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[bookmark: _Toc205557110]Executive Summary
The rapid advancement and deployment of Non-Geostationary Orbit (NGSO) satellite constellations represent a transformative shift in space-based communication services. NGSO systems, comprising satellites in Low Earth Orbit (LEO) and Medium Earth Orbit (MEO), offer unparalleled opportunities for global connectivity, particularly in remote and underserved regions. By leveraging advanced satellite technologies, these constellations enable low-latency broadband services, support Internet of Things (IoT) applications, and provide robust communication networks for disaster response, defense, and national security [1]. Their ability to provide ubiquitous coverage ensures that even the most isolated areas remain connected, which helps to bridge the digital divide. They also play a crucial role in enhancing global navigation and emergency response capabilities. Overall, NGSO constellations are considered as one of the key enablers for achieving the United Nations Sustainable Development Goals (SDG) towards a more sustainable and globally inclusive society.
The recent development of NGSO satellite constellations has posed new challenges for policymakers and regulators to address at national, regional, and global levels. These challenges encompass a broad array of issues related to radio spectrum and Earth orbits, including the development of policies and regulations to conserve these limited natural resources and the need to ensure interference-free environments for network operations, market accessibility, and innovative business models. While these constellations enhance the ability to meet societal needs such as global connectivity, safety, and emergency response, they also raise critical concerns about space sustainability, including effective space traffic management, efficient spectrum utilization, and the mitigation of space debris.
As the demand for spectrum intensifies, the emergence of NGSO constellations introduces complex challenges in spectrum management and regulatory oversight. Unlike Geosynchronous Orbit (GSO) and Geostationary Orbit (GEO) satellites, NGSO systems require dynamic spectrum-sharing mechanisms and advanced coordination to ensure compatibility with existing communication infrastructures.
The regulatory landscape for NGSO satellite services is also evolving in the South Asian Telecommunication Regulators' Council (SATRC) countries, to accommodate growing demand for high-speed internet and other space-based communication services. Bangladesh and Maldives have already authorized Starlink (SpaceX), one of the leading NGSO satellite operator, to provide high-speed internet services through NGSO satellites. Other SATRC countries are also likely addressing the regulatory and technical challenges associated with NGSO constellations.
Considering the necessity, the Work Item with the title “Spectrum Approaches and Regulatory Requirements for NGSO Satellite Constellations for Space-Based Communication Services” was approved during the 24th Meeting of South Asian Telecommunication Regulators’ Council (SATRC-24). This study focused on exploring spectrum approaches and regulatory requirements for NGSO satellite constellations, focusing on enabling their growth while ensuring compatibility with existing systems and equitable access to spectrum resources. For this purpose, a questionnaire was developed and circulated among all the SATRC members countries, i.e. Afghanistan, Bangladesh, Bhutan, India, Iran, Maldives, Nepal, Pakistan, and Sri Lanka. This report has been prepared based on their responses and the research conducted online.


[bookmark: _Toc205557111]1. Introduction
[bookmark: _Toc205557112]1.1	Background and Purpose
The increasing demand for high-speed internet access, remote sensing, and other space-based communication services has led to a growing interest in Non-Geostationary Orbit (NGSO) satellite constellations. These constellations, comprising multiple satellites orbiting the Earth at various altitudes and inclinations, offer advantages such as global coverage, low latency, and enhanced capacity compared to traditional geostationary satellites.
However, the deployment and operation of NGSO satellite constellations are subject to complex technical, regulatory, and policy challenges. Spectrum allocation is a critical issue, as it determines the frequencies at which these satellites can operate without causing harmful interference to other services.
The purpose of this study is to conduct a comprehensive assessment of spectrum approaches and regulatory requirements for NGSO satellite constellations, with a focus on supporting space-based communication services. By examining existing literature, engaging with stakeholders, and conducting technical and regulatory analyses, the study aims to:
(a) Identify the spectrum requirements of NGSO satellite constellations for various communication services, including broadband internet, satellite-based navigation, disaster management communication system, etc.
(b) Review prevailing regulations in SATRC countries governing spectrum allocation and coordination for NGSO satellite systems.
(c) Study the socio-economic impact of NGSO satellite services over other prevailing services.
(d) Develop policy recommendations to optimize spectrum allocation and regulatory frameworks, ensuring the efficient and equitable use of the radio frequency spectrum while promoting innovation and competition in the space-based communication sector.
(e) Provide insights and best practices through case studies of existing NGSO satellite constellations, highlighting regulatory challenges and success factors for deployment and operation.
(f) Disseminate findings and recommendations to regulatory bodies, policymakers, industry associations of SATRC countries, to facilitate informed decision-making and promote dialogue on spectrum management in the context of NGSO satellite constellations.

Overall, the study aims to contribute to the development of informed policies and regulatory frameworks that balance the interests of stakeholders, promote technological innovation, and maximize the socioeconomic benefits of NGSO satellite constellations for space-based communication services.

[bookmark: _Toc205557113]1.2	Scope of the Study
The scope of this study encompasses a range of technical, regulatory, and policy considerations related to the deployment and operation of NGSO satellite constellations for communication services.
The scope of this study includes the following:
(a) Spectrum Approaches:
· Evaluate the spectrum requirements for NGSO satellite constellations, considering various communication services such as broadband internet, satellite-based navigation, and other emerging applications.
· Assess the bandwidth, frequency bands, and any other technical parameters needed to support efficient and reliable communication links within NGSO constellations and between satellites and ground stations.
(b) Regulatory Framework Review:
· Examine international, regional, and national regulations governing spectrum allocation, coordination, and licensing for NGSO satellite systems.
· Identify key regulatory bodies and stakeholders involved in spectrum management for space-based communication services.
· Analyze regulatory trends and developments, including initiatives aimed at facilitating the deployment of NGSO constellations while ensuring spectrum efficiency and interference avoidance.
(c) Policy Recommendations and Best Practices:
· Develop policy recommendations to optimize spectrum allocation and regulatory frameworks for NGSO satellite constellations, balancing the need for spectrum access, innovation, and spectrum efficiency with the protection of incumbent users and spectrum integrity.
· Propose best practices for spectrum sharing, licensing processes, coordination mechanisms, and spectrum monitoring and enforcement to promote fair competition, investment certainty, and regulatory compliance in the space-based communication sector.
(d) Case Studies and Comparative Analysis:
· Conduct case studies of existing NGSO satellite constellations, analyzing their regulatory approval processes, spectrum management strategies, and operational performance in different geographical regions and market segments.
· Compare and contrast regulatory approaches and spectrum policies adopted by SATRC countries and international organizations to identify lessons learned, success factors, and areas for improvement in supporting NGSO satellite constellations for space-based communication services.

By addressing these aspects within the scope of this study, relevant stakeholders can gain valuable insights into the spectrum-related challenges and opportunities associated with NGSO satellite constellations and inform evidence-based decision-making for policy development, regulatory reform, and technology innovation in the space communication sector.

[bookmark: _Toc205557114]1.3	Methodology for Carrying out the Study
The study has been carried out by the lead expert in consultation with other experts from member countries on the work item. The methodology applied in this study on spectrum approaches and regulatory requirements for NGSO satellite constellations involves a structured, multi-faceted approach to ensure comprehensive analysis and actionable insights.
Primarily, to pursue the study, a questionnaire was prepared by the Working Group to obtain uniform information. This questionnaire was circulated to all the SATRC member countries and subsequently responses were received. The questionnaire and responses are included in the Appendices for reference.
A thorough review of existing literature was also conducted to provide context and identify key issues. These include reports and documents from international organizations, including the International Telecommunication Union (ITU), national regulators, and space agencies, case studies, etc.
Based on the responses received from the SATRC member countries and through the analysis of established literature and documents, the lead expert of the work item prepared this report that discussed and analyzed different aspects of spectrum approaches and regulatory requirements for NGSO satellite constellations for space-based communication services.

[bookmark: _Toc205557115]2. Overview of NGSO Satellite Constellations
[bookmark: _Toc205557116]2.1	Different types of NGSO Orbits
Different orbits are used by satellites depending on their height, inclination, and mission. Depending on the synchronicity, satellite orbits can be classified broadly into two categories: Geosynchronous Orbit (GSO) and Non-Geostationary Orbits (NGSO).
A GSO is a satellite orbit where the satellite's orbital period matches the Earth's rotation period of 23 hours, 56 minutes, 4.091 seconds. For a nearly circular orbit, this implies an orbital altitude of approximately 35,786 kilometers (22,236 mi). This allows the satellite to appear to return to the same position in the sky at the same time each day. However, satellites in this orbit may be inclined, resulting in movement in the sky relative to a fixed point on Earth. Geostationary Orbit (GEO) is a special type of geosynchronous orbit which is directly above the equator having zero inclination. In such cases, the satellites appear stationary relative to a fixed point on Earth. Moreover, the communication links between GSO satellites and ground stations are vulnerable to high propagation losses, and hence, large antennas with higher transmit power are necessary [2].
NGSO are a subset of satellite orbits that differ from the fixed position of GEO. These orbits are dynamic, allowing satellites to move relative to the Earth's surface. NGSO satellites orbit at lower altitudes than GSO satellites, and thus, their link losses and latency due to signal propagation are lower.
NGSO orbits are designed for various applications, each offering unique advantages.
Principal types of NGSO orbits used by satellites nowadays are as follows:
(a) Low Earth orbit (LEO): This is a type of satellite orbit located relatively close to the Earth's surface, typically between 400 and 2,000 kilometers above the Earth's surface. It is one of the most widely used orbits due to its proximity to Earth, which allows for lower latency communication, high-resolution imaging, and cost-effective satellite deployment. Due to these characteristics LEO is becoming popular for real-time communication-based services. Currently, LEO space is getting populated with thousands of active satellites, mainly focused on scientific research, earth observation, remote sensing and telecommunication.
(b) Medium Earth Orbit (MEO): This is a satellite orbit situated between LEO and GEO, typically operating at altitudes between 8,000 to 20,000 kilometers above the Earth's surface. MEO offers a good balance between coverage area and latency, making them primarily suitable for services like navigation systems, communication services, and Earth observation. The following figure shows the orbital altitudes and coverage areas of GSO and NGSO satellite systems [3].
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[bookmark: _Toc202883113]Figure 1: Schematic of orbital altitudes and coverage areas

Comparison between major orbits [1] is shown below:
[bookmark: _Toc206003779]Table 1: Overview of GEO, MEO, and LEO orbital characteristics
	
	GEO
	MEO
	LEO

	Altitude
	~35,786 km
	8,000-20,000 km
	400-2,000 km

	Orbital period
	~24 hours
	4-12 hours
	1-2 hours

	Footprint
	Large
	Medium
	Small

	Satellite cost
	High
	Medium
	Low

	Satellite lifetime
	Long
	Long
	Short

	Latency
	Medium (~700 m/s)
	Low (~150 m/s)
	Very low (~50 m/s)

	Earth coverage
	Very large
	Large
	Small

	Satellites required
	3
	6
	Hundreds

	Antenna
	Stationary
	1-hour slow tracking
	10-min fast tracking



[bookmark: _Toc205557117]2.2	Advantages and Disadvantages of NGSO satellites over GSO
Non-Geostationary Orbit (NGSO) satellites, which include Low Earth Orbit (LEO) and Medium Earth Orbit (MEO) satellites, offer several advantages over Geosynchronous Orbit (GSO) satellites.
Key benefits are explained below:
(a) Lower Latency (Faster Signal Transmission)
· NGSO satellites, notably LEO, orbit substantially closer to Earth (400–2,000 km vs. 35,786 km for GSO), which makes signals travel faster.
· This makes them perfect for real-time applications, such as video calls, online gaming, and financial transactions, where GSO's latency of about 250 ms is too high.
· LEO systems, like Starlink and OneWeb, can have latencies as low as 20–50 m/s, which is about the same as fiber optics.
(b) Better Global Coverage, Including Polar Regions
· GSO satellites are fixed from the earth’s perspective, therefore there isn't much or any coverage in the polar regions.
· NGSO satellite constellations, such as Starlink and OneWeb, employ many satellites in different orbital planes to cover the whole Earth, including the most distant and polar areas.
(c) Higher Throughput & Bandwidth Efficiency
· Because of their proximity, NGSO satellites require less power for transmission, which enables higher data rates.
· Modern LEO constellations use laser inter-satellite links (ISL), that reduce reliance on ground stations and improve efficiency.
· NGSO systems use more, smaller spot beams that can be reused across the globe, enabling higher throughput, better frequency reuse and greater capacity per user.
· GSO satellites have trouble with spectrum congestion, however NGSO systems can reuse frequencies more effectively.
(d) Resilience & Redundancy
· NGSO systems use huge constellations of satellites (hundreds to thousands) that makes them more resistant to single-point failures. If one satellite stops working, the others may take over without any problems.
· GSO satellites are a single point of failure; if one is damaged, coverage in its area is lost until a replacement is deployed.
(e) Lower Launch Costs & Easier Deployment
· NGSO satellites are smaller and lighter, which makes rideshare launches (like SpaceX Falcon 9) cheaper.
· Because NGSO satellites are closer, they don't need as much power to connect. User terminals for NGSO satellites, like satellite dishes, can be smaller, cheaper, and easier to move.
· GSO satellites are big, costly, and need special heavy-lift rockets to go into space.
· NGSO constellations can be gradually expanded, while GSO requires full replacement for upgrades.
(f) Reduced Signal Attenuation (Better for Mobile Devices)
· Shorter distances mean reduced signal loss, which lets NGSO systems function well with smaller ground terminals, such Starlink's user terminals instead of classic VSAT dishes.
· GSO signals become weaker as they travel farther, therefore they need large, high-power antennas.
(g) Future Scalability & Flexibility
· NGSO networks can dynamically adjust capacity by adding more satellites.
· GSO systems are limited by orbital slots (there are only ~1,800 slots available, which is heavily contested).

The idea of employing huge fleets of low-orbit satellites to provide reliable, low-latency, and fast internet from space has become more popular and developed significantly in the last several years. All the NGSO features and benefits explained above bring it back to life [4].
Apart from the advantages explained above, there are also few disadvantages of NGSO as explained below:
(a) Shorter lifespan (5–7 years vs. 15+ for GSO due to orbital decay).
(b) Complex ground tracking is needed (satellites move fast, requiring handoffs between them).
(c) Higher initial deployment costs (thousands of satellites needed).

NGSO satellites are better than GSO satellites in terms of latency, global coverage, redundancy, and scalability. This makes them ideal for broadband internet, IoT, real-time applications, and military communications. However, GSO remains preferable option for TV broadcasting and long-term, steady coverage in fixed areas.

[bookmark: _Toc205557118]2.3	Characteristics of NGSO systems
According to ITU, there are two phases of NGSO satellite systems: (i) the early systems that were designed to provide voice and low-rate data services, and (ii) the recent NGSO constellations that were introduced for provisioning global broadband services. Iridium, Globalstar, and Orbcomm, three projects that fall into the first category, became operational and started service in the late 1990s and are still in use [5]. The Mobile Satellite Service (MSS) frequency bands were typically used for this purpose. Some parts of L-band and S-band were assigned for uplink and downlink to enable the satellites to provide service globally [6]. The second category of NGSO constellations had to compete with the high-throughput satellites. There have already been announcements about several initiatives in this area, such as Starlink, OneWeb, Amazon Kuiper, and others. These modern systems use frequency bands of the Fixed Satellite Service (FSS) for the user links, i.e., the Ku- and Ka/K-bands. We have also seen some NGSO systems use higher frequencies, where even more bandwidth is available.
In addition to the fundamental features and advantages of NGSO satellites mentioned above, there are more motivations for the rising interest in NGSO constellations over the traditional GSO systems. Specifically, since NGSO systems require a large constellation of satellites to provide uninterrupted service, such systems offer a very high throughput and spectral efficiency [7]. Furthermore, communication through the satellite constellations can bypass the terrestrial network infrastructure when they are connected via inter-satellite links (ISLs) for routing communication data in space, which ultimately improves the privacy of data transmissions [8]. In addition to the reduced signal propagation delays in NGSO communication systems compared to GSO, low orbit constellations with ISLs have also lower delays than terrestrial fiber-optic systems since the speed of light in vacuum (free space) is approximately 50% higher than in a fiber-optic cable ( m/s versus  m/s) [9]. Moreover, since some of the NGSO constellations (operational and planned) utilize non-equatorial orbits, they naturally can cover higher latitudes than GSO satellites [10].
Accordingly, these advantages have increased the involvement of NGSO satellites in plentiful applications, such as telecommunications, Earth and space observation, navigation, asset tracking, meteorology, and scientific projects. In this section, we classify NGSO systems depending on the provided services into two groups: space-based Internet providers and space missions as follows.

[bookmark: _Toc205557119]2.4	Key Applications of NGSO satellites
Non-Geostationary Orbit (NGSO) satellites, including LEO (Low Earth Orbit) and MEO (Medium Earth Orbit), are revolutionizing global communications and Earth observation due to their low latency, global coverage, and high throughput. Altitude, inclination, and orbital dynamics all influence service delivery and affect a constellation’s coexistence with other objects in space [11]. Below are the key applications of NGSO satellites:
(a) Broadband Internet & Global Connectivity: NGSO space-based Internet providers aim to provide high-speed low-latency broadband internet access competitive with terrestrial broadband communications. Key application areas include:
· High-speed internet for Rural and underserved regions (places that lack fiber/ cable infrastructure).
· Maritime & aviation connectivity (in-flight Wi-Fi, ship communications).
· Disaster recovery (quick deployment when terrestrial networks fail).
(b) Mobile & IoT Communications: Low-latency feature of NGSO system empowers satellite communications to compete for long-distance backhaul and mobile users and to address underserved populations. Thus, NGSO systems can reach areas where it is financially unfeasible to lay fiber-optic networks. Additionally, high-latitude populations in some regions such as Afghanistan, India, Nepal etc. can be served by these space-based Internet systems, which are currently served by a poor terrestrial communication infrastructure. Another important field of NGSO satellite application is asset tracking owing to their capability of ensuring a stable and precise service with complete coverage anywhere on the planet. The main practical applications of NGSO missions in this field include but are not limited to maritime tracking [12], aircraft tracking, tracking of different assets such as cars, trucks, buses, industrial machinery, etc. Key application areas include:
· 5G backhaul (connecting remote cell towers).
· Asset tracking (shipping containers, trucks, wildlife).
· Agricultural IoT (soil sensors, livestock monitoring).
· Smart cities & industrial IoT (real-time data from remote sensors).
(c) Military & Defense Applications:
· Secure, low-latency communications for troops in remote areas.
· Resilient networks, resistant to jamming or cyberattacks (e.g., SpaceX’s Starshield) [13].
· Reconnaissance & surveillance (high-resolution imaging satellites like BlackSky) [14].
· Hypersonic missile tracking (US Space Force’s LEO missile warning systems).
(d) Earth Observation & Remote Sensing: 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 that makes it possible to fit latest-generation cameras in the size of small satellites [15]. NGSO 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 [16]. Key application areas include: 
· Weather forecasting (real-time climate monitoring).
· Disaster monitoring (wildfires, hurricanes, earthquakes).
· Agriculture & forestry (crop health, deforestation tracking).
· Urban planning & infrastructure monitoring.
(e) Navigation & GNSS Augmentation:
· Enhanced GPS/GNSS accuracy (MEO satellites like Galileo & BeiDou).
· Autonomous vehicles (drones, self-driving cars, precision farming).
· Aviation & maritime navigation safety.
(f) Scientific Research & Space Exploration: 
· Space-based telescopes (Hubble successor concepts in LEO).
· Microgravity experiments (ISS and future commercial space stations).
· Deep-space communication relays (supporting Moon/Mars missions).
(g) Emergency & Disaster Response:
· First responder communications (when terrestrial networks are down).
· Search-and-rescue operations (COSPAS-SARSAT system).
· Real-time damage assessment (via imaging satellites).

[bookmark: _Toc205557120]3. Spectrum Requirements for NGSO Constellations
[bookmark: _Toc205557121]3.1	Frequency Bands Used for NGSO Satellites
Non-Geostationary Orbit (NGSO) satellites operate across various frequency bands, each offering distinct advantages for different applications. The choice of bands depends on factors like data rate, latency, atmospheric absorption, and regulatory constraints. Below is a detailed breakdown of the key frequency bands [1] used by NGSO systems:
[bookmark: _Toc206003780]Table 2: Key frequency bands used by NGSO systems
	Freq. Band
	Application in NGSO Systems
	Remarks

	VHF/ UHF
[30 MHz – 3 GHz]
	· Small LEO missions
· Telemetry
· Amateur satellites
	· Limited bandwidth
· Longer wavelength

	L-band
[1 – 2 GHz]
	· GNSS (e.g., GPS, Galileo)
· Mobile satellite services [17]
· IoT & M2M communications (asset tracking, maritime, aviation)
· Emergency & disaster response (COSPAS-SARSAT for search and rescue)
	· Good penetration through rain and foliage
· Limited bandwidth, lower data rates (~hundreds of kbps)

	S-band
[2 – 4 GHz]
	· Telemetry, tracking, and control (TT&C)
· Mobile data
	· Moderate bandwidth

	C-band
[4 – 8 GHz]
	· Backhaul for telecom networks
· Weather radar & earth observation
· Some early broadband constellations (now mostly replaced by Ku/Ka)

	· Less affected by rain fade than higher bands
· Wider bandwidth than L-band (~100 Mbps range)
· Requires larger antennas than L-band
· Less common for NGSO now

	X-band
[8 – 12 GHz]
	· Military and Earth observation (e.g., radar satellites) [17]
	· Restricted to government use

	Ku-band
[12 – 18 GHz]
	· Broadband internet (e.g., Starlink first-gen, OneWeb), video, data
· Direct-to-home (DTH) satellite TV (competing with GSO)
· Aeronautical & maritime connectivity
	· Higher bandwidth, faster speeds (100+ Mbps)
· Widely available with moderate-sized antennas
· Susceptibility to rain fade (signal degrades in heavy rain)
· Regulatory challenges (coordination with GSO systems)
· Popular for user terminals

	Ka-band
[26.5 – 40 GHz]
	· High-throughput broadband (Starlink Gen2, Amazon Kuiper) 
· Military satcom (secure high-speed links)
· Inter-satellite laser links (optical comms often paired with Ka)
	· Very high bandwidth (Gbps-level speeds)
· Smaller beam sizes, frequency reuse for dense constellations
· Severe rain attenuation (needs adaptive modulation)
· Requires precise antenna pointing

	Q/ V-band
[33 – 75 GHz]
	· Next-gen ultra-high-throughput satellites (future LEO systems)
· Military & scientific use (high-security comms, experimental high-capacity links)
· Future NGSO use


	· Extremely wide bandwidth (multi-Gbps speeds)
· Minimal interference (underutilized spectrum)
· Extreme atmospheric absorption (oxygen/water vapor attenuation)
· Emerging use
· High attenuation
· Requires advanced phased-array antennas

	E-band
[71 – 86 GHz]
	· Backhaul
· Inter-satellite links
	· Very high data rates
· Limited use



When it comes to the discussion of frequency bands used for NGSO satellites, it is important to discuss regulatory & spectrum challenges, common spectrum used by popular NGSO operators and necessary considerations when choosing frequency bands, explained as follows:
(a) Regulatory & Spectrum Challenges
· ITU coordination: NGSO systems must avoid interference with GSO networks (e.g., PFD limits and EPFD limits).
· Spectrum sharing: LEO constellations reuse frequencies via beam-forming and spatial separation.
· New allocations: V/ Q/ W-bands are being explored for future capacity.
(b) Common Use by Popular NGSO Operators
· Starlink (SpaceX): Ku-band (downlink), Ka-band (uplink), and laser inter-satellite links (optical).
· OneWeb: Ku-band (user links), Ka-band (gateway links).
· Amazon Kuiper: Ka-band.
· Telesat Lightspeed: Ka-band and optical inter-satellite links.
· Earth Observation Satellites (e.g., Sentinel): X-band for data downlink, S-band for TT&C.
(c) Considerations When Choosing Frequency Bands
· Lower frequencies (L, S): Better for penetration and long-range, but lower bandwidth.
· Higher frequencies (Ku, Ka, Q/V): Allow higher data rates, but more susceptible to rain fade and atmospheric attenuation.
· Inter-satellite communications (ISLs): Often use optical (laser) or high-frequency RF bands (E-band, Ka) for fast, secure links.

Spectrum bands that are currently allocated or planned to be allocated for NGSO satellite constellations in SATRC countries are summarized	as below:
(a) Bangladesh: According to the licensing guidelines [18], NGSO operators have been allowed to use the following spectrum bands on a shared basis:
	· 10.7-12.7 GHz
· 12.75-13.25 GHz
· 13.75-14.8 GHz
· 15.43-15.63 GHz
· 17.3-17.7 GHz
· 17.8-18.6 GHz
· 18.819.3 GHz
	· 19.7-20.2 GHz
· 27.5-29.1 GHz
· 29.5-31.0 GHz
· 40.5-42.5 GHz
· 71.0-76.0 GHz
· 81.0-86.0 GHz


(b) Bhutan: No spectrum bands have been identified specifically for NGSO satellites until now.
(c) India: Initially, Ku and Ka-band frequencies are anticipated to be in high demand for NGSO large constellation communications. In future, to support high data throughput, higher frequency bands could also be of interest to NGSO service providers.
(d) Maldives: Ku-band on a shared basis.
(e) Nepal: The spectrum bands specified in the table below are allocated for MSS and FSS, irrespective of their constellations.
[bookmark: _Toc206003781]Table 3: Allocated spectrum for MSS and FSS in Nepal
[image: A table with numbers and letters

Description automatically generated]
(f) Pakistan: As of today, the spectrum allocation and assignment are planned to be in line with ITU region-03 recommendations.
(g) Sri Lanka: Ka-band and Ku band (10.7-12.7 GHz (Satellite to terminal)/ 14-14.5 GHz (terminal to satellite)).
(h) Afghanistan and Iran did not respond to this.

In addition to Ka-band and Ku band spectrum, few SATRC countries also recommended in favor of provisioning C-band, L-band, S-band, Q-band and V-band spectrum for NGSO satellite operation.

[bookmark: _Toc205557122]3.2	Spectrum Sharing Considerations
Non-Geostationary Orbit (NGSO) satellites must share limited spectrum resources with Geostationary Orbit (GSO) satellites, terrestrial networks (5G/ 6G), and other NGSO constellations. Effective spectrum sharing is crucial to prevent interference, ensure fair access, and promote efficient usage of spectrum. Key considerations are explained below:
[bookmark: _Toc206003782]Table 4: Key considerations for spectrum sharing
	Key Consideration
	Challenge(s)
	Solution/ Key Mechanism(s)

	Sharing between NGSO and GSO systems
	NGSO satellites move across the sky and may interfere with fixed GSO satellite links using the same frequency band. This makes interference management more complex, particularly when satellites from different constellations align over the same ground stations, causing in-line interference [19].
	· ITU RR Article 22: Requires NGSO systems to protect GSO systems from harmful interference. This ensures NGSO signals do not overpower GSO receivers.
· Power flux density (PFD) limits: NGSO satellites must ensure that their downlink signal does not exceed certain PFD thresholds at Earth stations.
· Coordination zones: Avoiding GSO orbital arcs or beam footprints when transmitting near GSO coverage.
· Orbital Separation & Avoidance Angles: NGSO satellites must maintain minimum angular separation from GSO satellites when transmitting in shared bands (e.g., Ku/Ka-band).
· Power & Beam Management: NGSO systems use adaptive power control and spot beams to minimize interference.

	Sharing Among NGSO Constellations
	Large constellations (e.g., Starlink, OneWeb, Kuiper) operate in the same bands (e.g., Ku/Ka), leading to mutual interference if uncoordinated.
	· Frequency Reuse via Spatial Separation: NGSO systems reuse the same frequencies in different orbital planes or geographic regions.
· Time-Division Multiple Access (TDMA): Satellites time-share frequencies to avoid collisions.
· Interference Avoidance Algorithms: AI-driven dynamic spectrum sharing adjusts transmissions in real-time.
· ITU first-come, first-served basis: Earlier filings gain priority, but coordination is mandatory.
· EPFD Limits (Equivalent PFD): Limits to aggregate interference from NGSO constellations on other NGSO or GSO systems.
· Bilateral/ Multilateral Coordination: Operators may need to negotiate spectrum use plans (orbital altitudes, beam pointing, time-sharing).

	Sharing with Terrestrial Networks (5G/ 6G, Wi-Fi, etc.)
	Certain NGSO bands (e.g., Ka-band, Q/ V-band) overlap with terrestrial services like 5G, fixed wireless access, and backhaul links.
	· C-Band (3.7–4.2 GHz) Conflicts: 5G networks now occupy parts of this band, forcing satellite operators to shift to higher frequencies.
· 12 GHz Band Debate: SpaceX (Starlink) vs. 5G proponents (DISH Network) over whether the band should be shared.
· Licensed vs. Unlicensed Bands: Ka-band (licensed) is strictly controlled, while V-band (unlicensed) may face congestion.
· Geographic separation: Earth stations located in remote or restricted areas to minimize interference.
· Dynamic spectrum access: NGSO systems may use cognitive radio techniques or geolocation databases to avoid active terrestrial users.
· Power control and beam shaping: Satellite beams are shaped to reduce leakage into terrestrial areas.

	Gateway vs. User Terminal Sharing
	User terminals (UTs) operate on a large scale and are distributed globally. Gateway stations use higher power and bandwidth, often placed strategically.
	· Shared uplink/ downlink sub-bands.
· Separation between UTs and gateways to avoid self-interference.
· Licensing constraints and local spectrum regulations.

	Regulatory & Policy Considerations
	International vs. national rules
	· ITU Coordinates global allocations but national regulators (BTRC, PTA, TRAI etc.) enforce local rules.
· ITU filings and coordination are mandatory for international rights.
· National regulators may impose additional constraints on issues like spectrum access conditions, exclusive/ shared licenses, protection of incumbent services etc.
· NGSO operators must comply with both ITU and national regulations.



Spectrum sharing landscape in SATRC countries for NGSO satellite constellations is as follows:
(a) Afghanistan: Spectrum Sharing is not allowed in Afghanistan
(b) Bangladesh: Spectrum assigned for NGSO satellites are on a shared basis. However, trading and leasing of spectrum are not permitted.
(c) Bhutan: No, there are no spectrum sharing rules in the country.
(d) Maldives: No specific instructions just that it is issued to be used on shared basis.
(e) Pakistan: Not at the moment. Will be considered as the case may be.
(f) Sri Lanka: Not yet. In future regulatory framework will be implemented depending on the requirements.
(g) India, Iran and Nepal did not respond to this question.

[bookmark: _Toc205557123]3.3	Coexistence with Other Services
The rapid growth of NGSO satellite constellations poses both challenges and opportunities for spectrum sharing with other services, including GSO satellites, terrestrial networks, aviation & maritime communications, scientific & radio astronomy services, radio navigation systems, etc. The coexistence of NGSO satellite services with other services is a major challenge and a prime regulatory concern, especially due to the increasing number of NGSO constellations like Starlink, OneWeb, and Kuiper. Detailed overview of the key coexistence considerations, challenges, and strategies are explained below:
(a) Coexistence with GSO Satellite Services: NGSO and GSO satellite systems commonly use the same frequency bands, such as Ku and Ka. This makes it complex for them to coexist. GSO satellites stay in one place above the equator, whereas NGSO satellites continuously move about the Earth's surface, which increases the possibility for them to interfere with each other. This risk of interference becomes more significant in shared frequency bands and in popular orbital areas where there is a higher chance of congestion. NGSO operations can cause harmful effects to GSO services, if their transmitted signals exceed acceptable limits, interfere with sensitive receivers, or cross into the GSO orbital arc. These conflicts can lower the quality of service for both types of satellites if they aren't properly coordinated and protected. The following technical and regulatory measures may be considers to ensure both GSO and NGSO satellite systems can operate efficiently without degrading each other’s performance:
· ITU Radio Regulations: Article 22 of the ITU Radio Regulations outlines several coexistence methods that are used to mitigate these risks. NGSO systems must follow these methods to protect GSO systems operating in the same band.
· Power Flux Density (PFD) Limits: NGSO satellites must remain within the ITU-defined thresholds for PFD to limit the signal strength reaching Earth to protect GSO receivers.
· Equivalent PFD (EPFD): EPFD accounts for aggregated interference from moving NGSO satellites. NGSO satellites must remain within the ITU-defined thresholds for EPFD.
· Orbital Arc Avoidance: NGSO constellations must be designed to avoid transmitting toward the GSO belt during sensitive times/angles.
· Power & Beam Control: NGSO satellites may reduce transmitting power while operating near GSO ground stations.
· Orbital & Angular Separation: NGSO satellites must avoid transmitting when too close to GSO satellites (e.g., >22° separation angle in Ka-band).
· Frequency Segmentation: Separate sub-bands may be allocated for GSO and NGSO use to prevent overlap altogether.
(b) Coexistence with Terrestrial Services: As the demand for high-capacity broadband increases, both terrestrial services (such as 5G mobile networks and Fixed Wireless Access) and NGSO satellites are targeting the same high-frequency bands, like the Ka-band, Q/V-band, and E-band. This overlap creates potential coexistence challenges, as NGSO downlinks and uplinks could cause harmful interference to terrestrial base stations or user devices, especially in densely populated cities where spectrum usage is intense. This issue is especially critical in shared or adjacent bands, where out-of-band emissions and high-power satellite transmissions could impact terrestrial network performance if they are not managed properly. To address these challenges, regulators and operators may consider several coexistence measures as explained below:
· Geographic Separation: Satellite earth stations may be installed in rural or designated protection zones to reduce the risk of interference to urban terrestrial networks.
· Frequency Planning: Different sub-bands or time slots may be assigned to satellite and terrestrial systems to minimize overlap.
· Beamforming & Null Steering: Technological solutions like beamforming and null steering maybe be used to direct signals of satellites and user terminals away from terrestrial infrastructure.
· Dynamic Spectrum Access: May consider dynamic spectrum access techniques, supported by spectrum sensing or centralized databases, allow real-time adaptation to avoid occupied channels.
· Database-Driven Coordination: In some cases, database-driven coordination, such as Spectrum Access Systems (SAS) may be used which dynamically allocate frequencies (like CBRS in 3.5 GHz).
(c) Coexistence with Other NGSO Satellite Networks: NGSO satellite constellations, operated by different companies or countries, are increasingly sharing the same frequency bands. NGSO satellites are always moving, which means that their orbital trajectories cross or overlap at different places. This is different from geostationary satellites, which remain fixed relative to the Earth. This dynamic movement increases the potential for mutual interference, as satellites from different networks might be transmitting in the same frequency range at the same time and in overlapping coverage areas. If this isn't coordinated properly, it might cause poor service, signal collisions, and inefficient spectrum use. The following measures ensure that multiple NGSO systems can operate simultaneously in shared bands without significantly impacting each other’s performance:
· ITU First-Come, First-Served Filing: ITU applies a “first-come, first-served” filing system, granting earlier filings priority in coordination but still requiring all operators to negotiate fair spectrum sharing arrangements.
· Bilateral or Multilateral Coordination Agreements: Operators may coordinate satellite paths, frequencies, and power levels to minimize interference, through bilateral or multilateral coordination agreements.
· Spectral Efficiency Techniques: Advanced spectral efficiency techniques, such as beam hopping, time and frequency reuse, and inter-satellite routing, help further reduce congestion and improve coexistence.
(d) Coexistence with Radio Navigation and Safety Services: NGSO satellite networks must give special consideration and operate with extreme caution when transmitting near frequencies especially allocated to radio navigation and safety services, such as aviation radar altimeters or global navigation satellite systems (GNSS) like GPS and Galileo. These services are extremely critical for aircraft landing guidance, maritime navigation, and timing synchronization in numerous sectors. Even small amounts of interference can lead to erroneous position readings or disrupted safety signals, potentially resulting in severe operational and safety risks. The problem gets further complicated since NGSO satellites may move around and cover a lot of ground. Their beams might accidentally intersect with important navigation frequencies in different areas. To ensure safe coexistence, regulators and operators may consider the following technical and procedural safeguards:
· Guard Bands: Unused frequency buffers must be maintained between satellite operating bands and those used by navigation systems to provide a safety margin against interference.
· Strict Out-of-Band Emission (OOBE) Limits: NGSO systems must meet strict out-of-band emission (OOBE) limits by incorporating advanced filtering to prevent unwanted signal spillover into adjacent navigation bands.
· Regulatory Compliance: NGSO systems must strictly comply with ITU regulations and recommendations from the International Civil Aviation Organization (ICAO) and ITU-R, ensuring that satellite transmissions do not compromise the integrity and reliability of global safety-of-life services.

Coexistence approaches of NGSO satellite service with other services, explained above, can be summarized as follows:
[bookmark: _Toc206003783]Table 5: Coexistence approaches of NGSO satellite service with other services
	Coexisting Service
	Risk
	Coexistence Method

	GSO Satellites
	High
	EPFD limits, ITU coordination

	Terrestrial Networks
	Medium–High
	Geographic separation, dynamic access, beam control

	Other NGSO Systems
	Medium
	Coordination agreements, ITU filings

	GNSS/ Navigation
	High (Safety)
	Guard bands, emission limits



Technical and regulatory tools relevant for the coexistence with other services are explained in the table below:
[bookmark: _Toc206003784]Table 6: Tools relevant for the coexistence of NGSO system with other services
	Tools
	Description

	ITU Coordination Procedures
	Filing, notification, and coordination via the Radiocommunication Bureau

	EPFD Compliance
	Simulation & modeling tools to prove systems meet EPFD limits

	Geolocation Databases
	Used for dynamic spectrum management (especially in Ka-band)

	Smart Antenna Systems
	Dynamic beam control to minimize interference footprint

	National Licensing
	Domestic rules for siting of earth station, power, and band usage



[bookmark: _Toc205557124]3.4	Interference Issues
Interference is a critical challenge in NGSO satellite systems due to their large constellations, dynamic movement, and shared spectrum usage. As NGSO deployments (e.g., Starlink, OneWeb, Kuiper) grow, managing interference is essential for safe and efficient operation.
Due to the usage of several multi-beam satellites and frequency reuse methods, we must account for the impact of aggregated interference when doing interference analysis for any NGSO constellations [20]. An example of interference is seen in Figure 2, where several satellites have numerous beams and carriers per beam. The efficiency of these conventional mitigation strategies when used to NGSO is challenging due to the high heterogeneity and uncertainty regarding the characteristics of the new deployments, even though there have been several previous efforts on establishing interference mitigation techniques for satellite systems. Moreover, most of the prior works focus mainly on the inter-system interference between GSO and NGSO, while the serious issue of NGSO-NGSO interference was recently addressed only in [21], [22], [23], [24]. The downlink interference between LEO system and GSO systems is analyzed in [21] to evaluate the inter-satellite spectrum coexistence performance. The conclusions of [21] indicate that the existing spectrum regulations may be insufficient to ensure GSO protection from NGSO interference. Furthermore, [21] assesses three basic methods for mitigating interference: (i) look-aside or pointing to another LEO satellite in the visible area; (ii) band-splitting, which deviates from maximizing spectral efficiency; and (iii) exclusion zone or avoid operation in regions where interference is unbearable.
To determine if the coexistence of GSO and LEO constellations in the Ka band reduces in-line downlink interference from LEO to GSO systems, the authors of [22] focused on the exclusion angle method, which states that LEO is not permitted to transmit in this angle. Similarly, to reduce the interference in the Ka band that an NGSO satellite causes to a GSO system, a power management mechanism and an inter-site distance determination approach are presented in [23]. In [24], it is examined how NGSO-NGSO co-channel interference affects the throughput that may be achieved for NGSO constellations. Methods for mitigating band splitting interference are also examined in [24], considering the Ka and V bands. Considering this, a detailed analysis of the extremely variable NGSO constellation features and interference interactions is required for satellite deployments across various bands and constellations.
In most of the above publications, uplink and downlink situations are analyzed when NGSO and GSO satellite coverage zones overlap. A significant issue in NGSO networks, intersatellite interference between ISLs requires further research since it may happen anywhere intersatellite communications occur, not only where coverage regions intersect. The relative movements and constellation dynamics make the study of this interference scenario more difficult and complicated. The effects of the interference produced by a LEO constellation's intersatellite connections are examined in [25] for both GSO satellites and ground stations. A code-aided method in the global navigation satellite system ISLs provides the basis for the interference suppression approach that is suggested in [26].

[image: ]
[bookmark: _Toc202883114]Figure 2: Aggregated interference scenario involving a GSO and multiple NGSO satellites

Based on the discussions and analysis in the previous sections, types of interference in NGSO satellite systems can be summarized as follows:
[bookmark: _Toc206003785]Table 7: Types of interferences in NGSO satellite systems
	Type
	Problem
	Impact
	Mitigation

	NGSO to GSO Interference
	NGSO satellites may interfere with Geostationary (GSO) systems that use the same frequencies (especially in Ku, Ka, and V bands).
	· Degradation of GSO satellite services (TV, broadband).
· Especially critical in uplink beams from NGSO ground terminals pointed toward moving satellites.
	· EPFD (Equivalent Power Flux Density) limits to protect GSO systems.
· Compliance with ITU-R Article 22 coordination rules.
· Time/angle/orbital arc exclusions during NGSO transmission.

	NGSO to NGSO Interference
	Multiple NGSO constellations may operate in the same or overlapping frequencies, especially as new systems are launched.
	· Cross-interference between satellite beams from different constellations.
· Signal degradation, collisions in tracking, or reduced throughput.
	· ITU filing priority (first-come, first-served basis).
· Inter-operator coordination agreements.
· Dynamic power adjustment, spatial separation, and beam steering.

	NGSO to Terrestrial Interference
	NGSO satellites share spectrum (especially Ka and Q/V bands) with terrestrial services like 5G, fixed wireless access, and radar.
	· NGSO ground terminals may interfere with nearby 5G base stations.
· Terrestrial networks may interfere with satellite gateways or user terminals.
	· Geographic separation (e.g., siting of gateways in remote areas).
· Cognitive spectrum sharing (e.g., databases, sensing).
· Directional antennas and power control.

	Intra-System Interference (Self-Interference)
	In a single NGSO system (e.g., Starlink), thousands of satellites and beams operate simultaneously.
	· Adjacent beam overlaps.
· Signal degradation in dense deployment regions.
	· Precise frequency planning.
· Adaptive beam shaping and reuse strategies.
· Inter-satellite routing to offload congested links.

	Out-of-Band Emissions (OOBE) and Harmonics
	NGSO systems may emit unintended radiation into adjacent frequency bands (e.g., GNSS, weather radars).
	· Interference with navigation systems (GPS, Galileo).
· Impact on aviation or meteorological services.
	· Strict filtering and OOBE compliance.
· Guard bands between adjacent services.



Until now, only Bangladesh, among the SATRC countries, has specific guidelines [18] in place for managing interference for the operation of NGSO satellite system. However, specific recommendations have been received from few of the SATRC countries about the technical measures or technologies that can be employed to minimize interference between NGSO satellites and terrestrial or other satellite systems sharing the same frequency bands as mentioned below:
(a) Afghanistan: National Regulation and International/regional harmonization and coordination.
(b) Bangladesh: To minimize interference between NGSO satellites and terrestrial or other satellite systems sharing the same frequency bands, the use of phased array antennas and adaptive beamforming for precise signal direction, dynamic frequency allocation, and adaptive power control to optimize transmission power. Additionally, dual-polarization, inter-satellite links, and strategic constellation design enhance spectral efficiency and reduce overlap. Regulatory compliance with ITU guidelines and bilateral coordination agreements further mitigate interference. Implementing TDMA, interference detection systems, advanced filtering, and signal processing techniques, as well as hybrid network architectures can ensure robust and efficient spectrum utilization while minimizing interference risks.
(c) Bhutan: Frequency coordination, Power limits and orbits constellation management.
(d) Pakistan: To minimize interference between Non-Geostationary Satellite Orbit (NGSO) satellites and other systems sharing the same frequency bands, several effective measures and technologies can be employed.
· Advanced Beamforming and Antenna Technologies play a key role. Adaptive beamforming allows antennas to direct signals precisely where needed, reducing unwanted spillover and interference. Phased array antennas offer fine control over signal direction and shape, which helps manage interference more effectively.
· Frequency Management and Coordination is crucial. Dynamic spectrum allocation adjusts frequency use in real-time to avoid conflicts. Frequency hopping rapidly switches frequencies to avoid interference and maintain clear communication channels.
· Interference Mitigation Techniques are also important. Power control adjusts the transmission power to minimize interference with other systems. Carrier aggregation spreads signals over multiple frequencies, which helps reduce interference by covering a wider range.
· Technical Standards and Protocols ensure proper operation. Following international regulations and standards, like those from the International Telecommunication Union (ITU), helps coordinate frequency use and manage interference. Coordination agreements between operators also define operational parameters to avoid conflicts.
· Inter-Satellite Links (ISLs) help reduce interference by allowing communication between satellites within the same constellation, thus reducing reliance on ground-based frequencies and minimizing interference with terrestrial systems.
· Geostationary Satellite Coordination involves adhering to protocols to avoid interference with geostationary satellites. This ensures that NGSO satellites do not overlap in frequency usage with these stationary satellites.
· Advanced Signal Processing techniques, such as interference cancellation and adaptive filtering, help isolate and remove unwanted interference from signals, improving communication clarity.
· Guard Bands and Buffer Zones are used to prevent overlap. Guard bands allocate space between different frequency bands to avoid interference, while coordination zones ensure operators avoid mutual interference in busy regions.
· Operational Strategies like Time-Division Multiplexing (TDM) and Space-Division Multiplexing (SDM) help manage interference. TDM assigns different time slots for using the same frequency, while SDM separates signals based on location or altitude.
(e) Sri Lanka: Providing sufficient guard band. Protecting critical zones (keeping physical clearance). Mandating use of filters.

[bookmark: _Toc205557125]4. Regulatory Approaches to Spectrum Management
[bookmark: _Toc205557126]4.1	International Spectrum Regulation
The International Telecommunication Union (ITU), through its Radiocommunication Sector (ITU-R), is the global authority responsible for regulating spectrum usage and satellite orbits. It ensures that Non-Geostationary Orbit (NGSO) satellite systems operate without causing harmful interference to other users, particularly Geostationary Satellite Orbit (GSO) systems.
The ITU maintains the Radio Regulations (RR), an international treaty that defines spectrum allocations by service and region. NGSO systems typically operate in the L, S, C, X, Ku, Ka, and V-bands, and must follow ITU procedures for spectrum use and orbital notification.
The Radio Regulations (RR) of ITU defines frequency allocations for NGSO (e.g., Ku-band, Ka-band, V-band), sets EPFD (Equivalent Power Flux Density) limits to protect GSO satellites from NGSO interference and requires coordination procedures for NGSO operators to avoid harmful interference.
The ITU establishes worldwide standards and rules for the technical and operational aspects of space-based systems through its Radiocommunication Sector (ITU-R). The ITU Constitution and Convention, the Radio Regulations, Recommendations, and other Handbooks are intergovernmental treaties that codify the legal framework created by ITU Member States. These documents outline detailed rules controlling the following key components and convey the fundamental ideas:
(a) Frequency spectrum allocations for different categories of radiocommunication services (Space, terrestrial, maritime, radio astronomy) [17];
(b) Rights and obligations of national administrations in obtaining access to the radio spectrum and associated orbit resources; and
(c) International recognition of these rights by recording frequency assignments and, as appropriate, associated orbital positions used or intended to be used in the Master International Frequency Register (MIFR). The above regulations are based on the main principles of efficient use of and equitable access to the spectrum/orbit resources laid down in the ITU Constitution.

Depending on whether coordination with other system operators is necessary or not, NGSO satellite networks must follow two different regulatory processes to document assignments and secure protection to operate without harmful interference [27]. These procedures are illustrated in the following figure.
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[bookmark: _Toc202883115]Figure 3: ITU’s procedures for NGSO spectrum allocation

According to the Radio Regulations (RR), NGSO operators must comply with the following provisions with regards to filing and coordination [27]:
(a) NGSO operators must submit Advance Publication Information (API) to declare system intentions or Coordination Requests (CR/C) and Notification (N) documents, whichever is applicable.
(b) First-come, first-served (FCFS) principle applies, but modified for mega-constellations.
(c) Comply with Article 22 (protection of GSO systems) and Appendix 30B (frequency sharing rules).
(d) Adhere to Equivalent Power Flux Density (EPFD) limits to avoid interference with existing GSO and terrestrial services.

The management of spectrum for NGSO satellites operates under a multi-tier regulatory framework that includes:
(a) International Regulation via ITU Processes: ITU oversees global coordination, frequency filings, and orbital notifications to prevent harmful interference among satellite networks.
(b) National Oversight through Licensing and Spectrum Policy: Individual countries establish their own licensing regimes, allocation plans, and usage rules, ensuring compliance with domestic priorities and security requirements.
(c) Regional Harmonization Efforts: Regional bodies such as APT in Asia-Pacific, CEPT in Europe and CITEL in the Americas work to align frequency use and technical standards across neighboring nations for efficient cross-border operations.
(d) Technical Controls through EPFD Limits and Coordination Procedures: Power limits, emission masks, and bilateral or multilateral coordination agreements ensure that NGSO systems coexist without disrupting other satellite or terrestrial services.

To reduce the interference caused by NGSO systems, the worldwide satellite community must address the most important issues: efficient usage of spectrum. To ensure the long-term sustainability of satellite constellations and ground-based astronomy, industry best practices and standards must be developed via cooperation and information sharing between regulators and the industry.
Sustainability has emerged as a prime concern for regulators at all layers of the space sector. Given the speed at which the sector is developing, it is essential for national frameworks to find the right balance between the interests of private companies and governments on one hand; and safeguarding ongoing space activities at international level on the other hand.
The coexistence of ITU tools with various stakeholder frameworks is summarized in the following figure [28].
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[bookmark: _Toc202883116]Figure 4: Texts and regulatory frameworks for space sustainability

As NGSO constellations continue to grow, proactive spectrum regulation is essential to maximize global connectivity while minimizing interference risks.

[bookmark: _Toc205557127]4.2	National Spectrum Allocation Policies
Each nation retains sovereign control over how spectrum is allocated and assigned within its borders. While international coordination is necessary, national regulators determine who may access spectrum (licensing), the conditions of use (technical parameters, pricing, compliance), location and type of ground infrastructure (e.g., gateway stations), etc.
The landscape of spectrum allocation policies in SATRC countries is explained below.
(a) Afghanistan: There are regulations (landing rights) and licensing obligations in place. However, no NGSO satellites are currently authorized to provide any kind of services in Afghanistan.
(b) Bangladesh: With the intention to deliver an overview of the licensing and regulatory framework for providing and operating NGSO satellite services in Bangladesh, the Regulatory and Licensing Guidelines for NGSO Satellite Services Operator in Bangladesh [18] was issued. Following these guidelines, NGSO Satellite Services Operator license was issued in favor of one of the global operators, named Starlink (SpaceX). Applicants must file detailed applications demonstrating the strategy of coexistence with the incumbent operators and the strategy to mitigate interference. The guidelines and the license issued encompass all issues relevant to allowed services, forbidden services, spectrum sharing conditions, interferences mitigation strategy, applicable charges, orbital debris mitigation requirements, lawful interception aspects, etc. The same license mandates the operator to build necessary gateways locally. Spectrums were assigned on a shared basis through the administrative process.
(c) Bhutan: No NGSO satellites are currently authorized to provide any kind of services in Bhutan. Moreover, there are no specific policies, guidelines, rules or frameworks for licensing NGSO satellite constellations in Bhutan yet. However, they have plans to study and develop a framework for licensing NGSO satellite constellations. Since all spectrums in Bhutan are allocated administratively, the NGSO constellation spectrum may be allocated administratively but may differ based on the market demand in the future. They have plans to study the spectrum approaches for NGSO constellations.
(d) India: No NGSO satellites are currently authorized to provide any kind of services in India. However, the Telecommunications Act, 2023 of India provides that the assignment of spectrum for certain satellite-based services is to be done through administrative process. Regulatory framework for enabling communication through NGSO satellite constellations is under consideration in India. Initially, Ku and Ka-band frequencies are anticipated to be in high demand for NGSO large constellation communications. In future, to support high data throughput, higher frequency bands could also be of interest to NGSO service providers.
(e) Iran: No NGSO satellites are currently authorized to provide any kind of services in Iran. No additional information has been provided.
(f) Maldives: Starlink (SpaceX) has already been authorized to provide broadband internet services in Maldives. Policy decisions are made based on national needs and impact on existing markets. They focused on assigning spectrum through administrative process.
(g) Nepal: No NGSO satellites are currently authorized to provide any kind of services in Nepal. However, the matter of national approaches for licensing NGSO satellite constellations in Nepal is currently under study. According to existing approach, Nepal awards satellite spectrum through administrative process and the same is being seen as better approach of spectrum allocation for NGSO constellations.
(h) Pakistan: No NGSO satellites are currently authorized to provide any kind of services in Pakistan. Pakistan has formulated a National Space Policy and applicable rules as well as a licensing framework. As a common approach, the Satellite Operators will need to register with Pakistan Space Activities Regulatory Board (PSARB), followed by licensing by Pakistan Telecom Authority for Satellite Based Telecommunication Service and Pakistan Electronic Media Regulatory Authority (PEMRA) for Broadcasting services. Conventional spectrum allocation mechanisms, such as administrative allocation, auctions, and licensing, are essential for organizing and managing the use of the radio frequency spectrum, including for Non-Geostationary Satellite Orbit (NGSO) constellations. These mechanisms is expected to ensure that spectrum resources are used efficiently and equitably while preventing interference between different users and services. Each approach has its own advantages and challenges, particularly in the context of NGSO constellations. While traditional spectrum management methods have been effective, alternative approaches, especially for congested bands could be such as dynamic spectrum access, spectrum sharing, incentive-based approaches, flexible licensing models. They would offer additional flexibility, efficiency, and innovation potential for NGSO constellations. By incorporating these techniques, regulators can better accommodate the unique needs of NGSO systems and promote optimal spectrum utilization. A consultative approach between government bodies and industry and ITU is essential to ensure the adoption of best approach, with minimal spectrum interference.
(i) Sri Lanka: Licenses in Sri Lanka for NGSO satellite constellations are issued under sections 17B and 22 of the Sri Lanka Telecommunications Act no: 25, 1991 as amended and subject to the provider license rules 2024. Sri Lanka is at the initial stage of NGSO constellations for the Broadband service and due to less demand, the administrative approach is considered appropriate for the time being. However, if there is high demand for this service in future Sri Lanka may think of the auction process.

The landscape of spectrum allocation policies in few other countries from different regions is explained below:
(a) Australia: Spectrum allocation policies for Non-Geostationary Orbit (NGSO) satellite operators in Australia are governed by the Australian Communications and Media Authority (ACMA), aligning with international standards while supporting domestic connectivity and innovation. NGSO operators must obtain a Spectrum License or Apparatus License from ACMA under the Radiocommunications Act 1992. Class Licenses may apply for low-power NGSO systems (e.g., IoT satellites). ACMA follows ITU Radio Regulations, requiring NGSO operators to coordinate with GSO networks. EPFD limits apply to protect incumbent services. Operators must comply with ITU & Space (Launches and Returns) Act 2018 for debris mitigation. NGSO operators must also submit end-of-life disposal plans (e.g., deorbiting within 25 years). ACMA auctions licenses for commercial NGSO use (e.g., SpaceX, OneWeb). Australia’s framework promotes NGSO innovation while ensuring efficient spectrum use [29].
(b) Japan: Spectrum allocation policies for NGSO satellite operators in Japan are regulated by the Ministry of Internal Affairs and Communications (MIC), ensuring efficient spectrum use. NGSO operators must obtain a Radio Station License from MIC under the Radio Act. MIC enforces ITU Radio Regulations, requiring NGSO operators to coordinate with GSO networks and terrestrial services. EPFD limits also apply to protect existing users. Operators must comply with Japanese Space Policy and ITU guidelines for debris mitigation. NGSO operators must submit end-of-life disposal plans, including deorbiting within 25 years. Spectrum licenses are granted through a transparent application process.
(c) UK (Ofcom): Ofcom, being the regulator for the broadcasting, telecommunications, and postal including satellite communications in the United Kingdom, plays a central role in licensing satellite services and operations within the UK’s jurisdiction. Ofcom introduced their NGSO licensing framework, in December 2021, defining two types of licenses: (i) NGSO Network License usually held by the satellite operator; and (ii) NGSO Gateway License, held by the entity having control over the gateway, usually the satellite operator or the teleport operator. NGSO Gateway licenses can be used within the national territory of the emitting country but restrictions may apply around sensitive sites. Licenses are leasable and transferable, which means that operators can also access the spectrum through commercial agreements with the license holders.
(d) USA (FCC): The Federal Communications Commission (FCC) operates a “first-come, first-served” approach for NGSO applications with coordination requirements to prevent interference. They have a 5-Year Post-Mission Disposal Rule (2022) that requires NGSO satellites to be deorbited within 5 years of mission completion. Operators must also share orbital data and adhere to NASA/DoD debris mitigation guidelines. FCC auctions spectrum for terrestrial competitors (e.g., 5G), requiring NGSO operators to coexist with other services (e.g., via power limits or geographic sharing). FCC permits blanket licensing for large NGSO systems but enforces strict deployment milestones. NGSO operators must comply with Equivalent Power Flux Density (EPFD) limits to protect geostationary satellites. FCC aligns with ITU Radio Regulations for the purpose of global coordination [30] [31] [32].

[bookmark: _Toc205557128]4.3	Regional Ecosystem
(a) Europe (CEPT/ ECC): The European Conference of Postal and Telecommunications Administrations (CEPT) is responsible for bringing together national regulatory bodies from 46 European nations to coordinate postal and telecommunications services to promote uniform policies, strategies, and standards in these domains. The European Communications Office (ECO), which offers advice on deliveries and decisions, and the Electronic Communications Committee (ECC), which focuses on radio communications, are two examples of the committees that make up CEPT. ECC Decision (05)08 provides coordination guidelines for NGSO use of Ku- and Ka-bands.
(b) America (CITEL): In the Americas region, the Inter-American Telecommunication Commission (CITEL), operating as an entity under the Organization of American States (OAS) that comprises all 35 independent states of the Americas, recommends its administrations to adopt a generic or blanket licensing framework for NGSO satellites including Earth Station in Motion (ESIM) operations in particular frequency bands.
(c) Africa (ATU): The African Telecommunications Union (ATU) focuses on bridging the digital divide via NGSO broadband among the African countries. Promotes spectrum harmonization but faces challenges with coordination due to limited monitoring resources.
(d) Asia-Pacific (APT): Some countries in the Asia-Pacific region, like Japan, South Korea, and Australia are adopting progressive frameworks for NGSO broadband integration. Some others, like Indonesia are imposing stricter NGSO regulations. Asia Pacific Telecommunity (APT) emphasizes coordination between national services and large constellations operating internationally.

[bookmark: _Toc205557129]4.4	Licensing Frameworks for NGSO Systems
From the examples and practices of different countries across the globe, types of licenses for NGSO systems can be categorized as follows:
(a) Service License: This license authorizes an operator to provide NGSO-based satellite communication services within a country’s jurisdiction. For example, Bangladesh, USA, etc. issues such authorizations for NGSO operators, allowing them to offer broadband services nationwide.
(b) Spectrum License: This license grants access to specific frequency bands for NGSO operations. United Kingdom issues spectrum licenses for operators to use Ka-band or Ku-band frequencies for NGSO services, ensuring coordination with terrestrial and other satellite users.
(c) Gateway Earth Station License: Some countries require a separate license for fixed gateway earth stations that connect NGSO satellites to terrestrial networks. For instance, Australia issues space receiver and transmitter licenses for such facilities.
(d) User Terminal License: In certain jurisdictions, mobile or consumer satellite user terminals also require licensing. For example, in India, individual licenses for Very Small Aperture Terminals (VSATs) or satellite broadband user equipment are required before they can operate legally.

Key factors considered in the licensing of NGSO systems, as observed from the perspective of global regulatory practices, include:
(a) Spectrum Coordination Status: Many countries assess whether the applicant’s filings are properly recorded with the ITU and are compliant with national allocations for the licensing of NGSO systems. For example, Bangladesh, Canada, etc. requires proof of ITU coordination before issuing a operating license.
(b) PFD and EPFD Compliance Certification: Some countries require NGSO operators to meet the ITU-R standards for PFD and EPFD limits to protect other services. For example, USA and Bangladesh require the NGSO operators to demonstrate compliance before granting authorization/license.
(c) Gateway Location Requirements: Some countries mandate NGSO gateway earth stations to be located within their borders for security and control. For example, Bangladesh requires the NGSO operators to set up in-country gateways as part of their licensing conditions.
(d) Non-Interference and Non-Protection Clauses: Licenses often include clauses stating that NGSO operations must not cause harmful interference and cannot claim protection from other authorized users. As an example, Bangladesh and UK include such provisions to safeguard existing terrestrial and satellite services.
(e) Public Interest Obligations: Many regulators require NGSO systems to contribute to universal service or rural connectivity goals. For instance, Australian considers the role of NGSO broadband services in bridging the digital divide in remote areas when assessing applications and Bangladesh mandates the NGSO operators to contribute to a space development fund.

Licensing models for NGSO systems can generally be classified into the following categories, with examples from different jurisdictions:
(a) Individual Licensing: This model is typically applied to NGSO gateway earth stations and operators entering any national market. For example, the USA requires individual licenses for gateway stations and market access. Bangladesh also provides individual license with national market entry.
(b) Class Licensing: In some countries, NGSO user terminals, especially small and portable devices, are authorized under class licenses or license-exempt frameworks. For instance, Australia issues class licenses for certain low-power satellite user terminals, while the UK allows certain NGSO user equipment to operate without individual licensing under shared technical conditions.
(c) Landing Rights: This model grants permission to provide services in a country even if the satellite operator is licensed elsewhere. For example, Canada requires foreign NGSO operators to obtain “landing rights” before offering services in Canadian territory, while Brazil uses a similar framework to control market entry by foreign-licensed operators.

[bookmark: _Toc205557130]5. Spectrum Coordination
[bookmark: _Toc205557131]5.1	Coordination Approaches
Spectrum coordination for Non-Geostationary Orbit (NGSO) satellite systems is essential to avoid interference and ensure fair access to orbital and spectrum resources. The approaches involve both international and national mechanisms, guided by regulatory principles and technical constraints. The following approaches are commonly used:
(a) ITU Coordination Procedures: The International Telecommunication Union (ITU) mandates that all satellite operators, including NGSO systems, follow a structured coordination process, as follows:
· Advance Publication Information (API): Preliminary filing by the operator announcing planned satellite use.
· Coordination Request (CR/C): Notification of specific frequencies and orbital parameters that may affect other systems.
· Notification & Recording: Once coordination is complete, the network is recorded in the ITU Master International Frequency Register (MIFR).
· EPFD Limits Compliance: NGSO operators must meet Equivalent Power Flux Density (EPFD) limits to ensure they do not interfere with Geostationary Orbit (GSO) networks or terrestrial services.
(b) Bilateral and Multilateral Agreements: Operators, beyond ITU filings, are often encouraged or required to engage in bilateral/ multilateral coordination when using overlapping spectrum or orbital planes. These agreements may cover frequency band separation, geographic separation of gateways, time-sharing arrangements, dynamic scheduling of transmissions, etc. These agreements may cover:
· Bilateral Agreements: Between two operators to avoid mutual interference.
· Multilateral Forums: Platforms like the Commercial Smallsat Spectrum Management Association (CSSMA) and Satellite Industry Association (SIA) facilitate broader coordination.
(c) National-Level Coordination: National regulatory authorities may require performing the following types of coordination at national level:
· Landing rights and coordination with domestic systems.
· Spectrum sharing agreements with local telecom or satellite licensees.
· Compliance with siting of earth station and emission limits to avoid interference with terrestrial systems.
· Enforce national interference thresholds and monitor spectrum usage.

[bookmark: _Toc205557132]5.2	Challenges in coordinating spectrum use among multiple operators
With dozens of NGSO constellations proposed globally, coordinating spectrum use presents numerous challenges as explained below:
(a) Orbital Dynamics and Time-Varying Interference
· NGSO satellites move rapidly relative to the Earth, causing dynamic and shifting interference zones.
· Coordination must account for time, position, and beam patterns, not just frequency.
(b) Mega-Constellations
· Large systems like Starlink (>4,000 satellites) dramatically increase the likelihood of intra and inter-system interference.
· Coordination becomes computationally complex and resource intensive.
(c) Spectrum Congestion
· Popular bands such as Ku and Ka-band are heavily used by both GSO and NGSO systems. Moreover, thousands of NGSO satellites (e.g., Starlink ~4,000+, OneWeb ~600) compete for limited spectrum.
· As demand increases, the available bandwidth for interference-free operation shrinks, particularly for smaller or newer operators.
· GSO operators resist sharing due to interference risks.
(d) Lack of Harmonized National Policies
· Different countries interpret ITU guidelines differently.
· Some nations impose gateway localization or exclusive rights, making global coordination more fragmented.
(e) Technical Limitations
· Doppler Shift: NGSO satellites’ high speed causes frequency drift, complicating coordination.
· Cross-Border Interference: Signals from one country may affect neighboring nations’ services.
(f) Latency and Inequality in Filing Prioritization
· The first-come, first-served principle of ITU filings can give early movers an unfair advantage, limiting flexibility for new entrants.

[bookmark: _Toc205557133]5.3	Dynamic Spectrum Sharing
To address the challenges mentioned in the previous section, the concept of Dynamic Spectrum Sharing (DSS) is being explored and implemented for NGSO systems.
DSS is a real-time or near-real-time, adaptive method to allocate spectrum between NGSO, GSO, and terrestrial networks based on demand, current network conditions, satellite locations, and interference levels. It enables multiple NGSO constellations to share the same frequencies and intelligent avoidance of interference by adjusting power, frequency, or beam patterns dynamically. DSS is further explained below:
(a) Techniques and Technologies
· Spectrum Sensing: Satellites or ground terminals detect usage of specific frequencies and avoid those already in use.
· Geolocation Databases: Operators upload their real-time satellite data to a shared database that determines safe frequency use.
· Beamforming and Null Steering: Antennas dynamically direct signals away from potential interference zones.
· Time Division Sharing: Operators agree to alternate spectrum access in overlapping areas or periods.
· Cognitive Radio Techniques: Automated systems make spectrum use decisions without human input, based on environmental sensing.
(b) Advantages
· Maximizes spectrum efficiency in high-demand bands.
· Enables coexistence of multiple NGSO systems without exclusive spectrum assignment.
· Reduces the need for lengthy bilateral coordination.
(c) Regulatory and Technical Considerations
· Requires international and national standardization.
· Needs real-time data exchange and trust frameworks.
· Must ensure compliance and auditability of dynamic decisions.

[bookmark: _Toc205557134]6. Emerging Trends in Spectrum Usage for NGSO Systems
[bookmark: _Toc205557135]6.1	Emerging Trends
The rapid expansion of NGSO satellite systems, including mega-constellations such as Starlink, OneWeb, and Amazon Kuiper, is transforming the global communications landscape. As demand for high-speed, low-latency connectivity grows, NGSO operators are adopting innovative spectrum strategies, driving regulatory evolution, and reshaping satellite network architectures. Key emerging trends in spectrum use for NGSO systems are explained below:
(a) Increased Usage of Higher Frequency Bands
· As the demand for broadband increases significantly, NGSO operators are increasingly leveraging higher frequency bands (e.g., Ka-band [26.5–40 GHz], Q/ V-band [40–75 GHz], and E-band [71–86 GHz]) to meet rising bandwidth demands. These bands offer larger bandwidth availability but come with challenges such as rain fade and atmospheric attenuation.
· Advantages are explained below:
· Greater capacity for broadband and backhaul services.
· Reduced congestion in traditionally used bands (e.g., Ku-band).
· Better frequency reuse and beam steering capabilities.
(b) Dynamic and Flexible Spectrum Access
· Software-Defined Payloads and Ground Terminals: Many modern NGSO systems deploy software-defined satellites and reconfigurable user terminals, enabling real-time frequency adjustments. This supports adaptive frequency planning and interference avoidance based on actual spectrum usage.
· Cognitive and Opportunistic Access: Some systems are exploring cognitive radio techniques to sense and adapt to available spectrum dynamically. This trend supports on-demand spectrum allocation and improves spectrum efficiency.
(c) Spectrum Sharing and Coexistence Mechanisms
· NGSO–NGSO and NGSO–GSO Sharing: Regulatory bodies (e.g., ITU) have developed EPFD (Equivalent Power Flux Density) rules to facilitate safe sharing between GSO and NGSO systems. Coordination mechanisms between NGSO constellations are becoming more common as orbital congestion grows.
· Terrestrial-Satellite Spectrum Sharing: Shared use of Ka-band and V-band with 5G and fixed wireless services is growing. Coexistence can be achieved using spatial, time, and power domain separation.
(d) Proliferation of Mega-Constellations
· Constellation Scaling: NGSO operators are moving from hundreds to thousands of satellites, which increases spectrum reuse but also raises coordination complexity. Efficient spectrum usage requires fine-grained frequency planning and automated spectrum management systems.
· Global Coverage Imperatives: Increasing deployment of inter-satellite links (ISLs) using optical and RF bands for global data relay. Drives demand for spectrum that can support high-speed, low-latency crosslinks.
(e) Regulatory Innovation and Policy Shifts
· ITU Reform and Filing Reforms: The ITU is reviewing its first-come, first-served model considering the emerging disputes over orbital resources. More focus on spectrum efficiency metrics, time-bound deployment milestones, and transparency in filings.
· National Policy Experiments: Some countries are trialing spectrum auctions, dynamic licenses, and localized usage rights for NGSO systems. Emphasis on balancing global access with national sovereignty in spectrum governance.
(f) Integration with Terrestrial 5G and 6G Ecosystems
· Non-Terrestrial Networks (NTNs) in 3GPP: 3GPP has incorporated NGSO satellite systems under Release 17 and 18, aligning them with future 5G/6G standards. NGSO satellites will play a role in ubiquitous coverage, especially in underserved or remote regions.
· Unified Spectrum Access Models: Exploration of hybrid spectrum management, where NGSO, terrestrial 5G, and Wi-Fi networks share spectrum intelligently. Development of converged user devices that can switch between satellite and terrestrial connectivity.

NGSO systems are paving the way of innovation in spectrum use. With new frequency bands, dynamic sharing techniques, and hybrid network models, NGSO satellites are transforming how spectrum is utilized across the globe. However, these developments also require robust international coordination, innovative regulatory approaches, and cooperation among industry players. These trends will continue to evolve as the demand for global, high-speed, and reliable connectivity increases across all sectors, from rural broadband to autonomous vehicles and beyond.

[bookmark: _Toc205557136]6.2	Technological Innovations
NGSO systems are rapidly evolving through the integration of cutting-edge technologies that enhance their spectrum use efficiency, flexibility, and coverage. Key innovations include:
(a) Software-Defined Payloads (SDPs): Satellites are increasingly equipped with reconfigurable, software-defined radios and digital beamforming. This allows for real-time frequency, power, and beam allocation, optimizing spectrum use in response to dynamic demand and interference conditions.
(b) Inter-Satellite Links (ISLs): Use of RF and laser-based ISLs allows NGSO satellites to route traffic internally without relying on ground stations. Reduces spectrum pressure on downlink/uplink paths and improves global routing efficiency.
(c) Advanced Antenna Systems: Adoption of phased array antennas on both satellites and ground terminals enables high gain and narrow beamwidths, dynamic beam steering for better spatial frequency reuse, and reduced risk of interference to/ from other networks.
(d) Artificial Intelligence (AI) for Spectrum Management: AI algorithms are being used to predict and mitigate interference, automate frequency planning, and optimize network capacity and load balancing in real time.
(e) Smallsats and Modular Constellations: New NGSO systems are using modular and scalable satellite constellations, often made up of smallsats or cubesats. These enable agile deployment, frequent updates, and flexible spectrum assignment depending on mission needs.

[bookmark: _Toc205557137]6.3	Spectrum for High-throughput Satellites (HTS)
NGSO operators are adopting advanced technologies and innovative spectrum strategies, particularly for High-Throughput Satellites (HTS). HTS systems, particularly in the NGSO domain, require broad and reusable bandwidth to meet increasing capacity demands. Spectrum use is becoming more strategic and aggressive in these systems.
(a) Use of Higher Frequency Bands
· NGSO HTS operators are increasingly turning to higher frequency bands that offer wider bandwidths.
[bookmark: _Toc206003786]Table 8: Use cases of High-Throughput Satellites operating in higher frequency bands
	Band
	Freq. Range
	Use Case

	Ka-band
	26.5–40 GHz
	Common for broadband access, backbone links

	Q/V-band
	33–75 GHz
	Emerging band for high-capacity feeder links

	E-band
	71–86 GHz
	Future use for ultra-high capacity backhauls and ISLs



· These bands enable greater bandwidth availability, higher spectral efficiency, and smaller antenna sizes with tighter beams. However, they also face greater susceptibility to atmospheric attenuation, requiring adaptive power control and site diversity.
(b) Frequency Reuse and Beamforming
· NGSO HTS leverage spot-beam architectures, which allow frequency reuse across geographically separated beams.
· This multiplies the effective throughput of the satellite without requiring additional spectrum.
(c) Spectrum Sharing with Other Services
· NGSO HTS often operates in bands shared with GSO satellites, 5G terrestrial networks, Fixed services (FS) and Earth Exploration Satellite Services (EESS).
· To enable coexistence, regulators enforce EPFD limits, operators adopt coordination zones and beam exclusion techniques, and increasing emphasis is placed on dynamic spectrum access models.
(d) Gateway Localization and Spectrum Access Constraints
· Some countries mandate domestic gateway usage, influencing where and how NGSO HTS systems operate spectrum.
· This has led to regional spectrum segmentation, and development of hybrid architectures that balance international and domestic requirements.

[bookmark: _Toc205557138]7. Case Studies
This chapter examines key case studies that illustrate how various NGSO satellite operators and regulatory jurisdictions have approached spectrum management, coordination, and compliance. Each case offers practical insights into the regulatory complexities and innovations shaping the NGSO ecosystem.

[bookmark: _Toc205557139]7.1	Licensing Framework of NGSO Satellite Operators in Bangladesh
(a) Overview: Bangladesh has issued regulatory and licensing guidelines [18] in March 2025 intended to deliver an overview of the regulatory and licensing framework for providing and operating NGSO satellite Services in Bangladesh. Licenses awarded under these Guidelines will permit the operator to build, own, maintain and operate NGSO satellite network in Bangladesh. Until now, only one operator, named Starlink Services Bangladesh Limited, has been awarded with NGSO satellite operator license in Bangladesh.
(b) Spectrum Strategy:
· In accordance with the Radio Regulations of ITU-R, spectrums had been allocated for NGSO satellite operations in Bangladesh. Frequencies, allocated, ranges from Ku-, Ka-, V- and E-band.
· NGSO satellite operators are also awarded with the radiocommunications apparatus license along with the NGSO satellite operator license. No separate license is required for the usage of spectrum.
· NGSO satellite operators must obtain authorization and get the spectrums registered in the MIFR of ITU as a prerequisite of obtaining the NGSO satellite operator license.
· Spectrums assigned through the license are on a shared and nonexclusive basis.
· Licenses include specific clauses stating that NGSO operations must not cause harmful interference and cannot claim protection from other authorized users.
(c) Regulatory Approach:
· Bangladesh issues a service license to the operator which authorizes the operator to provide NGSO based satellite communication services within the jurisdiction of Bangladesh. No separate license is required for gateway earth stations or user terminals.
· NGSO satellite operators are required to submit a comprehensive plan that demonstrates coexistence strategy with other networks (terrestrial, GSO satellite, other NGSO satellite).
· NGSO satellite operators are required to submit a comprehensive report containing sufficient technical evidence to show compliance with the provisions of ITU regarding the protection of other licensed services in Bangladesh (terrestrial, GSO satellite, other NGSO satellite) and explain the methodologies to be used to mitigate any potential interference. This includes compliance with ITU-R standards for PFD and EPFD limits.
· Operators must be incorporated within Bangladesh to be eligible for the license of NGSO satellite operator. As such, Starlink had to be incorporated in Bangladesh as Starlink Services Bangladesh Limited before they were awarded with the license.
· NGSO satellite operators are required to set up necessary gateways within the territory of Bangladesh.
· Apart from broadband internet, NGSO satellite operators are authorized to provide IoT & M2M communication, ESIM Service, backhaul services, etc. in Bangladesh. However, they are not allowed to provide DTH services, broadcasting services and satellite based IMT (context) services.
· NGSO satellite operators are required to comply with established international standards including the guidelines outlined by the Inter-Agency Space Debris Coordination Committee (IADC), the United Nations Committee on the Peaceful Uses of Outer Space (COPUOS) and the ITU for post-mission disposal, collision avoidance, international cooperation for the mitigation of space debris, etc.

[bookmark: _Toc205557140]7.2	Starlink (SpaceX) – United States of America
(a) Overview: SpaceX’s Starlink constellation is one of the largest and most advanced NGSO networks, aiming to deploy tens of thousands of satellites to deliver global broadband services.
(b) Spectrum Strategy:
· Primary Bands: Operates primarily in the Ku-band (10.7–12.7 GHz downlink; 14.0–14.5 GHz uplink) and Ka-band.
· Dynamic Frequency Reuse: Uses phased array antennas and frequency reuse via spot beams.
· Laser Inter-Satellite Links (ISL): Employs laser-based inter-satellite links (ISLs) in newer generations to reduce ground segment reliance.
(c) Regulatory Approach:
· Filed for 30,000+ satellites under ITU’s "bring-into-use" rules.
· Licensed by the U.S. Federal Communications Commission (FCC). FCC granted blanket license for 12,000 satellites (later expanded).
· Subject to modification milestones, debris mitigation rules, and spectrum coordination under ITU frameworks.
· The FCC imposed EPFD limits to protect GSO systems.
· Faced opposition from GSO operators (SES, Intelsat) over EPFD limits. Adjusted power levels and orbital spacing to comply with ITU EPFD rules.
· Required to coordinate spectrum use with other NGSO applicants and existing services.
(d) Challenges Faced:
· Coordination with GSO operators (e.g., ViaSat) over interference concerns.
· National security and environmental reviews linked to ground station deployments.

[bookmark: _Toc205557141]7.3	OneWeb – United Kingdom
(a) Overview: OneWeb operates an NGSO constellation focusing on low-latency broadband services to remote and underserved areas, with an emphasis on government and enterprise connectivity.
(b) Spectrum Strategy:
· Primary Bands: Utilizes Ku-band frequencies for user links and Ka-band for gateway links.
· Spectrum Sharing: Uses polar orbits to minimize GSO interference.
· Designed for global frequency reuse and low-latency routing.
(c) Regulatory Approach:
· Coordinated with 40+ countries for ground station access.
· Originally licensed through the United Kingdom’s Ofcom and coordinated via ITU filings by the UK.
· Follows ITU “bringing into use” deadlines and landing rights requirements in foreign jurisdictions.
· Must engage in bilateral coordination for market access in other countries.
(d) Policy Implications:
· Post-Brexit, OneWeb played a central role in the UK’s national space policy.
· Coordination complexities arose from its global service model needing multi-country approvals.

[bookmark: _Toc205557142]7.4	Amazon Kuiper – United States of America
(a) Overview: Amazon’s Project Kuiper is a planned constellation of over 3,000 satellites aimed at enhancing global broadband access and IoT applications.
(b) Spectrum Strategy:
· Primary Bands: Primarily licensed to operate in the Ka-band.
· Innovation: Plans for cognitive radio to dynamically avoid interference. Also plans to use advanced beamforming and dynamic spectrum allocation to manage interference and optimize throughput.
(c) Regulatory Approach:
· Approved by the FCC, subject to strict deployment milestones.
· FCC requires them to launch 50% of the constellation (1,618 satellites) by 2026. Partnered with ULA, Arianespace for rapid deployment.
· Required to file EPFD assessments and coordinate with both GSO and NGSO operators.
· Must comply with U.S. orbital debris mitigation policies and market access rules in other jurisdictions.
· For coexistence with Starlink, negotiating automated spectrum-sharing algorithms to avoid clashes.
(d) Notable Features:
· Amazon committed to inter-operator coordination with SpaceX and OneWeb during the application process.
· Faces ongoing scrutiny over orbital congestion and interference risk.

[bookmark: _Toc205557143]7.5	Telesat Lightspeed – Canada
(a) Overview: Telesat Lightspeed is a Canadian NGSO system intended to provide high-throughput, low-latency connectivity using a Ka-band architecture.
(b) Spectrum Strategy:
· Primary Bands: Focused on Ka-band spectrum for both user and gateway links.
· Emphasizes frequency agility and interference avoidance.
(c) Regulatory Approach:
· Licensed by Innovation, Science and Economic Development Canada (ISED).
· Required to demonstrate spectrum efficiency, national gateway usage, and compliance with domestic and ITU coordination.
· Actively coordinated with U.S. and international regulators due to proximity and cross-border service requirements.
(d) Highlights:
· Canada adopted a protectionist approach requiring Canadian satellites to use Canadian gateways, influencing Telesat’s network architecture.

[bookmark: _Toc205557144]7.6	Regional Case: Rwanda’s Satellite Filing via ITU
(a) Overview: In recent years, Rwanda submitted filings for large NGSO constellations to the International Telecommunication Union (ITU) in collaboration with private partners.
(b) Spectrum Strategy:
· Primary Bands: Filings involve multi-thousand satellite constellations in Ku, Ka, and V-bands.
· Aims to establish regulatory sovereignty and attract international investment in space infrastructure.
(c) Regulatory Innovation:
· Demonstrates how emerging economies are using ITU filing rights strategically to gain a foothold in the global NGSO market.
· Raises questions and concerns about actual deployment capabilities and spectrum hoarding concerns.

[bookmark: _Toc205557145]7.7	Global Navigation Satellite Systems (GNSS)
(a) Overview: Global Navigation Satellite Systems (GNSS) are critical NGSO (typically MEO-based) satellite constellations that provide positioning, navigation, and timing (PNT) services. Major systems include:
[bookmark: _Toc206003787]Table 9: Major Global Navigation Satellite Systems
	System
	Operator
	Region

	GPS
	U.S. Air Force / Space Force
	Global

	GLONASS
	Russian Federation
	Global

	Galileo
	European Union (EU)
	Global

	BeiDou
	China
	Global

	NavIC
	India
	Regional (Expanding)

	QZSS
	Japan
	Regional (Asia-Pacific)



(b) Spectrum Strategy:
· GNSS systems operate in protected and standardized bands, including:
· L1 (1575.42 MHz): Primary civil use.
· L2 (1227.60 MHz): Military and dual-frequency receivers.
· L5 (1176.45 MHz): Safety-of-life and aviation applications.
· Some GNSS also use E6 (1278.75 MHz) and S-band (for regional enhancements).
· These bands are harmonized globally under ITU Radio Regulations, specifically allocated to the Radionavigation-Satellite Service (RNSS).
(c) Regulatory Approaches
· Spectrum access is coordinated at the ITU level, with:
· Strict frequency planning and coordination under Appendix 4 and 30B of the ITU regulations
· Protection from harmful interference through compatibility analyses and international filings
· National administrations ensure domestic compatibility with GNSS reception, including protections from 5G and broadband services operating in adjacent bands.
(d) Challenges
· Interference Protection: Adjacent band operations (e.g., Ligado in the U.S.) have raised concerns about out-of-band emissions affecting GNSS receivers.
· Spectrum Congestion: Shared use and proliferation of GNSS augmentation services (e.g., SBAS, RTK) increase complexity in spectrum coordination.
· Cyber and Signal Jamming Threats: Regulatory frameworks are expanding to address intentional interference, spoofing, and GNSS denial threats.
(e) Policy and Coordination Implications
· GNSS systems, though non-commercial, must coordinate internationally, especially as dual-use and commercial navigation applications (e.g., autonomous vehicles, drones, IoT) grow.
· ITU's Radio Regulations Board (RRB) plays a vital role in interference resolution and coordination arbitration for GNSS-related spectrum issues.

[bookmark: _Toc205557146]8. Future Regulatory Challenges
While NGSO satellite systems promise significant advances in broadband connectivity and global coverage, they also introduce a new set of complex regulatory challenges. This chapter outlines the most pressing future issues, focusing on spectrum management, international coordination, and space sustainability.

[bookmark: _Toc205557147]8.1	Growing Spectrum Demand
As NGSO systems proliferate, the demand for radiofrequency spectrum, particularly in the Ku, Ka, and V-bands, continues to intensify. The key challenges, in this respect, include:
(a)	Increased Bandwidth Requirements: NGSO constellations, especially those designed for high-throughput broadband, require wide bandwidths and multiple frequency channels. With the emergence of new services (e.g., 5G backhaul, IoT integration, autonomous transport), spectrum requirements will continue to grow, potentially exceeding current allocations.
(b)	Band Congestion and Fragmentation: Most NGSO operators compete for similar frequency bands, leading to co-frequency interference risks, especially in congested orbital shells. This also poses challenges in managing geographic and temporal overlaps in frequency use and leads to fragmentation across national policies, creating barriers for global service delivery.
(c)	Competition with Terrestrial Services: The same spectrum bands (e.g., 28 GHz) are also desired for terrestrial 5G. Balancing this need of NGSO and terrestrial will require clear sharing frameworks, sophisticated interference mitigation protocols and technology-neutral regulation that ensures fair spectrum access for all.

[bookmark: _Toc205557148]8.2	Global Coordination Requirements
The inherently global nature of NGSO systems demands a higher degree of international cooperation and harmonized regulatory processes.
(a)	Complexity in ITU Coordination: According to the prevailing ITU regulations (notably Article 9), NGSO operators must coordinate with both GSO and other NGSO systems. However, the volume of filings has increased significantly, straining the ITU’s capacity to manage and verify coordination. There are also concerns for filing misuse, including speculative filings, which may lead to uncertainty and disputes. Modernization of ITU procedures is critical to ensure timely, fair, and transparent spectrum access.
(b)	Disparities in National Licensing: Operators must secure market access in each country individually. This leads to inconsistent licensing timelines and terms; regulatory asymmetries between developed and developing nations; and complications in gateway coordination, spectrum fees, and landing rights.
(c)	Need for Multilateral Frameworks: There is growing consensus that multilateral or regional agreements may simplify NGSO licensing across multiple jurisdictions; facilitate data sharing, monitoring, and interference resolution; and establish unified standards for service quality and orbital coexistence.

[bookmark: _Toc205557149]8.3	Space Debris Management
Space debris, also known as space junk, comprises non-functional artificial objects in Earth’s orbit, ranging from large rocket stages or defunct satellites to microscopic paint chips. The rapid deployment of NGSO satellite constellations has intensified concerns about space debris, necessitating robust regulatory frameworks to ensure long-term orbital sustainability. Key mitigation strategies include end-of-life disposal requirements, such as deorbiting satellites within 25 years of mission completion (per ITU guidelines) or relocating them to designated graveyard orbits. Regulatory bodies like the FCC and Ofcom mandate debris mitigation plans as part of licensing, while international standards (e.g., ISO 24113) prescribe measures to minimize breakup risks and post-mission passivation. Emerging technologies like Active Debris Removal (ADR) and on-orbit servicing are being explored to address existing debris, though their implementation faces legal and technical hurdles. Space agencies, nations, and international organizations are taking steps to promote best practices to lessen this, especially because legally binding international treaties can take years to draft. Noticeable space debris mitigation guidelines have been formulated by the European Space Agency (ESA) [33], the United Nations Committee On the Peaceful Uses of Outer Space (COPUOS) [34], the International Standard Organization (ISO) [35], the Inter-Agency Space Debris Coordination Committee (IADC) [36], and ITU [37] to name a few. These guidelines are voluntary and not binding in nature. However, many regulators in the world endorses these guidelines when it comes to the management of space debris. Moreover, binding policies such as the FCC’s 5-year deorbit rule for LEO satellites (2022) are gaining traction to enforce accountability.

[bookmark: _Toc205557150]9. Recommendations
A balanced approach, combining global harmonization, adaptive spectrum tools, and flexible regulations, would maximize NGSO benefits while ensuring long-term sustainability. Regulators should prioritize the upcoming WRC-27 agenda items to address emerging challenges in NGSO spectrum governance.
To ensure sustainable and efficient spectrum use for Non-Geostationary Orbit (NGSO) satellite constellations, while fostering innovation and global interoperability, the following recommendations are proposed:

[bookmark: _Toc205557151]9.1	Recommendation regarding international policy harmonization
[bookmark: _Hlk202950371](a)	Member states may adopt binding milestones for NGSO deployments (e.g., WRC-19 Resolution 35) to prevent spectrum warehousing.
[bookmark: _Hlk202950154][bookmark: _Hlk202950178](b)	Integrate space debris mitigation into national licensing requirements, mandating 25-year deorbit rules and collision avoidance protocols. Noticeable space debris mitigation guidelines that are already available (e.g. European Space Agency (ESA) [33], the United Nations Committee On the Peaceful Uses of Outer Space (COPUOS) [34], the International Standard Organization (ISO) [35], the Inter-Agency Space Debris Coordination Committee (IADC) [36], and ITU [37]) may be considered as reference.
[bookmark: _Hlk202950248][bookmark: _Hlk202950275](c)	Once SATRC countries start deploying their own NGSO satellite constellation, member states may register all the technical data including spectrum with APT Frequency Information System (APT AFIS), in addition to Master International Frequency Register (MIFR) of ITU. This information may be used to reduce cross-border interference risks. SATRC countries may also establish a common online platform under the APT to log and register all the interference and coordination issues. This would serve as a quick information and response platform for SATRC countries to mitigate cross-border interference issues and facilitate coordination activities.
[bookmark: _Hlk202950338](d)	SATRC countries may work together to address various debatable issues, like spectrum hoardings, at the international level.

[bookmark: _Toc205557152]9.2	Recommendation regarding adaptive spectrum management
(a)	In order to promote Dynamic Spectrum Sharing, member states may, in its regulatory framework, encourage the operators to implement AI-driven spectrum sensing to enable real-time sharing between NGSO, GSO, and terrestrial networks (e.g., 5G in C-Band).
(b)	Consider promoting the development of adaptive EPFD thresholds that adapt to traffic load and orbital congestion.
(c)	May consider studying the prospect of designating exclusive NGSO bands for critical services (e.g., emergency communications) while allowing shared use in non-critical bands.

[bookmark: _Toc205557153]9.3	Other Recommendations
(a)	SATRC countries may think of formulating a regional treaty to collaborate with the intention to establish harmonized regulations, standardized procedures, and clear space debris mitigation practices among them.
[bookmark: _Hlk202950801][bookmark: _Hlk202950842](b)	SATRC countries may keep provision in their regulatory framework of having NGSO constellations for experimental and research purposes with easy entry requirements and fast-track approvals, but without compromising any space debris mitigation aspects.
[bookmark: _Hlk202950901](c)	SATRC countries may formulate and adopt a generic or blanket regulatory and licensing framework that may encompass issues like frequency bands, coordination aspects, coexistence, interference management, space debris management, etc. This would be helpful for avoiding regulatory fragmentation.

[bookmark: _Toc205557154]10. Conclusion
The rapid growth of NGSO satellite constellations presents significant opportunities for SATRC member states to enhance their digital connectivity infrastructure. However, this growth requires careful consideration of spectrum management, regulatory harmonization, and space sustainability specific to the South Asian context. This report has examined spectrum allocation strategies, regulatory challenges, and policy recommendations tailored to support the sustainable deployment of NGSO systems across SATRC countries. Below, we summarize key insights, outline the regional outlook for NGSO constellations, and emphasize the need for evolving regulatory frameworks in the SATRC region.
The analysis reveals several critical findings particularly relevant to SATRC countries. The increasing deployment of NGSO systems is creating new demands for Ku-band and Ka-band spectrum across South Asia, requiring enhanced interference mitigation approaches that account for the region's unique geographical and orbital coordination challenges. While some SATRC members have begun developing regulatory frameworks for NGSO operations, there remains significant variation in policy approaches across the region that could hinder optimal spectrum utilization. The ITU's Radio Regulations provide an important foundation, but SATRC countries would benefit from more coordinated implementation of these standards. Space sustainability emerges as a particularly pressing concern, with debris mitigation measures like end-of-life disposal requirements needing stronger adoption across the region to protect valuable orbital resources that serve South Asia's growing space ambitions.
NGSO constellations hold certain promises for addressing SATRC's unique connectivity challenges. These systems can play a transformative role in bringing affordable broadband services to remote and rural areas across South Asia, where terrestrial infrastructure development remains challenging. Emerging applications like direct-to-device connectivity and IoT services could revolutionize sectors from agriculture to disaster management in SATRC countries. However, the region must also prepare for the technical challenges posed by increasing orbital congestion, particularly as global mega-constellations expand their coverage over South Asia. The development of regional space monitoring capabilities and coordination mechanisms will be crucial for SATRC members to safely manage growing space traffic. Collaborative research initiatives between SATRC countries on spectrum optimization and interference mitigation could position the region as a leader in developing solutions tailored to emerging economies.
SATRC countries should consider several regulatory innovations to maximize the benefits of NGSO systems. First, the development of a harmonized regional approach to NGSO licensing and spectrum management could help prevent interference issues while encouraging investment. The establishment of SATRC working groups on spectrum sharing and space sustainability could facilitate knowledge exchange and policy alignment across member states. Second, regulatory sandboxes could allow SATRC countries to safely test new NGSO applications and business models while protecting existing services. Capacity building programs will be essential to help regulators across South Asia develop the technical expertise needed to oversee these advanced systems. Finally, SATRC should advocate for its unique needs in global forums, ensuring that international regulations account for the requirements of developing space nations. Regional collaboration on space situational awareness and debris monitoring could provide cost-effective solutions while building local technical capabilities.
For SATRC countries, NGSO constellations represent both an unprecedented opportunity to accelerate digital inclusion and a challenge requiring careful regulatory stewardship. By developing coordinated policies that balance innovation with sustainability, SATRC members can harness these technologies to bridge digital divides while protecting their orbital interests. The decisions made in the coming years will determine whether South Asia can fully benefit from the NGSO revolution. Through regional cooperation and proactive policy development, SATRC countries can position themselves at the forefront of sustainable space-based connectivity solutions tailored to emerging economic needs. By working together and by focusing on working together to implement the recommended actions, SATRC nations can ensure their citizens reap the full benefits of next-generation satellite connectivity while preserving space resources for future generations.
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[bookmark: _Toc205557156]Appendix-I: Questionnaire (with responses of SATRC member countries)
QUESTIONNAIRE ON
SPECTRUM APPROACHES AND REGULATORY REQUIREMENTS FOR 
NGSO SATELLITE CONSTELLATIONS FOR SPACE-BASED COMMUNICATION SERVICES

1. BACKGROUND AND PURPOSE
The increasing demand for high-speed internet access, remote sensing, and other space-based communication services has led to a growing interest in Non-Geostationary Satellite Orbit (NGSO) constellations. These constellations, comprising multiple satellites orbiting the Earth at various altitudes and inclinations, offer advantages such as global coverage, low latency, and enhanced capacity compared to traditional geostationary satellites.
However, the deployment and operation of NGSO satellite constellations are subject to complex technical, regulatory, and policy challenges. Spectrum allocation, in particular, is a critical issue, as it determines the frequencies at which these satellites can operate without causing harmful interference to other services.
The purpose of this study is to conduct a comprehensive assessment of spectrum approaches and regulatory requirements for NGSO satellite constellations, with a focus on supporting space-based communication services. By examining existing literature, engaging with stakeholders, and conducting technical and regulatory analyses, the study aims to:
(1) Identify the spectrum requirements of NGSO satellite constellations for various communication services, including broadband internet, satellite-based navigation, disaster management communication system, etc.
(2) Review prevailing regulations in SATRC countries governing spectrum allocation and coordination for NGSO satellite systems.
(3) Study the socio-economic impact of NGSO satellite services over other prevailing services.
(4) Develop policy recommendations to optimize spectrum allocation and regulatory frameworks, ensuring the efficient and equitable use of the radio frequency spectrum while promoting innovation and competition in the space-based communication sector.
(5) Provide insights and best practices through case studies of existing NGSO satellite constellations, highlighting regulatory challenges and success factors for deployment and operation.
(6) Disseminate findings and recommendations to regulatory bodies, policymakers, industry associations of SATRC countries, to facilitate informed decision-making and promote dialogue on spectrum management in the context of NGSO satellite constellations.

Overall, the study aims to contribute to the development of informed policies and regulatory frameworks that balance the interests of stakeholders, promote technological innovation, and maximize the socioeconomic benefits of NGSO satellite constellations for space-based communication services.

2. SCOPE
The scope of this study encompasses a range of technical, regulatory, and policy considerations related to the deployment and operation of NGSO satellite constellations for communication services.

The scope of this study includes the following:
(1) Spectrum Approaches
· Evaluate the spectrum requirements for NGSO satellite constellations, considering various communication services such as broadband internet, remote sensing, satellite-based navigation, and other emerging applications.
· Assess the bandwidth, frequency bands, and any other technical parameters needed to support efficient and reliable communication links within NGSO constellations and between satellites and ground stations.
(2) Regulatory Framework Review
· Examine international, regional, and national regulations governing spectrum allocation, coordination, and licensing for NGSO satellite systems.
· Identify key regulatory bodies and stakeholders involved in spectrum management for space-based communication services.
· Analyze regulatory trends and developments, including initiatives aimed at facilitating the deployment of NGSO constellations while ensuring spectrum efficiency and interference avoidance.
(3) Policy Recommendations and Best Practices:
· Develop policy recommendations to optimize spectrum allocation and regulatory frameworks for NGSO satellite constellations, balancing the need for spectrum access, innovation, and spectrum efficiency with the protection of incumbent users and spectrum integrity.
· Propose best practices for spectrum sharing, licensing processes, coordination mechanisms, and spectrum monitoring and enforcement to promote fair competition, investment certainty, and regulatory compliance in the space-based communication sector.
(4) Case Studies and Comparative Analysis:
· Conduct case studies of existing NGSO satellite constellations, analyzing their regulatory approval processes, spectrum management strategies, and operational performance in different geographical regions and market segments.
· Compare and contrast regulatory approaches and spectrum policies adopted by SATRC countries and international organizations to identify lessons learned, success factors, and areas for improvement in supporting NGSO satellite constellations for space-based communication services.

By addressing these aspects within the scope of this study, stakeholders can gain valuable insights into the spectrum-related challenges and opportunities associated with NGSO satellite constellations and inform evidence-based decision-making for policy development, regulatory reform, and technology innovation in the space communication sector.

3. METHODOLOGY FOR CARRYING OUT THE STUDY
[bookmark: _Hlk166192838]The study will be carried out by the Experts of Working Group on Spectrum nominated by the SATRC Members. Therefore, in order to pursue the study, the following questions have been developed to obtain necessary information from the SATRC Members on the subject matter of the Work Item. Based on the information, the Experts will develop a draft Report on the Work Item for consideration of SATRC-26.

4. QUESTIONS AND RESPONSES
A. General Information
A.1. Are any NGSO satellite currently providing communication services to your country?
Country Response:
	Afghanistan
	NO

	Bangladesh
	Yes, Starlink (SpaceX) has been awarded with the appropriate license to provide high-speed internet service through NGSO satellites in Bangladesh.

	Bhutan
	No

	India
	Currently no NGSO satellites provide communication services in this country. Few NGSO based operators have been granted initial authorization, which is being further examined. Further, the process of spectrum authorization is also “work-in-progress”.

	Iran
	No response

	Maldives
	Yes, Starlink providing Internet Services.

	Nepal
	Not applicable

	Pakistan
	No

	Sri Lanka
	No



A.2. If your answer to Ques # A.1 is ‘NO’:
If you foresee any NGSO satellite to provide any sort of space-based communication services in your country in near future, please specify the types of communication services expected to be provided.
Country Response:
	Afghanistan
	IMT services

	Bangladesh
	Not applicable

	Bhutan
	Yes, the organization sees potential in providing satellite internet services (both fixed and mobile) through the LEO satellite constellations.

	India
	Yes, we expect NGSO systems to play a crucial role in providing broadband connectivity, IoT, backhaul services and bridging digital divide, etc.

	Iran
	No response

	Maldives
	Not applicable

	Nepal
	Yes. LEO based satellites are expected to provide internet services in Nepal soon, following the trend in other countries. Meteorological services based on NGSO constellations are also likely to be introduced.

	Pakistan
	Fixed satellite broadband services, GMPCS (Global Mobile Personal Communication service), on-board flight internet connectivity, VSAT services, Mobile satellite services, IoT services etc.

	Sri Lanka
	The regulatory framework is being prepared to provide NGSO satellite service for broadband services.



A.3. If your answer to Ques # A.1 is ‘YES’:
(a) What are the primary communication services currently being provided by NGSO satellite(s) in your country? (e.g., broadband internet, satellite-based navigation, backhaul links, point-to-point services etc.)
(b) Please name the service providers and the associated satellite constellation service provider(s) which are providing those services?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	Satellite broadband internet

	Bhutan
	Not applicable

	India
	Please refer to response in Question A.1 & A.2 above.

	Iran
	No response

	Maldives
	(a) Broadband Internet service.
(b) Starlink Services Maldives

	Nepal
	Not applicable

	Pakistan
	Not applicable

	Sri Lanka
	Not applicable



A.4. Does your country have any plans to deploy any NGSO satellite constellation in near future?
Country Response:
	Afghanistan
	NOT yet

	Bangladesh
	In line with Vision 2041's goals and Smart Bangladesh initiatives, and considering the nearing end-of-life of Bangabandhu Satellite-1, Bangladesh is planning for a feasibility analysis to determine the possibility of having a LEO communication satellite constellation.

	Bhutan
	No, Bhutan currently does not have any plan to deploy NGSO satellite but we may allow foreign satellite internet service providers from other countries to provide services in the country.

	India
	Yes

	Iran
	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
	No current plans for near future.

	Nepal
	No

	Pakistan
	Currently we are working on satellite framework, so there are no plans to deploy any NGSO in near future.

	Sri Lanka
	We are planning to allow NGSO satellite constellation to provide Broadband services in near future.



B. Spectrum Approaches
B.1. [bookmark: _Hlk202794950]What spectrum bands are currently or planned to be allocated for NGSO satellite constellations in your country (if any)?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	According to the licensing guidelines, Bangladesh has allowed the NGSO operator to use the following spectrum bands:
(a) 10.7-12.7 GHz
(b) 12.75-13.25 GHz
(c) 13.75-14.8 GHz
(d) 15.43-15.63 GHz
(e) 17.3-17.7 GHz
(f) 17.8-18.6 GHz
(g) 18.819.3 GHz
(h) 19.7-20.2 GHz
(i) 27.5-29.1 GHz
(j) 29.5-31.0 GHz
(k) 40.5-42.5 GHz
(l) 71.0-76.0 GHz
(m) 81.0-86.0 GHz

	Bhutan
	Specifically for NGSO satellites, there are no such spectrum bands identified. However, Bhutan currently has a national frequency allocation plan which details the spectrum to be allocated for satellite communication.

	India
	The Telecommunications Act, 2023 provides that the assignment of spectrum for certain satellite-based services is to be done through administrative process. Regulatory framework for enabling communication through NGSO satellite constellations is under consideration. Initially, Ku and Ka-band frequencies are anticipated to be in high demand for NGSO large constellation communications. In future, to support high data throughput, higher frequency bands could also be of interest to NGSO service providers.

	Iran
	No response

	Maldives
	KU Band on shared basis.

	Nepal
	The spectrum bands specified in the table above are allocated for MSS and FSS, irrespective of their constellations.
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	Pakistan
	As of today, the spectrum allocation and assignment are planned to be  in line with ITU region-03 recommendations.

	Sri Lanka
	Ka and Ku bands (10.7-12.7 GHz(Satellite to terminal)/ 14-14.5 GHz (terminal to satellite)



B.2. What spectrum bands do you consider most suitable for NGSO satellite constellations for communication services, and why?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	NGSO satellites require spectrum bands that can effectively support their unique operational characteristics and communication requirements. Choosing the optimal spectrum band involves a trade-off between factors like bandwidth availability, signal propagation, existing usage, technological feasibility, etc. Balancing these factors is crucial for the successful deployment and operation of NGSO satellite communication services. Globally we have seen NGSO satellite operators to primarily use L-band, S-band, C-band, Ku-band, Ka-band, and V-band for their operation.

	Bhutan
	Ku - Band, Ka - Band and C - Band

	India
	Same as the response to Question # B.1

	Iran
	No response

	Maldives
	Currently no plans to use any other band other than KU band on shared basis.

	Nepal
	There is no specific band considered for NGSO in Nepal. However, Ku band and Ka band are favored lately for satellite services, but such conclusion may vary depending upon the bandwidth requirement and signal propagation characteristics.

	Pakistan
	Ku-band (12-18 GHz), Ka-band (26.5-40 GHz) are currently the most widely used for NGSO satellite constellations due to their balance of capacity, coverage, and existing infrastructure. However, as technology advances and demand for bandwidth increases, higher frequency bands like V-band (40-75 GHz), Q-band (33-50 GHz) may become more prevalent.

	Sri Lanka
	Ka and Ku bands because those two bands are commonly used in reputed NGSO satellite constellations.



B.3. What are the national approaches for licensing NGSO satellite constellations in your country?
Country Response:
	Afghanistan
	There are regulations (landing rights) and licensing obligations

	Bangladesh
	Currently, there are no regulatory framework for licensing NGSO satellite constellations in Bangladesh. However, Bangladesh is in the process of developing a regulatory guideline for this purpose.

	Bhutan
	We currently do not have any policies, guidelines, rules or frameworks for licensing NGSO satellite constellations in the country but we have plans to study and develop a framework for licensing NGSO satellite constellations.

	India
	Same as the response to Question # B.1

	Iran
	No response

	Maldives
	Policy decision based on national needs basis and impact to existing market.

	Nepal
	Under study.

	Pakistan
	Pakistan has formulated a National Space Policy and applicable rules as well as a licensing framework. As a common approach, the Satellite Operators will need to register with Pakistan Space Activities Regulatory Board (PSARB), followed by licensing by Pakistan Telecom Authority for Satellite Based Telecommunication Service and Pakistan Electronic Media Regulatory Authority (PEMRA) for Broadcasting services.

	Sri Lanka
	Licenses for NGSO satellite constellations are issued under sections 17B and 22 of the Sri Lanka Telecommunications ACT no: 25, 1991 as amended and subject to the provider license rules 2024.



B.4. How do you view the conventional spectrum allocation mechanisms (e.g., administrative allocation, auctions, licensing etc.) for NGSO constellations?
Country Response:
	Afghanistan
	FAIR

	Bangladesh
	Each of the conventional mechanisms (Administrative Allocation, Spectrum Auctions, Licensing, Hybrid Approaches etc.) has its own set of advantages and disadvantages, which can impact the efficiency, fairness, and overall effectiveness of spectrum use for NGSO satellite communication services. Challenges of conventional mechanisms for NGSO Constellation:
1. Rapid Growth of NGSO Constellations: Traditional methods may not be able to keep pace with the rapid deployment of NGSO constellations, leading to delays and inefficiencies.
2. Dynamic Spectrum Usage: NGSO constellations can have large numbers of satellites with constantly changing positions. Current mechanisms might not be well-suited for such dynamic spectrum usage.
3. Global Coordination: Spectrum allocation is often managed at the national level, but NGSO constellations operate globally. International cooperation is crucial to avoid interference between constellations operating in different countries.

Conventional spectrum allocation mechanisms need to adapt to address the unique challenges posed by NGSO constellations. Exploring new approaches and fostering international cooperation will be crucial for ensuring a thriving and sustainable NGSO satellite communication environment.

	Bhutan
	Since all spectrums are allocated administratively, the NGSO constellation spectrum may be allocated administratively but may differ based on the market demand in the future.

	India
	Same as the response to Question # B.1

	Iran
	No response

	Maldives
	Administrative allocation view will be better.

	Nepal
	Currently, Nepal awards satellite spectrum through administrative allocation. And administrative allocation is viewed as better approach of spectrum allocation for NGSO constellations.

	Pakistan
	Conventional spectrum allocation mechanisms, such as administrative allocation, auctions, and licensing, are essential for organizing and managing the use of the radio frequency spectrum, including for Non-Geostationary Satellite Orbit (NGSO) constellations. These mechanisms ensure that spectrum resources are used efficiently and equitably while preventing interference between different users and services. Each approach has its advantages and challenges, particularly in the context of NGSO constellations.

	Sri Lanka
	Administrative allocation.



B.5. Are there alternative spectrum management approaches you believe would be beneficial for NGSO constellations?
Country Response:
	Afghanistan
	Yes, competitive based.

	Bangladesh
	Considering the challenges of conventional spectrum allocation mechanisms, the following approaches may be considered during the management of spectrum for the benefit of NGSO constellations:
1. Hybrid Approaches: Combining elements of administrative allocation, auctions, and licensing might offer a more flexible and efficient solution.
2. Dynamic Spectrum Allocation (DSA): Techniques that allow for real-time allocation of spectrum based on current needs could be beneficial for NGSO constellations.
3. International Harmonization: Regulatory bodies worldwide need to collaborate to establish consistent spectrum allocation rules for NGSO constellations, minimizing interference and maximizing efficient spectrum usage.

However, further research and pilot programs are needed to assess their real-world effectiveness.

	Bhutan
	We currently have not studied spectrum approaches for NGSO constellations therefore, we cannot recommend anything right now.

	India
	Same as the response to Question # B.1

	Iran
	No response

	Maldives
	Not applicable

	Nepal
	Not applicable

	Pakistan
	While traditional spectrum management methods have been effective, alternative approaches, especially for congested bands could be such as dynamic spectrum access, spectrum sharing, incentive-based approaches, flexible licensing models. They  would offer additional flexibility, efficiency, and innovation potential for NGSO constellations. By incorporating these techniques, regulators can better accommodate the unique needs of NGSO systems and promote optimal spectrum utilization.

A consultative approach between government bodies and industry and ITU is essential to ensure the adoption of best approach, with minimal spectrum interference.

	Sri Lanka
	We are at the initial stage of NGSO constellations for the Broadband service and due to less demand, the administrative approach is appropriate. If there is high demand for this service in future the auction process will be more appropriate.



B.6. How do you think spectrum approaches can be improved to accommodate the growing number of NGSO satellite constellations?
Country Response:
	Afghanistan
	Did not respond since the question was not clear

	Bangladesh
	Spectrum approaches can be improved to accommodate the growing number of NGSO satellite constellations. By exploring spectrum-sharing models which multiple NGSO satellites will be able to utilize the same spectrum bands efficiently, depending on factors like time, location, and traffic. Effective NGSO management requires a robust spectrum monitoring system.

	Bhutan
	No spectrum approaches studied as of now but taking recommendations from ITU plans and in coordination with regional regulators may improve the spectrum approaches.

	India
	Same as the response to Question # B.1

	Iran
	No response

	Maldives
	Need to study.

	Nepal
	The approaches such as spectrum coordination, spectrum sharing, and interference mitigation can be improved to accommodate the growing number of NGSO satellite constellations. The details of such approaches have not been studied by NTA yet.

	Pakistan
	Appropriate spectrum sharing approach and dynamic spectrum assignments etc.

	Sri Lanka
	With the growing of the NGSO satellite constellations, it is necessary to encourage satellite operators to share the infrastructure such as spectrum, gateway etc.



B.7. Are there any specific spectrum sharing rules in place in your country for NGSO satellite constellations?
Country Response:
	Afghanistan
	Spectrum Sharing is not allowed in Afghanistan

	Bangladesh
	Spectrum assigned for NGSO satellites are on a shared basis. However, trading and leasing of spectrum are not permitted.

	Bhutan
	No, there are no spectrum sharing rules in the country.

	India
	Same as the response to Question # B.1

	Iran
	No response

	Maldives
	No specific instructions just that it is issued to be used on shared basis.

	Nepal
	Not applicable

	Pakistan
	Not at the moment. Will be considered as the case may be.

	Sri Lanka
	Not yet. In future regulatory framework will be implemented depending on the requirements.



B.8. How can spectrum sharing between NGSO constellations and other users be effectively facilitated?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	Based on online research, spectrum sharing between NGSO constellations and other users can be efficiently facilitated in a few ways, such as:
1. Implement technologies like Direct Spectrum Access (DSA) allowing real-time spectrum allocation based on location, time, and traffic. This can optimize spectrum usage and minimize interference between NGSO constellations and other users.
2. Develop standardized protocols for communication between NGSO constellations and other spectrum users. This ensures smooth coordination and helps avoid accidental interference 
3. Establish centralized databases with real-time information on spectrum usage by NGSO constellation. 
4. Develop clear and well-defined spectrum-sharing models that outline rules, responsibilities, and dispute resolution mechanisms for NGSO constellations.
5. Create platforms for information sharing between NGSO constellations and other spectrum users.
Effective NGSO management requires a robust spectrum monitoring system. Establish clear and efficient mechanisms for resolving potential disputes arising from spectrum sharing between NGSO constellations and other users.

	Bhutan
	By following the Frequency allocation plans and with proper coordination within the service providers.

	India
	Same as the response to Question # B.1

	Iran
	No response

	Maldives
	No response

	Nepal
	Comprehensive study in this regard is necessary.

	Pakistan
	The same has not been explored here as yet.

	Sri Lanka
	Not yet discussed.



B.9. Are there any specific requirements or criteria that NGSO satellite operators need to fulfill to obtain a license in your country?
Country Response:
	Afghanistan
	Yes

	Bangladesh
	Applicant must file detailed applications demonstrating the strategy of coexistence with the incumbent operators and the strategy to mitigate interference.

	Bhutan
	No specific requirements/criteria sets to fulfill for NGSO satellites in the country as of now. But we may have to set requirements if at all these services are implemented in the country in future.

	India
	Same as the response to Question # B.1

	Iran
	The requirements and criteria for provision of satellite services (GSO or NGSO) has been provided in landing rights.

	Maldives
	The market is not open for NGSO satellite operators or other major telecom service operators by default, rather the market is opened from time to time based on policy guidelines.    International companies need to be incorporated in the Maldives to apply for any telecom licence.

	Nepal
	Not applicable. Licensing mechanism for any kind of satellite operators are not defined yet.

	Pakistan
	The NGSO Satellite operator is required to register its space segment(s) with our National Space Agency i.e. Pakistan Space Activity Regulatory Board (PSARB). Only the registered satellite operator can apply for service provisioning license in our country.

	Sri Lanka
	NGSO satellite operators should obtain system license under section 17 B of the Sri Lanka Telecommunications ACT no: 25, 1991 as amended and subject to the provider license rules 2024 and should obtain frequency license under section 22 of the Act.



B.10. How do you think the market entry process can be streamlined to encourage innovation and competition in the NGSO satellite industry?
Country Response:
	Afghanistan
	By completing the licensing steps, studying their business plans and other involved factors

	Bangladesh
	Streamlining the market entry process for NGSO satellite constellations can foster innovation and competition in the industry. Potential approaches may include:
1. Simplifying Licensing Procedures;
2. Reducing Regulatory Burdens;
3. Promoting Innovation;
4. Collaboration and Transparency;
5. Balancing Innovation with Safety; and
6. International Harmonization.

By considering these measures, regulatory bodies can create a more welcoming environment for new entrants in the NGSO satellite industry. This fosters innovation, competition, and ultimately leads to a more dynamic and flourishing space communication landscape.

	Bhutan
	Streamline process such as: Regulatory Simplification, Spectrum Allocation, International Collaboration, Simplified Administrative Processes and providing level playing field to any service providers

	India
	Same as the response to Question # B.1

	Iran
	No response

	Maldives
	Need to study more before we can introduce multiple NGSO satellite industry players. A simplified transparent licensing approach will be the way to go.

	Nepal
	Formulating regulations for satellite industry, simplified and transparent licensing, introducing subsidy to the local operators, encouraging public-private partnership, regulatory certainty etc. are few points that may encourage innovation and competition in the NGSO satellite industry.

	Pakistan
	By simplifying licensing procedures, adopting flexible regulatory approach, providing innovation incentives, enhancing coordination and support, creating regulatory sandboxes, streamlining spectrum allocation, ensuring transparent policies, and pursuing international harmonization, the market entry process for NGSO satellite systems can be significantly improved. These measures will promote innovation, increase competition, and drive growth in the NGSO satellite industry.

	Sri Lanka
	Considering the land area and the population of Sri Lanka there will be no high demand for the NGSO satellite constellations compare with the terrestrial broadband service. However, due to the terrain of the country there are unserved and underserved areas, and those areas are difficult to accommodate with the terrestrial services. Therefore, the maximum of 3 NGSO operators are appropriate in Sri Lankan context.



B.11. How do you foresee the spectrum requirements of NGSO satellite constellations evolving in the next 5 to 10 years, considering technological advancements and market demand?
Country Response:
	Afghanistan
	The NGSO satellite constellation will need enough spectrum in next 5- Answer to Question# B.11: 10 years and the related services will be highly demanding services.

	Bangladesh
	The demand for spectrum by NGSO constellations is expected to surge in the next decade due to a growing number of satellites and increasing user needs. Technological advancements like miniaturization and beamforming will improve spectrum efficiency, while regulations will likely shift towards sharing models and utilizing higher-frequency bands like mmWave. Managing interference between constellations and achieving international harmonization will be crucial challenges in this evolving spectrum landscape.

	Bhutan
	There might be increased demand for spectrum for NGSO satellites in the future, both exclusive and sharing basis with different services.

	India
	Same as the response to Question # B.1

	Iran
	No response

	Maldives
	A study is needed

	Nepal
	Under study.

	Pakistan
	Spectrum requirements of NGSO satellites may increase especially with rapidly evolving technology increased use cases of the said services, such as increased demand for rural/under developed areas where fixed/mobile telecom services are difficult to deploy and with 5G and future mobile technologies to run in coherence with Satellite BB access. It can also help with the ever growing need for public safety communication systems.

	Sri Lanka
	The spectrum requirement of satellite constellations is expected to accommodate Ka and Ku bands in next 5 to 10 years.



C. Regulatory Framework and Challenges
C.1. Are there specific regulatory guidelines for NGSO satellites in your country? If yes, please provide details.
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	With the intention to deliver an overview of the licensing and regulatory framework for providing and operating NGSO satellite services in Bangladesh, the Regulatory and Licensing Guidelines for NGSO Satellite Services Operator in Bangladesh was issued.

	Bhutan
	No specific regulatory guidelines for NGSO satellites in the country.

	India
	Regulatory framework for enabling communication through NGSO satellite constellations is under consideration.

	Iran
	[bookmark: _Hlk202814069]Yes, There is regulation for landing right regarding the provision of satellite services including NGSO satellites.

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
	No specific regulatory guidelines.

	Nepal
	No

	Pakistan
	Currently under development stages.

	Sri Lanka
	Yes. Provider license rules 2024.



C.2. What are the current regulatory frameworks governing NGSO satellite systems including its spectrum allocation and coordination issues in your country?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	Bangladesh has the necessary licensing guidelines for NGSO satellites that includes issues like spectrum allocation, coordination, etc. will be addressed.

Moreover, Bangladesh has the following guidelines currently in place, which are expected to supplement the upcoming regulatory frameworks for governing NGSO satellite systems:
1. Satellite Operator Guideline;
2. National Frequency Allocation Table;
3. VSAT Guideline; and
4. Landing rights for Broadcasting Satellite Service guideline.

	Bhutan
	No specific regulatory guidelines for NGSO satellites in the country.

	India
	Same as the response to Question # C.1

	Iran
	The regulatory framework currently include the satellite service and the obligations for providing such service in our territory and getting the license through legitimate procedures.

	Maldives
	Governed under the Telecom law and adherence to international (ITU) guidelines on spectrum allocation and coordination.

	Nepal
	Radio Frequency (Allocation and Pricing) for Telecommunication Service Policy, 2023 is the principal regulatory document in Nepal which governs spectrum allocation, assignment and coordination for all services. There is no specific framework for Satellites or NGSO Satellites.

	Pakistan
	Currently under development stages and will be in line with ITU recommendations.

	Sri Lanka
	Sections 17B and 22 of the Sri Lanka Telecommunications ACT no: 25, 1991 as amended and subject to the provider license rules 2024.



C.3. What are the key regulatory challenges or barriers hindering the deployment and operation of NGSO satellite constellations from your country’s perspective, if any?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	The deployment and operation of NGSO satellite constellations in Bangladesh currently face regulatory uncertainties. While the Bangladesh Telecommunication Regulatory Commission (BTRC) plays a vital role in this area, a comprehensive framework and clear guidelines addressing NGSO constellations are not yet in place. Furthermore, specific requirements for landing rights and usability of the national internet gateway plays a vital role in NGSO satellite operation over Bangladesh.

	Bhutan
	Limited Regulatory Framework, Technical Infrastructure and Capabilities, Financial Constraints and National Priorities and Policy Alignment.

	India
	Same as the response to Question # C.1

	Iran
	It seems that current international radio regulations is not sufficient to oblige the satellite operators for taking the specific licenses for activation of services within the territory of a country.

	Maldives
	No response

	Nepal
	Regulatory mechanism is yet to be developed.

	Pakistan
	NIL

	Sri Lanka
	· High tariff of broadband serve.
· Difficulty in taxation.
· National security concerns.
· Lack of governed (control).
· Propagation issues under adverse weather conditions.



C.4. What improvements or reforms do you suggest to enhance the regulatory environment for NGSO satellite systems, particularly regarding spectrum management?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	To enhance the regulatory environment for NGSO constellations, particularly regarding spectrum management, here are some suggested improvements and reforms:
1. Due to the specific needs of NGSO constellations, selection of appropriate spectrum allocation approach is important. Explore alternative spectrum allocation approaches to incentivize efficient use and innovation.
2. Demands of NGSO satellites services is growing and the spectrum requirements of NGSO satellite constellations is also evolving globally. Approaches towards allowing spectrum sharing between NGSO constellation seems unavoidable. In this context, implementation of spectrum sharing, real-time databases, and spectrum management will enable more flexible and efficient utilization of the spectrum while managing interference between constellations and achieving international harmonization remain key challenges.
3. Collaborate to establish harmonized regulations, standardized procedures, and clear space debris mitigation practices.
Foster open communication and data sharing between satellite operators to address concerns and ensure compliance with regulations.

	Bhutan
	Develop a Comprehensive National Space Policy, National Broadband Policy, Streamline Licensing and Authorization Processes and Invest in Technical Infrastructure and Capacity Building.

	India
	Same as the response to Question # C.1

	Iran
	As it is difficult for a satellite operator to get license from any country, therefore it seems that regional framework for regulatory coordination and spectrum management can be effective.

	Maldives
	A study is needed.

	Nepal
	In case of Nepal, it starts with formulation of Satellite Regulation.

	Pakistan
	Not at the moment.

	Sri Lanka
	· Introduction of regulatory spectrum framework for NGSO satellite constellations.
· Improve monitoring facilities of NGSO services for interference, investigations and  measure the quality of services.
· Allowing the use of common infrastructure for NGSO operators.



C.5. What are the key regulatory challenges you see for NGSO constellations in terms of spectrum access and utilization?
Country Response:
	Afghanistan
	Non availability of NGSO regulations.

	Bangladesh
	NGSO constellations face various regulatory obstacles concerning spectrum allocation. Achieving a balance between facilitating entry for new participants and ensuring fair competition is crucial. Clear guidelines are necessary to manage interference between constellations and existing users as traditional licensing methods may not suffice. Effective spectrum-sharing models must be implemented, considering geographical location and network traffic factors. Regulations should be adaptable to accommodate technological advancements, and international cooperation is vital to mitigate cross-border issues. Active and efficient spectrum monitoring is crucial.

	Bhutan
	Regulatory challenges like spectrum access, Technical infrastructure and capacity, spectrum management and monitoring.

	India
	Same as the response to Question # C.1

	Iran
	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.

Also, the fast growth of constellation by some specific countries and operators will limit the countries for utilization of spectrum for their own constellation in Ku and Ka band.

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
	The growth in the number of global NGSO constellations that will likely lead to issues in the sharing of common spectrum by multiple players.  More study needed.

	Nepal
	Coordination, coexistence and interference management between satellite services as well as with other terrestrial services are likely to be the key regulatory challenges for NGSO constellations in terms of spectrum access and utilization.

	Pakistan
	Not major, however, interference mitigation, cross border spill over and ensuring of Quality of Services are some areas of concerns, this all will be reviewed accordingly in due course of time after commencement of services.

	Sri Lanka
	· Verification of efficient utilization of spectrum.
· Encourage and develop the user cases.
· Introduction of redundancy in the case of critical applications.



C.6. How can regulations be streamlined to encourage innovation and deployment of NGSO constellations?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	Regulations may be designed to achieve specific goals, such as efficient spectrum management, preventing interference and reducing space debris, promoting innovation etc. It's essential to establish clear and internationally agreed-upon regulations for managing debris to ensure the long-term sustainability of NGSO constellations. Regulatory bodies could consider providing incentives such as tax breaks or priority licensing for constellations that use innovative technologies. Streamlining and easing up the market entry can significantly speed up the deployment of constellations.

	Bhutan
	Be flexible with upcoming technologies and their spectrum requirements and amend the regulations when required.

	India
	Same as the response to Question # C.1

	Iran
	The solution previously considered for GSO satellites such as equitable access to spectrum and orbits and obligation for the satellite operators to provide the satellite services based on the national regulation can be effective in deployment of NGSO networks.

	Maldives
	A study is needed.

	Nepal
	Simplified and transparent licensing, introducing subsidy to the local operators, encouraging public-private partnership, regulatory certainty etc. are few points that can encourage the deployment of NGSO constellations.

	Pakistan
	It is recommended to have uniform regulations with clear terms and conditions.

	Sri Lanka
	TRCSL is planning to enhance ITC literacy and its applications in remote schools, specially in unserved and underserved areas by using NGSO satellite constellation. We expect to introduce special packages for educational institutions in such areas. TRCSL also encourages researchers in forest conservation, wild animal protection archaeological studies, and mining with the help of NGSO satellite constellations.



C.7. Do the current regulations adequately address issues like space debris mitigation and orbital management for large constellations?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	Currently, there are no regulatory framework or regulations about NGSO satellite constellations in Bangladesh. However, Bangladesh is in the process of developing a regulatory guideline for this purpose. We hope to address these issues in the aforementioned guideline.

	Bhutan
	Our country does not have satellite constellations so there aren’t any regulations.

	India
	Please refer to response to Question A.1. Further, the work on the sustainable use of frequencies and associated Non-GSO orbits by space radiocommunication services is ongoing in ITU-R. We expect that issues like space debris mitigation and orbital management will be suitably addressed.

	Iran
	It seems that current regulations are not sufficient to limit the space debris or efficient use of orbits for mega constellations and will cause serious difficulties for the usage of Non-GEO orbits for the countries.

	Maldives
	Not applicable

	Nepal
	Not applicable

	Pakistan
	At present, the regulations are being formulated.

	Sri Lanka
	Currently Sri Lanka is not involving the launching of any kind of satellite and therefore, our regulation is not address issues like space debris mitigation and orbital management.



C.8. What role, do you think, can international/regional cooperation play in establishing harmonized regulations for NGSO constellations?
Country Response:
	Afghanistan
	International/reginal cooperate can play important role in harmonizing the regulation for NGSO Satellite constellation.

	Bangladesh
	International and regional cooperation play a critical role in establishing harmonized regulations for NGSO constellations. There are certain challenges of uncoordinated regulations, such as spectrum interference, collision avoidance, market fragmentation, etc. Benefits of international/ regional cooperation include harmonized spectrum allocation, global collision avoidance, standardized safety regulations, facilitating trade and investment, etc.

International/ regional cooperation may foster effective cooperation between nations through the following mechanisms:

1. Developing and adhering to international treaties and agreements specifically addressing NGSO constellations and space traffic management.
2. Sharing data on constellation deployments, orbital paths, and spectrum usage between space agencies and regulatory bodies.
3. Establishing joint working groups with representatives from space agencies, regulatory bodies, and the private sector to develop and implement harmonized regulations.
Overall, international and regional cooperation are essential for creating a stable and predictable regulatory environment for NGSO constellations. By working together, nations can ensure the responsible and sustainable development of this rapidly growing sector, maximizing its benefits for global communication, scientific research, and economic growth.

	Bhutan
	Taking a lead role for coordination and collaboration among the member countries.

	India
	GSO and Non-GSO regulations being global in nature, be best managed at the ITU-R level. However, the border frequency coordination arrangement between the neighbouring countries would always be mutually beneficial.

	Iran
	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
	Facilitate knowledge sharing, discussion and coordination among countries to ensure regulations are harmonized.

	Nepal
	Technology transfer and knowledge sharing.

	Pakistan
	International / regional cooperation is important and will be ideal to consult annually (minimum 2xtimes) to review and propose recommendations uniform for all countries.

	Sri Lanka
	To achieve safe space and efficient and effective use of NGSO constellation in regional and international levels it is necessary to establish regional cooperation in all parts of the world. Formulating regional cooperation in SATRC region is more useful to contribute the concerns of each SATRC country to achieve respective goal.



D. Interference Mitigation
D.1. Are there any specific interference management mechanisms in place in your country for NGSO satellite constellations? If yes, provide details.
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	[bookmark: _Hlk202797806]Bangladesh has issued the regulatory and licensing guidelines for NGSO satellite services. These guidelines outline specific interference management mechanisms.

	Bhutan
	No

	India
	No response

	Iran
	No

	Maldives
	No

	Nepal
	Not applicable

	Pakistan
	No, there are no specific interference management mechanisms in place in our country for NGSO satellite constellations. Frequency Allocation Board (FAB) of Pakistan is responsible for spectrum assignment/allocation and identify interference while assigning spectrum to any operator. Additionally, Pakistan Telecommunication Authority (PTA) and the Frequency Allocation Board (FAB) conduct comprehensive periodic surveys to monitor and identify interference in these authorized spectrum. The operators are also obliged to ensure the frequency spectrum is used in a way to minimize interference to land/terrestrial radio telecom systems/services.

	Sri Lanka
	Not yet.



D.2. How do NGSO satellite system parameters (e.g., orbit configurations, frequency reuse schemes) impact spectrum utilization efficiency and interference mitigation?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	NGSO satellite system design choices significantly impact spectrum utilization and interference. Lower orbits offer shorter paths but experience higher congestion, while higher orbits have less congestion but require more power and introduce latency. Inclination affects coverage and frequency reuse strategies. Frequency reuse techniques like Frequency Division Multiple Access (FDMA), Time Division Multiple Access (TDMA), and Spatial Division Multiple Access (SDMA) each offer advantages and limitations. The optimal configuration depends on factors like service type, user base, and coverage area. Lower orbits with advanced SDMA can be efficient but require careful planning to mitigate interference. Power levels and inter-satellite links (ISLs) are additional considerations. A well-designed NGSO system can balance these factors to achieve efficient spectrum use and minimize interference for reliable communication services.

	Bhutan
	By carefully designing these parameters, NGSO operators can achieve higher efficiency and better performance, contributing to more reliable and extensive satellite communication services.

	India
	No response

	Iran
	No response

	Maldives
	No response

	Nepal
	Not applicable

	Pakistan
	· Orbit configurations play a crucial role in determining how effectively spectrum is utilized and how interference is managed. The altitude and inclination of an orbit are key factors; lower altitudes in LEO provide reduced latency and require less transmission power, enhancing spectral efficiency. However, they necessitate a larger number of satellites to ensure continuous coverage, which can increase the potential for interference. Inclination affects geographic coverage, with polar orbits offering global coverage and inclined orbits targeting specific regions, influencing how spectrum is shared and how interference is mitigated.
· Constellation design further impacts spectrum utilization and interference. A greater number of satellites can enhance coverage and capacity, thereby improving spectrum efficiency. However, this also increases the risk of interference, both between satellites within the same constellation and with other constellations. Advanced technologies such as phased arrays and precise beamforming allow for targeted service areas, which can reduce interference and increase the reuse of spectrum.
· Frequency reuse schemes are critical for optimizing spectrum utilization. Spatial frequency reuse enables the same frequency bands to be used in different geographic regions by focusing beams on non-overlapping areas. This approach maximizes spectrum efficiency but requires careful management to prevent co-channel interference. Advanced antenna technologies, including adaptive antennas and dynamic beamforming, help to concentrate power in desired directions while minimizing interference elsewhere, further enhancing spectrum utilization.
· Inter-Satellite Links (ISLs) contribute to spectrum efficiency by reducing the need for ground station frequency allocations, allowing more spectrum to be available for user communications and decreasing interference. The ability to dynamically manage spectrum through real-time coordination and frequency hopping helps mitigate interference among NGSO systems, geostationary satellites, and terrestrial networks.
Overall, the parameters of NGSO satellite systems, including their orbit configurations and frequency reuse strategies, significantly impact their ability to utilize spectrum efficiently and manage interference. By leveraging advanced technologies and strategic planning, NGSO systems can deliver high-capacity, reliable services while minimizing their impact on other communication networks.

	Sri Lanka
	We don’t have experience.



D.3. What technical measures or technologies can be employed to minimize interference between NGSO satellites and terrestrial or other satellite systems sharing the same frequency bands?
Country Response:
	Afghanistan
	National Regulation and International/regional harmonization and coordination.

	Bangladesh
	To minimize interference between NGSO satellites and terrestrial or other satellite systems sharing the same frequency bands, the use of phased array antennas and adaptive beamforming for precise signal direction, dynamic frequency allocation, and adaptive power control to optimize transmission power. Additionally, dual-polarization, inter-satellite links, and strategic constellation design enhance spectral efficiency and reduce overlap. Regulatory compliance with ITU guidelines and bilateral coordination agreements further mitigate interference. Implementing TDMA, interference detection systems, advanced filtering, and signal processing techniques, as well as hybrid network architectures can ensure robust and efficient spectrum utilization while minimizing interference risks.

	Bhutan
	Frequency coordination, Power limits and orbits constellation management.

	India
	Please refer to response to Question A.1

	Iran
	No response

	Maldives
	No response

	Nepal
	Not applicable

	Pakistan
	To minimize interference between Non-Geostationary Satellite Orbit (NGSO) satellites and other systems sharing the same frequency bands, several effective measures and technologies can be employed.
1. Advanced Beamforming and Antenna Technologies play a key role. Adaptive beamforming allows antennas to direct signals precisely where needed, reducing unwanted spillover and interference. Phased array antennas offer fine control over signal direction and shape, which helps manage interference more effectively.
2. Frequency Management and Coordination is crucial. Dynamic spectrum allocation adjusts frequency use in real-time to avoid conflicts. Frequency hopping rapidly switches frequencies to avoid interference and maintain clear communication channels.
3. Interference Mitigation Techniques are also important. Power control adjusts the transmission power to minimize interference with other systems. Carrier aggregation spreads signals over multiple frequencies, which helps reduce interference by covering a wider range.
4. Technical Standards and Protocols ensure proper operation. Following international regulations and standards, like those from the International Telecommunication Union (ITU), helps coordinate frequency use and manage interference. Coordination agreements between operators also define operational parameters to avoid conflicts.
5. Inter-Satellite Links (ISLs) help reduce interference by allowing communication between satellites within the same constellation, thus reducing reliance on ground-based frequencies and minimizing interference with terrestrial systems.
6. Geostationary Satellite Coordination involves adhering to protocols to avoid interference with geostationary satellites. This ensures that NGSO satellites do not overlap in frequency usage with these stationary satellites.
7. Advanced Signal Processing techniques, such as interference cancellation and adaptive filtering, help isolate and remove unwanted interference from signals, improving communication clarity.
8. Guard Bands and Buffer Zones are used to prevent overlap. Guard bands allocate space between different frequency bands to avoid interference, while coordination zones ensure operators avoid mutual interference in busy regions.
9. Operational Strategies like Time-Division Multiplexing (TDM) and Space-Division Multiplexing (SDM) help manage interference. TDM assigns different time slots for using the same frequency, while SDM separates signals based on location or altitude.
By integrating these measures, NGSO satellite systems can effectively reduce interference with other satellite and terrestrial systems, leading to clearer and more reliable communications.

	Sri Lanka
	Providing sufficient guard band. Protecting critical zones (keeping physical clearance). Mandating use of filters.



E. Policy Recommendation and Best Practices
E.1. What are the key policy recommendations or best practices for optimizing spectrum allocation and regulatory frameworks to support NGSO satellite constellations?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	Some of the key policy recommendations and best practices for optimizing spectrum allocation and regulatory frameworks to support NGSO satellite constellations are mentioned below:
1. Develop appropriate spectrum allocation mechanism for NGSO satellite considering the aspects like Dynamic Spectrum Allocation (DSA), Spectrum Sharing, Frequency Reuse Strategies, International Harmonization, etc.
2. Develop advanced coordination mechanisms between NGSO constellations for autonomous negotiation of spectrum sharing or adjustments to minimize interference.
3. Environmental Considerations: Integrate environmental impact assessments into regulatory processes and promote technologies to minimize space debris generation.
Overall, a successful policy and regulatory framework should be flexible and adaptable, efficient and streamlined, transparent and predictable, internationally harmonized, and safety-focused.

	Bhutan
	Develop a Comprehensive and Flexible Regulatory Framework, interference management and spectrum management.

	India
	No response

	Iran
	No response

	Maldives
	A study is needed

	Nepal
	Under study.

	Pakistan
	· Adopting dynamic spectrum sharing is essential for maximizing efficient use of available spectrum and minimizing interference. This approach should be complemented by flexible licensing regimes that can adapt to the technological advancements and unique operational requirements of NGSO systems. 
· Global coordination and harmonization of spectrum allocations are crucial for promoting international interoperability and reducing interference risks, which is aligned with adopting technology-neutral regulations that enable NGSO operators to deploy the best available technologies without regulatory constraints. 
· Encouraging the creation of spectrum pools managed by neutral entities allows multiple NGSO operators to share frequencies efficiently, thus promoting public-private partnerships that help develop and implement supportive spectrum policies. 
Finally, establishing mechanisms for the regular review and updating of spectrum policies to ensure technological developments and market needs.

	Sri Lanka
	We are in the process of introduction of regulatory framework for NGSO satellite constellations. The regulatory framework is developing based on international best practices. We are considering the number of available NGSO satellite operators in the market to create a healthy competitive environment.



E.2. How can stakeholders collaborate effectively to implement these recommendations and ensure the sustainable development of NGSO satellite systems?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	To ensure the sustainable development of NGSO satellite systems, it's crucial to:
1. Foster joint research and development efforts between governments, industry leaders, and academia through public-private partnerships.
2. Establish harmonized regulations and best practices for space debris mitigation and sustainable long-term use of orbital space through international cooperation.
3. Engage stakeholders regularly through forums and workshops to address concerns related to spectrum use, orbital management, and potential environmental impacts.
Share operational data and collaborate on monitoring systems to track spectrum usage and ensure compliance with regulations.

	Bhutan
	Encourage public participation, collaborative policy framework and proper consultations.

	India
	No response

	Iran
	No response

	Maldives
	No response

	Nepal
	Under study.

	Pakistan
	· We need supportive regulatory frameworks at national and international levels in order to engage in policy advocacy to promote benefits of NGSO satellite systems. 
· We also need to monitor and evaluate these frameworks regularly to assess the impact of regulatory policies on the development and performance of NGSO satellite systems, ensuring continuous improvement.
· Create multi-stakeholders forum for regular dialogue between regulators, industry, academia, and other stakeholders in order to address challenges and opportunities in NGSO satellite systems. 
· Public consultations on proposed regulatory changes gather diverse inputs, ensuring that policies are well-informed and broadly supported. 
· Encouraging cross-sector partnerships between satellite operators and other sectors, such as telecommunications and broadcasting, can explore synergies and optimize spectrum use.
· Developing mechanisms for information sharing on spectrum use, interference incidents, and best practices among stakeholders is essential for fostering collaboration. 
· Investing in training and capacity-building programs can enhance the technical and regulatory expertise of those involved in NGSO satellite systems, supporting the sustainable development of these systems. 
· Supporting pilot programs and trials to test new spectrum management approaches and technologies in real-world environments to provide valuable insights and data.

	Sri Lanka
	As we are in the initial process of introduction of NGSO satellite licenses, applicants are collaborating effectively in licensing process.



E.3. Do you think the prevailing regulations regarding Quality of Services are sufficient enough to address NGSO satellite-based services? If not, kindly suggest what others aspects needed to be covered in this respect.
Country Response:
	Afghanistan
	Closed coordination among regional countries.

	Bangladesh
	The current quality of service regulations may not adequately address the needs of NGSO satellite services due to their dynamic nature and fluctuating performance. It's important to establish clear benchmarks for availability, latency, and data throughput. Service providers should be allowed to adjust their offerings based on real-time network conditions, such as prioritizing critical applications or offering tiered plans. It's also necessary to require providers to disclose their quality of service expectations and limitations. Additionally, mechanisms should be put in place to monitor performance and enforce regulations to ensure that users receive the promised service quality.

	Bhutan
	We do not have any regulations regarding the QoS of NGSO based services.

	India
	Please refer to response to Question A.1

	Iran
	No response

	Maldives
	Currently in the process of formulating QoS regulations for Broadband services.  This regulation once formulated is intended to cover the Quality parameters for Broadband service regardless of technology (including NGSO) to provide services.

	Nepal
	Under study.

	Pakistan
	· Existing QoS regulations do not fully address the unique characteristics of NGSO satellite-based services. It is important to define specific QoS standards for latency and jitter, as NGSO systems have different performance characteristics compared to geostationary systems and terrestrial networks.
· Developing robust interference management protocols to ensure QoS in shared spectrum environments. 
· Setting criteria for minimum throughput and bandwidth to guarantee consistent and adequate service levels for end users. 
· Setting QoS standards for Connection drop rates and service availability are essential to ensure a high-quality user experience. 
· Mandating regular reporting on QoS performance by NGSO operators and ensuring transparency in meeting these standards can safeguard service quality. 
· Harmonize QoS standards with international bodies to ensure consistent service quality for global users of NGSO satellite services, promoting the widespread adoption and success of NGSO satellite-based services.

	Sri Lanka
	Still, we don’t have such experience.




F. Additional Comments
F.1. Is there any additional information or insights you would like to share regarding spectrum management and regulatory requirements for NGSO satellite constellations?
Country Response:
	Afghanistan
	Close coordination and cooperation specially from APT side.

	Bangladesh
	None

	Bhutan
	As stated above

	India
	No response

	Iran
	No response

	Maldives
	No response

	Nepal
	Under study.

	Pakistan
	NIL

	Sri Lanka
	As we are new to NGSO satellite constellations we always welcome the valuable suggestions and experience of best practices of SATRC countries to improve our regulatory framework.



F.2. How do you envision the future of NGSO satellite constellations and their role in space-based communication services?
Country Response:
	Afghanistan
	It will promote and extend the broadband services to the rural areas, enhance the mobility, eliminate the digital dividend.

	Bangladesh
	The future of NGSO satellite constellations in space-based communication services is bright and full with potential. Here's a glimpse into what we are expecting to experience:
1. Ubiquitous Connectivity:  NGSO constellations promise to bridge the digital divide by providing affordable and reliable internet access to remote and underserved regions. This could revolutionize education, healthcare, and economic opportunities in these areas.
2. Enhanced Network Capacity:  The sheer number of satellites planned for future NGSO constellations will significantly increase global network capacity. This will support the ever-growing demand for data-intensive applications like video conferencing, virtual reality, and the Internet of Things (IoT).
3. Low Latency Communication:  The closer proximity of NGSO satellites to Earth compared to traditional geostationary (GEO) satellites translates to lower latency (signal delay). This is crucial for real-time applications like autonomous vehicles, remote surgery, and online gaming.
4. Diversification of Services:  NGSO constellations are not limited to just internet access. They can provide a wider range of communication services, including mobile broadband backhaul, navigation augmentation, and disaster relief communication.
5. Integration with Terrestrial Networks:  We'll likely see a seamless integration of NGSO constellations with existing terrestrial networks (like cellular) to create a hybrid infrastructure. This will provide users with a more robust and reliable connection, automatically switching between services depending on location and signal strength.
6. Technological Advancements:  Technological advancements like inter-satellite laser communication (ISL) will allow data exchange between satellites in constellations, creating a more robust and efficient communication network. Additionally, advancements in miniaturization and antenna technology will enable the deployment of smaller, more cost-effective NGSO satellites.
Overall, NGSO satellite constellations are poised to revolutionize space-based communication services. By addressing challenges and fostering international collaboration, this technology has the potential to connect the world, enable new applications, and drive innovation in the years to come.

	Bhutan
	NGSO satellite constellations are set to revolutionize space-based communication services by enhancing global connectivity, enabling low-latency communications, supporting diverse applications, driving technological innovation, and addressing regulatory and environmental challenges.

	India
	No response

	Iran
	No response

	Maldives
	Foresee that NGSO satellite constellations will be moving into the mobile voice and LTE broadband space.

	Nepal
	Not applicable

	Pakistan
	It will benefit in Rural/remote broadband connectivity across Pakistan to ensure that basic internet is accessible to everyone.

	Sri Lanka
	We expect to bring down the tariff of the NGSO satellite services with the introduction of competitive market in Sri Lanka and thereby NGSO satellite service will be competitive with the terrestrial broadband services and hence, it is expected to give satisfactory service to whole part of the country.



F.3. Are there any emerging trends/ innovations/ technologies that can have significant influence or impact on NGSO satellite constellations?
Country Response:
	Afghanistan
	Not applicable

	Bangladesh
	Emerging trends/ innovations/ technologies such as Inter-Satellite Laser Communication (ISL), Small-Sat Technologies, Advanced Antenna Technologies, On-Orbit Servicing (OOS), Artificial Intelligence (AI), Machine Learning (ML), Autonomous Collision Avoidance Technique, Network Optimization, Anomaly Detection and Predictive Maintenance, Constellation Diversity etc. are expected to have significant influence or impact on NGSO satellite constellations.

	Bhutan
	Not applicable

	India
	No response

	Iran
	No response

	Maldives
	No response

	Nepal
	Not applicable

	Pakistan
	5G, 6G and beyond and improved fiber connectivity.

	Sri Lanka
	It is noted that due to the emerging technologies use in NGSO satellite constellations the speed and capacity of the broadband services are nearly comparable with 5G services. Therefore, it is expected to use NGSO satellite services in wider user cases as terrestrial broadband services in future.
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