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APT REPORT ON 
KA-BAND SATELLITE SYSTEMS FOR USE IN THE ASIA PACIFIC REGION AND CONSIDERATIONS FOR DEVELOPMENT OF NATIONAL FREQUENCY PLANS



Introduction


Satellite Communications have changed from analogue communication in the 1980s to digital communication at present, and its throughput has evolved from several kbps to over 100 Mbps. Satellite communications have expanded from lower frequencies such as L band and C band, to Ku and Ka band being commonly used due to smaller sizes of the terminal antennae and higher capacity. The Ku and Ka bands, are used by both GSO and NGSO satellite systems to provide satellite connectivity for various applications. 

There has been an increasing need for broadband satellite communications in recent years to provide high speed connectivity needs of users which remain unconnected. The Ka-band frequency spectrum (18 – 30.0 GHz) for satellite communication is the basis for a new generation of services on High Throughput Satellites (HTS). Fixed Satellite Service (FSS) allocations in the Ku (11/14 GHz) and Ka-bands (18/28 GHz) are widely used for satellite communications for provision of broadband services to homes, vehicles, airplanes and ships. 

The Ka-band herein refers to the frequency bands 17.7 – 20.2 GHz (space-to-Earth) and 27.5 – 30.0 GHz (Earth-to-space). The Ka-band is globally allocated on a primary basis to the FSS and there are a large number of GSO FSS satellite networks operating in these frequency bands, as well as NGSO FSS systems. 

The FSS allocations in Ka-band are widely used for satellite communications for affordable provision of high speed and high capacity broadband services to millions of devices in homes, airplanes and ships.  Advancements in satellite technologies, including the more recent NGSO systems which allow for very low-latency applications, aim to provide affordable broadband to everyone and everywhere. NGSO technologies complement GSO and current ground-based services to fully support bridging the digital divide.

The AWG previously produced an APT Report on the usage and future plans of the bands 17.7 – 20.2 GHz and 27.5 – 30.0 GHz in the Asia Pacific region (APT/AWG/REP-70, April 2017). This report is based on responses from 11 administrations to a questionnaire on the spectrum usage and regulation status of the two bands in the Asia-Pacific region. The Report provides information on the usage and the regulatory situation of the bands 17.7 – 20.2 GHz and 27.5 – 30.0 GHz in different APT Member countries. The survey also gathered information on APT members views on technical and operational requirements of ESIMs applications in the Ka-band. 

This APT Report aims to provide APT members with relevant information on operations of Ka-band satellite systems for use in the Asia Pacific region and considerations for development of national frequency plans.

Section 5 describes services and applications of some of the Ka-band satellite systems currently operational or planned in the APT Region, including broadband consumer applications on ground, aircraft and ships using ESIM[footnoteRef:2] and its associated frequency bands, technical and operational characteristics.  [2:  While provisions for ESIMs communicating with NGSO satellites in the Ka-band are expected to be available after WRC-23, there are some Administrations that have provided similar interim licensing procedures for these Earth Stations. Elements on the use of NGSO ESIM in the Ka-band are provided in this report for information, as an emerging technology.] 


Section 6 provides information on compatibility issues between satellite services in the Ka-band and services allocated in the overlapping bands, as per ITU-R allocation. This section identifies existing and relevant ITU studies related to sharing between satellite services and other services allocated in the overlapping bands and also describes the potential for coexistence and/or compatibility between these services.

Section 7 summarizes potential operating conditions for services in the overlapping bands, that could serve as a guidance to administrations in the development of national frequency plans and conditions for the use of the Ka-band frequencies (17.7 – 20.2 GHz and 27.5 – 30.0 GHz) in APT countries. 


Scope

This report provides the following:

1. Information on Ka-band (17.7 – 20.2 GHz and 27.5 – 30.0 GHz) satellite systems in operation and proposed in APT Region, including the services and applications provided (including broadband consumer applications on ground, aircraft and ships using ESIM) and frequency bands covered, and technical and operational characteristics. 
2. Information on co-frequency compatibility and sharing issues between satellite services in the Ka-band and other services allocated in the same bands, as per ITU-R allocations. Where possible, this part of the work refers to existing and relevant ITU studies. 
3. Guidance to assist administrations with the development of national frequency plans for the use of the Ka-band frequencies (17.7 – 20.2 GHz and 27.5 – 30.0 GHz) including operating scenarios to ensure sufficient protection of other services in the same frequency bands.
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A-ESIM	Aeronautical Earth Stations in Motion
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ESIM	Earth Stations in Motion
FSS	Fixed Satellite Service
GSO	Geostationary Orbit
HDFSS	High-Density Fixed-Satellite Service
HEO	Highly Elliptical Orbit
HTS	High Throughput Satellite
ICT 	Information and Communication Technology 
IoT		Internet of Things
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LEO	Low Earth Orbit
L-ESIM	Land Earth Stations in Motion
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NGSO	Non-geostationary Orbit
NTN	Non-terrestrial networks
NR		New Radio
M2M	Machine-to-Machine
M-ESIM	Maritime Earth Stations in Motion
MEO	Medium Earth Orbit
MNO	Mobile Network Operators
PAC	Prepaid Access Code
PPP	Public Private Partnership
RR		Radio Regulations
SME	Small Medium Enterprises
TDMA	Time-Division Multiple Access
UAV	Unmanned Aerial Vehicles
USO	Universal Service Obligation
VHTS	Very High Throughput Satellite
VSAT	Very Small Aperture Terminal
VoIP	Voice over Internet Protocol
WRC	World Radiocommunication Conference
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Satellite Systems

The Ka-band is globally allocated on a primary basis to the FSS and there are a large number of GSO FSS satellite networks operating in these frequency bands, as well as NGSO FSS systems. 

Table 1 provides a summary of Ka-band satellite systems which are currently operational or planned to be operated within the Asia Pacific Region.



Table 1 Ka-band Satellite Systems in the Asia Pacific Region
	Satellite Operator
	SATELLITES
	TYPE
	COVERAGE

	Amos Spacecom
	AMOS-3, AMOS-4, AMOS-17[footnoteRef:3] [3:  https://www.amos-spacecom.com/satellite/amos-3/, https://www.amos-spacecom.com/satellite/amos-4/ ] 

	GSO
	AMOS-3: Europe, Middle East and US East Coast
AMOS-4: Asia and Africa
AMOS-17: Africa, Middle East and Asia

	AsiaSat
	AsiaSat 7, AsiaSat 9[footnoteRef:4] [4:  https://www.asiasat.com/satellite-fleet/asiasat-7, https://www.asiasat.com/satellite-fleet/asiasat-9 ] 

	GSO
	Regional

	Chinasatcom
	Chinasat-16[footnoteRef:5], Chinasat-26 (2021) [5:  http://english.csat.spacechina.com/n931903/c1657772/content.html, ] 

	GSO
	China, South East Asia

	Eutelsat
	EUTELSAT 172B
	GSO
	Asia Pacific

	Inmarsat 
	Inmarsat-5 F1, F2, F3, F4 , GX-5, Inmarsat-6 F1, Inmarsat-6 F2
	GSO
	Global

	Intelsat 
	
IS-33e, IS-37e, IS-20, Galaxy 15R, Galaxy 30, IS-40e, Galaxy 23, Galaxy 28, IS-32e
	GSO
	Global

	Kacific
	Kacific-1[footnoteRef:6] [6:  https://kacific.com/news/kacifics-first-satellite-successfully-launches-to-space/ ] 

	GSO
	South Asia, Pacific

	Measat
	MEASAT-5, MEASAT-3d 
	GSO
	Asia

	NBN Co.
	SkyMuster
	GSO
	Australia

	OneWeb
	634 in orbit 
	NGSO (LEO)
	Global

	OHB 
	Future H2Sat[footnoteRef:7] [7:  https://www.ohb-system.de/heinrich-hertz-english.html ] 

	GSO
	Global

	Satria Nusantara Tiga (SNT)
	Multifunction Satellite of Satria-1
	GSO
	 Indonesia

	SES
	Astra 2E, 2F, 2G, 3B, 4A, 5B, AMC-15, SES-5, SES-8, SES-10, SES-12, SES-14, SES-15, SES-17
	GSO
	Global

	SES O3b
	20 in orbit for O3b MEO constellation;
11 next generation O3b mPower 
	NGSO (MEO)
	Global

	SpaceX
	Starlink Constellation 
	NGSO (LEO)
	Global

	Telesat
	Telesat LightspeedTM (2025+)
	NGSO (LEO)
	Global

	Thaicom
	THAICOM 4 (IPSTAR)
	GSO
	Asia Pacific

	Turksat 
	Turksat 4A, Turksat 4B, Turksat 5B [footnoteRef:8] [8:  https://www.turksat.com.tr/en/satellite/turksat-satellite/satellites ] 

	GSO
	Europe, Middle East, Central, Africa 

	Viasat 
	ViaSat-1, ViaSat-2, ViaSat-3  (2023+)[footnoteRef:9] [9:  https://www.viasat.com/space-innovation/satellite-fleet/viasat-1/, https://www.viasat.com/space-innovation/satellite-fleet/viasat-2/, https://www.viasat.com/space-innovation/satellite-fleet/viasat-3/ ] 

	GSO
	Global

	Yahsat 
	AY2, AY3[footnoteRef:10] [10:  https://www.yahsat.com/ ] 

	GSO
	Middle East, Africa, Americas, Asia



More detailed information on some of these systems and the types of satellite applications and services provided are described in the following Annexes to this Report.

	Annex
	FSS system

	A
	Inmarsat Satellite System – Global Xpress

	B
	SES Satellite Systems

	C
	Telesat Satellite System – Telesat LightspeedTM

	D
	OneWeb Satellite System

	E
	MEASAT Satellite Systems

	F
	Viasat Satellite System

	G
	Multifunction Satellite of Satria-1




High Throughput Satellite (HTS)

HTS is a communication satellite that provides significant increase in capacity when using the same amount of orbital spectrum compared to conventional communication satellites. The increase in capacity typically ranges from 2 to more than 100 times as much capacity as the classic FSS network. This significantly reduces the cost per bit.

To gain this significant increase in capacity, an HTS leverages a high-level of frequency re-use and spot beam technology. Spot beam technology uses multiple narrow beams which allows it to re-use the same frequency band. The key difference between FSS and HTS is the size of their beams on the ground, as illustrated in Figure 1.
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[bookmark: _Ref97714551]Figure 1 Illustration of a single beam on a traditional satellite and multiple spot beams on an HTS

A traditional satellite is based on wide beam, i.e., it uses a single frequency to cover an entire geographic region. Hence, the given satellite can use a frequency only once. While a wide beam coverage is an advantage for broadcast services, it is not sufficient to support the throughput requirements of a broadband service. By contrast, in an HTS approach, the wide beams are replaced by multiple spot beams that cover smaller areas. With sufficient geographic isolation between beams, several beams can reuse the same frequency band. An example of the reuse pattern is illustrated in Figure 1 where spot beams of the same colour are spaced one beamwidth apart and may reuse the same frequency and polarization. The same frequency can serve two or more separate geographies and sets of clients. This frequency re-use along with multiple spot-beam boosts the capacity of the given satellite system for a given amount of frequency band allocated to the system.

These spot beams bring a two-fold benefit: 
· Higher transmit/receive gain: because of its higher directivity and therefore higher gain, a narrower beam results in increased power (both transmitted and received), and therefore enables the use of smaller user terminals and permits the use of higher order modulations, thus achieving a higher rate of data transmission per unit of orbital spectrum. 
· Frequency re-use: when a desired service area is covered by multiple spot beams, several beams can reuse the same frequency band and polarization, boosting capacity of the satellite system for a given amount of frequency band allocated to the system.

Regarding methods of frequency reuse, the details differ among the different satellite systems designs. For example, a 4-color reuse frequency scheme can be defined, allowing frequency reuse with minimal interference between neighboring spot beams. Each beam is being assigned half of the available bandwidth, and operates on one of the two polarizations (RHCP and LHCP). A cluster of 4 beams benefits from an equivalent bandwidth equal to twice the bandwidth (Bw) allocated to the satellite, because of the frequency reuse by orthogonal polarizations. For this example, the total bandwidth of spectrum available to the satellite system is therefore equal to:

[image: ]




Where:
Nb: is the number of beams of the satellite
Nc:  is the number of colors (here 4) in the cluster
Bwtotal: is the total bandwidth

2Nb/Nc is called the frequency reuse factor and multiplies by the same factor the capacity (total transmitted bitrate) of the satellite enabling significant capacity increases by comparison with a single beam satellite.

With the Ku-band HTS satellite, the number of beams is typically from 80-140, the efficiency of band usage increases by 20-35 times. With the Ka-band HTS satellite, the number of beams is from 200-400, the efficiency of using the band increases by 50-100 times.

Table 2 gives an indication of the dimension of spot-beams likely to be available either now or in the near future (source: Recommendation ITU-R S.1782-1).


Table2. Satellite spot-beam characteristics selected
	FSS frequency range
	20/30 GHz

	Gain at beam centre (dBi)
	50-53

	−3 dB beamwidth (degrees)
	0.3-0.4

	Number (n) of dual-polar transmit/receive beams per satellite
	200-400





The primary user application of HTS is broadband Internet access service (point-to-point) to regions unserved or underserved by terrestrial technologies. In regions where high-quality broadband through our ground infrastructure is not available or maybe not possible, satellite technology is the most appropriate solution. HTS platforms that were originally aimed to serve the consumer market only are branching out to offer their services in government and enterprise markets as well. Basic connectivity in remote areas is also being provided with satellite technology. Such satellites are also suitable for cellular backhaul; they provide high-capacity links to support isolated base stations of terrestrial networks at highly reduced cost per bit. HTS can also serve point-to-multipoint applications and even broadcast services such as DTH distribution to relatively small geographic areas served by a single spot beam.

NGSO

Ka-band is also being used or being planned for use by a number of Low Earth Orbit (LEO) and Medium Earth Orbit (MEO), and Highly Elliptical Orbit (HEO) satellite systems. These high and very high throughput systems have spot beam technology that allows highly efficient spectrum reuse and substantial increases in throughput speeds and capacity annually, providing service to hundreds of millions of fixed and mobile devices.

Satellite User Terminals

Ubiquitous satellite user terminals consist of both VSAT and ESIM, operating in both GSO and NGSO satellite systems. 

Table 2 Types of user terminals
	VSAT
	· Generally used for connectivity at fixed locations
· Preferred means to easily establish reliable communications in remote  areas (also for backhaul purposes) and during emergencies (e.g. humanitarian aid and relief efforts in disaster zones)


	ESIM
	· Installed on aeronautical (A-ESIM), maritime (M-ESIM) or land (L-ESIM) mobile platforms to provide seamless connectivity worldwide for passengers, crew members and operators. 




Domestic ESIM and VSAT are well suited to be authorized based on a blanket/class licensing regime (i.e. by a single license/authorization covering a number of terminals with similar technical/operational characteristics, enabling the efficient deployment of user terminals by streamlining the authorization process), in accordance with the national frequency allocation tables and any other applicable regulations. ESIM operators may seek the ability to operate on all or some parts of the route.

For foreign visiting ESIM (e.g. a user terminal installed on a plane of country A overflying country B), the recognition of licenses or authorizations duly issued by another administration, in compliance with local spectrum allocations and regulation, can facilitate the seamless movement of ESIM when in temporary transit across national borders and can ensure the provision of ubiquitous global satellite communication with no service interruption.

To provide clarity of authorisation requirements, administrations are encouraged to take appropriate actions, in a timely manner, to publish procedures for authorizing the operation of VSAT/ESIM in their countries. 

Information on sharing and compatibility between FSS and other services allocated in the Ka-band

Figure 2 summarises the services allocated in the Ka-band in accordance with the ITU-R Radio Regulations 2020. 
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[bookmark: _Ref112329177]Figure 2 ITU-R allocations of Ka-band in Region 3

In accordance with the provisions of the Radio Regulations, the FSS needs to ensure sharing and compatibility with FS and MS of the neighboring countries in various overlapping bands in the Ka-band of 17.7 – 20.2 GHz and 27.5 – 30.0 GHz. Subsections 6.1 – 6.3 describe WRC Resolutions and the various ITU Reports and/or Recommendations that would facilitate sharing and compatibility of the FSS with other services. 

Sharing between satellite systems

The ITU Radio Regulations establish the rules and regulations under which the bands 17.7 – 20.2 GHz (space-to-Earth) and 27.5 – 30.0 GHz (Earth-to-space) may be used by satellite systems.  The regulations include requirements to ensure that satellite systems can share with one another, through a combination of coordination requirements and regulatory conditions such as EPFD limits, as defined in Radio Regulations (RR) Article 22. Different portions of these frequency bands have different regulatory conditions.

In the case of ESIMs using GSO FSS networks, Resolutions 156 (WRC-15) and 169 (WRC-19) include some additional regulatory provisions required to manage potential interference issues to and from other FSS systems.  

Compliance with the provisions of the RR is, in the first instance, a matter for the notifying administrations of the satellite systems, following the procedures of Article 9 of the RR. The requirements related to sharing between satellite systems typically lead to a requirement for off-axis EIRP limits for earth stations, which may be based on ITU-R Recommendations such as Recommendation ITU-R S.524. While the primary responsibility for compliance with satellite coordination requirements is with the notifying administration, the administrations responsible for the territory where the earth stations are located may wish to ensure that earth stations on their territory comply with the same requirements as may be established by the ITU coordination process.  Such a requirement may be included in any technical conditions applicable to the earth station authorisation.

Report ITU-R S.2261 containing technical and operational requirements for earth stations on mobile platforms operating in NGSO FSS systems in the frequency bands from 17.3 – 19.3, 19.7 – 20.2, 27 – 29.1 and from 29.5 – 30.0 GHz, describing how such earth stations operating in these frequency bands must be designed and operated to meet the existing technical and/or operational requirements applicable to FSS earth stations.

The following ITU-R Recommendation and Report also contain elements related to sharing between satellite systems: 
1. Recommendation ITU-R S.524 - Maximum permissible levels of off-axis e.i.r.p. density from earth stations in geostationary-satellite orbit networks operating in the fixed-satellite service transmitting in the 6 GHz, 13 GHz, 14 GHz and 30 GHz frequency bands.
2. Report ITU-R S.2357 - Technical and operational guidelines for earth stations on mobile platforms communicating with geostationary space stations in the FSS in the frequency bands 19.7 – 20.2 GHz and 29.5 – 30.0 GHz. Report ITU-R S.2261 – Technical and operational requirements for earth stations on mobile platforms operating in NGSO FSS systems in the frequency bands from 17.3 – 19.3 GHz, 19.7 – 20.2 GHz, 27 – 29.1 GHz and from 29.5 – 30.0 GHz.

Sharing with terrestrial systems

There is sharing issue in the bands 17.7 – 19.7 GHz and 27.5 – 29.5 GHz, since these bands include primary allocations to satellite and the fixed and mobile services in all Regions.  The bands 19.7 – 20.2 GHz and 29.5 – 30.0 GHz, on the other hand, are not allocated to terrestrial services (except by footnote in some countries – see RR No. 5.524 and No. 5.542).

RR No. 5.516B gives the bands identified for high-density fixed-satellite service (HDFSS) in the bands 19.7 – 20.2 GHz, 28.45 – 29.1 GHz and 29.46 – 30.0 GHz in all Regions. These bands are intended to allow for the deployment of ubiquitous FSS earth stations. 

Resolution 143 (Rev. WRC-19) provides guidelines for the implementation of high-density applications in the FSS in the frequency bands identified for these applications. Noting f) of Resolution 143 (Rev. WRC-19) notes that co-frequency sharing between transmitting HDFSS earth stations and terrestrial services is difficult in the same geographical area, and then resolves that, in making frequency bands available under resolves a), administrations take into account: 
· that HDFSS deployment will be simplified in frequency bands that are not shared with terrestrial services; 
· in frequency bands shared with terrestrial services, the impact that the further deployment of terrestrial stations would have on the existing and future development of HDFSS, and the further deployment of HDFSS earth stations should have on the existing and future development of terrestrial services.

Recommendation ITU-R S.1594[footnoteRef:11] recommends technical characteristics that may be used as design guidelines and for carrying out sharing studies between high density FSS earth stations and other services, and/or administrations seeking guidance on technical characteristics for high density FSS earth stations may utilize the technical characteristics found in this document.  [11:  Recommendation ITU-R S.1594 - Maximum emission levels and associated requirements of high density fixed-satellite service earth stations transmitting towards geostationary fixed-satellite service space stations in the 30.0 GHz range, https://www.itu.int/dms_pubrec/itu-r/rec/s/R-REC-S.1594-0-200209-I!!PDF-E.pdf ] 


Recommendation ITU-R S.1782-1[footnoteRef:12] provides guidelines on global broadband Internet access by FSS. A first Annex covers a number of general issues on the consideration of suitable frequency bands and a general description of broadband satellite architecture. A second Annex describes both existing and future satellite systems to provide global broadband access directly to small earth station antenna, and includes descriptions of systems characteristics and satellite capacities. It should be noted that fixed-satellite service comprises both GSO and NGSO networks and systems and are thus both in the scope of this Recommendation [12:  Recommendation ITU-R S.1782-1 - Guidelines on global broadband Internet access by fixed-satellite service systems, https://www.itu.int/dms_pubrec/itu-r/rec/s/R-REC-S.1782-1-201909-I!!PDF-E.pdf ] 


Recommendation ITU-R S.1783[footnoteRef:13] provides sets of parameters of existing and planned networks incorporating user earth stations in high-density applications within the fixed-satellite service. A further database for systems employing non-geostationary satellites is planned to be developed in due course. [13:  Recommendation ITU-R S.1783 - Technical and operational features characterizing high-density applications in the fixed-satellite service, https://www.itu.int/dms_pubrec/itu-r/rec/s/R-REC-S.1783-0-200701-I!!PDF-E.pdf ] 


The following ITU-R Reports, Recommendations and Resolution also contain elements related to sharing with terrestrial systems:
1. Report ITU-R SF.1719 - Sharing between point-to-point and point-to-multipoint fixed service and transmitting earth stations of GSO and NGSO FSS systems in the 27.5 – 29.5 GHz band[footnoteRef:14]. [14:  https://www.itu.int/dms_pubrec/itu-r/rec/sf/R-REC-SF.1719-0-200502-I!!PDF-E.pdf] 

2. Report ITU-R S.2223-1 - Technical and operational requirements for GSO FSS earth stations on mobile platforms in bands from 17.3 – 30.0 GHz[footnoteRef:15]. [15:  https://www.itu.int/dms_pub/itu-r/opb/rep/R-REP-S.2223-1-2016-PDF-E.pdf ] 

3. Recommendation ITU-R SF.1006 – Determination of the Interference Potential Between Earth Stations of the Fixed-Satellite Service and Stations in the Fixed Service[footnoteRef:16]. [16:  https://www.itu.int/rec/R-REC-SF.1006-0-199304-I/en] 

4. Resolution 143 (Rev. WRC-19) - Guidelines for the implementation of high-density applications in the fixed satellite service in frequency bands identified for these applications.

There are no specific ITU-R Recommendations identified that deal with sharing issues between IMT systems and HDFSS in the bands 17.7-18.7 GHz and 27.5-29.5 GHz.  It is noted that most of the Recommendations cited above were developed in 2002 or earlier, and therefore these may no longer reflect the technical advancements made in current and planned GSO and NGSO HDFSS, including more sensitive receivers in the space and earth segments.


Potential interference from satellite downlinks to terrestrial stations

The protection of terrestrial services from interference from satellite downlinks in the band 17.7 – 19.7 GHz is established by the PFD limits in Article 21 of Radio Regulations (see RR Table 21-4), and is not generally a significant concern for administrations planning to authorise the operation of particular satellite systems in their territory.

Potential interference from terrestrial stations to satellite uplinks

In the 27.5 – 29.5 GHz band, interference originated from the terrestrial stations to satellite receivers needs careful consideration for both service to operate in interference free manner should mobile service and satellite services are co-primary in this band. 
 
Article 21 of the Radio Regulations contains power limits for fixed and mobile stations in the band  27.5 – 29.5 GHz (see in particular section II of Article 21).  


Frequency sharing between terrestrial stations and satellite earth stations (Ubiquitous fixed user terminals, ESIM and gateway)

In planning use of satellite systems in the bands 17.7 – 19.7 GHz (space-to-Earth) and 27.5 – 29.5 GHz (Earth-to-space) administrations may need to give careful consideration to sharing issues between earth stations and terrestrial systems.

The use of earth stations in FSS networks which are on mobile platforms (i.e. ESIMs) creates a challenging environment for sharing with terrestrial services, for which the sharing issues vary for each type of ESIM (land, maritime, aeronautical).  Furthermore, the use of ubiquitous fixed earth station terminals, intended to be deployed any location across an entire country also create a challenging sharing environment.  

The following WRC Resolution contain elements related to sharing between terrestrial stations and ESIM:
1. Resolution 169 (WRC-19) specifies the use of the frequency bands 17.7 – 19.7 GHz and 27.5 – 29.5 GHz by earth stations in motion communicating with geostationary space stations in the fixed-satellite service. 

2. Resolution 173 (WRC-19) specifies the possible use of the frequency bands 17.7 – 18.6 GHz, 18.8 – 19.3 GHz and 19.7 – 20.2 GHz (space-to-Earth) and 27.5 – 29.1 GHz and 29.5 – 30.0 GHz (Earth-to-space) by earth stations in motion communicating with non-geostationary space stations in the fixed-satellite service[footnoteRef:17]. This Resolution is associated with WRC-23 agenda item 1.16 and may be revised or replaced at WRC-23. [17:  While Resolution 173 (WRC-19) calls for ITU-R study for the possible use of Ka-band NGSO ESIM, the provisions for ESIMs communicating with NGSO satellites in the Ka-band are expected to be available after WRC-23.] 


The use of gateway earth stations in these bands may allow for more effective options for sharing with terrestrial services but those earth stations typically require access to larger bandwidths.

The issues of sharing between satellite systems, including ESIM operations and terrestrial services are described in the Table 3, for APT Member administration’s reference.
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Table 3 Description of sharing issues between satellite and terrestrial services
	Earth station type

	Description of operations
	Sharing with terrestrial services in the band 17.7 –19.7 GHz (space-to-Earth)
	Sharing with terrestrial services in the band 27.5 – 29.5 GHz (Earth-to-space)

	Land ESIM
(L-ESIM)
	L-ESIM are typically required to be able to operate from any location within a country, and therefore cannot guarantee a separation distance with respect to any terrestrial services
	L-ESIM may receive interference from any terrestrial stations. L-ESIM are unable to co-share the band with terrestrial services in same area, and hence L-ESIM may be operated on the basis of not claiming protection from interference from terrestrial stations.
An administration may choose to identify certain frequencies unused by terrestrial services that could be used by L-ESIM without interference.
	L-ESIM could cause interference to terrestrial stations in use in the same area. L-ESIM are unable to co-share the band with terrestrial services in same area. 
An administration may choose to identify certain frequencies unused by terrestrial services that could be used by L-ESIM without interference.

	Maritime ESIM
(M-ESIM)
	M-ESIM are typically required to be able to operate from ports, some inland waterways, and some coastal areas.

	M-ESIM may receive interference from any terrestrial stations.
An administration may choose to identify certain frequencies unused by terrestrial services that could be used by M-ESIM without interference.
	Based on Resolution 169 (WRC-19), GSO M-ESIM need to maintain a separation distance of 70 km with respect to terrestrial services in the same band without the prior agreement of relevant administrations. To avoid this limitation on M-ESIM operations, an agreement of relevant administrations shall be obtained.
An administration may choose to identify certain frequencies unused by terrestrial services that could be used by M-ESIM without the need to apply the separation distance.  Furthermore, an administration may choose to identify certain frequencies for use by terrestrial services, but to apply a less constraining restriction to M-ESIM operations.  For example, a PFD limit may be applied in place of the 70 km distance[footnoteRef:18]. [18:  For example, Australia has identified the band 28.1-29.5 GHz exclusively for satellite use, allowing M-ESIM to operate in this band without any off-shore distance.   Australia has also identified the band 27.5 – 28.1 GHz for terrestrial and satellite services, with a PFD limit of 112 dBW/m2/MHz to be met by M-ESIM to protect terrestrial services.] 

Sharing conditions for NGSO M-ESIM are being studied under WRC-23 Agenda Item 1.16.

	Aeronautical ESIM
(A-ESIM)
	A-ESIM are typically required to be able to operate from airports, on ascent and descent and on air routes throughout national and international airspace.
A-ESIM mainly are operated en route to provide broadband communication service.
	M-ESIM may receive interference from any terrestrial stations.
An administration may choose to identify certain frequencies unused by terrestrial services that could be used by A-ESIM without interference.
	Resolution 169 (WRC-19) established PFD limits that GSO A-ESIMs shall comply with to ensure protection of terrestrial services.  Compliance with the limits would require the aircraft to maintain a certain minimum altitude that may prevent use of A-ESIM on ascent and descent and on the ground at airports.  
Possibility as examples from APT Member administrations can be found in footnote below[footnoteRef:19]. [19:  An administration may choose to identify certain frequencies unused by terrestrial services that could be used by A-ESIM without the need to apply the PFD limits.  Furthermore, an administration may choose to identify certain frequencies for use by terrestrial services, but to apply less constraining PFD limits. For example, Australia has identified the band 28.1-29.5 GHz exclusively for satellite use, allowing A-ESIM to operate in this band without any PFD limits. Australia has also identified the band 27.5 – 28.1 GHz for terrestrial and satellite services, with a modified set of PFD limits to be met by A-ESIM to protect terrestrial services.] 

Sharing conditions for NGSO A-ESIM are being studied under WRC-23 Agenda Item 1.16.

	Ubiquitous fixed user terminals
	Ubiquitous fixed user terminals may be deployed at any premises or location, typically for broadband internet connectivity or for backhaul for 5G or Wi-Fi broadband connectivity.  Coordination of stations with respect to any terrestrial stations is generally not possible.
	User terminals may receive interference from any terrestrial stations.  User terminals may be unable to co-share the band with the terrestrial services in same area.
An administration may choose to identify certain frequencies unused by terrestrial services that could be used by fixed user terminals without interference.
	User terminals may cause interference to terrestrial stations in use in the same area.  
An administration may choose to identify certain frequencies unused by terrestrial services that could be used by fixed user terminals without interference.

	Gateway earth stations
	Gateway earth stations are normally individually licensed for operations at a specific location and hence may be coordinated with terrestrial stations.  Gateway Earth stations typically require access to large bandwidths, potentially all of the band 17.7-19.7 GHz and 27.5–29.5 GHz  
	A coordination process would be needed for the co-sharing between Earth station and terrestrial systems in operation.
	A coordination process would be needed for the co-sharing between Earth station and any terrestrial systems in operation.




Consideration for national frequency plans

The optimum coexistence strategy between terrestrial and satellite services needs to ensure that both satellite and terrestrial services have sufficient access to the spectrum to satisfy the demand of all end-users.  In regards to the spectrum for terrestrial 5G systems, some administrations have chosen to focus on the 26 GHz (24.25 – 27.5 GHz) band for 5G mmWave, preserving the 28 GHz band for satellite systems. This allows both terrestrial and satellite services to have adequate spectrum access and minimum the co-channel interference issues. It should be noted that some administrations have a frequency plan of the 27.5 – 30.0 GHz frequency band, or in parts of, for terrestrial services (FS and/or MS) or already use this frequency band for terrestrial services without the satellite service.      
When an administration considers to use ESIM stations in its territory, the administration shall take necessary measures to ensure protection of terrestrial services in neighbouring countries including the provisions of Resolution 169(WRC-19), the decision of WRC-23 in relation with Resolution 173(WRC-19) and other relevant Radio Regulations.
To provide some guidance for APT Member administrations for development of their national frequency plans for Ka-band, some considerations are summarized below.

1. APT Member administrations may consider to establish their national frequency plans to use Ka-band FSS including VSAT and ESIM in the frequency bands 17.7 – 20.2 GHz (space-to-Earth), 27.5 – 30.0 GHz (Earth-to- space), while also protecting fixed and mobile services in any overlapping frequency bands.

2. APT Member administrations could consider a blanket/class licensing regime (i.e. by a single license/authorization covering a number of terminals with similar technical/operational characteristics, enabling the efficient deployment of user terminals by streamlining the authorization process) APT Member administrations could also consider to permit the transit of foreign satellite user terminals that are already authorised in their country of origin, in accordance with their national frequency allocation tables and any other applicable regulations, subject to no interference impact to other services allocated by the APT Member administration. 

3. Where administrations seek to include terrestrial systems in any parts of the bands 17.7-19.7 GHz and 27.5 – 29.5 GHz, they can explore options allowing optimum coexistence between terrestrial and satellite services.  Where sub-bands are identified for exclusive satellite use, it is preferable in respect of satellite operation that they be contiguous with the bands 19.7 – 20.2 GHz and 29.5 – 30.0 GHz where possible.




Annex A: Inmarsat Satellite System – Global Xpress

Overview of satellite constellation and system design

The Inmarsat Global Xpress system (GX), consists of five geostationary satellites. The system has been designed to offer global broadband communications coverage, on the land, at sea or in the air. The coverage is illustrated in Figure 3.
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[bookmark: _Ref97804740]Figure 3 Inmarsat Global Xpress coverage (May 2020)

In addition to the existing fleet of satellites, Inmarsat has commissioned the construction of five more geostationary satellites to augment the capacity of the GX constellation: GX6A and GX6B, GX7, GX8 and GX9. The advanced Ka-band payloads (GX6A and GX6B) will deliver greater capacity in regions with the highest demand. GX6A was successfully launched in December 2021. The GX7, GX8 and GX9 satellites each deliver approximately twice the total capacity of the entire current GX network, they will employ dynamic beamforming to simultaneously create thousands of independent beams of different sizes, bandwidth and power that can be reconfigured and repositioned across the globe in real time to meet evolving traffic demands.

Inmarsat is also developing a HEO component (“GX10”) that will employ two HEO satellites which together will provide continuous coverage of the northern polar region.  The same user terminals used for communicating with the GSO satellite will be able to communicate with the HEO satellites.  This extended coverage is particularly to meet demand for the increasing numbers of aircraft which fly across the northern polar region between the APT Region and other continents, and for the increasing number of ships which navigate in the northern polar region, opening new trade routes.

The frequency bands used by the user terminals are currently 29 – 30 GHz in the uplink direction, 19.2 – 20.2 GHz in the downlink direction.  The frequency bands available for user terminals will expand with the introduction of the GX 6, 7, 8 and 9 series of satellites to the bands 27.5 – 30 GHz in the uplink direction and 17.7 – 20.2 GHz in the downlink direction.  These enlarged frequency bands for the user terminals will enable higher data rate services to individual terminals and will provide increased capacity overall.

The feeder links for the satellites also use Ka-band, in particular the bands 27.5 – 29.5 GHz in the uplink direction and 17.7 – 19.7 GHz in the downlink direction.  The later GX satellites will also introduce the use of Q/V bands for feeder links, which will help to free up capacity in the Ka-band for user terminals.   

The GX satellites also provide service in the Ka-band frequencies that are typically reserved for military users and are outside the scope of this Report.

Description of services provided

Inmarsat offers a wide range of voice and data satellite communication services delivering global coverage for maritime, aeronautical, enterprise and government. This includes the Land Xpress, Fleet Xpress, Jet Xpress.

Land 

Land Xpress uses the GX constellation for remote broadband communications (Internet and private networks). The Land Xpress service has been designed to support a range of land applications and offers different connection speeds and service levels to meet the needs of diverse user communities. 

Inmarsat’s partner companies manufacture commercial land satellite terminals from 0.6 to 2.4 meters in diameter (either in a manual configuration or a fully automatic/automatic acquire configuration) covering the fixed, transportable, ‘flyaway’ and ‘man pack’ terminal types.  An example land terminal is shown in Figure 4.

The Land Xpress service benefits countries by providing broadband communication in remote locations that are not covered by terrestrial coverage for communications.  It also provides a broadband communications capability that is independent of traditional terrestrial networks, and hence provides a vital alternative in case terrestrial networks are not available (e.g. in case of natural disaster).  Typical users are organisations involved in mining, media, agriculture, energy, construction, humanitarian charities, other NGOs.
  
[image: Paradigm GX - HORNET99 - Mobile Land Group 2 Terminal - Satphone.co.uk]
[bookmark: _Ref97804811]Figure 4 Example land transportable terminal


Aeronautical

GX offers a service for aircraft connectivity, with current data rates up to 50 Mbps downlink and 5 Mbps uplink. GX is a global broadband connectivity solution for the aviation community and provides a scalable solution to accommodate future growth. Satellite connectivity also improves the operational efficiency of airlines by enabling them to communicate with cabin crews and non-safety systems. Business aviation passengers were amongst the first to adopt in-flight entertainment and communication services via GX, which supports real-time television and live internet transmissions.

Airlines use in-flight connectivity solutions provided by GX network to provide Internet connectivity to passengers, either through on-board Wi-Fi systems or via seat-back entertainment systems.  The service also supports aircraft operational tasks, such as update of weather maps, provide scheduling information to the crews, provide passengers with re-booking information and/or gate updates for connecting flights, and transfer of aircraft system data. The aviation services provided benefit passengers by enabling business communications, social communications and entertainment while airborne, which is only available through satellite communications.  A number of airlines based in the APT region, including national carriers, are users for the GX aviation service. Airlines benefit from being able to offer an enhanced in-flight service and from additional passenger revenue.   

GX Aviation services are also provided for other sectors of the aviation community, including UAVs, business jets, military aircraft, other government users (e.g. coast-guard).

Example aircraft terminals are shown in Figure 5.  These examples are based on a traditional parabolic reflector design and a low profile, mechanically steered planar array.  There are a number of new technologies that provide fully electronically steered flat antennas under development.

	[image: ]



	[image: A picture containing case

Description automatically generated]


[bookmark: _Ref97804881][bookmark: _Ref95499069]Figure 5 Example aeronautical terminals (shown without radomes)
 

Maritime

Fleet Xpress is Inmarsat’s high-speed maritime service that uses the GX network operating in the Ka-band combined with the L-band network for extremely resilient connectivity. If the Ka-band connectivity is not available (e.g. during intense rain), connectivity is automatically routed via the L-band terminal and L-band satellites. Fleet Xpress offers voice and data communications for container ships and tanker as well as yachts, passenger ships and fishing boats. Figure 6 shows an example maritime GX terminal.

The maritime industry is beginning to embrace digitalisation, to improve operational performance, which requires the flow of data. Sensor data from onboard equipment and/or the voyage data recorder is collected and securely transferred to a central cloud-based database using its own dedicated bandwidth. From there, data is available to the ship operator and authorised application providers to analyse and use to improve efficiency, sustainability, safety and compliance. Satellite communication enables such digitalisation for maritime industries around the world.

The Fleet Xpress service is also used for provision of onboard Internet connectivity for passengers and crew, typically by combining the GX broadband backhaul with a Wi-Fi access point.  Crew welfare is a major consideration for shipping operators and the availability of Wi-Fi to crew, using their own devices, assists is keeping crew connected with family and friends at home. 

The broadband connectivity provided by GX, with almost global coverage, is enabling economic gains through improved operating efficiencies in the shipping industry, and is enabling environmental improvements, for example through improved fuel efficiency and prevention of dumping.
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[bookmark: _Ref97805013]Figure 6 Example maritime GX terminal and “below decks” equipment





Annex B: SES Satellite Systems
Overview of satellite constellation and system design

SES has deployed three geostationary high throughput satellites (HTS), namely SES-12, SES-14 and SES-15, of which SES-12 that was launched in June 2018 has a key focus market in the Asia Pacific region. These geostationary HTS assets when combined with O3b MEO constellation deliver the world’s first multi-orbit satellite-based network offering that provides unprecedented network resiliency and reliable fibre-like connectivity.

SES-12, launched on the 4 June 2018, is a geostationary satellite located at the well-established orbital slot of 95 degrees East. This satellite was built by Airbus Defence and Space based on the highly reliable Eurostar E3000 platform. The satellite is designed to operate for 15 years, with a payload comprised of high-power Ku-band and Ka-band transponders. The spacecraft is equipped with an electric plasma propulsion system for orbit raising and on-orbit manoeuvres. SES-12, together with SES-8 also collocated at 95 degrees East, would use the Ka-bands 27.5 – 30.0 GHz in the uplink direction and 17.7 – 20.2 GHz in the downlink direction.

The payload of the hybrid SES-12 satellite consists of two distinct but complementary missions: first, traditional wide beam coverage, and second, a high-powered multi spot beam payload (HTS). For the first mission, there are six wide beams designed to provide state-of-the-art replacement and growth capacity for SES customers. The second mission consists of 70 Ku-band spot beams and 11 Ka-band spot beams delivering over 14 GHz of capacity tailored for various data-heavy applications. This mission also includes a Digital Transparent Processor (DTP) which provides anti-jamming capabilities as well as increased payload flexibility in order to provide customized bandwidth solutions to SES customers. 

Description of services provided

The six traditional wide-beam mission consists of 54 transponders (36 MHz equivalent per transponder) that provide state-of-the-art replacement and growth capacity for SES's existing Direct-to-Home (DTH) video broadcast, Government and VSAT customers. In addition, the design provides incremental growth capacity to support new DTH platforms and other services targeting the Asia-Pacific region. The six regional beams of SES-12 are over Middle East, South Asia, Indochina, North East Asia, South East Asia and Australia. 

The SES-12 high throughput payload, in the form of 70 Ku-band spot beams and 11 Ka-band spot beams, is SES’ solution for enhancing connectivity in the aeronautical and maritime segments across Asia-Pacific and the Middle East. SES-12 is anticipated to be a driving force behind the steady roll-out of connected vessels and cruise liners with substantial growth of maritime in-service terminal in Asia that is projected to reach over 175,000 by 2026[footnoteRef:20]. SES-12 is SES’s answer to soaring connectivity demand in the aviation industry, especially across the Asia Pacific, where the number of connected aircraft is projected to reach more than 5,500 by 2026[footnoteRef:21]. [20:  Northern Sky Research]  [21:  Euroconsult] 


The high throughput capacity on SES-12 is pivotal in enabling governments to provide connectivity programmes to bridge the digital divide, and in allowing telcos, mobile network operators and internet service providers to deliver more reliable cellular backhaul and faster broadband services. SES-12 has reliably enabled governments’ initiative by expanding to reach more users in underserved areas and “fill-in” coverage gaps. As an example, the high throughput capacity on SES-12 satellite has been used to partake in the universal service obligation (USO) project spearheaded by Indonesia’s telecommunication and information accessibility agency, Badan Aksesibilitas Telekomunikasi dan Informasi (BAKTI), to provide broadband internet access and mobile backhaul services to remote parts of Indonesia[footnoteRef:22]. Additional capacity on SES-12 satellite has also been earmarked to support the Smart Village project[footnoteRef:23], by enabling residents of 158 villages in remote parts of Indonesia’s West Java Province to access essential e-government, e-health and e-learning services, as well as unlocking the potential of the region’s digital economy. This project is using SES-12 Ka-band ground stations in Indonesia.  [22:  https://www.ses.com/press-release/teleglobal-brings-broadband-access-and-mobile-connectivity-services-rural-communities]  [23:  https://www.ses.com/press-release/dwi-tunggal-putra-and-ses-networks-bring-high-speed-broadband-over-150-rural-villages] 


SES-12, alongside other geostationary satellites in the SES fleet, also enable enhanced delivery of vital e-health services in remote areas through SATMED[footnoteRef:24], a satellite-based e-health platform that aims to help healthcare providers make better use of information technology and mobile health solutions in remote and underdeveloped areas, particularly to support regional development programs and humanitarian operations. The first phase of SATMED has been deployed in 10 locations across Africa and Asia, including in floating hospitals in remote areas of Bangladesh and at the Buda hospital on the island of Mindanao in the Philippines. The second phase of SATMED is set to be extended to 2024[footnoteRef:25] with more locations, including within Asia Pacific, set to benefit from this project. [24:  https://satmed.com/mission.php]  [25:  https://www.ses.com/press-release/luxembourg-government-and-ses-launch-second-phase-satellite-enabled-satmed] 



O3b MEO and O3b mPOWER

Overview of satellite constellation and system design

In 2014, O3b MEO started service with 12 satellites offering the first successful high-throughput Non-Geostationary Orbit (NGSO) satellite constellation. By 2018, more satellites were added to the constellation due to demand which now totals to 20 O3b MEO satellites. Each satellite of the constellation has 10 user beams, approximately 700 m in diameter each and capable of supporting up to 1.6 Gbps throughput. 

SES’s next-generation O3b mPOWER communications system comprises of 11 high-throughput MEO satellites, which builds on the proven commercial success of its current O3b MEO constellation. O3b mPOWER through spectrum reuse will bring tremendous improvement on the number of beams per satellite compared to that of O3b MEO. O3b mPOWER can enable thousands of beams per satellite and each of these beams in 250 km diameter can achieve throughput of up to 10 Gbps per beam. O3b mPOWER will begin providing services in 2022. Together, O3b MEO and O3b mPOWER utilize the full Ka spectrum of 27.5 – 30.0 GHz in the uplink direction and 17.7 – 20.2 GHz in the downlink direction.

With Adaptive Resource Control (ARC), a dynamic software solution, O3b mPOWER will be able to perform dynamic control and optimisation of power, throughput, beams and frequency allocation across the entire system’s space and ground assets, resulting in the efficient delivery of low-latency, satellite-based data services with superior end-user experience.

The O3b systems have an expansive reach between 50°N and 50°S – covering 96% of the global population from an altitude of ~8,000 km with low latency of ~150 msec to support real-time data applications that were previously only possible over terrestrial fibre networks.

Description of services provided

Building on the proven commercial success of SES’s current O3b MEO constellation, O3b mPOWER will provide unprecedented flexibility, performance, and scale to extend new, bandwidth-intensive network services and applications. Both O3b MEO and O3b mPOWER are designed with the capacity and reach to enable the cloud-connected world on land, at sea and in the air. Key markets include:

· Fixed-location data applications with IP Transit services extending fibre networks and backhauling mobile networks. Satellite-enabled data communications has the reach and flexibility to fill market gaps. Telcos and Mobile Network Operators (MNO) can offer network resiliency with an always-on available redundant route to protect terrestrial networks from unexpected outages. The O3b systems have the required throughput with low-latency performance to support the high demands of 4G/LTE and even 5G/NR backhaul aggregation applications.

· Mobility connecting data users on cruise ships, commercial shipping, and aero. Crew and passengers will always have the expectation that once their devices are connected, they will have the same experience they get in port over terrestrial networks. The O3b systems can give them the throughput to do real-time video and social media interactions through ground data gateways.  They can access cloud-based office services as done on the ground.


· Energy and mining who are digitising operations and adopting the cloud. Operations in these fields are now turning from manual to remote and automated to achieve greater operational efficiency, improved production rates, stronger safety practices, and enhanced crew welfare. As the need for automation and real-time communication grows for land-based mining and offshore oil rigs, the O3b systems have the solutions for these companies that can meet the bandwidth and latency requirements of their most remote operations.

· Critical civil and disaster recovery operations. The O3b systems augment existing fibre networks and offer direct core & cloud access for creating links to remote areas for digital inclusion and the adoption of digital technologies. Capacity could be dynamically allocated to provide redundancy for network resilience and emergency response to natural disasters or events requiring surge throughputs. Unique capabilities to government operations never before available are also offered.



Annex C: Telesat Satellite System – Telesat LightspeedTM

Overview of satellite constellation and system design

Telesat Lightspeed is a highly innovative global network consisting of state-of-the-art Low Earth Orbit (LEO) satellites, in polar and inclined orbits, seamlessly integrated with on-ground advanced data networks.  It is capable of delivering low latency, high speed, secured and resilient broadband connectivity globally at any time.

To maximise system efficiency, Telesat Lightspeed is designed as a highly flexible system that will dynamically allocate capacity based on demand. In terms of coverage, each satellite in the constellation will be designed with multiple steerable beams, inter-satellite links and onboard processing.
The following capabilities will be available among others:
• Direct Radiating Array – Provides independent agile beams, each with steering and forming capabilities, allowing beams to be generated where and when required based on traffic demand;
• On-board Processing – Performs signal regeneration (i.e. demodulation and re-modulation), routing of traffic; 
• Optical Inter-Satellite Links (ISL) – Multiple ISL beams on each satellite will connect to other satellites in the Telesat Lightspeed Constellation enabling a highly resilient mesh network. 
Satellite user beams will be formed using active array antennas with state-of-the-art beam-forming capability. Each Telesat Lightspeed satellite will have several independently steerable beams that allows frequency reuse.
In order to serve user terminals, which may be randomly scattered across the entire field of view of the satellite, each satellite beam may hop to different beam locations at a rate fast enough that all user terminals share full access to the satellite. Beam hopping is a powerful capability that will allow the Telesat Lightspeed to efficiently serve both highly distributed and highly concentrated demand. Furthermore, each beam can be assigned variable resources, in order to adjust for the local demand and spectrum regulatory constraints. 
A variety of fixed and mobile user terminals across different industry verticals would access Telesat Lightspeed constellations via the user links. Feeder link connectivity to all satellites will be ensured via “landing stations” worldwide consisting of sites with multiple full motion antennas accessing the satellites within the landing stations’ field of view. Each of these landing stations would be connected to a Point of Presence which would meet the customers’ point of interconnect.
Telesat Lightspeed will be compliant with Metro Ethernet Forum standards, allowing Telesat Lightspeed services to be integrated seamlessly into existing telecommunications networks. This standards-based approach will make it easy for Telesat’s potential customers to implement Telesat Lightspeed as a core component in their broadband infrastructure and operations. 
In terms of frequency bands, Telesat Lightspeed uses the 17.8 – 18.6 GHz and 18.8 – 20.2 GHz bands in the space-to-Earth direction, and the 27.5 – 29.1 GHz and 29.5 – 30.0 GHz bands in the Earth-to-space direction for landing stations and user terminals such as Earth Stations in Motion (ESIM) and VSATs.
In Feb 2021, Telesat announced Thales Alenia Space to be the prime contractor for Telesat Lightspeed[footnoteRef:26].  [26:  More information detailing our vendor selection and the next-generation technology that is incorporated into the Lightspeed satellites may be found under Telesat’s Press Release “Telesat to redefine Global Broadband Connectivity with Telesat Lightspeed, the World’s Most Advanced LEO Satellite Network” (https://www.telesat.com/press/press-releases/manufacturer-announcement/, 9 Feb 2021).] 


Description of services provided
Telesat Lightspeed will revolutionise the delivery of high capacity broadband and will offer communications capabilities in areas where wired and wireless networks are absent or might not provide adequate coverage.
Telesat Lightspeed is designed to respond to the continuously increasing demand for globally available, fiber equivalent broadband. Due to the system’s seamless global coverage, Telesat Lightspeed user terminals will enable government, enterprise, and other end users, to rely on fixed and mobile communications, with extended flexibility and reliability, in remote areas and while on the move. 
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Figure 7 Fibre Quality Broadband for Multiple Markets

This is also of particular interest to the maritime industry (merchant, cruise, fishing, yachting) as well as the aeronautical users (business, transport, and passengers), that have traditionally had only limited connectivity options.
Apart from the land, air and sea applications, Telesat is also interested in partnering with Governments around the world for several high bandwidth applications. Offering outstanding security, quality, global coverage, resiliency and seamless mobility, Telesat Lightspeed can support governmental efforts in several areas such as defence, humanitarian aid and disaster relief efforts. In addition, Telesat Lightspeed can also facilitate applications related to critical infrastructure, corporate communications, telemedicine and other remote communications that will positively affect users’ efficiency and quality of life. 


Annex D: OneWeb Satellite System
Overview of satellite constellation and system design
OneWeb is building a global communications network powered from space to deliver low latency, high-speed broadband Fixed Satellite Service (FSS) through a non-geostationary orbit (NGSO) satellite network. The initial phase the constellation will include 650 satellites of Low Earth Orbit (LEO) satellites in circular polar orbits at 1200 km. OneWeb produces one to two satellites per day at its factory and is currently launching at cadence of 36 satellites per month. As of February 2022, OneWeb has successfully launched 428 satellites in orbit. 
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Figure 8 OneWeb Gateway Earth Station in Svalbard, Norway

OneWeb is building a ground network of 40+ Gateway Ground Stations distributed around the world in specific locations to enable optimal coverage across the planet. The Ka band (27.5 –29.1 and 29.5 – 30.0 GHz uplink, paired with 17.8 – 18.6 and 18.8 – 19.3 GHz downlink) is used for ‘feeder links’, which are high throughput point-to-point radio links between OneWeb satellites and large Gateway Ground Stations at a relatively small number of sites around the planet. The Ku band is utilised for Service link between satellites and user terminals.
Description of services provided
OneWeb’s started commercial services in areas above 50 degrees North, and full global coverage will be by end of 2022. The forthcoming satellite-based network will provide fibre-like connectivity and help to transform the lives of citizens, particularly those in currently unconnected areas, through high-speed, broadband connections for such critical services as e-Health, e-Learning and e-government, as well as information and social applications on the internet.  
OneWeb will provide Cellular Backhaul to Mobile Network Operators and internet service provides so they can extend their coverage in areas where network infrastructure investment is challenging or not commercially feasible currently. OneWeb will be able to deliver advances in 4G and 5G back-haul roll-out and reduction of costs to users. The extended OneWeb broadband coverage can play a key role in overcoming the digital divide, bringing-together the most remote of the country’s communities. 
OneWeb will also be offering solutions that have also been specifically tailored to the unique needs of the maritime and aviation services by 2023. Whether it is improving access to real time performance data, or enhancing customer experiences for plane and cruise passengers, our capabilities enable user access to fast, flexible, secure connectivity as a standardised service.
By extension, OneWeb will also be able to provide key connectivity for Civil Government, Defence and Disaster Relief needs, offering secure communications in Air, Land, Sea, and Space communications, offering rapid deployment capabilities, military-grade network security; flexibility, and the ability to scale.



Annex E: MEASAT Satellite System

Overview of satellite fleet and system design

MEASAT currently has one satellite that utilizes the Ka-band frequency, the MEASAT-5 satellite.  MEASAT-5 is a Ku/Ka-band system operating from the 119.5E orbital slot. The satellite’s multiple Ku-band spot beams provides VSAT services nationwide, while the Ka-band operating in portions of the 18.2 – 20.2 GHz and 27.0 – 30 GHz band is used for feeder link to the gateways. As one of the pioneers of High Throughput Satellite (HTS) in 2005, the MEASAT-5 satellite delivers a total of 3.3 Gbps of throughput in Malaysia.

MEASAT’s next generation HTS, MEASAT-3d, was launched to the 91.5E orbital slot in 2022. This satellite’s Ka-band mission features multiple user spot beams optimized to deliver high speed broadband communications over Malaysia. The satellite operates the Ka-band in portions of the 17.7 – 21.2 GHz and 27 – 31 GHz band split between the user and feeder links. The MEASAT-3d satellite provides 10x more capacity (i.e., 30 Gbps) compared to the capacity on MEASAT-5 with download speeds up to 100 Mbps. 

Description of services provided

The HTS capacity on the MEASAT satellites are being used to provide rural broadband services in Malaysia, through a service branded as CONNECTme. To date, circa 2600 CONNECTme Very Small Aperture Terminals (VSATs) have been deployed nationwide serving more than 200,000 users in the unserved and underserved area where there is no fixed broadband and/or mobile services. CONNECTme provides satellite broadband service direct to customer premises, enterprise and small medium enterprises (SMEs) as well as community Wi-Fi.

With the CONNECTme services, social welfare applications such as e-learning has been offered to the rural communities whilst at the same time empowering them to participate in the digital economy and uplifting their social welfare.  In addition, there are direct creation of employment and business opportunities for the rural communities whereby they are able to participate in the sales and distribution of the prepaid vouchers. 

Information and Communication Technology (ICT) is among some of the most powerful tools for enabling social economic development with their ability to transform markets, create new industries and drive efficiency. With the proliferation of online marketplace, the CONNECTme broadband connectivity to the rural and remote communities also open-up new possibilities to promote rural economic development, such as rural cultural tourism, traditional arts and crafts and various other resource-based products and services.

CONNECTme NOW is a variant of CONNECTme service that provides high-speed WiFi Hotspot service leveraging MEASAT’s innovative satellite broadband system. Today, CONNECTme NOW is providing circa 190,000 broadband connections within unconnected communities residing outside of terrestrial mobile coverage areas nationwide. CONNECTme NOW employs VSAT and HTS technology to enable internet connectivity. These VSATs along with WiFi hotspot equipment enable users within a 50-100m radius to receive broadband services. Users only pay for what they use with Prepaid Access Code (PAC) vouchers at CONNECTme NOW Wi-Fi hotspots, with no fixed monthly charges. The PAC is priced cost-effectively in small packages to meet user needs and affordability without any contracts or upfront fees.
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Figure 9 WiFi hotspot solution using satellite broadband



Besides serving consumer broadband services, both the MEASAT-5 and MEASAT-3d satellites also supports business and mobile back-hauling telecommunication services. On MEASAST-3d, these services are be delivered using VSAT TDMA platform (0.75-meter to 1.2-meter user terminals) that efficiently allocates satellite capacity to various sites on-demand basis.


Annex F: Viasat Satellite System

Overview of satellite fleet and system design

Viasat’s end-to-end platform of high-capacity Ka-band networks offer cost-effective, ultra-high-speed and capacity broadband connectivity for consumers, enterprise and government users around the globe.

The ultra-high capacity ViaSat-3[footnoteRef:27] class satellite constellation will commence launching in 2022. The ViaSat-3 (EMEA) and ViaSat-3 (Asia) satellites are expected to deliver over 1 Terabit per second of capacity each in the Asia-Pacific region. The ViaSat-3 constellation will use the entire 17.7 – 20.2 GHz (space-to-Earth) and 27.5 – 30.0 GHz (Earth-to-space) frequency bands to provide end-to-end connectivity to fixed and mobile users anywhere, including gate-to-gate connectivity on aircraft, pier-to-pier connectivity on ships and ubiquitous connectivity on land-mobile vehicles, such as buses, trains and emergency vehicles. Viasat is also developing the ViaSat-4 class satellites, which are expected to be even more speed and capacity, with each satellite able to deliver between 5-7 Terabits per second of throughput. [27:  ViaSat-3 system: https://www.viasat.com/space-innovation/satellite-fleet/viasat-3/] 
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Figure 10 Viasat Global Ka-band Coverage

Viasat’s Real-Time Earth[footnoteRef:28]: Viasat is building a future of virtually zero latency between data collection and dissemination anywhere for Low Earth Orbiting (LEO) satellites. Viasat’s ground antenna systems are strategically located worldwide to reduce latency; high-capacity continuous global coverage via space LEO-to-Viasat GEO satellite links. Built on the same Viasat technology relied upon by the United States government and countries throughout the world to meet the most rigorous standards for reliability and security, Viasat’s Real Time Earth has been selected by NASA[footnoteRef:29] as a solution to reduce LEO latency - leveraging from ViaSat-3 technology.  [28:  Viasat Real Time Earth system: https://www.viasat.com/content/dam/us-site/antenna-systems/documents/viasat-real-time-earth-brochure.pdf
]  [29:  NASA selection of Viasat Real Time Earth to improve latency of LEO missions] 


Description of services provided

The main services to be provided through the Viasat satellite network are: 

· In-flight services: Viasat has pioneered Ka-band satellite-powered mobile broadband services to aircraft (gate-to-gate), using innovative antenna designs called earth stations in motion (ESIM). As of March 31, 2021, Viasat’s IFC systems were installed and in service on over 1,480 commercial aircraft. For example, passengers and crew on aircraft use ESIM to obtain the gate-to-gate, high-speed broadband for entertainment, cabin support and fleet digitization and maintenance. 

· Other mobile broadband services: Global shipping and passenger vessels also rely on ESIM for navigation and pier-to-pier broadband communications, benefiting cargo, passengers and crew. Trains, buses and other land-based vehicles also rely on satellite broadband services for ubiquitous passenger connectivity, operations and maintenance support and fleet tracking.

· Fixed broadband services: Delivering residential broadband connectivity of more than 100+ megabits per second (Mbit/s), for video streaming in very high definition (4K).

· Community Internet services: Offering innovative, affordable, satellite-based connectivity in communities with inadequate or no internet access. These services foster digital inclusion by enabling millions of people to connect to affordable, high quality internet services via a centralized community hotspot powered by satellite connectivity. 




Annex G: Multifunction Satellite of Satria-1

Overview of satellite fleet and system design

The multifunction satellite (SMF) of Satria-1 network is a very high throughput satellite (VHTS) system that will enter its full operation by end of 2023. The SMF Satria-1 project is a PPP project between the Ministry of Communication and Informatics (MCI) of Indonesia and PT. Satria Nusantara Tiga (SNT) where SNT is responsible for financing, procurement, launching, operate and maintain the Satria-1 network and services to deliver capacity of up to 150 Gbps for 149,400 sites via 116 spot beams and 11 gateways within Indonesia. The Information and Telecommunication Accessibility Board (BAKTI) has been assigned by MCI on its behalf as SNT’s counterpart throughout the Satria-1 project and service operation. 
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Figure 11 – Coverage and connectivity of SMF Satria-1 network

SMF Satria-1 network will provide end-to-end services on Ka-band that offer cost-effective, ultra-high-speed and capacity broadband connectivity for government related users in Indonesia such as the education facilities, local government facilities, security and defense facilities, as well as health facilities which are currently lacking broadband connectivity due to their remote locations.

SMF Satria-1 will be operated as GSO FSS at orbital slot of 146E on frequencies of 27-31 GHz (Earth-to-satellite) and 17.7-21.2 GHz (satellite-to-Earth).

Description of services provided

The primary services that will be provided by SMF Satria-1 are:

· IP VSAT to connect the 149,400 sites of schools, health facilities, local government offices, the security and defense offices in the rural and remote area including in the border area with high quality internet service.
· 4G LTE BTS backhaul to connect the remote BTS with the Main Switching Centers.
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