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Abstract

The broadband Internet has revolutionized various aspects of human life and has had a profound
impact on the world. More than 60% of individual activities and social interactions, meetings, com-
munications, entertainment, education, employment, financial services and shopping, and other
offline/online transactions are based on the Internet, which needs more comprehensive planning and
attention. In this paper, we first raise and answer five questions about broadband Internet: What are
the current status and future directions of this technology? Where and why does big data exist in
broadband Internet technology? Which type of Internet access is preferable and which one needs more
attention? What are functional/technical challenges and solutions to improve the current situation?
What are the positive and negative individual/social impacts of broadband Internet? In addition to
pointing out the place of broadband Internet in fourteen aspects, fifteen criteria to compare wired
and wireless and key individual/social impacts (six for positive and six for negative) of broadband
Internet are outlined. Moreover, issues that directly and/or indirectly affect the global development
of broadband Internet are listed and twenty items on balanced sustainable development and strate-
gic planning of broadband Internet are introduced. Furthermore, we propose ten spatio-temporal
user/operator-centric strategies to improve the performance metrics of global broadband Internet,
decrease its negative social effects, and reduce the digital divide in the world. Finally, we take a look at
emerging technologies related to broadband Internet.

Keywords: broadband internet; wired; wireless; big data; digital divide; social impacts; sustainable
development; strategic planning; Fixed and Mobile Convergence (FMC); emerging technologies

1. Introduction
The term Internet was first used in a radio operator manual in 1945 [1]. In 1969, it evolved

under the Advanced Research Projects Agency NETwork (ARPANET) to connect computers at various
universities and the Department of Defense of the United States of America (USA) [2]. Transmission
Control Protocol/Internet Protocol (TCP/IP) was officially adopted and used by ARPANET and
the Defense Data Network (DDN) in January 1983, which is the start time of the Internet. The
Internet supports a large number of nodes to transfer information from one node to another [3]. It is
the global system of interconnected networks that uses Internet protocols to communicate between
networks, users, and devices, even consisting of a group of smaller networks [1,4]. This network
includes private and public, governmental and non-governmental, academic and non-academic, and
commercial and non-commercial subnets, linked by wired (two-pair or coaxial or optical fiber cable),
wireless (radio/light waves) networking technologies, and a combination of them [5,6]. Nowadays, the
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economic, industrial, communications, cultural, educational, health, medical, and social development
of countries is dependent on the Internet.

Broadband refers to high-speed data transfer and a wide range of services, applications, and
capabilities such as configurations and technologies that require high bandwidth of frequency and high-
speed data transmission between interconnected elements. The Federal Communications Commission
(FCC) defines basic broadband as a transmission speed of at least 25Mbps downstream and 3Mbps
upstream. The Infrastructure Investment and Jobs Act (IIJA) considers 100Mbps downstream and
20Mbps upstream as minimum rates for broadband [7]. Although the first definition is more acceptable
for telecommunication systems, the second definition is considered the standard for uploading and
downloading data speeds in the broadband Internet. Because most of the new applications and
services of digital media require broadband Internet access, therefore, it can be measured by the
usefulness of such access to subscribers (persons, homes, businesses, industries, and institutions) and
the applications and services that use broadband Information Communication Technologies (ICTs)
[8,9]. Given the sharp increase in the use of Internet-based services and the demand for high-speed
applications, higher download and upload speeds are expected to be defined and considered in the
future for broadband Internet.

The quality of service of Internet-based applications, the concern of operators, and the satisfaction
of subscribers can be measured and evaluated based on various functional/technical criteria, such as
download and upload speeds, packet loss, network latency and jitter, availability, reliability, security,
establishment and setup time, and subscription cost [10]. These differ in wired and wireless networks
and in fixed and mobile scenarios, because end-to-end distance, network bandwidth, hardware
configurations, end-user problems, and physical issues are different. High-speed and good-quality
broadband networks are needed to support a large number of services and applications to help the
following objectives in line with the digital world and virtual space [11–13]:

1. Sustainable and balanced development;
2. The convenience of citizens’ lives based on online services;
3. Internet-based services in a fair way around the world;
4. Internet business boom;
5. offline/online electronic government and banking;
6. Virtual and online education;
7. Services based on video streaming;
8. Online interactive games;
9. Big data generation and processing;
10. Edge/fog/cloud fixed-mobile computing;
11. Generative Artificial Intelligence (AI);
12. Blockchain and cryptocurrency;
13. Internet of Things (IoT);
14. Metaverse and applications based on Augmented Reality (AR), Virtual Reality (VR), and eXtended

Reality (XR);
15. Sixth Generation (6G).

The possibility of providing new services in digital media and the high speed of service delivery
using optical fiber as the most suitable cable platform for reliable, symmetrical and high speed data
transmission in upstream and downstream links and the 5th Generation (5G) standard of mobile
wireless cellular communications are serious concerns and requests of Internet users [14].These two
technologies are complementary to each other and with their convergence, broadband Internet access
can be provided all over the world from anything to anything, whenever, wherever, for fixed and
mobile applications to transfer and exchange broadband (high-speed) information and supporting
broadband digital Internet-based services and applications [15–18]. One of the aspects of the digital
divide is the Internet connectivity in rural and remote areas. One solution to having broadband
Internet in these areas is Low Earth Orbit (LEO) satellite Internet such as SpaceX’s Starlink and
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Amazon’s Project Kuiper, which are in the testing phase [19,20]. With the cooperation and constructive
interaction of these fixed and mobile platforms, it is possible to achieve high-speed Internet with low
latency and gain the benefits of three platforms. Therefore, sustainable and balanced development
will be implemented by sharing infrastructure, converging fixed/mobile wired/wireless networks,
and leveraging the benefits of cellular 5G, Fiber-To-The-x (FTTx), and satellite-based platforms and
networks.

The individual/social impacts of broadband Internet are wide-ranging, offering transformative
benefits in terms of communication, education, economic opportunity, and social participation. Al-
though the Internet has several positive effects, high-speed Internet access significantly reduces civic
and political participation, and broadband penetration destroys several dimensions of social capital
[21]. It creates destabilizing democracies and delegitimizing state institutions, with wide-ranging
effects on the psyche and exacerbating digital inequalities. Furthermore, these benefits are tempered
by challenges such as digital inequality, privacy concerns, misinformation/disinformation, and the po-
tential for social isolation [22]. To maximize positive impacts while mitigating negative consequences,
it is crucial to continue to address issues related to access, security, digital literacy, and responsible use
of the Internet.

The remainder of this paper is organized as follows. In Section 2, the definitions, benefits, different
types, issues, and solutions related to poor connectivity of the broadband Internet are presented. In
Section 3, we take a look at the current status and future predictions of broadband Internet, focusing on
the time spent by each individual, the latest statistics on users’ access to the Internet and its penetration
rate, and the effects of broadband Internet on the Gross Domestic Product (GDP) and the economy.
Section 4 shows the global data volume, the number of data centers, and the related issues of big data
on broadband Internet. In addition to presenting fourteen benefits and positive impacts of broadband
Internet and deriving fifteen criteria for comparing wired and wireless broadband Internet, Section 5
illustrates three different types of Internet access and some additional considerations that are needed,
and compares fixed FTTx and fixed/mobile cellular 5G broadband Internet. In Section 6, functional
and technical problems and solutions for improving the state of broadband Internet are presented.
In addition to pointing out the place of high-speed broadband Internet in various aspects of human
life, its positive and negative individual/social impacts are summarized in Section 7. In Section 8,
issues that directly and/or indirectly affect the global development of broadband Internet, mitigate
its negative social impacts, and reduce the digital divide in the world are outlined. Moreover, ten
spatio-temporal user-centric and/or operator-centric strategies for balanced sustainable development
and strategic planning of broadband Internet are introduced. Section 9 looks at emerging technologies
related to broadband Internet. Finally, the conclusions of this study and future work are presented in
Section 10.

2. Broadband Internet
Broadband means a large bandwidth that can carry multiple signals at a wide range of frequencies,

support different types of Internet traffic, and allow multiple data streams to be sent. An Internet con-
nection is high-speed if it can connect multiple devices simultaneously to enable streaming and access
to modern applications [23–26]. The terms broadband and high-speed are mostly interchangeable
when the Internet meets or exceeds a transmission speed of 100Mbps download and 20Mbps upload
[27,28]. It is possible to find proper situations for all types of high-speed communications, various
types of sending and receiving broadband information, and providing services that require high-speed
data using broadband Internet with wired access using an optical fiber or wireless access using 5G
cellular or satellite.

Broadband Internet is the backbone of today’s new connections. It refers to high-speed Internet
access that is always on and faster than traditional Internet access. It encompasses a variety of
technologies that provide high-data-rate connections to homes, businesses, and mobile users and
equipment. Also, it has far-reaching individual/social impacts, influencing various aspects of society
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in both positive and negative ways. Its widespread availability and use have fundamentally changed
how people communicate, access information, work, and interact with the world [29]. Briefly, the
advantages of broadband Internet are:

• High speed that allows quick downloads, streaming, and browsing;
• Always on and the connection is continuous;
• Supporting multiple devices simultaneously makes it ideal for households and businesses;
• Improved performance metrics can be achieved for video streaming, online gaming, and Voice

over Internet Protocol (VoIP).

Here are six common types of broadband Internet:

1. Digital Subscriber Line (DSL). Uses existing two-pair cooper telephone lines to transmit data. It
offers speeds ranging from a few Mbps to around 100Mbps.

2. Cable Internet. Delivered through the same coaxial cables that provide cable television. Speeds
can range from 10Mbps to over 1Gbps.

3. Broadband over Power Line (BPL). Uses existing electrical wiring to provide Internet access. It is
less common and speeds can vary.

4. Fiber-optic Internet. Transmits and receives light signals through a wired fiber optic channel. It
offers the highest speeds, often ranging from 100Mbps to 10Gbps.

5. Wireless broadband. Includes fixed wireless using radio waves from a base station) and mobile
broadband via cellular Fourth Generation-Long Term Evolution (4G-LTE), 4.5th Generation-Long
Term Evolution-Advanced (4.5G-LTE-A), and 5G networks. Speeds can vary widely based on the
technology and network conditions.

6. Satellite Internet. Provides Internet access via satellites orbiting the Earth. It is useful in remote
and rural areas where other types of broadband Internet are unavailable or not cost-effective.
Speeds typically range from 12Mbps to 100Mbps.

Accessing the above-mentioned broadband Internet may force the following items:

• Availability. Depending on location, some types of broadband may not be available.
• Cost. Generally, it is more expensive than dial-up, varying by speed and provider.
• Data limit. Some providers impose data limits (caps), which can affect heavy users.

Common issues related to the Internet are as follows [30–32]:

• Slow Internet speeds caused by network congestion, outdated hardware, or Internet Service
Provider (ISP) limitations.

• Frequent disconnections due to router issues, signal interference, or ISP problems.
• Latency and high ping affect online gaming and video calls, often due to distance from servers or

network congestion.
• Limited coverage that causes rural and remote areas to suffer from poor or no broadband access.
• Data caps and speed reductions due to bandwidth throttling by ISPs, cause speeds to slow down

after a certain data limit.
• Hardware problems, such as faulty routers, outdated modems, or improper setup impact connec-

tivity.
• Cybersecurity threats and weak security expose networks to hacking and malware.

The effects of poor Internet connectivity are as follows [33–35]:

• Work disruptions. Remote work and online meetings suffer from poor connectivity.
• Education setbacks. Online learning becomes difficult with slow or unstable Internet.
• Economic challenges. Businesses relying on digital services face losses.
• Healthcare delays. Telemedicine services become unreliable.
• Reduced digital inclusion. Limited access worsens the digital divide in underprivileged areas.
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Eight user-based and/or operator-based solutions to achieve the desired connection by providing
improved quality, high download and upload speeds, low latency, and high security and privacy are
as follows [36–39]:

• Improve router placement. Keep routers in open areas away from walls and interference.
• Upgrade Internet plan. Ensure your plan supports high-speed and unlimited data if needed.
• Use a wired connection (Ethernet). Reduces latency and improves speed over Wireless-Fidelity

(Wi-Fi).
• Update hardware. Use modern routers/modems that support the latest standards.
• Optimize network settings. Update Quality of Service (QoS) settings to reorder essential applica-

tions.
• Expand infrastructure. Governments and ISPs should invest in fiber optics and rural broadband

expansion.
• Use Virtual Private Networks (VPNs) or alternative ISPs. They can bypass throttling and provide

higher performance.
• Regular maintenance. Including restarting devices, clearing caches, and keeping firmware up to

date.

Broadband Internet status and future predictions, challenges and issues, positive and negative
impacts, and local and global solutions to improve its situation are presented in more detail in the next
sections.

3. What Are the Current Status and Future Predictions of Broadband Internet?
We are witnessing an era of rapid digital expansion, where online engagement continues to

accelerate across diverse domains. The Internet, especially social networks, is being increasingly used
for a broad spectrum of economic and cultural initiatives, with substantial investments aimed at
spreading messages and engaging audiences. However, despite this growth, effectively identifying
and connecting with the targeted communities to share information remains a complex and persistent
challenge [40].

The percentage of time spent by each individual on various activities in the beginning and end
years of the 1980 to 2024 time period shown in Figure 1 shows the change in the distribution of activity
time after 45 years. As can be seen, the percentage of time spent on various activities has decreased by
at least 50%, excluding the Internet. Time spent online has increased from 0 to over 60 percent of all
activities, while other activities accounted for less than 40 percent of each person’s time in 2024 [41].
Time spent on the Internet is expected to increase to 70% by the end of 2025. The average daily Internet
usage time in the world shows that the Philippines, Brazil, Colombia, and South Africa have more
than 10 hours, while the average Internet usage time in the world per person is about 7 hours [42].

The newest statistics [42] on the users worldwide accessing the Internet show that 95.9% of mobile
phones, 93.7% of smartphones, 62.2% of any laptop or desktop, 11.5% of game consoles, and 4.4% of
virtual reality devices are accessing the Internet. It is expected that these percentages will be increased
in the future, especially by online gaming, video streaming, AR/VR/XR, and Metaverse.

Broadband Internet access is rapidly changing the way people live, work, and even play and
have fun [43]. According to the International Telecommunications Union (ITU) report [44,45], which
examines the economic effects of fixed and mobile broadband and data from 139 countries in the time
interval 2010-2020, a 10% increase in fixed and mobile broadband penetration increases GDP per capita
in developed countries by 0.77% and 1.5%, respectively. Based on the European Telecommunications
Network Operators’ association (ETNO) report [46], communities, where 50% of the population has a
Fiber-To-The-Home (FTTH) connection with a speed of at least 1Gbps, have 0.9% to 2% higher per
capital GDP than communities without an optical fiber broadband network. It means that broadband
investment is the main driver of country growth and development. Although it is difficult to fully
quantify this, the importance of broadband connectivity in the social and economic development of
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countries is undeniable [44]. The global broadband subscription market alone was worth more than
$356 billion at the end of 2021, accounting for between 2% and 7% of a country’s GDP [45–47].

Figure 1. The percentage of time spent on various life activities in 1980 and 2024 [41].

The significant difference between the number of Internet users in different countries and the
penetration rate in different parts of the world (as shown in Table 1 for high-population countries
at the beginning of 2025) are the main reasons for the digital divide. For example, India and China,
respectively, with 1463865525 and 1416096094, are the two countries with the highest number of people
connected to the Internet, while their Internet penetration rates are around 55% and 78%, respectively.
In addition, Pakistan, Bangladesh, and Nigeria have penetration rates lower than 50 percent [48–50].
However, as depicted in Table 2 for countries with a high penetration rate at the start of 2025, in some
countries, such as the Kingdom of Saudi Arabia (KSA), the United Arab Emirates (UAE) and Bahrain,
the penetration rate is 100%, it is about 91.92% for Malta, the 25th country in this list. The penetration
rate is decreasing from 100% for high-ranking countries to 13.2% and 12.5% for Chad and Burundi,
respectively, which causes the average Internet penetration rate to be approximately 68.7% in the
world.

Although Internet access is available in different countries, download and upload speeds for fixed
and mobile Internet users vary from place to place. For example, the highest average fixed download
speed is in Monaco at 262Mbps and mobile in the UAE at 240Mbps, while in some countries the
average is below 10Mbps. The amount of latency and jitter (standard deviation of latency) also vary
around the world, which is further compounded [51].

A total of 5.65 billion people use the Internet in the middle of 2025, resulting in a penetration
rate of 68.7. Internet users increased by 136 million (+2.5 percent) during 2024, but 2.58 billion people
remained offline in the middle of 2025 [52]. Countries have established national broadband plans to
create a higher penetration rate of connectivity, and therefore, the global population of unconnected
people is predicted to decrease from 45% in 2019 to 27% in 2026 [53,54]. The higher the broadband
maturity of a country, the greater its ability to improve digitalization and increase the absorption of
economic impacts. However, the benefits of broadband go beyond those that directly lead to revenue
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generation. According to a World Bank study [55], educated people’s chances of finding a job increase
by 7% to 13% if they have access to broadband Internet.

Table 1. Top 25 countries based on the number of Internet users [48–50].

Rank Country Region Internet Users
(millions)

Internet
Penetration Rate

(%)

1 China Asia 1107 78.17

2 India Asia 806 55.1

3 USA North America 318 91.68

4 Indonesia Asia 212 74.13

5 Brazil South America 183 85.92

6 Russia Europe/Asia 133 92.25

7 Pakistan Asia 116 45.49

8 Mexico North America 110 83.33

9 Japan Asia 109 88.62

10 Nigeria Africa 107 44.96

11 Philippines Asia 97.5 83.33

12 Egypt Africa 96.3 81.61

13 Vietnam Asia 79.8 78.24

14 Germany Europe 77.8 92.48

15 Bangladesh Asia 77.7 44.15

16 Turkey Europe/Asia 77.3 88.14

17 Iran Asia 73.2 79.22

18 Thailand Asia 65.4 91.34

19 UK Europe 63.6 91.41

20 France Europe 63.4 95.5

21 Italy Europe 53.3 90.33

22 South Africa Africa 50.8 78.4

23 South Korea Asia 50.4 97.42

24 Spain Europe 46.2 95.45

25 Argentina South America 41.2 89.76

4. Where and Why Does Big Data Exist in Broadband Internet Technology?
As shown in Figure 2, the global volume of data is projected to rise further to 181 × 1021 bytes

by the end of 2025 [50]. This growth is driven by the increasing use of IoT devices, social networks,
real-time data processing such as online gaming, and cloud-based storage for different applications
and services like video streaming. In other words, the volume of Internet data, including all work,
social, and personal uses, will be about 60Gbps per day per person in a world population of 8.23
billion.
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Table 2. Top 25 countries based on the Internet penetration rate [48–50].

Rank Country Region Internet Penetration
Rate (%)

1 KSA Asia 100

1 UAE Asia 100

1 Bahrain Asia 100

4 Kuwait Asia 99.75

5 Luxemburg Europe 99.35

6 Norway Europe 99

7 Denmark Europe 98.78

8 Malaysia Asia 97.69

9 South Korea Asia 97.42

10 Switzerland Europe 97.34

11 Netherlands Europe 97.01

12 Sweden Europe 95.75

13 Spain Europe 95.45

14 Austria Europe 95.33

15 Oman Asia 95.25

16 Belgium Europe 94.63

17 Singapore Asia 94.29

18 Chile South America 94.12

19 Finland Europe 93.51

20 Estonia Europe 93.18

21 Kazakhstan Asia 92.88

22 Germany Europe 92.48

23 Russia Europe/Asia 92.25

24 Latvia Europe 92.19

25 Malta Europe 91.92

- World - 68.7
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Figure 2. Annual global Internet data volume (in zettabytes) [50].

As depicted in Table 3, the volume of data on the Internet for video, social networks, and online
gaming services is about 75% and that for Web browsing, messaging, marketplace, file sharing, cloud,
VPN, and audio services is about 25%. The first place is for video with 53.72% and the lowest rank is
for voice with 0.3% of the total volume of Internet data [50].

Table 3. Internet data ratio in different applications [50].

Rank Category Data Ratio (%)

1 Video 53.72

2 Social 12.69

3 Gaming 9.86

4 Web browsing 5.67

5 Messaging 5.35

6 Marketplace 4.54

7 File sharing 3.74

8 Cloud 2.73

9 VPN 1.39

10 Audio 0.31

As demonstrated in Figure 3, there are about 11800 data centers around the world. 5426, 46% of
them, are located in the United States of America. The second rank belongs to Germany with 529 data
centers, about 9.7% of the USA data centers, and 4.5% of the total numbers. 10458 of them, about 88.6%
of data centers are located in 25 countries, which means that about 11.4% of the total (i.e., only 1342
data centers) are in the rest of the world [56].
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Figure 3. The top 25 countries with the most Internet data centers [56].

It is expected that in addition to increasing the number of data centers worldwide, adding new
data centers above the earth in LEO, Medium Earth Orbit (MEO), and Geostationary Earth Orbit (GEO)
satellites, namely 3D data centers, is needed because of

1. Increasing the number of Internet users and Internet penetration rate;
2. Increasing the number of new services and applications that use broadband Internet;
3. Accepting higher values for downstream and upstream speeds and lower latency and jitter in

new services.

Comparing the list of 25 first countries of the world given the number of Internet data centers
and 25 top world economies countries according to 2025 GDP [57], i.e., USA, China, Germany, India,
Japan, United Kingdom (UK), France, Italy, Canada, Brazil, Russia, Spain, South Kora, Australia,
Mexico, Turkey, Indonesia, Netherlands, KSA, Poland, Switzerland, Belgium, Argentina, Sweden, and
Ireland, shows that 19 countries of the first list are the same as 19 countries of the second list. This
similarity is due to the impacts of broadband Internet and economy on each other. On the one hand,
broadband Internet, which improves the economy, requires more data centers, while on the other hand,
the economy allows us to have data centers and provide broadband Internet in a country. Also, several
research directions, especially big data and artificial intelligence, require further exploration.

5. Which Type of Internet Access Is Preferable and Which One Needs More
Attention?

Broadband Internet access can be classified into different categories, such as wired or wireless,
fixed or mobile, short or long coverage, low or high data speed, radio wave or light signal, low or high
subscription fee and cost of service usage, and fast or slow deployment and startup. There are various
platforms like two-pair, coaxial, and optical fiber cable in wired scenarios and Wi-Fi, Worldwide
Interoperability for Microwave Access (WiMAX), 4/4.5/5G, LEO/GEO satellites, and balloons in
wireless scenarios. Optical fiber and 5G cover a high number of users and support different services of
the broadband Internet, and LEO satellite is a new candidate, especially for rural and remote areas.

To evaluate and compare various types of broadband Internet access, 15 criteria are considered [50,
58–60] that can be divided into two categories as shown in Figures 4 and 5. The first category includes
data volume, download and upload speeds, effective range, subscription fees, users’ willingness
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(desire to access, and mobility and comfort, which are important to users directly and operators
indirectly. Also, the second category includes security, reliability, interference, latency, jitter, packet loss,
establishment and setup time, and link observation and maintenance, which are important to operators
directly and users indirectly. All system parameters and performance metrics depend on the type of
access, the channel used, technology, etc. Hence, in the aforementioned criteria, the effect of system
parameters including transmit power, transceiver loss and gain, working frequency, bandwidth, noise
level, interference, and threshold level of the receiver is visible.

Figure 4. First type of criteria for evaluating broadband Internet.

Figure 5. Second type of criteria for evaluating broadband Internet.

5.1. Fixed Broadband Internet Based on Cable

FTTx broadband Internet is of interest to many countries [61,62]. Its advantages are as follows:

• High bandwidth and speed with symmetrical connectivity;
• Low dependency of service quality on the distance;
• Placing a large number of cables together;
• High security;
• Corrosion resistance and long life of cables;
• Thinner and lighter than two-pair and coaxial cables;
• No need for frequent replacement.

The disadvantages of this access are as follows:
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• High cost of establishment and setup;
• Different cabling compared to copper cable;
• Lack of optical fiber in many areas;
• Need a different modem;
• High fragility and low bending of cables.

Realization and expansion of FTTx network in Fiber-To-The-Node (FTTN), Fiber-To-The-Cabinet
(FTTC), Fiber-To-The-Business (FTTB), and Fiber-To-The-Premises (FTTP) or FTTH types, is of special
interest. As presented below, they differ in the type of channel, speed in establishment and setup, data
speed, and cost.

• FTTN. From the network to the cabinet that is far from the access node (more than 300 meters) is
of optical fiber cable and from the access node to users is of copper (twisted-pair or coaxial) cable.
If the end user is far from the cabinet, the quality of the provided service will be greatly reduced.

• FTTC. The channel from the network to the cabinet, which is close to the home/office is more
than 300 meters of optical fiber, and in most cases, copper cable is used from the cabinet to the
user. This type of Internet platform offers sufficient speed for home use and is cheaper than other
types of FTTx, but the downloading and uploading speed is limited [63].

• FTTB. The channel from the network to the cabinet and from the cabinet to the building is fiber
optic. In the building, wired or wireless access using a modem can be given.

• FTTP (FTTH). It is a newer generation, the cable from the network to the cabinet and from the
cabinet to the office (or home) is fiber. Currently, the fastest home broadband Internet available
has a speed of 1Gbps, and the upload speed can be as fast as the download speed [64,65].

5.2. Mobile/Fixed Broadband Internet Based on Cellular 5G

5G supports high-speed data transfer, low latency, high reliability, high availability, and high
connection density. Based on 5G, data speeds on mobile and fixed broadband Internet access can
reach 20Gbps, allowing users to enjoy access to files, services, and applications. The latency will be
ten times lower than 4G and it will be able to remote actions in real time. Cellular 5G offers a positive
experience in smart cities and IoT. By sharing the information of the sensors of the cars and those of
the city, and then exchanging data, the quality of life in cities can be improved and the navigation of
the autonomous car can be facilitated by choosing better routes, reducing the number of accidents,
find available parking spaces, etc. 5G networks are expected to effectively support typical applications
such as enhanced Mobile Broad Band (eMBB), Ultra-Reliable Low Latency Communications (URLLC),
and massive Machine-Type Communications (mMTC) [66–70].

In summary, the 5G features are:

• Improved connectivity between multiple devices;
• Connect a much larger number of different devices;
• Enhanced Internet experience in streaming and gaming;
• High reliability;
• Increased availability;
• High energy efficiency;
• Virtual network implementation and network slicing;
• Configure subnets to do connections for specific needs.

These features come at the cost of the following downsides:

• Faster battery drainage, when streaming high volume of data;
• Limited coverage, spotty in some, not available in all areas;
• Expensive infrastructure of new base stations and equipment;
• Signal interference from trees, buildings, and obstacles.

5G is divided into low (less than 1GHz), mid (1GHz-6GHz), and high (24GHz-40GHz) frequency
bands. The low-band offers lower speeds with greater coverage, the mid-band has a balance of speed
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and coverage, and the high-band offers higher speeds with smaller coverage. Besides, frequency
bands for 5G-New Radio (5G-NR) are divided into two different frequency ranges. Range 1 from
410MHz to 7125MHz and range 2 in millimeter waves from 24.25GHz to 71GHz. Moreover, frequency
bands 600MHz, 700MHz, 800MHz, 900MHz, 1.5GHz, 2.1GHz, 2.3GHz, and 2.6GHz are considered
for traditional coverage applications and new specific usages such as IoT, industry automation, and
critical use cases [71,72].

5.3. Broadband Internet Based on Satellite

GEO satellite Internet experiences high latency and power loss, LEO satellite Internet requires
handover between the satellites of the constellation, and the cost of both of them is high. However,
they are of interest for sparsely populated areas where wired copper/fiber-optic cable networks and
wireless Wi-Fi, WiMAX, and cellular 4G/5G coverage are not possible and are not economically
justified for operators.

SpaceX’s Starlink and Amazon’s Project Kuiper are being tested and launched as the latest satellite
technology to provide broadband Internet [73,74]. Both of them are LEO satellite constellation that
provides high-speed Internet access to underserved areas of the world and is a great choice for people
living in remote areas [75,76]. Compared to this technology, fiber-based Internet is more reliable
because it uses a wired connection. The limitation of capacity and power in fiber optic is not so
worrying and it has higher speed and lower latency and jitter than LEO-satellite Internet. While this
technology offers faster speeds and more reliable services in clear-sky situations, 5G supports high-
speed and wide-coverage Internet that is more widely available than satellite Internet and generally
costs less for urban areas [73–79]. Starlink’s and Kuiper’s upfront costs for equipment and service fees
are significantly higher than 5G and FTTx plans.

LEO satellite Internet is currently in the testing phase, it has many energy and bandwidth issues,
its coverage will be limited to areas with a clear sky, it can be affected by weather (snow, rain, and
ice), and some of the bottlenecks will be determined later [73,75]. Moreover, it is only available in
limited areas, so there may be some bugs [77]. For users in areas with limited FTTx and 5G coverage,
in remote/rural areas [78], it may be the best choice

5.4. Comparison of FTTx-Based and 5G-Based Broadband Internet

FTTx and 5G networks are widely used. For users who have access to FTTx and 5G networks,
higher speeds and lower costs make them more attractive options. Businesses must also consider the
long-term implications of their choices [50,80–82]. Tables 4 and 5 compare FTTx and 5G based on the
criteria of the first and second types, respectively.

A more detailed functional and technical comparison is as follows:

1. Data volume. Mostly data volume is unlimited in FTTx but limited in 5G.
2. Download/upload data speed. 5G can reach a maximum downstream speed of 20Gbps and an

upstream speed of 10Gbps, while the data speed in FTTx can reach 1 petabit (1015 bits) per second
(practical speed of 100Gbps) symmetrically for upload and download links. In FTTx, upload and
download rates can be equal and the highest speed is for FTTH, FTTB, and FTTC, respectively
[61–63]. During peak hours, wireless networks will be slower, but fiber optic connections will not
change much download or upload data speed [80–82].

3. Effective range. Wireless connections can only feed a limited area, and when the user moves too
far from the coverage area of the base station, access point, or modem, they drop the connection or
start experiencing signal instability. This is not the case with optical fiber, and regardless of how
far the user is from the signal source, it always receives a strong signal. 5G-Home (5G-Mobile)
can reach up to 10m (3km), but signals passing through fiber can have acceptable quality up to
about 70km.

4. Users’ desire to access. 5G broadband Internet is welcomed due to the possibility of high mobility
and high download speed while users’ need for high data speed in broadband and symmetrical
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applications promises the growth of FTTx. Hence, it is necessary to create access points with
a coverage radius of 100m to 300m in countries with no or limited optical fiber [78–80], and
accelerate setup and access to 5G broadband Internet to meet the mobility needs of users.

5. Mobility & comfort. Subscribers are looking for 24/7 connectivity and want a seamless connec-
tion wherever they are, which is an inherent advantage of wireless Internet.

6. Cost. Given operators, wireless connection is significantly cheaper than optical fiber because
Internet service providers must install fiber optic cable to establish a connection. In contrast,
5G networks are more expensive to build due to the dense infrastructure required for urban
and suburban areas. FTTx is cheaper for fixed subscribers due to no limit on the amount of
data available while 5G is more cost-effective to distribute and more expensive to access. FTTx,
especially FTTH, typically offers lower monthly subscription costs. In some cases, 5G Fixed
Wireless Access (FWA) can be cost-effective compared to FTTH, especially in rural areas or where
FTTH deployment is challenging.

7. Security. 5G requires encryption because data is transmitted over a wireless medium. In the
fiber-based Internet, the majority of the transmission medium is optical fiber, and data requires
less encryption. Hence, both provide users’ data security, but a 5G connection requires more data
protection due to its reliance on wireless radio waves [80,81].

8. Reliability. Fiber-based Internet is immune to the wear and tear seen in copper cables. In the
5G Internet, if the distribution and position of the base stations are properly designed, which
guarantees reliable communication, the failure is only caused by the connections of the parties.

9. Interference & resource management. With fiber optic connections, there is greater resistance to
interference, while adjacent and cochannel interference is highly influential in 5G cellular con-
nections. Since wireless connections are interference-limited, radio resources must be optimally
allocated to different service providers and base stations, while there is no limit to the number of
adjacent fiber optic cables, and optical signal reuse is becoming more and more common in FTTx
access.

10. Latency. FTTx has a lower latency than 5G, which is more suitable for latency-sensitive appli-
cations like business, stock market, and gaming, while 5G with 3-4 times the latency of fixed
Internet is great for completing activities like video broadcasting, Internet browsing, and using
cloud applications. The technology used in FTTx can affect the latency [80–82].

11. Jitter. This shows latency changes. Applications such as the stock market and online games are
very sensitive to it. On average, jitter is much lower in FTTx-based fixed Internet connections
than in 5G connections.

12. Packet loss. It depends on the quality of the communication link. The more stable and lower the
random fluctuations, the lower the packet loss. Hence, FTTx fixed Internet is more suitable than
5G fixed/mobile Internet, because, it does not experience random propagation changes.

13. Setup time. 5G Internet does not require cables to install, but FTTx Internet connections are more
time-consuming and difficult to establish and set up because fiber or copper cables are to be run
from the home/building to the cabinet and service provider. After making the connections, the
Internet can be accessed directly or via a Wi-Fi modem.

14. Link observation & maintenance. Inspection and maintenance of the channel and connections are
important in FTTx, but in 5G, since it has an air transmission channel, only necessary to monitor
and maintain connections in the transmitter and receiver sides.
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Table 4. Comparison of FTTX and 5G based on the criteria of the 1st type.

Criterion Technology

FFTX 5G

Data volume Unlimited 1TB per month

Download rate 100Gbps 20Gbps

Upload rate 100Gbps 10Gbps

Effective range 70km 10m (fixed) / 3km (mobile)

Subscription cost High Average

Mobility & comfort Average High

Desire to access High for fixed users High for mobile users

Table 5. Comparison of FTTX and 5G based on the criteria of the 2nd type.

Criterion Technology

FTTX 5G

Security High High with cryptography

Reliability High Average

Interference Low High

Global average latency 9ms 28ms

Global average jitter 3ms 9ms

Packet loss Insignificant Average

Establishment & setup time Average Low

Observation & maintenance High Low

6. What Are Functional and Technical Challenges and Solutions to Improve the
Current Situation?

Figure 6 shows seven functional/technical challenges in the current broadband Internet. For each
of them, many solutions are proposed.

Figure 6. Seven key challenges in the current broadband Internet.
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1. Infrastructure gap & physical barriers. The infrastructure that exists is outdated or insufficient to
meet current demands. Many low-dense rural and remote areas lack the necessary infrastructure
to support broadband Internet [83,84]. Additionally, mountains, forests, and oceans can be
difficult to reach with traditional broadband infrastructure, making providing reliable Internet
service costly or logistically challenging. Five solutions to mitigate these challenges are:

• Government investment. Governments can invest in building or subsidizing broadband
infrastructure in underserved areas.

• Public-private partnerships. Collaboration between government organizations and private
companies can accelerate the improvement and expansion of services in different parts of
the country.

• Fiber-optic networks. Expanding fiber-optic broadband, which offers faster and more reliable
services than traditional copper cable networks, can significantly improve Internet quality.
Investment in nationwide fiber infrastructure is a key long-term solution.

• Wireless terrestrial technologies. High-altitude wireless towers and mesh networks can be used
to bypass physical barriers. Although FWA broadband Internet can be deployed in urban
and rural areas, this could be a more affordable solution compared to digging trenches for
fiber-optic cables, especially for connecting homes in rural or less dense areas. In addition,
5G technology promises ultra-fast, low-latency wireless Internet that could dramatically
improve broadband speeds, particularly in urban and suburban areas, where fiber-optic
installations might be cost-prohibitive. It also has the potential to provide more reliable
coverage in rural areas where traditional broadband infrastructure is lacking.

• Satellite Internet. Satellite Internet providers and companies like SpaceX and Amazon are
deploying satellite constellations to offer high-speed Internet to remote and underserved
hard-to-reach areas, overcoming the geographical barrier and bridging the digital divide in
regions where terrestrial broadband infrastructure is lacking, and laying traditional cables is
expensive.

2. Environmental impact of infrastructure. The installation and maintenance of broadband in-
frastructure, such as laying fiber-optic cables or setting up cell towers, can have environmental
impacts, particularly in sensitive areas [85]. Two solutions to reduce these impacts are:

• Sustainable practices. Using eco-friendly materials, minimizing disruption to ecosystems, and
adopting energy-efficient technologies can reduce the environmental footprint of broadband
infrastructure.

• Satellite & wireless alternatives. Exploring less intrusive alternatives like satellite broadband
or wireless Internet could lessen the environmental impact compared to traditional cable or
fiber installations.

3. Speed & quality of service. Even in areas with broadband access, speeds can often be slow, and
service quality may be inconsistent, especially during peak hours or in areas with high user
demand [86,87]. Three solutions to improve the situation are:

• Upgrading networks. Service providers can invest in modernizing their networks (e.g., up-
grading from copper lines to fiber-optic cables) to improve speed and reliability.

• Technological innovations. Incorporating new technologies like 5G or Wi-Fi 6 can help improve
broadband speeds and efficiency, especially in urban areas.

• Quality of service management. Providers can optimize their networks with better traffic
management systems to avoid congestion during peak times.

4. Network security & privacy Concerns. As more people and businesses rely on broadband
Internet, the risks of cyberattacks, privacy violations, and data breaches increase [88,89]. Three
solutions to decrease these items are:

• Stronger regulations. Governments can implement stricter cybersecurity laws to protect users’
data and ensure that service providers maintain robust security measures.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 July 2025 doi:10.20944/preprints202507.2021.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.2021.v1
http://creativecommons.org/licenses/by/4.0/


17 of 39

• Public awareness. Educating Internet users on how to protect their privacy and secure their
devices can reduce the likelihood of cyber threats.

• End-to-end encryption: Encouraging ISPs and platforms to implement strong encryption
practices can protect data from being intercepted

5. Digital literacy. Even if people have access to affordable and high-speed Internet, they may not
know how to use it effectively. This creates a barrier to full utilization, especially in older or less
educated populations [90,91]. Two solutions for improving digital literacy are:

• Digital literacy programs. Offering free or low-cost training programs for individuals to
improve their digital skills can empower more people to take advantage of the Internet.

• User-friendly devices & interfaces. Ensuring that devices (computers, smartphones, etc.) and
Internet services are easy to use can help bridge the digital literacy gap.

6. Lack of competition. In many regions, only one or two Internet service providers dominate the
market, which can lead to high prices and poor services. Three solutions to solve this problem
are:

• Encouraging competition. Governments can incentivize new providers to enter the market,
particularly in underserved regions.

• Regulatory oversight: Governments can regulate ISPs to prevent monopolistic practices and
encourage fair pricing, while also ensuring that consumer needs are met.

• Community broadband projects. In areas with few options, communities can band together to
create their broadband networks or cooperatives.

7. Affordability. Broadband can be prohibitively expensive for low-income families or people living
in developing countries, leading to digital inequality [92,93]. Three solutions for reducing prices
are:

• Subsidized plans. Governments or Non-Governmental Organizations (NGOs) can help by
providing subsidies for low-income households, ensuring they have access to affordable
broadband.

• More competition. Encouraging competition among ISPs can help reduce prices.
• Flexible pricing: Service providers can offer tiered pricing plans based on usage, making

broadband more accessible to a wider range of income levels.

7. What Are Individual/Social Impacts of Broadband Internet?
According to Figure 7, we can point to the place of wired and wireless broadband Internet in

different urban and nonurban, individual and social, and local and global aspects of modern human
life.
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Figure 7. Place of broadband Internet in different aspects of human life.

1. Global communications. Cross-border communication and cooperation will be facilitated, and
global trade relations and cultural exchanges will be strengthened.

2. Economy. It accelerates commerce, promotes innovation, and allows new markets to aid economic
development.

3. Electronic banking & stock market. It becomes possible to do banking and financial transactions
using electronic and mobile devices without the need to physically be present in a bank or
financial/credit institution.

4. Smart government. Citizens can do all administrative and business matters through the Internet
without the need to travel.

5. Remote job & telework. It expands the possibility of telecommuting and flexible work schedules
that benefit both employers and employees.

6. Education. It provides access to online learning resources, virtual classrooms, and international
educational collaborations by improving and leveling access for interested people.

7. Healthcare & treatment. Telemedicine allows online diagnosis and treatment, improved patient
care and access, and data sharing among healthcare professionals. The high-speed Internet
increases the amount of information contained in the healthcare marketplace [94].

8. Traffic & urban transport. Using the location and status information of the stations and traffic
lines makes transportation planning practical and traffic control intelligent.

9. Automation & remote control. It facilitates a more efficient and comfortable life by using smart
devices and home, and industrial and office automation systems [95,96].

10. Public safety. Wireless broadband is essential for the cooperation of police, fire, health and other
government agencies in both normal and emergency cases.

11. Accessibility. High-speed Internet is an important tool to meet the needs of people with disabili-
ties. Through various broadband-based applications and technologies, they have access to new
smart devices that improve their quality of life.

12. Nature & living environment. It promotes paperless transactions and virtual meetings that reduce
the consumption of natural resources and harmful environmental impacts.
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13. Agriculture. It gives farmers real-time information on weather, markets, planting and harvesting,
and productivity.

14. Entertainment. Enriching the possible options for leisure and entertainment, it allows high-
quality gaming, video streaming, and interactive virtual media experiences.

Given the special position of high-speed broadband Internet, this technology has wide-ranging
individual/social impacts and affects various aspects of society, both positively and negatively. Its
widespread availability and use have fundamentally changed the way people communicate, access
information, work, and interact with the world.

7.1. Positive Individual/Social Impacts

Based on several research works and studies [97–107], broadband Internet has six positive impacts
on individual/social aspects of human life as follows:

1. Improved communications [97,98]

• Global connectivity. Broadband Internet has made it easier for people to communicate across
the globe. Platforms like email, social media, video calls, and messaging apps enable instant
communications, bringing people closer regardless of geographic location.

• Social networks. Social media platforms (Facebook, Twitter, Instagram, etc.) allow people to
stay connected, share experiences, and form communities. This connectivity can create new
relationships and support systems.

• Collaborative tools. Tools like Zoom, Microsoft Teams, and Slack allow for seamless communi-
cation and collaboration in both professional and personal settings, bridging time and space
barriers.

2. Access to information & education [99,100]

• Educational opportunities. Broadband Internet provides access to a wealth of information,
online courses, tutorials, and educational resources. It allows individuals to enhance their
knowledge, acquire new skills, and pursue formal education through online universities
and virtual classrooms.

• Self-learning & skill development. People can learn at their own pace and access resources on
diverse subjects, empowering lifelong learning and skill-building.

• Remote education. In areas where physical schools or universities are not available, broadband
Internet can enable distance learning and online education, opening up opportunities for
students in rural or underserved areas.

3. Economic empowerment & job opportunities [101,102]

• Remote work. Broadband Internet has revolutionized the job market by enabling remote work.
This has led to greater job flexibility, work-life balance, and opportunities for individuals in
remote areas to access jobs that were previously unavailable.

• The gig economy. The rise of platforms like Upwork, Fiverr, and Etsy has allowed individuals
to start their businesses, offer freelance services, or engage in the gig economy, often leading
to increased income and economic independence.

• Entrepreneurship & innovation. With access to the Internet, entrepreneurs can create and
promote online businesses, and small businesses can tap into global markets. The ability to
reach customers via e-commerce platforms, digital marketing, and social media opens up
new avenues for growth and success.

4. Health & well-being [103,104]

• Telemedicine. Broadband Internet enables telemedicine, allowing individuals to consult
healthcare professionals remotely, access mental health services, and track their health
through digital tools.
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• Health education & awareness. Online resources and forums provide valuable information
on health topics, empowering people to make informed decisions about their health and
well-being.

• Support communities. Online support groups and forums provide emotional and social
support to individuals facing health challenges, including chronic illnesses, mental health
issues, and addiction recovery.

5. Social & political engagement [105,106]]

• Civic participation. Broadband Internet allows people to engage in political discourse, access
news, and participate in social movements, making it easier to be informed and involved in
social and political issues. Online petitions, social media activism, and digital campaigns
have all become significant tools for advocacy.

• Empowerment of marginalized groups. Broadband access provides a platform for marginalized
groups to raise awareness about their causes, express their voices, and connect with others
facing similar challenges. This can lead to social and political change.

• E-government services. Broadband Internet enables the delivery of government services
online, making it easier for people to access information, apply for services, vote in elections,
and engage with governmental institutions.

6. Cultural exchange & diversity [107]

• Global exposure: The Internet breaks down cultural barriers by giving people access to a vast
array of cultural content, including music, movies, art, and literature from around the world.
This fosters cross-cultural understanding and appreciation.

• Cultural preservation: Communities can use the Internet to document, share, and preserve
their cultural heritage, promoting diversity and preventing the loss of cultural traditions.

7.2. Negative Individual/Social Impacts

Based on new research works and studies [108–119], broadband Internet has six negative impacts
as follows:

1. Digital divide [108–110]

• Inequality in access. Not everyone has equal access to broadband Internet. Rural areas, low-
income populations, and developing countries may face difficulties in getting affordable and
reliable Internet access, leading to a "digital divide." This gap limits access to educational,
professional, and social opportunities for these individuals and communities.

• Economic inequality. Those without access to broadband Internet are at a disadvantage in
terms of economic opportunities, education, and social participation, exacerbating social
inequality.

2. Social isolation [111]

• Reduced face-to-face interaction. While broadband Internet facilitates online communications,
it may also reduce the amount of time people spend in face-to-face interactions, leading
to feelings of loneliness and social isolation. In extreme cases, people may become overly
reliant on virtual interactions and withdraw from real-world relationships.

• Impact on mental health. Excessive use of social media and online platforms can lead to mental
health issues such as anxiety, depression, and loneliness. Comparisons to idealized online
personas and cyberbullying are also contributing factors.

3. Misinformation & disinformation [112,113]

• Spread of false information. The Internet has made it easier for misinformation and disinforma-
tion to spread rapidly. Social media platforms and websites can amplify rumors, fake news,
and conspiracy theories, leading to confusion, mistrust, and social division.
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• Polarization. The Internet can create "echo chambers," where people are exposed only to views
that align with their existing beliefs. This can contribute to political and social polarization,
making it harder for individuals to find common ground or engage in constructive debate.

4. Privacy concerns [114–116]

• Data exploitation. The widespread use of broadband Internet has led to concerns over
personal privacy and the exploitation of data. Internet users’ personal information is often
collected, tracked, and monetized by tech companies, leading to fears about surveillance,
identity theft, and the misuse of data.

• Cybersecurity threats. As more individuals and organizations move online, the risk of cy-
bercrimes (e.g., hacking, identity theft, fraud) increases, making it necessary for stronger
security measures and regulations.

5. Impact on traditional industries [117]

• Job losses. Some industries and jobs have been disrupted or replaced by technology due to
broadband Internet. For example, traditional brick-and-mortar retail businesses have faced
challenges from e-commerce, and automation has replaced certain manual labor jobs.

• Changing social norms. The rise of digital communicatios has led to shifts in social norms,
such as the decline of traditional forms of entertainment (e.g., television, newspapers) in
favor of digital media, potentially eroding cultural traditions associated with older forms of
media.

6. Cyberbullying & online harassment [118,119]

• Negative online behavior. The anonymity provided by the Internet can lead to cyberbully-
ing, harassment, and hate speech. This is particularly harmful to vulnerable populations,
including young people, minorities, and women.

• Trolling & online abuse. People may become targets of malicious online behavior, which can
cause emotional distress and lead to significant psychological harm.

8. Sustainable Broadband Internet
The Internet has positive and negative effects on various aspects of life. Areas with broadband

Internet can attract investors, become a place for tech workers, and boost the local economy. The
unavailability of broadband services and data speeds sufficient to meet the minimum needs of today’s
human beings in suburbs, rural, and remote areas, creates unequal economic opportunities and the
digital divide [120–123]. Hence, alignment towards a unified, coherent, and sustainable Internet should
consider the following strategies and solutions.

8.1. Balanced Development and Strategic Planning

In broadband networks that provide high-speed Internet services based on sustainable quantita-
tive and qualitative development, foresight, strategic and management planning, and compatibility
and friendliness with the environment, attention to the following points is necessary:

1. Accelerating the macro plans to achieve high bandwidth;
2. Creating direct and indirect employment opportunities;
3. Helping to make the digital economy and business based on the Internet platform more effective;
4. National and global added value in scientific, cultural, educational, social, medical, and environ-

mental fields;
5. Network integrity and accessibility;
6. Making changes and expanding the network and services;
7. Compliance with territorial geography;
8. Providing services for different fixed and mobile users;
9. Access to urban, suburban, rural, and remote areas;
10. Coverage of all types of services;
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11. Acceptable data download and upload speeds and volume;
12. Decreasing latency, jitter, and packet loss;
13. Lowering subscription, service, and maintenance costs;
14. Decreasing costs of updating devices and software;
15. Improving security and defense against cyber threats;
16. Benefiting from optical fiber platforms in smart homes and cities, IoT, and future broadband

services;
17. High durability of fiber optics against corrosion and ability to increase the number of channels

with low interference;
18. Reduction of electromagnetic radiation and interference in wireless technologies;
19. Environmental pollution as little as possible;
20. Reducing damage to nature to provide electrical energy.

Taking into account the points mentioned above, the following suggestions for balanced develop-
ment and strategic planning, locally and globally, are as follows.

• ICT policy-making and compliance;
• Regulatory mechanisms in the digital field and Internet;
• The possibility of using the Internet without discrimination;
• Supporting innovative Internet-based businesses;
• Creating a safe and inclusive digital environment;
• The ability for all ages, genders, and races to benefit from digital evolution.

8.2. Ten Spatio-Temporal User/Operator-Centric Strategies to Improve Global Broadband Internet

The development of different countries will depend on high-speed fixed and mobile broadband
connections. The new services and applications help the development of the broadband Internet
while the broadband Internet can pave and accelerate the development of new technologies. A critical
problem is unacceptable connections in areas with low-speed Internet as the world moves toward video
streaming, online gaming, IoT, and Metaverse. So, the development of wired/wireless fixed/mobile
broadband Internet is important in reducing the digital divide.

Broadband Internet access guarantees strong economic development. FTTx and 5G technologies
play an important role in this direction and their deployment is commercially viable in densely
populated and urban areas [124,125]. Infrastructure costs have limited the way FTTx and 5G can
deliver effective broadband Internet services to rural areas [125]. Due to the small population and
economy, the communication infrastructure of rural areas lags behind their urban counterparts [126–
128].

By addressing the problem of the digital divide and the need for strong economic development,
broadband Internet penetration significantly reduces civic engagement, political participation, and
non-profit involvement in public affairs [129,130]. An important question is How Does It Affect
Global Social Capital and Interactions that Enable People to Work More Effectively Together to Pursue
Common Objectives?

As demonstrated in Figure 8, ten solutions to improve the current state, upgrade the broadband
Internet network, and solve the associated problems related to the digital divide and the social impacts
of the broadband Internet are as follows:
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Figure 8. Ten strategies to improve global broadband Internet.

1. Governments’ attention and operators’ focus on balanced broadband Internet access. Balanced
and stable development of wired/wireless fixed/mobile broadband Internet makes it possible to
achieve and enjoy the benefits below:

• New job opportunities;
• Improving the penetration rate of broadband Internet;
• Providing high-quality services and applications;
• Increasing average download and upload data rates;
• Average latency, jitter, and packet loss reduction;
• Making new high-speed/low-latency services;
• Achieving high economic added value;
• Increasing subscriber satisfaction.

2. Sharing infrastructure and convergence of fixed and mobile broadband Internet. Because of
reducing costs and increasing broadband coverage in a joint manner, governments and network
operators are growing infrastructure sharing [131]. Moreover, Fixed and Mobile Convergence
(FMC) Internet allows fixed and mobile networks to work together to provide complete, reliable,
and inexpensive services. FMC provides a variety of quality services to fixed and mobile users
regardless of terminal, network, application, and location [121]. It is also useful for operators,
especially in places where one platform cannot provide services while it can be created by another
platform. It means subscribers can get a wide range of services at a reasonable price [132].

3. Data transfer from wireless 5G to wired FTTx. In locations with optical fiber, mobile users
covered by 5G who are fixed or have limited mobility, transmit and receive data over optical fiber
infrastructure. In this way, the following four advantages can be obtained:

• Increasing the speed of downloading and uploading data;
• Releasing the occupied frequency channels;
• Removing interference and radio pollution;
• Reducing latency, jitter, and packet loss.

4. Virtualized Fiber Wireless (V-FiWi) broadband access network. It effectively integrates het-
erogeneous Virtual Networks (VNs) originating from the Service Provider (SP) into the same
Substrate Network (SN) provided by the Infrastructure Provider (InP). It plays a key role in
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providing distinct requirements between wireless frontend and fiber backhaul subnets to enable
heterogeneous resource allocation [133].

5. Dynamic spectrum reuse using Cognitive Radio (CR). Networks are positioned as a preferred
paradigm for addressing spectrum capacity challenges with next-generation networks driving
the intersection of multimedia, broadband, and broadcast service. CRs solve these issues through
spatiotemporal access to the dynamic spectrum in in-band and out-band classes, underlaying
and overlaying scenarios, and various low, mid, and high frequency ranges in 5G and 6G [134].
Also, spectrum efficiency is improved by using CR learning models, network densification
architectures, massive Multi-Input Multi-Output (MIMO), and beamforming [135,136].

6. Special attention to new digital technologies requiring high data rates and low latency. The new
digital technologies that require broadband Internet are IoT, 6G, Metaverse [137], video streaming,
and online gaming [138]. Their expansion requires the existence and access to broadband Internet
and ICT. These technologies encourage operators to put more effort into their development and
broadband Internet [139–142].

7. Integrated terrestrial-satellite network. With the growth of global communications and the
pervasiveness of the IoT, connectivity to rural and remote areas is considered important for
future networks [143]. 6G and beyond will enable a fully connected world, providing ubiquitous
wireless connectivity for everyone. The convergence of Communications, Computing, Control,
Localization, and Sensing (3CLS) and multi-sensor XR programs change the future networks
such that they provide heterogeneous services and unified network coverage for everyone and
everything [144,145]. Hence, integrated terrestrial-satellite networks provide broadband access
to all users worldwide [146].

8. Establish and increase the number of data centers around the world. High latency is due to
multiple connections, long-distance data transfer, information processing, and computations
in distant data centers, and jitter is due to time variations and randomness of these four items.
The increase and distribution of data centers around the world and above the earth adjusted
with the number of users, Internet penetration rate, and the required volume and uploading and
downloading data rate can be a suitable solution.

9. Support of governments in the development of broadband Internet and creation of incentive
aspects. The costs of upgrading the mobile network from 4G to 5G and the high time and costs of
creating the basic infrastructure of the optical fiber-based network are the factors that prevent
and slow down the development of broadband Internet. With the support of the government, it
can be solved and the process accelerated. To encourage operators to provide fixed and mobile
broadband services and to interest domestic, office, and business fixed users in using stable,
reliable, and inexpensive FTTx broadband Internet, financial and spiritual incentives and tax
exemptions are needed because the investment return time in these platforms is longer than
existing 4G/4.5G wireless and copper cable platforms.

10. Find the solutions to decrease the negative social impacts of broadband Internet. This issue
needs solutions because high-speed Internet replaces offline activities such as civic partnership,
political participation, and face-to-face interactions. Addressing these challenges requires jointly
targeted solutions like expanding access to underserved communities, promoting digital literacy,
and mitigating potential harms.

9. Emerging Technologies Related to Broadband Internet
Emerging key technologies, applications, and services directly impact and are impacted by the

broadband Internet and indirectly have positive and negative impacts on society and the economy.
In other words, although software and hardware advances in ICT and Internet technologies play a
key role in achieving sustainable development and bringing developing countries closer to developed
countries, digital infrastructure is negatively impacted by various socio-economic factors. Hence,
improving the current status and sustainable development of the broadband Internet and digital
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technology in the world requires awareness, targeted research, and implementation of the following
technologies:

1. Emerging wired and wireless networks

• Self-Organizing Network (SON). It is an automated technology that streamlines the man-
agement and optimization of mobile radio access networks, enabling self-configuration,
self-optimization, and self-healing capabilities. The benefits of SONs are reduced manual
intervention, improved efficiency, enhanced network performance, lower operational costs,
faster deployment, and scalability. Applications of SONs are mobile networks, 5G networks,
and enterprise networks [147,148].

• Wireless Mesh Network (WMN). This network has the potential to offer relatively stable broad-
band Internet access. The swift evolution and proliferation of Wireless Mesh Networks
(WMNs) necessitate that Internet Service Providers (ISPs) deliver seamless connectivity to
users anytime and anywhere. To meet these demands, Software Defined Networking (SDN)
and Software Defined Wireless Networking (SDWN) have been introduced as transformative
frameworks for wired and wireless networks, respectively. These approaches significantly
enhance operational efficiency, streamline network control and management, and expe-
dite the integration of emerging technologies within both wired and wireless networking
environments [149].

• 5G Cloud-Radio Access Network (5G-C-RAN). The escalating demand for enhanced Mobile
Broadband (eMBB), massive Machine-Type Communications (mMTC), and Ultra-Reliable
Low-Latency Communications (URLLC) has catalyzed the deployment of a broad spectrum
of 5G use cases. Realizing these diverse service requirements hinges on network slicing,
which enables the instantiation of multiple isolated virtual networks atop a shared physical
infrastructure. Given the constraints of finite radio resources and the surge in data traffic,
there is a critical need for sophisticated resource allocation mechanisms. The Adaptive
Slice Allocation (ASA) framework effectively addresses this by integrating dynamic slice
admission control and real-time resource optimization, thereby ensuring stringent Quality
of Service (QoS) compliance under variable network states and latency demands. ASA out-
performs static slice allocation (SSA) by providing optimized resource efficiency, robust slice
isolation, and enhanced QoS guarantees, making it highly suitable for complex multiservice
5G environments [150].

2. Big data, vast-scale data archives, and massive-scale data centers

• Big data. Big data is extensively utilized across diverse domains, including business, scientific
research, government operations, healthcare, finance, and advanced technology, where it
serves as a foundational asset for refining analytical methodologies, optimizing operational
efficiency, and driving data-informed decision-making. Its integration enables enhanced
precision, scalability, and overall quality in both strategic and real-time application [151].
Key challenges of big data are storage and processing, data quality, data privacy and security,
and skills gap [152,153].

• Vast-scale data archive. The management of vast-scale data archives necessitates advanced
frameworks for efficient data processing and meaningful insight extraction. A key chal-
lenge in the design and optimization of data-centric computing platforms is the ability
to scale effectively, accommodating a high volume of CPU cores and orchestrating mil-
lions of concurrent threads to sustain peak performance. Furthermore, the convergence of
High-Performance Computing (HPC), Data Analytics (DA), and Artificial Intelligence (AI)
presents additional complexity, requiring unified computational architectures capable of
supporting high-volume, low-latency data processing across diverse workloads [154].

• Massive-Scale Data Center (MSDC). A 100,000 server scale MSDC, a key component of the cur-
rent content-centric Internet architecture, requires significantly more connectivity resources
than traditional broadband Internet transit networks to handle massive traffic [155].
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• AI-driven data center. With the rapid advancement of cloud computing, big data, and AI
technologies, data centers increasingly demand high-speed and low-latency network con-
nectivity. Traditional copper cables, limited by bandwidth and transmission distance, are
unable to meet the needs of modern data centers, especially AI-driven data centers. Optical
fiber has become the preferred fiber connectivity solution with its high bandwidth, low
latency, and strong anti-interference capabilities [156,157].

3. Edge/fog/cloud computing

• Edge Intelligence (EI). The EI paradigm has recently emerged as a promising solution to
overcome the inherent limitations of cloud computing (latency, autonomy, cost, etc.) in the
development and provision of next-generation IoT services. Therefore, motivated by its
increasing popularity, relevant research effort was spent exploring,m different perspectives
and at different degrees of detail, the many aspects of EI [158].

• Fog computing. With the rapid growth of IoT applications, the classic centralized cloud
computing paradigm faces several challenges, such as network failure, high latency, low
data volume and speed, and small number of users covered. Therefore, it is necessary to
place data processing and storage in IoT devices, which allows the fog to provide services
with faster response and higher quality [159].

• Edge-fog-cloud computing. Edge/Fog/Cloud computing is a layered computing architecture
that distributes processing power across different levels. It is a powerful approach to
data processing that combines the benefits of distributed processing, reduced latency, and
centralized resources. Edge computing handles data processing at the source, fog computing
acts as a middle ground, and cloud computing provides centralized resources. The edge
computing layer handles data processing and analysis at or near the source of the data,
such as IoT devices, sensors, or smart appliances. The fog computing layer acts as a middle
ground between the edge and the cloud, providing additional computing resources and
services to edge devices. It filters, aggregates, and processes data before sending it to
the cloud. The cloud computing layer provides centralized computing resources, storage,
and services, often located far from the source of the data. The benefits of edge-fog-cloud
architecture are reduced latency, improved efficiency, real-time analysis, enhanced security,
scalability and flexibility, and cost savings for applications like smart cities and IoT devices
[160,161].

4. Artificial intelligence and natural language processing

• Generative AI. Generative AI is a subfield of AI that focuses on creating new data, such as text,
image, audio, and video, by learning from existing data. These AI models can generate new
content based on natural language input or other data, enabling applications like chatbots,
content creation, and scientific research. It creates new data, learns from existing data, uses
diverse input, and applies it to various fields. Generative AI has applications in diverse
areas such as healthcare, entertainment, and scientific research [162,163].

• Generative Pre-trained Transformer (GPT) models. Recommender systems play a pivotal role in
domains such as e-commerce, streaming services, and social media platforms. Traditional
methods, including collaborative filtering and content-based filtering, are often limited by
issues such as cold-start scenarios and data sparsity. Recent advances in Natural Language
Processing (NLP) and deep learning, particularly with models such as GPT, offer promising
alternatives by enabling a deeper understanding of user intent and delivering personalized
and contextually relevant recommendations [164].

• Sentiment analysis. It also known as opinion mining, is a branch of Natural Language
Processing (NLP) dedicated to extracting human emotions, opinions, and beliefs from
unstructured textual data. With the rapid expansion of social media platforms and the
exponential growth of user-generated content, such as reviews, comments, and feedback,
sentiment analysis has emerged as a vital yet complex area of research. Among the most
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pressing challenges in this space is the proliferation of toxic online content. Social media’s
anonymity and lack of stringent moderation allow individuals from diverse cultural and
ideological backgrounds to express harmful or abusive language without accountability.
This environment has fostered a surge in cyberbullying and toxic discourse, highlighting the
urgent need for robust, automated systems capable of detecting and curbing such behavior
in real time [165].

5. Distributed ledger and Cryptocurrency

• Distributed ledger. The current centralized architecture introduces numerous issues involving
a single point of failure, security, privacy, transparency, and data integrity. These challenges
are an obstacle in the way of the future development of applications. Moving into one of the
distributed ledger technologies may be the correct choice to resolve these issues. Among the
common and popular types of distributed ledger technologies is the blockchain [166].

• Cryptocurrency. Cryptocurrency has become a prominent and transformative subject over
the past decade, driving significant technological advancements and attracting global in-
vestments exceeding trillions of dollars. Its distinctive decentralized architecture confers
numerous advantages, including enhanced security, transparency, and operational efficiency,
which underpin its widespread applicability and data-intensive nature. In this landscape,
the convergence of two pivotal domains, i.e., cryptocurrency and big data, represents a
critical step toward harnessing the full potential of digital innovation and enabling more
strategic, data-driven insights across industries [167].

6. IoT
The IoT represents a new technology that enables both virtual and physical objects to be connected
and communicate with each other using the Internet, and produce new digitized services that
improve the quality of human life. Increasing the information about the environment around us,
automation and control, saving time, optimum use of energy, and fast generating, processing,
transmitting, and receiving data, are the main advantages of IoT in different aspects of life. The
key challenges that should be solved are as follows:

• Connectivity to the Internet;
• Reliability;
• Security and privacy;
• Big data management and computing;
• Co-existence and collaboration of different protocols;
• Need to find a unique standard;
• Delivering the energy;
• Cost [168–172].

7. Metaverse
The metaverse is a concept for a persistent and shared three-dimensional world with the con-
vergence of physical/digital and social/economic connections, where people can interact, work,
play, and socialize, often through avatars. It is envisioned as the next evolution of the Internet,
blending the physical and digital realms. Key technologies are VR, AR, XR, AI, blockchain and
Non-Fungible Tokens (NFTs), edge computing, IoT, and 5G. Potential applications are:

• Socializing and entertainment;
• Work and collaboration;
• Education and training;
• Commerce and shopping;
• Healthcare;
• Government services.

The metaverse faces numerous challenges, including:

• Adoption, accessibility, and inclusivity;
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• Privacy and security;
• Regulatory and legal restrictions;
• potential negative impacts on mental health and well-being;
• Ethical considerations;
• Technological maturity and hurdles related to infrastructure, interoperability, and scalability

[173–177].

8. 6G
The high-speed broadband 5G cellular network will improve the quality of service for growing
mobile users and the massive IoT. It will also provide ultra-low-latency services required by smart
city applications [178]. 6G is building upon 5G to offer faster speeds, lower latency, and enhanced
capabilities for various applications. It aims to achieve speeds of up to 1Tbps and ultra-low latency
of around 1us. 6G is expected to enable advancements in areas, such as VR, AR, AI, and IoT.
The following communications play pivotal roles in this integration, facilitating optimal resource
utilization, agile service delivery, extended coverage, enhanced network resilience, increased
capacity, higher network density, improved availability, strengthened safety and security, and
lower energy consumption:

• Long-Distance and High-Mobility Communications (LDHMC);
• ultra-massive Machine-Type Communications (umMTC);
• Extremely Low-Power Communications (ELPC);
• Holographic communications;
• massive Broad-Bandwidth Machine-Type (mBBMT) communications;
• Mobile Broad-Bandwidth and Low-Latency (MBBLL) communications;
• massive Low-Latency Machine-Type (mLLMT) communications.

The development of 6G networks presents a series of multifaceted challenges that necessitate
innovative and interdisciplinary solutions. To meet these demands, 6G incorporates advanced
paradigms such as artificial intelligence (AI), network softwarization, cloudification, virtualiza-
tion, and network slicing. Foundational technologies include Network Function Virtualization
(NFV), Software-Defined Networking (SDN), and intelligent network slicing, all of which con-
tribute to greater flexibility, scalability, and efficiency. Furthermore, 6G envisions transformative
infrastructure models, such as Resource-as-a-Service (RaaS) and Infrastructure-as-a-Service (IaaS),
underpinned by sophisticated management and service orchestration mechanisms to enable
dynamic, on-demand resource allocation and end-to-end automation [178–181].

10. Conclusion and Future Work
Today, we live in a mixed environment that is a combination of a digital world online and

offline. In this environment, it is the technology that defines our behavior and unites people in a
large world. Broadband Internet is crucial in all aspects of cultural, economic, political, educational,
health, transportation, and civic life. The three main factors that accelerate broadband Internet and
global digitalization are the increasing number of Internet users and devices, the significant adoption
of Internet-based services that require high data rates, and the emergence of various broadband
Internet-based services. Each wired and wireless broadband Internet platform has its advantages and
disadvantages, and none of the platforms is responsible for all conditions, scenarios, and services
alone. Generally, all platforms should interact with each other to provide services.

Ten important elements in choosing wired/wireless fixed/mobile access are the type of connection,
data speed and volume required, information security, mobility, flexibility, cost, establishment and
setup speed, observation and maintenance, coverage area, and interference. A wired connection has
higher reliability, more security, and less interference, while a wireless connection has higher mobility,
more flexibility, faster setup and provision of services, and the ease of adding users, devices, and
equipment.
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In this review paper, we had a look at some statistics as the outputs of comparative studies about
broadband Internet, such as Internet engagement compared to other things and current status and
future predictions of broadband Internet in the world. The five highlighted remarks of this study are
as follows:

1. Broadband Internet has wide-ranging social impacts and benefits in communications and infor-
mation access, education, healthcare, economic opportunities, financial transactions, and social
participation and connection.

2. It enables a wide range of related services and applications, including video streaming, online
gaming, video conferencing, and access to various online platforms. It supports smart home and
IoT, remote work capabilities, and various business operations.

3. Emerging digital technologies are at the forefront of digital transformation, reshaping industries
and impacting society in profound ways. Broadband Internet and some emerging technologies,
such as networking; big data and archiving, scheduling, routing and large-scale data and infor-
mation processing; edge-fog-cloud computing; artificial intelligence and learning; blockchain
and cryptocurrency, influence and are influenced by each other.

4. The broadband Internet faces challenges such as digital inequality, privacy concerns, dis/misinformation,
and the possibility of social isolation.

5. Addressing accessibility, security, digital literacy, and responsible use of broadband Internet and
digital technology is crucial to maximize their positive impacts and minimize their negative
consequences.

To reduce the digital divide, a multi-faceted approach is needed. This includes improving access
to affordable Internet and devices, providing digital literacy training, and creating relevant online
content. In addition, addressing infrastructure gaps, promoting public-private partnerships, and
supporting community-based initiatives are crucial steps. Hence, to find an optimum stable broadband
Internet, the following items need more attention:

1. Connecting all people and protecting human rights;
2. Accelerating the access of communities to the Internet;
3. Internet integration and preventing its fragmentation;
4. Data governance and privacy protection;
5. Applying emerging technologies and artificial intelligence;
6. Creating safety, security, and responsibility.

It is necessary to investigate and address technical issues in interesting topics such as data
transmission from 5G wireless to wired FTTx, integrated terrestrial-satellite networks, virtual fiber-
wireless, and CR-based dynamic spectrum reuse. Furthermore, according to the criteria mentioned
in this research, energy efficiency as a criterion related to sustainability, accessibility to connect
rural/remote areas, and the number of connections per square meter an important criteria for massive
access in IoT environments and highly distributed applications/services needing low-latency and
high-speed data should be considered in broadband Internet development and future strategies.
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Abbreviations
The following abbreviations are used in this manuscript:

4G 4th Generation
4.5G 4.5th Generation
5G 5th Generation
6G 6th Generation
AI Artificial Intelligence
AR Augmented Reality
ARPANET Advanced Research Projects Agency NETwork
ASA Adaptive Slice Allocation
BPL Broadband over Power Lines
CPU Central Processing Unit
CR Cognitive Radio
C-RAN Cloud-Radio Access Network
DA Data Analytics
DDN Defense Data Network
DSL Digital Subscriber Line
EI Edge Intelligence
ELPC Extremely Low-Power Communications
eMBB enhanced Mobile Broad Band
ETNO European Telecommunications Network Operators’ association
FCC Federal Communications Commission
FTTB Fiber-To-The-Business
FTTC Fiber-To-The-Cabinet
FTTH Fiber-To-The-Home
FTTN Fiber-To-The-Node
FTTP Fiber-To-The-Premises
FTTx Fiber-To-The-x
FWA Fixed Wireless Access
GDP Gross Domestic Product
GEO Geostationary Earth Orbit
GPT Generative Pre-trained Transformer
HPC High-Performance Computing
IaaS Infrastructure-as-a-Service
ICT Information Communication Technology
IIJA Infrastructure Investment and Jobs Act
IoT Internet of Things
ISP Internet Service Provider
ITU International Telecommunications Union
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KSA Kingdom of Saudi Arabia
LDHMC Long-Distance and High-Mobility Communications
LEO Low Earth Orbit
LTE Long Term Evolution
LTE-A Long Term Evolution-Advanced
MBBLL Mobile Broad-Bandwidth and Low-Latency
mBBMT massive Broad-Bandwidth Machine-Type
MEO Medium Earth Orbit
mLLMT massive Low-Latency Machine-Type
mMTC massive Machine-Type Communications
MSDC Massive-Scale Data Center
NFT Non-Fungible Token
NFV Network Function Virtualization
NGO Non-Governmental Organization
NLP Natural Language Processing
NR New Radio
QoS Quality of Service
RaaS Resource-as-a-Service
SDG Sustainable Development Goal
SDN Software-Defined Networking
SDWN Software Defined Wireless Networking
SON Self-Organizing Network
SSA Static Slice Allocation
TCP/IP Transmission Control Protocol/Internet Protocol
UAE United Arab Emirates
UK United Kingdom
umMTC ultra-massive Machine-Type Communications
URLLC Ultra-Reliable Low Latency Communications
USA United States of America
VPN Virtual Private Network
VR Virtual Reality
WiFi Wireless-Fidelity
WiMAX Worldwide Interoperability for Microwave Access
WMN Wireless Mesh Network
XR eXtended Reality
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