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Abstract

There ae an increasing number of data cmmunication techndogies in use in the modern world such as xDSL
or WirelessAccess WirelessLocd Loop, Frame Relay, ATM, Voiceover IP, Voiceover FR etc. that canna be
eoconamicdly be implemented in the developing regions of the third world. More often than not, limitations of
avail ability of techndogy are dted along with ladk of per-cgpita revenue to justify dedsions to nd deploy
services for the masspopuation. For example, in Bangladesh, by 2002there will be 129 (one hunded twenty
nine) milli on people who will NOT have accssto telephore services, a staggering error in judgement when
compared to the lucky 1(one) million people who will have the privilege of cdling someone using their own
telephore.

This paper presents a partial report of work in the cntinuing design, fabrication and deployment of a
BroadBand Wireless IP Router working in the S-band wsing Spread Spedrum in order to develop a flexible,
portable data communications network operating at between 2 Mb/s and 55 Mb/s over 16-30 Km or more.
Using the newly developed router as an implementation tod and a ommitment to use dready developed
computing and communications techndogies, It can be shown that it would be relatively easy to implement
meshed, fault-tolerant telephory/internet delivery service in a broad geographic aeawhile leazing more than
enough bandwidth for value alded services such Video/Audio Conferencing and two way Tele-educetion o
Tele-medicine gplicaions, in an aff ordable manner.

Introduction

A model data mmunication retwork has been established in Dhaka, Bangladesh that is being used as a testbed
and pototype of a new method for implementing a Broadband Multi-service Switching Transmisgon and
Distribution Architedure (BMSTDA). The network was developed under the leadership of the Author by
enginees of PraDeshta Limited, a data aoommunications srvice ®mpany in Bangladesh and the first successul
trial of 16 kilometers line-of-sight distance a@ 3.2 Megabit/second throughput took placein November 1999
between DOHS, Mahakhai in Dhaka axd Kanchpu on the outskirts of Dhaka Commercial use of the
techndogy started in February 2000with a 3.2 kilometers link between Banani and Shamoli in Dhaka dty, for
carying dialup Internet traffic as well as video conferencing and telephory services. The link has been
averaging 3.9 Mb/s throughpu and is providing service on a mntinuows basis, repladng a dial-leased
conredion and allowing for the first time, metropditan areawide dynamic routing and service provisioning.
The Shamoli end d thislink is being extended southwards to aregion d the dty cdled Armanitola (distance 7.6
km) and a sister link is planned to be implemented from Sylhet city in North Eastern Bangladesh eastward over
33-35 km distance to a remote region cadled Durgapasha for providing educaional internet services to schods
there.



| would like to take the oppatunity provided by this forum to inform the world community of some of the
benefits that we have foundin deploying commerciall y operating broadband links and to what extent we believe
the techndogy we have developed and adopted can be put into use for many regions of the world. In order to
attrad entrepreneurial interest in deploying more networks using the concept | am focussng on the financial
aspeds of the aurrent techndogy, astedindogy islikely to bevolatile and chegper to developin larger quantity,
but unless ample networks can be implemented to show benefit we would na be @le to develop that criticd
massto develop chegoer versions of the engineeing products required to roll out. In esence, by showing the
costing structure first, in its highest form, we hope to dspell the myth that small er-and-better techndogy is not
redly worth implementing when compared to the standard telecommunication switching, transmisgon and
distributioninfrastructure avail able in the market today.

Validation of the need of this Broadband Multi-service Switching Transmission and Distribution
Network (BMSTDN) architecture

The genesis of the ancept took placeduring the brainstorming sessons held in Dhaka in April 1999 with the
participants of the Workshop on Internet: South Asian Realities and Opportunities’, participants from all the
courtries of the locd region expressed their views, and comments on what they thought needed to be dore to
improve the penetration o I nternet servicesinto their regions where the penetration o basic Telephory was 4ill
in a moribund state. While some esoteric ideas guch as the Satellit e-simplex downlink asdsted padket radio
uplink, or the small-VSAT TDM/TDMA? systems using a regional satellite projeds were floated and mull ed
around the slow deployment of these techndogies and the aost as projeded to be involved initially made the
concepts unattradive. Techndogy projeds that were thought to be feasible were eventualy finali sed in the form
of the proposed “Jono-Gono Projed”, where leky FM-Radio or VHF-TV signals were re-transmitted from
QRP? stations where it was conceived that the Micro-Community Broadcast Stations would be provided with an
automated computer workstation and server network being slaved via aBroadcast Communications Recever.

In fad in June/July of 1999a demonstration retwork was stup by PraDeshta’ to show the capability of ahome
PC to Prip Trust/Lean Foundation®to ad as a full TV broadcasting station with a potential service @verage of
abou 1 to 1.5 miles diameters from the antenna position. This led to the understanding that antenna height was
more important than radiated power, and that even low power such as 60-70 dBBmV was able to read large
popuation areas if care was taken in making the feed pant of the antenna matched efficiently and carefully as
possbleto the transmitter which could pasgbly be just asimple anplifier used in Cable Television.

A corollary from the Workshop teld in April, left us with the impresgon that rural communiti es have adefinite
and pofit-potential need for telephory services yet are denied access to the switched telecommunicaion
network as the incumbent operators may have planned their resources for those aeas that have higher density of
communicaion wsers and nd for the sparsely spread rura or urban communities. In fad, the insistence of the
incumbent telecom operators in the region to use centrali sed switching, transmisson and dstribution fadliti es
meant that in order to use atelephore (be it cdlular, fixed, radio-telephore, opticd, infrared) and perhaps a fax
machine. Thisled meto believe that a Community Communication Center® (CCC) was going to be a cetral part
of any aternative telecommunicetions network. Due to Arun Mehta' s insistence that whatever new techndogy
be introduced would be quick to implement, cost less (obviously) and be rolled ou withou re-inventing the
whed the primary thought driving the development of the spedficaion o what is now BMSTDA, was to
combine dements of existing techndogy in a unique fashion to derive the goal withou worrying abou what the
equipment could redly do, only what we asked it to da

However the problem of switching and dstribution remained, and thase were very nicdy solved by adopting
some techndogy being used in the wireless LAN market, where ordinary Radio LAN cards using spread
spedrum transcevers at extremely low power (typicdly +15 dBm at 2.4 GHz) were couped with a suitable
operating system (DOS, Linux, NT or other custom system) and were in trial use in many locaions worldwide



as an dternative to expensive leased lines. However we were unable to find any research reports or commercial
products worldwide where the inherent capability of these techndogy devices to be put to useto build a fault-
tolerant multi-service network for use in convergent networking such as the cariage of Voice Telephory, E-
mail, Internet, Database services, Video Conferencing al under one common infrastructure was tested and
deployed till date, and we dedded to buld ou own comprehensive network to vali date the concept and to fulfill
what we perceived was a definite need.

Elementary, My Dear Watson!
The essential elements of BMSTDA are:

Community Communications Center CCcC
Telephory Service Equipment TSE
Internet Service Equipment ISE
Video Conferencing System VCS
Power Suppy PS
Main Telecommunciation Switch MTS

Transmisgon, Switching and Distribution infrastructure, includes:

Mast Mourted Router Unit MMRU
Base Tripod BT
Microwave cdle CABL
Antenna Tower TWR
Antenna ANT
Redundant Radio Links RRL
Mast Mourted Amplifier MMA
Locd Network Interface LNI
DSL modem pairs . DSL
WirelessAccessPoint AP

The formulafor setting upaBMSTDA
One BT suppatsone TWR
TWR can suppat upto 4 ANT
BT suppats at lesst one MM RU upto threeMM RU
MM RU contains: Operating System, Memory, Storage, RRL and LNI interfaces and PSU
MMRU isconreded to ANT through aRRL
Each MM RU must suppat upto 3RRL and 2LNI

MM RU can be operated in conjunction with an AP



The combination d the dove istermed “Micro-community Communicaion Node” or MCN and hes the aility
to switch, transmit, receve, route, distribute.

Each CCCwill have & least one MCN, but note that ead TWR can suppat upto 4 ANT. There will be & the
minimum of two RRL for ead ICN, and al RRL and LNI will be under the control of a dynamic routing
engine. In the prototype network this was implemented using OSPF v2’ with suppat for VSLM?®, and service-
read o the RLL can be estimated at being at least 16-25 kil ometers without needing an MM A. The use of an
MMA can increase the service distance of an RRL to 3045 kilometers. We ae quating conservative figures
here, alowing for different types of weaher and environment, however by optimising the CABL length, extra
gain can be atieved and by use of matched high gain antennas, we estimate aincrease of 10-15% can be
possble. The eventual range adhieved will be implementation dependent in al cases of RRL implementation.

Oncein thefield, ead vill age or community will haveits own MCN linked to ather MCN in a meshed network.
The rulesets for the MCN are that eaty MCN will have aRRL designated as Primary (RRL-P) and aher links as
Semndary (RRL-S). All links are treaged to be equal, and the network architedure will interad with the
dynamic routing protocol (OSPF) in useto build its own routing table which will survive fail ures of independent
RRL-S or RRL-P, as data can flow through the second links. ICN failures are expeded to be rare, but just in
case, our BMSTDA implementation concept encourages for two or more MMRU to beinstalled in ead BT to
provide alditional RRL service caability.

Since RRL is esentidly a Dired Sequence Spread Spedrum Transcever, it can be set to use many coded
sequences, separating transmissons of al RRL-pairs from ead aher, and permitting frequency spedrum re-
use. RRL-pairs can be asdgned various parts of the spedrum in either the 2.4 GHz band, or 5.x GHz band as the
locd regulations sefit, or simply left to be implemented by whatever transcever techndogy will be avail able.
Particular care has to be taken to ensure the QRP signal of the transceiver is efficiently and econamicdly
matched for maximum delivered gain at the Antenna output from the RRL inside of the MM RU. It isthis mple
faa that drives the BMSTDA concept, “maximum gain for minimum inpu” and is at odds with those who
prefer to pu awirelessrouter at their data center and then run expensive microwave hardline to the antennafeeal
point which is often ontop d aroof far away.

The CCCwith the MCN is able to be apart of a dynamic routed Internet, and is independent of all others, asit
can be realily moved to far away locaions due to the fad that no foundition is necessary for the TWR / BT
placanent. In fad the MCN can be far away from the CCCasthe LNI can be ather UTP, BNC or Fiber media

At the CCCthere will be suitable low-cost ISE, esentially a managed ethernet switch or hubwhich will have &
least one server containing a VOIP Switch or a PC-Server with VOIP Switch. In the latter case the VCS can be
very chegly intergrated into the TSE. There ae several manufadurers of VOIP products that can be integrated
into the BMSTDA. We ae saming FXS interfacefor the TSE along with a POTS telephore set for eah
channel.

The etire network can be mnreded to ore or more MTS with RRL which can be ather 16, 30, 45 a 60
kil ometers away from the nearest ICN.

CCCcan have | SE and TSE equipment distributed in the locdity by using DSL modem pairs.
Bandwidth

We have tested the ICN/RRL architedure and can report the foll owing results:

Distance IP Data Rate Range
(Mb/s)

0-5 kil ometers 55




Costing

Asaiming we use eisting based productsin our implementation d aBMSTDA of 151CN and stipulate that at
ead nock there will be & least 2 (two) telephore sets with datone, 1 (one) video conferencing system, and an
internet conredion for upto four additional devices, as well as alowing the VCS to be used as a internet
browsing workstation, and excluding the ast of the Internet gateway connedion bu including the st of a 30-

5-16 kil ometers 3.2-3.9

16-30 kil ometers 2 Mb/s (cdculated)

Note: by using Amplifiers the range can be
incressed for ead link providing both transmit
power and recever gain isincreased onbaoth sides
in symmetricd fashion.

Each VOIP conredion ony takes a maximum of
10-12 kb/s and therefore on EACH of the RRL it
is posshle to put in excessof 200 simultaneous
telephore cdls in addtion to a 1 Mb/s IP
conredion between eat ICN.

port VOIP switch and arouter at the MTS, we can hypotheticdly estimate:

# | Item Qty Unit Price
(Maximum, USD)

32 channdl VOIP switch | 1 33,000
with E1 Channel Bank at
MTS with router for
upstream conredivity®
Server with 2 channel | 10 3,500
FXS/VOIP Switch
interface Video
Conferencing Hardware
for ISE and TSE Service
RRL + CABL 29 700
ANT 29 250
MMRU 12 1000
MMA 9 1000




TWR + BT 11 800

LNI 11 100

Calculations:
For 101CN, 30 pats Telephory service caability: USD136450.
Per port price over 12 months repayment period (20 pats): USD56854 per month

Per port price over 12 months repayment period (20 + 10 additional ports Telephory
service): USD406.81 per mornth

Per node sting (MTS, ICN == 10 noas) = USD13,645

Subscribers of this network will be ale to pace cés intra-network as well as outside of the network. Area
codes can be assgned, E-mail services, Data Archival, Software Devel opment, Software achival

For a detail ed sample of network configuration dease seethe animated presentation in Power Point attached
Separately.

Summary

The aosting of the network deployment for 10 sample stations is sgnificant but not untowardly expensive, and
provided the aost isremvered in 12months only, the operations cost after that point is extremely negligible. The
meshed nreture of the BMSTDA makes this sample network very reliable in terms of posshiliti esthat individual
links may fail or be put out of commisgonfor other ressons.

By utilising small scde techndogy, in rural and uban aress, the introduction o the BMSTDA will generate
employment (nat treaed in this paper), and empower entire popuation segments hitherto ignored by standard
telecommunicétion systems.

The acdual presentation will demonstrate scdability of the system and cost per unit-deployment graphsto prove
it would be eay to roll out this type of network in many areas of the world, including areas with mountainous
territory and geographicd impairments.
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Managing Diredor
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House 50/1, Road 1
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BANGLADESH
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No part of this document may be reproduced in part or its entirety, in any form or by any means, withou the
prior permisgon in writing of the Author, nor be otherwise quaed in any other work by any other Author or
Organisation without the prior permisson being asked before doing so.

! The workshopwas gponsored by the International Center for Integrated Mourtain Development (ICIMOD),
Kathmandu, in cooperation with the Locd Government Engineging Department (LGED) of the Ministry of
Locd Government, Rural Development and Cooperatives, Gov't of Bangladesh. 5-8 April 1999 (Please see
URL http://sasianet.org/ for full text reference)

? Time Division Multi plex/Time Division Multi plexed Access

® QRP —meaning “Very Low Power”, a ode word used by Ham Radio Operators and a part of the Q-Code
aphabet set. There ae anumber of Q-codes, seehttp://www.arrl.org for links to amateur radio sites.

* PraDeshta Limited, House 50/I, Road 1, Banani, Dhaka 1213 Bangladesh. Fax: +880-2-9881396

> Lean Foundation, Sylhet. http://www.bangladesh-web.com/lean

® Asfar as| can remlled thisterm | head from Vickram Crishna or Madanmohan Rao

” Open Shortest Path First, Routing protocol

8 Variable Length Subret Mask refers to Clasdess|nternet Domain Routing (CIDR)

® Based uponestimates of Nortel Networks (http://www.nortel networks.com) and Valiant Communicaion
Products (http://www.vali antcomm.com) products, February 200Q




