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Executive Summary

LGQ& 0 S Swin fdr voireNdSIhdid. India
positions itself as number two nation in new
world order. However the broadband
leadership isdominated by Southkorea, Japan,
Hongkong, Sweden, Switzerland, Netherlands,
Singapore, Luxemburg, Denmark and Norway.

India ranked 62 in global broadband leadership
scale with average download and upload
speedsrecordedway below thanthe needs of
current internet applications The current
internet visual applicatios require consistent
2Mbpsdownlink andl Mbpsuplink data rates.

In our analysis we found that e average
broadband sgedin country isbelow 600 kbps

in downlink and 300 kbps in uplinklheleading
broadband nationsvere found above 8 Mbps in
downlink and 2.5 Mbps in uplink and the access
latencies wee found below 80 millisecondls

Broadband penetration by number of
households was estimated between 5 to 6 %.
The availability of broadband networks has
especially improvedafter beginning ofEvDo
services in country. The mobile boadband
networks weredeployed in top 100 ties by
four wireless operata i.e. Reliance, TATA,
BSNL and MTS.

The data collected from\EDo Networks infive
metro citiesimply averagedelivery of 300 kbps
in downlink and 150 kbps in uplink On
average,Hyderabadperformed best with 250
350kbpsaveragedownloadspeedand 100125
kbpsaverageupload speedand New Delhivas
at the bottom with 210 kbps fordownload and
130 kbps for upload.

! cisco
http://www.cisco.com/web/MT/news/09/news 021
009a.html

The number of broadband connections in
country is less than 10 Million, whitis fewer
than 2 % of the total number of voice
subscriptions  in  India. Total nternet
connection in India imbout 15 Millionas per
statigics released by regulatory of India,
representing less than 1% of togabpulation.

The princiml challenges n delivering
broadband to massgare excessivehhigh right
way charges, fragmented cable operatgrson
cooperation in last mile copper unbundling
and low data ARPU The total amount of
spectrum allocated by regulators for broadband
applicationin countrywastoo little to support
proliferation of broadbandervices

The nev 3G/BWA spectrum andthe advent
WIMAX and LTE basedG technologieswill
play crucal rolein shaping broadband industry
in India. Our analysisn this paper exemplifies
the competenceof 4G technologies like WiMAX
and LTE to deliver broadband in most
competitive manner.4G technologies has the
potential to bridge the digitatlata gap inindia
and wil play very similar role what 2G
technologies played in Voice.

A need for strong nationalbroadbandpolicy is
felt to foster social andeconomic development
in Indiaand accomplistbroadbandleadership
Analysis presented in the papeestimates
allocationof at least 270 MHz ofiew spectrum
in next fie years and over 450 MHz of
spectrum in next 1O0years for broadband
applicationswould be inevitably required to
take India to top broadband nations.
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Introduction and motivation

Broadband is the greatirelessinfrastructure

challenge of tis century and broadband in
India is no exceptiorLike electricity a century
ago, broadband isin underpinning foundation
for economic development employment

creation, universal competitiveness andan

enhancedwvay of life.

Availability of ubiquitous broadbandenables
entire new industry and unlocks vast new
possililities for existing ones. Broadband is
changing how we educate children, deliver
health care, manage energy, ensure public
safety, engage government, @n access,
organize and disseminate knowledgelhe
number of Indiansvho haveinternet acces$fias
grown from eight million in 2006 to nearly 15
million in early 2009Increasingly capable fixed
and mobile networks allowndianconsumergo
access a growing number of internet
applicationsand helping them in transforming
their life.

It is unfortunate thatbroadband in India is not
all it neals to be. Less tharb % of the
household population in India has true
broadband connection in countryand more
than a billion people has limitation in accessing
broadband This in contrast with the number of
subscriber who has voice connection is
enormous disparity. Broadband in India is
catching up but behind many dveloping
countries and developedations.

The situation of broadband hasvorsened
further with continwal delay in allocation of 3G
and broadband spectrum in  country.
Government of Indiahas the responsibility to
design policies which will ensure fair
competition for consumer welfare, efficient
allocation of spectrum, rightf way to ensure
network availality and reform laws, policies,
standards and incentives to maximize the
benefits of broadband in sectors government

influences significantly, such as public
education, health care and government
operations.

In this paper wewill present the state of
broadbandAy ! &ALl Qa Y2ai
growing economy ands 2 N.J second largest
wireless market only after China.

The greatest motivation to write on this
particular subject is to present theshape of
broadband inthe country and als@ive you an
idea about the broadband opportunity which is
latent in the country. With advent of 4G
technologies like WIMAXITE and allocation of
new broadband spectrum in countrythe
developmentof broadbandis expected togrow
up at arapid rate.

In this white paperwe will present all aspects
of broadband in India with our analysis and
suggestions to take country in to the league of
top broadband nations.

LINE2 YA & |
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Current shape of broadband in
country

It is been generally understood that broadband
proliferation is linked to social and economic
benefits and that countries with high
broadband availability have broadband on their
national agenda.

A recent study by Univeity of oxford, and
Cisco established the fact that high broadband
penetration drives innovation, labor
productivity and competitiveness. Th8tudy
also focused on the minimum performance
requirement for current broadband connections
and found that 28 to30 countries are meeting
the requirement of current internet
applicdions.

In 2009, new insight into who the global
broadband leaders are by combining data for
SI OK O2dzy i NBE Q&
measure of the quality of broadband services
actually experienced o its citizens was
conducted by a team of MBA studsrfrom the
Said Business School at the University of Oxford
YR (GKS ! yAGSNBRAGE 27F
Applied Economics, and sponsored by Cigas
published.

Highlights and key facts of tlstudy;

e Overall average broadband quality
increased acrosshe globe in 2009 Global
average download throughput increased by
49% to 4.75 Megabits per second (Mbps
and dobal average upload throughip
increased by 69% to 1.3 Mbps.

e Global average latency decreased by 21% to
170 milliseconds

Top 10 nations onerms ofBroadbandquality
are;

2CISCO and Saltp://bit.ly/dm5RH7

ONBI RO YR

Figure 1 : Broadbanguality scores

Broadband

quality
Score 2009

Broadband
penetration(%
of household)

Rank Country

1 South Korea 97%

2 Japan 64% 64
3 Hong Kong 99% 33
4 Sweden 69% 57
5 Switzerland 90% 40
6 Netherlands 83% 46
7 Singapore  96% 32
8 Luxemburg 99% 27
9 Denmark 82% 45
1 Norway 84% 38
6 India 3% 20

Broadband leadership Ranking

LISYSUNI GA2Y GAGK |k
There is a huge leapfrog opportunity in India
and other emerging arketsas per the findings

of the studied The minimum average
AayRlaagsspesd for sugnojfinggayremenior 5 ¢
current application was estimated & 75 Mbps

in downlink and 1.3 Mbps in uplink with latency
in the range of sull00 milliseconds in 2010.

The broadland leadership was dominated by
Southkorea, Japan, Hongkong,Sweden
Switzerland, Netherlands, Singapore,
Luxemburg, Denmark and Norwakhe average
download speeds of thesmations werefound
above 8 Mbps in downlink and 2.5 Mbps in
uplink and the accessatencies were found
below 80 milliseconds.

* 3 Cisco
http://www.cisco.com/web/MT/news/09/news 021
009a.html
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39 countries have a Broadband quality scores
above the threshold required to deliver a
consistent quality of experience for the most
common web applications today, such as social
networking, streaming lovdefinition video,
web communications and sharing small files
such as photos and music.

Nine countries, South Korea, Japan, Sweden,
Lithuania, Bulgaria, Latvia, The Netherlands,
Denmark and Romania, were found to have the
broadband quality required for futureweb
applications, such as high definition Internet TV
viewing and higkguality video communications
(such as home telpresence) that will become
mainstream in the next 3 to 5 years.

India ranked 62 in global broadband leadership
scale with average dowwméd and upload speeds
way below the threshold of current internet
applications requirement Broadband
penetration by numberof households was
estimated at 50 6 %

Figure 2 Broadbandeadership scorés

® Said Business School ,
http://www.sbs.ox.ac.uk/Pages/Search.aspx/Results.
aspx?k=broadband%20quality
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Figure 3 Broadbandbenetration

Broadband Penetration in India

Broadbandpenetration in India is about %o of
total household which has improved more than
3% as compared to similar period in 2008.
Wireless technologies in last one year have
facilitated in expanding coverage foeipt and
availability of mobile broadband networks in
India. By far the largest network is CDMA based
EvDo Rev A, and after the launch of Rev A
networks in country, thecoverage penetration
hasincreased ¢ 6%.

Over 75% of theinternet connections in the
country are facilitated by state controlled
operator BSNL/MTNL

=

.__’__l—___.//'

Customer base in Million
O FRP NWBRWULOGONOWWWLO
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~—BSNL -=-MTNL RELIANCE ——BHARTI —SIFY

Figure 4 Totallnternet connectionsn country

The coverage of broadband networks has
especially improvedafter beginning of EvDo

services in country. The EvDo basedmobile

broadband networks wereeployed in top 100
cities by four wireless operatsri.e. Reliance,
TATA, BSNL and MTS. The coverage is mostly
limited to city centers or areas highin
broadbandpotential; neverthelesst has higher
reach as compared to wire lineedloyments.

Figure5 : Reliance Efdo Coveragé

® BP Tiwarihttp://www.beyond4g.org/india
wirelessmarketupdate-2h-2009

www.beyond4g.org Current shape of broadband in count_


http://www.beyond4g.org/india-wireless-market-update-2h-2009
http://www.beyond4g.org/india-wireless-market-update-2h-2009

State and Opportunity of Broadband in Indie

Ahmadabad | Hyderabad Pune e ackem
Ajmer Indore Salem - Reliance EV-DO : 62 Cities
Bangalore | Jaipur Surat

Bhaopal Kakinada Thiruvanthapu )

Sl erasees
Bhilwara Kata ram, ki P
Chennai Kolkata Tirupur e

Chandigarh | Ludhiana Udaipur Fapsean

IFE| Vi A
Coimbatore | Lucknow Ujjain srar Sl
Dewas Mangalere Vapi e
Delhi Manipal Vadodara wgdt'
Dhar Madural Vizag Kolkala
Ernakulam | Mumbai Vijayawada
Erode Mysore Rajahmundry Mumbai s
Gandhinaga | Nagpur Palladum
Goa Patiala e Fradis)

[r—
Gheana
b

Hyderabad | Patna Jammu &
Visakapat. | Delhi&NCR | Kathua b 4
Warangal | Ahmedabad | Katra
P
franagar Gandhinagar | Srinagar e -
Naharlagun] | Baroda Udhampur gy
Guwahati | Surat Bangalore "j;:l. ! (‘/‘%
Dibrugarh | Vapi Mysore Mw'g‘ o .#
Golaghat Mundra Mangalare o S ot
Jorhat Ankleshwar | Hubli L4 % -
Nagaon Shimla Belgaun Cochin auam : it Pradees »
Sibsagar Solan Trivandrum L Kolkata
Silchar Nalagarh Mumbai rO o
Tezpur Baddi MNagpur Moo @
Tinsukhia | PontaSahib | Nasik .
Imphal Lunglei Kolhapur ® | e
Thoubal Kohima Mavi Mumbai o
Shillong Dimapur Goa [r—
Tura Chandigarh Chennai ® o .
Azawal Jaipur Coimbatore (] o
Kanpur Jodhpur Agartala P
Dehradun | Udaipur Kersia - @
Saharanpur | Bhubanban L
Lucknow Kolkata

State owned largest operatoBSNL has EYO
networkin 76 cites.

Figure7: BSNL ERo Coveragd
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However the potential of broadband

development is massive as v&ral of top
broadband nations like South Koredapan,
HongKor, Sweden Switzerland, Netherland,
Singapore Luxembourg Denmark, Norway

" Reliance:http://bit.ly/cSeSP5
8 Tata :http://bit.ly/dwkHj9
° BSNLhttp://bit.ly/aVsjou

Malta, Iceland, Australia,Lithuania, United
States, Ireland, Canada, Francdstonia and
Belgium hasachievedbroadband penetraton
over 80% of their householagscomparedto 6%
in India.

Average Broadband Speed in
Country

Country has deployment of ADSL, Fixed WiMAX,
Metro E and other wire linebroadband
technologies but those wirine technologies
are not enoughin extendingcoverage tolarge
number of households due to deployment
challenges as presented in next sectiohthe
paper. Our internal studies indicate that
country lacks the minimm required broadband
threshold speed to support the growing
demand of internet applications. In contrast, 39
countries have averagdownload speeds above
3.75 Mbps and 1.3 Mbps in uplink as presented
in Figure 9. The average broadband speed i
India was recorded less thaf00 Mbps in
downlink in 2009 as comparedo global
average of 4.75 Mbps in 2009.

The leading brodband nations like Japan,
South Korea, Sweden, Netlend and
Switzerland have average downlink speeds of
10 Mbps and above. Broadband connections of
these countries are capable of supporting
future web applications, such as high definition
Internet TV viewing and highuality video
communications (such asome telepresence)
that will become mainstream in the next 3 to 5
years.

Russia, Germany, UK, Tiawan, Canada, US,
Norway, Denmark, Singapore, HonkKong,
France has average download speeds of 5Mbps
and above.

Wireless technologies are playing @amperative
role in delivering broadband to underserved
areas but their capability to deliver faster

www.beyond4g.org Current shape of broadband in count_
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speeds are limited by available technology, There were occasional peaks observed while
spectrum and other parameters. To give our  collecting data. The download speeds reached
readers an idea of their capability to deliver as high as 650 to 700 kbps while the upload
broadband we have collected da from speeds touched 460 kbps with-Bo ndworks
different cities to show achievable speedkhe recording the highest speeds on non busy hour
speeds can vary depending on the time of the  period. Data throughput presented above was
day, technology wused, traffic conditions, averaged for number of samples over time.
topology, etc.

In the collected samplesacross diférent Speed Tests ( Ebo ), Mumbai

metros, we found that the average speeds were
on the lower end as compared toheir
announced’ values with average measured
downloadand uploadspeedwas 300 kbps and
150 kbps The downlad speedouchedas high
as 650 to 700kbps while the upload meed
touched 460 kbps with EDo networks
recording the highdaspeakson non busy hour
period.

B R
onN b

Frequency %

O N b O

o O O O
RIS
The resllts varied by Deviceity/route/ time of Kbps
day. On aveage, Hyderabad performed best
with 300-350 kbps average download speed
and 100125 kbps average upload average
speedand New Delhivas at the bottom with Figure9 : Distribution of speed test
240 kbps for download and 130 kbps for

upload.

o O O o
n O 1 o
— «— N

450
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m Average Download m Average Upload

350
300
250 -
200 -
150 -
100 -
50 -

Figure8 : Average mobile broadband speeds in
metroscities

1 peak Data http:/bit.ly/dwkHj9
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FigurelO : Average National Broadband Speeds

The principal Challenges

Theeconomy of Indias one the fastest growing (in
terms of GDP) & is thivelfth™ largesteconomy in
the world by market exchange ratesd thefourth
largestby purchasing power parit{PPP) basis.

Gross domestic product based on purchasing-power-parity (PPP) per capita GDP

4,500.00
4,000.00
3,500.00
3,000.00
2,500.00
2,000.00
1,500.00
1,000.00
500.00
0.00
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W Gross domestic product based on purchasing-power-parity (PPP) per capita GDP

Figure 11 : GDP based on PPP per capita

The last mile (connecting engsersto service
providers), except ilop 100 cities is primarily
non-existent in country. In metro cities, copper
cabling is available which can support lower
variants ofDSL such as ADSL2. More thaf90
2F GKS O2dzyiNE QA dzNB | Yy
by incunbents such as BSNL and MTNL
(Mahanagar Telephonligam Limited) and was
deployed for telephony purposes. Mutgnant
unit (MTU) type homes have implied large
distancesc of the order of 1000+ feet from the
nearest POP, thereby limiting the use of
advancevariants of DSL such as VDSL which can
give 10 Mbps or so of connectivity. DSL (Digital
Subscriber Line) remains the most widely used
technology to deliver broadband Internet
services. For those tier 1 and tier 2 cities
without copper infrastructure, someinitial
deployments of Fixed WIMAX, Bo Rev A
MMDS and other wireless broadband

" wikipedia
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technologies has started appearing as a
alternative to wireine.

Our analysis points to the following key factors
which isprohibitinguseof broadbandn India.

e Wire line last mile domination by PSE
incumbents & Local Cable Operators
o[/ hQav

e LCO market which control the cable last
mile is highly fragmented with over
100,000+ LCOs across the country

e The current cable TV network is Arial and of
low quality, backed with the lack of
organization makes it difficulbtupgrade be
used for reliable broadband lines.

e Lack of strong national broadband policy to
support low and more uniform rental rates
for access to poles and reduce cost of right
of way charges to enable deployment of
wire line in country.

¢ Numerous delayin allocating necessary
spectrum to support weless broadband
deployments in India.

Limited Wire line

The prevalent challenge inthe country is to

deliver broadband at affordable tarsf

Exorbitantlyhigh hight of waychargesand lack

of necessary ttention from governmentbodies

has prohibited krried DSL penetration in
country as compared to other nations

Figure 12 represents right of way charges in top
metro cities ofthe country. Tomake business
case of broadband appealing alternative models
of deployment like Arial fiber and copper were
also experimented in top cities d@he country
where exorbitantly high right of way charges
prohibited buried copper for residential
consumers.

m ROW (Per Km) US
90000
50000
40000 30000
B I Y
N N > & 2
o@% é\(\,b & & @’é
o & o
\} ¢ Qsc 8

Figurel2:Indicativeright of way charges

Other factors which have worsened situation of
broadband is non cooperation tonbunde the
last mile local copper from state owned
operators like BSNL and MTNL who controls
more than 90% of the last mile copper in
country.

Olvnhether we like it or not, excessivdtygh

right way charges, fragmented cable operators
non cooperation in last mile copper unbundling
and lowdata ARPU has madeerators in India
to realize that Wireless is the moseffective
way to provide affordable broadband to

massesn country £

= WiMAX mDSL
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Figurel3: Capexper subscriber
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Scarce Broadband Spectrum

The amount of spectrum allocated for

broadband application in country is really

narrow as compared to other nations. The only
spectrum which was allotted to operators was

in the band 3.3 GHz for broadband MMDS and
LMDS.Each operair assigned nearly 6 MHz

TDD o~DD specum in 3.3 GHz.

The 3.3 GHz spectrum suffers from high path
loss and poor indoor coverage. Deploying a
nationwide wireless broadband networks is this
spectrum would require substantially high
capex as compared to b 2 GHz spectrum.
Poor indoor characteristic of 3@Hzhas made
most of thedeploymentsfixedin nature. Fixed
3.3GHzWIMAXMMDS in country is providing
connectivityto SMEand enterprise customers.

The other spectrum allocated for broadband
applicationswas in 10.15 to 10.65 GHz for
LMDS technologylhe 3Gand BWAspectrum is
under auction process and should be available
very shortly for operators to deploy new
wireless data networks. Our analysis advocates
that the total amount of spectrum made
availabé for 3G and Broadband wireless access
systems is way ® f 26 (2 adzZJLJ
data demand.

FHgure 14:India Spectrum allocation chart

Low Data ARPU

For some leading operators, data is now
contributing over 40% of the overall revenues.
However increase in data ARPU is not
completely offseting the drop in voice ARPU
for most operators. From the true and tested
SMS messaging to the neservices such as
Mobile  Advertising, Social Networking,
Commerce, Mobile Wallet, and others, different

State and Opportunity of Broadband in Indie

FREQUENCY | ALLOCATION
452.5-457.5 & | 5+5 MHz for cellular mobile,
462.5-467.5 particularly for rural areas (not yet
MHz allotted)
824-844 & 869- | Cellular mobile
889 MHz
890-915 & 935 | Cellular mobile (anly parts of this
960 MHz band allotted)
1710-1785 & | Only parts of this band, for cellular
1805-1880 mobile
MHz
1850-1910 & | Part of this band being investigated
1930-1990 for potential allocation to cellular
MHz mobile
1880-1900 Micro cellular systems TDD
MHz
1920-1980 & | IMT-2000 (3G) FDD mode (still to be
2110-2170 allocated 3 to 4 slots to be
MHz auctioned)
2010-2025 IMT-2000 (3G) TDD mode (still to be
MHz implemented)

2.4-2.4835 GHz

EIRP 4W over 10+ MHz (250
mW/MHz) Delicenced (WiFi)

2.535-2.655 Indian satellite applications, LMDS
GHz and MMDS
2.7-2.9 GHz | Available for MMDS if protection
ensured for Aeronautical radio
navigation, location services
3.3-3.4 GHz Broadband MMDS, LMDS
5.150-5.350 & | Max EIRP 200 mW (10 mW/MHz)
5.725-5.875 Delicenced
GHz
5.470-5.725 Indoor and outdoor wireless access
GHz (incl. RLAN) Max EIRP 1W (50
mW/MHz)
10.15-10.65 Broadband LMDS
GHz
24.5-26.5 & Broadband LMDS, MMDS (High
27.5-29.5 GHz | capacity only LoS systems)

services helped

revenues geneted in 2009.

US, Japan, Australia and Singapooatinue to
lead in data ARPU.

www.beyond4g.org The principal Challeng
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Figurel5: Global Data ARPU

Wireless data ARPU of India
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Most of the major operators around the world
have double digit percentage contribution to
their overall ARPU from data services.
Operatas like DoCoMo, and Softbank are over
44%. KDDI, 3 Australia, 3 Italy, 3 UK, Vodafone
UK, 02 UK, KTF, Telstra, and 3 Sweden
exceeded 30% and many others are on the
verge of crossing the 30% markndian
operators Bharti , Vodafone and reliance are
improving data revenues and today stand at 10
% mark® India operators dataARPU from
wirelessservices is less than 1 US$.

Figurel6: Data ARPU of global operators

2 Chetan http://bit.ly/dt5ROT

State and Opportunity of Broadband in Indie

We collected samples of differeriroadband
operators to calculate average data
consumption of broadbandin country It was
found thatan average connection icountry is
consumingaround 35 gigabytes per moth and
correspondingevenue is aroundUS$ 12

m Average ARPL
30
20
i r E
o MM . , ,
1 Gig 3 Gig 5 Gig 10 Gig

Figurel7: Average Data Packages in India

Theutmost challenge irthe country is to deliver
broadband at affordable prices. Current
broadband fee in India is alreadyoving
towards some of the most cmpetitive prices
around the globe and operators anmgcreasingly
findingenormouschallenge irdelivering dataat
current pricedevels whilemeeting the growing
demand of new internet visual applications.

The observed median average price of
broadbandin different countries is presented
below to give thestandpoint of challengng*®
broadband delivery cosin India The prices
presented below are the median price of lowest
and highest observed tariff in that country.

13 OECD Rttp://bit.ly/drASAN
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