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. INTRODUCTION

Spectrum is essentiad for the continued growth in mobile telephony and wirdess and deta
savicesin India This report begins by providing a brief description of the current
gtuation in Indiaand the options for alocating additiond spectrum for wirdess mobile
voice and data services! The report next reviews the policies adopted in other countries.
The next section of the report provides aframework for evauating the available policy
options. It then provides a brief andysis of spectrum pricing options. The find section of
the report comments on the various policy options avallable and some of the questions
posed in the Teecommunications Regulatory Authority of India s Consultation Paper of
ealier thisyear.

The gdtudion in India is in many ways Smilar to tha in other countries. India is facing
rapidy growing demand for mobile teecommunications services and for the spectrum that
those sarvices mus have to operae. The radio spectrum is a limited resource with
competing demands for its use. For example, radio broadcasts cannot teke place in the
same spectrum bands as mobile tdephony. Even for a dngle, defined use, such as mobile
telephony, competition can aise over the technicd dandards used to provide sarvice
Consquently, decisons aout how much radio spectrum and which bands to dlocate

1 2G is the common abbreviation for second generation mobile telephony and mainly refers to mobile digital voice
services. 3G, or third generation, generally refers to mobile broadband data and voice services. Note that India bypassed
1G or analog mobile phone services.



inevitebly affects dl agpects of the mobile phone market, including the standards that can
be used, the price and types of mobile tdecommunications sarvices avaldble, and overdl,
induding mobile, tedecommunications penetration in India Regulatory policy tha ams to
promote diffuson of advance tdecommunicaions services a the lowest possble prices
should not impose redrictions on band plan and technology that will limit operator ability
to introduce sarvices and expand the market. Rdeadng as much spectrum as possble, as
soon as possble and with the minima possble condraints on band plan and technology
will be the bes means of achieving this god. Cursory review of crosscountry data
uggeds that rgpid spectrum rdlease will have sgnificant benefits in promoting  penetration
growth and competitive pricing.

Il. CURRENT SITUATION

India has previoudy dlocated spectrum in each region to a number of mobile service
providers. Service providers ae usng both CDMA and GSM based technologies. The
geographic coverage of individud spectrum licenses is cdled a “Sevice Area” India has
desgnated 23 Sarvice Aress, condsing of 19 Telecom Circle Service Areas and 4 Metro
Service Aress Four GSM and ather three or four CDMA licenses have been awarded in
most Service Aress. Each GSM operator has been dlocated no more than 2x10 MHz of
gpectrum in any single sarvice area except in Metro areas, where some GSM operators have
been dlocated as much as 125 MHz. CDMA operaiors have been dlocated as much as
2x5 MHz of spectrum in a few areas, but more often they are operating with only 2.5 MHz
or 3.75 MHz. The GSM spectrum has been dlocated in the 900 MHz and 1800 MHz bands.
The CDMA spedrum haes been dlocated in 800 MHz bands. In addition, spectrum for
corDECT services, manly in rurd and low traffic dendty aress, has been dlocaed.
CorDECT uses gpectrum, from 1880 — 1900 MHz. The corDECT dlocation can limit
avalability of spectrum for CDMA or GSM in the 1900 MHz bands, in pat due to out of
band interference.

The Indian maket for wirdess sarvices is condderably less concentrated — both in how
gpectrum is dlocated and its ownership dructure — than dmos anywhere dse in the wald.
In other countries, there are typicdly three, four of five operators serving any region. Hong
Kong is one of the mogt competitive markets outdde of India Hong Kong is extremdy
densgly populated and has a higher per capita GDP than India, yet it has only Sx operators
Moreover, the amount of spectrum per operator in India is among the lowes in the world.
Other countries have dated with a fragmented market including the United States. B,
even in the United States, where there were eight bands available in each geographic ares,
it was mos commonly the case that there would be only five or 9x competitors initidly
acquiring those licenses.  Indeed, even as of the 1995 DEF block auction, over 85% of the
licenses acquired in tha auction were by incumbents seeking to degpen spectrum holding
andlor fill in ther footprints And there has been dgnificant and ongoing consolidation
accompanying the introduction of new and more advanced savice offerings
Consquently, consolidation in the India maket is to be expected, and should be
encouraged, to a point, as it will probably accderate improvements in sarvice offerings for
end users and increases in overal mobile telephony penetration.



The speedy rdease of the additiond available spectrum for mobile tdephony is essentid if
India wishes the recent success in the wirdess sector to continue unabated. The spectrum of
grestest vdlue to mobile operators that is Hill avaldble is the 1800 MHz and 1900 MHz
bands At lees 2x40 MHz chould 4ill be avalable There should adso be spectrum
avallable a 700 MHz, 450 MHz and the Korean PCS bands (1750 — 1780 x 1840 — 1870
MHz). However, for reasons discussed further below, these options are much less
desrable.

1. SPECTRUM ALLOCATION OPTIONS

Savice providers usng CDMA and GSM technologies will both want additiond  spectrum
as their subscriber base grows and as they seek to expand ther offerings to more customers
in their exiging sarvice aess. Moreover, over time, operators will want to introduce new
technologies and spectrum for doing s0. In this section, | provide a brief description of the
types of technologies avalable and their spectrum requirements. | adso describe what
dlocations have dready been madein other countries.

Wireless Voice and Data Technologies: Wirdess voice and tdecommunications services
today primarily use two technologies GSM and CDMA. GSM is the mandated sandard in
Europe and has been deployed in many other regions as well. CDMA had its firg
commerdd deployment in the US in 1995 and is now avalable in mog of the Wedern
Hemisphere and much of the world, incuding India, China, and Korea While there are
other mobile technologies in use, mogt notably TDMA, DECT (or corDECT), and iDEN,
GSM and CDMA ae by far the most widdy used dandards. Therefore our discusson
focuses on GSM and CDMA. These technologies are used to serve the same market.
Spectrum is only one input for providing very compardble sarvices with CDMA or GSM

equipment.

New technologies are being developed and deployed. The socdled 3G sygsems, WCDMA
(ds0 cdled UMTS) and CDMA2000 are only now beginning to be deployed. CDMAZ2000
has dready seen widespread deployment in countries in which CDMA was deployed for
socdled 2G neworks CDMAZ2000 is most accurately described as an upgrade of the
previous generation of CDMA. Indeed, there are severd upgrades being developed and
deployed. The firsd upgrade, to CDMA 1X, was to dlow daa rates up to 153 kbps on the
exiding network. Old handsets continue to work on the upgraded network. Recently, 1X
DO has been introduced which provides data rates in excess of 400 kbps The CDMA
upgrades increase the traffic the operator can carry with a given amount of spectrum and
base ddions This potential capita expenditure savings is an additiond incentive for its
deployment.

Mog GSM opaaors ae planing to eventudly introduce WCMDA, which is dso cdled
UMTS. This is the sandard which hes been largely adopted in Europe, with the possbly
exception of the 450 MHz bands. It is incompatible with GSM, and requires an entire new
network. GSM handsats will not work on WCDMA networks.  WCDMA requires a
minimum of 2x5 MHz per carier channd for deployment, and the consensus appears that
the minimum commerdidly vigble dlocation is 2x10 MHz.  In other wordss WCDMA is



quite spectrum intensve.  In contrad, CDMA2000 requires only 2x1.25MHz per carier
channd, and deployment of a sngle carier channd is commedadly visble way of
upgrading an exising CDMA network.

In India, spectrum has been dlocated for corDECT, which is essntidly a wirdess loca
loop sysem and not an advanced mobile voice and daa technology. The corDECT
gpectrum dlocations in India can present interference problems for CDMA aound 1900
MHz. However, as corDECT is manly intended for rurd markets it may be practicd
dlow CDMA to share the same frequency, but with geographic separation of base dations.
In what follows, | discuss dternaive gpproaches for deploying other technologies dong
with corDECT.

Not only ae GSM and CMDA two different technologies for providing smilar wirdess
voice and data services, but they have somewha different spectrum requirements. The
differences in bands associated with each technology are largdy driven by the avalability
of equipment, which in turn is driven by previous dlocations in other countries

Table 1: Bandsfor Broadband Voice and Data Services

450 MHz 4504 - 457.6 MHz paired with 460.4 - 467.6 MHz or
4788 - 486 MHz paired with 488.8 - 496 MHz or
380— 400 MHz paired with 410 — 430 MHz

700 MHz 698— 746 MHz paired with 746 — 794 MHz

800 MHz 824 — 849 MHz paired with 869 — 894 MHz

900 MHz 880— 915 MHz paired with 925 — 960 MHz

1700 MHz 1750 — 1780 MHz paired with 1840— 1870 MHz

1800 MHz 1710— 1785 MHz paired with 1805— 1880 MHz

1900 MHz 1850 — 1910 MHz paired with 1993— 1990 MHz

2100 MHz 1920 — 1980 MHz paired with 2110— 2170 MHz

DECT 1880 — 1900 MHz, 1900— 1920 MHz and/or 1910 — 1930 MHz




Table 2a: Allocationsin Other Countries

Latin
America

Region /
Band 800MHz
North 2 Bands- 50
America MHz
14 Tier 2
Canada | Areas
Mexico | 9 Regions
734 Cdlular
United States | Market Areas

1900 MHz Technologies

6 Bands- 120

MHz, 3x2x15 + CDMA, GSM

3x2x5 TDMA
CDMA, GSM

14 Tier 2 Areas TDMA
CDMA, GSM

9 Regions TDMA

51 MTAs CDMA, GSM

493 BTAs TDMA

China| 1CDMA 1Gav
Australia | 4 Bands 4 Bands
Four GSM
Competitors
and 1 CDMA

Competitor

3GSM
Competitors

15Bands |

10 Regions/2 2 bands, 2 bands— 25
bands per regional MHzeach, 3
Brazil | region licensing regions CDMA, GSM
Other Latin CDMA, GSM
America [ 2 bands Up to 6 bands TDMA
European 2 bands-70 Up to 6 bands
Union MHz and 150 MHz GV
UK,
Germany Four Nationwide
Italy competitors licensing
France Three Nationwide
Spain competitors licensing
Five (but
previously 6) Nationwide
Netherlands competitors licensing
Asia Pacific

3GSM
Competitors




Table 2b: Allocationsin Other Countries

Country Bands Technology | Geography | Size of license
Japan 800, 1500 PDC,CDMA | Nationd 210 - 2x15
Korea 1800 CDMA Nationd 220 - 2x25
Russa 1800 CDMA Regiona vaies

GIM: GSM has been deployed in the 800 MHz, 900 MHz, 1800 MHz and 1900 MHz
bands Equipment for GSM is readily avaladle only in the latter three sets of bands
Moreover, triband, and even four- band, handssts and terminds, which can be usad in any
three, or dl four, bands ae commonly avalable Indeed dud-band handsets have been
avaladle for severd years initidly for 900 MHz and 1800 MHz, and subssquently for 900
MHz and 1900 MHz.

CDMA: CDMA has been deployed a 450 MHz, 800 MHz and 1900 MHz. A sgnificant
vaigy of low-cog temind eguipmet is avalddle only a 800 MHz and 1900 MHz
CDMA2000 (IX DO) is now avalade in these three bands as wdl. Additiondly, Korea
has CDMA in the 1700-1800 MHz bands, but is not usng the conventiond DCS1800 MHz
channes. Dud band handsats tha work in the 800 and 1900 MHz bands are avalable. No
other dud band handsats are now readily avalable for CDMA. In paticular, there are no
dud band CDMA handsets that work in he Korean PCS bands and any other band, such as
800 or 1900. Therefore, dlocating additiond 1800 MHz to supplementa spectrum holdings
for operaors having CDMA spectrum a 800 MHz, or 1900MHz, will not hdp those
operators relieve congestion.

GSM versus CDMA band plans: Sgnificantly, there is an overlgp between the 1800 MHz
bands and the 1900 MHz ones. CDMA can only be deployed economicdly in 1900 MHz
and not a 1800 MHz, wheress GSM can be readily deployed with exising equipment in
both. Therefore, a decison to use the 1800 MHz over the 1900 MHz bands is a decision
to block CDMA, whereas a decison to use the 1900 MHz band does not create a
technology bias. The European Union and a number of other countries, such as Audrdia,
locked into the GSM standard by adopting the 1800 MHz plan. Assuming there ae
potentid benefits from gandards competition, it would be imprudent to designate the 1800
MHz for CDMA ove the 1900 MHz unless other factors limit the options Some
priminay empiricd findings indicate that <Standards competition can have beneficd
affects on both prices and diffuson rates.

Reserving the 1920-1980 MHz bands for WCDMA & the expense of cdma2000/CDMA
IX is not in the interet of promoting consumer welfare increesng tdedensty or
promoting diffuson of new information technologiesin India

An additiond condderdtion in deciding on what spectrum to dlocate for wirdess services
is the potentid impact on the avalability of spectrum for socdled third generation or 3G



technologies. For Europe, the ITU has desgnated the bands 1920 — 1980 MHz pared with
2110 — 2170 MHz for 3G. The EU policy towards 3G favors WCDMA, dso cdled UMTS,
CDMAZ2000 is being deployed in the 800 MHz and 1900 MHz, essatidly as a ssamless
upgrade of the ealier generaion CDMA (or 1S95A/cdmaOne) systems. In contrast,
WCDMA requires a new network to replace GSM. Moreover, the 1900 bands currently
used for CDMA and the new 3G bands dlocated in Europe both use the 1930 — 1980 MHz,
but in dfferent directions (one for receve channds and the other for transmit channels).
This crestes a conflict in that an dlocation of spectrum for WCDMA makes 2x60 MHz
unavalable for CDMA and vice versa While GSM may work in the 1900 MHz bands usd
for PCS induding CDMA in the Americasss WCDMA has yet to be deployed in a manner
conggent with that channd plan. Moreover, WCMDA is not yet a commercidly successful
technology.

Therefore, prudent public policy would suggest that:

?? The 1920 — 1980 MHz bands should be mede avalable now in India to dleviae
soectrum scarcity and promote increesed diffuson of wirdess voice and daa
savices. This gpectrum could be put to immediate use for CDMA, both CDMAOne
and CDMA2000, and GSM and subsequently re-deployed for other technologies
should they become available.

?? CDMA2000 can be deployed now in the USPCS band of 1850-1910 pw 1930-1990
MHz bands and in a completdy seamless manner, which would dlow the current
cdmaOnellS-95 operators to expand capacity and add service offerings, such as
high speed, wirdess data 1xDO sarvice.

?? The GSM opeators will need to inves in a completely new network to introduce

WCDMA, as the WCDMA and GSM radio networks are incompatible. A decison
resrving 19201980 MHz for WCDMA would leave this spectrum idle until

WCDMA is deployed.

| conclude this section with afew comments,

(1) All operators should have access to soectrum on equd terms and conditions,
independent of the technology they choose to deploy.

?7? Indeed the TRAI need not even condder the operator's choice of technology
when licengng spectrum.

7?2 As consumer wefae depends on price, service qudity and features, and
coverage, TRAI need not regulate technology, only ensure adequate competition
and that spectrum is not warehousad.



)

©)

(4)

©®)

(6)

India has =0 far faled to adopt a truly technology neutrd spectrum dlocation
policy. A truly neutrd policy would provide egud opportunity for operaors to
acquire spectrum meatching their technology. A spectrum dlocation conggent with
only one technology, or one for which there is no equipment avalable for one but
not the other technology. Allocating Koreen PCS bands to CDMA operators would
require CDMA operators to deploy two networks, as there ae no dud band
handssts. Smilarly, dlocating GSM operators Korean PCS spectrum would not be
useful.

No other country uses technicd efficiency criteria to determine how much
gpectrum individud operators should receive. Where technological consderations
enter into how much spectrum is dlocaed, the decison is usudly one of
determining the minimum gSze for each license and not for each licensee
individudly. Even where there are amdl bands avalable, such as in the Gaman
and Audrian 3G auctions, the smallest license was st & 2 x 10 MHz. No decisons
were made in advance of ather auction about which operators might need 10 and
which might need 15 MHz of spectrum nor which would need supplementd TDD

spectrum.

A ndiond frequency dlocation plan should be consgent with the equipment
avalable as much as possble If there is no equipment avaldble, the frequency
may be idle and fall to generate benefits. Such has been the experience to dae with
3G goectrum in Europe, and is increesingly the case with Tetra spectrum there.
When there is limited eguipment availability, deployment cods tend to be high and
sarvice avalability limited.

A ndiond frequency plan that is more responsve to opeaor needs and
devdopments in technology and equipment avalability will result in more ragpid
diffuson of new services, better qudity and more competitive prices.

GSM, CDMA, 1IXDO can dl meke immedide use of the 1930-1990 MHz
frequencies. The 1880-1910 x 1960-1990 would not intefere with any other
frequency dlocations tha would provide immedige vdue. These frequencies
should be mede avalable as soon as possble A technology frequency dlocation
plan would make the 1850 — 1880 MHz x 1930 — 1960 MHz avaldble for GSM or
CDMA, hut let the license holder decide. Those dlocated frequencies in the 1930
1980 MHz range should then be permitted to re-fam ther spectrum and deploy
technologies at their discretion.

IV.INTERNATIONAL COMPARISON OF SPECTRUM ALLOCATION POLICY

A. The European Union

1. GSM/DCS1800 MHz



The European Union (EU) has a harmonized approach to spectrum dlocation. The
firg tranche of 2G spectrum was dlocated in the 900 MHz bands (880 — 915 MHz
pared with 925 — 960 MHz). Since then, most EU countries have dlocated an
additiond 2 x 75 MHz a 1710 — 1785 x 1806 — 1830 MHz. Only GSM isin usin
these bands Mog European Union countries have issued only nationwide licenses
A number of companies have aggregated licenses across the EU and have
developed panEuropean footprints, including Vodafone and OrangeFT. In mog,
but not all, European countries the minimum spectrum bandwidth dlocaied to any
sngle operator is 2x10 MHz. There are operators in some countries who have been
dlocated more than of 2 x 35 MHz.2

2. Tetra/450 MHz

The EU dso dlocated spectrum for Private Mobile Radio (PMR) or “trunk radio’
savices. The EU/ETS dandard for trunk radio is cdled Tetra. Tetra uses spectrum
dlocated for Tetra is in the 450 MHz bands (at 380 — 400 MHz x 410 — 430 MHz
and 450 — 470 MH2)3 Tetra has had very limited commercid impact. Since this
spectrum has not been usad very intensvely, and in some cases is not being used a
dl, many EU nationd regulatory agencies (NRAS) have made an effort to re-farm
the frequency with more advanced, and presumably more profitable, technologies.
Inquam is one firm whose am has been to introduce CDMA 1X sarvice in thee
bands and has obtained licenses in UK, Germany and France' in the EU, and
dsawhere. To our knowledge, CDMA 1X has not been rolled out anywhere in the
EU in this or other bands It is dso our underganding that there are no dud band
handsets that use 450 MHz.

Recently in Norway, The Minidry of Trangport and Communications completed a
fird-bid, sededbid auction for a 15year license for the 450 MHz (453-457.5 - 463-
4675) frequency band in June, 2004. The license was awarded on a technology
neutrd bass Nework is expected to be operationd by early 2005. Sweden is dso
planning to issue a license to provide mobile tdephony in the 450 MHz band likdy
in late 2004. One nationwide license will be awvarded on atechnology neutra bass.

3. Elsewherein Europe

Russa generdly issues regiond, and not naiond, spectrum licenses. It has awarded
GSM licenses and CDMA a 450 MHz and 800 MHz In gpproximady hdf a
dozen cities CDMA 1X licensess have been awarded. The license dlocation
process gppears to be somewhat decentraized. No operators are offering service
that alows roaming between 450 MHz and 800 MHz.  Other countries in Eastern
Europe largdy follow the EU. Poland has issued CDMA licenses & 450 MHz and
800 MHz and Bdarus, the Czech Republic, Latviaand Romaniaa 450 MHz.

B. TheAmericas

2 See European Radio Office “ERO Information Document on GSM Frequency Utilization within Europe,” updated
February 2001.

3 See http://www.tetramou.com/ Tech/index.asp

# Inquam no longer has the French 450 MHz license as it failed to gain approval to deploy service.



1. North America

The US Canada and Mexico have dl dlocaed 2x25 MHz in the 800 MHz bands,
and 2 x 60 MHz in the PCS 1900 bands CDMA and GSM ae deployed in the
latter. The 850 MHz bands were initidly only used for AMPS cdlula (1G).
Subsequently, CDMA and TDMA were introduced in those bands Recently, GSM
hes been deployed a 850 MHz. In the US, the 800 MHz band was intidly
dlocaed, gating in the mid-1980's. These bands were dlocated for what are now
cdled Cdlua Maket Arees (CMAS). The US is divided into 734 CMAs The
larget CMAs cover mgor cities with populations around 10 million. The smdled,
in tems of population, cover rurd sarvice aress with a few thousand inhabitants.
The PCS licenses a 1900 MHz were awarded for 51 Mgor Trading Areas (MTAS)
and 493 Badc Trading Aress (BTAS). The MTAs range in coverage from over 20
million for New York down to agpproximatdy 100,000 for American Samoa The
The BTAs, which are patitions of the MTAs ae jus a hit larger on average than
the CMAs. Canada dlocated cdlular and PCS spectrum for 14 Tier 1l service aress
and Mexico for 9 regions. Also, there are now five players with near complete
coverage in the US Cingula/ATT, which has coverage in Canada and Mexico,
Verizon, dso having coverage in Canada and Mexico, Sprint, T-Mohbile and Nextd.

Sating in the mid-90s, operators throughout North America began replacing ther
AMPS equipment with digita, either TDMA or CDMA equipmentt.

Other goectrum dlocation provisonsin North Americainclude

?? IDEN, a time divigon technology hes been used, manly by Nextd, for 2G
voice and data sarvices usng spectrum origindly dlocated for trunk radio
sarvices. The spectrum has been largely in the 800 and 900 MHz band.

?? The US, ad to a lesser extet Canada and Mexico, permits spectrum
trading. FHrm footprints have been filled in via spectrum trading. One
notable example is Nextd tha converted tens of thousands of tiny Trunk
Radio licenses into a seamless nationwide 2G network.

The US has ds0 st adde spectrum & 700 MHz, but very little of that spectrum has
been assigned, and it is al heavily encumbered.

2. Latin America
Laiin America, with the exception of Brazil, follows the North American modd.
The AMPS cdlular bands have been deployed throughout Centrd and South
America and the Caribbean. With the exception of Brazil, any additiond spectrum
dlocation has come from the PCS (1850 — 1910 x 1930 — 1990 MHz) bands Brazil
has dlocated spectrum in both the 1800 MHz and 1900 MHz bands (1800 MHz for
GSM and 1900 MHz for CDMA).

There are other bands in use in pats of Latin America Trunk radio is has been
popular in meny rurd and low-income communities. The Japanese Persond



Handyphone Sysem (PHS), and Digitd European Cordless Teephone (DECT)
sydems have gpparently been tried in pats of Lain America It is our

understanding that DECT has not been successful anywhere in Latin America

Brazil dlocated the AMPS cdlular bands, as in the rest of the Americas, a large
fraction of the DCSI1800 spectrum for GSM and a portion of the PCS bands for
wirdess locd loop (Veper), which has or is beng converted to dlow mobile
sarvices.

Uruguay dlocated triples, rather than pairs, of blocks between 1710 and 1990 MHz
This in theory, was intended to dlow the licensee to decide between GSM/DCS
1800 and PCS 1900. Thus, for example, a license would conds of 1775-1785 MHz
x 1870-1880 MHz x 1950-1960 MHz. This auction was aborted due to lack of
interes. Uruguay previoudy dlocated frequency that conforms to North American
AMPS bands and a limited amount of spectrum in the PCS 1900 MHz bands. Mog,
but not dl, Latin Ameican countries issued nationwide licenses Notable
exceptions indude Brazil, with 10 regions, and Colombia, with three regions.

C.Ausralia

In a sequence of auctions Audrdia dlocated most of the spectrum from 825 MHz — 960
MHz (in both the 800 MHz and 900 MHz bands), as wdl as 1710 — 1880 MHz for 2G and
1900 — 1980 MHz and 2110 — 2170 MHz for 3G. The spectrum between 1900 MHz and
1920 MHz is unpared. Although the Audrdian spectrum licenses do not specify any
technology, in practice, the band plan for all licenses allocated in the 1710 — 2170 was
consgent only with GSM/UMTS. In other words, the band plan effectively
determined the technology, and was not technology neutral. Indeed, QUALCOMM
purchased one of the 3G blocks hoping to be able to deploy CDMA2000. Limitaions of
equipment  availability hampered this effort. CDMA has been deployed in Audrdia, but
only & 825 — 845 MHz x 870 — 890 MHz. Audrdia permits spectrum trading. Spectrum
trading has pemitted some consolidation and allowed successful operators to absorb
goectrum that unsuccessful operators were not able to utilize Audrdia dlocated the
orignd GSM licenses as nationwide licenses. However, mogt additiond spectrum was
dlocated in 21 regions.

D. Taiwan

Tawan alocaed the GSVI/DCS1800 MHz bands for GSM. Tawan recently conducted a
3G auction in which there were four licenses a 1920 — 1980 x 2110 — 2170 MHz and one
license a 825 MHz for CDMA 2000. This latter license is conddered a 3G band by Tawan
regulators. CDMA 1X has been deployed in that band.

E. Koreaand Japan

Both Korean and Japan have dlocated frequencies for CDMA and 3G/WCDMA. CDMA
operatorsin Koreaare using the 1750 — 1780 x 1840 — 1870 MHz frequency spectrum.



One should not view CDMA’s success as providing evidence that NRAs in other countries
need not congder frequency coordination with other countries and will not have an impect
on mobile operators, termind avalability, subscriber costs and penetration in ther own
countries.  Koreen CDMA wes introduced & a time when, by globa gSandards, it ill
rqoresmtsed a dggnificant improvement over the then more dominant andog and GSM
systems:

Unconventiond  spectrum  dlocations will increese costs of both network and termind

equipment.  In addition, the variety of termind equipment will be limited. These factors
would tend to increase prices and reduce diffuson.

In Jgpan, CDMA is a 800 MHz. Jgpan ds0 has PHS sarvice aound 1.5 GHz. Due to
donificant time to maket advantages CDMA 2000 has echieved dgnificantly greater
success that has WCDMA in Jgpan. ®

F. China

China has dlocated spectrum for both GSM in the conventiond DCS1800 MHz bands and
CDMA in the convetiond 800 MHz bands Both GSM and CDMA opeaors have
achieved ggnificant penetration.  As in India licenses are regiond. Only China has
achieved more rgpid growth of mobile penetration than has India

G. Africa

Africa has very low per cagpita GDP. There is insufficient demand for service for the entire
2G and 3G gpedrum to be dlocaed. Africa has largely followed Europe, in that most
svice is GIM. GSM is much more common in Africa CDMA is avalade in a number of
central African cities.
H. Other Countries

Other countries have dlocated spectrum differently. For example, Hong Kong has one
CDMA license and severd GSM licenses.  Singgpore has three GSM operators who each
one 3G licenses in the EU 3G bands and one CDMA operator who turned back its license.
In Isradl, spectrum has been dlocated spectrum for COMA , TDMA and GSM.

V. POLICY GOALSAND EVALUATION CRITERIA

Any andyds of gpectrum dlocation polices requires a definition of the policy gods
According to the Depatment of Tdecommunications, the Government of India hes
“recognizeld] tha provison of world dass tdecommunications infragtructure and
information is the key to rgoid economic and sodd devdopment of the country” and

> CDMA was launched in Koreain 2000. At that time, CDMA was only firmly established in North America.
®Information about Japanese mobile network subscription by firm and technology can be found a
http://www.tca.or.jp/eng/database/dai su/index.html .



announced a Nationd Tdecom Policy defining ceatan important objectives, induding
avaladlity of tdephone on demand and provison of world class services a reasonable
prices. Additiondly, the Tdecommunications Regulatory Authority of India web ste ligs
“competition and efficiency” first among its policy gods.

A. Economic Efficiency

In order to trandate the above gods into quantifisble measures, | focus on two specific
quantifidle  objectives  economic  surplus  and  totd  tdecommunications  penetration.
Economic surplus is messured as the sum of consumer and producer surplus. Consumer
aurplus is the difference between totd vadue derived and the amount pad. However, as
there may be different prices for different packages, this surplus may need to be summed
across service offerings and price plans. Producer surplus is measured as the difference
between revenues and variable costs.

Totd tdlecommunications penetration indudes both  wirdine and mobile  phones
Higoricaly, teledengty has been measured by dividing the number of fixed access lines by
the populaion. However, for many, wirdess savice is avalable more widdy, more
affordable to consumers and less codlly to provide. Of course, due to the fact that it is eader
to disconnect a wirdess account, especidly with the prevdence of prepay service it is
gopropriate to incdude in a measure of teledengty only those mobile accounts for which
there were activity within 90 days of the measurement.

The two gods, economic efficiency and teledendty, can conflict a times Absent direct
government support of universal sarvice programs, economic  theory suggests that a
competitive maket will efficdently maximize both tdedengty and economic surplus.
Government programs may want to boost tdedendty beyond what may be possble absent
subgdy.

B. Engineering ver sus Economic Efficiency

The economic notion of efficency differs ggnificantly from notions of efficency tha
engineers usudly apply, or that TRAI has conddered in its recent Conaultative Report, to
compare different technologies and spectrum dlocation band plans.  Technicd evaduations
of dterndive technologies typicaly tend to focus on the daa throughput that can be
achieved with a given amount of spectrum from a sngle cdl, or, with a given densty of
cdll-sites over a specified area.

The advantage of a cdlular network is that it can reuse the same spectrum. Barring

interference from nearby cels, capacity of a network can be increased by reusing spectrum
more often. This can be accomplished by dhrinking the average cdl dze radius in a given

" The standard measure of engineering efficiency is Erlangs per MHz per square km. Thisis discussed in
more detail in the Appendix.



aea a leest until the cdl radius is reduced to the level a which interference between
adjacent cdls becomes a condrant. Very roughly spesking, doubling the number of cdls
in an area will double the cgpacity, other things equa. This is a very rough gpproximation,
as power and interference management will affect the available capacity, or erlangs, per
cdl as the cdls grink. The result of the process of optimizing cdlular architecture is tha a
great ded of traffic can be served with very little spectrum. However, there is a cost of
doing 0 — high network cogs due to the need for many cdls to compensate for gpectrum
limitations. More spectrum can reduce the need for gSoliting cdls and inveding in
additiond equipment. Therefore, there is an economic tradeoff between spectrum and

capital equipment expenditures.

Data networks differ from voice networks in that latency, or the tolerance for dday, can be
quite a bit higher. Indeed, on any voice nework, there ae “gaps’ that will dlow
tranamisson of some data because data does not usudly need the red-time open channd
of a voice communications. Therefore, a low data traffic levels there is essentidly no
tradeoff between voice and data capacity. This is not true a higher traffic levels for data,
and capacity planning for a wirdess data network or a hybrid voice and data network is
quite a bit different than it is for avoice only one.

CDMA is gectrdly more efficent than GSM and other time divison technologies. What
this means is tha a larger number of logicd voice channds can be caried over a given
amount of spectrum usng CDMA technology than usng GSM. This does not necessaily
mean that a CDMA network will have more cgpecity or will be more cogt effective. Indeed
a dense GSM network (one with smdl cdls having 3 or 4 sectors per cdl) with a large
capita invesmert, will provide more total Erlangs of capacity over a geographic area, than
will a sparse CDMA network with much less capitd invesment. Note that an option for
drinking or slitting cdls is to divide the cdls into sectors. So, for example, 120° sectors
would result in three times the capacity as a network with 360° sectors assuming the same
frequency can be re-used in adjacent cells and sectors.

Because of trade-offs, the question of what technology is more efficient often depends on
what is more cogt effective @ a given levd of usage. Clearly spectrum is a scarce resource
that has a vdue Therefore inefficient technology that requires lots of gpectrum but little
cgpitd may be less cost effective than a more efficient technology for which the eectronic
equipment is more expensve. Moreover, wha is mos cod-effective a one traffic leve
may be much less so & ancother.

For many different reasons GSM equipment has been less expensve than CMDA
equipment. More specificaly, the cost of provisoning the network for a given number of
GSM base dations may be less than it is for the same number of CDMA base dations. If
and when this is the case, GSM will be more cogt effective than is CDMA. And this is
more likely to be the case for low traffic dengties. For high levels of traffic, the reverse is
likdy to be true Moreover, a CDMA neiwork desgned for both high traffic and large
soectrum  dlocations may have great cost advantages over GSM  networks. Thus, the
optima  spectrum dlocation, i.e, the one that is most cost effective or achieves lowes totd
codts for a given levd of traffic, may be one in which the GSM operators have large cdls



and not much spectrum and the CDMA ones smdler cdls very highly loaded and lots of
spectrum. In addition, GSM may be more cost-effective for some operators because of their
contracts with vendors whereas for other operators CDMA will be more cost effective.
Dealed knowledge of informetion thet is typicdly highly proprigtary, induding specific
provisons of the contracts between operators and equipment vendors, is needed to know
the optima gpproach for dividing spectrum between operators and technologies. Precise
cog information is essentid to make such determinations. The mogt spectrum  efficient
technology can be prohibitivdly expensve or a lees much more expensve and rase
sarvice codts and end user tariffs.

The cogt and vaigty of termind equipment can vary with both technology and band. GSM
teminds and CDMA terminds do not offer identicd features Moreover, unconventiond
band plans can limit termind/handset can limit termind avalability and cods, as | have
discussed above.  The impact of termind cost on consumer and produce surplus is readily
messured and can be compared with other directly meesurable benefits. However, the
vaue of sarvice and termind diverdty is harder to assess  Consumers do not place uniform
vaues on vaiety. Measuring the vaue of increesed variety requires good market data
Such datais usudly difficult to acquire, especidly in advance of deployment.

To summaize, many dimendons of maket demands ae needed to optimize cdlular
sytems and spectrum dlocations For example to answver the quesion of the cost
effectiveness of GSM versus CDMA, knowledge of eventud usage paterns and,
consequently, cdl dengty is needed. The bottom line of these trade-offs is that it may not
be possble to know dl of he variables needed to optimdly dlocate and asign spectrum to
specific technologies As explaned beow, mechaniams to dlow the maket participants
with the rdevant information to make the choices of technology and spectrum assignments
are possible, practica and preferable.



VI. BASIC ECONOMIC PRINCIPLES OF SPECTRUM ALLOCATION
A. When to Allocate Additional Spectrum

This section discusses the economic principles that can be gpplied to determine when
additiond spectrum should be dlocated for provison of mobile sarvices Absent need for
“common arees’ or gpectrum reserved for future use, conventiond economic theory would
suggest that all potentidly vaugble radio spectrum be released essentidly with no dday. In
the event that not dl radio spectrum can be productively used in the near term, there may
be no more economic judtification for governmentd warehousng of spectrum than there is
for private sector warehousing.

A few factors suggest that the government should not release dl currently unused spectrum
for public use. Fird, spectrum can be vduable when made avalable for common or
unlicensed, use. One example of such spectrum is that now used for WIFI to provide short
digance wirdess broadband connections. However, many other spectrum commons
provide some bendfits, such as for Citizens Band Radio, Ham Radio, and unlicensed bands
used for cordless phones, baby monitors and garage door openers.

A second reason why the government might want to hold back spectrum is that there can be
noncommercid experimentd  benefits from some gpectrum being maintaned for such

PUrPOSES.

Third, if the only buyers or the mog likdy winnes of spectrum rights for a paticular
band, are speculators seeking to “flip” spectrum, then there is no red socid wefae loss
from the govenment retaining rights until technology deveops that would utilize the
gpectrum more effectively.

Fourth, spectrum rights can be an important source of nontax revenues for the government.
If taxes would be needed to supplement for lost spectrum revenues, then socid welfare
would be improved if the government were to try to time gpectrum sdes to increase
revenue proceeds.

Given these condderdions, a prudent agpproach, which can be bassd on economic
principles, is for the government to st a reserve price and to dlocate spectrum for which a
potentid licensee is a least willing to match the reserve price For 2G spectrum, and for
other reesons we explain in further detall below, public policy condderations suggest that
mog, if not dl, the avalable spectrum be released fairly soon. TRAI or WPC can set an
annud adminidrative fee par MHz and per POP to reduce the incentives for warehousing
of spectrum. The fee should not be 0 large as to block deployment of vauable new
savices. Spectrum that would be dlocated as a commons area should only be subject to
user fees, possibly assessed on equipment, to reduce congestion, but not license fees®

8 Administered incentive prices would be similar to these types of fees. Efficient prices require detailed knowledge of
marginal valuations and costs.



Nationd Regulatory Agencies typicdly assume that they should rdy mainly on engineering
andyses to asess the optima use of spectrum.  Such dependence on engineering will tend
to result in misdlocations for a number of reasons, especidly when maket forces can
asss. No enginesring sudy can possbly reech a definitive concluson absent proprietary
and confidentid information about equipment cods, which dso tends to change over time
Enginering dudies can describe how to use spectrum, but not how spectrum should be
used as they cannot predict consumer demand. Competitive pressures can often be rdied
on to achieve efficent dlocations without any intervention, and to aso create pressures for
firms to adjust spectrum in response to changes in market conditions.  Ironicdly, reiance
on engineering dudies often increases the risk of misdlocations as compared D reliance on
maket forces.  Moreover, dependence on enginegring andyds often implicitly overly
emphasizes technica efficiency without properly factoring in costs.  The mogt spectrdly
effident solution can be prohibitively expensve, and often better technicd solutions even
if not prohibitively costly, add so much to cogt asto sgnificantly retard diffuson.

Mogs successful spectrum policy can be dtributed to a licensng gpproach which provides
firms opportunity to acquire spectrum rights that dlows flexibility to introduction of
innovative technologies and sarvice offerings.  Indeed, the success of GSM in Europe
probably arises as much from the spectrum being released for private sector use in a timely
fashion. A contributing factor in North Americds lower mobile penetration is the dday in
dlocating PCS spectrum, which occurred approximady five years laer than in Europe.
The rgpid growth of mobile penetration in India is likdy in large pat atributable to making
wha had been initidly desgnaed as wirdess locd loop spectrum avalable for CDMA
mobile sarvices Not only did this decison meke avalable more spectrum but it dso
increased competitive pressure on incumbent GSM operators.

For thee reasons, meking as much spectrum available as quickly and with as few
resrictions as possble will best promote public policy interests.  This is true in large part
because rdaivey litle spectrum is avalable for commercid deveopment, most being
resarved for government and other public uses. Although there can be a solid economic
rationdle for resarving spectrum for future use, there is some empirical evidence that delays
in dlocating 2G spectrum have had a dgnificatly adverse impact on  peneration.
Therefore, awarding more spectrum with fewer redrictions should promote more rgoid
growth and penetraion. Given the potentid adverse impacts from ddaying spectrum
dlocations, ering on the dde of dlocating too much spectrum rather than too little, and
with fewer regtrictions on standards rather than more would be the prudent decision.

This line of reasoning suggedts that it is difficult for a regulaory agency to determine when
additiona spectrum is redly needed to dlow operators to expand their subscriber base or
wha technology and sarvice offerings will prove most popular. At one leve, once an
operator has one or a few carier channds it can continue to subdivide cdls to expand
cgpadity, a leest until a minimum cdl-gte radiusmaximum dendty is reeched. However,
thisignores the potentia impact on codts.

What should govern the tradeoff between spectrum and capitd equipment expenditures is
economics. In paticular, if one knows the true opportunity cost of the spectrum, and the



cog of the equipment, then the choice of how much spectrum is needed to efficiently serve
a gven levd of traffic becomes a rdaivey draghtforward optimization exercise. It is
much more difficult, if not impossble to peform such an optimizaion andyss when the
spectrum prices are not competitive market prices. On the other hand, if operators incur a
charge for spectrum, or can <l it, then they have incentives to economize, and minimize
tota codts.

B. How to Allocate Spectrum

In most countries, regulatory agencies manage spectrum dlocation. The regulaory agency
reviews applications for licenses based on legiddivdy determined public policy criteria
Traditiondly, regulatory agencies have decided how to dlocate spectrum among competing
proposas based on subjective evdudions. This type of evaduaion process is commonly
cdled a beauty contest. For decades, economists have argued that market mechanisms
should be used to efficiently dlocate spectrum.”

Over the past decade, auctions and other market mechanisms have been introduced for a
limited st of goectrum rights. The firg gpectrum auctions were conducted during the early-
1990's in New Zedand and the U.S. The idea behind the use of market mechanisms and
auctions is that prices should be used to raion the spectrum supply among competing users
and uses. If the vaue of a dice of spectrum is higher for one party in one gpplication then it
is for others currently usng that spectrum in different ways, then the entity with the high
vdue ue can compee by bidding up the price In this manner, competitive forces will
achieve and maintan an efficent dlocation of spectrum rights even or epecidly in cases
where the regulator cannot know dl of the rdevat information needed to make the
efficient dlocation decison.

Idedly, an initid dlocaion, whether by an auction, other market mechanism, or regulatory
review, would result in an efficdent outcome and maximization of totd surplus.  Allocations
which result in ineffident assgnments — such as giving GSM operators spectrum for which
only CDMA equipment is avalable and vice versa or not making adequate provisons to
limit need for guard bands by assgning operaors contiguous pectrum — will reduce both
economic efficiency and socid wefare,

It would not be in the public interest for any country to offer spectrum for which cusom-
made equipment would be required because cogts would likely be prohibitive.

Nor would it be in the public interes for bands to be patitioned so smdl as to require
guard bands that take up a high percentage of usable spectrum. Allowing operators to
determine thelr own needs, and to determine the spectrum they can get access to subject to
a few redrictions, such as cgps, would greetly reduce the likdihood of such inefficiencies
occurring. Moreover, as long as concession rights are trandferable and transaction cods are
not too high, spectrum manager concessons can agoproximate efficient dlocation and

® See Ronald Coase, “The Federal Communications Commission,” Journal of Law and Economics, Volume |l (1960): 1-
40, or Evan Kwerel and Alex Felker, “Using Auctionsto Select FCC Licensees,” Office of Plans and Policy Working
Paper No. 16 (1986).



assgnment of spectrum rights, no matter how they ae asdgned in the fird place. This
argues too in favor of spectrum trading.!® Indeed, initid dlocations can, for a variety of
reesons, be inefficdent.  Spectrum trading should be encouraged if only to correct for
inefficiencies caused by the initid dlocatiions. The benefits of so doing can be very large
especidly when initid spectrum holdings are highly fragmented and requiring a rdativey
high percentage of spectrum being needed for guard bands.

Spectrum trading does require some continued regulatory oversght.  For indance, absart
oversght, one paty may be ade to secure maket power by acquiring control of dl
goectrum that can be used for a savice TRAI or aty NRA will want to implement
appropriste monitoring procedures prior to dlowing spectrum trading. For smple swaps to
reduce guard bands, a smple regidration process will likdy suffice  For more complex
transactions, such as acquigtions or virtud network operaior or marketing agreements,
greter vigilanceis gppropriate.

C. How Much Spectrum to Allocate and How to Divide Spectrum Rights
Among Competing Operators

The basc economic principle that should be gpplied in determining the amount of Spectrum
to dlocate and how to dlocate it among competing operators and services is maximization
of the (possbly weghted) sum of consumer and producer surplus. Consumer surplus
depends on prices operaors charge and services offered, which, in turn, depends on the
amount of spectrum each has. Each operator will receive producer surplus equd to the
difference between revenues and varigble costs. Producer surplus aso depends on prices
each can charge.

Additiond spectrum should be dlocated as long as the incrementd totd surplus derived
exceeds opportunity costs. The opportunity cost of licensng a spectrum block is the vaue
that may be deived from re-dlocations that could not otherwise occur or from common or
shared use of the frequency. This gpproach suggests setting a reserve price for spectrum,
which can vay by frequency block and region, equd to its opportunity cost. No entity
should be &ble to acquire a license that is unwilling to a least match its opportunity cod. |
am not avare of any quantitative andyss of the opportunity cost of 2G spectrum reserved
for unlicensed, shared or future use.

For detemining how to divide spectrum among competing operaors, the same principles
would imply that spectrum should be dlocated based on its magind vadue to the different
operaiors assuming that dl operators are dlocated spectrum.*! These margind vaues
depend on not only how much vaue esch operator can provide consumers and the cods of
doing s0, but on the amount of spectrum they have and how much ther rivads have. The
margind vaue of a spectrum to an operator is not just a function of its cost dructure aly.

10 See Statement of 37 Concerned Economists, FCC (2001).

1t can turn out to be the case that marginal values of one operator is higher than that of another, yet, the total value of
former is so low, that it should not be allocated any spectrum. For example, equating marginal values of spectrum
between allocation for 1G and 2G technologies would suggest that a lot more spectrum shoul d be alocated to analog
(1G). However, thisiis clearly not the case, as analog technology is so inefficient that no amount of additional spectrum
could reasonably offset its technical disadvantages.



The magind vaue may depend on how much spectrum the operator has. Hence a
competitor with less gpectrum than its rivds may have a higher magind vdue for
incrementa pectrum. On the other hand, a firm may choose to purchase less spectrum than
its rivds in an auction or in seconday markets if it has lower margind vaues than its
rivals Margind vaues can depend on how much spectrum rivals have too.

There are sevard implications of the above andyss for decisons India will need to make
soon about soectrum dlocations Frd, firms that derive low margind vaues should not be
dlocated spectrum when it is scarce. Second, the amount dlocated to any one firm will
depend on its margind vaue which, in tun depends on its ability to use spectrum
profitably and efficently. A firm tha can save more cusomers and generate higher
revenues will have a higher margind vadue for spectrum, others things equd, than a riva
with a less effective technology and busness plan. Economic efficiency and public policy
condderations both suggest that less efficient firms should receve less spectrum, other
things equd. Indeed, if a technology is inefficient, eg, AMPS and perhgps in some
gtuations GSM, then it should not receive any spectrum.  In North America, the amount of
soectrum being used for AMPS is gradudly diminishing. This is occurring without any
government mandate. Rather, operators provide economic incentives for their subscribers
to shift to digital service. This process seems to be winding down now.

The above assumes no inddled base of old termind equipment and no switching cods
This andyss will goply directly to long run dlocation decsons In the short run,
mantaning an od, and inefficet, nework can be optimd, dthough both private and
public incentives will exig to encourage migraion. Government intervention might be
unnecessary, and may beill-advised, for managing such migration and re-farming.

Further, over time, the margind vaue of additiond gspectrum changes. With subscriber
growth, what may have been adequate a one point, implying low margind vaue, may be
inadequate & a subsequent point in time. What this means in practice is tha the margind
vaue of spectrum shifts up over time. As it does, the optima amount of spectrum for any
use or user will change.

The dove andyds is limited in tha it is not based on aty empiricd andyss of the
determinants of margind vaues. In generd, a firm with higher margind vadues should be
dlocated more spectrum. However, a more efficient technology may have higher margind
vaues for dl dlocaions or only for initid dlocations One way of imputing margind
vaues is to assess rdative savings of capitd expenditure for a given amount of incrementa
spectrum

D. Re-farming, relocation, and re-allocation of spectrum

When spectrum has been cleared for new applications, such as the clearing of microwave
for PCS in the US, or the shutting down of andog celular sarvice in Europe, the decison
to do so was essatidly a politicd one and ultimatdy decided by a governmentd ministry
or regulatory agency. Often this requires agreement from other agencies, such as defense
minidries. At times this decison involves some amount of politicd compromises or



supplemental  governmenta  treasury  dlotments. There have been a few exceptions. At
times, a government may subgitute an auction for annud firgd-come, firg-served licensng
on a fee bads This is now occurring in the 23 GHz and 35 GHz bands in Canada At
other times a government may provide the new licensee with secondary datus, and permit
those getting the new licenses to work out any arrangement they can with incumbents. The
secondary and primary status may be flipped after some period time. This was the case
with the US PCS auctions. After that auction, the incumbent point-to-point microwave
operators were required to relocate within a specific period of time. Incumbent microwave
permit holders were provided a definite time line for relocating. During the early part of
the trangtion window, the incumbent microwave operaors were provided primary daus
What this means is that new PCS licensees were not to be permitted to interfere with
exiging microwave operdions without ganing consent. FCC regulaions dlowed PCS
license holders to negotiate compensations to induce the microwave operaors for re-
locating and/or shutting down. After this period ended, the microwave holders were
provided ancther window in which they could continue operaions with secondary datus.
What this means is that they could continue to operate as long they did not interfere with
PCS operations *?

In other ingances, in the US and dsewhere, incumbents have been grand-fathered and new
licensees have been ale to negotiate with the incumbents. This has been the case with
MMDS frequency in the US and Mexico, and SMR (trunk radio) frequency in the US In
many cases, as in Europe with 1G, operators in the old spectrum have been shut down.
Gengdly, a pridng mechanian provides good incentives for firms to redlocate only when
it is cogt effective for it to do s0.2

This is not an uncommon gpproach when there are auctions of frequency bands in which
there is some limited use of gpectrum The US adopted this gpproach for trunk radio,
MMDS and PCS bands. Mexico adopted this agpproach for its MMDS licenses.

A rdaed issue is determining policy for re-alocating spectrum once a license expires. In
the US and dsawhere, many licenses have finite terms, eg, 20 years but with an
“expectation of renewa.” What this means is tha the license is effectivdy for an indefinite
teem.  An dternative is to dlow reauction of the spectrum. The economics literature
suggests that incumbents will have a drong incentive to outbid potentid entrants, and so a
policy of re-auction expiring licenses may in practice differ little from a policy of granting
renewds to firms continuing to make effident use of spectrum.**  Further, a policy that
dlows spectrum trading and refaming will tend to result in efficdent reassgnment of
spectrum without any regulatory intervention or re-allocation of spectrumrights.

12 See www.fee.goviwtb/auctions

13 See"The FCC Spectrum Auctions: An Early Assessment,"” Journal of Economics and Management Strategy, 6:3, 431-
495, 1997, and Kwerell and Felker op.cit.

14 See Vickers (1986) “ The Evolution of Market Structure When Thereis a Sequence of Innovations, Journal of
Industrial Economics, 35(1) 1-12.



E. Mergers, Acquisitions, Concentration and Economies of Scale or Density

Previous studies of the economies of scade for wirdess voice networks have shown there to
be some economies of densty or scde!® These studies have provided esimates of the
market concentration that may be efficient or dable — that is where economies of scde
levd off. This number will depend on dendty of the addressable populaion over the area
covered. However, few would argue that mogt aress would be able to support more than
four or five firms, and certainly not more then six.

These economies of scae, or dengty, can limit the number of vidble competitors and adso
Uggest that a rddivdy permissve policy toward mergers and acquistion is advissble —
especidly in markets dating with seven or eght operaors each having tiny dices of
spectrum. There would be two types of concentration limits that would be appropriate.
One, as discussed above, is a limit on the fraction of spectrum in the rdevant market that
any one firm could have. We suggested that this could be 30%. The other is the limit on
the share of subscribers in the market that the new firm could have. We would suggest thet
a relativey permissve leve for this share provide would be gppropriate provided that there
is adequate competition from firms that are just entering or can enter the market.

VII. SPECTRUM PRICING OPTIONS

This section provides andysis of specific spectrum pricing options as well as a brief review
of internationa experience.

A. Spectrum pricing principles

Until the mid-1990s gpectrum prices, assuming any, were st by NRAs.  Snce then,
spectrum prices have been st increesngly by auctions for initid dlocations. In addition,
many NRAs dlow secondary trading, which can st a market price Virtudly dl secondary
markets for spectrum operate through bilaterd negotiation. Such negotiations leave large
ranges of uncertainty, and are not trangparent.

Most countries impose some sort of adminidrative fees. These fees can be based on the
percaved vdue of the spectrum, which depends in large pat on the avaldbility of
equipment in the band, the populaion and demogrgphy of the license area and the
bandwidth. There have been severd Sudies of auction price determination within a band,
but not across bands. The reason for the lack of across band dudies is that each band's
vadue depends so much on the equipment tha can be used. For indance, televison and
PCS savices use roughly adjacent, and possbly the same, spectrum. The vdue of 5 or 10
MHz of spectrum for tdevison will be much different than it is for PCS. Genedly, lower
frequency soectrum is more vauable than higher frequency spectrum. However, the
avalability and naure of the complementary equipment can matter a great ded. Other
factors can affect prices, such as financid and other market conditions. For ingance, the

15 See David Reed “Putting It All Together: The Cost Structure of Personal Communications Services,” November 1992,
FCC Office of Plans and Policy Working Paper No. 28.



prices of LMDS spectrum relaive to 3G gpectrum was very low in most countries, such as
Ity and the UK, but quite high in Switzerland. The Swiss conducted ther LMDS auction
when the market view for that busness was probably at its dl time high. And the Swiss 3G
auction was essentidly uncontested — 4 bidders competing for 4 virtudly identica
licenses® The English and Itdians conducted theér LMDS auctions after the telecom
market turned back down.

Spectrum pricing can affect invesment incentives and incentives to offer new services.
Basc economic principles suggest that fees based on subscribers, percentage of revenues,
or traffic will provide disncentives for invetment as compared to lump-sum fees or fees
based on spectrum used. The reason is that if fees are sendtive to subscribers or revenues,
then an operator who invests in increesng subscription or revenues will lose a portion of
the incresse to higher spectrum fees However, when spectrum fees are independent of
subscription or revenues, this is not the case and subsequently, there are larger incentives to
invest in the new services.

B. Reserve pricesand market prices

Adminidratively determined prices can be based a number of different criteria Commonly,
two messures ae used to st resarve prices — the prices of gmilar licenses in other
countries and a cash flow andyds of the license vdue.  Adminidrative prices are
sometimes imposed as a subditute mechaniam for market prices. Any price mechaniam is
a mechaniam for rationing scarce supplies among competing demanders. When markets do
not exis or are not practicd due to regulation, adminidrative prices can serve as a proxy
for maket prices As is discussed in more detall bedow, Adminisered Incentive Pricing
(AIP), should be s in proportion to edimaied margind vaues AIP should NOT be
technology dependent, in that if two or more technologies can use the same spectrum for
the same, or even different, services the firms usng the different technologies should face
the same prices for spectrum. Offering firms different AIP prices based on technologies
creates a digtortion favoring the technology with the lower price.

Detaled information about the criteria used for setting reserve prices for 3G licenses is
limited to a few countries, including the UK, Latvian, Singapore, and Itdian 3G auctions
These resarve prices were more than starting prices in what was expected to be competitive
auctions. Indeed, except for the UK, the auctions were not very competitive — three bidders
for four licenses in Singapore, two bidders for three licenses in Latvia and Sx bidders for
five licenses in Itdy. The reserve prices represented a floor on what the government
minigtries consdered afair price.

In the case of Singapore, the reserve prices were based, in part, on a cash flow andyss In
the UK, the Radiocommunications Agency supposedly set reserve prices in pat based on
preliminary estimates of spectrum vaues, which were quite far off.>’ This was dso true for
the Brazilian auctions of cdlular frequencies a few years prior. In Itdy and Lavia there
was some condderaion to what smilar spectrum licenses sold for in other countries. In

16 \www.bakom.ch
17 Starting prices were approximately 100 million GBP, and final prices exceeded 4 billion GBP.



comparing spectrum vaues across countries it is important to compensate for differences in
addressable population, potentiad penetration and revenues.

France was apparently influenced by the 3G spectrum prices in the UK when it st the fee
for a 3G license. The French regulators did not anticipate the fal in the demand and st a
price 0 high that only two firms expressed interest in getting one of the four licenses. This
left two of the French 3G licenses undlocated.

In generd, the reserve prices or the license fees will depend on the population of the area of
coverage and the bandwidth. It has generdly been the case thet the fees, reserve prices or
upfront depodts have been proportiond to bandwidth. It is commonly the case that these
fees are ds0 proportiond to population. No regulatory agency that we are aware of fals to
account for differences in potentid spectrum vaue in setting reserve prices or license fees.
The spectrum prices generdly will not affect end user codts, provided the spectrum prices
ae not a shae of revenues nor related to subscription or usage The only affect that
gpectrum prices will have on enduser codts is to the extent that high spectrum costs cause
operators to economize on spectrum and subdtitute capitd. In that case, spectrum prices can
affect end user cods In the US, operators pad dgnificantly different amounts for ther
licenses. In many cases, the operators did not have to pay a dl - for the 800 MHz licenses
that the FCC assigned by means of lotteries or beauty contests. In other cases, the operators
pad market prices in auctions or in secondary transactions. If anything, te firms that pad
the most on average for the spectrum, Sprint and T-Mohile, have the lowest prices. It would
be difficult, however, to find ardation.

The public policy rationde for reserve prices can be based on a number of criteria  FIrg,
spectrum may have a current vaue in government hands or may have future vadue that may
not provide great ex ante benefits to any one firm. For indance, if there are two
technologies, each unproven and each with equa probability of success and the mogt likey
scenario is for one, but not both, sysems to work, then the private sector may undervaue
the spectrum. In this case, the government may prefer to only release the spectrum once
ome entity is willing to pay its far maket vdue ex pod, i.e, dter the uncetanty is
reolved. At times, license revenues will be a factor in setting reserve prices as reserve
prices can have a dgnificant effect on long run revenues, especidly when the spectrum is
dlocated for new and unproven technology.

C. Adminigrative pricesor user feesvs. market prices and auctions

Adminigtrative prices can be set S0 as to recover cods or as a substitute for market prices.
SHtting a positive price on spectrum can encourage its efficient utilizetion. Theided price
would be that which would prevail in & equilibrium in a perfect competitive market. At
such equilibrium price equas the margind vaue of spectrum to eech operator utilizing
positive amounts of spectrum. Margind vaue is measured as the value of the additiond
cgpacity the spectrum provides. An dternative measure of margind vaue is the savings of
other inputs thet is afforded when an operator acquires additiona spectrum. This has been
cdled the “leadt-cost dternative’ gpproach to AIP.



Auctions for initid dlocations, absent market imperfections, are likely to result in prices
that more closdy gpproximete the competitive ided than will the results of engineering and
market sudies based on higtoric informetion. However, auctions are not dways without
significant transaction cogts. Design and adminidiration of an auction, especidly one
ubject to the scrutiny typica in NRA rule-making processes, can require sgnificant
upfront codts, and & times the costs will exceed the vaue of the spectrum. For lower value
gpectrum, AP or another means of adminigratively determining market proxies can result
in more efficient outcomes than imperfect markets.

Auctions present risks aswell. Onerisk isthat auctions need not be equitable, especidly
when the bidders gart with different amounts of spectrum being granted by means of an
adminigrative process. While spectrum codts are fixed cogts, and need not affect margind
cods, firms who have to pay for spectrum competing againg firms who don't may acquire
less spectrum, raisng relative costs of cgpacity as well as face capitd budgeting condraints
for financing investments and innovations not faced by competitors. These congderations
can ultimately affect margind costs. To the extent possibly, a NRA should try to provide
al firmswith smilar opportunities prior to the art of any auction. Auctions can be biased
or present other risks. For ingtance, multi-attribute tenders often result in inefficient price
sarvice offerings, such as very low ar time charges accompanying intolerable blocking
probabilities. Sequentid auctions often result in misalocations, as the strong bidders can
guess wrong and wait too long to submit serious offers.

Auctions can have design flaws that result in pogt-auction license revocation or litigation.
Two of the Six “winners’ in the German 3G auction announced their intention to abandon
ther licenses, despite having paid €8 billion each. Onewinner in an early US PCS auction,
of nearly $6 billion of licenses, sued the Federd Communications Commission for
fraudulent conveyance in an effort to reduce their obligation. It took almaost a decade of
litigetion to resolve this. When only avery limited amount of spectrum is made available
for auction, prices can be unredigticaly high and winners can suffer awinner’s curse or
have plans to renegotiate. Well-designed and managed auctions will tend to mitigate these
rsks.

Note, the competitive idedl does not trandate to equd prices for dl gpectrum. Spectrum
should be priced in proportion to its value. Better pectrum should be priced higher. This
suggests that GSM, CDMA and WCDMA spectrum should dl be priced more or lessthe
same, as the spectrum is essentialy the same and even overlaps.

D. Spectrum pricing practice

Until the early 1990's, market goproaches for pricing spectrum were practicaly  unknown.
Snce then, countries have been turning with increesing frequency to auctions for initid
dlocaions and liberdizing spectrum trading provisons. The following table provides a
sampling of how 3G spectrum has been dlocated in different countries.

In addition, many countries impose various types of adminidrative or user fees range from
sndl sums for filing fees to a dgnificant percentage of revenues - as b the case in Hong



Kong and India'® Such fees tend reduce incentives to invest or expand service. The reason
is that the operator only retains a fraction of the incrementad revenues. Lump-sum fees for

licenses provide sronger invesment incentives than do royaties on taxes as a percentage
of revenues.

Table3: 3G Allocations

Per
No. of Population | Revenue | Revenue | Capita
Licences | Mehaod of Population | Per (USD) (USD) GDP
Country Awarded Allocation Total License Total Per Pop. (USD)
Switzerland 4 Auction 71m 18m $120m $17 36.7k
Netherlands 5 Auction 156m 31m $2.4b $154 24.7k
Germany 6 Auction 80m 13m $46b $575 26.3k
UK 5 Auction 585m 11.7m $34b $581 23.9k
South 2 Hybrid 46.8 m 234m $2.2b 7 8.7k
Korea
Austria 6 Auction* 81m 14m $1.2b $148 25.8k
Italy 5 Auction* 576m 115m $11b $174 19.1k
Spain 4 Beauty 394m 99m $500m $13 14.3k
contest
Finland 4 Beauty 52m 13m $2.2m 3 24.3k
contest
Portugal 4 Beauty 10m 25m $342m $137 10.8k
contest
France 4 Beauty 585m 146m $19.2b $328 24.0k
contest
Singapore 4 Auction 39m 1m $176m $45 26.5k

The above table is only meant to illudrate that spectrum is priced by means of different
mechanians in different countries.  The table dso shows is that the market prices are not
necessarily higher than adminidratively determined, i.e, beauty contest, prices. Moreover,
pricing can assume different forms such as a concesson fee, which is a percentage of
revenue (Hong Kong adopted this gpproach), a onetime fee inddlment payments or an
annud per MHz spectrum usage fee.

VIIl. POLICY IMPLICATIONS FOR SUPPLEMENTAL SPECTRUM
ALLOCATIONS

The above has implications for a number of issues now facing Indian regulators that are
discussed in the following section.

A. Release more spectrum sooner.
Economic princples and the limited empiricd andyds currently avalable both  support
releese of more spectrum sooner. Parcding out spectrum in smdl amounts only after there

iSs a drong case that the additiond gpectrum is needed is likdy to impar peneraion
growth.

18 Canada requires spectrum license holders to devote a percentage of revenues to research and devel opment.



Sandard property rights modds, based on pionesring work by Coase, argue that socid
welfare is enhanced by defining property rights and assgning them. The argument is that as
long as propety rights are defined and tradable, and transactions codts are sufficiently low,
the resource will be acquired by the paty placing the highes economic vaue on it. The
empirical evidence to date, though limited, does tend to support a liberd approach to
releasing spectrum.X® Holding back 50 MHz or 100 MHz for use only when need has been
firmly established may actudly retard growth. Data is available that can shed light on this
issue. It gppears that Indian mobile telephone operators may hit a spectrum or capecity
wadl. When this type of Stuation occurs, prices tend to spike. It is an empiricd question as
to how much risk there is of this occurring in India

B. Spectrum in the 800 MHz, 900 MHz, 1800 MHz and 1900 MHz bands can be of
immediate value.

Spectrum in the GSM, AMPS, DCSI800 and PCSI900 MHz bands dl have potentidly
high and immediae economic vdue At leest in the metropolitan aress it would seem
economicaly inefficient to resarve any of this spectrum for future use, even the 1920 —
1980 MHz bands Even if that spectrum might be needed subsequently for WCDMA, an
economicaly efficient gpproach to managing this spectrum might be to issue shorter
duration licenses, which may be a risk of beng re-assigned. The reassgnment, if any,
should be basad on economic criteria, i.e, willingness to pay of a new operaor reaching
some threshold. Economic theory would tend to favor an open auction for the renewd of
the license, or tha the threshold for reessgnment will be set preferably according to some
market-based process, or a lees adminidraively determined prices that attempt to
goproximate market prices?°

C. Spectrum rights should betradable.

Allowing spectrum rights to be tradable is necessary if regulatory authorities want to ensure
spectrum will be dlocated in an efficdent fashion. Regulatory authorities in a command
and control mode of dlocating spectrum rights, may fal to find an optimd dlocation ex
ante. Even if the spectrum is assigned efficiently ex ante, changes in market onditions can
meke initid dlocaions inefficent and then lock them in, thus creding the need for
redlocations. The fragmented way in which spectrum has previoudy been dlocaied and the
ingbility of operators to swgp dices 0 as to permit reduction of spectrum has resulted in
the need for guard bands that would othewise be necessry and in inefficient utilizetion of
spectrum.

Allowing spectrum rights to be tradable means operators can sdll excess spectrum or buy
additiond spectrum. This helps edtablish a price for gpectrum that represents its opportunity

9 One study on the costs of delay of the analog cellular (1G) allocationsin the United States measured the
costs of delay in the tens of billions of dollars per year. See Evan Kwerel and John Williams, “ Changing
Channels: Voluntary Reallocation of UHF Television Spectrum,” November 1992, FCC Office of Plans and Policy
Working Paper No. 27.

20 Edtimati ng what market prices might be in an imperfectly competitive market in which supply is subject to
stochastic capacity can be difficult due to the potential for unstable price dynamicsin such markets. See
Kreps and Scheinkman (1983) Bell Journal of Economics for a discussion of such markets.



cod, which, in turn, provides a powerful economic incentive to use spectrum efficiently. A
firm with excess spectrum, or one who can farly easly manage with less spectrum may
find it worthwhile sdling pats of its spectrum holdings Smilaly, firms who need more
soectrum  will economize on ther purchases Spectrum trading and refaming would
encourage firms to move toward bands tha are less congested, in that the less congested
bands will be less expensive.

D. For purposesof spectrum management, efficiency should be evaluated based on
economic and not solely on engineering criteria.

Efficiency is best measured by economic vaues created in terms of the weighted sum of
consumer surplus and producer surplus. In Appendix A, | explan how consumer and
producer surplus are messured. A higher weight on consumer surplus than on producer
aurplus can account for the fact that tdecommunications penetration is an important policy
objective.

Standards decisons should not be based on engineering meesures which may favor
technologicdly ided solutions impodng a sngle solution but which may have sgnificant
adverse dffects on vaue crested and on consumer demands. Vaiadbles such as
handset/termind  features and data throughput may metter more or less to different
consumers.

Competition dlows firms to talor ther offerings to consumer needs and preferences, and
for a wider variety of sarvice offerings than would be avalable with a single regulatory
mandate about what service should be offered and with which technology. Decisons about
band plans, sandards, and amount of spectrum needed for economicd provison of sarvice
is better left to private parties seeking to trade off benefits of additiond spectrum codts,
with costs of additiond capitd equipment and the vaue crested from expanding capacity.

E. A gspectrally efficient technology need not be the most cost effective.

The mod efficient technology need not be the lesst codly or cost effective a dl traffic
levels. Indeed, while CDMA may be more efficient in that a sngle base dation can serve
more traffic with a given amount of spectrum, many other factors need to be congdered in
identifying the optimd solution for any particular Stuation. For ingance, CDMA may be a
very poor choice of technology, as compared to GSM, for low traffic dengty and a very
good choice where traffic dengty is high.

The optimd network configuration, number of cdl-gtes spacing, €etc, depends on a
number of varidbles. At one extreme, with low traffic levels the spacing between cdl-Sites
needs to be sufficiently dense to ensure coverage. For higher traffic levels, the spacing
between cdls needs to be reduced 0 as to dlow gregter re-use of the frequency. Cdlular
technology dlows the same frequency to be reused many times. In CDMA, each cdl uses
the same frequency bands. In GSM and other technologies, the same frequency bands will
bere-used in essantialy every other sector or cell.



The number of cdls required to sarve an aea will therefore tend to be an increasing
function of the traffic. For mogt traffic levels, CDMA can serve more traffic per cdl than
can GSM. This does not necessarily mean that CDMA dways has a cost advantage, only
that fever CDMA cdls may be needed for some traffic levels than would be the case for
GSM. A number of vaidbles affect a network’s configuration. There are limits, due to
potentid interference, for how close cdls can be spaced. It is our understanding that GSM
cdls can be spaced more dosdy together than can CDMA cdls The &bility to place GSM
cdls more closdy together would offst some of its efficency disadvantages redive to
CDMA. 1t is ds0 our undergtanding that the power levels of the dgnds can affect the
spectrum and cdl ste cgpacity. High bandwidth services require higher power levels in the
dgnds These higher power levels meen that the spacing, both in terms of distance and in
terms of frequency, needsto be greater.

F. Band plans should be technology neutral.

The choice of a band plan can be a choice of technology. In particular, dlocating frequency
in 2 X 5 MHz pars from 1710 — 1785 MHz x 1805 — 1830 MHz is a decison in favor of
GSM over CDMA. This is unnecessary, and probably unwise. Reserving 1920 — 1980 MHz
for WCMDA is dmilaly unnecessay and possbly unwise Indeed, WCDMA has, in the
four years dnce the fird licenses were awarded in Europe, not yet become established as a
commercidly successful technology. The fact tha spectrum has been dlocated for
WCDMA does not mean it will succeed. Regulaory fia to determine Standards aways
runs the risk of choosng a sandard that does not work, and ddaying the dlocaion of that
gpectrum for productive uses.  Further, the 1930 — 1980 MHz portion of this band can be
used now to relieve spectrum condraints facing rapidly growing CDMA operators.

G. Limitations of spectrum release for future needs and for common use can best be
achieved by setting reserve prices.

Not dl prevous spectrum auctions have generated high prices Some spectrum auctions
have even faled to result in prices that meat opportunity cogts of the spectrum remaining in
government control. One example is the “wirdess communications services’ band a 2.3
GHz. In 1997, the U.S. FCC auctioned 30 MHz covering the entire United States for a little
less then $14 million®® The forecasted vaue was in excess of $1 hillion. To prevent
warehousng, and to ensure the government gets a far price, a floor or reserve price for
each band can be sat. The floor should not be uniform across bands. Those bands for which
equipment is available and which can be used to provide more vauable sarvices, ether
now or in the foreseegble future should have higher reserve prices.

H. Spectrum caps should be uniform across all technologies used to provide the same
set of services

Spectrum caps are generdly designed to ensure competition in the market for the services
provided usng the spectrum. In some countries, such as the United States, spectrum caps
were gengrdly aandoned in favor of more treditiond methods for limiting market power.

21 See the WCS auction results at www.fcc.gov/wtb/auctions.



A traditiond means of limiting market power would be to assess the impact on market
power, on a case-by-case bads dl spectrum acquistions, whether through secondary
transactizcz)ns, mergers and acquidtions or through direct purchases from the regulatory
agency.

When and where spectrum caps are gpplied to limit market power, severd factors should be
conddered in setting caps those caps.

1 Caps ae used to limit concentration of spectrum holdings and not to ensure every
firm has the same access to spectrum and technology. Caps on spectrum holdings
ae one means of limiting maket concentration in the maket for the services
offered using spectrum. One firm may choose a more spectrum  efficient
technology, and incur higher equipment codts, a second may choose a less efficient
technology for which equipment is less codly, and a third may drive to achieve
larger market share udng both more efficient technology and perhgps additiond
gpectrum. When spectrum  holdings ae not overly concentrated, market shares
should not be either.

2. Some consolidation, that is mergers, is likdy. Vey few other countries have more
then five operators competing, and where there are, consolidation is the rule rather
than the exception. Spectrum caps should be permissve up to the limits of desred
concentretion, 0 as to facilitaie efficency enhancing mergers. Spectrum  caps
should be goplied in the same manner to mergars as they ae to individud firm
license acquigtions. Indeed in India, where there may be up to eight operators in a
region, some consolidation isto be expected, and islikely desrable.

It is unusud for a government agency to be so biassd toward promating
competition, as appears to be the case in India, a the potentid expense of cods and
effidency. Permitting mergers and acquidtions 0 long as the concentration of
goectrum holdings, given the avaldble rdevant spectrum, is limited is likdy to
benefit consumers. The TRAI may want to limit mergers until dl rdevant spectrum
is reased, as a firm merging or acquiring a riva in a region 0 as to acquire more
gectrum now dill has the posshility of getting spectrum from the government.
International standards suggest that any spectrum cap should be st a no less than
30% of the totd spectrum avalable for 2G and 3G sarvices induding both CDMA
and GSM. Untl WCDMA is widdy deployed, the relevant market may be the
goectrum avalable for CDMA and GSM, and not the WCDMA  spectrum. Mergers
among firms operating in different regions are to be expected. There ae severd
reasons for this. On the demand or revenue dde, a firm with a larger footprint may
be able to offer roaming across a larger area, or on better terms and conditions, than
a firm with a smdler footprint. On the cost sde, equipment and handst cost and
avalability can depend on firm dze An operaor sarving a limited aea may not
have access to the same equipment or at the same cost as one serving a much larger
area. Typicdly, larger operators are the fird to gain access to new handsets, which

22 Below | discuss spectrum pricing principles. These principles are largely the same whether or not spectrum
caps are imposed.



can drive maket shae Moreover, thee ae many fixed costs of operaing a
network. The more subscribers afirm has, the lower its average fixed costs.

3. Spectrum caps should not be used to limit spectrum avalable to an operator because
the operator might not need the spectrum. An assessment of whether more spectrum
or more capitd equipment is a more codt effective means of adding to capacity is
essentidly an economic and finencid decison. This is a type of decison that a
regulaiory authority would have difficulty making without knowing eech firm's true
cost of cgpita and tolerance for risk.

4. Spectrum caps can be too redtrictive. Spectrum cgps should not be 0 low, even to
limit market concentration, SO as to result in dgnificantly increesed service cods

Setting spectrum caps very low can have asgnificantly adverse affect on codts.

I. Allow secondary licensing.

To the extent spectrum is being under-utilized, secondary licenang, which grandfathers the
rights to those who have the primary licenses can incresse utilization. The FCC adopted
this gpproach for 2G licenses in 1994 with rdaivey little difficulties. The FCC is now
conddering introducing a temperaure index to measure the potentid for interference. This
type of an agpproach could free up additiond spectrum, such as tha adjacent to corDECT,
without harming in any way aly exising opeaaions. Cae should be taken in defining
license conditions so asto limit potentid for disputes about interference.

J. Spectrum should be allocated in proportion to its marginal value.

In comparing spectrum to be dlocated to two operators with different technologies, the
decison should be based on the margind or incrementd vaues of spectrum. If one can
creste more vdue per MHz than the other, then it should receive incrementa Spectrum.
Indeed, if one technology is so inefficent that for it the margind vaue of spectrum is
always less than it is for the other, only the more efficient technology should be dlocaed
any oectrum. AA govenment regulatory agency has no need to decide on which
technology is more worthy of more spectrum, as it can st a price for spectrum and let
market forces determine the optimd dlocation. However, socid wdfare, penetration and
economic  efficiency ae dl reduced if inefficient operaiors are rewarded with more
spectrum for choosing for inefficient technologies.

K. Spectrum pricing should reflect marginal values. Equivalently, a mechanism for
pricing spectrum that approximates pricing in a perfectly competitive market will
achievethisresult.

Market mechaniams, absent market power and informationd asymmetries, tend to result in
prices that agpproximate margind vaues. Wdl-desgned auctions for initid dlocations and
secondary markets assuming secondary trading is possble will tend to result in efficent
prices. Regulatory agencies can try to st user fees to approximate market prices ad
margind vadues However, such €fforts are usudly both contentious and subject to



sgnificant messurement error. Even lotteries for awarding spectrum need not be teribly
inefficient if secondary markets are fairly efficient.?®

Two approaches have been used to set fees for new spectrum licenses. One is to compare
the vaue of the license with what gmilar licenses have been sold for dsewhere. This
method requires there having been auctions or other market transactions for amilar licenses
in gmilar types of locations. This may not be practicd for India The other is to devdop a
cash flow modd of the vdue of the license This gpproach can be quite sendtive to
assumptions about discount rates, teke up rates and terminad vaues. A third gpproach to
valuing spectrum, which should under compstitive conditions result in Smilar vauations is
to cdculate the cgpex savings of additiond gpectrum. In an appendix | discuss these
gpproaches in more detall.

L. Spectrum allocation should allow Indian operatars to take advantage of
equipment availability.

Spectrum  dlocations should maximize the bendfits of eguipment avalability. Lack of
equipment avalability can meke any spectrum policy ineffective or worse, destructive.
Worg of dl is locking into a band plan that depends on a dandard that may never prove
out. There are many such cases, even in very recent experience. Falures include CT2 (in
Europe), WCS (in the US), and LMDS and WLL (in both North Americaand Europe).

For this reason, TRAI and WPC should not deegate CDMA to unusud bands, such as the
Koreen PCS ones. Doing 0 will have little impact on congegtion in the bands currently
ussd for CDMA. Nor should CDMA be blocked from usng any of the spectrum in 1920 —
1980 MHz in the hope that WCDMA may eventualy prove to be a vauable technology.

IX. CONCLUS ON

India has achieved remarkable growth in wirdess communications over the past few years
Key to this growth has been the ability of Indian operators to operate efficiently to achieve
the low cods necessary to dlow them to offer low price services. However, growth can be
limited by spectrum condraints, as well as condraints on technology. If spectrum capecity
condraints become effective or spectrum dlocations do not permit operators to deploy
cos-effective equipment and offer handsets which are widdy avalable and cogt-effective,
then sarvice offerings will be condrained, prices will rise and growth will dow, if not stop.
Experience in other countries as is indicated by diffuson data, suggests tha spectrum
condraints have limited development of the wireless communications sector.

To avoid hitting a spectrum wall, it would be prudent to condder dlowing use of frequency
in the 1900 MHz bands for mobile voice and data services, such as CDMA, as soon as
possble While this can admittedly intefere with subsequent deployment of WCDMA,
releese of such spectrum will bring benefits sooner. This entire 1900 MHz band need not
be dlocated now, or, better yet those recelving dlocations can be dlowed to subsequently
swgp out older technology in favor of newer technology of their choice.

23 The US used lotteries for assigning some AMPS cellular licenses



APPENDIX
Total Surplus, Marginal Valuationsand Efficient Allocations of Spectrum

This Appendix describes how to derive totd surplus resulting from different spectrum
management policy options as wedl as how to deive optimad spectrum dlocations under
eech option.

A. Measuring total surplusfrom a spectrum allocation

| have daed dbove that spectrum should be dlocated to maximize economic surplus.
Economic surplus can be messured based on supply and demand curves, assuming these
ae obsarvable Economic surplus is messured as the sum of consumer and producer
aurplus.

Figure A-1

Economic surplusis defined as the sum of consumer and producer surplus. Figure A-1
above illugtrates how consumer surplus (CS) and producer surplus (PS) are messuresin a
perfectly competitive market. With the price P* and quantity sold Q*, the area CS represent
the difference between total vaue derived and amount paid. The area PSis the different
between revenues and variable cogts. Although the Indian tdlecommunications indudtry is
not perfectly competitive, surplusis measured using the same principles. Consumer surplus
is dill the difference between tota vaue derived and amount paid. However asthere may
be different prices for different packages offered, this surplus may need to be summed
across service offerings and price plans.

We would messure totd tdecommunications penetration by induding both wirdess and
mobile phones Hidoricdly, tdedensty has been messured by dividing the number of



access lines by the population. However, for many, wirdess service is more affordable and
ds0 less codly to provide Of course, due to the fact that it is esder to disconnect a
wirdess account, especidly with the prevdence of prepay sarvice, we would suggest
incduding in a messure of tdedendty only those mobile accounts for which there were
activity within 90 days of the messurement. The two gods economic efficdency and
teledengty, can, a times conflict. Absent direct government support of universd service
programs, economic theory suggeds that a compditive maket will maximize both
teledensty and economic surplus. However, government programs may want to boost
teledensity beyond what may be possible absent subsidy.

B. Measuring marginal values of spectrum and deter mining the optimal
allocation of spectrum across operator s and technologies.

Messurement of the margind value of spectrum is not a draightforward exercise in that the
vadue of spectrum is only deived from the vaue of the sarvices provided using tha
spectrum. In the case of 2G spectrum, this means wirdess voice and data

The vaue of the sarvices depends in pat on the amount of spectrum each firm has. For
ingance, the margind vdue of the firda 10 MHz of spectrum to the firg firm in a
geographic market is not the same as the firda 10 MHz to the second firm to enter the
market or the 10th firm. Indeed, past some n, the vaue of 10 MHz to the rth is likdy to be
zero.

Many have argued that in many markets the critical vaue of n ranges between 2 and 5 or 6.
More generdly, the vaue of an incrementd few MHz of spectrum to one firm, when there
ae N firms in the market, each having possbly different amounts of spectrum, will depend
on the prices and market shares each will gain.

As competition for wirdess sarvices is limited to a few operators in any one area the
dandard competitive paradigm, in which dl firms are price tekers and can sdl dl they want
a the maket price, is ingppropriate. Moreover, cusomer acquidtion costs and churn are
not dandard pats of any of the exiding economic theories of oligopolisic competition. A
ressonebly complete modd of competition among wirdess operators would need to teke
account of subscriber inertia, churn, and cusomer acquistion cods. Economic theory
presents two extreme modds, a price competition modd, known as the Edgeworth-
Beatrand modd, and a quanttity competiion modd (or of competition in capacity), known
as the Cournot model. Spectrum holdings affect the cost of capacity. In a capacity/Cournot
modd of compdition, a firm with more spectrum would have lower totd cods for
providing any levd of capacity. Note, this does NOT mean that margind capacity codts are
dways lower. For indance, once a network provides complete coverage, the cost of
converting cdls from 360° sectors to 180° or 120° is reatively low. And, it can be the case
that an inefficient technology has lower margind costs over a range of capacity, as the cost
of the incrementd radio capacity is low, than does a technologicdly more efficient
technology. This suggests that the margind cost of capacity of GSM can in some places be



less and others higher than CDMA even if CDMA is eveywhee more efficient.
(Mathematicdly, margind codt is the derivative of the tota cost function.)

(If two firms are competitive price takers, and there are decreasing returns to scae, so that
magind cods ae an increesng function of cgpecity, then the low cogt firm will, a
equilibrium, condruct more capacity. If there are increesng returns to scae, then the low
cog firm's expandon will meke it increesingly difficult for higher cogt rivds to reman
competitive. In oligopolidic indudtries, costs and capacity or quantity need not be
correlated.)

The magind vdue of CDMA will be higher then GSM when both have no spectrum,
independent of market dructure, as the amount of spectrum needed to serve a given number
of subscribers will be less foo CDMA than for GSM. Smilaly, if both a GSM ad a
CDMA network operator are a capacity given each has only built for coverage, then the
margind vaue of spectrum for the CDMA operator should be higher. This logic suggests
that a an optimd dlocation, CDMA operators should be dlocated more spectrum, invest in
more capita and network equipment and serve more subscribers than to GSM operators.

1. Measuring marginal values of spectrum
Economic principles, as we have dready discussed, suggedts that the man criteria
to use for dlocating spectrum is margind vaue. Measures of margind vaue should
include incremental consumer surplus as wdl as producer surplus or  profits.
Consumer surplus can receive higher weights the more heavily policy wants to
favor consumer wefae and peneraion gods Unfortunady, measurement of
margina vaue of gpectrum is not astraightforward exercise.

The vdue of spectrum is only derived from the value of the services provided usng
that spectrum. In the case of 2G gpectrum, this means wirdess voice and data. The
vaue of these services to consumers depends a greet ded upon the prices the firms
charge for sarvices, which, in turn, depend upon the amount of gectrum each firm
has. Moreover, the producer surplus adso depends on the amount of spectrum each
firm has. This means, for ingance, that the margind vaue of the firda 10 MHz of
gpectrum to the firg firm in a geographic market is not the same as the firs 10 MHz
to the second firm to enter the market or the 1Qth firm. Indeed, past some n, the
vadue of 10 MHz to the nth is likdy to be zero. Many have argued that in many
markets the critical value of n ranges between 2 and 5 or 6.

More generdly, the combined vaue to consumers and producers of an incrementa
few MHz of spectrum being alocated to any one firm, when there are N firms in the
market, eech having possbly different amounts of spectrum, will depend on the
prices and market shares each will gain. To assess these vaues then requires some
assessment of the prices, market shares and penetration in different scenarios. If this
were a pefectly competitive indudry, this would not be such a difficult exercise
However, compstition for wirdess services is limited to a few operators in any one
aea Thaefore the sandard compeitive paradigm, in which dl firms ae price
tekers and can I dl they want a the market price, is ingppropriste. Moreover,



cusomer acquidtion costs and churn are not sandard parts of any of the exiging
economic  theories of oligopoligic competition. A reasondbly complete modd  of
compstition among wireless operators would need to take account of subscriber
inetia, chun, and cusomer acquigtion costs. Economic theory presents two
extreme modds, a price compdition modd, known as the Edgeworth-Bertrand
modd, and a quantity competiion modd (or of competition in cgpacity), known as
the Cournot modd.

Rather than try to solve a complete modd of the India wirdess sector, we focus on
dterndive goproach to measuring vaue. This dternative has roots both in
economic theory, as dud to a direct goproach of modeing the competitive market,
and dso roots in traditiond financdad and account meesures of vaue In particular,
we deveop a measure of gpectrum vaue that is based on the capitd expenditure
savings provided by the incrementa spectrum.

This vdue will not be one definite amount, but will depend on the amount of
capacity (as measured by traffic) being povided. This is because spectrum holdings
affect the cost of cgpacity. With a large target capacity, the margind vadue of
goectrum can be quite a bit higher than it is when a firm is seeking to provide a
lower level of capacity.

There are dternaive means of development capacity cost modes. As subscriber or
traffic dendty determines network cgpacity requirements, the cost will depend, in
pat, on demand or traffic assumptions Given a leest one carier channd, ay
network built to cover a region will have a minimum amount of cgpecty. For
example, if with minima amounts of radio and dectronic equipment, a cdl can
provide X erlangs of capacity or sarve Y subscribers, and coverage requires N cells,
then the samdlest feasble network will essentidly provide a cgpacity of NX erlangs
and be ale to serve NY substribers. Note, there will be some incrementa cdll
processng codts for each additiond subscriber. Therefore, costs as a function of
cgpacity may have parts that are dose to flat with periodic jumps.

The above assumes that the capacity per cdl is uniform. In most networks, some
aress require more capacity per square km than others, and so this is not how cods
will necessarily vary in practice across a network.
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After the traffic reaches some criticd leved, K* in the above figure, each cdl would
need to be it into sectors, and/or additiond radio channels usad in order to further
increese network capecity. After some point, the spectrum would “run out” and the
cels would need to be “slit”. What this means is that cdls would be needed to be
placed closer together than is necessary to ensure coverage. In practice, this
golitting of cdls can be accomplished in one of two ways (1) During the planning
dages, the cell-Ste radius can be planned to match a target capacity. In this case,
cos will be a continuous function of capacity. (2) After the network has been
congructed, new cels can be added. In this case, cedl-gte densty is unlikdy to ever
exactly mach capacity targets and the cost function will have further jump
discontinuities, as is the cae aove. Figure A-2, ds0 shows that more spectrum
will tend to cause the cost curves to shirt down and to the right. The verticd
digance between the two curves represents the incrementd vaue of additiond
spectrum at any particular cgpacity leve.
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Hgure A-3 compares two technologies. As is shown, one technology is more cost
effective a low levels of cgpacity or traffic and the other for higher levds This
may be the case for GSM and CDMA. An increese in the amount of spectrum
avalable to one would shift the corresponding cost curve down and provide a
measure of the value of the spectrum to that network a each capecity level.

This gpproach to measuring spectrum vaue has some immediate implications. This
goproach suggests that the margind vadue of CDMA will be higher than GSM when
both have no spectrum, independent of market dructure, as the amount of spectrum
needed to serve a given number of subscribers will be less for CDMA than for
GSM. Smilaly, if both a GSM and a CDMA nework operdtor ae & capecity
given each has only built for coverage, then the margind vdue of spectrum for the
CDMA operator should be higher. This logic suggeds that a an optimd dlocation,
CDMA opeators should be dlocated more spectrum, invest in more capitd and
network equipment and serve more subscribers than to GSM operaors.

. How to optimally allocate spectrum among competing operators
This section daborates on Section V' aove, more fully describing the optimd
conditions for determining how to divide a specific block of spectrum for example,



among wirdess operaiors competing for subscribers. We describe the economic
criteriathat should be gpplied, assuming the god is maximizing socid surplus

The following brif economic andyss of how to optimdly dlocate frequency
between different gpplications and operators. In particular, we condder the specific
problem of dlocating frequency between a smdl set of operaiors, each possbly
having a different technology. We assume a dngle fixed region, dthough the

andyss extends quite directly to a case in which there are multiple regions and the
different operators may be alocated different amounts of spectrum in each.

Each operaor will place a vadue on spectrum depending on how much they have
and how much ther rivas have. Moreover, the fact that the spectrum may have an
dternative use, means that it may not be wefare maximizing to dlocae it dl to
those seeking it for a particular gpplication. In the following figures, we let Ps per
MHz dencte this opportunity cost of spectrum.

Hgure A-4 illusraes how a fixed amoutt of spectrum should be optimdly
alocated between two carriers.
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Figure A-4

In FHoure A-4, | assume there ae M Mhz of spectrum to be divided among two
firms, A and B. | have dravn magind vadue curves, messuring B’s amount of
gpectrum and margind vaue darting from the point labded M. If one were to solve
the fallowing:

Max {VaMa Mb) + Vb(Ma Mb) : Ma+ Mb j= M},



where Vj(Mj) is j's vdue from Mj MHz, the solution would require thet the A’s
magind vdue of incrementd spectrum, Va?Ma equd B's magnd vdue
2Vb/I?Mb.

Note, if either A or B could purchase spectrum & a price Ps, they would each wish
to purchase spectrum up to the point a which margind vaue just equds price. Less
goectrum, asuming diminishing margind retuns, means margind  vaues exceed
price, in which case, profit would incresse by purchasng additiond spectrum.
Conversdy, if a firm purchasng more spectrum would find that the incrementa
vdue of the lat few MHz would be less then the price Profit maximizeation
requires Ps = Val?Ma = ?Vh/?Ma  Bu, this is the same condition that holds & an
optimd dlocation. Therefore, a market solution is likdy to result in an optimd
divison of spectrum among the operators, even without regulatory intervention.

Hgure A-3 illusrates how the above andyss geneardizes to more firms by showing

the optima dlocation of gpectrum among three firms. Additiond firms can be
readily incorporated into the modd.
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Hgure A-5 depicts the optima gpectrum dlocation with three firms and two
gpectrum prices (or margind vaues). When the spectrum is very scarce, S0 that its
opportunity cod, or price, is high, PH, firm A should gg¢ 4 MHz, and firm B
dould recdve SI MHz. Frm Cs magnd vdue of gectrum, even a its
maximum, is too low to judify providing it any incrementa spectrum. When the
gpectrum is reaively abundant, so it has a low price or opportunity cost, PL, then A
should recaeive S5 MHz, B should Ss MHz, and S3 MHz. Such an dlocation would
equate magind vaues across the three operators. In Figure A-4, we show the
optimd divison of spectrum across four firms.
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There are saverd implications of the above andyss for decisons India will need to make
soon aout spectrum dlocations. Frd, firms tha derive low margind vadues should not be
dlocated spectrum when it is scarce. Second, the amount dlocated to any one firm will
depend on its magind vaue which, in tun depends on its adlity to use spectrum
profitably and effidently. A firm tha can save more customers and generate higher
revenues will have a higher margind vaue for spectrum, others things equd, than a riva
with a less effective technology and busness plan. Economic efficiency and public policy
condderations both suggest thet less efficient firms should receive less spectrum.

Further, over time the margind vdue of additiond spectrum changes With subscriber
growth, what may have been adequate a one point, implying low margind vaue, may be
inadequate & a subsequent point in time. What this means in practice is that the margind
vaue of spectrum ghifts up over time.  As it does, the optima amount of spectrum will
increese. The above andyss is limited in that we have not yet characterized the shape of
the magind vdue curves In gened, a firm with higher margind vdues should be
dlocated more spectrum.  However, a more efficient technology may have higher margind
vadues for dl dlocaions or only for initid dlocaions One way of imputing margind
vaues is asess rddive savings of cgpital expenditure for a given amount of incrementa
spectrum.
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Figure A-7
In Figure A-7, the optimd amount of spectrum for this operator incresses from Sl in year 1

to & in year 2. This is the result of the increase in the margind vaue of spectrum from
year 110 year 2.
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Figure A-8



In Fgure A-8, one technology dominates the other. The dominated technology should not
receive any spectrum. Over time, new technologies can emerge and force others out of the

market.

These are Satic diagrams. If technology A has an ingtalled base, or wider availability of
complementary products, such as handsets, it might not be optima to shut it down the day
technology A appearsin the market. However, over time, technology A should seeits
customer base defect to B, unless the cost of the complementary products (e.g., handsets) is
high.

Application of the above andydsto determine optima goectrum alocation requires
detailed information about technology and cogts. In what follows, | provide avery brief
description of the main cost determinants for wireless voice and data networks, and explain
the main differences between GSM and CDMA.

There are three main capital expenditure requirements for both types of networks, central
switches, often called mobile switching centers or offices (MSCs), base sations and
associated eectronics, which are the Stes for the antennas and receivers and tranamitters,
and the backhaul fadilitiesto link the different nodes of the network. The main factors
determining the required number of base dations are traffic, coverage, technology and
some engineering decisons about how the frequency is re-used.

For low traffic levels, coverage is a condraint on the number of base Sations, asa
subscriber can only communicate with a base gation if the two are not too far gpart. Inthis
dimension, CDMA may not have sgnificant advantages over GSM. However, for
moderate to high traffic levels, it becomes necessary to re-use spectrum more intensvely.
What this means is that the required number of base gations will increase only &fter the
traffic in agiven areais sufficently high. Up to that point, thereislittle incrementa base
dation or back haul cogt of increasing capacity. The sameis not true of switching codts,
which tends to be proportiond to traffic levels.

As CDMA tends to provide better capecity for a given amount of frequency, a sndler
number of CDMA base dations can save ay given number of subscribers.  Therefore,
absent cogt differences in equipment or handsetss CDMA should provide a given amount of
svice a a lower cogt than does GSM. There are possbly rdevant cost and traffic
configuretions that would give GSM a codt advatage over CDMA, but this would tend to

require fairly low traffic levels and lower GSM network codts.



