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Abstract

In response to the fast-paced development of
information technologies in Saudi Arabia, there
is a high need for high-speed and future-proof
wireless communication infrastructure. This
paper considers potential approaches for
deploying 5G bands capable of meeting national
requirements in terms of connecting smart cities,
implementing industry automation, supporting
Internet of Things solutions, and preparing for
6G development according to the vision of Saudi
Arabia 2030. The use of low-band, medium-
band, and high-band frequency ranges in the
millimeter wavelength spectrum for ensuring
efficient coverage and adequate capacity is the
focus of this report. The significance of spectrum
management, radio access network optimization,
small cell dense placement, fiber backhaul,
network slicing, massive MIMO, carrier
aggregation, and energy-efficient deployment of
5G infrastructure would be discussed in detail.
Some of the key challenges of implementing 5G
include problems of propagation loss, site
acquisition, interferences, indoor coverage,
efficiency, and regulation. Thus, an effective
approach to planning of wireless networks
requires careful assessment of the current
telecommunications market, existing problems,
and future demands for digital infrastructure.
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Resumo

Em resposta ao rapido desenvolvimento das
tecnologias da informag&o na Arébia Saudita, ha
uma grande necessidade de uma infraestrutura
de comunicacdo sem fio de alta velocidade e
preparada para o futuro. Este artigo aborda
possiveis estratégias para a implantacdo de
bandas 5G capazes de atender as necessidades
nacionais relacionadas a conexdo de cidades
inteligentes, a implementagdo da automagéo
industrial, ao suporte a solugGes de Internet das
Coisas e a preparacdo para o desenvolvimento
do 6G, em consonancia com a Visdo 2030 da
Arabia Saudita. O uso de faixas de frequéncia de
baixa, média e alta frequéncia no espectro de
ondas milimétricas, visando garantir uma
cobertura eficiente e capacidade adequada,
constitui o foco deste estudo. A importancia do
gerenciamento do espectro, da otimizacdo da
rede de acesso via radio, da implantagédo densa
de pequenas células, do backhaul por fibra
Optica, do network slicing, do MIMO massivo, da
agregacdo de portadoras e da implantacio
energeticamente eficiente da infraestrutura 5G
sera discutida em detalhes. Entre os principais
desafios da implementac¢do do 5G estdo as perdas
de propagacdo, a aquisicdo de locais, as
interferéncias, a cobertura em ambientes
internos, a eficiéncia e os aspectos regulatorios.
Dessa forma, uma abordagem eficaz para o
planejamento de redes sem fio requer uma
avaliacdo criteriosa do mercado atual de
telecomunicagdes, dos problemas existentes e das
demandas futuras por infraestrutura digital.

Palavras-chave: Implantacédo do 5G. Bandas de
Frequéncia. Ondas Milimétricas. Arabia
Saudita. Visdo 2030. Comunica¢do Sem Fio.
Cidades Inteligentes. Otimiza¢do de Redes.
Infraestrutura Digital. Preparacéo para o 6G.
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1 INTRODUCTION

Currently, Saudi Arabia is experiencing one of the most rapid digital
transformations in the Middle East, thanks to Vision 2030, smart cities initiatives across
the country, digital services provided by the government, industrial automation, cloud
infrastructure development, and massive giga-projects like NEOM, The Line, Qiddiya,
Red Sea Global, and King Salman Park. For all these changes to be made possible, Saudi
Arabia needs well-developed digital infrastructure, which includes fast wireless
communication among other things. In this light, 5G technology does not merely
represent an evolution in mobile communications; it is rather a fundamental tool for
enabling a whole range of services including smart services, transport systems,
telecommuting, healthcare, education, loT, autonomy, and even future 6G.
It is crucial to use the 5G band since there is a variety of benefits offered by different
frequency ranges. Low-band spectrum helps provide broad coverage and stronger signals,
and that can be useful for rural areas, highways, distant places, and basic 5G connectivity
nationwide. The mid-band spectrum including bands such as 3.5 GHz is balanced
regarding coverage and capacity. It is especially suited for urban environments,
neighborhoods, business centers, and mobile broadband in general. High-band spectrum
especially millimeter waves provide faster data rates and low latency. However, it has a
smaller coverage area and does not penetrate buildings as well. So, it works better in
crowded city areas, stadiums, airports, business areas, industrial sites, smart factories, and
high-tech zones where a lot of network capacity is needed. Saudi Arabia’s telecom market
has a special need because the country features both crowded cities and vast open spaces.
Big cities like Riyadh, Jeddah, Dammam, Makkah, and Madinah need strong 5G
networks to handle the growing number of people, business activities, tourism,
entertainment, and smart city services. At the same time, areas for industry, oil and gas
operations, transportation routes, seaports, airports, and distant development areas need
dependable connections to work efficiently and safely. This means that using just one
type of network setup is not enough. Saudi Arabia should use a mixed strategy for 5G
bands that includes layers focusing on coverage, capacity, and ultra-high-speed spectrum.
A strategy for rolling out next-generation 5G should also think about how technology will
change in the future. As more people use mobile data, companies need to make their

networks better. They can do this by using technologies like massive MIMO, carrier
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aggregation, dynamic spectrum sharing, small-cell deployment, edge computing, network
slicing, and network optimization supported by artificial intelligence. These technologies
will help telecom providers to improve the use of spectrum in a way that reduces
congestion, increases data speeds, and provides differentiated levels of service according
to industries' demands. The factory would require a fast private 5G connection, whereas
the intelligent city area will require a robust public network capable of handling multiple
devices at the same time. This research topic is highly relevant for Saudi Vision 2030 as
it will be vital for diversifying the country's economy, enhancing the standard of living,
smart governance, tourism, logistics, industrial productivity, and competitiveness in the
international arena. An adequate deployment of 5G will be essential for creating
innovative business concepts, attracting investments into the technology sector,
increasing access to digital services, and preparing the nation for future generations of 6G
networks.For 5G bands to be successfully used, careful planning is necessary. Telecom
companies need to handle several challenges, including how to assign radio frequencies,
signal loss over distances, difficulties with coverage inside buildings, getting permission
for sites, ensuring there is enough backhaul capacity, managing energy use, keeping the
network secure, and being cost-effective.

The present research explores the planning and deployment techniques for the
next generation 5G bands for providing high speed wireless communication in the
Kingdom of Saudi Arabia. It will cover the different techniques involved for making plans
regarding the use of low, mid, and high bands. It will also explore the issues that arise
while implementing deployment techniques. The objective of this research is to provide

an insight into the planning and deployment of the 5G technology in Saudi Arabia.
2 LITERATURE REVIEW

The development of 5G networks has changed the global telecommunications
sector by introducing higher data speeds, lower latency, improved spectrum efficiency,
and stronger support for connected devices. Unlike earlier mobile generations, 5G is not
limited to consumer mobile broadband. It is designed to support three major service
categories: enhanced Mobile Broadband (eMBB), Ultra-Reliable Low-Latency
Communication (URLLC), and massive Machine-Type Communication (mMMTC). These

service categories are directly relevant to Saudi Arabia because the Kingdom is investing
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heavily in smart cities, industrial automation, logistics modernization, digital
government, entertainment zones, tourism destinations, and giga-projects under Vision
2030.

Based on previous studies, selection of an appropriate spectrum plays a very
important role in the success of implementation of 5G networks. Each type of frequency
bands has both strengths and weaknesses. For instance, low-band spectrum that operates
at frequencies lower than 1 GHz is effective when it comes to providing coverage over a
broad geographical area as well as indoor penetration. It offers excellent performance in
rural settings, roads, remote regions, and nationwide connections of individuals. In
addition, it cannot provide high capacity since it lacks bandwidth. Mid-band spectrum,
especially the one ranging from 3.3 to 3.8 GHz frequency, is considered as the most
suitable for deploying 5G networks. Its strength lies in its optimal combination of
reachability and capacity. It is also important to note that several nations chose this
frequency band as a major layer when launching their national 5G infrastructure. High-
band spectrum operating at frequencies above 24 GHz, which include millimeter-wave
bands, can achieve very high data rates. However, its range is small due to easy
interference caused by obstacles such as walls, trees, and buildings.

According to the literature review for Saudi Arabia, a hierarchical spectrums
approach will be more appropriate compared to focusing on only one spectrum band. This
is because Saudi Arabia comprises of expansive territories, dense cities, remote industrial
zones, religious tourism sites, and upcoming smart cities. Consequently, a combination
of low-band, mid-band, and high-band will be required to ensure a reliable network
connection. Low-band 5G will be used in highways and rural parts, mid-band 5G in urban
areas, and mmWave in high-demand areas like airports, stadiums, commercial districts,
campuses, hospitals, industrial zones, and entertainment hubs.

One prominent topic that has been researched recently regarding 5G is
densification of the network. High-frequency bands having reduced distance coverage
would mean that more small cells, indoor radio heads, distributed antennas, and fiber-
linked access points have to be deployed. This becomes imperative for mmWave
networks. Densification becomes particularly necessary at highly dense locations like
Riyadh Boulevard, King Abdullah Financial District, airports, and huge event sites. At

some of these locations, only macro cell towers may not suffice for providing adequate
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capacity. Nevertheless, densification entails additional expenditure on installation and
maintenance.

Another important area in the literature is Massive MIMO technology. Massive
MIMO uses multiple antennas to improve signal quality, spectral efficiency, and network
capacity. In mid-band 5G, Massive MIMO has become one of the most important
technologies for improving user experience. It allows the network to serve many users at
the same time through beamforming and spatial multiplexing. Beamforming is especially
useful because it directs radio signals toward users instead of spreading energy in all
directions. In Saudi Arabia, Massive MIMO can support high-capacity services in urban
centers, commercial districts, and smart city environments where many users and devices
require reliable connectivity.

Carrier Aggregation is another concept that has been extensively studied as a way
of improving the 5G network. It refers to the ability of the operator to aggregate different
frequency bands in order to deliver better performance to its users. In this scenario, while
one layer uses low band for reliability purposes, another layer utilizes midband or high
band frequencies to achieve high-speed connections. Such an approach is highly
recommended in Saudi Arabia considering that users move between high-density cities,
highways, indoors, and rural areas.

Another area that is highlighted by the literature is the role of fiber backhaul and
edge computing. The reason is that 5G radio access network deployment needs good
transportation capability. The high-speed radio does not make much sense if the backhaul
transport network does not have adequate capacity. Furthermore, fiber backhaul will
provide support to 5G base stations, particularly for mmWave small cells and enterprise
networks. Finally, the use of edge computing will help enhance efficiency in areas such
as smart manufacturing, autonomous mobility, augmented reality, and other areas.
Another issue of high significance regarding the implementation of 5G is that of energy
efficiency. In order to accommodate the latest technology, there will be an increase in the
number of antenna and active components required, which would consequently consume
more energy. Energy efficiency should be a major consideration in the process of
developing networks through the utilization of sleep mode, renewable energy sources,
and appropriate site placement.

In general, the existing literature shows that successful deployment of 5G requires

balanced spectrum, radio, infrastructure, and future-proof network planning. The optimal
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solution for Saudi Arabia is the hybrid approach that includes deployment at low,
medium, and high band frequencies depending on location, need, and type of services.
This strategy can help achieve Vision 2030, including development of smart cities, digital

industries, innovative tourism, logistics industry, and 6G networks.

Table 1: Comparison of 5G Spectrum Bands and Deployment Use Cases

Spectrum Frequency Main Strength Main Limitation Best Use Casgs in Saudi
Layer Range Arabia

Wide coverage and
Low-band 5G Below 1 GHz better indoor

Rural areas, highways,

Limited capacity remote regions, nationwide

. and speed
penetration coverage
. Around 3.3— Good balance of Reqmr €s .care_ful Cities, suburbs, commercial
Mid-band 5G speed, coverage, and  optimization in o
3.8 GHz ' zones, residential areas
capacity dense areas

Airports, stadiums, smart
High-band/ 24 GHzand  Extremely high speed Short range and districts, industrial
mmWave above and low latency weak penetration ~ campuses, mega-project
sites

Better speed, coverage
continuity, and

Urban mobility, smart city

Multi-band Combination networks, enterprise 5G

aggregation  of bands

Requires advanced
network planning

Table 1: C ison of 5G Bands and Use Cases Figure 1: Layered 5G Deployment Strategy for Saudi Arabia
Spectrum | Frequency Main |  Main Best Use Cases in LOW-BAND LAYER (Coverage Layer) T
Layer Range Strength Limitation Saudi Arabia Below 1 GHz % e
- + deal for rural areas,
Wide coverage Limited Rural areas, highways, - “——  highways, remote
Low-band Below and better capacily remote regions, ‘ . o locations
5G 1GHz indoor and speed nationwide - S o * Provides ubiquitous.
penetration coverage I~ e ¥ af* 3 5G connectivity
! . = =N
i |
G Requires ! MID-BAND LAYER (Capacity Layer) 1 Pom =N e
Mid-band [N of ﬁ';" 0 il GRS ALEIY i 33-38GHz H « Balance of speed and
33-38 y optimization commercial zones, H e’ | i coverage
56 GHz covecage sd 0 donss residential areas ~ « Supports high user
Swsey areas dersity
« ideal for cities,
Extr Airports, stadiums, > P 3 suburbs, commercial
High-band / 24 GH; _ —
ig wan g iz iapasd sm;« ranze itk i 4 i and residential areas
e and low netration | ndustrial campuses, | HIGH-BAND / mmWAVE LAYER (Hotspot Layer) i
56 above i per mega-project sites | 24GHz and Above 4 ali T r—
S iy 4 e k. and ultrarlow latency
Better speed, Requires Urban mobility, - « Short range but very
(UTEIEN Combination | coverage advanced | smart city networks, ! Py
Aggregation JECETLH ‘continuity, and network enterprise 5G * Ideal for hotspots,
performance planning services 33 . stadiums, airports,
- industrial & smart
districts
[ Fiber Backhaul + Edge Computing + AUML Optimization + Network Slicing |
Figure 2: Global 5G Spectrum Distribution (2024) Figure 3: Typical 5G Coverage vs Frequency Figure 4: 5G Deployment Use Cases in Saudi Arabia
s I Smart Cities & Digital Services
(<1GHz) T B Industrial & Enterprise 5G
&
u :‘:_‘?’g;:) E‘ ? B Tourism & Entertainment
]
3
S

W High-band/mmWave
(>6 GHz) Low-band Mid-band High-band
(mmWave)

07 1 35 10 28 60
Frequency (GHz)

Mid-band spectrum holds the largest global
- N
allocation for 5G dus to ts balance of speed As frequency increases, coverage decreases. This is why L 5G wil support multiple national sectors and

}( W Transportation & Logistics
20% W Energy & Utilities
18% B Healthcare & Education

AR multiple bands are required for complete 5G coverage. accelerate Vision 2030 digital transformation.
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3 RESEARCH METHODOLOGY

This study uses a method that looks at existing information to explore the
strategies for deploying next-generation 5G bands for fast wireless communication in
Saudi Arabia. Because the topic involves planning for telecom infrastructure, spectrum
strategy, improving networks, and national digital changes, using a review method is
appropriate. This approach lets the paper bring together technical writings, rules, industry
practices, and the digital infrastructure needs related to Vision 2030. The goal of this
approach is not to evaluate a single lab experiment, but rather to create a clear
understanding of how various 5G frequency bands can be used successfully in the diverse
geographic, industrial, and urban areas of Saudi Arabia.

The study is based on four main review dimensions. The first dimension is
spectrum band classification, covering low-band, mid-band, and high-band/mmWave
5G spectrum. Each band is assessed according to coverage, capacity, propagation
behavior, latency potential, deployment cost, and suitability for Saudi use cases. This is
important because Saudi Arabia requires both broad national coverage and very high-
speed connectivity in smart city and mega-project locations. The second dimension is
network deployment architecture, including macro sites, small cells, indoor systems,
fiber backhaul, edge computing, carrier aggregation, massive MIMO, and network
slicing. Third dimension is the context for digital transformation within Saudi Arabia,
which includes smart cities, IIOT (industrial Internet of Things), logistics, tourism,
healthcare, education, and digital public services. Fourth dimension is that of future
readiness, and particularly the transition from advanced 5G to 5G-advanced and future
6G systems.

The paper reviews available secondary information from telecom standards, Saudi
regulatory updates, operator deployment trends, academic studies, and industry reports.
For Saudi Arabia, spectrum planning is especially relevant because CST has continued to
expand spectrum availability for mobile telecommunications, including recent auction
activity in the 600 MHz, 700 MHz, and 3800 MHz bands, which supports wider 5G
coverage and stronger mid-band capacity expansion. CST’s 2025-2027 Spectrum
Outlook also shows that Saudi Arabia is actively planning spectrum for commercial and

innovative wireless use to strengthen digital infrastructure and competitiveness. These
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regulatory developments make the Kingdom a strong case for studying next-generation
5G band deployment.

The methodology will employ an approach through three stages of analysis. The
first stage is where the study describes the technical features of each 5G spectrum layer.
This stage entails the description of low-band spectrum as a coverage layer due to its
ability to cover larger geographic areas and its penetration capabilities. The mid-band
spectrum is characterized as a capacity layer due to its balanced coverage and capacity
characteristics. Finally, the high-band or mmWave spectrum is described as a hotspot and
ultra-capacity layer due to its high speed capabilities that require intensive infrastructure.

The second stage includes assigning each band type to Saudi deployment
environments. For example, the low-band spectrum is assigned to highways, remote
regions, rural and urban areas, as well as Saudi national coverage objectives. The mid-
band spectrum is associated with cities such as Riyadh, Jeddah, Dammam, Makkah, and
Madinah. Other associations include suburbs, commercial regions, and residential areas.
On the other hand, high-band/mmWave spectrum is associated with airports, stadiums,
smart city districts, entertainment areas, industrial estates, and mega-projects. This stage
is critical since there are very diverse network environments in Saudi Arabia ranging from
metropolitan areas to highways and industrial estates.

In the third phase, the study proposes a framework for the potential
implementation of the findings. The framework proposes the use of hybrid multi-band
technology where operators utilize low-band for coverage, mid-band for regular 5G, and
mmWave for high speeds in certain hotspot zones. In addition to that, the
recommendation for various technologies includes massive MIMO, carrier aggregation,
fiber backhaul, cloud-native core networks, and edge computing. The recommendation
aligns with the digital economy vision of the Kingdom and the expansion of smart
infrastructures, including the opportunity for the implementation of smart cities, 10T,
asset tracking, fleet management, predictive maintenance, and warehouse optimization.
The methodology also evaluates operational considerations which involve site
acquisition, permission for civil work, interference management, indoor propagation loss,
availability of fiber network, readiness of device ecosystem, energy efficiency, and total
cost of ownership. The consideration of the above factors is crucial since technically
advanced spectrum alone cannot ensure success of 5G implementation. 5G deployment

requires the integration of all aspects mentioned above.
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Table 2: Methodological Framework for 5G Band Deployment Analysis

| Analysis Area || Key Question || Evaluation Focus || Saudi Arabia Relevance |
Spectrum Which bands are most ||Low-band, mid-band, Supports national coverage
classification suitable? mmWave and high-capacity zones
Deployment \What network model is ||Macro cells, small cells,  ||Needed for cities, giga-
architecture required? fiber, edge projects, and industrial zones
. ||Where should each Urban, rural, enterprise, Matches Saudi geographic and

Use-case mapping L .

band be used? transport economic diversity
Performance How can speed and Massive MIMO, carrier Supports smart services and
optimization reliability improve? aggregation, slicing high user demand
Future readiness How can 5G evolve 5G-Advanced, cloud RAN,|[Prepares Saudi Arabia for

toward 6G? automation future digital leadership

Source: The authors
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Figure 1: Proposed Research Methodology Diagram
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4 RESULTS AND DISCUSSION

From this review, it is evident that the deployment strategy for 5G technology in
Saudi Arabia should be multiband-based as opposed to the single-frequency approach.

This is due to the different connectivity requirements of the country within major urban
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areas, rural areas, industrial areas, highways, tourism spots, airports, stadiums, and giga
projects. The use of each band of 5G technology is different. The low-band spectrum
works well when considering wide coverage, while mid-band spectrum is suitable for
achieving balance between speed and capacity.

The most realistic application of this research is that the mid-band frequency will
still be the primary component of the 5G network deployment in Saudi Arabia. Mid-band
frequencies, especially in the range of 3.5 GHz and 3.8 GHz, have a good combination of
coverage range and high-capacity data. They are ideal for use in urban areas like Riyadh,
Jeddah, Dammam, Makkah, and Madinah, where users are dense and require continuous
connectivity to watch videos, engage in online activities, conduct businesses, make digital
transactions, use mobility and cloud services, and use government portals.

However, mid-band alone is not enough for complete national coverage. Rural
areas, desert roads, logistics routes, oil and gas sites, and far-off settlements exist in Saudi
Arabia. For such areas, reliable connections that cover longer distances are needed.
Hence, low-band 5G is vital for being the coverage layer in such an environment. The
low-band spectrum can provide such services as basic 5G connectivity, voice service, 10T
sensors, transportation monitoring, emergency communications, and rural broadband
deployment. It may help to enhance the coverage indoors in specific locations. In terms
of the Vision 2030, this issue becomes relevant due to the necessity of providing
transformational services not only in urban areas but also elsewhere.

The discussion also confirms that mmWave spectrum has a very important future
role, but it should be deployed selectively. mmWave bands can deliver extremely high
speeds and very low latency, but they have shorter range and weaker penetration. Because
of this limitation, mmWave is not suitable for nationwide coverage. Instead, it should be
used in high-demand hotspot environments such as airports, stadiums, exhibition centers,
business districts, smart campuses, industrial plants, entertainment venues, and giga-
project locations like NEOM and The Line. In these locations, many users and connected
devices require very high capacity at the same time. mmWave can support immersive
digital experiences, augmented reality, smart surveillance, autonomous mobility,
robotics, and high-resolution real-time monitoring.

Furthermore, according to the analysis, efficient implementation of the 5G
technology will require not only an appropriate choice of the spectrum band but also

proper network architecture. For instance, mmWave deployment involves dense small-
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cell networking and fiber-based backhaul infrastructure, as well as proper location of
sites. The deployment of mid-band spectrum implies massive MIMO and beamforming
technology, interference suppression, and effective traffic management. Lastly, the
deployment of the low-band spectrum includes the careful planning of frequency
resources in order to avoid congestion and maintain service quality in the wide area.
Hence, Saudi telecom companies need to combine spectrum planning with advanced
RAN optimization.

Yet another important outcome of the study is related to carrier aggregation.
Through the aggregation of low-band, mid-band, and high-band spectrum, telecom
companies can offer their users an enhanced experience along with increased service
stability. As a result, a subscriber can be connected with the help of the low-band
spectrum while enjoying higher downloading rates via mid-band or mmWave. This
feature is critical for mobile conditions, such as travel by train, car, or plane and moving
within urbanized areas. Moreover, carrier aggregation makes it possible to use spectrum
efficiently.

The topic is further emphasized by noting that fiber backhaul and edge computing
will be necessary for high-speed 5G capabilities. The reason being that although a radio
site can offer high-speed 5G capability, poor performance of the transport layer will result
in poor speeds and high latency to users. It is worth highlighting that fiber is particularly
important for high-speed mmWave small cells and urban high-capacity sites. Edge
computing reduces latency since data processing occurs near the user end. Applications
that will gain from edge computing include smart factories, autonomous driving,
emergency management, healthcare, and industrial control systems.

From the Saudi Vision 2030 point of view, the greatest advantage of the next
generation of 5G spectrum deployment is the ability of 5G to drive digital transformation
on a national scale. For instance, with good coverage through next-generation 5G bands,
the country will be able to enhance smart cities, tourism, logistics, oil and gas automation,

healthcare, education, and digital government platforms.

Table 3: Recommended 5G Band Deployment Strategy for Saudi Arabia
Best Spectrum

Deployment Area Layer Recommended Technology Expected Benefit
Rural areas and Macro towers, wide-area Better coverage and digital
- Low-band 5G : . .
highways planning inclusion
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Best Spectrum

Deployment Area Layer Recommended Technology Expected Benefit
Major cities Mid-band 5G Massive MIMO, High _capacny and strong user
beamforming experience
Airports and mmWave 5G Small cells, fiber backhaul Ultra-high speed and low
stadiums latency
. Mid-band + Edge computing, network  Automation and reliable
Industrial zones . = .
private 5G slicing operations
oy - Carrier aggregation, Future-ready smart
Smart mega-projects Multi-band 5G mmWave, 10T infrastructure

Source : The authors

Figure 2: Suggested Visual Image for This Section
4. RESULTS AND DISCUSSION Figure 3: Saudi 5G Multi-Band Deployment Strategy

The analysis confirms that Saudi Arabia requires a multi-band 5G deployment strategy to meet diverse

connectivity demands across urban centers, rural regions, industrial zones, mega-projects, and tourism

destinations. Each spectrum band plays a unique role depending on coverage, capacity, propagation
i and service requi

LOW-BAND 5G (Coverage Layer)
Frequency: < 1 GHz

+ Nationwide coverage

« Highways, rural areas, remote communities
« Strong penetration, long range

« 10T sensors, agriculture, oil & gas

+ Low-band 5G (<1 GHz): Provides wide-area coverage, long signal propagation, strong building
and cost-effecti It is ideal for rural areas, highways, remote communities,
agriculture, oil & gas fields, and nation-wide IoT connectivity.

MID-BAND 5G (Capacity Layer)
Frequency: 3.3 - 3.8 GHz

« Cities, suburbs, business districts

+ High user density & data demand

Mid-band 5G (3.3 - 3.8 GHz): Offers the best balance between coverage and capacity. It supports
high user density, fast data rates, and efficient indoor/outdoor performance. This band should be the
main capacity layer for cities, suburbs, business districts, universities, hospitals, and public services.

Balanced coverage and capacity
Main layer for 5G services

High-band / mmWave 5G (24 GHz and above): Delivers ultra-high speed, very low latency, and
massive capacity but has shorter range and weaker penetration. Best suited for hotspots such as
airports, stadiums, exhibition centers, smart campuses, entertainment zones, and giga-projects
(NEOM, The Line, Qiddiya, Red Sea Project).

HIGH-BAND / mmWAVE 5G (Uitra-High-Speed Layer)
Frequency: 24 GHz and above

« Hotspots: airports, stadiums, venues

+ Industrial campuses, smart factories

+ Giga-projects (NEOM, The Line, Qiddiya)

« Ultra-high speed, very low latency

The results show that mid-band spectrum must form the backbone of national 5G services, supported
by low-band for coverage and mmWave for ultra-high-speed hotspots. Carrier aggregation across

multiple bands significantly improves user experience by combining wide coverage with high capacity.

Advanced technologies including Massive MIMO, beamforming, small cells, fiber backhaul, edge

computing, and network slicing are critical to maximizing the performance of each band.

From a national perspective, this multi-layered approach ensures reliable connectivity for citizens, (((x))) @ ((yx)) @ @ == (©) ((« m)))
eempowers industries through private 5G, accelerates smart city initiatives, enhances tourism experiences, S o
improves logistics and transportation efficiency, and strengthens Saudi Arabia’s digital economy under

SUPPORTING TECHNOLOGIES (ENABLING HIGH-PERFORMANCE 5G)

Massive MIMO  Beamforming  Small Cells  Fiber Backhaul  Edge Computing  Network Sicing Carrier Aggregation

Vision 2030. Table 3: R ded 5G Band Deploy Strategy for Saudi Arabia
Figure 4: Priority Deployment Focus for 5G Bands in Saudi Arabia Area Best Spectrum Recommended Expected Benefit
Layer Technology

[ Vid-band (Urban Capacity e M T Smart farming, transport tracking, Better coverage,
40% (<1 GHz) Wide-area Planning emergency communication, digital inclusion,
remote monitoring reliable connectivity
Low-band (National Coverage) 5 ” = - <
o Major Cities & Mid-band 56 Massive MIMO, Moblle broechend, video stresring, v i A
Suburbs (3.3-3.8GH2) Beamforming ) e
| High-band / mmWave (Hotspots) b
20% . - High-band / Ultra-HD streaming, AR/VR, Ultra-high speed,
Airports, Stadiums Small Cells, ¥
g Wi b
Private / Industrial 5G e "G Gha) FloerBectidt e ot
B i ( z+) passenger experience massive capacity
3 X % Smart manufacturing, automation, High reliability,
Industrial Zones & Mid-band + Edge Computing, 5 3
Enterprises Private 5G Network Slicing SoHn Ter R SEMR, lowistercy
critical communication operational efficiency
Mid-band holds the highest priority because it serves the majority of users in Multi-band 5G Carrier i Smart i Future-ready
cities and suburbs, while low-band ensures nationwide connectivity and mmWave (Low + Mid + mmWave, loT mobility, digital twins, smart tourism, connectivity,
supports ultra-high capacity in dense hotspots. mmWave) Integration energy i i i

Source: The authors
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Graphic 1: Saudi 5G Multi-Band Deployment Strategy
Low-Band 5G

!

Nationwide coverage, highways, rural areas, 10T sensors

Mid-Band 5G
l

Cities, residential zones, commercial districts, public services

High-Band / mmWave 5G
1

Airports, stadiums, industrial campuses, NEOM, smart districts

Supporting Technologies

!
Massive MIMO + Fiber Backhaul + Edge Computing + Network Slicing

Source: The authors

5 CONCLUSION AND FUTURE RECOMMENDATIONS

The research finds that the Kingdom needs to formulate an all-encompassing and
future-ready 5G strategy to facilitate high-speed wireless communication, digital
transformation, and long-term technological competitiveness in light of Saudi Vision
2030. It is discovered that the use of any single band of spectrum cannot help meet the
ever-increasing communication needs of the country. Therefore, it is crucial to put into
action a thorough plan that uses different frequency bands, such as low-band, mid-
band, and high-band or mmWave frequencies. This will help ensure good coverage,
fast internet speeds, low delays, and support for digital advancements.

The study suggests that mid-band frequencies form the basis of effective 5G
rollout since they provide a balanced solution in terms of both coverage and network
capabilities. Mid-band frequencies work well in urban areas, commercial zones,
residential complexes, university towns, healthcare systems, and digital public utilities.
On the other hand, low-band frequencies should be used to cover highways and rural
areas, where wide-area coverage needs to be provided. In addition, mmWave technology
will prove crucial for ultra-high bandwidth applications such as airports, stadiums, giga

projects, industrial hubs, and smart cities.
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The use of technologies like Massive MIMO, beamforming, carrier aggregation,
edge computing, fiber backhauls, cloud native technology, and network slicing is
necessary for efficient use and optimal performance. Without adequate integration into
the existing infrastructures, even highly advanced spectrum technology might not provide
good results.

From an economical and national development standpoint, the implementation of
next generation 5G network is essential for the creation of smart cities, development of
tourism industry, improvement of logistics, automation of industries, innovation in
healthcare, provision of digital education, and creation of intelligent transportation
systems. Thus, in the current state, 5G infrastructure becomes a national strategic asset.
As the future course for further development, the Kingdom of Saudi Arabia needs to
continue focusing its attention on research in the area of 5G-Advanced and future 6G
networks. Alongside with expanding the fiber infrastructure and integration of smart
cities, the private sector needs to develop innovative telecommunication technology.

Table 4: Future Recommendations for Saudi Arabia’s 5G Ecosystem

Recommendation
Area

Strategic Action Expected Outcome

Increase availability of mid-band and
mmWave spectrum

Expand 5G into giga-projects and
intelligent infrastructure

Improve nationwide fiber backhaul
connectivity

Spectrum expansion Higher capacity and faster speeds

Smart city integration Stronger digital economy

Fiber infrastructure Better network reliability

5G-Advanced Invest in Al-assisted and cloud-native .

Future 6G readiness
research telecom systems
Sustainable Use energy-efficient telecom Reduced operational cost and
deployment infrastructure environmental impact
Industrial 5G Support private 5G networks for Improved automation and
adoption enterprises productivity

Source: The authors

6 FUTURE SCOPE

The future of wireless communication in Saudi Arabia will go beyond just using
5G technology. It will move towards more advanced and smart connectivity systems that
are powered by 5G-Advanced and new 6G technologies. As the amount of data being
used, the number of connected devices, cloud applications, and smart infrastructure keep

increasing, telecom companies will have to move away from traditional mobile
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broadband networks. They need to shift to fully integrated digital communication
platforms that can handle very fast response times, extensive automation, engaging digital
services, and smart communication between machines.

A key future opportunity is the growth of 5G-Advanced technologies, which are
the next step before the commercial rollout of 6G. 5G-Advanced is anticipated to enhance
how smart the network is, make it use energy more efficiently, manage mobility better,
use the spectrum more effectively, and improve optimization with the help of Al. These
changes will help telecom companies in Saudi Arabia to support very advanced
applications like self-driving vehicles, smart factories, digital models, holographic
communication, and real-time automation in industries.

Another key area for the future is combining artificial intelligence and machine
learning to improve how radio access networks work. Al-powered systems can
automatically forecast traffic jams, make better use of frequency allocation, minimize
network outages, and enhance energy use efficiency. This will be particularly important
in Saudi Arabia’s smart cities and large-scale projects, where millions of connected
devices and sensors will need steady, high-speed internet access.

An additional area that could see significant growth due to the increased adoption
of 5G technology would be the deployment of private 5G networks in industries such as
oil and gas, logistics, mining, aviation, ports, and manufacturing. In addition, private 5G
networks can provide a highly secure, ultra-low latency, and extremely reliable network
environment for industrial automation and critical business processes.

In the long run, there could be an opportunity for Saudi Arabia to lead the way in
the research and development of 6G networks in the region. 6G technology would include
ultra-high-frequency communication, Al native design, converged integrated sensing,
satellite terrestrial connectivity, and advanced edge intelligence among other innovative
features. Applications of the 6G technology might include metaverses, smart robotics, air

vehicles, and even fully digitized cities.

Table 5: Future Technology Directions for Saudi Wireless Networks
Potential Saudi Arabia

Future Technology Expected Role

Application
Enhanced network intelligence and Smart cities, ultra-reliable
5G-Advanced T =
optimization communication
Al-driven RAN Automated traffic and spectrum .
R Urban telecom optimization
optimization management
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Future Technology Expected Role Poten'tal\al S.aUd.' Arabia

pplication

|Private 5G networks ||Secure enterprise communication ||Oi| & gas, logistics, manufacturing |

Edge computing Ultra-low latency processing ﬁ)l_]l_tonomous mobility, industrial

6G technologies Next-generation intelligent connectivity Future smart infrastructure

ecosystems

Satellite-terrestrial L Desert regions, maritime

; . Extended remote connectivity A

integration communication

Source: The authors

7 LIMITATIONS OF THE STUDY

This study has some limitations. The paper uses a review-based approach, which
means it does not contain live field measurements from telecom locations in Saudi Arabia.
The real performance of the network can change based on where you are, how many
towers are nearby, how many people are using it, what type of device you have, any
obstacles inside, the weather, the capacity of connections, and how the network is set up
by the operator. The deployment of 5G bands is an area that is changing quickly.
Spectrum rules, plans for launching products, and technology guidelines are still changing
and developing. So, updates might be needed later as Saudi Arabia continues to grow its
5G-Advanced, mmWave, private 5G, and plans for 6G.

Third, the study talks about Saudi Arabia as a whole country. But every city or
project might need a different technical plan. For instance, Riyadh might need a lot of
mid-band and mmWave setup, while highways in remote areas could need better low-
band coverage. In the end, the paper does not look closely at specific telecom companies
for comparison. Future studies can look at actual network performance data, test user
speeds, compare spectrum at the operator level, and examine case studies from Riyadh,
NEOM, Jeddah, and industrial areas.

8 PRACTICAL IMPLICATIONS
The current paper brings real-world value to telecom companies,
telecommunication network planners, decision-makers, smart city developers, and those

people involved in the creation of digital infrastructure. Indeed, the proposed multiband
model can be used for improving mobile phone operations by enhancing both coverage
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and performance. The research can be further utilized in making future decisions
concerning spectrum and digital infrastructure allocation.

From the perspective of Saudi Arabia, the research findings may provide
substantial practical value since the successful 5G band implementation could enable
smart cities, digital governments, tourism, entertainment, automation in industry,
logistics, oil and gas industry, healthcare services, and education systems. Thus, it could
be claimed that 5G technology needs to be perceived as critical national infrastructure

capable of supporting Vision 2030 objectives
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