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abstract

Abstract:

In this project, we rely on ray tracing technology to study the 28 GHz coverage of a
specific area in the city of EI-Wad to make a hypothetical urban scenario with realistic
coordinates and characteristics to obtain an accurate and close simulation of reality. For fifth
generation applications as a result of being affected by buildings and obstacles. To do this work
we need to map antenna arrays and analyze antenna performance, taking into account
propagation effects. In addition to the design of antennas and antenna array, which are
integrated into the system in advance. It will be possible to predict the scenario of

radiofrequency propagation through the practical results of this study.

Keywords: Fifth generation, Path loss, beam tracking, millimeter wave channels.

Résume :

Dans ce projet, nous nous appuyons sur la technologie du lancer de rayons pour étudier
la couverture 28 GHz d'une zone spécifique de la ville d'EI-Wad afin de créer un scénario urbain
hypothétique avec des coordonnées et des caractéristiques realistes pour obtenir une simulation
précise et proche de la réalité. Pour les applications de cinquiéme génération a la suite d'étre
affecté par des batiments et des obstacles. Pour faire ce travail, nous devons cartographier les
réseaux d'antennes et analyser les performances des antennes, en tenant compte des effets de
propagation. En plus de la conception des antennes et du réseau d'antennes, qui sont intégrées
au systeme a l'avance. Il sera possible de prédire le scénario de propagation des radiofréquences

grace aux résultats pratiques de cette étude.

Mots-Clés : Cinquiéme génération, perte de piste, suivi de faisceau, canaux d’ondes

millimétriques.
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INTRODUCTION

General introduction

In this research, we study the calculation of the transmitted signal loss ratio, which is done
through Ray-Tracin method in the 28 GHz band on the fifth-generation network using Matlab
simulation. Mobile radio communications have spread all over the world since a few decades
ago, and reached people through mobile technology, which has become a necessary part of the
urban environment and has been linked to various fields of work and services as it cannot be
dispensed with. We find radio applications used in navigation and transportation
communications and the use of robots, and it has medical uses as well as emergency situations,
broadcasting, space, army, mobile radio, all of this is made possible by radio communications
through specific wireless technologies on large scales and is developed over generations such
as LTE technology to support radio applications mobile for emergency and public safety
services.Wireless communication systems work by sending wireless signals from a transmitter
to a receiver through multiple propagation paths that affect the ground and buildings in the
transmitted signal, causing interference that makes the arrival of waves different from one
receiver to another, due to the path that the wave crossed, each path requires an energy level
different for each received frequency, this difference affects the quality of communications and
the wireless network, this calls for checking the propagation characteristics and studying the
diffraction, fading and shading and everything that affects the waves to count the various
characteristics, among the known and most effective methods for estimating the propagation
characteristics a method called ray tracing. Used in multiple systems MiMo. The first
appearance of the first generation of mobile communications was in the 1980s, that is, forty
years ago, and relied at its inception on analog transmission with the main technologies that
North America developed and called it the AMPS advanced mobile system, and NMTs, the
regular mobile phone system that was It was invented by the northern European countries,
which was used for the first time in an Arab country and after a few months it spread in Europe,
and the TACS system also appeared, the full access communication system used in the United
Kingdom [1]. Mobile communication systems were used for voice services for the first
generation and it was the beginning of The spread of cell phones to the general public. In the
early nineties (1990 )voice services remained the primary goal of mobile communications
systems even with the advent of the second generation, where digital transmission was added
to the wireless link, and this feature provided few data services and new technologies appeared
for this generation, including GSM, the global system for mobile communications developed
by The party of several European countries, and it spread widely, and then it was adopted in

many countries of the world, and it controlled the second generation technologies, because it
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was a successful system, and the personal digital cellular PDC technology, which was adopted
and developed by the State of Japan. CDMA-based 1S-95 technology. The second generation
made the use of mobile phones a necessity for the majority of people .Until the year 2000, when
the third generation 3G appeared and was the first actual use of high-quality broadband with
fast wireless Internet access, using HSPA technology, high-speed packet access.In the same
generation, technologies were designed to operate in a dual spectrum [1]. Then the new data
network appeared, known as the fourth generation 4G, using the LTE network, and it sought to
make data transmission more rapid, followed by the fifth generation, which depends on
broadbands and high frequencies, and made services more than just voice services, but will

enter into many areas. [1]
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CHAPTER -I- FIFTH GENERATION

1.1. Introduction:

The term 5G is used to refer to the specific wireless access technology of the new
generation, or to define a specific technology such as radio communications, and it can be
launched to much wider uses. Discussions about mobile phone communications for the fifth
generation began around 2012, to include all possible services and that are provided by future

mobile communications.
1.2. What is 5G ?:

Previous generations were concerned with ensuring communication and its success, such
as 4G LTE, while the fifth generation technology seeks to develop technologies for more
guarantee, facilitation, and provision of more services, by offering the cloud experience. The
5th generation technology has a maximum speed of 20 Gbps, which can improve the
performance of applications and other digital experiences such as online games, video

interviews and conferences, and self-driving cars.

5G enables open roaming between cellular access and Wi-Fi, and allows mobile phones
to stay connected even when moving from an external wireless connection to an indoor wireless
network without requiring users to authenticate. 5G networks provide simple transmission,

users may need Wi-Fi 6 radios to provide better coverage and lower cost.

The new 5G network has a dense and widespread access architecture that allows for faster
and faster transmission of data processing to users, and aims to improve communication

performance in rural and urban areas..[1]
1.3. When will 5G be available and how will it expand?:

The last generation or the fifth generation, are services that have become available in
some countries and are being used. Their advantage is that they are more advanced, provide
faster mobility and low response time, provide extensive services and technologies in many

areas, the 5G NSA service depends on the existing infrastructure of the network 4G LTE...[1]

I.4. THE 5G USE CASES:

5G has three different modes of Enhanced Mobile Broadband (eMBB (mMMTC) massive
machine type communication, Ultra Reliable Low Latency Communications (URLLC) as
divided in the figure 1.1. [2]
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1.4.1. eMBB :

It provides more advanced and improved mobile broadband end-user services as it

provides large volumes of data[2].
1.4.2. mMMTC:

This case requires mainly to provide services at a very low cost of the device in addition
to low power consumption, so it is characterized by a huge number of devices such as monitors,

actuators, remote sensors and others mMTC does not support high data rates[2] .

1.4.3. URLLC:

5G use cases have been divided by default to simplify requirements for this new system.
There are cases that require devices with very low costs and low battery life, and you may find
other uses that are not in line with the three mentioned categories, meaning you may find

services that require high reliability with less important access time. [2]

eMBB

SG\

mMTC URLLC

Figure -1.1 High-level 5G use-case classification. [2]
1.5. GLOBAL SPECTRUM SITUATION FOR 5G:

The spectrum of interest is divided into three bands with different frequencies. It is
included in the global 5G network deployments, and it is supported by regulators in many
countries.3GPP activities focus on bands of great interest. We distinguish low, medium and

high frequency bands in the spectrum.
1.5.1. Low-frequency bands:

The range between 600 and 700 MHz is considered the most important, and 3 GPP
defines the( NR n71 and n28) bands, because they are not wide bands in which the maximum

bandwidth may reach 20 MHz, and this range alternates with LTE bands less than 2 GHz.
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— The US adopts the 600MHz NR band.
— 700MHz Europe's leading band.

— NR band numbers are allocated and published gradually at a later time[2] .
1.5.2. Medium-frequency bands:

Provides a range of high frequency bands, which allows coverage and greater data

capacity:

— (4200-3300MHz) and 3 Gbps bandwidth (NR n77 and n78) is considered the highest
band that receives global attention.

— The bandwidth from (100 to 200 MHz) may be up to each operator in the bandwidth.
— (3400-3800MHz) Europe adopts this band, while India and China use (3300-600MHz),
Japan seeks to use (3600-4200MHz).

— In the 26 GHz band, several LTE redistribution bands are available, which are
considered NR bands[2].

1.5.3. High-frequency bands:

Millimeter wave is suitable to cover high-capacity bands and enables to provide high
data rate if it is above 24 GHz, exactly (from 24.25 to 29.5 GHz), the bandwidth of 400 MHz
is allocated for 3GPP NR n257 and n258 bands[2] .

1.6. 5G Technology work:

5G technology seeks to support a converged and heterogeneous network that includes
many wireless technologies in order to provide more services to users, so the fifth generation
technology depends on international standards, as it includes new antennas such as the massive
MIMO that enables devices to send and receive multiple data transmission at the same time 5G
provides a new technology called cloud and information technology, which is a flexible
structure that allows users to access data at any time and anywhere. It is a software system that
is a virtual simulation that will be used instead of devices, in addition to sub-network structures
called network segments.In the 5G system, digital services will be improved through the use of
automation, as it supports ML and artificial intelligence (Al). This will reduce the cost of

infrastructure, enhance connected experiences, and improve traffic and services[3].
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1.7. 5G SUB-6 GHZ:

It includes all mid, new and low bands, and frequencies less than 6 GHz. As these

frequencies provide a better range than millimeter waves

Among the low frequencies, we distinguish between the band used in Europe for the fifth
generation networks 3.4 and 3.8 GHz This band is used by the 4G LTE network and has a

greater range[4]
1.8. WHAT ARE THE FREQUENCIES USED FOR 5G.

The frequencies used in 5G are divided into two large groups, the first containing just
under 50 different frequency bands, and the second group containing only 4 different bands as
defined by 3GPP.

® FR1 low-frequency 5G range sub-6, under 6 GHz
® FR2 mmWave high-frequency range, ( 24.25vGHz to 52.6 GHz)

Frequency bands that will be used for 5G sub-6:
— n78: 3.5GHz

Added to this are the mmWave frequency bands:
— n258: 26GHz

4G LTE frequency bands reused for 5G:

— nl: 2100MHz
— n3: 1800MHz
— n7: 2600MHz
— n20: 800MHz
— n28: 700MHz[4].

1.9. WHAT ARE MMWAVE MILLIMETER WAVES.

A new band used in the fifth generation networks is between 30 to 300 GHz, and between
24 to 30 GHz. It provides better and more productive services and varies according to the scope
and ability to pass between walls Millimeter waves are named after the wavelength, as its length
represents the distance it travels during the oscillation period when it propagates in a specific

space, so that the longer the wave, the shorter the frequency It is possible that these lengths vary
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in the femtometer scale (107° th) of a meter for gamma waves to radio waves ranging from 1
to 100 km and from 300 MHz to 3 kHz.Millimeter waves in the fifgeneration are much smaller

than the wavelengths traditionally used for radio waves, as the wavelength reaches a millimeter.
[4]
Millimeter wave is based on a dual operator system, each of which is licensed for use in

the same band, and contains restrictions on the maximum interference that may occur from the

original network as shown in the figure 1.20. [5]

mmWave BS Conventional BS

S8
$%6e” -:‘S

Wireless backhaul %%+

:\ . Control signa

..:::::::g;:d!ngs i ’ ‘;.
0 ol

\$bi mmWave D2D
'\ Multiple-BS access for e ® '\

v“\ fewer handovers and A\

high ra Non-line-of-sight (NLOS)
Data center it ght (NLOS)

Figure -1.2 Analysis of millimeter wave systems for 5G.[5]

1.10. 5G Architecture.

The fifth generation seeks to provide wireless services that are provided to users through
multiple access platforms and multiple networks, adding a data service that is fast and reliable
more than previous generations. It provides a lot of advanced and advanced technologies in a
dynamic, coherent and more effective framework and supports a variety of applications It is
noted that 5G is a very smart structure, as it no longer adopts the traditional method in wireless
access networks RAN restricted to the proximity of the base station, but seeks to make it
detailed, flexible and virtual to create additional new access points. [6] The 5G structure is
formed at multiple levels composed of macrocells and pico cells, femto cells. Femto cells are
used to be more convenient and reduce congestion on the base station, as shown in the figure

1.3.
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Core Network
Indoor Femto Gateway !
Access Point

jur aza

Figure -1.3 Architecture of 5G network.[7]

I.11. Detailed Technical Requirements:

1.11.1. Peak data rate:

In error-free conditions, we receive a data rate that represents the highest rate called the
peak and is allocated to one mobile station. The peak data rate is 20 Gbps for the downlink and
up to 10 Gbps for the uplink.[8]

1.11.2. Peak spectral efficiency:

The data rate received in error-free conditions is what is known as the spectral efficiency,
the highest theoretical data rate that is measured by bandwidth and can also be assigned to a
single mobile station. The maximum spectral efficiency strives to reach 30 bits/sec/Hz for the
downlink and 15bits/Hz for the uplink.[8]

1.11.3. Bandwidth:

It is the maximum limit for the total system bandwidth It can be supported by an RF

transmitter, it may be single or multiple.[8]
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1.11.4. Control plane latency:

Transition level control time. It means the time between the state of battery efficiency
until the start of the continuous data transfer. It is recommended that the transmission time of
the control level be within 10 milliseconds.[8]

1.11.5. User plane latency:

The time taken to successfully deliver an application layer packet/message, the user level
latency should be 4ms for UL and 4ms for download.[8§]

1.11.6. Latency for infrequent small packets:

The time taken to successfully transfer an application layer packet/message froman entry
point to an exit point of the Radio Protocol Layer 2/3 SDU in RAN.[8]

1.11.7. Mobility interruption time:

Represents the shortest period of time supported by the system for interruption of
movement when in use, as the user packets cannot start with any base station during the

transition period, so the interruption period must be zero.[8]

1.11.8. Inter-system mobility:

It means the ability to support the mobility of the IMT system. [8]

1.11.9. Reliability :

Based on the probability of successful transmission, reliability is evaluated. For example,
20 bytes within 1 millisecond is the time taken to deliver a small data packet from the moment
it enters the radio protocol layer 2/3 SDU to the exit point of the radio surface. 1-105 in a second

This is what reliability seeks to achieve.[8]
1.11.10. Coverage:

“The coverage target is 164 dB, so the maximum coupling loss (MCL) on the uplink and
downlink between the device and the location of the antenna connectors is up to a data rate of
160 bits per second.[8]

1.11.11. UE battery life:

Battery life is determined by the battery life of the UE without recharging. This is for

MMTC, UE battery life depends on the data transmission activity generated by the mobile
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devices and this is at maximum coverage, the data transmission activity consists of 200 bytes
UL diaries followed by 20 DL of MCL of 164 dB, given that the stored power capacity is 5
watts, The goal is to achieve UE battery life of more than 10 years.[8]

1.11.12. UE energy efficiency:

The energy efficiency of the UE is the ability of the UE to maintain a better mobile
broadband data rate while reducing the power consumption of the UE modem.[8]

1.11.13. 5th percentile user spectrum efficiency:

It is a point 5% of the cumulative distribution function of the normal transmission speed
of the user, which means the average user throughput,and it represents the number of bits in the
SDU units delivered to Layer 3 divided by the bandwidth, The user throughput and bandwidth
on the specified carrier are used in the case of calculating the KPI for each wave.The target that
is a starting point for eMBB deployment scenarios is within 3 IMT-Advanced requirements for
the full bufferand improve capabilities shown in Figure I. 4.[§]

1.11.14. Cell/Transmission Point/TRP spectral efficiency:

TRP spectrum efficiency is the total throughput of all users, it means the number of bits
present in the service data units (SDU)s as they are delivered to the third layer during a certain
time. [8]

1.11.15. Connection density:

It is the total number of used devices that are available in a specific area estimated in
square kilometres. The definition of QOS takes data and access requests and then sends and
receives them during a certain time X . The connection density may reach up to 1,000,000

devices/kmz,[8]

1.11.16. Mobility:

It is the mobility capacity and it is intended to be the maximum speed of the user in the
rate of km/ hour, and then determines the quality of a specific service. Mobility aims to achieve
500 km/h.[8]

1.11.17. Network energy efficiency:

Provide better traffic capacity Possibility to reduce energy consumption RAN .[8]

10
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Figure -1.4 Enhancement of key capabilities from IMT-Advanced to IMT-2020. [8]

1.12. WORKS MASSIVE MIMO.

Massive MIMO is used in 5G updates because it provides the best possible coverage,
especially for large and crowded places, it uses the same frequencies of the Raido at the same
time as the transmitter , MIMO helps improve reliability and increase productivity ,Massive
MIMO is made of multiple antenna elements in a two-dimensional matrix, up to hundreds of
elements it is suitable for high bands and millimeter wave [9],It also works side by side with
small cells, representing with each other a main enabler group for the fifth generation network,

as shown in the figure 1.5 . [10]

Macro cell

b Small cell transceiver @ User equipment (UE)

Figure.l-5 Heterogeneous architecture of 5G with combination of Massive MIMO and small
cells.[10]

11
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1.13 Beamforming: how does it work?

Beaverming's work is based on a principle similar to that of television speakers. So that
it receives the appropriate signal for the user and at the same time does not emit noise to others.
The principle of the beam work is that it uses a group of small transmitters and then collects the
signals and then sends packets to the device that requests them (smartphone, tablet or laptop,
etc.). And he cancels it in the place he does not need it, it works according to the needs of the
user, The fifth generation network targets this feature for all users to gain energy by using huge

antennas as it does not waste energy[11] .
1.14 Ultra-dense network UDN:

It is a network within the fifth generation scheme, networks consisting of more base
stations than the number of active users, and networks with a density of 103 cells/km?2. It can
be applied by increasing the piecs for each area and distributing the antennas of the DAS system
[12] . The ultra-dense network system provides thousands of access points per square kilometer.
Hex traditional system The following table 1.1 shows the difference between them [13].

Traditional cellular

Item UDN network
Deployment scenarios Indoor, Hotspot Wide coverage
Site/ AP density More than 1000/km?2 3-5/km2
User density High Low/medium
Site/ AP coverage Around 10 m Several hundred meters and

more

Heterogeneous, Irregular

Deployment coverage Single layer, Regular cell

Site engineering User deployment Operator deployment
AP style Small-c;:flzll,al;i,c;){,efae;nto,UE Macro/micro BS
AP Backhaul Ideg l/noq-ideal, Ideal, Wired
Wired/wireless

User mobility Low mobility High mobility

Traffic density High Low/medium
Typical bandwidth Hundreds of MHz Tens of MHz

Spectrum bands >3 GHz (up to mm Wave) <3 GHz

Table 1.1 Comparison between UDN and the traditional cellular network[13] .

1.15 conclusion:

12
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The latest generation of wireless communication systems is the 5th generation, where the
5th generation vision provides an explanation for services, architecture and other areas, through
the development and expansion of the performance limits of mobile networks. More advanced
modern technologies such as massive MIMO systems and millimeter wave radio systems
greatly influence the design of cellular architecture. It is important that 5G technology maintains
massive traffic due to the increased efficiency of wireless link and cell density, and to facilitate
the coordination process it is necessary Transforming the network into a cloud structure, which
in turn coordinates between cells and overlaps during network deployment, and by using more

technologies, other goals can be reached in the 5G network system.

13
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I11.1. Introduction :

It is necessary to know the characteristics and mechanisms of the electromagnetic wave
propagation channel in space, for this reason the field of wireless networks is interested in
knowing what the propagation channel includes and its interactions with the environment in
order to be able to provide conditions and control the establishment of a wireless link between
the transmitter and receiver and predict the chances of its success.

In this chapter, we study the characteristics of the propagation channel and the phenomena
affecting it, as well as propagation models and their current types, and their main role in
determining what happens to the transmitted signals during their transmission using algorithms
that allow prediction of the signal transmission scenario .

11.2. Free space propagation :

For the transmission system, the advantage of the absence of obstacles, the
electromagnetic wave emitted in free space is subject to the influence of the propagation
environment. The power density W in free space is known as a function to estimate the distance
gain d between the transmitter and receiver, and in terms of transmitting antenna gain Ge and

transmitting signal power Pe, the equation is written as: [14].

PeGe
w = 1.1
4 nd? (.3)

The available signal strength at the tips of the receiving antenna, Pr, is related to the

power density W, and is written as :

A%G,
in

pr=w (11.2)

A represents the wavelength the working frequency count. The signal attenuation in the
free space can be calculated using the previous two formulas ,this formula is used only if there

is a large field between the transmitting antenna and the receiving antenna as follows :

b 6,6, () (13

Dt anfd

c represents the speed of light which can be expressed as = fA.
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To apply the above formula, it is required that the distance (d) between the antenna

(receiving - transmitting) is greater than the Fraunhofer (dr) distance related to the largest

distance of the transmitting antenna :[14]

D2
df - 27

(11.4)

D represents the size of the transmitter antenna Calculate the free space loss with the

following formula: [14]

PL = 1010g10 (i_‘i) = _1010g10 [GtG

11.3. Multipath propagation:
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Figure -11.1 Main propagation phenomena [14]

The same signal reaches the receiver from several different paths. This may happen due

to the reflection of the transmitted signals on the surface of the earth, buildings, or others. This

is caused by the effect of the propagation environment on the transmitted wave. The effect is

called multipath diffusion. Among these phenomena is the phenomenon of reflection,

diffraction, refraction, scattering.

the figure 11.1 shows some phenomena The propagated wave can be subject to more than

one phenomenon in one transmission. The phenomena can cause the signal to be obstructed, or
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it may be a auxiliary factor for it. An example is when the transceiver is in the LOS state,
reflection disrupts the access, while the NLOS state ensures diffraction and scattering . [14]

I1.4. Parameters for characterizing a channel :

Mobile radio channels have characteristics determined by certain parameters that allow

the identification of a multipath propagation channel. There are four types of parameters.
11.4.1. Time spread parameters Tm :

When receiving an identical signal at the destination at different times, what is called
time dispersion occurs, which is the time difference between the moments of arrival of the first
and last component. Figure I1.2 shows the time dispersion Tm.

A

11 . -

r!ﬂ

N

Figure -11.2 The temporal dispersion [14]

It is important to know the average delay (mean excess delay) t in the time dispersion
parameters which is the first moment of the power profile given by the relation (11.12), and the
standard flare delays T RMS are calculated by the relation (I1.13) :

Yk Ptk

= Xk P

(11.12)

The standard deviation describes the dispersion of the signal through multipath
propagation. Considering the delay of all paths upon reception, depending on the first received
path,TRMS determines the channel selectivity that can cause a deterioration in the performance

of the communication system, calculated by the following equation:

i} ) - - 2
TrMS = \ITZ — T2 Avec un moment 72: 72 = 2Pt (11.13)
2k p(ty)
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The T max parameter is defined by this relationship :
Tmax = Tx — 7o (11.14)
7x is the maximum delay in which the energy drops by X dB
7o is the first path delay.

11.4.2. Coherence bandwidth Bc :

We consider the channel to be flat (non-selective) when the bandwidth of the transmitted
signal in the broadband B is greater than the coherence band Bc. The coherence range is related
to the effective extension of the delay and is given by the following relation :

B, =

(11.15)

aoy;

In the case of the presence of the amplitude correlation pe = 50%, the value of Bc
becomes a function of the frequency correlation and the previous relation is given by this

formula;

B, ~—Hz (11.16)
And if we have pe = 90% then the equation becomes :

11.4.3. Doppler Spreading BD :

Doppler spreading is caused by the time variation of the channel. It is defined as the
frequency band where the received Doppler spectrum is nonzero. It is equal totwo times the

maximum Doppler frequency.

1
B, =~ - (1.17)
The Doppler frequency shift is given fD by this formula:
Ve c
fp = fmCOsa = %f (11.18)
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11.4.4. Coherence time TC :

The coherence time indicates the period during which the channel is stable. If two signals
arrive with a frequency greater than the Tc, the two signals are affected differently. Figure 11.3

shows the difference between the third and fourth signals.

T T I'e

Lot t [l 1,

Figure.l1.3 Time of coherence [14]

The coherence time is equivalent to the Doppler spread in the time domain and is in one

of the following three formulas: [14]

1 1
Tc ~ — =
Bd 2'fd,max
9
Te = o (11.19)

7o | L _ o042
€ AJ16ll B; By

11.5. Propagation channel modeling :

® The impulse response :

It is defined as a function of the variable T, which expresses the variance of time with
respect to the specified reference value, and the variable t, which represents the delay of the
multiple paths of the channel. The impulse response allows evaluation of the impact of multiple
channels on the transmission system, and its observation allows distinguishing the different
paths and the relative amplitude of each path. Figure 11.4 shows a representation of the impulse

response of a mobile radio channel . [14]

19



Chapitre -11- MATERIAUX UTILISE DANS
D'EOLIENNE

Amplitude
Trajet direct (LOS)

A /
A

= Trajet direct (LOS)

1113

Figure -11.4 Representation of the impulse response of a mobile radio channel[14]

11.6. Mobile Radio Channel :

Figure -11.5 Definition of the transmission channel and propagation [15]
11.6.1. The propagation channel :

A form of electromagnetic radiation that represents the propagation behavior of radio
waves as they travel from one point to another in a vacuum using an antenna. It is a device that
radiates (the transmitter) or captures (the receiver), as shown in the figure I11.5 . This propagation

has phenomena that affect the waves and the radio system in general.[16]
11.6.2. Types of propagation :

channels is a more abstract notion because its characteristics are not directly measurable.
It can be defined simply as the transmission channel without the effect of antennas types of

propagation channels:

— linear propagation channel
— Reciprocal propagation channel
— TV channel [16]
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11.6.3. Channel (Uplink - Downlink) :
Uplink Channel Downlink Channel
Mobiles to BS BS to Mobiles
Asynchronous transmissions Synchronous transmissions
Glare effect (near-far, near-far) Low glare effect

Table-11.1 Channel ( Uplink - Downlink ) [16]

11.7. The Three Types of Fading :

— | X |y | X (| X |y | X | | X | oy [ 4 | =

L R

Antenne Path Loss Shadowing Fast Fading Antenne Bruit additif
emettrice —— receptrice
FADING

Figure -11.6 types of Fading [16]

11.7.1. PATH LOSS :

1-Linear path loss: The path loss can be calculated using an experimental model if the
environment is complex and with obstacles, according to the distance, and the linear path

loss of the channel is determined as the ratio of transmitting power to receiving power.

— s (t) is the energy P t transmitted over a specified channel

— The received signal r (t) is averaged for power P r over any random variations due to

shielding.
_ b
P, = P (11.6)
— The channel path loss is given in dB .
P, dB = 10log;, % dB (nonnegative number) (11.7)
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2-Path loss modeling for total urban O2I: Total path loss for line-of-sight (LoS) and non-line-

of-sight (NLoS) was modeled as follows .[17]
Lp.or = Lppy, + Lp,y + Lp, +Z(0,05) +Z(0,0) +p (11.8)

11.7.2. SHADOWING :

Signal power fluctuations occur due to the presence of obstructing objects in the
propagation path between the transmitter and receiver causing a phenomenon called shading,
one of the three types of fading shown in the figure 11.6 .The fluctuations are determined by the
local short-term average forces in order to be able to remove the fluctuations caused by the
multi-path fading .[18]

11.7.3. FAST FADING OR SMALL-SCALE FADING :

By the coherence time of the channel and the duration of the signal code, the channels are
classified as either fast fade channels or slow fade channels .If the coherence time is greater
than the symbol duration, the channel is halved as a slow fading channel .But if the coherence
time is less than the symbol duration, and the impulse response change rate is faster than the
symbol duration, the channel is classified as a fast fade channel. The signal sent through the

path changes in each case it passes through, as shown in the figure 11.7.[19]

Bk

-
i

-
-

Total Signal / Path Loss

Figure -11.7 Example of signal in mobile radio [20]
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11.8. Caractéristiques du canal radio-mobile :

In the mobile system, information is sent on the radio channel from a base station to a
mobile station or vice versa (uplink or downlink). The link is done by default and is subject to
changing conditions according to the environment note figure 11.8, which produces propagation
characteristics, including:

e reflection :

It occurs as a result of the electromagnetic wave encountering smooth surfaces that have
large dimensions much greater than the wavelength (A) such as building, walls and ground

surface.
e diffraction:

If the electromagnetic wave is exposed to a thick obstacle that is greater than its length
between the transmitter and receiver, diffraction occurs, resulting in other waves propagating
behind the obstacle.

e scattering:

When the wave is exposed to an obstacle of thickness equal to the length of the wave,

scattering occurs like exposure to street lamps.
e dispersion:

The phenomenon of scattering occurs when the wave is exposed to obstacles with high

speeds higher than its frequency, such as sound, light, or seismic waves .

e Transmission:

The transmitted wave is exposed to obstacles that cause its weakness, due to the
propagation environment, and the wavelength affects its quality and direction due to the

variation in the refractive index of the material, so part of the wave is sent.
e Wave guiding:

Occurs as a result of successive reflections between two parallel obstacles, resulting in a
displacement of the electromagnetic wave, which occurs mostly in cities in the narrow street.
[21]
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Figure -11.8 Typical radio-mobile propagation scenario [21]

11.9. Representation of the propagation channel :
e Mathematical formulation :

for multipath propagation, the received signal (t) is a cascade of differentially delayed
and attenuated replicas of the transmitted signal e (t): the propagation channel thus behaves like
a linear filter and the propagation channel is represented by the impulse response (RI) h (1) ),

which is consistent with the channel response to a Dirac-type pulse. We then have :

s@®) = [ e(t—1)h(r)dr (11.9)

Most radiocommunication systems depend on the transmitted signal on a frequency band
that is not based on zero, so the signal x (t) can be represented by its complex envelope yx (t)

in this form :

x(t) = R{y, (£)e/2™hot} (11.10)

Between the two stands is the real part of a complex number and fO is a frequency in the

dependent range.

In the base range of x (t), there are two ways to express (the base range filter heq (t) is

equivalent to the real range filter h (1)) :
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1
heql(t) = Eyh(t)
heqz (t) = h(t)e_jznfot

(11.11)

The three representations of Figure 11.9 are equivalent in order to note the effect of the

channel on the transmitted signal.

9 s(t)
— h(T) ——
Ve (f) ’\/s(f)
@ =)
7e(?) - s (t)

— heqz(T) — }L(T)(g“JzTrf()T I —

Figure -11.9 Equivalent representations of a static mobile radio channel [22]

11.10. Power Delay profile PDP :

The energy delay can be identified by the amplitude distribution and the delay
distribution in the paths. Usually, Rician and Rayleigh power distributions are used for line-of-
sight case, the signal is transferred from the transmitter to the receiver directly, and in the case
of non-line-of-sight, the transmitted signal reaches the receiver after encountering obstacles that
reduce its severity in the case of applying a Rayleigh distribution, but in a Rician distribution it

reaches a higher capacity. [23]
11.11. Radio channel modelling :

11.11.1. Narrowband Models :

Narrow bands define if the signal bandwidth is less than the coherent channel bandwidth
and because the signal bandwidth is narrow, the fading mechanism will affect all frequencies
in the signal traffic band equally. Therefore, a narrow-band channel is often referred to as a flat

fade channel. Figure 11.10 shows interferences in this band.[24]
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11.11.2. Wideband Models :

They are the bands in which the bandwidth exceeds the bandwidth of the channel
coherence, i.e. uses a relatively wide range of frequencies and this can cause time dispersal,

which allows interference between users and noise .[24]

Types of corruption

-
Signals Broadband Narrowband
from noise noise
other
Transmitted users "
) A Received

signal
—> Multipath

< . Sigi
Changing ignal

gain
P 4

Figure -11.10 Sources of interference, changing channel gains, interference fromother users,

Y

broadband noise, and narrowband interferences [25]

11.12. Different families of Propagation models :

To model the different radio propagation channels, several different methods are needed.
Since the transmitted signals are subject to different effects such as reflection or diffraction
around buildings, a simplified and approximate modeling types of wireless communication
channels can be used. Channel models are divided into two categories (deterministic - random)

for each section a specific basic data type as shown in the figure. 11.11 .

channel modeling
approaches

deterministe stochastique

based on based on

empirique .
RS correlation geometry

Figure -11.11 Classification of channel modeling approaches[26]
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e The purpose of using the model :
— Inorder to improve the performance of the base station (BS) by providing a database of
wireless network designers

— Discover the difficulties of designing and testing wireless systems. [26]

11.12.1. Deterministic modeling :

— The deterministic model is divided into three subcategories

— Experimental approach This category relies on extracting channel information from data
collected from channel measurements accurately under specific study environment
conditions

— Closed model does not allow a realistic scenario representation of the environment

under study ray tracing approach .[26]

11.12.2. Stochastic modeling :

Stochastic modeling allows providing sufficient accurate information about the channel.
Data are collected from a wide range of locations in the study environment for the purpose of

providing a statistical representation of the channel in order to calculate the random models.
There are two categories of stochastic approach

— Arandom geometry-based model (GBSM) or as it is called a ray-based model, in which
the diffusers are distributed in a certain way on a pre-determined geometric shape, such as a
circle, between the transmitter (TX) and the receiver (RX) to mimic the effect of wave
propagation

— Correlation-based model that is widely used to model multi-antenna systems and

second-order channel castration. [26]

11.12.3. Different existing models :
e Okumura Model:

The model is used at frequencies from 150MHz to 1920MHz and at distances from 1km
to 100km. The antenna base station height ranges from 30 rn to 1000 rn. It is often used for
signal prediction modeling in urban areast the model can be represented by the following

formula.

Path Loss = Ly + A(f,d) - G(hs) - G(h,) - G(ures) (11.12)
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e Model of Hata :

Represents a formula based on the graphical path loss data provided by the Okumura
model, applicable to frequency up to 2 GHz The Hata model for urban environments .

Lu=6955+2616log10f-138210g10h3- CH+[449-65510gjohB]10g10d (H 13)

— For small or medium-sized city

CH=0.8 + (1.1 logl0f-0.7)hM - 1.56l0g10 f (I1.14)

— and for large cities

8 29(1no 10(1 S4hMN2 - 11 if 150 f< 200
CH= (T 15)
3.2(logl0(11.75hM))2 - 4.97 , if 200< f< 1500

e Model Tapped delay line :

This model can be used to represent the pulse response of a multipath channel, and it is

based on a separate pulse number, and it is represented by the following formula .

h(t,7) = Xiey C()8(t — 1) (IL.16)
e Spencer's model:

This model is based on the dual group phenomenon and by measurements at 7 GHz, trips
arrive in groups for each delay region and angle separately, the power profile of the impulse

response is written in this way :

h(t) = Xi20 Ziemo Brie’O%16(t =T, — 11y) (IL.17)

e Model IEEE 802.15.3c :

The IEEE 802.15.3 3¢ (TG3c) working group in the year 2005 and then worked to develop
a high-speed millimeter wave greater than (1 Gbps) as an alternative to support the personal
wireless network (PHY) 802.15 (WPAN) to provide services such as high-speed Internet access

or data download rates at rates High bitrates of more than 2 Gbps .
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e Model 802.11 ad :

(TGad) has worked on improving two types of models that are under development from
the IEEE 802.11 ad channel model, the first model was used for ray tracing on statistical models
to reduce the measurement effort, note that it is not accurate enough, and the second type is
based on the measurement channel to obtain Statistical channel model. [26]

11.13. conclusion :

The most important physical phenomena affecting the propagation of radio waves in free
space have been discussed in this chapter. We also mentioned the characteristics of the
propagation channel and its mathematical representation, as well as modeling (radio
propagation models), which allowed prediction of the wave behavior and define a prior scenario

for it to improve the performance of wireless access systems
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I11.1. Introduction :

In this part, we rely on the most common technique (ray tracing) for its ability to
accurately and naturally generate effects such as sharp reflections, refractions and shadows, and
provides results that are close to reality. Using the MATLAB programming language, the
analysis of radiofrequency propagation for wireless communications is studied by means of a
three-dimensional map, and the antennas are located on it as a first step. By applying a specific
algorithm that contains information about the antennas, the correct location coordinates, the
frequency rate used, and the file of the three-dimensional map, the results are determined and
the path of the beam is traced from the transmitter to the receiver between buildings and roofs,

and the phenomena affecting it are revealed .
I11.2. Ray tracing :

Ray Tracing is a technique that depends on monitoring the movement and path of the ray
from its starting point to another point. It monitors every refraction or reflection that occurs
along the ray, as well as the shadow ray. It is a repetitive algorithm that tracks the rays closer
to reality. The primary rays are traced from their starting point to their intersection with the
geometric shapes at the point IPS As shown in the figure 111.2 , and from this point the secondary
rays are traced to other intersection points [27].1t is a method that uses geometry by examining
the paths of wireless radio signals as if each path were a ray of light that reflected on the
surfaces. To get good ray tracing predictions, detailed information about the area must be

available. The steps can be summarized in the figure I11.1.

Main program:
System analysis

Function:
Plano convex lens

Function:
Refraction at spherical surface

Function:
Refraction at plane surface

Figure-111.1 Structure of the geometric ray tracing program for a plano-convex lens.
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Figure-111.2 Ray tracing diagram where primary ray is traced from the eye to the scene
casting secondary rays.[27]

111.3. Ray Tracing Methods :

Ray tracing technology is based on the use of the propagation model and the functions
of ray paths and tracks what affects them in the line-of-sight path (LOS) and non-line-of-sight
(NLOS) paths.

— The model of paths on the line of sight (LOS) depends on the way the beam is launched
from the device from the transmitter to the receiver in the event that the beam does not
interact with the surfaces before reaching the receiver, we say that the LOS path exists.

— The non-line-of-sight paths (NLOS) model works using SBR and the method of use is
determined by the applied propagation model function.[28]

I11.4. Work steps in ray tracing :

111.4.1. Importing buildings 3D map data and displaying it on the site viewer:

Through the website https://www.openstreetmap.org, we obtained the map data. where
we have imported an OpenStreetMap (osm) file that is compatible with hospital in el-oude,
algeria. We downloaded the file,through which we can access mass-source map data around the
world. The data is licensed under the Open Data Commons Open Data base License (ODbL).

Building information in the osm file is imported and visualized in the site viewer.
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viewer = siteviewer("Buildings","C:\hopital eloude.osm","Basemap”,"satellite");

4\ Site Viewer - O

Figure-111.3 Satellite map of the hospital in the city El oued

111.4.2. different types of antennas and installation scenarios:

In MATLAB, we start by loading an antenna object that was designed with antenna

Toolbox.

f = 28e90;

c = physconst('lightspeed’);

lambda = c/f;

N =28;

dx= 8.48*1ambda;

dipole L = lambda/2;

dipole W = lambda/268;

dp = dipole;

dp.Length = dipole L;

dp.Width = dipole W;

dp.TiltAxis = 'Z";

dp.Tilt = g@;

fmin = £ - .@85%f;

fmax = ¥ + .85*%f;

minX 8.8881; % Minimum value of reactance to achieve
trim = 8.8684; % The amount to shorten the length at each iteration
resonant_dipole = dipole tuner{dp,f,fmin,fmax,minX,trim);

helement = figure;
show(resonant_dipole)
axis tight
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dipole_array = linearArray;
dipole_array.Element = resonant_dipole;
dipole array.NumElements = N;
dipole_array.ElementSpacing = dx;
harray = figure;

show(dipole_array)

axis tight

We get the following results shown in the figures (111.4, L5, 111.6 , 111.7) .
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Figure -111.4 Impedance as a function of frequency 28 GHZ
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Figure -111.5 Dipole antenna element
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z (mm)

linearArray of dipole antennas

Figure -111.6 Line matrix of a dipole antenna
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[-180°, 1807
[-90°, 907

Show Antenna v

Figure -111.7 3D antenna coverage.

111.4.3. Create and determine the transmitter antenna in the 28 GHz

frequency:
e Locating the transmitter antenna:

We select the location of the TX transmitter base station for the propagation model of the
cell within an area with a dense urban environment. The TX antenna is 10 meters long and has

a power of 5 watts, with a transmitting frequency of 28 GHz, as shown in the figure.111.8
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t = 28e0;

tx = txsite("name","Langdl”, ...
"Latitude", 33.3093608, ...
"Longitude™, 6.871569, ...
“TransmitterPower",5,
"TransmitterFrequency”,f);

show{tx)

4\ Site Viewer T O X

Figure -111.8 Satellite map of Eph Ben Amor Djilani EI-Oued

The transmitter is located in the city of el oued, within the vicinity of the public hospital,

exactly with the following coordinates:

— Longitude 33.393608
— Latitude 6.871569

e Locate the receiving antenna:

After choosing the location of the antenna according to virtual characteristics, then we

track the paths of the line of sight to detect surfaces and obstacles between the TX and the RX

Two antennas were chosen to receive around them at different distances. The figure

(111.9 - 111.10) shows the coordinates of each receiving antenna.
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rx@l = rxsite("Name",”counter”, ...
"Latitude",33.394692,
"Longitude",6.878632);

rx82 = rxsite("Name","fast food”,
"Latitude",33.39568,
“"Longitude",6.871811),;

rxs = [rx@l, rxe2,];

show{rxs)

Figure -111.9 The coordinates of the receiving antennas are in MATLAB

4 Site Viewer - O X

Earthstar Geographiggiind the GIS User Commugy

Figure -111.10 The receiver and the transmitter site array
111.4.4. Tracks directly between antennas :

Figure shows 111.11 the signal paths without being exposed to obstacles such as buildings

and other terrain that will impede access and consequently the transmission loss.
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CHAPTER -I11-

los(tx,rxs)

fast food
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Figure -111.11 paths between TX and RX
To avoid obstacles that may be encountered by the receiving antenna on the line of sight

the height of the RX02 antenna is set at a distance of 7 meters
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We locate a transmitter to model a small cell scenario in an urban area perennial a base
station placed on the pole of the next area is the transmitter site the surrounding area, which

includes a hospital and an adjacent car park. Antenna length 10m each 28 GHz level Power

Swatts.

tx = txsite("name","Lang@l", ...
"Latitude", 33.303688, ...
“Longitude", 6.871569, ...
"AntennaHeight",18, ...
"TransmitterPower”,5, ...
"TransmitterFrequency"”,28e9);

tx.Antenna = dipole_array;

pattern{tx)

show{tx)

4 Site Viewer

Figure -111.13 3D antenna coverage

e Transmitter antenna coverage .

We have a coverage map the received power of the receiver is at each ground location
but it is not calculated for building tops or sides.And we display the coverage map that we have

applied, which corresponds to a maximum range of 250 meters from the base station and the

signal strength is estimated as follows (-130:-5).
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PM = propagationModel("raytracing-image-method”,"BuildingsMaterial”,”concrete™, ...
“TerrainMaterial”,"perfect-reflector”)

koverage(tx,"SignalStPengths",-138:—5,"Naxﬁarge”,259,“Resolution",4,”TPan5pa“ency",B.8}

4 Site Viewer

Figure -111.14 . The area covered by the transmitter

I11.5. Diffusion modeling in Los and NLos :
e Lineofsight (LOS):

The result of the propagation coverage of the transmitting antenna of the line-of-sight
shows the appearance of shadows due to the presence of obstacles. The location of the receiver
is determined so that a handheld receiver is modeled in an obstructed location, then the line-of-

sight path is determined to show the path obstructing the transmission.
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rx = rxsite("MName"”,"Long®2", ...
"Latitude",33.394321, ...
“Longitude”,6.878325, ...
"AntennaHeight™,3, ...
"ReceiverSensitivity”,-189);

show(rx)

los(tx,rx)

r vd

r - -

Terrain source: %010 7.5 arc-second resolution (i imately 250
Earthstar Geoggaphics. and theJSIS User Community )

U ¥

P— N x\-'i\. -
%@l .0
Line-of-sight x
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Status: Visible

r—— E =% ‘2!:%_‘;" =

2 g A\
i e -.5
-

_‘ .

<

|

nthe U.S. Geological Survey. - Source: Esri, Maxar,

Figure -111.15 Coverage map for line-of-sight propagation

e No line of sight (NLOS) :

We create a ray tracing propagation model by using the firing and recoil (SBR) method.

The SBR propagation model relies on ray tracing analysis to calculate propagation paths and

their corresponding path losses. The path loss is calculated from the free space loss, material

reflection loss, and antenna polarization loss.
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pm.MaxMumReflections = 1;
clearMap(viewer)
raytrace(tx,rx,pm)

4 Site Viewer

#ﬁf"’ - _1@* :
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za\

- . Propagation path x

Number of reflections: 1

Received power: -77.1 dBm

Phase change: 1.07 rad

Distance: 167.87 m
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Angle of arrival: 43.3° az, 6.1° el

!eﬂamsoume GMTEDZmD?.‘)mvdresohmm(appmmuy &

lhegiobaoatauv S. Geological Survey. - Source: Esn. Maxar,
Earthstar Geographics, and the GIS User Community T - ;

Figure-111.16 Indicates that the path between the TX and the RX is broken

I11.6. Signal strength analysis and material effect

We calculate the received power by using the diffusion model that was prepared
previously to model an ideal diffusion. Then we assign sleep to a material close to reality and
recalculate the received power. Then we update the rays shown in the site viewer. Using

realistic physical reflection results in a power loss of about 1 dB compared to ideal reflection.

111.6.1. Show analysis :

e In theideal case :

ss = sigstrength{rx,tx,"gas");
disp("Received power using perfect reflection: " + ss + " dEm")

Received power using perfect reflection: -67.421 dBm
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e In the case of realistic materials :

pm.BuildingsMaterial = "concrete";

pm.TerrainMaterial = "concrete";

raytrace(tx,rx, "raytracing-image-method")

ss = sigstrength{rx,tx,"rain™);

disp("Received powsr using concrete materials: ™ + ss + " dBEm")

Rzceived power using concrete materials: -68.4546 dBm

111.7. Conclusion:

Propagation prediction is used in many wireless communication systems to improve their
performance. Ray tracing technology as the latest method of propagation modeling has
witnessed tremendous progress and after using the ray tracing method in this part of the work
we can say that it has proven useful and effective in treating propagation environments in high
frequency systems. Ray tracing is a more general method than other methods such as empirical
models and can be applied to many propagation scenarios. This technology will play a major

role in smart future modeling tools.

43



GENERAL
CONCLUSION



CONCLUSION

GENERAL CONCLUSION

In this thesis, we touched on general topics about the latest technology in wireless
communications, which is called the fifth generation, and the additional services and features it
provides to the world of communication technology, and the most important cases of its use in
various frequency bands.

We also learned about the types and characteristics of radio channels and their
propagation paths. In addition to explaining the natural phenomena affecting these channels, as
well as the propagation models in general.

And to study the coverage in a specific area and track the paths that the rays take using
radiation tracing, which allows simulation close to the truth through calculations and
information about the area and the antennas used, the results are extracted, based on which the
model can be applied in the ground.

The aim of this work is to study and simulate 28 GHz coverage in EI-Oued city using
ray tracing technology. Four receiving antennas were used for the transmitting antenna (the
base antenna), the length of which does not exceed 10 meters, on Los and Loss. We studied the

propagation characteristics of this band as the simulation results show.

Millimeter wave signal Transmitter access can be available in the LOS path.
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