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Abstract

The relevance of the discourse of global spectrum regulation cannot be overemphasized. This is due to its
vitality as a requisite for growth enhancement in the digital economy. The use of spectrum resources natural
resources commands a high range of attention considering its trans-continental and national spread.
Electromagnetic are boundless waves that demands a concerted effort of control and balance. This paper
discussed the meaning of spectrum, its management, international organizations and regulations, and
highlights regional and national organizations/regulations. The paper also discussed the key principles of
spectrum management, how to achieve Spectrum Management, challenges, Global Best Practices for Effective
Spectrum Regulation. The paper made recommendations and concluded that global spectrum regulation is
critical for ensuring efficient use of spectrum, promoting competition, and enabling innovation in wireless
technologies.

Keywords: Global Spectrum, Telecommunication, Electromagnetics, Regulation.
e Introduction

Spectrum generally refers to the full range of electromagnetic frequencies, of which a portion is used for
communication by a variety of services and industries.! It is the invisible radio frequencies that wireless
signals travel over.2 The frequencies we use for wireless are only a portion of what is called the
electromagnetic spectrum.3 It generally entails the use of airwaves in each country which is overseen by the
government or the designated national agency. It is a sovereign asset. The subject matter garner so much
relevance in the telecommunications because it serves as the conduit through which wireless

communication is made.

The essence of regulating the global spectrum cannot be overemphasized, the global space is already
congested, and the recent incursion of advanced technology pose a major disruptor especially in the

information system (IS).

According to Dr Hamadoun Touré, Former Secretary-General, and ITU:

The increasingly congested skies above our heads require careful management

and monitoring, on a global basis, with intensive cooperation and discussion to

avoid the risk of interference. That is one of the most important parts of ITU’S

work, as the sole global agency charged with managing the world’s shared radio

spectrum and orbital resources.*
“Global village” is an accurate appellation that applies to spectrum management. Electromagnetic energy
knows no international boundary. Electromagnetic compatibility is a public trust for uses of the spectrum
in every country, state, province, city, and village. It is more than incumbent upon a country to ensure that

the duties of its telecommunications regulatory authority take into account other countries, their needs, and

their responsibilities.>

*DIL, LL.B, B.L, LL.M (Nile University of Nigeria) Abuja. Email Address mbangconfidence714@gmail.com

! What is Spectrum.<https://www.gsma.com/connectivity-for-good/spectrum/what-is-spectrum/>Accessed October 5, 2025.

2 What is Spectrum? A Brief Explainer.<https://www.ctia.org/news/what-is-spectrum-a-brief-explainer>Accessed October 5,
2025.

3 ibid.

4 Dr Hamadoun Touré, Former Secretary-General, ITU 2007, 214,

5 Williams N. Lurther, ‘Spectrum Management in the Global Village.” Federal Communications Commission, USA.
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In this light, the International Telecommunication Union (ITU), the oldest agency of the United Nations,
exists, is responsible for the regulation, standardization, and development of telecommunications
worldwide.® The union also oversees the international management of the radio frequency spectrum and
satellite orbits.” It is a concerted efforts between member’s states to improve and rationalize the use of
telecommunications to all nooks and cranny. It comprises of a forum of 194 Member States.8
e Understanding Spectrum Management

Spectrum Management is the art and science of managing the use of the radio spectrum in order to minimize
interference and ensure radio spectrum is used to its most efficient extent and benefit for the public.? It is
the process of regulating the use of radio frequencies to ensure efficient use and prevent interference.
Spectrum management is a critical technology within virtualization architectures that manages available

wireless resources by considering the entire unlicensed Wi-Fi spectrum within a network.10

In simple terms, a radio spectrum is a collective term for all electromagnetic wave frequencies thatare useful
for wireless communication. Radio waves are invisible and undetectable to human sense but lie at the heart
of modern communications technology. Radio transmission technology involves electromagnetic waves
radiating outwards from one radio equipment to another radio equipment, through the air and travels as a
wave of varying frequency, measured in hertz (Hz). Electromagnetic waves, travelling through the air, are
transmitted at different frequencies depending on the electrical signal applied to the transmitting

equipment.

Radio spectrum is used to carry information wirelessly for a vast number of vital services ranging from
television and radio broadcasts, mobile phones and Wi-Fi, to baby monitors, GPS and radar.!!

However, as the world becomes increasingly dependent on this evolving array of services, the demands
being placed on the scarce supply of usable radio waves are rapidly growing. The public appetite for more
information, faster communications and higher definition media means that the demand for radio spectrum
easily exceeds supply. 12

At the same time, as radio spectrum becomes more intensively used, the risk of interference between
different services grows. This challenge has an important international dimension because radio waves do
notrespect national borders, so services in one country can interfere with those in neighboring territories.!3
Spectrum management starts at an international level when governments come together to agree which

frequency bands should be allocated to certain services. This minimises national and international

6 ibid

7 ITU-R: Managing the radio-frequency spectrum for the world.<https://www.itu.int/en/mediacentre/backgrounders/Pages/itu-
r-managing-the-radio-frequency-spectrum-for-the-
world.aspx#:~:text=ITU%2C%?20through%?20its%20Radiocommunication%20Sector,spectrum%?20and%20satellite%200orbit
%20resources.>Accessed October 5, 2025.

8 Membership.<https://www.itu.int/hub/membership/our-members/>Accessed October 5, 2025.

9 What is Spectrum Management?<https://www.transportation.gov/pnt/what-spectrum-management> Accessed October 5,
2025.

10 Spectrum  Management.<https://www.sciencedirect.com/topics/computer-science/spectrum-management>  Accessed
October 7, 2025.

1 Introducing spectrum management, (2017) GSMA, Spectrum Primer Series. 8.

12 ibid

13 ibid, 9
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interference, helps reduce the price of equipment and, in the mobile industry, enables consumers to roam
onto foreign networks.14

Spectrum management in the largest sense has a number of elements, and the degree to which a nation
adopts these as part of its national infrastructure will vary depending on need.?> Some of the elements are:
legal and regulatory foundation, Spectrum planning and allocation, Spectrum engineering, Regulations and
standards, Frequency coordination and notification, Licensing assignment and billing, law enforcement,
inspection of installation, Spectrum monitoring.

e International Organizations

Radio spectrum is a national resource so every country has sovereign control over how it is used.!® Like
wind and clouds, radio waves cross political boundaries freely. However, there are important benefits to
adopting an agreed international approach. By using the same frequency bands and conditions for the same
types of service across different countries — an approach called ‘harmonisation’ — governments can reduce
international interference, lower mobile equipment costs and enable roaming.

Since radio waves transcend national borders, international cooperation is essential to avoid interference.
Regulators generally avoid interference by coordinating radio emission levels near borders. For example,
under the Geneva 2006 agreement (GE06), national regulators across Europe agreed frequency plans to

ensure new digital TV services being rolled out across the continent would not interfere with one another.1?

8. International Telecommunication Union (ITU): The ITU is the primary global organization
responsible for coordinating spectrum allocation and regulation.!8 It was established in 1865 and
is headquartered in Geneva, Switzerland. International spectrum management is overseen by the
radio division of the International Telecommunications Union (ITU), a specialist United Nations
agency, responsible for information and communication technologies.!? Every three to four years,
telecom regulators from all corners of the globe convene at the ITU’s World Radiocommunication
Conference (WRC) to discuss and agree changes to the ‘Radio Regulations’, detailing which services
are allocated to each frequency band.

9. World Radiocommunication Conference (WRC): The WRC is a treaty-making conference that
reviews and revises the ITU's Radio Regulations.2® The WRC is held every 3-4 years and is attended

by representatives from ITU member states. Revisions are made on the basis of an agenda

14 ibid,9

15 William (n 5).

16 Nandakumar Subramaniam, ‘Role of Radio in Protecting Natural Resources.’ (2012)

17 RRC - 06 New Digital Terrestial Broadcasting
Plan.<https://www.itu.int/itunews/manager/display.asp?lang=en&year=2006&issue=06&ipage=RR CO6 &ext=html#:.~:text=L
andmark%?20digitization%20framework%20agreed.for%20digital%20broadcasting%20is%20assured.> Accessed October 7,
2025.

18 ITU-R: Managing the radio-frequency spectrum for the
world.<https://www.itu.int/en/mediacentre/backgrounders/Pages/itu-r-managing-the-radio-frequency-spectrum-for-the-
world.aspx#:~:text=1TU%2DR %20als0%20plays%20a,in%20support%200f%20WR C%20decisions.> Accessed October 7,
2025.

19 ibid

20 World Radiocommunication Conferences (WRC).<https://www.itu.int/en/ITU-R/conferences/wrc/Pages/default.aspx>
Accessed October 7, 2025.
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determined by the ITU Council, which takes into account recommendations made by previous
world radiocommunication conferences.2!

10. Regional Telecommunication Organizations: The ITU divides the world into three regions,
which each has its own set of frequency allocations as part of the ‘Radio Regulations’. This is done
in order to manage spectrum and encourage harmonisation across large parts of the world. As
such:22 Accordingly, there are:

Region 1: Europe, the Middle East, Africa, Russia and Mongolia;
Region 2: The Americas including Greenland and some of the Eastern Pacific Islands.
Region 3: Asia-Pacific including most of Oceania.

11. Global Spectrum Regulatory Framework

1. ITU Radio Regulations: The ITU's Radio Regulations governs the global use of radio-frequency
spectrum and satellite orbits for all radio services, systems and applications, including fixed and
mobile broadband, satellite system s, sound and TV broadcasting, radio-navigation, meteorological
monitoring and predictions, space research and Earth exploration, amateur radio services and
other topics.23 The ITU Radio Regulations facilitate equitable access to and rational use of the
radio-frequency spectrum and geostationary satellite orbits, both globally shared and limited
natural resources; support the efficient and effective operation of all radiocommunication services;
and, as necessary, facilitate the introduction and regulation of new radiocommunication services

and technologies.

The ITU Radio Regulation has always been launched in editions. The 2024 edition marked the significant
milestone in the world of technology. Doreen Bogdan-Martin, said:
As technological progress advances and the demand for spectrum grows, the
international treaty continues to evolve to accommodate new

radiocommunication services and applications, minimize interference between
services, and ensure equitable access to this essential resource.24

The treaty serves as the cornerstone of international radio frequency management, ensuring that spectrum
allocations keep pace with the rapidly evolving technological landscape and meet the needs of modern

communication systems. Treaty provisions also direct how radio equipment and systems must operate to

2 World Radiocommunication Conference (WRC).<https://www.o0as.org/ext/en/main/oas/our-structure/agencies-and-
entities/citel/structure/details/artmid/4093/articleid/3829/world-radiocommunication-conference-wrc> Accessed October 9,
2025.

22 Organizations like the Asia Pacific Telecommunity — which covers the Asia-Pacific region; Arab Spectrum Management
Group — which covers the Arab states in the Middle East and North Africa; African Telecom Union — which covers all of the
administrations on the African continent; European Conference of Postal and Telecommunications Administrations (CEPT) —
comprising 48 member administrations including all of the EU countries, Russia and Turkey; Inter-American
Telecommunications Commission (CITEL) — which covers the Americas and the Caribbean; Regional Commonwealth in the
Field of Communications (RCC) — which covers the Russian Commonwealth of Independent States, as well as the Baltic states
which have observer status.

2 ITU publishes updated global treaty to optimize radio spectrum management and advance technological innovation (Geneva,
28 August 2024).<https://www.itu.int/en/mediacentre/Pages/PR-2024-07-04-ITU-Radio-Regulations.aspx.>Accessed 25%
November, 2024
2 ibid
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ensure efficient and effective coexistence among various services worldwide and anywhere in space,

optimizing the usage of today's increasingly crowded airwaves.

The 2024 Radio Regulations identifies new spectrum resources to support technological innovation, deepen
global connectivity, increase access to and equitable use of space-based radio resources, and enhance safety

at sea, in the air, and on land.

According to Mario Maniewicz, Director of the ITU Radiocommunication Bureau,

The updated Radio Regulations is the result of hard-won agreements reached at
WRC-23 and a testament to the unwavering spirit of cooperation and
compromise among all of our members to negotiate timely changes to the
international treaty, “The updated treaty provides a framework for national
spectrum management that aligns with international standards and guarantees
the stable, predictable regulatory environment that is essential for the
development of innovative radiocommunication services for all.25

Global regulation of the radio spectrum began with the signing of the first International Radio Telegraph
Convention in Berlin on 3 November 1906 after 30 states came together and agreed on key maritime
communications and safety provisions and established “SOS" as a globally recognized distress signal. Since
then, the Radio Regulations have evolved into a four-volume treaty of more than 2,000 pages. The treaty
establishes the rights and obligations of ITU's 193 member states and now covers more than 40 different
radiocommunication services, spanning frequencies from 8.3 kilohertz (kHz) to 3000 gigahertz (GHz). The
international coordination mechanisms enshrined in the ITU-managed treaty promote its objective to
ensure the availability of the frequencies provided for distress and safety communications and help prevent

or resolve cases of harmful interference between the radio services of different administrations.

2. WRC Decisions: The WRC makes decisions on global spectrum allocation and regulation, which
are incorporated into the ITU Radio Regulations. WRC decisions are binding on ITU member states.
World radiocommunication conferences (WRC) are held every three to four years. It is the job of
WRC to review, and, if necessary, revise the Radio Regulations, the international treaty governing
the use of the radio-frequency spectrum and the geostationary-satellite and non-geostationary-
satellite orbits. Revisions are made on the basis of an agenda determined by the ITU Council, which
takes into account recommendations made by previous world radiocommunication conferences.2¢
The general scope of the agenda of world radiocommunication conferences is established four to
six years in advance, with the final agenda set by the ITU Council two years before the conference,
with the concurrence of a majority of Member States. Under the terms of the ITU Constitution, a
WRC can:?7revise the Radio Regulations and any associated Frequency assignment and allotment
Plans, address any radiocommunication matter of worldwide character, instruct the Radio

Regulations Board and the Radiocommunication Bureau, and review their activities,

% ibid

% See generally, A beginner guide to the World Radiocommunication Conference (2017) GSMA. World Radiocommunication
Conferences (WRC).< https://www.itu.int/en/ITUR/conferences/wrc/Pages/default.aspx.> accessed 25 November, 2024

27 ibid
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determine Questions for study by the Radiocommunication Assembly and its Study Groups in
preparation for future Radiocommunication Conferences.

3. Regional and National Regulations: Regional and national regulatory bodies implement the global
framework, often with additional specific regulations. Regional and national regulations may vary

significantly, reflecting local market conditions and policy priorities.

Key Principles

1. Spectrum Allocation: Spectrum allocation refers to the process of selecting and assigning the best

available frequency channels to the users of cognitive radio (CR).28 This selection is based on
various factors such as occupancy, noise, interference, bit error rate, and outage probability, and it
aims to meet the quality of service (QoS) requirements of the application.2? It primarily involves
the process of assigning specific frequency bands to different services, such as mobile,
broadcasting, or satellite communications. Spectrum allocation is typically done through a
combination of international agreements, national regulations, and industry standards.3? As a
limited natural resource, national administrations manage and assign the use of spectrum within
their countries.3! In order to support the wide variety of different telecommunications services, as
well as to mitigate possible unwanted interference, regulators issue national tables of frequency
allocations and establish licensing frameworks that govern how spectrum will be awarded in the
country.32
(2) Spectrum Licensing: is the process of granting licenses to use specific frequency bands, often
through auctions or beauty contests. Spectrum licensing is used to ensure that spectrum is used
efficiently and to prevent interference between different services. There are typical three types of
spectrum licensing: class, apparatus and exclusive spectrum licensing.33
(3) Spectrum Sharing: Spectrum sharing can be described as the capability of CRs which can
accommodate multiple secondary users, to share the same detected spectrum.34 Since the multiple
secondary users can have access to the same spectrum holes at the same time and location, this
leads to congestion and collision of multiple secondary users and may cause harmful interference.35

It is the logical partitioning of optical spectrum on a submarine cable for different end-users, such

28 Spectrum Allocation.<https://www.sciencedirect.com/topics/computer-science/spectrum-allocation™> Accessed October 10,
2025.

2 ibid

30Tt is the process of designating specific frequency bands of the electromagnetic spectrum for particular uses, ensuring that
different services, such as television and mobile communications, can operate without interference. Key Term - Spectrum
Allocation <https://fiveable.me/key-terms/television-studies/spectrum-allocation>Accessed October 10, 2025.

31 Overview of national spectrum management.<https://digitalregulation.org/overview-of-national-spectrum-licensing-
2/>Accessed October 10, 2025.

32 ibid

33 Hans Barker, Spectrum and licensing in the mobile telecommunications markets, ITU Regional Workshop on “Competition
in Telecommunications Market” Khartoum-Sudan, 24-26 May 2016.

34 Muhammad Rashid Ramzan, Alagan Anpalagan, Multi-objective optimization for spectrum sharing in cognitive radio
networks: A review. 2017 <https://www.sciencedirect.com/topics/computer-science/spectrum-sharing>Accessed October 10,
2025.

3 ibid
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that each end-user has its own ‘virtual fiber pair’3¢ The practice of allowing multiple services or
operators to share the same frequency band, often using techniques like dynamic spectrum access.
Spectrum sharing is becoming increasingly important as the demand for wireless services
continues to grow.

(4) Interference Management: Interference management is one of the critical research challenges in
the successful implementation and adoption of C-V2X technology.37 Interference can arise from
various sources, including other wireless communication systems, environmental factors, and user
behavior.38 The interference can significantly impact the performance of the communication system
and lead to degraded signal quality, reduced coverage, and compromised safety.3? In essence, the
central role of spectrum management is interference management. It involves the design and
operation of RF equipment, including communications and emitting noncommunications devices,
are predicated on preventing and/or mitigating electromagnetic interference. It is the process of
minimizing interference between different services or operators using the same or adjacent
frequency bands. Interference management is critical to ensuring that wireless services operate

reliably and efficiently.

How to Achieve Spectrum Management?

In the spectrum management world, the rational, equitable, efficient and economical use of the radio
frequency spectrum and satellite orbits is achieved by several means. One of such means is the holding of
world and regional radiocommunication conferences to develop and adopt treaties covering the use of the
spectrum. Also, the establishment of global radiocommunication recommendations on the technical
characteristics and operational procedures for radio services and systems, the coordination of efforts to
eliminate harmful interference between radio stations and networks, the maintenance of a master
international frequency register which offers protection either through a Plan, or on an agreed basis for
those appropriately registered, and the provision of tools, information, and seminars to assist national radio

frequency spectrum management. These are veritable means of achieving radio spectrum management.

Challenges
The challenges of global spectrum management spans across considerable factors including:
a. Spectrum Demand and Scarcity: The proliferation of mobile technologies, 10Ts sensors, and
industrial applications has made the available spectrum to be congested.*? For instance, 5G spectrum

demand requires a wide variety of bands to function. There is also the issue of overcrowded bands.*!

36 What is Spectrum Sharing.<https://www.ciena.com/insights/what-is/What-Is-Spectrum-Sharing.htmI>Accessed October
11, 2025.

37 Interference Management.<https://www.sciencedirect.com/topics/engineering/interference-management> Accessed
October 11, 2025.

% ibid

% ibid

40 Agsa Sayed, Evolution of Spectrum Management in Telecommunications: Challenges and Future Directions, International
Journal on Science and Technology (IJSAT) Volume 13, Issue 2, April-June 2022. 4.

41 ibid 5
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The increasing demand for wireless services and devices is leading to spectrum scarcity, making
efficient use of spectrum crucial.

b. Spectrum Fragmentation: The division of spectrum to smaller segment makes it difficult for
operators to deploy broader services with large frequency bands, for instance 5G networks requires
wide bandwidth for high-speed data transmission.*2

c. Lack of Global harmonisation: regulatory complexities and inconsistencies in the management of
spectrum is a challenge. Organisations like the ITU agitate for global harmonisation, but same cannot
be made possible without the cooperation of nations that have the final decision on allocation and use.
For instance, the deployment of 5G networks differs across regions of the world.43

d. Spectrum Sharing and Interference Management: Spectrum sharing and interference management
will become increasingly important as more services and operators share the same frequency bands.
Interference Management and sharing: the massive adoption of services and networks to same
frequency bands has really affected spectrum management. It reduces speed, degrade quality of
service (QoS), and impact network reliability.

e. Privacy concern and security: The increase in spectrum has impacted privacy concerns. The
proliferation of networks and services, through 5G, 10Ts, and other new technologies, has affected
privacy and security. Unauthorized access and cyberattacks have leveraged these system posing a

critical challenge to spectrum management.

Global Best Practices for Effective Spectrum Regulation

1. Technology Neutrality: Regulators should adopt technology-neutral regulations that do not favor
specific technologies or services.** Technology-neutral spectrum licensing (also referred to as
technology neutrality) is crucial to allow mobile operators to reform spectrum used for legacy
networks (2G and 3G) for 4G and 5G services at a pace driven by market demand.*>

2. Flexible Spectrum Allocation: Regulators should allocate spectrum in a flexible manner that
allows for efficient use and minimizes waste.

3. Spectrum Sharing and Interference Management: Regulators should promote spectrum sharing
and interference management to maximize the efficient use of spectrum.

4. Transparency and Stakeholder Engagement: Regulators should ensure transparency and
stakeholder engagement in the regulatory process to ensure that regulations reflect the needs of all

stakeholders.

42 ibid 5
3 For instance, While the 3.5 GHz band is widely used for 5G in Europe and parts of Asia, other regions like the U.S. have
allocated C-band (3.7-4.2 GHz) for 5G, leading to challenges for operators in achieving spectrum harmonization.

44 Rajab ALIL Technology Neutrality, Electronica, vol. 14 n°2, 2022 <https://www.lex-electronica.org/files/sites/103/14-
2_ali.pdf> Accessed October 12, 2025.

4 Technology-Neutral Spectrum and Legacy Network Sunsets.<https://www.gsma.com/connectivity-for-
good/spectrum/gsma_resources/technology-neutral-spectrum-legacy-network-sunsets/> Accessed October 12, 2025.
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Conclusion and Recommendation

Global Spectrum Regulation is critical for ensuring efficient use of spectrum, promoting competition, and
enabling innovation in wireless technologies. The ITU, WRC, and regional and national regulatory bodies
play important roles in shaping the global spectrum regulation framework. Best practices for effective
spectrum regulation include technology neutrality, flexible spectrum allocation, spectrum sharing and
interference management, and transparency and stakeholder engagement.

To strengthen global spectrum governance, regional bodies should align more closely with ITU and WRC
frameworks, promote technology-neutral policies, adopt flexible spectrum allocation, and encourage
effective spectrum sharing models such as those implemented in the EU, US, and Japan.
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