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CHAPTER I :

INTRODUCTION AND BACKGROUND

DoTO Reference Dated 08.12.2022

Through a reference dated 08.12.2022 (Annexure -1), the Department of
Telecommunications  (DoT) requested the  Authority to  submit
recommendations under Section 11(1)(a) of TRAI Act, 1997 (as amended) on
0 Op en alicehseduwse of Unused or Limited Used Spectrum Bands for
Demand Generation for Limited Period in Tera Hertz Rangeb The said reference

is reproduced below:

Aln various parts of the world, administrations, with a view to encourage

technology development, have come up with regulations allowing conduct of
experiments in the spectrum bands beyond 95 GHz. Accordingly, it has been
decided to encourage the development of new communications technologies

and new services in the country in the spectrum ranges above 95 GHz.

2. In view of the above, a Committee was constituted under the Chairmanship
of Wireless Adviser to give its recommendations on the issue. The Committee
has submitted its report (copy enclosed for ready reference). The summary of

recommendations of the Committee is given below:

a. The spectrum beyond 95 GHz and upto 3 THz may be opened for
experiments under ‘Spectrum-Terahertz Applications License'. Trere shall not
be any restriction on technical condition for designing and conducting
experiments and tests provided they should not cause harmiul interference to

existing services including secondary services.

b. The frequency bands, 116-123 GHz, 174.8182 GHz, 185-190 GHz, and 244
246 GHz may be opened for unlicensed use. Initially FCC's Technical
specifications may be adopted. After study in Indian environment, technical

parameters may be revised.



1.2

c. The frequency band 77-81 GHz band may also be delicersed for automotive

radar applications in line with international practice.

3. However, with a view to come up with a well -rounded regulatory regime on
the subject matter, it was considered appropriate fo seek TRAI
recommendation as well. Therefore, under the terms of clause ii (1)(a) of TRA/
Act, 1997 as amended by TRAI Amendment Act 2000, TRAI is requested to

provide recommendations on the following:

(a) Terms and Conditions for opening of spectrum beyond 95 GHz and upto 3
THz for experiments under a regime which may be named as ‘Spectrum-
Terahertz Applications License' for Experiment’ and ‘Demonstration’ of
equipment designed to operate on any frequency above 95 GHz while
protecting any "Passive” services in these frequency ranges. The licensees may
also be permitted to market such experimental devices via direct sale. The

regime may be opened for a defined period.

(b) Terms and conditions including technical parameters for permitting
licensed-exempt operations in 116-123 OHz, 174.8-182 GHz, 185-190 GHz, and
244-246 GHz frequency ranges, while protecting both passive and active

services in and around these frequency ranges

(c) Terms and condlitions including technical parameters for permitting licensed -
exempt operations in 77-81 GHz band for automotive radar applications in line

with international practice.

(d) Any other techno-r e gul at or y recommendati ons

Tera Hertz Band
Section 3 of Indian Telegraph Act, 1885 definest h e ttetegraphdas follows:

A 3. De fiiimthig Actaunless there is something repugnant in the subject

or context, -



oTel egraphdé means any appliance, I nstrun
capable of use for transmission or reception of signs, signals, writing, images
and sounds or intelligence of any nature by wire, visual or other electro -
magnetic emissions, Radio waves or Hertzian waves, galvanic, electric or

magnetic means.

ORadi oowawvéled t z/i an wa-wmagaaic wanesofifiequentiesc t r o
lower than 3,000 giga-cycles per second propagated in space without artificial

gui de. O

1.3 Terahertz (THz) radiation is generally defined as the region of the
electromagnetic spectrum in the range of 100 GHz to 10 THz, which is between
the millimeter and infrared frequencies. The THz band has differing
nomenclatures, such as sub-millimeter, far-infrared, and near-millimeters
wave. The THz band in the electromagnetic spectrum is shown in the following

figure.
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Figure 1.1. Schematic diagram showing the location of THz band in the

electromagnetic spectrum?

1 Sourcehttps://www.allaboutcircuits.com/technicaérticles/introductionto-terahertz/
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1.4 Tera Hertz Band lies in the cusp of electronics and photonics. It is easy to
produce effective radiation with the help of oscillating circuits made of high-
speed transistors at low microwave frequencies while, at high frequencies of
visible spectrum, it is easy to produce radiation effectively with semiconductor
lasers. Conventionally, electronics (.e. transistors and other electronic devices)
have a limit of about 300 GHz while photonics (semiconductor lasers and light
emitting diodes) have a limit of about 30 THz. There is a region on the
frequency spectrum where these technologies do not meet each other. This is
called the Terahertz gap (0.3 to 30 THz). The following figure depicts the

Terahertz gap between electronics and photonics.
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Figure 1.2: Tera Hertz Gap between electronics and photonics?

15 The term O0THz gap6é is used to explain th
well-developed neighboring spectral regions. This has led researchers from
disciplines such as physics, material science, electronics, optics, and chemistry

to investigate the various unexplored or less-explored aspects of THz waves.

2 Sourcehttps://www.researchgate.net/figure/lllustratiorof-the-THzgap_figl 234944264
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1.6

1.7

1.8

Properties of the Fre quency Spectrumin  Terahertz Band

Although interest in the THz band dates back to the 1920s, extensive studies
have been devoted to this region only within the past three decades. A key
motivation for this renewed interest is the exceptional wave properties and vast
possible applications in the THz frequency range. The properties of THz band

can be summarized as follows:

(a) Penetration: The wavelength of THz radiation is longer than the infrared
wavelength. Hence THz waves have less scattering and better penetration
depths (in the range of cm) compared to infrared (i n t he r ange
Therefore, dry, and non-metallic materials are transparent in this range

but are opaque in the visible spectrum.

(b) Resolutionn THz waves have shorter wavelengths in comparison to the

microwave ones. This gives a better spatial imaging resolution.

(c) Safety: The photon energies inthe THz band are much lower than X-rays.

Therefore, THz radiation is non-ionizing.

Challenges in Developing  the THz Band

Although the THz band has several fascinating characteristics, one of the
reasons for the under-development of THz technologies as compared to the
neighboring bands is the lack of efficient, coherent, and compact THz sources
and detectors. On the other hand, common microwave-frequency sources such
as transistors or RF/ MW antennas and devices working in the visible and
infrared range like semiconductor laser diodes exhibit these characteristics. It
is not possible, however, to adopt these technologies for operation in the THz

region without a significant reduction in power and efficiency.

One of the other challenges in the THz band is the high losses. THz waves have

high atmospheric absorption as depicted in the following figure.

(0]


https://iopscience.iop.org/article/10.1088/0031-9155/47/21/302/meta
https://www.nature.com/articles/nmat708
https://www.nature.com/articles/nmat708
https://www.nature.com/articles/nphoton.2007.166
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Figure 1.3. Attenuation at sea level for different atmospheric situations 3

1.9 The signal degradation in the THz range is considerably more than the
microwave and infrared bands. This is partly because the water molecules
resonate in this range. The adverse atmospheric characteristics of THz waves
makes them a suitable frequency range for applications such as space-based

communication and short-range applications, as described below:

(&) Space based communication In space, the ambient is near-vacuum so

signal absorption and attenuation due to water molecules is not a

problem. Therefore, existing services such as Earth exploration-satellite

service (EESS) radio astronomy service, space research service, inter

satellite service and fixed and mobile services operate in the THz Band.

The EESS services includes the use of passive sensors to receive and
measure natur al emi ssions prandissced b

atmosphere thereby helping us to monitor weather and climate change.

(b)  Short-range applications: For short-range applications, atmospheric

attenuation is negligible, especially at frequencies with high absorption.
Therefore, THz technology is a very resourceful tool for fundamental
investigations in various disciplines such as physics and chemistry. It is
also an attractive option for short -range wireless communication with

high data rates.

3 Sourceimage from M. C. Kemp via IEEE Xplore



1.10

1.11

Applications of Terahertz Radiation

THz radiation can be used in many potential applications, including
terahertz imaging, spectroscopy, and wireless communication A few

applications are listed below:

(@) Biomedical imaging It is one of the sub-categories of THz imaging. THz

waves can penetrate up to a few hundred micrometers in human tissues;
so THz medical imaging can be applied for body surface diagnoses such

as skin, mouth, and breast cancer detection, and dental imaging.

(b)  Security applications: THz systems havea potential market for security

applications, solid explosive material detection, and mail screening.

(c)  Applications in biochemical and material sciences THz spectroscopy is a

very powerful technique to characterize material properties and
understand their signature in this band. THz spectroscopy also has
applications in biochemical science such asanalysis of DNA signatures

and protein structures.

(d)  Wireless Communication Another rising research field is THz wireless

communication. This is particularly in demand because it allows high-

speed wireless communications for 5G and beyond.

Present Consultation Paper

In this background, the present consultation paper is being released for
soliciting comments of stakeholders on the subject. This consultation paper is
divided into six chapters. Chapter | provides a background of the subject.
Chapter Il outlines the Radio Regulations of ITU, and studies being conducted
in ITU-R on Tera Hertz. Chapter Il provides international best practices on the
subject. Chapter IV provides a brief description of the recommendations of the

D o T ®@wmmitee on the subject. Chapter V provides a brief description of the


https://www.ncbi.nlm.nih.gov/pubmed/16543586
https://www.ncbi.nlm.nih.gov/pubmed/12683858
https://onlinelibrary.wiley.com/doi/abs/10.1002/lpor.201000011
https://onlinelibrary.wiley.com/doi/abs/10.1002/lpor.201000011
https://aip.scitation.org/doi/abs/10.1063/1.1946192?journalCode=apl
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-11-20-2549
https://onlinelibrary.wiley.com/doi/abs/10.1002/cphc.200700332
https://onlinelibrary.wiley.com/doi/abs/10.1002/cphc.200700332

present experimental licensing regime in India. Chapter VI lists out the issues

for consultation.



2.1

2.2

CHAPTER Il :

ALLOCATION OF SPECTRUM IN TERA HERTZ BANDS IN THE ITU -RR,
AND STUDIES ON TERA HERTZ BANDS IN ITU -R

Allocation of T era Hertz Bands in ITU-RR

The International Telecommunication Union (ITU) is the United Nations
specialized agency for information and communication technologies (ICTs).ITU
promotes the shared global use of the radio spectrum, facilitates international
cooperation in assigning satellite orbits, assists in developing and coordinating
worldwide technical standards, and works to improve telecommunication

infrastructure in the developing world.

Radio Regulations (RR) is a basic document of the ITU that regulates the
utilization of radio frequencies. The ITU-RR regulates the part of the allocated
radio frequency spectrum from 9 kHz to 300 GHz. As per the ITU-RR radio
frequency spectrum beyond 100 GHz is allocated largely to Radio Astronomy
Service (RAS)and Satellite based services such as Earth Exploration Satellite
Service (EESS) Space Research, Amateur Satellite Radio Navigation Satellite
and Mobile Satellite etc. on primary basis. There is no allocation beyond 275
GHz in the ITU-RR Besides Satellie and Radio Astronomy, allocation has also
been made in ITU-RR for Fixed and Mobile Services on primary services in 12
frequency bands with about 100 GHz spectrum between 100 GHz to 275 GHz,
which accounts for more than 55% of total frequency spectrum available
between 100 GHz to 275 GHz. The percentage of allocation of frequency
spectrum in the 100-275 GHz frequency rangeto different services is given in

the following table:



Sl. Service Allocated Bandwidth* Allocation
No. (In GHz) (in %)
1. Fixed 97.20 55.54
2. Mobile 97.20 55.54
3. | Earth Exploration Satellite 58.80 33.6
4. | Space Research 70.75 40.43
5. [Inter Satellite 35.23 20.13
6. [ Fixed Satellite 35.00 20
7. | Mobile Satellite 33.71 19.26
8. | Amateur 4.01 2.29
9. [ Amateur Satellite 4.01 2.29
10. | Radio Astronomy 107.80 61.6
11. | Radiolocation 21.51 12.29
12. | Radionavigation 30.21 17.26
13. | Radionavigation Satellite 30.21 17.26

* More than one services shared the same band.

Table 2.1: Allocation of spectrum in the 100-275 GHzfrequency range to different

services

B. Footnotes on Tera Hertz ~ Spectrum in ITU -RR and the Studies Being
Carried outinITU -R

2.3 There is no allocation of spectrum beyond 275 GHz in the ITU-RR. However,
there are two footnotes in the ITU -RRviz. Footnote 5.564A and Footnote 5.565
in respect of the spectrum in 275-3000 GHz frequency range The Footnote
5.564A provides for the operation of fixed and land mobile service applications

10



2.4

2.5

in 275-450 GHz frequency range. Footnote 5.565 provides for the coexistence
of passive services like RAS and EESS with active and passive services in the
frequency range 275-1000 GHz Studies are also being carried out in ITU-
Radiocommunication (ITU-R) sector on certain aspects related to the Tera Hertz
band.

A brief description of the footnotes 5.564A and footnote 5.565 as well as
Question ITU-R 256-1/5 (WP 5A) and Question ITU-R 257-1/5 (WP 5C) related

to the spectrum in THz band is given below.
(2) Footnote 5. 564A

Footnote 5.564A was introduced in WRG 19 for the operation of fixed and land
mobile service applications in frequency bands in the range 275-450 GHz. The

said footnote is reproduced below:

Ais5. 564A For the operation of fixed
frequency bands in the range 275-450 GHz.

The frequency bands 275296 GHz, 306-3 13 GHz, 318333 GHz and 356450
GHz are identified for use by administrations for the implementatio n of land
mobile and fixed service applications, where no specific conditions are

necessary to protect Earth exploration-satellite service (passive) applications.

The frequency bands 296-306 GHz, 313318 GHz and 333356 GHz may only
be used by fixed and land mobile service applications when specific conditions
to ensure the protection of Earth exploration -satellite service (passive)

applications are determined in accordance with Resolution 731 (Rev. WRC 19).

In those portions of the frequency range 275 -450 GHz where radjo astronomy
applications are used, specific conditions (e.g., minimum separation distances
and/or avoidance angles) may be necessary to ensure protection of radio
astronomy sites from land mobile and/or fixed service applications, on a case-

by-case basis in accordance with Resolution 731 (Rev.WREL9).

11



2.6

The use of the above-mentioned frequency bands by land mobile and fixed
service applications does not preclude use by, and does not establish priority
over, any other applications of radio services in the range of 2 75-450 GHz.
(WRG19) . 0

(2) Footnote 5.565

The Footnote 5.565 was introduced in WRG12 to allow the coexistence of
passive services like RAS ad EESS with active and passive servicesin the

frequency range 275-1000 GHz The said footnote is reproduced below:

5.565 The following frequency bands in the range 275 -1000 GHz are identified

for use by administrations for passive service applications:

- radjo astronomy service: 2 75-323 GHz, 327371 GHz, 388424 GHz, 426 442
GHz, 453510 GHz, 623711 GHz, 795909 GHz and 926945 GHz,

- Earth exploration-satellite service (passive) and space research service
(passive): 2 75-286 GHz, 296306 GHz, 3 13356 GHz, 361-365 GHz, 369392

GHz, 397399 GHz, 409411 GHz, 416434 GHz, 439467 GHz, 477502 GHz,

523-52 7 GHz, 538581 GHz, 611-630 GHz 634-654 GHz, 657692 GHz, 713

718 GHz, 729733 GHz, 750754 GHz, 771-776 GHz, 823846 GHz, 850-854

GHz, 85 7-862 GHz, 866882 GHz, 905928 GHz, 951-956 GHz, 9689 73 GHz
and 985-990 GHz.

The use of the range 275-1000 GHz by the passive services does nolpreclude
use of this range by active services. Administrations wishing to make
frequencies in the 275-1000 GHz range available for active service applications
are urged to take all practicable steps to protect these passive services from
harmful interfe rence until the date when the Table of Frequency Allocations is

established in the above-mentioned 2 75-1000 GHz frequency range.

All frequencies in the range 1000-3000 GHz may be used by both active and

passive services. (WRE12)o

12



2.7

2.8

2.9

(3) QuestionITU -R 256 -1/5

The ITU Radiocommunication (ITU-R) Assembly considered /nter alia the

following:

) There is a growing demand for high speed and large capacity
radiocommunications having data rates of several tens of Gbit/s to over

100 Ghbit/s for land mobile service applications

(i) Due to progress in the recent terahertz technologies, the integrated
devices and circuits operating above 275 GHz can achieve various

sophisticated applications.

(i)  Broadband contiguous bandwidths larger than 50 GHz for the land

mobile service are not available in the frequency range below 275 GHz

(iv)  Certain parts of the frequency range 275-1 000 GHz are identified in
Radio Regulations No. 5.565 for use by administrations for passive

service applications.
In this background, ITU -R decided to study the following question:

mMuestion ITU-R 256-1/5 The technical and operational characteristics of the
land mobile service in the frequency range 275-1000 GHz under which sharing
studies between the land mobile and passive services, as well as the land mobile

and other active services should be carried out o
4) Question ITU-R 257 -1/5 (WP 5C)

The ITU Radiocommunication (ITU-R) Assembly considered /nter alia the

following:

® Due to the progress in the recent terahertz technologies, the integrated
devices and circuits operating above 275 GHz can achieve various

sophisticated applications.

(i) The fact that these devices and circuits will be able to provide such high

speed and large capacity radiocommunications for fixed service systems.
13



2.10

2.11

2.12

2.13

(i)  The traffic demands for backhaul and fronthaul for mobile systems are
increasing due to mobile broadband communications such as IMT-
Advanced, IMT-2020 and future IMT.

In this background, ITU-R decided to study the following question:

AQUEST I OGR25T-175UTechnical and operational characteristics of the
fixed service in the frequency range 275-1000 GHz under which sharing studies

between the fixed and other active services should becarr i ed out . O

The studies are being undertaken by the Working Party 5A and 5C for Question
256-1/5 and Question 257-1/5, respectively. These dudies are being
undertaken during the two study cycles i.e., 2015 to 2019 and 2019 to 2023

and responses will be discussed during the WRG23. The results of these studies

will be in form of ITU's Recommendations, Reports or Handbooks.

In addition to these two studies being carried out under ITU -R, a document is

also being prepared in WP-5D to include the following:

(a) Propagation models for radio waves above 100 GHzfor various scenarios
including indoor/ outdoor including information on propagation

environment and channel models.

(b) Newly developed technology enablers such as active and passive

components, antenna techniques, deployment architectures.
(c) Results of simulations and performance tests.

The following chapter outlines international best practices on the subject.

14



CHAPTER Il :

INTENATIONAL EXPERIENCE

A. International Experience on Allocations in the THz Band
(1) FCC

3.1 Federal Communications Commission (FCC), United States of America vide its
First report and Order dated 21.03.20194 provided a background to the interest

of the administration in Tera Hertz communication, as below:

A 3Both industry and academia have expressed interest in the bands above 95
GHz, as evidenced by the wide range of ongoing research and experimentation.
Institutions such as Brown University and the New York University Tandon
School are conducting propagation measurements at frequencies as high as
400 GHz. Companies such as Boeing and Raytheon have undertaken testing of

antennas and radar receivers at frequencies near 100 GHz.

Frequencies above 95 GHz have also been identified as optimal for
instantaneous temporary data links that can enable the transmission of large

banadwidth uncompressed high-definition (HD) video signals and other high -

speed data for other types of appl/licatio
used wireless links in the 120 GHz band to provide live TV coverage of the 2008

Beijing Olympics.

Further, the shorter wavelengths associated with frequencies above 95 GHz
may be particularly well-suited for non-communication sensing applications
such as spectroscopy and imaging, including detection o drugs and explosives,
detection of cancerous tissue, as well as materials analysis and quality control.
The Commission has recognized the budding interest in developing new
technologies and services that could operate in the frequency bands between

95 GHz and 3 THz, while at the same time acknowledging the need for

2 https://docs.fcc.gov/public/attachments/FGT-19A1.pdf
15
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continued use of passive services in these frequency bands for scientific
research, including the radio astronomy service (RAS), the Earth exploratiorn-

satellite service (EESS), and the space raearch service (SRS).

Passive sensing is based on detection of electromagnetic energy generated by
natural sources, such as the surface of the Earth and its atmosphere. The EESS
includes passive radio sensing operations that have many applications in
agriculture, weather forecasting, and the study of global changes of the Earth
and its environment. Similarly, the RAS is a passive service in which U.S:based
astronomers operate several large single dish telescopes and interferometers,
either by themselves or as part of an array, to receive radio waves of cosmic

origin in order to try to gain a better understanding of the universe.

Frequencies above 95 GHz are particularly weklsuited for studies of star
formation, the properties of the interstellar medium, t he chemical evolution of
the universe, detection of extra -solar planets and many other phenomena. In
addition to the passive services, there are allocations between 95 GHz and 275
GHz for the fixed satellite, mobile satellite, fixed, mobile, radiolocation,

radionavigation, radionavigation-satellite, and inter-s at el | i t e ser vi ce:

é We cannot predict what technol ogi es ma

in these frequency bands. The result was a suite of proposals to.
(1) make 15.2 gigahertz of spectrum available for unlicensed use;

(2) create a new category of experimental lice nses to increase opportunities for
entities to develop new services and technologies from 95 GHz to 3 THz with

no limits on technology; and
(3) introduce limited licensing for fixed point -to-point operations.

These flexible options were driven by a singular objectived to provide incentives
and opportunities for investment to spur development of innovative new

technologies and services while accounting for and protecting the already
extensive and planned passive uses of these bands. While we withhold action

on our proposal for licensed fixed point-to-point operations, we find that it is
16



appropriate to move forward with our unlicensed and experimental proposals

at thi s ti me. o

3.2  Through the afore-me n t i d-isereportéand Orderddated 21.03.2019°%, FCC

instituted a new experimental radio license viz. @pectrum Horizon Radio
Licensedthat will be available for experiments and demonstrations of equipment

designed to operate exclusively on any frequency between 95 GHz and 3 THz.
An e xt r alrstrepoftantd @rderédated 21.03.2019 relating to Spectrum

Horizons Experimental Radio Licenses is reproduced below:
M.  Spectrum Horizon Radio License

8. To accelerate the development of new technologies in the spectrum range
between 95 GHz and 3 THz, we adopt a new subpart to the existing Part 5
Experimental Radlio Service (ERS) rules for a new and unique license type- the
Spectrum Horizons Experi mental Radi o /
Licenseo). with their [ ow barriers to
experimental licenses provide an engine for innovation and offer extraordinary
flexibility in system design and technical specifications (such as frequency

range, power, and emissions) while ensuring that no harmful interference is

caused to existing authorized users. The experimental licensing program, which

has played a key role throughout the years in the creation of many of the
products and services that are now integral parts of the modern
communications environment, is a core component of our plan to p romote the

responsible commercial development of this frequency range.

We expect the new Spectrum Horizons Licenses to make experimentation in
these bands more attractive, resulting in a greater number of thoughtful and
innovative experiments. Such experiments are vital for the development of new
applications and services suited for the unique properties of the bands above
95 GHz. These applications and services, in turn, will generate additional
interest in these bands and can ultimately provide a basis for the further

expansion of permissible uses throughout the frequency range. The Spectrum

2 https://docs.fcc.gov/public/attachments/FGT-19A1.pdf
17
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3.3

Horizons License rules will incorporate the proposals that the Commission made
in the Notice. Specifically, the Spectrum Horizons License will be available for
experiments and demonstrations of equipment designed to operate exclusively
on any frequency above 95 GHz. Broad license eligibility rules, along with an
extended ten-year license term (the longest of any experimental license),
should encourage innovation from the widest variety of stakeholders and
produce solid data to support future Commission decisions concerning these
bands. Additionally, licensees will be able to request the area(s) of operation
for their experiment and will be able to market experimental equ ipment more
wi del y than currentl!ly permitted under
trial rules.19 Collectively, these Spectrum Horizons License features should
promote a more rapid development of new products and services that will reach

a larger number and wider variety of users than would be possible under the

t h

exi sting experi mental [icensing rules. o

Further, FCC vide its First report and Order dated 21.03.2019 provided details
ontedbms and con@id$Speactdor imrHohi.AsummaRyadi o

of the terms and conditions is given below:

(@) The spectrum Horizon License will be available for experiments and
demonstrations of equipment designed to operate exclusively on any
frequency between 95 GHz and 3 THz.

(b) The spectrum Horizon License aims to promote a more rapid development
of new products and services that will reach a larger number and wider
variety of users than are possible under the existing experimental
licensing rules.

(c) The spectrum Horizon License would be broadly available to person(s)
qgualified to conduct the types of operations described in existing
experimental radio service rules.

(d) Applicants for passive use(s) must provide an explanation as to why
nearby bands with non-passive allocations are not appropriate or
adequate for the experiment and also acknowledge that they intend to
transition any potential long-term use to a band with appropriate

allocations.
18
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3.4

(e) The spectrum Horizon License will give innovators the flexibility to conduct
experiments lasting up to 10 years without further renewal.

(H The Spectrum Horizons License may be authorized over any geographic
area.

() There will be no restriction on technical conditions for designing and
conducting experiments and tests.

(h) The Spectrum Horizons Licensee will be required to show how the
experimental operations (and any related devices) will be controlled so
that they do not cause harmful interference to other services.

(i) The Spectrum Horizons License will not be entitled to exclusive use, not
be protected from harmful interference from allocated services and
prohibited from causing harmful interference to authorized services,
including secondary services.

() Spectrum Horizons Licenses must ensure that trial devices are either
rendered inoperable or retrieved at the conclusion of the trial. Additionally,
each device sold under this program mu:
an Experimental License and May be Subject to Further Conditions
|l ncluding Termination of Opseeassighed nd an
equipment ID number.

(k) Spectrum Horizons Licenses will be permitted to market experimental
devices designed to operate in the bands above 95 GHz via direct sale

()  Spectrum Horizons Licensees will submit an interim report on the progress

of the experiment no later than five years from the date of grant of license.

FCC vide its First report and Order dated 21.03.2019 also provided details on

fUnlicensed Operationso in the THz band as given below:

MB.  Unlicensed Operations

27. Following our evaluation of the record, we free up 21.2 gigahertz of the
Spectrum Horizons bands for unlicensed use: the 116123 GHz band, the 174.&
182 GHz band, the 185190 GHz band, and the 244-246 GHz band.
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i 2 &he bands made available for unlicensed devices are summarized in the
table below. These devices would operate on a non-interference basis while
protecting both passive and active services. Most notably, several bands contain
or are adjacent to passive Earth exploration-satellite service and radio
astronomy service allocations. We recognize that these services require

stringent protection levels and are the primary focus of the discussion below.

The space research service Is also passive, but as explained more fully below
because stations in this service are spacebased and looking away from Earth,

there is no risk of harmfiul interference from unlicensed devices.

There are also a number of active service allocations in the bands we are
identifying for unlicensed use. Some, such as the fixed service, the mobile
service and the radiolocation and radionavigation services cannot be deployed
because there are no service rules in place. Thus, protection criteria need not

be adopted at this time.

The inter-satellite service also does not have service rules in place but has been
permitted to operate on a case-by-case basis. Like the space research service,
the inter-satellite service operates solely between satellites in space and
therefore there is no significant risk of harmful interference from relatively low
power unlicensed devices operating on the Earth, even If terrestrial operations

were to occur in high volumes.

In addition, the amateur radio service is permitted to operate in the 122.5 -123
GHz band, and as discussedbelow is unlikely to receive interference from

unlicensed operations in that band.

Finally, the 122-123 GHz and 244246 GHz bands are also allocated for ISM
equipment. As such, all authorized services (regardless of whether they are
active or passive) operating inside those bands cannot claim protection from
ISM emissions. Further, the rules do not limit the emissions levels from ISM
equipment in these bands. Therefore, radio astronomy and other passive
services cannot reasonably expect a lack ofemissions inthese bands. Thus, for
the 122-123 GHz and 244246 GHz bands, lower power unlicensed devices
20



3.5

3.6

should have no significant impact on these passive operations as long as their

emissions are confined within those bands. o

Further, FCC vide its First report and Qder dated 21.03.2019 provided details

of the dechnical pa r a me ffoe unkcénsed operations in the THz band. A

summary of the technical parameters for unlicensed operations in the THz band

is given below:

Technical Parameters

Limit

Maximum EIRP (Indoor)

40 dBm (average) and 43 dBm (peak)

Maximum EIRP (Outdoor)

82 dBm (average) and 85 dBm (peak)

Min Antenna gain

51 dBi (with 2 dB reduction in the
maximum permissible EIRP for each dB

the antenna gain falls below 51 dBi)

Out-of-band emission limit

90 picowatts per square centimeter at a

distance of three meters

FCC vide its First report and Order dated 21.03.2019 also provided details on

the de r ms and conditions©®o for

u z lband. eAn s e d

summary of the terms and conditions for unlicensed operations in the THz band

is given below:

(@) These devices would operate on a non-interference basis while protecting

both passive and active services.

(b) These devices would not be permitted to operate upon satellites or

onboard aircraft.

(c) Equipmentoperating inthe 174.8-182 GHz and 185190 GHz bands should
not be designed to operate in the 182 -185 GHz band.
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(2) ETSI

3.7  European Telecommunications Standards Institute (ETSI) released Report No.
ETSI GR mWT018 V1.1.1 (2019-08) titted 6 Anal ysi s of Spectr
Schemes and Network Scenarios in the Wbandoin September 2018°. The said
report deals with point-to-point links in frequency ranges 92-114.25 GHz and
130-174.8 GHz referred to as the W-band and D-band respectively. The report
provides information, considerations and application use cases and discus®s

the flexible and efficient use of these bands.

3.8  The European Union (EU) has already adopted harmonized standardsETSI EN
305 550-17 and ETSI EN 305 55628, which allow short range devices (SRDs)
to operate between 40 GHz and 246 GHz includes provisions for such devices
at 122.0-122.25 GHz and 244246 GHz. The maximum EIRP permitted to SRDs

is given below:

Technical Parameters for SRDs Limit
Maximum EIRPin 122-122.25 GHzband 10 dBm
Maximum EIRPin 122.25-123 GHz band and244-246 GHz 20 dBm

band

(3)  Office of Communications (O  fcom ), UK

3.9 To support research, innovation and the development and use of new products
and applications in Extremely High Frequency (EHF) bands the Office of
Communications (Ofcom), United Kingdom in December 2021°, introduced a
new O0Spectr umlcénsesieenable siriple Hlexible access to over

32 GHz of radio spectrum acrossthe following four bands:

3 https://www.etsi.org/deliver/etsi_gr/mwWT/001 099/018/01.01.01 60/gr mwt018v010101p.pdf

4 https://www.etsi.org/deliver/etsi_en/305500 305599/30555001/01.02.01 60/en_30555001v010201p.pdf
5 https://www.etsi.org/deliver/etsi_en/305500 305599/30555002/01.02.01_60/en_30555002v010201p.pdf
6 https://www.ofcom.org.uk/ __data/assets/pdf file/0025/203767/spectruaccessehf-licenceguidance.pdf
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(@) 57-71 GHz

(b) 116-122 GHz
(c) 174.8-182 GHz
(d) 185-190 GHz

3.10 Under the Spectrum Access: EHFLicense a licensee is allowed to accessone
of these bands across the UKon a shared, uncoordinated basis. The licensees
may use multiple devices within the licence band, provided that these meet the
licence technical conditions. Devices must not be used airborne, which means
that they cannot be used onboard or attached to an aircraft, drone or balloon.

Each licence costs £75, which is payable every five years.

3.11 The spectrum Access: EHF License isntended to provide flexible access to the
spectrum on a technology-neutral basis and has an indefinite duration. Certain
technical parameters for devices in Spectrum Access: (EHF) License are

summarized below:

Technical Parameters Limit
Maximum Permitted EIRP 55 dBm
Main beam elevation angle <20 degrees above horizontal

(Outdoor use)

No restrictions (indoor use)

Out of band emissions Limited to -10 dBm/ MHz EIRP

3.12 For outdoor use of 100-200 GHz equipment only, there are additional power

limits on EIRP at angles relative to the main beam in the elevation plane.
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4) Ministry of Internal Affairs and Communications (MIC), Japan

3.13 In 2018, MIC Japan made 18 GHz of frequency spectrumin 116-134 GHz band

available for ACommercial Telecommunicat

that ndall pract i c alproted theradio sstrandnly sebviee t a k e n

from har mful interferenceo in parts of t
B. International  Experience on Allocations in the 77-81 GHz Band for

Automotive RADARS

3.14 Federal Communications Commission (FCC), U8 and Ministry of Internal
Affairs & Communications (MIC), Japan have designated the frequency
spectrum in 76-77 GHz band for automotive radar. MIC, Japan has also
recommended introduction of high-resolution radar in 77-81 GHz band for

safety related applications.

3.15 CEPT has designated the band 7781 GHz for automotive radars. ETSI has
adopted the harmonized standard in the frequency band 77-81 GHz for the
applications of short-range radars. FCC has also allowed 7781 GHz band for

vehicular radar operations aligning with rest of the world.

3.16 Some of the countries in the Asia Pacific Region have also designated 7677

GHz and 77-81 GHz bands for short range automotive radar application.

3.17 The next chapter provides a brief description of the recommendations of the
DoTé s C o mon Qpenarel De-Licensed Unusedor Limited Used Spectrum

Bands for Demand Generation for Limited Including T Hz Band.
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4.1

4.2

4.3

CHAPTER I V:
RECOMMENDATIONS OF THE D O T CCOMMITTEE

ON TERA HERTZ SPECTRUM

Department of Telecommunications (DoT), Government of India constituted a
Committee to give its recommendations for Open and De-license unused or
limited used Spectrum bands for demand generation for limited period including
THz band. A summary of recommendations of the D o T Gmnmittee is given

below:

AThe spectrum beyond 95 GHz and upto 3 THz may be opened for experiments
under ‘Spectrum-Terahertz Applications License’ There shall not be any
restriction on technical conditions for designing and conducting experiments
and tests provided they should not cause harmiul interference to existing

services including secondary services.

The frequency bands, 116-123 GHz, 174.8 182 OHz, 185-190 GHz, and 244-246
OHz may be opened for unlicensed use. Initially FCC's Technical specifications
may be adopted. After study in Indian environment, technical parameters may

be revised.

The frequency band 77-81 GHz band may also be delicensed for automotive

radar applications in line with international practice. 0

The following sections provide an overview of the recommendations of the

DoTo6s Committee.

'Spectrum -Terahertz Applications License (STAL)' Proposed by the

DoT6s Committee

Considering the requirements of emerging new radiocommunications

technologies, to promote R&D activities, indoor/ outdoor testing/
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experimentation in the field of wireless radiocommunications and also to
promote Make in India in wireless products, and international practices, the
D o T Gommitte recommended that a new experimental radio license category
'‘Spectrum-Terahertz Applications License (STAL)' may be created that will be
applicable for 'Experiment’ and 'Demonstration’ of equipment designed to

operate exclusively on any frequency above 95 GHz.

TheDoT 6 s Commi t t elerearevery f@w assiganments above 95 GHz
and the spectrum beyond 95 GHz is considered to be vacant, and therefore,
recommended to open the spectrum between 95 GHzto 3 THz for experiments
under 'Spectrum-Terahertz Applications License (STALY . following table
summarizes the terms and conditions of STAL proposed by the Do T 6 s

Committee:

Item Proposed conditions for

[Spectrum - Tera Hertz Applications License (STAL)]

Purpose |To promote R&D activities, indoor/outdoor testing/
experimentation in the field of wireless radiocommunications and
also to promote Make in India in wireless products, and

international practices

Period Initially for five years and further extendable for periods of five
years at a time with an interim report to be submitted at the time

of each renewal

License Rs.1000/- towards spectrum charges for 5 years
Fee
There should not be any restriction on geographical areas for

STAL. The user may le allowed to request operations over any
area, except restricted areas, that they deem appropriate for

their experiment.

Technical | There shall not be any restriction on technical condition for

Conditions | 4osigning and conducting experiments and tests provided they
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ltem Proposed conditions for
[Spectrum - Tera Hertz Applications License (STAL)]
should not cause harmful interference to existing services
including secondary services.
Terms & | May be permitted to mark et experimental devices designed to
Conditions

operate in the bands above 95 GHz via direct sale

Licensees who take advantage of these marketing provisions
must uniquely identify each device (e.g., through a serial
number) in a manner that will enable them to easily track each
one. Finally, at the time of sale, the licensee is required to
provide trial participants with a written  disclosure that clearly
states that the equipment being purchased is part of an
experiment that may be terminated at any time by the licensee
or the licensor, and the device will be surrendered or rendered

inoperable at the conclusion of the experiment.

However, the licensees shall ensure that trial devices are either
rendered inoperable or retrievable at the conclusion of the trial.

Additionally, each device sold under this program must be
labelled as "Authorized Under STA. and may be subject to
further conditions including Termination of Operation" and carry

with it a licensee assigned equipment ID number to be issued by
WPC, DoT.

Government may prescribe any test/ measurement etc. from
health safety/ environment safety/ EMI/ EMC etc. as per
international practice, if case application wants to market

experimental devices.

No exclusive assignment should be given under 'STAL'. The
assignment will be given on 'Non-interference basis and Non

protection Bas i s 6 NPB). TBe operations under the license
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4.5

ltem Proposed conditions for

[Spectrum - Tera Hertz Applications License (STAL)]

would also not claim any protection from allocated services or

incumbent users.

The spectrum assignment is subject to the condition that such
spectrum, if subsequently assigned for regular (commercial,
strategic, etc.) use will entail termination/ modification/

relocation of any test or experimentation being carried out in the

said spectrum band. In the event, user will be offered alternative
spectrum band. If alternative spectrum band is no t feasible, the
user will be allowed to continue experiment till the completion of

license period in coordination with the licensed assignees.

DelicensedBands Pr oposed by the DoTdés Committee

The D o T ©Gonmittee also proposed that the bands 116-123 GHz, 174.8-182
GHz, 185190 GHz, and 244246 GHz may be opened for unlicensed use in
India. The present allocation of the proposed bandsf orm | 6 «c e n siretlle us e 6

National Frequency Allocation Plan NFAB, 2022 is given below:

Band (GHz) Current Allocation

11671 122.25 | EARTH EXPLORATIOGISATELLITE (passive)
INTER-SATELLITE

SPACE RESEARCH (passive)

122.257 123 | FIXED
INTER-SATELLITE
MOBILE

Amateur
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4.6

4.7

Band (GHz)

Current Allocation

17487 182

EARTH EXPLORATIOSATELLITE (passive)
INTER-SATELLITE

SPACE RESEARCH (passive)

18571 190

EARTH EXPLORATIORSATELLITE (passive)
INTER-SATELLITE

SPACE RESEARCH (passive)

2447 246

RADIO ASIRONOMY
RADIOLOCATION
Amateur

Amateur Satellite

Note: Frequency band 122-123 GHz and 244246 GHz are ISM bands and are

regulated in accordance with provision 5.138 of ITU-RR.

The DoTb6és Committee recommended

t hat

would operate on no-interference and non-protection basis while protecting

both passive and active services running in these bands and adjacent bands.

The D o T Gasnmittee also proposed technical parameters for the unlicensed

bands. A summary of t he mai

Committee is given below:

n

techni

Technical

Parameters

Limit

Maximum EIRP

40 dBm (average) and 43 dBm (peak)

point-to-point devices

82 dBm (average) and 85 dBm (peak) for outdoor fixed
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C.

4.8

Technical

emission limit

Limit
Parameters
Minimum antenna gain: 51 dBi (with 2 dB reduction in
the maximum permissible EIRP for each dB the
Out-of-Band 90 picowatts per cm? at a distance of 3 meters

Peak radiated | Transmitters with an emission bandwidth of less than

power 100 MHz must limit their peak radiated power to the
product of the maximum permissible radiated power
(in milliwatts) times their emission bandwidth divided
by 100 MHz.

Technical FCCbs technical par amet e

conditions and after conducting intensive research in Indian

environment, technical parameters may be modified at

later stage.

Other terms and

conditions

No equipment should be permitted to operate on

satellites or onboard aircraft.

Experiment operating in the 174.8-182 GHz and 185
190 GHz bands should not be designed to operate in
the 182-185 GHz band.

Delicencing of the 77 -81 GHz Band for Automotive Radars Proposed
DoT6s

by the

The DoTo6s

Commi ttee

Commi ttee made
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4.9

4.10

(@) The frequency band 76-77 GHz frequency range has already been licensed
vide G.S.R. 699 (E) dated 16.09.2015 for the purpose of very low power
radio frequency devices or equipment for short range radar systems.

(b) DoT has constituted a committee for implementation of V2X in the
country. Frequency bands 76-77 GHz and 77-81 GHz are beng used for
long range radar and short & medium range radars respectively for V2X
application.

(c) FCC, USA and MIC, Japan have designated 747 GHz for automotive
radars. MIC, Japan has also recommended introduction of high resolution
radar in 77-81 GHz bandfor safety related applications. ETSI has adopted
the harmonized standard in the frequency band 77-81 GHz for the
application of short range radars. FCC, USA has allowed 7781 GHz band
for vehicular radar operations aligning with rest of the world. Many
countries in Asia Pacific Region have also designated 7777 GHz and 77-
81 GHz bands for short range automotive radar applications for ITS.
Therefore, the frequency band 77-78 GHZ and 77821 GHz band are

globally harmonized bands for short range radar applications.

Keeping the above observations in mind, the D o T Gosnmittee recommended
that 77-81 GHz bandmay also be delicensed for automotive radar applications

in line with international practice .
Summary of Recommendations ofthe Do T €ammittee
Asummaryofre commendati ons of the DoT6s Commi f

(@) The spectrum beyond 95 GHz and upto 3 THz may be opened for
experiments under 'Spectrum-Terahertz Applications License'. There shall
not be any restriction on technical conditions for designing and conducting
experiments and tests provided they should not cause harmful

interference to existing services including secondary services.

(b) The frequency bands, 116-123 GHz, 174.8182 GHz, 185190 GHz, and
244-246 GHz may be opened for unlicensed use. Initially FCC's Technical
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specifications may be adopted. After study in Indian environment,

technical parameters may be revised.

(c) The frequency band 77-81 GHz band may also be delicensed for

automotive radar applications in line with international practice.

E. Examination of Issues Rel at ed to the recommendati on

Committee

411 Thematterr el ated to 6Spectrum Terahertz Appl
examined separately in Chapter V of this consultation paper. At this stage, the
Authority solicits views of stakeholders on the following question s related to (a)
Delicensing of bands in THz range, and (b) Delicensing of 77-81 GHz band for

Automotive radars:
Issues for consultation:

Q1. Whether there is a need for permitting license -exempt
operations in 116 -123 GHz, 174.8 -182 GHz, 185 -190 GHz, and
244 -246 GHz frequency ranges ? Please provide a detailed

response with justification

Q2. In case it is decided to permit license -exempt operation s in
116 -123 GHz, 174.8 -182 GHz, 185 -190 GHz, and 244 -246 GHz
frequency ranges , what should be the terms and conditions
including technical parameters for permitting license -exempt
operations in  these bands , while protecting  both passive and

active services in  and around these frequency ranges ? Please

provide a detailed response with justification

Q3. Whether there is a need for permit ting license -exempt
operations in any other bands in the 95 GHz to 3 THz frequency
range ? Please provide a detailed response with justification
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Q4. Whether there is a need for permitting license -exempt
operationin 77-81 GHz band for automotive radar applications?

Please provide a detailed response with justification

Q5. Incaseitisdecidedto permitlicense -exemptoperation sin the
77-81 GHz band for automotive radar applications , what should
be the terms and conditions including technical parameters for
permitting licensed -exempt operation s in this frequency band?

Please provide detailed response with justification

4.12 The following chapter examines the experimental licensing regime in the

country.
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CHAPTER V:

EXPERIMENTAL LICENSING REGIME

A. Present experimental Licensing regime in India

5.1 Presently the Government of India follows the Unified Licensing Regime.
However, considering the requirements for emerging radio communication
technologies and to promote R&D activities in the field of wireless
radiocommunications, specifically 5G technologies, the Government vide its OM
dated 23.07.2019%° issued a notification for regulating the Experimental and
Technology Trial licenses, Manufacturing and Testing licenses and

Demonstration licenses.

5.2 The Experimental licenses are available to Indian entities involved in R&D,
incubation, manufacturing, telecommunication service providers (TSPs), and
public access testbeds. The Technology Trial licenses are available to Indian
entities viz. TSPs, companies, organkations, academia involved in services,
R&D experimentation, manufacturing of digital communication technologies
(DCTs). These licenses are open for all bands including new, unallocated,
unallotted, unassigned, unsold, unused bands and others as may be feasible
enabling international market access opportunities for Indian entities. However,
they are granted for shorter time frames of a year (extendable on a case -to-

case basis), and they do not permit provision of commercial services.

5.3 Inthisregard, as a sample, the terms and conditions under the existing licenses
ofTechnol ogy trial s ( Rad iwarécomghredwitttiee r t h a
terms and conditionsinthe 6 Spectrum Terahertz Applicai
proposed by the D o T G@nmittee. The main differences between the two

licensesare outlined below:

7 https://dot.gov.in/sites/default/files/OM%20dated%2023rd%20July%202019 0.pdf
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Item Existing Conditionsunder the Proposed conditionsfor the

0 Li c e nrecknoldgy Trials &pectrum - Tera Hertz
(Radiating) Other Than 5G Applications License (STALY
trials6( Do Tds OM proposed by t
23.07.2019) Committee

Purpose | Technology and Capability| To promote R&D activities,
demonstration, Product | indoor/outdoor testing/
stabilization, usage case and| experimentation in the field of
ecosystem development etc., | wireless  radiocommunications
in standalone or non-|and also to promote Make in
standalone modes. Technology | India in wireless products, and
trials for special projects of | international practices

DoT/USOF will also be
undertaken under this

category.

Period | 3 months for site preparation | The license can be initially
which may include | granted for five years and can be
deployment, Testing, logistics, | extended for an additional five -
imports (as may necessary) | year at a time. Interim reports
and One year for trial. Further | are required at the time of each
extendable by one more year | renewal.

(by paying Rs. 5000 towards
license fee) based on review by
a DoT Expert committee. The
period is subject to truncation
to prevent interference to
licensed operations. Restricted
power levels, coordination,
relocation of the test site may

be tried to complete the test.
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Item Existing Conditionsunder the Proposed conditionsfor the
0 Li c e nrecknoldgy Trials &pectrum - Tera Hertz
(Radiating) Other Than 5G Applications License (STALY
trials6( Do Tds OM proposed by t
23.07.2019) Committee
For Special Projects of DoT, the
time period will be as per the
period defined in DoT /USOF
projects for which the trials are
required to be conducted.
License | Rs. 5000/~ (one time) per | Rs.1000/- towards spectrum
Fee License  covering defined| charges for 5 years
geographical areas in one
Licensed Service Area (LSA).
All devices under trial are
included under one license.
Technical | Restricted power levels | No restriction on technical
Conditions | coordination relocation of the | conditions for designing and
test site may be tried to | conducting experiments and
complete the test tests provided they should not
cause harmful interference to
existing services
Terms & | No commercial services Direct sale of experimental
Conditions devices designed to operate in

the bands above 95 GHz

Government may prescribe any

testt measurement etc. from
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Item

Existing Conditionsunder the
0 Li c e nrecknoldgy Trials
(Radiating) Other Than 5G
trials6( Do Tds OM

23.07.2019)

Proposed conditionsfor the
&pectrum - Tera Hertz

Applications License (STALY
proposed by t

Committee

health  safety/ environment
safety/ EMI/ EMC etc. as per
international practice, if case
application wants to market

experimental devices.

Review by an Expert
Committee appointed by DoT
on Quarterly basis to monitor
and ascertain effective usage

of spectrum

The spectrum assignment is
subject to the condition that such
spectrum, if subsequently
assigned for regular
(commercial, strategic, etc.) use
will entail te rmination/
modification/ relocation of any
test or experimentation being
carried out in the said spectrum
band. In the event, user will be
offered alternative spectrum
band. If alternative bands aren't
available, users can continue
experiment until license period

ends.

Non protection and Non-

interference basis

Non protection and Non-

interference basis.

The operations under the license

would also not claim any
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Item

Existing Conditionsunder the
0 Li c e nrecknoldgy Trials
(Radiating) Other Than 5G

Proposed conditionsfor the
&pectrum - Tera Hertz

Applications License (STAL)

trials6( Do Tds OM proposed by t
23.07.2019) Committee
protection from allocated

services or incumbent users.

The entities are also permitted
for demo of their products
developed/ under development
in other locations (other than
trial area) in indoor
environment (for a maximum
period of one month at one
place) on non-interference and
non-protection basis without a

separate demo license

No restriction on geographical
areas for STAL (except restricted

areas)

The license includes the

necessary permissions for
importing wireless products/
assemblies/ modules and
associated accessories
including antennae operating
in both licensed and license-
exempt bands. Such imported
products shall not be for

commercial use/ sale.

The licensees shall ensure that
trial devices are either rendered
inoperable or retrievable at the
conclusion of the trial and each
device sold under this program
may be labeled as "Authorized
Under STAL and may be subject
to further conditions including
Termination of Operation” and
carry with it a licensee assigned
equipment ID number to be

issued by WPC, DOT.
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5.4

In this background, the Authority solicits views of stakeholders on the following

set of questions:

Issues for consultation

Q6.

Q7.

Whether there is a need to open the frequency spectrum
between 95 GHz to 3 THz for experiment and demonstration of
equipment designed to operate on any frequency above 95 GHz
through a separate  experimental license? Please provide a

detailed response with justification.

In case it is decided to open the frequency spectrum between

95 GHz to 3 THz for experiment and demonstration of
equipment designed to operate on any frequency above 95 GHz
through a separate experimental license -

(@ what should be the terms and conditions under such a
license ? Kindly provide inputs in respect of , Inter alia, the
following aspects for the proposed separate experimental
license :

I Purpose of the license;
ii. Scope of the license;

iii. Eligibility conditions for entities seeking to acquire

the license ;
\2 Mode of applying for the license ;
V. Duration of the license ;
Vi. Obligation under the license ;
Vil. Financial conditions including the license fees ;
viii.  Technical conditions and other terms and

conditions for operations under the license ;

39



IX. Mechanism to ensure protection to passive services
in th e frequency range between 95 GHz to 3 THz;

and
X. Any other (please specify).

(b)  whether the licensees should be permitted to market
experimental devices designed to operate in the
frequency range between 95 GHz to 3 THz via direct sale?
If yes, what should be the associated terms and

conditions ?
Please provide a detailed response with justification.

Q8. Whether there are any other issues or inputs in respect of the
frequency spectrum in Tera Hertz band s? If yes, please provide

detailed comments with justification.

5.5 The following chapter lists the issues for consultation.
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CHAPTER VI:

ISSUES FOR CONSULTATION

Stakeholders are requested to provide responses to the following questions with

detailed justifications:

Q1.

Q2.

Q3.

Q4.

Q5.

Whether there is a need  for permitting license  -exempt operations in
116-123 GHz, 174.8 -182 GHz, 185 -190 GHz, and 244 -246 GHz
frequency ranges ? Please provide a detailed response with

justification

In case it is decided to  permit license -exempt operationsin 116 -123
GHz, 174.8 -182 GHz, 185 -190 GHz, and 244 -246 GHz frequency
ranges , what should be the terms and conditions including technical
parameters for permitting license -exempt operations in  these bands,
while protecting  both passive and active services in and around these
frequency ranges ? Please provide a detailed response with

justification

Whether there is a need  for permitting license  -exempt operations in
any other bands in the 95 GHz to 3 THz frequency range ? Please

provide a detailed response with justification

Whether there is a need for permitting license  -exempt operation in
77-81 GHz band for automotive radar applications? Please provide a

detailed response with justification

In case itis decided to permitlicense -exemptoperationsin the 77-81
GHz band for automotive radar applications, what should be the terms

and conditions including technical parameters for permitting
licensed -exempt operation s in this frequency band? Please provide

detailed re sponse with justification.
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Q6.

Q7.

Whether there is a need to open the frequency spectrum between 95

GHz to 3 THz for experiment and demonstration of equipment
designed to operate on any frequency above 95 GHz through a
separate experimental license? Please provide a detailed response

with justification.

In case it is decided to open the frequency spectrum between 95 GHz
to 3 THz for experimenta nd demonstration  of equipment designed to
operate on any frequency above 95 GHz through a separate

experimental license -

(@) what should be the terms and conditions  under such a license ?
Kindly provide inputs in respect of, inter alia , the following
aspects for the proposed separate experimental license:

I Purpose of the license;
ii.  Scope of the license;

iii.  Eligibility conditions for entities seeking to acquire the

license;
iv.  Mode of applying for the license ;
v.  Duration of the license ;
vi. Obligation under the license ;
vii.  Financial conditions including the license fees ;

viii. Technical conditions and other terms and condition s for

operations under the license;

iX. Mechanism to ensure protection to passive servicesinth e

frequency range between 95 GHz to 3 THz; and

X.  Any other (please specify).
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Q8.

(b) whether the licensees should be permitted to market
experimental devices designed to oper ate in the frequency range
between 95 GHz to 3 THz via direct sale? If yes, what should be

the associated terms and conditions?
Please provide a detailed response with justification.

Whether there are any other issues or inputs in respect of the
frequency spectrum in Tera Hertz band s? If yes, please provide

detailed comments with justification.
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DoT6s reference dated 23.01.2022

R-14019/01/2022-5G

173073157 /2022

Government of India
Ministry of Communications
Department of Telecommunications
Wireless Planning & Coordination (WPC) Wing
6" floor, Sanchar Bhawan,
20, Ashoka Road, New Delhi — 110001.
No.: R-14019/01/2022-SG Date: 08.12.2022
To,

The Secretary

Telecom Regulatory Authority of India
Mahanagar Doorsanchar Bhawan
Jawahar Lal Nehru Marg (Old Minto Road)
New Delhi-110002.

Subject: Seeking TRAI recommendations on Open and De-licensed use of unused
or limited used Spectrum bands for demand generation for limited period in Tera Hertz
range.

Sir,

In various parts of the world, administrations, with a view to encourage technology
develogment. have come up with regulations allowing conduct of experiments in the spectrum
bands beyond 95 GHz. Accordingly, it has been decided to encourage the development of new

ggnén']lunications technologies and new services in the country in the spectrum ranges above
z.

2: In view of the above, a Committee was constituted under the Chairmanship of Wireless
Adviser to give its recommendations on the issue. The Committee has submitted its report

(copy enclosed for ready reference) . The summary of recommendations of the Committee is
given below:

a. The spectrum beyond 95 GHz and upto 3 THz may be opened for experiments under
‘Spectrum-Terahertz Applications License'. There shall not be any restriction on technical
condition for designing and conducting experiments and tests provided they should not
cause harmful interference to existing services including secondary services.

b. The frequency bands, 116-123 GHz, 174.8-182 GHz, 185-190 GHz, and 244-246 GHz
may be opened for unlicensed use. Initially FCC's Technical specifications may be
adopted. After study in Indian environment, technical parameters may be revised.

c. The frequency band 77-81 GHz band may also be delicensed for automotive radar
applications in line with international practice.

3. However, with a view to come up with a well-rounded regulatory reg?ime on the subject
matter, it was considered approPriate to seek TRAI recommendation as well. Therefore, under
the terms of clause 11 (1)(a) of TRAI Act, 1997 as amended by TRAlI Amendment Act 2000,
TRAI is requested to provide recommendations on the following:

(a) Terms and Conditions for opening of spectrum beyond 95 GHz and upto 3 THz for
experiments under a regime which may be named as ‘Spectrum-Terahertz Applications
License’'for 'Experiment’ and ‘Demonstration’ of equipment designed to operate on any
frequency above 95 GHz while protecting any “Passive” services in these frequency ranges.
The licensees may also be permitted to market such experimental devices via direct sale. The
regime may be opened for a defined period.

(b) Terms and conditions including technical parameters for permitting licensed-exempt
operations in 116-123 GHz, 174.8-182 GHz, 185-190 GHz, and 244-246 GHz frequency
ranges, while protecting both passive and active services in and around these frequency
ranges

(c) Terms and conditions including technical parameters for permitting licensed-exempt

operations in 77-81 GHz band for automotive radar applications in line with international
practice.
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R-14019/01/2022-5G
73073157 /2022

(d) Any other techno-regulatory recommendations relevant to the issue.

e
(Gulab Chand)

Joint Wireless Adviser

4. This issues with the approval of the competent authority.

Encl: As above (Report of the Committee)
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1. Introduction

1.1  Radio spectrum is lifeline for wireless communication. Innovation in
wireless technology makes possible to use of those frequency bands which
were thought of unusable in past. Radio frequency is considered upto 3 THz,
which often viewed as the transition point from radio technology to infrared
technology. Presently, radio spectrum upto 95 GHz is in use and radio
spectrum beyond 95 GHz is yet to put in use. There are substantial
opportunities for innovation in these frequencies, especially for high-
bandwidth applications as well as imaging and sensing operations. ‘

1.2 Advancements in research and technology development have allowed
for the inception of new products and applications using spectrum in higher
frequency bands. The frequency beyond 95 GHz are characterized by short
propagation distances and small wavelengths, and availability of large
contiguous bandwidths, which make them suited for a range of applications.
The propagation characteristics of frequency above 95 GHz permits least
interference to the existing services such as Earth exploration-satellite service,
radio astronomy service, space research service, inter-satellite service and
fixed and mobile services, which make suitable for coexistence of numerous
short range applications.

1.3  To encourage the development of new communications technologies
and expedite the deployment of new services in the spectrum above 95 GHz,
worldwide various administrations have made regulations to conduct
experiment in the spectrum band beyond 95 GHz. Accordingly, Indian

administration has also desired to open radio spectrum beyond 95 GHz for
experiment.

1.4 A Committee with the following composition has been constituted to
give its recommendations for Open and De-license unused or limited used
Spectrum bands for demand generation for limited including THz band in
view of Post-budget webinar on “Technology enabled Development” held on
02.03.2022 “Breakaway session 1: Building a strong 5G ecosystem for Service
Delivery” organized by the Government.
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Shri R.K. Saxena, Wireless Advisor -Chairman

Prof. Abhay Karindkar, Director, [IT Kanpur - Co Chair
Shri YGSC Kishore Babu, DDG (SRI) - Member

Shri VJ. Christopher, Director WMO - Member

Shri M.K. Pattanaik, Sr. DWA (Sat)- Member

S N A A

Shri. P.S.M. Tripathi, DWA (Security)- Member Convener
1.5 The Term of Reference (TOR) of the above committee is under:

To give its recommendations for Open and De-license unused or limited used

Spectrum bands for demand generation for limited period including THz
band.

1.6  The Committee met several times and provided valuable inputs for the
report. The summary of recommendations of the Committee is given below:

e The spectrum beyond 95 GHz and upto 3 THz may be opened for
experiments under ‘Spectrum-Terahertz Applications License’. There
shall not be any restriction on technical condition for designing and
conducting experiments and tests provided they should not cause
harmful interference to existing services including secondary services.

e The frequency bands, 116-123 GHz, 174.8-182 GHz, 185-190 GHz, and
244-246 GHz may be opened for unlicensed use. Initially FCC's
Technical specifications may be adopted. After study in Indian
environment, technical parameters may be revised.

e The frequency band 77-81 GHz band may also be delicensed for
automotive radar applications in line with international practice.

.
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2. Terahertz (THz) Radio Spectrum

21  The terahertz (THz) band is the part of the electromagnetic waves in
the frequency between 100 GHz-30 THz i.e. between microwaves and
infrared waves. It is also called the sub-millimetre band. The THz band offers
a much larger bandwidth, which ranges from tens of GHz up to several THz
and suitable for Nano cell. THz communication system is highly directional,
more energy efficient, less latency, less susceptible to free space diffraction
and able to address the capacity limitations of current wireless systems. At
100 GHz the wavelength is 3 mm, halving to 1.5 mm at 200 GHz, etc. This
means that modest size antennas can have dimensions that are many
wavelengths so their beams can have well focused mean beams.

22  According to Friis Law, free space propagation loss is directly
proportional to square of frequency. Therefore, high propagation loss
drastically reduces the coverage with THz communication system. Besides
free space loss, aﬁnospheric absorptions (e.g., oxygen and water molecule
absorptions) resulting in additional path loss. This atmospheric absorption
varies with frequency, humidity and altitude, generally increasing in
frequency and decreasing with altitude although at certain frequencies with
strong molecular resonances. However, atmospheric absorption has not any
fixed pattern. In general, atmospheric absorption increases with frequency
but exhibit high absorption at some of the frequency. The absorption peaks

create spectral windows, which drastically change with the variation of the
distance.

2.3 As per Radio Regulation, allocation of radio spectrum beyond 100 GHz
are allocated largely to Radio Astronomy and Satellite based services such as
Earth Exploration Satellite, Space Research, Amateur Satellite, Radio
Navigation Satellite and Mobile Satellite etc. on primary basis. Besides
Satellite and Radio Astronomy, allocation has also been made for Fixed and
Mobile services as Primary services in 12 frequency bands with about 100
GHz spectrum between 100-275 Gz, which accounts more than 55% of total
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spectrum available between 100-275 GHz. The percentage of allocation to
different services in the frequency band 100-275 GHz is given in Table.

Allocated Allocation
S. No. | Service Bandwidth* | ..
(in GHz) (in %)
1 Fixed 97.20 55.54
2 Mobile 97.20 55.54
3 Earth Exploration Satellite 58.80 33.6
4 Space Research 70.75 40.43
5 Inter Satellite 35.23 20.13
6 Fixed Satellite 35.00 . 20
7 | Mobile Satellite 3371 1926
8 Amateur 4.01 2.29
9 Amateur Satellite 4.01 2.29
10 Radio Astronomy 107.80 61.6
11 Radiolocation 21.51 12.29
12 Radionavigation 30.21 17.26
| 13 | Radionavigation Satellite 30.21 - 17.26

* More than one services shared the same band

2.4  The initial allocations above 100 GHz were made at WARC-79 and
most of the present allocations, include a large number of passive allocations
were made at WRC-2000. Most of the passive allocations are included in
Radio Regulation 5.340 (RR5.340).

2.5 The passive allocations above 100 GHz appear to have a major impact
on the potential of other radio services in this area where demand and
technology are now developing. This was anticipated at WRC-2000 and
included as an integral part of the decision for these allocation [TU-R studies
under Resolution 731. to explore the feasibility of sharing subject to explicit
quantitative protection goals.

2.6  There is no allocation beyond 275 GHz in Radio Regulation. However,
WRC-19 introduced a footnote 5.564A for making allocation for frequency

e
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band 275-450 GHz for land mobile and fixed services, allow the coexistence
of fixed and land mobile services with active and passive services in the
frequency band 275-1000 GHz. Specifically, the radiocastronomy service
occupies 275-450 GHz, while the earth exploration-satellite and space
research services operates in 296-306 GHz, 313-318 GHz and 333-356 GHz
bands. The footnote also allows the frequency bands 275-296 GHz, 306-313
GHz, 318-333 GHz and 356-450 GHz for the implementation of land mobile
and fixed service applications without protection to Earth exploration-
satellite service (passive) applications. Further, frequency bands in the range
275-1 000 GHz are identified for use by administrations for passive service
applications vide footnote 5.565. These two footnotes are stated as below:

5.564A For the operation of fixed and land mobile service applications in
frequency bands in the range 275-450 GHz: '

The frequency bands 275-296 GHz, 306-313 GHz, 318-333 GHz and 356-450
GHz are identified for use by administrations for the implementation of land
mobile and fixed service applications, where no specific conditions are
necessary to protect Earth exploration-satellite service (passive) applications.

The frequency bands 296-306 GHz, 313-318 GHz and 333-356 GHz may only
be used by fixed and land mobile service applications when specific conditions
to ensure the protection of Earth exploration-satellite service (passive)

applications are determined in accordance with Resolution 731 (Rev. WRC-
19).

In those portions of the frequency range 275-450 GHz where radio astronomy
applications are used, specific conditions (e.g. minimum separation distances
and/or avoidance angles) may be necessary to ensure protection of radio
astronomy sites from land mobile and/or fixed service applications, on a case-
by-case basis in accordance with Resolution 731 (Rev. WRC-19).

The use of the above-mentioned frequency bands by land mobile and fixed
service applications does not preclude use by, and does not establish priority

over, any other applications of radio services in the range of 275-450 GHz.
(WRC-19).
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2.7

2.8

5.565 The following frequency bands in the range 275-1 000 GHz are
identified for use by administrations for passive service applications:

- radio astronomy service: 275-323 GHz, 327-371 GHz, 388-424 GHz, 426~
442 GHz, 453-510 GHz, 623-711 GHz, 795-909 GHz and 926-945 GHz;

~ Earth exploration-satellite service (passive) and space research service
(passive): 275-286 GHz, 296-306 GHz, 313-356 GHz, 361-365 GHz, 369-392
GHz, 397-399 GHz, 409-411 GHz, 416-434 GHz, 439-467 GHz, 477-502
GHz, 523-527 GHz, 538-581 GHz, 611-630 GHz, 634-654 GHz, 657-692
GHz, 713-718 GHz, 729-733 GHz, 750-754 GHz, 771-776 GHz, 823-846
GHz, 850-854 GHz, 857-862 GHz, 866-882 GHz, 905-928 GHz, 951-956
GHz, 968-973 GHz and 985-990 GHz.

The use of the range 275-1 000 GHz by the passive services does not preclude
use of this range by active services. Administrations wishing to make
frequencies in the 275-1 000 GHz range available for active service
applications are urged to take all practicable steps to protect these passive
services from harmful interference until the date when the Table of Frequency

Allocations is established in the above-mentioned 275-1 000 GHz frequency
range.

All frequencies in the range 1 000-3 000 GHz may be used by both active and
passive services. (WRC-12)

WRC-15/19 has framed the following two study questions:

QUESTION ITU-R 256-1/5 on Technical and operational characteristics of
the land mobile service in the frequency range 275-1 000 GHz under which
sharing studies between the land mobile and passive services, as well as the
land mobile and other active services should be carried out.

QUESTION ITU-R 257-1/5 on Technical and operational characteristics of

the fixed service in the frequency range 275-1 000 GHz under which sharing
studies between the fixed and other active services should be carried out.

The study is being undertaken by Working Party 5A and 5C for

Question 256-1/5 and 257-1/5 respectively. Study will be undertaken during
the two study cycles i.e. 2015 to 2019 and 2019 to 2023 and responses will be
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discussed during the WRC-23. The results of these studies shall be in form of
ITU’s Recommendations, Reports or Handbooks. The above questions are
given at Annexure-I.

2.9  Further, WP 5D is also preparing a document on propagation models
for the radio waves above 100 GHz for various scenarios including
indoor/outdoor in the form of Report. The proposed report would include
information on propagation environment and channel models, as well as
newly developed technology enablers such as active and passive
components, antenna techniques, deployment architectures, and the results
of simulations and performance tests.

210 The applications of THz frequencies include (shown in figure); high
data-rate communications and applications, sensing applications, high
precision positioning applications, high density applications, and backhaul
infrastructure etc. Further, due to the short wavelengths, THz frequencies are
particularly well suited for sensing applications, including health screening,
non-invasive quality assurance in pharmaceutical and manufacturing
industries, high-resolution positioning, high-density applications and
security systems. |
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211 Currently, lower terahertz frequency band 95-120 GHz is important for
fixed broadband wireless services. As per NFAP 2018, the frequency band 95-
120 GHz is allocated for Fixed, Mobile, Radio astronomy, Radionavigation,
Radiolocation, Space-research, earth exploration satellite, and Inter-satellite.
Out of 25 GHz, 15.7 GHz is allocated for Fixed service as primary service
along with other primary services. The rain and gas attenuation is less than
25dB/Km and 1dB/Km respectively. Therefore, gas attenuation is not a
dominant factor for this frequency band. It may also be noted that this band
is not much affected by Oxygen absorption peaks. The band is most suitable
for High Capacity Systems, Mobile backhaul and fronthaul and able to

support all services requiring very high speed wireless transmission, drive to
the higher part of the spectrum.

211 The anticipated massive growth in wireless data traffic require due to
introduction of 5G services, backhaul capacity must also continue to increase
substantially. Therefore, more backhaul capacity is needed to support the
evolving needs of increasing 5G and beyond traffic and number of connected

devices. Spectrum above 95 GHz supports wider channels and has higher
backhaul capacities.

212 The frequency beyond 95 GHz is also well suited for Machine to
Machine (M2M) communication. It also supports Industry 4.0 applications,
i.e. the next generation of industrial Internet of Things.

213 The sixth-generation (6G) wireless system, fully supported by artificial
intelligence, will become the dominant paradigm for wireless. 6G is also
expected to merge communications and sensing in a new way, and the wide
bandwidth needed for data will also benefit many high-precision sensing

applications. Therefore, sub-terahertz (subTHz) territory is the focus of active
research for 6G communications.
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3. International Regulations for Radio Spectrum beyond 95 GHz

3.1 Federal Communication Commission (FCC), USA
(A) Licensed Operation:

e The FCC has created a new experimental radio license, the Spectrum
Horizons Experimental Radio License (Spectrum Horizons License),
that will be available for experiments and demonstrations of

equipment designed to operate exclusively on any frequency above 95
GHz and 3THz.

e These Spectrum Horizons License features should promote a more
rapid development of new products and services that will reach a
larger number and wider variety of users than would be possible under
the existing experimental licensing rules. This would foster an
environment where innovators can develop new products and
applications absent unnecessary limitation.

e There is no restriction on technical condition for designing and
conducting experiments and tests.

e Spectrum Horizons License will be required to show how the
experimental operations (and any related devices) will be controlled so
that they do not cause harmful interference to other services. Further,
Spectrum Horizons License operations will not be entitled to exclusive
use; will not be protected from harmful interference from allocated
services; and will be prohibited from causing harmful interference to
authorized services, including secondary services.

e A Spectrum Horizons License may be authorized over any geographic
area.
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Spectrum Horizons Licenses broadly available to persons qualified to

conduct the types of operations described in existing experimental
radio service rules.

These licenses will give innovators the flexibility to conduct
experiments lasting up to 10 years without further renewal.

All bands between 95 GHz and 275 GHz are allocated on a shared basis.
Above 275 GHz, while there are no allocations, a number of bands are
identified for use by passive services. Accordingly, Spectrum Horizons
Licenses, will only be granted on a non-interfering basis, only
following coordination with existing users and unless a sufficient
methodology for preventing harmful interference is detailed, such
operations will not be permitted.

Spectrum Horizons License applicants that propose to use spectrum
exclusively allocated for passive use(s), must provide an explanation
why nearby bands with non-passive allocations are not appropriate or
adequate for the experiment and also acknowledge that they intend to

transition any potential long-term use to a band with appropriate
allocations.

(B) Unlicensed Operations:

FCC has also free up 21.2 GHz of the Spectrum Horizons bands for
unlicensed use: the 116-123 GHz band, the 174.8-182 GHz band, the
185-190 GHz band, and the 244-246 GHz band. These devices would
operate on a non-interference basis while protecting both passive and
active services. The services operating in these identified bands are
EARTH EXPLORATION-SATELLITE (passive), RADIO
ASTRONOMY and SPACE RESEARCH (passive).

o ‘ ¢
P U,

/_1( Zi\}t\\ Page 11 of 26
S )
F



3.2

(A VA
\ ,‘\4/ L ,.»"f///c&\')/

Devices may operate in all of these bands with a maximum EIRP of 40

dBm (average) and 43 dBm (peak), measured with a detection
bandwidth that encompasses the band of operation.

[t also permits outdoor fixed point-to-point devices to operate with a
higher maximum EIRP of 82 dBm (average) and 85 dBm (peak), also

measured with a detection bandwidth that encompasses the band of
operation.

Use of the higher power limits also requires that devices use antennas
with a minimum gain of 51 dBi, with a2 dB reduction in the maximum
permissible EIRP for each dB the antenna gain falls below 51 dBi. These
highly directional antennas with very narrow beam widths will ensure
that the likelihood of harmful interference is minimized.

Unlicensed devices have to comply with an out-of-band emission limit
of 90 picowatts per square centimeter at a distance of three meters.

No equipment will be permitted to operate on satellites or onboard
aircraft.

Equipment operating in the 174.8-182 GHz and 185-190 GHz bands

~should not be designed to operate in the 182-185 GHz band

Office of Communications (Ofcom), United Kingdom

Ofcom has made available the Spectrum Access in Extremely High
Frequency (EHF) band on a non-protection and non-interference basis,
with use of multiple devices to support research, innovation and the
development and use of new products and applications.
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The following bands has been made available:
o 57-71GHz
o 116-122 GHz
o 174.8-182 GHz
o 185-190 GHz

These bands can be shared on uncoordinated basis across the UK with
use of multiple devices within the licence band, provided that these
meet the licence technical conditions.

Each licence costs £75, which is payable every five years.

The maximum permitted equivalent isotropically radiated power
(EIRP) is 55 dBm. For outdoor use of 100-200 GHz equipment only,
there are additional power limits on EIRP at angles relative to the main
beam in the elevation plane.

“Indoor” means inside premises which: (i) have a ceiling or a roof; and

(if) except for any doors, windows or passageways, are wholly
enclosed.

Table: Power limits and restrictions on outdoor use

Power limits (max EIRP in dBm) and emissions restrictions
on outdoor use
USE 116-122 174.8-182 185-190 GHz
GHz GHz
Indoor 55 55 55
Outdoor 7 55 55 55
Restrictions on When devices are used outdoors, the
outdoor use of main beam elevation angle () of
equipment licensed devices shall not exceed 20°
' above horizontal.
Airborne use Airborne use not permitted.
//,;///*1/
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3.3

Other usage For all systems using bandwidths of
conditions less than 100 MHz, all of the above

EIRP limits must be adjusted as
follows:
EIRP Reduction =

BW,
10 x logyo (" " MH= /100)

For outdoor use of 100-200 GHz equipment only, the main beam
elevation angle of the device must not exceed 20 degrees above
horizontal. There are no elevation angle restrictions for indoor use.

Any out-of-band emissions must be limited to -10 dBm/MHz EIRP.

Devices must not be used airborne. This means they cannot be used
onboard or attached to an aircraft, drone or balloon.

The licence has an indefinite duration.

For any mobile use, accurate records must be kept for the postal
address (including postcode) and National Grid Reference (to 1m

resolution) of the centre of any 5km radius within which the radio
equipment is used.

If a mobile device operates over an area with a radius larger than 5km,
records must be kept for the centre of as many 5km radius areas as are
required to reflect the areas of use.

Ministry of Internal Affairs and Communications (MIC), Japan

In 2015 MIC make 18 GHz of spectrum available 116-134 GHz for
“Commercial Telecormmunications Service” subject to the provision
that “all practicable steps shall be taken to protect the radio astronomy
service from harmful interference” in parts of the band.]Japan
authorities are currently studying future regulation for the 110-174.8
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GHz band (which includes part of both D and W bands) for fixed
service.

3.4 CEPT Regulation

e European Conference of Postal and Telecommunications
Administrations CEPT released a report in September 2018 (ETSI GR
mWT 018 V1.1.1 (2019-08) on point-to-point links in frequency ranges
02-114.25 GHz and 130-174.8 GHz, referred to as the W-band and D-
band, respectively. The report provides information, considerations

and application use cases in the W and D bands and discusses the
flexible and efficient use of these bands.

e The European Union (EU) has already adopted harmonized standards,
(ETSI EN 305 550-1 and ETSI EN 305 550-2), which allow short range
devices (S5RDs) to operate between 40 GHz and 246 GHz includes
provisions for such devices at 122.0-122.25 GHz and 244-246 GHz.
SRDs are allowed to operate at a maximum e.i.r.p. of 10 dBm in the 122-
122.25 GHz band and at a maximum e.i.r.p. of 20 dBm in both the
122.25-123 and the 244-246 GHz bands. Unlike the Japanese provisions,

power limits are given, and they are quite modest at 20 dBm effective
isotropic radiated power (EIRP).

4., Recommendations of the Committee

41  Spectrum above 95 GHz

4.1.1 Considering the requirements of emerging new radiocommunications
technologies, to promote Ré&D activities, indoor/outdoor testing/
experimentation in the field of wireless radiocommunications and also to
promote Make in India in wireless products, and international practices, the
committee recommends that a new experimental radio license category
‘Spectrum-Terahertz Applications License (STAL)" may be created that will

i !
T !-.;{,«W - /'Vv ﬁ
(EL-‘M/ /(/ a\\y“ Page 15 of 26 Dhm ‘__‘f’_’,
s G -
oN

/



be applicable for ‘Experiment’ and ‘Demonstration’ of equipment designed
to operate exclusively on any frequency above 95 GHz.

4.1.2 As per available frequency assignment, there are very few assignments
above 95 GHz. The spectrum beyond 95 GHz is considered to be vacant,
therefore, spectrum beyond 95 GHz and upto 3 THz may be opened for
experiments under ‘Spectrum-Terahertz Applications License’.

4.1.3 It is anticipated this new License will make experimentation more
attractive, resulting in a greater number of thoughtful and innovative
experiments. Such experiments are vital for the development of new
applications and services suited for the unique properties of the bands above
95 GHz. It would promote a more rapid development of new products and
services that will reach a larger number and wider variety of users than
would be possible under the existing experimental licensing rules.

414 Any Indian National or any Indian Entity (Academic institutes, R&D
Labs, Central/State Governments or their PSUs, UTs, Technology parks,
TSPs, incubators, industry partners, OEMs etc.) may be allowed. The other

eligibility criteria may be kept similar to the existing experimental license to
encourage wider participation.

4.1.5 There shall not be any restriction on technical condition for designing
and conducting experiments and tests provided they should not cause
harmful interference to existing services including secondary services.

4.1.6 No exclusive assignment should be given under ‘STAL’. The
assignment will be given on ‘Non-interference basis and Non-protection
basis’ (NIB/ NPB). The operations under the license would also not claim any
protection from allocated services or incumbent users.

4.1.7 The License may be given initially for five years and further extendable
for periods of five years at a time with an interim report to be submitted at
the time of each renewal for an experiment considering research/innovation

is a time taking process and short duration license would not give desired
result.
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4.1.8 The applicant may submit details of experiment to be undertaken
along with possible outcomes and interference mitigation techniques that
may be required to protect the existing users

4.1.9 There should not be any restriction on geographical areas for STAL.
The user may be allowed to request operations over any area, except
restricted areas, that they deem appropriate for their experiment.

4.1.10 The spectrum assignment is subject to the condition that such
spectrum, if subsequently assigned for regular (commercial, strategic, etc.)
use will entail termination/modification/relocation of any test or
experimentation being carried out in the said spectrum band. In the event,
user will be offered alternative spectrum band. If alternative spectrum band
is not feasible, the user will be allowed to continue experiment till the
completion of license period in coordination with the licensed assignees.

4.1.11 The licensees will be permitted to market experimental devices
designed to operate in the bands above 95 GHz via direct sale. The
characteristics of signals in the bands above 95 GHz effectively limit the range
of each device to such an extent that a larger number of devices can operate
without increasing the potential of harmful interference to authorized
services. However, the licensees shall ensure that trial devices are either
rendered inoperable or retrievable at the conclusion of the trial. Additionally,
each device sold under this program must be labeled as ““ Authorized Under
STAL and may be subject to further conditions including Termination of
Operation”” and carry with it a licensee assigned equipment ID number to be
issued by WPC, DOT. Licensees who take advantage of these marketing
provisions must uniquely identify each device (e.g., through a serial number)
in a manner that will enable them to easily track each one. Finally, at the time
of sale, the licensee is required to provide trial participants with a written
disclosure that clearly states that the equipment being purchased is part of an
experiment that may be terminated at any time by the licensee or the licensor,

and the device will be surrendered or rendered inoperable at the conclusion
of the experiment.
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