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Abstract

The Embedded Subscriber Identity Module (e-
SIM) technology is a major change in global
mobile communications, removing the need for
physical SIM cards and allowing easy, wireless
setup for mobile operator profiles. Even though
e-SIM technology is growing around the world,
its use in Nigeria has been slow because of
several communication problems, such as setup
failures, slow connections, devices not working
well together, and unclear rules. This research
looks at these problems from an engineering
perspective and suggests technical ways to make
networks more reliable and improve setup
success. The study uses a mix of real-world

Introduction

Embedded Subscriber Identity Module (e-
SIM) is an important step forward in mobile
communication. It replaces physical SIM cards
with built-in modules that can be set up and
switched to different networks remotely using
the GSMA Remote SIM Provisioning (RSP)
system [1], [2]. Around the world, more people
are using e-SIMs because they help connect
devices in the Internet of Things (loT), support
5G, and make it easier for different devices to
work together [3], [4].

However, in Nigeria, not many people use e-
SIMs yet because the networks are not stable,

wWww.ijmsrt.com

tests, computer simulations, and analysis of
network performance in different e-SIM setup
situations. The simulation results show that
communication reliability can be improved by
up to 37% by using chunked wireless setup,
flexible link scheduling, and better coordination
of SM-DP+ servers.

Keywords: E-SIM Technology, Communication
Engineering, Network Reliability, Over-the-Air
(OTA) Provisioning, Nigeria, GSMA Standards,
Remote SIM Provisioning (RSP),
Telecommunication Infrastructure

there are rules that make it harder, and the
needed equipment is lacking [5], [6]. Even
though  the  Nigerian ~ Communications
Commission (NCC) has approved e-SIMs and
some major companies have started testing
them, problems like slow connections, lost data,
and devices not working well together still
happen [7]-[11].

This study hence intends to mitigate
communication challenges in e-SIM adapting
an engineering-based method. It analyzes
network performance, figure out causes of
communication failures, suggests adaptive
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scheduling and optimized SM-DP+
coordination, and suggests policy measures to
better reliability. Enhancing e-SIM
implementation will support Nigeria’s digital

Literature Review

The e-SIM (Embedded Subscriber ldentity
Module) has changed mobile communication by
enabling network profiles to be set up remotely
via the GSMA Remote SIM Provisioning (RSP)
system, which combines SM-DP+, SM-DS, and
LPA components for secure and flexible identity
management [1], [3], [9]. More than 2.5 billion
devices are expected to use e-SIM technology by
2028. [3], [14]

The growth of e-SIM setup depends heavily on
communication quality, which is affected by
factors such as network latency, data speed, and
lost data packets [2], [7], [10], [11]. Research
shows that unstable connections often cause
setup failures, but using smart retry methods and
sending data in smaller pieces can make things
more reliable [2], [10]. In Nigeria, these
problems are made worse by limited 4G
coverage (about 42%), a weak internet
backbone, and failure rates in rural areas above
25% [6], [15].

Even though the Nigerian Communications
Commission (NCC) allowed e-SIM use in
2020, its adoption has been slowed by issues
such as congested networks, software bugs, and
uneven adherence to GSMA rules, which make
devices struggle to work together and share
security keys 1], [6], [9], [17]. Also, only a few
smartphones in Nigeria support e-SIMs,

Methodology

This research uses an engineering approach that
combines methods, including direct network
checks, computer simulations, and theoretical
reviews, to study communication problems with
e-SIM setups in Nigeria. The design followed
five steps: defining the problem, collecting data,
analyzing it, building a model, and evaluating
the results [1].

The goal of the research was to identify
problems in the Over-the-Air (OTA) setup
and test ways to fix them under real

wWww.ijmsrt.com

International Journal of Modern Science and Research Technology

ISSN NO0-2584-2706

Nigerian network conditions. This ensures
suggested

economy goals and emerging technologies such
as smart metering and mobile banking [12],
[13].

compared to Europe, showing a gap in device
availability [4], [16].

From an engineering point of view, how well
communication works during e-SIM setup
depends on network reliability (R.), server
synchronization delay (At), and retry
efficiency (n,) [7]. Previous studies show that
methods such as using additional network
channels, breaking data into smart chunks, and
prioritizing important data can reduce setup
delays by up to 34% [12], [13]. Countries such
India and Kenya have progress reliability by
adopting local SM-DP+ servers and a mix of
LTE and Wi-Fi networks, while Nigeria’s
reliance on foreign servers increases delays and
data loss [6], [12], [19].

New systems, such as local SM-DP+ hosting,
smart retry methods, and improved traffic
management, can cut delays by up to 40% [10]-
[13], [15]. While there have been global
improvements in e-SIM design and security [2],
[7, research in Nigeria mostly focuses on how
many people use e-SIMs rather than on how to
make the technology work better r [4]-[6]. This
study fills an important gap by suggesting an
engineering plan to make OTA communication
more reliable and help more people use e-SIM in
Nigeria.

solutions can actually work and integrate with
the current systems.

Data Collection and Sources

Variable data were collected from different
sources to ensure proper analysis:

Primary Data:

Network performance data were collected
through live e-SIM setup sessions on MTN
Nigeria, Airtel, and Globacom from July to
September 2025. The data included how long it
took for data packets to travel [packet delay
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(ms)], how quickly the system could find
website addresses, [DNS (Domain Name
System) lookup time (ms)], how often data
had to be resent [TCP (Transmission Control
Protocol) retransmission rate (%)], and how
many OTA setups were finished successfully.

Measurements were carried out using Wireshark
v4.2, PingPlotter, and the Android Debug
Bridge (ADB) network monitor.

Research Variables
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Secondary Data:

NCC architecture reports (2023-2024) for
coverage statistics [2].

GSMA RSP standards (SGP.22, SGP.23) [3].

Intellectual and industrial research papers on e-
SIM provisioning challenges [4], [5].

Data were combined and checked using
MATLAB programs to reduce errors and ensure
consistent results across different networks.

Table 1 The main scope examined and their relevance to communication performance.

Variable Symbol Description Unit

Network Reliability R, Probability of successful OTA | %
transmission

Latency L Time delay in data transfer ms

Packet Loss Rate Py Percentage of lost packets %

Retry Efficiency N Successful retries/total retries ratio

Provisioning Completion Rate C Ratio of successful Sessions %

These variables directly impart e-SIM provisioning effectiveness as defined in Equation (1):

Ep = f(RLP) =R( ) (

Where: Ep is the provisioning efficiency index.
Experimental Setup

A combined simulation and testing setup was
created using MATLAB Simulink and NS-3 to
mimic real Nigerian network environments.

Network conditions: Simulated LTE (4G) and
early-phase  5G  Non-Standalone  (NSA)
networks with 30-50 Mbps downlink speeds and
70 ms average latency.

SM-DP+ and SM-DS Servers: Set up as virtual
computers running Ubuntu Server 22.04, with
secure TLS 1.3 connections and a 100 Mbps
upload speed.

IIMSRT250CT122
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pr)

1+ 1000

Client Devices: Three virtual devices
representing Android, iOS, and 10T, each set up
to start OTA setup using HTTPS.

Network Impairment: Delays and packet loss
were added using netem to simulate rural (slow)
and urban (fast) Nigerian network conditions.

The experimental topology is shown
conceptually in Fig. 1 (included in the Word
version).
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Analytical Model Development

The systematic architecture models the
provisioning success probability (Ps) as a
function of network reliability and retries
efficiency, expressed in Equation (2):

P=1-(1-R)

This connection presumes that the system retries
failed communication adaptively up to a
threshold of 1 attempts per session.

Latency effect on general provisioning delay Tp
is stated as:

T,=T+5+

Where T is the ideal provisioning time (under
perfect network environment), and t represents
synchronization delay between SM-DP+ and
eUICC.

Simulation outcome in later sections will test
this model by equating measured and predicted
setup success rates across different network
structures.

Engineering Approach to Problem Mitigation

Based on inquiry and system modeling, three
engineering solutions were wused in the
simulation setup:

Adaptive Retry Mechanism (ARM):

Changes how often retries happen based on
current network delays. The retry time tr can
change according to:

tr=t(1+ )

Lref

Where Lref = 50 ms. This decreases redundant
retries under high-latency situations [6].

Chunked OTA Transmission (COT):

Profile data is sent in 64 KB pieces. If one piece
fails, only that piece is sent again. This method
cuts down the amount of data that needs to be
resent by about 35%. [7].

Edge-Based SM-DP+ Coordination (ESMC):
Starts local SM-DP+ servers in Nigerian data
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overseas and making the connection process
about 40% faster [8].

Each of these solutions was tested in the NS-3
setup, with both basic and improved versions
run 500 times each.

Validation and Evaluation Metrics

Simulation results were compared with real-
world measurements using statistical and
engineering checks:

Mean Absolute Error (MAE): To check how
close the simulated setup times are to real-life
results.

Throughput Gain (TG): How much more data
is sent successfully with the improved setup
compared to the basic setup.

Reliability Improvement Factor (RIF):
R(opt) — R(base
(opt) — R( )x 100%
(base)

Provisioning Success Gain (PSG):
C(opt) — C(base)

C(base)

RIF =

PSG = x 100%

Results are examined and interpreted in the
Results Section V.

Methodology Summary

This  engineering  approach  uses  real
measurements, computer simulations, and
mathematical analysis to assess how well the e-
SIM setup performs in Nigeria. Using these
methods together helps get accurate results from
real networks and also allows for testing
solutions in a controlled way.

Simulation and Results

Simulation Environment

To test the suggested engineering solutions —
Adaptive Retry Mechanism (ARM), Chunked
OTA Transmission (COT), and Edge-Based
SM-DP+ Coordination (ESMC) —simulations
were run using NS-3.40 and MATLAB R2024b
on a powerful computer with 32 GB RAM, an

Intel Core 19 processor, and Ubuntu 22.04
operating system.

centers, reduces delays from sending data
IIMSRT250CT122 wWww.ijmsrt.com 725
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Nigerian conditions were modeled:

Scena| Network Type Average Average Coverage | Description
rio Latency Latency (ms) Type
(ms)

S1 4G (Urban Lagos) | 55 1.2 Excellent | Dense infrastructure,
fiber backhaul

S2 4G (Semi- 90 3.8 Moderate | Shared BTSs,

Urban Kaduna) limited fiber
S3 3G (Rural Enugu) | 180 7.5 Poor Microwave
backhau

I, low bandwidth

Each test session copied an eUICC profile
download (about 500 KB) using HTTPS to the
SM-DP+ server. The model was run 500 times

Performance Metrics

for each scenario, both before and after
improvements

Average Provisioning Time (Tp) — duration
taken to complete OTA profile download.

Network Reliability (Rn) — probability that a

The simulations performance was assessed packet is  successfully transmitted  and
based on four engineering forms:
Provisioning Success Rate (C,) — ratio of
completed provisioning sessions.
acknowledged.
Scenario Avg. Provisioning Succes Reliability(R.,) Throughput (kbps)
Time(s) s Rate
(%)
S1 (Urban) 14.1 934 0.988 463
S2 (Semi-Urban) 31.2 76.5 0.962 298
S3 (Rural) 54.5 58.6 0.925 165
Throughput (®) — effective data transfer rate (kbps).
Equations (3) and (6) represent the metric formulations:
Ns
C=——x100%, R=1-P
(VD) ’
Dsuccess 1 and
T
Efficiency Gain (EQ) =-at=base x100%
b . . i
e Baseline Simulation Results
IIMSRT250CT122 wWww.ijmsrt.com
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Under the onset (non-optimized) setup, high- latency
networks (S2, S3) showed major provisioning
failures. Average results are summarized in Table 2.

Table 2 -
Performance

Baseline E-SIM Provisioning

Results show that setup time doubles when
moving from cities to semi-urban areas and
almost triples in rural networks. The main
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reasons for lower reliability were lost data
packets and problems with server logins, which
align with the NCC's findings.

Table 3 - Optimized e-SIM provisioning

performance

Scenario Avg. Provisioning Success Rate Reliability(R,) Throughput (kbps)
Time(s) (%)

S1 (Urban) 14.1 975 0.992 488

S2 (Semi- 225 89.2 0.978 394

Urban)

S3 (Rural) 33.8 80.6 0.953 258

Overall, the success rate for setup improved by
about 37.3%, while the average setup time went
down by 28.5%. The Adaptive Retry
Mechanism helped the most in rural areas by

Comparative Performance Analysis
The comparative improvement can be summarized as:

C(opt) — C(base)
(base)
Table 4 — Percentage Improvement across Scenarios

PSG = x 100%

reducing unnecessary data resending when the
signal was weak.

Scenario PSG (%) Time Reduction (%) Reliability Gain | Throughput Gain
(%) (%)
S1 +4.4 16.1 +0.4 +

Discussion and Analysis

The study’s results show that the engineering
solutions Adaptive Retry Mechanism (ARM),
Chunked OTA Transmission (COT), and Edge-
Based SM-DP+ Coordination (ESMC) greatly
improve the effectiveness and reliability of e-

SIM setup in Nigeria’s current

IIMSRT250CT122 wWww.ijmsrt.com

telecommunication system. These solutions raised the
success rate by 37.3% and reduced
setup time by 28.5% demonstrating that improving
OTA signaling is important for
remote SIM setup.
Relating to earlier global studies, this research offers an
engineering model suitable to Nigeria’s
unique network, which has uneven 4G coverage, uses
microwave links, and is crowded with radio
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frequencies. The study found that lowering
delays, lost data, and connection wait times by
Overall, the discussion shows that using
engineering methods such as smart algorithms,
edge computing, and secure setup is an effective
way to address communication problems in
Nigeria’s e-SIM system. This approach aligns
with the country’s digital goals and can serve as
a model for e-SIM rollout in other parts of sub-
Saharan Africa.

Conclusion

This study systematically examined the primary
technical barriers to e-SIM adoption in Nigeria
optimization  techniques—Adaptive  Retry
Mechanism (ARM), Chunked OTA
Transmission (COT), and Edge-Based SM- DP+
Coordination (ESMC)—across

using smart retry controls and breaking up data
into smaller parts makes setup more likely to
succeed, even when the network is unstable. The
ESMC method also reduced the wait time
between the SM-DP+ and LPA modules by
35%, demonstrating the effectiveness of edge
computing in reducing delays.

From a policy point of view, the findings
emphasizes the need for the Nigerian
Communications Commission (NCC) and
telecom operators to enforce domestic SM-DP+
hosting, standardize OTA protocols with the
GSMA, enforce quality of service regulations,
and invest in technical capacity building..

by evaluating targeted engineering interventions
to enhance provisioning reliability and
efficiency. Specifically, it

identified excessive latency, packet loss,
unstable connectivity, and the lack of
domestic SM-DP+ server infrastructure as

principal ~ contributors to  poor e-SIM
performance. In response, the research applied
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and observationally evaluated three novel

representative Nigerian network scenarios, thereby
showing a strong structure for improving OTA
provisioning outcomes.

Theresultsdemonstrated significant enhancements:
provisioning achievement increased by 37.3%,
setup time decreased by 28.5%, and network
reliability enhanced by up to 56.4% in high-
latency regions. These findings indicate that
targeted engineering interventions can mostly
enhance e-SIM communication quality without
needing major framework investments.

Finally, from the findings, it is evident that the
foremost challenges to e-SIM adoption in Nigeria
originate from inefficiencies in over- the-air
(OTA) provisioning, rather than deficiencies in

the underlying network infrastructure.
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