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Low Cost Wireless Internet Low Cost Wireless Internet 
Access for Rural Areas usingAccess for Rural Areas using
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Data Communication Pyramid in IndiaData Communication Pyramid in India

Land Line Phones
(56.6 Kbps)

(PCOs, Cyber Cafes)

Cell Phones
(115 to 384 
kbps shared 

data connect)

High
speed

connect.

• GSM + 3G1x:  55 mil
GPRS – 172 kbps (shared)
EDGE – 384 kpbs (shared)
3G-1x -- 115 kbps (shared)• 50 mil phones

• ~ 1 mil PCOs)

• Fiber to the curb

• Wireless access

Cable modem, DSL
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500 mtsFiber drop
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Urban Scenario for Fiber in the Loop Technology
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A Look at Access Technologies in IndiaA Look at Access Technologies in India

LAN
ISPAccess Tech.

(“Last Mile Prob”)
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WiFi 
802.11b 
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DSL

Cable 
Modem

Fiber in
the Loop

Wireless

(line of sight)

Cell Phones

corDECT

802.11b 
Based

802.16d,e
Based

WiMax



2006 5ICT4SED - Connectivity in India

FiberFiber Drop in Rural India, ~ 25 kmDrop in Rural India, ~ 25 km

• Avg. Village 
Area ~ 6 sq. km.

• Total of 600,000
villages in India

• About 100    
villages per fiber  
drop

• Population per 
village: approx.
500 to 1000

Domestically, 30,000 of BSNL's exchanges are connected by fiber,  an average 
of one exchange for 20 villages, not including the contribution of other operators. 

25
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25 ~ 30 km
25

 k
m

Fiber 
Drop
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Around Each Fiber DropAround Each Fiber Drop

12.5 ~ 15 km

Access Point 
connected to fiber 
drop

Village node with 
pole/tower  antenna 

Fiber 
Drop

• Approx. area covered by 
each fiber drop is 600 sq.kms.

• We assume each village 
occupies approx. 6 sq. kms.

• Approx. 100 villages  
covered by each fiber drop

•Objective: Connect all 
villages to the Internet 
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Tx/Rx

Fibre

Access Point (AP) serving ~ 600 sqkm

Access
Point

Village
Node

• high gain directional antenna

• sectoral (three sectors, requiring

three directional antennas)

directional
antenna

Long links: ~15 km 

Typical Approach: Star Connected Architecture

APs:        CorDect
WiFi

Possible:    VSAT (non-sectoral)
Emerging: WiMax
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CorDECT (IIT-M, TeNeT Group)

• Pioneered by Ashok
Jhunjhunwala

• Earlier version
• guaranteed 70 kbps

• New version
• BB CorDECT
• 2 Mbps

• Always on, supports 
telephony  

• Commercially deployed
in few thousand villages

• Has also been deployed
in Egypt, some African 
countries

• Manufactured by MAIDAS
Communications
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WiFiWiFi for Accessfor Access

Access Tech.

(“Last Mile Prob.”)

WiFi

(802.11b)

• 802.11b (WiFi, WLAN) ideally 

suited for hot spots 

• Of late extensive R and D to see if 

802.11b can be used for access.

• Motivation: Expect 802.11b access 

to be cheaper, easy to deploy, 

and obviously broadband 

• Operates in the unlicensed band 

• Some believe it is not a good 

access technology since the data

spectral efficiency is 

0.15/bits/sec/Hz
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Key AdvantagesKey Advantages
Open IEEE StandardOpen IEEE Standard
Unlicensed Band:Unlicensed Band:

802.11 operates in the unlicensed band (ISM 802.11 operates in the unlicensed band (ISM ––
Industrial Scientific and Medical band) ~ 3 such Industrial Scientific and Medical band) ~ 3 such 
bandsbands

Cordless Telephony: 902 to 928 MHzCordless Telephony: 902 to 928 MHz
802.11b: 2.4 to 2.483 GHz (opened up in India for indoor 802.11b: 2.4 to 2.483 GHz (opened up in India for indoor 
use and recently for outdoor use)use and recently for outdoor use)
33rdrd ISM Band: 5.725 to 5.875 GHzISM Band: 5.725 to 5.875 GHz
802.11a: 5.15 to 5.825 GHz (occupies part of 3802.11a: 5.15 to 5.825 GHz (occupies part of 3rdrd ISM ISM 
band)band)
802.16d: 2 to 11 GHz 802.16d: 2 to 11 GHz 
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60 
degree

Channel1 Channel2 Channel3

Sectored Coverage
• The three non-overlapping 

channels in the 2.4 GHz band 
permit us a maximum of three 
sectored regions.

• At the fiber drop we will need 
three 802.11b bridges or gateways.

• Require directional antennas

60° Sectoring



2006 12ICT4SED - Connectivity in India

3 units, 
each 
$2000
(with 
duties)

3 sector antennas, each $300

Cisco Wireless 
Bridges

Cisco Wireless 
Bridge 1

Cisco Wireless 
Bridge 2

Cisco Wireless 
Bridge 15

Antenna $200

Pole $100

$2000

Amount in US$

Connectivity using Cisco Wireless Bridge

$7900$7900

900900Three Directional Three Directional 
Antenna (16 dB)Antenna (16 dB)

20002000Cisco BridgeCisco Bridge

50005000TowerTower

Base Station

$2400$2400

300300One Directional One Directional 
Antenna (16 dB)Antenna (16 dB)

20002000Cisco BridgeCisco Bridge

100100PolePole

Client Side

Price of PC, Printer, power supply not included
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IITKIITK-- Digital Gangetic Plains: TestbedDigital Gangetic Plains: Testbed

River GangesIITK

5.1 Km

Mandhana
Jun ‘02

22.5 Km

Safipur
Sep ‘02

End to end
distance ~80 Km

Mar ‘03
Rajajipuram/
Lucknow

Lodhar
2.3 Km

Apr ‘02

Dhaura
Aug ‘04

17.3 Km

12 Km

Nov ‘02

0.9 Km

37 Km
MS3

Jun ‘02

Not to scale

39 Km

Land-line access point 
(close to high-population 

density area)

802.11 for 
last-hop 
access 
within a 
village

Point-to-
Point 802.11 

link

12 Km
Banthar
Jun ‘03

23 Km

Bithoor

Sawayajpur
Dec ‘03

22 Km

5 Km

Rasoolabad
Mar ‘04

Mohanpur
Sep ‘04

3.5 Km

Dec ‘02
Sarauhan

17.5 Km

Antennae at 
Mandhana

Courtesy:
Prof. Dheeraj Sanhgi
IITK
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The Ashwini The Ashwini 
Deployment Deployment 

(partial) West (partial) West 
GodavariGodavari District, District, 

APAP
Bhimavaram
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Issues with current approachIssues with current approach

Tower costs ~ very highTower costs ~ very high
Directional antennas also expensiveDirectional antennas also expensive

But to some extent directional antennas But to some extent directional antennas 
unavoidableunavoidable

Alignment of village based client Alignment of village based client 
directional antenna to base station directional antenna to base station 
directional antenna: directional antenna: an expensive an expensive 
propositionproposition
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Requirements:Requirements:
Line of sight Line of sight 
Tower (at base station) Tower (at base station) -- for installing for installing 
directional antennas at about directional antennas at about 
50~100 m height50~100 m height
Pole (at village node)  Pole (at village node)  -- for installing for installing 
directional antennas at about directional antennas at about 5 m height5 m height..
CostCost

Tower ~ $5000 (50mt)Tower ~ $5000 (50mt)
Antenna (16 dB directivity gain): Antenna (16 dB directivity gain): 
6060°° ~ $300~ $300 120120°° ~ ~ $500$500
Pole ~ $100Pole ~ $100Tower: Most expensive

Tower and Antenna Assembly
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Alternate ApproachAlternate Approach

Use Tethered AerostatUse Tethered Aerostat
Omni directional antenna Omni directional antenna 
at the base stationat the base station

Aerostat Details :Aerostat Details :
Volume depends on Volume depends on 
payloadpayload

Our payload ~ 3kgOur payload ~ 3kg
Consisting of: Consisting of: 

Antenna, router, Power Antenna, router, Power 
over Ethernet (over Ethernet (PoEPoE) ) 
cablescables

Height about 50 Height about 50 --100m100m
Tether Tether –– strong strong 
Need to refill Helium in 20Need to refill Helium in 20--
30 days30 days
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Client side Flat 
Panel Directional 
antenna (19dBi, 18 
deg.)

Tethered Aerostat based Network

Tethered AerostatOmni Directional
Antenna on the 
Aerostat (15.4dBi)

10km 50-100m

back haul

PoE Cable

Client side WiFi
(Modified MAC)

Modified MAC

Fiber, Satellite, …

Client side WiFi
(Modified MAC)

Ethernet to 
Fiber (e.g.)

Collaborating with 
Prof. Rajkumar Pant
Of Aerospace Dept., IITB
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1200.001200.00TotalTotal

200.00200.00First time Gas filling (helium)First time Gas filling (helium)

120.00120.00WinchWinch

80.0080.00TetherTether

800.00800.00Envelope (1)Envelope (1)

Aerostat                                                        Aerostat                                                        US$US$

Running cost: Refilling the aerostat ~ once a month --- US$ 40.00

Cost of Aerostat Assembly
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19001900

400400Omni Antenna (15 Omni Antenna (15 
dB)dB)

300300WiFiWiFi (Modified MAC)(Modified MAC)

12001200AerostatAerostat

Base Station

600600

200200One Directional One Directional 
Antenna (18dB)Antenna (18dB)

300300WiFiWiFi (modified (modified 
MAC)MAC)

100100PolePole

Client Side

Price of PC, Printer, power supply, etc. not included

Cost of the Aerostat based System
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Omni Antenna

Client Side 

Currently Tested 
in IIT-Bombay
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Location Location –– KasheleKashele, , 
Near Near KarjatKarjat ,Dist. ,Dist. 
RaigadRaigad
Located centrallyLocated centrally--12 12 
villages within 10 villages within 10 
kmskms radiusradius
About 100 families About 100 families 
per village per village 
Hilly terrainHilly terrain
Currently no Currently no 
connectivity in connectivity in 
villages aroundvillages around
Difficult to give Difficult to give 
conventional conventional 
solutionssolutions
Ideal for our setup Ideal for our setup 
Partner: Academy Partner: Academy 
of Development of Development 
Science located in Science located in 
KasheleKashele

Village Test Site
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Advantages and Disadvantages of Advantages and Disadvantages of 
Aerostat Based ApproachAerostat Based Approach

AdvantagesAdvantages
Low costLow cost
Easy to deployEasy to deploy
PortablePortable
Useful for hilly terrainUseful for hilly terrain
Rapid deploymentRapid deployment

DisadvantagesDisadvantages
Periodic refilling of Periodic refilling of 
heliumhelium
Transportation of Transportation of 
heliumhelium
May require more May require more 
maintenance maintenance 
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Existing Networks Existing Networks 

Almost  all existing Almost  all existing 
networks are networks are 
infrastructure basedinfrastructure based

Cellular networksCellular networks
2.5G, 3G, 2.5G, 3G, ……

WiMaxWiMax
Access Point based Access Point based 
WiFiWiFi networksnetworks
WMAN (Wireless WMAN (Wireless 
Metropolitan Area Metropolitan Area 
Networks)Networks)
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The key ingredients of an The key ingredients of an 
infrastructure basedinfrastructure based
wireless network arewireless network are

Central Coordination unit Central Coordination unit 
(Base Station, Mobile (Base Station, Mobile 
SwitichingSwitiching Center in Center in celluarcelluar
comunicationcomunication))
SingleSingle--hop architecturehop architecture
NonNon--coperativecoperative: : Individuals Individuals 
dondon’’t have to cooperatet have to cooperate
““DumbDumb”” client side client side 
terminal. All the terminal. All the 
““IntelligenceIntelligence”” resides with resides with 
the the Central Coordination Central Coordination 
UnitUnit
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The webmap
of the network 
infrastructure 
of 02, a major 
mobile phone 
provider in the 
United 
Kingdom. 
Green triangle
and circle 
symbols 
represent
cell sites 

http://www.cybergeography.org/atlas/wireless.html
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Key Advantages :Key Advantages :
Ease of Management (Tech. Ease of Management (Tech. 
and Business)and Business)
ReliabilityReliability
Ease of monitoring and Ease of monitoring and 
billingsbillings

Key disadvantagesKey disadvantages
Cost of infrastructureCost of infrastructure
Cost to consumerCost to consumer
Spectrum use can be made Spectrum use can be made 
more efficient using more efficient using 
alternate technologiesalternate technologies
Time for deploymentTime for deployment
Capacity increased by Capacity increased by 
increasing infrastructureincreasing infrastructure
Cell size in metros being Cell size in metros being 
reduced 300 m radiusreduced 300 m radius
Almost approaching the cell Almost approaching the cell 
size of a size of a WiFiWiFi network ~ network ~ 
100 m100 m
……
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InfrastrucutureInfrastrucuturelessless NetworksNetworks
A Paradigm ShiftA Paradigm Shift

Minimal dependence Minimal dependence 
on infrastructureon infrastructure
Work cooperativelyWork cooperatively
Basic communication Basic communication 
over short rangeover short range
Requires a Requires a SmartSmart user user 
terminalterminal
Tolerance to base Tolerance to base 
station failuresstation failures

Typically talked about Typically talked about 
underunder

Ad hoc networksAd hoc networks
Mesh networksMesh networks
MultiMulti--hop cellular hop cellular 
networksnetworks
Cooperative networksCooperative networks



2006 29ICT4SED - Connectivity in India

Tx/Rx

Fibre

Short Links: ~3 kms

Mesh network serving ~ 600 sq km

Access
Point

Village
Node

multi-hop 
arhitecture

Future Work: Mesh Networks
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• 600 sq kms

• 120 villages

• On avg. dist.
between villages
approx. 2 to 2.5kms

• Each hop is approx
2 to 2.5 kms

• Max. hops to fiber
drop, approx. 6 

Assumptions
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275Total

758 dB Omni-Directional Antenna

100Access Point

10010-15m Mast

CostEquipment

Cost of a typical Client / Base station
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$7900$7900

900900Three Directional Three Directional 
Antenna (16 dB)Antenna (16 dB)

20002000Cisco BridgeCisco Bridge

50005000TowerTower

$2400$2400

300300One Directional One Directional 
Antenna (16 dB)Antenna (16 dB)

20002000Cisco BridgeCisco Bridge

100100PolePole
Cisco
Aeronet Bridge
based System

Client Side

19001900

400400Omni Antenna Omni Antenna 
(15 dB)(15 dB)

300300WiFiWiFi (Modified (Modified 
MAC)MAC)

12001200AerostatAerostat

600600

200200One Directional One Directional 
Antenna (18dB)Antenna (18dB)

300300WiFiWiFi (modified (modified 
MAC)MAC)

100100PolePole

Base Station

Aerostat Based
based System

275Total

758 dB Omni-Directional Antenna

100Access Point

10010-15m Mast

CostEquipment

Mesh Network
Based System
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WE are currently experimenting with WE are currently experimenting with 
MicrisoftMicrisoft ResearchResearch’’s public domain mesh s public domain mesh 
networking software networking software 
http://research.microsoft.com/mesh/http://research.microsoft.com/mesh/
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• Manhattan area in    
NY 

• 13707 unique nodes
• 9669 nodes not 
secure protected

• 4038 secured
• Nodes identified by

probing using a 
802.11b card from a    
car with GPS  
capability

• Case of Bryant
Park community
network

Community Networks
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Some Community Mesh Network Some Community Mesh Network 
ProjectsProjects

ApiredeApirede, Ghana, Ghana
Elgin, IL, USAElgin, IL, USA
FarragutFarragut Park, DC, USAPark, DC, USA
Homer, IL, USAHomer, IL, USA
Lawrence, KS, USALawrence, KS, USA
MamelodiMamelodi, South Africa, South Africa
New Orleans, LA, USANew Orleans, LA, USA
N. Lawndale, IL, USAN. Lawndale, IL, USA
PilsenPilsen, IL, USA, IL, USA
Tribal Digital Village, CA, USATribal Digital Village, CA, USA
Urbana, IL, USAUrbana, IL, USA
Google Launches City Wide Google Launches City Wide 
WiFiWiFi Network for Mountain Network for Mountain 
View, CAView, CA

CUWiNCUWiN/UIUC Partnership /UIUC Partnership 
Awarded $500,000 NSF Grant Awarded $500,000 NSF Grant 
To Develop HighTo Develop High--Performance Performance 
Open Source Mesh Wireless Open Source Mesh Wireless 
Technologies.Technologies.
Kingsbridge Mesh Goes Live!Kingsbridge Mesh Goes Live!
Community Mesh Network for Community Mesh Network for 
MahavilachchiyaMahavilachchiya, Sri Lanka , Sri Lanka 
Philly to Defy Telecom Giants, Philly to Defy Telecom Giants, 
Set Up Public Wireless Set Up Public Wireless 
NetworkNetwork ......
New book about Philadelphia New book about Philadelphia 
municipal wireless networkmunicipal wireless network

Mesh Networks will make an impact soon; 802.11s



2006 36ICT4SED - Connectivity in India

Welcome to Welcome to MeshAPMeshAP StepsSteps

These pages are intended to guide you through a step by step setThese pages are intended to guide you through a step by step setup of a mesh. This is intended up of a mesh. This is intended 
as basic education and training to get a mesh online following as basic education and training to get a mesh online following LocustWorldLocustWorld best practicesbest practices
A moderated mailing list exists for the purpose of asking questiA moderated mailing list exists for the purpose of asking questions relating to each step and for ons relating to each step and for 
providing model answers as well as extending this providing model answers as well as extending this wikiwiki. For information on joining this mailing . For information on joining this mailing 
list, please see list, please see MeshApStepsMailingListMeshApStepsMailingList
The steps that should be followed are outlined below: The steps that should be followed are outlined below: 
MindSetMindSet
HardWareHardWare
SoftWareSoftWare
FirstNodeFirstNode
WianaRegistrationWianaRegistration
AccessControlsAccessControls
MoreNodesMoreNodes
DeployingNodesDeployingNodes
TestingMeshConnectivityTestingMeshConnectivity
FeedbackAndTuningFeedbackAndTuning
ContributingToLocustWorldContributingToLocustWorld

http://http://www.locustworld.com/meshapsteps/wikiwww.locustworld.com/meshapsteps/wiki
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Commons Model for Spectrum UsageCommons Model for Spectrum Usage

Spectrum is typically is Spectrum is typically is 
licensed (except for 2.4 licensed (except for 2.4 
GHz band)GHz band)
Approach to spectrum Approach to spectrum 
utilization is analogous to utilization is analogous to 
real estate real estate –– property property 
modelmodel
What is proposed in What is proposed in 
many countries is many countries is 
Commons ModelCommons Model

Why do I mention this?Why do I mention this?
Cooperative sharing of Cooperative sharing of 
spectrumspectrum
Close links with idea of Close links with idea of 
MultiMulti--hop cellular networks hop cellular networks 

Essentially a cooperative Essentially a cooperative 
networknetwork
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Tragedy of Commons:Tragedy of Commons:
Different users will coDifferent users will co--exist in the commons bandexist in the commons band
Some users could use the spectrum inefficiently causing Some users could use the spectrum inefficiently causing 
degradation in performance for other usersdegradation in performance for other users

How to overcome this problemHow to overcome this problem
Technological challengeTechnological challenge

Development of novel protocolsDevelopment of novel protocols
Development of novel Physical layer algorithmsDevelopment of novel Physical layer algorithms

There is strong possibilities for this because of the success ofThere is strong possibilities for this because of the success of 2.4 2.4 
GHz (GHz (WiFiWiFi) in public parks and public spaces) in public parks and public spaces

I believe, there is need to I believe, there is need to delicensedelicense more spectrum more spectrum 
under the commons modelunder the commons model


