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1.2

CHAPTER-I: INTRODUCTION

DoT’s Reference to TRAI

The Department of Telecommunications (DoT) sent a Reference through the
letter No. L-14006/01/2021-NTG dated 13.09.2021 (Annexure-1) on the
subject- ‘Seeking TRAI recommendations for the auction of spectrum in the
frequency bands identified for International Mobile Telecommunications (IMT)/
5G’ to TRAI (also referred to as “the Authority”). Through the said letter, TRAI
was requested to provide recommendations, /nter-alia, on the auction of
spectrum for space-based communication services. The relevant paras of the
reference are reproduced below:

"6. The Department of Space had invited comments on Draft Spacecom
Policy liberalizing space segment for private sector participation to provide
commercial communication services in India. This includes the Low Earth Orbit
(LEO) and Medium Earth Orbit (MEO) satellite constellations operational over
India. In case of satellite communication, the subscriber is accessed from the
satellite through "Access Spectrum” similar to "Access Spectrum” in terrestrial
network and the demand for such spectrum will potentially increase in the
future.

/. In view of the above, under the terms of clause 11(1) (a) of TRAI Act,
1997 as amended by TRAI Amendment Act 2000, TRAI is requested to:

/(c) provide recommendations on appropriate frequency bands, band plan,
block size, applicable reserve price, quantum of spectrum to be auctioned and
associated conditions for auction of spectrum for space-based communication

services, in view of para 6 above.”

In this regard, TRAI, through the letters dated 27.09.2021 and 23.11.2021,
sought, inter-alia, the following information/ clarifications in respect of space-

based communication services from DoT:
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(@) Details of the frequency bands and quantum of spectrum available in
each band required to be put to auction and associated information in
respect of space-based communication

(b)  Whether spectrum for space-based communication is being envisaged
to be assigned on exclusive basis or will the same be shared among
multiple service licensees?

(c) Details of spectrum assignment mechanism and methodology of
charging currently being followed by DoT for space-based

communication services

In response, DoT through the letter dated 27.11.2021 informed, /inter-alia, that
the information in respect of space-based communication services sought by
TRAI will take some time; therefore, to avoid delay in 5G roll-out, TRAI may go
ahead with consultations/ recommendations on issues excluding space-based
communication services referred in DoT's reference dated 13.09.2021 and
23.09.2021. Through the said letter, DoT also mentioned that the issues related
to space-based communication services may be taken up separately on receipt

of information from DoT.

Thereafter, through the letter No. J-19022/01/2022-SAT dated 16.08.2022
(Annexure-2), DoT provided information with respect to space-based
communication services as sought by TRAI through the letters dated
27.09.2021 and 23.11.2021. While providing the said information, DoT
requested TRAI to provide recommendations on certain additional issues. The
relevant points of the DoT’s letter dated 16.08.2022 are given below:

(@) TRAI, through consultations, may assess the demand for space-based
communication services and accordingly provide recommendations on
the quantum of spectrum in each band required to be put to auction.

(b) Itis envisaged to auction the Space Spectrum on exclusive basis. TRAI
may explore feasibility and procedure of sharing auctioned spectrum
among multiple service licensees. TRAI may provide recommendations

on sharing of auctioned frequency bands between satellite networks and
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(d)

(e)

terrestrial networks also, the criteria for sharing and appropriate
interference mitigation techniques for sharing and coexistence.

In frequency bands 27.5-28.5 GHz (identified for IMT) and 28.5-29.5
GHz (being studied for Captive Non-Public Networks), TRAI may
recommend mechanism for sharing of auctioned frequency bands in
which both IMT/ CNPN and satellite-based services (both user terminal
and Gateways) can be provided in a flexible manner.

Since the service providers may require spectrum both in user link as
well as in feeder link, TRAI may take inputs from the stakeholders and
recommend the appropriate auction methodology so that the successful
bidder gets spectrum for user link (shared with IMT in flexible) as well

as feeder link.

In addition, TRAI is requested to provide any other recommendations as

deemed fit for the purpose of spectrum auction in these frequency
bands, including the regulatory/ technical requirements as enunciated in

the relevant provisions of the latest ITU-R Radio Regulations.

Through the afore-mentioned letter dated 16.08.2022, DoT provided a list of

frequency bands to be considered by TRAI for providing recommendations with

respect to space-based communication services, as given below:

S. No. | Frequency Band Link Remarks

1 10.7 - 12.75 GHz Space to Earth

2 12.75 -13.25 GHz | Earth to Space

3 13.75-14.5 GHz Earth to Space

4 17.1 - 18.6 GHz Space to Earth 17.7-18.4 GHz is used for Earth
to Space also.

5 18.8 —19.3 GHz Space to Earth

6 19.3-19.7 GHz Space to Earth

7 19.7 - 21.2 GHz Space to Earth

8 27.5 - 29.5 GHz Earth to Space 27.5-28.5 GHz has been
identified for implementation of
IMT in India.

9 29.5 -31 GHz Earth to Space

Table 1.1: List of frequency bands referred by DoT
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While providing the above list of frequency bands, DoT also mentioned that
"TRAI can however provide recommendations for other frequency bands also.”
Besides, DoT stated that "these frequency bands include "Planned bands” that
when used by GSO systems in accordance with Appendices 30, 304 & 308 of
Radio Regulations are reserved by ITU for use by National systems. Use of
‘Planned Bands’ by foreign GSO satellites is not permitted in India. TRAI may,
inter-alia, take into account this aspect with respect to GSO systems, in the
consultation process”. The information on the Planned bands, as provided by

DoT, is given below:

S. Plan Frequency bands Applicable

No. Uplink Downlink Appendix of
ITU’s Radio
Regulations

10.7 - 10.95 GHz,

1 FSS Plan 12.75 - 13.25|112-11.45 GHz, Appendix 30B
GHz, 4.5 - 4.8 GHz
6.725 - 7.025 GHz
BSS Plan 11.7-12.2 GHz Appendix 30
2
BSS feeder | 14.5 - 14.8 GHz, Appendix 30A
3

links Plan 17.3 - 18.1 GHz

Table 1.2: Details of Planned Bands

Thereafter, TRAI, through the letter dated 19.10.2022 to DoT, sought further
information/ clarifications, wherein DoT was requested, /nter-alia, to clarify that
for which kind of licensed services, spectrum for space-based communication
has been envisaged to be granted through Auction. DoT was requested to

provide information as per the table given below:
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S. Type of service Whether spectrum is Reasons,

No. envisaged to be assigned if any

through auction?
(Yes/ No)

Access

Internet

NLD

ILD

GMPCS

VSAT CUG (Commercial)
Captive VSAT CUG
Machine to Machine (M2M)
DTH

Teleport

DSNG

HITS

Any other relevant service
(please specify)

Table 1.3: Type of services for which information was sought from DoT

O o N| o | | W[ N —

—
o

—
—

—
N

—
w

In response, DoT, through the letter dated 16.12.2022, conveyed that TRAI
may provide suitable recommendations for each of the space-based
communication services after detailed examination. Hence, the present
consultation paper requires to consider all the spectrum bands relevant for
space-based communication services as indicated by DoT in the letter

mentioned above.

The Present Consultation Paper

In this background, this consultation paper is being issued for soliciting
comments of stakeholders on the issues related to assignment of spectrum for
space-based communication services. This chapter provides background
information. Chapter-II provides a brief description of space-based

communication services. Chapter-III examines the issues related to assignment



of spectrum for space-based communication services. Chapter-IV examines the
issues related to valuation of spectrum for space-based communication

services. Chapter-V summarizes the issues for consultation.
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CHAPTER-II: SPACE-BASED COMMUNICATION SERVICES

Satellite Communication

Satellite communication refers to any communication link that involves the use
of an artificial satellite in its propagation path. A communications satellite relays
and amplifies radio telecommunication signals via a transponder. The term
“satellite transponder” refers collectively to a transmitter-receiver subsystem on
board the satellite that processes, amplifies, and retransmits a range of
frequencies (the transponder bandwidth) to another location/ terminal/
antenna on the earth. There are many transponders on a typical satellite, each

capable of supporting one or more communication channels.!

Satellite-based communication systems can provide coverage to the remotest
and most inaccessible areas of a geographically widespread country like India.
At present, many sparsely populated areas, including areas of strategic
importance and areas important from the socio-economic perspective, do not
have mobile terrestrial coverage and other forms of connectivity.
Communication satellites have a potential to bridge this gap by providing

telecommunication and broadcasting services to even the remotest areas.

A typical satellite communication system consists of space segment, control

segment and ground segment as outlined below.

(@) Space segment contains one or more satellites in space.

(b) Control segment consists of ground facilities for the control and
monitoring of the satellites and for the management of the traffic and the
associated resources on-board the satellites.

(c) Ground segment consists of traffic earth stations. The traffic earth stations
are of three types viz. user stations, interface stations and service stations.
(i) User stations such as handsets and very small aperture terminals

(VSATSs) allow customer direct access to the space segment.

1 Source: https://www.gartner.com/en/information-technology/glossary/transponder
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(i) Interface stations (also known as gateways) interconnect the space
segment with the terrestrial network.
(iii) Service stations, such as hub, collect or distribute information from

and to user stations via the space segment.

2.4 The following figure shows three key elements of a typical satellite
communication system (viz. satellite, satellite earth station gateway and user

station).

Satellite

Terrestrial s
- ~

communication > S .
system "1

Satellite Earth Station Gateway User Station

Figure 2.1: Key Elements of Satellite Communication Systems

2.5 The above figure depicts that satellite earth station gateway (hereinafter also
referred to as ‘gateway’), acts as a bridge (or gateway) between space-based

communication network and terrestrial communication network.

2.6  The trajectory of a satellite around Earth is known as orbit. The most common
orbits followed by communication satellites are Low Earth Orbit (LEO), Medium
Earth Orbit (MEO), and Geostationary Satellite Orbit (GSO). MEO and LEO
satellites collectively are also called Non-Geo Stationary orbit (NGSO) satellites.

The satellite orbit is selected based on the requirements of the application.

2.7 GSO satellites are at about 36,000 kilometers above the Earth, a place where
they appear fixed in the sky when observed from the ground. They are
commonly used for communication, weather monitoring, Direct-To-Home
(DTH) television broadcasting, and internet provisioning. NGSO satellites at
MEO altitudes are between 8,000 and 20,000 kilometers above the Earth and

11
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LEO altitudes are between 400 to 2,000 kilometers above the Earth. Since
NGSO satellites move across the sky during their orbit around the Earth, NGSO
operators deploy a fleet of satellites, generally called ‘constellations’, to provide
continuous service from these altitudes. NGSO constellations intend to cover
the globe providing high-bandwidth connectivity and processing high volumes
of data with minimal delay. The following figure depicts the orbital altitudes and

coverage areas of GSO and NGSO systems.

Figure 2.2: Schematic diagram of orbital altitudes and coverage areas of
LEO/ MEO/ GEO satellites?

The International Telecommunication Union (ITU) publication titled ‘The Last-
mile Internet Connectivity Solutions Guide Sustainable connectivity options for
unconnected sites 2020°, provides a comparison of GEO, MEO and LEO

characteristics as given in the following table:

2 Source: satellitetoday.com
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Effective

Satellite : Orbital Latency | Numberof o oy o0 | jifetime of
Altitude : (round- satellites to o g .
category period - satellite satellite
trip) span globe
(years)
Geo | 78 | 24 hours 477 ms 3+ 100to | 454429
km 400
8,000 to .
! 127 minutes 27 to 477 80 to
MEO 20,000 t0 24 hours ms 5to 30 100 10 to 15
km
88 minutes
LEO H to 127 2t027ms | 109507 | g5t045| 5t010
2,000 km minute 1000s

# Round-trip (ms), approximate
$ In million USD, approximate
* This excludes high-latitude areas, that is, above the polar circles

Table 2.1: GEO, MEO and LEO Satellite Characteristics?

2.9 Atpresent, many satellite communication systems make use of high-throughput
satellites (HTSSs).

conventional satellite for the same amount of radio frequency spectrum. While

HTS provides significantly more throughput than a

a conventional satellite utilizes a broad single beam (usually in the order of
thousands of kilometers) to cover wide regions or even entire continents, HTS
employs - (a) frequency re-use, and (b) spot beam technology which enables
frequency re-use across multiple narrowly focused spot beams (usually in the
order of hundreds of kilometers), as in cellular networks. Together, these
features help HTSs provide significant higher throughputs as compared to

conventional satellites.

2.10 Initially, HTS systems used GSO satellites. However, the propagation delay for
a round-trip transmission for a GSO satellite can exceed 500 milli-second, which
is detrimental to many digital connectivity applications. As a result, the focus
for HTS systems is increasingly shifting to the MEO and LEO, with altitudes as

low as 400 km and delays as short as 2 milli-second.

3https://www.itu.int/dms_pub/itu-d/opb/tnd/D-TND-01-2020-PDF-E.pdf#page=91&zoom=100,94,109
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2.11

2.12

2.13

2.14

The new-age satellite systems can be used to provide ubiquitous coverage and
for providing broadband connectivity, global positioning system (GPS) and
navigation, Internet of things (IoT) and machine to machine (M2M)
communication, remote sensing and imaging, broadcasting, disaster

management, telemedicine, etc.

As mentioned earlier, the satellite earth station gateway provides the interface
between the space-based communication network and terrestrial
communication network. As GSO satellites are at geostationary location and at
long distances from the Earth, the gateway requires a fixed antenna and stable
communication link to maintain a constant connection with the satellite. In the
case of NGSO satellites, which are non-geostationary, the gateways require

precise tracking, rapid beamforming, and effective interference management.

The number of gateways required by the satellite system depends on factors
such as intended application, geographic coverage, capacity, and quality of
service. The conventional GSO satellites operate with a single wide beam
spanning a large area (say entire Indian territory). Therefore, for conventional
GSO satellites, a single gateway can provide adequate coverage for a region.
On the other hand, the LEO/ MEO satellites operate through much narrower
beams. For this reason, NGSO satellite systems need multiple beams to cover
a geographical area as compared to a single wide beam of conventional
satellites. Consequentially, there may be a need to set up multiple gateways to

control a large number of beams in case of NGSO satellite systems.

Highly directional narrow beams from the NGSO satellites can provide higher
data rates to a smaller geographic area. This enhances the available capacity
per unit area and can support higher data rate applications such as broadband
internet, cellular backhaul, and M2M communications etc. The beam span is a
trade-off between capacity and coverage. Wide beams provide wide area
coverage but have lower data rates. On the other hand, narrow beams provide
higher data rates but have limited geographic coverage. The optimal beam span

for a particular application can be determined through system design and

14



capacity planning, considering the specific requirements of the application and

of target market.

2.15 The Asian Development Bank in its paper* on ‘Digital Connectivity and Low
Earth Orbit Satellite Constellations-Opportunities for Asia and the Pacific’, has
mentioned that "satellite connectivity is only cost competitive for remote and
dispersed populations where fiber deployments are challenging. The new
generation of LEO and high-throughput GEO satellites are expected to lower
the cost structure and make satellite connectivity more competitive’. The
following graph depicts technology-wise comparison of cost and population
density:

Cost

FTTH access and backhaul

F. Wireless + fiber backhaul

elte tons - Wides barbackiaul_|
l Satellite traditional

Satellite LEQ /HTS
---------------------------------- Satellite now and future

------------------------------------------ Balloons and drones

o F. Wireless LTE, reuse towers

Dense City === Suburban ) Rural s Remote Rural
COAX = coaxial cable, FTTH = fiber to the home, HTS = high-throughput satellite, LEQ = lower Earth orbit,

LTE = long term evolution.

Source: Adapted from World Bank. 2019. Innovative Business Models for Expanding Fiber-Optic Networks and Closing the
Access Gaps.

Figure 2.3: Technologies Compared by Costs and Population Density

Source: Asian Development Bank

4 https://www.adb.org/sites/default/files/publication/696521/sdwp-076-digital-connectivity-low-earth-
orbit-satellite.pdf
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B. Spectrum bands for Satellite Communication Services

2.16 A variety of frequency bands can be used for providing satellite communication
services. The popular frequency bands used for providing satellite
communication services are outlines below:

(@) L-band: It ranges from 1 GHz to 2 GHz and is used for mobile satellite
services (MSS) and global positioning system (GPS) navigation signals.

(b) S-band: It ranges from 2 GHz to 4 GHz and is used for MSS, as well as
weather and air traffic control applications.

(c) C-band: It ranges from 4 GHz to 8 GHz and is commonly used for fixed
satellite services (FSS) such as television and radio broadcasting,
telephony, and data transmission.

(d) Ku-band: It ranges from 10 GHz to 15 GHz and is used for both FSS and
mobile satellite services (MSS). It is commonly used for direct-to-home
(DTH) television broadcasting and satellite internet services.

(e) Ka-band: It ranges from 17 GHz to 31 GHz and is used for FSS and MSS

applications. It is commonly used for high-speed broadband.

2.17 According to European Space Agency®, because of satellites’ increased use,
number and size, congestion has become a serious issue in the lower frequency
bands. New technologies are being investigated so that higher bands can be

used. The higher frequency bands typically give access to wider bandwidths.

C. Spectrum regulation in satellite-based communication systems

2.18 International coordination of satellite systems is crucial®. For the space
segment, satellite operators need to obtain international recognition for the
frequency and orbital resources they plan to use, by way of ‘satellite-filing’ in
ITU. For the earth segment, operators need to obtain licenses from individual
countries, unless there is an explicit exemption in place. Licenses provide

national recognition for the use of certain frequencies within a country. The

> https://www.esa.int/Applications/Telecommunications Integrated Applications/Satellite frequency bands
6 publication titled ‘Non- Geostationary Satellite Communication Systems’ (2021) released by The Institute of Engineering
and Technology

16


https://www.esa.int/Applications/Telecommunications_Integrated_Applications/Satellite_frequency_bands

following figure’ depicts the regulatory framework for satellite communication

systems.

Earth segment Space segment

User terminal

A &

Needs mational licencelience exemption

X

Needs natwnal licence Needs 1o be recorded m the MIFR

Gateway

Figure 2.4: Regulatory framework for satellite communication systems

2.19 Satellite communication services do not stop at country borders. Therefore, a
global agreement is needed to regulate the use of radio spectrum. The Radio
Regulations (RR), which is an international treaty binding to ITU Member
States, fulfils this function. RR have the following objectives:

(a)  to facilitate equitable access to and rational use of the natural resources
of the radio-frequency spectrum and the geostationary-satellite orbit;

(b)  to ensure the availability and protection from harmful interference of the
frequencies provided for distress and safety purposes;

(c) toassistin the prevention and resolution of cases of harmful interference
between the radio services of different administrations;

(d) to faciltate the efficient and effective operation of all
radiocommunication services; and

(e) to provide for and, where necessary, regulate new applications of

radiocommunication technology.

7 Publication titled ‘Non- Geostationary Satellite Communication Systems’ (2021) released by The Institute of Engineering
and Technology
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2.20 The Government of India has drawn up National Frequency Allocation Plan 2022

2.21

(NFAP-2022) using the Radio Regulations (Edition of 2020) as the foundational
text. The central theme of NFAP-2022 is the allocation of radio-frequency
spectrum to different radiocommunication services. NFAP-2022, though
governing the use of spectrum in India, does not by itself provide the right to
use the spectrum. Before any part of the spectrum is used in India, a license is
required to be obtained from the Wireless Planning and Coordination Wing
(WPC Wing), Ministry of Communications, unless such a requirement is
exempted by the WPC Wing. In order that all radiocommunication services, 41
in total, have effective access to frequencies, the spectrum is divided into
frequency bands and each band is allocated to one or more radiocommunication
services. The principle of designating a band for the use by specified

radiocommunication services is referred to as frequency allocation.

Amongst space-based communication services, Fixed-Satellite Services (FSS),
Mobile-Satellite Services (MSS) and Broadcasting-Satellite Services (BSS) are
the most prominent services. The definitions of these services, as provided by

ITU’s Radio Regulations 2020, are given below:

"1.21 fixed-satellite service: A radiocommunication service between earth
stations at given positions, when one or more satellites are used; the given
position may be a specified fixed point or any fixed point within specified areas;
in some cases this service includes satellite-to-satellite links, which may also be
operated in the inter-satellite service; the fixed-satellite service may also

include feeder links for other space radiocommunication services.

1.25 mobile-satellite service: A radiocommunication service:

— between mobile earth stations and one or more space stations, or between
space stations used by this service; or

— between mobile earth stations by means of one or more space stations.

This service may also include feeder links necessary for its operation

18



1.39 broadcasting-satellite service: A radiocommunication service in which
signals transmitted or retransmitted by space stations are intended for direct

reception by the general public.”

2.22 In simple words, Fixed Satellite Service (FSS) supports communications from
one fixed-point to another fixed-point, such as VSAT, Teleports, DSNG, etc. FSS
can also be used for connectivity with mobile platforms such as aircraft, ships,
and land vehicles. Such applications, however, are regulated by appropriate
technical, operational, and regulatory conditions. Mobile Satellite Service (MSS)
supports communications between mobile devices, such as handsets and
mobile platforms. Satellite phones are important examples of MSS. In case of
Broadcasting-Satellite Service (BSS), signals transmitted from satellites are
intended for direct reception by the general public which can be individuals or

a community, such as Direct-To-Home TV.

2.23 Besides, Article 1.22 of the ITU-RR defines Inter-Satellite Service (ISS) as “a
radiocommunication service providing links between artificial satellites”. 1SS
provides communication links between satellites including satellites in different
orbits, such as GSO and NGSO satellites. In case of NGSO, inter-satellite
communication takes place in (i) the same orbital plane, (ii) different orbital

planes of the same orbital shell, and (iii) different orbital altitudes.?
2.24 A brief description of MSS, FSS and BSS is given below:
(1) Mobile Satellite Service

2.25 L-band and S-band are used to provide MSS on a commercial basis. Worldwide,
a few global operators such as Inmarsat (GSO), Thuraya (GSO) and Iridium
(NGSO) provide MSS services. In India, L-band is used by a Public Sector
Undertaking (PSU) for providing Inmarsat service. The spectrum in S-Band has
not been assigned for commercial purposes in India. Currently, frequency reuse

is not possible in the L-band and S-band over the same geographical area.

8 https://arxiv.org/pdf/2203.16597.pdf
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2.26

2.27

Hence, each satellite needs to have its exclusive assignment to provide service
over a specific area and it cannot share the same frequency with another
satellite operator for providing service in the same area. Frequency ranges

identified for MSS in L and S bands are given below:

S. No Frequency range Link

1 1.525-1.559 GHz Space to Earth
2 1.610-1.6605 GHz Earth to Space
3 1.980-2.010 GHz Earth to Space
4 2.170-2.200 GHz Space to Earth
5 2.4835-2.520 GHz Space to Earth
6 2.670-2.690 GHz Earth to Space

Table 2.2: Frequency ranges identified for MSS in L and S bands

(2) FSS in non-plan bands

The C-band, Ku-band and Ka-band are the most popular bands for FSS. In
these bands, FSS requires highly directive antennas producing narrow-beams
which must always accurately point to a specific satellite or satellite system.
This is to avoid causing interference to other adjacent satellites. The antennas
on aircrafts and vessels as well as those on land mobile platforms must ensure
that they always point in the specific direction in the sky to the associated
satellite and stop operations within milli-seconds of a misalignment. The highly
directive antennas make it possible that any frequency can be reused in the
same service area by different users each one using a different satellite or
satellite system. Coexistence between different satellite networks, adequately
separated in the GSO arc complying with the provisions of ITU-RR, is possible

in each geographical area without causing interference to one another.

To illustrate the point by an example, it is possible to make assignment of the
same (or overlapping) 20 MHz spectrum (say 3.750 — 3.770 GHz) to multiple

service providers/ users each one operating on a different satellite, the satellites

20
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2.29

having their orbital slots, well separated from others in the GSO arc, for

providing service over the same geographical area.
(3) BSS and Planned FSS

In the case of BSS, signals transmitted from satellites are intended for direct
reception by the general public which can be individual or a community.
Example of BSS is Direct-To-Home TV. BSS can be considered as a special case
of FSS in which there is no reverse link. Technically, an FSS allocation can be
used to provide DTH service, which, in effect, is an application of BSS. As per
the Appendix 5.492 of NFAP-2022, BSS allocations may also be used for
transmissions in FSS, provided that such transmissions do not cause more
interference, or require more protection from interference, than BSS

transmissions.

Planned bands are applicable to GSO based FSS and BSS only and serve the
purpose of giving equitable access to member countries of the ITU. The planned

bands have the following features and characteristics.

(@) Each country has been allotted a specific geostationary slot and
associated frequencies with national coverage. The power that can be
transmitted from a satellite, the service area, the antennas, etc. have
been clearly defined as what is known as “the envelope of
characteristics”.

(b) If an administration wishes to put a satellite beyond the envelope of
characteristics, it must seek agreement of other administrations whose
network operations are considered affected by such modified system.

(c) Inaddition, any country can also put its satellite in other orbital positions
but must coordinate with other administrations who have a filing before
it. Such systems are called additional systems.

(d) The essential feature of planned band is that an administration can
demand exclusion of its territory area from the service area of another
country’s satellite at any time, before as well as after the satellite is made

operational.
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2.30

2.31

2.32

2.33

2.34

Planned bands embody the principle of equitable access to each country, small
or big, and the principle of First-Come-First-Served (FCFS) does not apply in
these bands. This however is not the case for non-plan frequency bands, where
FCFS applies.

BSS services operate as per Global Plans. For the Region-3 countries, the
broadcast band is 11.7-12.2 GHz and the corresponding gateway link is 14.5-
14.8 GHz and 17.3- 18.1 GHz. Use of these bands is governed by Appendix 30
and Appendix 30 A of the Radio Regulation.

Under ITU’s BSS plan (Appendix 30), two slots at 68-degree East and 55.8-
degree East have been assigned to India. The 55.8-degree slot can serve
southern and eastern parts of India. The 68-degree slot could serve over North
East region, Andaman and Nicobar Islands, and the North and North-West

plane.

A similar Plan also exists in the FSS. A total of 800 MHz spectrum for each uplink
and downlink is earmarked as FSS Planned band. The Planned C band is 4.500-
4.800 GHz (downlink) and 6.725-7.025 MHz (uplink). The Planned Ku band is
10.7-10.95 GHz and 11.2-11.45 GHz for downlink and 12.75-13.25 for the
uplink direction. The FSS band is governed by Appendix 30B of the Radio
Regulation. For FSS, India has been allotted the 74-degree slot with a national

coverage.

Spectrum coordination for satellite communication services

As indicated above, at the global level, ITU is responsible for management of
the radio-frequency spectrum and satellite orbit resources to ensure
interference free operation of space-based communication services. A key
component of international frequency management is the RR, which is an
international treaty that governs the use of the radio-frequency spectrum and
the geostationary satellite orbits and non-geostationary satellite orbits under
the aegis of ITU. RR determines how the radio frequency spectrum is shared

among different services, including space services.
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2.35

2.36

2.37

2.38

ITU’s RR has a defined frequency coordination process. The aim of frequency
coordination is for developing new orbit-spectrum assets and protecting the
rights to use such resources. It is a technical and regulatory process by which
radio-frequency interference between different radio systems that use the same

frequency is removed or mitigated and trouble-free service to users is ensured.

ITU’s coordination process includes®:

(a) Maintaining the Master International Frequency Register (MIFR) which

records, /inter-alia, the international rights and obligations of satellites and
associated earth stations to use this resource, including international

recognition and protection of that use.

(b) Coordinating the planning of new satellite networks to ensure that new

satellite systems are compatible with those previously recorded in the MIFR.

(c) Ensuring that satellite systems operate in conformity with the provisions of

the RR.

ITU assesses every new planned satellite system in relation to its compatibility
with all the systems and stations already included in the MIFR and that could
be affected by it. Beyond the initial phase, coordination needs to be an on-
going effort as long as the use of the radio frequency is required by the satellite
system, as an essential part in maintaining the quality and reliability of the

service it provides.

In addition, ITU-R study develops recommendations and reports about the
efficient orbit/ spectrum utilization, and ensure compatibility among these
systems, as well as with the terrestrial systems sharing the same frequency
bands. For example, previously six degrees of spatial separation between
geostationary satellites using the same frequencies over the same geographic

area was considered a minimum to ensure their harmonious coexistence. But

https://www.itu.int/en/plenipotentiary/2014/newsroom/Documents/backgrounders/pp14-

backgrounder-sharing-the-sky.pdf
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2.39

2.40

2.41

2.42

due to technical advances and by coordination within the framework of the ITU-

RR, the orbital separation between satellite systems is routinely two degrees.1°
(1) Protection to GSO from NGSO1!

The Article 22 of ITU-RR for ‘space services’, provides provisions for control of

interference to geostationary-satellite systems as below:

22.2 Non-geostationary-satellite systems shall not cause unacceptable
Interference to and, unless otherwise specified in these Regulations, shall not
claim protection from geostationary-satellite networks in the fixed-satellite
service and the broadcasting-satellite service operating in accordance with

these Regulations.”

The two regulatory mechanisms adopted include - Equivalent Power Flux
Density (EPFD) hard-limits, and coordination. The technical solution for NGSO
is to avoid pointing antennas to GSO orbit or avoid operating satellite when
there is insufficient separation angle between direction to NGSO satellite and

closest point on GSO when viewed from NGSO earth station.

EPFD considers the aggregate of the emissions from all NGSO satellites in the
direction of any GSO earth station, considering the GSO antenna directivity.
EPFD considers pointing at a victim receiving antenna with respect to any

source of interference.

Hard EPFD limits enable NGSO FSS systems to share frequencies with and
protect GSO systems without requiring individual coordination with all the
systems worldwide. NGSO FSS satellite systems shall comply with the EPFD
limits contained in different tables of Article 22 of ITU’s RR. Besides for

coordination between NGSO and GSO system, and for coordination between

Ohttps://www.itu.int/en/plenipotentiary/2014/newsroom/Documents/backgrounders/pp14-

backgrounder-sharing-the-sky.pdf

Hhttps://www.itu.int/en/ITU-R/space/WRS20space/27%20Non-

geostationary%?20satellite%20systems%?20and%?20networks. pdf
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NGSO systems, the provisions contained in the Appendices of ITU’s RR apply.
The main provisions of the Appendices of ITU’s RR are given below:

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

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

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

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

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

9.15 for either a specific earth station or typical earth station of a non-
geostationary satellite network for which the requirement to coordinate is
included in a footnote to the Table of Frequency Allocations referring to No.

9.11A, in respect of terrestrial stations in frequency bands allocated with equal
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rights to space and terrestrial services and where the coordination area of the
earth station includes the territory of another country;

9.16 for a transmitting station of a terrestrial service for which the
requirement to coordinate is included in a footnote to the Table of Frequency
Allocations referring to No. 9.11A and which is located within the coordination

area of an earth station in a non-geostationary-satellite network;”

2.43 A summary of FSS frequency bands and coordination provisions in ITU-RR are

summarized in the following table.

No hard- .. Coordination Article 22
FSS frequency bands limits for | COOrdination | = ean EPFD hard
. between ..
protection Non-GSO Non-GSO limits are
Earth-space | space-Earth | * ¢ Ggo on- and GSO applicable
3400-4200
MHz 22.2 Yes (3700-4200)
5725-6700 MHz 22.2 Yes (5925-6700)
6700-7075 MHz 22.2 9.12 Yes (6700-6725)
7250-7750 MHz 22.2
7900-8400 MHz 22.2
10.7-12.95
GHz 22.2 9.12 Yes
11.2-11.45
GHz 22.2 9.12 Yes
11.7-12.75
GHz 22.2 9.12 Yes
12.75-13.25
GHz 22.2 9.12 Yes
13.75-14.0 GHz 22.2 9.12 Yes
17.8-18.6 GHz 22.2 9.12 Yes
18.6-18.8 GHz 22.2
18.8-19.3 GHz 9.12 9.12A
19.3-19.7 GHz
(MSS FL) 9.12 9.12A
19.3-19.7 GHz 22.2
19.7-20.2 GHz 22.2 9.12 Yes
20.2-21.2 GHz 22.2
27.5-28.6 GHz 22.2 9.12 Yes
28.6-29.1 GHz 9.12 9.12A
29.5-30.0 GHz 22.2 9.12 Yes
V-band FSS | V-band FSS 22.2 9.12 o Yes
Single/Aggregate

Table 2.3: FSS frequency bands and coordination provisions, Source: ITU
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E. Current Licensing Framework for Satellite Communication in India

2.44 Though the orbit-spectrum (orbital slot and frequency band) resources to be
used by the satellite operators are coordinated as per the ITU procedure, as
per the extant licensing regime in the country, the Government of India assigns
radio frequency spectrum to the relevant service licensees for gateways links
(frequency carriers used between gateway and satellite) and user links
(frequency carriers between user terminal and satellite) for providing space-

based communication services in India.

2.45 At present, an entity needs (a) a wireless operating license, and (b) a service
license for operating satellite communication systems in the country. Through
a notification dated 24.11.201412, DoT provided a clarification in respect of

operation of satellite communication systems in the country as below:

"This is to clarify that as per the Indian regulatory provisions, for operating
satellite communication systems in India, be it Broadcasting Satellite (satellite-
to-earth) Service or telecommunication (satellite-to-earth and earth-to-
satellite) service, all entities, including government entities, need to obtain
Service license and also Wireless operating license.

For broadcasting satellite services like Direct-to-Home (DTH), TV Uplink, Digital
Satellite News Gathering Service (DSNG), etc.,, Ministry of Information &
Broadcasting (MI&B) is the licensing authority. For interactive services like VSAT
Services, DoT Is the licensing authority. For any hybrid service, respective
service license needs to be obtained from both these authorities.

In addition to these above service licenses, the entities need to obtain wireless
licenses and uplink clearances from Wireless Planning & Coordination (WPC),
DoT and Network Operation & Control Centre (NOCC), DoT, respectively, for
the operations of the satellite network.

Internet Service Provider (ISP)/Internet Protocol Television (IPTV) license alone
is not sufficient to provide either Audio Visual or Broadband Wireless Access

services through satellite.

12 Source: https://dot.gov.in/sites/default/files/Certifcate.pdf
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2.46

2.47

Even government agency engaged in Broadcasting or Telecommunication
needs to obtain such service license, uplink/ downlink license, operating

licenses from MI&B or DoT or both, as the case may be.”

Department of Telecommunications (DoT) is the licensing authority for
telecommunication services, while Ministry of Information & Broadcasting
(MI&B), Government of India is the licensing authority for broadcasting services
in the country. In respect of telecommunication services, DoT currently follows
a regime of Unified License in terms of the provisions of Section 4 of Indian
Telegraph Act, 1885!3. DoT provides authorizations'* for provision of
telecommunications services under Unified License to eligible persons. In
respect of broadcasting services, MIB grants licenses/ permissions for DTH,
HITS, uplinking and downlinking of satellite TV channels/ set-up of teleports,
use of Satellite News Gathering (SNG)/ Digital Satellite News Gathering (DSNG),

etc.

In respect of telecommunication services, the ‘Guidelines for establishing
satellite-based communication network(s)’ issued by DoT on 26.10.2022,

provide as below:

"1.1 Satellite based communication services can be provided within the
respective scope of the following licenses/ authorizations issued under Section
4 of the Indian Telegraph Act, 1885:

13 The Section 4 of the Indian Telegraph Act, 1885 provides as below:

"4. Exclusive privilege in respect of telegraphs, and power to grant licenses. — (1) Within India, the Central

Government shall have exclusive privilege of establishing, maintaining and working telegraphs:

Provided that the Central Government may grant a license, on such conditions and in consideration of such

payments as it thinks fit, to any person to establish, maintain or work a telegraph within any part of India: ...”

14 There are nine service authorizations under Unified License viz. (a) Access Service, (b) Internet Service, (c)

National Long Distance (NLD) Service, (d) International Long Distance (ILD) Service, (e) Global Mobile Personal
Communication by Satellite (GMPCS) Service, (f) Public Mobile Radio Trunking Service (PMRTS), (g) Very Small
Aperture Terminal (VSAT) Closed User Group (CUG) Service, (h) Audio Conferencing/ Audiotex /Voicemail Service,
(i) Machine to Machine (M2M) Service.
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(a) Global Mobile Personal Communication by Satellite (GMPCS) Service
authorization under Unified License

(b) VSAT CUG Service authorization for commercial service under
Unified License

(c) In-Flight and Maritime Connectivity (IFMC) Service authorization

(d) Captive VSAT CUG license

(e) National Long Distance (NLD) Service authorization under Unified

License

Besides the above, satellite-based connectivity can also be provided under
other authorizations of the Unified License, viz. Access Service as per the

scope of the respective license.”

2.48 In respect of Broadcasting services, MIB grants license/ permission for the
provision of satellite-based broadcasting services to eligible entities. The main

licenses/ permissions granted by MIB are indicated below:

(a) Direct to Home (DTH) license: DTH services make use of satellites for
distribution of multi-channel TV programs. DTH license is issued by MIB
after clearance from different ministries/ departments. The DTH license is
issued under Section 4 of the Indian Telegraph Act, 1885.

(b) Headend In The Sky (HITS) permission: The Policy guidelines for HITS
operators were issued by MIB on 26.11.2009 and subsequently amended
on 06.11.2020.

(c) Uplinking and downlinking of satellite TV channels/ Set-up of Teleports
permission: The permission for teleports is granted by MIB under the

uplinking guidelines issued by MIB for making use of satellites.

F. Process for seeking in-principle clearance and other approvals for

establishing satellite based communication network by a licensee:

2.49 ‘Guidelines for establishing satellite-based communication network(s)’ issued by

DoT on 26.10.2022, provide a procedural framework for seeking in-principle
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clearance and other approvals for establishing satellite based communication
network by a licensee. The Chapter-II of these Guidelines provides, inter-alia,

as below:

"1.  Providing any satellite-based communication service to the public or
setting up a satellite-based network is a multi-stakeholder process that requires
close coordination among the Department of Space (DoS), Ministry of
Information & Broadcasting (MI&B), Department of Telecommunications (DoT)
Satellite Licensing division, Wireless Planning & Coordination (WPC) Wing,
Network Operations & Control Center (NOCC) and seeking separate

authorization/ permissions by respective entity broadly indicated below:

a) Service license or appropriate authorization from DoT under the Indian
Telegraph Act ...

b) Space segment assignment to render the services through DOS/NSIL or
space segment provider duly authorized by DoS/IN-SPACE,

c) Frequency assignment [Decision Letter (DL), SACFA c