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1.2

CHAPTER-1: INTRODUCTION

DoT6 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- &eeking TRAI recommendations for the auction of spectrum in the

frequency bands identified for International Mobile Telecommunications (IMT)/

5G6t o T RAI (al so refera)e.d Thor causg hit tthhee Asuatihdo

was requested to provide recommendations, inter-alia, on the auction of
spectrum for space-based communication services. The relevant paras of the
reference are reproduced below:

i 6 . The Department of Space had invited comments on Draft Spacecom
Policy liberalizing space segment for private sector particjpation to provide
commercial communication services in India. This includes the Low Earth Orbit
(LEO) and Medium Earth Orbit (MEQO) saellite constellations operational over
India. In case of satellite communication, the subscriber is accessed from the
satellite through nAccess Spectr umo
network and the demand for such spectrum will potentially increase in the
future.

7. 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:

é

7(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. o

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

based communication servicesfrom DoT:

si mi/
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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 ; t herefore, to avoid delay in 5G roll-out, TRAI may go
ahead with consultations/ recommendations on issues excluding spacebased
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
relevantpointso f t h e D aldtgil 46.0B.20R2tare 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) It is 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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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 NonPublic Networks), TRAI may

recommend mechanism for sharing of auctioned frequency bands in

which both IMT/ CNPN and satellite-based services (both user terminal

(d)

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

as feeder link.

recommend the appropriate auction methodology so that the successful

bidder gets spectrum for user link (shared with IMT in flexible) as well

(e) 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 10.77 12.75 GHz | Space to Earth

2 12.751 13.25 GHz | Earth to Space

3 13.757 14.5 GHz Earth to Space

4 17.17 18.6 GHz Space to Earth 17.77 18.4 GHz is used for Earth
to Space also.

5 18.8717 19.3 GHz Space to Earth

6 19.371 19.7 GHz Space to Earth

7 19.771 21.2 GHz Space to Earth

8 2757 29.5 GHz Earth to Space 2751285 GHz has been
identified for implementation of
IMT in India.

9 2957 31 GHz Earth to Space

Table 1.1: List of frequency bands referred by DoT




While providing the above list of frequency bands, DoT also mentioned that

ATRAI can however provide recommendations for other frequency bands also.o
Besides, DoT stated that /ithesef r e quency bands [ ncl ude AP/
when used by GSO systems in accordance with Appendices 30, 30A & 30B of

Radio Regulations are reserved by ITU for use by National systems Use of

OPl anned Bandsdé by foreign GSDOTRAlanae /! | | t e s
inter-alia, take into account this aspect with respect to GSO systems, in the

consultation processo The information on the Planned bands, as provided by

DoT, is given below:

S. Plan Frequency bands Applicable
No. Uplink Downlink Appendix of
| T URadio
Regulations

10.7 - 10.95 GHz,

GHz, 457 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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1.9

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

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-ll provides a brief description of spacebased

communication services. Chapterlll examines the issuesrelated to assignment



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

services. ChapterV summarizes the issues r consultation.



CHAPTER-II : SPACE-BASED COMMUNICATION SERVICES

A. Satellite Communication

2.1 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
Asatellite transponder 0 r-etewarsubsysteindbnect i ve
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.!

2.2  Satellite-based communication systems can provide coveage 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.

2.3 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 traff ic and the
associated resources onboard the satellites.

(c) Groundsegment 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

(VSATS) 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 4/// <
~

communication > ~
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 6gatewayd), acts -baseda br i c

communication network and terrestrial communication network.

2.6 The trajectory of a satellite around Earth is known a s 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 calledNon-Geo Stationary orbit (NGSO) satellites.

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

2.7 GSO satellites are atabout 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



2.8

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,

continuous service from these altitudes. NGSOconstellations 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 NGSOystems.

GEO MEO LEO ’

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

The I nternational Tel ecommuni cati on
mile Internet Connectivity Solutions Guide Sustainable connectivity options for
unconnected provides sa cdanpaidord of GEO, MEO and LEO

characteristics as given in the following table :

2 Source: satellitetoday.com
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Effective

Satelite . Orbital Latency  Numberof o o hor ifetime of
Altitude . (round- satellites to P .
category period e satellite satellite
trip) span globe
(years)
Geo | 32788 | Hinours 477 ms 3+ 10010 1154459
km 400
8,000 to .
MEO 20,000 127 minutes 27 to 477 5 t0 30 80 to 1010 15
to 24 hours ms 100
km
88 minutes
400 to 100s or
LEO 2.000 km ::i:uzze 210 27 ms 1000s 0.5to 45 5to 10

# 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 Characteristiés

2.9 Atpresent, many satellite communication systems make use of high-throughput
satellites (HTSs). HTS provides significantly more throughput than a
conventional satellite for the same amount of radio frequency spectrum. While
a conventional satellite utilizes a broad single beam (usually in the order of
thousands of kilometers) to cover wide regions or even entire continents, HTS
employs - (a) frequency re-use, and (b) spot beam technology which enables
frequency re-use across multiple narrowly focused spot beams (usually in the
order of hundreds of kilometers), 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 propgation delay for
a round-trip transmission for a GSO satellite can exceed 30 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.

Shttps://www.itu.int/dms_publ/itu _-d/opb/tnd/D -TND-01-2020-PDFE.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 (loT) 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 spacebased communication network and terrestrial
communication network. As GSO stellites 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 nonrgeostationary, 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, NGSOsatellite 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 NGSOsatellites 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 papef on 6 Di gi t al Connecti v
Earth Orbit Satellite ConstellatonsOppor tuni ti es for Asia an
mentioned that rsatellite 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 0. 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

F. Wireless + wireless backhaul

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

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

F. Wireless LTE, reuse towers

Dense City ===t Suburban =) Rural Sesssssssssssd 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) Sband: It ranges from 2 GHz to 4 GHz and is used for MSS, as well as
weather and air traffic control applications.

(c) Cband: 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) Kaband: 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
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-fthegpgel ar
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

5 https://mww.esa.int/Applications/Telecommunications_Integrated Applications/Satellite_frequency_bands
6t dzo f A O G A 20/S AiadilE IGAR2 yUbRBY { | St tAGS [/ 2YYdzyAOL GA2Y rifgeaiSYyaqQ o
and Technology
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following figure 7 depicts the regulatory framework for satellite communication

systems.

Earth segment Space segment

User terminal

Needs mational licencelience exemption

Gateway

Needs natwnal licence Needs 1o be recorded m the MIFR

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:

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

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

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

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

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

radiocommunication technology.

"tdzot AOF GA2PSHAGKE BR2yWbRE {FGSTEAGS /2YYdzyAOFGA2y {@aidsSvyaQ
and Technolog
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2.20 The Government of India has drawn up National Frequency Allocation Plan 2022

2.21

(NFAR2022) 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. NFAR2022, 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

| TUbs Radi o Reagewivembelow:ns 2020

i 1. Hxéd-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 satelliteto-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

é

1.25 mobile-satellite service: A radiocommunication service:

i between mobile earth stations and one or more space stations, or between

space stations used by this service, or

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

This service may also include feeder links necessary for its operation

é
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2.22

2.23

2.24

2.25

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 publ i ¢ . 0O

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.

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

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

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 In marsat 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 assignmentto 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 MSSin L and S bands

(2)  FSSinnon -plan bands

The C-band, Ku-band and Ka-band are the most popular bands for FSS. In
these bands, FSSrequires 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 onland 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 arccomplying 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 i 3.770 GHz) to multiple

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

20



2.28

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 DirectTo-Home TV. BSS can be considered as a special case
of FSSin 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 NFAR2022, BSS allocations may also be used for
transmissions in FSS, provided hat 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 ar ea, the antennas, etc. have
been clearly defined as what i
characteristicso.

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

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

(d) The essential feature of planned band is that an administration can
demand exclusion of its territory area from the service area of another
countryodos satellite at any ti me,

operational.

21
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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 appks.

BSS services operate as per Global Plans. Forthe Region3 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 ITUG 8SS 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 totalof 800 MHz spectrum for each uplink
and downlink is earmarked as FSS Planned band. The Planned C band is 400-
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

I T URRshas adefined 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.
| T Ucoasdination process includes:

(&) Maintaining the Master International Frequency Register (MIFR) which
records, /nter-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

Shtt ps://www.itu.int/en/plenipotentiary/2014/newsroom/Documents/backgrounders/ppl4 -

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)  Protection to GSO from NGSO 1!

The Article 22 of ITU-RR f or O0space serviceso6o, provid

interference to geostationary-satellite systems as below:

0 2 2 Nah-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

t hese Regul ations. O

The two regulatory mechanisms adopted include - Equivalent Power Flux
Density (EPFD) hardlimits, 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 allNGSO 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 frequenies 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 o f | T U 6Besidé&sRor

coordination between NGSO and GSO system, and for coordination between

10https://www.itu.int/en/plenipotentiary/2014/newsroom/Documents/backgrounders/ppl4

backgrounder-sharing-the-sky.pdf

Uhttps://www.itu.int/en/ITU _-R/space/WRS20space/27%20Nonr

geostationary%20satellite%20systems%20and%20networks. pdf
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NGSO systems, the provisions contai

The main provisions of the Appendices

A9. 11A for a station [ or natehs irclhded imha
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 requir ement 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 Allocafons 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 Sstation 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 band s 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, o

2.43

summarized in the following table.

A summary of FSSfrequency bands and coordination provisions in ITU-RR are

No hard - o Coordination Article 22
FSS frequency bands limits for | COOrdination between EPFD hard
: between -
protection Non -GSO Non -GSO limits are
Earth -space | space-Earth of GSO and GSO applicable
3400-4200
MHy 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 ves
Single/Aggregate

Table 2.3: FSSfrequency bands and coordination provisions, Source: ITU
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2.44

2.45

Current Licensing Framework for Satellite Communication in India

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.

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:

AThi s s to clarify that as per t he
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 Directto-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
/s 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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Even government agency engaged in Broadbasting or Telecommunication
needs to obtain such service license, uplink/ downlink license, operating

/| f censes from MI &B or DoT or bot h, as t he

2.46 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'. DoT provides authorizationst* 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.

2.47 In respect of telecommunication services, the 6 Gu i d edstablishimy f or
satelite-based communicati on network(s)o®o I Ssu

provide as below:

i 1. SBatellite 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. i (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 condijtions and in consideration of such

payments as it thinks fit, to any person to establish, ma

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

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

() 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 [ i cense. o

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

licenses/ permissions granted by MIB are indicated below:

(@) 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 licen see:
249 0Guidelines for -asgadl|ldesmmungi cattiednd i nMtet wo

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-1l of these Guidelines provides, inter-alia,

as below:

A 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 (M1&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 é

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 atarance, & Wireless
Operating License] from WPC.

d) Carrier plan approval and up-linking permission from NOCC.

e) Security clearance (wherever applicable)

In addition, Telecommunication Engineering Center (TEC) issues/ modifies the
relevant standards including the interface Requirements from time to time.
NOCC is responsible for monitoring the Satellite systems & resolving

Interference Issues.

2. To bring these entities together, an Inter -Ministerial Committee for
Satellite Network Clearance (IMGSNC), hitherto known as Apex Committee,
having representatives from these units has been authorized to provide a single
platform to enable the issuance of "In-principle clearance” to the proposed
network. If the application is in order, o n the recommendation of IMC-SNC,
Satellite Licensing division of DoT issues inprinciple clearance to the applicant

for establishing the satellite-based network.o
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2.50

2.51

2.52

2.53

2.54

The Para 1 of the Chapter-I of O0Gui delines f dasedest abl
communi cation networ k( s) @2outlnesthe l&cenbing Do T o

regime of DoT for satellite-based communication services.

The Para 5 of the Chapter-I of O0Guidelines f dasedest abl
communication network(s)o6 issued by DoT o

framework for spectrum allotment and use:

As5. 1 Right t o 1heie-priaciple slgararncd/ lettemof intent/ the
License Agreement for service authorization does not confer any right to
assignment and use of spectrum for which separate specific Frequency

Assignment is required from WPC Wing of DoT.o

The Para 6 of the Chapter-I of 0Guidelines f dasedest abl
communication network(s)o6 issued by DoT o

framework for use of space segment:

i 6 . The required satellite capacity (space segment) shall be obtained by the

Licensee from Department of Space (DoS)/NSIL or space segment provider duly
authorized by DOS/ IN-SPA@ on terms and conditions as applicable.

6.2  The satellite capacity (space segment) charges wil be payable to DoS/

NS/ L or space segment provider as appl i ca
5G and Non-Terrestrial Networks ~ (NTN)

Terrestrial networks are currently focusing on delivery of 5G services to areas
already being served by existing cellular technologies. However, the unique
capabilities of non-terrestrial networks can help expand the reach of 5G

technology in the realization of new use cases.

New advances in 5G standards are creating opportunities to integrate Non-
Terrestrial Networks (NTN) into an interoperable, standardized wireless
experience across the entire globe. Satellites are one of the elements of non-
terrestrial networks. Other objects that can form part of a non -terrestrial

network, includes High-Altitude Platform Stations (HAPS)such as balloons, air
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to-ground networks - those transmitted from aircraft, and Unmanned Aerial

Vehicles (UAVG6s) , each operating at
types of connectivity and capabilities.

HTH in & wide sanse Mot to scale

BOPF work on NTH BAPF work on LAV
P v ¥
Satellite nuiwurh'

] “ High altitede plattorm station
W as IMT base staticn (HIBS)

. Adr-to-ground natwork 20 km
+ 10 km

LAY
{aka, drana) 150 m
-

@ @
P W '\}‘A\z‘ * \/A\

Rural

600 km & abose

[

N

Ground level

{

Figure 2.5: Different types of non-terrestrial networks, Source: IEEE Xplore

2.55 According to 3GPP?, for the service continuity between NTN and Terrestrial
Networks (TN), 5G system shall support service continuity between 5G
terrestrial access network and 5G satellite access networks owned by the same
operator or owned by two different operators having an agreement. The NTN

and TN could either operate in two different frequency bands, or in same
frequency bands.

15 3GPP TR 38.821 V16.1.0 (202105): Technical specification Group Radio Access Network: Solutions
for NR to support non-terrestrial networks (NTN)
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2.56

2.57

2.58

Mobility between TN and NTN b o

Figure 2.6: Typical example of NTN-TN interworking, Source 3GPP

As the growth of 5G wireless cellular networks continues to grow, there will be
places where NTN and satellite access will potentially be needed. When NTNs
can integrate with existing 5G coverage, it can extend the capabilities of 5G

networks to places where cell coverage is not expected to reach.
Draft Spacecom Policy in India

The draft Spacecom Policy 2020 was released by the Department of Space in
October 2020 with aims at meeting the growing demands of space-based
communication requirements of the nation and advancements in the relevant
technologies for self-sustenance in areas of commercial, secured, and societal
communications. According to the draft policy, non-government private Indian
entities are also proposed to be permitted to become significant players in the
global space communication arena. The policy seeks a greate participation of
Indian Industry to meet the demands in activities of realizing, owning,
operating satellite systems for communications over India and outside, creating
facilities for satellite control operations and so on. The Indian Spacecom Policy

is expected to be finalized soon.

Service Providers have shown substantial interest for providing satellite
broadband connectivity in India. Several players, who intend to offer satellite

broadband services, are preparing to start operations in the country. DoT has
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2.59

already granted Global Mobile Personal Communication by Satellite Services
(GMPCS) authorization under Unified License to M/s Oneweb India
Communications Private Limited and M/s Jio Satellite Communications Limited
It has been learnt that three oth er entities have submitted their applications for

GMPCS authorizationunder Unified License

The following chapter examines the issues relating to assignment of spectrum

for space-based communication services.
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CHAPTER-III : EXAMINATION OF ISSUES RELATED TO ASSIGNMENT OF

3.1

3.2

3.3

SPECTRUM FOR SPACE-BASED COMMUNIC ATION SERVICES

Spectrum bands referred by DoT to TRAI for providing
recommendations

DoT, through its reference letter dated 16.08.2022, provided a list of frequency
bands that may be considered by TRAI for providing recommendations with
respect to space-based communication services. These frequency bands
i nclude 6Pl ann e dusdddyn@SOdystensantaccovdaeca with
Appendices 30, 30A & 30B 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. The following table enlists the frequency bands referred by

DoT seeking TRAI recommendations

S. No. | Frequency Band Quantum of | Link Remarks
spectrum
1 10.77 12.75 GHz | 2.05 GHz Space to Earth
2 12.7571 13.25 GHz | 0.50 GHz Earth to Space
3 13.757 145 GHz | 0.75 GHz Earth to Space
4 17.17 18.6 GHz 1.50 GHz Space to Earth | 17.771 18.4 GHz is used

for Earth to Space also

5 18.871 19.3 GHz 0.50 GHz Space to Earth

6 19.37 19.7 GHz 0.40 GHz Space to Earth

7 19.77 21.2 GHz 1.50 GHz Space to Earth

8 2757 29.5 GHz 2.00 GHz Earth to Space | 27.5 7 285 GHz has
been identified for
implementation of IMT
in India.

9 2957 31 GHz 1.5 GHz Earth to Space

Table 3.1: List of frequency bands referred by DoT

While providing the above list of frequency bands, DoT also mentioned that

TRAI can however provide recommendations for other frequency bands also.

A brief description of the frequency bands specifically referred to TRAI by DoT

is given below:
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3.4

3.5

3.6

(1) 10.7-12.75GHz (Ku Band) i Spaceto Earth

10.7 to 11.7 GHz 11.7 to 12.2 GHz 12.2 to 12.75 GHz
(1 GHz) (0.5 GHz) (0.55 GHz)
FSS BSS and NGSO FSS FSS

The band from 10.7-12.75 GHz (2.05 GHz) is downlink (Space to Earth) part of
the Ku band. NFAR2022 provides that 10.7-11.7 GHz and 12.2-12.75 GHz
frequency bands can be used for FSS, whereas 11.712.2 can be used for BSS
and NGSO FSS.

From the present frequency assignment information provided by DoT, it is
observed that spectrum in 10.7-12.75 GHz band has been assigned for VSAT,
IFMC, DTH, Teleport and DSNG serviceslt is also noted that BSS services are

also operating in FSS bands.

(2) 12.75-13.25GHzand 13.75 -14.5GHz (KuBand) i Earthto Space

12.75 to 13.25 GHz 13.25to0 13.75 GHz 13.75 to 14.5 GHz
(0.5 GHz) (0.5 GHz) (0.75 GHz)
FSS Earth Exloration Satellite (Active) FSS

- Not partof the Reference

The spectrum in 12.75-13.25 GHzband, and 13.75-14.5 GHz band (total 1.25
GHz) form the uplink (Earth to Space) part of the Ku band. These bands are
allocated to FSS. The 13.2513.75 GHz band is allocated to Earth Exploration
Satellite (Active). The 13.25-13.75 GHz band has not been included in the
Reference sent by DoT to TRAI.
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3.7

3.8

3.9

From the frequency assignment information provided by DoT, it is observed
that the spectrum in 12.75-13.25 GHzband, and 13.75-14.5 GHz band has been
assigned for VSAT, IFMC, DTH, Teleport and DSNG services. It is also noted
that BSS services are also opeating in FSS bands. In the 13 GHz band,
microwave access (MWA) service, which is used for cellular backhaul, coexists
with FSS.

(3) 17.7-18.6 GHz and 18.8 -21.2 GHz (Ka -Band) 1 Space to Earth

193t01
HHz (0.4

£SS FSS FSS FSS and MSS
17.7-18.4
| GHz:OIf r (Use of this band by the
also used 1o FSS is limited to GSO
Earth to

systems,
Space by GSO )
B%S sat)éllites 18.6-18.8 GHz and feeder links to

for feeder link- Not partof the NGSO systems in the
Reference FSS.

The spectrum in 17.7-18.6 GHzband and 18.8-21.2 GHz band (total 3.3 GHz)
is downlink (Space to Earth) part of the Ka band for FSS services. From the
frequency assignment information provided by DoT, it is observed that
spectrum in these bands has been assigned for VSAT, IFMC and DTH services.
Currently, MWA sewices coexists with FSS in 18 GHzfrequency band. As per
the NFAR2022, the spectrum in 18.6-18.8 GHz band is exclusively earmarked
for Earth Exploration Satellite Service (EESSpassive) in IRS Satellite system
and this frequency band has not been included in the Reference sent by DoT
to TRAL.

17.7-18.6 GHzband (0.9 GHz): This frequency band is to be used for FSS. DoT

in its reference has mentioned that 17.7 -18.4 GHz bandis also used for Earth
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3.10

3.11

3.12

3.13

to Space. As per ITU-Radio Regulations, this band can also beused for Earth
to Space by GSO systems in FSS limited to feeder links for BSS.

18.8-19.3 GHzband (0.5 GHz): This frequency band is to be used for FSS. As
per ITU-Radio Regulations, provisions relating to NGSO networks to provide
protection to GSO network do not apply to this frequency band. However, it is
subject to the application of the provisions of clause 9.11A of ITU-Radio

Regulations with respect to the coord ination requirement.

19.3-19.7 GHz band (0.4 GHz): This frequency band can be used for GSO FSS
and for gateway links for NGSO FSS. Such use is subject to the application of
the provisions of clause 9.11A of ITU-Radio Regulations with respect to

coordination, but not subject to the provisions of clause 22.2 of ITU-Radio

Regulations'® relating to NGSO networks to protect GSO networks.

19.7-20.2 GHz band (0.5 GHz): The spectrum in 19.7-20.1 GHz band is
allocated to FSS (Space to Earth) as a primary user. The spectrum in 20.1-20.2
GHzband is allocated to FSS Space to Earth) and MSS (Space to Earth) on co-

primary basis.

20.2-21.2 GHz (1 GHz): This frequencyband is allocated to FSS Space to Earth)
and MSS (Space to Earth) on co-primary basis. As per the information provided

by DoT, this frequency range has not been planned by any NGSO networks.

16 The Article 22.2 of ITU RR provides that /7n/on-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 Iin accordance with
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3.14

3.15

3.16

(4) 27.5-31 GHz (Ka -Band) 1 Earth to Space

5 29.5t0 30
GHz (0.5
GHz)
27.528.5 GHz: 29.1-:29.5 GHz:
Also identified for IMT Use of this band by the
in India FSS is limited to GSO systems
and feeder links to
As per NFAR022, NGSO systems in the
The frequency range MSS.
27.528.5 GHz
may be

allowed for shared use
by IMT and Satellite services
subject to feasibility.

The spectrum in 27.5-31 GHz band (total 3.5 GHz) is uplink (Earth to Space)
part of the Ka band for FSS. From the frequency assignment information
provided by DoT, it is observed that spectrum in this band has been assigned
for VSAT and IFMC services.

27.5-28.5 GHz band (1 GHz): DoT, through its letter dated 16.08.2022, has
conveyed that 27.5-28.5 GHz band has been identified for implementation of
International Mobile Telecommunication (IMT) in India. As per the frequency
assignment information provided by DoT, the spectrum in 27.5-28.5 GHz band
has been assigned only for IFMC services to one of the licensees Since IFMC
services are used for communication in the airspace or water bodies, it gets
geographically separated from the terrestrial IMT services. As per the footnote
IND 16 Note 7(ii) of NFAP-2022, the frequency range 27.5-28.5 GHz may be

allowed for shared use by IMT and Satellite services subject to feasibility.

28.6-29.1 GHz band (0.5 MHz): The provisions of ITU-Radio Regulations
relating to NGSO networks to provide protection to GSO network, do not apply

to this frequency range. However, this frequency band is subject to the
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3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

application of the provisions of clause 9.11A of ITU-Radio Regulations with

respect to coordination requirement.

29.1-29.5 GHz band (0.4 GHz): In this band, use by the FSS is limited to GSO
systems and feeder links to NGSO systems in the MSS. Such use is subject to
the application of the provisions of No. 9.11A of ITU-Radio Regulations but n ot

subject to the provisions of No. 22.2 of ITU-Radio Regulations

29.5-29.9 GHzband (0.4 GHz): This frequency band is allocated to FSS Earth

to Space) on primary basis.

29.9-30 GHzband (0.1 GHz): This frequency band is allocated to FSS Earth to
Space) and MSS (Earth to Space) on co-primary basis.

30-31 GHz (1 GHz): This frequency band is allocated to FSS Earth to Space)
and MSS Earth to Space) on co-primary basis. As per the information provided

by DoT, this frequency range has not been planned by any NGSO networks.

As per the footnote IND 17 of the NFAP 2022, the bands 14-14.5 GHz (Earth to
space), 28.5-30 GHz (Earth to space), 10.7-11.7 GHz (spaceto-Earth), 12.5-
12.75 GHz (spaceto-Earth) and 18.7-20.2 GHz (space-to-Earth) may be used
for earth-stations on land transportations, ships and aircrafts, as per the

applicable provisions of the Radio Regulations and or its Resolutions.

As per the footnote IND 32 of the NFAP 2022, the frequency bands 19.7-21.2
GHz and29.5-31.0 GHz may be considered predominantly for the use of FSS.

Assessment of demand for space  -based communication services

DoT, through its letter dated 16.08.2022, requested, /nter-alia, that 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.

Space-based communication services include both telecommunication services

and broadcasting services. In case of satellite-based telecommunication

40



services, frequency spectrum requires to be assigned for forward link as well
as return link. On the other hand, in case of satellite-based broadcasting
services, frequency spectrum requires to be assigned only for forward link.
Forward link is a communication link from gateway -to-satellite-to-user terminal.

Return link is a communication link from user terminal -to-satellite-to-gateway.

3.25 Spacebased telecommunication services involve frequency spectrum for
establishing four types of links, viz.
(i) user link (uplink)
(i) user link (downlink)
(i) gateway link (uplink), and
(iv) gateway link (downlink).
The link between the satellite and user terminals is a user link . The link between

satellite and satellite earth station gateway is gateway link.

Satellite

_ User Link (DL)
Gateway Link (UL)

User
link
Gateway "
. (UL) L. 3
link (DL) 7N
Gateway User Terminals

Figure 3.1: Communications links in space-based telecommunication services

3.26 On the other hand, spacebased broadcasting services involve frequency
spectrum for establishing two types of links, viz.
() gateway link (uplink)

(ii) user link (downlink)
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Figure 3.2: Communications links in space-based broadcasting services

Apart from Ku-band and Ka-band, space-based communication systems have
been deployed in various other frequency bands, such as L-band, S-band, and
C-band. Further, the new-generation satellite communication systems have
plans for deployment in higher bands such asthe lower part of V-band (37.5 to
52.4 GH2 for user links as well as gateway links and E-band (71-76 GHZ 81-
86 GHz)for gateway links.

Beam width of the user terminals in the lower frequency bands (viz. L -band and
S-band) is much wider than that for the user terminals in the higher frequency

bands (such as C-band, Ku-band, and Ka-band). Therefore, as already indicated
in the Chapter-Il, currently frequency reuse in L-band and S-band is not
possible within the same geographical area for MSS Hence, the frequency
spectrum in these bands is assignedto service providers on exclusive basis for
providing MSS. On the other hand, as the user terminals of the higher frequency
bands employ highly directional beam, the same frequency spectrum in C-band,
Ku-band and Ka-band can be assigned to different service providers on shared

basis in the same geographical area
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3.29

3.30

3.31

3.32

In India, spectrum in L -band is being used by a public sector undertaking (PSU)
undeuw-gererisdc cat egory | i ceangtherdisnoasdbBrient At pr

of frequency spectrum for commercial communication services in Sband.

The spectrum in C-band has been assigned to broadcasting operators, VSAT
operator s, andsuigénerioP S tuengdoerry d i cense et c.
of V band is being planned by many NGSO constellations, both for user terminal
link and gateway link; part s of the V-band (37-43.5 GHz, 45.4-47 GHz, 47.2-
48.2 GHz and 6671 GH2 have also been identified by ITU for IMT services.
The frequency spectrum in E-band is being planned for deployment of gateway
link by one of the NGSO constellations. The Eband is also being used for
terrestrial cellular backhaul in India. Some parts of the C-band and Ka-band (28
GHz) are being used for IMT services in some countries. However, the C-band
and Ka-band could be of critical importance for satellite communication

systems, as described below.

C-band offers good propagation characteristics, utilizes a mature technology,
resulting in low-cost equipment, making it the preferred option to serve remote

and rural areas, particularly in large countries with severe climate conditions.
Ka-band has particularly favorable qualities given the large amount of satellite
spectrum allocated on a global basis, easy sharing conditions (mainly in the
corresponding downlink at 18 GHz), small size terminals ideal for installation on
ships and aircraft, and an advantageous regulatory deployment framework

adopted in the ITU Radio Regulations for Earth Stations in Motion (ESIMSs).

Technical Characteristics of higher spectrum bands for space-based

communication services are depicted below:
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Figure 3.3: Technical Characteristics of higher spectrum bands’

3.33 As per the technical characteristics of frequency bands, the lower frequency

bands such as Gband are less susceptible to interference from adverse weather
or @ain fade6 On the other hand, the higher f requency bands such asKa-band
Is significantly prone to rain fade. However, various technologies such as Flex
Adaptive Code Modulation® have been developed to mitigate the impact of rain
fade. The technology automatically adapts the down-link signal (the signal
sending data from the satellite to the user) to compensate for changing weather
conditions. On the positive side, the higher frequency bands in space-based
systems, represents lower capital expenditure (CAPEX). Compared to Keband,
the Ka-band deployments have lower cost owing to smaller antenna i.e., lower
manufacturing cost and lower transportation cost. Further, the materials
required to fix a Ka-band antenna and the labor time needed to install the
system are both lower, which also contribute to favorable expenditure with the
use of Ka-band as compared to Ku-band. The following table depicts a

comparison of Ku-band and Ka-band.

Source: https://itso.int/wp -content/uploads/2018/04/Day -1-ITU-2-Spectrum-and-Int -Regulartoy-
Framwork.pdf

http://www.aidforum.org/topics/technology -data/ka-vs-ku-band-which-is-the-best-for-satellite-

broadband/
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Ka-band Ku-band
Availability High High
Bits per Hz (efficiency) High Low
Throughput (speed) High Comparatively low
Antenna/equipment cost $250 - $380 | $1,000 - $1,800
Power Requirement Lower Higher

Table 3.2: Comparison of Ku-band and Ka-band*®

3.34 Asmentioned earlier, DoT has requested that through consultations, TRAI may

3.35

3.36

assess the demand for spacebased communication services and provide
recommendations on the quantum of spectrum in each band required to be put
to auction. With respect to gateway | inks, DoT in its reference has mentioned

that the NGSO satellite may use the entire band.

TRAI through its letter dated 19.10.2022 to DoT requested, /nter-alia, to clarify
as to for which of licensed telecommunication and broadcasting services,
spectrum for space-based communication has been envisaged to be granted
through Auction. In response, DoT through its letter dated 16.12.2022,

mentioned that TRAI may provide suitable recommendations for each of the

space-based communication services after detailed examination.

In this background, the Authority solicits comments of stakeholders on the

following set of questions:

Issues for consultation

Q1.

For space -based communication services, what are the appropriate

frequency bands for (a) gateway links and (b) user links, that should

19 Source: http://www.aidforum.org/topics/technology -data/ka-vs-ku-band-which-is-the-best-for-
satellite-broadband/
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Q2.

be considered under this consultation process for different types of
licensed telecommunication s and broadcasting services? Kindly

justify your response with relevant details.

What quantum of sp  ectrum for (a) gateway links and (b) user links in

the appropriate frequency bands is required to meet the demand of
space -based communication services? Information on present
demand and likely demand after about five years may kindly be

provided intwo separate tables  as per the proforma given below:

Type of Name of [Type of | Frequency range and quantum of spectrum required
service the |satellit
satellite e User Link User Link Gateway Gateway
system | (GSO/ (Earth to (Space to Link Link
LEO/ space UL) Earth DL) (Earth to (Space to
MEO) space UL) Earth DL)

(&) (&) () Q
(@] (@] (@] (o))
S e~ 5 |e~ |5 |e~|8§8|g~
>|2Z| » |2z > |22 |3 |2z
c S=| c S = c S = c g =
S | 2|l 8 | 2s 3 3 £ S| 2
o o= = o= o o= o o=
Q o ) o
LL LL LL LL

Access

Internet

NLD

ILD

GMPCS

VSAT CU(

(Commercial)

Captive VSAT
CUG

Machine to
Machine
(M2M)

DTH

Teleport
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DSNG

HITS

IFMC

Any  other
relevant
service
(please

specify)

C. Feasibility of assignment of frequency spectrum for space -based

communication services on exclusive basis

3.37 DoT, through its letter dated 16.08.2022, stated that A7/ /]t /s envi sa
auction the Space Spectrum onexclusive basis. TRAI may explore the feasibility
and procedure of sharing auctioned spectrum among multiple service licensees.
TRAIl may provide recommendations on sharing of auctioned frequency bands
between satellite networks and terrestrial networks als o, the criteria for sharing
and appropriate interference mitigation techniques for sharing and

coex/i stence. o

3.38 As indicated above, the frequency spectrum in the lower bands (viz. L-band
and S-band), which are allocated for MSS, may not be reused within the same
geographical area owing to large beam width of antennas used in these bands.
Therefore, the frequency spectrum in these bands may easily be assigned
exclusively. On the other hand, the frequency spectrum in the higher bands
(such as C-band, Ku-band and Ka-band) which are allocated mainly to FSS and
BSS, may be assigned to several service providers owing to highly directional

beam of antennas used in these bands.

3.39 As mentioned earlier, in India, frequency spectrum in the L -band has been
assigned to a PSUunder 6 s u/  gaategery licenge for providing MSS.
Frequency spectrum in Sband has not yet been assigned to any commercial

service provider. Frequency spectrum in Gband, Ku-band and Ka-band has
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3.40

3.41

3.42

3.43

been assigned for providing GSOFSS and GSGBSS. The sane frequency
spectrum in C-band, Ku-band and Ka-band has been assigned to several service
providers in the country on non -interference, non-protection basis. Within the
ITU framework, multiple service providers have been using the same frequency
spectrum without harmful interference. As per the information provided by DoT
through the letter dated 16.08.2022, many NGSO systems have planned to use
frequency spectrum in Ku-band and Ka-band. Some NGSO systems have also

planned to use frequency spectrum in E band and V Band.

As per the ITU framework, NGSO systems are generally required to provide
protection to GSO systems. The Article 22.2 of ITU RR provides as below:

ANon-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

Regul ations. é€o

In the frequency bands, for which Article 22.2 does not apply, NGSO networks
are required to coordinate with the existing GSO networks (Article 9.11A of ITU
RR). Further, for coexistence of NGSO networks, as per ITU framework, any
upcoming NGSO network is required to coordinate with the existing NGSO

networks.

In short, owing to angular separation, altitude separation, polarization and
| TUG6s f r anroendinatioh mechanism, the frequency spectrum in the
higher spectrum bands such as Cband, Ku-band and Ka-band can be used by
multiple service providers using GSO/ NGSO satellites networks in the same

geographical area.

In the case of GSO satellites, the same frequency spectrum can be used by
multiple GSO satellite systems as long as they are sufficientlyapart in terms of
angular separation. Same frequency spectrum with different polarization can
be used in case two satellites systems hawe insufficient angular separation

between them. Thus, there would be a practical limit on the number of GSO
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satellite systems that can use the same frequency spectrum in a coordinated

manner.

3.44 In the case of NGSO satellite constellations, thesame frequency spectrum is
used by different satellite constellations by adopting coordination techniques.
However, in instances such as inline events where a satellite comes in the
same line-of-sight path between the earth station and the satellite of another
constellation, the satellite operators might have to split frequency spectrum
among themselves as a last resort. Thus, there would be a practical limit on
the number of NGSO satellite systems that can use the same frequency

spectrum in a coordinated manner on an equitable basis.

3.45 |Inits publication®®t i t | ed O6Spectr um $Seostationarg OrBitu | es f
FixedSatell ite Service Systems?©o, FFREGmr al Co
the USA mentions that i/ t ] he Commi ssi on has adopted
sharing among NGSO FSS systems. NGSO FSS operators must coordinate with
one another in good faith the use of commonly authorized frequencies. Absent
a coordination agreement between two or more NGSO FSS satellite systems, a
default spectrum-splitting procedure applies. Under the default spectrum-
splitting procedure, whenever the increase in system noise temperature of an
earth station receiver, or a space station receiver for a satellite with on -board
processing, of either system, gT/ T, excee
emissions originating in the other system in a commonly authoriz ed frequency
band, such frequency band will be divided among the affected satellite
networks in accordance with the following: (1) Each of # (number of) satellite
networks involved must select 1/# of the assigned spectrum available in each
of these frequency bands, (2) the affected station(s) of the respective satellite
systems may operate in only the selected (1/#) spectrum associated with its

satellite system whil e t sexcapded dnd@fall 6 per c

20 Source: https://www.federalreqgister.gov/documents/2022/01/24/2022 -01204/spectrum-sharing-
rules-for-non-geostationary-orbit-fixed-satellite-service-systems
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affected station(s) may resume operations throughout the assigned frequency

bands once the threshold i s no [/ onger exc

3.46 DoT inits letter dated 16.08.2022 has mentioned that it is envisaged to auction
the spectrum for space-based communication services on an exclusive basis. It
Is noted that as per the existing framework in India, the satellite -based service
providers obtain transponder capacity from Department of Space (DoS). A
service provider may require a specific frequency range as per the availability
of transponders on satellites, and many times, the same frequency range may
be required to be used by another service provider with a different satellite
system. In case frequency spectrum is assigned to space-based service
providers on an exclusive basis, the same frequency range cannot be assigned
to other service providers. Therefore, there may be a need to explain what
exclusive spectrum assignment means for satellite communication services,
which cannot be similar to the way exclusive spectrum assignment is made for
IMT.

3.47 For exclusive assignment of spectrum, there may be a need to prescribe the
block size, minimum number of blocks per licensee and maximum number of
blocks per licensee (spectrum cap), roll out obligations, etc. However, in case
some spectrum cap is prescriked, the service licensees may not be able to utilize
the entire capacity of the satellite system. Therefore, there may be a need to
permit intra-band spectrum sharing among the licensees holding spectrum. In
its reference, DoT has also envisaged to permit sharing of frequency spectrum.
However, in case service providers are granted exclusive rights to use separate
frequency ranges (as is being currently practiced in case of assignment of
spectrum for IMT), there could be a scenario that some service provid ers decide
not to share their frequency spectrum with other service licensees holding
spectrum in a spectrum band, and in effect, cause harm to the satellite
communication ecosystem. This may also result into inefficient use of frequency
spectrum. To avoid such a scenario, one way could be mandating intra-band
spectrum sharing among the service licensees holding spectrum in a particular

spectrum band. However, there could be a scenario that the service licensees
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may decide to acquire small or minimum quantum of spectrum and thereafter
pool/ share frequency spectrum among themselves. In such a situation, there
could be difficulty in market discovery of price for spectrum . One possible way
to handle such a scenario could be to mandate intra-band spectrum sharing
among licensees who have acquired spectrum upto the prescribed spectrum
cap, and the spectrum shared from other licensees may not be counted for the

purpose of spectrum cap. Further, for the arrangement of sp ectrum sharing to
work efficiently, some additional conditions may have to be put in place at the

time of spectrum auction. One of the possible auction design models for

exclusive spectrum assignmenthas been discussed in the subsequent section.

In case entire spectrum in a spectrum band has been assigned/ auctioned to
the service providers on exclusive basis,a question arises as to what provisions
should be made applicable on any new entrant or any entity who could not

acquire spectrum.

1 One option could be that such entity can again take part in the next auction/
assignment cycle after expiry of the validity period of the assignedspectrum
and therefore, it might be appropriate to keep the medium -term validity
period. In the next spectrum auction/ assignment cycle, considering the
demand of spectrum in the frequency band and other market conditions,

spectrum cap can be revised.

1 Another option could be that new entrant or any entity who could not
acquire spectrum may be permitted to share spectrum from the service
licensees holding spectrum in that band. While such an option provides an
opportunity for the new entrants and the licensees who could not acquire
spectrum because of exclusive assignment to provide services it could go
against the rationale of auction and may also have an adverse impact on

the dynamics of spectrum auction.

1 Yetanother option could be that since the satellite services in higher bands
(such as C-band, Ku-band, and Ka-band) are of the nature that it can

practically support many satellite-based players using the same frequency
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3.50
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spectrum, in case an auction based on exclusive assignmentis held in a
spectrum band, after a certain number of years, the same spectrum can be
again put to auction for the new entrants including the service licensee
which could not acquire spectrum in the previous auction. One may contend
that the validity period of the spectrum, which is auctioned on a later date,

should be co-terminus with the validity period of the first held auction and
once that period expires, all the service licensees together can take part in
the next cycle of auction. With this option, a longer validity period for

spectrum, can be supported.

One may also contend that for ease of doing business, a service provider
holding space spectrum should be permitted to trade and/ or lease their partial
or entire satellite spectrum holding to other eligible service licensees including
the licensees who do not hold any spectrum in the concerned spectrum band.
However, a contrary view could be that if satellite spectrum is assigned for a
medium-term validity period, there may not be a need to permit spectrum

trading and leasing. Further, permitting spectr um trading and leasing could

possibly disturb the dynamics of spectrum auction.

For the existing service providers, who are successful bidders in the auction
process, may require to be permitted to retain the previously held frequency
range to avoid any disruption of services, hardship and cost. In case such a

requirement exists, issue arises as to what mechanism should be prescribed.

In this background, the Authority solicits comments of stakeholders on the

following set of questions:

Issues for consultation

Q3.

Wh ether there is any  practical limit on the number of Non-Geo
Stationary  Orbit (NGSO) satellite systems in Low Earth Orbit (LEO)
and Medium Earth Orbit (MEO), which can work in a coordinated

manner on an equitable basis using the same frequency range  ? Kindly

justify your response.

52



Q4.

Q5.

Q6.

For space -based communication services , whether frequency
spectrum in higher bands such as C band, Ku band and Ka band,
should be assigned to licensees on an exclusive basis? Kindly justify

your response. Do you foresee any challenges due to exclusive
assignment? If yes, in what manner can the challenges be overcome?

Kindly elaborate the challenges and the ways to overcome them.

In case it is decided to assign spectrum in higher frequency bands
such as C band, Ku band and Ka band for space -based commu nication
services to licensees on an exclusive basis,

(@) What should be the block size , minimum number of blocks for
bidding and spectrum cap per bidder? Response may be provided
separately for each spectrum band.

(b) Whether intra -band sharing of frequency spectrum with other
satellite communication service providers holding spectrum upto
the prescribed spectrum cap, need s to be mandated?

(c) Whether a framework for mandatory spectrum sharing needs to
be prescribed? If yes, kindly suggest a broad framework and  the
elements to be included in the guidelines.

(d) Any other suggestion s to ensure that that the satellite
communication ecosystem is not adversely impacted due to
exclusive spectrum assignment , may kindly be made with
detailed justification.

Kindly justify your response.

What provisions should be made applicable on any new entrant or any
entity who could not acquire spectrum in the auction
process/assignment cycle?

(@) Whether s uch entity should take part in the next auction/

assignment cycle after expiry of the validity perio d of the
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Q7.

assigned spectrum ? If yes, what should be the validity period

of the auctioned/assigned spectrum?

(b)  Whether spectrum acquired through auction be permitted to be
shared with any entity which does not hold spectrum/ or has
not been successful in auc tion in the said band? If yes, what
measures should be taken to ensure rationale of spectrum
auction and to avoid adverse impact on the dynamics of the
spectrum auction?

(c) In case an auction based on exclusive assignment is held ina
spectrum band, whether the same spectrum may again be put
to auction after certain number of years to any new entrant
including the entities which  could not acquire spectrum in the
previous auction ? If yes,

(1) After how many years  the same spectrum band should
be put to auction for the potential bidders?

(i) What should be the validity of spectrum for the first
conducted auction in a band? Whether the validity
period for the subsequent auctions in that band should
be co -terminus witht  he validity period of the first held
auction?

Kindly justify your response.

Whether any entity which acquired the satellite spectrum through
auction/ assignment should be permitted to trade and/or lease their
partial or entire satellite spectrum holding to other eligible service

licensees, including the licensees which do not hold any spectrum in

the concerned spectrum band? If yes, what measures should be taken
to ensure rationale of spectrum auction and to avoid adverse impact
on the dynamics of the spectrum auction ? Kindly justify your
response.
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3.53

For the existing service licensees providing space -based
communication  services, whether there is a need to create enabling
provisions for assignment of the currently held spectrum frequenc vy
range by them , such that if the service licensee is successful in
acquiring required quantum of spectrum  through auction/
assignment cycle in the relevant band, its services are not disrupted ?
If yes, what mechanism should be prescribed? Kindly justify your

response.

In case it emerges that despite creating the above provisions, exclusive
assignment of frequency spectrum in higher frequency bands such as Gband,
Ku-band and Ka-band for satellite communication services is not a practical
solution, there may be a need to explore the ways in which the auction -based
assignment of spectrum for its shared use could be achieved. One of the
possible audion design models has been discussed in the subsequent section

which envisages shared spectrum assignment.

Further, it may need to be deliberated that whether a broad framework for
sharing of frequency spectrum among satellite communication service providers

needs to be prescribed or it should be left to mutual coordination.

Issues for Consultation

Qo.

In case you are of the opinion that the frequency spectrum in higher
frequency bands such as C band, Ku band and Ka band for space -
based communication services should be assigned on shared (non -
exclusive) basis, -

(@) Whether a broad framework for sharing of frequency spectrum
among satellite  communication service providers needs to be
prescribed or it should be left to mutual coordination ? In case
you are of the opinion that broad framework should be
prescribed, kindly suggest the framework and elements to be

included in such a framework
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3.56

(b) Any other suggestions may kindly be made with detailed
justification.

Kindly justify your response.

Feasibility of Flexible use of spectrum in 27.5 -28.5 GHz band and
28.5 -29.5 GHz band

DoT, in its letter dated 16.08.2022 , has mentioned that for spectrum in 27.5-
28.5 GHz band (identified for IMT) and 28.5 -29.5 GHz band (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.
(a) 27.5-28.5 GHz band

As per the footnote IND 16 Note 7(ii) of NFAP 2022, the 27.5-28.5 GHz band
may be allowed for shared use by IMT and satellite services subject to

feasibility.

About the spectrum in 27.5-28.5 GHz band, TRAI in its recommendations on
OAuction of spectrum in frequency
11.04.2022, had recommended, /nter-alia, the following:

a) As mmWave spectrum is going to be used for capacity requirement, its
deployment is not likely to be ubiquitous rather it is more likely to be kind
of hotspots or urban micro cells. Therefore, IMT Stations and Satellite
Earth Stations Gateway (Earth to Space) can co-exist in 27.5-28.5 GHz
frequency range. The Satellite Earth Station Gateway should be permitted
to be established in frequency range 27.5-28.5 GHz at uninhabited or
remote locations on case-to-case basis, where there is less likelihood of
5G IMT services to come up.

b) DoT should prescribe the exclusion zone requirement for co-existence of
IMT and satellite earth stations (Earth to space) in 27.5-28.5 GHz

frequency range.
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¢) DoT should create a software defined automated process on a portal
having database of coordinates of the IMT base stations in mmWave. The
geofencing coordinates of the proposed earth station in 27.5-28.5 GHz
can provide the feasibility results through the portal for establishing the
earth station.

d) Access to 27.528.5 GHz should also be allowed for Earth Stations In
Motion (ESIMs) for In-flight and Maritime terminals, with appropriate
sharing conditions, as in such cases, the operation would be
geographicaly separated from terrestrial IMT.

e) Spectrum dues for 27.5-28.5 GHz frequency range can be revised on pro-
rata basis for the mobile operator holding spectrum in the LSA, in which
the permission for establishing earth station is given in the same

frequency range, on account of creation of exclusion zone.

3.57 Ascan be seen from the above, the Authority had recommended for coexistence
of IMT stations and satellite earth stations gateway (Earth to Space) in 27.5 -

28.5 GHz band.

3568 I't i s worth noti-agi $sthaemcedei n eamf degouency
connote the use of a frequency range by multiple service providers for offering
different communication services simultaneously. The co-existence of different
communication services offered by different service providers in a frequency
band is made possible either by prescribing power limits within which the
services may operate, or by ensuring separation of the contending services in
space or time domain. On the other hand,
a frequency range, is used to connote the use of a frequency range by the same

service provider for offering more than one type of services.

3.59 DaoT in its reference has envisaged flexible use of the spectrum in 27.5-28.5
GHz band This would enable the successful bidder to deploy IMT services and
satellite-based user terminals, based on the physical characteristics and

business potential of a geographic area.
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3.60 Itis noted that USA was the one of the few early adopters of 28 GHz band for
IMT. In 1996, FCC designated 850 MHz in 27.528.35 GHz band for Local
Multipoint Distribution System (LMDSY*! on a primary basis, along with other
band segments, and permitted GSO FSS or NGSO FSS systems to provide links
in that band segment on a non -interference basis to LMDS systems, but only
for the purpose of providing limited Earth -to-Space gatewaytype services. In
2016, while FCC? was planning to auction spectrum in 27.5-28.35 GHz band
(850 MHz) for flexible use Upper Microwave Flexible Use Serice (UMFUS?®)
licenses, FCC was disinclined to automatically grant ceprimary status for all
FSS operations in the 27.528.35 GHz band, principally because it would be
inconsistent with the development of terrestrial mobile service in the band. With
respec to gateways, however, FCC proposed that satellite operators could
acquire terrestrial flexible use UMFUS licenses enabling them to exclude
terrestrial operators that might be subject to interference from within the
license area. After due examination of the comments received from the
stakeholders, FCC decided to maintain the current status of FSS,create new
opportunities for continued expansion of FSS earth stations on a protected
basis. FCC noted that the ability of satellite earth stations and terrestr ial
operations to coexist in close proximity to each other has two significant
ramifications. First, it should be possible for satellite and terrestrial services to
share the 28 GHz band with de minimisi mpai r ment of each ot he
Second, the disparity between the county -sized license areas established for 28
GHz UMFUS licensees and the extremely small areas required for FSS earth

stations makes it inappropriate to rely exclusively on a market-based

21 Local Multipoint Distribution System (LMDS) isa fixed service (point-to-point or point -to-multipoint) . LMDS is a
broadband wireless access technology.

22 https://docs.fcc.gov/public/attachments/FCC -16-89A1.pdf

23 UMFUS is the collective term the FCC uses for innovative fixed, temporary fixed, mobile and Internet of Things
(loT) terrestrial wireless services using bandwidth that is sufficient for the provision of a variety of applications,
including those using voice and data (such as Internet browsing, message services, and full-motion video) content.
The services provided by UMFUS licensees are limited only by the Fixed, Mobile, and ceprimary Fixed Satellite
Service (FSS).

Source:https://www.fcc.gov/iwireless/bureau -divisions/broadband-division/upper-microwave-flexible-use-service-
umfus
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mechanism for assigning rights to FSS earth dations, although this option is
retained as one means through which FSS operators may expand. In addition
to acquiring the terrestrial license rights, it was decided to continue to authorize

gateway satellite earth stations under the existing first -come, first-served basis,

subject to compliance of following conditions:

a. First, no more than three locations in each county will be authorized

where FSS may deploy earth stations on a protected basis.

b. Second, an FSS applicant must demonstrate in itslicense application that
the permitted interference zone around its earth station, which will be
defined as the contour within which FSS licensees generate a power flux
density (PFD), at 10 meters above ground level, of no more than -77.6
dBm/m?/MHz, together with any pre -existing earth stations located in
the same county on a protected basis, will, in the aggregate, cover no
more than 0.1 percent of the population of the county license area where

the earth station is located.

c. Third, the applicant must show that the permitted interference zone
does not infringe upon any major event venue, arterial street, interstate
or U.S. highway, urban mass transit route, passenger railroad, or cruise

ship port.

d. Fourth, prior to filing its application, if there is an e xisting 28 GHz UMFUS
licensee in the county where it is proposing to locate its earth station,
the earth station applicant must coordinate its operation with the
existing UMFUS licensees. The purpose of the coordination is to ensure
that the earth station will not interfere with existing facilities operating
under the UMFUS license. It is expected that UMFUS licensees will
cooperate in good faith in the coordination process and only raise
objections if there is a legitimate concern about interference to exi sting

UMFUS facilities or failure to comply with the criteria listed above.
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3.61 Thus, as per FCCG*, FSS operation in the 27.5-28.35 GHz band is coprimary if
the FSS licensee also holds the UMFUS license for the area where the earth

station is located; otherwi se, FSS is secondary to the UMFUS.

3.62 In November 2018, FCC auctioned the 850 MHz spectrum in 28 GHz band (27.5
28.35 GHz, n257 band) for UMFUSat county-level. The services provided by
UMFUS licensees are limited only by the Fixed, Mobile, and ceprimary Fixed
Satellite Service (FSS). Construction requirements (i.e., roll out obligations)

were specified as under:

AUpper Microwave Fl/lexi ble Use Service [|ic
as part of their renewal applications. Licensees relying on mobile or point-to-
multipoint service must show that they are providing reliable signal coverage
and service to at least 40 percent of the population within the service area of
the licensee, and that they are using facilities to provide service in that area
either to customers or for internal use. Licensees relying on point-to-point
service must demonstrate that they have four links operating and providing
service, either to customers or for internal use, if the population within the
license area is equal to or lessthan 268,000. If the population within the license
area Is greater than 268,000, a licensee relying on point-to-point service must
demonstrate that it has at least one link in operation and is providing service
for each 67,000 population within the license area. In order to be eligible to be
counted under the point-to-point buildout standard, a point -to-point link must
operate with a transmit power greater than +43 dBm.

Showings that rely on a combination of multiple types of service will be
evaluated on a case-by-case basis.

If a licensee in this service Is also a Fixed-Satellite Service licensee and uses
the spectrum covered under its UMFUS license in connection with a satellite
earth station, it can demonstrate compliance with the requirements of this

seaion by demonstrating that the earth station in question is in service,

24 https://www.federalregister.gov/documents/2016/01/13/2015 -31852/use-of-spectrum-bands-above-24-ghz-
for-mobile-radio-services
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operational, and using the spectrum associated with the license. This provision
can only be used to demonstrate compliance for the county in which the earth
station Is located.

Failure to meet this requirement will result in automatic cancellation of the

/| f cense. O

3.63 As envisaged by DoT, if flexible use between IMT and satellite communication
services is permitted in 27.5-28.5 GHz band, this 1 GHz spectrum will have to
be assigned on an exclusive basis, as IMT deployment will essentially require
exclusive spectrum. In case frequency spectrum is assigned on an exclusive
basis with flexible usage rights and the successful bidder(s) decides to deploy
IMT services in 27.5-28.5 GHz range, the satellite gateways of other satellite
providers can still use the same frequency spectrum as gateway deployment is
specific to limited geographical areas, as recommended by TRAI in its
recommendations dated 11.04.2022that it he Sat el /i te Barth S
should be permitted to be established in frequency range 27.5-28.5 GHz at
uninhabited or remote locations on case-to-case basis, where there is less
/' i kel i hood of 5G | Mhussthe Govéermmerst should pecnatme v p o
use of 27.5-28.5 GHz for gateway links of other satellite service licensees on
case-to-case basis provided they are located at uninhabited or remote
locations. At present, the service area for assignment of spectrum for IMT
services is at telecom circle/ metro level, whereas the service area for
assignment of spectrum for satellite services (user links) is at national level. In
such a situation, a question arises as to what should be the applicable service
area in case flexible use of spectrum between IMT and satellite communication

services is permitted.

3.64 As already mentioned, flexible use of spectrum in a frequency range 27.5-28.5
GHz would permit use of this frequency range by a service provider for
providing IMT as well as satellite-based services (user links) in a flexible
manner. For providing the satellite communication services in the country in a
flexible manner, the existing Access Service licensees would require entering

into partnerships with satellite operators. In case a company with Access
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3.65

3.66

3.67

Service license hascreated a separate licensed entity for provision of satellite -
based communication services, a question arises as towhether Access Service
licensee or satellite communication service licensee shouldbe made eligible for

assignment of flexible use spectrum.

Further, as per the Clause 42.3 under ChapterV | | of t he UL
Al | ot me nt, inaheavert of dnd@ding/ obtaining Access spectrum, no
licensee or its promoter(s) directly or indirectly shall have any beneficial interest
in another licensee companyh ol di ng fAAccess Spectr
area, where promoter means any legal entity other than Central Government,
financial institutions, and scheduled banks, which hold 10% or more equity in
the licensee company. In case flexible use spectrum is assigned to Access
service licensee, some mechanism may have to be put in place such that
another entity of the same group with relevant license could also use the same
spectrum for providing satellite-based services. One may contend that the
access servicelicensee who obtains the right to use of the flexible use spectrum
may lease the said spectrum to another company of the same group having the
requisite license/ authorization. To cater to such a situation, enabling provisions
may have to be framed. The existing restrictions on cross-holding of equity
applicable on access spectrum holders may also need to be reviewed. In light
of the above, it needs to be deliberated as to what should be the associated
terms and conditions including eligibility conditions for assignment of flexible

use spectrum in 27.5-28.5 GHz.

Further, in case it is decided to assign the frequency range of 27.5-28.5 GHz
for flexible use of terrestrial IMT services and satellite communication services,

it requires to examine the possible adverse impacts on the satellite

communication services and measures to mitigate such adverse impacts.

In this background, the Authority solicits comments of stakeholders on the

following set of questions:
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Issues for consultation

Q10. In the frequency range 27.5 -28.5 GHz, whether the spectrum
assignee should be permitted to utilize the frequency spectrum for
IMT services as well as  space-based communication services, in a
flexible manner? Do you foresee any challenges arising out of such
flexible use? If yes, in what manner can the challenges be overcome?

Kindly elaborate the challenges and the ways to overcome them.

Q11. In case it is decided to permit flexible use in the frequency range of
27.5 - 28.5 GHz for space-based communication services and IMT
services, what should be the associated terms and conditions
including eligibility conditions for such assignment of spect rum?

Kindly justify your response.

(b) 28.5-29.5 GHz band

3.68 About the use of 28.5-29.5 GHzband for Captive Non-Public Networks (CNPN,

TRAI i n i ts recommendati ons on 6Auction
identified for | MT/ 5G06 dat edintdar-bliadhe. 202 2,
following:

ASpectrum in such bands where IMT ecosystem is available but are being used
for non-IMT services in India and can coexist with indoor/ within premise
cellular based private captive networks on shared basis, be earmarked for
private captive networks. The Authority recommends DoT may consider the
possibility of earmarking spectrum for captive wireless private networks in the
following bands.

a. 3700-3800 MHz band

() DoT may consider the possibility of earmarking some spectrum (at

least 40 MHz) in 3700-3800 MHz frequency range for low power

indoor use for private captive network.
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()

(i)

)

V)

The co-existence of private captive network and satellite C-band
recelve stations can be made possible by creating an effective
exclusion zone around the satellite G-band receive stations.

For this purpose, a digital map of all the existing satelli te C-band
recelve stations should be created having database of their geo-
coordinates with automated software system.

The location of private network proposed by an applicant to be
accommodated on co-existence basis should be analyzed and
permitted through the automated software system.

The power limits and antenna tilt etc. for private captive network
should be prescribed by the government for interference free

operation and co-existence.

b. 4800-4990 MHz band

Vi)

DoT may also consider identfying the frequency range 4800-4990
MHz for IMT purpose and consider the possibility of carving out some
spectrum (at least 40 MHz) in this frequency range for the purpose

of earmarking for private captive network.

c. 28.5-29.5 MHz band

(vif) DoT may also consider identifying some spectrum (at least 400 MHz)

in the frequency range 28.5-29.5 GHz for the purpose of earmarking
for private captive network, which can co -exist with satellite earth

stations.

(vili) A software based transparent system should be built to permit the

(x)

establishment of private networks and Satellite Earth Stations based
on the geo-coordinates of the proposed location on interference free

co-existence basis.

DoT should develop a digital map with geographic coordinates of all
the existing and future Satellite Earth Stations as well as geographic
coordinates of the premises of Private Network locations. Based on
this database, permissions for establishment of new installations

may be provided to the licensees.
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The Authority recommends that for assessment of demand of spectrum for
private networks, DoT should create a portal and open it at least for a period
of 6 months, seeking demand for spectrum from companies. The following
information may be asked to assess the demand:
A Name of the company
A Details of their business, Net Worth, Turnover
A Proposed use of spectrum
A Requirement of spectrum
A Spectrum Band
A Quantum of Spectrum
A Time Period for which spectrum is required
A Area in sq km with exact location
A Technology proposedto be used
The information so collected by DoT should be accessible only to authorized
person in DoT and should not be shared with any unauthorized person.
The Authority recommends that demand assessment will provide the demand
factor for direct spectrum assignment from DoT for establishment of private
captive net wor k. Wwith swvuch empirical ass
spectrum bands in which spectrum can be earmarked for private networks, the
Authority will provide its recommendations on quantum of spectrum, block size,

etc.o

3.69 Regarding assignment of spectrum for CNPN, TRAI had noted in its
recommendations on OAuction of spectrum
| MT/ 5G6 dat edsbdow. 04. 2022
H4.181 The Authority has noted that the spectrum for private network will be
used within specified limited geography. As it will be used for limited area, it
will be used with low power and within the premises. Therefore, the same
spectrum can be repeatedly used by other entities for private network at other
locations on non-interference basis having different geo-coordinates of the

locations. Hence, the spectrum assignment for private network will be for a
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3.70

specified geographic area of its operation and the same spectrum can be reused
with multiple assignment to large number of players.

é

4.183 The spectrum for private network is to be assigned for specified limited
geography to a Captive Wireless Private Network permission holder/ licensee
who Is the occupant (either owned or on lease) of the geographical area/
property on which spectrum use is being sought. Therefore, at a particular
location/ premise/ specified geography, there will be only one contender for the
spectrum who will be the occupant of that premise (either owned or on lease).
Generally, when there are more than one contenders for the same spectrum at
the same geography, then only the question arises as to how to assign the
spectrum consistent with the fundamentals of the equality clause. However, as
mentioned above, in case of assignment of spectrum for private network there
will be only one claimant at a specific location premise. Therefore, the Authority
/s of the view that the spectrum for private network can be assigned
administratively to the eligible licensees on demand through a widely publicized
online portal-based process in a fair and transparent manner. The assignment
process will register the geo-coordinates of the specified geography for which
the spectrum is to be assigned. However, DoT may ascertain that administrative
assignment in such cases is legally tenable as per spectrum assignment policy
of DoT, before formulating the guidelines for assignment of spectrum for

captive wireless private net wor k. o

As regards flexible use of cellular-based CNPN and satellite communication
services, it is felt that as CNPN would be deployed in a specific geographic area,

flexible use between satellite communication services and CNPNsmay not be a

practical requirement. Moreover, TRAIi n it s recommendat.i

spectrum in frequency bands identified for IMT/5G6 dat ed 1lhad 0 4.

recommended, /nter-alia, that DoT may also consider identifying some
spectrum (at least 400 MHz) in the frequency range 28.5-29.5 GHz for the

purpose of earmarking for private captive network, which can co -exist with
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satellite earth stations. The need for flexible use between CNPN and satellite

communication services and related aspects needs deliberation.

3.71 In this background, the Authority solicits comments of stakeholders on the

following set of questions:
Issues for consultation

Q12. Whether there is a requirement for permitting flexible use between
CNPN and space-based communication services in the frequency

range 28.5 -29.5 GHz ? Kindly justify your response.

Q13. Do you foresee any challenges i n case the spectrum assignee is
permitted to  utilize the frequency spectrum in the range 28.5 -29.5
GHz for cellular based CNPN as well as space -based communication
services, in a flexible manner ? What could be the measures to
mitigate such challenges? Suggestions may kindly be made with

justification

E. Spectrum Assignment methodology for space -based communication

services

3.72 As already noted, apart from Ku-band and Ka-band, space-based communication
systems have been deployed in various other frequency bands, such as L-band, S-
band, and C-band. Beamwidth of the user terminals in the lower frequency bands
(viz. L-band and S-band) is much wider than that for the user terminals in the
higher frequency bands (viz. C-band, Ku-band and Ka-band). Therefore, currently
the frequency spectrum in L-band and S-band is assigned to service providers on
exclusive basis for providing MSS. On the other hand, as the user terminals of the
higher frequency bands employ highly directional beams, the same frequency
spectrum in C-band, Ku-band and Ka-band can be assigned to different service

providers on shared basis in the same geographical area.
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3.73 Globally, spectrum for satellite communication servicesin higher bands such as
C-band, Ku-band and Ka-band, is being assigned administratively except for a

few exceptions, in which orbital slots alongwith spectrum have been auctioned.

3.74 Presently, India is assigning spectrum for satellite communication services
provisionally on an administrative basis with formula-based charging for some
services and percentage of AGRbased charging for other services. However,
such spectrum assignment comes with some terms and conditions, including
the following:
Airi . [ n the event of final decision to al
the provisional allotment of spectrum shall be withdrawn,

é

V. The respective wireless users would be required to give an undertaking
to pay the revised spectrum charges, as finally determined through market
related mechanism or otherwise as may be applicable from the date of Letter

of I ntent (Lol ) for provisional all ot ment

3.75 In the present reference, the Government has sought recommendations on
auction of spectrum for space-based communication services It is worth
mentioning that in another reference on O6fr equency assi gnme
communication services between aircraft and ground stations for services
provided by organizations other datddian t he
12.04.2022, DoT has requested TRAI to provide recommendations on the
following:
A.  An appropriate mechanism to regulate the services provided by these
organizations.
i,  The manner in which the frequency assignment should be made to these
organizations, in light of the supreme Court judgment made in the 2G case in

2012-t o assign radi o frequencies only throt

68



3.76

3.77

3.78

3.79

It may be noted thatthr ough the judgment dat ed
Supreme Court in the Writ Petition (Civil) No. 423 of 2010 ( also referred to as
A 2 G ¢ preneudced, /nter-alia, as below:

Aeln our v Ipeblieised auctianh wdngucted fairly and impartially is
perhaps the best method for discharging this burden and the methods like first -
come-first-served when used for alienation of natural resources/ public
property are likely to be misused by unscrupulous people who are only
interested in garnering maximum financial benefit and have no respect for the
constitutional ethos and values.

In other words, while transferring or alienating the natural resources, the State

/s duty bound to adopt the method of auction by giving wide publicity so that

02.0

all eligi ble persons can participate

Thereafter, in response to the Presidential Reference subsequent to the
deci sion of Supreme Court in the 2G

No. 1 of 20120 dat e dudgerbendhOobserOetl,Znjer-aliat
that /7 [ t PG @ase does na even consider other laws and judgments that
prescribe methods, other than auction, for dispensation of natural resources,
something that it would have done, in case, it intended to make an assertion

as wide as applying auction to all natural resources. Therefore, the observations
in Paras 94 to 96 could not apply beyond the specific case of spectrum, which
according to the law declared in the 2G Case, is to be alienated only by auction

and no other method. Thus, 2G case does not deal with modes of allocation for

/

n t

Case |

he

fi

natural resources,. other than spectr umo

After the pronouncement of 2G judgement, spectrum for 6 mo bi | e
s pectis bemg assigned to the telecom service providers through the

process of auctions.

DoT in its letter dated 13.09.2021 mentioned that 7 [he Pepartment 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)
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satellite constellations operational over India. In case of satellite
communi cation, the subscriber [ s accessec
Spectsiumbl/ ar to AAccess Sp@kahdthedemandn t er r
for such spectrum will potentially increase in the future. o DoT requested TRAI
to provide its 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.

3.80 In response to the TRAIO tetters seeking details of the frequency bands and
guantum of spectrum available in each band required to be put to auction and
associated information in respect of space-based communication, DoT vide its
letter dated 16.08.2022 provided frequency ranges (both for space to earth,
and earth to space) in Ku-band and Ka-band, and mentioned that TRAI can

provide recommendations for other frequency bands also.

3.81 As already mentioned in para 1.7 of this consultation paper, TRAI, through the
letter dated 19.10.2022 to DoT, sought information/ clarifications, wherein DoT
was requested, /inter-alia, to clarify as to 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
1.3 given under para 1.7 of this consultation paper. In response, DoT vide its
letter dated 16.12.2022 conveyed that TRAI may provide suitable
recommendations for each of the space-based communication services after

detailed examination.

3.82 0On 21.09.2022, DoT released Draft Indian Telecommunications Bill, 2022 for
public consultation to develop a modern and future -ready legal framework in
telecommunication. Though the draft bill is still in its initial phases and the
text/content of the bill may undergo several changes, in the draft Indian
Telecommunication Bill, 2022 it has been mentioned that the Central
Government may assign spectrum for telecommunication rthrough

administrative process for governmental functions or purposes in view of public
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interest or necessity as provided in Schedule 1a The Schedule 1 provides a list

of services. The serial number 15 of the said list is reproduced below:

Al1b5. Ce r t adasad seanecesaiuch as: Tadeports, Direct To Home (DTH),

Digital Satellite News Gathering (DSNG), Very Small Aperture Terminal (VSAT),

National Long Distance (NLD), International Long Distance (ILD), Mobile
Satellite Service (MSS) in L and S bands.

Note : As the draft Telecom Bill is still under consideration, it is pertinent to
note that the provisions mentioned in the Bill may change subsequently, and
accordingly some observations may not be applicableafter changes in the draft
bill.

3.83 The demand of the frequency spectrum meant for space-based communication
serviceswill be generated by operators providing distinct services such asVSAT,
GMPCS, NLD, Internet, Access, IFMC, DSNG, Teleport, DTH, HIFSetc. Each
of these services, or groups thereof, can be treated as a class, which may differ

in terms of nature of service, and financial & market related parameters.

3.84 While the same frequency spectrum may be used for multiple services including
telecommunication services and broadcasting services, the services are not
alike. While telecommunication service is a two-way communication,
broadcasting service is a one-way communication service. Further, one may
contend that broadcasting service is also a public service as (i) it is used for
dissemination of important information to the public; (ii) it serves as a means
for education for the people living in remote areas ; and (iii) it plays an important
role in situations of natural disasters, etc. As regards telecommunication
services, at present, satellite-based services are primarily being offered by VSAT
licensees to provide closed user group (CUG) connectivity to enterprise
customers, and to provide backhaul connectivity to the Access Service

Providers; these services are not used directly by general public; however, a

25 Acronyms: VSAT Very Small Aperture Terminal, GMPCS Global Mobile Personal Communication by
Satellite, NLD - National Long Distance, IFMC - In-flight and Maritime Connectivity, DSNG - Digital
Satellite News Gahering, DTH - Direct To Home, HITS - Headend In The Sky
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3.86

VSAT licensee after obtaining Internet Service Provider (ISP) license is
permitted to use same Hub station and VSAT (remote station) to provide
Internet service directly to the subscribers, and in this case VSAT (remote
station) may be used as a distribution point to provide Internet service to

multiple independent subscribers. For provision of satellite-based broadband/
internet services directly to the end customers, one must possessany one of
the licensed authorizations from amongst (a) Access Service (b) Internet
Service, or (c) GMPCS.One may contend that while satellite-based broadband/
internet service could be one class of service, the pure VSAT service (i.e.
without Internet service) could be another category of service and therefore,

the two categories may be treated separately.

Further, revenue and subscriber base for some of services listed in para 3.83

above are tabulated below:

S.No Service Annual Gross Subscriber base
revenue (as on 31 st March
(for F.Y 2021 -22) 2022
Rs. in crore (Figure s in crore)
1. Access 2,16,933 114.20
2. DTH 16,479 6.69
(As on March 2021)
3. VSAT 538 0.028
4. GMPCS 71 -
5. NLD 30,116 -
6. ILD 12,054 -
7. Internet 18,431 82.49

Table 3.3: Revenue and subscriber base of a few services
Source The above information is as reported by the licensed service providers to TRAI

From the above description, it is quite apparent that there is a significant
difference between various services in terms of technical nature of service, and
market & financial parameters across different types of services. As different

services will have different market conditions, in particular with respect to
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3.87

Q14.

demand, subscriber base and revenue potential, it may not be prudent to go
for a combined auction for spectrum for different types of services. However,
various types of services could be categorized under different classes of services

considering their relevant market, substitutability, similarity in nature , etc.

It, therefore, gives rise to the issue as to whether spectrum should be assigned
for all services through a single auction, or through a separate auction/

assignment mechanism for each class of srvice.

Whether space-based communication services should be categorized
into different classes of services requiring different treatment for
spectrum assignment? If yes, what should be the classification of
services and which  type of services should fall under each class of
service ? Kindly justify your response. Please provide the following
details:

a) Service provider -wise details regarding financial and market
parameters such as total revenue, total subscriber base, total
capital expenditure etc. for each type of service (as mentioned
inthe Table 1.3 of this consultation paper

2018 -19, 2019 -20, 2020 -21, 2021 -22, and 2022 -23 in the

) for the financial year

format given below:

Type of service:

Financial

Year

Revenue
(Rs. lakh)

Subscriber
base

CAPEX for the
year
(Rs. lakh)

Depreciation
for the year
(Rs. lakh)

2018 -19

2019 -20

2020 -21

2021 -22

2022 -23
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b) Projections on revenue, subscriber base and capital
expenditure for each type of service (as mentioned in the Table
1.3 of this consultation paper ) for the whole industry for the
next five years starting from financial year 2023 -24, in the

format given bel ow:

Type of service:

Financial Revenue Subscriber base CAPEX for the year
Year (Rs. lakh) (Rs. lakh)

2023 -24

2024 -25

2025 -26

2026 -27

2027 -28

In satellite communication services, the frequency spectrum for user links may
be required in a ubiquitous manner to fulfil the user requirement, which may
be comparable to the access spectrumin mobile services as mentioned by DoT.
As already mentioned, currently the frequency spectrum in L-band and S-band
Is assigned to service providers on exclusive basis for providing MSS. On the
other hand, as the user terminals of the higher frequency bands employ highly
directional beam, the same frequency spectrum in C-band, Ku-band and Ka-
band can be assigned to different service providers on shared basis in the same
geographical area. Therefore, the question arises as to what should be the
methodology for assignment of spectrum for user links for satellite
communication services in L-band and S-band, in which the spectrum is
assignedon an exclusive basis It also needs to be deliberated as to what should
be the methodology for assignment of user link spectrum for satellite

communication services inhigher bands such as Gband, Ku-band and Ka-band.

Further, presently the service area for assignment of spectrum for satellite
services (user links) is at national level. However, considering the market
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3.90

3.91

3.92

conditions and cost of spectrum, some service licensees may beinterested in
providing satellite communication services only in the telecom circles with tough
terrains, remote locations, far-flung areas of the country, etc. Therefore, a
guestion arises as to whether spectrum for satellite -based user links should be
assigned on a national basis or telecom circlemetro level as applicable for

Access services.

As per the existing licensing and policy provisions in India, satellite-based
communication requires installation of Satellite Earth Station Gateway (SESG)
on Indian soil and the traffic from/ to India is required to be routed through
such SESG. Satellite systems may install one or more SESG, to create gateway
links to connect to the satellite. The spectrum usage is specific to the
geographic location of the SESG. In other words, multiple SESG can use the

same frequency spectrum if they do not interfere with one another.

The number of satellite earth station gateways required in case of NGSO
satellite constellations vary depending on the altitude of the NGSO satellite
constellation and the capacity requirement to meet the customer demand. In
case of GSO satellites, the number of satellite earth station gateways required
could vary depending on the beam size. For instance, if a GSO satellite is using
a wide beam covering the entire nation, the satellite operator may decide to
have one or two earth station gateways in the country. H owever, in case a GSO
satellite is a HTS using spot beams, the number of satellite earth station

gateways required to be put in place in the country may be much more.

While spectrum for SESG is to be assigned for specific geographic location
where the gateway is located. Prima facie there appears to be no or little
likelihood of two service providers competing for the same location. However,
while deciding the location of the gateway, the following factors 26 play a major
role, which may bring in an element of competition between service providers

seeking to build gateways:

26 https://idstch.com/space/satellite -gateway-and-hub-technology-trends/
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3.93

3.94

(@) No obstructions such as buildings or mountains blocking any views to
satellite;

(b) Cost of land;

(c) Ample land to install as many antennas as necessary in the future;

(d) Sufficient and good quality electrical supply;

(e) Access tooptical fibre connectivity from a variety of providers;

) Mild temperatures with a very dry climate , minimum rain and no snow;
and

(9) Absence of common natural disasters

Since the antenna of the SESGof GSO satellites looks at a fixed angle according
to the orbital slot, it is possible to establish two SESGs of GSO satellitesn
nearby locations without any protection zone requirement. On the other hand,

NGSO satellite constellation consists of several satellites and severalorbital
planes. Further, NGSO satellites keep revolving around the Earth in the
respective orbital planes. Therefore, the satellite earth station gateway of NGSO
satellite constellation consists of an array of tracking antennas so that the
satellite earth station gateway gets connected to the next arriving satellite
before disconnecting with the so far connected satellite. This principle is like
base transceiver station (BTS handover in terrestrial mobile services. As the
satellite earth station gateway in NGSO systemsconsists of tracking antenna,
it should be located in an area which has clear visibility with a minimum
elevation angle. Protection zone requirement may be needed for interference -
free operation of the SESGs of different NGSO constellationsvhich are using
the same frequency spectrum. The protection zone requirement may also vary

across spectrum bands.

In case it is decided that the frequency spectrum for space-based
communication servicesis to be assigned through auction mechanism, the issue
arises that what should be the validity period for such an assignment. Further,

in case some spectrum remains unsold or more spectrum is available at a later
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date, what should be the periodicity of auction i .e., after how many years, the

spectrum auction should be conducted again.

3.95 There could be a scenario where a service licensee after acquiring certain
frequency spectrum through auction is providing services to the consumers and
after some time, it decides to shift to another satellite system because of any
techno-commercial reasons. In this process, the service licensee also might
have to shift to another frequency band or another block of frequency spectrum
within the same band. Therefore, i t needs to be deliberated as to whether there
is a need to put in place a mechanism such that a service licensee could shift
to another satellite operator within a frequency band or to another frequency

band for the remaining validity period of the spectrum held by it.

3.96 Further, while providing additional information/ clarifications, DoT in its letter
dated 16.08.2022 mentioned that /7 a s t he service provider
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 successtul bidder gets spectrum for user link (shared with IMT in flexible)
as wel | as Infhis eeghelsitis hoted thad .use of frequency spectrum
for different types of links may be di fferent for different satellite systems .
Moreover, requirement of frequency spectrum may also vary depending on the
type of service. Therefore, it needs to be deliberated as to whether it would be
appropriate to assign spectrum for gateway links and user links separately to
give flexibility to the stakeholders or to assign spectrum for gateway links and
user links in a bundled manner. Further, in case it is decided to assign frequency
spectrum for user links and gateway links separately, what mechanism should
be adopted such that the successful bidder gets spectrum for user links as well

as gateway links, needs to be examined.

Q15. What should be the methodology for assignment of spectrum for user
links for space -based communication servicesinL -band and S -band,
such as -

(a) Auction -based
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(b) Administrative
(c) Any other?

Please provide your response with detailed justification.

Q16. What should be the methodology for assignment of spectrum for user
link s for space-based communication services in higher spectrum
bands like C-band, Ku -band and Ka -band, such as
(@) Auction -based
(b) Administrative
(c) Any other?

Please provide your response in respect of different types of services
(as mentioned in Table 1.3 of this consultation paper ). Please support

your response with detailed justification.

Q17. Whether spectrum for user links should be assigned at the national

level, or telecom circle/ metro -wise? Kindly justify your response.

Q18. In case it is decided to auction user link frequency spectrum for
different types of services, should separate auctions be conducted for
each type of services? Kindly justify your response with detailed

methodology.

Q19. What should be the methodology for assignment of spectrum for
gateway link s for space-based communication services, such as
(@  Auction -based
(b)  Administrative
(c)  Any other?
Please provide your response in respect of different types of services.

Please support your response with detailed justification.

Q20. In case it is decided to auction gateway link frequency spectrum for

different types of services, should separate auctions be conducted for

78



Q21.

Q22.

each type of services? Kindly justify your response with det ailed

methodology.

In case it is decided to assign frequency spectrum for space -based

communication services through auction,

(@) What should be the validity period of the auctioned spectrum?

(b) What should be the periodicity of the auction for any unsold/
available spectrum?

(c) Whether some mechanism needs to be put in place to permit the
service licensee to shift to another satellite system and to change
the frequency spectrum within a frequency band (such as Ka -
band, Ku -band, etc.) oracross fr equency bands for the remaining
validity period of the spectrum held by it ? If yes, what process
should be adopted and whether some fee should be charged for
this purpose?

Kindly justify your response.

Considering that (a) space-based communication servi ces require
spectrum in both user link as well as gateway link, (b) use of
frequency spectrum for different types of links may be different for
different satellite systems, and (c) requirement of frequency
spectrum may also vary depending on the services b eing envisaged
to be provided, which of the following would be appropriate:
(1) to assign spectrum for gateway links and user links separately
to give flexibility to the stakeholders? In case your response
is in the affirmative, what mechanism should be adopted such
that the successful bidder gets spectrum for user links as well
as gateway links.
or
(i) to assign spectrum for gateway links and user links in a
bundled manner, such that the successful bidder gets

spectrum for user link as well as gatew ay link? In case your
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response is in the affirmative, kindly suggest appropriate
assignment methodology, including auction so that the
successful bidder gets spectrum for user links as well as

gateway links.

Q23. Whether any protection distance would be required around the
satellite earth station gateway to avoid interference from other
satellite earth station gateways for GSO/ NGSO satellites using the
same frequency band? If yes, what would be the protection dist ance

(radius) for the protection zone for GSO/ NGSO satellites?

F. Eligibility conditions and other terms and conditions for assignment

of spectrum for  space -based communications ervices

3.97 With regard to the eligibility for participating in auction process, in the Notice
Inviting Application (NIA) for Auction of Spectrum in 600 MHz, 700 MHz, 800
MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz, 3300 MHz, and 26
GHz Bands dated 15.06.20227 for IMT access services, the eligibility criteria to
participate in the auction included:

(1) Any licensee that holds a UASL/ UL with authorization for Access Services
for that LSA; or

(i) Any licensee that fulfils the eligibility criteria for obtainin g a Unified License
with authorization for Access Services, and gives an undertaking to obtain a
Unified License with authorization for Access Services, or

(i) Any entity that gives an undertaking to obtain a Unified License with
authorization for Access Services through a New Entrant Nominee as per the
DoT guidelines/ license conditions, can bid for the Spectrum in 600 MHz, 700
MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz, 3300
MHz & 26 GHz Bands subject to other provisions of the Notice.

27 https://dot.gov.in/sites/default/files/NIA Version_Dated 15 06 2022.pdf
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3.98 Further, the Notice Inviting Application (NIA) for Auction of Spectrum in 600
MHz, 700 MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz, 2500
MHz, 3300 MHz, and 26 GHz Bands dated 15.06.2022 for IMT access services,
had Associated Eligibility Condit ons i ncl udi ng ONet Worth
extract of the ONet Worth requirementsod L
of the NIA 2022 is given below:
a(vii) A Bidder I s required to show a ne
Service Area (Rs. 50 Crae each for Jammu and Kashmir and North East Service

Areas), I n which the bidder wants to subn

3.99 Thus, any entity, which holds Unified Access Service License (JASLD/ Unified
License (UL) with authorization for Access Services or submits an undertaking
to obtain Unified License with authorization for Access Services, subject to other
provisions, is eligible to participate in the auction process for mobile access
spectrum. However, auction of spectrum for satellite -based services is being
considered for the first time in the country. Besides, the process of getting
Unified License with appropriate authorization has been simplified. Therefore,
it needs to be deliberated as to whether it should be a precondition for the
bidder to hold the requisite service license/ authorization under Unified License
prior to taking part in the auction process. Further, it may be prudentto impose
some other eligibility conditions such as minimum net worth requirement,
requirement of existing agreement with satellite operator(s), etc. onthe bidders
in the auction of spectrum for space-based communication servicesto ensure

that only earnest entities may take part in the auction.

3.100 The Clause 42.3 under ChapterVI | of the UL on &é6Spectrum
provides as under:
A42. 3 | n t he eaobining Accdss Spaecttunh,i no cénsee or its
promoter(s) directly or indirectly shall have any beneficial interest in another
/' i censee company hol di ng AAccess Spectrun

For the purpose of this clause:

81



(a) Promoter shall mean legal entity other than Central Government, financial
institutions and scheduled banks, which hold 10% or more equity in t he licensee
company.

(b) Beneficial interest shall mean holding of any equity directly or indirectly
including through chain of companies in the licensee company.

(c) Any arrangement contrary to above shall be made consistent with the above
stipulations within a period of one year from the date of grant of UL.

(d) Exception granted in para 1.4 of UAS licensee in respect of basic and CMTS
licenses existing on 11.11.2003 shall end on the expiry of CMTS/UAS/Basic
Service license held by such licensee. They sh#l comply with the above

stipul ation within a period of one year f

3.101 DoT in its reference dated 13.09.2021 had mentioned, inter-alia,that i/ n ca s e
of satellite communication, the subscriber is accessed from the satellite through
OAccess Spectrumé similar to 'Access Spe
demand for such spectrum wil |l .Theeforent /i al ly
needs to be deliberated as to whether the provisions of the UL related to
restriction on crossholding should also be made applicable for satellite-based
service licensees.If so, whether these provisions should be made applicable for

each class of service separately.

3.102 In this background, the Authority solicits comments of stakeholders on the

following set of questions:
Issues for Consultation

Q24. What should be the eligibility conditions for assignment of spectrum
foreach type of space -based communication service (as mentioned in
the Table 1.3 of this Consultation Paper) ? Among other things, please
provide your inputs with respect to the following eligibility
conditions:

(@ Minimum Net Worth

(b) Requirement of existing agreement with satellite operator(s)
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(c) Requirement of holding license/ authorization und er Unified
License prior to taking part in the auction process

Kindly justify your response

Q25. What should be the terms and conditions for assignment of frequency
spectrum for both user links as well as gateway links for each type of
space -based communication service ? Among other things, please
provide your detailed inputs with respect to roll -out obligations on
space -based communication service providers. Kindly provide
response for both scenarios viz. exclusive assignment and non -

exclusive (shared) assignment with justification.

Q26. Whether the provisions contained in the Chapter -VIl (Spectrum
Allotment and Use) of Unified License relating to restriction on
crossholding of equity should also be made applicable for satellite -
based service licensees ? If yes, whether the se provisions should be
made applicable for each type of service separately?  Kindly justify

your resp onse.

G. Interference Mitigation - Sharing of frequency bands between

satellite networks and terrestrial networks

3.103 DoT, through its letter dated 16.08.2022, stated, inter-alia, that i TRAI/ may
provide recommendations on sharing of auctioned frequency bands between
satellite networks and terrestrial networks also, the criteria for sharing and

appropri ate [ nterference mitigation techn

3.104 As already mentioned, in the 13 GHz band (12.75-13.25 GHz) and 18 GHz band
(17.7-19.7 GHz), microwave access (MWA) service, which is used for cellular
backhaul, coexists with FSS. In this regard, TRAI vide its letter dated
19.10.2022 requested DoT to provide following information:
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AWhet her DoT has I ssueddaeperatinggprocedire for ne s o0
mitigation of interference in case of:

. Usage of the same satellite frequency spectrum by different licensees, and

I, Usage of the same frequency spectrum for space-based communication and

for microwave links (MWA/ MWB)?

Ifyes, a copy of the same may ki ndly be sha.

3.105 In response, DoT, through its letter dated 16.12.2022, informed, /nter-alia, as

below:

nSatell i te networks are coordinated and
interference-free operation with respect to networks of other countries.
Coexistence of satellite networks or satellite-based communication within the

country is ensured through various provisions in RR, ITU recommendations,

WRC Resolutions, NFAP and License conditions for the satellite and MW

services. In some case stanaards for Interface Requirements (IR) and Generic
Requirements (GR) have also been issued by TEC, DoT. Moreover, as pethe

current practice to assign spectrum administratively, all frequency assignments/

operations are issued on nor-interference/non-pr ot ect i on basi s. O

3.106 To control interference, ITU provides elaborate framework including the

following?8:

(&) Allocation: Frequency separation of stations of different services (Article
5)

(b) Coordination: between Administrations to ensure interference-free
operations conditions (Article 9)

(c) Power Limits: (Articles 5, 21 & 22)
(i) Power Flux Density (PFD to protect terrestrial services
(i)  Equivalent isotropically radiated power (EIRP) to protect space

services

(i) Equivalent Power Flux Density EPFD to protect GSO from NGSO

28 Source: https://www.itu.int/en/ITU _-R/space/WRS16space/PFD%20External.pdf
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(d) Regulatory Protection: Not to cause harmful interference or claim

protection (Article 5 and 22)

3.107 In this regard, it is noteworthy that the Article 21 of ITU -RR deals with the
aspects of terrestrial and space services sharing frequency bands above 1 GHz.
The Section | of Article 21 deals with the choice of sites and frequencies. It
provides as below:

Az2i1. 1 Sites and frequencies for terrestr
in frequency bands shared with equal rights between terrestrial
radiocommunication and space radiocommunication services, shall be selected
having regard to the relevant IT U-R Recommendations with respect to
geographical separation between earth stations and terrestrial stations.

21.2 As far as practicable, sites for transmitting stations, in the fixed or mobile
service, employing maximum values of equivalent isotropically radiated power
(e.i.r.p.) exceeding the values given in Table 21-1 in the frequency bands
indicated, should be selected so that the direction of maximum radiation of any
antenna will be separated from the geostationary -satellite orbit by at least the
angle in degrees shown in the Table, taking into account the effect of

atmospheric refraction.

TABLE 21-1
Frequency band e.L.r.p. value (dBW) Minimum se])ar:l?lon angle Wl.th
, - respect to geostationary-satellite
(GHz) (see also Nos. 21.2 and 21.4) .
orbit (degrees)

1-10 +35 2

10-15 +45 1.5

25.25-27.5 +24 (in any 1 MHz band) 1.5

Other bands above 15 GHz +55 No limit3

21.2.1 For their own protection receiving stations in the fixed or mobile service
operating in frequency bands shared with space radiocommunication services
(space-to-Earth) should also avoid directing their antennas towards the
geostationary-satellite orbit If their sensitivity Is sufficiently high that
Interference from space station transmissions may be significant. In particular,

in the frequency bands 13.4-13.65 GHz and 21.4-22 GHz, it is recommended to
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maintain a minimum separation angle of 1.5 degree with respect to the

direction of the geostationary-s at el | i t e or bi t . O

3108 The Section |1 of Article 21 of |l TU6 RR
stations. It provides, /nter-alia, as below:
Az2i1. 3 The maxi mum equi val enelirpl)sobd r opi c a

station Iin the fixed or mobil e service sh

3.109 The Sectionrl 1 I of Article 21 of 1 TUGs RR provid
The SectionIV provides minimum angle of elevation of earth stations. The

SectionV provides limits of power flux density from space stations.

3.110 In this background, the Authority solicits comments of stakeholders on the

following question:
Issues for Consultation

Q27. Keeping i n view the pr adioi Reguations orf | TUOG

coexistence of terrestrial services and space-based communication

services for sharing of same frequency range, do you foresee any

challenges in ensu ring interference -free operation of space -based
communication network and terrestrial networks (i.e., microwave

access (MWA) and microwave backbone (MWB) point to point links)

using the same frequency range in the same geographical area? What

could be the measures to mitigate such challenges? Suggestions may

kindly be made with justification.

H. Spectrum re-use through polarization

3.111 A frequency can be reused by using the principle of orthogonal polarization.
Supposea satellite system usesa bandwidth of B Hz centred on the frequency

fu for the uplink, and B Hz on the frequency fp for the downlink. Using the
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concept of orthogonal polarization, the bandwidth B can be used twice as

illustrated in the following figure .

satellite -J

B = allocated
bandwidth

Figure: Frequency reuse using orthogonal polarization®®

3.112 Similarly, the use of Left- or Right-Hand Circular Polarization (LHCP or RHCP)
allows frequency reuse to the same satellite, since a LHCP and RHCP antenna
reject each ot her 6s signal s. So, for
simultaneous radio frequency (RF links may be used with two different

rotational sense antennas.

3.113 It has been observed that, DoT has assigned the same frequency spectrum

with different polarization for use with the same or different satellite(s).

3.114 In this background, the Authority solicits comments of stakeholders on the

following question:
Issue for Consultation

Q28. In what manner should the practice of assignment of a frequency
range in two polarizations should be taken into account in the present
exercise for assignment and valuation of spectrum? Kindly justify

your response.

2% SourceSatellite Communications Systems Systems, Techniques and Technology, John Wiley & Sons Ltd.
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l. Auction design models

3.115 Through the reference dated 13.09.2021, DoT has requested TRAI to provide
recommendations for auction of spectrum for space-based communication
services. Further, through the letter dated 16.08.2022, DoT has mentioned that
A [tis gnvisaged to auction the Space Spectrum on exclusive basis TRAI may
explore the feasibility and procedure of sharing of auctioned spectrum among
multiple service licensees. TRAI may provide recommendations on sharing of
auctioned frequency bands between satellite networks and terrestrial networks
also, the criteria for sh aring and appropriate interference mitigation techniques
for sharing and coexistence.o Further, through the letter dated 16.08.2022,
DoT has statedthat i/ s/ /i nce t he service providers |
in user link as well as 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

/i nk. o

3.116 Presently, for auction and assignment of frequency spectrum bands for mobile
access services in the country, Simultaneous Multiple Rounds Ascending
Auction (SMRA) methodis being followed. The detailed methodology of SMRA
has been explained in the Notice Inviting Application (NIA) for Auction of
Spectrum in 600 MHz, 700 MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz,
2300 MHz, 2500 MHz, 3300 MHz, and 26 GHz Bandslated 15.06.2022%, Apart
from SMRA, there are some other prevalent auction methodologies for

auctioning resources such as®:

(@) Non-continuous Auctions: First price sealed bid auction and Vickrey
auction i.e., the second best price sealed bid auction, unlike SMRA, these
auctions are non-continuous and generally have one round and are hence

considered to be less competitive than continuous or ascending auctions

30 https://dot.gov.in/sites/default/files/NIA_Version_Dated_15 06_2022.pdf
31 Source: The Economics of Special Markets: Auctions by Leslie R. Fine, Econlib
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because none of the bidders know the prices their competitors are offering
until the winner is selected.
(b) Continuous Auctions:

| Dutch auction, i.e., the reverse auction

i English Auction, i.e., the ascending auctions

1 Penny auction®? in which the time and number of bids in an auction
are limited

1 Combinatorial auction®?® in which participants can place bids on
combinations of di screte heterogene

rather than individual items or continuous quantities.

3.117 It may also be mentioned that presently the auction process for mobile access
spectrum grants exclusive rights to use of frequency spectrum to the allotees
of spectrum. In case the satellite spectrum is to be assigned on an exclusive
basis, the auction and assignment methodology will be similar to that of the

mobile access spectrum beingfollowed currently.

3.118 Before discussing the sharing of satellite spectrum, the four different types of
goods defined in economics®* are categorized based on excludability and rivalry.

The same are illustrated in the figure below:

Excludable Non-Excludable
Private Goods Common Goods
Rivalrous Food, clothes, cars and Fish, timber, coal

other consumer goods

Club Goods Public Goods
Non-Rivalrous Cinemas, private parks, air, national defence
satellite TV

Figure : Type of goods in Economics

32 The 6 Different Types Of Online Auctions, by Joshua Kodner, January,2020
33 Combinatorial Auctions, Peter Cramton, MIT Press
34 The Continua of Excludability and Rivalry by Bryan Caplan
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3.119 As p e rEcondme Theory of Club® by J ame s (195%)%, bhha club n
goods are economic goods that are excludable and have limited rivalry. It
follows then that if the satellite systems are designed to operate on shared
spectrum with low or no rivalry in consumption, the spectrum for satellite-based

communi cations acquires characteristics o

3.120 Regarding exploring the feasibility and procedure for sharing auctioned
spectrum amongst multiple service licensees, the spectrum sharing could be

achieved by following: -

(@) either through an exclusive assignment through auction followed by
mandatory sharing of spectrum with other service providers,
or

(b) by devising appropriate mechanism to ensure that all the successful
bidders get spectrum on a shared basis. In such a scenario, design of the
spectrum auction process will need to suitably reflect the requirement of
sharing of spectrum amongst successful bidders of spectrum. Such an
auction must also take care of the fact that, in case of sharing of spectrum ,
the competitiveness in the bidding process may not be adversely
impacted. Therefore, in such a case, it is important to ensure that suitable
incentives are provided to the bidders to bring competitiveness in the
auction process. Possible ways to achieve the above could be limiting the
number of successful bidders, prescribing the periodicity of the spectrum
auction, incentives to the winners like price discounts etc. At the same
time, it is necessary to analyze their merits/ demerits prior to inclusion in

the auction process.

3.121 As already discussed, spectrum for user links will be required for ubiquitous use
but spectrum for gateway links is required for a specific geography and
therefore, same frequency spectrum can be reused by satellite gateways as

long as they do not cause interference to one another.

35 Buchanan Clubs: Page 265284 (2013), Springer
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3.122 On examination of the international experience on auction of spectrum for
space-based communication services, it has been observed that a few
countries, such as USA, Brazil and Saudi Arabia, have conduatd auctions for
frequency spectrum in the past. USA and Brazil conducted auction of satellite
spectrum along with orbital slots. However, both the countries have reverted
to administrative assignment. Saudi Arabia recently conducted auction of
spectrum in S-band. Since the technical characteristics of Sband are such that
itis assigned on exclusive basisfor MSS auction can be conducted in a manner
similar to the spectrum auction for terrestrial mobile services. Therefore, it can
be inferred that internationally, there is no design model available for auction
of the frequency spectrum in higher frequency bands such as Gband, Ku band,

and Ka band, which are sharable among multiple service providers.

3.123 In view of the above, there may be a need to look for new methods to assign
frequency spectrum for space-based communication services. The Authority is
undertaking the exercise for assignment of spectrum for space-based
communication services through a market mechanism for the first time and
there is no international experience in auction of space spectrum on the matter

except few cases where orbital slots along with spectrum have been auctioned.

3.124 Prior to discussing the auction models, it is worth reiterating certain basics of
an auction such as the Reserve Price (RP), Auction Determined Pice (ADP) and
the possible relation between ADP and RP. Since the reserve price acts as a
bare minimum price at which the auction starts, the auction determined price
can never be less than the reserve price, thereby ruling out the possibility of

ADP < RP It is safe to list out, the following possible outcomes of an auction:
a) ADP =RP
b) ADP> RP

ADPT RP = a, wher e a (i®,;itcdnnot k& detetminedh ast i ¢

beforehand)
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3.125 It is worth mentioning that the outcome of an auction, i.e., whether ADP is
equal to or greater than RP cannot be predicted beforehand (ex-ante) as the
same depends upon the bidderdéds behaviour
Moreover, the value of -deteimgmistis, beforelands t i ¢ i
However every auction process must be fair®, i.e. rules of the auction shall be
transparently, fully and accurately described and it must be efficient in ensuring

price discovery through competitive bidding.

3.126 Based on the discussions held with stakeholders, details available in public
domain, and the existing spectrum auction method used by the DoT, a few
design models are being put forward for soliciting comments of stakeholder s
on the suggested models. However, stakeholders are requested to suggest
other suitable models, for each type of services, which may be considered by
the Authority.

Suggested design models for auction of spectrum for User link s in _higher
bands such as C band, Ku band and Ka band

(1)  Auction design model # 1. SMRA?® auction design with

exclusive spectrum assignment

3.127 One of the possible auction design model could involve spectrum assignment
on exclusive basis wherein satellite spectrum bands, excluding the spectrum
range which will be decided to be permitted with flexible use, can be split into
a number of blocks basis total bandwidth available and bandwidth requirement
for each class of services. Spectrum cap can be defined in terms of number of
blocks. Satellite spectrum may be auctioned in blocks in a manner similar to the

auction of IMT spectrum with spectrum cap.

3.128 Suppose 2 GHz of spectrum is available in a frequency band. This spectrum
may be divided into 40 blocks of 50 MHz each For illustration, a cap of 500

MHz may be fixed in such an assignment i.e., no bidder may obtain more than

36 Law of Auctions : Stimmel Law
37 SMRA is an acronym of Simultaneous Multiple Round Ascending. At present, the Government follows SMRA
model for auction of spectrum for terrestrial access spectrum.
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500 MHz spectrum in this frequency band. Market price will be determined if

there are more than four bidders, who bid upto the spectrum cap.

3.129 However, in order to make this model work without disturbing the satellite

communication ecosystem, some additional conditions may have to be put in

place, as described below:

a) ITU framework permits sharing of frequency spectrum among multiple

b)

d)

satellite systems and any reduction in frequency spectrum for a satellite
system may reduce its serving capacity. Therefore, intra-band spectrum
sharing may be mandated among licensees who have acquired spectrum
upto the prescribed spectrum cap. The additional (shared) spectrum will

not be counted for the purpose of spectrum cap.

In case entire frequency spectrum in a frequency band is sold in an auction
process, and subsequently a new entrant intends to provide space-based
communication services in the country, some provisions could be created,

which have already been discussed in the para 3.48.

In case there is some unsold / available spectrum in a frequency band and
a new entrant intends to provide space-based communication services,
then the new entrant will have to take part in the periodical auction to

become eligible to share spectrum with existing players.

In case (i) entire spectrum in a band could not be sold in an auction, (ii)
the successful bidders were not permitted to acquire more spectrum
because of spectrum cap, but (iii) they need to use the entire frequency
band to make optimal use of the satellite capacity, such successful bidders
will be permitted to use the unsold spectrum at a price = (Auction
Determined Price per MHz of the frequency band * Quantum of the unsold

spectrum)/ N, where N is the number of bidders interested in using unsold

spectrum on shared basis.
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(2) Auction design Model # 2: Auction design model based on non -
exclusive spectrum assignment for higher bands  (such as C band, Ku

band and Ka band) to limited bidders

3.130 In the existing technological scenario, the major distinction between satellite
spectrum in higher frequency bands and IMT spectrum is that the satellite
spectrum usage is non-rivalrous in nature, thus this spectrum can be shared

amongst multiple users.

3.131 Although spectrum, such as access spectrum as a resource has a composite
demand since various sectors of the economy attach high utility/ value to it,

thus making spectrum an essential scarce natural resource.

3.132 However, satellite spectrum due to its characteristics of being amenable to non-
rivalrous usage makes it relatively abundant in nature and due to this

abundance, auction may not reflect its true value.

3.133 Thishas beensupportedbyt he AParadox of valwueoial so Kk
Water Paradox introduced by economist Adam Smith®®. The paradox lies in the
fact that water which is essential to life and has high utility is priced lower
compared to non-essential commodity such asdiamonds.The economics behind
the paradox can be explained vide the concepts of marginal utility and scarcity

as done by economist William Stanley Jevons®.

3.134 There tends to be an inverse relationship between marginal utility and supply.
i.e. goods that are scarce in supply tend to have a higher additional utility and

vice-versa for abundant goods.

3.135 Thus, in order to reflect true value of satellite spectrum, the auction
design/model should create some sort of scarcity in case where supply is non-

rivalrous and shareable, this can be achieved by introducing some mechanisms

38 Doctoring Adam Smith: The Fable of the Diamonds and Water Paradox, Michael V. White History of
Political Economy ,Duke University Press ,Volume 34, Number 4, Winter 2002 pp. 659683

39The Theory of Political Economy- W. Stanley Jevons
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such as limiting the number of successful bidders, specifying the periodicity of

auctions etc. these are explained below.
Assume Total spectrum = T, divided into t blocks
Let T=100 MHz, t= 10 and Block size =10 MHz
Assume reserve price per Block = Rs P1 crore

Let n be the existing number of service providers/licensees,andn+ § ( wher e

w

g > b6 the maximum number of bidders to whom spectrum will be assigned

Assume n=3 and § =1, thus spectrum can be assigned to maximum 4 bidders

(i.,e. n+ g )and assuming that 6 bidders participated in auction for a block t.

Bidders Round 1 Round 2 Round 3 Price paid
by each
bidder
(Rs crore)

Clock round P1 P2 P3 P2 =Winning

price price (Second

(Rs crore) best price
auction)

Bidder 1 V \% \% P2

Bidder 2 v v v P2

Bidder 3 v v v P2

Bidder 4 v v v P2

Bidder 5 \% \% X -

Bidder 6 Vv X X -

3.136 As stated above, the satellite spectrum is non-rivalrous in nature, i.e., the use

of the same spectrum by one user does not cause any significant negative
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3.137

3.138

3.139

3.140

externality® on the utility of another user, that is, considering the above
example though the block size of say
(Maximum), however each user will have access to full 10 MHz of spectrum.
Hence, it is rational that even though th e spectrum will be shared amongst

multiple users, each user must pay the full price for the spectrum.

In the above model, four successful highest bidders acquire spectrum and two
are excluded. The two excluded bidders cannot seek spectrum from other
successful bidders and can only acquire spectrum in next auction, which will be

conducted after (say) 5 years.

However, i f the number of successful b
left out/ unsuccessful bidder(s) later on modifies his valuation and expres ses
his willingness to acquire spectrum, he may be given spectrum only at an
auction price discovered by the successful bidders, only on the condition that
the maximum number of bidders to whom spectrum is assigned should not

w

exceed n+ g§.

The merit of thi s model is that the fear of getting excluded may drive incentives
of the bidders to bid close to their true valuation, leading to efficient price

discovery. Moreover, this model will exhibit inbuilt sharing of spectrum amongst
successful bidders, which wil enable sharing of higher frequency bands leading

to efficient utilization of spectrum in these bands.

In this background, the Authority solicits comments of stakeholders on the

following:

Issues for Consultation

Q29.

What could be the likely issues, that may arise, if the following
auction design models (described in para 3 .127 to 3.139) are
implemented for assignment of spectrum for user links in higher
bands ( such as C band, Ku band and Ka band) ?

40The Theory of Externalities, Public Goods, and Club Goods, Richard CodueSandler - 1996
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a. Model #1: Exclusive spectrum assignment

b. Model# 2: Auction design model based on non -exclusive spectrum
assignmentto only a limited number of bidders.

What changes should be made in the above models to mitigate any

possible issues , including ways and means to ensure competitive

bidding? Response on each model may kindly be made with

justification.

Q30. In your opinion, which of the two models mentioned in Question 29

above , should be used? Kindly justify your response.

Q31. In case it is decided to assign spectrum for user links using model #
2ie.,non -exclusive spectrum assignment to |
then what should be -
@ the wvalwue of g, in case it is decide
auction for all  services
(o) the values of g, in case it is decided
for each type of service

Please provide detailed justification.

Q32. Kindly suggest any other auction design model(s) for user links
including the terms and conditions? Kindly pro vide a detailed
response with justification as to how it will satisfy the requirement of

fair auction i.e. , market discovery of price.

Assignment of s pectrum for Gateway Links

3.141 Gateway links require large quantum of spectrum for both uplink and downlink.

In its letter 16.08.2022, DoT has mentioned that entire band can be used by
NGSO FSS networks.
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3.142

3.143

3.144

As mentioned earlier, the number of satellite gateways required in case of
NGSO satellite constellations vary depending on the altitude of the NGSO
satellite constellation and the capacity requirement to meet the customer
demand. In case of GSO satellites, the number of earth station gateways
required could vary depending on the beam size. For instance, if a GSO satellite
is using a wide beam covering the entire nation, the satellite operator may
decide to have one of two earth station gateways; however, in case a GSO
satellite is a HTS using spot beams, the number of earth stations required to

be put in place in the country may be more.

Suggeste d spectrum assignment  options for gateway links

Option # 1. Area specific assignment of gateway spectrum on

administrative basis

Spectrum for satellite gateway links is required to be assigned for specific
geographical location. Therefore, one option could be that assignment of
spectrum for gateway links be made on administrative basis for use in specific
geographical area, and possibly auction determined price for user links in a
band could be used as a basis for charging for spectrum for gateway links in

that spectrum band.

Option # 2: Assignment of gateway spectrum through auction for

identified areas / regions/ districts

While deciding the location of the satellite gateways, factors such as land with
clear visibility, cost of land, site having fiber connectivity, power supply,
favourable climate, etc., play a major role. For this reason, there could be
interest from multiple service providers to deploy satellite gateway at a
particular location. During the preparatory discussions with stakeholders, it was
suggested that for auction of spectrum for gateway links, it is possible to

identify certain areas which are suitable for deployment of gateways.
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Competitive bidding may be envisaged among service providers for deployment
of satellite gateways at such specific aread regions/ districts . However, counter
argument could be that separate auction of identified locations could result in
a situation where a service licensee who has acquired spectrum for user links
through auction, may not be able to acquire spectrum at the desired location(s)

for gateway links.

3.145 In this background, the Authority solicits comments of stakeholders on the

following set of questions:

Issues for Consultation

Q33.

Q34.

Q35.

Q36.

What could be the likely issues, that may arise, if Option # 1: (Area
specific assignment of gateway spectrum on administrative basis ) is
implemented for assignment of spectrum for gateway links? What
changes could be made in the proposed opt ion to mitigate any

possible issues?

What could be the likely issues, that may arise, if Option # 2
Assignment of gateway spectrum through auction for identified

areas/ regions/ districts is implemented for assignment of spectrum

for gateway links?  What changes could be made in the proposed
option to mitigate any possible issues ? In what manner, areas/

regions/ districts  should be identified?

In your view, which spectrum assignment option for gateway links

should be implemented? Kindly justify your response.

Kindly suggest any other auction design model(s) for gateway links
including the terms and condi tions? Kindly provide a detailed
response with justification as to how it will satisfy the requirement of

fair auction i.e. , market discovery of price?
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J. Any other relevant issues

3.146 As already mentioned, the Authority is undertaking the exercise for assignment
of spectrum for space-based communication services through a market
mechanism for the first time. There is not sufficient international experience
available on the matter. There might be certain other issues, which may be
required to be examined, but have not been covered in the above sections in
this consultation paper. Therefore, for any other issues that might not have
been covered in the above sections, the stakeholders are requested to provide

their valuable inputs with detailed justificatio n.

Issue for Consultation

Q37. Any other issues/suggestions relevant to the subject, may be

submitted with proper explanation and justification.

3.147 The following chapter examines the issues related to valuation of spectrum for

space-based communication services.
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4.1

4.2

4.3

CHAPTER-IV: EXAMINATION OF ISSUES RELATED TO VALUATION OF

SPECTRUM FOR SPACEBASED COMMUNIC ATION SERVICES

In chapter VII, Article 44 of the constitution of the International
Telecommunication Union (ITU), dealing with the 'Use of the Radio-Frequency
Spectrum and of the Geostationary-Satellite and Other Satellite Orbits', it has
been mentioned that radio freque ncies and any associated orbits, including the
geostationary satellite orbit, are limited natural resources and that they must be
used rationally, efficiently and economically, in conformity with the provisions of
the Radio Regulation. It therefore follows that an optimal allocation and spectrum
charging mechanism must be designed for the assignment of satellite

frequencies to enable pareto efficiency41l in the utilization of these frequencies.

Spectrum Charging Mechanism

DoT vide its reference dated 13.09.2021 has requested TRAI, along with other
aspects, to provide recommendations on applicable reserve price and other
associated conditions of auction of spectrum for space-based communication
services. Further, DoT vide letter dated 16.08.2022 mentioned that the spectrum

for space-based communications services is presently being assigned through
administrative mechanism with formula-based charging for some applications

and percentage of AGRbased charging for others.

The spectrum charges for assignment of frequencies are being levied as per

DoT6s administrative o0Frld0d4/34/200%RPyIDdhted i d e
22nd March 2012 as attached at Annexure | V.t o t he DoT6s

16.08.2022, which inter alia states that:

41 pareto efficiency refers to allocating resources in such a way that it is not possible to improve one individual's
lot without impairing the lot of at least one other individual. The concept is named after Italian economist, Vilfredo
Pareto. Pareto efficiency originated from Pareto's study income distribution and economic efficiency; Welfare
economics and the scope of markets, Cambridge University Press, June, 2012
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ne. . Royalty charges for Assignments of Fregq
charged on formula basis) including all Government Users, involving all Satellite
based systems (i.e. Broadcasting, Radio, Television, DSNG etc.; and ii. Other

networks: ILD, INMARSAT, NLD, Teleport, VSAT etc.).
é.
The Standard Annual Royalty Factor shall be Rs. 35,000/ p er Frequency. O

4.4 As per the said order, the Annual Royalty payable is calculated, as briefly given

below:
Royalty, R (in Rs.) = 35000 x Bs;
where (Bs) is the Bandwidth Factor for Satellite Communications

4.5 Further, for commercial VSAT networks, the spectrum charges are being levied
as a percentage of Adjusted Gross Revenue (AGR), based on data rate range as
per DoT6s ¢11014/20014 R dated16™ ARril 2003. DoT vide its letter
dated 16.08.2022 has mentioned that this order is under revision, where the
percentage AGR basis charging has been retained but a uniform rate of charging
is proposed. The Authority, in the past has recommended that spectrum usage

charges in respect of commercial VSAT services should be kept at 1% of AGR.

46 The Authority in its recommendations on f
Charges for provision of Satellite based Services using Gateway installed in India

under 'sui-gene r i s categoryo dated 27th December
spectrum charges should be levied at 1% of the AGR of BSNL's satellitebased
services under 'suigeneris' category. These recommendations have been
accepted by the Government and the spectrum charges for BSNL's satellite
based services under 'sutgeneris' category has been prescribed as 1% of the

AGR vide DoTd6s order dated 28.06.2021.

4.7 As an interim measure, DoT vide its order dated 17.01.2023, has continued

frequency assignment for satellite-based applications (incl. DTH, Teleport, DSNG,
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VSAT, NLD, ILD, INMARSAT) on administrative basis for a period of six months

w.e.f. 13.1.2023, subject to the conditions reproduced below: -

/ The all ot ment of spectrum | S prloVvisi ol

on allotment & pricing of spectrum,

1. In the event of final decision to allot spectrum only through auction

process, the provisional allotment of spectrum shall be withdrawn,

1. In case the provisional allotment of spectrum is withdrawn, payment

made towards spectrum charges or part thereof shall not be refunded;
eeéeé.

V. The respective wireless users would be required to give an undertaking
to pay the revised spectrum charges, as finally determined through market
related mechanism or otherwise as may be applicable, from the date of Letter

of Intent (Lol) for provisional allotment of spectrum.

3.1. Upon shift/ change in policy from administrative allotment, due notice of
3 months of such change, time to make appropriate arrangements, etc. will be

given and the same has to be complied wit

48 DoT vide its reference dated 13.09.2021 a
on applicable reserve price of spectrum to be auctioned and associated
conditions for space-based communication services. In the previous chapter,
issues relating to assignment of spectrum for space-based communication
services have been raised for soliciting comments of stakeholders. In case the
stakeholders are of the opinion that administrative assignment should be
continued, the question arises as to what should be the spectrum charging

mechanism.

4.9 In this background, the Authority solicits comments of stakeholders on the

following:
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Issues for Consultation

Q38. In case it is decided for assignment of spectrum on administrative
basis, what should be the spectrum charging mechanism for
assignment of spectrum for space -based communications services

i. For User Link

ii. For Gateway Link

Please support your answer with deta iled justification.

Valuation of frequency bands
4.10 DoT, vide its letter dated 16.08.2022 stated that:

1. ATRAI can consider following frequency bands for providing recommendations with

respect to space based communications services.

L 10.7- 12.75 GHz(space to Earth)
1. 12.75-13.25 GHz (Earth-to-space)
. 13.75- 14.5 GHz (Earth-to-space)
. 17.7-18.6 GHz (space fto Earth) [17.7- 18.4 Is used for earth to space
alsoj
v. 18.8-19.3 GHz (space to Earth)
vi. 19.3-19.7 GHz (space to Earth)
vii.  19.7-21.2 GHz (space to Earth)
vil.  27.5-29.5 GHz (Eartfrto-space) [27.5-28.5 has been identified for
implementation of IMT in Indiaj
x. 29.5- 31 GHz (Eartfrto-space)

2. TRAI can however provide recommendations for other frequency bands also.o

4.11 DoT, through the letter dated 16.12.2022, conveyed that TRAI may provide

suitable recommendations for each of the space-based communication services
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4.12

after detailed examination. Hence, for the purpose of valuation, 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. As already discussed in detail at para 2.16 of this Consultation Paper, the
popular frequency bands used for providing space-based communication services

are as follows:

(@) L-band: ranging from 1 GHz to 2 GHz
(b) S-band: ranging from 2 GHz to 4 GHz
(c) C-band: ranging from 4 GHz to 8 GHz
(d) Ku-band: ranging from 10 GHz to 15 GHz

(e) Ka-band: ranging from 17 GHz to 31 GHz

The Authority for the purpose of valuation of spectrum bands and fixation of
reserve price for IMT services has used various technofinancial modelling
exercises such as production function model, producer surplus model, multiple
regression model, trend line method etc. These models relied on extensive
datasets consisting of certain market parameters, financial parameters related to
the particular band, existing spectrum holding of the particular band, past
auction prices etc. However, in case of the satellite-based communication
spectrum bands, there is no historical auction data available to conduct
comparative analysis involving auction determined prices in India or using
valuation models involving data related to the spectrum bands. Thus, the
Authority intend to explore following alternative approaches for valuation of the

satellite-based communication spectrum bands:

Technical/Spectral efficiency approach
Using current spectrum charges as a basis

Use of Revenue Surpus model

= =_ =4 -4

Use of International benchmarking
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4.13 Technical/Spectral efficiency approach

Q309.

Q40.

Q41.

1 An alternative approach for valuation of these bands could be based on

comparative values that can be achieved by using relative spectral
efficiency approach where characteristics like capacity of a particular band
can be compared with the same characteristics of another spectrum band
and a spectral efficiency factor can be derived as a ratio.

However, it may be noted that spectral efficiency factor is available only
with respect to IMT/5G. It can be explored if the _same can be utilized as
a basis for valuation of satellite spectrum bands.

Moreover, the auction determined prices of mmWave bands as well as G
band for IMT/5G, across all the 22 licensed service areas isavailable from
the recently concluded August 2022 IMT/5G auctions., it can be explored
whether these prices can be used as a basis for valuation of satellite

spectrum bands.

Should the auction determined prices of spectrum bands for IMT /5G

services be u sed as a basis for valuation of space -based

communication spectrum bands

For user link

For gateway link

Please support your answer with detailed justification.

If response to the above question is yes, please specify the detailed

methodology t o be used in this regard?

Whether the value of space  -based communication spectrum bands

i. For user link

il For gateway link
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4.14

Q42.

4.15

be derived by relating it to the value of other bands by using a spectral
efficiency factor? If yes, with which spectrum bands should these
bands be related to and what efficiency factor or formula should be

used? Please support your response with detailed justification.

Using Current Spectrum Charges as a basis

1 As stated in para 4.3 to 4.5, that presently spectrum for satellite -based
services is assigned administratively and spectrum charges are levied
either on a formula basis or as a percentage of AGR.

1 It can be explored that the current spectrum charges being paid by
operators in each type of satellite service may be used as a basis for

valuation of spectrum for each type of service.

In case of an auction,  should the current method of levying spectrum
fees/charges for satellite spectrum bands on formula basis/ AGR
basis as followed by DoT, serve as a basis for the purpose of valuation
of satellite spectrum

i. For user link

ii. For gateway link

If yes, pl ease specify in detail what methodology may be used in this

regard.

Use of Revenue Surplus model

The revenue surplus model was used by the Authority in its Recommendations

on O6Auction of Spectrum in fré&quency

This model is primarily based on financial parameters, spectrum holdings etc.

The model for valuation of spectrum is premised on the assumption that the net

42 https:/ftrai.gov.in/sites/default/files/Recommendations_11042022.pdf
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present value (NPV) of the projected revenue surplus over the next 20 years
could potentially repre sent the maximum amount which a service provider would
be willing to pay for additional spectrum in that band. The detailed explanation

of this model has been given at Annexure 3.4 of above Recommendations.

Q43. Should revenue surplus model be used for the va luation of space -
based spectrum bands
I. For user link

il. For gateway link

Please support your answer with detailed justification.

4.16 Use of International benchmarking

Using some other alternative approaches such as international benchmarking can
also be explored for these bands. The international spectrum charges/price can
serve as a basis for valuation of satellite spectrum bands. For this, it might be
useful to obtain insights regarding the assignment and spectrum pricing
mechanism followed internationally. The following paras deals with the
assignment and spectrum charging mechanism being followed in some of the

other countries: -

A. Satellite Bands in Canada 43

1 Satellite spectrum licences for Fixed-Satellite Service (FSS) and
Broadcasting-Satellite Service (BSS) are typically issued for a term of 20

years. The fee is payable on an annual basis.

43 https://lwww.ic.gc.cdeic/site/smt-gst.nsf/eng/h_sf01713.html
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1 The annual radio authorization fee of $137.86 per megahertz (MHz) is

imposed to authorize the use of FSS and BSSspectrum.

1 The annual radio authorization fee of $620.39 per 100 kHz, or portion
thereof is imposed for assigned spectrum to provide mobile satellite

services for above 1GHz spectrum

1 The annual radio authorization fee is $1309.71 per 100 kHz, or portion
thereof, is imposed for assigned radio spectrum for the use of radio

frequency bands below 1 GHzto provide mobile satellite services
B. Satellite Bands in Europe and UK: 44

1 Annual license fee is currently applied to the licence products for permanent
and transportable earth stations and VSATSs. The licence fees are based on
algorithms incorporating the bandwidth to which access is authorised, the
peak transmit power and a numb er of modifiers used to capture aspects of
satellite operation that might affect the spectrum access denied to other

userst®

1 Annual license fee for a permanent earth station is £ 200 and for earth

station(Non-Fixed Satellite Service) is £ 500

1 The Satellte (earth station network) T for NGSO license authorizes the use
of NGSO user terminals. Annual license fee of £200 is charged for a NGSO

Network(user terminal) licence.
1 Satellite (Transportable Earth Station) licence fees

The appropriate sum is the amount in pounds payable for each earth station

operating in one of the bands specified in Columns 2, 3 or 4 of the table

44

https://www.esa.int/Applications/Telecommunications_Integrated_Applications/Satellite_frequ
ency_bands

45 https://www.ofcom.org.uk/__data/assets/pdf_file/0010/50014/spec_pricing.pdf

46 https://www.ofcom.org.uk/__datdassets/pdf_file/0020/27461/fees.pdf
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below as determined by the range of p specified in Column 1 of the same

table.

A OMPO

Maximum

means t

he

number

Power (in Watts) as declared by the licensee;

1

po

A WB Wo
bandwidth (in

means t

means t

he

he

MHz) as declared by the licensee.

product

of

number

Annual Fees - Transporta ble Earth Station

cor r e Opge@tiomhi n g

OMP mul tiplied

corresponding

Column 1: Range Column 2: Fee Column 3: Fee Column 2: Fee per earth
of p per earth station in | per earth station in station in the bands
the band 5.925 - the band 13.78 - 27.5-27.8185 GHz,
7.075 GHz 14.5 GHz 28.4545 -28.8265 GHz,
29.4625 -30 GHz
0 < p O £ 500 £ 300 £ 200
100 < p ( £ 2,400 £ 1,400 £ 800
P > 2,500 £ 7,400 £ 4,300 £ 2,600

Allocation and charging mechanism of satellite spectrum bands in

USA47 48

1 Applications may be filed by going online at licensing.fcc.gov/myibfs and

submitting the application through the International Bureau Filing System

(IBES).

47 https:/lwww.ecfr.gov/current/title-47/chapterl/subchapterB/part-25
48 https://en.wikipedia.org/wiki/Ku_band
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T

The bands are assigned through a licensing procedure. License applications
must be filed electronically on FCC Form 312 in accordance with the

applicable provisions.

An applicant must pay the appropriate filing fee in accordance with part 1,
subpart G, at the time when it files a FCC Form 312.

Annual regulatory fee for VSAT and Equivalent GBand Antennas operating
inthe 12 and 14 GHz is $595 per license or authorization, and $595 for each

associated Hub Station4®

Satellite Bands in Brazil %°

According to the relevant ANATEL regulations, the operation of satellites in
and from Brazil must be carried out exclusively through the frequency bands
specifically allocated to satellite services compatible with Brazilian

telecommunications services (e.g., Kaband, Ku-band).

The operation of satellites associated with fixed satellite, mobile satellite and
broadcasting satellite services is subject to a satellite landing right
authorisation, which grants operators the right to use specific spectrum and
orbital positions to perform satellite communications and to provide satellite

capacity to interested third parties

The Satellite Landing Right is granted for a period of up to 15 (fifteen) years

and can be renewed once?!

Anatel conducts a bidding process for conferring the Landing Right, which will

have as its object an authorization for satellite telecommunication and for the

49 https://docs.fcc.gov/public/attachments/DOB75657A1.docx
50 https://www.lexology.com/library/detail.aspx?g=d4e8682&e -4ed9%a7c¢933f03d0f02c12
51 https://lwww.gov.br/anatel/pt-br/regulado/satellite/procesdor-grantingsatellite-landing
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https://www.ecfr.gov/current/title-47/part-1/subpart-G

provision of satellite capacity over the Brazilian territory, with orbit and

spectrum resources associated with a Brazilian satellite network.

4.17 In the above countries, the spectrum is allotted through a non -auction based
administrative procedure. Even in Brazil though satellite landing right is assigned
through bidding, but the spectrum to be used for satellite services is not
auctioned separately. As per media reports, countries like the US, Mexico, and
Brazil had attempted to sell frequencies for satellite usage but eventually did not

succeed and at last resorted to administrative licensing®2.

4.18 It may be noted that recently, the Communications and Information Technology
Commission (CITC) of Saudi Arabia conducted an auction for spectrum in the
2100MHz band for Non-Terrestrial Networks (NTN) technologies in November
2022. The spectrum will be used for various NTN technologies such as 5Gnon-
terrestrial networks (5G-NTN), mobile satellite services (MSS), internet on
airplane (A2G), and internet of things via satellte (MSS-l o T) . CI TCb6s awar
MHz paired spectrum in range 1980MHz2010MHz/2170MHz2200MHz.
Spectrum was divided into 2 blocks of 15 MHz each. Both the blocks were

acquired by Saudi telecom Company after 32 rounds of bidding.>3

4.19 The 2 blocks were as follows;

Block Frequencies
Al (technology neutral) 19807 1995 MHz /21707 2185 MHz
A2 (MSS) 199571 2010 MHz /21851 2200 MHz

Block A2 is limited initially to the provision of Mobile Satellite Services (MSS). The
winner of Block A2 may subsequently apply for an upgrade of its license to authorise

the use of terrestrial technologies.

52 https://ww w.telecomreview.com/articles/reportand-coverage/6116aboveandbeyond
satellitespectrumand-spacebasedinternet

53 https://www.techafricanews.com/2022/12/08/stavins-the-spectrumauctiorin-the-
2100mhzbandfor-non-terrestriaknetworks/
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4.20 The reserve price of the blocks were as follows:5

Block Reserve price (in SAR)
(11 Year Validity)
Al (technology neutral) 396,000,000
A2 (MSS) 14,300,000 (For MSS Only)
Annual Upgrade Fee-34,700,000

Q44. Whether international benchmarking by comparing the auction
determined prices of countries where auctions have been concluded
for space -based communication services, if any, be used for arriving

at the value of space -based communication spectrum bands:
i. For user link
il For gateway link

If yes, what methodology should be followed in this regard? Please
give country -wise details of auctions including the spectrum band
/quantity put to auction, quantity bid, reserve price, auction
determined price etc. Please support your response with detailed

justifi cation.

Q45. Should the international administrative spectrum charges/fees serve
as a basis/technique for the purpose of valuation in the case of

satellite spectrum bands
I. For user link

il. For gateway link

54 Spectrum Auctin of 2100 MHz Radio Licenses for N@restrial Networks: Information memorandum CITC
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Q46.

Q47.

Please give country -wise details of administrative price being
charged for each spectrum band. Please specify in detail terms and

conditions in this regard.

If the answer to above question is yes, should the administrative
spectrum charges/fees be normalized for cross country differences?
If yes, please speci fy in detail the methodology to be used in this

regard?

Apart from the approaches highlighted above which other valuation
approaches can be adopted for the valuation of space -based
communication spectrum bands? Please support your suggestions

with detaile d methodology, related assumptions and other relevant

factors.

4.21 It may be noted that the afore -mentioned valuation approaches can be used for

arriving at the valuation of satellite -based spectrum; irrespective whether it is
used for user link or gateway link. However as cited in para 3.88 to 3.90 of this
Consultation Paper, frequency spectrum for user links may be required in a
ubiquitous manner to fulfil the user requirement, which may be comparable to

the access spectrum in mobile services but spectrum for gateway links is required
for a specific geography and therefore, same frequency spectrum can be reused
by satellite gateways as long as they do not cause interference to one another.
Thus, it is to be decided that whether the arrived valuation of satellite spectrum
to be used for gateway links need to be adjusted on a p ro-rata basis, considering

the specific geography to which the spectrum will be used.

Issue for Consultation

Q48. Should the valuation arrived for spectrum for user link be used for

valuation for spectrum for gateway links as well? Please justify.
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Q49.

4.22

Q50.

Q51.

If the answer to the above is no, what should be the basis for
distinction as well as the methodology that may be used for arriving
at the valuation of satellite spectrum for gateway links? Please

provide detailed justification.

Further, the Authority, since September 2013, has taken a consistent view that
instead of depending on the valuation arrived at using any single approach, it
would be better to rely on a number of such approaches to arrive at a final

reasonable valuation and then determine reserve price based on such valuation.
Accordingly, the Authority has been using various approaches to arrive at the
valuation of different spectrums bands and to determine the reserve price of
different spectrum bands for the auction of various bands of spectrum from tim e
to time. All of these valuation approaches have their merits as well as demerits
and it would be appropriate to rely on a number of such approaches to arrive at

a final reasonable valuation rather than depending on the valuation arrived at
using any one approach. The Authority in its spectrum valuation exercises has
used probabilistic average valuation (simple mean) of the valuations obtained
through the different approaches attempted for valuation of a particular

spectrum band. Taking into account the principle of equal probability of
occurrence of each valuation, will it be appropriate to take the average valuation
(simple mean) of the valuations obtained through the different approaches
attempted for valuation of a particular spectrum band, as adopted by the
Authority since September 2013 recommendations or some other methodology

be used for valuation exercise.

Whether the value arrived at by using any single valuation approach
for a particular spectrum band should be taken as the appropriate
value of that band? If yes, please suggest which single approach/
method should be used. Please support your answer with detailed

justification.

In case your response to the above question is negative, will it be

appropriate to take the average valuation (simple me an) of the
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valuations obtained through the different approaches attempted for
valuation of a particular spectrum band, or some other approach like
taking weighted mean, median etc. should be followed? Please

support your answer with detailed justification.

Reserve price estimation

4.23 For arriving at the reserve prices, the Authority in its recommendation dated

11.04.2022 had primarily set reserve price equal to 70% of the mean of value

the spectrum derived from all possible approaches.

4.24 Areserve price is the starting point for an ascending price auction and bidding is

4.25

4.26

4.27

the means to true price discovery. It ensures a minimum guaranteed amount for
the owner/ seller of goods and prevents excessive bargaining in the auction
process. The reserve price set at too low level is inefficient in deterring collusion
and if set at a too high level it can negatively impact participation in the auction.

Thus, to ensure efficiency of the auction process, setting of reserve price at an
optimal level is a prerequisite. Accordingly, various aspects of the satellite
spectrum bands assignment must be examined before arriving at the reserve

price.

As cited in para 3.83 above that the demand side of the spectrum meant for
space-based communication services will be generated by operators providing
distinct services with different market and financial parameters, and if separate
auctions are to be held, it is to be decided further what should the reserve price

for each of these class of services.

Moreover, if the spectrum for space-based communication services is to be
assigned on a shared basis it is to be decided whether the reserve price also

needs to be adjusted for the same.

Accordingly, the following questions arise for consultation:
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Issues for consultation

Q52.

Q53.

Should the reserve price  for spectrum for user link and gateway link
be taken as 70% of the valuation of spectrum for shared as well as

for exclusive assignment? If not, then what ratio should be adopted
between the reserve price fo  r the auction and the valuation of the
spectrum in different spectrum bands in case of (i) exclusive (ii)
shared assignment and why? Please support your answer with

detailed justification.

If it is decided to conduct separate auctions for different class of
services, should reserve price for the auction of spectrum for each

service class be distinct? If yes, on what parameter basis such as
revenue, subscriber base etc. this distinction be made? Please
support your answer with detailed justification for ea ch class of

service.

Payment Terms for spectrum assignment

4.28 Presently, as discussed atpara 4.3 to 4.7 above, the spectrum for space-based

communication services is being assignment on administrative basis and

spectrum charges are being paid on annual basis.

4.29 However, in case of auctioned spectrum, as in IMT/5G services, the following

payment terms have been prescribed as per Notice Inviting Applications (NIA)

2022. The same have been briefly discussed below: -
1. Upfront Payments

As per NIA dated 15" J u n e, 2022 for O6Auction of
MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz, 3300
MHz, and 26 GHz Bands, provides option of part upfront payment. It states

that:
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Where part upfront payment has been made, which can be a multiple of
complete years with a minimum of two years, the buyer shall have the option
of avalling moratorium  for the corresponding number of years for which the

upfront payment has been made

An upfront payment of 50% was fixed in the case of 1800 MHz, 2100 MHz,
2300 MHz & 2500 MHz bands. in the NIA of 2021 & 2016. However, for the
preceding years (viz. the years 2015, 2013 and 2012), the upfront payment
rate in case of above 1 GHz spectrum bands was fixed at 33%. On the other
hand, in case of sub-1 GHz bands viz. 700 MHz, 800 MHz and 900 MHz, the
upfront payment rate was fixed at 25% and upfront payment criteria remained

consistent in earlier NIAs also.
2. Prepayment option
As per prepayment option given in the NIA 2022: -

i P 1pa@ment of one or more instalments will be allowed on any date, based
upon the principle that the NPV of the due amount is protected at the applicable

i nterest rate. o
3. No. of instalments

As per NIA 2022, for the case of deferred payments, the balance amount shall
be payable in equal annual instalments over the remaining period, payable in
advance at the beginning of each year, after the period of moratorium if any,

duly protecting the Net Present Value (NPV) of the bid amount at the applicable

rate of interest.
4. Rate of Disoount

As per NIA 2022, a rate of discount of 7.2% was fixed in case if
prepayment/deferred payment option was used, to ensure that the net present

value of payment/ bid amount is protected.
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4.30 In this regard, the following questions arise for consultation: -
Issues for consultation

Q54. In case of auction based and/or administrative assignment of
spectrum, what should the payment terms and associated conditions
for the assignment of spectrum for space -based communication

services relating to:

i. Upfront payment

ii. Moratorium period

iii. Total number of installments to recover deferred payments

iv. Rate of discount in respect of deferred payment and prepayment

Please support your answer with detailed justification.

4.31 The following chapter lists the issues for consultation.
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CHAPTER- V: ISSUES FOR CONSULTATION

Stakeholders are requested to provide responses to the following questions with

detailed justifications:

Q1.

Q2.

For space -based communication services, what are the appropriate
frequency bands for (a) gateway links and (b) user links, that should

be considered under this consultation process for different types of
licensed telecommunications and broadcasting service s? Kindly

justify your response with relevant details.

What quantum of spectrum for (a) gateway links and (b) user links in
the appropriate  frequency bands is required to meet the demand of
space -based communication services? Information on present

demand and likely demand after about five years may kindly be

provided in two separate tables as per the proforma given below:
Type of Name of [Type of | Frequency range and quantum of spectrum required
service the [satellit
satellite e User Link User Link Gateway Gateway
system | (GSO/ (Earth to (Space to Link Link
LEO/ space UL) Earth DL) (Earth to (Space to
MEO) space UL) Earth DL)

(&) (&) () Q
(@] (@] (@] (o))
Sl eS8 |lc~ |5 |e~|8 g~
>|2%| 3|2 |3 |22 |3 | 2L
c S=| ¢ S = c S = c S =
S | 2|l 8 | Bs 3 3 £ S | 2
o <= = o <= o o <= o © <=
Q Q g o
LL LL LL LL

Access

Internet

NLD

ILD

GMPCS

120




Q3.

Q4.

Q5.

VSAT CU(
(Commercial)

Captive VSAT
CUG

Machine to
Machine
(M2M)

DTH

Teleport

DSNG

HITS

IFMC

Any  other
relevant
service
(please

specify)

Whether there is any practical limit on the number of Non -Geo
Stationary Orbit (NGSO) satellite systems in Low Earth Orbit (LEO)
and Medium Earth Orbit (MEO), which can work in a coordinated
manner on an equitable basis using the same frequency range? Kindly

justi fy your response.

For space-based communication services, whether frequency
spectrum in higher bands such as C band, Ku band and Ka band,
should be assigned to licensees on an exclusive basis? Kindly justify
your response. Do you foresee any challenges due to exclusive
assignment? If yes, in what manner can the challenges be overcome?

Kindly elaborate the challenges and the ways to overcome them.

In case it is decided to assign spectrum in higher frequency bands
such as C band, Ku band and Ka band for space -based communication

services to licensees on an exclusive basis,
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Q6.

(@)

(b)

(€)

(d)

What should be the block size, minimum number of blocks for
bidding and spectrum cap per bidder? Response may be
provided separately for each spectrum band.

Whether intra -band sharing of frequency spectrum with other
satellite communication service providers holding spectrum
upto the prescribed spectrum cap, needs to be mandated?

Wh ether a framework for mandatory spectrum sharing needs to

be prescribed? If yes, kindly suggest a broad framework and the
elements to be included in the guidelines.

Any other suggestions to ensure that that the satellite
communication ecosystem is not adve rsely impacted due to
exclusive spectrum assignment, may kindly be made with

detailed justification.

Kindly justify your response.

What provisions should be made applicable on any new entrant or any

entity who could not acquire spectrum in the auction

proc ess/assignment  cycle?

(@)

(b)

(©)

Whether such entity should take part in the next auction/
assignment cycle after expiry of the validity period of the
assigned spectrum? If yes, what should be the validity period
of the auctioned/assigned spectrum?

Whether spectrum  acquired through auction be permitted to be
shared with any entity which does not hold spectrum/ or has
not been successful in auction in the said band? If yes, what
measures should be taken to ensure rationale of spectrum
auction and to avoid adverse imp act on the dynamics of the
spectrum auction?

In case an auction based on exclusive assignment is held in a
spectrum band, whether the same spectrum may again be put

to auction after certain number of years to any new entrant
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Q7.

Q8.

Qo.

including the entities which could not acquire spectrum in the

previous auct ion? If yes,

(1) After how many years the same spectrum band should
be put to auction for the potential bidders?

(i) What should be the validity of spectrum for the first
conducted auction in a band? Whether the validity
period for the subsequent auctions in that band should
be co -terminus with the validity period of the first held
auction?

Kindly justify your response.

Whether any entity which acquired the satellite spectrum through
auction/assignment should be permitted to trade and/or lease their

partial or en tire satellite spectrum holding to other eligible service
licensees, including the licensees which do not hold any spectrum in

the concerned spectrum band? If yes, what measures should be taken

to ensure rationale of spectrum auction and to avoid adverse i mpact
on the dynamics of the spectrum auction? Kindly justify your

response.

For the existing service licensees providing space -based
communication services, whether there is a need to create enabling
provisions for assignment of the currently held spectru m frequency
range by them, such that if the service licensee is successful in
acquiring required quantum of spectrum through auction/
assignment cycle in the relevant band, its services are not disrupted?

If yes, what mechanism should be prescribed? Kindly justify your

response.

In case you are of the opinion that the frequency spectrum in higher
frequency bands such as C band, Ku band and Ka band for space -
based communication services should be assigned on shared (non -

exclusive) basis, -
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(@8 Whether a broad fr amework for sharing of frequency spectrum
among satellite communication service providers needs to be
prescribed or it should be left to mutual coordination? In case
you are of the opinion that broad framework should be
prescribed, kindly suggest the frame work and elements to be
included in such a framework.

(b)  Any other suggestions may kindly be made with detailed
justification.

Kindly justify your response.

Q10. In the frequency range 27.5 -28.5 GHz, whether the spectrum
assignee should be permitted to utilize the frequency spectrum for
IMT services as well as space -based communication services, in a
flexible manner? Do you foresee any challenges arising out of such
flexible use? If yes, in what manner can the challenges be overcome?

Kindly elaborate the challenges and the ways to overcome them.

Q11. In case it is decided to permit flexible use in the frequency range of
27.5 - 28.5 GHz for space -based communication service s and IMT
services, what should be the associated terms and conditions
including eligibility conditions for such assignment of spectrum?

Kindly justify your  response.

Q12. Whether there is a requirement for permitting flexible use between
CNPN and space -based communication services in the frequency

range 28.5 -29.5 GHz? Kindly justify your response.

Q13. Do you foresee any challenges in case the spectrum assignee is
permitted to utilize the frequency spectrum in the range 28.5 -29.5
GHz for cellular based CNPN as well as space -based communication
services, in a flexible manner? What could be the measures to
mitigate such challenges? Suggestions may kindly be made with

justification.
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Q14. Whether space -based communication services should be categorized
into different classes of services requiring different treatment for
spectrum assignment? If yes, what should be the classification of
services and which type of services should fall under each class of
service? Kindly justify your response. Please provide the following

details :

a) Service provider -wise details regarding financial and market
parameters such as total revenue, total subscriber base, total
capital expenditure etc. for each type of service (as mentioned in
the Table 1.3 of this consultation paper) for the financial yea
2018 -19, 2019 -20, 2020 -21, 2021 -22, and 2022 -23 in the format

given below:

Type of service:

Financial

Year

Revenue
(Rs. lakh)

Subscriber

base

CAPEX for the
year
(Rs. lakh)

Depreciation
for the year
(Rs. lakh)

2018 -19

2019 -20

2020 -21

2021 -22

2022 -23

b) Projections on revenue, subscriber base and capital expenditure

for each type of service (as mentioned in the Table 1.3 of this

consultation paper) for the whole industry for the next five years

starting from financial year 2023 -24, in the format given below:
Type of service:
Financial Revenue Subscriber base CAPEX for the year
Year (Rs. lakh) (Rs. lakh)
2023 -24
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Q15.

Q16.

Q17.

Q18s.

2024 -25

2025 -26

2026 -27

2027 -28

What should be the methodology for assignment of spectrum for user
links for space -based communication services in L -band and S -band,

such as -

(a) Auction -based
(b) Administrative
(c) Any other?

Please provide your response with detailed justification.

What should be the methodology for assignment of spectrum for user
links for space-based communication services in higher spectrum

bands like C -band, Ku -band and Ka -band, such as

(@) Auction -based

(b) Administrative

(c) Any other?

Please provide your respo  nse in respect of different types of services

(as mentioned in Table 1.3 of this consultation paper ). Please support

your response with detailed justification.

Whether spectrum for user links should be assigned at the national

level, or telecom circle/ metro -wise? Kindly justify your response.

In case it is decided to auction user link frequency spectrum for
different types of services, should separate auctions be condu cted for
each type of services? Kindly justify your response with detailed

methodology.
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Q19. What should be the methodology for assignment of spectrum for

gateway links for  space -based communication services, such as

(@) Auction -based

(b)  Administrative

(c)  Any other?

Please provide your response in respect of different types of services.

Please support your response with detailed justification.

Q20. In case it is decided to auction gateway link frequency spectrum for
different types of servic  es, should separate auctions be conducted for
each type of services? Kindly justify your response with detailed

methodology.

Q21. In case it is decided to assign frequency spectrum for space -based

communication services through auction,

(@) What should be the validity period of the auctioned spectrum?

(b) What should be the periodicity of the auction for any unsold/
available spectrum?

(c) Whether some mechanism needs to be put in place to permit the
service licensee to shift to another satellite system and to change
the frequency spectrum within a frequency band (such as Ka -
band, Ku -band, etc.) or across frequency bands for the remaining
validity period of the spectrum held by it? If yes, what process
should be adopted and whether some fee should be charged for
this purpose?

Kindly justify your response.

Q22. Considering that (a) space -based communication services require
spectrum in both user | ink as well as gateway link, (b) use of
frequency spectrum for different types of links may be different for

different satellite systems, and (c) requirement of frequency
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spectrum may also vary depending on the services being envisaged
to be provided, whic  h of the following would be appropriate:

(1) to assign spectrum for gateway links and user links separately
to give flexibility to the stakeholders? In case your response
is in the affirmative, what mechanism should be adopted such
that the successful bidder gets spectrum for user links as well
as gate way links.
or

(i) to assign spectrum for gateway links and user links in a
bundled manner, such that the successful bidder gets
spectrum for user link as well as gateway link? In case your
response is in the affirmative, kindly suggest appropriate
assignment methodology, including auction so that the
successful bidder gets spectrum for user links as well as

gateway links.

Q23. Whether any protection distance would be required around the
satellite earth station gateway to avoid interference from other
satellite earth station gateways for GSO/ NGSO satellites using the
same frequency band? If yes, what would be the protection distance

(ra dius) for the protection zone for GSO/ NGSO satellites?

Q24. What should be the eligibility conditions for assignment of spectrum
for each type of space -based communication service (as mentioned in
the Table 1.3 of this Consultation Paper)? Among other things, please
provide your inputs with respect to the following eligibility
conditions :
(@ Minimum Net Worth
(b)  Requirement of existing agreement with satellite operator(s)
(c) Requirement of holding license/ authorization under Unified
License prior to taking part in the auction process.

Kindly justify your response
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Q25.

Q26.

Q27.

Q28.

Q29.

What should be the terms and conditions for assignment of frequency
spectrum for both user links as well as gateway links for each type of

space -based communication service? Among other things, please
provide your detailed inputs with respect to roll -out obliga tions on
space -based communication service providers. Kindly provide
response for both scenarios viz. exclusive assignment and non -

exclusive (shared) assignment with justification.

Whether the provisions contained in the Chapter -VIl (Spectrum
Allotment an d Use) of Unified License relating to restriction on
crossholding of equity should also be made applicable for satellite -
based service licensees? If yes, whether these provisions should be

made applicable for each type of service separately? Kindly justify

your response.

Keeping 1 n view the provisions of | TUGS
coexistence of terrestrial services and space -based communication

services for sharing of same frequency range, do you foresee any

challenges in ensuring interference -free operation of space -based
commun ication network and terrestrial networks (i.e., microwave

access (MWA) and microwave backbone (MWB) point to point links)

using the same frequency range in the same geographical area? What

could be the measures to mitigate such challenges? Suggestions may

kindly be made with justification.

In what manner should the practice of assignment of a frequency
range in two polarizations should be taken into account in the present
exercise for assignment and valuation of spectrum? Kindly justify

your response.

What could be the likely issues, that may arise, if the following
auction design models (described in para 3.127 to 3.139) are
implemented for assignment of spectrum for user links in higher

bands (such as C band, Ku band and Ka band )?
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a. Model #1: Exclusive spect  rum assignment

b. Model#2: Auction design model based on non -exclusive spectrum
assignmentto only a limited number of bidders

What changes should be made in the above models to mitigate any

possible issues, including ways and means to ensure competitive

bidd ing? Response on each model may kindly be made with

justification.

Q30. In your opinion, which of the two models mentioned in Question 29

above , should be used? Kindly justify your response.

Q31. In case itis decided to assign spectrum for user links using model #
2ie.,non -exclusive spectrum assignment to |
then what should  be
@ the wvalwue of g, in case it is decide
auction for all services
(b) the values of g, in case it Jastodeci ded
for each type of service

Please provide detailed justification.

Q32. Kindly suggest any other auction design model(s) for user links
including the terms and conditions? Kindly provide a detailed
response with justification as to how it will satisfy the requirement of

fair auction i.e., market discovery of price.

Q33. What could be the likely issues, that may arise, if Option # 1: (Area
specific assignment of gateway spectrum on administrative basis) is
implemented for assignment of spectrum for gateway links? What
changes could be made in the proposed option to mitigate any

possible issues?

Q34. What could be the likely issues, that may arise, if Option # 2:
Assignment of gateway spectrum through auction for identified

areas/ regions/ districts is implemented for assignment of spectrum
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for gateway links? What changes could be made in the proposed
option to mitigate any possible issues? In what manner, areas/

regions/ districts should be identified?

Q35. In your view, which spectrum assignment option for gateway links

should be implemented? Kindly justify your response.

Q36. Kindly suggest any other auction design model(s) for gateway links
including the terms and conditions? Kindly provide a detailed
response with justification as to how it will satisfy the requirement of

fai r auction i.e., market discovery of price?

Q37. Any other issues/suggestions relevant to the subject, may be

submitted with proper explanation and justification.

Q38. In case it is decided for assignment of spectrum on administrative
basis, what should be the spectrum charging mechanism for
assignment of spectr um for space -based communications services

i. For User Link
ii. For Gateway Link

Please support your answer with detailed justification.

Q39. Should the auction determined prices of spectrum bands for IMT /5G
services be wused as a basis for valuation of space -based

communication spectrum bands
i. For user link
ii. For gateway link
Please support your answer with detailed justification.

Q40. If response to the above question is yes, please specify the detailed

methodology to be used in this regard?

Q41. Whether the value of space -based communication spectrum bands
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Q42.

Q43.

Q44.

i. For user link
il For gateway link

be derived by relating it to the value of other bands by using a
spectral efficiency factor? If yes, with which spectrum bands
should these bands be related to and what efficiency factor or
formula should be used? Please support your response with

detailed justification.

In case of an auction, should the current method of levying spectrum
fees/ charges for satellite spectrum bands on formula basis/ AGR
basis as followed by DoT, serve as a basis for the purpose of valuation
of satellite spectrum
i. For user link
ii. For gateway link
If yes, please specify in detail what methodology may be used in this
regard.
Should revenue surplus model be used for the valuation of space -
based spectrum bands
I. For user link
il. For gateway link

Please support your answer with detailed justification.

Whet her international benchmarking by comparing the auction
determined prices of countries where auctions have been concluded
for space -based communication services, if any, be used for arriving

at the value of space -based communication spectrum bands:
i. For user link
il For gateway link

If yes, what methodology should be followed in this regard? Please

give country -wise details of auctions including the spectrum band
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Q45.

Q46.

Q47.

Q48.

Q49.

/quantity put to auction, quantity bid, reserve price, auction
determined price etc. Ple  ase support your response with detailed

justification.

Should the international administrative spectrum charges/fees serve
as a basis/technique for the purpose of valuation in the case of

satellite spectrum bands
I.  For user link
ii. For gateway link

Please give country -wise details of administrative price being
charged for each spectrum band. Please specify in detail terms and

conditions in this regard.

If the answer to above question is yes, should the administrative
spectrum charg es/fees be normalized for cross country differences?
If yes, please specify in detail the methodology to be used in this

regard?

Apart from the approaches highlighted above which other valuation

approaches can be adopted for the valuation of space -based

communication spectrum bands? Please support your suggestions
with detailed methodology, related assumptions and other relevant

factors.

Should the valuation arrived for spectrum for user link be used for

valuation for spectrum for gateway links as well? Please justify.

If the answer to the above is no, what should be the basis for
distinction as well as the methodology that may be used for arriv
at the valuation of satellite spectrum for gateway links? Please

provide detailed justification.
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Q50.

Q51.

Q52.

Q53.

Q54.

Whether the value arrived at by using any single valuation approach
for a particular spectrum band should be taken as the appropriate
value of that band? | f yes, please suggest which single approach/
method should be used. Please support your answer with detailed

justification.

In case your response to the above question is negative, will it be
appropriate to take the average valuation (simple mean) of the
valuations obtained through the different approaches attempted for
valuation of a particular spectrum band, or some other approach like
taking weighted mean, median etc. should be followed? Please

support your answer with detailed justification.

Should the reserve price for spectrum for user link and gateway link

be taken as 70% of the valuation of spectrum for shared as well as

for exclusive assignment? If not, then what ratio should be adopted
between the reserve price for the auction and the valuation of the
spectrum in different spectrum bands in case of (i) exclusive (ii)

shared assignment and why? Please support your answer with

detailed justification.

If it is decided to conduct separate auctions for different class of
services, should reserve price fo  r the auction of spectrum for each
service class be distinct? If yes, on what parameter basis such as
revenue, subscriber base etc. this distinction be made? Please
support your answer with detailed justification for each class of

service.

In case of auct ion based and/or administrative assignment of
spectrum , what should the payment terms and associated conditions
for the assignment of spectrum for space -based communication

services relating to:

i. Upfront payment
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ii. Moratorium period
iii. Total number of installments to recover deferred payments
iv. Rate of discount in respect of deferred payment and prepayment

Please support your answer with detailed justification.
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ANNEXURES

Annexure -1: DoT letter dated 13 ™ September 2021  (without Annexures)
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