(IJACSA) International Journal of Advanced Computer Science and Applications,

Vol. 13, No. 6, 2022

Impact of COVID-19 Pandemic Measures and
Restrictions on Cellular Network Traffic in Malaysia

Sallar Salam Murad?, Salman Yussof?

Institute of Informatics and Computing in Energy
Universiti Tenaga Nasional (UNITEN)
Kajang, 43000, Malaysia

Abstract—Due to the COVID-19 pandemic, intensive controls
were put in place to prevent the pandemic from spreading.
People's habits have been altered by the COVID-19 measures
and restrictions imposed such as social distance and lockdown
measures. These unexpected changes created a significant impact
on cellular networks, such as increased use of online services and
content streaming, which increased the burden on wireless
networks. This research work is basically a case study that aims
to examine and investigate cellular network performance,
including upload speed, download speed, and latency, during two
periods (MCO, CMCO) in three different regions, including
Kuala Lumpur, Selangor (Cheras), and Johor Bahru, to observe
the effects of lockdown enforcement and other restrictions in
Malaysia on cellular network traffic. We used the phone
application Speedtest™ as a tool for data collection within
different times during the day, considering the peak times,
including morning, evening, and night times. The research
findings show how COVID-19 has affected internet traffic in
Malaysia significantly. This research would help perspective
developers and companies to better understand and be prepared
for tough times and higher load on cellular networks in future
pandemics such as COVID-19.
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. INTRODUCTION

COVID-19 has shifted public perceptions about pandemics,
with far-reaching repercussions for the global health and
economic systems that was started in Wuhan, China [1]. In
barely six months (from January to June 2020), 210 nations
and territories worldwide reported more than ten million sick
persons, including more than 500 thousand deaths [2]. COVID-
19 has caused huge economic losses in addition to the
worldwide health catastrophe (e.g., a projected 25%
unemployment rate in the United States) [3], as a result of that,
one million Canadians lost their jobs in March 2020 [4]. The
Australian economy shed 1.4 million jobs [5], as well as a
global GDP loss of 3% [6]. Because of this, several analysts
have projected a worldwide recession [7], [8]. Since there was
no cure or vaccine back in 2020 and the virus was spreading
rapidly, many countries have implemented various measures of
social distancing [9], [10], [11], [12] to slow the spread of the
pandemic and give more time for the pharmaceutical industry
to develop a cure or vaccine. Few of these scenarios are contact
tracing [13], tracking and monitoring [14], quarantine [15], and
lockdown [16]. Specifically, such scenarios aim to reduce the

Rozin Badeel®, Reham A. Ahmed*

Department of Communication Technology and Network
University Putra Malaysia (UPM)
Seri Kembangan, 43300, Malaysia

transmission of illness by limiting the frequency and closeness
of human physical contacts, such as closing public locations
(e.g., schools and universities workplaces), avoiding large
crowds and maintaining a safe gap among the people [9], [15].
However, the closure of schools and businesses means that
many more people will have to work or study online, which
will lead to an overwhelming rise in Internet traffic and online
service needs, such as new Zoom users. Therefore, the load on
the cellular networks has increased significantly [12], [17].

The social distancing and measures have a significant
impact in reducing the spread of the virus. Malaysia was one of
the countries that implemented social distancing solutions in
early March 2020 [18], such as lockdown and restricted
movement and measurements for individuals in outdoor areas,
namely Movement Control Order (MCO) and Conditional
Movement Control Order CMCO [18]. During that time, a
substantial increase happened in data traffic and this has
adverse effects on the network experience for the users in
Malaysia. Note that Umobile, Maxis, Celcom, and Digi are the
cellular networks providers in Malaysia. As soon as the MCO
was launched, Malaysian smartphone users' average mobile
data usage hit the roof, and this was followed by dramatic
declines in the consumers' average 4G Download Speed
Experience. Fig. 1 shows the recent social distancing scenarios
[12] that were deployed during COVID-19 pandemic around
the world.

In [19], Comcast, one of the major US operators, claims a
32% rise in upstream traffic growth and an 18% increase in
downstream traffic growth outside of Europe as shown in
Fig. 2, and Fig. 3 shows the increase of gaming downloads,
streaming, and web video consumption and video
conferencing.

It's worth noting that throughout that period in Malaysia,
4G Download Speeds for U Mobile customers increased by
almost two times compared to pre-MCO levels. Until the week
of May 18, data usage on most Malaysian networks was at its
highest point. On average, Celcom's network experienced a 44
percent rise in data usage, followed by Maxis’s 36 percent
increase [18]. Compared to the beginning of the year, U
Mobile subscribers' 4G download speeds were more than twice
as fast by September 30th. According to [20], U Mobile has
been bolstering its network infrastructure in recent months to
keep up with the soaring demand for data by expanding its
capacity and fine-tuning the performance of its current cells.
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Fig. 1. COVID-19 Measures and Social Distancing Scenarios.
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This study aims to investigate and analyze the usage of
internet services, including networks traffics, latency and speed
of internet, to understand the pandemic's impact on our daily
use of internet applications and services and to support future
researchers and developers for maintaining and improving the
digital infrastructure or services. By doing this, countries and
authorities can avoid the negative side of social distancing in
the future pandemic, such as negative economic impacts and
disturbances of services provided by companies that rely on
online connections.

The rest of the paper is organized as follows: Section Il
shows related research works. Section Il introduces an
overview of mobile data in response to the COVID-19
measures and cellular network service providers in Malaysia.
Section IV presents the methodology and data collection
method of this research. Section V illustrates the results and
discussion. Limitations and future directions are shown in

Section VI. Finally, Section VII summarizes the work as a
conclusion.

Il. RELATED WORK

Microsoft claims that there has been an increase of 755% in
the use of cloud servers [21], which means an increase in usage
during the pandemic. Moreover, companies such as Netflix and
YouTube concentrated the streaming quality in Europe to
prevent network overload [22]. Moreover, since the shutdown
in Italy, Cloudflare [23] and Fastly [24], two of the world's
largest content delivery networks, have reported a 20-40
percent spike in daily traffic. Furthermore, according to ISPs,
the rise in network traffic has been reported in public news and
blog reports.

According to Vodafone [25], fixed broadband use has
increased by more than 50% in Italy and Spain. With a 100%
increase in upstream traffic and a 44% increase in downstream
traffic during the pandemic. In [26], Telefonica IP networks
had a traffic growth of about 40%, while mobile phone usage
rose by approximately 50% and data usage increased by about
25% [27]. Moreover, in [26] and [28], traffic increased by 10—
40% at European Internet Exchange Points. In [27], Malaysia’s
internet traffic increased by 23.5 percent during the first stage
of the pandemic due to the additional burden of online
education and video conferencing. Many cities have started
using online shopping such as Lazada and grab car for food
delivery and many people used streaming video services like
Netflix to pass the time while they were confined to their
homes.

Few studies have considered reporting some variations and
statistics during COVID-19 pandemic. In the research work
[29], the authors investigated the impact of the lockdown on
Politecnico di Torino's campus network in Italy. They also
noticed that inbound traffic had fallen significantly, but it has
more than doubled outgoing traffic.

In [30], using data from a diverse set of vantage points (one
ISP, three IXPs, and one metropolitan educational network),
the authors examined the effect of these lockdowns on traffic
shifts. We can observe that the Internet infrastructure was able
to handle the new volume, as most traffic shifts occur outside
of traditional peak hours. While many networks saw increased
traffic demands, in particular, those providing services to
residential users, academic networks experience major overall
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decreases. Yet, in these networks, we can observe substantial
increases when considering applications associated to remote
working and lecturing. The study also included the effect that
government-mandated lockdowns had on the Internet by
analyzing network data. Since all data sources exhibit vastly
differing traffic characteristics and volumes, the authors
normalized the data to make it easier to compare.

The Internet was a gateway to the world; the study [31]
used data from Internet speed tests, consumer complaints,
search engine optimization tools, and logs of Internet use from
public libraries to understand the effects of the pandemic on
Internet use and performance. Despite reports that the Internet
handled the surge in traffic well, we find that complaints about
Internet speed nearly tripled, and performance was degraded.
The study stated that many people without Internet at home
turned to public Wi-Fi hotspots during the pandemic. We find
that this occurred disproportionately in neighborhoods with
more students. Future distance learning initiatives should
consider the challenges some students face in obtaining
Internet access.

Mobile sensing has played a key role in providing digital
solutions to aid with COVID-19 containment policies,
primarily to automate contact tracing and social distancing
measures. Many COVID-19 technology solutions leverage
positioning systems, generally using Bluetooth and GPS, and
can theoretically be adapted to monitor safety compliance
within dedicated environments. However, they may not be the
ideal modalities for indoor positioning. The study [32]
conjectures that analyzing user occupancy and mobility via
deployed WiFi infrastructure can help institutions monitor and
maintain safety compliance according to the public health
guidelines. Using smartphones as a proxy for user location,
their analysis demonstrated how coarse-grained WiFi data can
sufficiently reflect the indoor occupancy spectrum when
different COVID-19 policies were enacted. They have
demonstrated how their data source can be a practical
application for institutional crowd control and discussed the
implications of their findings for policy-making.

The study [33] evaluated the impact on the Internet latency
caused by the increased number of human activities that was
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carried out on-line. Their analysis of the impact of COVID-19
pandemic relied on the results generated by both Anchoring
Measurements (AMs) and User-Defined Measurements
(UDMs). Beside ICMP-based latency, an evaluation of latency
as seen at the HTTP level was provided. Latency is particularly
important not only because it has a profound effect on some
classes of applications, but also because it is, by itself, an
excellent indicator of the health status of the network. We
believe that the provided numbers and the related analysis will
definitely help in better understanding this previously unseen
event in the history of the Internet.

The article [34] provided a perspective of the scale of
Internet traffic growth and how well the Internet coped with
the increased demand as seen from Facebook’s edge network.
They have used this infrastructure serving multiple large social
networks and their related family of apps as vantage points to
analyze how traffic and product properties changed over the
course of the beginning of the Covid-19 pandemic.

The pandemic has significantly changed people’s mobility
and habits, subsequently impacting how they use
telecommunication networks. The study [35] has investigated
the effects of the COVID-19 emergency on a UK Mobile
Network Operator (MNO). The authors have quantified the
changes in users’ mobility and investigate how this impacted
the cellular network usage and performance. Their findings
brought insights at different geo-temporal granularity on the
status of the cellular network, from the decrease in data traffic
volume in the cellular network and lower load on the radio
network, counterposed to a surge in the conversational voice
traffic volume.

Table | shows a summary of related works. The motivation
for this study is that no study has investigated the impact of
COVID-19 restrictions and measures on cellular network
traffic in different times during the day and through the year
2021 in Malaysia. Moreover, the COVID-19 restrictions and
measures such as social distancing and lockdowns have
increased our daily use of internet services and applications;
therefore it is important to study the variations of data speeds
and usage.
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TABLE I. RELATED WORK SUMMARY
Ref. Focus Findings Location Time frame Network
From To type
1. Reveals the importance of using different lenses to fully ggﬁtecnico di
Analyzed the changes in understand the COVID-19 pandemic’s impact at the traffic Torino February
[29] the traffic patterns. level: Mornings and late evening hours see more traffic. campus 2020 April 2020 | WiFi
2. Conclude that the Interne did its job and coped well with K/ '
unseen and rapid traffic shifts. networ
Italy.
The core of
Analyzed network flow . . the Internet
cata rom muliple vantage | 1100 e overal sl modst, s | T IXPs (1XPs), and
[30] points, |_nclud|ng a large constitutes a large increase within this short time period. located in January 1, | June 24, at the edge
academic network and a 2 Traffic i - A~ Europe and 2020. 2020. (a
. Traffic increases in applications that people use when at .
large ISP at the edge, and, home, such as Web conferencing, VPN, and gaming the US. metropolitan
at the core. ' ' ' ' university
network).
1. Downstream data rates changed little, but median Wi-Fiin 73
To understand the effects upstream data rates at midday dropped by about a third. public
131] of the pandemic on 2. Significant increases in the use of many important libraries in December, | September, WiFi
Internet use and categories of online content, including those used for work Western 2019. 2020.
performance. communications, education, grocery shopping, social media, | Pennsylvania/
news, and job searches. us.
Analyzes staff and
students’ mobility data.
Seeks to investigate if .
location data that is Show that online learning, split-team, and other space g_campuses in
- L . ingapore, -
[32] pa_sm_vely st_en_sed from management policies effectl_v_ely Iovyer_oc_cupancy. I—!o_we_ver, and 1 in the January 6, | April 7, WiFi
existing WiFi they do not change the mobility for individuals transitioning Northeastern 2020. 2020.
infrastructure can, in fact, between spaces. .
United States.
show the real-world
effects of various COVID-
19 policies on institutions.
1. The analysis of a large set of measurements shows that
Analyzed the impact of the the impaq on the netV\{orlf can be significant, especially in Italy, Spain,
COVID-19 pandemic on terms of mcrea_sed varlab!ll_ty of latency. France,
[33] the latency of the Internet 2. The_ impact is not negligible also for Italy and the other Germany, February March 28, Not -
The analysis focuses on " | countries in the whole of Europe. ) ) Sweden, and 08, 2020. 2020. specified
Italy 3. The major changes have been observed in the evening, whole of
' the time of the day when most of the on-line activities are Europe.
related to entertainment.
Used Facebook’s edge 1. Showed that there have been changes in traffic demand,
network serving content to | user behavior and user experience.
users across Facebook’s 2. Different regions of the world saw different magnitudes
family of apps to provide a | of impact with predominantly less developed regions Facebook
perspective on how the exhibiting larger performance degradations. servers
Internet coped with and 3. North America and Europe did not show any signs of around the Janua Late Jul Facebook’s
[34] reacted to the surge in stress in their networks, India and parts of Sub-Saharan world with 2020 Y 2020 Y Edge
demand induced by Covid- | Africa and South America did witness signs of network 2.5 billion ' Network
19. Assessed the impact of | stress translating into degraded video experience, higher monthly
this traffic surge on amount of traffic overflowing to indirect links and secondary | active users.
network CDN locations, and higher network round trip times.
stress and performance. 4. Found that traffic increases occurred mainly on
broadband networks.
1. An overall decrease of 50%, with non- uniform changes
across different geographical areas and social backgrounds.
The study focused on 2. Despite significant pattern changes, the MNO was able to | The entire
presenting an analysis of provide service maintaining quality standards: the radio load | country to Februar May 31 Cellular
[35] the changes in mobility was below common values and per user throughput was specific 23 2023’ 20236 '
L - S . , . . network
and their impact on the likely application limited. regions
cellular network traffic. 3. Identified one issue in voice traffic packet loss due to (London).
excess of congestion in the interconnection infrastructure
MNOs use to exchange voice traffic.
633|Page

www.ijacsa.thesai.org




(IJACSA) International Journal of Advanced Computer Science and Applications,

I1l. MALAYSIA’S RESPONSE TO COVID-19: PROBLEM
DEFINITION

On March 18, the Malaysian government issued a
continuous Movement Control Order (MCO) [36]. Throughout
the crisis, as more Malaysians stayed at home to obey the
order, they rely on mobile networks for business, education,
information, and pleasure expanded. The Malaysian
Communications and Multimedia Commission (MCMC)
detected a significant rise in data traffic and suspected that this
has significantly impacted consumers' network services in a
variety of ways; furthermore, with students and staff working
from home [37], as well as variations in user activity during the
lockdown [38], [39]. Normal internet speed may have reduced
during non-peak hours, reducing total speeds. Furthermore, in
order to avoid being confined in the city and to save expenses,
many city workers returned to their home towns in the suburbs
or rural regions.

This swing in mobile usage geography suggests that users
were spending additional time in places where the network
infrastructure was not designed to support such a large number
of users and their increasing mobile data consumption.
Following that, Beginning April 1, 2020, until restrictions were
reduced, the MCMC announced that few cellular companies
such as Celcom, Digi, Maxis, and U Mobile would offer all of
their customers (prepaid and postpaid) 1GB of free data each
day between 8 a.m. and 6 p.m., while Unifi offered various
unlimited plans to support its customers [1].

As data demand grew during the early months of the
outbreak [40], more users experienced poorer average 4G
download rates. Given the challenges, Malaysia's mobile
operators have supplied consistent coverage to their customers
in this extraordinary situation. However, mobile network
service is not always steady or of high quality. Several basic
Quality of Service (QoS) requirements for mobile broadband
have been defined by the MCMC. While there was significant
dissatisfaction with network speeds, Malaysians mainly
accepted their situation until the COVID-19 epidemic triggered
the MCO, which restricted people to their homes and increased
their dependency on high-speed internet connection for
business, school, and entertainment [2]. Malaysia's internet
traffic grew by 23.5 % in the first week of the MCO. Median
download speed fell from 13.7 Mbps in early February to 8.8
Mbps in late March, as each additional activity imposed at
strain on the entire digital infrastructure. Local
telecommunications and internet service companies moved
quickly to upgrade wireless backhaul to fiber optic connections
in order to reduce internet disruptions and increase network
performance.

Malaysian internet traffic had shifted to residential areas
and increased by 30-70% by September 2020, yet internet
speed had declined by 30-40% [2]. Malaysia's internet speed
has significantly decreased as a result of increased bandwidth
demand since the MCO's implementation [3]. Congestion may

Vol. 13, No. 6, 2022

occur as a result of increased data usage, resulting in slower
speeds. This has had an effect on the user experience, with
longer loading times noted, particularly when accessing
bandwidth-intensive media such as High-Definition (HD)
streaming services. However, comparable trends have been
reported worldwide, according to MCMC, with operators
experiencing an unprecedented increase in bandwidth demand
as a result of this behavioral shift. The vast majority of today's
leisure activities, such as streaming services [41], video chats,
and online gaming, take a significant amount of data. All of
this puts a considerable strain on existing infrastructure.

Furthermore, E-commerce is a massive platform that is
expanding at an unprecedented rate around the world. E-
commerce has experienced a huge increase in sales [42], as
more shoppers turn to online grocery platforms to purchase
their daily necessities. Digital media providers such as Netflix
are becoming popularity [43]. Malaysia ranks fifth in the world
and first in Southeast Asia in terms of social media adoption,
according to Hootsuite's Digital 2020 research [44]. Fig. 4
shows meaningful statistical data on internet users as well as
other important elements.

The employees who are working from home rely heavily
on various online conference call platforms to continue their
business discussion. Every day, the ordinary Malaysian internet
user spends 7 hours and 57 minutes online, which equivalent to
roughly 100 days per year. This is greater than the global
average user time spent. Google, YouTube, Facebook,
WhatsApp, and Maybank2u are the leading five most visited
websites in Malaysia [44].

The use of E-wallets in Malaysia such as Touch and Go,
Grab, Fave, Samsung Pay, and others has grown [45]. The ratio
dipped to 55% at the beginning of 2020, but due to the "new
normal, 70% of users now feel they will use e-wallet services
even if no benefits are offered [46]-[48]. Fig. 5 shows the
number of payments and E-wallets statistics as well as types of
E-wallets in Malaysia. People are turning to online grocery
platforms to purchase their daily requirements, which have
resulted in a significant surge in e-commerce sales.

In China, for example, Carrefour China recorded a 600
percent year-over-year rise in vegetable deliveries during the
Lunar New Year period, and JD.com observed a 215 percent
growth in online grocery sales to 15,000 tonnes in just the first
ten days of February 2020 [44].

Note that the growth of ecommerce before the crises of
COVID-19 has increased significantly. According to the
Worldwide Ecommerce Report 2019, global retail e-commerce
sales are worth US$3.535 trillion and are predicted to hit
US$6.5 trillion by 2023. Malaysia is among the top five
fastest-growing e-commerce countries, indicating that the
country has significant e-commerce potential. Fig. 6 presents
some fast facts about online shopping growth in some countries
[48].
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Fig. 6. State of Internet in January 2020 Around the World and in Malaysia.

IV. METHODOLOGY

In this section, the methodology process details are
presented. In addition, the tool used for the data collection
process with the details is explained. In this work, we have by
used Speedtest phone application Ookla [49] for the data
collection. Every day, approximately ten million individual
tests are performed by users in places and at times when their
connectivity is vital to them. Speedtest has delivered almost 35
billion tests since its establishment in 2006. After the data
collection process, all data gathered and analyzed using Excel
sheets, then converted to graphs as results. Customers are

The data were collected in three different times during the
day, namely morning, afternoon, and evening. The data
collection for the morning time starts from 10 am to 12pm,
afternoon time 4pm to 6pm and evening 10 pm to 12 pm. An
iPhone 12, Samsung galaxy s8 and Poco F2 Xiaomi were used.
Details of data are summarized in Table I1.

Fig. 7(a) and (b) shows a snapshot of an example of the
application used in this study during the data collection process
including testing the download speed and upload speed. The
coverage areas of Umobile cellular networks in Kuala Lumpur
and Johor Bharu provided by Speedtest are shown in Fig. 7(c)
and (d), respectively. Fig. 8 shows the methodology steps and
details. All the data were collected and analyzed using excel
sheets.
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TABLE II. DATA COLLECTION DETAILS
Matrices Details
Country Malaysia
Cities Johor Bahru, Kuala Lumpur, and Cheras (Selangor)
Network type Umobile
Performance matrices Download speed, upload speeds, and latency
Smartphone types iPhone 12, Samsung galaxy S8, and Poco F2 Xiaomi
Morning time 10-11:50 am
Time of collection Afternoon time 4-6 pm
Evening time 10-11:59 pm
Phase 1 13 January — 13 Februal
Date of collection y - il
Phase 2 5 March - 2 April

Data collection tool

Speedtest phone App

Lockdown periods

MCO and CMCO

Fig. 7.

MCO

o e e

(a)

10 Pm

JaharBani

(a): Snapshot of Speedtest Application showing the Collection of Download Speed Data, (b) Collection of Upload Speed Data, (c): UMobile Cellular

Network Coverage in Kuala Lumpur, and (d): UMobile Cellular Network Coverage in Johor Bharu.
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Fig. 8. Snapshot Methodology Process Details.
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V. RESULTS AND DISCUSSION

This section presents the results and discussion. The main
data gathered for this study including the download speed rate
and upload speed rate. In addition, the latency was also
measured. All data were collected, transformed to readable
graphs then analyzed. We evaluate the performance of cellular
networks during two time periods, namely MCO and CMCO.
In order to describe the data being studied, all data were
analyzed and compared. Specifically, download speed in the
morning is compared with afternoon and evening time within
same period, same for the upload speed, then the latency. In
addition, all performance metrics during MCO is compared
with the performance during CMCO. Finally, an overall
comparison is presented as final findings.

The first period, MCO started from 13 January 2021 to 13
February 2021, and the second-period CMCO began from 5
March 2021 to 2 April 2021.

Microsoft Excel was used to combine and compare the data
from three cite to measure the network speed and latency in
(LTE cellular, U-mobile). It should be noted that the variations
of data taken into consideration may be caused by the traffic
volume and the peak hours for people using the internet for
example work, online study or video streaming.

Since the performance of the considered cellular networks
presented in this study is highly dependent on network
parameters and a few other variables such as i) number of users
connected to the BS [50], ii) time of data collection where
speed and data traffic varies from time to time based on the
density of users which relies on population when comparing
different cellular networks performance from different areas.
The data rate requirements per user also play an important role
in load variations on the BS which represents the data usage
[51]. In the data collection phase, we had to collect data from

Vol. 13, No. 6, 2022

three different cities in Malaysia in order to make a fair
comparison of cellular networks within different user density,
and to simulate diverse network conditions and verify the
impact of COVID-19 measures and restrictions.

All data collection were conducted on smartphones (iPhone
13, Samsung S8), with 60 GB of RAM memory. Exceptionally
in this scenario, since the phone application used by the client
is making calculations and data measurements, it is affected
only by network conditions and the server connected nearby
the cellular BS. To verify the use of different smartphone
types, we had to utilize all smartphones on same network
operators that is popular in Malaysia and subscribed to the
same broadband subscription which is Umobile. Note that the
average download speed while using a cellular network during
normal times (before the crises of COVID-19) was around 4-
8Mbf/s.

Since download speed rates are the most important aspect
of the network speed, our focus will be on the download speed
rates in this discussion. Fig. 9 describes the network
performance during MCO at 10 am from 13 of January to 13 of
February.

It is shown that the download and upload speed in KL and
JB increases in some days especially weekends, and decreases
in weekdays. This is because the necessity for services and
applications for business, education, and/or online meetings is
higher on weekdays; therefore the load on the network is
higher. In addition, it can be seen the download and upload
speed rates are higher in KL. This is because the population
there is much higher than other areas in Malaysia, thus there
are more cellular networks installed in the area. The highest
download speed during this period is around 23Mbps in KL,
while the lowest is near to 0 Mbps on some days for KL and
JB.
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(b) Upload Speed at 10 AM.
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(c) Latency at 10 AM.
Fig. 9. Network Performance during MCO at 10AM.

Fig. 10 presents the network performance during MCO at 4 except in 6 of February and 13 of February (weekends) in KL
pm from 13 of January to 13 of February. It is obvious that and JB. The highest rate measured during this period was 30-

there is performance differences compared with the 10 am 40Mbps for download speed.
rates. Specifically, during this period all rates were quite low
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(c) Latency at 4:00 PM.
Fig. 10. Network Performance during MCO at 4PM.
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On the other hand, most of the weekdays during this peak
time (4 pm) has the lowest rates, this is because most services
and online meetings shifted afternoon in MCO.

Fig. 11 presents the network performance during MCO at
10 pm from 13 of January to 13 of February. The download
speed is low overall, mostly in KL. This is because the usage
of online services and streaming such as Netflix has risen after
the pandemic, especially in the evening. Moreover, it can be
seen that the rates are lower when comparing it with the
morning and afternoon rates. This is because the government
of Malaysia ordered people not to go out in the evening, and
most of the markets were closed, therefore the usage of the
internet has increased. It can be seen that from 8 of February,

Vol. 13, No. 6, 2022

the download speed rates increase as the MCO period is about
to finish.

Fig. 12 presents the network performance during CMCO at
10 am from 5 of March to 2 of April. This figure shows the
decreased download speed rate in the morning time (10 am)
compared with the morning time of MCO. This is because the
restrictions were less during CMCO and people could go out
shopping and more businesses opened after the MCO period.
In addition, during CMCO, the users of cellular networks
service increased compared with MCO due to the fact that in
the MCO period, people spent more time at home which means
most of the users change their connection to WiFi network.

18
16
14
12
38 10
e}
S 8 —— ] B
° A \ —L
A < amm - / f SL
2 N \ 7 e </" - ‘
0 (— \, SNZL e \/<\/ \/ /\_’
Cc C © © £ © € £ < £ C© © £ C© £ C C < C O 9O o0 90 o0 90 90 90 9 9o 9o 9 o
@ ®© ®©@ @® @© @®@ @© @®@ @© ®© @®@ @© @®@ @®© ®@ @®@ @© @ ®© v v v v v vV LV LV DD DLV D DL D
R T A A A T O G i L L s e i L e e e o
T ILEA5IIZIRIJINOEILERAIREHE "o Twomr oo g oo
data
(a) Download Speed at 10 PM.
25
20
o 15
o
)
= 10 —JB
e— K|
5
SL
0 v o 4
cC © £ © © © € £ © £ © © © C© £ C £ C C 99 9 9 9o o0 9 9 9 90 9 9o 9o Qo
© ®© ®© @® @© @®©@ @®© ® ®© @®© @®@ @®© ®@ ®© ®@ ®© @®© ®@ © v v v v L vV O LV DD LV D L @
O O O A A A A A T O T S s e e L S e e N e S Y S
T3V INIRVILEREEAYT " d I b ddg g
date
(b) Upload Speed at 10 PM.
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(c) Latency at 10 PM.
Fig. 11. Network Performance during MCO at 10PM.
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Fig. 12. Network Performance during CMCO at 10AM.

While in the CMCO period when people had the chance to
go out, they shifted back to the cellular network connections.
The rates of the download speed for the morning time were
more stable than MCO, as well as for the upload speed. The
highest value measured was on 20 of March (weekend) and 25
of March. On the other hand, the latency value increased near
and on the weekend as well on 12, 21 and 26 of March for KL,
and on 13 and 31 of March JB. Overall latency in this period is
higher than the latency measured in the morning of MCO due
to the increased usage during the CMCO.

Fig. 13 presents the network performance during CMCO at
4 PM from 5 of March to 2 of April. The download speed
during this period has slightly increased compared with the
morning time. This is because in the CMCO time, the peak
time has shifted mostly in the morning to the afternoon because
the measures and restrictions has been minimized by the
government, therefore the load on the network is expected to
be less in the afternoon and evening times. The highest rate
achieved by the network for the download speed is around 25-
30Mbps on 12 of March and 1 of April during the weekend
(Saturday and Sunday) and in Friday.
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(b) Upload Speed at 04:00 PM.
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(c) Latency at 04:00 PM.
Fig. 13. Network Performance during CMCO at 4PM.

For the latency, due to the increased number of users of the
cellular networks, the rates of latency have increased
significantly, especially in KL in 24 of March and 2 of April.

Fig. 14 presents the network performance during CMCO at
10 PM from 5 of March to 2 of April. Overall rates including
download, upload and latency are higher than the morning and
afternoon times. The download speed rate in this period is
slightly higher when comparing it with the evening time of the
MCO period. This is because people had to go home after 8
pm, which means the number of cellular users decreased

significantly. The highest upload speed rate achieved was
around 45Mbps on 27 of March (weekend) in KL and Cheras.
The lowest value of latency is around 0-50ms, and the highest
has reached 200ms same as the value of latency in the MCO

evening time.

This is because of the increased number of users during the
CMCO than the MCO period. In addition, the number of
people subscribed to a broadband subscription plan has
increased during CMCO.
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(c) Latency at 10:00 PM.
Fig. 14. Network Performance during CMCO at 10PM.

To summarize and extract the findings from all the above
results, the average rates are presented in Fig. 15. In addition,
the highest and the lowest values of all times for all cities are
shown and highlighted in red and yellow colours, respectively.
The highest value of all rates within all times among the three
cities is highlighted in blue colour. While the lowest values are
highlighted in yellow color. Specifically, the average rates of
the download speed are presented in Fig. 15(a). As shown in
the figure, the highest value in the MCO period was in KL in
the morning time. This is because, as mentioned earlier, the
cellular towers and BS deployed in that area are much more
than in other areas, and the peak time of workers who relied on
the internet connection in the morning time of the MCO was
shifted to work from home in fixable times. The lowest value

was in the evening time in JB. On the other hand, the highest
value in the CMCO period was in SL (Cheras) in the morning
time. While the lowest value was in KL in the evening time.

Fig. 15(b) shows the upload speed rates. The highest value
in the MCO period was in JB in the Afternoon time and the
lowest value was in SL (Cheras) in the morning time. On the
other hand, the highest value in the CMCO period was in JB
during morning time, and the lowest value was in SL (Cheras)
during the evening time.

Fig. 15(c) presents the latency values for all cities in all
times. The longest time of latency in the MCO period was in
JB during the morning time, which expresses the best value,
and the highest time of latency was in SL (Cheras) in the
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morning time as well, which was the worst value. The highest
time of latency in the CMCO period was in KL in the evening
time, while the lowest time was in JB during the afternoon
time.

In Fig. 16, the total volume values of downloads, uploads,
and latency in a percentage manner are presented. In Fig. 16(a)
during MCO, the biggest volume of downloads was in KL
which is 45%, while the rates in JB and SL are almost the
same. On the other hand, during CMCO, the biggest overall
value of downloads was in SL which is 42%, and the lowest
value was in Kl which is 25%. In Fig. 16(b), the upload speed
total value is presented. During MCO, the higher values were
in both KL and JB which are 46%, and the lowest was in SL
which is 8%. In addition, during the CMCO, the greatest value
of upload speed total value was in JB which is 54%, and the
lowest was in SL at 10%. In Fig. 16(c), the overall latency is
shown. The highest volume of latency during the MCO was in
SL at 42%, and the lowest was in JB at 22%. Moreover, the
greater value during the CMCO was in KL at 42%, and the

Vol. 13, No. 6, 2022

least value was in JB at 27%. That means the total volume of
downloads was at the highest value in KL during MCO at 45%,
and the biggest total volume of uploads was in JB during
CMCO at 54%. In addition, the worst value of total latency
was in the SL during MCO and in KL during CMCO at 42%.
Therefore, to accelerate the performance of cellular networks,
and to decrease the burden, it is important to use another
wireless technology such as WiFi, visible light communication,
and other types of optical wireless communications to support
the network and to deliver higher data rates [52].

To conclude, for the overall evaluation of cellular networks
during the two periods, it can be seen that the performance of
cellular networks has decreased especially in the peak times
and during weekdays during the CMCO more than the MCO
times. The speed rates depend on the number of computing
devices that work concurrently in addition to the user
requirements and the usage of data. The processing of such a
big amount of data requires intensive computing tasks.

www.ijacsa.thesai.org

. Download rate . Upload rate . Latency
Times Times Times
B | KL |SL JB KL | SL JB KL SL
10AM | 494 | 7.88 | 4.83 10AM | 819 | 826 | 1.37 10AM | 1841 | 30.72 | 36.22
Mco | apm | 315 | 624 | 323 MCO | 4PM | 896 | 435 | 1.51 MCO | 4PM 29.44 | 33.72 | 28.09
10PM | 216 | 231 | 2.66 10PM | 8.07 | 579 | 1.55 10PM 34.03 | 27.88 | 33.44
10AM | 243 | 3.43 | 569 10AM | 9.17 | 6.16 | 1.61 10AM | 19.10 | 29.97 | 21.59
CMCO [ 2pM | 535 | 283 | 220 CMCO | 4PM 734 | 424 | 192 CMCO | 4PM 12.83 | 30.17 | 23.34
10PM | 4.04 | 2.71 | 3.69 10PM 724 | 792 | 1.60 10PM 22.69 | 38.86 35.76
(@) (b) (c)
Fig. 15. Network Performance Average Values during MCO and CMCO in All Times for All Cities.
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Fig. 16. Overview of Total Values of All Rates during MCO and CMCO.
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VI. LIMITATIONS AND FUTURE DIRECTIONS

The main limitation of the study can be divided into few
points as follows: i) data collection: only three cities were
taken into account, ii) only Umobile network service provider
was considered, iii) the exact location of users and distance to
the cellular BS was neglected due to some difficulties,
especially during the mobility around the city in the CMCO
period. According to the above limitations, it is only possible to
make further steps for future directions related to this study,
where similar situations and circumstances would be available
during a pandemic similar to COVID-19. Therefore, when
studying cellular network traffic during a pandemic in
Malaysia or any other country, more cities can be taken into
account in addition to other factors. However, when a
pandemic happens, lockdown and other types of movement
restrictions take place immediately which makes it hard to
conduct such research study.

VI1.CONCLUSION

A new age in wireless networks has been accompanied in
by the COVID-19 pandemic. Computer  wireless
communications is a complex challenge since multiple features
are involved. The present pandemic situation and the debate in
this paper clearly describe the need for efficient impact
analysis in this digital era. In this paper, we investigate the
effect of COVID-19 measures and restrictions on cellular
network traffic in Malaysia. The results show a significant
impact on our daily use of network services and applications
including download speed, upload speed, and latency.
Moreover, three cities were taken into account which is Kuala
Lumpur, Johor Bahru, and Selangor (Cheras) using Speedtest
phone applications during two periods namely MCO and
CMCO. In addition, Umobile was taken into account as a
cellular network provider which is one of the most popular
network service providers in Malaysia. This study used a
simple approach as a method of calculation and analysis of
cellular networks performance. The proposed analysis is
presented as a case study that consists of different components
and factors for the presented findings. Companies will also be
required to optimize budgets and accelerate their digital
revolutions as they adjust to the new normal post-crisis. By
leveraging the emerging technologies and service models
transformed to do more with less, communications leaders
would have to embrace these initiatives.
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