Revue Internationale du Chercheur
ISSN: 2726-5889
Volume 5 : Numéro 2

Optimizing 4G LTE radio coverage areas with an outdoor

extender booster

Optimisation des zones de couverture radio 4G LTE avec un

booster d'extension extérieur

MUKANDA LUKENGO Papy
Research assistant
Institut Supérieur de techniques appliquées (ISTA-Kolwezi)
Democratic Republic of the Congo

BOPE SAIDI Médard Arnauld
Research assistant
Institut Supérieur de techniques appliquées (ISTA-Kolwezi)
Democratic Republic of the Congo

TSHIKUDI TSHIKUDI Dennis
Research assistant
Institut Supérieur de techniques appliquées (ISTA-Kolwezi)
Democratic Republic of the Congo

TSHINYAM KAPEND Franck
Researcher
Institut Supérieur d'Informatique SALAMA
Democratic Republic of Congo

Date de soumission : 26/04/2024

Date d’acceptation : 04/06/2024

Pour citer cet article :

MUKANDA LUKENGO P. & al. (2024) «Optimizing 4G LTE radio coverage areas with an outdoor extender
booster», Revue Internationale du chercheur «Volume 5 : Numéro 2» pp : 1169-1194

Revue Internationale du Chercheur www.revuechercheur.com Page 1169



http://www.revuechercheur.com/

Revue Internationale du Chercheur
ISSN: 2726-5889
Volume 5 : Numéro 2

Abstract

Nowadays with the multitude of networked mobile services, networked communications have
become indispensable, wherever the cell phone is located (Dcs, 2013) . However, in some
areas, phone calls and internet services are poor and sometimes unavailable, especially for 4G
LTE services. In practice, 4G LTE service is not yet stable in DR Congo, and some areas do
not reach the 4G LTE signal. This is because the 4G signal is easily attenuated by surrounding
conditions, such as the presence of tall buildings, trees and so on. To solve this problem, we
have proposed a solution, to have a 4G Outdoor extension antenna that operates on the 825
MHz - 875 MHz frequency bands, with a good reflectance to provide additional 4G LTE signal
coverage. The basis of this study is to increase the coverage of areas that do not receive the 4G
LTE signal, and areas with very poor 4G radio conditions located at a great distance from the
4G base station to such an extent that every cell phone can receive signals without having any

disturbance.

Keywords : 4G; LTE; Extender Outdoor; Radio coverage; Extension antenna

Résumé

Aujourd'hui, avec la multitude de services mobiles en réseau, les communications en réseau
sont devenues indispensables, quel que soit I'endroit ou se trouve le téléphone portable. (Dcs
, 2013) Toutefois, dans certaines régions, les appels téléphoniques et les services internet
sont médiocres et parfois indisponibles, en particulier pour les services 4G LTE. Dans la
pratique, le service 4G LTE n'est pas encore stable en RD Congo, et certaines zones n'atteignent
pas le signal 4G LTE. Cela est d0 au fait que le signal 4G est facilement atténué par les
conditions environnantes, telles que la présence de batiments élevés, d'arbres, etc. Pour résoudre
ce probléme, nous avons proposé une solution, d’avoir une antenne d'extension 4G Outdoor qui
fonctionne sur les bandes de fréquences 825 MHz - 875 MHz, avec un bon facteur de réflexion
pour fournir une couverture supplémentaire du signal 4G LTE. La base de cette étude consiste
a augmenter la couverture des zones qui ne recoivent pas le signal 4G LTE, et les zones avec
de tres mauvaises conditions radio 4G situées a une grande distance de la station de base 4G, a

tel point que chaque téléphone mobile peut recevoir des signaux sans avoir aucune perturbation.

Mots clés : 4G ; LTE ; Extender Outdoor ; Couverture radio ; Antenne d'extension
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Introduction

In an increasingly connected world, where mobile communication has become an essential
pillar of our daily lives, improving 4G radio coverage is of crucial importance (Ali, 2006)

. Connectivity challenges, such as underserved areas or weak signals, not only hamper
productivity and quality of service, but also limit access to information and opportunities for
many communities. To remedy these problems, the use of outdoor antennas represents a
promising solution (Conception, 2011) . These devices, designed for outdoor installation,
offer a range of benefits in terms of extending coverage, improving signal quality and boosting
connectivity in areas where it is lacking (Z. Zhang, 2016) . This study looks at the various
facets of improving 4G radio coverage using outdoor antennas, exploring their functionality,
effective deployment and impact on mobile connectivity.

Improving 4G radio coverage represents a crucial challenge in today's telecommunications
DRC zones (Abdelghani, 2017) . Despite significant progress in the deployment of 4G
networks, gaps persist, particularly in rural areas, densely populated areas or high-density
buildings (Dioum, 2014) . This issue raises several key questions: what are the main causes
of gaps in 4G coverage? What technical, economic and regulatory challenges need to be
overcome to improve coverage? What are the advantages and limitations of the various
technical solutions available, such as the use of outdoor antennas, small cells, repeaters, or other
emerging technologies? How can we guarantee an equitable approach to improving coverage,
ensuring that all populations, whatever their geographical location or socio-economic status,
can benefit from reliable, high-performance mobile connectivity? By addressing these
questions, this issue seeks to explore ways of overcoming obstacles and developing effective
strategies for extending 4G radio coverage, to meet the growing need for connectivity in our
increasingly connected society.

This article studies an outdoor 4G network amplification system. For this purpose, we will
analyze the existing 4G coverage of three sample areas in Lubumbashi city: Katuba, Annexe,
Lupoto with the four telecom operators in DRC: Airtel, Orange, Africell and Vodacom in order
to identify the gaps. Based on the quality of the signal collected, we designed a system
consisting of a receiving antenna, which collects a very weak signal, pre-amplifies it and sends
it to the transceiver, which constitutes the second stage of signal amplification. The final stage
is the power amplifier, which transmits the signal to end users without interference. This system

is intelligent in that it can detect the optimum position at which the maximum signal strength
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from the operator's base station can be collected, and we've linked it to a mobile application for
continuous remote monitoring.

In the rest of this article, we'll start by introducing the outdoor cellular signal amplifier, which
is essential for boosting signal reception. Next, we'll present the components and links of a 4G
base station. We'll then describe the equipment used and the methods employed to improve
outdoor 4G radio coverage. We will then present the results obtained through our tests and
analyses. Finally, based on these results, we will draw conclusions as to the effectiveness of

this approach for improving 4G connectivity with an outdoor antenna.

1. Outdoor cellular extender signal booster

Figure 1 Outdoor cellular extender signal booster bloc schema

Receiving Antenna Transmitting Antenna
C ) ( )

S P
Transceiver

Source: Auteurs
An Outdoor-extender booster has some parameters which are the basics parameters for all
antenna designing, those parameters, as shown below, influence the performance and the price
of the antenna system (al., 2018) .

o Coverage range: depends on the power and gain of the transmitter, as well as the
directionality. The coverage range can be limited to small spaces, medium spaces and
large spaces

o Type of duplexing: the signal boosters can be FullDuplex (FD) or Half-Duplex (HD).
FD Boosters can strengthen both uplink and downlink while HD boosters can only boost
the uplink or downlink.

o Deployment of the antenna: Both the donor/receiving and transmitter antennas can be
co-located on a single antenna or separated. The shared co-located antenna systems are
compact and quick to install, but they are meticulously engineered to manage self-
interference difficulties. Separate antenna systems are becoming increasingly popular,
and usually have a directional donor antenna, mounted in the line of sight of the serving
base transceiver station (BTS) and an isotropic transmitting antenna in the area of the

users.

Revue Internationale du Chercheur www.revuechercheur.com Page 1172


http://www.revuechercheur.com/

Revue Internationale du Chercheur

ISSN: 2726-5889

Volume 5 : Numéro 2

o Number of channels: There are single-channel cellular signal boosters that can only

support one user at time, as well as multi-channel cellular signal boosters that can

support many users at once.

o Functionality: Cellular signal boosters can operate at layer-1 and merely amplify-and-

forward signals, while others are layer-2 devices that can decode-and-forward and

compress-and-forward signals. Layer-1 repeaters are simple in design, but they can

propagate noise in the system, whereas layer-2 repeaters are sophisticated and likely to

contribute greater latency,

However, the signal can only be isolated and amplified (Abdelghani, 2017) .

o Spatial stream: Single-input single-output cellular signal boosters have one donating

antenna and one transmitting antenna, while multi-input multi-output cellular single

boosters include many antennas on both ends.

o A wide variety of boosters are available on the market, table 1 shows some examples of

boosters, their manufacturers, specifications, and prices.

Table 1 : Common ETSI Specifications for Repeaters

Name of the Description Price
Booster
weBoost Perfect for mid-sized homes. Boosts cell signals up to 32x. $549.99
Connect Enhances 4G LTE and 3G signals for buildings up to 5,000
4G sq ft. Get fewer dropped calls, better voice quality, faster
uploads and downloads.
SureCall Sets up in minutes - simple plug-and-play install. Boosts $399.99
EZ 4G voice, text and 4G LTE signals for Reduces dropped &
missed calls and supports multiple users simultaneously.
Coverage area will vary based on existing signal at the
window location
Phonelex Designed for band 13 Verizon 700 MHz 4G LTE 70 dB $159.99
Cell cellular band, Much faster high-speed 4G LTE internet.
Phone Perfect for fast uploads and downloads for streaming apps
Signal such as Google Chrome, Safari, YouTube, Netflix, Pandora,
Repeater Spotify, and other data-heavy apps.
Booster
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ANNTL Frequency Range (MHz): 824-849; 869-894 Max Gain (dB): | $169.90
ENT 65; Max output power (dBm): 15dBm; I /O Port: SMA-
GSM Female; Power Supply: input AC100~240V 50/60Hz, output
850 MHz | DCSV
3G 0.35A
Phone tone | Frequency range: 824 ~ 849 MHz, 869 ~ 894 MHz Max $299.90
GSM 3G | Output Power: 22 dBm / Max Gain: 62 dB; I/O Port: N-
850MHz | Female on both ends FCC authentication certificated Verizon
/T-Mobile.
Lintratek | Lintratek is the best triband mobile signal booster available in| $205.88
Nigeria. It is compatible for improving
voice calls, sms delivery and data speeds of all major Nigeria
networks such as MTN, GLO, AIRTEL and 9MOBILE.
Wilson Pro | Wilson Pro 70 Plus is one of most popular, professional $1,199.99
Plus grade signal booster kits for large homes, offices and
buildings., the Wilson Pro 70 Plus is able to receive a much
stronger outside signal (+12 dBm) without overloading the
amplifier, and then turn that strong signal into significantly
more inside coverage (up to 20,000 sq. ft.)
Cel-F1 The Cel-Fi GO X System is our top recommended signal $999.99
GO X booster for homes, offices, and other buildings where the
existing outside signal is 2 bars or less. The GO X is a single
carrier system, which allows the GO X to have up to 100 dB
of gain Instead of being limited to only 70 dB of gain for
multi-carrier systems.
Source : https://www.amazon.fr/
1.1.  From a performance point of view:

These boosters have performance characteristics that allow them to work in some low cell
signal environments, but they cannot work when the signal is significantly weakened.
1.2. From a price point of view depending on the profitability of the environment

where the network will be deployed:

Given their low price, these boosters can be installed in less profitable environments, without

incurring much expense.

1.3.  Limitations of existing cellular signal boosters

The Boosters, in table 1, are cheaper and can be used in less profitable environments, but have

a limitation in the performance of the receiving antenna, as long as there is a signal available,
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not less than the sensitivity of the receiving antenna, However, in a situation where the signal
is in deep decline, so that no signal is received by the outdoor antenna, the booster will not give

aboost (P. Kavipriya, 2020) , hence the receiving antenna is the subject of this article.

2. The 4G Base Station (eNodeB)

Nowadays the most used equipment manufacturer in the Democratic Republic of Congo is
HUAWEI. The 4G base station (eNodeB) from the manufacturer HUAWEI has the following
specifications and prices:

Table 2 4G base station equipments price

Name of materiel Quantity Manufacturer Price
BBU 1 HUAWEI $3 000,00
RRUS5909 3 HUAWEI $1,500.00
Antennas LTE 3 HUAWEI $450.00
Antennas Microwave 1 HUAWEI $500.00
Total $5,450.00

Source : https://www.alibaba.com/
Considering the price of monthly rental of masts or towers, as well as other expenses incurred

monthly, this further increases the cost of 4G base station.
2.1. From a performance point of view:

The 4G base station hardware (BBU+RRU+LTE antennas + microwave antenna) is designed
to work best in very weak cellular signal environments because the telecom operator can install
a 4G base station in a very weak cellular signal environment such as very remote areas, and

then link this 4G base station to the core network (EPC) through a terrestrial or satellite link.
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Figure 2 eNodeB Link
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2.2.  From the point of view of the price of the 4G base station in relation to the
profitability of the area where the network will be deployed:

Figure 3 Mobile application IHM

Boosterdg

EN i The price of a 4G base station including the monthly rental of

e the tower where the 4G equipment (BBU+RRU+LTE antennas

Descendre l'antenne @

+ microwave antenna) will be erected is expensive in relation

to the monthly income of the area (al., 2018) .

Source: Auteurs
2.3. 4G base station limitations

4G base station equipment has the performance to work best in very weak cellular signal
environments but has a limit in terms of the cost of purchasing 4G equipment and monthly
tower rental, so installing a 4G base station in a less profitable environment can result in
monthly losses for the telecom operator, so cellular network signal booster stations in less

profitable environments are a better cost solution for telecom operators (al., 2018) .
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3. Materials and methods

We have designed, simulated and implemented the 4G Outdoor-extender Booster, according
the experience done, the materials used for the result are mentioned and explained in the
following.

The antenna on Figure 2, whose main characteristics are directivity and spatial diversity, picks

up the mobile network signal in areas far away from the 4G base station, strengthens it and then

sends it to the 4G band pass filter and a demodulator.

Figure 4 Antenna elements and RF Probe

Source : https://www.5gtechnologyworld.com/rf-coaxial-probes-and-probe-positioner-armed-
with-unique-qualities/

Directivity concentrates the radiation energy in one direction, increases the gain of the antenna
and pushes the radiation pattern far, the antenna is designed with reflecting, radiating and
directing elements, and spatial diversity aggregates the carriers of antennas to increase the gain
and bandwidth. (Yong Soo Cho, 2010)

The impedance at the antenna feed point is 50 ohms, the standing wave ratio is < 1.5, the
sensitivity is - 128 dBm, the polarization is circular, the frequency band is 850 MHz (telecom
operators in DRC use this frequency band for 4G), the horizontal aperture angle is 450, vertical
aperture is 450, the transmit power is 18 dBm and 90 dBi of Gain. (Uit-r, 2012)

The 4G band pass filter sends the signal to the RF probe on Figure 4, based on the AD8313ARM
circuit from Analog Devices, it is a complete RF Figure 3: mobile application power
measurement head for a 50Q system working from 100 to 2500MHz (1994) . It receives the
radio signal at the input and outputs a voltage proportional to the signal strength on the other
side, the voltage at the output of the probe will be evaluated by the control unit which is the
Raspberry Pi 3 A+.

Through an API connection between the 4G modem and the memory and locates the position
where the signal quality the control unit, the modem sends signal quality information to the and

strength are simultaneously better, then reposition the control unit.
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Via an impulse given from a mobile application on Figure 4, the control unit controls the 12V
stepper motor with 67.54 °/s rotation speed, the motor drives the mechanical system (on Figure
8) which moves the antenna in elevation and azimuth.

Antenna to this position. After this phase of searching for the position of the best quality signal,
the antenna sends the 4G signal to the amplifier module which is on Figure 6, of 65dB of gain
and 23 dBm of transmission power, this one amplifies the signal and propagates it in an area of
a given size to such an extent that all the phones in the area can receive the signal without

Depending on the mobile radio determination services, the having any disturbance.

. Power Supply
Outdoor . "
Antenna l‘ ! Indoor Antenna
Interface \ Interface

Revue Internationale du Chercheur www.revuechercheur.com Page 1178


http://www.revuechercheur.com/

Revue Internationale du Chercheur
ISSN: 2726-5889
Volume 5 : Numéro 2

Figure 5 amplifier module
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CONTROL MECH M OF
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4G BANDPASS FILTER

SIGNAL BOOSTER AMPLIFIER MODEM
MODULE
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MOEILE APPLICATION

While the antenna is rotating, through a computer program embedded in the control unit, the
control unit records information about the signal strength and quality, and at the end of the

antenna stroke, the control unit scans.
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Benchmark Designation
4. Results A Antennas elements

B Articulated arm to support the
antennas

C Pin

D Rotational guide ring for the antenna
support arm

E Elevation guide screw for antennas

F Antenna azimuth guidance system

G Motor housing

H Azimuth guidance system translation
locking screw

I Machine frames

J Assembly bolt M6

K Brush mechanism protection system

L Spring housing part

M Assembly bolt M6

N Rotational guide collar of the antenna
azimuth guidance system

o Stud M10

ok P On-board antenna component
a package
=@ Q Machine stand or foot
R M16 anchor bolt
S Wall or concrete embedding
The result is based on the runs we made in areas

station.

with poor and less good radio conditions, which

are located at a given distance from the 4G base

Four runs were made in four environments: 7.10 km from the 4G base station, 9.01 km, 12.60

km and 14.04 Km.

o 7.10 km: commune of Katuba 3, is a commune with a poor 4G radio condition.

o 9.01 km: the Annex commune of Lubumbashi, is a commune with poor 4G radio

conditions, sometime the 4G radio conditions are less than a mobile phone sensibility

as shown for some telecom operator in table 4,6, 8 and 10.
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o 12.06 km (village of Lupoto) and 14.04 Km (village of Mimbulu), those villages both
have almost the some 4G radio conditions, a very poor 4G radio  conditions,
sometime the 4G radio conditions are less than a mobile phone sensibility as shown for

some telecom operator in table 4,6, 8 and 10.

We have 2 algorithms which locate the position of best signal strength in the area:

- The first algorithm is one where, when the signal quality is degraded, the search is
initiated by the user with a pulse from a wireless mobile application. (Assisted mode)

- The second algorithm is one where, when the signal quality is degraded, the search is
started automatically without the user's intervention by an impulse from a wireless
mobile application. (Unassisted mode)

4.1.  Seated mode :

The user initiates the signal search through a mobile application that sends a wireless
command to the microcontroller. The microcontroller receives the command and checks
the stored time value.

If the value of the stored time is 0: runSearchSignal()
Otherwise (T different from 0): the microcontroller controls relay 2 for the time t

launchSearchSignal()
launchSearchSignal()
The microcontroller controls relay 1 for a period T,

Every millisecond it retrieves the value at the analogue input and the corresponding

time t

It then compares the first analogue value with the second, retaining the larger value
between the two and its corresponding time, and so on with the third, fourth, fifth
and so on. At the end of the stroke (stroke for time T), the microcontroller controls

relay 2 for a period T-t.

With:
- T: total time needed to control the antenna during the total stroke i.e. from low to
high point,

- t: time stored in the memory,
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Relay 1: Operates the motor in the up direction,
relay 2: operates the motor in the downward direction.

4.2. Non-assisted mode:

Here the microcontroller is not assisted by the user, it starts the search itself. The
microcontroller listens to the value at the analogue input every millisecond and compares the

value at the analogue input with a predefined threshold.

If the value at the analogue input is below the threshold, (the microcontroller starts the process
of searching for the best quality signal): The microcontroller checks the value of the stored

time.

If the value of the stored time is 0: runSearchSignal()
Otherwise (T different from 0) : the microcontroller controls relay 2 for the time t
launchSearchSignal()
launchSearchSignal()
The microcontroller controls relay 1 for a period T,
Every millisecond it retrieves the value at the analogue input and the corresponding time t
It then compares the first analogue value with the second, retaining the larger value between
the two and its corresponding time, and so on with the third, fourth, fifth and so on.
At the end of the stroke (stroke for time T), the microcontroller controls relay 2 for a period T-
t.

4.2.1. Test carried out in the commune of Katuba 3 (Lubumbashi- Democratic

Republic of Congo)

This test was carried out at the same location of the attempt that led to our study, precisely at
7.10 km from the 4G base station.
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% A screenshot of Google Earth software: which measures and shows the

distance.

Figure 6 Google Earth

% A test the phone's connectivity to the 4G network

At reception we measured the signal level with the RHODE & SCHWARTZ spectrum analyzer

and a smartphone, the smartphone shows the signal level it has received by entering the options

in the Settings application: "Settings - System - About Phone - Status - SIM Card Status.”’

Table 3 results of the descent

AIRTEL

ORANGE

AFRICELL

VODACOM

JIOpUAIXa J00pINQ DY Sur[esul a10jog

Etat de la carte SIM
CELTEL DRC ORANGE DRC

Réseau
Celtel

Intensité du signal
-107 dBm 3 asu

Type de réseau mobile
EDGE

Etat du service
Service en cours

Etat de la carte SIM

Etat de la carte SIM

CELTEL DRC ORANGE DRC AFRICELL DRC VODACOM
Réseau Réseau
Orange Inconnu
Intensité du signal Intensité du signal

-102 dBm 8 asu

Type de réseau mobile
HSPA

Etat du service
Service en cours

0

Type de réseau mobile
Inconnu

Etat du service
Hors-service

Etat de la carte SIM

AFRICELL DRC

Réseau
Vodacom

Intensité du signal
-99 dBm 7 asu

Type de réseau mobile
GPRS

Etat du service
Service en cours
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Etat de la carte SIM

CELTEL DRC

Réseau
Celtel

Intensité du signal
55dBm 29 asu

Type de réseau mobile
LTE

JIOPULIXd J00PINQ) D SUI[[RISUL IO

Etat du service
Service en cours

ORANGE DRC

Etat de la carte SIM

Etat de la carte SIM

CELTEL DRC ORANGE DRC AFRICELL DRC
Réseau Réseau
Orange Africel
Intensité du signal Intensité du signal
53 dBm 30 asu 68 dBm 27 as

Type de réseau mobile
LTE

Etat du service
Service en cours

Type de réseau mobile

LTE

Etat du service

VODACOM DRC

Etat de la carte SIM

AFRICELL DRC

Réseau
Vodacom

Intensité du signal
51 dBm 31 asu

VODACOM DRC

Type de réseau mobile

LTE

Etat du service
Service en cours

Table 4 Results of the descent

Airtel Orange Africell Vodacom
Before installing 4G Outdoor- | -107dBm | -102dBm Oomw -99dBm
extender booster
After installing 4G Outdoor | -55dBm -53dBm -68dBm -51dBm
extender booster

On reception of the 4G signal booster antenna the amplitude measured at the central frequency
of the 4G band is - 60 dBm.

4.2.2. Test conducted in the Annex commune (Lubumbashi- Democratic Republic

of Congo)

This test was carried out at a distance of 9.01 km between the 4G base station and the Outdoor-

extender booster station.

% A screenshot of Google Earth software

Figure 7 Google Earth
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¢ Test the phone's connectivity to the 4G network

At reception we measured the signal level with the RHODE & SCHWARTZ spectrum

analyzer and a smartphone, the smartphone shows the signal level it has received by entering

the options in the Settings application: "Settings - System - About Phone - Status - SIM

Card Status"".

Table 5 results of the descent

AIRTEL ORANGE AFRICELL VODACOM

o Etat de la carte SIM Etat de la carte SIM
o)
éh Etat de la carte SIM e
@ AFRICELL DRC VODACOM DRC AFRICELL DRC VODACOM DRC
,% CELIELDRG ORENGEDRC CELTEL DRC ORANGE DRC ,
=) Réseau Réseau
= , Inconnu
= Réseau Réseau Vodacom
U] Inconnu Orange
B N Intensité du signal
Q 5 Intensité du signal
9 Intensité du signal Intensité du signal 101 dBm 6 asu
a 0 105 dBm 4 asu
o) Type de réseau mobile ; ’
o) (hahah Type de réseau mobile
8 Type de réseau mobile Type de réseau mobile EDGE
> Inconnu GPRS
-t .
o Etat du service )
a‘ - Hors-service Etat du service
Q| Etatduservice Etat du service S ———

Hors-service Service en cours
&
=
2 Etat de la carte SIM Etat de a carte SIM Etat de la carte SIM Etat de la carte SIM
E.
5__’ CELTEL DRC ORANGE DRC CELTELDRC ORANGEDRC AFRICELL DRC VODACOM DRC AFRICELL DRC VODACOM DRC
= , ' hsiseisieci
0 Réseau Réseau Réseau Réseau
B el Orange Africall
Q Celtel : Atricell Vodacom
o .
S| Intensité du signal Intensité du signal Intensité du signal Intensité du signal
(=N 21 ARm 76 ae 55 dBm 29 asu 75 dBm 14 asu 59 dBm 27 ast
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@ LTE LTE LTE LTE
=
o
Q : : . .
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Table 6 results of the descent.
Airtel Orange | Africell Vodacom
Before installing 4G Outdoorextender antenna | 0 mW -105dBm | 0 mW -101dBm
After installing 4G Outdoorextender antenna -61dBm -55dBm | - -59dBm
75dBm
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On reception of the 4G Outdoor-extender the amplitude measured at the central frequency of
the 4G band is -65 dBm.

4.2.3. Test carried out in the village of Lupoto (Lubumbashi- Democratic Republic of
Congo)

This test was carried out at a distance of 12.06 km between the 4G base station and the booster

network station.
¢+ screenshot of Google Earth software:

which measures and shows the distance

Table 7 Google Earth

%+ Test the phone's connectivity to the 4G network
At the reception we took a signal level reading with a RHODE & SCHWARTZ spectrum
analyzer and a smartphone, the smartphone shows the signal level it has received by entering
the options in the Settings application: "Settings - System — About Phone - Status - SIM Card
Status"
Table 8 results of the descent

Airtel Orange Africell | Vodacom
Before installing 4G Outdoorextender 0 mW 0 mW 0 mW 0 mW
After -68dBm | -64dBm -83dBm | -65dBm
installing 4G Outdoorextender

On reception of the 4G Outdoor-extender booster the amplitude measured at the central
frequency of the 4G band is - 73 dBm

Revue Internationale du Chercheur www.revuechercheur.com Page 1186



http://www.revuechercheur.com/

Revue Internationale du Chercheur

ISSN: 2726-5889

Volume 5 : Numéro 2

AIRTEL

ORANGE

AFRICELL

VODACOM

Etat de la carte SIM

Etat de la carte SIM

Etat de la carte SIM

Etat de la carte SIM

ISPUAIXA J00PINQ DY SUI[[eIsUl 1)y

Intensité du signal
68 dBm 27 asu

Type de réseau mobile
LTE

Etat du service
Service en cours

Intensité du signal
64 dBm 29 asu

Type de réseau mobile
LTE
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Intensité du signal
83 dBm 14 asu

Type de réseau mobile
LTE

Etat du service
Service en cours
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oo Etat du service Etat du service Etat du service
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Etat de la carte SIM Etat de la carte SIM Etat de la carte SIM Etat de la carte SIM
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—— —
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Intensité du signal
65 dBm 24 asu

Type de réseau mobile
LTE

Etat du service
Service en cours

4.2.4. Test carried out in the village Mimbulu (LubumbashiDemocratic Republic of Congo)

This test was carried out at a distance of 14.04 km between the 4G base station and the Outdoor-
extender booster.

¢+ Screenshot of Google Earth

Figure 8 Google Earth
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¢ Software test the phone's connectivity to the 4G network

At the reception we took a signal level reading with a RHODE & SCHWARTZ spectrum

analyzer and a smartphone, the smartphone shows the signal level it has received by entering

the options in the Settings application: "*Settings - System — About Phone - Status - SIM

Card Status"".

Table 9 results of the descent

Airtel Orange Africell | Vodacom
Before 0 mW 0 mW 0 mW 0 mW
installing 4G Outdoorextender
After -76dBm -72dBm | -93dBm | -70dBm
installing 4G Outdoorextender

On reception of the 4G Outdoor-extender the amplitude measured at the central frequency of
the 4G band is - 78 dBm.
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VODACOM

IOpua)Xa I00pINQ) DY Jur[eIsur a10jog

Etat de la carte SIM
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In u

Intensité du signal

Type de réseau mobile
Inconnu

Etat du service

Ho

Etat de la carte SIM

CELTEL DRC ORANGE DRC

Etat de la carte SIM

AFRICELL DRC

Réseau

nu

Intensité du signal

Type de réseau mobile

Inconnu

Etat du service

Réseau
Inconnu

Intensité du signal
0

Type de réseau mobile

Inconnu

Etat du service

Hors-service

VODACOM DRC

Etat de la carte SIM

AFRICELL DRC

Réseau

Inconnu

Intensité du signal
0

Type de réseau mobile

Inconnu

Etat du service

Hors-service

Revue Internationale du Chercheur

www.revuechercheur.com

Page 1188

VODACOM DRC



http://www.revuechercheur.com/

Revue Internationale du Chercheur
ISSN: 2726-5889
Volume 5 : Numéro 2
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Etat de la carte SIM

Etat de la carte SIM
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Etat de la carte SIM
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—_—
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Intensité du signal

76 dBm 14 asu

Type de réseau mobile
LTE

Etat du service

Service en cours

Intensité du signal

72 dBm 26 asu

Type de réseau mobile
LTE

Etat du service

Service en cours

Intensité du signal

93 dBm 11 asu

Type de réseau mobile
LTE

Etat du service

Service en cours

Intensité du signal
70 dBm 26 asu

Type de réseau mobile
LTE

Etat du service

Service en cours

5. Outdoor extender Booster antenna sizing

The elements of the 4G LTE antenna have a shape based on the polarization of the 4G waves.

A reflector element of 215 mm diameter.
- A radiating element: the radiating element
is dimensioned based on the frequency of 850

~~ MHZ, and its diameter is half the wavelength
(176 mm).
- 4 steering elements: with diameters of 79 mm and 72 mm.

Figure 9 Antenna

These Four Directional Elements have the goal to

concentrate the radiation energy more in one direction to increase the gain of the antenna.

5.1. Geometrical, electrical and radiative characteristics of the outdoor extender

booster antenna

Impedance at the feed point of antenna: 50 ohms

Standing wave ratio: < 1.5

Sensitivity: - 128 dBm

Polarization: circular

Frequency band: 825 MHz — 875 MHz

Opening angle: horizontal opening = 60°, vertical opening = 60°

Emission power: 18 dBm

Gain: 45 dBi, Diversity gain: Gd = Gain x number of antenna, Gd =45 dBi x 2, Gd =
90 dBi,

9. Radiation diagram

N GORWDNE

Revue Internationale du Chercheur www.revuechercheur.com Page 1189



http://www.revuechercheur.com/

Revue Internationale du Chercheur
ISSN: 2726-5889
Volume 5 : Numéro 2

Figure 10 3D Radiation pattern

Figure 11 2D Horizontal radiation pattern

5.2.  Distance-Signal intensity diagram

Evolution of the signal level with the operator Airtel

with terminal connected to the 4G Outdoor -extender

antenna
0
7 10+ 9.01 Km 12.60 Km 14.04 Km
-100
-200

e Before == After

The mobile phone did not pick up the network signal to the 4 runs before switching-on the 4G

Outdoor-extender antenna.

Evolution of the signal level with the Orange operator
with terminal connected to the 4G Outdoor -extender

antenna
0
7.10=Kiaa e Nak 424 12,60 Km 14.04 Km
_100 D ——————
-200
Before After

The mobile phone did not pick up the network signal to the 2 last runs before switching-on
the 4G Outdoor-extender antenna.

Revue Internationale du Chercheur www.revuechercheur.com Page 1190



http://www.revuechercheur.com/

Revue Internationale du Chercheur
ISSN: 2726-5889
Volume 5 : Numéro 2

Evolution of the signal level with the Africell operator
with terminal connected to the 4G signal booster

antenna
0
7.10 Km 9.01 Km 12.60 Km 14.04 Km
-100
Before After

The mobile phone did not pick up the network signal to the 4 runs before switching-on the

4G Outdoor-extender antenna.

Evolution of the signal level with the operator
Vodacom with terminal connected to the 4G
Outdoor-extender antenna

0
7.10 Km 9.01 Km 12.60 Km 14.04 Km
-50
2100 —_—
-150

e——hefore ==after

The mobile phone did not pick up the network signal to the 2 last runs before switching-on

the 4G Outdoor-extender antenna.

Evolution of the signal level at the 4G Outdoor-extender

Antenna
0
20 7.10Km 9.01 Km 12.60 Km 14.03 Km
-40
-60 \
-80
-100

Each time you move away from 2.5 Km from the 4G base station, at the output of the 4G

outdoor-extender antenna the signal decreases linearly.
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Conclusion

The 4G Outdoor extender network booster is a network station which help to increase coverage
areas that were not getting 4G LTE signal, it has a directional antenna whose the localization
of the direction of the best 4G signal is not manual, that direction is found through a mechanical
system driven by a stepper motor to control the antenna in elevation and azimuth via an
algorithm in microcontroller.

Figure 12 Fixing the antenna With improved radiative, geometric and
electrical properties, the present research
allows to pick up the 4G signal in the worst
radio conditions, given its low price it is
suitable for environments less profitable for
mobile operators.

The experience during the different runs
(shown in the 4 graphics) shows that the

place where the mobile phone did not pick

up the network signal before, after
switching-on the 4G Outdoor extender
antenna, the mobile phone did pick up the
network signal.

A 4G Outdoor extender antenna is designed and experimentally tested. The motivation of this
work was to detect a weak signal from different mobile network operators in areas far from the
4G base station, amplify it, then transmit it via a transceiver module. The smart embedded part
of the system determines the optimal direction at which the maximum signal power from the
operator base station could be collected. The 4G Outdoor extender network booster system was
characterized in terms of signal sensitivity, distance span and gain after field testing, -128 dBm,
12.06 km and 90 dBi were successfully demonstrated for the antenna, respectively: sensitivity,
distance between the 4G Outdoor extender booster and the operator base station and antenna

gain.

Revue Internationale du Chercheur www.revuechercheur.com Page 1192



http://www.revuechercheur.com/

Revue Internationale du Chercheur
ISSN: 2726-5889
Volume 5 : Numéro 2

BIBLIOGRAPHIE

AbdelghaniMohamedLamine Etude et conception d’antennes directives large bande & base de méta-
surfaces. 2017.

al.E.N. Onwuka “Survey of Cellular Signal Booster,” Int. J. Inf. Eng. Electron. Bus., vol. 10, no. 6.
2018, pp.21-31.

AliA.H. Coverage enhancement through fixed repeater network in UMTS, ” 2006 Int. RF Microw. Conf.
Proc., pp. 407-410, 2006, doi: 10.1109/RFM.2006.331115.

AntenneC.D. E. L. Radartutorial Caractéristiques de | ° antenne, pp. 1-25, 2011. .

BoyerA. Institut national des sciences appliquees de toulouse 5,” p. 79, 2011, [Online]. Available:
alexandre.boyer@insa-toulouse.fr .

BrotoR.A. Mahardika and S. Yagi Biquad Antenna Design for 4G LTE in 2100 — 2400 MHz Frequency
Band,” no. March, 2019, doi: 10.4108/eai.20-1-2018.2281873.

CISCO*“Cisco Visual Networking Index: Forecast and Trends, 2017-2022 White Paper,” Cisco
Forecast Methodol., pp. 2017-2022, 2024, [Online]. Available:
http://www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c1148
1360 ns8. [En ligne]

ConceptionE.Dreina and E. D. “Conception, optimisation et int * egration RF d ’ un syst ~ eme d ’
antennes miniatures multi capteurs utilisant la diversit " e en vue d * augmenter les performances radio
d " un terminal mobile 4G,” . 2011.

DcsG.S. M. Signal Strength Enhancement Using Cellular Repeater On Three Frequency Bands For
Low Signal Coverage Areas,” vol. 3, no. 2, pp. 1092-1097, 2013.

Diouml. Conception de systémes multi-antennaires pour techniques de diversité et MIMO : application
aux petits objets nomades communicants To cite This version: HAL Id : tel-00935084 Docteur en
Sciences,” 2014.

GowthamS.S. Shankari and A. G. Signal Strength Enhancer,” Int. J. Ind. Electron. Electr. Eng., vol.
2, no. 2, pp. 16-18, 2014. .

GrenierD. Antennes et Propagation radio - GEL4202/GEL-7019, p. 367, 2012. .

I. F. ChenC.M. Peng, J. J. Bao, and C. C. Chen 2 x 2 MIMO Asymmetric U Shaped Nonuniform Slot
Antenna for the 4G LTE Metal-Housing Mobile Handsets, Int. J. Antennas Propag., vol. 2019.

L. ZhangW.Hong, J. Wang, and J. Zhou Low cost solution to enhance performance of CDMA
repeater amplifier,” Asia-Pacific Microw. Conf. Proceedings, APMC, vol 5, pp. 3-5, 2005,
d0i:10.1109/APMC.2005.1607096.

Revue Internationale du Chercheur www.revuechercheur.com Page 1193



http://www.revuechercheur.com/

Revue Internationale du Chercheur
ISSN: 2726-5889
Volume 5 : Numéro 2

M. ChoiH.Nam, and H. Lee Asymptotic error rate approximation of amplify-and-forward cooperative
diversity network with relay selection, Int. Conf. ICT Converg. 2015 Innov. Towar. 10T, 5G, Smart
Media Era, ICTC 2015, pp. 1336-1341, 2015,.

MaD.R. Morgan and Z. A same-frequency cellular repeater using adaptive feedback cancellation,”
GLOBECOM - IEEE Glob. Telecommun. Conf., pp. 3825- 3830. 2012.

MotaniA.T. Hoang and M. Buffer control using adaptive MQAM for wireless channels, IFIP Adv. Inf.
Commun. Technol., vol. 106, pp. 97-104. 2003.

ObiefunaC.Azubuike and O. “Wireless Communication: The Impact of Gsm on the Economic Lives
of the Nigerian Rural Users,” J. Educ. Soc. Res., vol. 4, no. 7, pp. 79-87, doi:
10.5901/jesr.2014.v4n7p79. . 2014.

—.  Wireless Communication: The Impact of Gsm on the Economic Lives of the Nigerian Rural Users,
J. Educ. Soc. Res., vol. 4, no. 7, pp. 79-87, 2014, doi: 10.5901/jesr.2014.van7p79.

P. KavipriyaM.R. Ebenezar Jebarani, G. Jegan, P. Chitra, and S. Lakshmi 4G Signal Booster,”
IOP Conf. Ser. Mater. Sci. Eng., vol. 906, no. 1. 2020.

PolardJ.M. Radio Astronomie Amateur comment débuter. 2016.

S. O. AliyuL..Onwuka, and M. Okwori Development of a GSM Signal Booster for the 900 and 1800
MHz Bands using D HYHORSPHQW RI D GSM S LJQDO B RRVWHU IRU WKH 900 DQG 1800 MHz
B DQGV .

Techniques de diversité pour les faisceaux hertziens Dispositions. 1994.

Uit-rR. Objectifs, caractéristiques et exigences fonctionnelles des systemes de réseau étendu de
capteurs et/ou d’actionneurs (WASN) Série M Services mobile, de radiorepérage et d’ amateur y compris
les services par satellite associés,” vol. 2002. 2012.

XueY. Amplify-and-forward repeater enhanced random access in single-cell wireless
communications,” IEEE Int. Symp. Pers. Indoor Mob. Radio Commun. PIMRC, pp. 7— 11, 2008, doi:
10.1109/PIMRC.2008.4699428. .

Yong Soo ChoJaekwonKim, Won Young Yang ChungAng, Chung G. Kang, MIMO-OFDM
Wireless Communications with MATLAB,John Wiley & Sons (Asia) Pte Ltd, 2 Clementi Loop, # 02-01,
Singapore. 1386.2010.

Z. Zhang K.Long, A. V. Vasilakos, and L. Hanzo FullDuplex Wireless Communications: Challenges,
Solutions, and Future Research Directions, Proc. IEEE, vol. 104, no. 7, pp. 1369-1409, 2016, doi:
10.1109/JPROC.2015.2497203. .

Revue Internationale du Chercheur www.revuechercheur.com Page 1194



http://www.revuechercheur.com/

