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Abstract

The introduction of Saudi Arabia’s Vision 2030
has seen the country experience rapid growth in
terms of intelligent infrastructure, digital
services, smart cities, and technological
advancements within its various sectors. The use
of 10T and 5G millimeter wave (mmWave)
technology is an important factor that contributes
towards achieving this goal since they allow for
ultra-fast ~ connectivity, massive machine
communication, data transfer in real time, and
monitoring of infrastructural activities. loT
collects data from physical devices like
buildings, transportation system, utilities,
industries, health care services, and public
security system, which 5G mmWave helps to
transmit and process. In this paper, an
exploration is made to discuss the potential
application of 10T together with 5G mmWave
technology for promoting smart infrastructure
construction in Saudi Arabia under the scope of
Vision 2030. In this research, attention will be
paid to smart cities, intelligent transportation
systems, energy management, environment
protection, public safety, healthcare facilities,
and industrial automation systems. Moreover,
technical issues, such as propagation constraints
of 5G mmWave, 10T security, interoperability,
data management issues, energy consumption,
and infrastructural costs will be considered. An
integrated approach for the implementation of

loT-based smart infrastructures using 5G
mmWave networks will be suggested.
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Resumo

Com a introducéo da iniciativa "Vision 2030" da
Arabia Saudita, o pais tem vivenciado um rapido
crescimento em termos de infraestrutura
inteligente, servicos  digitais, cidades
inteligentes e avangos tecnoldgicos em diversos
setores. O uso de loT e da tecnologia 5G de
ondas milimétricas (mmWave) é um fator
importante para alcancar esse objetivo, pois
essas tecnologias possibilitam conectividade
ultrarrpida, comunicagdo massiva entre
maquinas, transferéncia de dados em tempo real
e monitoramento  de  atividades de
infraestrutura. A loT coleta dados de
dispositivos fisicos — como edificios, sistemas
de transporte, servigos de utilidade publica,
inddstrias, servigos de salde e sistemas de
seguranca publica —, os quais 0 5G mmWave
auxilia a transmitir e processar. Este artigo
explora a aplicacdo potencial da loT em
conjunto com a tecnologia 5G mmWave para
promover a construcdo de infraestrutura
inteligente na Arabia Saudita, no ambito da
"Vision 2030". A pesquisa aborda cidades
inteligentes, sistemas de transporte inteligentes,
gestdio de energia, protecdo ambiental,
seguranca publica, instalagbes de salde e
sistemas de automacdo industrial. Além disso,
sdo considerados aspectos técnicos como
limitagdes de propagacdo do 5G mmWave,
seguranca de 10T, interoperabilidade, gestao de
dados, consumo de energia e custos de
infraestrutura. Propde-se uma abordagem
integrada para a implementacdo de
infraestruturas inteligentes baseadas em loT
utilizando redes 5G mmWave.

Palavras-chave: loT. 5G mmWave.
Infraestrutura Inteligente. Vision 2030. Arabia
Saudita. Cidades Inteligentes. Transformacéao
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1 INTRODUCTION

Saudi Arabia is currently moving through a major digital transformation period
under Vision 2030. The country is investing heavily in smart cities, digital government,
industrial automation, tourism infrastructure, logistics, healthcare innovation, energy
efficiency, and sustainable urban development. These national priorities require strong
digital infrastructure that can connect people, devices, machines, buildings, vehicles, and
public systems in real time. In this context, the integration of Internet of Things (10T) and
5G millimeter wave (mmWave) technologies has become highly important for
developing smart infrastructure.

loT is an abbreviation for a set of interconnected devices that gather, share, and
process information. Examples of such devices may include sensors, smart meters, video
cameras, traffic lights, environmental surveillance system, industrial machines, health
care devices, energy-related equipment, and facility management systems. loT
technology allows the infrastructure to be intelligent since it enables constant monitoring,
decision making, predictive maintenance, and improving services through real-time
feedback. For instance, a smart streetlight can dim depending on traffic movement, a
smart water distribution system detects leakage, and a smart transport system manages
congestion.

Nevertheless, 10T systems need efficient communication networks in order to
work effectively. Huge amounts of devices produce non-stop information, and in many
cases, there is a demand for speedy transfer of that information. In this context, 5G
mmWave technology comes into play. The mmWave technology works on very high
frequency bands, and it has very high data capacity, fast transfer rates, and low latency.
These characteristics are beneficial when it comes to using it for smart infrastructure
solutions in city centers, airports, stadia, industrial zones, seaports, and smart buildings.

The adoption of 10T technology along with 5G mmWave is more significant for

Saudi Arabia since the country plans large-scale investments in intelligent infrastructure
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projects such as NEOM, The Line, Qiddiya, Red Sea Global, King Salman Park,
intelligent transport systems, health care solutions, and industrial zones. All these require
immediate interaction between physical infrastructure and digital solutions. In other
words, within the context of smart cities, 10T can monitor traffic flow, air pollution,
electricity usage, waste disposal, parking areas, security systems, and performance of
buildings, among others. 5G mmWave will transfer this data promptly to cloud or edge
computing platforms for further processing.

One of the greatest strengths in this merger is the enhancement of efficiency in
infrastructure operations. Standard infrastructure is usually reactionary, meaning that
issues are addressed only after they have occurred. With the aid of 10T and 5G mmWave
technology, however, smart infrastructure can become predictive and automated in
nature. Roads, bridges, utilities, buildings, power grids, and even industrial assets can be
continually monitored for problems and potential failure before these actually take place.
This will lead to increased efficiency, reduction in expenses related to maintenance, and
greater public safety in Saudi Arabia.

Sustainability is another strength of merging lIoT and 5G mmWave technologies
into infrastructure. Sustainability is a core objective of the nation’s vision plan, focusing
on the improvement of quality of life, environmental sustainability, energy savings, and
sustainable development. The adoption of loT-enabled infrastructure can help achieve all
these objectives by enabling the continuous monitoring of electricity usage, water
consumption, air pollution, traffic, waste management, and even the energy efficiency of
buildings.

In addition to this, the integration will support economic diversification. The
development of smart infrastructure will provide opportunities for technology firms,
telecoms, analytics providers, constructors, energy providers, logistic firms, and public
organizations. There will be opportunities to deliver innovative services such as
autonomous transport, smart ports, digital tourism, telemedicine, industry automation,
smart security, and immersive public events. This set of domains is clearly associated
with the ambition of Saudi Arabia to establish a competitive digital economy.

Nevertheless, there are numerous obstacles which should be considered during the
process of integration. For instance, it is necessary to remember that the 5G mmWave

network will have low coverage area and poor penetration of walls and floors. Hence, a
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proper network layout will be required. In turn, the use of 10T technology creates a
number of obstacles that involve cybersecurity issues, device compatibility, privacy,
energy costs, and interoperability.

This paper examines the integration of 10T and 5G mmWave technologies for
smart infrastructure development under Vision 2030. It discusses the technical role of 10T
and mmWave, their combined value for Saudi infrastructure, key use cases,
implementation challenges, and future opportunities. The main purpose of the study is to
show how Saudi Arabia can use 10T and high-capacity 5G mmWave connectivity to build

intelligent, sustainable, and future-ready infrastructure systems.
2 LITERATURE REVIEW

The combination of 10T and 5G mmWave technologies has gained relevance as a
topic in current research since the modern infrastructure requires timely data, automation,
and effective communication technologies. 10T offers the sensing and monitoring
capability, while 5G mmWave provides the fast internet connection for transferring huge
amounts of data with a minimum delay. In this way, IoT and 5G mmWave enable the
transformation of the existing infrastructure into smart infrastructure, allowing it to
operate effectively through self-monitoring, predictive maintenance, automation, and
decision making.Smart infrastructure employs loT technology due to its ability to connect
assets and equipment through the internet. Sensors may be embedded in buildings, streets,
bridges, power networks, water, garbage collection services, public transport systems,
factories, hospitals, and security cameras. Data is collected continuously from these
devices regarding various aspects such as vibrations, temperature, traffic, environmental
conditions, power consumption, machine state, and people movements. This allows
infrastructure managers to discover possible problems and optimize operations. 10T is
essential for Saudi Arabia because it is included in its development plan in terms of Vision
2030 that covers areas of smart city development, digitalization of services, industry
renewal, tourist sector development, and sustainable urbanism.5G mmWave technology
adds a new level of performance to loT-enabled infrastructure. Traditional networks may
face limitations when many devices transmit data at the same time, especially in dense

environments. mmWave provides very wide bandwidth and high data capacity, making
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it suitable for high-density smart infrastructure locations such as airports, stadiums,
business districts, hospitals, universities, industrial campuses, ports, and mega-project
areas. This is important in Saudi Arabia because projects such as NEOM, The Line,
Qiddiya, Red Sea Global, and King Salman Park require advanced connectivity for smart
mobility, digital security, automated utilities, energy management, and real-time
environmental monitoring.A major theme in previous studies is the role of 5G mmWave
in supporting ultra-low latency applications. Some smart infrastructure systems require
immediate response. For example, autonomous transport systems, emergency response
platforms, industrial robots, smart traffic signals, and public safety cameras cannot
depend on delayed communication. If data transmission is slow, the system may fail to
respond at the right time. By using mmWave with edge computing, data can be
transmitted and processed close to the user or infrastructure asset, reducing delay and
improving reliability.

Another important theme is massive IoT connectivity. Smart infrastructure may
include thousands or even millions of connected devices. These devices may not all
require high bandwidth, but they require stable connectivity and proper network
management. 5G networks can support different categories of 10T applications, including
massive machine-type communication for large sensor networks and ultra-reliable low-
latency communication for critical systems. mmWave is most useful for high-capacity
areas where sensors, cameras, user devices, machines, and digital platforms operate
together.

There are also discussions about developing a smart city as an important
application. The implementation of 10T and 5G mmWave technology in smart cities will
be useful for intelligent traffic management, smart parking, energy-efficient building
solutions, security systems, smart lighting, air quality monitoring systems, waste
management solutions, and connected public transportation. All these applications will
be in line with Saudi Arabia's objectives related to improving its quality of life and
promoting digital transformation initiatives.

In addition to that, the use of l0T devices and 5G mmWave network will be
beneficial for the industrial sector in Saudi Arabia. It includes various industries like oil
and gas production, mining, logistics, manufacturing, and ports. There will be a need for

industrial automation where remote monitoring and predictive maintenance, robotic
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process automation, autonomous vehicle operations, and safety will have to be
implemented. Using 10T sensors for monitoring and 5G mmWave network for
transferring large volume of data will benefit industrial activities.

Another issue that must be considered is energy consumption. Greater loT
connectivity and denser mmWave structures might be expected to consume more energy.
Sustainable development involves the use of energy-efficient sensors, efficient energy
consumption during communication, effective sleep mode for sensors, renewable energy
sources, and optimal network configurations.

Generally speaking, considering the review of the literature that was provided in
this paper, one can clearly see that the integration of 10T and 5G mmWave technologies
will surely contribute to the development of smart infrastructure, but this requires careful

planning.

Table 1

Key Literature Themes on loT and 5G mmWave Integration

| Theme || Main Explanation || Relevance to Vision 2030 |
. Collects real-time data from infrastructure||Supports smart cities and digital
10T sensing )
assets services
5G mmWave||Provides high-speed, high-capacity||Enables advanced smart
connectivity communication infrastructure
Edge computing Processes data close to users and assets SR;?S;ZS latency  for critical

|Smart city applications

||Supports traffic, safety, energy, and utilities

||Improves quality of life

Industrial 10T Engbles automation and  predictive Supports economic diversification
maintenance
Cybersecurity Protects connected infrastructure systems Ensures reliable digital

transformation

|Energy efficiency

||Reduces power use in connected networks ||Supports sustainable development |
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Figure 1

loT and 5G mmWave Smart Infrastructure Integration Model
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Figure 2
Conceptual Representation of l1oT-Based Smart City Infrastructure and Connectivity

Figure 3

Integrated lIoT and 5G mmWave Smart Infrastructure Framework
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3 RESEARCH METHODOLOGY

The current study uses a qualitative research strategy of reviews to explore the
integration of loT and 5G mmWave technology for developing intelligent infrastructure
in accordance with Saudi Vision 2030. The topic is focused on digital infrastructure,
wireless communication, intelligent city technology, and transformation of the country,
and thus, a qualitative research strategy based on reviews would be appropriate. It will
help in exploring the existing literature on the issue without resorting to any practical
experiment or network measurement techniques.

The methodology will be divided into four distinct parts: analysis of technology,
infrastructure use-case mapping, integration framework creation, and problem
assessment. Technology analysis part of the methodology revolves around the technical
aspects of 10T and 5G mmWave technology. Here, 10T is considered to be the layer that
acts as a sensor for gathering information, whereas 5G mmWave is considered the layer
that allows quick data transfer. 10T sensors gather information in real time from physical
objects like roads, buildings, energy systems, water utilities, factories, automobiles,
hospitals, public places, and environmental monitoring stations.

Step two of the methodology process includes a matching exercise that maps 1oT
and 5G mmWave technologies against the priority infrastructure sectors in Saudi Arabia.
This includes smart cities, intelligent transport systems, energy management, industrial
automation, healthcare infrastructure, environment monitoring, public safety, smart
tourism, and giga projects. This step is crucial since Vision 2030 is not just about
digitization, but about improving the quality of life, economic diversification,
sustainability, and competitiveness. Each technology is hence considered in light of its
potential contribution towards achieving these objectives.

The third stage develops an integrated smart infrastructure framework. This
framework connects 10T sensors, 5G mmWave small cells, edge computing systems,
cloud platforms, cybersecurity controls, and data analytics applications. The purpose of
the framework is to show how physical infrastructure can become intelligent through real-
time sensing, fast connectivity, local data processing, and automated decision-making.
For example, smart traffic cameras and road sensors can collect live traffic data, transmit

it through 5G mmWave, process it through edge computing, and then support traffic
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control decisions. Similarly, industrial 10T sensors can monitor equipment health and
support predictive maintenance.

The fourth stage looks at the key difficulties of bringing things together. These
involve issues like the limits of mmWave signals, the need for many small cells, security
risks for 10T devices, problems with different systems working together, high costs for
building infrastructure, energy use, managing data, and worries about privacy. These
challenges are looked at because building smart infrastructure successfully relies on more
than just having the right technology. It also depends on how well the planning is done,
the support from regulations, protection against cyber threats, and ensuring it remains
sustainable in the long run.

This approach also takes into account the different geographic and economic
aspects of Saudi Arabia. Big cities like Riyadh, Jeddah, Dammam, Makkah, and Madinah
need advanced smart infrastructure systems that can handle a lot of people. Big projects
like NEOM and The Line need to have modern digital connections right from the design
phase. Industrial areas need safe and dependable IoT communication for automation and
safety. Distant areas need flexible solutions that find a good balance between coverage,
cost, and energy consumption. So, the method looks at how technology is used based on
the specific needs of the environment.

The study uses a thematic analysis approach. The key topics are how well things
connect, smart infrastructure, being eco-friendly, keeping data safe, growing as needed,
and aligning with Vision 2030. Each theme is used to evaluate how combining loT and
5G mmWave technology can enhance the efficiency of infrastructure and the quality of
services. The method is created to give useful advice for telecom companies, smart city
builders, government officials, people planning infrastructure, and teams working on

digital changes.

Table 2
Methodological Framework for 10T and 5G mmWave Integration
Methodology Main Focus Evaluation Criteria Relevance to Vision
Area 2030
Techn(_)logy 10T and 5G mmWave roles Speed, latency, sensing,||Supports _ digital
analysis data transfer transformation
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Methodology . . o Relevance to Vision

Area Main Focus Evaluation Criteria 2030

Use—c_ase Smart infrastructure sectors Transport, | energy, Improves quality of life

mapping healthcare, public safety

Integration Connection between sensors,||Real-time data flow and Enables smart cities

framework network, edge, and analytics automation

Challenge Technical and  operational||Security, cost, coverage,||Ensures sustainable

evaluation barriers interoperability implementation

Saudi  context . Cities, giga-projects,||Supports national

analysis Local deployment environments industrial zones infrastructure goals
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Figure 4
Research Methodology Flow

3. Role of loT and 5G mmWave in Smart Infrastructure

The integration of loT and 5G mmWave creates a powerful digital infrastructure ecosystem capable of supporting intelligent,
automated, and data-driven services. loT provides the sensing layer by collecting real-fime information from physical 2
assets, while 5G mmWave provides the communication layer with ultra-high speed, large capacity, and cxtremely low late-

ble 2: Contributions of loT and 5G mmWave
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difficult because of bandwidth limitations and high latency. However, 5G mmWave operates at high-frequency spectrum ) devices systems

(24 GHz, 28 GHs, 39 GHz bands and above), offering multi-gigabit per second speeds. mmWave can support thos-
bsands of devices simultaneously in dense urban or industrial environments.

+ Automation and control « Reduces downtime

%

5G mmWave
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systems
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The integration also enhances energy efficiency. loT sensors can monitor energy consumption in buildings, factories,

and cities. 5G mmWave enables real-time optimization of energy distribution, smart lighting, smart cooling, and

smart grid balancing. This supports Saudi Arabia’s sustainability goals and reduces operational cost. e
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Table 3: Smart Infrastructure Use Cases Enabled by loT and 5G mmWave
T
Use Case Description | loT Devices Involved 5G mmWave Benefits ‘ Impact on Vision 2030
Smart Transportation Rc;ﬂ (mog:"wwh mﬂmnx- smart signals, Cameras, GPS, traffic sensors, V2X devices Low latency, high reliability, high capacity Better mobility, safety, reduced congestion
Smart Energy Smart grid, energy monitoring, demand response | Smart meters, grid sensors, energy systems. Real-time data transfer, wide connectivity Energy efficiency, sustainability
Building automation, HVAC control, security
Smart Buildings systaras Sensors, access devices, smart controllers High data speed, real-time control Efficient buildings, cost reduction
Predictive robotics, digital twins Industrial sensors, robots, controllers Ultra-low latency, high reliability Increased productivity, reduced downtime

Healthcare Infrastructure = Remote monitoring, telemedicine, asset tracking

Surveillance, emergency alerts, disaster
management

Public Safety

Environmental Monitoring  Air quality, weather, water quality monitoring

Smart Waste Waste level ing, route

SRAGRE B O

4 RESULTS AND DISCUSSION

Medical devices, wearables, patient monitors.

Cameras, drones, sensors, alert systems

Environmental sensors, weather stations

Fill-level sensors, GPS trackers

Better

Low latency, secure high-speed

Real-time video, high capacity

Stable connectivity, wide coverage

Real-time tracking. efficient data transfer

improved outs

Faster response, improved safety

Environment protection, sustainability

Cleaner cities, cost efficiency

The results of this review show that the integration of 10T and 5G mmWave

technologies can create a strong foundation for smart infrastructure development in Saudi

Arabia under Vision 2030. loT provides the ability to collect real-time data from physical
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infrastructure, while 5G mmWave provides the high-speed and low-latency connectivity
required to transmit, process, and use this data effectively. When both technologies are
combined, infrastructure systems can move from traditional manual monitoring toward
intelligent, automated, predictive, and data-driven operation.

The first key discovery is that the integration of loT with 5G mmWave
technologies can have a positive effect on smart city management. For instance, in cities
like Riyadh, Jeddah, Dammam, Makkah, and Madinah in Saudi Arabia, management of
smart cities necessitates continuous monitoring of roads, infrastructure, power systems,
parks, parking, lighting, transportation, and safety of citizens. The use of 10T sensors will
help gather data related to traffic flow, energy consumption, air pollution, solid waste,
water pressure, and temperatures. This process will involve massive data generation and,
consequently, need the use of 5G mmWave technologies to transmit all that information
rapidly.

The second finding is that 5G mmWave is especially useful for high-density
smart infrastructure zones. mmWave technology provides very high capacity but has
shorter coverage range. Therefore, it is most suitable for places where many users,
devices, and systems are concentrated in a limited area. These include airports, stadiums,
shopping districts, business centers, hospitals, universities, industrial campuses, and giga-
project areas such as NEOM and The Line. In these environments, 10T devices may
include smart cameras, access control systems, environmental sensors, smart meters,
autonomous vehicles, and building automation systems. High-speed mmWave
connectivity allows these devices to exchange data in real time.

The third point is that the integration helps improve smart transportation
systems. Saudi Arabia is putting money into new ways of getting around, smart roads,
digital traffic systems, self-driving vehicles, and pathways for transporting goods.
Devices connected to the Internet of Things (IoT), like traffic sensors, road cameras,
connected cars, parking sensors, and GPS tracking systems, can give us live information
about transportation. 5G mmWave can enable quick communication for systems that
connect vehicles to infrastructure, smart traffic signals, emergency notifications, traffic
monitoring, and self-driving cars in certain areas. This can help lessen traffic jams, make

roads safer, and aid in better planning for city transportation.
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The fourth discovery is that the Internet of Things (IoT) and 5G mmWave
technology can enhance energy and utility systems. Smart meters, grid sensors, water
monitoring systems, and energy devices in buildings can gather ongoing information
about how much electricity is being used, how much water is consumed, any leaks,
equipment problems, and the demand on the system. Using 5G mmWave connections,
this information can be sent rapidly to control centers or edge platforms. This assists
utility workers in better predicting demand, spotting problems sooner, cutting down on
waste, and making resource distribution more efficient. These applications help achieve
sustainability goals by making energy use more efficient and cutting down on wasteful
consumption.

Fifthly, integration is necessary for industrial automation and diversification
of the economy. The Saudi Arabia industry in oil and gas, mining, logistics,
manufacturing, ports, and aviation needs effective communication for real-time
monitoring and control. 10T will be used to monitor the condition of machinery, safety of
workers, the movement of goods and assets, temperatures, vibrations, pressures, and
manufacturing activities. 5G mmWave technology will enable high-volume industrial
applications like robotics, digital twin, inspection using robots, video analytics, and
automated guided vehicles (AGVs).

The sixth finding is that successful integration requires strong edge computing
and cybersecurity. Because smart infrastructure depends on real-time data, processing
everything in distant cloud centers may increase delay. Edge computing allows data to be
processed closer to the infrastructure asset, which improves response time. This is
important for emergency systems, industrial robots, autonomous mobility, and public
safety platforms. At the same time, cybersecurity is essential because loT devices
connected to critical infrastructure can become targets for cyberattacks. Strong
encryption, device authentication, access control, network segmentation, and continuous
monitoring are required.

Integration also faces certain issues, as indicated from the discussion above. For
instance, mmWave signals have low range and low penetration capability, implying that
small cells should be deployed densely. 10T devices could differ in their standards,
causing an interoperability challenge. Massive data collection leads to privacy and

governance challenges. Infrastructure costs may also be relatively high in the initial
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phase. In view of these challenges, Saudi Arabia requires coordination from
telecommunications operators, regulators, city planners, technology providers, and
government organizations.

In conclusion, Vision 2030 could be met via implementation of smart cities,
sustainable infrastructures, intelligent transportation, digital industry, public safety,
healthcare innovations, and urban services through the combination of loT and 5G

mmWave.

Table 3

Key Results of 10T and 5G mmWave Integration

I 5G mmWave
Key Area 10T Contribution Contribution Expected Impact
. Sensors for traffic, lighting,||High-speed data||Better urban
Smart cities s
waste, and safety transmission management
. Connected vehicles, cameras,||Low-latency Safer and smarter
Transportation - -
GPS systems communication mobility

|Energy and utilities

|Smart meters and grid sensors |

|Fast control data transfer

|Improved efficiency

Industrlgl Eqm_pm_ent and safety ngh-cqucny industrial Higher productivity
automation monitoring connectivity

. Cameras, alerts, emergency . . Faster emergency
Public safety SeNSOrS Real-time video and alerts response
Healthcare Wearables and monitoring||Secure high-speed . .
. - N Better patient services
infrastructure devices communication

Environmental
monitoring

Air, water, and weather sensors

Reliable data transfer

Stronger sustainability
control
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Figure 7

loT and 5G mmWave integration for smart infrastructure development under Saudi
Arabia’s Vision 2030.
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Figure 8
Smart infrastructure architecture integrating 10T, cloud computing, massive MIMO,

sensing regions, communication links, and diverse smart city applications.
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5 CONCLUSION AND FUTURE RECOMMENDATIONS

This research reveals that the combination of 10T and 5G mmWave technology
could have a transformative impact on the design of smart infrastructure in the Kingdom
of Saudi Arabia under Saudi Vision 2030. While 10T technology is responsible for the
sensor network and intelligent management system, 5G mmWave technology is essential
in providing an ultra-fast and highly-capable data communication infrastructure. These
two technologies together will lead to increased efficiency, reliability, sustainability, and
safety in infrastructure operations.

The findings show that 10T and 5G mmWave integration is especially valuable
for smart cities, transportation systems, industrial automation, healthcare infrastructure,
public safety, environmental monitoring, and smart utilities. Smart sensors connected
through 5G mmWave networks can help infrastructure operators monitor assets
continuously, detect problems early, reduce downtime, and automate decision-making.
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This creates more responsive and intelligent infrastructure ecosystems capable of
supporting future digital economies.

The research further proves that the deployment of 5G mmWave is most efficient
in areas of smart infrastructure, such as airports, industrial parks, smart cities, sports
complexes, educational institutions, hospitals, tourist sites, and mega-project sites like
NEOM and The Line. Nevertheless, proper planning must be considered since mmWave
has a shorter range and poorer penetration than other frequencies. This means that there
must be adequate planning in order to have stable performance of the technology.

Another important conclusion is that cybersecurity and data governance are
critical for sustainable smart infrastructure. Since loT systems connect physical
infrastructure to digital platforms, weak security can create risks for public services,
industrial operations, and critical national infrastructure. Strong encryption, access
control, device authentication, and continuous network monitoring must be included from
the early stages of implementation.

Deployment in an efficient and sustainable manner is another critical finding made
through the study. A significant number of interconnected loT devices together with the
densification of mmWave infrastructure could lead to energy inefficiency if not carefully
considered. It is important to manage energy wisely and effectively incorporate renewable
energy sources into the equation, as well as optimize resource allocation and intelligent
edge computing.

In terms of future strategies, it would be prudent for the government of Saudi
Arabia to focus on such elements as the management of infrastructure via artificial
intelligence, building private networks for industries using 5G technologies, edge
intelligence, smart city governance solutions, and the development of 5G-advanced and
6G technologies.

In summary, it is apparent that the adoption of the two technologies will make it
possible for the country to build intelligent infrastructure systems that are sustainable and
highly connected. The use of sensing technology coupled with real-time analysis and 5G

will help the Kingdom become a regional smart infrastructure innovator.
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Table 4

Future Recommendations for Smart Infrastructure Development

| Recommendation Area || Strategic Focus || Expected Outcome |

Increase 10T and 5G integration in urban|Better city management and
infrastructure quality of life

Expand automation and predictive
maintenance systems

Smart city expansion

Industrial 10T adoption Higher industrial productivity

Edge computing Process data closer to infrastructure assets Red_uped Iaj[ency and faster

deployment decision-making

Cybersecurity Strengthen protection for connected Safer digital infrastructure

enhancement systems

Renewable energy||Use sustainable power for telecom and . .

. - Lower environmental impact

integration 10T systems

5G-Advanced and 6G . . . . Long-term technological
Invest in future wireless innovation .

research leadership

6 FUTURE SCOPE

The future scope of integrating 10T and 5G mmWave technologies in Saudi Arabia
is highly promising because the country is rapidly moving toward intelligent
infrastructure, smart urban systems, industrial digitalization, and sustainable economic
development. As Vision 2030 continues to expand digital transformation projects, future
smart infrastructure systems will require more advanced communication networks
capable of supporting millions of connected devices, real-time analytics, autonomous
systems, and Al-driven automation.

A very crucial aspect of future technology would be that of creating a smart
infrastructure ecosystem by using Al technology. With the advent of smart cities in the
future, where there will be use of Internet of Things (10T) sensors as well as 5G millimeter
wave communication technology, not only data collection and communication will be
done, but also intelligent decisions based on artificial intelligence (Al) and machine
learning technologies would be made

Another crucial future direction would be the development of private 10T and 5G
networks in industries. Oil and gas companies, logistics companies, aviation firms,
manufacturing organizations, ports, and mining operations could increasingly rely on
connected infrastructure systems. Private 5G mmWave networks could enable fast and

efficient communication in robotics, autonomous vehicles, remote control, preventive
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maintenance, and intelligent industrial monitoring operations. These technologies would
significantly increase efficiency and employee safety.

A further future direction could involve using digital twins and smart
infrastructure simulations. Digital twins refer to virtual replicas of actual infrastructure
systems, which are regularly updated based on live input from IoT sensors. Thanks to the
capabilities provided by 5G mmWave networks, such systems would facilitate
monitoring and prediction of potential issues with roads, bridges, utility systems, airports,
industrial facilities, and smart buildings.

Another important future opportunity is the development of sustainable and
green smart infrastructure systems. Saudi Arabia’s future infrastructure projects are
expected to focus more on renewable energy, efficient resource management, and
environmentally sustainable operations. loT sensors combined with high-speed 5G
networks can support smart energy grids, intelligent water systems, environmental
monitoring, and low-emission urban management systems.

Evolution into 5G-Advanced and 6G will add greater value to the potential of
smart infrastructure. The future wireless networks will be able to offer even lower latency,
faster speeds, sensing, satellite integration, and artificial intelligence (Al)-native design.
Some applications that can be made possible by these technologies include autonomous
vehicles, virtual reality experiences, robotic systems, telemedicine, and fully connected

smart cities.

Figure 4
Future Smart Infrastructure Ecosystem under Vision 2030
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Sustainable Smart Saudi Arabia
7 LIMITATIONS OF THE STUDY

This research relies on literature review method, hence, no field test or actual
measurement from Saudi Telecom companies has been done to validate findings. The
actual result could be different depending on the capabilities and strengths of the operator
in terms of infrastructure, spectrum allocation, building types, number of sites, fiber
backhauling, among others.

Another limitation is that 10T and 5G mmWave technologies are still evolving.
Future developments in 5G-Advanced, private 5G, edge computing, Al-enabled
networks, and 6G may change smart infrastructure deployment strategies. The study also
discusses Saudi Arabia at a national level, but each project such as NEOM, Riyadh,
Jeddah, airports, hospitals, or industrial zones may require a different technical design.

Future research should include practical case studies, real network measurements,
cost analysis, energy consumption testing, cybersecurity assessment, and operator-level

comparison.
8 PRACTICAL IMPLICATIONS

The findings of this study are useful for telecom operators, smart city developers,
policymakers, infrastructure planners, and technology providers. Telecom operators can
use the proposed 10T and 5G mmWave integration model to improve network planning
for smart districts, industrial campuses, airports, stadiums, hospitals, and giga-projects.

The study suggests to smart city developers that they need to design the elements
of roads, buildings, utilities, transport networks, health care infrastructure, and public
safety infrastructure with loT sensors, 5G, edge computing, and security in mind right
from the start.
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The study backs the requirement of policymakers and regulators with regard to
spectrum allocation, cybersecurity regulation, data privacy regulation, and infrastructural
sharing. The study shows how integrating IoT with 5G mmWave can benefit the industrial
sector by providing greater automation and predictive maintenance capabilities along
with safety monitoring and asset management capabilities.

Overall, the practical value of this study is that it shows how Saudi Arabia can use
IoT and 5G mmWave technologies to support Vision 2030 goals, including smart
infrastructure, sustainability, economic diversification, digital innovation, and improved

quality of life.
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