (S-R) link and relay-destination (R-D) link, in order to achieve the optimal 
power allocation (P, = 5 p P, = 2: p ). The figure show the relationship between BER versus 

s 3 > r 3 E/N, in dB for fixed gain AF SISO relaying system with direct link using optimal power 
allocation under flat fading Rayleigh channel. As we notice, the simulated BER of AF SISO 
relaying system started at 1.467 x 10-1 when E,/N, equals O dB. And achieved BER equal 

5.472 x 107° when E,/N, equals 30 dB.
As It h th E /N

1
·ncreases the BER decreases accordingly, i.e., the BER 

a resu , w en e b o ' · -5
equals 2.275 x 

10
-3at Eb/No equal 15 dB, while the BER is equal 4.085 X 10 at Eb/No 

equal 25 dB 1.,, . l ti. BER result matches the theoretical BER result except for 
. Moreover, the szmu a on 
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a small difference due to an'Pro . . r. xzmatzon of h 
results in (41). t e theoretical equation Th' 

5 
3J.2 Comparison between F' d . · Is result matches the 

· 1xe Gain AF S
optimal and Equal Power Allocatic 3ISO Relaying s t . . on ystem with Direct Link using

15
Eb/No (dB)

Figure 5.4 Comparison between Fixed Gain AF SISO Relaying System with Direct Link using Optimal 
and Equal Power Allocation under Flat Fading Rayleigh Channel in terms of BER Performance 

5 10 20 25 30 

In this case, we assume that the number of transmitted packets is 10,000 with packet 
length 1000 bits and the E,/N, range is [0: 1:30] dB. Also assume that, the channel variance is 
equal 1 in both S-R link and R-D link in order to achieve the optimal power allocation (P, = ¾ P, 
Pr==¼ P ). The channel variance equals 1 in S-R link and equal O in R-D link to achieve equal 

Power allocation (P, = l. P, Pr = l. P). The figure shows a comparison between fixed gain AF 
SISO res» .,a et iink using optimal and equal power allocation under flat fading
p, laying system witt direct II

ayleigh channel in terms of BER performance. 
rformance of fixed gain AF SISO relaying system with 

ct· _As the figure shows, the BER perto th the BER performance of fixed gain AF 
irect hnk using o timal power allocation is better an . . SIso,, OP"·,, 1 sing equal power allocation, i.e., at E,/lN, equal 15 dB,

th B relaymg system with direct link u gt q using optimal power allocation equals 2.159 x 
";Rof rixca gala AF sIsO relay#_",,, carats o.9is x 107. we notice hat, after
E / while the BER using equal power oca ;ie two systems BER is approximately constant 

b No equal 10 dB the dB difference between 
and equals 3 dB. ' 
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5,3,1.3 Comparison between SISO
claying System with and wis, ,,'@» 2x2 MIMO sirect Link using O ti ystem and Fixed Gain AF SISO 

pl imal Power Allocation 

15 
EbNo (dB) 

20 25 30 

F'igure 5.5 Comparison between SISO System, 2x2 MIMO System and Fixed Gain AF SISO 
Relaymg System with and without Direct Link using Optimal Power Allocation 

under Flat Fading Rayleigh Channel in terms of BER Performance 

In this case, we assume that the number of transmitted packets is 10,000 with packet 
length 4000 bits and the E,/N, range is [0:1:.30] dB. The figure shows a comparison between the 
SISO system, 2x2 MIMO system and fixed gain AF SISO relaying system with and without 
direct link using optimal power allocation under flat fading Rayleigh channel in terms of BER 
performance. We notice that the BER performance of 2x2 MIMO system is better than the BER 
performance of both conventional SISO system and fixed gain AF SISO relaying system with 
and without direct link using optimal power allocation, i.e., at Eb/No equals 15 dB, the BER of 
2x2 MIMO system equals 1.8 x 10°, while the BER of SISO system, fixed gam AF SISO 
relaying system with and without direct link using optimal power allocation equal 7. 7 08 x 10-

3
,

2.593 x 10-3, and 8.0
46 

X 
10
-2, respectively. So the BER performance of 2x2 MIMO system

is better one. 
·rformance of fixed gain AF SISO relaying system 

we,,,g he gre shows, the B""jk,roa is worse utan he BER performance of
co . direct link using optimal po 1 15 dB the BER of conventional SISO system is 
."®tional SISO system, i.e., at E»/No "f""",,,, Jystem without direct link due to the signal
a~s than the BER of fixed gain AF SISO ;e ayi; and R-D channel). The BER performance of 
Fled by two cascaded channel (SJ""[,,sing optimal power allocation is better than
ed gain AF SISO relaying system with dire&!!
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BER performance of conventional SISO s ste . "" o two links at the destination y m, Le., at E,/N, equal 15 dB due to the divers · 

As a result, when E,/N, increases, the BER q
x ' ecreases accordingly in all systems. The 

BER performance of 2 2 MIMO system is better than the BER performance of both SISO 
and fixed gam AF SISO relaying syst · h . . . . . 

system tem with and without direct link using optimal
ower allocation. The BER performance of fixed gain AF SISO relaying system with direct link 
using optimal power allocation Is better than both the BER performance of conventional SISO 
stem and BER performance of fixed gain AF SISO relaying system without direct link using 
'\ma! power allocation. The BER performance of conventional SISO system is better than the 
iER performance of fixed gain AF SISO relaying system without direct link using optimal 
power allocation. 

5.3.2 Fixed Gain AF SISO Relaying System Capacity Performance 

5,3.2.1 Comparison between Fixed Gain AF SISO Relaying System with Direct Link using 
Optimal and Equal Power Allocation 

1==,5L.,AF SISO Relaying System using Optimal Power Allocation
4.5[AF SISO Relaying System using Equal Power Allocation
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. Optimal and Equal Power 1 ·ngusmg 
. Gain AF SISO Re ayt f Capacity PerformanceFigure 5.6 Comparison between Fixed I . h Channel in tenns o p 

di» Rayle1g
Allocation under Flat Fa ng . . . O] dB and the number of Monte- 

th E /N range is [0: ! .3 b tween fixed gain AF SISO 
h t e b o an son e fl. fad;In this case we assume t a shows a comp r allocation under at a i~g C . ' 00 The figure d equal power sh the capacity arlo iterations are 10,0 · . . g optimal an As the figure s ows, . 

relaying system with direct hnk usm pacity performance._th direct link using optimal pow: 
"tag aiaat ta eras Of",Sisf_"s» Ar siso rays systei wi
Performance of fixed gam AF ·ty performance 0
allocation is better than the capact
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'nk ing equal power allocation i t E / . 
irecl h us . . '. .e., a /'N, equal 30 dB, the mean capacity of fixed 

d . AF SISO relaying system using optima] power allocation is equal 4 604 bits/s/Hz while the amn · 1 11 · · ' 
!ean capacity usmg equa_ power allocation equals 4.061 bits/s/Hz. So the mean capacity of 

d gain AF SISO relaying system using optimal power allocation is greater than the mean 
fi,ce ·ty using equal power allocation. We notice that after E /N equal 10 dB the dB apac. b o ,, snce between the two systems mean capacity 1s approximately constant and equals 3 dB. differe

As a result, using optimal power allocation in fixed gain AF SISO relaying system 
s the amount of mean capacity due lo allocating more power in direct link (S-D) that

increas:he destination to decode correctly, so it decreases the amount of losing bits in decoding. 
as
s
ishts erf ormance of fixed gain AF SISO relaying system becomes more better. Sot e P 

C parison between SISO System, 2x2 MIMO System and Fixed Gain AF SISO 
5.3-

2
-~ 

0

8m t with and without Direct Link using Optimal Power Allocation Relaying iys em 

16"-spa,,>
AF SISO Relaying System without Direct hnk j j

SISO System ~ .-2x2 MIMO System 14 

4 

...................... -i-························i···· ··················:---····················
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15
% s 10 Eb/No(dB) d F' ed gain AF SISO 

S stem an ix Fl 2x2 MIMO \y Allocation under at SISO System, . Optimal PowerFigure 5.7 Comparison between out Direct Link usmg c: acity Performance 
Relaying System with and w'.: Channel in terms of p d the number of Monte- 

Fading Rayle, range is [0:l :30] dB ~SO system, 2x2 MIMO 
hat the Es/!}o ,,son betw&-4 jmnk using optimalw ts case. we","sis·""" a ill ",",,"&nae ks weho ieraios is 1o.0, ,"yis »®",,",'as of,""", 3gjso s&» iad

®em and xca gain AF; ,yiae """]", sac follow;' 7 E,/it, equal 22!®r atscans car mat @g,foe©"jrs!"",%.'awiai o
"epaeans capisiy of?],,',,a wilof ";"skis,'["illav 6'io®"i AF SISO relaying syst®" ,,',5 3ysrem 9° ,,,j, and with
dB, he mean capacity of 2x2 ~ISO relaying system 
Siso system, fixed gain AF 
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. /s/Hz, 3.259 bits/s/Hz and 2.027 bits/s/Hz, re .
, a difference between fixed gain'&{'[yly. we notice that after E,/N, equal 10
aB, t e timal power allocation mean capaciti . O relaying system with and without direct link 
sing OU "® 1S approximately constant and equals 7 dB.

As a result, when E,/N, increases, the.,
. erformance of 2x2 MIMO' ~apacity mcreases accordingly in all systems. The 

capacity P . YSt~m is better than the capacity performance of both 
SJSO system and fixed gain AF SISO relaying system with and without direct link using optimal 
power allocalton. Also 

th
e capacity performance of S!SO system is better than the capacity 

perfonnance of bo
th 

AF SISO relaying system with and without direct link using optimal power 
allocation due to the assumption that the source is remain silent during relay transmit symbols, 
and half of the channel resources are allocated to the relay for transmission. 

The capacity performance of fixed gain AF SISO relaying system with direct link is 
better than the capacity performance of fixed gain AF SISO relaying system without direct link 
due to the direct link (S-D) that decreases the amount of losing bits in decoding. 

5.4 Simulation Results for Fixed Gain AF 2x2x2 MIMO Relaying System under Flat 
Fading Rayleigh Channel 

5.4.1 Fixed Gain AF 2x2x2 MIMO Relaying System BER Performance 

5.4.1.1 Comparison between Fixed Gain AF 2x2x2 MIMO Relaying System with Direct 
Link using Optimal and Equal Power Allocation 

10·0 ··-------- .......................•.. 

-s 
O

EblN° (dB) . · th Direct 
IMO Relaying System w1 

. AF 2x2x2 M d" Rayleigh Channel F;- Fixed gain d r Flat Fa mg 1gtJ.re 5.8 Comparison between Allocation un e 
L. d E al Power +formance

ink using Optimal an qu_ s of BER Peuo k t . 10,000 with packet 
in term . d pacle S 1S '3 •

ber of transm1tte that the channel vanance that the num Also we assume ' . - ~ p In this case we assume . [ S·l ·10] dB. . 1 power allocation (P, =, 'len a, " ,/N,range isl" ahieve optima
gtl 1000 bits and the Eb o . in order to acll

0 
in R-D channel to achieve 

equals 1 in both S-R link and R-D link, annel and equal 
j 1 in S-R c'=#P). The channel variance equal5

. . . . . . . . . . .... - .. - . - .. - . - . 
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. (P. 1 1wer allocation s == - P, P :::: - P) Th fi · 
equal po · 2 r 2 • e gure shows a comparison between fixed gain
2-22]""£system with direct ik using optmat aad eauat power antscanon»under flat fadmg ay e1g c anne In tenns of BER performance. 

As the figure shows, the BER Performance of fixed gain AF 2x2x2 MIMO relayingt m using optimal power allocation is better than the BER performance of fixed gain AF sys e I . t . 
6ox2 MIMO relaying system using equal power allocation, i.e., at E,/N, equal 3 dB, the BER
f fixed gam AF 2x2x2 MIMO relaying system usmg optimal power allocation equals 1.408 x
"s, while the BER of fixed gam AF 2x2x2 MIMO relaying system using equal power 
,ton equals1.968 x 1017°. Also after E,/N, equal 2 dB, the as airrerence bseween woal s BER is approxnnately constant. system 

As a result, when E,/N, increases, the BER decreases accordingly in all systems. The 
formance of fixed gain AF 2x2x2 MIMO relaying system using optimal power BER pertor

· decreases the amount of BER rather than using equal power allocation. So when usmg allocationc
. 1 er allocation the performance of fixed gain AF 2x2x2 MIMO relaymg sys em optima pow ' 

becomes more efficient. 
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5,4.1.2 Comparison between Fixed . 
,a Fixed Gain AF 2x2x2 Mn,,>"" AF SISO Retain
optimal Power Allocation Relaying System %,,,,""9stem, 2x2 MIMO System

and without Direct Link using 

Eb/No (dB) 

Fi~re 5.9 Comparison between Fixed Gain AF SIS0 Relaying System, 2x2 MIMO System and 
Fixed Gain AF 2x2x2 MIMO Relaying System with and without Direct Link using Optimal 

Power Allocation under Flat Fading Rayleigh Channel in terms of BER Performance 

In this case we assume that the number of transmitted packets are 2000 with packet 
length 1000 bits ar:d the E,/N, range is [0:1:20] dB. The figure shows a comparison between 
fixed gain AF SISO relaying system, 2x2 MIMO system and fixed gai? AF 2x282 MIMO
relaying system with and without direct link using optimal power allocation under flat fading
Rayleigh channel in terms of BER performance. 

A 
..c. ance of fixed gain AF 2x2x2 MIMO relaying 

s the figure shows, the BER pertorm: . x 
Syst : R erformance of all other systems, i.e., 2 2 MIM0 

em with direct link is better than the BE pe O
. h d' t link and fixed gain AF SIS0 

Syster f 1 . ystem wit out irec i In, ixed gain AF 2x2x2 MIMO re aymg s . al t 5 dB the BER of fixed 
relayi . /N values, i.e., less or equ o ' 'lg system. As we notice, at low Eb O ' f fi ed gain AF 2x2x2 MIM0 relaying 
gain AF SI . · 1 than the BER O x . SO relaymg system 1s ess 1 the BER of fixed gam AF 2x2x2 
syste . . h' E /N va ue, . 
Ax m Without direct link. Whtie after t is b O 

1 than the BER of fixed gam AF SIS0 
{IMO j.:. i. fink becomes less .:re aying system without direct 1 f fi ed gain AF SIS0 relaymg system 
rela,,; dB the BER O x . . 3""8 system, i.e., at E,/N, equal 2 » .; AF 2x2x2 MIMO relaying system without
~Uals l.072 x 10-1 while the BER of fixed gam O dB the BER of fixed gain AF SIS0 
du- , /N equal 1 ,

Ct link equals 2.103 x 107+. But at Ey/ 'o
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l yt·ng system equals 1.725 x 10-2 wh'l 
re a . . ' I e the BER f fi 

tem without direct hnk equals 4 x 1o-7 ° xed gain AF 2x2x2 MIMO 
1 

. 
sys! . · relaying

As we notice, before E,/N, equal
4 o a s .603 dB th B 

stem is better than the BER performance 5r fi ' . e ER perfonnance of 2x2 MIMO
syS! 4,, link, vhile. e of ixed gain AF 2x3
thout direct Ir © while after this E,/N,value, the BER. 2%2 MIMO relaying system
MIMO relaying system without direct link b perfonnance of fixed gain AF 2x2x2
no 2€comes better than the BERMIMO system, because using optimal power 11 . . e perfonnance of 2x2

. a ocation m AF 2x2x2 MIMO . without direct hnk and the allocated power i · relaying system
ncreases by increasing th E /N 1 . E,/N, equals 5 dB, the BER of 2x2 MIMO e b o va ue, 1.e., at

b o · X X · system equals 2. 729 x 10-2' while the BER of fixed gain AF 2 2 2 MIMO relaymg system without d. t link
rect lir equals 9.176 x 107? But at

E,/N, equals 7 :B,x the BER of 2x~ MIMO system equals 9.643 x 10-3·, while the BER of
fixed gam AF 2 2 2 MIMO relaying system without direct link equals 6.891 x 107. We
notice that after E/N, equal 5 dB, the dB difference between fixed gain AF 2x22 MIMO
relaying system with and without direct link BER is approximately constant and equals 3 dB. 

As a result, when E,/N, increases, the BER decreases accordingly in all systems. The 
BER performance of fixed gain AF 2x2x2 MIMO relaying system with direct link is better than 
the BER performance of fixed gain AF 2x2x2 MIMO relaying system without direct link, 2x2
MIMO system and fixed gain AF SISO relaying system. The performance of wireless 
communication systems become more efficient when we using fixed gain AF 2x2x2 MIMO
relaying system with direct link. There is intersection between the simulated curve of fixed gain 
AF 2x2x2 MIMO relaying system without direct and the simulated curve of 2 x2 MIMO system 
due to using optimal power allocation in fixed gain AF 2x2x2 MIMO relaying system. 
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;4.2 Fixed Gain AF 2x2x2 MIM0 Relaying S 
C 

• ystem c .
54.2.1 Comparison between Fj» -·@Pacity Pe e ° ;rOntin Pixed Ga; er1ormance
Link usmg ptimal and Equal p am AF 2x2x2 Mower Allo ti IMO Rel · ca on aymg System with Diirect

'ray:>- using Optimal Power All _ · location
using Equal Power Allocation 

..... ; .

·······················:··············· ·············· ·:···-····················:----··· 

=]%34=) 15 20 25 
Eb/No(dB) 30

Figure 5 IO C · b · · and E u . omparison etween Fixed gam AF 2x2x2 MIMO Relaying System using Optimal 
q al Power Allocation under Flat Fadmg Rayleigh Channel in terms of Capacity Performance 

In this case, we assume that the E/N, range is [0:1:30] dB and the number of Monte- 

Carlo ite atir .era ions are I 0,000. The figure shows a comparison between fixed gam AF 2x2x2
MIMO relaying system with direct link using optimal and equal power allocation under flat 
fading Rayleigh channel in terms of capacity performance. As the figure show, the mean 
capacity of fixed gain AF 2x2x2 MIMO relaying system using optimal power allocation is 
greater than the mean capacity of fixed gain AF 2x2x2 MIMO relaying system using equal 
~ower allocation, i.e., at E,/N, equals 15 dB and 30 dB, the mean capacity of fixed gain AF 
xzxz MIMO relaying system using optimal power allocation equals 5.715 bits/s/l-lz and 14.9

bits/s/Hz, respectively. While the mean capacity of fixed gain AF zxzxz MIMO_relaying system 
;sing equal power allocation equals 4.985 bits/s/Hz and 14.36 bits/s/Hz, respectively. Also after 
/N, equals 15dB, the dB difference between the two systems mean capacity is approximately 

constant and equals 1dB.

A

• the mean capacity increases accordingly in both 
s a result. when E,/N, increases,Systems T '. f fi d gain AF 2x2x2 MIMO relaying system with direct 

1
. s. he capacity perfonnance O xe . f d · 'nk u • . . . b 

II 
than the capacity performance o fixe gam AF 

smg optimal power allocation is © er . 2xgjj,,,4-et link using equal power allocati0,
IMO relaying system with dr9
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;4,2.2 Comparison between Fixed G:
n
d Fixed Gain AF 2x2x2 MIMO ain AF SISO R 1 . a Rela · etaying Soptimal Power Allocation hug System wi6,,,,''®mn, 2x2 MIMO Systemd without Direct Link °usmg 

®r==rearsass,a.st;,1
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-AF SISO Relaying System 

:
UI a 10±:e
~ 8 6
lll 
0. 
lll O 6

0 

·······················:·············· ······•··············•!------ 

·······················:·························:··········· 

·······················:················ 

....................... ·:· ~ ..

······:., ...

····•i•-···

r
lll 
G) ~:~············1·······.·.· .

.............. -~ .

...... ' i : . . . . . ! . . : .
;_,_,210 15 20 25 30 

Eb/No(dB)

Figure 5.11 Comparison between Fixed Gain AF SISO Relaying System, 2x2 MIMO system and 
Fixed Gain AF 2x2x2 MIMO Relaying System with and without Direct Link using Optimal 
Power Allocation under Flat Fading Rayleigh Channel in terms of Capacity Performance 
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In this case, we assume that the E,/N, range is [0: 1 :30] dB and the number of Monte­ 
Carlo iterations is 10,000. The figure show a comparison between 2x2 MIMO system, fixed gain 
AF SISO relaying system with direct link using optimal power allocation and fixed gain AF 
2x2x2 MIMO relaying system with and without direct link using optimal power allocation under 

flat fading Rayleigh channel in terms of capacity performance. 

A h 
ity of 2x2 MIMO system is greater than the mean 

s t e figure shows, the mean capac1 : . .
Capacit el · system with direct link using optimal power and 

CI Y of both fixed gain AF SISO re aying . . . . fixed • . t with and without direct link using optimal power 
gam AF 2x2x2 MIMO relaymg sys em . all • d 30 dB the mean capacity of 2x2 MIMO system

ocation i t E /N als 10 dB an ' • · , .e., a b o equ :. Whil the mean capacity of fixed gam AF 

2
equals 5.535 bits/s/Hz, 17.72 bits/s/Hz, respec~vely. 1

1 
~ 849 bits/s/Hz and 14.77 bits/s/Hz, 

X2><2 M . 'th direct link equalS . . .IMO relaying system WI . AF 2x2x2 MIMO relaying system without direct
cctively. The mean capacity of fixed gam t'vely and the mean capacity of fixed gain 
Ink 6 b't ; /Hz respec 1 , 
Al' are equal 1.002 bits/s/Hz and 1 s s /H, d 5.11 bits/s/Hz, respectively. So the mean 
L"\I' SIS 855 bits/s z an · ' 0 relaying system equals l. st with direct link is greater than the mean 
@pacity of fixed gain AF 2x2x2 MIMO relaying sySl"

85



ity of fixed gain AF 2x2x2 MIMo
1 

. 
capac! 'I'laying system own,

20 dB, the mean capacity of fixed gain AF Wit out direct link. When E,/N, less
than. ,, ed ·i% AF SISO relaying 9, ,

Cl·ty of fixe gam 2x2x2 MIMo 1 . g sys em Is better than the mean capa relaying syste .: h • . 
eater than 20 dB, the capacity of fixed gain AF 3.,,,,"hout direct link. When E,/N,to better. MIMO relaying system without direct 

As we notice, the mean capacity of2x2 MIMO
. AF 2x2x2 MIMO relayin t . system Is better than the mean capacity of 

fixed gam . . . g sys em with and without direct link due to assumption that the source remams silent during relay transmit symbols and h lf f h h ' 
. . , a o t e c annel resources are allocated to 

th
e relay for transmission. Also after Eb/No equal 12 dB, the dB difference between 

the mean capacity of 2x2 MIMO system and fixed gain AF 2x2x2 MIMO relaying system with 
direct link is approximately constant and equals 4 dB. 

As a result, when E,/N, increases, the mean capacity increases accordingly in all 
systems. The capacity performance of 2x2 MIMO system is better than the capacity performance
of all discussed systems including the capacity performance of fixed gain AF 2x2x2 MIMO
relaying system with direct link, which is better than the capacity performance of fixed gain AF 
2x2x2 MIMO relaying system without direct link due to using direct link that decreases the 
amount of losing bits in decoding. The capacity performance of fixed gain AF 2x2x2 MIMO
relaying system with direct link is better than the capacity perf~rmance _of fixed gain AF SISO 
relaying system with direct link due to transmitting two symbols in each time slots. 
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5 5 Simulation Results for F' • . 1xed G . 
ading Rayleigh Channel ·@'n AF 4x4x4 MIMO Relayin
;5.1 Fixed Gain AF 4x4x4 MIMO7 "B System under Flat

Relayir S. ng ystem BE 
5,6.1.1 Comparison between Fixed G:: R Performance 
Link using Optimal and Equal p ain AF 4x4x4 MIM ower All . 0 Rel · ocatton aymg System with Direct 

to"±}'j10 
Eb/No (dB) 

Figure 5 12 C · b · · . u . · . ompanson etween Fixed Garn AF 4x4x4 MIMO Relaying System with Direct Link 
smg Optimal and Equal Power Allocation under Flat Fading Rayleigh Channel in terms of BER 

Performance 

1 
In this case, we assume that the number of transmitted packets is I 0,000 with packet 

;ngth 1000 bits and the E,/N, range is [-5:1:10] dB. The figure show a comparison between 
al~ed gain AF 4x4x4 MIMO relaying system with direct link using optimal and equal power 
h canon under flat fading Rayleigh channel in terms of BER performance. As the figure show, 
t e BER performance of fixed gain AF 4x4x4 MIMO relaying system using optimal power 
:location is better than using equal power allocation, i.e., at E,/N, equal I dB and 3 dB, the
ER of fixed gain AF 4x4x4 MIMO relaying system using optimal power allocation are equal 
l.166 X 10-2 _

4
. l and the BER of fixed gam AF 4x4x4 MIMO

re!a";.., and 1.084 x 10 , respective y, . 1 4 292 x 10-2 and 2.04 x 10-3
J uig syste · 1 allocation equals · 'respectiv m usmg equa power dB difference between two systems BER is 

approxi ely. Also after Eb/No equals 2 dB, t~e BER equals 1.084 X 10-4 for fixed gain AF 
4,
4
,
4 
:ately constant and equal I dB. T~ achieV; 1 power allocation, we need 3 dB and 

4.o
42 

d IMO relaying system using optimal an equa
B, respectively. R de creases accordingly in all systems. The 

p) ®.@ result, when EL/N, increases, he,,sys system using optimal power
Performance of fixed gain AF 4x4x4 W

87



allocation decreasing the amo· untofBER 
power allocates in S-D link · rather th . 
{autiy of'nor o a&sa,, ""®,,,",""g""owesc
,ystem become more efficient .!be o the performance allocates in R-D li:at1on due to that the n using optimal of fixed gain AF 4 ' this decreases the 
56.1.2 Comparison between 4x4 !POWer allocation. x4x4 MIMO relaying 

Relaymg System with and with MIMO Syste out Direct Lui," "@ Fixed Gain AF 4 mg Optimal Pc I4x4 MIMO
ower Allocation 

0 : 
5 10 

· Eb/No (dB) 15 

Figure 5.13 Co1 5syst . mpanso~ between 4x4 MIMO System and Fixed Gain AF 4x4x4 MIMO R
1 

• 
em with and w th t Di Link . elaying1 out irect a usmg Optimal Power Allocation under Flat Fad· 

Rayleigh Channel in terms of BER Performance Jg

I 0,0OO ~ this case, we assume the number of transmitted packets is 200 with packet length 
pf,' ""® @nd the E,/N, range is [-5:1:15] dB. The figure show a comparison between 4+
usin syS

t
em and fixed gain AF 4x4x4 MIMO relaying system with and without direct link 

It's ~ optrmal power allocation under flat fading Rayleigh channel in terms of BER perfonnance. 
rel c_ear that, after E,/N, equals 3 dB, the dB difference between fixed gain AF 4x4x4 MIMO

ayIng system with and without direct link BER is approximately constant and equals 4 dB. 

As the figure shows before E,/N, equal 2 dB, the BER performance of 4x4 MIMO
syste · ' . . d' 

10
ts better than the BER performance of fixed gam AF 4x4x4 MIMO relaying system with 

Irect link, while after this E,,/N,,value the BER performance of fixed gain AF 4x4x4 MIMO
tela b o , Ying system with direct link becomes better than the BER perfonnance of 4x4 MIMO
System, due to the using of optimal power allocation 1. AF 4x4x4 MIMO relaying system 
"thout direct linkand the rah of the allocated power increases by increasing the E/Noyall
le. ;and hevalu@OU (7?, hi·, at E,/N, equals

O
dB, the BER of 4x4 MJMO system equals 2.695 x 10 , while the BER 
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f fixed gain AF 4x4x4 MIMO relaying syst . 
o /N equal 5 dB, the BER of 4x4 MIMo em with direct link equals 6 609 x 107? B
Eb O system is · • ut at 
fixed gain AF 4x4x4 MIMO relaying system . h . equal 5.969 x 10, while the BER of 
chieve low BER at low E,/N, value using fixe:it .direct link equals 3.4 x 10-6. This mean 
av gain AF 4x4x4 MIMO :direct hnk · relaymg system with 

As we notice, after the Eb/N0 equal 2 dB. h
unto relaying system with direst fit is eui,,'2y®manse of mixed ata AF 4«4-4
4x4 MIMO system and fixed gam AF 4x4x4 MIMO 1 . R performance ofboth conventional 
s,/N, equals 5 dB, the BER of fixed gain AF 4,,',"®®stem without direct link, i.e, at
as 3.A x 10-6,while the BER of conventional 4x4 M~ relaymg system with direct link
iiMO relaying system without direct link equal 5.969 15-G]""®"» ffxed gain AF 4x4«4
So the BER performance of fixed gain AF 4x4x4 MIMO 1 . 4.994 x 10 , respectively.

h BER f . re aymg system with direct link is
better one. The ot conventional 4x4 MIMO system is less than the BER of fixed gain AF 
4x4x4 MIMO relaying system without direct link, .i.e., at E,/N, equal 6 dB, the BER of 4x4
MIMO system c9ls801 x10, white the BER of xca gain Ar 4«4«a MIMO relaying
system without lirect lin equa s 1.1146 x 10-2. 

As a result, when E,/N, increases, the BER decreases accordingly in all systems. The 
BER performance of fixed gain AF 4x4x4 MIMO relaying system with direct link is better than 
the BER performance of both fixed gain AF 4x4x4 MIMO relaying system without direct link 
and 4x4 MIMO system. We can achieve low BER at low E,/N, value using fixed gain AF 
4x4x4 MIMO relaying system with direct link. So the performance of wireless communication 
systems become more better and efficient, when we using fixed gain AF 4x4x4 MIMO relaying 
system with direct link. 
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5,5.2 Fixed Gain AF 4x4x4 MIMO
. Relaying System C . 

5,5.2.1 Comparison between F' apac1ty Performa · . . 1xed G • nee 
Link using Optimal and Equal p am AF 4x4x4 MIMower All . 0 Rel · ocation laying System with Direct 

"FE@as..- using Optimal Power Allocati
15if EE Honus ng qual Power Allocatio. n

20 ·······················~·······················••!
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--=f,,s±3
Eb/No(dB) 30

Fire 5.14 Comparison between Fixed Gain AF 4x4x4 MIMO Relaying System using Optimal and 
qual Power Allocation under Flat Fading Rayleigh Channel in tenns of Capacity Performance 

In this case, we assume that the E,/N, range is [0:1 :30] dB and the number of Monte­ 
Carlo iterations is I 0,000. The figure show a comparison between fixed gain AF 4x4x4 MIMO
relaying system with direct link using optimal and equal power allocation under flat fading 
Rayleigh channel in terms of capacity performance. As the figure show, the mean capacity of 
fixed gain AF 4x4x4 MIMO relaying system using optimal power allocation is greater than the 
mean capacity of fixed gain AF 4x4x4 MIMO relaying system using equal power allocation, i.e., 
at E,/N, equals J 5 dB and 30 dB, the mean capacity of fixed gain AF 4x4x4 MIMO relaying
system using optimal power allocation equals 7.287 bits/s/Hz and 24.74 bits/s/Hz, respectively, 
While the mean capacity of fixed gain AF 4x4x4 MIMO relaying system using equal power 
allocation equals 5.216 bits/s/Hz and 22.36 bits/s/Hz, respecllvely. Also after E,/N, equals 15 
dB, the dB difr> b th two systems mean capacity is approximately constant and 

' 1 1erence etween e 
equals 2 dB. 

A . es the mean capacity increases accordingly in both 
sys,,,, ?. result, when Es/®o ""[.]ia Ar 444 iiMo relaying system with direst
tin The capacity performan~e o. b tt r than the capacity performance of fixed gam AF 

using optimal power allocation 1S e e 11 · +44jjjj>;r,a;» ct link using equal power all0cal0
IMO relaying system with direct!!
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55.2.2 Comparison between 4x4 M
system with and without Direct L. IMO System and F' Ink using O · 'Ixed Gain AF 4 4 ptimal Power All . x4x4 MIMO Relaying

ocatton 

T,-3a5±.-=2-AF4x4x4 Miao Relaying sys r.%
a][=AF 4x44 iMito Reta, s,""""@h irseae
-4x4 MIMO System em without Direct Link..
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Figure 5.15 Comparison between 4x4 MIMO System and Fixed Gain AF 4x4x4 MIMO R I · S t th d . e aymg 
ys em wit an without Direct Link using Optimal Power Allocation under 

Flat Fading Rayleigh Channel in terms of Capacity Performance 

In this case, we assume that the E,/N, range is [0: I :30] dB and the number of Monte­ 
Carlo iterations is 10,000. The figure show a comparison between 4x.4 MIMO system and fixed 
gain AF 4x4x4 MIMO relaying system with and without direct link using optimal power 
allocation under flat fading Rayleigh channel in terms of capacity performance. 

As the figure show the mean capacity of 4x4 MIMO system is greater than the mean 
capacity of both fixed gain AF 4x4x4 MIMO relaying system with and without direct link using 
Optimal powe Il ti t E /N equals 15 dB and 30 dB, the mean capacity of 4x4
n 3I a ocation, 1.e., a b o . • .MIMO syst al

16 
2 bi s/ /H d 34.92 bits/s/Hz, respectively, whtle the mean capacity 

em equa s . its/s. .Z an · . ' . . of fixed · A 
1 

:. stem with direct hnk equals 7.022 bits/s/Hz and 24.48 
gam F 4x4x4 MIMO re aymg sys . bits/s/H · ity of fixed gain AF 4x4x4 MIMO relaying system 
z, respectively and the mean capact • s h · Without dir . ' . /Hz and 9.193 bits/s/Hz, respectively. o t e mean capacity 

of fi d _ect lmk equals 2.195 bits/s/ ; direct link is greater than the mean capacity 
Xec gain AF 4x4x4 MIMO relaying system WI! r;of fi · th out direct link.
Xed gain AF 4x4x4 MIMO relaying system

f 
4
x4 MIMO system is better than the capacity 

Perfo As we notice, the capacity perfo:-:;;O relaying system with and without direct link 
d nuance of both fixed gain AF 4x4 d . re/av transmit symbols, and half of the 

ue to · s silent urmg ✓
assumption that the source remain 
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el 
resources are allocated to the relay for transmission Al ft E /N 1 10 dB chann . so a er b 

O 
equa s , dB 

difference between 
th
e mean capacity of 4x4 MIMO system and fixed gain AF 4x4x4the' vithdir tlhnk ;

MIMO relaying syS
t
em w, irect 1 Is approximately constant and equal 8 dB.

As a result, when E,/N, increases, the mean capacity increases accordingly in all 
s The capacity performance of 4x4 M!Mo system is better than the capacity performance 

syst°7:. fixed gain AF 4x4x4 MIMO relaying system with and without direct link. The capacity 
of",,,ce of fixed gain AF 4x4x4 MIMO relaying system with direct link is better than the 
perfon;' performance of fixed gain AF 4x4x4 MIMO relaying system without direct link due to ;g" t link that decreases the amount of losing bits in decoding. the lirec

. 1 tion Results for Fixed Gain AF 8x8x8 MIMO Relaying System under Flat 5.6 Simulataig Rayleigh Channel Fam 

. d Gain AF 8x8x8 MIMO Relaying System BER Performance 5.6.1 Fixe . 

· between Fixed Gain AF 8x8x8 MIMO Relaying System with Direct 6.1.1 Comparison5
· · · . Optimal and Equal Power Allocation Link usmg 

w!],
·5 0 EbNo(dB) System with Direct Link 

8 g MIMO Relaying lcigh Channel
.. ixed Gain AF _8x x der Flat Fading Rayle""®re 5.16 Comparison between.F? jj,cation und

using Optimal and Equal _Powers of BER performan kets are 10,000 with packet 
· in term milled pac arison between 

the number of tranT~e figure shows ~ co1m!d equal power e that l OJ dB. · g optnna h In this case, we assum© , js [-5:1:' direct link usm ance. As the figure s ow, 
length IOOO bits and the E,,/N, rang g system wi,,BER perform using optimal power 
isss iiio""j,rain[% ais vie"®cation under flat fading Rayl,r gxsx8 Mth
e BER performance of fixed gatn 
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ation is better 
th
an 

th
e BER performance or fixed gain AF 8x8x8 MIMO relaying system 

"],,at power allocation, i.e. at B/N, equal 2 dB, the BER or nxed gain AF 8sgjoy. geq . I ' 
usin ystem using optima power allocation equals 4 645 x 10-

4
while the BER of fixed ing S . . . '

rel_•)'! AF gxgxg MIMO rela}'lng system usmg equal power allocation equals 1.857 x 10-
3

_ Also 
gain /N equals O dB, the dB difference between two systems BER is approximately constant after Es, 'o

d equal 1 dB. 
an .

As a result, when E,/N, increases, the BER decreases accordingly in all systems. The 
formance of fixed gain AF 8x8x8 MIMO relaying system using optimal power ER~M . 

B . d reases the amount of BER rather than using equal power allocation. So when usingI al!on ec . t 
al oc llocation the performance of fixed gain AF 8x8x8 MIMO relaying sys em tl·mal power a ' 
op fi · t more efficient.become 

. between 8x8 MIMO System and Fixed Gain AF 8x8x8 MIMO
5.6.1.2 Companso~ and without Direct Link using Optimal Power Allocation Relaying System wi

----------.~~---.- ·.·.·.·.·.•:•:•:•.·.·.· MIMO relaying system with direct link

·.·: : .................................... . ~------· 5. ···············•····-··· 

®'} , sMIMO Relaying·S O Eb/NO (d . AF 8x8x8
d Fixed Gain. +der Flat MIMO System ~ 1 Power Allocation un 

F
. n 8x8 . 0p11ma ance Igure 5.17 Comparison betwee . t Link using',,BER Perform 

d "thout Direc · terms 0System with an wn h Channel in
Fading Rayleig

kets with packet usues"",,rseeeo
ber orams gre sho, without direct hnk h t the num o] dB. The w,th an rfo 1ance.I In this case, we assume t a ange is [-5: I :to relaying syst~ terms of BER per torm

#! o,ooo iiis andes E/'s "#gs&' ",5, aamine! i
"©MIMo system and fixed s, 5,, pains Rysij. uner 1

ng opthnal power allocatwn 
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As the figure shows, before E, /N
en is better ihan the BER perts.,';]"2"?288 a,e BER es
}a at, 1e., ate/N, caits o as, a',,"," #® A s«was i,8""E®s Mtwo1 R f fi d · ' of 8x8 M} yIng system with 
while the BE o xe gam AF 8x8x8 MIMo r 1 . IMO system equals 2.681 x 10-3claying system ·th . ,o. witt direct link equals 1.903

As we notice, after the Eb/ N equals 2.288 d
I · . 0

• B the BER errgx8x8 MIMO re aymg system with direct link . b' Pvuonnance of fixed gain AF 
amvenation.al 8x8 MIMO system and fixed g,,,"""" he BER pertorance of Bo
direct link, 1.e., at Eb/No equals 3 dB, the BER of fi d MIMO relaying system without 
With direct link is equals 1.3 x 107° while the BERxef gam AF 8x8x8 MIMO relaying system 

. , o1 conventional 8x8 MIMO st fi d 
gain AF 8x8x8 MIMO relaying system without direct link e ual 4 9 x 10-s sys em, x__e1 
respectively. So the BER of fixed gain AF 8x8x8 MIMO 1 ~ · and 1.9 X 10 ,

. . h BER f · re aymg system with direct link is the 
minimum. T e . o1 conventional 8x8 MIMO system is less than the BER of fixed ain AF 
8><8x8 MIMO relaymg system without direct link. g 

As a result, when E,/N, increases, the BER decreases accordingly in all systems. The 
BER performance of fixed gain AF 8x8x8 MIMO relaying system with direct link is better than 
the BER performance of both fixed gain AF 8x8x8 MIMO relaying system without direct link 
and 8x8 MIMO system. We can achieve good BER perfonnance at low E,/N, value using fixed 
gain AF 8x8x8 MIMO relaying system with direct link. So the performance of wireless 
communication systems become more better and efficient when we using fixed gain AF 8x8x8
MIMO relaying system with direct link using optimal power allocation. 
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5.6.2 Fixed Gain AF 8x8x8 MIM
0 Relaying System C . 

5,6.2.1 Comparison betwee ;% -@pacity Performance
. k . 0 en ixed G .Lm usmg ptimal and Equal p am AF 8x8x8 MIMO :ower Allocation Relaymg System with Direct 

: .. ~ ... ~ .. - ... - .. - .. - ... - .. 
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/!gure 5._18 Comparison between Fixed Gain AF 8x8x8 MIMO Relaying System with Direct Link 
smg Optimal and Equal Power Allocation under Flat Fading Rayleigh Channel in terms of Capacity 

Performance 

In this case, we assume that the Eb/NO range is [0: 1 :30] dB and the number of Monte­ 
Carlo iterations are 10,000. The figure show a comparison between fixed gain AF 8x8x8 MIMO
relaying system with direct link using optimal and equal power allocation under flat fading 
Rayleigh channel in terms of capacity performance. As the figure shows, the mean capacity of 
fixed gain AF 8x8x8 MIMO relaying system using optimal power allocation is greater than the 
mean capacity of :fixed gain AF 8x8x8 MIMO relaying system using equal power allocation, i.e., 
at E,/N, equals 15 dB and 30 dB, the mean capacity of fixed gain AF 8x8x8 MIMO relaying 
system using optimal power allocation equals 8.008 bits/s/Hz and 41.69 bits/s~z, respectively, 
While the mean capacity of fixed gain AF 8x8x8 MIMO relaying system usmg equal power 
allocation equals 4.385 bits/s/Hz and 35.35 bits/s/Hz, respectively. Also after Eb/N0 equals 21
dB th dB d"f'-C'. b th two system mean capacities of is approximately constant and 

s le liference etween I©

equals 2.71dB.
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As a result, when E,/N, ·
The capacity performance f fi o Increases, the cap . . o1 ixed :. acity incre
optimal power allocation is b gam AF 8x8x8 MIMo ~ses accordingly in all system 
S-D link is better than+s ?relaying syste win S.
in - IL 1S more than the Using equal pow II . s em with direct link using 

d
. power allocati /er aitocation du t h 

deco mg, so decreases the am a ion in R-D link this . e o t e power allocation. 
high E/N, value. ount of losing bits. The ca~acit mcreases the probability of correct 

y of the system is more efficient at 

5.6.2.2 Comparison betw 
R
I . Sr een 8x8 MIMOelaying jystem with and with to· System and Fi d .out hirect Link usin O . IXe Gam AF 8x8x8 MIMO

g 'ptimal Power Allocation 
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~igure 5.~9 Comparison between 8x8 MIMO System and Fixed Gain AF 8x8x8 MIMO Relaying 
ystem with and without Direct Link using Optimal Power Allocation under Flat Fading Rayleigh 

Channel in terms of Capacity Performance 

In this case, we assume the that E,/N, range is [0: 1 :30] dB and the number of Monte­ 
Carlo iterations is 10,000. The figure shows a comparison between 8x8 MIMO system and AF 
8x8x8 MIMO relaying system with and without direct link using optimal power allocation under 

flat fading Rayleigh channel in terms of capacity performance. 

As the figure show, the mean capacity of 8x8 MIMO system is greater than the mean
capacity of fixed gain AF 8x8x8 MIMO relaying system with and without direct link, i.e., at 
E/N, equals

15 
dB and 

30 
dB, the mean capacity of 8x8 MIMO system equals 32.31 bits/s/Hz 

@hd 69.29 b51s/s/1Hz 4,, while the mean capacity of fixed gain AF 8x8%8 MIMO
· 1 s s z, respective y, w 1 . . rela";n . . . 

1 
7.32 bits/s/Hz and 40.52 bits/s/Hz, respectively, and the 

J • g system with direct link equals ·
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mean capacity of fixed gain AF 8x8x8 MIMO relay» . . .
d 14 19 bits/ /H . Ying system without direct link equals 1.744 bits/s/Hz an · 1 s s/ 1z, respectively,

As we notice the mean capacity f 8 8 MIM ·
• ' 01 ix} [O system is greater than the mean capacity 

of both fixed gam AF 8x8x8 MIMO relaying system with and without direct link due to
assumption that 

th
e source remains silent during relay transmits symbols, and half of the channel 

resources are allocated to the relay for transmission. Also, after Eb/N
0

equals 17 dB, the dB
difference between the mean capacity of 8x8 MIMO system and fixed gain AF 8x8x8 MIMO
relaying system with direct link is approximately constant and equals I l.971dB. 

As a result, when E,/N, increases, the capacity increases accordingly in all systems. The 
capacity performance of 8x8 MIMO system is better than the capacity performance of both fixed 
gain AF 8x8x8 MIMO relaying system with and without direct link. The capacity performance 
of fixed gain AF 8x8x8 MIMO relaying system with direct link is better than the capacity 
performance of fixed gain AF 8x8x8 MIMO relaying system without direct link. 

5.7 Comparison between Fixed Gain AF SISO, AF 2x2x2 MIMO, AF 4x4x4 MIMO and 
AF sxsxs MIMO Relaying Systems under Flat Fading Rayleigh Channel 

5.7.1 Comparison between Fixed Gain AF SISO, AF 2x2x2 MIMO, AF 4x4x4 MIMO and
AF 8x8x8 MIMO Relaying Systems in terms of BER Performance 

····································· ·············!······· 10·8 ·····•.......................... 5 

-5 0 EbNo(dB) ,,9 MIMO, AF 4x4x4 MIMO and
G ·n AF SISO, AF 2x2 t· n under Flat Fading Rayleigh • Fixed at p er Alloca 10{gure s.20 comparison betes',,3,%optisl"",,K,,,ace

AF 8x8x8 MIMO Relaying Syst®',,,,,s ofBER Pe
Channel 1n
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In this case, we assume th t h 
b. a t e number of t . 

length 4000 its and the E,,/N, ran . [ ransmitted packets is 1 o 000 with pack t . o ge is -5:1:15] dB T ' e 
fixed gam AF SISO relaying system AF 2 · he figure shows a comparison between 

.. 'x2x2 MIMO ·fa =relaying system, and AF 8x8xg MIMO 1 . relaying system, AF 4x4x4 MIMO
:. l- relaying system us- :

flat fadmg Rayleigh channel in terms of BER smg optimal power allocation under 
performance. 

As the figure shows the BER ~ 
3 performance of fix d . AF 

system is better one followed by AF 4x4x4 MIMC : e gam 8x8x8 MIMO relaying 
system, and AF SISO relaying system. {O relaying system, AF 2x2x2 MIMO relaying

' respectively I e at E /N I 1BER performance of fixed • ' · ·, b o equa s dB and 3 dB, the
gain AF 8x8x8 MIMO j, .:4,273x 10° and 1.65x 107° res . relaying system equals

· • ' spectively, the BER performance of fixed gain AF 4x4x4MIMO relaying system equals 2.87 x 107° and 1 393 
_

3
.

erformance of fixed ain AF 2x2x . · x 10 , respectively, the BER 
P 3 . g 2 MIMO relaying system equals 4.156 x 10-2 and 3.344 x 
10, respectively, and the BER performance of fixed gain AF SISO 

1
·

1-l re aying system equa s 1.269 x 10 and 8.933 X 10-2, respectively. 

To achieve BER equals 1.065 x 10° for AF 8x8x8 MIMO relaying system, AF 4x4x4
MIMO relaymg system and AF 2x2x2 MIMO relaying we need 2.439 dB, 4.021 dB and 4.349 
dB, respectively. 

As a result, when E,/N, increases, the BER decreases accordingly in all systems. The 
BER performance of fixed gain AF 8x8x8 MIMO relaying system is better one, followed by AF 
4x4x4 MIMO relaying system, AF 2x2x2 MIMO relaying system, and AF SISO relaying 
system, respectively. This is because increasing the number of antennas for each node. The BER 
performance of fixed gain AF relaying system become better as the number of antennas 
increases. But there is a limitation on this, after certain value of antenna numbers, the increasing 
in antenna numbers will not be effective. The performance of wireless communication systems 
become more efficient when using fixed gain AF MIMO relaying system with more antennas (at 
least in the presented cases). 
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5,7.2 Comparison between Fixed Gain 
AF 8x8x8 MIMO Relaying Syste : AF SISO, AF 2x2x2 MIMO

ems in terms of Capacity P% >, AF 4x4x4 MIMO and
cit Performance

_A SISO Relaying System . ( : .
60\-1 ·AF 2x2x2MIMORelaMne ' ; :AF4x4x4l] '®Yl01gSystem : : ; ;

> K4 'Ill\/IO Relaying System ·······:---·············••i••············· j ! 
AF 8x8xB MIMO Relaying System i j ..f ( .. 

................. ; -----... ! f l f

·········.················ ··:·•····· 

2·c:; 
o
g- 30 
O
r
«o
G) 

~ 20 

10 ·················;··················r··················1··········

0 
0 

............ ·: . . . . . . ~ . . . . .... . . . . . . . . ~ ....

............. - ·············· . ···:-········· 

········:·················•; ... ········=······ 

···r·············•···r·····

10 15 20
Eb/No(dB)

25 30 35 40 

igure 5.21 Comparison between Fixed Gain AF SISO, AF 2x2x2 MIMO, AF 4x4x4 MIMO and AF 8x8x8
MIMO Relaymg Systems usmg Optimal Power Allocation under Flat Fading Rayleigh Channel in terms of 

Capacity Performance 

In this case, we assume that the E,/N, range is [0: 1 :40] dB and the number of Monte­ 
Carlo iterations is I 0,000. The figure shows a comparison between fixed gain AF SISO relaying 
system, AF 2x2x2 MIMO relaying system, AF 4x4x4 AF MIMO relaying system, and AF
8x8x8 MIMO relaying system under flat fading Rayleigh channel in terms of capacity 
performance. As we notice, the mean capacity of AF 8x8x8 MIMO relaying system is greater 
one followed by AF 4x4x4 MIMO relaying system, AF 2x2x2 MIMO relaying system, and AF
SISO relaying system, respectively, i.e., at E,/N, equals 20 dB and 40 dB, the mean capacity of
AF 8x8x8 MIMO relaying system equals 14.07 bits/s/Hz and 60.45 bits/s/Hz, respectively. The
mean capacity of AF 4x4x4 AF MIMO relaying system equals 10.45 bits/s/Hz, 34.07 bits/s/Hz,
resp t· 1 . fAF 2x2x2 MIMO relaying system equals 7.485 bits/s/Hz andectrvely. The mean capacity o . 
19.74 bits/ IH . 1 d the mean capacity of AF SISO relaying system equals 2.968 

· 1 s s z, respective y, an 
bits/s/Hz and 6.251 bits/s/Hz, respectively. 

. h ean capacity increases accordingly in all 
As a result, when E,/N, increases t ; :IMO relaying system is better one followed 

:Ystems. The capacity performance of AF gx8x MIMO relaying system, and AF SISO relaying 
y AF 4x4x4 MIMO relaying system, AF 2x2x2 increases the channel mean capacity 

sy t f stem antennas , 
. s em, respectively. As the number o sy fAF relaving system becomes more better 
In .: 3rformanceo) 3°
creases accordingly. So The capacity pe

®d more efficient at high B,/N,,
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6.1 Introduction
In this chapter, we introduc th . 
d h h 11 e e project c 1 ·results an t e c a, enges that are faced d . onclusions that are noticed from th . I . 

uring the project. 1e simulation

6.2 Conclusions

The objective of this project is to tud h 
AF sISO relaying system and fixed ga; -"{',"PB @@ capacity Pertorance ofxed gaia
are equal. Such that N equal 2 4 and 8 And MIMO relaying system where N L and M 

' · ma es a · • ' conventional systems. comparison with the performances of the 

The following points present the main results of the project 

1. The BER performance of fixed gain AF SISO relaim» : • • •

optimal power allocation is better than the BER,"®®\6with direct link using
t d fi d · A pe ormance O oth conventional SISO 

sys em an xe gam F SISO relaying system without direct link · t· 1allocation. usmg optumai power

2. The BER performance of conve~tional SISO system is better than the BER performance 
of fixed gain AF SISO relaying system without direct link using optimal power 
allocation. By using fixed gain AF SISO relaying system without direct link, the signal
affected by two cascaded channel and no diversity is used. 

3. The capacity performance of SISO system is better than the capacity performance of both 
AF SISO relaying system with and without direct link using optimal power allocation due 
to assumption that the source is remain silent during relay transmit symbols, half of the 
channel resources are allocated to the relay for transmission. 

4. The capacity performance of all studied conventional NxM MIMO system is better than
the capacity performance of all studied fixed gain AF NXLxM MIMO relaying system
with and without direct link using optimal power allocation. This is due to assumption 
th t h · · ·tent during relay transmit symbols, which mean half of the a t e source is remain sz '.I' • • 

channel resources are allocated to the relay for transmission. 

: rmance of all studied fixed gain AF NXLXM MIMO
5. The BER and capacity perfo Il ti is better than using equal power 

1 . . timal power a oca 10n re aying systems usmg op . direct link that assist the destination to 
allocation.'nus ts ae io allocate",,,,, sasaceotoe
decode correctly. So decrease the amo

f 11 tudied fixed gain AF NXLXM relaying
6. The BER and capacity performance O a s allocation is better than fixed gain AF 

systems with direct link using optimal ~nkower. g optimal power allocation. This is due 
ithc it direct lit usin! 3di> So de thNxLxM relaying systems wit10u! ofl sing bits in deco ing. o tecreases e 

J the amount o o 
to the direct link that decreases 
the BER. 
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7 
The BER performance of all studied fixed gain AF NxLxM MIMO I · t . . . r nk . . relaying sys ems with direct lin' using optimal power allocation is better than the BER performance or
conventional NXM MIMO system. This is due to two branches diversity that are resulted
from direct link and the assistanced linl from relay. This decreases the amount of losing bits in decoding and thereby decreases the BER. 

gs. The BER performanceof all studied conventional NxM MIMO system is better than the
BER performance o a I studied fixed gain AF NxLxM MIMO relaying system without 
direct link using optimal power allocation, this is due to the signal that is affected by 
two cascaded channel and the relay amplify the signal with its noise using fixed gain AF 
NxLXM MIMO relaying system without direct link. But after a certain value of E,/N,
there is inversion in the generated simulation curves and this is due to using optimal
power allocation that is increasing as E,/N, increases.

There is a roughly constant dB difference between BER and capacity performance using 9 

· · I power allocation and equal power allocation in all discussed AF relaymg optima 
systems. 

6.3 Challenges 

Durin the project, we faced some of challenges such that . 

%' ,, +that cover the simulation results about the project, in order to 1 Th lack of re1erences It 
· e . It · th the previous resu s. compare the project resu swu . .

f ti to find and manipulate it intrix which takes a lot o me 2. Finding the suitable OSTBC ma 

the code. . II higher order MIMO and 
1 w for some systems especial!y3. The simulation speed was very o 

AF MIMO relaying systems. f MRC combiner for AF 
. lly· in the design o d · 8 especta , 4. The complexity of receiver es1gn 

MIMO relaying systems. bout the project topic. 
d. g the papers and references a . · derstan m 5. We faced difficulties mun 
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