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[bookmark: _Toc82220780][bookmark: _Toc146279467]Executive Summary
As a reflection of the fast-paced world we currently live in a new era in satellite technology begins to emerge. This sector, of vital importance for our day-to-day lives, is in a period of significant change, characterized by the use of large satellite constellations. These mega-constellations aim to provide, among other things, worldwide Internet coverage. Since 2015, satellite Internet providers such as Space X and OneWeb have been working on the idea of mega-constellations, thus forcing satellite manufacturers and launchers to drastically lower the costs. It is obvious that the increase in the number of satellites will be accompanied by an increase in risk of collision and a number of legal issues that have not been fully addressed so far.
The deficiency in the laws/regulations governing worldwide provision of Non-GSO satellites services make it necessary that countries establish their own national laws including landing rights. Regional arrangements for such laws and regulations can be suitable for the service providers and the clients in the concerned countries. A unified or similar laws/regulations created among a group of countries (such as SATRC countries) makes it possible for the service providers to accelerate developing its legitimate service in the concerned countries and also resolve concerns of contributing countries to regulate deployment of such services in the territory under their jurisdictions. 
For this purpose, the Work Item under the title "Non-GSO Satellite Constellations: Requirements, Challenges and Impact in South Asia " was approved in the 23rd meeting of South Asian Telecommunication Regulator’s Council (SATRC-23). In the next step, a questionnaire was developed and circulated among the SATRC members. Responses from Afghanistan, Bangladesh, Bhutan, India, Iran, Maldives, Nepal, Pakistan and Sri Lanka were received which are discussed in the following report.
This document addresses Non-GSO constellations and their requirements, challenges and impact in South Asia.

1. [bookmark: _Toc146279468]Introduction
Space-based Internet services have been in use for several years, but these services are being used by a limited number of users and most existing systems use geostationary orbit (GSO) satellites such as SES, Inmarsat, Viasat, Yahsat and Eutelsat.
However, it is well known that latency is one of the main disadvantages of GSO communication systems in addition to high propagation path losses. It is also for this reason that GSO-based Internet systems cannot be used for certain services which require low-latency connectivity, and this is the reason why Non-GSO satellites have become more popular for high-speed broadband services in recent years. In addition, being closer to the ground in Non-GSO satellites means that the signal propagation path loss is low and requires a smaller antenna on the user side, which provides services to new types of users ‎[1].
2. [bookmark: _Toc146279469]Overview of NON-GSO satellites
The rapidly increasing use of non-geostationary satellite orbits (Non-GSO), such as medium Earth orbits (MEO) and low Earth orbits (LEO), represents an important innovation in satellite technology and a potential breakthrough in connecting the unconnected so that they, too, can reap the benefits of today's digital economy. Satellite connectivity is also important for the aviation and maritime sectors that operate aircraft and vessels that can be out of reach of terrestrial networks during their journeys.
The significant point is that larger satellites are used in GSO orbits because these satellites require more resources and the longer the satellites last, the less cost should be invested for replacement satellites; on the other hand, due to the presence of double atmospheric effects in low orbits, the lifespan of satellites is shorter; Therefore, the smaller the satellites, the more efficient they will be.
The International Telecommunication Union (ITU) Radio regulations enable the introduction of new applications of Radiocommunication services while ensuring the efficient use of radio-frequency spectrum, i.e. the operation of as many systems as possible, without interference. Space-based connectivity will help realize smart societies (including smart transportation systems, e-government, distance education, e-health, e-procurement, smart energy, and smart agriculture). We can distinguish two different categories of Non-GSO satellite systems ‎[2].
Primary systems are designed to provide voice or low-rate data services. Their user terminals are usually small, like 2nd hand devices. Iridium and Global Star are two systems in this category that were put into operation. The first operating system was Iridium, which started working in 1998. Both systems went bankrupt around 2000, but were updated over time and are still active‎[2].
The second and recently introduced class of Non-GSO constellations provide broadband services, so these systems compete with High-throughput satellites (HTS).
However, there is a great interest in the second type of systems because with the rapid and increasing progress of mankind in the field of Internet and information technology, integrated and high-quality access to the Internet is one of the most important needs of humans in this era. Another leading project in this field was the initial OneWeb project, which survived bankruptcy in 2020 after launching 74 satellites. Another early project was LeoSat, which was shut down in 2019 after its first launch. SpaceX is the current leader in this field. Amazon (Kuiper project), Boeing, SES and Telesat Canada also have projects in the early stages ‎[2].
Generally, Non-GSO satellite constellations demonstrate a foundation in the New-Space paradigm and thus have become one of the most significant topics, not only for industry and academia, but also for national space agencies and regulators. One of the major motivations for such a high interest on Non-GSO constellations is that, with a suitable design, they can provide global coverage and connectivity. While global connectivity can also be provided by a small set of GEO satellites, Non-GSO constellations have three main advantages over terrestrial and GEO satellite communications ‎[3]:
1) Short propagation delay: Electromagnetic waves propagate faster in the vacuum than in optic fiber, which has typical refraction index of 1.44 to 1.5 ‎[3]. Moreover, Non-GSO satellites are deployed at much lower altitudes than GEO satellites, which reduces the one-way ground-to-satellite propagation delays to a few milliseconds. As a consequence, the end-to-end (E2E) latency with Non-GSO satellites over long distances may be competitive and even lower than that of terrestrial networks ‎[3]. Non-GSO satellites can provide coverage in remote spaces where terrestrial infrastructure is not available. Furthermore, by using suitable functionalities, the data could be routed E2E by the satellites themselves.
2) Feasible uplink communication from small devices: Due to the relatively low altitude of deployment and the signals which mainly propagate through free space, it is possible for small devices to communicate directly with low Earth orbit (LEO) satellites. This has led companies and organizations to aim for integrated space and terrestrial infrastructures using low-power wide-space network (LPWAN) technologies such as LoRaWAN and Narrowband IoT (NB-IoT) ‎[4], ‎[5].
Based on these advantages, some of the main applications of Non-GSO constellations are:
1) Backhauling: Inter-satellite communication can be used to transmit the data towards the Earth, even when the source and destination are not within the coverage of the same satellite‎[5].
2) Offloading: Non-GSO constellations can serve as additional infrastructure in urban hot spots where the capacity of the terrestrial network is temporarily exceeded, for example, during sport and cultural events.
3) Resilience: Satellites in Non-GSO can serve as failback backhaul network for terrestrial BSs in case the primary backhaul fails, e.g., due to natural disasters.
4) Edge computing and AI as-a-service (AIaaS): IoT devices have limited processing capabilities and limited energy supply (i.e., batteries). Therefore, Non-GSO satellites can be used as edge computing nodes ‎[6] to decrease the computational load at IoT devices. Furthermore, the satellites can gather data from several devices and locations along their orbit and use it, and their computational capabilities to provide AIaaS to devices where the data and/or processing capabilities are inadequate for AI ‎[7].
5) Earth observation: Non-GSO satellites can be used as moving sensing devices that capture data, e.g., in the form of images or video, of physical phenomena at the Earth’s surface or within its atmosphere. To obtain an enough resolution, LEOs are the preferred choice in most Earth observation satellite missions. Furthermore, sun-synchronous orbits, i.e., an orbit where the satellite maintains a constant angle towards the sun when viewed from Earth, often have favorable properties for Earth observation tasks.
For the use cases mentioned above, and many more, global connectivity is essential, as it allows to fully exploit the benefits of Non-GSO constellations. Specifically, it would allow the constellation to deliver the data generated on the ground, by aerial vehicles, or by the satellites themselves to the destination without heavily relying in additional (e.g., terrestrial) infrastructure.
Nevertheless, there are several key performance indicators (KPIs) that should be considered to determine whether a Non-GSO constellation design is appropriate for the target application. These include, but are not restricted to:
• Service availability: The fraction of the time in which the ground terminal is able to communicate with the constellation ‎[6]. 
• Transmission capacity: The maximum amount of data that can be transmitted by the constellation, E2E, per time unit.
• Throughput: Data rate experienced by the users.
• Scalability: Maximum number of devices supported by the constellation per unit space.
• Inter-satellite connectivity: The ability to achieve inter-satellite communication. Oftentimes it is assessed by the number of satellites with active connections ‎[8] or by the number of satellites within communication range ‎[9].
• Latency and reliability: Latency is the time it takes for a message to be transmitted from one device to another in space, and reliability is ability of a satellite communication system to consistently and accurately transmit data without errors or interruptions; There is often a trade-off between the reliability of the communication link and the latency, or delay, of the transmitted signals. This is because increasing the reliability of the link often requires additional error-correction techniques, which can introduce delays in the transmission of data.
• Energy efficiency: Since IoT devices and satellites are usually powered by batteries, minimizing the energy required for communication is essential.
For Non-GSO constellation design, we have three different models, which are shown in the Fig. 1 and the specifications of each are shown in the table I ‎[8].
Table I: Parameters for some commercial NON-GSO satellite constellations ‎[8]
[image: ][image: ]
Fig. 1: Diagram of Walker star, Walker delta (Rosette), and mixed constellation geometries ‎[8]].

[bookmark: _Toc146279470]2.1. 	The Difference between GSO and Non-GSO Satellites
All the aforementioned Non-GSO benefits revive the belief of utilizing massive fleets of decrease orbit satellites to provide dependable, low-latency, and high-velocity internet from space, which has re-won reputation and skilled an exceptional growth inside the previous few years ‎[10]. This fashion is instead surprising given the unlucky faring of past Non-GSO constellations, but it appears that each technological and enterprise momentum is favorable with remarkable achievements from SpaceX, SES O3B, and OneWeb. In truth, among 2014 and 2016, a new wave of proposals for massive LEO constellations emerged with the goal of providing international broadband services ‎[11]. Mainly, the variety of satellites have been released into space has dramatically increased in accordance to the latest satellite database launched by way of the Union of concerned Scientists (UCS)‎[12]. Up to June 13, 2023, the satellite tracking website Orbiting Now lists 7939 active satellites in various Earth orbits. A more critical look at the number of satellites in space reveals that small satellites dominate LEO and currently, there are 7126 active satellites in that ‎[14].
Furthermore, the most recent developments in Non-GSO systems empower satellites to manage narrow steerable beams covering a relatively broad space, which facilities the use of smaller and lower cost equipment at the user terminals. Hence, Non-GSO satellite capabilities of ubiquitous coverage and connectivity can be leveraged for provisioning resiliency and continuity of 5G services to the mobile platforms such as on-board aircraft, high-speed trains, sea-going vessels, and land-based vehicles that are beyond the reach of a cell site ‎[13]. More importantly, the offered capacities by Non-GSO satellites can be further increased by utilizing high frequencies along with throughput enhancement techniques such as spectrum sharing, cooperative gateway diversity, user clustering and interference mitigation, and multiple antenna communications ‎[14]. For instance, the emerging Non-GSO satellites and mega constellations such as SES O3b, OneWeb, Telesat, and Starlink have a system capacity reaching the terabits-per-second level.
In addition to Non-GSO precise abilities in providing global coverage, low-latency communication and high-speed internet, these systems can ameliorate the manner satellite constellation for network missions are designed and operated in the close to future. Particularly, the latest technological progress has advanced the opportunity of building a chain production of inexpensive Non-GSO satellites with very brief lifespans. Accordingly, the satellite constellation for network infrastructure could be extra often upgraded, and for that reason, the payload design can be extra innovative in phrases of on-board technology. Clearly, Non-GSO satellites can create new competencies and can also open up many new opportunities for progressive applications. However, that comes with a few crucial questions about their operations and the specified trends. Thereby, the reason of this work is offering a survey of key research developments in this rising field from the communication attitude, identifying the key deployment challenges, together with highlighting promising future research directions for Non-GSO structures. In brief, some important parameters between these two satellites are qualitatively compared in the Table II:
Table II: Comparison of some characteristics between GSO and NON-GSO satellites
	characteristics
	NON-GSO
	GSO

	latency
	Low (at least 30 millisecond)
	High (at least 250 millisecond)

	Global coverage
	High
	Low

	Number of satellites/plane
	High
	Low

	Complexity
	High
	Low

	Path Loss
	Low
	High

	Doppler effect
	High
	Low

	Space debris
	High
	Low

	Receiver and transmitter power
	Low
	High

	


2.2. [bookmark: _Toc146279471]Types of Non-GSO satellite
According to ITU classification, Non-GSO satellites are divided into three categories: 
• Little LEO: It is a small Non-GSO satellite that works in the low earth orbit and mainly provides mobile data services. In general, the services of these satellites include messaging (including email), limited access to the Internet and fax and occupy LEO orbit. In practice, this means that their Orbital gaps can be occupied between 700 km and 1500 km from the earth ‎[15].
• Big LEO: It is a larger non-geostationary satellite that operates in low earth orbit and mainly provides mobile services. Many of the newly proposed mobile phone and global internet services will be provided by this satellite. The new generation satellites are of this type.
• MEO: It is a non-Earth fixed satellite that operates in the MEO Earth orbit and provides mobile phone services. It is also proposed to use these satellites as a part of the new GSM.
2.3. [bookmark: _Toc146279472]Non-GSO System: Characteristic and Classification
We will differentiate classes of Non-GSO satellite structures, as defined by way of ITU (We gave a brief explanation about these two cases in part 1-1):
(i) The early structures that were designed to provide voice and low-rate statistics services, and  
(ii)The latest Non-GSO constellations that had been brought for provisioning global broadband services. In the first category, Iridium, Globalstar, and Orbcomm are the three projects that became operational and started service in late 1990s; despite, these systems went through bankruptcy around the year 2000, but later they have survived and are still operational ‎[16]. The second category of Non-GSO constellations is in competition with the excessive-throughput satellites. Specifically, a couple of initiatives have been already introduced in this category however there exists only two operational structures thus far, i.e., O3b and Starlink. Further, OneWeb was one of the early tasks that released extra than 70 satellites, which also survived financial disaster in 2020. Another early undertaking become LeoSat that planned to supply excessive-velocity net the usage of 108 satellites, which folded in 2019 because of loss of investment. Additionally, these contemporary systems use frequency bands of the constant satellite carrier for the person hyperlinks, i.e., the Ku- and Ka/k- bands. There's additionally a possibility to add better frequencies in the destiny for some systems, where even more bandwidth is to be had.
Similarly, to the aforementioned intrinsic functions and advantages of Non-GSO satellites, there are more reasons for the growing hobby in Non-GSO constellations over the conventional GSO structures. In particular, because Non-GSO structures require a massive number of satellites to provide uninterrupted carrier such systems provide consequently a totally excessive throughput and spectral efficiency ‎[17]. Further, the communication via the satellite constellations can pass the terrestrial community infrastructure whilst they're linked through Inter Satellite Link) ISLs) for routing verbal exchange records in space, with a view to virtually enhance the privacy of statistics transmissions. Similarly to the decreased sign propagation delays in Non-GSO communication structures evaluating to GSO, low orbit constellations with ISLs have additionally lower delays than terrestrial fiber-optic structures because the velocity of light in vacuum (free space) is about 50% higher than in a fiber-optic cable ‎[18]. Moreover, for the reason that some of the Non-GSO constellations (operational and planned) make use of non-equatorial orbits, they certainly can cowl higher latitudes than GSO satellites.
As a result, these benefits have expanded the containment of Non-GSO satellites in plentiful programs, such as telecommunications, Earth and space remark, navigation, asset monitoring, meteorology, and scientific tasks. In this segment, we classify Non-GSO systems relying on the provided offerings into corporations:
[bookmark: _Toc137882502][bookmark: _Toc146279473]2.3.1. 	Space-Based Internet Providers
Non-GSO space-based net provider’s intention to provide excessive- pace low-latency internet get right of entry to aggressive with terrestrial broadband communications. This may no longer empower satellite communications to compete for long-distance backhaul and cell users but also address underserved populations, wherein currently most effective 39% of the world’s population have get entry to terrestrial broadband infrastructure. Thus, Non-GSO space-based Internet systems can reach the developing world where it is financially unfeasible to lay fiber-optic networks. Moreover, high-range populations in a few regions inclusive of Alaska, northern Canada, and Russia can be served through these space-based totally internet systems, which can be presently served by means of a negative terrestrial communique infrastructure. In addition, many blessings and upgrades may be performed by employing Non-GSO space-based internet structures to serve the developing broadband necessities of maritime and aeronautical services ‎[19].






Fig. 3. Schematic diagram for a space-based Internet system ‎[1]].
A space-based Internet system generally consists of three main components: space segment, ground segment, and user segment (see Figure 3). The space segment can be a satellite or a constellation of satellites, while the ground segment involves a number of ground stations/gateways that relay Internet data to and from the space segment, and the user segment includes a small antenna at the user location, often a very small aperture terminal (VSAT) antenna with a transceiver. Additional critical entities within this structure are (i) network management center (NMC) and (ii) network control center (NCC).  The centralized NMC is the functional entity in charge of the management of all the system elements such as fault, configuration, performance, and security management. The NCC is the functional entity that provides real-time control signaling such as session/connection control, routing, access control to satellite resources, etc‎[18].
The space-based Internet services have been in use for several years now, but only for a limited number of users, and most of the existing systems utilize GSO satellites (e.g., SES, Inmarsat, Viasat and Eutelsat). However, it is well known that the latency is one of the main impairments in GSO communication systems in addition to the high propagation path loss. This is also the reason why GSO-based Internet systems cannot be used for particular services that require a low latency connectivity, and why Non-GSO satellites are becoming more popular for high-speed broadband services. In addition, being closer to Earth means that signal propagation path loss is low and requires smaller antennas at the user side, which allows to serve new types of users. Among these providers we summarize some major satellite mega-constellations as follows:
• Starlink of SpaceX: Starlink is a satellite internet constellation operated by American aerospace company SpaceX, providing satellite Internet access coverage to over 53 countries. It also aims for global mobile phone service after 2023. SpaceX started launching Starlink satellites in 2019. As of May 2023, Starlink consists of over 4,000 mass-produced small satellites in LEO, which communicate with designated ground transceivers. In total, nearly 12,000 satellites are planned to be deployed, with a possible later extension to 42,000. SpaceX announced reaching more than 1 million subscribers in December 2022 and 1.5 million subscribers in May 2023.
• OneWeb: Satellite constellation of OneWeb will comprise 648 satellites by the end of 2022 according to the latest updates, among which 110 are already launchedError! Reference source not found.. In this initial phase the satellites will be placed in 18 circular polar orbit planes at an altitude of 1200 km, where each plane is inclined at 87◦ ‎[11]. OneWeb space segment will have a transparent bent-pipe payload with non-steerable, highly-elliptical user beams. Their coverage on Earth will guarantee that every on-ground user will be within the line-of-sight (LoS) of at least one satellite communicating at a minimum elevation angle of 55◦. In addition, each satellite will contain two steerable gateway antennas, where one of them will be active, while the other will assist as a back-up for handover procedures ‎[11].
• O3b of SES: This provider was founded in 2007 and stands for the other 3 billion. Its aim is to provide internet connections to growing countries, as often they are constricted through their worldwide connections. The distance phase structure of O3b is based totally upon 20 satellites (started out with the release of 4 satellites in 2013) in equatorial circular orbit at an altitude of 8000 km handing over low latency fiber-like connectivity to any location approximately 45 ranges north and south of the equator with providing consumer-level broadband offerings at around 500 Mbit/sec. In this system, twelve reflector antennas are mounted on the most important spacecraft floor, two antennas are used for gateway links, at the same time as the other 10 support user links. Those antennas are moving constantly to tune the spots they are intended to serve on floor. SES has also O3b mPOWER venture that first of all accommodates eleven MEO satellites to provide multiple terabits of global broadband connectivity for applications including cellular backhaul to remote rural locations. The O3b mPOWER satellites use steerable spot beams that may be shifted and scaled in real-time to fulfil customers’ wishes, and they'll function alongside the prevailing SES fleets. Fig. 4 indicates an example of a multi-orbit space- primarily based net presents just like the O3b mPOWER constellation pattern ‎[11].
[image: ]




[bookmark: _bookmark36]Fig. 4. Constellation topology of a multi-orbit NON-GSO system ‎[1].
Similarly, many private sector organizations worldwide foresee market possibilities to increase their offerings through Non-GSO constellations. For example, Amazon plans to release over 3000 LEO satellites via “undertaking Kuiper” to offer excessive- pace broadband connectivity to human beings globally ‎[21]. LeoSat is launching a constellation of up to 108 satellites to provide data communications inside the difficult polar spaces of the sector. Telesat LEO plans to have 177 satellites and has already received an initial license to start supplying carrier in Canada. Boeing additionally plans to have 2,956 satellites in orbit and 1,396 satellites could be launched within the first 6 years. Huawei plans to construct a 10000 satellite LEO constellation called large VLEO for beyond 5G systems, where a law satellite altitude of 300km will be used for ultra-reliable low latency communications, the large number of satellites will cover the massive machine-type communications and broadband communications. Those are not all of the concerned corporations on this swiftly growing market and listing all of them is beyond the scope of this paper ‎[20]‎[21].
3. [bookmark: _Toc146279474]Ongoing developments in respect of satellite-based Services 
The Non-GSO constellation can provide new services that improve the development of communities. Some of these services include:
· Broadband Internet Access
Satellite constellations (or mega-constellations) provide broadband Internet access (O3B, Starlink, One-Web, Amazon, etc.).
· IoT access
Satellites can play a key role as building blocks for the Internet of Things (IoT). A lot of Internet of Things devices are going to be in locations that don’t lend themselves to easy access from a terrestrial network. If there are 20 billion endpoints out there, most of which need some type of wireless connectivity, a fair amount of those are going to be in a use case where satellite is the best way of delivering that connectivity.
· 6G and 5G ecosystems receive support.
Satellite communication and using space are key technologies proposed for 6G. Satellites can offer advantages for mobile infrastructure backhaul and underserved-area connectivity, including the lack of distance limitations and rights-of-way jurisdictions that are inherent to terrestrial networks. For example, Japanese multinational Softbank is using satellite backhaul to provide LTE service to remote regions, and Facebook, which is using satellite backhaul to provide Wi-Fi to areas in Africa. Also, telecom operators are looking to break into the C-band frequency range currently allocated for satellite communications.
· Services which need less latency
By working together close to the ground, the satellites address one of the most significant limitations of geosynchronous systems: "high latency". A Non-GSO based system is, by nature, capable of providing reduced latency, but the latency users will experience depends on a combination of factors. In certain locations, typically at stationary points close to a gateway, throughput performance could be significantly improved, but this will not be the case all the time for all users. The degree of interoperability between NON-GSO and GEO services will depend on service provider’s ability to integrate NON-GSO services into a hybrid network.
· Improve Image Resolution
Similar to the benefits in communication speed by the comparative closeness of LEO as compared with MEO and GEO, remote sensing satellite resolution is also improved by the proximity of smallsats in LEO to earth objects being sensed. Resolution, or the ability to resolve/differentiate small details, is typically broken down into sub-categories; two of which are improved by Non-GSO smallsats.
Spatial resolution is the description of the smallest object size that can be differentiated within the area sensed by a sensor. This resolution is generally expressed in terms of meters of Ground Sampling Distance (GSD) for remote sensing satellites. Early remote sensing satellites generally had low resolution of approximately 30 meters GSD, or the ability to represent a 30 meter by 30-meter square by a single pixel, which allowed the differentiation of city areas from surrounding rural areas. Modern “high resolution’ can be as low as .25 meters GSD, allowing the ability to see the lines painted on the pavement of a street. While this high resolution is capable of being captured from space, such detailed imagery is generally restricted to government uses only. Commercially, spatial resolution is currently regularly available in the 1-2 meter GSD range. Remote sensing mega-constellations can provide improvements in spatial resolution based upon their location close to earth. Further, compilation of information gathered from multiple satellites can improve image quality. Last, mega-constellations can provide for imagery taken from different angles at the same time which can provide even further differentiation of sensed objects ‎[25].
· Weather/Environmental Monitoring
Mega-constellations have the potential to increase the quality and accuracy of weather data through the increased quantity of sensors.
· Earth and Space Observation
One of the most widespread uses of satellite constellations in different orbits is capturing high-resolution images of Earth and outer space as the current technology makes it possible to have latest generation cameras that fit perfectly to the size of small satellites. On one hand, Non-GSO satellites have made far-reaching enhancements in the field of cartography to provide accurate and up-to-date maps, from the most remote to the most populated areas on Earth. On the other hand, utilizing small satellites to obtain information and images of outer space is attracting more attention to search for transiting exoplanets and space exploration. For instance, NASA launched transiting exoplanet survey satellite (TESS) system in 2018 in its missions for searching for planets outside of our solar system, including those that could support life. Other proposals proceeding in this field involve the use of small satellites as guide stars for latest generation telescopes, which require steady references to explore and capture quality images of exoplanets and celestial bodies.
 
· Asset tracking
 One of the main Non-GSO satellite fields is asset tracking owing to their capability of ensuring a stable and precise service with complete coverage anywhere on the planet. Satellite payload asset tracking projects consists of a device equipped with communication components to collect information sent from objects on ground and to transmit it back to ground stations. The main practical applications of Non-GSO missions in this field include but now not limited to:
· Fleet management where satellite tracking of all types of vehicles such as cars, trucks, buses, industrial machinery, etc. Lower orbit constellations also have the ability to strengthen wireless networks and provide solutions for precise control of vehicles and mobile resources, even in inaccessible areas ‎[22].
· Logistics agencies can song their vast quantity of products and products in actual time and may estimate the time of arrival of any product no matter its price through the use of NON-GSO satellite constellations. Small satellite constellations are an effective solution to improve security, control and traceability in the logistics sector by tracking containers, goods, and machinery that may require controlled transport conditions (e.g., temperature and movement) and different means of transport to reach their destinations (e.g., road, rail, airplane, ship).
· Maritime tracking to ensure the safety of each type of vessel and to control some problems that often affect maritime traffic can be improved with help of Non-GSO small satellites. Moreover, in areas of low coverage with limited access of terrestrial networks, small satellites can be helpful to always ensure the location and control of vessels.
· Plane tracking updated achieve accurate data in seconds in distinct spaces is already existed the usage of terrestrial systems, but most of the latest and largest air tragedies regarding updated disappearance of planes have happened in shaded spaces. To keep away from such problems, Non-GSO small satellite-based updated solutions for automatic dependent surveillance broadcast (ads-B) structures can be very beneficial up to date increase safety, enhance air up-to-date manage, get hold of certain information provided by means of flight sensors in actual time and realize always the exact space of the aircraft ‎[23].
4. [bookmark: _Toc146279475]Challenges and Solutions
Non-geostationary satellites are proposed to support new communication uses from myriad of industries. These systems have different merits, such as low cost, lower propagation delay, smaller size, and lower losses in comparison to GSO satellites. However, there are still many deployment challenges to be tackled to ensure seamless integration for GSO systems and terrestrial networks.
National governments, companies and international institutions have all acknowledged the importance of bridging the digital divide to foster economic growth, drive social inclusion and meet consumer demand. However, billions of people still do not have access to broadband internet, particularly those living in rural or remote areas.
Satellite systems offer significant advantages for expanding broadband coverage: they provide instant-on coverage across wide geographies regardless to challenging topography; they are reliable and largely immune from many risks that other networks face, including accidental damage, theft, conflict areas and natural disasters.
Providing terrestrial connectivity is difficult in rural or remote areas, not only due to terrain and their isolation, but also because the cost of providing service via terrestrial mobile networks yields a poor return on investment for sparsely populated areas as compared to urban areas.
New advances in satellite technologies could help bridge the digital divide more rapidly and at lower cost than ever before.
Advances in satellite design, manufacturing and launch service capabilities have enabled the design and deployment of Non-GSO fixed-satellite service (FSS) constellations. Additionally, the advances in antenna and terminal technology have enabled the usage of the 50/40 GHz frequency bands for both GSO FSS networks and Non-GSO FSS systems.
Constellations intend to cover the globe providing high-bandwidth connectivity, processing very high volumes of data with minimal delay. This could enable the fifth generation of mobile technologies (IMT-2020/5G) and the Internet of Things – a network of things to connect with each other and share data – which in turn help build smart societies.
[bookmark: _Toc146279476]4.1.	Licensing Challenges:
Non-GSO systems are technically more complex than earlier satellite broadband systems as they use many hundreds, if not thousands, of satellites orbiting the Earth. Satellite dishes on the ground need to track these satellites as they move across the sky, unlike other satellite networks where the dishes are fixed pointing at a single satellite which is stationary in the sky. This means it is more complex for Non-GSO satellite operators to agree how to operate their networks without causing harmful radio interference to each other. They are required to do this under the ITU Radio Regulations, although agreements are often difficult to achieve. This creates a risk that interference between Non-GSO networks could cause localized degradation to the quality and reliability of these services.
To address these challenges and risks, approaches have been launched to licensing Non-GSO systems to include checks on the interference and competitive impact, which applies to the following licenses:
a) The Satellite (non-geostationary earth station). These licenses authorize Non-GSO gateway earth stations which are large hubs that connect the satellite network to the internet and/or to private networks and cloud services.
b) The Satellite (earth station network) – for Non-GSO use. These licenses authorize the use of NON-GSO user terminals, for example the dish and equipment installed at a customer’s premises, and must be held by any satellite operator wishing to deliver services.
Non-geostationary satellite systems pose challenges for licensing.
One challenge is the need for coordination among different satellite systems operating in the same frequency bands, to avoid interference and ensure efficient spectrum use. This coordination requires international agreements and regulatory frameworks, which can be complex and time-consuming to develop.
Another challenge is the need for licensing of satellite gateways, which are ground stations that connect the satellite system to terrestrial networks. The licensing of these gateways involves coordination with national regulatory bodies and may require compliance with different technical and operational requirements in each country where the gateway is located.
Furthermore, the notifying administration of the Non-GSO satellite network is also responsible for ensuring that operate only in the territories under the jurisdiction of any administration/country which:
· Located within the service area of the space station. 
· Explicit agreement to that effect was obtained and;
· The required authorization for operation over its territory was sought and explicitly granted.
Moreover, it is emphasized that the notifying administration of the satellite network/ system with which communicate shall ensure operated so as to immediately cease transmission over the territory of any administration/country from which authorization has not been obtained. Consequently, in countries where satellite systems are operating and have transmitter and receiver terminals, they must receive a license based on the regulations of that country. Obtaining a license will preserve the market ecosystem in that country and maintain the balance between service providers.
[bookmark: _Toc146279477]4.2.	Space debris & collisions 
Today, the population of space debris has not increased enough to prevent space exploration, but some are worried that if the situation of space debris remains unchecked, mankind will no longer be able to send even a satellite into space. Even if the situation doesn't get that bad, the current debris population is large enough to cause serious operational problems for various missions.
Space debris is a topic of global concern. While space has brought huge benefits to individuals and societies across the globe, the rapid increase of launched objects and increased traffic in our space highways means we are creating ever-more debris and threatening the very technologies we have come to rely on.
Satellites in orbit share near-Earth space with millions of fast-moving and dangerous debris objects. From tiny fragments millimeters in size to entire satellites no longer working, no longer controlled, roaming the space highways, each debris piece travels many kilometers per second. Any impact with one of these objects threatens to at least impair the functioning of a working spacecraft, or at worst destroy it altogether, creating ever more debris.
Space Debris may be considered as a Problem, as the main worry about space debris is possible collision with active or functioning satellites or spacecraft.
Some Other Problems which are Due to Space Debris are:
· Small pieces of space debris (less than 1/10 mm) are prolific enough to cause erosion of optical surfaces. This is like sandblasting, and can ruin telescope mirrors, and decrease the efficiency of solar cells.
· Particles such as paint flakes (under 1 mm) can cause small craters in walls and windows. Almost 100 Space Shuttle windscreens have had to be replaced (as of 2008) due to pits caused by such impacts.
Although the probability of collision with a piece of orbital space debris is currently very low, it will not remain so forever, even if no more debris is put into orbit. The reason for this is that collisions between objects in space will slowly but surely increase the number of dangerous debris fragments. These in turn will produce more debris and so on in a chain reaction. In a few hundred years, the amounts of debris will be so great that space operations will be severely limited.
There are currently about 32,750 objects tracked and catalogued by the Combined Force Space Component Command (CFSCC), part of the Combined Space Operations Center (CSpOC) at Vandenberg Space Force Base in California, U.S. These objects are observed and tracked by monitoring reflections from the sun and fed into a complex algorithm, which can determine an object’s size and distance from Earth. This is a highly advanced scientific practice, with CSpOC’s team able to pick up an object only 50cm in size travelling at 3km per second 35,786km away in geostationary orbit. This is part of the United States Space Surveillance Network (SSN). 
However, the real problem is the space junk we cannot see. 
Based on statistical models produced by ESA’s space debris office, it is estimated that there are 36,500 objects larger than 10cm, 1 million objects between 1-10cm, and an extraordinary 130 million objects between 1mm to 1cm. These tiny objects could be anything from paint flecks from rockets or small fragments created from in-orbit impacts. But travelling faster than a bullet, they can still cause an incredible amount of damage to something else in orbit. 
Other Future Problems with Space Debris:
Some astronomers have been worried about orbital space debris proliferation because of two concerns:
· Increased numbers of medium to large scale space debris will cause light trails across astronomical images, decreasing their scientific and aesthetic value. The trails also may confuse automatic computer analysis of large numbers of images.
· Extremely large numbers of very small objects (fractions of a millimeter) are expected to increase the background or ambient night-time sky glow, limiting the extent to which astronomers can see faint objects (e.g. very distant galaxies).
4.3. [bookmark: _Toc146279478] Sustainability challenges:
For satellites and space systems to function properly, access and use of the orbital environment needs to be safe and sustainable. Demand for orbits has increased significantly in the last decade driven by institutional and commercial actors. The introduction of multiple non-geostationary orbit (“Non-GSO”) constellations, some of which will include thousands or even tens of thousands of satellites intended to support satellite broadband and other services, is accelerating at an unprecedented pace.
Since the first ‘Sputnik’ satellite was launched in 1957, over 9,000 additional satellites flagged by approximately 40 different countries have been put into the low-Earth, medium-Earth, and geostationary orbits. Tens of thousands more satellites are predicted to be launched in the coming years, to meet user demands.
A transparent and flexible regulatory regime, implemented at national and international levels, is required to ensure that space can be accessed now and for future generations safely and sustainably. Whether for broadband connectivity or other communications services, weather forecasting, location-based services, Earth observation, or any number of other space-based services upon which the world relies, everyone should be able to benefit from advances in space technology ‎[24].
Moreover, the importance of Non-GSO systems has been referred to in a number ITU documents. In RESOLUTION 219 of the ITU Plenipotentiary Conference (Bucharest 2022) titled “Sustainability of the radio-frequency spectrum and associated satellite-orbit resources used by space services”, the necessity of reviewing technologies used in satellite networks in the GSO as well as the increased numbers of satellites within Non-GSO satellite systems with a view to addressing them has been indicated. Furthermore, countries also have the right to have their own system, with the condition that they do not cause destructive interference to other satellites, especially GSO satellites, and adhere to the principles mentioned in the radio regulations section. In accordance with another section of this resolution, the increasing use of radio-frequency spectrum and associated orbit resources in Non-GSO orbits and the long-term sustainability of these resources should be taken into account as well as on equitable access to, and rational and compatible use of, the GSO and Non-GSO orbit and spectrum resources, consistent with the objectives of Article 44 of the ITU Constitution. According to this Article, “In using frequency bands for radio services, Member States shall bear in mind that radio frequencies and any associated orbits, including the geostationary-satellite orbit, are limited natural resources and that they must be used rationally, efficiently and economically, in conformity with the provisions of the Radio Regulations, so that countries or groups of countries may have equitable access to those orbits and frequencies, taking into account the special needs of the developing countries and the geographical situation of particular countries”.
4.3.1. Regional Best Practices on utilization of un-authorized terminals, criminal and effectiveness of current national laws/regulations
A survey has been done regarding challenges countries may face with, in the case of utilization of un-authorized terminals. 
The use of unauthorized terminals is a violation of national laws and regulations. It would be a significant challenge that might impact the national security through un-lawful communication, locating the use of unauthorized terminals (to access satellite broadband through NGSO constellation) is a challenging task especially due to smaller size of the antenna, it could interfere with authorized terminals and may impact to the revenue of other operators.
According to the survey, in Afghanistan, the use of unauthorized terminals to access satellite broadband would be a significant challenge that can negatively impact the quality and availability of the service. Such unauthorized use can result in network congestion, interference, and other technical issues that can degrade the user experience. Additionally, the use of unauthorized services and terminals can potentially compromise network security and privacy, leading to unauthorized access to sensitive information and data breaches. The use of such terminals is illegal in Afghanistan according to the existing Law and regulations and violators can be subject to penalties.
In Bangladesh, using NGSO satellites’ un-authorized terminals, might impact the national security through un-lawful communication. So far, we have not faced such an incident, but it is strictly unlawful to engage and use such unauthorized terminals according to the provision of Telecom Act.
In Bhutan, until now, there is not satellite broadband services. With the help of the customs office, the import of satellite broadband terminals can be regulated.
In India, currently, only authorized terminals provided by the licensed service-providers are allowed. The holding of un-authorized terminals by any citizens is illegal. i. Locating the use of unauthorized terminals (to access satellite broadband through NGSO constellation) is a challenging task especially due to the smaller size of the antenna. ii. As reported by Wireless Planning and Coordination (WPC) Wing of the Ministry of Communications, which is the concerned nodal agency, they have not come across any such criminal action for utilizing unauthorized terminals. iii. As per the extant Indian regulations, possession and operation of satellite terminals (satellite phones, VSAT terminals, etc.) without the permission/ wireless operating license from Wireless Planning and Coordination (WPC) Wing of the Ministry of Communications, is illegal.
In Islamic Republic of Iran, according to parliament rule the import of some telecommunication equipment for public usage is illegal unless the license has been granted by the Ministry of ICT. Meanwhile, exploring such equipment requires advanced monitoring systems and it is a sophisticated time-consuming procedure. Islamic Republic of Iran receives some reports from relevant organizations in the country related to the criminal acts that may be conducted by such devices. The parliament in Islamic Republic of Iran has created relevant laws and executive regulations which prohibit the use of unauthorized satellite terminals.
In Maldives, there is not any major challenges as the current NGSOs do not provide services to jurisdictions where they don’t have an operating license. They haven’t exercised the powers; however, the Telecom Law and subsequent regulations empower the Authority to take such action when required.
The utilization of unauthorized terminals to access satellite broadband in Nepal could lead to several challenges, including a) Security Risks: Unauthorized terminals may not have gone through the necessary security checks, which could lead to cyber threats and risks of espionage. These threats can compromise the security of the country and its citizens. b) Interference: Unauthorized terminals could interfere with authorized terminals, which can cause network disruption and poor service quality. This could impact the service availability for legitimate users, which can have significant economic and social implications. c) Legal Implications: The use of unauthorized terminals is a violation of national laws and regulations and could result in legal consequences for those who engage in such practices. The penalties for such violations may include fines, confiscation of equipment, or even imprisonment, depending on the severity of the offense. There have been reports of use of unauthorized terminals, i.e. non- type approved terminal and commencement service in the footprint of country without getting license from NTA. The current national laws and regulations in Nepal prohibit the use of unauthorized terminals to access satellite broadband. The Telecommunications Act 1997, the Radio Frequency Policy, 2016 and Type Approval Working Procedure of Customer Premises Radio Telecommunication Equipments-2016 (TAP-04) are some of the key legal instruments governing the use of satellite broadband and related equipment in the country. These regulations require users to obtain the necessary licenses and permits before using satellite broadband equipment, and failure to comply with these requirements could result in legal consequences. In summary, the use of unauthorized terminals to access satellite broadband in Nepal poses several challenges, including security risks, network interference, and legal implications. It is essential for the authorities to enforce existing regulations and take necessary measures to prevent the illegal importation and use of such equipment.
Terminal Earth Station registration and type approval is a must case in Pakistan, as per its Telecommunication Policy, 2015. Section 31 of Pakistan Telecommunication (Re-organization) Act, 1996 further details the offences and penalties for establishing and operating telecommunication system and telecom services without a license.
In Sri Lanka, it will be a challenge to the national security when un-authorized terminals access satellite broadband. Also, there may be indirect impact to the revenue of the Fixed/Mobile operators if the un-authorized terminals misuse the satellite broadband service. No criminal actions have been reported as at now. According to the Telecommunications Act of Sri Lanka it is an offence to operate telecommunication apparatus without a license.
5. [bookmark: _Toc146279479]Impact on: Terrestrial Telecom, Rural connectivity solution, Universal Service Funds/Obligations
A broadband mobile satellite network, that is, a network that employs both Non-GSO satellites and high-speed switching and routing techniques, could be considered the new generation of satellite networks.
Benefiting from the high-capacity backhaul links and ubiquitous coverage, Non-GSO satellites can help bring content closer to the end users, and thus, these satellite can be considered as an option for data caching. Non-GSO satellites also have the ability to multi-cast data and quickly update the cached content over different locations.
Additionally, the symbiotic relationship between satellite and terrestrial telecommunication systems can be exploited to create a hybrid federated content delivery network, which will substantially ameliorate user experience.
Therefore, integration of Non-GSO satellites into future Internet with enabling in-network caching makes traffic demands from users for the same content to be easily accommodated without multiple transmissions, and thereby, more spectral resources can be saved along with reducing transmission delay.
However, the time-varying network topology and limited on-board resources in Non-GSO satellites have to be taken into account when designing caching placement algorithms alongside their fast convergence and low complexity.
GSO satellites offered two-way connectivity only to fixed locations on Earth in the early stages of satellite communications, such as the legacy Intelsat services. With the development of satellite communications, GSO satellites enabled connectivity with mobile terminals with very low speeds and data rates. 
Nowadays, we are witnessing significant growth in satellite communications, with capabilities comparable to terrestrial connectivity resulting from sophisticated technological developments.
Along with satellite technology developments that improved connectivity, the cost of building and launching small Non-GSO satellites has reduced dramatically. 
With these recognized advantages of Non-GSO satellite connectivity, they are being used to connect rural areas, where rolling out terrestrial infrastructure is found to be infeasible for terrestrial operators.
In addition to telecommunications service licensing, many countries worldwide require satellite landing rights. Satellite operators must contact all regulatory bodies of countries they wish to provide their services within. Moreover, there is a significant probability that they will not be able to obtain a license. Another challenge is complying with various regulatory requirements in every country, which could be challenging for the Non-GSO satellite operator. 
The role of satellite in delivering broadband: It is extremely important that when assessing the various technologies this is based on existing capabilities and current investments into future capabilities, especially in the ICT / communications sector that is so fast in innovation.
Within the last 3-4 years, the satellite industry has gone through major changes. There are currently a number of geostationary satellite orbit (GSO) and non-geostationary satellite orbit (Non-GSO) systems offering connectivity rates (far) better than these. Moreover, the advent and current operation of several High Throughput Satellites (HTS) with very small and reconfigurable beams, with extremely high frequency re-use factors, increase the space-to-Earth delivery speeds even further to a point where satellite communications match terrestrial capabilities.
Recently deployed and upcoming Non-GSO systems can also provide low-latency connectivity capable of supporting a wide range of applications. Advances in satellite construction and competitive pressures are reducing the costs of these services for users. Furthermore, as satellite individual antennas continue to become cheaper, smaller and more power efficient, a wide variety of terminal technology is being made available including small and flat panel antennas (e.g. so-called phased array antennas).
Satellite broadband can play a potential role in establishing an effective USO. This is particularly the case since it acknowledges that a significant proportion of households which come within the scope of the USO are rural – locations which satellite has a clear technical advantage in serving.
5.1. [bookmark: _Toc146279480]Regional Best Practices on the gap between the cost of satellite broadband and terrestrial services
According to the survey about Non-GSO satellite constellations in Afghanistan, Bhutan, India, Iran, Maldives, Nepal, Pakistan and Sri Lanka, the cost of satellite broadband in the mentioned countries is not available yet. However, generally, the cost of satellite services is significantly higher than that of terrestrial services, but in case of launching Non-GSO mega constellations in the future, competition between satellite operators may increase, which would lead to a decrease in the cost of satellite broadband services over time. Nevertheless, advancements in satellite technology and increased competition along with terrestrial operators would potentially make satellite broadband services more affordable and accessible in the future.
The cost of satellite broadband has been measured in Bangladesh, and compared to the cost of terrestrial services, it is shown that the cost of satellite broadband is considerably higher than terrestrial services.
5.2. [bookmark: _Toc146279481]Regional Best Practices on impact the ICT market
The impact of NGSO constellations on the ICT market will depend on various factors, such as the regulatory environment, market demand, and the pricing and quality of services offered by NGSO and traditional service providers. In view of the extremely affordable services currently available in some countries from the fixed/mobile operators, unless a competitive rate is not offered by the NGSO satellite operators, they may not be able to capture the substantial market share. The introduction of NGSO constellations in some other countries could result in increased competition in the broadband market.
A survey has been done regarding the impact of the ICT market in different countries. According to the survey, the development of new-coming NGSO (non-geostationary orbit) constellations with global coverage has the potential to impact the ICT market in Afghanistan in various ways. These constellations can offer high-speed broadband connectivity to remote and underserved areas of the country, which could lead to increased demand for internet services. As the market for such services in Afghanistan is not available at this time, it is difficult to predict the exact impact on the revenue of fixed/mobile operators in the country. However, the introduction of NGSO constellations could result in increased competition in the broadband market, leading to improved service quality and lower prices for end-users. As a consequence, fixed/mobile operators may need to adjust their pricing and service offerings to remain competitive, which will potentially impact their revenue.
In Bangladesh, whatever services NGSO constellations may provide, it will have huge negative impact on the Broadband (Local/National), Mobile and Satellite operators who are currently providing these services.
In Bhutan, if the satellite broadband services are introduced, it may take away certain market share in providing fixed broadband services. The introduction of NGSO satellite services will have a direct impact on the ISP services if the NGSO service providers are allowed to operate in the urban areas. Initially, when the set-up cost and bandwidth charges are relatively high, the enterprise segment of the ISP market will be impacted. In the mid and long term, even the consumer segment (residential and individuals) will also be affected as the NGSO service providers decrease both the set up cost and recurrent bandwidth charges. In effect, the revenue share of the domestic ISPs will fall and may eventually threaten their financial sustainability. This scenario is more likely considering the fact that the companies venturing into NGSO service are backed by foreign governments, companies and individuals with abundant financial resources. In the future when satellite voice becomes a reality, the revenue from voice for the mobile operators will also be affected. Although it is hard to predict the absolute value in revenue implications, it is felt that it will capture 10% of the market within 2 to 3 years of rolling out the satellite internet services. This is in anticipation that the services will not only be allowed in remote areas through laws and regulation but in urban areas as well in which customers from urban areas will opt for the service to feel the new technology.
In view of the extremely affordable services currently available in India by the fixed/mobile operators, the development of new-coming NGSO constellations with global coverage may have to be competitive in the market. It is felt that unless a competitive rate is offered by the NGSO satellite operators, they may not be able to capture the substantial market share. On the contrary, given the large size of the market of fixed/mobile services; NGSO are not likely to affect the revenues significantly.
Due to the low price of the Internet in the Islamic Republic of Iran, it does not have much impact and its affordable in rural and remote areas (considered for USO services) where the provisions of broadband service by terrestrial infrastructure (Fixed/ mobile services) are not cost benefit.
In Maldives, there is not a significant impact to the residential market as there will not be a price advantage when compared to residential fiber broadband packages on islands covered by fiber. Fiber Broadband is currently accessible to about 90% of the population nationwide and growing. As price of corporate services are relatively high due to higher grade of services being provided, there is the possibility for potential satellite services to penetrate and gain a higher share of the market share than in the residential market segment.
In Nepal, NGSO constellations refer to the networks of satellites orbiting the earth at a lower altitude than traditional geostationary satellites, providing improved coverage and lower latency for communication services. These constellations are being developed by companies such as SpaceX, OneWeb, and Amazon, with the goal of providing affordable high-speed internet connectivity to underserved areas around the world. Nepal, being a developing country with significant rural populations and challenging topography, can potentially benefit from NGSO constellations' services. The availability of reliable and affordable internet services can have a significant impact on the country's economic and social development, enabling e-commerce, e-education, telemedicine, and other digital services. In terms of revenue impact, the introduction of NGSO constellations can disrupt the traditional business models of fixed and mobile operators in Nepal. These operators may face increased competition from NGSO-based internet service providers, offering more affordable and accessible services to consumers. At the same time, the operators can also explore partnerships and collaborations with NGSO service providers to expand their service offerings and revenue streams. Overall, the impact of NGSO constellations on the ICT market in Nepal will depend on various factors, such as the regulatory environment, market demand, and the pricing and quality of services offered by NGSO and traditional service providers.
The Satellite Services being used in Pakistan are mainly for Corporate Data Networks i.e. banks. New-coming NGSO are mainly focusing on far flung areas which is not a business viability for fixed/ mobile operators in Pakistan and same is the domain of USF in Pakistan. Development of new-coming NGSO shall get the ITU vision of connecting the unconnected in near future.
In Sri Lanka, the tariff for NGSO service may be 100-150 USD per month. But the unlimited mobile and fixed broadband tariff is about 10 USD. Therefore, there will not be much impact on ICT market.
5.3. [bookmark: _Toc146279482]Regional Best Practices on impact to rural connectivity and Universal Service Funds / Obligations regime
The survey shows that the deployment of NGSO satellite constellations services would have a significant impact on rural connectivity and the Universal Service Funds/Obligations in different countries. 
In Afghanistan, the deployment of NGSO satellite constellations services would help bridge the digital divide and provide internet connectivity to rural areas where terrestrial infrastructure is lacking or prohibitively expensive. NGSO constellations can provide high-speed internet connectivity with low-latency, which can improve the quality of rural connectivity. This would enable residents of rural areas to access online education, e-commerce, and other digital services, which would contribute to economic development and improve quality of life. If the NGSO constellations can provide reliable and high-speed broadband connectivity to rural areas, then it would reduce the need for traditional telecom operators to invest in expensive terrestrial infrastructure. Instead, the resources may be oriented to universal services to some extent. 
In Bangladesh, it is said that with the introduction of NGSO satellite constellations services, rural connectivity will be enhanced, but local service providers will be heavily impacted. Also, the Universal Service Funds / Obligations regime can be utilized in a better way with the provision of such a flexible system.
In Bhutan, with the entry of NGSO service providers, there will be more competition for the USF if the NGSO are eligible to apply/compete for USF. However, NGSO have to be mandated to contribute to USF if they are eligible to receive the fund. The existing operators may partner with NGSO service providers to provide rural connectivity. For example, telcos can use satellites as backhaul for their base stations in the rural areas. This may lead to more efficient utilization of USF funds. If the scenario becomes a reality, the utilization of USF may change from CAPEX to OPEX. While there may not be a need for CAPEX for initial deployment, some subsidy will be required to support the operation and maintenance of the network in the rural areas where the return is low.
In India, Although Two License has been granted to NGSO licensees but the services are yet to be started. It is understood that along with the geo-stationary High-throughput satellite (HTS), the introduction of NGSO satellite constellation services may be useful to provide connectivity in the areas which are not covered till date through the terrestrial networks.
In I. R. of Iran, due to the fact that it is difficult and expensive to create access for some areas, which have a fund for USO, and if Non-GSO satellite constellations services is launched in I. R. of Iran, it is expected that the fund may be allocated to this service.
In Maldives, with the introduction of NGSO satellite constellations services, rural connectivity will have a comprehensive coverage of maritime space, and a better BB coverage for islands without fiber. USO is not exercised currently in Maldives.
The survey in Nepal shows that NGSO satellite constellations have the potential to significantly improve rural connectivity, as many rural areas of Nepal lack access to reliable and high-speed broadband services due to limited infrastructure and challenging terrain. NGSO constellations can help to overcome these challenges by providing high-speed broadband services via satellite, which can be delivered directly to remote areas without the need for terrestrial infrastructure. NGSO constellations can also provide a more cost-effective solution for delivering broadband services to rural areas of Nepal. Traditional satellite broadband services often rely on geostationary satellites, which require larger ground stations and more complex infrastructure. NGSO constellations, on the other hand, can provide the same level of service with smaller and more affordable ground stations, making them more accessible to rural communities. NGSO constellations can also support a range of other applications and services that can benefit rural communities in Nepal, such as telemedicine, e-learning, and disaster response. These services can help to bridge the digital divide and improve access to critical services for underserved communities. In Nepal, the introduction of NGSO satellite constellations services is likely to have an impact on the Rural Telecommunication Development Fund (RTDF) i.e. Universal Service Funds (USF) and obligations regime. In Nepal, the RTDF is managed by the Nepal Telecommunications Authority (NTA) and is used to fund projects that provide basic telecommunications services to underserved areas. NGSO satellite constellations can provide an alternative means of delivering broadband services to underserved areas in Nepal, particularly in remote and mountainous regions where traditional terrestrial infrastructure may be difficult or costly to deploy. This could lead to a shift in the focus of RTDF funds towards supporting the deployment and operation of NGSO satellite constellations, rather than terrestrial networks. However, the impact of NGSO satellite constellations on the RTDF regime in Nepal will depend on a range of factors, including the regulatory and policy frameworks in place, the availability of spectrum resources, the level of demand for these services, and the cost-effectiveness of NGSO constellations compared to terrestrial networks. For example, while NGSO constellations may provide an efficient means of delivering broadband services, the cost of end-user equipment, such as satellite terminals, may still be a barrier to adoption in some underserved areas. In addition, there may be challenges in identifying and targeting underserved areas in Nepal, particularly in mountainous regions where connectivity gaps may be difficult to identify. This could require new approaches to mapping and measuring connectivity, as well as new policies and initiatives to ensure that RTDF funds are used effectively to address connectivity gaps. Overall, the introduction of NGSO satellite constellations services in Nepal has the potential to support the RTDF regime by providing an alternative means of delivering broadband services to underserved areas. However, it will be important for policymakers to carefully monitor these developments and to adapt the RTDF and obligations regime as necessary to ensure that they continue to effectively address connectivity gaps and support universal access to telecommunications services.
In Pakistan, with the entry of NGSO service providers, the rural connectivity will increase.
Also, the survey shows that, in Sri Lanka, considering the hilly terrain there are some rural areas without proper broadband coverage. Broadband coverage of those areas can be improved by introducing NGSO satellite constellations services.
Therefore, the survey shows that the deployment of Non-GSO satellite constellations services would have a significant impact on rural connectivity and the Universal Service Funds/Obligations in the mentioned countries. The deployment of Non-GSO satellite constellations services would help bridge the digital divide and provide internet connectivity to rural areas where terrestrial infrastructure is lacking or prohibitively expensive. Non-GSO constellations can provide high-speed internet connectivity with low-latency, which can improve the quality of rural connectivity. This would enable residents of rural areas to access online education, e-commerce, and other digital services, which would contribute to economic development and improve quality of life. If the Non-GSO constellations can provide reliable and high-speed broadband connectivity to rural areas, then it would reduce the need for traditional telecom operators to invest in expensive terrestrial infrastructure. Instead, the resources may be oriented to universal services to some extent. 
With the entry of Non-GSO service providers, there will be more competition for the USF if the NON-GSO are eligible to apply/compete for USF. However, Non-GSO have to be mandated to contribute to USF if they are eligible to receive the fund. The existing operators may partner with Non-GSO service providers to provide rural connectivity. For example, telcos can use satellites as backhaul for their base stations in the rural areas. This may lead to more efficient utilization of USF funds. If the scenario becomes a reality, the utilization of USF may change from CAPEX to OPEX. While there may not be a need for CAPEX for initial deployment, some subsidy will be required to support the operation and maintenance of the network in the rural areas where the return is low. 
6. [bookmark: _Toc146279483]Non-GSO regulations
Non-GSO constellations comprise of thousands of satellites operating in frequency spectrum already allocated to other services. Most of them are operated by private entities to provide worldwide broadband connectivity. Deployment of mega constellation in LEO put at risk utilization of other satellites. Therefore, it is necessary to observe the following points:  
6.1. [bookmark: _Toc146279484][bookmark: _Toc39649315]Regulations related to licensing within any given territory. 
With considering that some constellations of non-geostationary satellites may provide global coverage, the right of each Member State to decide on its participation in these systems, and the obligations for entities and organizations providing international or national telecommunication services by means of these systems to comply with the legal, financial and regulatory requirements of the administrations in whose territory these services are authorized, shall be fully taken into account. 
a) ITU Constitution recognizes the sovereign right of each State to regulate its telecommunications.
b) The International Telecommunication Regulations “recognize the right of any Member, subject to national law and should it decide to do so, to require that administrations and private operating agencies, which operate in its territory and provide an international telecommunication service to the public, be authorized by that Member”, and specifies that “within the framework of the present Regulations, the provision and operation of international telecommunication services in each relation is pursuant to mutual agreement between administrations”;
c) That Article 18 of RR specifies the authorities for licensing the operation of stations within any given territory;
d) 18.1 RR No transmitting station may be established or operated by a private person or by any enterprise without a license issued in an appropriate form and in conformity with the provisions of these Regulations by or on behalf of the government of the country to which the station in question is subject (however, see Nos. 18.2, 18.8 and 18.11).
e) RESOLUTION 25 (Rev.WRC‑03), "Operation of global satellite systems for personal communications" have resolved that "administrations licensing global satellite systems and stations intended to provide public personal communications by means of fixed, mobile or transportable terminals shall ensure, when licensing these systems and stations, that they can be operated only from the territory or territories of administrations having authorized such service and stations in compliance with Articles 17 and 18, in particular No. 18.1.
f) RESOLUTION 22 (WRC-19), "Measures to limit unauthorized uplink transmissions from earth stations" resolves:
1 that the operation of transmitting earth stations within the territory of an administration shall be carried out only if authorized by that administration; 
2 that the notifying administration for a satellite network or system shall, to the extent practicable, limit the operation of transmitting earth stations on the territory of an administration on which they are located and operated to only those licensed or authorized by that administration.
7. [bookmark: _Toc146279485]Non-GSO Satellite Constellations: international legal issues
The present text, first of all, considers the legal aspects of foreign satellite operators and International laws and regulations governing their activities. Afterwards, issues related to landing rights for Non-GSO systems and global and regional best practices regarding this matter will be reviewed.
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7.1. [bookmark: _Toc146279493]International Regulation of Satellite Communications with focus on Foreign Satellite Operators
As a component of International space-based telecommunications, satellite communications are bound by the rules of International law generally, and international space law specifically. Despite the academic debate on the delimitation on airspace and outer space, satellites clearly fall into the category of “space objects”. As such, International space law applies.
The 1967 Outer Space Treaty (OST) incorporates many basic principles of International space law especially satellite communications. In this regard, it includes the following principles:
· States are obliged to act for the benefit and in the interests of all countries in conducting their space activities;
· States bear international responsibility for national activities in outer space; whether activities are carried on by governmental agencies or by non-governmental entities;
· Activities of non-governmental entities shall require authorization and continuing supervision by the state;
· A state has jurisdiction and control over space objects that it has registered.
Aside from the negotiation and drafting of the treaty framework applicable for activities in outer space, work originating from the Committee on the Peaceful Uses of Outer Space (COPUOS) has also led to the adoption of various relevant United Nations General Assembly (UNGA) Resolutions. Although, such UNGA Resolutions are not binding in international law, they are indicative of state practice and opinio juris[footnoteRef:1]. As such, some principles framed in UNGA Resolutions relating to activities in outer space, are considered to have become customary international law. In the context of present text, Resolution 51/122 titled “The Declaration in International Cooperation in the Exploration and Use of Outer Space for the Benefit and in the interest of all states, taking into account the Needs of Developing Countries” is of particular significance. Certainly, customary international law as well as other soft law provisions, also applies to satellite communications.    [1:  opinio juris is “a belief that [a] practice is rendered obligatory by the existence of a rule of law requiring it.” ] 

One of most important principles arise in this regard is the principle of fair and equitable access to space resources. This principle is generally agreed to be a concept of "equal legal opportunity" according to which, every country has an equal right and opportunity to use orbit-spectrum. The mentioned principle has been taken into account in international instruments including United Nations documents and ITU resolutions. 
In United Nations treaties and principles on outer space have been emphasized that: "States are free to determine all aspects of their participation in international cooperation in the exploration and use of outer space on an equitable and mutually acceptable basis. Contractual terms in such cooperative ventures should be fair and reasonable and they should be in full compliance with the legitimate rights and interests of the parties concerned as, for example, with intellectual property rights" ‎[26].
Moreover, the importance of Non-GSO systems has been referred in a number ITU documents. In RESOLUTION 219 of the ITU Plenipotentiary Conference (Bucharest 2022) titled “Sustainability of the radio-frequency spectrum and associated satellite-orbit resources used by space services”, the necessity of reviewing technologies used in satellite networks in the GSO as well as the increased numbers of satellites within Non-GSO satellite systems with a view to addressing them has been indicated. Furthermore, countries also have the right to have their own system, with the condition that they do not cause destructive interference to other satellites, especially GSO satellites, and adhere to the principles mentioned in the radio regulations section. In accordance with another section of this resolution, the increasing use of radio-frequency spectrum and associated orbit resources in Non-GSO orbits and the long-term sustainability of these resources should be taken into account as well as on equitable access to, and rational and compatible use of, the GSO and Non-GSO orbit and spectrum resources, consistent with the objectives of Article 44 of the ITU Constitution. According to this Article, “In using frequency bands for radio services, Member States shall bear in mind that radio frequencies and any associated orbits, including the geostationary-satellite orbit, are limited natural resources and that they must be used rationally, efficiently and economically, in conformity with the provisions of the Radio Regulations, so that countries or groups of countries may have equitable access to those orbits and frequencies, taking into account the special needs of the developing countries and the geographical situation of particular countries”.
Also RESOLUTION 2 (REV.WRC-03) deals with these matters: "Equitable use, by all countries, with equal rights, of the geostationary-satellite and other satellite orbits and of frequency bands for space Radiocommunication services". This resolution stipulates that:
1. The registration with the Radiocommunication Bureau (BR) of frequency assignments for space Radiocommunication services and their use do not provide any permanent priority for any individual country or groups of countries and do not create an obstacle to the establishment of space systems by other countries;
2. Accordingly, a country or a group of countries having registered with the Bureau frequencies for their space Radiocommunication services need to take all practicable measures to facilitate the use of new space systems by other countries or groups of countries, in particular those of developing countries and least developed countries, so desiring;
3. Both the above (resolves 1 and 2 of Resolution 2) shall be taken into account by the administrations and the Bureau ‎[26].
By virtue of the above explanation, the ITU Member States are encouraged, to take all necessary actions to avoid unacceptable interference to GSO and other Non-GSO systems, when authorizing Non-GSO systems. To reach this end, the necessary regulatory framework need to be developed for the operation of Non-GSO systems. In addition, the P.P. conference instructs the director of Telecommunication Development Bureau to work with regulators, including through the Global Symposium of Regulators (GSR) to encourage Non-GSO system licensing expertise and capacity building.
Furthermore, the ITU, as the specialized agency of the United Nations in the field of radio spectrum management, shaped a legal framework in order to allocate radio frequencies. The ITU legal regime enables small satellite operators to obtain the necessary frequencies and orbits in accordance with and subject to its regulations. ITU establishes international standards to ensure unhindered global communications. However, small satellites have now graduated to assigned services in the regular service regime. Small satellites are now processed in the same way as large satellites, in accordance with Article 5 of the ITU’s radio regulations. In this regard, the ITU Member States in WRC-19 adopted an innovative new approach for the deployment of Non-GSO systems including mega-constellations in low-Earth orbit. On the one hand, this milestone-based regime provides a regulatory mechanism to help ensure that the Master International Frequency Register (MIFR) reasonably reflects the actual deployment of such Non-GSO satellite systems in specific radio-frequency bands and services. 
This issues along with others including space debris, has considerably challenged the existing ITU legal framework on large constellations of satellites. Hence, there is an immensely urgent need for an improved regulatory framework especially addressing large constellations of satellites. 
Article II of the Outer Space Treaty, is clear on the point that the appropriation of outer space, including the appropriation of either void space or of celestial bodies, is an impermissible and prohibited action under international law. No means or methods of possession of outer space will legitimize the appropriation or ownership of outer space, or subsections thereof. 
7.2. [bookmark: _Toc146279494]Issues related to Landing Rights for NON-GSO Systems
The term “landing rights” is commonly used in satellite communications without being legally defined or identified. It refers to an authorization given to the satellite operator to enter a national market to provide communication service from outer space. 
The first and foremost concepts in the subject of landing rights is what stated in Article. 44 of the ITU Constitution (1992). According to this Article that can be considered as the basis for landing rights, on the one hand, states must take into account that the frequencies and associated orbits are limited natural resources which must be used rationally, efficiently and economically. Also, it implies that states adopt procedures and policies to ensure a rational and efficient use of spectrum and orbits. On the other hand, general principles related to spectrum entail remarks regarding landing rights. According to this, first, the ITU Constitution and Radio Regulations define the responsibilities of states in terms of spectrum management. The foregoing responsibilities are as follows: 
· National spectrum management policy and planning/allocation of spectrum;
· Frequency assignment and licensing;
· Specification of standards and approval of equipment;
· Prevention of harmful interference;
· Spectrum monitoring;
· International cooperation;
· Liaison and consultation;
· Administrative, legal and technical assistance;
· Cost recovery for notification of satellite networks.
It is worth mentioning that some countries use taxes to fund these responsibilities. Among the above responsibilities, principle of assignment and license are generally associated with taxes or royalties. 
Moreover, in the ITU context, World Radiocommunication Conference 2019 (WRC-19) in Resolution 22 titled “Measures to limit unauthorized uplink transmissions from earth stations” points out the urgent need for measures in order to limit uplink transmissions of terminals to authorized ones. 
Similarly, Article 18 of RR states that, no transmitting station may be established or operated by a private person or by any enterprise without a license issued in an appropriate form and in conformity with the provisions of these Regulations by or on behalf of the government of the country to which the station in question is subject. It is obvious that the abovementioned license requires the user to comply with the landing rights of any given territory. 
· International Responsibility of States 
By virtue of article VI of the OST, states bear international responsibility for the acts of their nationals, whether these activities are by public organizations or private commercial entities. This is the only reference in OST to commercial activities in outer space. It is an important acknowledgement that the freedom of exploration and use was intended to extend to private actors, but its formulation reinforces that such rights are derived directly from state parties to the treaty. There is no direct derogation of rights to commercial actors flowing from the OST, such that Article VI is best understood as a prohibition on non-state activities in outer space, except where two conditions are met: first, the state assumes responsibility for the activities undertaken by its nationals, and secondly, the state authorizes the activity and continues to supervise it during the life of the activity. Where those elements are satisfied, Article VI renders national governments responsible for the activities of non-state actors in use and exploration of outer space. 
In respect of international responsibility, states have generally ensured that they are in compliance with article VI of the OST by enacting domestic legislation requiring governmental authorization in the form of licenses for space activities. Such a requirement fully apply to operators, which have to obtain all necessary licenses and authorizations, as well as comply with all other statutory requirements in order to carry out satellite telecommunications. The structure provided by these domestic legislations and licensing schemes has several advantages for states in question. First, it ensures that the relevant information about the space or satellite undertaking is provided to the regulatory authority. Second, it allows for the requirement of license renewal, which allows ongoing supervision of the space activity as required under article VI of the OST. Third, it provides the framework on which liability may be passed or shared between the government and entity involved. This last point is of particular significance in the case where private entities undertake commercial space activities, as is the case in many satellite communications projects.
In addition to the above-mentioned remarks, another issue that may arise in relation to satellite communications is in relation to disputes involving private commercial entities and claims arising therefrom. One of the considerable situations which may incur claims may include actions in violation of regional or national regulatory regimes ranging from anticompetitive practices to labor laws and licensing requirements. 
 
7.3. [bookmark: _Toc146279495]Global and Regional Best Practices regarding License Acquirement
· SATRC Member States
Following remarks are based on surveys submitted by SATRC members. Other member states do not have laws/regulations as of now for the satellite operators.
A. Afghanistan
In Afghanistan, there is currently applicable general laws’ provisions as well as specific regulations for commercial satellite services and landing rights in place that apply to national and international satellite operators for providing services, including Fixed Satellite Service (FSS), Broadcast Satellite Service (BSS), and Mobile Satellite Service (MSS) for GSO. However, for the regulation of GSO satellite services (BSS, MSS and FSS), Afghanistan Telecom Regulatory Authority (ATRA) have a regulation titled “Regulation for Commercial Satellite Services and Landing Rights in Afghanistan” in case of NGSO Satellite, ATRA is going to develop a regulation for Non-GSO Services in future. In the meantime, the Ministry of Communication and Information Technology has taken steps to address this by recently creating a Satellite Directorate within its structure. This Directorate will be responsible for developing policies for the operation of Non-GSO systems, both national and international in coordination with ATRA. 
However, the use of unauthorized terminals to access satellite broadband would be a significant challenge that can negatively impact the quality and availability of the service. Such unauthorized use can result in network congestion, interference, and other technical issues that can degrade the user experience. Additionally, the use of unauthorized services and terminals can potentially compromise network security and privacy, leading to unauthorized access to sensitive information and data breaches. The use of such terminals is illegal in Afghanistan according to the existing Law and regulations and violators can be subject to penalties.  
B. Bangladesh
The Bangladesh Telecommunication Regulatory Commission (BTRC) has been empowered under the section 36 of the Bangladesh Telecommunication Regulation Act, 2001 (as amended) to issue Licenses, with the prior approval of the Government, for the operation and provision of telecommunication services and to determine the eligibility criteria and other general terms and conditions of Licenses. Having given due consideration to the principles of transparency, fairness, non-discrimination and all other relevant principles, the BTRC has decided to issue Guidelines for Satellite Operator License envisaged in the Licensing Regulation, 2004. These Guidelines are intended to provide an overview of the regulatory framework to maintain and operate Satellite Operation. 
	The legal statutes governing the telecommunication industry in Bangladesh which will be applicable to the Licensee are given below: 
· The Bangladesh Telecommunication Regulation Act, 2001 (as amended); 
· The Wireless Telegraphy Act, 1933 and The Telegraph Act, 1885, for matters which are not covered by the Bangladesh Telecommunication Regulation Act, 2001 (as amended); 
· The Bangladesh Telecommunication Regulatory Commission (Licensing Procedure) Regulations, 2004 (as amended); 
· The Bangladesh Telecommunication Regulatory Commission (Interconnection) Regulations, 2004 (as amended); 
· The Information and Communication Technologies Act, 2006; 
· Any other Act, Ordinance, Order, Rules, Regulation(s), by law(s) or any other law being in force in Bangladesh; 
· The Guidelines/Directives/Orders and Decisions issued under the Bangladesh Telecommunication Regulation Act, 2001; 
· The related Act, Ordinance, Order, Rules, Regulation(s), bylaw(s), Guidelines/Directives/Orders and Decisions issued in the countries where the services of the Licensee are feasible.
Initially the Licensee shall operate and lease its own transponder capacity. To provide service through rented transponder, prior permission from the BTRC is required. If the Licensee takes initiative to launch further satellite(s), it shall take written prior approval from the BTRC for providing services through new satellite(s). No person or business entity shall be allowed to establish, operate and maintain Satellite Systems and Services without a valid License issued by the BTRC.
The BTRC will assign spectrum to the licensee in order to operate the Radio Equipment at its Ground Segment Facilities with specific terms and conditions. The licensee shall not import/purchase any telecommunication/radio apparatus for its network without taking prior permission from the BTRC. The spectrum assignment to the licensee will be inclusive of Guard Bands to avoid interference with other satellite and terrestrial services. In case this Operator license is cancelled or terminated for any reason, the spectrum assignment shall be cancelled. The assigned frequency shall be automatically cancelled if it is not used within one year from the date of assignment unless the BTRC decides otherwise. The assigned frequency shall stand valid for a term of 15 years or the lifetime of that specific satellite. Upon the expiry of the lifetime of that satellite the licensee shall notify BTRC and the frequency assignment and permission to use radio communication apparatus will be cancelled accordingly. Within the land or territorial waters of Bangladesh or in the space above them, the assigned frequency and radio apparatus or any right there with, wholly or partly, are not transferable by any means whatsoever, and, therefore, cannot be sold, let, pledged, hypothecated, mortgaged, charged or encumbered or in any other manner transferred by the licensee to any person or institution or Company or organization. Any such charge, transfer, hypothecation, pledge or encumbrance of these equipment and any agreement, power of attorney or any other document executed in connection with such desired transaction shall be void ab initio and, hence, shall be without lawful authority and of no legal effect. This provision shall survive termination or cancellation of the License or frequency assigned howsoever caused. The licensee shall not lease its transponder capacity to any person or institution or Company or organization for any particular service unless the lessee (i.e. DTH Operator, Satellite Television Operator, VSAT Hub Provider, ISP operator, Individual User etc.) is authorized by the BTRC to provide that particular service with appropriate spectrum assignment within the land or territorial waters of Bangladesh or in the space above them. After the assignment of the spectrum from the BTRC the lessee will apply to the Licensee for required number/amount of transponder bandwidth. However, the licensee can lease out transponder bandwidth to foreign stakeholders outside the territory of Bangladesh but within the coverage area of that respective satellite with prior Government approval and an intimation to the BTRC.
The Licensee shall have the obligation to provide the quality of services as stated in the Regulations/Directives/ Instructions/Orders/Guidelines for Quality of Service (QoS) issued by the BTRC from time to time. The Licensee shall achieve the QoS standards as set out by the BTRC from time to time based on the recommendations/standards of International Standard Organizations, best practices and maintain records of the same. The BTRC may inspect these records and the Licensee shall furnish certified copies of such reports to the BTRC upon demand or at scheduled intervals. The BTRC may vary, change, amend, modify or revise the QoS standards from time to time with prior approval of the Government and the Licensee shall comply with the new QoS standards imposed within the time period stipulated by the BTRC. The Licensee shall submit to the BTRC half yearly reports on its compliance with each of the QoS standards within the 15 working days after every 6 months, in such form as may be stipulated by the BTRC. If the Licensee fails to meet the QoS standards, the BTRC may take necessary legal actions and also may impose the penalties set out by the BTRC from time to time. The Licensee may be allowed any exception beyond its reasonable control such as fire, flooding and industrial disputes, provided that it promptly notifies the BTRC and/or where applicable the other Licensees, of the facts and circumstances giving rise to such inability to comply and takes any commercially reasonable action necessary to correct any fault or avoid any such circumstances so as to re-establish compliance with the QoS standards as soon as possible. The BTRC may carry out tests on the quality of the Licensed Services and the Licensed System and the Licensee shall extend full co-operational and assistance for the purpose including provision of test instruments and equipment. The Licensee shall install the equipment for monitoring its QoS as directed by the BTRC from time to time.
The Licensee shall furnish to the BTRC on a half-yearly basis the information on the type and capacity of its installations, the number of user/subscribers, the number and type of end-user connectivity, pending demand, Fraud Management, QoS reports, traffic data of each installation as well as the type and capacity of the transmission links. The Licensee shall also be required to furnish any information on Systems and Services any time if asked for by the BTRC. The Licensee shall publish Annual Report within 6 months of the end of each financial year. The BTRC may, from time to time, issue guidelines for the purpose, which will be obligatory on the Licensee to follow. In addition, the Licensee shall submit to the BTRC at least 10 copies of the audited financial report that will contain its balance sheet, profit and loss account, cash flow statements, network expansion, position of different services provided offered to the user/subscribers, number of user/subscribers connected or waiting for connection etc.
The Licensee shall facilitate and cooperate with all relevant Government bodies, departments, and official agencies for the provision of the services in the event of national emergencies or in matters relating to national security. In the event of any war or war situation, internal national disorder (including strikes/hartals), urgent state affairs or situations demanding national security, the Government may use equipment and the Systems used by the Licensee for its network. In case of national emergency, declared by the President, the Government may suspend any particular activity of or a particular service provided by the Licensee. For the public interest, the Government may take over the possession of the Licensee's installations along with its employees to operate the systems during the period of such emergency.
The License is subject to the terms and conditions contained herein and to the Act, Rules and Regulations. In the event of any conflict or inconsistency between the provisions of this License, and the provisions of the Act, Rules or Regulations, the provisions of the Act, Rules and Regulations shall prevail. The Licensee shall establish, maintain, and operate its licensed system, and shall provide the licensed services, in compliance with the laws of Bangladesh. The Licensee shall at all time co-operate with the BTRC and its authorized representatives in the exercise of the functions assigned to the BTRC under the Act. The Licensee shall comply with all orders, determinations, directives, and decisions of the BTRC. The License shall follow the related Act, Ordinance, Order, Rules, Regulation(s), by law(s), Guidelines/Directives/Orders and Decisions issued in the countries where the services of the Licensee are feasible.
The License shall remain in force until it is terminated by one of the following events: 
· The term of the License expires without renewal; 
· The Licensee agrees to the termination of this License; or 
· The License is suspended or terminated in accordance with the Act, Rules or Regulations, or the provisions of this License;
· Early expiry of the lifetime of the satellite.
C. India
Any telecommunication services in India, including satellite-based telecommunication services, can be provided only after obtaining the applicable service license from Department of Telecommunications (DoT). For ease of understanding of the stakeholders, the guidelines for establishing satellite-based communication network(s) issued dated 26.10.2022 have been issued. The applicable licenses are being issued by DoT for communication services and by Ministry of Information & Broadcasting (MoIB) for the broadcasting services.
Currently, only authorised terminals provided by the licensed service-providers are allowed in India. The holding of un-authorised terminals by any citizens is illegal. The national satellite or any international foreign satellite capacity requires authorisation of Indian National Space Promotion and Authorisation Centre (IN-SPACe)/NewSpace India Limited (NSIL)/ Department of Space (DoS) as per the requirement of licensee.
D. Islamic Republic of Iran
The regulation/ licensing method that applies to national satellite operators, for providing satellite services in the territory of I.R. of Iran has been approved by the CRA Commission. Some of the important items regarding this issue are as follows:
· The satellite communications network includes space sections consisting of all or part of one or more satellites located in certain orbital positions, ground sections consisting of TT&C, SCC, MCC, hub and gateway that control and manage payload;
· Distributing and selling the bandwidth of available satellites, creating dedicated networks and providing any communication and data transmission services such as fixed and mobile satellite services, creating access to high-speed Internet, creating access for providing voice, video, text and data services, all kinds of content, value-added services and providing public satellite broadcasting services;
· The validity period of the license is fifteen years if, the relevant license is granted;
· The necessity of Installation of MCC, SCC and TT&C stations in the national territory for GSO satellites;
· At least one satellite located in an orbital position registered under the name of the Iran Administration (orbit-frequency privilege belonging to the Islamic Republic of Iran), By the end of the tenth year during the license validity period;
· In order to request to receive licensed services within the country, the licensees should supply at least 80% of domestic market needs;
· Publication of the status of the quality indicators of the services;
· Providing service delivery indicators, service quality levels and support.
· Presenting the initial commercial and technical plan.
For International satellites, a document has already been approved named as "Landing Rights Regulation" by the CRA Commission that all of the operators have to consider it. Some of the important items includes as the follow:
· Satellite operators shall comply with the ITU Radio Regulations at the time of establishment of the satellite network. CRA confirmation is necessary at the time of establishment or before the provision of services in the territory of I. R. of Iran;
· Satellite operator is obliged to submit to CRA the satellite specifications as it is registered in ITU as well as other complementary information, as required. All frequency assignments must be in accordance with Table of National Frequency Allocation of I. R. of Iran;
· Satellite operator is obliged to submit to CRA the map of geographical areas under its coverage, technical specifications of fixed or mobile, transmitting and receiving earth stations which have the ability to communicate with their network, Service Level Agreement (SLA) in all different parts of the country, as well as mutual electromagnetic protection with other transceivers all over the country;
· The applicant for provision of satellite services in the I. R. of Iran must submit to CRA, the qualitative and technical specifications of its services in order to obtain CRA confirmation;
· Providing fixed and mobile phone services, SMS, mobile and fixed internet, public broadcasting, and data transmission to fixed, portable or mobile satellite terminals of subscribers based on satellite communications are subject to this landing right regulation;
· The foreign satellite operator will be able to provide services in the country as long as the domestic operator is not able to provide those services due to insufficient capacity or lack of technological maturity;
· Provision of space services which are the subject of this Decision by the satellite operators are only allowed through a contract with license holders which are allowed to provide satellite access;
· The satellite operator is obliged to create an international internet gateway in the territory of the Islamic Republic of Iran or to adopt alternative solutions agreed by CRA;
· The satellite operator shall not cause harmful interference to the existing and planned satellite and terrestrial services in the I. R. of Iran or impose any constraint on their development;
· The satellite operator is obliged to introduce its representative with necessary authorities in terms of technical and regulatory issues as well as other matters related to this Decision. The representative shall refer to CRA, if necessary;
·  Provision of any kind of roaming services to subscribers within the territory of the Islamic Republic of Iran is allowed only after the approval of CRA;
· Foreign passengers who are subscribers of satellite operators and travel to the I. R. of Iran with their own terminal, shall receive the required services only through the license holder authorized in the I. R. of Iran to provide satellite access. This must be explicitly notified to all subscribers by the satellite operator.
Concerning the market of such services, due to the low price of the Internet in the I.R of Iran, it does not have much impact on ICT market and its affordability in rural and remote areas (considered for USO services) where the provisions of broadband service by terrestrial infrastructure (Fixed/ mobile services) are not cost-benefit.
In case of utilization of unauthorized terminals to access satellite broadband, there are some reports from relevant organizations in I.R of Iran related to use such devices for criminal purposes. Whereas the parliament of I.R of Iran has ratified relevant laws and executive regulations which prohibit the use of unauthorized satellite terminals. In accordance with the aforesaid legal framework, the import of some telecommunication equipment for public usage is illegal unless the license has been granted by the Ministry of ICT. Meanwhile, exploring such equipment requires advanced monitoring systems and it is a sophisticated time-consuming procedure.
E. Nepal
The regulatory framework for satellite communications in Nepal is primarily governed by the Telecommunications Act, 2053 (1997), which established the Nepal Telecommunications Authority (NTA) as the regulatory body responsible for overseeing the telecommunications sector in Nepal, including satellite communications.
Under the NTA's regulatory framework, satellite operators are required to obtain a license from the NTA in order to provide satellite services in Nepal. The licensing process involves an application and review process, which includes a technical review of the proposed satellite system and frequency assignments, as well as a review of the operator's financial and organizational capacity.
Once a license is granted, satellite operators are required to comply with a range of regulatory obligations, including spectrum usage fees, technical standards and specifications, and reporting requirements. 
Following are the regulatory documents that apply to national/international satellite operators, for providing satellite services (FSS, BSS, MSS, etc.) in Nepal:
· Telecommunication Act (1997)
· Telecommunication Regulation (1998)
· Radio Frequency Policy (2016)
· Satellite Policy (2020)
· Licensing Procedure 
· Value Added Service General Licensing Procedure
· Special Directive for VSAT Users
· Special Directive for Licensing of Network Service Provider
For international foreign satellites, including Non-GSO satellites, the regulatory framework for satellite communications in Nepal requires foreign satellite operators to obtain a license from the Nepal Telecommunications Authority (NTA) in order to provide satellite services in Nepal.
The licensing process for foreign satellite operators is similar to that for national satellite operators and involves an application and review process that includes a technical review of the proposed satellite system and frequency assignments, as well as a review of the operator's financial and organizational capacity.
Overall, the regulatory framework for satellite communications in Nepal is designed to ensure that satellite services are provided in a responsible and sustainable manner, and to promote equitable access to satellite resources for all service providers.
Nepal, as a developing country with significant rural populations and challenging topography, can potentially benefit from Non-GSO constellations' services. On one hand, the availability of reliable and affordable internet services can have a significant impact on the country's economic and social development, enabling e-commerce, e-education, telemedicine, and other digital services. On the other hand, the utilization of unauthorized terminals to access satellite broadband in Nepal could lead to several challenges, including security risks, interference and legal implications. With regard to the reports of use of unauthorized terminals, i.e. non-type approved terminal and commencement service in the footprint of country without getting license from NTA, it is essential for the authorities to enforce existing regulations and take necessary measures to prevent the illegal importation and use of such equipment.
Concerning spectrum assignment, the spectrum assignment methodology for satellite-based services in Nepal, both for feeder links and user terminal side, is determined by the NTA. The NTA is responsible for managing spectrum allocation and use in Nepal, and follows a transparent and objective process for assigning spectrum to satellite operators. For Non-GSO satellite constellations, the spectrum assignment methodology may involve a combination of licensing and auction processes. As Non-GSO constellations require large amounts of spectrum, the NTA may choose to allocate spectrum through auctions to ensure that it is assigned to the operator with the highest value proposition. However, the exact methodology for spectrum assignment for Non-GSO constellations in Nepal has not yet been finalized.
In terms of applicable charges, satellite operators in Nepal are required to pay annual spectrum usage fees to the NTA for the spectrum they use. The exact fees are determined based on the amount of spectrum used, and are subject to review and revision by the NTA.
Overall, the spectrum assignment methodology for satellite-based services in Nepal is designed to promote efficient spectrum use and ensure equitable access to spectrum resources.
To prevent harmful interference between different satellite systems using the same frequency bands, the NTA requires satellite operators to coordinate their frequency assignments with other operators and with neighboring countries. This coordination ensures that frequency assignments are used in a manner that minimizes interference and maximizes spectrum efficiency.
The NTA also follows internationally recognized spectrum management practices and guidelines, such as those set out by the ITU, to ensure that spectrum is assigned in a fair, transparent, and efficient manner.
In addition, the NTA has established a regulatory framework for satellite communications that includes licensing requirements and spectrum usage fees. These requirements help to ensure that satellite operators are using frequencies in a responsible and sustainable manner and help to ensure equitable access to spectrum resources for all service providers in Nepal.
F. Pakistan
In Pakistan regulatory framework, as per current policies in force, a ‘balanced’ approach has been adopted in order to encourage local and foreign investment, deployment and use of Fixed, Broadcast and Mobile Satellite Services. National Laws and Regulations that are constitute aforementioned framework are listed below:
· Telecommunication Policy, 2015: According to this, Satellite based Telecommunication Services can be provided by any foreign or domestic satellite operator through a satellite service provider, authorized for provision of Satellite based Telecommunication Services, duly licensed by Pakistan Telecommunication Authority (PTA).  
·  Current Licensing Method 
· Installation of Gateway Earth Stations; Long Distance and International (LD&I) Licensee is authorized to establish and operate gateway earth stations, anywhere in Pakistan, subject to reaching agreement, subject to approval of the Authority for such agreements, with the satellite operators.
· User Terminals; Local Loop (LL) Licensee is authorized to establish and operate terminal earth stations, user terminals, anywhere in its respective licensed region, subject to approval of the Authority prior to its installation.
· Global Mobile Personal Communications Service; LD&I Licensee is permitted to provide GMPCS Service, provided that the Licensee first obtains authorization from the Authority to provide such GMPCS Service.
Beside the abovementioned regulations, PTA, in line with its regulatory role, is mandated for regulating for provisioning of Satellite based Telecommunication Services through Satellite Service Providers. Indeed, Terminal Earth Station registration and type approval is a must case in Pakistan, as per its Telecommunication Policy, 2015. Section 31 of Pakistan Telecommunication (Re-organization) Act, 1996 further details the offences and penalties for establishing and operating telecommunication system and telecom services without a license.
G. Sri Lanka
In Sri Lanka, no person shall use any radio frequency except under the authority of a license granted by the Telecommunications Regulatory Authority (TRC) in accordance with Section 22 of Sri Lanka Telecommunications Act, No. 25 of 1991. Every application for a license under this section shall be made to the TRC in the prescribed form. Furthermore, this license shall be issued on payment of the prescribed fee and shall be subject to such conditions and restrictions as may be determined by the TRC which may include the prohibition of the use of the prescribed frequency equipment in the event of the breach of any such conditions and restrictions. The conditions referred above, may include:
· Conditions requiring an operator to furnish to the TRC, in such manner and at such times as may be reasonably required by the TRC, such documents, accounts, estimates, returns or other information as the TRC may require for the performance of his duties under this Act;
· Conditions requiring and operator:
· To comply with directions given by the TRC as to such matters as are specified in the license;
· Except with the consent of the TRC to do or refrain from doing such things as are required to be done or required not to be done under the license;
· To refer for determination by the TRC such questions arising under the license as are specified in the license.
· Conditions requiring the connection to any telecommunication system to which the license relates or permit the connection to any such system, of such other telecommunication systems and such apparatus as are specified in the license.
A person who operates a telecommunication system in Sri Lanka without obtaining a license shall be guilty of an offence under of this Act.
An operator shall be guilty of an offence if:
· There is connected to the telecommunication system in respect of which license is issued:
· * Any other telecommunication system which is not authorized by the license to be so connected; or
· * Any telecommunication apparatus which is not authorized by the license to be so connected.
· There are provided by means of the system or any telecommunication services which are not authorized by the license to be so provided.
The TRC may at any time revoke and determine any license granted under the present Section on the breach of any of the conditions and restrictions to which it is subject or in the event of any default in the payment of any consideration payable thereunder or on the failure of the licensee to comply with any regulations for the time being in force under the present Act relating to the same. 

· Other Countries
A. Brazil
The satellite landing right authorization is the most important regulatory instrument for commercial satellite operations in Brazil. The Telecommunications Law establishes the general requirements for the operation of satellites and for the provision of telecommunications services supported by the satellite infrastructure. The operation of satellites is regulated by the national rules established by The National Telecommunications Agency (ANATEL) through its specific regulations and the international rules established by the ITU. As with any other authorization from ANATEL, obtaining a satellite landing right authorization requires the initiation of an administrative process by ANATEL, which involves a technical and regulatory analysis carried out by ANATEL. According to ANATEL Resolution No. 220 of 2000, the initiation of the administrative process must follow a specific application procedure, which includes the submission of the following documents: 
· a statement that the national and international regulations will be complied with;
· simplified technical information about the satellite system; 
· power of attorney granted by the satellite operator to the person submitting the application;
· a clearance certificate in relation to outstanding amounts owed to ANATEL;
· an indication of the period for which the satellite landing right should be granted, which is limited to 15 years;
· an indication of the frequency bands and the geographical coverage area that are associated with the requested satellite landing right;
· a copy of the coordination agreements entered into with satellite operators that are already authorized in Brazil.
The process of granting a satellite landing rights authorization to foreign satellites does not involve a public procurement process. In addition to the list of documents described above, foreign satellite operators are required to submit the following to obtain a satellite landing rights authorization:
· Information on the company acting as the legal representative in Brazil;
· a statement that this information will be constantly updated and that the satellite capacity will be commercialized only through the appointed representative;
· A certified copy of the company’s constitutional documents evidencing that the appointed legal representative is a Brazilian company, with its administrative headquarters in Brazil;
· A document issued by the responsible agency, together with a certified translated copy in Portuguese, evidencing the conditions for the use of the space segment previously authorized in the satellite’s country of origin.
· If a foreign satellite operator wishes to appoint more than one legal representative in Brazil, the applicable regulations also establish that a joint liability agreement must be submitted as part of the application procedure. The agreement shall indicate which representative will be responsible for paying the public price, and applicable taxes as determined under Brazilian laws and regulations. As a noteworthy point, foreign satellites as well as Brazilian satellites must comply with the Telecommunications Law and with any applicable national and international laws, regulations and treaties, during the period in which the satellite landing right authorization is in force.
B. Canada
Innovations, Science and Economic Development Canada (ISED) is a department of the government of Canada that is responsible for regulating the use of radio frequencies by satellite networks in Canada pursuant to Radiocommunication Act. ISED issues licenses for the operation of NON-GSO systems by which they are permitted to provide services inside Canada. 
Requests for foreign satellites authorized by World Trade Organization (WTO) Member States to communicate with earth stations in Canada, are assessed to ensure that:
· The space station has been authorized by a WTO member administration (with respect to the membership of Canada in WTO) ;
· The satellite network has been successfully coordinated via the appropriate ITU procedures and regulations;
· The satellite station complies with Canadian spectrum policy requirements, in particular with respect to frequency allocations, utilization and efficiency, orderly deployment and co-existence with other radio services and stations authorized for use in the same and adjacent frequency bands.
Concerning the satellite stations which have been authorized by a non-WTO administration, the request for approval must include the following information:
· Applicant:
· Give the full name and address of the applicant, as well as a contact name, telephone number, fax number, and email address;
· Describe the nature of the relationship between the applicant and the satellite operator.
· Satellite:
· Give the name of the satellite and the satellite operator. Include the name(s) of the satellite(s) as notified to the ITU, as well as the commercial name(s) of the satellite(s);
· Indicate the remaining life expectancy of the satellite;
· Name the administration responsible for the satellite and indicate whether the administration is a member of the WTO;
· Give the dates that the administration coordinated and notified the satellite network, in its current or proposed operating condition, to the ITU, and provide the ITU special section reference number and publication date for both filings. If the satellite network has not yet been notified or if the notice is not yet published, provide a list of administrations with which coordination is required and information describing the status of coordination for each of these administrations;
· For GSO systems, provide the orbital position of the satellite in degrees West longitude;
· For Non -GSO  systems, provide the number of orbital planes, the number of satellites in each orbital plane, the angle of inclination of each orbit, and the altitudes (in kilometers) of the apogee and perigee of the satellites;
· Describe the extent and nature of the satellite coverage in Canada. Include coverage maps if necessary;
· List the frequency bands that will be used by the satellite, and indicate which bands the associated earth station(s) will use in Canada;
· Describe the types of services to be provided in Canada.
Where the department is satisfied that the proposed satellite(s) meet(s) all the criteria for use in Canada, the Department will add the particulars of commercial satellites to the List of Foreign Satellites Approved to Provide FSS in Canada on the Industry Canada website and will advise the applicant.
No fee is charged for this submission of information or to add a satellite to the list of approved satellites.
C. Russia
Licensing of space operations in the Russian Federation has the purpose of state regulation with regard to supporting national interests and security, observance of legislation in effect and the international obligations of the Russian Federation with respect to studying and using outer space, development of the space services market, and protection of the interests of its users. Space operations subject to licensing are those of legal entities regardless of their organizational and legal form, and of individual entrepreneurs of the Russian Federation, and also space operations of foreign citizens and organizations when carried out under the jurisdiction of the Russian Federation. 
In the Russian Federation, the Russian Space Agency issues licenses for space operations for scientific and national economic purposes. To obtain a license, the applicant shall submit to the Russian Space Agency: 
· An application for granting of a license with indication of: 
· Their name, organizational and legal form, legal address, account number and name of bank (for legal entities); 
· Last name, first name, patronymic, identity card information (series, number, when and by whom issued), place of residence; type of activity; the time that the license enters into force  (for sole proprietors);
· Copies of constitutive documents, and unless they are notarized, with presentation of originals;
· A copy of the state registration of the legal entity;
· A document confirming payment for examining the application;
· Tax agency certification of registration or a certificate of state registration of an individual as a sole proprietor with tax agency seal;
· Permit of the State Committee for Radio Frequencies affiliated with the Russian Federation Ministry of Communications for using frequency bands to develop and/or operate electronic satellite equipment (when licensing operations involving the development and use of satellite communications equipment);
· Applicant's guarantee that foreign satellite equipment put into orbit by Russian launch facilities will be entered in the National Register of the equipment's proprietor government;
· Documents confirming the safety of space operations (including ecological, fire and explosion safety) and the reliability of space equipment;
· A license as stipulated by article 27 of the Russian Federation Law "On State Secrecy."
Foreign legal entities and sole proprietors acting as a client or co-executor of operations shall submit the following items, in addition to applications and registration documents confirming performance of their operations under the jurisdiction of the Russian Federation:
· A contract between the client and the chief executor of the operations;
· Documents confirming the safety of the stated type of activity and the reliability of the equipment to be used;
· A copy of a national license granting the right to be engaged in space operations (if such provision is made by the respective national legislation);
· Proofs of financial reliability guaranteeing realization of the stated type of space operations.
Following submission of the above-mentioned documents, the Russian Space Agency shall organize, when necessary, additional expert examination of the stated type of space operations. On the stage of additional expert examination of the stated type of space operations, the Russian Space Agency may require from a Russian or foreign applicant engineering (design) material confirming the feasibility of the stated type of space operations. In accordance with the results of examination of submitted documents and expert conclusion, the Russian Space Agency shall make a decision to grant (or deny) a license for the stated type of space operations. The decision to grant or deny a license shall be made within 30 days of receipt of the application with all necessary documents. In the case where an additional expert examination is needed, the decision shall be made within 15 days after receiving the expert conclusion, but not later than 60 days after submission of the application with necessary documents. In isolated cases, depending on the complexity and volumes of materials subject to expert evaluation, the time of making a decision to grant or deny a license may be additionally extended by as much as 30 days by the director general of the Russian Space Agency.[footnoteRef:2] [2:  For more information, please see: 
https://www.unoosa.org/oosa/en/ourwork/spacelaw/nationalspacelaw/russian_federation/decree_104_1996E.html ] 

D. United Kingdom, (UK Licensing statement) 
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Fig 7: Key elements of an Non-GSO satellite system.


Ofcom do not issue licenses for radio transmissions by satellites in space. Spectrum use by satellites is coordinated by the ITU. The other elements – "user terminals" and "gateway earth stations" – are authorized in the UK by Ofcom using the following licenses. These are the only licenses affected by the changes outlined in this statement:
· Satellite (Earth Station Network) license: these allow the use of Non-GSO user terminals, for example the dish and equipment installed at a customer’s premises and must be held by any satellite operator wishing to deliver services in the UK. Here this refers as the "network license".
· Satellite (Non-Geostationary Earth Station) license: these authorize gateway earth stations which are large hubs that connect the satellite network to the internet and/or to private networks and cloud services. Here this refers to as the "gateway license".
Licensing process
Ofcom will adopt the application process summarized in Fig 8.
The stages in the process are essentially the same for both network and gateway license applications, although there are some slight differences as explained below.
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Fig 8. Overview of the application process ‎[26].


The steps in the application process are as follows (set out in additional detail in Ofcom Non-GSO guidance document):
a) Application submission: The applicant completes the application form and provides the required information to Ofcom.
b) Initial review: Ofcom carry out an initial review. Assuming that the application is not rejected at this stage (e.g. because it is incomplete), they will then publish an Invitation to Comment. They will aim to do this within 10 working days of receipt of the application. That Invitation to Comment will include the application and may indicate some topics that we would particularly welcome views on.
c) Commenting period: Stakeholders will have 20 working days to respond to the Invitation to Comment.
d) Assessment: At the end of the commenting period, Ofcom will review stakeholder responses and decide whether to grant the license or whether further assessment is needed. They will aim to complete their assessment within 20 working days of the end of the commenting period. When applications are more complex, they will aim to complete any further assessment and make a decision within an additional 20 days (i.e. within 40 working days of the end of the commenting period).
e) Issue decision: Ofcom will notify the applicant of their decision. They will also publish their decision on their website, along with the responses received from stakeholders and a brief rationale for granting or refusing to grant the license.
They will notify licensees and any other applicants when they commence the commenting period for a new application.
UK new NON-GSO license conditions
Ofcom have decided to proceed with their plans to update Non-GSO network and gateway licenses, including existing licenses, with new conditions to support Ofcom objective to enable as many Non-GSO systems as possible to provide services and get everyone in the UK connected.

8. [bookmark: _Toc146279496]Spectrum Related Issues in Non-GSO
[bookmark: _Toc146279497]8.1. 	Background
Satellite-based communication systems can provide coverage to the remotest and most inaccessible areas. There may be many sparsely populated areas, including areas of strategic importance and areas important from the socio-economic perspective, where mobile/ fixed terrestrial telecom connectivity may not be feasible or economically viable. Satellites have the potential to bridge this gap by providing telecommunication and broadcasting services to even the remotest areas.
The following figure shows three key elements of a typical satellite communication system (viz. satellite, satellite earth station gateway, and user station). 

Terrestrial communication system
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Fig. 9: Key Elements of Satellite Communication Systems
Satellite earth station gateway acts as a bridge (or gateway) between space-based communication network and terrestrial communication network. Satellite-based telecommunication services involve frequency spectrum for establishing four types of links, viz.
(i) user link (uplink) 
(ii) user link (downlink)
(iii) gateway link (uplink), and
(iv) gateway link (downlink). 
The link between the satellite and user terminals is a user link. The link between satellite and satellite earth station gateway is gateway link. 
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Fig. 10: Communications links in space-based telecommunication services

On the other hand, space-based broadcasting services involve frequency spectrum for establishing two types of links, viz.
(i) gateway link (uplink) 
(ii) user link (downlink)
[image: Diagram
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Fig. 11: Communications links in space-based broadcasting services

The trajectory of a satellite around Earth is known as orbit. The most common orbits followed by communication satellites are Low Earth Orbit (LEO), Medium Earth Orbit (MEO), and Geostationary Satellite Orbit (GSO). MEO and LEO satellites collectively are also called Non-Geo Stationary orbit (NGSO) satellites. The satellite orbit is selected based on the requirements of the application.
GSO satellites are at about 36,000 kilometers above the Earth, a place where they appear fixed in the sky when observed from the ground. They are commonly used for communication, weather monitoring, Direct-To-Home (DTH) television broadcasting, and internet provisioning. NGSO satellites at MEO altitudes are between 8,000 and 20,000 kilometers above the Earth and LEO altitudes are between 400 to 2,000 kilometers above the Earth. Since NGSO satellites move across the sky during their orbit around the Earth, NGSO operators deploy a fleet of satellites, generally called ‘constellations’, to provide continuous service from these altitudes. NGSO constellations intend to cover the globe providing high-bandwidth connectivity and processing high volumes of data with minimal delay. The following figure depicts the orbital altitudes and coverage areas of GSO and NGSO systems.
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Fig. 12: Schematic diagram of orbital altitudes and coverage areas of LEO/ MEO/ GEO satellites [27]

The International Telecommunication Union (ITU) publication titled ‘The Last-mile Internet Connectivity Solutions Guide Sustainable connectivity options for unconnected sites 2020’, provides a comparison of GEO, MEO and LEO characteristics as given in the following table:


 

	Satellite category
	Altitude
	Orbital period
	Latency (round-trip)#
	Number of satellites to span globe
	Cost per satellite$
	Effective lifetime of satellite (years)

	GEO
	35,786 km
	24 hours
	477 ms
	3*
	100 to 400 
	15 to 20

	MEO
	8,000 to 20,000 km
	127 minutes to 24 hours
	27 to 477 ms
	5 to 30 
	80 to 100 
	10 to 15 

	LEO
	400 to 2,000 km
	88 minutes to 127 minute
	2 to 27 ms
	100s or 1000s 
	0.5 to 45 
	5 to 10 


# Round-trip (ms), approximate
$ In million USD, approximate
* This excludes high-latitude areas, that is, above the polar circles
GEO, MEO and LEO Satellite Characteristics [27].
At present, many satellite communication systems make use of high-throughput satellites (HTSs). HTS provides significantly more throughput than a conventional satellite for the same amount of radio frequency spectrum. While a conventional satellite utilizes a broad single beam (usually in the order of thousands of kilometers) to cover wide regions or even entire continents, HTS employs - (a) frequency re-use, and (b) spot beam technology which enables frequency re-use across multiple narrowly focused spot beams (usually in the order of hundreds of kilometers). Together, these features help HTSs provide significantly higher throughputs as compared to conventional satellites. 
Initially, HTS systems used GSO satellites. However, the propagation delay for a round-trip transmission for a GSO satellite can exceed 500 milli-second, which is detrimental to many digital connectivity applications. As a result, the focus for HTS systems is increasingly shifting to the MEO and LEO, with altitudes as low as 400 km and delays as short as 2 milli-second. 
Considering that the key focus area of NGSO satellite systems and HTS satellite systems is broadband connectivity, the spectrum requirement is also likely to be higher than the traditional satellite systems. Details of the spectrum frequencies deployed/ planned by some of the NGSO constellations are provided in Annexure.
Owing to the reduction in the cost of deployment of satellite-based networks, particularly the cost of launch of satellites, which has substantially reduced, there has been a lot of attraction towards satellite-based services. Many large international companies have shown their interest and have also submitted their filings to ITU. In the report on “SPACE - The Dawn of a New Age”[28] released by Citi group in May 2022, it has been mentioned that it is expected that the overall space industry to reach $1 trillion by 2040. The executive summary [29] of the report of Citi group, highlights the key insights, increasing private investment, paradigm shift in satellite services, as given below: 
A. Key insights 
“- We expect the overall space economy to reach $1 trillion dollars in 2040, growing at a ~5% compound annual growth rate (CAGR) from 2020, propelled by growth across the satellite industry, government space budgets, and a proliferation of new applications and industries. 
- Lower launch costs will be a key enabler in making space more accessible to a wider variety of applications, driven by reusability, scale, lower input costs, and cost-efficient production methods. Launch costs are already ~40x lower than they were in the 1980s, and we expect them to fall further by ~95% to around $100 per kilogram ($100/kg) by 2040. 
- The satellite market currently makes up the largest segment of the space economy (over 70%), and we expect a robust CAGR of 6%-7% in satellite manufacturing, launch services, and ground equipment through 2040. We also anticipate a paradigm shift away from traditional applications (e.g., video broadcast) towards a broader range of applications (e.g., broadband, mobile connectivity, and satellite imagery to tackle environmental issues). 
- We expect the fastest growth to come from new space applications and industries, such as space-based solar power, space logistics, and Moon/asteroid mining, among others. These areas could generate ~$100 billion in annual sales by 2040. 
- Investment is also supportive as flows shift from being dominated by government agencies and the wealthiest nations, towards more private funding, particularly from venture capital.”
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Fig. 13: Satellite Services Forecast (2020 to 2040)

[bookmark: _Toc146279498]8.2. 	Spectrum Regulation in Satellite-based Communication Systems
International coordination of satellite systems is crucial [30]. For the space segment, satellite operators need to obtain international recognition for the frequency and orbital resources they plan to use, by way of ‘satellite-filing’ in ITU.  For the earth segment, operators need to obtain licenses from individual countries, unless there is an explicit exemption in place. Licenses provide national recognition for the use of certain frequencies within a country. The following figure [31] depicts the regulatory framework for satellite communication systems.
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Fig. 14: Regulatory framework for satellite communication systems
Satellite communication services do not stop at country borders. Therefore, a global agreement is needed to regulate the use of radio spectrum. The Radio Regulations (RR), which is an international treaty binding to ITU Member States, fulfils this function. RR have the following objectives: 
(a) to facilitate equitable access to and rational use of the natural resources of the radio-frequency spectrum and the geostationary-satellite orbit;
(b) to ensure the availability and protection from harmful interference of the frequencies provided for distress and safety purposes;
(c) to assist in the prevention and resolution of cases of harmful interference between the radio services of different administrations; 
(d) to facilitate the efficient and effective operation of all radiocommunication services; and
(e) to provide for and, where necessary, regulate new applications of radiocommunication technology.

[bookmark: _Toc126675471][bookmark: _Toc146279499]8.3. 	Spectrum bands for Satellite Communication Services 
A variety of frequency bands can be used for providing satellite communication services. The popular frequency bands used for providing satellite communication services are outlines below:
(a) L-band: It ranges from 1 GHz to 2 GHz and is used for mobile satellite services (MSS) and global positioning system (GPS) navigation signals.
(b) S-band: It ranges from 2 GHz to 4 GHz and is used for MSS, as well as weather and air traffic control applications.
(c) C-band: It ranges from 4 GHz to 8 GHz and is commonly used for fixed satellite services (FSS) such as television and radio broadcasting, telephony, and data transmission.
(d) Ku-band:  It ranges from 10 GHz to 15 GHz and is used for both FSS and mobile satellite services (MSS). It is commonly used for direct-to-home (DTH) television broadcasting and satellite internet services.
(e) Ka-band: It ranges from 17 GHz to 31 GHz and is used for FSS and MSS applications. It is commonly used for high-speed broadband.
According to European Space Agency [32], because of satellites’ increased use, number and size, congestion has become a serious issue in the lower frequency bands. New technologies are being investigated so that higher bands can be used. The higher frequency bands typically give access to wider bandwidths.
The lower part of V band, ranging between 37.5-52.4 GHz is being planned by many NGSO constellations, both for user terminal link and gateway link; parts of this range of V-band (37-43.5 GHz, 45.4-47 GHz and 47.2-48.2 GHz) have also been identified by ITU for IMT services. The frequency spectrum in E-band is being planned for deployment of gateway links by at least one of the NGSO constellations.
The frequency bands mentioned above include “Planned bands” that when used by GSO systems in accordance with Appendices 30, 30A & 30B of Radio Regulations are reserved by ITU for use by National systems. Details of the Planned bands is given below: 






	S. No.
	Plan
	Frequency bands
	Applicable
Appendix of ITU’s Radio Regulations

	
	
	Uplink
	Downlink
	

	1
	FSS Plan

	12.75 - 13.25 GHz,
6.725 - 7.025 GHz
	10.7 - 10.95 GHz,
11.2 - 11.45 GHz,
4.5 – 4.8 GHz
	Appendix 30B


	2
	BSS Plan
	
	11.7-12.2 GHz
	Appendix 30

	3
	BSS feeder links Plan
	14.5 - 14.8 GHz,
17.3 - 18.1 GHz
	
	Appendix 30A



Planned bands are applicable to GSO based FSS and BSS only and serve the purpose of giving equitable access to member countries of the ITU. The planned bands have the following features and characteristics. 
(a) Each country has been allotted a specific geostationary slot and associated frequencies with national coverage. The power that can be transmitted from a satellite, the service area, the antennas, etc. have been clearly defined as what is known as “the envelope of characteristics”.
(b) If an administration wishes to put a satellite beyond the envelope of characteristics, it must seek agreement of other administrations whose network operations are considered affected by such modified system. 
(c) In addition, any country can also put its satellite in other orbital positions but must coordinate with other administrations who have a filing before it. Such systems are called additional systems.
(d) The essential feature of planned band is that an administration can demand exclusion of its territory area from the service area of another country’s satellite at any time, before as well as after the satellite is made operational. 
[bookmark: _Toc146279500]8.4. 	Technical characteristics of spectrum bands
Beamwidth of the user terminals in the lower frequency bands (viz. L-band and S-band) is much wider than that for the user terminals in the higher frequency bands (viz. C-band, Ku-band and Ka-band). Therefore, spectrum in L-band and S-band is assigned to service providers on an exclusive basis for providing Mobile Satellite Services (MSS). On the other hand, as the user terminals of the higher frequency bands employ highly directional beams, the same frequency spectrum in C-band, Ku-band and Ka-band can be assigned to different service providers on a shared basis in the same geographical area. 
C-band offers good propagation characteristics, utilizes mature technology, resulting in low-cost equipment, making it the preferred option to serve remote and rural areas, particularly in large countries with severe climate conditions. Ka-band has particularly favourable qualities given the large amount of satellite spectrum allocated on a global basis, easy sharing conditions (mainly in the corresponding downlink at 18 GHz), small size terminals ideal for installation on ships and aircraft, and an advantageous regulatory deployment framework adopted in the ITU Radio Regulations for Earth Stations in Motion (ESIMs).
Technical Characteristics of higher spectrum bands for space-based communication services are depicted below:


Fig. 15: Technical Characteristics of higher spectrum bands [33]
[bookmark: _Hlk127453106]As per the technical characteristics of frequency bands, the lower frequency bands such as C-band are less susceptible to interference from adverse weather or ‘rain fade’. On the other hand, the higher frequency bands such as Ka-band are significantly prone to rain fade. However, various technologies such as Flex Adaptive Code Modulation [34] have been developed to mitigate the impact of rain fade. The technology automatically adapts the down-link signal (the signal sending data from the satellite to the user) to compensate for changing weather conditions. On the positive side, the higher frequency bands in space-based systems represents lower capital expenditure (CAPEX). Compared to Ku-band, the Ka-band deployments have lower costs owing to smaller antenna i.e., lower manufacturing cost and lower transportation cost. 
8.5. [bookmark: _Toc126675473][bookmark: _Toc146279501]Spectrum coordination for satellite communication services
At the global level, ITU is responsible for management of the radio-frequency spectrum and satellite orbit resources to ensure interference free operation of space-based communication services. A key component of international frequency management is the RR, which is an international treaty that governs the use of the radio-frequency spectrum and the geostationary satellite orbits and non-geostationary satellite orbits under the aegis of ITU. RR determines how the radio frequency spectrum is shared among different services, including space services.
ITU’s RR has a defined frequency coordination process. The aim of frequency coordination is for developing new orbit-spectrum assets and protecting the rights to use such resources. It is a technical and regulatory process by which radio-frequency interference between different radio systems that use the same frequency is removed or mitigated and trouble-free service to users is ensured.
ITU’s coordination process includes [35]: 
(a) Maintaining the Master International Frequency Register (MIFR) which records, inter-alia, the international rights and obligations of satellites and associated earth stations to use this resource, including international recognition and protection of that use.
(b) Coordinating the planning of new satellite networks to ensure that new satellite systems are compatible with those previously recorded in the MIFR. 
(c) Ensuring that satellite systems operate in conformity with the provisions of the RR. 
To control interference, ITU provides elaborate framework including the following [36]:
(a) Allocation: Frequency separation of stations of different services (Article 5)
(b) Coordination: between Administrations to ensure interference-free operations conditions (Article 9)
(c) Power Limits: (Articles 5, 21 & 22)
(i) 	Power Flux Density (PFD) to protect terrestrial services
(ii)	Equivalent isotropically radiated power (EIRP) to protect space services
(iii)   Equivalent Power Flux Density (EPFD) to protect GSO from NGSO
(d) Regulatory Protection: Not to cause harmful interference or claim protection (Article 5 and 22)
ITU assesses every new planned satellite system in relation to its compatibility with all the systems and stations already included in the MIFR and that could be affected by it. Beyond the initial phase, coordination needs to be an on-going effort as long as the use of the radio frequency is required by the satellite system, as an essential part in maintaining the quality and reliability of the service it provides.
In addition, ITU-R study develops recommendations and reports about the efficient orbit/ spectrum utilization, and ensures compatibility among these systems, as well as with the terrestrial systems sharing the same frequency bands. For example, previously six degrees of spatial separation between geostationary satellites using the same frequencies over the same geographic area was considered a minimum to ensure their harmonious coexistence. But due to technical advances and by coordination within the framework of the ITU-RR, the orbital separation between satellite systems is routinely two degrees [37].
As per the ITU framework [38] NGSO systems are generally required to provide protection to GSO systems. The Article 22.2 of ITU RR for ‘space services’ provides as below: 
“Non-geostationary-satellite systems shall not cause unacceptable interference to and, unless otherwise specified in these Regulations, shall not claim protection from geostationary satellite networks in the fixed-satellite service and the broadcasting-satellite service operating in accordance with these Regulations. …”
The two regulatory mechanisms adopted include - Equivalent Power Flux Density (EPFD) hard-limits, and coordination. The technical solution for NGSO is to avoid pointing antennas to GSO orbit or avoid operating satellite when there is insufficient separation angle between direction to NGSO satellite and closest point on GSO when viewed from NGSO earth station.
EPFD considers the aggregate of the emissions from all NGSO satellites in the direction of any GSO earth station, considering the GSO antenna directivity. EPFD considers pointing at a victim receiving antenna with respect to any source of interference. 
Hard EPFD limits enable NGSO FSS systems to share frequencies with and protect GSO systems without requiring individual coordination with all the systems worldwide. NGSO FSS satellite systems shall comply with the EPFD limits contained in different tables of Article 22 of ITU’s RR. Besides for coordination between NGSO and GSO system, and for coordination between NGSO systems, the provisions contained in the Appendices of ITU’s RR apply. The main provisions of the Appendices of ITU’s RR are given below:   

“9.11A  for a station for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to this provision, the provisions of Nos. 9.12 to 9.16 are applicable;

9.12  for a station in a satellite network using a non-geostationary-satellite orbit, for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to this provision or to No. 9.11A, in respect of any other satellite network using a non-geostationary-satellite orbit, with the exception of coordination between earth stations operating in the opposite direction of transmission; 

9.12A  for a station in a satellite network using a non-geostationary-satellite orbit, for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to this provision or to No. 9.11A, in respect of any other satellite network using the geostationary-satellite orbit, with the exception of coordination between earth stations operating in the opposite direction of transmission; (WRC-2000);

9.13  for a station in a satellite network using the geostationary-satellite orbit, for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to this provision or to No. 9.11A, in respect of any other satellite network using a non-geostationary-satellite orbit, with the exception of coordination between earth stations operating in the opposite direction of transmission;

9.14 	for a transmitting space station of a satellite network for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to this provision or to No. 9.11A in respect of receiving stations of terrestrial services where the threshold value is exceeded; 

9.15 	for either a specific earth station or typical earth station of a non-geostationary satellite network for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to No. 9.11A, in respect of terrestrial stations in frequency bands allocated with equal rights to space and terrestrial services and where the coordination area of the earth station includes the territory of another country;

9.16 	for a transmitting station of a terrestrial service for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to No. 9.11A and which is located within the coordination area of an earth station in a non-geostationary-satellite network;”
A summary of FSS frequency bands and coordination provisions in ITU-RR are summarized in the following table:
	FSS frequency bands
	No hard-limits for protection of GSO
	Coordination between Non-GSO
	Coordination between Non-GSO and GSO
	Article 22 EPFD hard limits are applicable

	Earth-space
	space-Earth
	
	
	
	

	
	3400-4200 MHz
	22.2
	
	
	Yes (3700-4200)

	5725-6700 MHz
	
	22.2
	
	
	Yes (5925-6700)

	6700-7075 MHz
	
	22.2
	9.12
	
	Yes (6700-6725)

	7250-7750 MHz
	
	22.2
	
	
	

	7900-8400 MHz
	
	22.2
	
	
	

	
	10.7-12.95 GHz
	22.2
	9.12
	
	Yes

	
	11.2-11.45 GHz
	22.2
	9.12
	
	Yes

	
	11.7-12.75 GHz
	22.2
	9.12
	
	Yes

	12.75-13.25 GHz
	
	22.2
	9.12
	
	Yes

	13.75-14.0 GHz
	
	22.2
	9.12
	
	Yes

	
	17.8-18.6 GHz
	22.2
	9.12
	
	Yes

	
	18.6-18.8 GHz
	22.2
	
	
	

	
	18.8-19.3 GHz
	
	9.12
	9.12A
	

	
	19.3-19.7 GHz (MSS FL)
	
	9.12
	9.12A
	

	
	19.3-19.7 GHz
	22.2
	
	
	

	
	19.7-20.2 GHz
	22.2
	9.12
	
	Yes

	
	20.2-21.2 GHz
	22.2
	
	
	

	27.5-28.6 GHz
	
	22.2
	9.12
	
	Yes

	28.6-29.1 GHz
	
	
	9.12
	9.12A
	

	29.5-30.0 GHz
	
	22.2
	9.12
	
	Yes

	V-band FSS
	V-band FSS
	22.2
	9.12
	
	Yes Single/Aggregate


FSS frequency bands and coordination provisions, Source: ITU
In the frequency bands, for which Article 22.2 does not apply, NGSO networks are required to coordinate with the existing GSO networks (Article 9.11A of ITU RR). Further, for coexistence of NGSO networks, as per ITU framework, any upcoming NGSO network is required to coordinate with the existing NGSO networks. 
In short, owing to angular separation, altitude separation, polarization and ITU’s framework on coordination mechanism, the frequency spectrum in the higher spectrum bands such as C band, Ku-band and Ka-band can be used by multiple service providers using GSO/ NGSO satellites networks in the same geographical area. 
In the case of GSO satellites, the same frequency spectrum can be used by multiple GSO satellite systems as long as they are sufficiently apart in terms of angular separation. Same frequency spectrum with different polarization can be used in case two satellites systems have insufficient angular separation between them.
In the case of NGSO satellite constellations, the same frequency spectrum is used by different satellite constellations by adopting coordination techniques. However, in instances such as in-line events where a satellite comes in the same line-of-sight path between the earth station and the satellite of another constellation, the satellite operators might have to split frequency spectrum among themselves as a last resort. 
Federal Communication Commission (FCC) in its publication [39] titled ‘Spectrum Sharing Rules for Non-Geostationary Orbit, Fixed-Satellite Service Systems’, mentions that “the Commission has adopted rules for spectrum sharing among NGSO FSS systems. NGSO FSS operators must coordinate with one another in good faith the use of commonly authorized frequencies. Absent a coordination agreement between two or more NGSO FSS satellite systems, a default spectrum-splitting procedure applies. Under the default spectrum-splitting procedure, whenever the increase in system noise temperature of an earth station receiver, or a space station receiver for a satellite with on-board processing, of either system, ΔT/T, exceeds 6 percent due to interference from emissions originating in the other system in a commonly authorized frequency band, such frequency band will be divided among the affected satellite networks in accordance with the following: (1) Each of ɳ (number of) satellite networks involved must select 1/ɳ of the assigned spectrum available in each of these frequency bands; (2) the affected station(s) of the respective satellite systems may operate in only the selected (1/ɳ) spectrum associated with its satellite system while the ΔT/T of 6 percent threshold is exceeded; and (3) all affected station(s) may resume operations throughout the assigned frequency bands once the threshold is no longer exceeded.”
8.6. [bookmark: _Toc146279502]Sharing of frequency bands between satellite networks and terrestrial networks
In some of the frequency bands, satellite-based services are coexisting with terrestrial fixed services, such as microwave deployments. For instance, in the 13 GHz band (12.75-13.25 GHz) and 18 GHz band (17.7-19.7 GHz), microwave access (MWA) service, which is used for cellular backhaul, coexists with FSS in India. 
To control interference, ITU provides an elaborate framework. The Article 21 of ITU-RR deals with the aspects of terrestrial and space services sharing frequency bands above 1 GHz. The Section I of Article 21 deals with the choice of sites and frequencies. It provides as below:
“21.1  Sites and frequencies for terrestrial stations and earth stations, operating in frequency bands shared with equal rights between terrestrial radiocommunication and space radiocommunication services, shall be selected having regard to the relevant ITU-R Recommendations with respect to geographical separation between earth stations and terrestrial stations. 
[image: ]21.2  As far as practicable, sites for transmitting stations, in the fixed or mobile service, employing maximum values of equivalent isotropically radiated power (e.i.r.p.) exceeding the values given in Table 21-1 in the frequency bands indicated, should be selected so that the direction of maximum radiation of any antenna will be separated from the geostationary-satellite orbit by at least the angle in degrees shown in the Table, taking into account the effect of atmospheric refraction.

21.2.1 For their own protection receiving stations in the fixed or mobile service operating in frequency bands shared with space radiocommunication services (space-to-Earth) should also avoid directing their antennas towards the geostationary-satellite orbit if their sensitivity is sufficiently high that interference from space station transmissions may be significant. In particular, in the frequency bands 13.4-13.65 GHz and 21.4-22 GHz, it is recommended to maintain a minimum separation angle of 1.5 degree with respect to the direction of the geostationary-satellite orbit.”
	The Section II of Article 21 of ITU’ RR deals with power limits for terrestrial stations. It provides, inter-alia, as below:
“21.3  The maximum equivalent isotropically radiated power (e.i.r.p.) of a station in the fixed or mobile service shall not exceed +55 dBW.”
The Section-III of Article 21 of ITU’s RR provides power limits for earth stations. The Section-IV provides minimum angle of elevation of earth stations. The Section-V provides limits of power flux density from space stations.
8.7. [bookmark: _Toc146279503]Coexistence of Satellite Gateways (Feeder links) with terrestrial IMT 
In some countries, some parts of the satellite bands (such as 28 GHz), have been assigned for IMT deployment. Since spectrum in higher bands is going to be used to meet high throughput requirements, its deployment is not likely to be ubiquitous rather it is more likely to be kind of hotspots or urban microcells. Therefore, IMT Stations and Satellite Earth Stations Gateway (Earth to Space) can co-exist. The Satellite Earth Station Gateway can be permitted to be established in such bands at uninhabited or remote locations on a case-to-case basis, where there is less likelihood of IMT/ 5G services to come up. 
In 2016, while FCC [40] was planning to auction spectrum in 27.5-28.35 GHz band (850 MHz) for flexible use Upper Microwave Flexible Use Service (UMFUS[footnoteRef:3]) licenses, FCC was disinclined to automatically grant co-primary status for all FSS operations in the 27.5-28.35 GHz band, principally because it would be inconsistent with the development of terrestrial mobile service in the band. With respect to gateways, however, FCC proposed that satellite operators could acquire terrestrial flexible use UMFUS licenses enabling them to exclude terrestrial operators that might be subject to interference from within the license area. After due examination of the comments received from the stakeholders, FCC decided to maintain the current status of FSS, create new opportunities for continued expansion of FSS earth stations on a protected basis. FCC noted that the ability of satellite earth stations and terrestrial operations to coexist in close proximity to each other has two significant ramifications.  First, it should be possible for satellite and terrestrial services to share the 28 GHz band with de minimis impairment of each other’s operations.  Second, the disparity between the county-sized license areas established for 28 GHz UMFUS licensees and the extremely small areas required for FSS earth stations makes it inappropriate to rely exclusively on a market-based mechanism for assigning rights to FSS earth stations, although this option is retained as one means through which FSS operators may expand. In addition to acquiring the terrestrial license rights, it was decided to continue to authorize gateway satellite earth stations under the existing first-come, first-served basis, subject to compliance of following conditions: [3:  UMFUS is the collective term the FCC uses for innovative fixed, temporary fixed, mobile and Internet of Things (IoT) terrestrial wireless services using bandwidth that is sufficient for the provision of a variety of applications, including those using voice and data (such as Internet browsing, message services, and full-motion video) content. The services provided by UMFUS licensees are limited only by the Fixed, Mobile, and co-primary Fixed Satellite Service (FSS). 
Source:https://www.fcc.gov/wireless/bureau-divisions/broadband-division/upper-microwave-flexible-use-service-umfus

] 

a. First, no more than three locations in each county will be authorized where FSS may deploy earth stations on a protected basis.  
b. Second, an FSS applicant must demonstrate in its license application that the permitted interference zone around its earth station, which will be defined as the contour within which FSS licensees generate a power flux density (PFD), at 10 meters above ground level, of no more than -77.6 dBm/m2/MHz, together with any pre-existing earth stations located in the same county on a protected basis, will, in the aggregate, cover no more than 0.1 percent of the population of the county license area where the earth station is located.   
c. Third, the applicant must show that the permitted interference zone does not infringe upon any major event venue, arterial street, interstate or U.S. highway, urban mass transit route, passenger railroad, or cruise ship port.
d. Fourth, prior to filing its application, if there is an existing 28 GHz UMFUS licensee in the county where it is proposing to locate its earth station, the earth station applicant must coordinate its operation with the existing UMFUS licensees. The purpose of the coordination is to ensure that the earth station will not interfere with existing facilities operating under the UMFUS license. It is expected that UMFUS licensees will cooperate in good faith in the coordination process and only raise objections if there is a legitimate concern about interference to existing UMFUS facilities or failure to comply with the criteria listed above.
Thus, as per FCC [41], FSS operation in the 27.5-28.35 GHz band is co-primary if the FSS licensee also holds the UMFUS license for the area where the earth station is located; otherwise, FSS is secondary to the UMFUS.
8.8. [bookmark: _Toc146279504]Spectrum Assignment practices for space-based communication services 
Globally, spectrum for satellite communication services is being assigned administratively except for a few exceptions. A few countries, such as USA, Brazil and Saudi Arabia, have conducted auctions for frequency spectrum in the past. USA and Brazil conducted auction of satellite spectrum along with orbital slots; however, both the countries have reverted to administrative assignment. Saudi Arabia recently conducted auction of spectrum in S-band. Since the technical characteristics of S-band are such that it is assigned on exclusive basis for MSS, auction can be conducted in a manner similar to the spectrum auction for terrestrial mobile services. 
From the inputs received from SATRC member countries, it is observed that spectrum for satellite-based communication services is being assigned on an administrative basis. India is currently reviewing the spectrum assignment methodology for satellite-based communication services. A consultation paper has been floated by TRAI, India in this regard. Nepal, in its response to the questionnaire, has mentioned that as the new technologies and applications such as Broadband Satellite Services require large amounts of spectrum, the NTA may choose to introduce band and bandwidth-based spectrum fees and may also allocate spectrum through auctions to ensure that it is assigned to the operator with the highest value proposition. In Sri Lanka, satellite-based services are not in use so far.
In satellite communication services, the frequency spectrum for user links is required in a ubiquitous manner to fulfill the user requirement. However, spectrum for feeder link is required in limited geography where the earth station gateway is located.  However, as per the present practice, there may not be a distinction in spectrum assignment methodology for user links and feeder links. 
The number of satellite earth station gateways required in case of NGSO satellite constellations vary depending on the altitude of the NGSO satellite constellation and the capacity requirement to meet the customer demand. In case of GSO satellites, the number of satellite earth station gateways required could vary depending on the beam size. For instance, if a GSO satellite is using a wide beam covering the entire nation, the satellite operator may decide to have one or two earth station gateways in the country. However, in case a GSO satellite is a HTS using spot beams, the number of satellite earth station gateways required to be put in place in the country may be much more.
While spectrum for earth station gateway is to be assigned for specific geographic location where the gateway is located. While deciding the location of the gateway, the following factors [42] play a major role, which may bring in an element of competition between service providers seeking to build gateways:
(a) No obstructions such as buildings or mountains blocking any views to satellite;
(b) Cost of land;
(c) Ample land to install as many antennas as necessary in the future;
(d) Sufficient and good quality electrical supply;
(e) Access to optical fibre connectivity from a variety of providers; 
(f) Mild temperatures with a very dry climate, minimum rain and no snow; and
(g) Absence of common natural disasters.

[bookmark: _Hlk129272431]NGSO satellite constellation consists of several satellites and several orbital planes. NGSO satellites keep revolving around the Earth in the respective orbital planes. Therefore, unlike GSO satellite systems, the satellite earth station gateway of the NGSO satellite constellation consists of an array of tracking antennas so that the satellite earth station gateway gets connected to the next arriving satellite before disconnecting with the so far connected satellite. This principle is like base transceiver station (BTS) handover in terrestrial mobile services. As the satellite earth station gateway in NGSO systems consists of several tracking antennas, it should be located in an area that has clear visibility with a minimum elevation angle. Further, the methodology so far adopted for GSO satellite system may need to be reviewed.
8.9. [bookmark: _Toc146279505]Satellite-IMT Integration: Supplemental Coverage from Space
Currently, there is increasing interest of the satellite communication industry to explore the market potential for an integrated satellite and terrestrial network infrastructure for making the IMT services available across the geography, irrespective of location and terrain.
On one hand, smartphone mobile handsets are incorporating Satellite frequency bands in the chipsets to communicate with the existing satellite systems. On the other hand, the satellite operators are collaborating with MNOs to incorporate the IMT spectrum bands in future satellites for directly communicating with the devices. 
The concept of Supplemental Coverage from Space is picking up to close coverage gaps in terrestrial service and to make available the emergency service across the geographies.
3GPP has come out with the Non-Terrestrial Network (NTN) specifications in its Release 17 standardizing the integration of Satellite and IMT networks.
With such developments, here comes the enabling role of regulators and spectrum managers to enable the Satellite-IMT integration, permit extra-terrestrial use of IMT spectrum, and put to flexible use of the spectrum for maximum efficiency. FCC Consultation Paper issued on 17th March 2023
FCC has proposed a novel framework for Supplemental Coverage from Space (SCS) that would provide coverage to a terrestrial mobile service licensee’s subscribers operating in underserved and/or unserved areas within a terrestrial mobile service licensee’s license area, only through a collaboration between an existing NGSO operator and a terrestrial mobile service licensee, involving transmissions between space stations and mobile end-user devices on spectrum that is currently allocated and licensed exclusively on a terrestrial basis to the mobile operator.
T-Mobile has applied to FCC for permission to lease 5 MHz paired IMT Spectrum to SpaceX from its available terrestrial IMT spectrum, that is, 1910-1915 MHz paired with 1990-1995 MHz. Simultaneously, SpaceX has sought FCC permission to operate the mobile-satellite service using the 1910-1915 MHz (Earth-to-Space) and 1990-1995 MHz (Space-to-Earth) bands for links to end-user devices (SIM based devices such as mobile handset). SpaceX will use these frequencies to add a direct-to-cellular communications capability on its 7,500 Generation-2 Starlink NGSO satellites. Feeder link (Gateway side) will continue to be in Ka Band and E band.


9. [bookmark: _Toc146279506]Conclusion 
The Work Item under the title "Non-GSO Satellite Constellations: Requirements, Challenges and Impact in South Asia " was approved in the 23rd meeting of South Asian Telecommunication Regulator’s Council (SATRC-23). In the next step, a questionnaire was developed and circulated among the SATRC members. Responses from Afghanistan, Bangladesh, Bhutan, India, Iran, Maldives, Nepal, Pakistan and Sri Lanka were received and discussed in this report.
The rapidly increasing use of non-geostationary satellite orbits (Non-GSO), represents an important innovation in satellite technology and a potential breakthrough in connecting the unconnected so that they, too, can reap the benefits of today's digital economy. These systems have different merits, such as low cost, lower propagation delay, smaller size, and lower losses in comparison to GSO satellites. However, there are still many deployment challenges such as licensing, space debris, collisions, and sustainability.
The use of unauthorized terminals is a violation of national laws and regulations. It would be a significant challenge that might impact the national security through un-lawful communication, locating the use of unauthorized terminals (to access satellite broadband through NGSO constellation) is a challenging task especially due to smaller size of the antenna, it could interfere with authorized terminals and may impact to the revenue of other operators.
The cost of satellite broadband in the SATRC countries is not available yet. However, generally, the cost of satellite services is significantly higher than that of terrestrial services, but in case of launching Non-GSO mega constellations in the future, competition between satellite operators may increase, which would lead to a decrease in the cost of satellite broadband services over time. Nevertheless, advancements in satellite technology and increased competition along with terrestrial operators would potentially make satellite broadband services more affordable and accessible in the future. 
The impact of NGSO constellations on the ICT market will depend on various factors, such as the regulatory environment, market demand, pricing and quality of services offered by NGSO and traditional service providers. In view of the extremely affordable services currently available in some countries by the fixed/mobile operators, unless a competitive rate is not offered by the NGSO satellite operators, they may not be able to capture the substantial market share. The introduction of NGSO constellations in some other countries could result in increased competition in the broadband market.
The deployment of Non-GSO satellite constellations services would have a significant impact on rural connectivity and the Universal Service Funds/Obligations in the mentioned countries. The deployment of Non-GSO satellite constellations services would help bridge the digital divide and provide internet connectivity to rural areas where terrestrial infrastructure is lacking or prohibitively expensive. Non-GSO constellations can provide high-speed internet connectivity with low-latency, which can improve the quality of rural connectivity. This would enable residents of rural areas to access online education, e-commerce, and other digital services, which would contribute to economic development and improve quality of life. If the Non-GSO constellations can provide reliable and high-speed broadband connectivity to rural areas, then it would reduce the need for traditional telecom operators to invest in expensive terrestrial infrastructure. Instead, the resources may be oriented to universal services to some extent. 
With the entry of Non-GSO service providers, there will be more competition for the USF if the NON-GSO are eligible to apply/compete for USF. However, Non-GSO have to be mandated to contribute to USF if they are eligible to receive the fund. The existing operators may partner with Non-GSO service providers to provide rural connectivity. For example, telcos can use satellites as backhaul for their base stations in the rural areas. This may lead to more efficient utilization of USF funds. If the scenario becomes a reality, the utilization of USF may change from CAPEX to OPEX. While there may not be a need for CAPEX for initial deployment, some subsidy will be required to support the operation and maintenance of the network in the rural areas where the return is low. 
With considering that some constellations of non-geostationary satellites may provide global coverage, the right of each Member State to decide on its participation in these systems, and the obligations for entities and organizations providing international or national telecommunication services by means of these systems to comply with the legal, financial and regulatory requirements of the administrations in whose territory these services are authorized, shall be fully taken into account. 
For the time being, the provisions of RR such as Article 18 and Resolution 22 (WRC-19) oblige the Administration responsible for the Non-GSO constellation to obtain license for their transceiver equipment from the countries which the broadband satellite service is provided. However, more regulations may be required in the specific frequency bands utilized by the big constellation of Non-GSO satellites for broadband services.

Regional arrangements for such regulations can be suitable for the service provider and the clients in the concerned Countries. A unified rule created among a group of countries (such as SATRC countries) by knowledge sharing and cooperation, makes it possible for the service provider to accelerate developing its legitimate service in the concerned countries and also resolve concerns of contributing countries to have supervision for deployment of such services in the territories under their jurisdiction, reduce regulatory concerns at the national levels, promote greater consistency and transparency in the licensing process and the balance of ICT market.

Regarding spectrum, NGSO constellations will be requiring more quantum of spectrum both for user links and feeder links to make use of the entire capacity of the satellite. Some NGSO constellations are using Ku band for user links and Ka band for Feeder links, while some could be using Ka band for both user links as well as feeder links. Moreover, NGSO constellations are also planned in parts of V-band (user links as well as feeder links) and E-band (for feeder links). In a nutshell, the spectrum assignment methodology should be such that sufficient flexibility is available with the satellite systems to seek spectrum for user links and feeder links as per their deployment.
Unlike GSO satellite systems, which require establishing only a few earth station gateways, NGSO satellite constellations as well as high throughput GSO satellites may require establishing many earth station gateways, which may necessitate specific geography (area-based) spectrum assignment. Further, unlike GSO satellite earth station gateway, which consists of a single antenna, each NGSO earth station gateway consists of an array of tracking antennas. Therefore, there may be a need to review the spectrum assignment methodology for feeder links.  
NGSO satellite constellation-based services are making a mark in a global way. Therefore, a close watch by the National Regulatory Authorities may be required to assess their uptake and need for creating suitable provisions in the regulatory framework including spectrum assigning methodology and other terms and conditions.
In view of the market potential for an integrated satellite and terrestrial network infrastructure, there is an important role of regulators and spectrum managers to enable the Satellite-IMT integration, permit extra-terrestrial use of IMT spectrum and put to flexible use of the spectrum for maximum efficiency.
SATRC Members are recommended to have close cooperation in regional and international forums including APT and ITU to address their mutual concerns regarding the NGSO. 
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Appendix-I: Questionnaires (with countries' answers)
QUESTIONNAIRE ON NGSO SATELLITE CONSTELLATIONS: REQUIREMENTS, CHALLENGES AND IMPACT IN SOUTH ASIA

1. BACKGROUND AND PURPOSE
A NGSO (Non-Geostationary) Satellite System/Constellation is a group of communication satellites operating together in Low Earth Orbit (LEO) or Medium Earth Orbit (MEO) to cover a vast span of the globe or even the whole land mass, used for global communications coverage. Some of the NGSO satellite constellations have features of inter-satellite communication links also. 
Considering the need to provide subscribers with reliable communications, by means of space-based communications, these services could be provided by the satellite access providers using NGSO Satellite constellations. It is necessary for countries to have laws and regulations established for such space-based communications to facilitate the easy entry of satellite based operators. 
In this regard, in addition to the establishment of national regulations, establishment of regional and international regulations will also be very helpful. 

2. SCOPE
Overview and status of NGSO Satellite Constellations including:
· Introduction to Non-GSO Satellite systems;
· Specific Characteristics of Non-GSO Satellite constellations;
· Services proposed to be rendered by such NGSO Satellite systems;
· Issues related to Landing rights for NGSO Systems; 
· Study of Global & Regional best practices;


SATRC members are welcome to share their experiences & plans on the following issues:
· Ongoing development in of satellite based Services in their countries;
· Existing national policy and regulations for foreign satellite operators; 
· Methods of issuing licenses to foreign NGSO satellite constellations including Spectrum and Gateways, etc;
· Applying International laws and regulations in the face of foreign satellite operators who are interested to acquire license in your country.
· Fair and equal Opportunity to all the countries to launch NGSO satellite systems
· Spectrum Requirements:
· Spectrums in C, Ku, Ka, E, etc, bands
· Spectrum Award mechanisms & practices e.g. Auction
· Co-existence & sharing with other satellite systems & terrestrial systems (e.g. Satellite Internet & IMT in 28GHz band) 
· Interference Management
· Licensing aspects for NGSO satellite systems
· Challenges & concerns: licensing, national security, space debris & collisions, shorter life, reusability, sustainability
· Impact on: 
· terrestrial telecom, 
· rural connectivity solution,  
· Universal Service Funds / Obligations

3. METHODOLOGY FOR CARRYING OUT THE STUDY
The study will be carried out by the Lead/Co-Lead Experts in consultation with the other Experts from Member countries on the subject. Therefore, in order to pursue the study, the following questions are prepared to obtain input (information) on the subject. Based on the inputs, the lead expert will compile and generate report for the SATRC region. 

4. QUESTIONS

Note: Unless otherwise stated, the questions related to this work item includes the complete NGSO satellite ecosystem i.e. satellite constellations, gateway earth stations and user terminals.

[bookmark: _Toc146279508]Part I: Questionnaires PRS Related Issues:
1. Is there any national law / licensing method / regulation, that applies to national/international satellite operators, for providing satellite services (FSS, BSS, MSS, etc.) in your country?

If yes, please provide details.

a) National satellites

b) International foreign satellites (particularly regarding to NGSO satellite)
	Country (Regulatory)
	Response

	Afghanistan
(ATRA)
	In Afghanistan, there is currently applicable general laws’ provisions as well as specific regulations for commercial satellite services and landing rights in place that apply to national and international satellite operators for providing services, including Fixed Satellite Service (FSS), Broadcast Satellite Service (BSS), and Mobile Satellite Service (MSS) for GSO. However, for the regulation of GSO satellite services (BSS, MSS and FSS) we have a regulation titled “Regulation for Commercial Satellite Services and Landing Rights in Afghanistan” in case of NGSO Satellite, ATRA is going to develop a regulation for NGSO Services in future. In the meantime, the Ministry of Communication and Information Technology has taken steps to address this by recently creating a Satellite Directorate within its structure. This Directorate will be responsible for developing policies for the operation of Non-Geostationary Satellite Orbit (NGSO) systems, both national and international in coordination with ATRA.


	Bangladesh (BTRC)
	Yes, a regulation is there for national satellite operator for GEO communication satellites only. There are other laws and acts that operators need to follow in Bangladesh. 
For satellite service, BTRC has a licensing guideline which is called “Regulatory and Licensing guidelines for Satellite Services in Bangladesh” which is available on BTRC website. http://btrc.portal.gov.bd/sites/default/files/files/btrc.portal.gov.bd/page/1c1ea1c0_f8ef_4cdf_9005_d8a34b9ca554/2022-02-27-04-34-76f033be83eee72e4eb25148fc47e780.pdf

There is another legal document for landing rights: REGULATORY GUIDELINES ON LANDING RIGHTS FOR BROADCASTING SATELLITE SERVICE IN BANGLADESH. 
http://btrc.portal.gov.bd/sites/default/files/files/btrc.portal.gov.bd/page/1c1ea1c0_f8ef_4cdf_9005_d8a34b9ca554/2022-08-14-07-15-bc5e4d1f7c1a41cd6dc6472350f9e10d.pdf  


	Bhutan
(BICMA)
	There are no laws/ regulations as of now for the satellite operators.

	India
(TRAI)
	Any telecommunication services in India, including satellite-based telecommunication services, can be provided only after obtaining the applicable service license from DoT. For ease of understanding of the stakeholders, the guidelines for establishing satellite-based communication network(s) issued dated 26.10.2022 have been issued and are attached as Annexure. The applicable licenses are being issued by Department of Telecommunications (DoT) for communication services and by Ministry of Information & Broadcasting (MoIB) for the broadcasting services.
The national satellite or any international foreign satellite capacity requires authorisation of Indian National Space Promotion and Authorisation Centre (IN-SPACe)/ NewSpace India Limited (NSIL)/ Department of Space (DoS) as per the requirement of licensee.


	Iran (I. R. of)
(CRA)
	a) National satellites
Yes, there is a regulation/ licensing method which already been approved by the CRA's Commission that applies to national satellite operators, for providing satellite services in the territory I.R. of Iran. In summary, some of the important items includes as the follow:
· The satellite communications network includes: space sections consisting of all or part of one or more satellites located in certain orbital positions, ground sections consisting of TT&C, SCC, MCC, hub and gateway that control and manage payload.
· Distributing and selling the bandwidth of available satellites, creating dedicated networks and providing any communication and data transmission services such as fixed and mobile satellite services, creating access to high-speed Internet, creating access for providing voice, video, text and data services, all kinds of content, value-added services and providing public satellite broadcasting services.
· The validity period of the license is fifteen (15) years if, the relevant license is granted.
· The necessity of Installation of MCC, SCC and TT&C stations in the national territory for GSO satellites.
· At least one satellite located in an orbital position registered under the name of the Iran Administration (orbit-frequency privilege belonging to the Islamic Republic of Iran). By the end of the tenth year during the license validity period.
· In order to request to receive licensed services within the country, the licensees should supply at least eighty percent (80%) of domestic market needs.
· Publication of the status of the quality indicators of the services.
· Providing service delivery indicators, service quality levels and support.
· Presenting the initial commercial and technical plan.

b) International foreign satellites (particularly regarding to NGSO satellite)
For International satellites, we have already been approved a document named as "Landing Rights Regulation" by the CRA's Commission that all of the operators have to consider it. As summary, some of the important items includes as the follow:
· Satellite operators shall comply with the ITU Radio Regulations at the time of establishment of the satellite network. CRA confirmation is necessary at the time of establishment or before the provision of services in the territory of I. R. of Iran;
· Satellite operator is obliged to submit to CRA the satellite specifications as it is registered in ITU as well as other complementary information, as required. All frequency assignments must be in accordance with Table of National Frequency Allocation of I. R. of Iran.
· Satellite operator is obliged to submit to CRA the map of geographical areas under its coverage, technical specifications of fixed or mobile, transmitting and receiving earth stations which have the ability to communicate with their network, Service Level Agreement (SLA) in all different parts of the country, as well as mutual electromagnetic protection with other transceivers all over the country;
· The applicant for provision of satellite services in the I. R. of Iran must submit to CRA, the qualitative and technical specifications of its services in order to obtain CRA confirmation. 
· Providing fixed and mobile phone services, SMS, mobile and fixed internet, public broadcasting, and data transmission to fixed, portable or mobile satellite terminals of subscribers based on satellite communications are subject to this landing right regulation.
· The foreign satellite operator will be able to provide services in the country as long as the domestic operator is not able to provide those services due to insufficient capacity or lack of technological maturity.
· Provision of space services which are the subject of this Decision by the satellite operators are only allowed through a contract with license holders which are allowed to provide satellite access;
· The satellite operator is obliged to create an international internet gateway in the territory of the Islamic Republic of Iran or to adopt alternative solutions agreed by CRA;
· The satellite operator shall not cause harmful interference to the existing and planned satellite and terrestrial services in the I. R. of Iran or impose any constraint on their development;
· The satellite operator is obliged to introduce its representative with necessary authorities in terms of technical and regulatory issues as well as other matters related to this Decision. The representative shall refer to CRA, if necessary;
·  Provision of any kind of roaming services to subscribers within the territory of the Islamic Republic of Iran is allowed only after the approval of CRA;
Foreign passengers who are subscribers of satellite operators and travel to the I. R. of Iran with their own terminal, shall receive the required services only through the license holder authorized in the I. R. of Iran to provide satellite access. This must be explicitly notified to all subscribers by the satellite operator;

	Maldives (CAM)
	No direct laws or regulations. However, regulations exist for licensing international gateway and ISP License which generally covers the scope and services provided by NGSOs.

	Nepal
(NTA)
	Yes, there are national laws, regulations, and licensing methods that apply to national and international satellite operators providing satellite services (FSS, BSS, MSS, etc.) in Nepal.
The regulatory framework for satellite communications in Nepal is primarily governed by the Telecommunications Act, 2053 (1997), which established the Nepal Telecommunications Authority (NTA) as the regulatory body responsible for overseeing the telecommunications sector in Nepal, including satellite communications.
Following are the regulatory document that applies to national/international satellite operators, for providing satellite services (FSS, BSS, MSS, etc.) in Nepal:
a) Telecommunication Act, 1997
b) Telecommunication Regulation, 1998
c) Radio Frequency Policy, 2016
d) Satellite Policy, 2020
e) Licensing Procedure (www.nta.gov.np)
f) Value Added Service General Licensing Procedure
g) Special Directive for VSAT Users
h) Special Directive for Licensing of Network Service Provider
Following are the Licenses issued by NTA that are related to satellite services (FSS, BSS, MSS, etc.) in Nepal.
1. Internet Service Provider: License necessary to provide internet services in the territory of Nepal.
1. VSAT User: License required to use VSAT terminal by an organization.
1. Network Service Provider: License required to provide bandwidths to the Internet Service Providers and VSAT users.
1. GMPCS: License required to provide Global Mobile Personal Communication System in Nepal.
As of now, Nepal does not have national satellites. Consequently, there is no explicit licensing procedure applicable to the national satellite operators. However, the National Satellite Policy is already published and the draft regulation involves an application and review process, which includes a technical review of the proposed satellite system and frequency assignments, as well as a review of the operator's financial and organizational capacity. Once a license is granted, satellite operators are required to comply with a range of regulatory obligations, including spectrum usage fees, technical standards and specifications, and reporting requirements.
The current Telecommunication Policy of Nepal requires at least 20 percent of the investment in a Telecommunication company to be from Nepali investors. Therefore, international foreign satellites cannot be registered in Nepal and they cannot provide the services directly to the end users. However, the Network Service Providers can establish an MoU or Contract with the International service providers and resale the bandwidth to the Internet Service Providers and VSAT users.
Overall, the regulatory framework for satellite communications in Nepal is designed to ensure that satellite services are provided in a responsible and sustainable manner, and to promote equitable access to satellite resources for all service providers.

	Pakistan
(PTA)
	As per current policies in force, Pakistan has adopted a ‘balanced’ approach to encourage local and foreign investment, deployment and use of Fixed, Broadcast and Mobile Satellite Services.
a) National Law.	As per Telecommunication Policy, 2015, Satellite based Telecommunication Services can be provided by any foreign or domestic satellite operator through a satellite service provider, authorized for provision of Satellite based Telecommunication Services, duly licensed by Pakistan Telecommunication Authority (PTA). 
b) Current Licensing Method. 
i. Installation of Gateway Earth Stations. 
Long Distance and International (LD&I) Licensee is authorized to establish and operate gateway earth stations, anywhere in Pakistan, subject to reaching agreement, subject to approval of the Authority for such agreements, with the satellite operators.
ii. User Terminals. Local Loop (LL) Licensee is authorized to establish and operate terminal earth stations, user terminals, anywhere in its respective licensed region, subject to approval of the Authority prior to its installation.
iii. Global Mobile Personal Communications Service. LD&I Licensee is permitted to provide GMPCS Service, provided that the Licensee first obtains authorization from the Authority to provide such GMPCS Service.

	SRI LANKA (TRC)
	Section 22 license is issued for Global Mobile Personal Communication by Satellite (GMPCS) system including GMPCS user terminals inline with section 17 license.



2. Considering the cost of Fixed/Mobile broadband services in your country, is there a considerable gap between the cost of satellite broadband and terrestrial services? What is your estimation about the decrease of such expenses of mega constellation broadband in future?

	
	Fixed Broadband 
(Local Currency/ USD)
	Mobile Broadband
(Local Currency/ 
USD)
	Satellite Broadband
(Local Currency/ USD)
	Comments
(if any)

	25 Mbps
	
	
	
	

	50 Mbps
	
	
	
	

	100 Mbps
	
	
	
	

	Other
	
	
	
	



	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	Generally, the cost of satellite services is significantly higher than that of terrestrial services. In case of launching NGSO mega constellation and become operational in Afghanistan in the future, there may be increased competition satellite operators. This competition could lead to a decrease in the cost of satellite, broadband services over time, although it is early to predict the exact magnitude of decrease in costs. Nevertheless, advancements in satellite technology and increased competition along with terrestrial operators could potentially make satellite broadband services more affordable and accessible in Afghanistan in the future.

	Bangladesh (BTRC)
	
	
	Fixed Broadband
(Local Currency/ USD)
	Mobile Broadband
(Local Currency/
USD)
	Satellite Broadband
(Local Currency/ USD)
	Comments
(if any)

	25 Mbps
	~BDT 12,500
	Mobile operators only provide volume based packages
	~BDT 22,00,000
	

	50 Mbps
	~BDT 22,000
	
	~BDT 37,50,000
	Starlink reference BDT 11,000

	100 Mbps
	~BDT 40,000
	
	~BDT 70,00,000
	

	Other
	
	
	
	


 

	Bhutan
(BICMA)
	
	
	Fixed Broadband (Local Currency/ USD)
	Mobile Broadband (Local Currency/
USD)
	Satellite Broadband
(Local Currency/ USD)
	Comments
(if any)

	25 Mbps
	TICL: $8.25 per Mbps
BTL: $6.72 per Mbps
	TICL: 1330 Mb for $1.21
BTL: 1330 Mb for $1.21
	No Satellite Broadband services yet
	

	50 Mbps
	TICL:$8.25 per Mbps
BTL: $6.72 per Mbps
	TICL: 1330 Mb for $1.21
BTL: 1330 Mb for $1.21
	No Satellite Broadband services yet

	

	100 Mbps
	TICL:$6.72 per Mbps
BTL:$6.72 per Mbps

	TICL: 1330 Mb for $1.21
BTL: 1330 Mb for $1.21
	No Satellite Broadband services yet

	




	India
(TRAI)
	Not Available

	Iran (I. R. of)
(CRA)
	The tariff ceiling for the end user for each service is given in the table below. The tariff floor for each case is 50% of its tariff ceiling. 
	
	Fixed Broadband
(Local Currency/ USD)
	Mobile Broadband
(Local Currency/
USD)
	Satellite Broadband
(Local Currency/ USD)
	Comments
(if any)

	25 Mbps
	The service is offered with levels 20 Mbps/Month and 30/Month Mbps.
For 20 Mbps/Month the tariff is 5 $.
For 30 Mbps/Month the tariff is 6.25$

	The tariff for Mobile Broadband services is not based on speed and is determined based on volume.
The tariff ceiling of the Mobile Broadband data for permanent SIM cards is 0.001$ per 1 GB.
	...
	

	50 Mbps
	If the service is based on fiber, the tariff is competitive. Otherwise for ADSL/VDSL the tariff is 7.5$ per month.
	
	..
	

	100 Mbps
	---
	
	...
	

	Other
	
	
	...
	




	Maldives (CAM)
	No satellite services yet.
	
	Fixed Broadband
(Local Currency/ USD)
	Mobile Broadband
(Local Currency/
USD)
	Potential Satellite Broadband
(Local Currency/ USD)
	Comments
(if any)

	25 Mbps
(200 GB)
	MVR 690 / USD 45

	
	USD 110
USD 135


	

	40 Mbps
(420 GB)
	MVR 1090 / USD 71
	
	
	

	50 Mbps
Unlimited Data
	MVR 1490 / USD 97
	
	
	

	100 Mbps
(900 GB)
	MVR 1990 / USD 129
	
	
	

	100 Mbps
Unlimited Data
	MVR 2800 / USD 182
	
	
	

	200 Mbps
(1.5 TB)
	MVR 2990 / USD 194
	
	
	

	1 Gbps
(4.5 TB)
	MVR 6990 / USD 453
	
	
	




	Nepal
(NTA)
	
	
	Fixed Broadband
(Local Currency/ USD)
	Mobile Broadband
(Local Currency/
USD)
	Satellite Broadband
(Local Currency/ USD)
	Comments
(if any)

	25 Mbps
	Average USD 6.08
	Volume based Tariff Average USD 0.008 (NPR 1.00) per Mb and for Package Subscription, Minimum Tariff USD 0.00008 (NPR 0.01) per MB
	Approved Tariff is not available.
	

	50 Mbps
	Average USD 8.36
	
	
	

	100 Mbps
	Average USD 11.41
	
	
	

	Other
	
	
	
	




	Pakistan
(PTA)
	Not Available

	SRI LANKA (TRC)
		
	Fixed Broadband
(Local Currency/ USD)
	Mobile Broadband
(Local Currency/
USD)
	Satellite Broadband
(Local Currency/ USD)
	Comments
(if any)

	25 Mbps
	41
	55
	high data rates are not available
	

	50 Mbps
	82
	55
	
	

	100 Mbps
	NA
	NA
	
	

	Other
	Less than 25(rates are less than 8 Mbps)
	Less than 28(rates are less than 8 Mbps)
	
	






3. The development of new-coming NGSO constellations with global coverage will impact the ICT market in various countries. What is your estimation of the market of such services in your country and how much can they affect the revenue of the Fixed/Mobile operators in your country?
	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	The development of new-coming NGSO (non-geostationary orbit) constellations with global coverage has the potential to impact the ICT market in Afghanistan in various ways. These constellations can offer high-speed broadband connectivity to remote and underserved areas of the country, which could lead to increased demand for internet services.
As the market for such services in Afghanistan is not available at this time, it is difficult to predict the exact impact on the revenue of fixed/mobile operators in the country. However, the introduction of NGSO constellations could result in increased competition in the broadband market, leading to improved service quality and lower prices for end-users. As a consequence, fixed/mobile operators may need to adjust their pricing and service offerings to remain competitive, which will potentially impact their revenue.

	Bangladesh (BTRC)
	Whatever services NGSO constellations may provide, it will have huge negative impact on the Broadband (Local/National), Mobile and Satellite operators who are currently providing these services.

	Bhutan
(BICMA)
	If the satellite broadband services are introduced in our country, it may take away certain market share in providing fixed broadband services. The introduction of NGSO satellite services will have a direct impact on the ISP services if the NGSO service providers are allowed to operate in the urban areas. Initially, when the set-up cost and bandwidth charges are relatively high, the enterprise segment of the ISP market will be impacted. In the mid and long term, even the consumer segment (residential and individuals) will also be affected as the NGSO service providers decrease both the set up cost and recurrent bandwidth charges. In effect, the revenue share of the domestic ISPs will fall and may eventually threaten their financial sustainability. This scenario is more likely considering the fact that the companies venturing into NGSO service are backed by foreign governments, companies and individuals with abundant financial resources. In the future when satellite voice becomes a reality, the revenue from voice for the mobile operators will also be affected. 
Although it is hard to predict the absolute value in revenue implications, it is felt that it will capture 10% of the market within 2 to 3 years of rolling out the satellite internet services. This is in anticipation that the services will not only be allowed in remote areas through laws and regulation but in urban areas as well in which customers from urban areas will opt for the service to feel the new technology.

	India
(TRAI)
	In view of the extremely affordable services currently available in India by the fixed/mobile operators, the development of new-coming NGSO constellations with global coverage may have to be competitive in the market. It is felt that unless a competitive rate is not offered by the NGSO satellite operators, they may not be able to capture the substantial market share.
On the contrary, given the large size of the market of fixed/mobile services; NGSO are not likely to affect the revenues significantly.


	Iran (I. R. of)
(CRA)
	Due to the low price of the Internet in the Islamic Republic of Iran, it does not have much impact and its affordable in rural and remote areas (considered for USO services) where the provisions of broadband service by terrestrial infrastructure (Fixed/ mobile services) are not cost-benefit.


	Maldives (CAM)
	We do not see a significant impact to the residential market as there will not be a price advantage when compared to residential fibre broadband packages on islands covered by fibre. Fibre Broadband is currently accessible to about 90% of the population nationwide and growing. 

As price of corporate services are relatively high due to higher grade of services being provided, there is the possibility for potential satellite services to penetrate and gain a higher share of the market share than in the residential market segment.

	Nepal
(NTA)
	NGSO constellations refer to the networks of satellites orbiting the earth at a lower altitude than traditional geostationary satellites, providing improved coverage and lower latency for communication services. These constellations are being developed by companies such as SpaceX, OneWeb, and Amazon, with the goal of providing affordable high-speed internet connectivity to underserved areas around the world.
Nepal, being a developing country with significant rural populations and challenging topography, can potentially benefit from NGSO constellations' services. The availability of reliable and affordable internet services can have a significant impact on the country's economic and social development, enabling e-commerce, e-education, telemedicine, and other digital services.
In terms of revenue impact, the introduction of NGSO constellations can disrupt the traditional business models of fixed and mobile operators in Nepal. These operators may face increased competition from NGSO-based internet service providers, offering more affordable and accessible services to consumers. At the same time, the operators can also explore partnerships and collaborations with NGSO service providers to expand their service offerings and revenue streams.
Overall, the impact of NGSO constellations on the ICT market in Nepal will depend on various factors, such as the regulatory environment, market demand, and the pricing and quality of services offered by NGSO and traditional service providers.

	Pakistan
(PTA)
	Currently, Satellite Services being used in Pakistan are mainly for Corporate Data Networks i.e. banks. New-coming NGSO are mainly focusing on far flung areas which is not a business viability for fixed/ mobile operators in Pakistan and same is the domain of USF in Pakistan. Development of new-coming NGSO shall definitely get the ITU vision of connecting the unconnected in near future.

	SRI LANKA (TRC)
	As our understanding the tariff for NGSO service may be 100-150 USD per month. But the unlimited mobile and fixed broadband tariff is about 10 USD. Therefore, there will be not much impact on ICT market in Sri Lanka.




4. What challenges may you face with, in the case of utilization of un-authorized terminals (to access satellite broadband) in your country? Have you ever encountered any report of criminal actions in your country in such cases? How the current national laws/regulations will consider usage of such un-authorized terminals?
	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	The use of unauthorized terminals to access satellite broadband would be a significant challenge that can negatively impact the quality and availability of the service. Such unauthorized use can result in network congestion, interference, and other technical issues that can degrade the user experience. Additionally, the use of unauthorized services and terminals can potentially compromise network security and privacy, leading to unauthorized access to sensitive information and data breaches.

The use of such terminals is illegal in Afghanistan according to the existing Law and regulations and violators can be subject to penalties.

	Bangladesh (BTRC)
	Using NGSO satellites’ un-authorized terminals, might impact the national security through un-lawful communication. So far, we have not faced such incident but it is strictly unlawful to engage and use such unauthorized terminals according to the provision of Telecom Act. 

	Bhutan
(BICMA)
	Until now, we do not have satellite broadband services in our country. With the help of the customs office, the import of satellite broadband terminals can be regulated.

	India
(TRAI)
	Currently, only authorised terminals provided by the licensed service-providers are allowed in India. The holding of un-authorised terminals by any citizens is illegal.
1. Locating the use of unauthorized terminals (to access satellite broadband through NGSO constellation) is a challenging task especially due to smaller size of the antenna.
1. As reported by Wireless Planning and Coordination (WPC) Wing of the Ministry of Communications, which is the concerned nodal agency, they have not come across any such criminal action for utilizing unauthorized terminals.
1. As per the extant Indian regulations, possession and operation of satellite terminals(satellite phones, VSAT terminals, etc.) without the permission/ wireless operating license from Wireless Planning and Coordination (WPC) Wing of the Ministry of Communications, is illegal.

	Iran (I. R. of)
(CRA)
	· According to parliament rule the import of some telecommunication equipment for public usage is illegal unless the license has been granted by the Ministry of ICT. Meanwhile, exploring such equipment requires advanced monitoring systems and it is a sophisticated time-consuming procedure.
· Yes, we receive some reports from relevant organizations in our country related to the criminal acts that may be conducted by such devices.
· The parliament in our country has created relevant laws and executive regulations which prohibit the use of unauthorized satellite terminals.


	Maldives (CAM)
	· We don’t foresee any major challenges as the current NGSOs do not provide services to jurisdictions where they don’t have an operating licence.  
· We haven’t exercised the powers, however the Telecom Law and subsequent regulations empower the Authority to take such action when required.

	Nepal
(NTA)
	The utilization of unauthorized terminals to access satellite broadband in Nepal could lead to several challenges, including:
1. Security Risks: Unauthorized terminals may not have gone through the necessary security checks, which could lead to cyber threats and risks of espionage. These threats can compromise the security of the country and its citizens.
1. Interference: Unauthorized terminals could interfere with authorized terminals, which can cause network disruption and poor service quality. This could impact the service availability for legitimate users, which can have significant economic and social implications.
1. Legal Implications: The use of unauthorized terminals is a violation of national laws and regulations, and could result in legal consequences for those who engage in such practices. The penalties for such violations may include fines, confiscation of equipment, or even imprisonment, depending on the severity of the offense.
There have been reports of use of unauthorized terminals, i.e. non- type approved terminal and commencement service in the footprint of country without getting license from NTA.
The current national laws and regulations in Nepal prohibit the use of unauthorized terminals to access satellite broadband. The Telecommunications Act 1997, the Radio Frequency Policy, 2016 and Type Approval Working Procedure of Customer Premises Radio Telecommunication Equipments-2016 (TAP-04) are some of the key legal instruments governing the use of satellite broadband and related equipment in the country. These regulations require users to obtain the necessary licenses and permits before using satellite broadband equipment, and failure to comply with these requirements could result in legal consequences.
In summary, the use of unauthorized terminals to access satellite broadband in Nepal poses several challenges, including security risks, network interference, and legal implications. It is essential for the authorities to enforce existing regulations and take necessary measures to prevent the illegal importation and use of such equipment.


	Pakistan
(PTA)
	Terminal Earth Station registration and type approval is a must case in Pakistan, as per its Telecommunication Policy, 2015. Section 31 of Pakistan Telecommunication (Re-organization) Act, 1996 further details the offences and penalties for establishing and operating telecommunication system and telecom services without a license.

	SRI LANKA (TRC)
	It will be a challenge to the national security when un-authorized terminals access satellite broadband. Also, there may be indirect impact to the revenue of the Fixed/Mobile operators if the un-authorized terminals misuse the satellite broadband service.
No criminal actions reported as at now.
According to the Telecommunications Act of Sri Lanka it is an offence to operate telecommunication apparatus without a license.



5. Are the provisions of the current ITU Radio Regulations (or other international regulations) sufficient to oblige the owners of mega constellations to proceed for obtaining license for providing services in other countries? If yes, please provide details. If not, please provide your suggestions?
	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	The current ITU Radio Regulations do have provisions for coordination for satellite systems, including GSO satellites; However, they do not have provisions for obtaining licenses to provide services in other countries. Therefore, further evaluation and revision of the ITU Radio Regulations and related international regulations may be necessary to ensure that they are up to date and able to address the specific challenges of mega constellations. This could involve working closely with national regulators and international organizations to develop licensing requirements that take into account the unique characteristics of mega constellations.


	Bangladesh (BTRC)
	The service area coordination conditions of ITU Radio Regulations is helpful. But this does not enforce the constellations to power down the beams in restricted countries to avoid usage of un-authorized satellite terminals.
Possible suggestions:
i. Turn off the beam of the satellite(s) over unauthorized territories, 
Or,
Enable GPS tagged signals to all ground user terminals to prevent service usage from unauthorized territories,
ii. NGSO satellite service providers should ensure providing information regarding usage of their services to any member state/administration, upon request.
iii. For internet or data services, country-wise gateway should be ensured.


	Bhutan
(BICMA)
	No. Bhutan will have to develop its own policies, regulations, and licensing modality in terms of allowing the foreign satellite operators to operate in their country.

	India
(TRAI)
	(i) Current ITU Radio Regulations have very well laid out regulatory provisions for providing satellite-based services in other countries by the mega NSGO constellation owners. Some of them are summarized as under:
a. operation of transmitting earth stations within the territory of an administration shall be carried out only if authorized by that administration;
b. notifying administration for a satellite network or system shall, to the extent practicable, limit the operation of transmitting earth stations on the territory of an administration on which they are located and operated to only those licensed or authorized by that administration;
c. when an administration identifies the presence of unauthorized transmitting earth station transmissions in its territories: it should take all appropriate actions at its disposal to the extent of its ability to stop such unauthorized transmissions; and if the matter is not resolved, this administration may report the details of such unauthorized transmissions, if available, to the notifying administrations of the satellite networks or systems that may be associated with these unauthorized transmissions, and the notifying administrations of these satellite networks or systems shall cooperate with the reporting administration, to the maximum extent possible, in order to resolve the matter in a satisfactory and timely manner.
d. upon receipt of information by the ITU-Radiocommunication Bureau (ITU-BR) from an administration detecting an unauthorized uplink transmission from its territory, ITU-BR immediately informs Member States and satellite operating agencies of the matter and work with the administrations involved to resolve the matter.
(ii) The problem is in enforcing these regulations. If a satellite operator is not adhering to these regulations, affected countries have no mechanism to enforce these regulations but to inform the ITU-BR. Hence, notifying administration(s) of such mega NGSO constellations should be fixed with more responsibility that their satellite operator should follow national regulations before providing satellite-based services in other countries.


	Iran (I. R. of)
(CRA)
	For the time being, the provisions of RR such as Article 18 and Resolution 22 (WRC-19) oblige the Administration responsible for the Non-GSO constellation to obtain license for their transceiver equipment from the countries which the broadband satellite service is provided. However, more regulations may be required in the specific frequency bands utilized by the big constellation of Non-GSO satellites for broadband services.

	Maldives (CAM)
	ITU Radio Regulations alone is not sufficient; national regulations will need to be complied to.

	Nepal
(NTA)
	The International Telecommunication Union (ITU) Radio Regulations provide a framework for the use of radio frequencies and the associated orbital resources, including the procedures for the coordination of radio frequency assignments and the registration of space systems. However, these regulations do not specifically address the licensing requirements for mega constellations.
Currently, there are no international regulations that specifically require mega constellation operators to obtain licenses for providing services in other countries. Instead, the licensing requirements for satellite operations are typically determined by national regulations and vary from country to country.
In light of the growing number of mega constellations and the potential for interference and other issues, some countries have begun to review and update their national regulations. For example, the United States recently revised its regulations to require all satellite operators, including those operating mega constellations, to obtain licenses for providing services in other countries.
In my opinion, it would be beneficial to establish an international framework for licensing requirements for mega constellation operators, to ensure consistency and streamline the licensing process. This could include provisions for coordination between national regulatory authorities and the ITU, as well as mechanisms for addressing potential interference issues and other concerns. Such a framework could help to facilitate the growth of the satellite industry while ensuring the safe and responsible use of radio frequencies and orbital resources.

	Pakistan
(PTA)
	ITU Radio Regulations do provide guidance for NGSO Satellites such as “favorable” or “qualified favorable” finding by the ITU Radiocommunication Bureau, in accordance with Resolution 85 of the ITU Radio Regulations regarding its compliance with applicable ITU Equivalent Power Flux Density (EPFD) limits, prior to initiation of services. Further, compliance with international equivalent power flux density (EPFD) limits designed to protect GSO networks in the applicable bands for Region-3 as set forth and covered in Article 22 of the ITU Radio Regulations (ITU-RR). However, other issues, including but not limited to, for mega constellations such as following needs consideration: -
a) What are orbital-debris mitigation plans to fight Orbital Debris Threats?
b) What are its Space Safety Considerations that includes different scenarios of Collision Avoidance, Satellite Reliability, End of Life Decommissioning, Role of Altitude in Constellation Safety and Regulatory Consideration? 
c) Does constellation have encryption systems into the command systems of their craft, so they'll be harder for chaos-seeking hackers to hijack?

	SRI LANKA (TRC)
	This matter under discussion.



6. For a NGSO satellite operator with a regional/global service, it is a bulky task to negotiate with any individual country to get the license for providing service, what is your opinion to constitute a regional/ international regulation to facilitate and also ensure the procedure of obtaining license for mega constellations? Please provide your suggestions.
	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	The establishment of regional or international regulations to facilitate the licensing of mega constellations could be a new step towards promoting greater efficiency and interoperability in the global satellite industry. Such regulations can help to streamline the process of obtaining licenses for mega constellation operations, reduce regulatory concerns at the national levels, and promote greater consistency and transparency in the licensing process.
It would be important to engage a wide range of stakeholders in the development regional/international regulations, including satellite operators, national regulatory authorities, and other industry stakeholders. This will help to ensure that the regulations are effective, efficient, and widely adopted, and that they reflect the diverse needs and perspectives of the global satellite industry in national administrations. 

	Bangladesh (BTRC)
	Bangladesh suggests to have a regional regulation as the NGSO services have many implications over current local/national services for our region.

	Bhutan
(BICMA)
	While a general regulation and standards could be developed and implemented, It should be left with the authority of one's own country rather than to have a regional regulation. Although there can be regional guidelines to recommend the respective countries, the individual countries should have their own right whether to allow foreign satellite services in their territory.

	India
(TRAI)
	Every country has its requirement and complications for the implementation/provision of communication services to its citizens. In the current environment, a regional/international regulation may help if the participant countries have a common understanding on the requirements.


	Iran (I. R. of)
(CRA)
	Regional arrangements for such regulation can be suitable for the service provider and the clients in the concerned Countries. A unified rule created among a group of countries ( such as SATRC countries) by knowledge sharing makes it possible for the service provider to accelerate developing its legitimate service in the concerned countries and also resolve concerns of contributing countries to have supervision for deployment of such services in the territory under their jurisdiction.

	Maldives (CAM)
	Each country has individual licensing requirements which can be different in countries in the same region.  Therefore, while there can be a generic template for the license, specific national requirements will still have to be considered during the licensing process.

	Nepal
(NTA)
	· I believe that the establishment of a regional or international regulatory framework for obtaining licenses for mega constellation operators would be beneficial to both the operators and the countries they wish to serve. Such a framework could provide a standardized process for obtaining licenses and ensure consistency in regulatory requirements across multiple jurisdictions.
To facilitate the development of such a framework, the following suggestions could be considered:
a) Establishment of a working group: The ITU could establish a working group consisting of experts from member countries and mega constellation operators to develop a framework for licensing requirements.
b) Development of a licensing template: The working group could develop a template for licensing agreements that member countries could use as a starting point for negotiations with mega constellation operators.
c) Creation of a central database: The ITU could create a central database to track licenses issued to mega constellation operators and ensure compliance with regulatory requirements.
d) Provision for dispute resolution: The framework should include provisions for resolving disputes between mega constellation operators and member countries, such as through arbitration or mediation.
e) Regular review and update: The framework should be regularly reviewed and updated to ensure that it remains relevant and effective in light of new developments in the satellite industry.
Overall, the establishment of a regional or international regulatory framework for licensing requirements for mega constellation operators could help to streamline the licensing process, reduce administrative burden, and ensure the responsible use of radio frequencies and orbital resources.

	Pakistan
(PTA)
	Pakistan Telecommunication Authority is mandated for regulating for provisioning of Satellite based Telecommunication Services through Satellite Service Providers. 
Constituting a regional/ international regulation is highly recommended for facilitating the procedure of obtaining license for mega constellation, in line with Article 18 of ITU RR that provides necessary guidelines for Licenses.

	SRI LANKA (TRC)
	If NGSO satellite operator needs to operate a gateway they shall have licenses under section 17 and section22 of the Act. If they need to deploy their service without a gateway, they shall have license under section 22.



7. Considering the advantages of the new generation of NGSO satellite constellations in providing a global coverage of broadband services, is there any plan in your country to build up a satellite constellation and how it would be financed?
If yes, please provide details.
	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	For the time being now, there is no plan to build up a satellite constellation in Afghanistan as the development and launch of a satellite constellation are a multifaceted and expensive process, it requires a higher level of investment. Building up NGSO requires further steps towards regional as well as national regulations framework.

	Bangladesh (BTRC)
	At this moment, there is no plan.

	Bhutan
(BICMA)
	Maybe in the future. But this will purely depend on the market feasibility and availability of budget.

	India
(TRAI)
	Indian National Space Promotion and Authorisation Centre (IN-SPACe) has recently been incorporated as a single-window, independent, nodal agency under Department of Space to facilitate private sector participation. This will boost the investment by the private sector economy in such ventures.  


	Iran (I. R. of)
(CRA)
	According to the decision No.279 of the CRA commission regarding the principle agreement for the satellite operators in our country, 51 percent of the company shares of investors, at least, shall belong to the legal section with Iranian entity for which most governmental section shares can be 20 percent. Based on this regulation some consortiums activated in recent years in our country to develop satellite systems based on the Non-GSO satellites.


	Maldives (CAM)
	Currently there are no such plans.

	Nepal
(NTA)
	No, there is no plan in our country to build up a satellite constellation till now.

	Pakistan
(PTA)
	This question does not fall in Pakistan Telecommunication Authority domain.

	SRI LANKA (TRC)
	Not planned.



8. As the NGSO constellations are growing in the world containing thousands of satellites in the LEO orbits, what are the future challenges & limitations of the developing countries regarding the equitable access to such Orbit/Spectrum resources in that era?
	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	As the number of NGSO constellations grows, developing countries may face several challenges and limitations regarding equitable access to orbit and spectrum resources. Some of these challenges may include:
· Limited access to orbital slots: Developing countries may have limited access to orbital slots due to a lack of resources to secure these slots or to launch their own satellites. This may limit their ability to operate their own satellites or to access services provided by other satellite operators.
· Inequitable access to orbit/spectrum resources: As NGSO constellations continue to grow and launch thousands of satellites, developing countries face significant challenges and limitations regarding equitable access to orbit/spectrum resources.
· Spectrum congestion: The increasing number of NGSO constellations may lead to congestion in the radio frequency spectrum, which could limit access to frequencies needed for satellite communication in developing countries. This could have a significant impact on their ability to provide critical services, such as disaster response or healthcare that rely on satellite communication.
· Lack of necessary regulatory capacity: Developing countries may have limited regulatory capacity to effectively manage the growing number of NGSO constellations in orbit and to ensure equitable access to orbit and spectrum resources. This could lead to challenges in managing interference and ensuring fair access to these resources and services for all stakeholders.
To address the challenge of equitable access to orbit and spectrum resources for developing countries, it is recommended that the International Telecommunication Union (ITU) develops a plan to provide access to Non-Geostationary Orbit (NGSO) and spectrum resources that are equivalent to those available to developed countries, such as AP30, AP30A, and AP30B.


	Bangladesh (BTRC)
	Possible future challenges & limitations may be: 
· Spectrum Allocation
· Cost and Affordability
· Infrastructure Development
· Regulatory Frameworks
· Digital Divide
To address these challenges and limitations, international collaboration, capacity building, and support from global organizations and stakeholders are crucial. Developing countries would benefit from partnerships, knowledge sharing, technical assistance, and financial support to enhance their capacity in spectrum management, infrastructure development, and regulatory frameworks, enabling them to achieve equitable access to NGSO orbit/spectrum resources in the evolving era.

	Bhutan
(BICMA)
	The reservations for the developing countries to have their own NGSO and orbit/spectrum in future should be respected.

	India
(TRAI)
	Approval of Orbit - Spectrum resources are decided by ITU on First Come - First Served basis. Therefore it is to be decided by ITU. 


	Iran (I. R. of)
(CRA)
	Considering the continued and expanded launch and operation of a large number of non-geostationary satellites in outer space, there is a need to review and address some important challenges relevant to these new-coming technologies in the Radio Regulations including equitable access of all countries to Non-GSO satellite orbits. According to Resolution 219 (PP-2022) the member states are encouraged to participate in the ITU-R study groups related to the efficient use of spectrum and orbital position relevant to such mega constellations in LEO orbit.
It is worth noting that relevant regulations for equitable access to GSO orbit has already been provided in RR including AP30, 30A, and AP30B.


	Maldives (CAM)
	If the global constellations are increasing at the current rate of growth, we foresee that by the time developing countries embark on such missions, there will be challenges in the LEO space and spectrum.

	Nepal
(NTA)
	The growing number of NGSO constellations in LEO orbits presents a number of challenges and limitations for developing countries in terms of equitable access to orbit and spectrum resources. Some of these challenges and limitations include:
a) Spectrum scarcity: With a growing number of NGSO constellations, the available spectrum resources are becoming increasingly scarce. This can make it more difficult for developing countries to access the necessary spectrum resources to establish their own satellite systems or to license frequencies for other applications.
b) High costs: The cost of developing and launching satellites is high, making it difficult for developing countries to establish their own NGSO constellations. This can limit their ability to access the benefits of these constellations, such as high-speed broadband services and remote sensing data.
c) Limited infrastructure: Developing countries may lack the necessary infrastructure to support NGSO constellations, such as ground stations and other communications infrastructure. This can limit their ability to access the benefits of these constellations and to establish their own satellite systems.
d) Limited expertise: Developing countries may lack the necessary technical expertise and capacity to develop and operate NGSO constellations. This can limit their ability to access the benefits of these constellations and to establish their own satellite systems.
To address these challenges and limitations, it is important to promote international cooperation and capacity building in the areas of satellite technology, spectrum management, and infrastructure development. This can include initiatives to support technology transfer, build capacity in satellite operations and management, and provide financing and other forms of support for satellite development and deployment. Additionally, it is important to ensure that regulatory frameworks for satellite operations are transparent, predictable, and equitable, and that they promote the development of NGSO constellations in a responsible and sustainable manner that takes into account the needs and interests of all stakeholders, including developing countries.


	Pakistan
(PTA)
	For developing countries, it will require a two-pronged approach in domains i.e. Policy Domain and Technical Domain. 

	SRI LANKA (TRC)
	Need to strengthen the ITU rules to have equitable access to the respective countries of their Orbit/Spectrum resources



9. With the introduction of NGSO satellite constellations services in your country, What impact do you foresee on

a. Rural connectivity
b. Universal Service Funds / Obligations regime
	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	The deployment of NGSO satellite constellations services could have a significant impact on rural connectivity and the Universal Service Funds/Obligations regime. It could improve rural connectivity, bridge the digital divide, and contribute to economic development. 
a. Rural Connectivity: The deployment of NGSO satellite constellations services could help bridge the digital divide and provide internet connectivity to rural areas where terrestrial infrastructure is lacking or prohibitively expensive. NGSO constellations can provide high-speed internet connectivity with low-latency, which can improve the quality of rural connectivity. This would enable residents of rural areas to access online education, e-commerce, and other digital services, which would contribute to economic development and improve quality of life.
b. Universal Service Funds/Obligations Regime: If the NGSO constellations can provide reliable and high-speed broadband connectivity to rural areas, then it could reduce the need for traditional telecom operators to invest in expensive terrestrial infrastructure. Instead, the resources may be oriented to universal services to some extent.


	Bangladesh (BTRC)
	a. Rural connectivity will be enhanced, but local service providers will be heavily impacted.
b. Universal Service Funds / Obligations regime can be utilized in a better way with the provision of such a flexible system. 

	Bhutan
(BICMA)
	a.     Rural connectivity
The connectivity to the rural area would greatly improve. The unconnected areas would have internet connectivity which would also complement the personal communications for unconnected citizens. However, there is always a cost factor here because satellite internet is not cheap at the moment even though it is expected to come down in the years ahead.
b.     Universal Service Funds / Obligations regime
With the entry of NGSO service providers, there will be more competition for the USF if the NGSO are eligible to apply/compete for USF. However, NGSO have to be mandated to contribute to USF if they are eligible to receive the fund.
The existing operators may partner with NGSO service providers to provide rural connectivity. For example, telcos can use satellites as backhaul for their base stations in the rural areas. This may lead to more efficient utilization of USF funds. If the scenario becomes a reality, the utilization of USF may change from CAPEX to OPEX. While there may not be a need for CAPEX for initial deployment, some subsidy will be required to support the operation and maintenance of the network in the rural areas where the return is low. 

	India
(TRAI)
	Although Two License has been granted to NGSO licensees but the services are yet to be started. It is understood that along with the geo-stationary High-throughput satellite (HTS), the introduction of NGSO satellite constellation services may be useful to provide connectivity in the areas which are not covered till date through the terrestrial networks.


	Iran (I. R. of)
(CRA)
	9. Rural connectivity
It is expected that in villages and hard-to-reach places where it is difficult to create mobile Broadband coverage or to create fixed Broadband access, Non-GSO satellite constellations services can be a great help in improving communication.
9. Universal Service Funds / Obligations regime
Currently, due to the fact that it is difficult and expensive to create access for some areas, we have a fund for USO, and if Non-GSO satellite constellations services is launched in our country, it is expected that the fund may be allocated to this service.

	Maldives (CAM)
	a. Rural connectivity – comprehensive coverage of maritime space; better BB coverage for islands without fibre.
b. Universal Service Funds / Obligations regime – USO is not exercised currently.

	Nepal
(NTA)
	Impact foreseen on Rural Connectivity with the introduction of NGSO satellite constellations services: NGSO satellite constellations have the potential to significantly improve rural connectivity in Nepal. Currently, many rural areas of Nepal lack access to reliable and high-speed broadband services due to limited infrastructure and challenging terrain. NGSO constellations can help to overcome these challenges by providing high-speed broadband services via satellite, which can be delivered directly to remote areas without the need for terrestrial infrastructure.
NGSO constellations can also provide a more cost-effective solution for delivering broadband services to rural areas of Nepal. Traditional satellite broadband services often rely on geostationary satellites, which require larger ground stations and more complex infrastructure. NGSO constellations, on the other hand, can provide the same level of service with smaller and more affordable ground stations, making them more accessible to rural communities.
NGSO constellations can also support a range of other applications and services that can benefit rural communities in Nepal, such as telemedicine, e-learning, and disaster response. These services can help to bridge the digital divide and improve access to critical services for underserved communities.

Impact foreseen on Universal Service Funds / Obligations regime with the introduction of NGSO satellite constellations services: The introduction of NGSO satellite constellations services in Nepal is likely to have an impact on the Rural Telecommunication Development Fund (RTDF) i.e. Universal Service Funds (USF) and obligations regime. In Nepal, the RTDF is managed by the Nepal Telecommunications Authority (NTA) and is used to fund projects that provide basic telecommunications services to underserved areas.
NGSO satellite constellations can provide an alternative means of delivering broadband services to underserved areas in Nepal, particularly in remote and mountainous regions where traditional terrestrial infrastructure may be difficult or costly to deploy. This could lead to a shift in the focus of RTDF funds towards supporting the deployment and operation of NGSO satellite constellations, rather than terrestrial networks.
However, the impact of NGSO satellite constellations on the RTDF regime in Nepal will depend on a range of factors, including the regulatory and policy frameworks in place, the availability of spectrum resources, the level of demand for these services, and the cost-effectiveness of NGSO constellations compared to terrestrial networks. For example, while NGSO constellations may provide an efficient means of delivering broadband services, the cost of end-user equipment, such as satellite terminals, may still be a barrier to adoption in some underserved areas.
In addition, there may be challenges in identifying and targeting underserved areas in Nepal, particularly in mountainous regions where connectivity gaps may be difficult to identify. This could require new approaches to mapping and measuring connectivity, as well as new policies and initiatives to ensure that RTDF funds are used effectively to address connectivity gaps.
Overall, the introduction of NGSO satellite constellations services in Nepal has the potential to support the RTDF regime by providing an alternative means of delivering broadband services to underserved areas. However, it will be important for policymakers to carefully monitor these developments and to adapt the RTDF and obligations regime as necessary to ensure that they continue to effectively address connectivity gaps and support universal access to telecommunications services.


	Pakistan
(PTA)
	a.	Rural connectivity – Increased connectivity

	SRI LANKA (TRC)
	a. Rural connectivity. 
Considering the hilly terrain there are some rural areas without proper broadband coverage. Broadband coverage of those areas can be improved by introducing NGSO satellite constellations services. But it is important to introduce viable tariff plans which can be adapted to rural areas.
b. Universal Service Funds / Obligations regime
It is possible to identify important communities who essentially require Broadband connectivity to their day to day life and provide funding through Universal Service Funds to get the connectivity from NGSO satellite constellation service.



[bookmark: _Toc146279509]Part II: Questionnaires Spectrum Related Issues:

10. What are the spectrum bands/frequency range(s) in which the GSO Satellites are working or planned in your country for user terminals and feeder links?

	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	Answer: According to AP30, AP30A, and AP30B, the following frequency bands have been allotted to Afghanistan at orbital Position 50 degrees east:
1. Broadcasting Satellite Service 
· 11.7-12.2 GHz (space-to-Earth); DL  500 MHz
· 14.5-14.8 GHz (Earth-to-space); FL  300 MHz
· 17.3-18.1 GHz (Earth-to-space). FL  500 MHz
2. Fixed Satellite Services
· 4500 - 4800 MHz  (Space to Earth) ----- 300 MHz
· 6725 - 7025 MHz   (Earth-to-Space) ---- 300 MHz
· 10.7 - 10.95 GHz    (Space to Earth) ---- 500 MHz
· 11.2 - 11.45GHz     (Space to Earth) ---   500 MHz
· 12.75 - 13.25GHz   (Earth-to-Space) ---  500 MHz 
The foreign industries providing satellite services in Afghanistan currently operate in the C, Ka, and Ku-bands.

	Bangladesh (BTRC)
	The spectrum bands in which the GEO Satellites are working or planned in Bangladesh are: C, Ku and Ka Bands

	Bhutan
(BICMA)
	C-band spectrum (frequency ranges: 6GHz-8GHz) were planned and used for feeder links transmission. The S, C, ka and Ku-bands spectrum (3GHz-4GHz) were planned and used for feeder link reception.

	India
(TRAI)
	
GSO Satellites are operating in non-planned bands S, C, Ku and Ka bands. They are also operating in planned Fixed-satellite service (FSS) bands.
The information on the Planned bands, is given below: 



 
	S. No.
	Plan
	Frequency bands
	Applicable Appendix of ITU’s Radio Regulations

	
	
	Uplink
	Downlink
	

	1
	FSS Plan
	12.75 - 13.25 GHz, 6.725 - 7.025 GHz
	10.7 - 10.95 GHz, 11.2 - 11.45 GHz, 4.5 – 4.8 GHz
	Appendix 30B

	2
	Broadcasting-satellite service (BSS) Plan
	
	11.7-12.2 GHz
	Appendix 30

	3
	BSS feeder links Plan
	14.5 - 14.8 GHz, 17.3 - 18.1 GHz
	
	Appendix 30A


 

	Iran (I. R. of)
(CRA)
	10. The spectrum bands in which the GSO Satellites are working in our country for user terminals and feeder links include:
10.70-10.95 GHz, 11.20-11.45 GHz, 11.7-12.2 GHz and 12.75-13.25 GHz, 14-14.8 GHz
10. The spectrum bands in which the GSO Satellites planned in our country for user terminals and feeder links include:
4500-4800 MHz, 6725-7025 MHz, 15.43-15.63 GHz, 17.3-17.7 GHz, 17.7-21.2 GHz

	Maldives (CAM)
	C-Band uplink/downlink

	Nepal
(NTA)
	In Nepal, the majority of GSO (Geostationary Earth Orbit) satellites are currently operating in the C-band and Ku-band frequency ranges for user terminals and feeder links. The specific frequency bands allocated for GSO satellites (Frequency Allocation and Assignment for VSAT and GMPCS Services) in Nepal are as follows:

	Allocated Range 
	Bandwidth (MHz) 
	Remarks 
	Assignment

	1525 MHz-1559 MHz 
	34
	Downlink
	Yes (GMPCS)

	1626.5 MHz-1660 MHz
	33.5
	Uplink
	

	2483.5 MHz - 2500 MHz 
	16.5
	Downlink
	

	1610 MHz -1626.5 MHz 
	16.5
	Uplink
	

	3600 MHz- 3623 GHz
	23
	Downlink
	

	6425 MHz-6443 MHz 
	18
	Uplink
	

	3400 MHz - 4200 MHz 
	800
	FSS (C Band Downlink) 
	Yes

	5850 MHz-6700 MHz 
	850
	FSS (C Band Uplink) 
	

	10.7 GHz-11.7 GHz 
	1 GHz
	Extended Ku band Downlink
	Yes

	11.7 GHz- 12.2 GHz
	0.5 GHz
	Ku band Downlink
	

	12.2 GHz-12.75 GHz 
	0.55 GHz
	Extended Ku band Downlink
	

	13.75 GHz-14 GHz
	0.25 GHz
	Extended Ku band Uplink
	

	14 GHz-14.5 GHz
	0.5 GHz
	Ku band Uplink
	

	19.7 GHz -21.2 GHz
	1.5 GHz
	Ka Band Downlink
	-

	29.5 GHz-31 GHz 
	1.5 GHz
	Ka Band Uplink
	



These frequency bands have been allocated by the Nepal Telecommunications Authority (NTA) for use by GSO satellite operators in Nepal. However, it is worth noting that the specific frequency bands used by individual operators may vary depending on their license conditions and other regulatory requirements.


	Pakistan
(PTA)
	Pakistan GSO Satellites are operating in C, Ku and Ka Band. Details for Paksat 1R are: 

C Band Payload
Uplink Frequency: 5925 MHz to 6425 MHz
Downlink Frequency: 3700 MHz to 4200 MHz
Polarization: Linear cross-pol

KU Band Payload
Uplink Frequency: 13755 MHz to 14245 MHz
Downlink Frequency: 10955 MHz to 12745 MHz
Polarization: Linear cross-pol

	SRI LANKA (TRC)
	Not in use.



11. What are the spectrum bands/ frequency range(s) in which the NGSO Satellite constellations are working or planned in your country for user terminals and feeder links?

	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	Answer: For the time being, no frequency bands have been planned and for NGSO Satellite Constellations

	Bangladesh (BTRC)
	Currently, there is no working or planned spectrum bands / frequency range(s) in Bangladesh for NGSO Satellite Constellations.

	Bhutan
(BICMA)
	ka and Ku-bands spectrum

	India
(TRAI)
	Spectrum assignment for NGSO constellation has not yet been made. In this regard, a reference has been received in TRAI to formulate recommendations on appropriate frequency bands, quantum of spectrum, etc., for auction of spectrum for space-based communication services. TRAI has released Consultation Paper on “Assignment of Spectrum for Space-based Communication Services” on 06 April, 2023.


	Iran (I. R. of)
(CRA)
	The spectrum bands in which the NGSO Satellites planned in our country for user terminals and feeder links:
· 137.025 – 138 MHz as downlink, 
· 148-149.9 MHz as uplink
· 6700-7075 MHz(Earth-space), 
· 10.7-12.95 GHz(Space-Earth),
· 11.2-11.45 GHz(Space-Earth),
· 11.7-12.75 GHz(Space-Earth),
· 12.75-13.25 GHz(Earth-space),
· 13.75-14.0 GHz(Earth-space),
· 17.8-18.6 GHz(Space-Earth),
· 18.8-19.3 GHz(Space-Earth),
· 19.7-20.2 GHz(Space-Earth),
· 27.5-28.6 GHz(Earth-space), 
· 28.6-29.1 GHz (Earth-space),
· 29.5-30.0 GHz (Earth-space).


	Maldives (CAM)
	Starlink operation bands

	Nepal
(NTA)
	It is also worth noting that as NGSO (Non-Geostationary Satellite Orbit) constellations are deployed, they may use different frequency bands for user terminals and feeder links. NGSO constellations typically operate in higher frequency bands, such as the Ka-band and Q/V-band, to support high-speed broadband services. However, the deployment of NGSO constellations in Nepal is still in its early stages, and specific frequency bands for NGSO constellations have not yet been allocated by the NTA.


	Pakistan
(PTA)
	C, Ku and Ka band

	SRI LANKA (TRC)
	Not in use.



12. Whether the spectrums in the bands assigned for GSO/NGSO satellite-based services are also planned/assigned for any other services in your country? If yes,
a. What is the sharing or co-existence mechanism adopted in your country to assign spectrum in these bands, for example, for terrestrial (backhaul) services, FWA, IMT, RLAN (Wi-Fi 6E), etc.?
b. How the interference is being managed between multiple uses of the spectrum?

	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	Yes, the spectrum in the bands assigned for GSO in Afghanistan is shared with terrestrial (backhaul) services. The coexistence mechanism is based on ITU-R recommendations, especially Appendix 7

	Bangladesh (BTRC)
	There is no co-existence mechanism currently adopted.

	Bhutan
(BICMA)
	Yes
a. As of now there is no sharing/coexistence mechanism adopted in our country to assign spectrum in these bands. But we do follow National Radio Frequency Allocation Table 2021 for any new spectrum assignments, allocation, planning and management.
b. Initially the assignments are all done based on NFAT 2021. For the multiple uses of the same spectrum, we do carry out the spectrum monitoring regularly and other necessary planning to address the interference issues.

	India
(TRAI)
	1. At present, FSS (GSO) in 6 GHz, 13 GHz and 18 GHz bands is shared with backhaulpoint-to-point & point-to-multi-point links of mobile operators.
1. Interference between the multiple usages is managed by specifying operational/technical characteristics like physical separation, antenna diameter, off-axis radiation characteristics, etc. Harmful interference, if reported by a licensed user, is investigated by Wireless Monitoring Organisation, a field unit of WPC Wing through its 27 Wireless Monitoring Stations.

	Iran (I. R. of)
(CRA)
	The CRA arranges the frequency assignments in a way that the assignments in Fixed and mobile services have no sharing with satellite services, to the extent possible.
In Frequency bands planned to be utilized by space and terrestrial services (such as 14.3-1.5 GHz), the Radio regulation provisions relevant to this issue (Appendix 7, …) would be applied in order that the possibility of interference decrease.

	Maldives (CAM)
	0. Frequency separation and spatial separation as applicable
0. Using frequency separation with guard bands.

	Nepal
(NTA)
	In Nepal, the spectrum bands assigned for GSO/NGSO satellite-based services are also planned/ assigned for other services, including terrestrial mobile, fixed wireless, and broadcast services as shown below.

	Frequency Bands (GHz)
	Allocated Frequency Range (GHz)
	Remarks

	3.5 GHz
	3400-3600 MHz
	Allocated for both Mobile and Satellite Services, but assigned for Satellites Services only till date.

	3.7 GHz
	3600-3800 MHz
	

	Lower 6
	5.925 - 6.425 GHz
	Allocated for FS, subject to the co-ordination with FSS Allocation

	Upper 6
	6.425 - 7.125 GHz
	



As a result, the allocation and use of spectrum in these bands for GSO/NGSO satellite-based services needs to be carefully managed to avoid harmful interference with other services. The Nepal Telecommunications Authority (NTA) is responsible for managing spectrum allocation and use in Nepal, and works to ensure that spectrum resources are allocated in a manner that maximizes their efficient use and minimizes interference with other services.

In 6 GHz bands, spatial separation between FS and FSS stations is ensured to avoid interferences. Also, the assignments to fixed point-to-point microwave links and VSAT terminals are made in limited numbers. Because of such mechanism and coordination between the service providers, interference is not encountered.

The C-band is currently assigned to broadcasting service providers for satellite link purpose. As the range allocated for FS is 3400 – 4200 MHz, and the range allocated for IMT is 3300 – 3800 MHz, there is an overlap of a significant portion of the spectrum. To avoid interference as well as to address the needs of both mobile as well as satellite services, NTA is planning to reduce the total spectrum allocated to the satellite services and introduce a bandgap between these two allocations. Power limits may also be mandated, but the limits are not specified as of now.


	Pakistan
(PTA)
	Yes, in line with ITU RR, the same spectrum can be used for co-existence of services. Terrestrials backhaul links are to be treated on priority and protections basis in case of sharing with satellite.

	SRI LANKA (TRC)
	a. Based on the licensees’ requirements some spectrum bands assigned for GSO/NGSO are being used for backhaul purposes.  IMT, RLAN (Wi-Fi 6E) assignment is also under consideration. These assignments will be done under the protection criteria of primary service.
b. Interference is being managed with basic guidelines of protecting the primary service. 




13. What is the spectrum assignment methodology for satellite-based services, both for feeder links and user terminal side with respect to GSO and NGSO satellites constellations? What are the applicable charges and are auctions considered as means of spectrum award? 

	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	Currently the spectrum assignment methodology is an administrative regulatory mechanisms and existing laws in Afghanistan.


	Bangladesh (BTRC)
	The allocation of spectrum follows the guidelines outlined in the National Frequency Allocation Plan (NFAP) (http://www.btrc.gov.bd/site/page/8bc1ebe7-3dfc-4630-be8c-ecc69fe9da03/- ). The determination of auction and frequency charges is based on the decisions made by the Bangladesh Telecommunication Regulatory Commission (BTRC), taking into account the recommendations provided by the Spectrum Management Committee (SMC).


	Bhutan
(BICMA)
	For GSO satellites constellations and services, we follow the administrative spectrum assignment methodology for both feeder links and user terminals. For NGSO, formal spectrum assignment was still not done. The charges were based on the pricing in National Radio Rules and Regulations 2021 (NRRR 2021) and auctions are still not considered as a means of spectrum award in our context.

	India
(TRAI)
	1. Spectrum assignment methodology for Earth Stations/ user terminal communicating with GSO Satellites is currently on an administrative basis with applicable charges being either a function of bandwidth being used for certain applications, a function of number of user terminals, or a function of the Annual Gross Revenue of the licensed operator. Before spectrum is assigned to an applicant, the applicant needs to get a Service License from the DoT, Transponder allocated by NewSpace India Ltd (NSIL), Carrier segmentation plan from the Network Operation and Control Centre of DoT (NOCC) and a permission from the Ministry of Information & Broadcasting, in case the applicant desires to provide Broadcasting Service.
1. Spectrum assignment methodology for NGSO constellations has not yet been made. A reference has been received in TRAI to formulate recommendations on appropriate frequency bands, quantum of spectrum, etc., for auction of spectrum for space-based communication services (both GSO & NGSO). TRAI has recently released a Consultation Paper on “Assignment of Spectrum for Space-based Communication Services” on 06 April, 2023.

	Iran (I. R. of)
(CRA)
	For time being, we have no any decision for holding on auction as assignment methodology for satellite-based services, both for feeder links and user terminal side with respect to GSO and Non-GSO satellites constellations.
We have already granted some licensees to provide satellite access services (SAP) including GMPCS that applicable charges are getting for per station and spectrum fee.


	Maldives (CAM)
	As per ITU Radio Regulations for Region 3. Auctions not considered as of now; charges will be on fixed annual rate basis.

	Nepal
(NTA)
	The spectrum assignment methodology for satellite-based services in Nepal, both for feeder links and user terminal side, is determined by the Nepal Telecommunications Authority (NTA). The NTA is responsible for managing spectrum allocation and use in Nepal, and follows a transparent and objective process for assigning spectrum to satellite operators.

As of now, there is no distinction in spectrum assignment methodology for feeder links and user terminal side with respect to GSO and NGSO satellites constellations. The spectrum allocated for the satellite services is assigned to the VSAT users/ Network Service Providers administratively as per the received applications.

Considering satellites as reliable means of ensuring rural connectivity, a token amount of spectrum usage fee is charged per terminal. The current spectrum charge per VSAT terminal (or feeder link) per year is fixed at NPR 100 for rural areas and NPR 1000 for urban area. Spectrum fee for VSAT services is independent of the bandwidth consumed.

As the new technologies and applications such as Broadband Satellite Services require large amounts of spectrum, the NTA may choose to introduce band and bandwidth-based spectrum fees and may also allocate spectrum through auctions to ensure that it is assigned to the operator with the highest value proposition. However, such new processes have not yet been finalized and existing mechanisms are subject to review and revision by the NTA.


	Pakistan
(PTA)
	Frequency Allocation Board has the mandate for national and international satellite coordination. Currently, any GSO/ NGSO who is interested in providing exclusive services in Pakistan, applies for license issuance by PTA. Accordingly, a license is to be issued by PTA in accordance with the Telecom Policy 2015 and spectrum coordination is dealt by FAB. Currently, PTA has not issued license to any satellite operator, however, LDI and LL operators are providing satellite-based services within scope of the license.

	SRI LANKA (TRC)
	Still not done an assignment.



14. For satellite communications, the same set of frequencies can be assigned to different service providers using different satellites/satellite systems. What mechanism(s) is in place/planned in your country?

	Country (Regulatory)
	Answers

	Afghanistan
(ATRA)
	Currently, there is no specific mechanism for the frequency re-use of different satellite services in Afghanistan. However, we tend to develop a proper mechanism for the subject in the future.

	Bangladesh (BTRC)
	Bangladesh follows the ITU regulations for these cases.

	Bhutan
(BICMA)
	We don't have any mechanism in place/planned to provide/assign the same frequencies set to different providers using different satellites/satellite systems.
 

	India
(TRAI)
	All assignments are only taken up if the Satellites have been coordinated with ISRO.
For GSO satellites, so far spectrum assignment has been made on administrative basis. For NGSO constellations, so far spectrum assignment has not been made. In this regard, a reference has been sent to TRAI to seek recommendations on appropriate frequency bands, quantum of spectrum etc for auction of spectrum for space-based communication services (both GSO & NGSO). TRAI has released Consultation Paper on “Assignment of Spectrum for Space-based Communication Services” on 06 April, 2023.


	Iran (I. R. of)
(CRA)
	According to international radio regulations, the coordination of satellite systems in the same frequency band could be carried out through the provisions of Article 9 Section II  for GSO/GSO and GSO/Non-GSO by C/I, PFD, EPFD,… mechanisms which have been described in detail within rules of procedure and  ITU-R recommendations. 
The National/international operators or satellite service providers in our country are obliged to deploy the satellite systems which has been notified in MIFR and presumably the coordination has been accomplished for such satellite systems based on the ITU regulations to avoid interference.


	Maldives (CAM)
	No specific mechanism decided yet.

	Nepal
(NTA)
	To prevent harmful interference between different satellite systems using the same frequency bands, the NTA requires satellite operators to coordinate their frequency assignments with other operators and with neighboring countries. This coordination ensures that frequency assignments are used in a manner that minimizes interference and maximizes spectrum efficiency.
The NTA also follows internationally recognized spectrum management practices and guidelines, such as those set out by the International Telecommunication Union (ITU), to ensure that spectrum is assigned in a fair, transparent, and efficient manner.


	Pakistan
(PTA)
	Satellite spectrums are not assigned for exclusive use to any satellite operator, however, the same is coordinated in accordance with ITU Radio Regulations.

	SRI LANKA (TRC)
	Still not done an assignment.





[bookmark: _Toc146279510]Annexure
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Source: TRAI Consultation Paper on ‘Assignment of Spectrum for Space-based Communication Services’ (https://trai.gov.in/sites/default/files/CP_06042023.pdf)
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