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TH Wireless has done a lot for India
I

GSM and CDMA (IS-95 / 3G-1x) has made telecom

45 million mobile subscribers
growing today at 2.5 million subscribers per month

we barely had 8 million subscribers in 1994

How has this happened?
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ARPU in India need to be
less than Rs 200 per
month

can not be done unless
CAPEX < Rs 8K (including
handset)
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Mobile Market in India boomed
5 million P 50 million P 150 million b 400 million

Not until Mobile Infrastructure Capex <
Rs 3500 per line

with handset price of Rs 2500 to 10000 and
service at under Re 1 per minute

ARPU of about Rs 350
2+ million subscribers added each month
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To continue growth
Tariff / ARPU needs to drop
further

50 p per min/ Rs 100 ARPU

To address households with income
less than Rs 3000 per month
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Current Mobile Scenario

2G or 2.5G being rapidly deployed

spectrum allocation for GSM: 25 MHz + 25 MHz
for CDMA : 20 MHz + 20 MHz

4 to 5 Operators sharing the spectrum

most revenue from voice and SMS

Key Problem

need more spectrum and better spectral efficiency
spectrum allocation may at most double
migration to 2.5G has helped a bit, but not enough
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TH 2.5G also brings in packet data
I

GPRS — up to 21.4 Kbps per slot (8 slots) shared

Migration path to High speed packet data
EDGE - Enhanced Data Rates for Global Evolution (384 Kbps)

cdma2000 1X-EV data rate ~100 Kbps shared

Strong evolution path 1XEV-DO and 1xEV-DV
1XEV-DV introduces enhanced packet data channel
Reverse link quality indicator channel for “opportunistic scheduling”

Great for handheld, but not yet comparable to
narrow-band modem rate of 33 to 56 kbps sustained at homes
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Does India want 3G?

Only if it provides
Better spectral efficiency, expand Internet at homes,
but at right price

spectral efficiency due to adaptive modulation and coding
Turbo coding, Transmit diversity, adaptive antennas

support for interference mitigation and multi-user detection to enhance
reuse / capacity

Multi-code & variable spreading factors

enables high agglomerate bit rates over the sector

voice & data needs on handheld will be adequately served by 3G
but will be acceptable only when the price is right

Can 3G provide broadband data -- at homes?
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Known Application for
Broadband

In India people are willing to spend

on entertainment at homes

video songs, movie clips on demand
requires at least 1 Mbps sustained (streaming)
the only known application for Braodaband

on education
even 128 kbps sustained will do

Can 3G provide 1 Mbps sustained at homes?
Preferably using hand held form factor
must work with existing 2.5G infrastructure for voice/SMS/MMS
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Data rates possible on 3G

3G or HSDPA or HDR can at best provide

2 bps/Hz downstream per sector in the middle of a sector
drops to about a tenth as one leaves the center of the sector

an operator in India is unlikely to get 10 MHz + 10 MHz spectrum

using quarter of this spectrum (2.5 MHz + 2.5 MHZz) for data
shared 5 Mbps per sector in the center

shared 500 kbps as one moves away
from the center of the sector

only slightly better than 33 kbps
provided by dial-up

nowhere comparable to DSL

providing Always On 512 kbps/1 Mbps sustained at $10 / $16 per month
tariff on downwards trend
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Will operator allot more
spectrum for data?

Operator earns from same spectrum use

SMS : Voice : Data=100:5:1.2
that too assuming dial up charges for data
which is very high
spectrum-starved operator’s priority can not be data

Voice SMS Data
bitrate 2x10 kbps 300 bits 40 kbps
price Re 1/min 30 p permsg 40 p per min
amount per kbit 5 paise 100 paise 1 paise
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So what does one need?

Right spectrum efficiency / right cost

Spectrum efficiency of 5 bps/Hz with a reuse of almost 1
throughout the sector / cell
and going up --- doubling for 4G

Broadband infrastructure cost

not more than 150 -200 subscribers served by an operator in one sector in 1 km
radius

infrastructure cost to be amortised over 150 sub
not more than Rs2000 per subscriber

infrastructure cost of about Rs 250,000 per sector
today it is five times higher !

Preferably using hand held form factor
must work with existing 2.5G infrastructure for voice/SMS/MMS
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Is Wi-Max / 802.16d,e
the answer ?

Can provide 4 to 5 bits per sec per Hz

But what is its reuse ?

1:9 (3 sectors, once in three cells)?

What can adaptive antennas, DCA, beam forming, power control, adaptive
coding, adaptive scheduling, frequency hopping give us?

And what about the infrastructure costs?

How will it work along with 2.5G / 3G cellular?
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Only negatives....

We are importing everything lock - stock and barrel

yes, some of our companies are doing mobile system and handset
design work for Nortel, Ericcson, Motorola, Samsung.....

Proving once again that we are indeed capable of designing products
corDECT was done out here -- not too different in the nature of work

We can develop and produce products for our market

and use the large Indian market advantage to drive standards
and produce next generation wireless for the world market..
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Physical limits — the mobile channel

spectrum available only in 1-3 GHz, i.e., | =30-10cm
multi-path scattering leads to frequency dependent fading

Some numbers :
fade depth ~ 10 - 20 dB
rms path delay spread : 2 — 3 nsec
coherence BW ~ 1/ delay spread : 300 — 500 kHz

fade rate : upto 200 Hz for fast moving mobile, 10 - 20 Hz for pedestrian, low and
unpredictable for stationary mobile

ISI too long if TDMA burst rate > 1 -2 M symbols/sec
too many RAKE fingers in CDMA if chip duration < ~ 200 ns

Neither TDMA nor CDMA can have peak data rates exceeding
10 Mbps
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TH Tomorrow’s Technology: 4G
I |

Employ OFDM in downlink and
water pouring (optimal power allocatior
adapt bits / symbol (a la” optimal bit allocatlon in sub band codlng)

Opportunistic Scheduling

Schedule order of transmission based on

who has the best channel conditions
can maximise data-rate to such users

for uplink

Multi-Carrier CDMA
orthogonal spreading of data over several sub-carriers
no “shaping” b no feedback
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TIT What about MIMO in 4G ?
|

MIMO can be used differently in different situations
diversity for fast downstream to handsets
spatial multiplexing to increase bit-rate to/from fixed terminals

beam-forming to improve re-use
particularly for users at sector boundary

or, a combination of these

Can India become one of the leaders in these technologies?

1RY TeNeT Group, I TM



4G India Initiative

A pan-Indian effort to play a significant role in 4G
match requirements to Indian market needs (also)
research, IPR generation, standardisation
prototyping and field trials

Plan of action
create a center and drive activities nation-wide

iInvolve all potential participants
create links between operators, industry and research groups

participate aggressively in standards bodies

First step begun
Centre creation (public-private) near IITM and core team building
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2.5G corDECT

To PSTN

To Internet

BN e

corDECT developed in india

35/70 kbps dedicated connectivity
to each user plus telephony

Exchange works at 55° C and 1 KVA power
Rs 5000 to 7000 per line
2 million lines deployed

Introducing 2.5G corDECT now available

80/200/260 kbps dedicatecd connection to each user
1.2/2.4 Mbps shared download
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Bridging the Last mile on Broadband

Fiber to Home / Copper (Ethernet) in last meters / 802.11 in 100m
Slow build-up

DSL
Ideal solution for incumbent (BSNL/MTNL)
Others do not have Copper?

Wireless
Still far away: 802.16 / WiMax is three years away / will it have BW?

Two way Cable
Existing cable infrastructure too poor for this to scale up

Ethernet
What Quality ?
Non Robust and Non Scaleable

Non- incumbents require some disruptive Access Technologies
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Cable Wireless :
Down Stream on Cable Upstream on Wireless
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But wireless is doing more for India today

It can change our rural areas...
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Rural India has
700 million people

in 600,000+ villages

(about 1000 people per village with per-
capita income of Rs 20 per day)

Number of HH in millions
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1RY

Can technologies make a
significant difference in life of such
people?

Can it bring to them health &

Education and significantly enhance
their incomes?

To Scale
Technology
Sustainable Business Model

Organisation which thinks and acts
Rural
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Technology: Leveraging Public Contribution

BSNL (state owned incumbent operator) has fibre

connectivity to most County towns . o
and fibre has almost infinite bandwidth carrying capability o °
85% of villages within 15-20 Km radius of these taluka towns . © o
In India, typically 300 villages in 30 Km radius LI
(4

Chittoor - Mandal wise

wireless systems can connect
most of these villages

wireless technologies are
continuously evolving

costs come down and bit rates
go on increasing

Gudipallee

HTM



Innovative Technology to connect Rural India

CorDECT Wireless in Local Loop developed at IITM, India

prgyides a telephone line and 35/70 kbps Internet connection in 30 Km
radius
80/200 kbps connectivity in near future with 2.5G corDECT
Exchange and tower in town
Works at 55° C
Power requirement: 1 KW
start-up costs very low

Newer technologies
emerging
Promising 1/2 Mbps connectivity

with OFDM (like 802.16/WiMax)
with HDR and HSDPA

Rs 10000 per line deployed cost
(including towers and mast)

1 million lines being deployed
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Business Model:
Use Local Entrepreneurs to drive ICT

Entrepreneur-driven operator assisted telephone booths
(STD PCQOs) introduced in India in 1987

Today in urban areas:

950,000 such PCOs covering every street
of smallest town

generate 25 % of total telecom income
300 million people use these PCOs

Lesson for Rural:

To serve Rural people with incomes
less than $ 1/day, aggregate demand
and let Entrepreneurs drive it

Aid/ Grant does not scale
Successful Enterprises can scale to all villages
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Innovative Business Models

1RY

N-Logue : A Rural Service Provider

aggregate demand into a kiosk
owned & driven by a local entrepreneur

Rs 50000 (including taxes) per Kiosk providing telephone,

Internet, multimedia PC with web-camera, printer and power back-up
for PC
plus Indian language software, video conferencing software, training and
maintenance

set up by a village entrepreneur on the lines of urban PCOs
provides telephone, stand-alone Computer and Internet services
needs 100 per day to break even (Rs 3 per person per month)
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Applicaion &
Solution
Providers

Internet Badkbone

ACCESS
CENTRE

L ocal ServicePartner

Scope:
3000 sg km

400-600 connections
(1 in each village)

ey
B cemes Kiosk Operator



ne Kiosk Owner

. Should have studied up to
Class 10

. Need have no prior computer
Training
. Should be able to

communicate to the people in
the village

Top: Suganya from Madurai Dist, TN
Left : Anishaben from Banaskanatha Dist,Guj
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Learning typing
Computer education
Photography

movies on CD

DTP work

Email/voice & video malil
E-Government

Video conferencing
providing
Tele-medicine
Vet Care
E-learning
E-Agriculture



The Vet is on the Net ...

* This goat had a wound near its
mouth and could not eat for a week

» The advice from the doctor cured
its problem in 2 days

Rural Magic: The

next few slides contain
true stories which have
“magically” impacted the
lives of people in Indian
villages .




Saving Crops and Agri-consultancy
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Remote Eye

Care
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Till recently Eye Ailments that could only
be detected this way¥a

An Eye Camp conducted in a Village
in Tamil Nadu
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SECTION

Short Cluestion

o3

And as my fingers pressed It, still

Synonyms 't moved and yielded to my will

Antonyms

Frefix & Suffix

Fassage
i geshti This Is from the poem "The Sculptor

Phrases & e

. ed |t, still
Idioms _ :

Quotes frorm 1. What does “it" refer to ? YL,
Memory il - '

Poetry | It refers to the plastic €H¥

Foetry I i " )
Cormposition . ne Sculptor
T 2. Was the clay flexible \
Fassage ‘es, The clay was flexible N

[ial = s

S Postry | T TETeTs (0 e prastc Senlness

Foetry |l
SompasHion 2 Was the clay flexible ?
LRy Fassage Yes, [he clay was flexible

Mialnnne



Digital Studio + Low cost Photography

OPERATOR NAME :Ekta | OPERATOR NAME :Yogesh P aS S p O rt

VILLAGE NAME: Ekkatuthangal VILLAGE NAME: Thirunindravur

BLOOD GROUP :B +ve BLOOD GROUP :A +ve

CCONTACT ADDRESS :No.32 . ] CONTACT ADDRESS :No.21
Thandavaraya gramni street 2 nd Street, Balaji Nagar O t O g r a p s
: i

Thonduiarpet, Chennai-600 081 Thirunindravur, chennai-600 047

OPERATOR NAME :Ramani OPERATOR NAME :Vi
VILLAGE NAME: Villivakkam § ] VILLAGE NAME: Arcot Road
BLOOD GROUP :B +ve BLOOD GROUP :A1 +ve

CONTACT ADDRESS :No.56 CONTACT ADDRESS :No.21
Thiruvalluvar Nagar Rajaji Nagar, Venkatarathnam Nagar:
Thiiruvallur,Chennai-512 247 Kodambakkam, Chennai 611 785

ID cards




Rural Children create computer drawings for
greeting cards

My Dream for my viillage

» HARSHAL BABREKAR
‘6TH CLASSS
ATIMA CONVENT SCHOOL

tomorrow

2004 o sewaarllepd BUHLG Lpg B

Happy New Year

St wreats e




Rural Micro-Enterprises are the Wealth Creators

Micro-enterprises need
Finance
Knowledge and Training
Buying & Selling
Insurance

Can Communications Enable
these ?
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The Dream

Current Rural GDP in India = Rs 700,000 Crore
For a Population 700 million people
GDP / Person = Rs 10000 per year

5 XWDbA IRVSHUW

'28% ,1*SHUFDSIMIb XWDO ' 3
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Technologies & people behind n-Logue

14 TeNeT Companies and 1200 engineers working on products focused
on rural markets



Office package in Indian Languages

lITM - Chennai Kavigal




Low bit-rate multi-party Video Conferencing (audio +

video + chat at 20 kbps onwards)

On-line lecturing at low bit-rates

lITM - OOPS




Financial Services with ICICI Bank

Rural low cost ATMs at kiosks
Works along with the existing PC
Finger print authentication
Soiled notes handling
Security door

Breakthrough pricing envisaged of Rs
50000

[ITM-Vortex




[ITM - NeuroSynaptic
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IITM - ISRO

Sparse Area Communications
where there is no fibre backbone

.
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Towards 25 p per minute and Rs 100 ARPU:
* 60FRQGPWIWIDYI@IH
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TH Tomorrow’s kiosk

Tomorrow the kiosk should become

a communication hub: providing 50 telephone and Internet
connection in a village

a center for virtual university / training center
technology support center

a support center for Entrepreneurship

a banking outlet
micro-finance outlet

a trading outlet
agri-support center

a medical support center

and more
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To Sum Up

1RY

Technologies can impact lives provided there is a big enough
Vision behind it

Dream of Doubling per capita Rural GDP

Finance, Commerce, Training & Information
are key

Driving Education, Health and Entrepreneurship is
the means

Power Supply will be key bottleneck

Entrepreneur sets up (20-50KVA) back-up power plant and
distribute in the village

initially with diesel, later with bio-diesel

Large number of innovative technologies and
applications need to be developed catering
specifically to Rural areas
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