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Abstract: In the 21st century, mega-constellations and interconnected satellite constellations deployed
at various orbital altitudes, such as LEO, MEO, and GEO, with low Earth orbits (LEOs) being the
most commonly used, have emerged as a trend, aiming to enhance the productivity and reduce
the costs in space service delivery. The UNOOSA has noted the uncertainty in the exact number of
satellites but conducted simulations based on a substantial sample, projecting a significant increase
from the 2075 satellites recorded in orbit in 2018. This surge in the launch of mega-constellations
poses profound challenges to existing international space laws, originally formulated with limited
consideration for private space actors, who are increasingly engaging in space activities, particularly
with the cost-effective utilization of mega-constellations. This study critically analyzes the compati-
bility of mega-constellations with the current international space laws by examining the applicability
of mega-constellations concerning equitable access and the non-appropriation principle, addressing
their potential occupation of substantial orbital spaces during activities, and analyzing whether the
acquisition of orbital slot licenses violates these two principles. Following an in-depth analysis, this
study proposes recommendations to amend the existing laws, aiming to resolve ambiguities and
address emerging challenges. Recognizing the time-consuming process of amending international
space laws, this study suggests practical recommendations for supplementary rules of the road,
prompting reflection on the potential obsolescence of the current international space laws in the face
of evolving space activities.
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1. Introduction

The rapid development and deployment of mega-constellations, consisting of numer-
ous small satellites operating in a low Earth orbit (LEO), have significantly transformed
the landscape of space activities. In 2018, the UNOOSA recorded 2075 satellites in orbit,
which, based on projections and simulations, is expected to increase. By 2021, the num-
ber of satellites, both active and defunct, had increased by over 50% in just two years,
reaching approximately 5000 satellites. This number has since increased, reaching, by the
end of 2023, an estimated 11,330 satellites [1]. Companies like SpaceX, OneWeb, Amazon,
and Telesat are leading this trend, with SpaceX intending to add 11,000 more satellites
to its Starlink mega-constellation, having already filed for permission for an additional
30,000 satellites [2]. This surge in satellite deployment is driven by the need to provide
global broadband internet coverage and other communication services, leveraging the
advantages of smaller, more cost-effective satellites over traditional, larger ones.

However, the proliferation of mega-constellations presents significant legal and regu-
latory challenges. The current international legal framework, primarily governed by the
Outer Space Treaty and other related agreements, is struggling to keep pace with the rapid
advancements in satellite technology and the sheer volume of satellites being launched.
For instance, the Outer Space Treaty is not detailed regarding regulations or punishments
in the event of violation and has ambiguous terminology, such as outer space, national
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appropriation, debris, space object, harmful contamination, and interference, among others.
These are not clearly defined and there is no agreed upon definition, thus rendering it
futile in addressing issues such as liability for collisions, space debris management, and
the potential for orbital slot monopolization [3–6]. The lack of binding international rules
on satellite design and operation exacerbates these challenges, necessitating a coordinated
global effort to develop new regulations and norms. As the number of satellites in orbit
increases, with projections indicating tens of thousands more in the coming years, the
international community, while acknowledging the work conducted so far, must urgently
address these legal and regulatory gaps to ensure the sustainable and equitable use of outer
space [2,4].

Furthermore, due to the rapid rise of mega-constellations, there is a need test their
applicability against two of the key principles described in the Outer Space Treaty: the prin-
ciple of equitable access and the principle of non-appropriation. These principles play a key
role in the development of outer space in that, regarding equitable access, the rising number
of satellites—in this case, mega-constellations—raises questions regarding equitable access
through the distribution of orbital slots, as well as the possible domination of space, hinder-
ing equitable access to it. Secondly, regarding the principle of non-appropriation, questions
have been raised regarding whether the occupation of substantial orbits constitutes appro-
priation. This paper therefore explores the challenges posed by mega-constellations within
the context of the international space law framework by examining their intersection, with
the aim of paving the way for the equitable and sustainable use of outer space.

The subsequent sections are organized as follows: Section 2 introduces the legal
status of mega-constellations under international space law; Section 3 addresses the legal
challenges posed by mega-constellations to the existing international space law regime;
Section 4 analyzes the applicability of mega-constellations in light of the principles of
equitable access and non-appropriation; Section 5 proposes both policy and technical
recommendations regarding the issues discussed; and Section 6 presents the conclusions.

2. Legal Status of Mega-Constellations under International Space Law
2.1. International Treaties and Principles Governing Mega-Constellations

The legal status of mega-constellations is currently an evolving and contentious issue
in international space law [7]. Through the United Nations Committee On Peaceful Uses
of Outer Space [8], five space treaties have been molded over time by the application
of domestic policies and regulations as a result of the obligation placed upon states by
Article 6 of the Outer Space Treaty. The 1967 Outer Space Treaty [9], also referred to as the
Constitution of Outer Space [10,11], provides the basic framework on international space
law, as well as the basic principles pertaining to the conduct of space activities. However, it
does not specifically address the unique challenges posed by mega-constellations consisting
of thousands of satellites. These treaties were drafted in the 1960s–1970s, when only a
handful of large, individual satellites were being launched. As a result, there are significant
gaps and ambiguities in how existing space law applies to mega-constellations.

During its early stages, in order to ensure uniformity and align with norms and
standards promoting responsible behavior, the Outer Space Treaty required all space actors
to comply with international laws through a number of principles. These included the
freedom of exploration and use of outer space; carrying out space activities for the benefit
of all mankind; the principle of the non-appropriation of outer space and of celestial bodies
by states; the de-weaponization of outer space while encouraging the use of outer space
for peaceful purposes; authorization and supervision; liability for outer space activities,
which is further detailed in the Liability Convention [12]; cooperation and mutual respect,
as well as international cooperation, as enunciated in the Rescue Agreement [13]; and
the registration of launched objects catered for in the Registration Convention [14]. An
example of this uniformity can be seen in the application of the UNCLOS in Article 87 to
cater for the principle of freedom of the high seas and Article 89 to cater for the principle of
non-appropriation, among others. It can be said that, because of the similarities that these
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two possess, outer space law development could benefit from experience gained in the law
of the sea.

As a result, based on the freedom to use and explore outer space, both public and
private entities utilize space for commercial purposes, making satellite ownership overly
commercialized, particularly in the areas of communication and navigation, as well as
space travel [15] and mining, despite there being no actual international consensus on
whether space mining is part of the freedom to use and explore outer space. This has, of
course, been subject to controversy in the field of environmental protection, sustainability,
and conservation [16]. Furthermore, despite its far-reaching positive purpose of holding
space in trust for future space expeditions and protecting space from exploitation by
individual states and corporations, the declaration of the use and exploration of space as
the province of mankind has faced criticism due to being imperialistic and lacking [17].
This is based on the argument that the present politico-legal regimes and their philosophical
grounding are imperialistic [18]. The current trends show tremendous growth towards
the privatization and commercialization of space activities [19], including the emergence
of mega-constellations. These trends have also led to an increase in the amount of space
debris, despite the numerous normative regulations available on an international scale,
such as the Space Debris Mitigation Guidelines, as well as on a regional scale, such as
Europe’s Zero Debris Charter, among others.

2.2. International Telecommunications Union in Regulating Mega-Constellations

Mega-constellations also fall within the scope of the activities of the International
Telecommunications Union (ITU) [20], since it manages space telecommunications through
the equitable and rational distribution of terrestrial frequencies and specific applications
for geostationary orbit. As one of the UN’s specialized agencies responsible for issues that
concern information and communication technologies, it coordinates the shared global use
of the radio spectrum, promotes international cooperation in assigning satellite orbits, aims
to improve the telecommunication infrastructure in the developing world, and assists in
the development and coordination of worldwide technical standards. It also recognizes
the sovereign right of each state to regulate its telecommunications. The ITU’s regulatory
framework aims to promote equitable access to these resources, which is particularly
important given the rapid increase in the number of satellites being launched into low
Earth orbits (LEOs) by companies like SpaceX, OneWeb, and Amazon [2,5], as well as the
GuoWang (SatNet) mega-constellation [21,22]. The ITU has faced some legal and regulatory
challenges, such as the following.

2.2.1. Frequency and Orbital Slot Allocation

The ITU’s role in assigning frequencies and orbital slots is critical to preventing
conflicts and ensuring that all countries have fair access to space resources. Previously,
there has been an issue related to radio frequency spectrum warehousing, which tended
to reflect the inaccurate deployment of non-geostationary satellite systems (NGSO) in
the Master International Frequency Register. In response, the ITU adopted a milestone-
based regulatory approach, requiring operators to demonstrate progress in deploying
their satellites to retain their frequency assignments [5,23]. This deployment has been
categorized as 10% deployment within two years from the end of the current period to
enter into use, 50% within five years, and complete deployment within seven years. This
approach helps to manage the risk of “paper satellites” [24], where companies file for more
slots than they intend to use, potentially blocking other operators. This has created an issue
regarding the warehousing of orbital slots and frequencies, especially if the operator has
planned to launch numerous satellites [25]. Secondly, the ITU has also adopted Resolution
219 for the responsible utilization of radio frequency spectra, with international cooperation
at its core [26].

Therefore, regarding frequency allocations, the ITU does not license spectra and is
rather general in nature. Through the World Radio Communication Conferences (WRC)
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and Regional Radio Communication Conferences (RRC) texts, it leaves the regulation of
specific matters to the discretion of each member state, as long as they adhere to the ITU
rules, as well as international law. This can be controversial, especially when deciding how
much of the spectrum is allocated to each applicant. An example of a national regulator
is the USA FCC, whose responsibilities include assigning spectrum licenses and ensuring
competitive innovation and efficient communications services. Significantly, the USA FCC
mandates that internet service providers deploy and run at least 50% of their constellation
within six years of approval; otherwise, they risk losing their permission and their allotted
spectrum. Then, by nine years, the entire constellation must be fully deployed [27].

Against this background, it is clear that radio frequencies and orbital positions are
absolutely necessary tools for satellite communications. This is simply because, without
them, satellites’ functionality would be hindered, triggering the interference of radio
frequencies, which in turn reduces the quality of communications, leading to harmful
interference. The term “harmful interference” refers to the unwanted energy that arises from
one or more emissions, radiations, or inductions during reception in a radio communication
system. This unwanted energy can cause performance degradation, misinterpretation, or
the loss of information that could have been obtained had the unwanted energy not been
present [28]. Thus, because the need for telecommunications (for satellites and radio
frequencies) is crucial, its expansion is significantly determined by the availability of radio
frequencies and orbital positions.

In order to carry out the international notification, coordination, and registration
of radio frequencies and orbital positions, two methods are normally used. The first
is the “first come, first served” method, which ensures international protection against
harmful interference through the proper coordination of assignments within the ITU and
registration with the ITU if international protection against harmful interference is desired,
or if the assignment will be used for international services or if it is a precaution against
harmful interference from the use of a new assignment [28]. The second method is “a priori
planning”, which is essentially used to ensure equitable access to radio frequencies and
orbital positions. The World Radio Communications Conferences demonstrate that Article
44.2 of the ITU Constitution [20] introduced the idea of equity and equitable access with
regard to the use or sharing of radio frequencies and orbital positions.

However, it has only been used in conjunction with a small number of allotment
plans. These include, among other aspects, the provision and related frequency allot-
ment plan for the aviation mobile service in the bands allotted solely to that service, the
frequency allotment plan for the aviation mobile service, and related information [28].
Because of the rarity of such plans, new challenges arise in accessing appropriate radio
frequencies due to increasing privatization, competition, globalization, and the abuse of
ITU regulatory processes.

Communication is substantial in operating a constellation because of the frequent need
to communicate with the ground team and because satellites are designed for real time,
thus requiring continuous communication. Because of this, questions about radio frequency
spectrum partitioning have arisen, since an overcrowded radio frequency spectrum may
cause physical interference with adjacent radio frequency signals, making space traffic
management a critical issue [29,30]. The regulatory aspects of space traffic management are
inadequately covered because of the emphasis on acquiring any available orbital slots. This
is because interferences that affect other operators that may be approaching a target orbit
or de-orbiting at the end of a satellite’s life are not given sufficient consideration. With the
increase in the number of satellites and constellations, many interferences may occur, like
the interference of Earth observation and overcrowding, among others.

2.2.2. Compliance with International Law

The ITU’s regulations must align with broader international space law principles, such
as those outlined in the Outer Space Treaty. The ITU’s role in promoting international
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cooperation and equitable access helps to ensure that mega-constellations do not violate
these principles by monopolizing orbital slots or frequencies.

While the ITU coordinates international standards, it also recognizes the sovereign
right of each state to regulate its telecommunications. This dual responsibility can create
challenges, as national regulators may prioritize their own interests, potentially leading to
conflicts with the ITU’s goal of equitable resource distribution. For instance, the US Federal
Communications Commission (FCC) assigns orbital shells on a first-come, first-served
basis, which can lead to the de facto appropriation of these orbits, contrary to the Outer
Space Treaty [2,5].

2.2.3. Application of Military Satellites within ITU Framework

The ITU framework involves the licensing and allocation of radio frequencies, which
applies to both civilian and military satellites, regardless of whether they are dual use or
not [31]. Furthermore, ITU radio regulations are internationally binding for all ITU member
states. This has been emphasized by the ITU’s Report on Satellite Regulation in Developing
Countries [32]. As a result, even if Article 48 of the ITU Constitution allows member states
to retain their freedom regarding military radio installations, they are bound to abide by
the principles and provisions of the ITU Constitution and are encouraged to observe the
provisions of the ITU Administrative Regulations concerning the types of emission and the
frequencies to be used [33].

In summary, the ITU’s role is fundamental to the legal status of mega-constellations. By
managing the allocation of radio frequencies and satellite orbits, the ITU helps to mitigate
the risks of interference and ensures compliance with international space law principles.
However, the rapid growth of mega-constellations and the varying priorities of national
regulators present ongoing challenges that require coordinated international efforts in order
to be addressed effectively [2,4,5,34–36].

3. Legal Challenges Posed by Mega-Constellations to Existing International Space
Law Regime

The launch and utilization of mega-constellations has highlighted several deficiencies
within the current international space law framework, presenting challenges that the
existing legal regime has yet to effectively address. Notably, the mechanisms established
to prevent interference have proven inadequate, as evidenced by reports of astronomical
interference, collisions, and the proliferation of space debris. Moreover, there are concerns
about the potential violation of environmental sustainability laws. Presently, there are
no stringent international rules governing how operators manage constellations in orbit,
despite the rapid expansion of mega-constellations.

3.1. Astronomical Interference and Space Debris

Mega-constellations have exacerbated issues of astronomical interference and space
debris. The current measures to mitigate these problems are insufficient. According to
Johnson (2020) [36], the sheer number of satellites increases the likelihood of interference
with astronomical observations and contributes significantly to the space debris problem,
posing risks to both existing and future space operations. This makes establishing liabil-
ity and causation for collision damage very complex, especially for knock-on collisions
involving debris. There are no clear international rules on satellite design and operation
standards to determine negligence.

The issue of space debris presents a significant challenge to the current international
space law regime. While the Liability Convention attempts to address space debris by
defining a “space object” to include component parts and launch vehicles, its application
reveals substantial gaps. Notably, the definition of “space object” does not explicitly
encompass non-functional debris, leading to ambiguity about the responsibility for such
debris. The exclusion of “useless” space debris from the definition limits the Convention’s
effectiveness in managing the debris problem. Moreover, unidentifiable space debris,
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which cannot be traced back to a specific space object or launching state, poses a major
legal challenge. The Liability Convention’s framework does not address the responsibility
for such debris, necessitating amendments to the current conventions to tackle these
issues effectively. It should also be noted, while calls have been made for the ICJ to provide
advisory opinions on orbital light and spectrum pollution, the same should be implemented
regarding the determination of responsibility when dealing with debris.

The increasing number of satellites, particularly with the advent of mega-constellations,
exacerbates the space debris problem. The rapid deployment of satellites into low Earth
orbits (LEOs) by companies like SpaceX and OneWeb significantly heightens the risk of col-
lisions, potentially triggering a “collisional cascading process” or the Kessler syndrome [37].
This scenario, where the density of objects in LEO increases to a point where collisions
generate more debris, further increases the likelihood of additional collisions, posing a
severe threat to both current and future space operations.

Furthermore, the failure rate of satellites, especially the cheaper models used in mega-
constellations, contributes to the growing debris issue [38]. Even a 5% failure rate in a
constellation of 100 satellites results in five new pieces of debris, which can significantly
impact the fragile space environment. This is particularly concerning given that Article 9
of the Outer Space Treaty mandates the prevention of the harmful contamination of the
space environment. The principles of due regard and cooperation, although not explicitly
defined, underscore the importance of international collaboration and mutual respect
but also address the aspect of discretion, which has led to controversial interpretation
by member states regarding whether their activities qualify for the application of these
provisions. Bourbonniere and Lee (2019) argue that such cooperation is vital in addressing
the collective challenges posed by the increasing commercialization and privatization of
space activities [39]. However, the existing legal framework is insufficient to effectively
manage and reduce the risks associated with the rising amount of space debris.

3.2. Environmental Sustainability

Article 3 of the Outer Space Treaty states that space activities should be carried out in
accordance with international law; this Article is all-inclusive and thus has no limitations
regarding which international laws apply [40]. Therefore, environmental sustainability
laws, although often flaunted in the pursuit of the rapid deployment of mega-constellations,
do apply in this instance. Under the Outer Space Treaty’s principle of “due regard” for oth-
ers’ interests, states may be required to conduct environmental impact assessments before
approving mega-constellations. However, this is not an explicit requirement. Furthermore,
despite the 1992 Rio Declaration’s [39,41] emphasis on sustainable development, the space
industry lacks rigorous environmental regulations, leading to potential long-term ecologi-
cal impacts. Recent studies highlight the urgent need for comprehensive environmental
standards specific to space activities (Pelton and Madry, 2019) [41,42].

The proliferation of space activities, especially the deployment of mega-constellations,
raises significant concerns regarding environmental sustainability. While the Liability
Convention addresses physical damage, it falls short in considering the environmental
harm caused by space debris. Space debris, essentially a form of pollution, threatens the
space environment since there is a possibility of increased space pollution from combustion
by-products, which is accumulated in space and can alter the chemical composition of
the near-Earth atmosphere, leading to contamination. Furthermore, space debris also
leads to the Kessler syndrome, impacting future space activities, which necessitates a more
comprehensive approach to include environmental damage within the legal framework.

The environmental impact of increased space launches is multifaceted.
Firstly, the reentry of space debris poses risks of environmental contamination through

the release of nitrogen oxides, which, based on a study by Robert et al. (2022), can contami-
nate the environment [43], including soil and water [44,45]. Secondly, biological contam-
ination cannot be ruled out, as the introduction of terrestrial microorganisms into outer
space or the return of extraterrestrial materials to Earth can have unforeseen consequences,
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such as posing a significant risk of contamination during space missions from terrestrial
microorganisms in spacecraft [46]. There are also risks of biological contamination from
the return of extraterrestrial materials, as found in a study by Rummel et al. (2011) [47],
and forward contamination during lunar missions, as it could compromise life detection
missions [48], underlining the necessity for tight precautions to prevent contamination [49].

Moreover, the potential loss of scientific evidence about the solar system due to
increased space debris also undermines the scientific value of outer space in the sense that
space debris collisions with spacecraft or instruments like probes, landers, or telescopes [50]
used to study the solar system could cause damage. The same applies to the exploration of
the solar system, which would be hazardous in the face of space debris [51]. Furthermore,
solar phenomena observations like the Maunder minimum and the grand minimum, which
are believed to have an influence on the amount of debris, may be difficult to study as a
result of this debris. Therefore, the study by Greenly (2023) [44] emphasizes the need to
address the environmental impacts of space activities, including the reduction of space
debris [48], and NASA (2020) [52] has highlighted the importance of preserving the scientific
integrity of space missions by minimizing contamination and ensuring the accuracy of the
data collected [53].

Furthermore, the multinational nature of commercial space activities complicates the
enforcement of environmental laws, since ownership transfers and the involvement of
multiple jurisdictions make it challenging to establish and enforce environmental regula-
tions effectively. For instance, a study by Lihua et al. (2019) noted that the involvement
of multiple jurisdictions and ownership transfers make it challenging to establish and
enforce environmental regulations effectively [54], and a study by Dempsey (2016) found
that national laws governing commercial space activities are often inadequate or unclear,
leading to the lack of effective enforcement of environmental regulations [49,55].

In conclusion, the environmental impacts can trigger these two principles in the sense
that, if not meticulously handled, they could create inequalities among nations, especially by
widening the gap between well-established space-faring nations and the up-and-coming ones.

3.3. The Issue of Space Traffic Management
3.3.1. Space Situational Awareness and Space Traffic Management

The ITU orbital allocations divide spacecraft into two categories: geostationary (GSO)
and non-geostationary (NGSO). The International Telecommunication Union currently
coordinates GSO, and, because of the limited and distinctive nature of these positions
within GSO, coordination has always been considered essential. Current statistics reveal
that there are only 1800 orbital slots in GSO, which is well organized when compared to
other orbits [56]. Because of the increased use of other orbits closer to Earth, like LEO, it
has been suggested that they may soon need coordination, although this is not currently
performed, especially since satellites in LEO do not have a fixed location. The ITU and
WRC have engaged in efforts through discussions and proposals to develop frameworks
for coordination amidst the growing number of constellations [57,58]. During the World
Radio Communication Conference (WRC-23), a proposal to review the equivalent power
flux density (EPFD) limits was approved in order to address the unfavorable limits placed
on LEO users, especially in spectrum utilization [59,60]. With this in mind, users at GSO are
assigned an orbital slot that is as small as a three-dimensional box in which to work. Due to
this, these slots differ from the multi-orbital planes of several satellites that constellations
use, also referred to as orbital “shells”, which essentially encircle the entire planet. The
organized GSO region is very different from that of the low Earth orbit (LEO) and medium
Earth orbit (MEO), where regulations governing the use and governance of these regions
are not very specific, the congestion and collision risks are constantly rising, and satellites
owned by numerous users and for a variety of purposes are periodically transiting around
the planet. The National Telecommunications and Information Administration (NTIA) and
the Federal Communications Commission (FCC), two national frequency administrators
that oversee government and commercial frequencies, respectively, license operators in
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accordance with how they understand their responsibilities under the space law. No
problems with constellations have arisen during the license giving process.

On the one hand, the argument that satellite constellations’ use of LEO is legal because
it is essentially the same as their use of GSO could be upheld, since the utilization of
pre-coordinated subsections of space is granted to individual actors in each region by a
national administrator or through a national administrator by an international regulatory
body (ITU). This is essentially the same as using orbital slots in GSO; placing spacecraft
into a low Earth orbit (LEO) or higher does not imply possession, ownership, or occupation.
This is because states have been using GSO slots for many years without ever being accused
of misusing GSO. Other space actors in the space domain recognize the users’ rights to
utilize GSO, and they have never claimed to be appropriating it.

On the other hand, it could be argued that although allocation does not come with
ownership rights to the outer space area, it grants lifetime exclusive rights to an operator
based on its satellite life. Moreover, because the operators keep refiling for the slot and
replacing old satellites with new ones, they are typically keeping these orbital slots indef-
initely. This is not a clear-cut occupation or appropriation, because spacecraft in a low
Earth orbit (LEO) are actually moving through space and are not stationary, whereas GSO
locations are relatively stable—for example, they are subject to space weather and other
perturbations and require station keeping. Additionally, other users will be able to use these
orbits thanks to space situational awareness (SSA) and space traffic management (STM),
and aspects of one user’s use will not prevent the use of others. To reiterate (Johnson 2020),
constellation operators do not intend to hold, or occupy, these orbits exclusively [36].

Space law applies strict liability whereby the intention of the space actor or not would
constitute appropriation. However, even if one were to argue intention as a prerequisite
for appropriation, no such intention can be found in the operators of global constellations,
which raises the question of the applicability of Article 2 of the Outer Space Treaty and
how orbital slots can be successfully distributed given the nomadic nature of spacecraft in
LEO or MEO. This all serves to prove how ungoverned the LEO is compared to the GSO.
Moreover, it should be noted that the fact that there is no complaint about something does
not make it right or legal.

3.3.2. Dispute Resolution Mechanisms within the ITU Framework

Because the ITU lacks a compulsory international dispute resolution system for the
resolution of interference complaints, these interferences continue. Article 56 of the ITU
Constitution addresses dispute resolution and stipulates that member states may negotiate
a settlement through diplomatic channels, follow the procedures outlined in various treaties
concluded between them for dispute settlement, or use any other method that is mutually
agreed upon to resolve disputes in the interpretation or application of the ITU Constitution,
the Convention [30], or the Administrative Regulations (including the Radio Regulations
governing space communications). Any member state subject to a dispute may resort
to arbitration in line with the arbitration procedure as defined in Article 41 of the ITU
Convention if none of the aforementioned means of settlement are chosen.

The Optional Protocol on the Compulsory Settlement of Disputes relating to the
ITU Regulatory Regime [61] satisfies Article 41 of the ITU Convention for member states.
The provisions mentioned herein and in the Optional Protocol have never been used,
thereby resolving all harmful interference issues according to Article 15 of the ITU Radio
Regulations. Under this provision, a case of harmful interference is resolved exclusively
through bilateral negotiations between the concerned administrations under the obligation
of good will and mutual assistance in the application of the ITU regime provisions. All
stations, regardless of their intended use, must be set up and run so as to avoid detrimentally
interfering with other members’ communications that also involve a radio service and that
comply with radio regulations [20]. Moreover, it is prohibited for any station to transmit
superfluous signals or unnecessary signals, and transmitting stations are only allowed to
radiate as much power as is necessary to ensure an adequate service [28]. Despite the above,
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there is still a risk of frequency jamming, particularly for national and international security,
because it is viewed as hostile or a warlike act. The fact that frequency jamming has been
linked to both military and commercial satellites [62] further demonstrates the ITU’s lack
of authority to enforce its rules, regulations, or procedures or to impose punishment on
military satellites unless they provide nonmilitary services; however, they are bound by
ITU regulations. This means that, while the voluntary compliance strategy has proven
successful over the years, the deterrent component of a law is conspicuously absent. With
the rise of numerous mega-constellations, it is highly doubtful whether the voluntary
compliance quality will be effective given the increased competition for the already scarce
resources.

Therefore, for purposes of addressing this issue, the ICJ, as well as the permanent
court of arbitration’s optional rules for the arbitration of disputes relating to outer space
activities, can be employed.

3.3.3. Flags of Convenience under the Space Traffic Management Issue

The registration of a foreign-owned vessel under easy and advantageous conditions
for the entity registering the vessel is known as a “flag of convenience” in maritime practice
and law [63]. This practice is usually for the purpose of reducing operating costs and
avoiding “burdensome regulations”. In 2009, when measured in terms of total tonnage,
numerous worldwide merchant ships were registered under flags of convenience, with
the Panamanian, Liberian, and Marshall Islands flags accounting for nearly 40 percent of
the global fleet [64]. Because of the lax regulations, poor or minimal oversight, and poor
record keeping in the flag of convenience states, this practice has been criticized for creating
an environment for criminal activities, poor working conditions, failed environmental
protection, and safety concerns [65], among others. Examples include the Torrey canyon
situation in 1968, the Amoco Cadiz situation in 1978, the Exxon Valdez situation in 1989,
the Scandinavian star situation in 1990, and the sea empress situation in 1996 [66]. The
Deepwater Horizon oil rig explosion in the Gulf of Mexico in 2010—which occurred while
flying the Marshall Islands’ flag of convenience—was dubbed the greatest environmental
disaster in American history and is a more recent occurrence.

As with maritime law, space objects operating under the Outer Space Law (Treaty) are
governed by the laws of the country of registration [9,14,67], because the launching state is
the state of registry. As one of the Outer Space Treaty’s objectives, this discourages space
actors from engaging in excessively risky activities [68]. Because of this, the registering
state cum launching state is responsible and liable for activities pertaining to the registered
activities [68]. The relevant Articles 6 and 7 of the Outer Space Treaty confer responsibility
and liability to state parties for their activities in outer space, including activities carried
out by national non-governmental entities [69]. The Liability Convention [12] is more
detailed and supplements Article 7 of the Outer Space Treaty regarding the determination
of liability for damage caused by space objects [70]. It integrates a framework under Article
9 to settle liability claims. It states that “a claim for compensation for damage must be
presented to a launching State through a diplomatic channel or through the Secretary
General of the United Nations” [12]. Moreover, a claims commission may be established by
either party involved if they do not reach a settlement within one year of notification. The
claims commission therefore decides the merits of the claim and determines the amount
of compensation payable, if any. The decision of the commission is final and binding
upon the agreement of the parties; otherwise, the commission should render a final and
recommendatory award, which the parties should consider in good faith [12]. This shows
that the Liability Convention is deficient, since its decision can only be final and binding
if the parties are in agreement, thus diminishing the decision to the status of an advisory
award in all other cases [71]. Secondly, only one case has been filed under the Liability
Convention, namely the Cosmos case [72], which, in the end, was settled diplomatically.
This does not show much regard for said convention in terms of dispute settlement.
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International law is consensual by nature, meaning that states are not obligated to
adhere to laws that they have not clearly consented to. Therefore, the Outer Space Treaty
and the Registration Convention provide a framework whereby national laws can be
applied to space objects based on state registry [67,68,73], which is similar to the flags of
convenience under the law of the sea. Nonetheless, some states may be motivated to relax
their regulations, especially since enforcement mechanisms are not robust, enabling flags
of convenience scenarios where space actors choose a launching state with lax standards.
This may in turn devalue patent protections, especially if space actors opt to register in
countries where patents are not filed.

Projections indicated that flags of convenience would not be an immediate problem [67];
however, with the current technological trends, it can be stated that space companies do in
fact have the freedom to establish themselves and launch spacecraft from any country on
Earth. This is clearly a major challenge because it is rendering the outer space patent system
ineffective in protecting outer space inventions.

The dangers of flags of convenience have been explored in regard to maritime activities;
however, it is also imperative that the dangers that they pose to outer space are addressed.
On 20 March 2012, the head of the US Federal Aviation Administration forecast that space
tourism would become a one-billion-dollar industry within the next ten years. We are
clearly within the ten-year prediction, and a 2019 report estimated space tourism with both
suborbital and orbital levels at a potential market value of three billion dollars by 2030.
Therefore, even if Mathew Klein initially believed that the flags of convenience would not be
a problem due to the infancy of the space industry [67], state shipping registries frequently
lack the resources or will to monitor the safety and conditions of ships. Similar outcomes
may occur in space, since the rapid development of space technologies and the resulting
commercial space industry could create a competitive environment that poses a threat
to both the environment and space tourists [74], such as space debris and environmental
degradation.

Space debris can potentially increase in the Earth’s orbit if the flags of convenience
states do not follow the Space Debris Mitigation Guidelines, such as limiting spent rocket
break-ups, deorbiting vessels at the end of their useful lives, and moving them to graveyards
in orbit [75]. With space travel becoming a common occurrence, debris will increase,
including operational and fragmented debris, which is, of course, a danger to other users.
As it accumulates, the probability of inter-debris collisions will greatly increase, increasing
the likelihood of the Kessler syndrome [76] as inter-debris collisions will be uncontrollable
once they start, encasing the Earth in an impenetrable cloud of broken debris and making
space travel all but impossible [77,78].

Therefore, because the right to take part in space activities, whether governmental or
nongovernmental, is provided for by the Outer Space Treaty [9], all states, including flags
of convenience, can enjoy this right. Now, with the popularity of mega-constellations, it
is expected that flags of convenience will become a major trend, especially in developing
countries, which feel that they are missing out on space resources due to their inability to
take part.

3.4. Transfer of Satellite Ownership in Orbit

Currently, the transfer of satellite ownership in orbit is a common practice as compared
to the initial days of space exploration, since it was not considered essential at the time [79],
especially as few states were interested and had the capability to carry out space activities.
Numerous explanations arise as to the development of the in-orbit ownership transfer
trend, and some of these are as follows. The public procurement schemes have been faced
with change, leading to public–private partnerships (PPP) [80,81], which essentially involve
privatization, outsourcing a private company to fulfil a particular service, which can be an
on-orbit service to change the functionality of a satellite, assets sales between private firms,
or even bankruptcy proceeding outcomes like the iridium LLC [82]. Furthermore, private
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entities can also be called upon to deliver space objects in orbit, like the turnkey satellite
systems, as an additional option to providing on-ground deliveries [83].

The major space treaties make no mention of the concept of the transfer of ownership.
The Outer Space Treaty [9] mentions ownership in a way that neither seems to allow
for transfer nor results in any change with regard to an existing treaty. It states that the
“ownership of objects launched into outer space including objects landed or constructed
on a celestial body and of their component parts is not affected by their presence in outer
space or on a celestial body or by their return to Earth” [9]. This, however, does not
restrict the transfer of ownership; rather, because of the restriction of a launching state
being a state of registry, it creates complications in application. Despite the fact that the
concept of ownership is interestingly absent from the Liability Convention [12], Rescue
Agreement [13], and Registration Convention [14], the Moon Agreement [84] merely echoes
the Outer Space Treaty: “the ownership of space vehicles, equipment, facilities, stations and
installations shall not be affected by their presence on the moon”. The ITU Trinity Treaty
documents (the ITU Constitution [20], Convention [30], and Radio Regulations [28]) also
provide legal instruments that are indispensable for space activities to protect against radio
frequency interference but make no mention of or reference to the concept of ownership or
the transfer of ownership. The UNDROIT Space Assets Protocol of 2012 [85] is the only
relevant international treaty linked to space and ownership issues, primarily from a private
international law perspective. It addresses, among others, the ownership of satellites, but
it is not yet in force, with only four signatories—Burkina Faso, Germany, Saudi Arabia,
and Zimbabwe. Thus, there is no legal basis upon which the concept of ownership can be
argued, especially with space treaties relevant to satellite communications. It is therefore
important that the protocol is discussed to clear any uncertainties, followed by encouraging
states to ratify it.

When an in-orbit transfer occurs between states or other entities that are covered by
Article 6 of the Outer Space Treaty, or when the acquiring party does not meet the definition
of a “launching state” as defined by the Liability Convention and Registration Convention,
the implications of the transfer become more complicated. This, therefore, requires an
innate understanding of what is legally and factually possible in the exercise of sufficient
jurisdiction and control in order to effectively transfer the ownership of satellites in orbit.
From a legal perspective, the right to exercise jurisdiction and control is retained by the
states on whose register [14] the space object is carried [9]. However, only a launching
state can be a state of registry, and, regarding interstate agreements on the exercise of
jurisdiction and control of a space object, the status of a launching state is required [14].
Thus, even if it will not be able to use it, the transferring state (launching state) will continue
to be the state of registry and maintain de jure power and jurisdiction over the transferred
space object. Because of this de jure jurisdiction and control, the transferring state will
still be liable for any harm that the space object causes [12], even if the recipient state
has de facto control over it, despite not having registration rights or being held liable
for damages caused by the space object. Therefore, even if, at the time of the drafting
of the space conventions, there was a very limited number of space actors (states), the
space conventions did not and still do not deter the transfer or purchase of space objects in
orbit [81]. They do create inconsistencies between the legal and factual/actual status of a
space object and the consequences therein, since this transfer of ownership is more to the
acquiring state’s advantage. As explained previously, states are held responsible for all
national activities and are required to exercise legal control in the form of the obligation
to authorize and continuously supervise these national activities normally by way of
licensing [86]. Therefore, based on this background, if the satellite is transferred, there will
be issues with licensing or the continued applicability of the original license, whether it is
an international transfer or not.

The Outer Space Treaty requires comprehensive compliance by virtue of Article 3;
therefore, the control of a satellite requires conformity with other rules of space treaties,
including the ITU regime on the allocation, allotment, and assignment of orbital frequencies
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and slots. Therefore, regardless of whether the space object is owned, controlled, or
operated by a third party, states are internationally liable for space objects for which
they qualify as the launching state, according to the Liability Convention. Because of
this, a transfer of ownership in orbit may raise concerns about the applicability of the
license-handling liabilities. In the case of international transfers, the jurisdiction of the
launching state would have to cover damages caused by the transferred object under the
Liability Convention. This is because of the nature of state liability, i.e., once a launching
state, always a launching state, and it is always liable. The same is true for registration-
related concerns, as they stem from the same launch. A state may exercise quasi-territorial
jurisdiction over a satellite based on the same launching state criteria. However, in the
event of an international transfer, the acquiring state may not be able to register the space
object because it is not the launching state. In summary, there is a higher likelihood of
complete system disruption when the private ownership of a satellite in orbit translates
into private control, giving rise to questions of jurisdiction and control, which, as has been
noted, have not been legally addressed by the standing space treaties. This is especially
important now, with the increased commercialization of space and the sheer number of
satellites launched per constellation.

The challenges discussed herein, despite some having been present earlier (before the
rise in mega-constellations), have been magnified by the introduction of mega-constellations,
especially given the fact that the governance policy for mega-constellations has been found
to be lacking, especially with regard to legally binding, unambiguous definitions and also
the limited regulation of private entities. This has been seen to escalate and undermine
state sovereignty and also question the idea of global governance.

While some non-binding guidelines exist, there is an urgent need for new interna-
tional regulations and norms to be developed to specifically address the challenges of
mega-constellations and ensure the sustainable and equitable use of outer space. Proposals
include creating new regulatory bodies, developing satellite design standards, and clarify-
ing liability and environmental assessment rules. However, achieving a global consensus
will be difficult given the competing interests involved.

In summary, the legal status of mega-constellations is currently highly uncertain and
unresolved under existing space law frameworks. Significant international cooperation and
new binding regulations will likely be required to manage their impacts and implications
going forward. Against this background, the next section will assess the applicability of
mega-constellations under the principles of equitable access and non-appropriation, as the
core principles in this study.

4. Assessing Applicability of Mega-Constellations in Light of Principles of Equitable
Access and Non-Appropriation
4.1. Principle of Equitable Access
4.1.1. Legal Framework and Significance of Equitable Access Principle

The principle of equitable access is predicated on the idea that all states, whether or
not they are space-faring, have the ability to access space and the spectrum required for
communication with satellites without interfering with or receiving harmful interference
from others [9]. This idea particularly pertains to the processes used to assign orbital slots
and spectra for the geosynchronous orbit belt, which has been used for broadcasting since
the 1960s, upheld by the International Telecommunications Union Convention [30] and the
Outer Space Treaty, among others.

Although there are several significant problems, the low Earth orbit (LEO) launch of
many constellations of small satellites seems promising. Even though low Earth orbit (LEO)
spacecraft are only in orbit for a restricted period, what are the implications of having
such an overwhelming presence in LEO, where numerous orbital planes are occupied by
spacecraft with numerous satellites and other potential users of these orbits are limited
in trying to share them? Currently, the appropriation of space—whether void space or
celestial bodies—is forbidden by international law. However, this core principle conflicts
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with the broad freedom to enter, explore, and use space, especially regarding national
innovations in industrial space capabilities. These rights, principles, and obligations will
therefore be explored with regard to mega-constellations.

The concern for non-space-faring states emerged after the ITU began allocating orbital
slots and spectra based on the first-come first-served principle. The World Administrative
Radio Conference Delegates stressed every nation’s right to access, simply because of the
limited nature of the spectrum and GSO as natural resources. This concern was addressed
under Article 33 of the Union’s Convention [30].

Despite the good intentions of this provision, it led to debates on the enforceability of
the principle stated therein. An example is the Bogota Declaration [87], which saw eight
equatorial countries declaring sovereignty over the GSO belt directly above their national
territory, which is a clear violation of the Outer Space Treaty, as will be discussed in the
following. A compromise was reached to redefine the allocation process for GSOs [88].

All states are free to enter, use, and explore outer space, including the moon and other
celestial bodies, according to Article 1 of the Outer Space Treaty. All other requirements
and prohibitions, however, are weighed against this fundamental principle of space law.

The wording in Article 1 essentially speaks for itself. States are free to access and
explore space without first obtaining permission from any other state, international or-
ganization, or other body of authority, as stated in Paragraph 2 of Article 1. Initially, the
freedom of states to independently explore space was not a given but, rather, a privilege
that was agreed upon by the member states of the United Nations. This right to unilaterally
access space was implicitly accepted by the world community when the USSR launched
Sputnik-1, and it was further codified in a statement of principles adopted by the UN in the
early 1960s [89]. This right was finally made clear and explicit under binding international
law with the Outer Space Treaty.

It is also worth noting that Paragraph 1 refers to outer space as the “province of all
mankind”, rather than merely outer space. It further requires that this exploration and
use be by all states, “without discrimination of any kind on the basis of equality and in
accordance with international law. . .”. However, when a single private company controls
such a large percentage of space, their use discriminates against other potential users
and impedes their ability to access, investigate, and utilize space. In other words, this
implies that other space players will not be able to use specific orbits that these space actors
predominantly possess, use, or occupy due to their actions. The reason for this is that, since
it would be risky to try and share the specific orbit, forcing them to choose other altitudes
or orbits, no other operator would dare to use those specific orbits where hundreds of
satellites are already operating as part of a constellation.

4.1.2. Application of Equitable Access Principle to Mega-Constellations

Firstly, since it prevents other parties from using space, the widespread occupation of
specific orbits fundamentally negates the intent behind Article 1 of the Outer Space Treaty.
Consequently, even though a state may grant licenses to one of its corporations for the
launch and operation of satellites to this degree, this does not imply that the activities of
the corporation in space, an area outside its national borders, are entirely compliant with
the requirements of international law. Therefore, national approvals do not provide any
such assurances.

Furthermore, based on a comparison between the proposed constellations in 1996
and the current proposed constellation estimates [90], it is clear that the numbers have
risen dramatically and are still increasing. This leads to the question of how operators
will be able to avoid interference with GSO satellites, especially in relation to launching
smallsats and cubesats in large batches, increasing the possibility of unlicensed launches or
transmissions [90], which, of course, risk interference, which violates equitable access.

The World Administrative Radio Conference Delegates emphasized the right of every
nation to access space due to the limited nature of spectra and geostationary Earth orbits
(GEO) as natural resources [91]. However, concerns arose [87], leading to debates on the
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enforceability of this principle [88]. This led to the ever-present realization that the res
communis of outer space is fictitious, thus pushing for the Bogota Declaration in 1976.
This is because the developing countries feared that no space would be left for them in
which to launch geostationary satellites in the future due to orbital congestion. To put
this into perspective, in 2019, there were two thousand active satellites in orbit around
the Earth [92] and thirty-four thousand objects larger than ten centimeters in size. This
shows orbit monopoly and questions the equitable use of the outer space, since, among
other discussed issues, mega-constellations raise the risk of orbital congestion, which could
hamper space missions in the future.

Secondly, this has further been reinforced by the issue of the encroachment of rights,
where satellite constellations have been seen to have grave effects on the astronomy in-
dustry as these unprecedented launches have endangered ground-based astronomical
instrumentation [93]. The metallic, reflective surfaces of satellites have been reported to re-
flect light rays, which prevents ground-based equipment like telescopes from determining
the movement of celestial bodies or other cosmological behavior; together with the emitted
radio signals from satellites, this all obstructs astronomical research [93].

Therefore, due to Article 1 of the Outer Space Treaty, everyone is free to explore and
thus reserve the right to conduct research on space. It is also clear that there are unlimited
rights regarding the number of satellites launched into space. This creates an important
dynamic because, ultimately, one of the parties will be hindered in the exercise of their rights,
because there is currently no law or legislation that deals with the issue of the encroachment
of rights. The obligation under Article 9 against harmful interference and the equitable
access rights under Article 1 of the Outer Space Treaty offer no recourse or solution in the
event that these rights are violated, especially with the mega-constellation trend.

The principle of equitable access, enshrined in the International Telecommunications
Union Convention and the Outer Space Treaty, assumes that all states, whether space-faring
or not, should have equal opportunities to access space and communicate via satellites
without interference. This principle primarily pertains to the allocation of orbital slots and
spectrum procedures for geosynchronous orbits, where broadcasting activities have been
conducted since the 1960s.

Therefore, even if international law currently prohibits the appropriation of outer
space, aligning with the principle that space exploration should be open to all nations,
the rise of mega-constellations challenges the balance between rights, principles, and
obligations in space law.

In conclusion, firstly, the Outer Space Treaty defines outer space as the “province of all
mankind”, aiming to ensure equitable access to and use of space for all nations. However,
mega-constellations challenge this principle by disproportionately occupying valuable
orbital slots, thereby restricting access for other space actors and potentially interfering
with their space operations. National authorizations for satellite launches often do not
align with international obligations, leading to the situation where the increasing number
of mega-constellations exacerbates concerns about orbital congestion and equitable access.

Secondly, the historical apprehensions articulated in the Bogota Declaration reflect
ongoing fears among developing nations regarding their ability to access outer space
amidst growing orbital congestion. With thousands of active satellites and tens of thou-
sands of sizable debris objects already in orbit, the deployment of mega-constellations
significantly heightens the risk of congestion, which could impede future space missions
and compromise the sustainable use of outer space.

Furthermore, the expansion of mega-constellations poses substantial threats to the
astronomy community. The reflective surfaces of numerous satellites hinder ground-
based astronomical observations and interfere with radio signals, thereby obstructing
essential astronomical research. Despite the existing freedom to explore and utilize outer
space, the absence of specific legal frameworks addressing the encroachment of rights
presents significant challenges. The Outer Space Treaty’s provisions regarding no harmful
interference and equitable access fail to provide clear remedies for the issues arising from
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the proliferation of mega-constellations. Consequently, there is a pressing need for updated
international regulations to balance the rights and interests of all space users, ensuring that
outer space remains a shared and accessible domain for the benefit of all of humanity.

4.2. Principle of Non-Appropriation
4.2.1. Legal Interpretation and Application of Non-Appropriation Principle

The Outer Space Treaty forbids national appropriation in its second article. This
demonstrates that the utilization of space for national purposes is not acceptable. This even
persisted in the early United Nations talks on space exploration [8,94]. This principle was
also reiterated in 1963, in a draft precursor to the binding Outer Space Treaty.

States are effectively prohibited from lawfully appropriating outer space, including
void space and celestial bodies, as a form of alien territory that is ready for annexation and
occupation [95]. From a historical standpoint, a state could lawfully expand its territory by
unilateral sovereign claims. However, tensions between space states would undoubtedly
arise from such a rush to claim territory on, for example, the moon. Therefore, it was
preferable to agree that no state could or would be able to directly and permanently possess
space, including orbits and celestial bodies. Beyond this comprehension, the article’s
intricacies are somewhat unclear, particularly with regard to how it should be applied to
specific tasks and how it relates to current and upcoming space missions. It enumerates the
ways in which national appropriation can be accomplished, including claims of sovereignty,
use, occupation, and any other method, concluding that space is not subject to national
appropriation. Stated differently, there is no legal or acceptable way to justify the national
appropriation of space. At the end of the list, “by any other means” is used to indicate
that the article is not all-inclusive and to close any potential gaps. Therefore, it is used
cautiously to emphasize that no state may claim sovereignty over space and that no state
may ever bring it under its sovereign jurisdiction. Consequently, based on this reasoning,
a state cannot appropriate space or regions of space, such as spots on celestial bodies,
specific trajectories, or orbits, since any action taken would not be considered authorized
appropriation.

4.2.2. Application of Non-Appropriation Principle to Mega-Constellations

The initial consideration in this investigation is whether private actors—whether com-
mercial or authorized by the national government—are unlawfully claiming or possessing
vast areas of low Earth orbit. For instance, as of June 2024, there were 19 planned con-
stellations, 547,267 planned satellites, 8 constellations with at least one launched satellite,
6786 launched satellites in all constellations, and 5880 launched satellites in constellation
operational shells [96].

Do these large constellations represent the illegal appropriation or ownership of
specific areas of space?

On the one hand, Article 2 of the Outer Space Treaty indicates that it is against
international law to appropriate any part of outer space, including void space or celestial
bodies. The appropriation or ownership of space or parts of it cannot be justified by any
means or methods of possession. The aforementioned constellations appear to have a
disproportionate amount of control over certain orbits due to their deployment of several
satellites to occupy orbital planes, which, in a way, prevents others from accessing these
planes, thus appropriating these orbits [36]. With the affirmation that orbits closer to Earth
are unique and that, when any actor uses these orbits to the extent that these proposed
constellations will, it means that other space actors cannot. Access to outer space is
unlimited in the sense that anyone with the technological means to launch space objects
can explore space [36]. The Starlink satellites exclusively occupy three orbits: the 550 km,
570 km, and 540 km orbits [36,97,98]. This essentially means that SpaceX will be the only
user and occupier of these orbits going forward, at least until its satellites are removed.
As such, SpaceX will be the only occupant, and, since possession is a physical act, SpaceX
seems to be the rightful owner of these orbits.
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Secondly, this is particularly unacceptable and a violation of space rules, since the
space actors—in this example, SpaceX and other mega-constellation operators—are acting
without any genuine international dialogue or agreement. Therefore, the LEO is essentially
ungoverned in comparison to the GSO regime, which is managed by the ITU and other
national frequency administrators. It appears that SpaceX and other actors are trying to
take advantage of this loophole to claim entire portions of LEO for themselves, all before
any international agreement, consensus, or even discussion is achieved [99]. This results
in a purely first-come, first-served situation, which creates a unilateralism or colonialism
scenario.

Since a state is accountable for the actions of a non-governmental organization under
international space law, it must approve, oversee, and guarantee the ongoing observance
of international law by its non-governmental organizations. Therefore, non-governmental
commercial organizations like SpaceX, OneWeb, and others are subject to the same ap-
propriation prohibitions as states under Article 2. Nevertheless, SpaceX will be the only
occupant and hence the lawful owner of the 550 km, 1100 km, 1130 km, 1275 km, and
1325 km heights above our planet, or whichever orbits they ultimately occupy, thanks to the
launch and use of the Starlink constellation. The other large constellation operators are in a
similar scenario. While the altitudes chosen for the Starlink constellation are technologically
desirable for their purposes, it also means that any spacecraft not deorbited from these
regions may remain there for decades or possibly longer. This underscores the significance
of these altitudes, as malfunctioning spacecraft in orbits lower than 500 km will re-enter the
Earth’s atmosphere in a few months or years [100]. If a comparison is made, the duration of
time that the mega-constellation altitudes threaten is far less than the 15-year increments in
which rights for orbital slots are granted at GSO. The argument that this occupation reaches
the level of appropriation of these orbits is further supported by these extended periods of
time at the specified mega-constellation heights.

Article 9 of the Outer Space Treaty supports this violation of the non-appropriation
principle by these gigantic constellations. It is necessary for the utilization and exploration
of space that states “shall be guided by the principle of cooperation and mutual assistance
and shall conduct all their activities in outer space. . .with due regard to the corresponding
interests of other States. . .”. Thus, it is difficult to see how this placement of massive
constellations demonstrates any form of respect for the comparable interests of others.
Their unilateral transgressions of the goals of space law standards are further supported by
this disregard.

In summary, these massive constellations effectively monopolize entire orbital areas,
thereby preventing other actors from sharing such domains. This has been implemented
without international discussion or consensus [99], which is unacceptable for a domain
that is outside of state sovereignty and that no state may hold. Governments are forbidden
from appropriating space, and they will eventually be in charge of this decision. Unlike
GSO, they were able to occupy these areas for extraordinarily extended periods thanks to
their authority to travel there, demonstrating appropriation. As shown, these constellations
severely restrict other actors’ ability to use certain areas, interfering with their freedom
to explore and utilize space. Ultimately, as stated in Article 9 of the Outer Space Treaty,
this heedless desire demonstrates complete disregard for the comparable rights of others.
In light of this, these massive constellations represent the illegal appropriation of specific
space regions, independent of any formal or official claim to the contrary made by an
accountable or approving authority.

On the other hand, a counterargument claiming that the deployment and operation of
these massive constellations is in complete compliance with the regulations governing space
travel could legitimately lead to a different decision. These constellations do not represent
any unlawful appropriation of the orbits that they utilize; rather, they simply represent the
freedom to explore and use space. The right to unrestricted access to and use of space is
established under Article 1 of the Outer Space Treaty. Regardless of where the spacecraft
is traveling or how many satellites it contains, preventing an actor from deploying one
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would constitute a violation of their right to explore and use outer space freely. In addition,
space actors do not require authorization from any other state in order to access or explore
space. Although the drafters of the outer space law did not specifically mention it, this use
of space by constellations in low Earth orbits actually satisfies their goals for the use of
space [101]. The preface to the Outer Space Treaty outlines the goals and subject matter of
the agreement, which includes a desire to contribute to international cooperation, which
will in turn culminate in mutual understanding and strengthen mutual friendships towards
progress in the exploration and use of outer space for peaceful purposes. These goals can be
used to interpret the treaty’s operative articles, which discuss how humanity has explored
and used space as inspiration. It is also easy to see how these constellations currently
provide the services that the treaty’s drafters intended, especially since these activities are a
result of international cooperation.

Consequently, rather than being interpreted restrictively and concentrating primarily
on the possible drawbacks of constellations, the articles of the Outer Space Treaty should
be interpreted permissively, allowing constellations.

It has also been argued that, since orbits and frequencies constitute res communis,
they are not “property” in the legal sense because they are finite communal resources
that are objectionable to appropriation. However, while orbital positioning is protected
by space law and international communications law, it does not apply to the first-come,
first-served concept that applies to orbital placement, which is the de facto appropriation
of orbits and frequencies by industrialized countries [102]. This, of course, does not favor
developing countries in a sense that they are not able to participate in this “space grabbing”
and thus does not include appropriation, since it is based on a traditional system of the
distribution of access rights. The regime of res communis of outer space does not therefore
meet the demand and needs of developing countries or even consider the possibilities
for their future access to geostationary orbits, as well as the associated radio frequencies
granted [103]. Of course, the WRC-19 made decisions to address this issue; however, some
limitations regarding equitable access were identified since the identified spectrum for
IMT/5G would overlap with the planned satellite spectrum for ultra-high-throughput
satellite systems [104]. The ongoing challenges, like the increased demand for spectrum
and the disproportionate accommodation of developing countries’ needs, call for new rules
or necessary amendments to ensure that a balance is struck and that all states enjoy the
privilege of res communis of outer space, as well as a review of the res communis principle.

Basing on the argument herein, it is clear that even if the international space law
seeks the benefit of humankind, it is insufficient given the argued controversy between the
principle of equitable access and the principle of non-appropriation. Furthermore, more
mega-constellations have been launched into outer space, and the only control mechanism
in place is one based on good conduct. What will happen when one space actor is not on
their best behavior? This will of course increase the risk of tragic events given the fact that
there is no stable means of dealing with space debris. Moreover, even if space actors do not
recognize orbital slots as appropriation, this is inadvertently the case, given the fact that
space actors renew their licenses, meaning that they use these slots for decades.

It is therefore clear that mega-constellations are legally applicable under international
space law, although the risks of interference are increased. It is also clear that the interna-
tional space legal framework, although working towards addressing these issues, is not
prepared to deal with them given how long it takes for international law amendments
to be made. The launch and use of mega-constellations have brought to light the loop-
holes within international space law and thus the challenges that it has not yet been able
to aptly solve. The measures put in place to ensure non-interference have proven to be
ineffective, as indicated by the reports on astronomical interference [93], collisions, and
space junk/debris. There is also a possible violation of environmental sustainability laws.
There are currently no strict international rules that regulate or dictate how constellation
operators should operate constellations in orbit, especially with the rapid rise in the use of
mega-constellations [92]. For instance, the issue of flags of convenience states for launching,
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the transfer of satellite ownership in orbit, the issue of the acquisition of radio frequencies
proportionate to the number of slots and filings, the issue of equitability, and the inter-
national regulations on space traffic management pose challenges. These do not have
adequate regulations and thus challenge the current international space law regime.

5. Proposed Solutions and Policy Recommendations
5.1. Policy Recommendations
5.1.1. Enhancing State Supervision and Authorization for Space Activities through
National and International Obligations

According to the Outer Space Treaty, a commercial operator’s operations must be gov-
erned, approved, and overseen by the state that launched the satellite and has jurisdiction
and control over this spacecraft. In other words, both international obligations and national
regulations require service providers to obtain permission or authorization from relevant
governments to operate within their jurisdictions to ensure spectrum management while
also fulfilling international obligations. Furthermore, as a result of technological advance-
ments and massive constellations, states are gradually losing their ability to fully exercise
their sovereign right to control activities by being forced to respond to the conduct of for-
profit corporations operating within their borders. For instance, the Aeolus incident [105]
highlights the urgent need for laws or policies to guide states on the procedures to take
during these interactions. Therefore, urging states to ratify international laws on space
would give the current international law regime the backing to regulate space actors, since
it is already on a national level.

5.1.2. Clarifying Legal Definitions and Governance of Mega-Constellations

Secondly, because there is no definitive, legally binding definition of mega-constellations,
the concept is legally ambiguous; this calls for discussions in order to clarify what mega-
constellations are, as well as limitations on their operation, in order to close the gap that the
lack of governance has created and that mega-constellation operators are taking advantage of.

Furthermore, it is necessary to clarify the parameters of space objects to cater for space
debris, as well as the liability for damage incurred in the event of claims.

5.1.3. Modernizing Spectrum Policies for Equitable Access

Regarding spectrum policy sharing, spectrum policies ought to be modernized to
allow for spectrum sharing. National agencies like the NTIA therefore need to coordinate
the spectrum needs given the fact that more individual agencies are working on individual
spectrum priorities.

Furthermore, in order to avoid the issue of warehousing radio frequencies, the United
Nations Specialized Agency for Satellite Radio Spectrum recently updated its regulatory
framework [106] to deal with this issue independently. Through this, a balance will be struck
between the prevention of spectrum warehousing, the proper functioning of coordination
mechanisms, and operational requirements for the deployment of NGSO systems. The
flexible timelines and objective criteria will also regulate the phases of deployment of
the satellites.

5.2. Recommendations on Space Traffic Management
5.2.1. Establishing an Independent International Monitoring System

At present, there is no impartial worldwide monitoring mechanism in place, which
would be necessary to address interference as a whole. The only national monitoring
stations that are part of the current international monitoring system are those that have
been nominated by administrations in correspondence with the ITU Secretary General.
Furthermore, these stations are monitored by an administration or by authorization granted
by the appropriate administration, a public or private enterprise, a common monitoring
service established by two or more countries, or an international organization, even though
Article 16 of the ITU Radio Regulations encourages administrations to continue develop-
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ing their monitoring facilities. This demonstrates a lack of autonomy, and independence
prevents the availability of unbiased information that is necessary for the impartial resolu-
tion of conflicts involving any detrimental intervention. There should be a mechanism of
independent international monitoring developed.

5.2.2. Developing International Law for Space Flight

Furthermore, there is no basic international law or order governing space flight, since
there has been no international consensus on how this can be achieved. It is suggested that
this governance can be classified into space resources, occupation, and income transfer to
avoid the disordered state that they are currently in. Thus, with reference being made to
international aviation governance, this problem can be solved to ensure controlled space
flight, just as aviation has been controlled under the auspices of the International Civil
Aviation Organization [107].

5.2.3. Strengthening ITU’s Role in Space Traffic Management

Firstly, to address the issue of harmful interference and enhance the monitoring
capabilities, a new resolution was proposed on the strengthening of the role of the ITU with
regard to transparency and confidence-building measures in outer space activities [108].
The European Common Position provides the ITU with the ability to monitor and measure
detrimental interferences affecting satellite systems using an independent network of
monitoring control stations, irrespective of any data supplied by a complaining state. This
could prove useful, especially with the increased number of satellites being launched, in
terms of the accountability of all space actors, as well as granting autonomy to the ITU to
record, regulate, and enforce international laws.

Secondly, the ITU could amend its trinity laws to make the license requirements more
limited and stringent as a deterrent regarding the rise of unprepared space actors to ensure
that, in the event of a failure to fulfill these requirements, satellites are not launched, as
well as a follow-up process when the constellations are deployed.

Thirdly, to address the problem of congestion, the International Telecommunication
Union (ITU) should manage the utilization of both orbital allocations and slots at the Earth’s
geostationary orbit (GEO), which is located 35,786 km above the equator, and exploitable
sections of the electromagnetic spectrum. The goal of ITU coordination is to promote the
economical, equitable, efficient, and sensible use of these resources. Actors must coordinate
to make use of both usable areas of the spectrum and orbital locations, which are considered
restricted resources. This is carried out on a “first-come, first-served” basis. This, however,
does not preclude the needs of potential future users. Thus, striking a balance between
current and future users will be challenging, but it will also guarantee that no state or other
space actor will be able to rush to claim orbital or spectrum resources.

Finally, the ITU could also adopt the method of limiting the number of satellites
launched per constellation in such a way that, if the constellation is launched for commu-
nication purposes and there are about three or more applications for the same purpose,
the ITU could encourage collaborations between these parties, potentially assigning each
party a number of satellites under the same constellation. To ensure success, the ITU could
categorize the constellations into classes of relevance to avoid unnecessary applications and
an upsurge in constellations. This could make way for the more productive cooperation
and development of all collaborating parties.

5.3. Demystifying Controversy between Principles of Equitable Access and Non-Appropriation
5.3.1. Ensuring Equitable Access through Coordinated Efforts

In order to ensure equitable access for all states, the ITU RR 2016, after the WRC
2015, provided a measure stating that all filings for orbital slots must be accompanied by
coordinated efforts considering the potential stakeholders’ activities actively or passively
impacted by the proposed satellite [28]. These coordinated efforts ensure that the satellite
operator takes measures to refrain from causing radio interference to other satellites in
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orbit [109] for a period of up to seven years [28]. These measures, although pledged to cater
to the radio astronomy needs of astronomers, have proven insufficient due to the prevalent
congestion in both the LEO and MEO, causing major interference and thus inhibiting
equitable access [110]. Therefore, in addition to the filling and coordinated efforts, it is
recommended that the ITU reduce the number of satellite constellations and satellites in
LEO and MEO equitably.

5.3.2. Defining and Enforcing Limitations for Equitable Outer Space Access

The issue can also be dealt with based on the principle of equitable access by placing
a limit on the number of orbital slots per satellite based on a minimum requirement,
to ensure that operators efficiently operate the satellite constellation. The ITU can also
factor in the operator’s ability to perform mitigation measures to lower the interference
rates—for instance, SpaceX’s introduction of a “darksat” prototype—to curb astronomical
interferences.

Every right, therefore, has a limitation, and, in order to fully enjoy outer space eq-
uitably, these limitations must be clearly delineated to avoid misunderstandings and to
also ensure equitable access for all. Thus, by enforcing these measures, it is ensured that
mega-constellation operators have access to outer space, as well as other actors, while also
ensuring that the appropriation of outer space is not condoned by the granting of licenses
and approval for specific amounts of time and employing the milestone-based approach to
avoid the warehousing of orbital slots.

5.3.3. Enhancing Compliance through Non-Coercive Tools

These solutions and recommendations are more focused on the drafting, amendment,
and passing of new laws, policies, or standards in order to cater to both the anticipated
and unanticipated fallout of the use of mega-constellations, especially on a large scale.
Therefore, for issues regarding the lack of proper enforcement mechanisms, and based
on the solutions and recommendations given herein, a few specialized legal approaches
can be employed, especially since there is a nexus between international space law, the
rules of road or soft laws, and compliance. From a managerial point of view, states like the
United States of America and China could comply with rules in the regulatory space law
regime out of self-interest and, through this, they can easily respond to non-coercive tools
like reporting and monitoring. Therefore, with this approach, especially for international
space institutions, a focal point is created to maximize compliance, thus reducing the
likelihood of defection. In this regard, the enforcement power needs to be placed in an
automatic, autonomous administrative structure whose enforcement authority is set out in
clear, unambiguous terms [111]. This enforcement could be in the form of the revocation or
suspension of licenses or the imposition of fines, among others.

5.3.4. Enhancing Regulation of Private Space Actors

It is suggested that a single international regulatory body be established to regulate
private actors or that the current space laws be modified to account for this omission,
because the enforcement mechanism of the space law regime on private space actors is
likewise deficient [112]. Domestic laws could also be strengthened by promoting firmer
and more uniform standards, as well as creating more avenues of recourse when private
actors cause harm, although it is important to note that some states will not be motivated
or incentivized to increase regulation, since this may hinder the launch statistics of these
particular States.

6. Conclusions

As the deployment of mega-constellations accelerates, ensuring equal access and
non-interference in outer space becomes increasingly important. The growing number of
satellites and mega-constellations occupying crucial orbits calls into question the funda-
mental ideals stated in the Outer Space Treaty, such as the “province of all mankind” and
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the prohibition on appropriating space. To resolve these concerns, space actors must accel-
erate the legislative process and establish strong, nonpolitical solutions through UNGA
resolutions, supplemented by multilateral agreements, as well alternative governance
models such as adaptive forums, communication networks, and collaborative governance
frameworks that reflect the global nature of these issues. To prevent mega-constellations
from posing a substantial threat to space safety and sustainability, strict legislation and
severe penalties for infractions are required.

Given the current and dynamic nature of this topic, extensive research and analysis
are required. Future research should focus on global space governance, the long-term
sustainability of space operations, and the imposition of sanctions or limits on operators
to ensure compliance. By doing so, we can reap the benefits of mega-constellations while
mitigating the potential negative consequences, promoting the more balanced and equitable
usage of outer space. This approach will not only protect the interests of all space-faring
nations, but will also ensure that outer space remains viable for future generations.
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