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CHAPTER dl: INTRODUCTION

1.1  The Department of Telecommunications (DoT), through its letter dated
13t September 2021 (Annexure -1.1), has informed the following to the
Telecom Regulatory Authority of India (TRAI)

a) Based on the TRAI recommendations dated 1st August 2018 and
response dated 8% July 2019 on Do T & gefebence, Government
conducted auction of spectrum in 700 MHz, 800 MHz, 900 MHz,

1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz bands in March 2021.

A total of 2,308.80 MHz spectrum worth Rs. 4  ,00,396.20 Crore at
Reserve Price in different band -LSA!l combinations was put to
auction, out of which 855.60 MHz quantum was sold in the auction
resulting in total winning bids worth Rs. 77 ,820.81 Crore. No bids
were receiv ed in 700 MHz and 2500 MHz bands. Spectrum unsold

in the auction held in March 2021 may be put to auction in the
forthcoming auction.

b) In the TRAI recommendations dated 1st August 2018 , spectrum in
3300 -3600 MHz band was also included. However, due to certa in
issues, the Government decided to initiate action to auction
spectrum in this band separately after resolution of these issues
and, therefore, it was not a part of the auction held in March 2021.

Now, as the issues have been resolved as well as the rang e of
available frequencies in this range has slightly gone up, it has been
decided by the Government that spectrum in the frequency range

3300 -3670 MHz should be made available to the Telecom Service
Providers for International Mobile Telecommunications (IMT)/5G
through auction

c) In addition to the above, new frequency bands (mentioned below)

have also been decided to be used for IMT/5G:
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- 526-582 MHz in all the LSAs in coordination with Ministry of
information & Broadcasting (MIB) . The use will be coordinated
with minimum keep out distance from MIB transmi tters.

- 582-617 MHz in all the LSAs. This band will be available for
IMT/5G and rural point to point links.

- 617-698 MHz in all the LSAs except  a few areas/locations

- 24.2510 28.5 GHz in all the LSAs except certain portion ofth is
frequency range at 5 locations with protection distance of 2.7
km.

d) DoT has also received few requests regarding spectrum requirements
for captive usage of 5G applications by some industries e.g. Industry
4.0. The Cellular Operators Association of India ( COAI) has also
submitted a letter regarding Private Captive Network, wherein they
have inter -alia requested not to reserve any spectrum which has
been identified for IMT, for Private Captive Networks.

e) Parliamentary Standing Committee on Information Technology in its
report on ol ndi ads preparedness for
observations on pricing of spectrum. Also, DoT has received request
from COAI regarding effective spectrum pricing.

f) Department of Space (DoS) had invited comments on Draft
Spacecom Policy liberalizing space segment for private sector
participation to provid e commercial communication services in
India. This includes the Low Earth Orbit (LEO) and Medium Earth
Orbit (MEO) satellite constellations operational over India. In case of
satellite communication, the subscriber is accessed from the
satell ite ctchersosugshpeoccA rumé similar to OAc
terrestrial network and the demand for such spectrum will

potentially increase in the future.

1.2  Inview of the above, DoT through its afore -mentioned letter dated 13t
September 2021 , under the terms of clause 11 (1)(a) of TRAI Act, 1997
as amended by TRAI Amendment Act 2000, has requested TRAI to:
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b)

d)

Provide recommendations on applicable reserve price, band plan,
block size, quantum of spectrum to be auctioned and associated
conditions for auction of spectrum in 526 -698 MHz, 700 MHz, 800
MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz, 3300 -
3670 M Hz and 24.25 -28.5 GHz bands for IMT/5G.

Provide recommendation s on quantum of spectrum/band, if any, to

be earmarked for private captive/isolated 5G networks,
competitive/transparent method of allocation, and pricing, for
meeting the spectrum requirements if captive 5G applications of
industries for machine/plant auto mation purposes/ Machine -to-
Machine ( M2M ) in premises.

Provide recommendation s on appropriate frequency band, band
plan, block size, applicable reserve price, quantum of spectrum to

be auctioned and associated conditions for auction of spectrum for
space-based communication ser vices.

Provide any other recommendations deemed fit for the purpose of
spectrum auction in these frequency bands, including the
regulatory/technical requirements as enunciated in the relevant
provisions of the latest International Telecommunication Union
(ITU)-R Radio Regulations.

Subsequently, vide its letter dated 23 rd September 2021 (Annexure -

1.2), DoT has informed that the Government has taken the following

decisions with regard to future spectrum auctions and requested TRAI

to consider/factor in the same while providing recommendations in
response t o Dletieddatedld t ISepember 2021 :

a)

Rationalizing Bank Guarantees to securitize Deferred Annual
Spectrum payment instalments in future spectrum auctions: For
spectrum auctions held in the future, the requirement for the
successful bidder to submit a Financial Bank Guarantee (FBG) of an
amoun t equal to one annual instalment to securitize the instalment,

and to submit Performance Bank Guarantee (PBG) for roll out

obligations etc., will be dispensed with. D oT will also appropriately
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b)

d)

f)

address the eligibility conditions for participation in the auc tion, so
that the participants have sufficient financial capacity.

Increase in duration of Spectrum Allocation: In future auctions,
access spectrum will be assigned for a period of 30 years. However,
since in past auctions the reserve prices and bids were
corresponding to validity of 20 years, there will be no change in the
tenure for spectrum acquired in past auctions.

Regular conduct of Spectrum Auction on annual basis: Spectrum
auctions will be held normally in the last quarter of every financial

year. Whenever necessary, auctions can be held at shorter intervals

also.

Provisions for Surrender of Spectrum: In order to encourage better
utilization of spectrum and to encourage business, for the auctions
conducted henceforth,  Telecom Service Provider s (TSPs) may be
permitted to surren  der spectrum after a minimum period of 10 (ten)
years. TSPs will have to inform one year prior to surrendering their
spectrum. An appropriate surrender fee will be charged. However,
the spectrum purchase dues for the remaining (post surrender)
period will not be levied.

No Spectrum Usage Charges (SUC) for Spectrum acquired in future
auctions: For spectrum acquired in future auctions no SUC will be
charged. The condition of minimum 3% weighted average SUC rate

and SUC floor amount will also be removed. Guide lines will be issued
by DoT to operationalize this decision.

Sharing of Spectrum: In order to encourage spectrum sharing for
better utilization and efficiency, henceforth spectrum sharing will

not attract an increase in the SUC rate by 0.5% . Guidelines hav e

already been amended by DoT to operationalize this decision.

Accordingly, DoT vide its  said letter dated 23 ™ September 2021 has

requested TRAI to provide its recommendations on the following also:

a)

While undertaking auction for spectrum with validity for 30 years,

recommendations on associated conditions like upfront payments,
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1.6

1.7

applicable moratorium period after u pfront payments, number of
deferred payment instalments and other related modalities.
b) For creating p rovisions for surrender of spectrum , conditions and

fee for such surrender of spectrum .

TRAI through its letter s dated 27 th September 2021 and 8 t October
2021, sought certain additional information/clarifications from DoT.
Response to TRAI letter dated 8 ™ October 2021 was submitted by DoT
vide its letter dated 21st  October 2021 . Most of the
information/clarification sought vide TRAI letter dated 27t September
2021 have been provided by DoT vide its letter s dated 2nd November
2021 and 27 ™ November 2021 .

Earlier , on a reference from DoT , the Authority (TRAI) had sent its
recommendations on  Auction of Spectrum in 700 MHz, 800 MHz, 900
MHz, 1800 MHz, 2100 MHz, 2300 MHz , 2500 MHz , 3300 -3400 MHz
and 3400 -3600 MHz bands on 1st August 2018 and, subsequently , in
response to the back reference received from DoT, the Authority sent its
recommendations on 8 th July 2019. Spectrum auction was held in
March 2021, whereinspectrumin all the bands mentioned above except
3300 -3600 MHz were put to auction. In total 2308.80 MHz spectrum

was put to auction in March 2021 out of which 855.60 MHz was sold

i.e., about 63% of total spectrum remained unsold. In the present
reference received fr om DoT through its letters dated 13 th September
2021 and 23 ' September 2021, DoT has stated that spectrum unsold

in the auction held in March 2021 along with the additional spectrum
may be put to auction in the forthcoming auction. In addition, DoT has
included spectrum frequencies in 526 -698 MHz, 3300 -3670 MHz and
24.25 -28.5 GHz bands. Through its letter dated 27 th November 2021,
DoT has included additional spectrum in 5 LSAs in 1800 MHz band.

In this Consultation Paper, background information about spectrum
frequencies 526 -698 MHz , 3300 -3670 MHz and 24.25 -28.5 GHz

(mmWave), which are proposed to be auctioned for the first time , IS



given in detail. Spectrum auctions in other bands have been held

earlier, detailed background information was given in earlier

consultation papers issued at the relevant times. However, information
mainly about present availability of spectrum in these bands is givenin
this paper .

BACKGROUND

Frequency ranging from 526 MHz to 698 MHz

1.8 DoT has intimated that following new frequency bands have been
decided to be used for IMT/5G:

a) 526-582 MHz in all the LSAs in coordination with Ministry of
information &  Broadcasting. The use will be coordinated with
minimum keep out distance from MIB transmitters.

b) 582-617 MHz in all the LSAs. This band will be available for IMT/5G
and rural point to point links.

c) 617-698 MHz in all the LSAs  except a few areas/locations

1.9 DoT has requested TRAI to provide recommendations on applicable
reserve price, band plan, block size, quantum of spectrum to be
auctioned and associated conditions for auction of spectrum in 526 -
698 MHz.

1.10 While ITU has identified spectrum in 450-698 MHz for IMT, frequency
arrangement for 526 -582 MHz and 582 -617 MHz bands have not been
defined by ITU. On examination of the band plans defined by 3GPP 2,0t
appears that no band plan s have been defined so far for 526 -582 MHz
and 582 -617 MHz bands. As regards 617 -698 MHz band, ITU/3GPP
have defined frequency arrangement in this band with Frequency
Division Duplexing configuration viz. band 71/ n71 also known as US
600.

23GPP3rd Generation Partnership Project



1.11 Band plan 71/ n71 (US 600) is based on reverse Frequency Division
Duplexing (FDD) confi guration i.e. Mobile station transmitter (uplink)
frequencies from 663 -698 MHz and Base station transmitter (Downlink)
frequencies from 617 -652 MHz. In band 71/ n71, reverse FDD
configuration  has been adopted to guarantee compatibility with
adjacent spectru m band, viz. Band 28 ( APT2 700 band ) i.e. upper n71
block and lower band 28 block, both will be transmitting in uplink
direction. This band plan has been adopted by some countries such as

USA, Mexico, Canada 4, Hong Kong.

1.12 As per the World Radiocommunication Conference 2019 Final Acts 5in
the Bahamas, Barbados, Canada, the United States and Mexico, the
frequency band 470 -608 MHz, or portions thereof, is identified for IMT .
In Micronesia, the  Solomon Islands, Tuvalu and Vanuatu, the frequency
band 470 -698 MHz, or portions thereof, and in Bangladesh, Maldives
and New Zealand, the frequency band 610 -698 MHz, or portions
thereof, are identified for implement IMT. In the Bahamas, Barbados,

Belize, Canada, Colombia, the United States, Guatemala and Mexico,
the frequency band 614 -698 MHz, or portions thereof, is identified for
IMT .

1.13 Asper Global mobile Suppliers Association (GSA) reportéon oO0Snapshot
of Nation a | Spectrum Positions: Spectrum fror
September 2021, spectrum in the 600 MHz range (617 -652/663 -698
MHz, including bands 71 and n71) is of interest for mobile services, and
although the market is at an early stage, an increasing numbe r of
countries are considering this spectrum for IMT. According to this
report, global status of spectrum licensing for mobile services in the 600

MHz range is depicted below:

3 APTAsiaPacific Telecommunity

4 https://www.ic.gc.ca/eic/site/smigst.nsf/eng/sf11374.html#s3

5 https://www.itu.int/dms_ pub/itu-r/opb/act/R-ACTWRC.1£2019-PDFE.pdf

8 https://gsacom.com/paper/spectrunrpositionsfrom-600-mhzseptember2021/
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Chart 1. 1: Global status of spectrum licensing for mobile services in the 600

MHz range
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1.14 600 MHz band ( 3GPP bandplan 71/ n71) is being adopted for Long Term
Evolution (LTE) /5G deployment. As per GSA report?” on  0-Banav
Spectrum for LTE and 5G - May 2 0 211660, MHz (Band 71), 37
operators are identified  to be investing in spectrum at 600 MHz, at least
three of which have launched both LTE and 5G services in the range

and another two have launched 5G.

7 https://gsacom.com/paper/lowband-spectrumfor-lte-and-5g-may-2021/
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1.15

1.16

1.17

1.18

1.19

As per information published by Global System of Mobile
Communiations Association ( GSMA), up to Q1 2021, three 4G

network s and eight 5G networks were  launche d in 600 MHz band

As per GSA 9, for LTE, as in May 2020, there were 141 LTE devices to
support band 71 out of which 40.6% account ed for phones and in May
2021 this has increased to 3 75 LTE devices out of which 36.53%
accounts for phones in 600 MHz band. In case of 5G, as per May 2021
report, there were 118 announced devices to supportband n71  and out

of which 36.40% accounts for phon  es.

700 MHz band (698 -806 MHz)

The 700 MHz (3GPP band plan B28) band is being adopted as a prime
coverage band for deployment of LTE /5G technology .

As per GSA report 9 on oOoLow Band Spectrum for
2 0 2 1205 operators were investing in LTE across the key 700 MHz

bands. Among these, 145 operators have been identified as investing in

APT 700 MHz spectrum (Band 28 and Band n28: 703 0748 MHz/758 o
803 FDD), includ ing 139 with licences, of which 66 have launched
commercial LTE or 5G services in the band. Three operators have
launched both, 55 have launched LTE and eight have launched 5G.

As regards device ecosystem for APT 700 (Band n28) band, a s per the
report pub lished by GSA1l, as of May 2020, there were 2 ,531 LTE
devices out of which 57.5% account  ed for phones and in May 2021 this
has increased to 3 ,463 LTE devices out of which 51.03% accounts for
phones. In case of 5G, as per May 2021 report, there were 270

anno unced devices and out of which 58.10% accounts for phones.

8 https://www.gsma.com/spectrum/wpcontent/uploads/2021/03/SpectrunNavigatorQ1-2021.pdf
9 LowBand Spectrum for LTE and 5G May 2021 (GSA)

10 GSA Low Band Spectrum for LTE and 5G (May 2021)

11 GSA Low Band Spectrum for LTE and(8ay 2021)

9
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Thus, it can be inferred that LTE/5G ecosystem is developing fast in
this band.

1.20 As per the information published by GSMA12 up to Q1 2021, 17 5G

Network s had been launched .

1.21 In India, 700 MHz band (3GPP band B28) was opened up with FDD
configuration in 2016. Since then, s pectrum in 700 MHz band has been
put to auction twicein  October 2016 and March 2021.In  October 2016,
2 x 35 MHz in each LSA was put to auction. = However, the entire
spectrum remained unsold. Thereafter, in October 2019, considering
importan ce for Indian Railways to have the latest standards of Train
signalling system in order to improve the passenger safety as well as to
improve the operational eff iciency, TRAI recommended that out of the
35 MHz (paired) spectrum available in 700 MHz band, 5 MHz (paired)
spectrum may be allocated to Indian Railways for implementing
European Train Control System (ETCS) Level-2, Mission -Critical Push -
To-Talk (MCPTT) + Voice, Internet of Things (IoT) based asset
monitoring services, passenger informat ion display system and live feed
of Video Surveillance of few coaches at a time . Accordingly, i n the
subsequent spectrum auction conducted in March 2021, 2 x 30 MHz
spectrum in 700 MHz band was put to auction in each LSA. However,
entire spectrum remained unsold. Thus, 2 x 30 MHz of spectrum in

each LSA is available to be put to auction in the forthcoming auction.

800/900/1800 MHz Bands

1.22 Earlier, spectrum in 800 MHz band (band plan B5), 900 MHz band
(band plan B8) and 1800 MHz band (band plan B3), was prima rily being
used for providing voice service (2G service) in India. Now these bands
are predominantly being used to deliver high speed data services using

LTE. LTE dominates global mobile telecoms. There are 807 operators

2 GSMA- Spectrum Navigator, Q1 2021 (May 2021)
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with commercially launched LTE based public mobile or broadband

fixed -wireless access networks 13,

1.23 As per GS A Report14, 67 operators have been identified that have
invested in LTE Band 5 (824 8849 MHz/869 &894 MHz). Of these, at least
33 have launched networks, 29 others have licences to operate their
networks at 850 MHz and five more have been identified as running
tests/trials or planning deployment. As per GSA, two operators have
launched 5G using spectrum in Band n5 (in Puerto Rico and the USA),
one deploying the frequency range (in A ustralia) and another one testing
with Band n5 (in Japan).  As of May 2021, 8104 LTE devices support  ed
Band 5, out of which , 58.29% accounts for phones  and there were 201
announced 5G devices supporting this band  and out of which 49.30%

accounts for phones.

1.24 1In 900 MHz band, GSA?®> has identified 113 operators investing in LTE
in Band 8 (880 08915 MHz/925 @960 MHz) as of March 2021 . Of those, at
least 59 have launched services using the spectrum, 46 more hold
licences to launch LTE at 900 MHz and a further eight are
testing/ trialling LTE at 900 MHz. For LTE, as of May 202 1, in 900 MHz
Band (Band 8) there were 7788 LTE devices out of which 55.21%
accounts for phones and 170 announced 5G devices and out of which

50.60% accounts for phones.

1.25 1800 MHz ba nd (band plan B3:1710 -1785/1805 0 1880 MHz) has the
largest LTE user device ecosystem. 67.5% of FD-LTE devices can
operate in this band.  As per GSA 16, there are 19,422 FD-LTE capable
user devices , out of which, 1 3,142 support 1800 MHz band (band B3)

In case of 5G, around 15 -20 operators have deployed/deploying or
evaluating network in Band 3 and there are over 400 devices. As per
GSA report on O6Evolution fr omatleddt382t o 5G:

B GSA NTS Snapshot (March 2021)

14 GSA Low Band Spectrum for LTE and 5G (May 2021)

IS GSA Low Band Spectrum for LTE and 5G (May 2021)

16 GSA LTE Ecosystem Status (March 2021)

7 https://gsacom.com/paper/evolutiofrom-lte-to-5g-globatmarketstatusoctober2021/
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1.26

operators (around 48% of all LTE network operators w

ith launched

services) in 158 countries/territories have launched LTE services using

spectrum in Band 3. Further, o

spectrum at 1800 MHz for 5G.

Band n3, three

perators have also started to use

Eight operators have launched 5G using

operators are deploying 5G at 1800 MHz and nine

further operators have been testing/piloting/planning for 5G at 1800

MHz or licensed to launch using Band n3.

In India, s pectrum assignment in 800 MHz, 900 MHz and 1800 MHz

was being initially d o n e

of India judgment dated 2

admi ni strati velpgemeCAaurtt er

nd February 2012, spectrum assignment for

access services in all bands is being done through auction process.
Since 2012, total
spectrum in various access bands. Details of the spectrum auctioned
in 800/900/1800 MHz bands since 2012 is given in the Table below:

six auctions have been held for assignment of

Table 1.1

Spectrum Auctions Since 2012

Sl. Year Spectrum Spectrum put to Spectrum sold
No. bands auction
1. | November 2012 1800 MHz 295 MHz 127.5 MHz
800 MHz 95 MHz No bidder
2. March 2013 900 MHz 46 MHz (Delhi, Mumbai No bidder
and Kolkata LSAs)
1800 MHz 57.5 MHz (Delhi, No bidder
Mumbai, Karnataka and
Rajasthan)
800 MHz 95 MHz 30 MHz
3. February 2014 900 MHz 46 MHz (in 3LSAs -Delhi, 46 MHz
Mumbai and Kolkata)
1800 MHz 385 MHz 307.2 MHz
4. March 2015 800 MHz 108.75 MHz 86.25 MHz
900 MHz 177.8 MHz 168 MHz
1800 MHz 99.2 MHz 93.8 MHz
5. October 2016 800 MHz 73.75 MHz (in 19 LSAs) 15 MHz (in 4
LSAS)
900 MHz 9.4 MHz (4 LSAs -Bihar, No bidder
Guijarat, UP(E), UP(W))
1800 MHz 221.6 MHz (in all LSAs 174.8 MHz (in
except Tamilnadu) 19 LSAS)
6. March 2021 800 MHz 230 MHz (in all LSAS) 150 MHz (in 19
LSAS)
900 MHz 98.8 MHz (in 19 LSAS) 38.4 MHz (in 9
LSASs)
1800 MHz 355 MHz (in all LSASs) 152.2 MHz (in
21 LSASs)

12

Hor



1.27 The spectrum that remained unsold in the previous spectrum Auction
held in March 2021  along with some additional spectrum in 800 MHz ,
900 MHz, and 1800 MHz bands is available for the forthcoming auction.

2100 MHz Band (1920  -1980 MHz/2110 -2170 MHz)

1.28 2100 MHz spectrum band  (3GPP band B1) was opened up in India for
deploying 3G networks . With the introduction of LTE services in India,
3G services started to fade away and TSPs started to migrate from 3G
services to LTE services. Similar trend has been seen in other countries
also. In some of the countries , the TSPs have closed do wn 3G services
and refarmed this band for deploying 5G services. Indian TSPs have also
closed down /closing down 3G services in the country on geographic area

basis.

1.29 As per GSMA 18 2100 MHz is the most refarmed band for 5G; 6 out of
the 58 new 5G network launches in the previous six months up to Q1
2021 were supported by spectrum in the 2100 MHz band. Up to Q1
2021, 18 numbers of 5G Networks and 106 4G networks were launched
in 2100 MHz band.

1.30 As per GSA 19, there are over 40 operators deployed/deploying or
evaluating 5G in 2100 MHz (Band 1). As regards device ecosystem, as
per GSA 20, there are 11,226 devices supporting 2100 MHz (Band 1) and
represents 57.8% of all LTE devices. For 5G, over 80 devices support
2100 MHz (band 1).

1.31 Inlndia, f irst auction for spectrum in 2100 MHz band was held in 2010.
In that auction, three blocks (each block of 2x5 MHz) in 17 LSAs and four
blocks in the remaining 5 LSAs were awarded. In addition, the
Government allocated one block of 2x5MHz spectrum in Delhi and
Mumbai to MTNL and in the remaining 20 service areas to BSNL at the

winning price achieved in the respective LSAs.

18 https://www.gsma.com/spectrum/wpcontent/uploads/2021/03/SpectrurNavigatorQ1-2021. pdf
19 GSA 5G Market Snapshot (August 2021)
20GSA LTE Ecosystem Status (March 2021
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1.32 Second auction in 2100 MHz band was held in March 2015 along with
other spectrum bands. Only one block (2x5 MHz) was put to auction in
the 17 LSAs. The spectrum remained unsold in 3 LSAs viz Delhi,
Mumbai and Andhra Pradesh. Meanwhile, Defence agreed, in p rinciple,
for swapping of 15 MHz spectrum in 2100 MHz band with 1900 MHz
band in all LSAs. Therefore, additional 3 slots of 2x5 MHz in 2100 MHz
became available for commercial assignment , which were put to auction
in October 2016 along with unsold spectrum of 2015 auction. However,
only 85 MHz spectrum in 12 LSAs was sold and 275 MHz spectrum in
21 LSAs remained unsold. In the last spectrum auction conducted in
March 2021, 175 MHz of spectrum was put to auction ; out of which, 15
MHz was sold and rem aining 1 60 MHz is available for the forthcoming
auction. Summary of the spectrum awarded in 2100 MHz spectrum

through various auctions held so far is given in the table given below:

Table 1.2
Spectrum Auctions in21 00 MHz band
Sl Year Spectrum put to auction Spect rum sold
No.
1 2010 355 MHz 355 MHz

(15 MHz in 17 LSAs,
20 MHz in 4 LSAS)

2 2015 85 MHz 70 MHz
(5 MHz in 17 LSAs)

3 2016 360 MHz 85 MHz

(in 22 LSAs) (in 12 LSAs)

4 March 2021 175 MHz 15 MHz

(in 19 LSAS) (in 3 LSAS)

2300 MHz band (2300  -2400 MHz)

1.33 In India, for s pectrum in 2300 MHz band 3GPP band B40 has been
adopted and is being used to offer high speed data services using TD -
LTE technology. The TD -LTE ecosystem is well established with 8,744
user devices as of March 2021. Amongst Time Division Duplexing (TDD)
bands, 2300 MHz band supports maximum number of devices (7 9% of
TDD devices) 21. As per GSMA 22, up to Q1 2021, one number of 5G

21 GSA LTE Ecosystem Status (March 2021)
22 GSMA:- Spectrum Navigator, Q1 2021 (May 2021)
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Network and 54 number of 4G network s were launche d in 2300 MHz
band .

1.34 Spectrum in the 2300 MHz band was first time assigned for commercial
use through an auction conducted in the year 2010. In that auction,
the Government put to auction two blocks (each of 20 MHz unpaired) in
this band in each of the 22 LSAs and entire spectrum was sold. The
spectrum in this  band was auctioned again in the auction held in
October 2016. Two blocks, each of 10 MHz unpaired were put to auction
in 16 LSAs and again the entire spectrum was sold . In the recent
auction held in March 2021, a total of 560 MHz spectrum was put to
auctio n. Out of this, 500 MHz was sold and remaining 60 MHz of
spectrum is available for the forthcoming auction. Summary of the
spectrum awarded in 2 300 MHz spectrum through various auctions
held so far is given in the table given below:

Table 1.3
Spectrum Auctions in 2300 MHz band

Sl Year Spectrum put to auction Spectrum sold
No.
1 2010 880 MHz 880 MHz
(40 MHz in each LSA)
2 2016 320 MHz 320 MHz
(20 MHz in 16 LSAS)
3 2021 560 MHz 500 MHz
(40 MHz in 6 LSAs, (in 22 LSAs)
20 MHz in 16 LSAS)

2500 MHz band (2500 -2690 MHz)

1.35 In the year 2009, the Government allocated one block of 20 MHz
spectrum in 2500 MHz band in Delhi and Mumbai to MTNL and in the
remaining 20 service areas to BSNL at the winning price achieved in
respect of 2300 MHz band in the 2010 auctions. Later on, MTNL
surrendered its spectrum in thi s band in both Delhi and Mumbai while
BSNL surrendered it in 6 LSAs (Kolkata, Maharashtra, Gujarat, Andhra
Pradesh, Tamil Nadu and Karnataka). Spectrum in this band was put to

auction for the first time in auction held October 2016. In that auction,

15



a total of 600 MHz in the 2500 MHz band was put to auction in all the
22 LSAs, out of which, 370 MHz spectrum was sold in the 20 LSAs.
Subsequently, this 230 MHz of unsold spectrum was put to auction in
the last spectrum auction held in March 2021. However, entire 230 MHz

of spectrum remained unsold.

1.36 Spectrum in 2500 MHz band (3GPP band B41) is being used to offer
high speed data services using TD -LTE technology. As of March 2021,
out of the t otal 8,744 TD -LTE user devices, 65% of the devices support
2500 MHz band (B41) 23, which is second highest in TD -LTE devices,
after 2300 MHz band.  As per GSMA 24, up to Q1 2021, two 5G Networks
and nine 4G network s have been launche d in 2500 MHz (band 41 ).

3300 -3670 MHz band

1.37 Inthe TRAIrecommendationsdated1 st August 2018, recommendations
relating to spectrum in 3300 -3600 MHz band were also included.
However, due to certain issues, the Government decided to initiate
action to auction spectrum in this band separately after resolution of
such issues and, therefore, it was not a part of the auction held in
March 2021. Now, as the issues have been resolved by the Government
as well as the range of available frequencies in this range has slightly
gone up, it has been decided by the Government that spectrum in the
frequency range 3300 -3670 MHz should be made available to the

Telecom Service Providers for IMT/5G through auction.

1.38 3GPP 5G NR (New Radio) bands n77 (3300 -4200 MHz) and n78 (3300 -
3800 MHz), support the frequency range mentioned in the DoT
reference for IMT services. Spectrum in 3300 -3670 MHz band will be
put to auction for IMT services for the first time in India in the
forthcoming auction. This band has emerged as a prime band for

deploying 5G services.

22 GSA LTE Ecosystem Status (March 2021)
24 GSMA- Spectrum Navigator, Q1 2021 (May 2021)
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1.39

1.40

1.41

1.42

1.43

As per GS A25, there are over 250 operators deployed/deploying or
evaluating 5G in n77, and n78 bands. As per GSMA 26, up to Q1 2021,
there were 4, 70, and 34 numbers of 5G network launched in 3300
MHz, 3500 MHz, and 3700 MHz  respectively . Up to Q1 2021, there were
34,1 and 11 number of 4G networks launched in 3500 MHz, 3600 MHz,
and 3700 MHz respectively .

In its reference, DoT has mentioned that 3400 -3425 MHz spectrum
would be made available for IMT throughout the country except in 6
locations namely Thiruvananthapuram, Hassan, Bhopal, Jodhpur,
Shillong and A ndaman & Nicobar Island s where the keep off distance
of 40 to 130 km shall be maintained.

24.25 t0 28.5 GHz band

In the World Radiocommunications Conference 2019 ( WRC-19),
additional globally harmonized frequency bands were identified for IMT,
including IMT 2020, facilitating diverse usage scenarios for enhanced
mobile broadband, massive machine -type communications, and
ultrareliable and low -latency communications. New Resolutions
approved at WRC 19 pointed out that ultra  -low latency and very high
bit -rate applications of IMT will require larger contiguous blocks of
spectrum thant hose available in frequency bands that had previously

been identified for use by administrations wishing to implement IMT.

In accordance with the Resolution s 241-244 of WRC-1927, frequency
band s 24.25 ¢ 27.5 GHz , 37-43.5 GHz, 45.5 -47 GHz, 47.2 648.2, and
66071 GHz , have been identified for IMT . Out of these, 26 GHz band
(24.25 -27.5 GHz) is one of the globally harmonised bands.

While in WRC -19, 26 GHz band ( 24.25 0 27.5 GHz ) has been identified
for IMT, s ome of the countries such as USA, Japan, Korea have also
openedup 28 GHzband (26.5 029.5GHz)forIMT/5G .However, Europe

25 GSA 5G Market Snapshot (August 2021)
26 GSMA:- SpectrumNavigator, Q1 2021 (May 2021)
2T https:/fwww.itu.int/en/ITU-R/conferences/wrc/2019/Documents/PRARC 1. pdf
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has decided to go for 26 GHz band. Therefore, ecosystem is getting

developed in both these bands.

1.44 DoT through its reference dated 1  3h September 2021 has, for the first
time proposed to include 24.25 0 28.5 GHz band amongst the bands to
be auctioned i n t he forthcoming auction
recommendations on the reserve price and other related issues for this
band. DoT has also informed that 24.25 to 28.5 GHz band will be used
exclusively for IMT/5G except  certain portion of this frequency range at
5 locations at Delhi, Shadnagar ( Hyderabad ), Khambaliya (Gujarat ),
Hut Bay ( A&N Islands) and Tirunelveli ( Tamilnadu) with protection

distance of 2.7 Km

1.45 DoT has informed that 24.25 -28.5 GHz has been identified for IMT in
India. As per band plans identified by 3GPP, there is no single band
plan, which covers the entire frequency range identified by India.
However, there aret hree band plans i.e. n257 (26.5  to 29.5 GHz), n258
(24.25 to 27.50 GHz) and n261 (27.50 to 28.35 GHz), which cover part
of the frequency range identified by India and there are some overlap of
frequencies in these band plans. Having said that, it is un derstood that

the mmWave devices will support  the entire frequency range

1.46 As per GSA report 28, 108 operators in 45 countries/territories are
investing in mmWave in the form of tests/trials, acquisition of licences,
planning deployments or engaging in depl oyments. 133 operators in 22
countries/territories have been assigned mmWave spectrum enabling
operation of 5G networks. 28 operators in 16 countries/territories are
known to be already deploying 5G networks using mmWave spectrum.

19 countries/territories have announced formal plans for assigning
frequencies above 24 GHz by the end  -2022. 112 announced 5G devices
explicitly support one or more of the 5G spectrum bands above 24 GHz.

70 of these devices are understood to be commercially available.

28 https://gsacom.com/paper/mmwavdands24-25-ghzmay-2021-memberreport/
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Spectrum for  Private Cellular Networks

1.47 A Private C ellular Network (PCN) is basically a local area network (LAN)
that uses mobile cellular technologies to create a dedicated network
with unified connectivity, optimised services and a secure means of
communication within a specific geographic area. Newer cellular
technologies such as LTE and 5G, are capable of providing very high

capacity and low latency, which has enabled the use of cellular

technologies for industrial automation. Considering the capabilities of

5G technology, it is being projected as a catalyst for 4 th Industrial
Revolution and thereby one of i dustryt he pr
4. 00 .

1.48 In its reference, DoT has informed about receiving few requests
regarding spectrum requirements for captive usage of 5G applications
by some industries e.g. Industry 4.0. DoT has also informed that COAlI
has submitted a letter regarding Private Captive Network, wherein they
have, inter -alia, requested not to reserve any spectrum which has been

identified for IMT, for Private Captive Networks.

1.49 DoT has requested TRAI to provide recommendations on quantum of
spectrum/band, if any, to be earmarked for private captive/isolated 5G
networks, competitive/transparent method of allocation, and pricing,
for meeting the spectrum requirements for captive 5G applications of

industries for machine/plant automation purposes/M2M in premises.

1.50 5G will potentially be used in all the economic verticals; however, initial
demand for private networks is likely to arise from the Automotive,
Industries, Ports, Mines, Aerospace etc. The requirement of private
networks could be catered in multiple ways such as TSPs could provide
them services using network slicing, = TSPs could be permitted to lease
the spectrum to industries to build their own private network, some
spectrum could be set aside for private networks etc. Globally , different
models are being adopted. As regards setting aside dedicated spectrum
for private networks, as per GS A reports on Spectrum positions in

different bands, some of the countries such a s Germany, Finland, UK,
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Brazil, Australia, Hong  Kong, Japan, have decided to set aside some
spectrum in mmWave band for private networks or local use. Some

other countries such as Slovenia, Sweden, Republic of Korea are
planning to set -aside some spectrum in  different bands (mid -band

/mmWave) for private networks
Spectrum for Space  -based communication

1.51 DoT in its reference letter dated 13  th September 2021, has mentioned
that the Department of Space (DoS) had invited comments on Draft
Spacecom Policy liberalizing space segment for private sector
participation to provide commercial communication services in India.

This includes the Low Earth Orbit (LEO) and Medium Earth Orbit ( MEO)

satellite constellations operational over India. In case of satellite

communication, the subscriber is accessed from the satellite through

OAccess spectrumdé similar to OAccess spe
and the demand for such spectrum will pote ntially increase in the

future. In view of this, DoT requested TRAI to provide its
recommendations on appropriate frequency band s, band plan, block

size, applicable reserve price, quantum of spectrum to be auctioned and

associated conditions for auction of spectrum for space -based

communication services.

1.52 TRAI through its letters dated 27  th September 2021 and 23 @ November
2021 requested DoT to furnish the details of the frequency bands and
guantum of spectrum available in each band required to be put to
auction and associated information in respect of space -based

communication.

1.53 Through its letter dated 27" November 2021, DoT has informed that
0 éinformation in respect of space -based communication services sought
by TRAI vide letter dated 23.11.2021, the same will take some time.
Therefore, to avoid delay in 5G roll -out, TRAI may go ahead with
consultations/recommendations on issues excluding space -based
communication services referred in DoT®0s

and 23.09.2021. Issues related to space  -based communication services
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1.54

may be taken up separately on receipt of information from DoT 0.
Therefore, a separate consultation process on th e issue of spectrum for
space-based communication services  will be taken up by TRAI  after

receipt of requisite information from DoT.

STRUCTURE OF THE CONSULTATION PAPER

The paper is divided into four Chapters. This Chapter provides

background to the subject. Chapter -1l discusses the availability of
spectrum in the 500 MHz, 600 MHz, 700 MHz, 800 MHz, 900 MHz,
1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz, 3300 -3670 MHz and

24.25 to 28.5 GHz bands for IMT . It also deals with policy issues such
as band plan, block -size, roll -out obligations, spectrum cap, etc.
Chapter -1l discusses the different alternative approaches to valuation

of spectrum in the 526-698 MHz, 700 MHz, 800 MHz, 900 MHz, 1800
MHz, 2100 MHz, 2300 MHz, 2500 MHz, 3300 -3670 and 24.25 to 28.5
GHz bands and fixation of reserve price, Chapter -1V deals with the
issues related to spectrum for private cellular networks. The issues for

consultation ha ve been listed in Chapter -V.
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CHAPTER -1I: AUCTION RELATED ISSUES

A. SPECTRUM AVAILABILITY  AND BAND PLAN

2.1 Availability of spectrum in the various spectrum bands viz. 526-698
MHz, 700 MHz, 800 MHz, 900 MH  z, 1800 MHz, 2100 MHz, 2300 MHz,
2500 MHz, 3300 -3670 MHz and 24.25-28.5 GHz bands has been

discussed below.

i) Frequency ranging from 526 MHz to 698 MHz

2.2 Asinformed by DoT, inthe frequency range 526 -698 MHz, the following

new frequency bands have been  decided to be used for IMT/5G:

d) 526-582 MHz in all the LSAs in coordination with Ministry of
information & Broadcasting. The use will be coordinated with
minimum keep out distance from MIB transmitters.

e) 582-617 MHz in all the LSAs. This band will be availab le for IMT/5G
and rural point to point links.

f) 617-698 MHz in all the LSAs; except for a few areas/locations

2.3 TRAIlthroughits letters 27 t September 2021 and 8 t October 2021,ha d

sought following additional information /clarifications from DoT

a) 526 -582 MHz : Exact details of the MIB transmitters, their
locations, and coordinates (latitude -longitude), exact keep out
distance required to be maintained at each location and any other
relevant information

b) 582 -617 MHz : it has been mentioned that this band will be
available for IMT/5G and rural point to point links. DoT has been
requested to clarify whether these two use cases are going to
coexist. If yes, the coexistence/interference studies and any other
relevant information in this regard have been sought .

c) Information on India proposal to ITU/APT on these bands.

2.4 DoT has clarified that  in case of auction of spectrum in this band, right

to use spectrum should be assigned to the successful bidder for
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2.5

2.6

exclusive use. Rest of the information sought by TRA |, has not been

received from DoT.

While ITU has identified spectrum in 470 -698 MHz as an IMT band in
Region 2 & Region 3, frequency arrangement for 526 -582 MHz and 582 -
617 MHz bands have not been defined by ITU. On examination of the

band plans defined by 3GPP, it appears that no band plan s have been
defined so far for 526 -582 MHz and 582 -617 MHz bands. Thus,

ecosystem for IMT is not available in these bands.

In view of the above, the very first issue which needs to be deliberated
is whether it will be appropriate to include 526 -582 MHz and 582-617

MHz bands in the forthcoming auction.

Issues for consultation

Q.1

Q.2

Q.3

Whether spectrum bands in the frequency range 526 -617 MHz,
should be put to auction in the forthcoming auction? Kindly

justify your response.

If your answer to Q1 above is in affirmative, which band plans
and duplexing configuration should be adopted in India? Kindly

justify your response.

In case your answer to Q1 is in negative, what should be the
timelines for adoption of these bands for IMT? Suggestions to
make these bands ready for adoption for IMT may also be made

along with proper justification.

2.7

2.8

As regards 617 -698 MHz band, ITU/3GPP have defined frequency
arrangement with  FDD configuration viz. band 71/n71 also known as
US 600.

Band plan 71/n71 is based on reverse FDD configuration i.e. Mobi le

station transmitter (uplink) frequencies from 663 -698 MHz and Base
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station transmitter (Downlink) frequencies from 617 -652 MHz. In band
71/n71, reverse FDD configuration has been adopted to guarantee
compatibility with adjacent spectrum band, viz. Band 28 (APT 700
band) i.e. upper n71 block and lower B28 block will be both
transmitting in uplink direction. This band plan has been adopted by

some countries such as USA, Mexico, Canada 29, Hong Kong.

2.9 As mentioned above , band plan n71 is based on reverse FDD
configuration to ensure that there is no interference with the adjacent
band i.e. Band 28. Therefore, i t may be appropriate to examine these
bands together. The frequency arrangement of these band plans is

shown below:

Chart 2.1: fre quency arrangement of US 600 MHz band (n71) and 3GPP
band 28

Centre gap Centre gap
Uplink Uplink
|

A

| [ L [ |
T 1 1 — T Mhe

Downlink Downlink

617 652 663 698 703 748 758 803

US 600 MHz band (71/n71) APT 700 MHz band (3GPP band 28)

2.10 Ascan be seen fromthe Chart2.1 above,b  etweenthese two band plans
(i,e. n71 & Band 28), thereisa ninter -band gap of 5 MHz. Inter -band
gap is kept to ensure interference free utilization of two different band
plans. However, since band n71 works on reverse FDD configuration,
need for the band gap of 5 MHz  may not be technically required. The
ITU-APT Foundation of India (IAFI) 30 has proposed the creationofa new
600 MHz spectrum band plan for 4G and 5G networks in the Asia
Pacific region to the 28 " annual meeting of APT Wireless Group (AWG).

As per the proposal submitted by IAFI, the new 2 x 40 MHz band plan
will provide 80 MHz of spectrum as against 70 MHz (2 x 35 MHz ) as per

2 https:/iwww.ic.gc.caleic/site/smigst.nsfleng/sf11374.html#s3

30 https:// www.communicationstoday.co.in/itapt-foundationproposes600-mhz4g-5g-spectrumband-in-
asiapacific/
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band n71. Inthe 3GPP TR 38.860V17.0.0 (2021  -09) Technical Report 31
on &tudy on Extended 600 MHz NR band (Release 17) 0 one of the
options for band plan is B1, wherein it has been proposed that the band

gap between band n71 and Band 28 may be removed and additional 5

MHz from the lower frequencies may be included in this band.
Accordingly, the proposed band plan is based on reverse Frequency
Division Dupl exing (FDD) configuration i.e. Mobile station transmitter
(uplink) frequencies from 663 -703 MHz and Base station transmitter
(Downlink) frequencies from 612 -652 MHz. However, the centre gap
remains the same i.e. 652 -663 MH z as that in band plan n71.

Freque ncy arrangement for propos ed new band plan is shown below:

Chart 2.2: Frequency arrangement of proposed new band plan for 600
MHz (3GPP option B1) and 3GPP band 28

Centre gap Centre gap
Downlink Uplink Uplink
|

EEEEEEEE’ SEEEEEEEENEEEEEEE [TITIII]

| | | | | | |
j T T T T T [ MHz

612 652 663 703 748 758 803

Downlink

Proposed new band plan for APT APT 700 MHz band (3GPP band 28)
region (3GPP option B1)

2.11 A harmonised frequency arrangement facilitates economies of scale
resulting in the availability of affordable equipment. Therefore, it is
essential to follow an internationally harmonised band plan in each of
the frequency bands. Incaseitisdecidedtoa doptthe above -mentioned
proposed new band plan (3GPP option B1) for 600 MHz band, it will
result in better utilization of available spectrum; on the other hand,
benefit of the existing ecosystem for 71/n71 band, will not be derived.
Having said that, if APT region decides to go with the proposed new
band plan (3GPP option B1) , ecosystem in the proposed new band plan

is likely to get developed very fast.

31 https://portal.3gpp.org/desktopmodules/Specifications/Specification Details.aspx?specificationld=3893
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2.12

2.13

Lower frequency bands provide wider coverage because they can

penetrate objects effectively and thus travel f arther, including inside
buildings. Therefore, this band has a potential to enhance terrestrial
mobile coverage, particularly in rural and far-flung areas and also to fill
the in -building coverage gaps in urban areas. Thus, ope ning up of this

band could be beneficial for the TSPs as well as the consumers.

In view of the foregoing discussion, the stakeholders are requested to

provide their comments on the following questions:

Issues for consultation

Q.4 Do you agree that 600 MHz spectrum band should be put to

auction in the forthcoming auction? If yes, which band plan and
duplexing configuration should be adopted in India? Kindly

justify your response.

2.14

2.15

i) 700 MHz (UL: 703 -748 MHz/DL : 758 -803 MHz)

India has adopted FDD  configuration -based Band 28 or APT 700 band
for 700 MHz spectrum. 700 MHz spectrum band is also emerging as a
prime coverage band for 5G. Corresponding 5G band defined by 3GPP

is n28, which uses the similar frequency arrangement as th at of Band
28.

As per the 3GPP band plan B28 , 45 MHz (paired) spectrum can be
utilised in this band. However, in India, 30 MHz (paired) spectrum is
available for commercial purpose in each of the 22 LSAs in this band.

The entire available spectrum ( 2 x 30 MHz in each LSA ) was put to
auction in  March 2021 . However, there was no bid received in any of
the LSAs. Therefore, 3 0 MHz (paired) in each LSA totaling 660 MHz on

pan -India is available for commercial use that can be put to auction.
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i) 800 MHz Band (UL: 824 -844 MHz/DL: 869  -889 MHz)

2.16 India has adopted FDD configuration based 3GPP band 5 for 800 MHz
band .

utilizing this band for other older mobile technologies

spectrum Considering that the telecom operators , already
, may like to

3GPP has defined

corresponding 5G band with the similar frequency arrangement, as

band n5.

refarm it for deploying latest mobile technologies,

2.17 in March 2021 , a total of 230 MHz
(paired) spectrum was put to auction in the 800 MHz band in all 22

LSAs, out of that 150 MHz (paired) was sold in 19 LSAs. The remaining

In the last spectrum auction held

unsold 80 MHz spectrum (paired) is available for the forthcoming

auction . In addition, 1 more carrier of 1.25 MHz has been made
available in WB LSA. Details of spectrum availability , as provided by

DoT, are given in Table 2.1 below:

Table 2. 1
Spectrum availability (paired in MHz) in 800 MHz Band
Total
spectrum Spectrum Additional Total

putin Spectrum that spectrum spectrum

LSA March sold remained available available

2021 unsold for Auction for auction

auction

A B C=A-B D E=C+D
DEL 12.50 8.75 3.75 - 3.75
MUM 10.00 7.50 2.50 - 2.50
KOL 12.50 10.00 2.50 - 2.50
MH 15.00 12.50 2.50 - 2.50
GUJ 6.25 5.00 1.25 - 1.25
AP 13.75 6.25 7.50 - 7.50
KTK 13.75 10.00 3.75 - 3.75
TN 13.75 10.00 3.75 - 3.75
KL 13.75 10.00 3.75 - 3.75
PB 11.25 6.25 5.00 - 5.00
HR 10.00 8.75 1.25 - 1.25
UP (W) 12.50 10.00 2.50 - 2.50
UP (E) 12.50 5.00 7.50 - 7.50
RAJ 7.50 5.00 2.50 - 2.50
MP 12.50 10.00 2.50 - 2.50
WB 11.25 10.00 1.25 1.25 2.50
HP 10.00 5.00 5.00 - 5.00
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Total
spectrum Spectrum Additional Total

putin Spectrum that spectrum spectrum

LSA March sold remained available available

2021 unsold for Auction for auction

auction

A B C=A-B D E=C+D
BH 12.50 5.00 7.50 7.50
oD 11.25 5.00 6.25 6.25
AS 2.50 2.50 2.50
NE 2.50 2.50 2.50
J&K 2.50 - 2.50 - 2.50
TOTAL 230.00 150.00 80.00 1.25 81.25

2.18 On examination of the

2.19

2.20

spectrum allocation

MHz of spectrum

carrier size of 1.25 MHz individually)

information provided by DoT on
in 800 MHz band,

(available in disjoint small chunks less than the

it is observed that

, has been marked as

frequency -wise
a total of 1.8

guard band .

If harmonization exercise is carried out and these are made contiguous,

additional spectrum can be made available in

iv) 900 MHz Band

(UL: 890 -915 MHz/DL: 935

all the LSAs.

-960 MHz)

India has adopted FDD configuration based 3GPP band 8 for 900 MHz

spectrum band. Corresponding 5G band defined by 3GPP is band n8.

In the last spectrum auction held in

(paired) spectrum was put to auction in the

March 2021 , a total of 98.8 MHz

900 MHz band in

19 LSAs.

Out of this, 38.4 MHz (paired) spectrum in 9 LSAs was sold, and 60.4

MHz (paired) spectrum remained unsold

spectrum (60.4 MHz) is available for auction.

. Therefore,
Further,

entire unsold

some add itional

spectrum has been made available in Punjab, Rajasthan and J&K LSAs

Details of spectrum availability are given in Table 2.2 below:
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Table 2.2
Spectrum availability (paired in MHz) in 900 MHz Band

Total
spectrum Spectrum Additional Total

putin Spectrum that spectrum spectrum

LSA March sold remained available available

2021 unsold for Auction for auction

auction

A B C=A-B D E=C+D
DEL 2.20 - 2.20 - 2.20
MUM 2.20 - 2.20 - 2.20
KOL 4.20 - 4.20 - 4.20
MH 4.20 - 4.20 - 4.20
GUJ 4.20 4.20 - - -
AP 3.60 - 3.60 - 3.60
KTK 3.80 - 3.80 - 3.80
TN 17.60 10.00 7.60 - 7.60
KL 4.60 4.60 - - -
PB - - - 1.20 1.20
HR 0.80 - 0.80 - 0.80
UP (W) 2.40 - 2.40 - 2.40
UP (E) 6.40 5.00 1.40 - 1.40
RAJ - - - 0.60 0.60
MP 5.80 - 5.80 - 5.80
WwB 5.20 3.60 1.60 - 1.60
HP 5.20 2.60 2.60 - 2.60
BH 10.40 3.40 7.00 - 7.00
oD 5.20 3.80 1.40 - 1.40
AS 5.80 - 5.80 - 5.80
NE 5.00 1.20 3.80 - 3.80
J&K - - - 3.00 3.00
TOTAL 98.80 38.40 60.40 4.80 65.20

2.21 On examination of the information provided by DoT on frequency -wise

spectrum allocation in 900 MHz band , it is observed that in some of the
LSAs, vacant spectrum is not available in contiguous manner. It is
observed that if harmonization exercise is carried out, spectrum
efficiency can be improved by  making spectrum assigned to each TSP

as well as the vacant spectrum , contiguous.

v) 1800 MHz Band  (UL: 1710 -1785 MHz/DL: 1805  -1880 MHz)

2.22 India has adopted FDD configuration based 3GPP band 3 for 1800 MHz

spectrum band. Band 3 consist of 2 x 75 MHz of spectrum ; however, 2
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2.23

x 55 MHz has been earmarked for IMT services in India. This band has

emerged as one of the most preferred bands for LTE. Corresponding 5G
band defined by 3GPP is band n3.

Inthe spectrum auction held in

spectrum was put to auction in the

of which,

remaining unsold

for the forthcoming auction.

in Table 2.3 below:

Spectrum availability

152.2 MHz (paired) spectrum was sold in
202.8 MHz (paired) spectrumin 21 LSAs is available

March 2021 , atotal of 355 MHz (paired)
1800 MHz band in all the LSAs
21 LSAs. The

. Out

Details of spect rum availability are given

Table 2. 3

(paired in MHZz)

in 1800 MHz Band

Total Additional
spectrum Spectrum spectrum Total
. Spectrum that . spectrum
LSA putin sold remained available available for
March 2021 for .

auction unsold Auction auction

A B C=A-B D E=C+D
DEL 15.40 4.60 10.80 - 10.80
MUM 15.60 3.40 12.20 10 22.20
KOL 14.40 1.00 13.40 10 23.40
MH 22.20 5.00 17.20 - 17.20
GUJ 17.80 4.00 13.80 - 13.80
AP 16.40 4.20 12.20 - 12.20
KTK 24.80 20.20 4.60 - 4.60
TN 19.40 18.20 1.20 - 1.20
KL 18.20 10.00 8.20 15 23.20
PB 19.40 9.80 9.60 - 9.60
HR 23.20 5.00 18.20 10 28.20
UP (W) 23.20 8.60 14.60 - 14.60
UP (E) 18.80 8.20 10.60 - 10.60
RAJ 16.80 - 16.80 - 16.80
MP 18.80 7.80 11.00 - 11.00
WB 7.00 3.80 3.20 - 3.20
HP 22.80 4.80 18.00 - 18.00
BH 8.60 7.80 0.80 - 0.80
oD 7.60 7.60 - 15 15
AS 6.80 4.60 2.20 - 2.20
NE 3.80 3.60 0.20 - 0.20
J&K 14.00 10.00 4.00 - 4.00
TOTAL 355.00 152.20 202.80 60.00 262 .80
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2.24 On examination of the information provided by DoT on frequency -wise

spectrum allocation in 1800 MHz band , it is observed that in all the
LSAs, 0.2 MHz of spectrum has been  shown as guard band, which has
not been included in the spectrum available for auction. Since block
size for 1800 MHz band is 0.2 MHz, the spectrum availability can go up

by 0.2 MHz in each LSA.

vi) 2100 MHz Band  (UL: 1920 -1980 MHz/DL: 2110  -2170 MHz)

2.25 India has adopted FDD configuration based 3GPP band 1 for 2100 MHz
spectrum band. Band 1 consist of 2 x 60 MHz of spectrum; however, 2
x 40 MHz has been earmarked for IMT services in India. This band was
initially being used for provision of 3G services, h owever; lately trend of
in this band.

Corresponding 5G band defined by 3GPP is band n 1.

migrating from 3G to LTE/5G has been seen

2.26 Inthe spectrum auctionheldin March 2021 ,atotalof 175 MHz (paired)
2100 MHz band in 19 LSAs. Out of

3 LSAs. The remaining unsold 160

spectrum was put to auction in the
which, 15 MHz spectrum was sold in
MHz (paired) spectrum in 19 LSAs is available for the forthcoming

auction as given below:

Table 2. 4
Spectrum availability (paired in MHz)  in 2100 MHz Band
Spectrum Total
Total spectrum
. Spectrum that spectrum
put in March . .
LSA : sold remained available for
2021 auction .

unsold auction

A B C=A-B D=C
DEL 15.00 15.00 15.00
MUM 10.00 10.00 10.00
KOL 10.00 10.00 10.00
MH 5.00 5.00 5.00
GUJ 10.00 10.00 10.00
AP 15.00 15.00 15.00
KTK 10.00 10.00 10.00
TN - - -
KL 5.00 5.00 5.00
PB 5.00 5.00 5.00
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Spectrum Total
Total spectrum
. Spectrum that spectrum
put in March . .
LSA . sold remained available for
2021 auction .
unsold auction
A B C=A-B D=C

HR 5.00 5.00 5.00
UP (W) 10.00 10.00 10.00
UP (E)

RAJ - - -
MP 10.00 - 10.00 10.00
WwB 10.00 5.00 5.00 5.00
HP 15.00 15.00 15.00
BH 5.00 5.00 5.00
oD 10.00 - 10.00 10.00
AS 10.00 5.00 5.00 5.00
NE 10.00 5.00 5.00 5.00
J&K 5.00 - 5.00 5.00
TOTAL 175.00 15.00 160.00 160.00

vi) 2300 MHz Band (2300 -2400 MHz)

2.27 India has adopted TDD configuration based 3GPP band 40 for 2300
MHz spectrum band. Band 40 consist of 100 MHz of spectrum;
however, 80 MHz has been earmarked for IMT services in India. This
band is the most preferred TD -LTE band. Corresponding 5G band

defined by 3GPP is band n40.

March 2021 , a total of 560 MHz
300 MHz band in all

red) spectrum was sold. The

2.28 In the spectrum auction held in
(unpaired) spectrum was put to auction in the 2
the 22 LSAs. Out of this, 500 MHz (unpai
remaining unsold 60 MHz (unpai red) spectrum in 6 LSAs is available

for the forthcoming auction as given below:
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Spectrum availability (

Table 2. 5
un paired in MHz) in 2

300 MHz Band

Total spectrum Spectrum Total spectrum
. Spectrum . .
LSA putin Mar'ch sold that remained ava|lab'le for
2021 auction unsold auction
A B C=A-B D=C
DEL 20.00 10.00 10.00 10.00
MUM 20.00 10.00 10.00 10.00
KOL 20.00 10.00 10.00 10.00
MH 20.00 20.00 - -
GUJ 20.00 20.00 - -
AP 20.00 10.00 10.00 10.00
KTK 20.00 10.00 10.00 10.00
TN 20.00 10.00 10.00 10.00
KL 20.00 20.00 - -
PB 40.00 40.00 - -
HR 40.00 40.00 - -
UP (W) 40.00 40.00 - -
UP (E) 40.00 40.00 - -
RAJ 40.00 40.00 - -
MP 20.00 20.00 - -
wB 20.00 20.00 - -
HP 20.00 20.00 - -
BH 20.00 20.00 - -
oD 20.00 20.00 - -
AS 20.00 20.00 - -
NE 20.00 20.00 - -
J&K 40.00 40.00 - -
TOTAL 560.00 500.00 60.00 60.00

vii) 2500 MHz Band (2500 -2690 MHz)

2.29 India has adopted TDD configuration based 3GPP band 41 for 2500
MHz spectrum band. Band 41 consist of 190 MHz of spectrum;
however, only 40 MHz has been made available for IMT services in India.
Corresponding 5G band defined by 3GPP is band n4 1.

2.30 March 2021 , a total of 230 MHz
500 MHz
band . However, no bids were received. Therefore, entire spectrum ,

the

In the last spectrum auction held in

(unpaired) spectrum in 12 LSAs was put to auction in the 2

which was put to auction in March 2021, Is available for
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forthcoming auction . Details of the LSA -wise spectrum availability is

given below:
Table 2. 6
Spectrum availability (unpaired in MHz)  in 2 500 MHz Band
LSA Total spfeocrtratljurgt%vnailable

DEL 20.00
MUM 20.00
KOL 20.00
MH 10.00
GUJ 10.00
AP 30.00
KTK 40.00
TN 40.00
KL -
PB 10.00
HR -
UP (W) -
UP (E) -
RAJ -
MP -
WB -
HP 10.00
BH 10.00
oD -
AS -
NE -
J&K 10.00
TOTAL 230.00

ix) 3300 -3670 MHz Band

2.31 In the last TRAI recommendations on Auction of Spectrum, dated 1 st
August 2018, recommendations relating to spectrum in 3300 -3600
MHz band were also included. However, due to certain issues, the
Government decided to initiate action to auction spectrum in this band
separately after resolution of these issues and, therefo re, it was not a
part of the auction held in March 2021. Now, as the issues have been
resolved as well as the range of available frequencies in this range has

slightly gone up, it has been decided by the Government that spectrum
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in the frequency range 3300 -3670 MHz should be made available to the
Telecom Service Providers for IMT/5G through auction. In its reference,
DoT has mentioned that 3400 -3425 MHz spectrum would be made
available for IMT throughout the country except in 6 locations namely
Thiruvananth apuram, Hassan, Bhopal, Jodhpur, Shillong and
Andaman & Nicobar Islands where the keep off distance of 40 to 130

km shall be maintained. Subject to the above exceptions, 370 MHz of

unpai red spectrum is available in each LSA for forthcoming auction.

2.32 Considering the global trend, TRAI in its recommendations on Auction
of Spectrum dated 1 st August 2018, had recommended that 3300 -3600
MHz should be auctioned as a single band and TDD band frequency
arrangement should be adopted for this band. As regards b and plan, it
observed that in the given frequency range , TDD configuration -based
band plans have been defined for both LTE and 5G . The details are

given below:

Chart -2.3: 3GPP Channel arrangements for LTE

3GPP LTE band plan 43 _
3GPP LTE band plan 42 _
3GPP LTE band plan 5-

o o o o o o

o o o o o o

™ < Lo (] N~ [ee]

™ ™ ™ ™ ™ ™
Chart -2.4: 3GPP Channel arrangements for 5G-NR

5G NR n78

3300
3400
3500
3600
3700
3800
3900
4000
4100
4200

2.33 The given frequency range i.e, 3300 -3670 MHz has emerged as the

prime spectrum for 5G. Considering the global trends, this spectrum is
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likely to be used for deploying 5G in India. Both the 5G band plans
defined by 3GPP i.e.n77 & n78, support the f requency range earmarked
by India for IMT. One view could be that the  spectrum band covering
the larger range i.e. n77, could be adopted. This would also take care of
a future situation, where some more spectrum in this band could be

made available for IMT .

Issues for consultation

Q.5

For 3300 -3670 MHz frequency range, which band plan should be

adopted in India? Kindly justify your response.

2.34

2.35

2.36

X) 24.25to 28.5 GHz band

DoT through its reference dated 13  th September 2021 has, for the first
time proposed to include 24.25 & 28.5 GHz band amongst the bands to
be auctioned in the forthcoming auction . DoT has also informed that
24.25 to 28.5 GHz band will be used exclusively for IMT/5G except
certain portion of this frequency range at 5 locations at Delhi,
Shadna gar (Hyderabad), Khambaliya (Gujarat), Hut Bay (A&N Islands)

and Tirunelveli (Tamilnadu) with protection distance of 2.7 Km.

While in WRC -19, 24.25 ¢ 27.5 GHz has been identified for IMT, some
of the countries such as USA, Japan, Korea have also opened up 28
GHz band (26.5 ¢ 29.5 GHz) for IMT/5G. However, Europe has decided

to go for 26 GHz band. Therefore, ecosystem is getting developed in both

these bands.

Both the bands i.e. 26 GHz and 28 GHz bands are TDD configuration
based. Higher frequency bands are generally used for enhancing
capacity and lowering latency. Therefore, TDD based configuration is
desirable. 3GPP has define d thisband only for TDD configuration based

band plans in mmWave spectrum bands.
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2.37 As informed by DoT, 24.25 -28.5 GHz has been identified for IMT in
India. As per band plans identified by 3GPP, there is no single band
plan, which covers the entire frequency range identified by India.
However, there are three band plans i.e. n257 (26.5 GHz to 29.5 GHz),
n258 (24.25 to 27.50 GHz) and n261 (27.50 to 28.35 GHz), which cover
part of the frequency range identified by India and there are some
overlap of frequencies in these band plans. Frequency arrangement of

these band plans are depicted below:

Chart 2.5: Frequency arrangement of n257, n258 and n261

B 261 (2750 t0 28.35 GHy)
I s .5 o 27.50 GHo)

24 25 26 27 28 29 30 GHz

Y 1= (24.25 o 28.5 GHz)

2.38 As can be seen from the above chart, band n261 is a subset of band
n257. Therefore, for India , the band plans of interest would be n258
and n257.

239 As per a report on O0The I mpacts of mmWave
GSMA in October 2020, mmWave spectrum in particular will play a
crucial role in enabling the high -speed and ultra -low-latency features
required by many 5G applications. India will benefit significantly from
mmWave -enabled 5G. Over the period 2025 062040, it has been
estimated that mmWave -enabled 5G will deliver $150 billion in
additional GDP for India.

2.40 As already mentioned, ecosystem is deve loping fast in 26 GHz band
(n258) as well as 28 GHz band (n257). As per GSA report on &G
Spectrum, Networks and Devices 0dOdated 24 June 2021, in mmWave
(26/28 GHz bands), 112 licences have been issue d and out of them, 27

operators have either deployed or deploying mmWave spectrum. As
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regards device ecosystem, 122 devi ces supporting
spectrum [band n257 (26.5-29.5 GHz), n258 (24.25-27.5 GHz), n261
(27.5-28.35 GHz) and n260 (37.0-40.0 GHz)] have bee n announced and

out of which , 77 are commercially available. Charts given below
presents band -wise details of the count of operators investing in key 5G
spectrum bands as of mid -August 2021 and number of announced

device models known to support 5G bands as of end of July 2021 | as
published by GSA

Chart 2. 6: Count of operators investing in key 5G spectrum bands (mid -
August 2021)
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Chart 2. 7: Number of announced device models known to support 5G bands
(end of July 2021)
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:

Issues for consideration

Q.6 Do you agree that TDD based configuration should be adopted
for 24.25 to 28.5 GHz frequency range? Kindly justify your

response

Q.7 In case your response to Q6 is in affirmative, considering that
there is an overlap of frequencies in the band plans n257 and
n258, how should the band plan(s) along with its frequency range

be adopted? Kindly justify your response.




Q.8 Whether entire availabl e spectrum referred by DoT in each band
should be put to auction in the forthcoming auction? Kindly
justify your response.

B. Block Size

2.41 The Block size and the minimum quantity of spectrum to be bid for by

Existing Licensee/ New Entrant, in various bands , as per the Notice
Inviting Applications  (NIA) for spectrum auction conducted in March

2021, is given in Table given below :

Table 2. 8

Block size and minimum quantity for bidding as per NIA for spectrum auction

2.42

conducted in March 2021

Block Minir_num am_ount of spectrum that a bidder is

Spectrum Size required to bid for
Band Existing licensees New Entrants (MHz)

(MH2) (MHz)

700 MHz 5 (paired) NA 5
5,
1.95 3.75 (where only 3.75 MHz is
800 MHz (Pa;ired) 1.25 available),
2.5 (where only 2.5 is available).
1.25 (where only 1.25 is available)
5’

900MHz 0.20 0.2 0.2 (where less than 5 MHz is

(paired) ,

available)
0.20 S .

1800 MHz : 0.2 0.2 (where less than 5 MHz is

(paired) available)
2100 MHz | 5 (paired) 5 5
2300 MHz 10 10 10

(unpaired)
2500 MHz 10 10 10
(unpaired)

Initially , 800 MHz spectrum band  was ass igned for deployment of Code
Division Multiple Access ( CDMA) technology. Therefore, a carrier size of
1.25 MHz was prescribed. CDMA services required a guard band
between the spectrum frequencies allocated to different operators.
Therefore , in the carrier size of 1.25, the TSP were actually assigned

1.23 MHz, rest was provisioned for guard band at both sides. However,
with changing ti mes, spectrum has been liberalized (technology

neutral ). Spectrum assigned through auction is treated as liberalized
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2.43

and for any existing spectrum holding which was assigned through
administrative allocation, the TSPs have been given a choice to get it
lib eralized after paying differential between the entry fee and the market
determined price for the remaining validity of spectrum. It is observed

that presently, no TSP is offering CDMA based services and 800 MHz
band is being used by the TSPs for provision of LTE based services,
wherein requirement of guard band does not exist. Further, LTE employ
OFDM modulation with flexible contiguous component carriers from

1.4, 3, 5, 10, 15 and 20 MHz. As mentioned in the earlier section,
additional 1.8 MHz spectrum (in small disjoint chunks) is available in
800 MHz band in each LSA, which has so far been marked as guard

band by DoT. Even if harmonization exercise is carried out by DoT,
entire 1.8 MHz additional spectrum will not be able to be utilized with

the existing carrier size. Therefore, the question arises whether there is

a need to change the block size for 800 MHz band and to revisit the
existing provision for guard band. To better utilize the available
spectrum, one option could  be to keep the block size of 800 MHz same
as that for 900 MHz band.

For 700 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz
band s, same block sizes as mentioned in the Table 2. 8 above are

proposed for the upcoming auction.
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Issues for consultation

Q.9 Since upon closure of commercial CDMA services in the country,

800 MHz band is being used for provision of LTE services,

a. Whether provision for guard band in 800 MHz band needs to

be revisited?

b. Whether there is a need to change the block size for 800 MHz
band? If yes, what should be the block size for 800 MHz band
and the minimum number of blocks for bidding for existing

and new entrants?
(Kindly justify your response )

Q.10 Do you agree that in the upcoming auction, block sizes and
minimum quantity for bidding in 700 MHz, 900 MHz, 1800 MHz,
2100 MHz, 2300 MHz and 2500 MHz bands, be kept same as in
the last auction? If not, what should be the band -wise block sizes
and minimum quanti ty for bidding? Kindly  justify your

response.

526 -698 MHz bands

2.44 As already discussed, technical characteristics of the lower frequency
bands are such that provide better coverage and in -building
penetration.  While no band plans could be found for 526 -617 MHz,
band plan 71/n71 exist for 617 -698 MHz band. Band 71/n71 is being
used for provision of LTE/5G services. US, Canada and Hong Kong

decided to auction this band in the block size of 5 MHz (paired).

2.45 The existing 3GPP band plan Band 71/n71 (617 -698 MHz) consist of 2
x 35 MHz of spectrum. In case India decides to adopt the proposed new
band (3GPP option B1 from 612 -703 MHz), spectrum availability would
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be 2 x 40 MHz. In any case, block size of 5 MHz would ensu re that entire
available spectrum is put to auction. Further, it is observed that there

is a global trend of keeping a block size of 5 MHz in this band.

Issues for consultation

Q.11 Incase itis decided to put to auction spectrum in 526 -698 MHz

bands, what sh ould be the optimal block size and minimum

quantity  for bidding? Kindly justify your response.

2.46

2.47

3300 -3670 MHz band and 24.25 -28.5 GHz bands

For 3300 -3600 MHz band, TRAI inits recommendations on Auction of
Spectrum dated 1 st August 2018, had noted that for 5G NR bands
n77(3300 -4200 MHz) and n78  (3300-3800 MHz), the supported
channel bandwidth is 10 MHz, 15 MHz, 20 MHz, 30 MHz, 40 MHz, 50

MHz, 60 MHz, 70 MHz, 80 MHz, 90 MHz, and 100 MHz. Further, in the
same recommendations, TRAI had recommended that barring the
specific locations or districts where ISRO is using the 25 MHz (3400

MHz - 3425 MHz) of spectrum, the entire spectrum from 3300 MHz to
3600 MHz should be made available for access services and should be
included in the forthcoming auction. Con sidering (i) total 300 MHz
spectrum would be available for access services, (ii) the supported
channel bandwidth as per 3GPP standards, (iii) to provide flexibility and

at the same time to attain greater efficiency, and (iv) to avoid the
fragmentation of t hese bands, TRAI had recommended that spectrum

in 3300 -3600 MHz band should be put to auction in the block size of

20 MHz.

However, upon receipt of back -reference from DoT, wherein it was
informed that ISRO has requested for leaving 25 MHz (from 3400 MHz

to 3425 MHz) untouched for NavIC constellation maintenance. In its
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response to back reference, TRAI recommended that in case DoT
decides to reserve 25 MHz (3400 -3425 MHz) for ISRO i.e. this 25 MHz
cannot be assigned to the TSPs because of potential interfe rence, the
spectrum available for auction will be 275 MHz (one chunk of 100 MHz

from 3300 -3400 MHz and other of 175 MHz from 3425 -3600 MHz). It
was further noted that i f 20 MHz block size is retained, 15 MHz will
remain unsold as it cannot be put to aucti on. Thus, t o ensure that all
available spectrum is put to auction, the Authority view ed that block
size may be kept as 5 MHz. The Authority fel t that while bidding for
multiple blocks of 5 MHz each, the TSPs will be able to use any of the
supported channel bandwidth as per 3GPP standards and it will also

ensure auction and utilization of entire available spectrum

2.48 In the current reference, a total of 370 MHz of spectrum from 3300 -
3670 MHz, is available. For 5G NR bands n77(3300 -4200 MHz) and
n78(3300 -3800 MHz), the supported channel bandwidth is 10 MHz, 15
MHz, 20 MHz, 25 MHz, 30 MHz, 40 MHz, 50 MHz, 60 MHz, 70 MHz, 80
MHz, 90 MHz, and 100 MHz.  To ensure that entire spectrum is put to
auction, block size of 5 MHz or 10 MHz can be specified. However,
considering that this band is likely to be used for 5G, wherein larger
chunk of spectrum may be required, minimum number of blocks for
bidder can be kept in a manner to ensure that bidder bids for at least
40 MHz or 50 MHz.

2.49 As regards 24.25 0 28.5 GHz (mmWave) band, the spectrum is likely to
be used for provision of 5G use cases/applications requiring very high
data rates and ultra -low latency. High frequency spectrum bands
provide more capacity and therefore, for such bands , TDD based
frequency configuration is adopted as TDD networks offers more

flexibility as can easily adapt between uplink and downlink traffic.

2.50 As per the standard frozen by 3GPP 32 [ETSI TS 138 104 V16.6.0 (2021 -
01)], for 5G NR bands n257 and n258, the support ed channel

32 https://lwww.etsi.org/deliver/etsi_ts/138100_138199/13814102/16.06.00_60/ts_13814102v160600p.pdf
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bandwidth is 50 MHz, 100 MHz, 200 MHz and 400 MHz. Considering
the different 5G use cases, several countries have opened up mmWave
spectrum. In Frequency Range 2 (FR2: 24.25 GHz to 52.6 GHz) for 5G
NR, maximum carrier bandwidth is up to 400 MHz and at present, that
can be aggregated with a maximum bandwidth of 800 MHz. However, it

is likely to go up  to 100 O MHz in near future

2.51 Since the last recommendations were made by TRAI in August 2018,
several countries have auctioned spectrum in mid -band and mmWave
bands. | thas been observed thatwhile UK  and Australia auctioned mid -
band spectrumin  block size of 5 MHz, some countries  like South Korea,
UsS, ltaly, Spain have specified block size as 10 /20 MHz. As regards
mmWave, it is observed that US and South Korea auctioned mmWa ve
spectrum in block size of 100 MHz, whereas Australia and Italy kept a
block size of 200 MHz.  Country wise details are provided in Annexure -
2.1

Issues for Consultation

Q.12 What should be optimal block size and minimum  quantity  for
bidding in 3300 -3670 MHz band?  Kindly justify your response.

Q.13 What should be optimal block size and minimum  quantity  for
bidding in 24.25 -28.5 GHz? Kindly justify your response.

C. Eligibility Conditions for Participation in Auction

2.52 Eligibility conditions for participation in Auction are specified in the
relevant NIA. Eligibility conditions for the last auction held in March
2021 for 700 MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300
MHz and 2500 MHz were prescribed in the NIA 33, In the present

33 https://dot.gov.in/sites/default/files/AmendedNoticelvitingApplications2&1-2021.pdf
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reference, DoT has proposed to include the following spectrum bands

in the forthcoming auction:

a) 526 -698 MHz
b) 3300 -3670 MHz
C) 24.25 -28.5 GHz

Issues for consultation

Q.14 Whether any change is required to be made in the existing

eligibility conditions for participation in Auction as specified in
the NIA for the spectrum Auction held in March 2021, for the
forthcoming auction? If yes, suggestions may be made in detail

with justification.

Q.15 In your opinion, should the suggested/existing eligibility

conditions for participation in Auction, be made applicable for
the new spectrum bands proposed to be auctioned ? If not, what
should be the eligibility conditions for participating in Auction?

Kindly justify your response.

2.53

Interference mitigation in TDD bands

Itisa well-known factthat when more than one TDD networks operate

in the same band and same geographic area, severe interference may
happen if the networks are uncoordinated i.e. , if some base stations
(BSs) are tra nsmitting while others are receiving. Synchronization is
one of the techniques to avoid U  plink /D ownlink interference without
losing spectrum in guard bands. Synchronized Operation of TDD
networks prevents simultaneous uplink and downlink. It can be
impleme nted by means of (a) Starting the frame in the same time and
(b) Configuring compatible frame structures (length of the frame, and
uplink/downlink ratio) so that all transmitter stop before any receiver

starts.
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2.54

2.55

Earlier, the issue of interference in the TDD networks was analysed by
the Authority in 2016, when the unpaired spectrum in the 2300 MHz
and 2500 MHz bands was put to auction. The Authority had

recommended 34 that:

0 é the operation of adjacent LTE TDD networks in 2300/2500 MHz bands
shall be time -synchronised and TSPs shall use the same frame structure with
DL/ UL configuration of 3:1. Other technical aspects such as clock source,
requirement to be fulfilled by Wi -MAX networks for co -existence at LSA border
areas etc can be fin alised by TEC. These provisions may be mandated in the
NIA for auctioning of spectrum in this band. It can also be mandated that this

provision can be reviewed | ater on as and wh
carry out carrier frequency re -assignment to mak e uniform carrier frequency
assignment though out the country to the TSPs without any inter -operator

guard band in the 2300 MHz band. It will result in additional spectrum for
commercial use. The Authority also recommends if TSPs acquires additional
block of 10MHz, it should be ensured that all i

I n the recommendations on OAuction of spe
900 MHz, 1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz, 3300 -3400 MHz

and 3400 -36 00 MHz b an dssAugudt2al® the Aut hority had

noted that u se of compatible frame structures is not always feasible.

The relevant extract is reproduced below:

0 2 . Bs8 of compatible frame structures is not always feasible. For instance, if
two different technologies, say LTE & 5G, are deployed in the same band,
compatible frame structures may not be possible. If the large contiguous
blocks of spectrum are assigned to TSPs, they can manage the
interference by mutual coordination and provisioning of guard bands.
However, assignment of non -contiguous blocks would lead to
fragmentation, necessitating increased provisioning of guard bands,
which may lead to a situation tha  tthe spectrum assigned may not remain
suitable for implementation of 5G technology. To reap the real advantage
of 5G technology, it is important that the larger contiguous chunk of
spectrum is available with the TSPs. Therefore, the Authority is of the

view that while assigning spectrum blocks, contiguity of spectrum blocks

Aut hority
800 9

MHz ,

January 2016 .



2.56

2.57

2.58

should be ensured. In case a TSP is able to win more than two blocks of
spectrum in the upcoming auctions, it should be allocated spectrum in

contiguous blocks.

2.69 Further, possibilit y of interference may exist between far  -off BTSs due to
time -lag involved in the transmission of signal. In the 2300 MHz band,
the interference issues have been reported in the neighboring LSAs if the
overlapping frequency bands have been assigned to diffe rent TSPs in
neighboring LSAs. This requires coordination amongst BTS sites which
can be easily carried out if the TSP has been assigned same frequency

spots across different LSAs."

In view of the above, the Authority had recommended that (a) in case a
TSP acquires more than one block in 3300 -3600 MHz band, the entire
spectrum should be assigned to it in contiguous form and (b) In case a
TSP acquires spectrum in 3300 -3600 MHz band in more than one LSA,

same frequency spots should be assigned to it in all th ose LSAs.

Considering that there could be a situation where a TSP wins some
spectrum in an auction and later on decides to increase its spectrum
holding in that band. In such a case, it may be difficult to assign
additional spectrum in contiguity with the existing spectrum holding

and also to ensure that same frequency spots are assigned in each LSA.

Further, with introduction of 5G , the TSPs may like to implement
Dynamic TDD , wherein e ach cell in the network can adapt its uplink -
downlink ratio depending o n the traffic. Prescribing a frame structure
with a downlink and uplink configuration could come in way of
implementation of dynamic TDD. Having said that, in case of multiple
service providers environment, where spectrum licenses are allocated

in the same band and need to co -exist with each other,  possibility of
interference cannot be ruled out.  Therefore, there may be a need to

synchronize outdoor networks  or adjacent frequencies of different TSPs .
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2.59 In view of the forgoing the issues for consultation are:

Q.16

Q.17

Issues for Consultation

Is there a need to prescribe any measure to mitigate possible
interference issues in 3300 -3670 MHz and 24.25 -28.5GHz TDD
band s or it should be left to the TSPs to manage the interference

by mutual coordination and provisioning of guard bands? Kindly

provi de justification to your response.

In case your response to the above question is in affirmative,

a. whether there is a need to prescribe provisions such as clock
synchronization and frame structure to mitigate
interference issues, as prescribed for exi sting TDD bands, for
entire frequency holding or adjacent frequencies of different
TSPs? If yes, what should be the frame structure? Kindly
justify your response.

b. Any other measures to mitigate interference related issues

may be made along with detaile d justification.

E.

Roll -out Obligations

2.60 Given the fact that spectrum is a limited resource and should be used

in an effective and efficient manner, roll -out obligations are mandated

for the spectrum assigned to the TSPs. R oll-out obligations mandated

in the NIA for Auction conducted in March 202 1 are discussed below.

a) 700 MHz, 800 MHz, 900 MHz, 1800 MHz bands

Roll out Phase Roll Out Requirement Time Period *

Metro LSAs Coverage of 90% of the LSA by the end of one year

Non -Metro LSAs

Phase 1 Coverage of 10% DHQs/ Towns by the end of one year
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Phase 2 Coverage of 50% DHQs/ Towns by the end of three years

Phase 3 Coverage of 10% BHQs by the end of three years

Coverage of additional 10%

Phase 4 BHQs (Cumulative 20% BHQs)

by the end of four years

Coverage of additional 10%

Phase 5 BHQs (Cumulative 30% BHQs)

by the end of five years

Notes:

* From effective date of license or date of assignment of spectrum won in this
auction process, whichever is later.

For this purpose, 900 & 1800MHz bands are treated as the same band.

b) 2100 MHz Band

The Licensee shall be required to provide street level coverage as

prescribed in the Test Schedule as detailed below:

Roll out Phase Roll Out Requirement Time Period *
Metro LSAs Street level coverage using the by the end of five
spectrum in 2100 MHz in at least years
90% of the LSA

Non -Metro LSAs

Phase 1 50% of DHQs in the LSA out of which by the end of three
15% of DHQs should be in rural years
SDCA
Phase 2 Additional 10% of DHQs in the LSA by the end of four
years
Phase 3 Additional 10% of DHQs by the end of five
years
Notes:

* From effective date of license or date of assignment of spectrum won in this
auction process, whichever is later.

c) 2300 MHz & 2500 MHz bands

Roll out Phase Roll Out Requirement Time Period*

Metro LSAs street level coverage as prescribed by the end of five
in the test schedule in at least 90% years
of the LSA

Non -Metro LSAs At least 50% of the rural SDCAs are by the end of five
covered using 2300/ 2500 MHz band years
Coverage of arural SDCA would mean
that at least 90% of the area bounded
by the municipal/ local body limits
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2.61

2.62

2.63

should get the required street level
coverage.

Notes:
* From effective date of license or date of assignment of spectrum won in this

auction process, whichever is later.

As per the NIA provisions, t he requirement of rollout obligation shall be
treated as fulfilled once the required number of district headquarters or
block headquarters or rural SDCAs are covered by use of any
technology in any band by a licensee. Therefore, the licensee is not
required to fulfil these roll  -out obligations separately in respect of each
of these bands. However, f or 2100 MHz (Metro LSAs) and 2300/2500
MHz (non -Metro LSASs), the prescribed coverage targets are specific to

the use of respective bands , which may need to be corrected.

In the frequency range 526 -698 MHz, ITU/3GPP band plan and
ecosystem for IMT are available only in 617 -698 MHz band. Lower
frequency bands provide wider coverage because they can penetrate
objects effectively and thus travel farther , including inside build  ings.
Therefore, this band has a potential to enhance terrestrial mobile

coverage, particularly in rural and far-flung areas.

Keeping in mind the primary objective of increasing broadband
penetration in rural areas and reducing the urban -rural divide, the
special focus should be given for the coverage in smaller towns and
villages . With this view, TRAI in its recommendations dated 27 "
January 2016, had recommended the following roll -out obligations for
700 MHz band:
OThe Authority recommends that the  following roll -out obligations should be
imposed for licensees who acquire access spectrum in 700 MHz band:
1 All towns/villages having population of 15,000 or more but less than
50,000 to be covered within 5 years of effective date of allocation of
spectrum for access services and all villages having population of

10,0000r more but less than 15,000 to be covered within 7 years of

effective date of allocation of spectrum.
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2.65

1 To prevent, duplication of infrastructure, a TSP should also be permitted
to fulfil the obligations by sharing network of other operator to the extent
permissible as per guidelines/instructions ap plicable from time to time.
A licensee should be allowed to cover any town/village as part of roll -
out obligations using intra -service area roaming amongst TSPs having
700 MHz band spectrum, subject to the condition that at least one -third

of the towns/vil lages shall be covered without intra  -circle roaming.

(Para 2.97 of the Recommendations dated 27  t January 2016)

Considering the foregoing discuss ion, one view could be that both for
526-698 MHz and 700 MHz bands, the roll  -out obligations may be
prescribed in a manner that so far uncovered areas are provided with
mobile coverage. Another view could be that both these bands are likely

to be used as 5G coverage bands and 5G services will be rollout by the
TSPs in different areas based on its commercial viability . therefore,
rural based coverage may not be advisa  ble. Another option could be to
extend the rollout obligations prescribed for 700 MHz band as specified
in the NIA for the Auctions held in March 2021 to 526 -698 MHz band

also.

For 3300 -3600 MHz band, i n the r ecommendati ons on
spectrum in 700 MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300

MHz, 2500 MHz, 3300 -3400 MHzand 3400 -36 00 MHz bando
August 2018, TRAI ha d recommended that no roll out obligations
should be mandated for 3300-3600 M Hz band. Reasons for

recommending no rollout obligations were:

a) the high frequency waves do not travel longer due to higher
propagation loses, these are not suitable for extending mobile
coverage to uncovered/remote areas,

b) this band is likely to be used fo  r 5G and the TSPs will decide 5G
rollout based on demand and affordability,

c) the standards of IMT 2020 are still in development stage and the

maturing of technology/device eco  -system will take even more time.
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2.67

2.68

Upon s tudy of the practice adopted in other countries, it is observed
that generally, countries have prescribed some rollout obligations for
mid -band spectrum. For instance, in April 2021, OFCOM, UK
Regulator, conducted auction for 3.6  -3.8 GHz spectrum band, wherein
no coverage obligations were prescribed because the Mobile Network
Operators ( MNOs) had committed to achieve more comprehensive
mobile coverage in the Shared Rural Network programme than they
would be able to require through coverage obligations in this award.

Their commitments, now agreed with the Government, are included in
their current spectrum licences and are legally binding. In South Korea
for 3.5 GHz band, deployment of 150,000 base stations were obligated,

out of which, 22,500 (15%) to be deployed in three years . Details of the
roll -out obligations imposed by other countries are available in the

Annexure -2.1.

24.25 0 28.5 GHz (mmWave ) spectrum is likely to be used for provision

of 5G use cases/applications requiring very high data rates and ultra -
low latency. Therefore, the TSPs would be deploying it selectively in the

areas where the demand for such use cases/applications exists .
Fur ther, the technical characteristics of high band are such that it
cannot be wused for meeting coverage requirement. Therefore,
prescribing coverage related rollout obligations may not be feasible.
However, on examination of the practice adopted in other cou ntries, it
is observed that generally, certain obligations have been imposed . For
instance, in South Korea, for 28 GHz spectrum band, the licensees are
mandated that 100,000 base stations are to be deployed, of which 15
percent or more were obligated to be completed in the nationwide
network within three years. Details of the roll -out obligations imposed

by other countries are available in the Annexure -2.1.

In addition to the above, it is observed that Virtual Network Operator
(VNO) regime was introduced in India in 2016 and as per the provisions
of the license, VNOs are permitted to set up their own network
equipment viz., BTS, BSC, MSC, RSU, DSLAMs, LAN switches, if
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required, where there is no requirement of interconnection with other

Network Service Operator(s). TRAI, through its recommendations on
O0Enabling Unbundl ing of Di fferent Laye
Li censi ngoh Adgudt 2081 ,1h&s inter -alia, recommended that:

OA separate authorization wunder Uwrified L
Access Network Provider (network layer) to provide network services on
wholesale basis. Under this authorization for Network layer only, the
Access network provider shall not be permitted to directly provide

services to the end customers under the autho  rization.

Scope of the Access Network Provider shall be to establish and maintain
access network, including wireless and wireline access network, and
selling the network services (capable of carrying voice and non -voice
messages and data) on a wholesale b asis to VNOs (service delivery

operators) for retailing purpose. o

2.69 In the said recommendations on 6 Enabl ing Unbundling of
Layers Through Diff er en tthiAadust20Rlc dtrwasi ngo d e

also mentioned that

Oif a separate category of License for Access Network Provider is created
the Access Network Provider could build Core network, Radio Access
Network (RAN) and team up with VNOs for provision of services. Since
the VNOs are also permitted to set up their own n etwork equipment viz.,
BTS, BSC, MSC, RSU, DSLAMs, LAN switches, if required, where there
iS no requirement of interconnection with other Network Service
Operator(s), it could create a win -win environment where it is possible
for the VNO licensee to suppor tthe regime by investing in Radio Access
Network. In such a situation, since both the operators have invested for
provision of service, the network provider will not perceive the service
delivery operator (VNO) as a competitor but as a service delivery
partner. Thus, introduction of separate license for Access Network
provider could also attract investment and strengthen the service

delivery segment. 6
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To actualize the above -mentioned scenario, it may be necessary that
while assessing fulfilment of the roll out obligations of the relevant
Network Operator (Unified licensee with access service authorization
and Access Network Provider -as recommended by TRAI) , the network
elements such BTS, BSC etc. created by the attached VNO, may also be

included.

Issues for Consultation

Q.18

Q.19

Q.20

Q.21

Q.22

Whether the roll  -out obligations for 700 MHz, 800 MHz, 900
MHz, 1800 MHz, 2100 MHz, 2300 MHz and 2500 MHz as
stipulated in the NIA for las t auctions held in March 2021 are
appropriate? If no, what changes should be made in the roll out

obligations for these bands?

What should be associated roll -out obligations for the allocation
of spectrum in 526  -698 MHz frequency bands? Should it be

focuse dto enhance rural coverage? Kindly justify your response.

What should be associated roll -out obligations for the allocation
of spectrum in 3300 -3670 MHz frequency band? Kindly justify

your response.

What should be associated roll -out conditions for the allocation
of spectrum in 24.25 to 28.5 GHz frequency range? Kindly

justify your response.

While assessing fulfilment of roll out obligations of a network
operator, should the network elements (such BTS, BSC etc.),
created by the attached VNO , beiincluded? Ifyes, kindly suggest
the detailed mechanism for the same. Kindly justify your

response.
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F.  Spectrum Cap

2.71 The spectrum cap is the limit of access spectrum a telecom operator
can hold for providing wireless services. The objective of prescribing
spectrum cap is to prevent large holdings of spectrum by one or a few
TSPs which otherwise may create concerns for the c ompetition in the
market. As per the NIA provisions of the recent auction, the overall

spectrum cap for each of the service areas is calculated as under:

0 T h e -1sGiHbcap is 50% of the combined spectrum available in sub -1
GHz bands (i.e. 700 MHz, 800 MHz, 900 MHz bands) for an LSA and the
over-all cap is 35% of the total spectrum available for assignment across

all the bands in an LSA.

Note: It may be noted that the blocks/spectrum that are being put to
auction (including those which are not available for assignment
immediately after the auction but at a later date) were not to be included
in the spectrum holding of the existing licensee s, for the purpose of

spectrum holding cap rules.

The government has decided to follow the following principles for the

calculation of overall and band wise caps for an LSA.

i) All spectrum assigned to TSPs, including quantity of spectrum whose
rights to u se were put to auction but remained unsold, spectrum whose
rights to use were assigned but subsequently surrendered by the TSPs

or taken back by the licensor and quantity of spectrum whose rights to

use are being put to auction would be counted for the pur pose of the

spectrum cap.

i) The spectrum which may become available to DoT for commercial use
after its refarming from other uses (such as defence) at different points
of time would not be counted for determining the spectrum caps until its

rights to use are put to auction.

i) In case a situation arises where due to any subsequent assignment
of spectrum to defence/ non -commercial usage, spectrum cap is affected

adversely, no TSP would be asked to surrender right to use of any
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spectrum which it already h olds. For the sake of level playing field
among Telecom Service Providers (TSPs), the same spectrum cap shall be
made applicable for all the telecom service providers in that Licensed

Service Area. 6

2.72 It is clear that t he above definition does not include 526-698 MHz,
3300-3690 MHz and 24.25 -28.5 GHz bands as these were never put to
auctio n. Now, since these bands are also proposed to be auctioned,
above provision of spectrum cap needs to be reviewed. Having said that
in the last TRAI recommendations on Auction of spectrum dated 1 st
August 2018, 3300 -3600 MHz band was also included, and the
following recommendations  w.r.t. spectrum cap, were made for this
band:

0- The existing provisions of spectrum cap (i.e. 35% Overall cap) should
be extended to 3300 -3600 MHz band also.

- To avoid monopolization of this band, there should be limit of 100

MHz per bidderinthis band. 6

2.73 DoT has informed that spectrum availability in mid band has gone up
by 70 MHz (3300 -3670 MHz). In addition, the following new frequency

bands have also been decided to be used for IMT/5G:

a) 526-582 MHz
b) 582-617 MHz
c) 617-698 MHz
d) 24.25 to 28.5 GHz

2.74 From the above , it can be observed thatinsub -1-GHz bands, spectrum
availability has gone by substantially. Presently, there is a combined
spectrum cap of 50% on all sub -1 GHz bands. If such spectrum cap is
also extended to the new sub -1 GHz bands, it may create concerns for
the competition in the market. Therefore, there may be a need to review

this cap.
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2.75 Further, the high frequency bands such as 3300 -3670 MHz and 24.25 -
28.5 GHz, toge ther, come with a huge quantum of spectrum. In case
the overall spectrum cap is extended to these bands as well, the
denominator for computation of spectrum cap will increase to an extent
that the overall spectrum cap of 35% may lose its significance. One
view could be that separate spectrum caps may be defined for different
group o f spectrum bands viz. sub-1 GHz, 1 -2 GHz, 3300 -3670 MHz and
24.25 -28.5 GHz bands.

2.76 Considering the global trend, 3300 -3670 MHz and 24.25 -28.5 GHz
bands are likely to be used for 5G in India. Therefore, to ensure
competition in 5G segment, whether intra -band spectrum cap for these
bands should be put in place. TRAI in its last recommendations on
Auction of Spectrum dated 1 st August 2018, had recommended a
spectrum cap of 100 MH  z per operator in 3300 -3600 MHz band. The
global practice also shows that some countries have prescribed a

spectrum cap of 100 MHz for mid  -band.

2.77 As regards 24.25 -28.5 GHz band, the study of other countries show
that some countries have prescribed a spectr um cap of 800 /1000 MHz.
As per 3GPP 35, in frequency range 2 (FR2: 24.25 GHz to 52.6 GHz) for
5G NR, maximum carrier bandwidth is up to 400 MHz and at present,
that can be aggregated with a maximum bandwidth of 800 MHz.

However, it is likely to goup to 100 0 MHz in near future.

Issues for Consultation

Q.23 Whether there is a need to review the spectrum cap for sub -1
GHz bands? If yes, what should be the spectrum cap for sub -1

GHz bands. Kindly justify your response.

Q.24 Keeping in mind the importance of 3300 -3670 MHz and 24.25 -

28.5 GHz bands for 5G, whether spectrum cap per operator

35 https://www.etsi.org/deliver/etsi_ts/138100138199/13814102/16.06.00_60/ts_13814102v160600p.pdf
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specific to each of these bands should be prescribed? If yes, what

should be the cap? Kindly justify your response.

Q.25 Whether there should be separate spectrum ca p for group of
bands comprising of 1800 MHz, 2100 MHz, 2300 MHz and 2500
MHz bands together? If yes, kindly suggest the cap along with

detailed justification.

Q.26 Whether overall spectrum cap of 35% requires any change to be
made? If yes, kindly suggest the ¢ hanges along with detailed

justification.

Q.27 For computation of overall spectrum cap of 35%, should the
spectrum in 3300 -3670 MHz and 24.25 -28.5 GHz bands be

included? Kindly justify your response.

Q.28 Any other suggestion regarding spectrum cap may also be made

with detailed justification.

G.  Surrender of Spectrum

2.78 DoT through its letter dated 23 @ September 2021 has, inter -alia,
communicated recent Telecom Reforms and requested TRAI to consider
| factor in the decisions announced in Telecom Reforms, while
providing recommendations. One such decision is regarding provision
for surrender of spectrum, wherein it has
to encourage better utilization of spectrum and to encourage busine Ss,
for the auctions conducted henceforth, TSPs may be permitted to
surrender spectrum after a minimum period of 10 (ten) years. TSPs will
have to inform one year prior to surrendering their spectrum. The
spectrum purchase dues for the remaining (post surr ender) period will
not be | evied. However, an appropriate s
TRAI recommendations have been sought on the conditions and fee for

such surrender.
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2.79 In this regard, it is noted that provision for surrender of spectrum has
been created by the Government as part of the Telecom Reforms.
Provision for surrender of spectrum was one part of structural reforms.
In this regard the relevant extract of the press note dated 15 th
September 2021, providing the objective of the telecom reforms is

reproduced below:

0The Union Cabinet, chaired by the Pri me
today approved a number of structural and process reforms in the

Telecom sector. These are expected to protect and generate employment

opportunities, promote healthy competition, protect interests  of

consumers, infuse liquidity, encourage investment and reduce regulatory

burden on Telecom Service Providers (TSPs). The package is also

expected to boost 4G proliferation, infuse liquidity and create an enabling

environment for investmentin 1 5G net wor ks. 6

2.80 So far, to shed the excess spectrum (if any), the only practical option
available with TSPs is spectrum trading. As per the spectrum trading
guidelines, the TSPs are permitted to trade their partial/entire
spectrum holding to another TSP aft  er a lock in period of 2 years post

assignment of such spectrum.

2.81 The Government has decided to create a provision for surrender of
spectrum after a period of 10 years from date of allocation of such
spectrum. To surrender the spectrum, TSPs will be require d to inform
about its decision to surrender the spectrum to the Government one
year prior to surrendering such spectrum. The question arises that
what should be the process and associated terms and conditions for
surrender of spectrum.  Further, what provis ions may be created in the
spectrum surrender framework so that any possible misuse by the

licensees, could be avoided.

2.82 Itis understood that the period of 10 years would be counted from the
date of assignment of such spectrum. However, in case a TSP acqui res

spectrum through trading, should the period of 10 years be counted
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2.83

2.84

2.85

from the date of original assignment of spectrum or from the date of

spectrum trading.

Considering the backdrop of the telecom reforms, the issue that also
needs deliberation is on nee d to charge a spectrum surrender fee. One
could argue that the right to use the spectrum has been bought by a
TSP for a contracted number of years and through surrender
provisions, the TSP may surrender it prematurely. Therefore, for
dilution of spectrum | icense, some fee may be charged. Another view
could be that if a TSP is surrendering spectrum, the Government can
very well put to auction such surrendered spectrum in a timely manner

as the TSP is required to inform one year in advance; thus, there may

be no need for any fee to be charged.

Further , DoT has informed that for the auctions conducted henceforth,

TSPs may be permitted to surrender spectrum after a minimum period

of 10 (ten) years. Therefore, the issue needs deliberation is whether
provision for surrender of spectrum should also be made available for
the existing spectrum holding of the TSPs. In case such a provision
needs to be created, what should be the process and associated terms

and conditions.

In view of the above discussion, the following issues arise for

consultation:

Issues fo r Consultation

Q.29 What should be the process and associated terms and conditions

for permitting surrender of spectrum for future auctions? Kindly

justify your response.

Q.30 What provisions may be created in the spectrum surrender

framework so that any possible mi suse by the licensees, could

be avoided? Kindly justify your response.
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Q.31 In case a TSP acquires spectrum through trading, should the
period of 10 years to become eligible for surrender of spectrum,
be counted from the date of original assignment of spectrum or
from the date of acquisition through spectrum trading? Kindly

justify your response.

Q.32 Whether provision for surrender of spectrum should also be
made available for the existing spectrum holding of the TSPs? If
yes, what should be the process and associat ed terms and

conditions?  Kindly justify your response.

Q.33 Whether spectrum surrender fee be charged from TSPs? If yes,
what amount be levied as surrender fee? Kindly justify your

response.
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3.1

3.2

3.3

CHAPTER all I: VALUATION AND RESERVE PRICE OF
SPECTRUM

Spectrum refers to the radio frequencies allocated to various sectors viz.
telecom, space, defence, railways etc. for communication over airwaves

It plays a pivotal role in the functioning of these sectors and is used as
factor input for provisioning for various telecom services making it an
indispensable resource for telecommunication. The high utility of
spectrum in various sectors leads to composite demand for spectrum
and given that spectrum is both rivalrous and largely excludable, its
composite deman d limits its supply available for the telecom sector.
Pricing of spectrum is, therefore, essential to avoid free riding and
tragedy of the commons . Thus, besides ensuring intersectoral
coordination for efficient allocation and utilization of the spectrum, the
control on supply and pricing of various spectrum bands lies in the

hands of the Government (i.e. the Licensor).

It is a known fact that the demand for spectrum is a derived demand.

It depends on the demand for telecom services. Thus, the demand for
spectrum is influenced by a number of factors which have a bearing on

the demand for telecom services, which include prevailing market
conditions such as tele -density, internet penetration and techno -
economic factors like investment in infrastructure. Other economic
variables like geographies, population demographics, living standards

etc. influence the preferences and demand for telecom services.
Similarly, macroeconomic variables like Gross Domestic Product (GDP),

per capita income, inequality of income, u nemployment rate and

inflation etc., affect the demand for telecom services.

The supply of spectrum is relatively inelastic as the Government
controls when the right to use of spectrum held by the incumbents will
expire to make it available for re  -auction and when new spectrum will
be released and in what quantities. Along with control on supply,

reserve prices are also decided by the Government. The reserve price
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has a significant effect on the demand for spectrum. During spectrum
valuation exercises, the  Authority has taken a consistent view that a
reserve price, that is set too high may discourage participation and
restrict competition whereas a reserve price that is set too low may lead

to cartelization thereby affecting competition. Spectrum acts as a
valuable input in provisioning of telecommunication services. The
telecom sector, through its backward and forward linkages, leads to
large scale economic impacts such as affecting growth, employment,
citizen participation etc. Hence, any policy decision w hich affects the
prices of spectrum is reflected in the prices of telecommunication
services. The interests of the public, at large, are linked with spectrum
pricing. Effective spectrum pricing based on a sound rationale is a
prerequisite to ensure that th  is valuable resource is utilized in an

optimal manner to serve the public interest in the best possible manner.

In the instant Reference, DoT stated that a request has been received

from COAIl regarding effective spectrum pricing. Further, DoT

mentioned tha t the Parliamentary Standing Committee on Information
Technology in its report on o6l ndiads pr e
certain observations on the pricing of spectrum. In this context, TRAI

sought the views of DoT on pricing of spectrum. In response, DoT

informed, inter -alia , that:

0There is a need to strike balance betwee
auction on one hand, long term growth/ sustainability of the telecom

sector, introduction of new services/ technologies, on the other.

The Governmentds intent is to protect di
promote healthy competition, protect consumer interests, infuse liquidity

encourage investment and reduce unnecessary regulation in the sector.
Telecommunications sector provides the bas ic backbone and infrastructure

for digital connectivity and broadband. The sector has direct and indirect

linkage in advancing growth, employment, ease of living, empowering

citizens, enhancing transparency in governance etc. Advanced technology
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3.5

and applic ations envisaged in Industry 4.0 rely heavily on robust and

state -of-the -art telecommunication networks.

In this context, for transitioning to 5G technology, proliferation and
penetration of optical fibre networks and providing reliable high -speed
broadba nd at affordable prices, the telecom service providers need to be

in good health with sufficient capacities to make regular and substantial

capital expenditure.

In the recently concluded spectrum auction 2021, only 37.1% of spectrum

put up to auction was acquired by TSPs.

Government of India has recently approved for an option of 4 -year
moratorium on spectrum auction instalments as well as AGR instalments

for TSPs, to ensure healthy cash flow situation in the sector.
Further, spectrum lying idle is a waste for the economy. ¢

On 15.09.2021, the Union cabinet approved structural and procedural
reforms in the telecom sector with a view to protect and generate
employment opportunities, promote healthy competition, protect
interests of consumers, infuse liquidity , encourage investment and
reduce regulatory burden on TSPs. The reforms are expected to provide
financial and economic benefits to the telecom sector. For instance, the
increase in moratorium period for repayment of liabilities will tend to
improve the ca sh flow position of the TSPs. Further, waiving off of
penalties along with interest payments, removal of Spectrum Usage
Charges (SUC), reduction in penal interest rates and rationalization of
Adjusted Gross Revenue (AGR) definition, are expected to reduce
present as well as future liabilities of TSPs, and positively impact the
availability of funds to them. Reduction in bank guarantee can enable

the TSPs to fully utilize their fund capacity. The increase in moratorium
period prior to the first instalment wi Il lower the present liability of
TSPs. The 100% foreign direct investment (FDI) under automatic route
permitted in the telecom sector is expected to promote healthy

competition and attract further investment in the sector.
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3.6 There are certain spectrum and auction related reforms such as
removal of the requirement of bank guarantees to secure instalment
payments, which may lead to increased participation in auctions as it
will increase financial headroom for the potential bidders. The increased
tenure of the spectrum allotment from the existing 20 years to 30 years
will enable TSPs to exploit spectrum benefits by using it for a longer
period. The elimination of spectrum usage charge on spectrum acquired
in future auctions will result in the direct financial b enefits by lowering
the regulatory expenditure on account of acquiring a certain quantum
of spectrum. It may result in reduction in spectrum usage charges for

the incumbents once they acquire new spectrum.

Issues for consultation

Q.34 Which factors are relevant in the spectrum valuation exercise
and in what manner should these factors be reflected in the
valuation of spectrum? Please give your inputs with detailed

reasoning.

Q.35 In what manner, should the extended tenure of spectrum
allotment from the existi ng 20 years to 30 years be accounted
for in the spectrum valuation exercise? Please support your

response with detailed rationale/ inputs.

Q.36 What could be the likely impact of the following auction related
telecom reforms announced by the Government in Septe mber

2021 on the valuation of various spectrum bands?

(@) Rationalization of Bank Guarantees to securitize deferred
annual spectrum payment instalments in future auctions
(b) No spectrum usage charges (SUC) for spectrum acquired in

future auctions
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(c) Removal of add itional SUC of 0.5% for spectrum sharing

(d) Provision for surrender of spectrum

In what manner, should the above provisions be accounted for in the

valuation of spectrum? Please support your response with detailed

justification.

Need for fresh exercise of valuation versus use of March 2021 auction
determined prices in 800 MHz/900 MHz/1800 MHz/2100 MHz/2300
MHz bands

3.7 DoT, through the instant Reference, has sought recommendations on
applicable reserve price of spectrum in 526 -698 MHz, 700 MHz, 800
MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz, 3300 -
3670 MHz and 24.25 0 28.5 GHz bands for IMT/ 5G.

3.8 Since the year 2013, the Authority has been furnishing its
recommendations on valuation and reserve price of various spectrum
bands following a bottom  -up app roach (LSA -wise valuation using LSA -
specific inputs) using several valuation methodologies. Through the
latest recommendations, which were furnished in the August 2018, the
Authority recommended reserve price of spectrum in 700 MHz, 800
MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz, 3300 -
3400 MHz and 3400 -3600 MHz bands.

3.9  About 9 months have elapsed since the last spectrum auction was held
in the month of March 2021 wherein spectrum in 700 MHz (in 22 LSAS),
800 MHz (in 22 LSAs), 900 MHz (in 19 LSAs), 1800 MHz (in 22 LSAs),
2100 MHz (in 19 LSAs), 2300 MHz (in 22 LSAs) and 2500 MHz (in 12
LSAs) was put to auction. In this regard, the Authority requested DoT
to provide the rationale for seeking fresh recommendations for auction
of spectrum in 800 MHz, 900 MHz, 1800 MHz, 2300 MHz bands. DoT
was also requested to provide reasons for seeking fresh
recommendations in respect of 700 MHz, 2500 MHz and 3300 -3600
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3.10

MHz band. It is pertinent to mention that in the spectrum auction held
in March 2021, no bids were rec
2500 MHz bands while spectrum in 3300

eived for spectrum in 700 MHz and
-3600 MHz band was not put
to auction. Il n response to the Authority:
there are apparently changes in the context and timing of auction, and

may be changes in various factors that may have a bearing on the
reserve prices etc. DoT also stated that further, the Government has
decided that tenure of the spectrum assigned through auction will be

30 years, and also that for spectrum auctioned in future, there will b e
no Spectrum Usage Charges (SUC). DoT has stated that TRAI may like

to consider all these while making recommendations.

A comparative statement of the reserve prices recommended by TRAI,

the reserve prices fixed by DoT and the auction determined prices o f
different spectrum bands during the spectrum auction held in March

2021 has been depicted in ~ Annexure 3.1 . The band -wise summary of
guantity of spectrum put on auction and quantum of spectrum sold in

the auction held in March 2021, is being

table:

presented in the following

Quantity of spectrum put to auction vis -a-vis quantity of spectrum sold
. . Number of

Quantity put Quantity sold .

Sgﬁgtrum on auction (in in Auction SOL:SQ;[%/ rl_liﬁf deaesre
MHz) / (LSAs) | (MHz)/LSAs 0 )

recei ved

355.00 152.2

1800MHz | 55| gps) (21 LSAs) 43 !
230.00 150

800 MHz (22 LSAs) (19 LSAs) 65 3
98.80 38.4

900 MHz (19 LSAs) (9 LSAs) 39 10
660 0

700 MHz (22 LSAS) 0 22
175 15

2100MHz | 19 gps) (3 LSAs) 9 18
560 500

2300MHz 1 55| gas) (22 LSAs) 89 0
230

2500 MHz (12 LSAs) 0 0 12

Total 2303.8 855.6 37.1 -
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3.11 The spectrum auction of March 2021 started on March 1, 2021 and
spanned for six rounds across two days, with four rounds of bidding on
day-1 and two rounds on day -2. Unlike previous auctions, in which
more number of TSPs had participated, only three TSPs participated in
the spectrum auction of March 2021. The auct lon determined price was
equal to the reserve price set by DoT across various spectrum bands

and across various LSAs.

3.12 Inthe spectrum auction of March 2021, a total of 2308.8 MHz spectrum
was put to auction, out of which, 855.6 MHz spectrum was sold. The
spectrum in 700 MHz and 2500 MHz bands, which together comprised
38.55% of the total quantity, remained entirely unsold. Out of the
remaining five bands (viz. 800 MHz, 900 MHz, 1800 MHz, 2100 MHz
and 2300 MHz) comprising 1418.8 MHz spectrum, 60.3% of the

gu antity put to auction was sold.

3.13 The status of sale of spectrum in terms of demand (D) and supply (S)
for the various spectrum bands in the spectrum auction of March 2021
has been givenin Annexure 3.2 . From the annexure, it may be inferred
that in the LSAs for a particular band, where entire quantity on offer
was sold at the reserve price, it was the market clearing price; on the
other hand, for the LSAs for a particular band, where there was not
enough demand, the realized price was not the market clearing price,
though it was still the ©6auction deter min
the past, taken a view that auction determined price achieved as an
outcome of an auction is the best available indicator of the valuation of
spectrum by the market. Further, in its previous recommendations, the
Authority took a view that it would be reasonable to consider the
auction determined prices of the preceding two years for the purpose of
valuation of spectrum. Accordingly, the Authority, in 2018,
recommended that the prices revealed in the auction held in October
2016 should be taken as one of the possible values of spectrum in the
respective bands for the forthcoming auction, duly indexed, if these are

more than one year old.
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3.14

3.15

3.16

3.17

In this context, the Notice Inviting App lications (NIA) of 25th February
2010 for OAuction of 3G and BWA Spectrul

clause:

oPara 4. 7: If a further round of auction f
takes place within 12 months from the date of completion of the current
roun d or the relevant Auction, the Reserve Price in such a round will be
the same as the Successful Bid Amount in the current round of the

relevant Auction for the respective servi

Further, the Authority, through the Reco
Manage ment and Licensing Framewor kilier-dat ed

alia , as below:

oPara 3.50: The Authority recommends that
additional blocks into 3G services at the earliest and offer the same at

the highest price being discovered th rough the present auction to the

remaining bidders in the order of bids. If, however, more than a year

|l apses from now for this exercise, a frest

The NIAs of 28th September 2012 (for 1800 MHz and 800 MHz) and
30th January 2013 (for 1800 MHz, 900 MHz and 800 MHz) for auction

of spectrum included a clause which states that:

oPara 2. 3: Existing CMTS/ UAS/ UL( AS) Il i ce
existing spectrum holding in 1800 MHz band after payment of auction

determined price. 6

Further, the NIA dated 12t h December 201
in 1800 MHz and 900 MHz bandd and NI A dat
6 Auction of Spectrum in 2100 MHz, 1800 MFE

Bandsd stated that:

oPara 2. 3: € Exi sti ng se&sManSlibdiahiss /theil. | i c en
existing spectrum holding in 1800 MHz band for the balance validity
period of spectrum assignment after payment of auction determined price

prorated for the balance validity period of the Spectrum Assignment.
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In case more than on e set of auction determined prices are available, the
latest auction determined prices available at the time when the TSP

wants to liberalise its spectrum holding, would be applied.

If the auction determined price is more than one year old then the
prevai ling market rates would be determined by indexing the last auction
price at the rate of SBI PLRé.OG.

3.18 Further , the Guidelines for OLi beralisati on
Spectrum in 800 MHz and 1800 MHzt™freque
November, 2015 states that:

oPara 7: In case more than one set of a
available, the latest auction determined prices for the respective
frequency band as available at the time of calculation of charges/

amount payable for liberalisation o f spectrum, would be applied.

Para 8: If the auction determined price is more than one year old then the
prevailing market rates would be determined by indexing the last auction
price at the rate of SBI PLR. O

3.19 TheNIAdated6 "January, 2021 fSpectrunAw@OtMH n o f
800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz & 2500 MHz

Bandsd stated that:

oPar a 9. 1. 3: éeif a |l icensee al so hol ds
spectrum which is non -contiguous to the spectrum held by him through

auctions conducted in 2010, 2012, 2013, 2014, 2015, 2016 and the

present auction, contiguity of the administratively held spectrum with

any of the spectrum acquired by him through auctions will not be

permitted unless such licensee liberalises his entire administratively

held spectrum in that band by paying the latest market price in

accordance with the relevant guideline(s) issued for liberalisation of

spectrum from time to time.Oo

3.20 From the above, it can be seen that apart from the NIA dated 25 th
February 2010, none of the NIAs contain any explicit clause that if

auction of spectrum takes place in a particular band within less than
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one year of the previous auction in the same spectrum band, the
auction determined price in a spectrum band shall be the reserve price

for the next r ound of spectrum auction. However, considering the fact

that macro/microeconomic variables influencing the demand for
spectrum may not vary significantly within a span of just one year it is
possible to take the view that there may not be a need for a fres h
exercise for valuation or indexation of auction price for that spectrum

band for each round of auction, if the period between auctions is less

than one year.

3.21 It may be noted that in the recently announced reform package , an
annual calendar has been fixe d wherein spectrum auctions will

normally be held in the last quarter of every financial year

Issues for consultation

Q.37 Whether the auction determined prices of March 2021 auction
be taken as the value of spectrum in the respective band for the
forthcoming auction in the individual LSA? Should the prices be
indexed for the time gap (even if less than one year or just short
of one year)? If yes, please indicate the basis/ rate at which the

indexation should be done, with reasons.

Q.38 If the answer to the above question is in negative, whether the
valuation for respective spectrum bands be estimated on the
basis of the various va  luation approaches/methodologies being
followed by the Authority in the previous recommendations,
including for those bands (in an LSA) for which either no bids

were received, or spectrum was not offered for auction?

Q.39 Whether the method followed by the Auth ority in the
Recommendations dated 01.08.2018 of considering auction
determined prices of the auctions held in the previous two years

be continued, or the prices revealed in spectrum auctions
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Q.40

conducted earlier than two years may also be taken into

account ? Kindly justify your response.

Whether the valuation exercise be done every year in view of the
Governmentds intention to have an
of spectrum? Please support your response with detailed

justification.

Valuation of spectrum in 800 MHz/ 900 MHz/ 1800 MHz/ 2100 MHz

bands

3.22

3.23

Beginning from the Authorityds recommend

spectrum pricing dated 09.09.2013, the valuation of spectrum in
various bands has been estimated on the basis of several va luation
approaches/ methodologies adopted by the Authority. The details of the
valuation methodologies/ approaches followed by the Authority for the

valuation of various spectrum bands has been given as Annexure 3.3

The valuation methodologies/approaches f ollowed by the Authority for
the valuation of various spectrum bands rely on the availability of

technologically segregated financial and non -financial data in addition

to certain assumptions. However, nowadays the industry is moving
towards technology neu tral usage of spectrum enabling the TSPs to
deploy new services/ multiple technologies within the same spectrum
band. Essentially, the TSPs are free to provide access services using any
technology in any of the spectrum bands acquired by them through

aucti on. Therefore, technological segregation of financial and non

financial data is presently a constraint.
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Issue for consultation

Q.41 Whether there is a need to bring any change in the valuation

approaches/ methodologies followed by the Authority for
spectrum valuation exercises in view of the changing dynamics
in the telecom sector largely due to the usage of various
spectrum bands by t he TSPs in a technologically neutral
manner? If yes, please provide suggestions along with a detailed

justification about the methodology.

Valuation of spectrum in 2300 MHz and 2500 MHz bands

3.24 Like other spectrum bands, valuation of 2300 MHz (unpaired) spectrum

3.25

3.26

is also dependent on the availability of data related to cost, revenue and
other information pertaining to this band. However, such band specific

data is not available in the case of the 2300 MHz spectrum.

Therefore, due to limited availability of information, in the year 2018,

the Authority recommended the reserve price of 2300 MHz spectrum
band by using the auction determined prices of the last auction
(October 2016) duly indexed with M arginal Cost of Funds based
Lending Rates (MCLR) for LSAs where auction had taken place, and the
last recommended reserve price in the LSAs where spectrum was put to

auction but could not be sold in October 2016 auction.

The spectrum in 2500 MHz band was a uctioned for the first time in
October 2016. The paucity of dataset due to unavailability of
information in segregated form exists in this band as well. Previously,

in 2016 recommendations, the Authority recommended the reserve
price of the spectrum in 250 0 MHz band equal to the spectrum in
2300MHz band. Further, in 2018 recommendations, the Authority

made use of 2016 recommended reserve prices in case spectrum was
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3.27

3.28

offered but could not be sold in October 2016 auction, and the auction
determined prices reve aled in October 2016 auction, duly indexed for

LSAs where auction took place.

Further, during the previous recommendations the Authority took a

view that the auction revealed prices in the preceding two years would

be reasonable to be considered for the purpose of valuation in the
present exercise. In case of 2500 MHz band, the spec trum was put to
auction in 12 LSAs in March 2021 auction but it remained entirely
unsold. In this situation, question arises as to whether the auction
determined prices of previous auction i.e. October 2016 should be used

for the determination of value of spectrum in 2500 MHz band.

Another way of valuing the spectrum in 2300 MHz or 2500 MHz bands
could be to establish relative technical efficiency with other spectrum
bands, as was done earlier for the valuation of 800 MHz/ 900 MHz/
2100 MHz/ 700 MHz/ 3300  -3600 MHz spectrum bands.

Issues for consultation

Q.42 In your opinion, what could be the possible reasons for the
relative lack of interest for the spectrum in the 2500 MHz
band? Could this be attributed to technological reason(s)
such as development of network/ device ecosystem or
availability of substitute spectrum bands or any other
reasons(s)? Please support your response with detailed

justification.

Q.43 Whether the March 2021 auction determined prices be
used as one possible valuation for the spectrum in 2300
MHz band for the current valuation exercise ?Ifyes, should
these prices be indexed for the time gap and at what rate?

Please justify your response.
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Q.44 Whether auction determined prices of October 2016 (i.e.
for the auction held earlier than two years) be used as one
possible valuation for the spectrum in 2500 MHz band for
the current valuation exercise? If yes, should these prices

be indexed for the time gap and at what rate? Please
justify.

Q.45 Whether the value of the spectrum in 2300 MHz/ 2500
MHz bands should be derived by relating it to the value of
spectrum in any other band by using technical efficiency
factor? If yes, which band and what rate of efficiency
factor should be used? If no, the n which alternative
method should be used for its valuation? Please justify
your response with rationale and supporting studies, if

any.

Valuation of spectrum in 700 MHz Band

3.29 The 700 MHz spectrum band is a relatively low frequency band amongst
the commerc ially exploited frequency bands for providing access
services. This band provides better indoor and outdoor coverage as
compared to the bands which are currently in use. The report 36phy ZTE
on OAPT 700 MHz Best Choice for Nati onwi
comparative uplink edge rate from dense urban to rural environments
and the coverage radius of a single site utilizing 700 MHz spectrum and
1800 MHz spectrum . The finding of the report indicates that 700 MHz
spectrum band has comparative advantage over 1800 M Hz band both
in terms of uplink cell range as well as coverage area. Therefore, 700
MHz band has an advantage over other existing bands in terms of

deployment.

Sehttp://www.gsma.com/spectrum/wpcontent/uploads/2013/07/ZTE TEAPTF700MHzNetwork-White-
PaperZTEJune2013.pdf
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3.30 This spectrum band was put to auction in India for the first time in
October 2016 and thereafter

3.31

3.32

received in either of the auctions.

in March 2021. However, no bids were

The Authority in its recommendation dated 23.04.2012 had used

international benchmarking for the purpose of valuation of this band

wherein the ratio of auction price per MHz per popu

lation of similarly

placed band in other countries with the corresponding price in 1800

MHz band was used to arrive at the valuation.

In the 2018 recommendations, the valuation of this spectrum band was

done by the Authority based on the technical efficiency factor approach

taking 1800 MHz as the reference band.

Q.46

Q.47

Q.48

Issue for consultation

In your opinion, what could be the possible reasons
relative lack of interest for the spectrum in the 700 MHz
band? Could this be attributed to technological reason(s)
such as development of network/device ecosystem or
availability of substitute spectrum bands or any other

reasons(s)?

Whether the value of spectrum in 700 MHz band be derived

for the

by relating it to the value of other spectrum bands by using

a technical efficiency factor? If yes, with which spectrum

band, should this band be related and what efficiency

factor or formula should be used ? Please justify your views

with rationale and supporting studies, if any.

If your response to the above question is in negative, what

other valuation approach(es) be adopted for the valuation

of 700 MHz spectrum band? Please support your response

with de tailed methodology.

77




Valuation of spectrum in 3300 -3670 MHz (Mid -Band)

3.33

3.34

3.35

Frequencies in the Mid -Band (3300 -3670 MHz) are considered ideal for
5th Generation (5G) networks because of its dual potential in terms of
carrying large volume of data along with prop agation over significant
distances. This band provides balance in coverage and capacity and
supports a wide range of 5G use cases. Internationally, the Mid - band,

is emerging as the primary frequency bands for the introduction of 5G.

In response to a query raised by the authority to DoT in respect of the
instant reference in respect of the reserve price in 3300 -3670 MHz
band, DoT has stated that TRAI recommended reserve price of spectrum

in 3300 -3600 MHz band of the TRAI recommendation dated 01.08.2018

was accepted by the Digital Communication Commission (DCC) in its
meeting held in December 2109; however, the auction of spectrum in

3300 -3600 MHz band could not be held due to certain issues with other
Government Departments; subsequently, the concerns of di fferent
Ministries/Departments in the bands identified for IMT/5G including
3300 -3600 MHz band were addressed and an additional 70 MHz (3600

3670 MHz) has become available; the increase in supply of spectrum in

the Mid -Band, increase in spectrum allotment tenure from 20 to 30
years, removal of spectrum usage charges, changes in the context and
timing of the auction, are all variations from the situation prevailing at

the time of 2018 recommendations; the Authority may like to consider

all these factors whil e making recommendations.

In the 2018 recommendations, the Authority recommended the reserve
price of 3300 -3600 MHz band equal to 30% of the reserve price of 1800
MHz FDD band keeping in view the coverage analysis according to
which, 3300 -3600 MHz spectr um band TDD coverage will be around
30% of the 1800 MHz FDD coverage.
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Issue for consultation

Q.49 Whether the valuation of the 3300 -3670 MHz spectrum band
should be derived  from value of any other spectrum band by
using technical efficiency factor? If yes, what rate of efficiency
factor should be used? If no, which other method(s) should be
used for its valuation? Please justify your response with

rationale and supporting documen ts, if any.

Valuation of spectrum in 526 -698 MHz bands

3.36 These bands provide enhanced coverage, carries excellent penetration

potential enabling the wireless signal to penetrate windows and walls.

3.37 These bands are to be put to auction for the first time. Gl obally also,
only a few jurisdictions have concluded spectrum auctions for wireless
services in this band. Thus, there is a constraint of both national and

international level data for this band.

3.38 Considering the fact that all sub -1 GHz bands, which are cu rrently
planned for IMT, share common characteristics of enhanced coverage
and penetration accompanied with low capacity , there exists the
possibility of applying a common technical factor related to a particular
band for all sub -1 GHz bands.

Issues for co nsultation

Q.50 In case you are of the opinion that frequencies in the range 526 -
698 MHz should be put to auction in the forthcoming spectrum
auction, whether the value of 526 -698 MHz be derived by using
technical efficiency factor? If yes, with which spectrum band,
should this band be related and what efficiency factor or formula

should be used? Please justify your suggestions.
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Q.51 If your response to the above question is in negative, which
other valuation approach(es) should be adopted for the valuation
of these spectrum bands? Please support your suggestions with
detailed methodology, related assumptions and any other

relevant facto rs.

Valuation of 24.25 GHz 0 28.5 GHz (mmWave band)

3.39 The millimetre Wave (mmWave) band is currently under use largely by
the satellite ecosystem, as a primary user under the International
Telecommunication Union (ITU) regime. Satellite users in such bands
(mmWave) use applications ranging from enterprise and government
networks for broadband delivery, consumer broadband delivery,

cellular backhauls, and broadcasting.

3.40 The frequencies in the mmWave Band can travel only small distances
and are subject to rap id attenuation and thus their signal can be
interrupted by objects. However, what makes this spectrum band a
valuable resource for mobile networks is the amount of spectrum
available in it. Thus, though the band lacks in terms of coverage, it

carries an ed ge in terms of capacity and speed.

3.41 In the World Radiocommunication Conference, 2019 (WRC -19)
organized by the ITU, 24.25 -27.5 GHz band was globally identified for

IMT. Many countries have already concluded auction in these bands.

3.42 The 24.25 0 28.5 GHz spect rum is being contemplated for auction in
India for the first time. There is no historical auction data available to
conduct comparative analysis involving auction determined prices in
India. Thus, alternative approaches for valuation of this band could be
based on comparative values that can be achieved by using relative
technical efficiency factor of some other spectrum bands. T he possibility

of using international benchmarking can also be explored in this band.
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Issues for consultation

Q.52 Whether the value of spectrum in 24.25 - 28.5 GHz band
be derived by relating it to the value of other bands by
using technical efficiency factor? If yes, with which
spectrum band, should this band be related and what
efficiency factor or formula should be used? Pleas e justify

your suggestions.

Q.53 If your response to the above question is in negative,
which other valuation approaches should be adopted for
the valuation of these spectrum bands? Please support
your suggestions with detailed methodology, related

assumptions  and other relevant factors.

International benchmarking for new bands

3.43 Sincethe spectrumin526 -698 MHz and 24.25 -28.5GHz bands is being
contemplated for auction for the first time, the non -availability of data
acts as a constraint for valuation of these bands. The deficiency of band
specific data imposes the necessity to opt for alternative methods such
as international benchmarking. The details of auctions held in these

two bands int ernationally are given at  Annexure 3.4

3.44 The Authority had followed a similar approach in previous spectrum
valuation exercise. In 2012, international trends in the auction price of
similar spectrum band were used to arrive at reserve price of 700 MHz
band.

3.45 Similarly, in 2008, international average auction determined price in
countries comparable to India, was used to arrive at the reserve price
for 2300 -2400, 2500 -2690 and 3300 -3400 MHz bands.
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3.46 The advantage of using this approach is that it is based on revealed
willingness to pay (WTP) i.e. itis based on prices that have actually been
paid by specific buyers for a certain amount of spectrum in a particular
country. However, countries are not strictly comparable. There may be
differences in other factors su ch as population, subscriber base,
demographics , license duration of spectrum offered etc. In order to
arrive at the valuation, there may be a need to apply some normalization

technique in order to obtain a comparable spectrum valuation.

Issues for consult ation

Q.54 Whether international benchmarking by comparing the auction
determined price in countries where auctions have been
concluded be used for arriving at the value of these new bands?
If yes, then what methodology can be followed in this regard?

Please ex plain.

Q.55 For international benchmarking, whether normalization
techniques be used for arriving at the valuation of these new
bands in the Indian context? If yes, please justify your response

with rationale /literature, if any.

Use of technical efficiency factor

3.47 Under this approach, the coverage/ propagation characteristic of a
particular band is compared with the coverage of 1800 MHz band and
a technical efficiency factor is derived based on the ratio of the two

bands.

3.48 This method has been used in the past recommendations for valuation
of 800 MHz, 900 MHz, 2100 MHz bands. The approach was also used
in the valuation of 700 MHz and 3300 -3600 MHz band in the recent

recommendations.
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3.49

3.50

The sub -1 GHz bands may be considered to be similar in ter ms of their
technical characteristics. These bands provide enhanced coverage
enabling the TSPs to serve a vast customer base spread over a large
area. These bands carry excellent penetration potential enabling the

wireless signal to penetrate through walls and obstructions.

The Authority in the past recommendations have used distinct
technical efficiency factor for these bands. Given the similarity in the
technical characteristics of these bands, applying a methodology of a
uniform technical factor, with re ference to a similar band, can also be

considered.

Issues for consultation

Q.56 Whether a common methodology/ approach should be
used for valuation of all sub -1 GHz bands, which are
currently planned for IMT? If yes, suggest which
methodology/ approach should be used. Please give your
views along with supporting reasoning and documents/

literature, if any.

Use of trend -line approach for valuation of spectrum

3.51

3.52

The 1800 MHz band has received significant bids in various auctions

and there is sufficient data on auction determined price in this band.

In 18 out of 22 LSAs, there are at  -least four auction determined prices
discovered in last five auctions concluded si nce 2012. In Delhi,
Mumbai, Karnataka and Rajasthan, three auction determined prices

(ADP) are available along with reserve prices.

Since ADPs have been consistently considered by the Authority as the
best indicator of valuation, using the available inform ation on ADPs, a
trend line may be established for each LSA predicting expected ADP in

the future auctions using extrapolation.

83



3.53 Using this method, ADP may be expressed as a function of time wherein
a linear relationship may be established between ADP and t ime by

expressing ADP as a linear function of time as follows:
ADP=a+b*t
where a is constant and b is coefficient of time (t).

3.54 Based on the above equation, ADP for future auctions can be predicted
at different point of time (t). The extrapolated AD P may be assumed as
the present valuation of 1800 MHz in each LSA at that time (auction

year).

Issue for consultation

Q.57 Whether the extrapolated ADP based on a time -series analysis,
may be considered as the valuation itself or some normalization
may be perfo rmed taking into account the financial, economic
and other parameters pertaining to a particular auction? If yes,
which factors should be considered and what methodology

should be followed?

Valuation of Spectrum: Single Approach -Versus - Multiple Approaches

3.55 The Authority, since September 2013, has taken a consistent view that
instead of depending on the valuation arrived at using any single
approach, it would be better to rely on a number of such appr oaches to
arrive at a final reasonable valuation and then determine reserve price
based on such valuation. Accordingly, the Authority has been using
various approaches to arrive at the valuation of different spectrums
bands and to determine the reserve pri ce of different spectrum bands
for the auction of various bands of spectrum from time to time. All of
these valuation approaches have their merits as well as demerits and it

would be appropriate to rely on a number of such approaches to arrive
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at a final r easonable valuation rather than depending on the valuation

arrived at using any one approach.

3.56 The Authority in its spectrum valuation exercises has used probabilistic
average valuation (simple mean) of the valuations obtained through the
different approac hes attempted for valuation of a particular spectrum
band and the same has been accepted by the Government. Taking into
account the principle of equal probability of occurrence of each
valuation, will it be appropriate to take the average valuation (simple
mean) of the valuations obtained through the different approaches
attempted for valuation of a particular spectrum band, as adopted by
the Authority since September 2013 recommendations or some other

methodology be used for valuation exercise.

Issues for Consultation

Q.58 Whether the value arrived at by using any single valuation
approach for a particular spectrum band should be taken as the
appropriate value of that band? If yes, please suggest which
single approach/ method should be used. Please justify your

response.

Q.59 In case your response to the above question is negative, will it
be appropriate to take the average valuation (simple mean) of
the valuations obtained through the different approaches
attempted for valuation of a particular spectrum band, or som e
other approach like taking weighted mean, median etc. should

be followed? Please justify your response.

Other possible valuation approaches

3.57 In addition to the various valuation approaches discussed above in
respect of various spectrum bands under reference, there could be

other suitable approaches.
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Issue for Consultation

Q.60 Is there any valuation approach other than those discussed
above or any international auction experience/ approach that
could be used for arriving at the valuation of spectrum for 700
MHz/ 800 MHz/ 900 MHz/ 1800 MHz/ 2100 MHz/ 2300 MHz/
2500 MHz/ 3300 -3670 MHz/ 24.25 - 28.5GHz/ 526 - 698 MHz
bands? Please support your sug gestions with a detailed

methodology and related assumptions.

Reserve Price Estimation

3.58 A reserve price refers to the lower bound on the bid below which the
item up for sale cannot be acquired through an auction. The reserve
price ensures a minimum guarant eed amount for the owner/seller of

goods. It prevents excessive bargaining in an auction process.

3.59 Reserve price should be set at an optimal level to ensure efficiency of
the auction process. A high reserve price may discourage participation
and the competi tiveness of the auction. Low participation leads to low
sales and revenue. On the other hand, too low a reserve price hampers
the realisation of the true value of the underlying asset by incentivizing
collusive behaviour among participants. Thus, a balance d intermediate
reserve price satisfies the basic objectives of reserve price setting viz.

ensuring appropriate revenue and deterring collusion.

3.60 In order to ensure competitive bidding and price discovery, the reserve
price should not be too close to the exp ected/predicted valuation of the

object put up for auction.

3.61 In its past valuation exercises, the authority estimated the value of
spectrum using various valuation models and taking a mean of value

derived from all approaches . The reserve price is set at 80% of the
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valuation and is compared with the price discovered in previous

auctions to arrive at final reserve price.

Issues for consultation

Q.61 Should the reserve price be taken as 80% of the valuation of
spectrum? If not, then what ratio should be adopted between
the reserve price for the auction and the valuation of the

spectrum in different spectrum bands and why?

Q.62 Whether the realized/ auction determined prices achieved in the
March 2021 auction for various spectrum bands can be directly
adopted as the reserve price in respective spectrum bands for
the forthcoming au  ction? If yes, should these prices be indexed
for the time gap since the auction held in March 2021 and at

which rate the indexation should be done?

Calculation of bid amount to be paid by the bidder in case spectrum is
not availab le in a part of LSA

3.62 Through the instant reference, DoT has informed, inter -alia, that the
Government has decided to make available the spectrum in 3300 - 3670
MHz, 526 - 698 MHz and 24.25 - 28.5 GHz bands to the TSPs for IMT/
5G through auction  except in a few areas/ locations. In this regard, the

details given in Chapter -1 may please be referred to.

3.63 In the Notice Inviting Applications (NIA) dated 6 th January, 2021 for
6 Auction of Spectrum in 700 MHz, 800 MHz,
MHz, 2300 MHz & 2500 MHz B an distg-alia,0feT i ncl

following provision in respect of spectrum allotment in a part of LSA:

OFor the LSAs (For Territori al Jurisdicti
G of Section 12.7) where the spectrum is not available in some of the
districts, while the bids will be sought for spectrum in entire LSA, the bid

amount will be collected only for the spectrum available and the balance
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collected as and when spectrum is made available in each District, the
amount being pro -rated to the population of that district(s) (as of census
of 2011) and the balance period (of the 20 years). Bid amount as
mentioned above will be collected subject to the condition that the amount

to be collected in future at the time of providing balance s pectrum would
be the balance prorated bid amount indexed on the SBI PLR prevalent for

the period between finalisation of bid price and actual assignment made.

In all partial assignment cases where the successful bidders are more
than one, the post auction assignment of balance spectrum will be made
to all the successful bidders, district wise based on auction date and

rank. o6

Issue for consultation

Q.63 Should the method followed by DoT in the previous
auction in respect of collecting bid amount from the
successful bidder in case spectrum is not available in a part
of the LSA be followed in the forthcoming auction? Please

justify your response in detalil.

Associated conditions

3.64  Through the letter dated 23.09.2021, DoT conveyed to the Authority
that the Gov ernment has recently taken the following decisions with

regard to future spectrum auctions:

(@) Rationalization of Bank Guarantees to securitize deferred annual
spectrum payment instalments

(b) Increase in duration of spectrum allocation

(©) Regular conduct of spectrum auction on annual basis

(d) Provision for surrender of spectrum

(e) No spectrum usage charges (S UC) for spectrum acquired in

future auctions
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)] Removal of additional SUC of 0.5% for spectrum sharing

3.65  Through the above letter, DoT also mentioned that while undertaking
auction of spectrum with validity for 30 years, TRAI recommendations
will also be sough t for associated conditions like upfront payment
requirements, applicable moratorium period after upfront payments,

number of deferred payment instalments and other related modalities.
Payment Terms

3.66 Broadly, the payment terms issued by DoT through its No tice Inviting

Applications (NIA) fall in the following categories:

(@) Upfront Payment
(b) Moratorium

(c) Number of annual instalments
Upfront Payments

3.67 As per NIA dated 6th January, 2021 for O6Auction of Spec
MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz & 2500
MHz B a nupfsodt, payment of 50% was fixed in the case of 1800
MHz, 2100 MHz, 2300 MHz & 2500 MHz bands. This was same in the
NIA dated 8th August, 2016. How  ever, for the preceding years (viz. the
years 2015, 2013 and 2012), the upfront payment rate in case of above
1 GHz spectrum bands was fixed at 33%. On the other hand, in case of
sub -1 GHz bands viz. 700 MHz, 800 MHz and 900 MHz, the upfront
payment rate w as fixed at 25% and upfront payment criteria remained

consistent in earlier NIAs also.
Prepayment option
3.68 As per prepayment option given in the NIA 2021 -

OPrepayment of one or more instal ments wi
anniversary date of the first  upfront payment, based upon the principle
that the Net Present Value (NPV) of the p
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Moratorium Period

3.69 The prevailing moratorium period of two years for payment of balance
amount of one -time charges for the spectrum has remained consis tent
throughout. In the recent reform package, Government has announced
a moratorium/ deferment for upto four years on the dues for the

spectrum purchased in past auctions (excluding 2021 auction).
No. of instalments

3.70 As per NIA 2021, for the case of deferr ed payments, the outstanding
amount subsequent to the upfront payments shall be recovered in 16
equal annual instalments. However, in the earlier NIAs, the number of

equal annual instalment stood at 10.
Extending the validity

3.71 In the recently announced ref orm package for telecom sector, the
validity period of the right to use spectrum acquired in the future
auctions has been extended from the existing 20 years to 30 years. This
will enable the TSPs to reap benefits from the spectrum usage over an
increased time horizon, thereby increasing the value of spectrum from

the perspective of spectrum user.

Issues for consultation

Q.64 What percentage rate of upfront payment should be fixed in case

of each spectrum band?

Q.65 What should be the applicable period of m oratorium for deferred

payment option?

Q.66 How many instalments should be fixed to recover the deferred

payment?

90



Q.67 What rate of discount should be used while exercising pre
payment/deferred payment option, in order to ensure that the

net present value of payment/ bid amount is protected?

Please support your suggestions for Q6 4 to Q6 7 with proper

justifications.
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4.1

4.2

CHAPTEROIV: SPECTRUM FOR PRIVATE CELLULAR
NETWORKS

. About Private Cellular Network

A Private Cellular Network is basically a local area network (LAN) that
uses cellular technologies to create a dedicated network with unified
connectivity, optimized services and a secure means of communication
within a specific geographic area. Newer cell ular technologies such as
LTE and 5G, are capable of providing very high capacity and low
latency, which has enabled the use of cellular technologies for
industrial automation. Considering the capabilities of 5G technology, it

is being projected as a catal ystfor 4 % Industrial Revolution and thereby

one of its the prominent use case i

3GPP has referred a private network as a Non -Public Network (NPN)
which has been dednnetwaldthatbis intended farsiono -
publicuse 6. A c ¢ ¢or3GRPH3GPP TS 22.261],

MNon-public networks are intended for the sole use of a private entity such
as an enterprise, and may be deployed in a variety of configurations,
utilising both virtual and physical elements. Specifically, they may be
deployed as completely standalone networks, they may be hosted by a
Public Land Mobile Network (PLMN), or they may be offered as a slice of
a PLMN.

In any of these deployment options, it is expected that unauthorized UEs,
those that are not associated with the enterprise, will not attempt to
access the non -public network, which could result in resources being
used to reject that UE and thereby not be available for the UEs of the
enterprise. It is also expected that UEs of the enterprise will not attempt

to access a network they are not authorized to access. For example, some
enterprise UEs may be restricted to only access the non -public network

of the enterprise, even if PLMN coverage is available in the same
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geographic area. Other enterprise UEs may be able to access both anon -

public network and a PLMN where specifica

4.3 GSA defines Private Mobile Network as a 3GPP -based 4G/LTE -5G
private mobile network intended for the sole use of private entities such
as enterprises, industries or governments, t hat is not offered to the

general public and uses spectrum defined in 3GPP 37,

4.4 The private cellular networks are suitable for different groups of
applications, with specific architectures applicable to building various
types of private networks 38, They can be used by industries for
automate manufacturing lines, reduce security risks, protect employees
from dangerous environments, monitoring and control of assets,
predictive performance and condition -based maintenance, digital
assistance, etc 39. They can be u seful in a wide variety of venue
environments, healthcare, education etc . Enterprises have used the
private network to improved productivity, efficiency, flexibility, quality,

security, and competitiveness.

45 The newer cellular technologies such as LTE and 5G have enabled
private networks to go wireless which gives them additional benefits
such as use of robots, software driven controls, remote location
monitoring & control, ease in detection & resolution of is sues, lower

operational cost etc.

4.6  According to GSA 49, the demand for private mobile networks based on
LTE (and increasingly 5G) technologies is being driven by the spiralling
data, security, digitization and enterprise mobility requirements of
modern busi ness and government entities. Organizations of all types
are combining connected systems with big data and analytics to

transform operations, increase automation and efficiency or deliver new

37 GSA: https://gsacom.com/press -release/gsa -catalogues -370 -private -mobile -networks/
38 5G Americas: Whitepaper on 5G Technologies in Private Networks (October 2020)

39 Capgemini: The Adoption of Private Networks for Enterprises (March 2021)

40 GSA: Private Mobile Ne tworks (September 2021)
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services to their users. Wireless networking with LTE or 5G enab les
these transformations to take place even in the most dynamic, remote,
or highly secure environments, while offering the scale benefits of a

technology that has already been deployed worldwide.

4.7 In a white paper 4 publ i shed by Ericsson on 065G s
industrial net wor ks ad, t he ' i kel y benef it

elaborated, citing certain examples. Some of the excerpts are as follows:

a) Taking manufacturing, with its estimated 1 million factories (wit h
more than 100 employees), as an example, typical business cases
revolve around controlling the production process, improving
material management, improving safety, and introducing new tools.
Typical revenue increases come from increased throughput and
quality (2 &3 percent), while typical cost savings stem from improved
capital efficiency (5 010 percent) and decreased manufacturing costs
(408 percent).

b) ABI Research has shown that manufacturers can expect to see a
tenfold increase in their returns on invest ment (ROIs) for cellular
Industry 4.0 solutions, while warehouse owners can expect a
staggering fourteenfold increase in ROI.

c)l n Bol i de-pitdAgik noine,efar example, drilling productivity
could be increased by 40 percent through automation of its dr ills
alone. Additional savings from increased usage of equipment could
also lead to lower capital expenditures for mines (CapEx) as well as
a better safety and working environments for their personnel.

d) One case study examining the private 5G network trial for the
automation of Chinads Port of-pgemmgdao i
labor cost savings could be achieved if 5G automation were to be
fully i mplemented. I n I'talyds Port of Li

with the potential for significant savings in p ort and quay operations

4 https://lwww.ericsson.com/en/reportsand-papers/whitepapers/5gspectrumfor-locakindustriaknetworks
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as well as reduced berthing times for vessels and shortened cargo

release times.
Technologies for Private Network:

The arrival of LTE -Advanced systems delivered a step change in network
capacity and throughput, while 5G networks have brought improved
density, support for larger numbers of users or devices, even greater
capacity, as well as dramatic improvements to latency that enable use

of mobile technology for time  -critical applications 42,

The private LTE marketisrobu  st, with deployment activity across many
sectors globally. Private LTE systems take advantage of the global LTE
ecosystem, which benefits from high volume, standardized technology,
and well -established suppliers able to design and deploy networks. The
scale economics and interoperability benefits of global 3GPP
technologies also apply to sector -specific equipment, and well
developed supply chains and established best practices are now in place

in many sectors. For example, devices such as sensors, automated
guided vehicles (AGVs), security cameras, safety equipment, etc. are

now available with integrated LTE 43,

5G technologies are increasingly delivering enhanced networking speed,
latency, bandwidth, privacy, and other benefits supporting emerging
applicati ons that are built on the proven technology of private LTE
networks. A private 5G network is a local area network that provides all
the features of a 5G network including reduced latency, higher speeds

and all the advantages in terms of efficiency and secu rity 44.

Private 5G is arriving with a lot of promise about enabling new,
innovative use cases that will bring great value to enterprises across

different industries such as manufacturing, mining, logistics,

42 GSA: Private Mobile Networks (September 2021)
43 Qualcomm: Private 5G Networks for Industrial 10T (July 2019)
44 5G Americas: Whitepaper on 5G Technologies in Private Networks (October 2020)
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transport, healthcare, agriculture, education, e ntertainment etc. With
the advent of Private 5G solutions, there is a new alternative to Wi -Fior
Private LTE for businesses looking at wireless networking solutions.

Each form of connectivity, whether that be Wi -Fi or industrial ethernet

or private 5G, ha s its own capabilities that is suited to support different

types of use cases 45.

4.12 Though many industrial applications can be supported on LTE, users
may have more demanding performance requirements, in terms of
availability, reliability, latency, jitter, device density, throughput, etc.
5G is better suited to their needs than LTE. 5G includes innovations in
the radio domain and system architecture that make it better able to
meet the requirements of high -performance industrial applications.
Private 5G trials and commercial pilots are already underway, and
adoption will scale rapidly as 3GPP Release 16 capabilities and

ecosystem support are now available 45,

4.13 Comparing the different capabilities of wireless networking solutions is

given in table below:

Mobility & Abilityto | Outdoor Layout | Reliable
H
Wi-Fi x | x |V x x | ox vV Vv

/::\

f;‘;ate/§//§/ v \/\/\/\/\/\/\/

T pivate v VvV VY VY Y VY VY Y
5G | f j

Source: STL Pariners

4.14 There are some key features in the 5G system that make it very

appealing for private network deployments. 3GPP Release 16 aims to

45 https://stlpartners.com/telco_cloud/private -5g-vs-wi-fi-vs-private -lte/
46 Qualcomm: Private 5G Networks for Industrial 10T (July 2019)
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enable 5G to substitute for private wired Ethernet, Wi -Fi, and LTE
networks, and includes multiple capabilities designed sp ecifically for

industrial environments 47,
C. Benefits of private LTE and 5G networks for enterprises 48

4.15 More and more enterprises are realizing that the conventional choices
for deploying wireless broadband connectivity i.e. Wi -Fi or public
cellular networks, are not delivering the efficiency, control and security
they need to satisfy the demands of their bu siness operations. In
contrast, private LTE and 5G networks for enterprises bring distinct

benefits especially for business critical and security critical

applications:
1 Superior service security based on SIM  -based authentication
1 Improved control and mana gement of connectivity with better

reliability, resiliency and predictability

1 Increased availability and coverage due to new spectrum bands
that became available specifically for private cellular networks

1 Ful | control over the ent ecespes ass e d s
the enterprise itself operates the mobile network
infrastructure.

1 Enhanced data security as data segregated and processed
locally and separately from public 5G networks

1 Controlled latency enables near real -time communication, a
crucial factor i n applications such as public safety or robotic
motion control.

1 Network slicing allows the network to be optimised for the
needs of specific user groups, devices or applications over the

same infrastructure.

47 Deloitte: Technology, Media, and Telecommu nications Predictions 2020
8 https://zeetta.com/solutions/private -cellular -networks -for-enterprises/
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. International  Scenario on deployment of Private Cellular Networks

GSA in one of its report 49 has mentioned that exact number of existing
private mobile network deployments is hard to determine, as details are

not often made public. GSA has identified 55 countries/terri tories with
private network deployments based on LTE or 5G or LTE or where 5G
suitable private network spectrum licenses have been assigned. In
addition, there are private mobile network installations in various

offshore locations serving the oil and gas i ndustries, as well as on ships.

In their report, it has been mentioned that GSA has collated information

about 626 organizations known to be deploying LTE or 5G private
mobile networks or known to have been granted a license suitable for

the deployment of a private LTE or 5G network (but e xcluding those
that have deployed alternative technologies) 0 up from 370 catalogued
organizations in the last issue. Within this count there are 528
organizations catalogued to have deployed, or to be deploying private
mobile networks based on LTE or 5G. According to GSA, LTE is used in
75% of the 528 catalogued private mobile network deployments, while

5G is also being deployed (or planned for deployment) in 29% of those

networks.
DoT Reference

DoT, through its reference vide letter dated 13 th September 2 021 has
requested TRAI to provide recommendation on quantum of spectrum /
bands, if any, to be earmarked for private captive / isolated 5G
networks, competitive / transparent method of allocation, and pricing,

for meeting the spectrum requirements for capti ve 5G applications of
industries for machine / plant automation purposes / M2M in

premises.

4 https://gsacom.com/paper/privatenobile-networksmemberreport-september2021/
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In the reference, it has been mentioned that DoT has received few
requests for spectrum requirements for captive usage for 5G
applications by some industries e.g., Industry 4.0 and COAI has also
submitted a letter regarding Private Captive Networks wherein they
have inter alia requested not to reserve any spectrum which has been

identified for IMT, for Private Captive Networks.
Models for meeting the needs of indus tries/enterprises

Considering the benefits of LTE and 5G based private networks,
wireless connectivity is increasingly becoming a necessity for business -
critical services in industrial processes, such as those related to

assembly lines and other modes of  production.

Different enterprises can have different strategies regarding
connectivity for their core operations. For some Industries, such as
manufacturers producing high  -quantity and high -value products, even
a few minutes of assembly line downtime coul d potentially mean severe
revenue losses; such industries may like to own and operate their
network equipment themselves . For many industries, service -level
agreements (SLAs) will satisfy and regulate such needs for guaranteed
network uptime and quality. A s discussed, the requirement of the
industries can broadly be met in two ways either by using services of

the TSPs or by deploying own private network, which are discussed in

detail in subsequent sections.
a) Meeting the demand for private network through TSPs

TSPs have skill and experience in designing, building, managing, and
maintaining cellular networks. Further, wide range of spectrum
availability with TSPs enable them to address needs of the different
enterprises. This is true even in countries with | ocally licensed
spectrum for enterprises, as different frequency bands have
complementary characteristics, with low bands provide better coverage

and availability and having the most diverse device support but
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typically smaller bandwidth, mid bands offer s ignificantly improved
capacity with a good balance of coverage, and high bands such as
mmWave bands provide a major capacity boost but have limited

coverage.

One way, a TSP could provide private network as a service to an
enterprise, is by using network slicing over its public network. 5G
technology has the capability to offer different service profiles using
network slicing feature and each created slice can h ave attributes or
combination of attributes such as low latency, high bandwidth, support

for huge number of devices etc. The advantage of network slicing is that

the TSPs can create and use different slices to serve different use
cases/applications/user gr  oups, according to the specific need, over

the same infrastructure.

Another way, a TSP could provide private network service, is by building

a separate private network for an enterprise/industry using its own
existing spectrum holding. As already mentione d, wide range of
spectrum availability with TSPs (in different spectrum bands) could
enable them to address industry needs in the best possible ways. This
option may also be used in cases where security and control are the key
concerns of the enterprises.  As the spectrum is assigned to the Access
Service Licensee for establishing a Public Land Mobile Network (PLMN),

a question arises that whether an explicit enabling clause is needed in

the license to permit the Access Service licensee to set -up private
network (isolated from public network), using the spectrum assigned

for PLMN.

In view of the foregoing discussion, to meet the industrial demand
through TSPs, the first issue that needs deliberation is that whether the

licensing/policy framework require any facilitation or changes.
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Issue for Consultation

Q.68 To facilitate the TSPs to meet the demand for Private Cellular

Networks, whether any change(s) in the licensing/policy
framework, are required to be made. If yes, what changes are

required to be made? Kindly justify your response.

4.26

4.27

4.28

b) Meeting the demand for private networks through geography

based (localized) private captive cellular networks

In cases, where an enterprise wishes to deploy and maintain its own
private cellular network, one of the most important inputs is availability

of access spectrum in globally  harmonized IMT bands. The need for
spectrum for private networks can be met in many ways, such as, using
unlicensed spectrum, leasing of spectrum by TSPs to the private entities
and earmarking some dedicated spectrum for private captive networks.

These opt ions are discussed below.
i) Unlicensed Spectrum

Unlicensed spectrum  can be used by an organization to operate private
network, subject to regulatory conditions. Though these spectrums are
widely available and easy to access but there could be a possibility of
interference from other users, making organizations reluctant to rely on

it for production -critical networks. However, 5G radio innovations such

as Coordinated MultiPoint (CoMP) combined with good network design

may help in achieving consist ent and reliable performance in shared

frequency bands.

Currently, in India 2.4 GHz and 5 GHz bands are unlicensed. USA
adopted rules that make 1.2 GHz of spectrum in the 6 GHz band
available for unlicensed use. It authorizes indoor low -power operations.

An automated frequency coordination system will prevent standard
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power access points from operating where they could cause interference

to incumbent services 0.

In Europe, the European Commission approved regulations to allow the
deployment of the lower 6  GHz band ( 5945 -6425 MHz) 5! for Wi -Fi use,

releasing 480 MHz spectrum for the same 52,

With 3GPP Release 16, the foundation has been laid for deploying 5G
New radio in unlicensed spectrum (referred as NR -U) in the license
exempt 5 GHz and 6 GHz bands. Having said that, use of unlicensed
band may not be preferred by some enterprises which req uire high

grade network in terms of reliability, data rate or latency.

i) Leasing of spectrum by TSPs to enterprises for private captive

networks
In Spectrum leasing option, a TSP having exclusive spectrum usage
rights, leases part of or entire spectrum holding to an enterprise (for

localized captive use), for a specified period and geography. For such
specified time and specified geography, the rights get transferred to the
transferee entity and reverts to the transferor after expiry of such

leasing peri od. So far, leasing of spectrum is not permitted in India.

Option of spectrum leasing has been opened in many countries such as

Australia, Denmark, Finland, France, Germany, Malaysia, UK, USA etc.

Leasing of spectrum could result in efficient utilization of spectrum as
the TSPs will be utilizing the access spectrum for provision of mobile
services in majority of the geography, and same spectrum will be
utilized by the enterprise in its limited geography for their private
captive network. This option will e nable TSPs to better monetize the
spectrum, as additional revenue stream could be created. Further, the

TSP will be in a better position to manage the interference issues, which

S0 https:/iwww.fcc.gov/document/fcc -opens-6-ghz-band -wi-fi-and -other -unlic ensed-uses
51 Wi Fi Alliance: Wi  -Fi 6E Insights Newsletter (July 2021)
52 https:/lwww.eetimes.eu/eu -boosts -6ghz -spectrum -for -wi-fi-use/
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may arise due to captive usage of spectrum by the enterprise. While,

this opti on appears to be a good option, it may have some practical
issues such as, (i) it may be difficult for industries to get spectrum from

TSPs, (ii) the price charged by the TSPs may work as a deterrent, (iii)
certainty on continuity of operations could becom e an issue, (iv) high
order dependence on the TSPs, etc. Having said that, permitting of
leasing of spectrum may create an alternate option for the enterprises.

In case leasing of spectrum to enterprises for private captive networks

is permitted, the follo wing issues need to be deliberated:

Issues for Consultation

Q.69 To meet the demand for spectrum in globally harmonized
IMT bands for private captive networks, whether the TSPs
should be permitted to give access spectrum on lease to
an enterprise (for localized captive use), for a specific
duration and geographic location? Kindly justify your

response.
Q.70 In case spectrum leasing is permitted,

i. Whether the enterprise be permitted to take spectrum

on lease from more than one TSPs?

ii. What mechanism may be prescribed to keep the
Government informed about such spectrum leasing

i.e., prior approval or prior intimation?

iii.  What timeline should be prescribed (in number of days)
before the tentative date of leasing for submitting a
joint request by the TSPs along with the enterprise, for

approval/intimation from/to the Government?

iv. Whether the spectrum leasing guidelines shoul d

prescribe duration of lease, charges for leasing,
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adherence of spectrum cap provisions, roll out
obligations, compliance obligations. If yes, what terms

and conditions should be prescribed?

v. What other associated terms and conditions may be

prescribed?

vi. Any other suggestion relevant to leasing of spectrum

may also be made in detail

(Kindly justify your response )

iii) Earmarking spectrum for private captive networks

4.34 Under this option, the Regulators earmark some guantum of spectrum
in harmonized IMT bands for private captive networks. Such spectrum,
assigned to enterprises, is utilized within a limited geographic area,;
therefore, it is also referred as spectrum for localized or local use.
Spectrum assigned for loc alized private captive networks is used in
such a manner that the signals are restricted within its geographic area
and do not cause interference to other outside systems. Considering the
need for spectrum for private networks, R egulators in many countries

have allocated spectrum specifically for local use.

4.35 In the global scenario, most of the countries have considered the mid
band and/or the mmWave spectrum for private network licenses. Some
of the countries which have either earmarked or are planning to
earmark spectrum in mid  -band for local use are US, France, Slovenia,
Poland, Denmark, Czech Republic, Netherlands, and Norway. In case
mmWave bands, Australia, Hong Kong, Malaysia, Italy, and Russia
have earmarked or are planning spectrum allocation for loca | use. On
the other hand, Germany, Finland, UK, Sweden, South Korea, and

Japan have opened or are planning to open both the bands.
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4.36 The method of allocation is administrative in most cases, whereby
interested parties directly apply for licenses to the nati onal regulator.
This holds true for Germany, UK, France, Finland, Sweden, Australia,
South Korea, Hong Kong, Malaysia, etc. The General Authorized Access
(GAA) in US is an exception, which is open to the widest possible group
of users for free, without the need of a license from FCC. In Germany,
the entire 3.7 -3.8 GHz range is intended for vertical uses only, while the
26 GHz band is open to MNOs and regional operators as well. Countries
such as UK, Finland, Australia, South Korea, Hong Kong and Malaysia
have decided upon fragmented use of certain bands for public and

private use.

4.37 Some countries have earmarked frequency range for private networks
in global IMT frequency bands which are currently being used for other
services also and therefore, itis offer ~ ed on a shared use basis. OFCOM,
UK3in its publication on O6Enabling wirele
licensing - Shared access to spectrum supportin
has ment i onWedwart to auppord innovation and enable new
uses of spectrum, and we recognize there is growing inte rest in the use
of mobile technology, including 5G, to develop solutions to meet local
wireless connectivity needs. To ensure that lack of access to the radio
spectrum does not prevent innovation, we are introducing a new licensing
approach to provide loca lised access to spectrum bands that can support
mobile technology. 6 The decisions taken by OFCOM

below:

OWe are making spectrum in the 3.8 -4.2 GHz, 1800 MHz and 2300 MHz

spectrum bands available through local licences. People can apply to Of com

for coordinated access (this ensures they v
bands on a first come, first served basis and will pay a licence fee that

reflects Ofcomds <cost of i ssuing the | icer
across the shared access ba nds, we will also align the authorisation

approach for existing licensees in the 1800 MHz shared spectrum with the

53 https://www.ofcom.org.uk/__data/assets/pdf_file/0033/157884/enablingirelessinnovationthrough-
locatlicensing.pdf
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authorisation approach for the shared access bands confirmed in this
statement.

We are introducing a new way to access spectrum that is alrea dy licensed
to mobile operators but which is not being used or planned for use in a
particular area within the next three years. People can apply to Ofcom for a
licence and, if the application is successful, will pay £950 per license, which
allows them to use the spectrum for three years unless they ask for a
different period and this can be agreed with the existing licensees.

We have added the 24.25 -26.5 GHz band to our spectrum sharing
framework for indoor -only deployment. This is part of the 26 GHz band,
identified as a European pioneer 5G band, and could provide additional
spectrum options for new applications. 0
4.38 It is noted that some countries such as Australia, UK, US, Germany,
Canada, have allowed assignment of spectrum for local use by private
network s in the frequency range already being used by other users
whose spectrum use is in specific geographies, such as Fixed Satellite

Service (FSS). For instance, Germany >4 has prescribed the following:

)] In 3.7 -3.8 GHz band for local licenses, local users must ensure
interference -free use, including by coordinating with other
geographically near local users and protecting existing users in
the band (e.g., FSS earth stations).

1) In 26 GHz (24.25 06 27.5 GHz) for local licenses, local users must
operate on a non -int erference basis and protect existing services
for example, fixed point -to-point links in 24.25 -26.5 GHz, Earth -
Exploration Satellite (EESS) Service in 25.5 -27 GHz.

4.39 Details of the global scenario on spectrum for private networks are

available in Annexure 4.1.

4.40 Considering that the economic benefits from next industrial revolution
i.e., Industry 4.0 could be many folds and it could prove to be a catalyst
in the overall growth of the country, there is a need to explore how best

the private cellular networks be implemented and promoted in India.

54 https://digitalregulation.org/spectrurdicensinglocaland-private-networksin-germany/
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Further, there is also a need to explore the spectrum for local use on
location -specific basis in those globally harmonized IMT spectrum
bands which are currently being used for non -IMT services and can
coexist with local use of spectrum. For instance, in India, spectrum
range from 3 670-4200 MHz in mid -band and spectrumrange 28.5 -29.5
GHz in mmWave band which are currently being used for satellite
communications could also be explored for local use by private captive

netw orks without causing any interference.

In case some quantum of spectrum is earmarked for private captive
networks, the same spectrum can be utilized by various enterprises in
different geographic locations. Considering the availability of spectrum

for IMT services in different bands, in some of these bands, it may be
difficult to dedicate some quantum of spectrum for private captive
networks as reduced spectrum availability for IMT may impact 5G
services for the public at large. However, in case spectrum f requencies
are made available for local use on shared basis with other
services/users, which operates in geographically distinct locations,
spectrum utilization will enhance. Further, DoT through its reference,

has sought TRAI recommendations on quantum of spectrum/bands, if
any to be earmarked for private captive networks. Therefore, the issue
needs to be deliberated that whether some spectrum should be
earmarked for localized private captive networks in India and in case it

is decided to earmark some spec trum for localized private captive
networks, then in which band(s) the spectrum be earmarked for private
captive networks and what should be the associated terms and

conditions.

Another issue that needs to be deliberated is about the eligibility of
entitie s for assignment of spectrum for private captive networks and
what should be the process of assignment. To ensure that the spectrum
earmarked for local use by private captive networks, is not exploited,
some countries have prescribed that the allocation mu st be to the

landowner or tenant. For instance, South Korea has prescribed that the
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applicant for allocation must be the land/building owner, lessee, or a
third party entrusted by the owner, and the lessee and entrusted third
party require the consent of the owner. Companies that directly build
private 5G networks designate frequencies through interference
analysis according to the current wireless station establishment permit

procedure 55.

Ericsson in its white paper has proposed that if countri es decide to

dedicate |l ocally licensed spectrum,

principled should be the preferred
short, this refers to linking a priority right to acquire a local license to

the real estate owners hip (or tenant, depending on national
prerequisites). This simple principle meets the three requirements of
having predictable spectrum access, avoiding rewarding first movers,

and ensuring availability of unused local spectrum.

a. Inview of the above, the issue needs to be deliberated is what
should be the eligibility criteria for applying for spectrum for
private captive networks.

b. To ensure that the spectrum is put to use, some countries,

such as Germany, have prescriecied

assigned on first come first serve basis and the charging is on

a formula basis, with area, bandwidth, type of area, etc. as

factors. For instance, Germany has prescribed an annual fee

for the use of the spectrum apply and are calculated according
to the amount of bandwidth, the size and location of the
coverage area requested, and the duration of the spectrum
license. 56 The fee is calculated in each individual case using

the following fee formula :

55 https://www.netmanias.com/en/?m=view&id=blog&nr«15139
56 https://digitalregulation.org/spectruricensinglocaland-private-networksin-germany/
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Fee=1000+B*t*5* (6al + a2), where
T 1,000 indicates the basic amount
1 B denotes the bandwidth in MHz (min. 10 to max. 100 MHz),
1 tthe duration of the allocation in years (e.g., 10 years),
1 aisthe areain km2 with a differentiation between the
settlement and traffic area (al) and other areas (a2). 57

4.44 In Germany %8, several industrial players have already applied for local
licenses, including Bosch, Siemens, BMW, Volkswagen, BASE SE, and
Deutsche Lufthansa. As per Qualco mm %2 some of the enterprise groups
who have gone for 5G based private networks are Verizon, Lufthansa,
Ford, Toyota, Yangquan Coal Industry, Group ADP, Hub One & Air
France. Qualcomm has also mentioned that there is a growing

momentum in 5G private network s because of the following reasons:

i) early commercial deployments,
i) avibrant, global ecosystem led by 5G  -ACIA, ready to scale

iii) comprehensive support for 5G private networks in 3GPP Rel -16

4.45 In case it is decided to earmark some quantum of spectrum for private
captive networks, broad framework for process of filing application,
payment of spectrum charges, assignment of frequencies, monitoring of
spectrum utilization etc. may be required. One view could be that the
entire process be made system drivenan  d web -based online portal may
be created for the same. However, this option could have some practical
issues. Another view could be that the enterprise may be required to
submit their detailed application while applying for frequencies and
some guidelines along with the timelines may need to be prescribed.
The enterprises existing at more than one location, may prefer to apply
for spectrum for local use for multiple locations through a single

application. Similarly, a group of companies may also prefer to apply

57

https://www.bundesnetzagentur.de/DE/Sachgebiete/Telekommunikation/Unternehmen_Institutionen/F
requenzen/OeffentlicheNetze/LokaleNetze/lokalenetze-node.html

58 https://digitalregulation.org/spectrurdicensinglocaland-private-networksin-germany/
59 https://gsacom.com/paper/5Seprivate-networksqualcommpresentationroctober2020/
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4.46

4.47

for their subsidiary companies. The issues need to be deliberated that

how these scenarios can be taken care of in the framework.

In such a case, if an enterprise wishes to apply for spectrum frequencies

at more than one location, single application may be sufficient.

In view of the forgoing discussion, the issues need to be consulted are

as follows:

Issues for Consultation

Q.71

Q.72

Q.73

Whether some spectrum should be earmarked for localized

private captive networks in India? Kindly justify your response

In ca se it is decided to earmark some spectrum for localized
private captive networks, whether some quantum of spectrum

be earmarked (dedicatedly) from the spectrum frequencies
earmarked for IMT services and/or spectrum frequencies
earmarked fornon  -IMT service sonlocation -specific basis (which
can coexist with cellular -based private captive networks on

shared basis)? Kindly justify your response with reasons.

In case it is decided to earmark some quantum of spectrum for
private captive networks, either on excl usive or shared basis,
then

a) Spectrum under which band(s) (or frequency range) and
guantum of spectrum be earmarked for Private Network in
each band? Inputs may be provided considering both
dedicated and shared spectrum (between geographically
distinct users) scenarios.

b)  What should be the eligibility conditions for assignment of
such spectrum to private entities?

c) What should be the assignment methodology, tenure of

assignment and its renewal, roll -out obligations?
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d) What should be the pricing mec hanism for assignment of
spectrum in the band(s) suggested for private entities for
localized captive use and what factors should be considered
for arriving at valuation of such spectrum?

e) What should be the block size and spectrum cap for
different spectru  m band(s) suggested in response to point
(a) above.

f)  What should be the broad framework for the process of
(1) filing application(s) by enterprise at single location,

enterprise at multiple locations, Group of companies.
(i) payment of spectrum charges,
(i)  assignmen t of frequencies,
(iv)  monitoring of spectrum utilization,
(v) timeline for approvals,
(vi)  Any other
s)] Any other suggestion on the related issues may also be

made with details.

(Kindly justify your response with reasons )

G. Identification, Development and Proliferation of 5G use cases

4.48 5G is likely to create economic benefits for almost all the industry
verticals, accelerating them on an unprecedented growth trajectory. The
Governm ent has been taking proactive steps to create incentives by way

of fostering an environment where the major hurdles in the way of 5G.

449 The ITU has defined three standard 5G service profiles - Massive
Machine to Machine -Type Communications (mMTC), Ultra  -Reliable
Low-Latency Communications (URLLC) and Enhanced Mobile

Broadband (eMBB). These profiles are expected to meet the
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requirements of most industrial applications and are driving the

adoption of 5G for industrial use cases.

Enhanced Mobile Broadband

User Experienced
Data Rate

(Gbit/s) (Mbit/s) -
Sigabytes in a second ——
o ” ]
\ .

l—— 3D video, UHD screens
— Work and play in the cloud
=

==t S Industry automation
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Future IMT
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Area Traffic
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100x’

Network 4
Energy Efficiency

Spectrum Smart Home/Building
o Efficiency Augmented reality

Voice

A Mobility
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R =
¥ | -
Connection Density Latency Massive Machine Type Ultra-reliable and Low Latency
(devices/knv?) ) Communications Communications
Source: ITU

1 Massive Machine to Machine  -Type Communications (MMTC)
Providing connectivity to IoT devices and machines on a large
scale with connection density of 1 million devices per square km.
mMTC supports extremely high connection densities, enabling
industrial -scale loT. With it, 5G will be able to connect up to a

million 10T sensors and devices per square kilometer.

| Ultra -reliable low -latency communication (URLLC): For critical
applications with latency of 1 milli second. With uRLLC, 5G be
able to connect controllers, sw itches, sensors, and actuators at
latency and reliability levels equivalent to those of a wired
connection. 5G86s URLLC service profile
applications in different industries and scenarios, such as for
manufacturing, automation, and autonomous equipment or

vehicle operation.

i Enhanced Mobile Broadband (eMBB) . Very High Speed
broadband on Cellular Network with data rates of the order of 20
Gbps.

450 Telecom connectivity has played its important role in digitalization and

automation of processes in almost all the sectors. Telecom network in
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451

India is now moving towards complete transformation with the
deployment of 5G cellular technology. With high spee d, low -latency, and
high device density, the ultra -reliable 5G technology can have
applications across different economic verticals and these applications

are now commercially feasible and available. 5G technology coupled
with 10T, Art ificial Intelligence, Machine Learning and Data Analytics
have given rise to numerous use cases covering almost every economic
vertical such as healthcare, agriculture, transport, education, industry,

mines, ports etc.

To actualize the likely benefits from implementation of 5G use cases
across industry verticals, initiatives need to be taken for identification

and development of India specific use cases and impetus is required to

be given by the different Ministries of the Government, Industries across

verticals and technology solution providers.

Issue for Consultation

Q.74 What steps need to be taken to facilitate identification,

development and proliferation of India specific 5G use cases for
different verticals for the benefit of the economy and citizens of

t he Country? Kindly provide detailed response with rationale.
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CHAPTER 48V: ISSUES FOR CONSULTATION

Issues related to  Quantum of Spectrum and Band Plan

Q.1 Whether spectrum bands in the frequency range 526 -617 MHz,
should be put to auction in the forthcoming auction? Kindly

justify your response.

Q.2 If your answer to Q1 above is in affirmative, which band plans and
duplexing configuration should be adopted in India? Kindly

justify your response.

Q.3 In case your answer to Q1 is in negative, what should be the
timelines for adoption of these bands for IMT? Suggestions to
make these bands ready for adoption for IMT may also be made

along with proper justification.

Q.4 Do you agree that 600 MHz spectrum band should be put to
auction in the forthcoming auction? If yes, which band plan and
duplexing configuration should be adopted in India? Kindly

justify your response.

Q.5 For 3300 -3670 MHz frequency range, which band plan should be

adopted in India? Kindly justify your response.

Q.6 Do you agree that TDD based configurati on should be adopted for
24.25 to 28.5 GHz frequency range? Kindly justify your response

Q.7 In case your response to Q6 is in affirmative, considering that
there is an overlap of frequencies in the band plans n257 and
n258, how should the band plan(s) along w ith its frequency range

be adopted? Kindly justify your response.

Q.8 Whether entire available spectrum referred by DoT in each band
should be put to auction in the forthcoming auction? Kindly

justify your response
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Issues related to Block Size

Q.9

Q.10

Q.11

Q.12

Q.13

Since upon closure of commercial CDMA services in the country,

800 MHz band is being used for provision of LTE services,

a. Whether provision for guard band in 800 MHz band needs to be

revisited?

b. Whether there is a need to change the block size for 800 MHz
band? If yes, what should be the block size for 800 MHz band
and the minimum number of blocks for bidding for existing and

new entrants?
(Kindly justify your response )

Do you agree that i n the upcoming auction, block sizes and
minimum quantity for bidding in 700 MHz, 900 MHz, 1800 MHz,
2100 MHz, 2300 MHz and 2500 MHz bands, be kept same as in
the last auction? If not, what should be the band -wise block sizes

and minimum quantity for bidding? Kindly justify your response.

In case it is decided to put to auction spectrum in 526 -698 MHz
bands, what should be the optimal block size and minimum

quantity  for bidding? Kindly justify your response.

What should be optimal block size and minimum quantity for
bidding in 3300 -3670 MHz band?  Kindly justify your response.

What should be optimal block size and minimum g uantity for
bidding in 24.25 -28.5 GHz? Kindly justify your response.

Issues related to  Eligibility Conditions for Participation in Auction

Q.14

Whether any change is required to be made in the existing
eligibility conditions for participation in Auction as spec ified in
the NIA for the spectrum Auction held in March 2021, for the
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Q.15

forthcoming auction? If yes, suggestions may be made in detail
with justification.

In your opinion, should the suggested/existing eligibility
conditions for participation in Auction, be made applicable for the
new spectrum bands proposed to be auctioned? If not, what
should be the eligibility conditions for participating in Auction?

Kindly justify your response.

Issues related to  Interference mitigation in TDD bands

Q.16

Q.17

Is there a need to prescribe any measure to mitigate possible

interference issues in 3300 -3670 MHz and 24.25 -285 GHz TDD

band s or it should be left to the TSPs to manage the interference
by mutual coordination and provisioning of guard bands? Kindly

provi de justification to your response.
In case your response to the above question is in affirmative,

a. whether there is a need to prescribe provisions such as clock
synchronization and frame structure to mitigate interference
issues, as prescribed for exi sting TDD bands, for entire
frequency holding or adjacent frequencies of different TSPs?
If yes, what should be the frame structure? Kindly justify your
response.

b. Any other measures to mitigate interference related issues

may be made along with detaile d justification.

Issues related to  Roll -out Obligations

Q.18

Whether the roll  -out obligations for 700 MHz, 800 MHz, 900 MHz,
1800 MHz, 2100 MHz, 2300 MHz and 2500 MHz as stipulated in
the NIA for last auctions held in March 2021 are appropriate? If

no, what changes should be made in the roll out obligations for

these bands?
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Q.19

Q.20

Q.21

Q.22

What should be associated roll -out obligations for the allocation
of spectrum in 52 6-698 MHz frequency bands? Should it be

focused to enhance rural coverage? Kindly justify your response.

What should be associated roll -out obligations for the allocation
of spectrum in 3300 -3670 MHz frequency band? Kindly justify

your response.

What shoul d be associatedroll -out conditions for the allocation of
spectrum in 24.25 to 28.5 GHz frequency range? Kindly justify

your response.

While assessing fulfilment of roll out obligations of a network
operator, should the network elements (such BTS, BSC etc. ),
created by the attached VNO, be included? If yes, kindly suggest
the detailed mechanism for the same. Kindly justify your

response.

Issues related to  Spectrum Cap

Q.23

Q.24

Q.25

Whether there is a need to review the spectrum cap for sub -1 GHz
bands? If yes, what shoul d be the spectrum cap for sub -1 GHz

bands. Kindly justify your response.

Keeping in mind the importance of 3300 -3670 MHz and 24.25 -
28.5 GHz bands for 5G, whether spectrum cap per operator
specific to each of these bands should be prescribed? If yes, what

should be the cap? Kindly justify your response.

Whether there should be separate spectrum cap for group of bands
comprising of 1800 MHz, 2100 MHz, 2300 MHz and 2500 MHz
bands together? If yes, kindly suggest the cap along with detailed

justification.
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Q.26

Q.27

Q.28

Issues related to

Q.29

Q.30

Q.31

Q.32

Q.33

Whe ther overall spectrum cap of 35% requires any change to be

made? If yes, kindly suggest the changes along with detailed

justification.

For computation of overall spectrum cap of 35%, should the
spectrum in 3300 -3670 MHz and 24.25 -28.5 GHz bands be

included? Kindly justify your response.

Any other suggestion regarding spectrum cap may also be made

with detailed justification.

Surrender of Spectrum

What should be the process and associated terms and conditions

for permitting surrende

justify your response.

r of spectrum for future auctions? Kindly

What provisions may be created in the spectrum surrender

framework so that any possible misuse by the licensees, could be

avoided? Kindly justify your response.

In case a TSP acquires spectru

m through trading, should the

period of 10 years to become eligible for surrender of spectrum,

be counted from the date of original assignment of spectrum or

from the date of acquisition through spectrum trading? Kindly

justify your response.

Whether provi sion for surrender of spectrum should also be made

available for the existing spectrum holding of the TSPs? If yes,

what should be the process and associated terms and conditions?

Kindly justify your response.

Whether spectrum surrender fee be charged from TSPs? If yes,

what amount be levied as surrender fee? Kindly justify your

response.
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Issues related to ~ Valuation and Reserve price of Spectrum

Q.34

Q.35

Q.36

Q.37

Which factors are relevant in the spectrum valuation exercise and
in what manner should these factors be reflected in the valuation

of spectrum? Please give your inputs with detailed reasoning.

In what manner, should the extended tenure of spectrum
allotment from the existing 20 years to 30 years be accounted for
in the spectrum valuation exercise? Please support your response

with detailed rationale/ inputs.

What could be the likely impact of the following auction related
telecom reforms announced by the Government in September

2021 on the valuation of various spectrum bands?

(a) Rationalization of Bank Guarantees to securitize deferred

annual spectrum payment instalments in future auctions

(b) No spectrum usage charges (SUC) for spectrum acquired in

future auctions
(c) Removal of additional SUC of 0.5% for spectrum sharing
(d) Provision for surrender of spectrum

In what manner, should the above provisions be accounted for in
the valuation of spectrum? Please support your response with

detailed justification.

Whether the auction determined prices of March 2021 auction be

taken as the value of spectrum in the resp ective band for the
forthcoming auction in the individual LSA? Should the prices be

indexed for the time gap (even if less than one year or just short

of one year)? If yes, please indicate the basis/ rate at which the

indexation should be done, with reason S.
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Q.38 If the answer to the above question is in negative, whether the
valuation for respective spectrum bands be estimated on the basis
of the various valuation approaches/methodologies being
followed by the Authority in the previous recommendations,
includi ng for those bands (in an LSA) for which either no bids were

received, or spectrum was not offered for auction?

Q.39 Whether the method followed by the Authority in the

Recommendations dated 01.08.2018 of considering auction
determined prices of the auctions he Id in the previous two years
be continued, or the prices revealed in spectrum auctions

conducted earlier than two years may also be taken into account?

Kindly justify your response.

Q.40 Whether the valuation exercise be done every year in view of the
Governme nt 6s i ntention to have an annual ca
spectrum? Please support your response with detailed

justification.

Q.41 Whether there is a need to bring any change in the valuation
approaches/ methodologies followed by the Authority for
spectrum valua tion exercises in view of the changing dynamics in
the telecom sector largely due to the usage of various spectrum
bands by the TSPs in a technologically neutral manner? If yes,
please provide suggestions along with a detailed justification

about the metho  dology.

Q.42 In your opinion, what could be the possible reasons for the
relative lack of interest for the spectrum in the 2500 MHz band?
Could this be attributed to technological reason(s) such as
development  of network/device ecosystem or availability of
subs titute spectrum bands or any other reasons(s)? Please support

your response with detailed justification.
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Q.43 Whether the March 2021 auction determined prices be used as
one possible valuation for the spectrum in 2300 MHz band for the
current valuation exercise ? If yes, should these prices be indexed

for the time gap and at what rate? Please justify your response.

Q.44  Whether auction determined prices of October 2016 (i.e. for the
auction held earlier than two years) be used as one possible
valuation for the spectr um in 2500 MHz band for the current
valuation exercise? If yes, should these prices be indexed for the

time gap and at what rate? Please justify.

Q.45 Whether the value of the spectrum in 2300 MHz/ 2500 MHz bands

should be derived by relating it to the value o f spectrum in any
other band by using technical efficiency factor? If yes, which band
and what rate of efficiency factor should be used ? If no, then

which alternative method should be used for its valuation? Please
justify your response with rationale and supporting studies, if

any.

Q.46 In your opinion, what could be the possible reasons for the
relative lack of interest for the spectrum in the 700 MHz band?
Could this be attributed to technological reason(s) such as
development of network/device ecosystem or availability of

substitute spec  trum bands or any other reasons(s)?

Q.47 Whether the value of spectrum in 700 MHz band be derived by
relating it to the value of other spectrum bands by using a
technical efficiency factor? If yes, with which spectrum band,
should this band be related and what efficiency factor or formula
should be used? Please justify your views with rationale and

supporting studies, if any.

Q.48 If your response to the above question is in negative, what other

valuation approach(es) be adopted for the valuation of 700 MHz
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spectrum  band? Please support your response with detailed

methodology.

Q.49 Whether the valuation of the 3300 -3670 MHz spectrum band
should be derived  from value of any other spectrum band by using
technical efficiency factor? If yes, what rate of efficiency factor
sho uld be used? If no, which other method(s) should be used for
its valuation? Please justify your response with rationale and

supporting documents, if any.

Q.50 In case you are of the opinion that frequencies in the range 526
698 MHz should be put to auction in t he forthcoming spectrum
auction, whether the value of 526 -698 MHz be derived by using
technical efficiency factor? If yes, with which spectrum band,
should this band be related and what efficiency factor or formula

should be used? Please justify your sugge stions.

Q.51 If yourresponse to the above question is in negative, which other
valuation approach(es) should be adopted for the valuation of
these spectrum bands? Please support your suggestions with
detailed methodology, related assumptions and any other

rele vant factors.

Q.52 Whether the value of spectrum in 24.25 - 28,5 GHz band be
derived by relating it to the value of other bands by using
technical efficiency factor? If yes, with which spectrum band,
should this band be related and what efficiency factor or for mula

should be used? Please justify your suggestions.

Q.53 If your response to the above question is in negative, which other
valuation approaches should be adopted for the valuation of these
spectrum bands? Please support your suggestions with detailed

methodo logy, related assumptions and other relevant factors.
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Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Whether international benchmarking by comparing the auction
determined price in countries where auctions have been
concluded be used for arriving at the value of these new bands? If
yes, then what metho dology can be followed in this regard? Please

explain.

For international benchmarking, whether normalization
techniques be used for arriving at the valuation of these new
bands in the Indian context? If yes, please justify your response

with rationale /li terature, if any.

Whether a common methodology/ approach should be used for

valuation of all sub -1 GHz bands, which are currently planned for

IMT? If yes, suggest which methodology/ approach should be
used. Please give your views along with supporting r easoning and

documents/ literature, if any.

Whether the extrapolated ADP based on a time -series analysis,
may be considered as the valuation itself or some normalization

may be performed taking into account the financial, economic

and other parameters pert aining to a particular auction? If yes,
which factors should be considered and what methodology should

be followed?

Whether the value arrived at by using any single valuation
approach for a particular spectrum band should be taken as the
appropriate value  of that band? If yes, please suggest which single

approach/ method should be used. Please justify your response.

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

followed? Please justify your response
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Q.60

Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Is there any valuation approach other than those discussed above
or any international auction experience/ approach that could be

used for arriving at the valuation of spectrum for 700 MHz/ 800

MHz/ 900 MHz/ 1800 MHz/ 2100 MHz/ 2300 MHz/ 2500 MHz/

3300 -3670 MHz/ 24.25 - 28.5GHz/526 - 698 MHz bands? Ple ase
support your suggestions with a detailed methodology and related

assumptions.

Should the reserve price be taken as 80% of the valuation of
spectrum? If not, then what ratio should be adopted between the
reserve price for the auction and the valuation of the spectrum in

different spectrum bands and why?

Whether the realized/ auction determ ined prices achieved in the
March 2021 auction for various spectrum bands can be directly

adopted as the reserve price in respective spectrum bands for the
forthcoming auction? If yes, should these prices be indexed for

the time gap since the auction held in March 2021  and at which

rate the indexation should be done?

Should the method followed by DoT in the previous auction in
respect of collecting bid amount from the successful bidder in
case spectrum is not available in a part of t he LSA be followed in

the forthcoming auction? Please justify your response in detail.

What percentage rate of upfront payment should be fixed in case

of each spectrum band?

What should be the applicable period of moratorium for deferred

payment option?

How many instalments should be fixed to recover the deferred

payment?
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Q.67

What rate of discount should be used while exercising pre
payment/deferred payment option, in order to ensure that the net

present value of payment/ bid amount is protected?

(Please suppo rt your suggestions for Q6 4 to Q6 7 with proper
justifications.)

Issues related to  Spectrum for Private Cellular Networks

Q.68

Q.69

Q.70

To facilitate the TSPs to meet the demand for Private Cellular
Networks, whether any change(s) in the licensing/policy
framework, are required to be made. If yes, what changes are

required to be made? Kindly justify your response.

To meet the demand for spectrum in globally harmonized IMT
bands for private captive networks, whether the TSPs should be
permitted to give acce Ss spectrum on lease to an enterprise (for
localized captive use), for a specific duration and geographic

location? Kindly justify your response.
In case spectrum leasing is permitted,

i.  Whether the enterprise be permitted to take spectrum on
lease from mor e than one TSPs?

ii.  What mechanism may be prescribed to keep the
Government informed about such spectrum leasing i.e.,
prior approval or prior intimation?

iii. What timeline should be prescribed (in number of days)
before the tentative date of leasing for submitt ing a joint
request by the TSPs along with the enterprise, for
approval/intimation from/to the Government?

iv.  Whether the spectrum leasing guidelines should prescribe
duration of lease, charges for leasing, adherence of

spectrum cap provisions, roll out obli gations, compliance
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Q.71

Q.72

Q.73

obligations. If yes, what terms and conditions should be
prescribed?

v. What other associated terms and conditions may be
prescribed?

vi.  Any other suggestion relevant to leasing of spectrum may

also be made in detail

(Kindly justify your response )

Whether some spectrum should be earmarked for localized private

captive networks in India? Kindly justify your response

In case it is decided to earmark some spectrum for localized

private captive networks, whether some quantum of spectrum be
earmarked (dedicatedly) from the spectrum frequencies
earmarked for IMT services and/or spectrum frequencies
earmarked for non  -IMT services on location -specific basis (which
can coexist with cellular -based private captiv. e networks on

shared basis)? Kindly justify your response with reasons.

In case it is decided to earmark some quantum of spectrum for

private captive networks, either on exclusive or shared basis, then

a) Spectrum under which band(s) (or frequency range) and
guantum of spectrum be earmarked for Private Network in
each band? Inputs may be provided considering both
dedicated and shared spectrum (between geographically
distinct users) scenarios.

b) What should be the eligibility conditions for assignment of
such spectrum to private entities?

c) What should be the assignment methodology, tenure of
assignment and its renewal, roll -out obligations?

d) What should be the pricing mechanism for assignment of

spectrum in the band(s) suggested for private entities for
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Q.74

localized captive use and what factors should be considered
for arriving at valuation of such spectrum?
e) What should be the block size and spectrum cap for different
spectrum band(s) suggested in response to point (a) above.
f) What should be the broad framewo rk for the process of
(1) filing application(s) by enterprise at single location,
enterprise  at multiple locations, Group of
companies.
(i) payment of spectrum charges,
(i)  assignment of frequencies,
(iv)  monitoring of spectrum utilization,
(v) timeline for approvals,

(vi)  Any o ther

g) Any other suggestion on the related issues may also be made

with details.

(Kindly justify your response with reasons)

What steps need to be taken to facilitate identification,
development and proliferation of India specific 5G use cases for
different verticals for the benefit of the economy and citizens of

the Country? Kindly provide detailed response with rationale.
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ANNEXURES

Annexure 9o 1.1

(DoT Reference Letter dated 13 th September 2021, without its Annexure

Government of India
Ministry of Communications
Department of Telecommunications
Wireless Planning & Coordination (WPC) Wing
6t floor, Sanchar Bhawan,
20, Ashoka Road, New Delhi — 110001.

No.: L-14006/01/2021-NTG Date: 13.09.2021

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 for the auction of spectrum in
the frequency bands identified for International Mobile
Telecommunications (IMT)/ 5G.

Sir,

In response to DoT's reference dated 17.04.2017, TRAI provided its
recommendations dated 01.08.2018 on various issues involved in the
auction of spectrum in 700 MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz,
2300 MHz, 2500 MHz and 3300-3600 MHz bands. Based on the TRAI
recommendations dated 01.08.2018 and response dated 08.07.2019 on
DoT’s back-reference, Government conducted auction of spectrum in 700
MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz and 2500 MHz
bands in March 2021. A total of 2308.80 MHz spectrum worth Rs.
400396.20 Crore at Reserve Price in different band-LSA combinations was
put to auction, out of which 855.60 MHz quantum was sold in the auction
resulting in total winning bids worth Rs. 77820.81 Crore. No bids were
received in 700 MHz and 2500 MHz bands. Spectrum unsold in the auction
held in March 2021 may be put to auction in the forthcoming auction.
LSA-wise quantum available with the Government in these bands after the
auction is given in Annexure-/.

s
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2.  In the recommendations dated 01.08.2018, spectrum in 3300-3600
MHz band was also included. However, due to certain issues, the
Government decided to initiate action to auction spectrum in this band
separately after resolution of these issues and, therefore, it was not a part
of the auction held in March 2021. Now, as the issues have been resolved
as well as the range of available frequencies in this range has slightly gone
up, it has been decided by the Government that spectrum in the frequency
range 3300-3670 MHz should be made available to the Telecom Service
Providers for IMT/ 5G through auction, except in few areas/locations
(details of excluded areas/locations in Annexure-1i).

3. In addition to the above, new frequency bands (mentioned below)
have also been decided to be used for IMT/5G:

() 526-582 MHz in all the LSAs in coordination with Ministry of
Information & Broadcasting. The use will be coordinated with
minimum keep out distance from MIB transmitters.

(i) 582-617 MHz in all the LSAs. This band will be available for IMT/5G
and rural point to point links.

(i) 617-698 MHz in all the LSAs; except few areas/locations (details of
excluded areas/locations in Annexure-1l).

(iv) 24.25 to 28.5 GHz in all the LSAs except at 5 locations (details of
locations in Annexure-1l) with protection distance of 2.7 km.

4. DoT has also received few requests regarding spectrum
requirements for captive usage of 5G applications by some industries e.g.
Industry 4.0. COAIl has also submitted a letter regarding Private Captive
Networks, wherein they have inter alia requested not to reserve any
spectrum which has been identified for IMT, for Private Captive Networks.

5.  Parliamentary Standing Committee on Information Technology in
its report on “India’s preparedness for 5G" has made certain observations
on pricing of spectrum. Also, DoT has received request from COAI
regarding effective spectrum pricing. Copy of the relevant pages of the
Standing Committee report is enclosed as Annexure-1il.

6. Department of Space (DoS) had invited comments on Draft
Spacecom Policy liberalizing space segment for private sector
participation to provide commercial communication services in India. This
includes the Low Earth Orbit (LEO) and Medium Earth Orbit (MEO) satellite
constellations operational over India. In case of satellite communication,
the subscriber is accessed from the satellite through “Access spectrum”

P
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similar to “Access spectrum” in terrestrial network and the demand for
such spectrum will potentially increase in the future.

y {8

In view of the above, under the terms of clause 11 (1)(a) of TRAI Act,

1997 as amended by TRAI Amendment Act 2000, TRAL is requested to:

(a)

provide recommendations on applicable reserve price, band plan,
block size, quantum of spectrum to be auctioned and associated
conditions for auction of spectrum in 526-698 MHz, 700 MHz, 800
MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz, 3300-
3670 MHz and 24.25-28.5 GHz bands for IMT/ 5G.

provide recommendation on quantum of spectrum/bands, if any, to
be earmarked for private captive/isolated 5G networks,
competitive/transparent method of allocation, and pricing, for
meeting the spectrum requirements if captive 5G applications of
industries for machine/plant automation purposes/M2M in
premises.

provide recommendation on appropriate frequency bands, band
plan, block size, applicable reserve price, quantum of spectrum to
be auctioned and associated conditions for auction of spectrum for
space-based communication services, in view of para 6 above.

provide any other recommendations deemed fit for the purpose of
spectrum auction in these frequency bands, including the
regulatory/ technical requirements as enunciated in the relevant
provisions of the latest ITU-R Radio Regulations.

This issues with the approval of the competent authority.
/5057)7%3\”1\

(Sukhpal Singh)
Joint Wireless Adviser

Enclosure:

) Annexure-f LSA-wise quantum available with the
Government in 700 MHz, 800 MHz, 900 MHz, 1800 MHz,
2100 MHz, 2300 MHz and 2500 MHz bands after March’
2021 auction and after earmarking of 5 MHz (paired) to
Indian Railways in 700 MHz band.

i) Annexure-If Details of the areas/locations where certain
spectrum would not be available for IMT/5G.
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ii) Annexure-llf Copy of the relevant pages of
Parliamentary Standing Committee Report on “India’s
Preparedness for 5G".

Copy to:

Secretary, DoS, for kind information please.
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Annexure -I of DoT Letter dated 13 th September 2021 (with updated spectrum availability)

LSA-wise quantum of spectrum available with the Government for auction of spectrum in 700, 800, 900, 180(5, 2100, 2300, 2500 MHz bands

(The information provided by DoT through letter dated13.09.2021 has been updated based on information as in Dol letter dated 27 11 2021)

Quantum available for auction (in MHz)

700 MHz band 800 MHz band 900 MHz band 1800 MHz band | 2100 MHz band | 2300 MHz band | 2500 MHz band
SI. No. Service Area (718-748 / 773-803
(Paired) (Paired) (Paired) (Paired) (Paired) (Unpaired) (Unpaired)
1 |Andhra Pradesh 3000 7.50 3.60 12.20 16.00 10.00 30.00
2 |Assam 30.00 2.50 5.80 2.20 5.00 : -
3 |Bihar 30.00 7.50 7.00 0.80 5.00 - 10.00
4 |Delhi 30.00 3.75 220 10.80 1500 10.00 20.00
| 5 |Gujarat 30.00 1.25 - 13.80 10.00 - 10.00
6 |Haryana 30.00 1.25 0.80 28.20 5.00 - E
7 |Himachal Pradesh 30.00 5.00 260 18.00 15.00 - 10.00
8 |Jammu & Kashmir 30.00 2.50 300 4.00 5.00 - 10.00
9  |Karnataka 30.00 3.75 3.80 460 10.00 10 00 40.00
10  |Kerala 30.00 3.75 - 23.20 500 - -
11 |Kolkata 30.00 2.50 420 23.40 10.00 110.00 20.00
12 |Madhya Pradesh 30.00 2.50 5.80 11.00 10.00 - -
13 |Maharashtra it 30.00 2.50 ) 420 17.20 5.00 - 10.00
14 |Mumbai 30.00 2.50 220 2220 10.00 10.00 20.00
15 |North East 30.00 2.50 3.80 0.20 5.00 - -
16 |Orissa 30.00 6.25 1.40 15.00 10.00 - -
17  |Punjab 30.00 5.00 1.20 9.60 5.00 - 10.00
18 |Rajasthan 30.00 2.50 0.60 16.80 - - -
19 |Tamil Nadu 30.00 3.75 7.60 120 - 10.00 40.00
20  |Uttar Pradesh (East) 30.00 7.50 1.40 10.60 - - -
21 |Uttar Pradesh (West) 30.00 2.50 2.40 14.60 10.00 - -
22 [West Bengal 30.00 250 1.60 320 5.00 - .
Total 660.00 81.25 65.20 262.80 160.00 60.00 230.00
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20. During the course of examination of the subject, the Committee came across
numerous issues and challenges as submitted by various stakeholders and experts.
These need to be addressed in war footing if the vision of 5G is to be achieved. The

Committee will now deal these issues in detail.

IV. Spectrum Related Issues

(i) Availability of Spectrum for 5G

21. The Department have informed that they intend to make available 5G
spectrum in various bands in line with global ecosystem. The Telecom Regulatory
Authority of India (TRAI) had given their recommendation for the auction of spectrum
in the 700 MHz, 800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz, 2500 MHz,
3300-3400 MHz and 3400-3600 MHz bands on 01.08.2018 for providing mobile
services. Digital Communications Commission has decided to hold auction of 3300-
3600 MHz band separately. The opening up of the mmWave bands viz. 26 GHz etc.

for IMT Services/5G is under deliberations.

22 Secretary, DoT, stated during evidence as under:

—fie bandwidth of 3,300 MHz. to 3,600 MHz. is not yet used in the 2G, 3G
and 4G. Itis envisaged to be used for 5G, but that does not mean that 5G
will not use other spectrum bands. So, 5G would also come in 700 MHz.,
800 MHz., 900 MHz. bands in the time to come. 5G would also be coming
in what are called the millimeter wave bands, which are 24.25 GHz. to
27.5 GHz. Sir, that is also where the international ecosystem is coming up.
Currently, the Digital Communications Commission has decided that the
auction of 3,300 MHz. to 3,600 MHz. bands will be delinked from the other
auctions. So, we are now preparing a Cabinet Note for auctions in other
bands like 700 MHz., 800 MHz., 900 MHz., 1,800 MHz., and 3,300 MHz.
to 3,600 MHz. bands will be considered separately. There is also an issue
in this matter as part of the spectrum is being used by ISRO. So, that 25
MHz. has been taken away. There is also a band of about 100 MHz.
between 3,300 MHz. to 3,400 MHz, which is to be used along with
Defence. So, Defence has written now to us to allocate this entire band to
them. We are in discussion with them because if we give this band to
Defence, then what is available for 5G would just be about 175 MHz.,
which may not be sufficient for different vendors to actually give their
services. We are holding discussions with them, and hopefully we will
come with some solution on this issue.”
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23. As per COAIl countries are identifying spectrum in sub-GHz, Mid band
(3.5GHz) & mmWave bands for 5G deployment. India at present does not have
sufficient spectrum earmarked for 5G in any of these bands as many other
stakeholders are seeking spectrum in the 5G bands recommended by the%SGHLF as
well as also being commercially deployed in other countries. To make India 5G
ready at the earliest, Government needs to allocate at least the following spectrum

per operator:

a. 3.5GHz: at least 100MHz per operator.

b. Mm Wave (26, 28, 37 GHz): at least 400MHz per operator.

c. Sub-GHz (600MHz & 700MHz): at least 2x10MHz per operator in each
of these bands.

d. E-Band: at least 2x1GHz per operator.

e. V-Band: at least 1GHz per operator.

24. Bharti Airtel in a written submission to Committee have submitted as under:

—lindia, only the 3.5 GHz band (3.4-3.6 GHz) has been earmarked for 5G
services, with just 175 MHz of spectrum being available for5G. In cnntrast,
the sector needs a minimum of 300-500 MHz spectrum availability in this
band. Apart from 3.5 GHz, other bands e.g. mmWave (26GHz) band and
600 MHz band, can be used for 5G services. However, the same is yet to
be earmarked in India. India must consider the allocation of mmWave
band (i.e. 26 GHz) for 5G and make it a part of the auction along with the
3.4-3.6 GHz band. For rural penetration, the spectrum in the 600 MHz
band should be identified and earmarked for 5G."

25. A representative of a Telecom Service Provider (TSP) further submitted
during evidence as under:

_1n India we are talking about only 175 MHz of spectrum that is right now
having visibility for the 3.5 GHz spectrum, which means that every
operator gets close to or less than 50 MHz spectrum, which is not
sufficient. The second point is, the millimeter wave spectrum, which is the
capacity spectrum, has yet to be identified. So, certainly there is need for
getting the spectrum identified.”

26.  Explaining the impact of allocating less amount of spectrum, representative of

a TSP during the sitting of the Committee stated as under:

-On spectrum, our humble submission to the Committee is that there
should be the right amount of spectrum at the right prices as per the global
practices. For example, the famous 3.5GHz of spectrum which we call as
sub-6 band in 5G, almost every operator across the globe has 100MHz of
it There are some exceptions with 80MHz of it but if we go lower than

11
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