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Abstract: Rural areas especially those of the developing Optical fiber technology is another option for a&xe

countries provide challenging environment to impdam

communication infrastructure for data and Interbased services.

The main challenges are the high cost of netwonlémentation
and lack of customer base, as rural areas areatharzd by low
income, highly scattered and low population dendityis situation
drives network operators to establish network siftectures in
urban/city centers leaving rural areas as undezgecommunity.
This paper surveys the available connectivity tetbgies with
potentials to offer broadband access network talrareas. The
scope of this survey is on wireless access techedpdue to the

networks; it provides a huge amount of bandwidththia
range of Gbps. A single strand of fiber offers fota
bandwidths of 25,000 GHz. Passive Optical Networks
(PONs) are widely deployed to implement the fibgtio
access networks [2]. A PON is usually viewed asfihal
segment of optical fiber-to-the home (FTTH) or elds it
(FTTx). Commercially available and widely deployB®N
access networks are the IEEE 802.3ah Ethernet PON
(EPON) with a symmetric rate of 1.25 Gb/s, or Rg-T’s

fact that they are efficient in terms of cost, tiofedeployment and  G.984 Gigabit PON (GPON) with an upstream rate. .84
network management for rural environment. We previd Gp/s and a downstream rate of 2.488 Gb/s 2.

comparison of the surveyed technologies in termhef capacity
(data rates) and coverage. We also discuss thentwteployment
of WIMAX and 3G technologies in Africa, which ish@me to most
of the developing countries. The survey resultdcatg potential
broadband access technologies for rural areas eofdéveloping
countries.

Keywords. access network, broadband, developing countrieal, ru
1. Introduction

A connectivity network can be categorized as a baakor

an access network. The access networks providesdhe

called "last mile" connectivity that connect enctnssto the
backhaul network which finally connect to the mmiet. The
existing access network technologies constitutendfanced

copper wires based on Digital Subscriber Line (xSL

coaxial cable, fixed and mobile wireless, satelltased
wireless and fiber optic technologies.

The xDSL technologies use existing Public Switche
infrastructure to provid

Telephone Network (PSTN)
broadband data service. In xDSL, the telephone dargies
both voice and data signals/packets; there isitespat the
end user premise where voice and data services

separated. The xDSL systems cover various techigslo
such as asymmetric DSL (ADSL), very-high-speed DSL

(vDSL), and high-bit-rate DSL (HDSL). Their thedcs
peak data rates (downlink/uplink in Mbps) are: .Q%L

(HDSL), 8/0.8 (ADSL) and 52/26 (VDSL) respectively
Cable modem technology uses coaxial cable to peovi

Internet data services along with digital TV. Thedretical
peak bandwidth is up to 30 Mbps. It is worth toentiat
wired technologies have distance limitations. Tforee the
data rates provided depends on the distance cavéies
data rate decreases as soon as the distance coeestd
the specified range.

The xDSL and coaxial cable infrastructures are well
established in developed countries. For examplmast of
the European countries and USA almost all housshiaddve
twisted-pair cabling and the entire cities are emted by
POTS (Plain Old Telecommunication System). In adulijt
almost all households have wiring for cable semice
However this is not the case in the rural areadestloping
countries, which are characterized by low densityd a
sparsely populated areas. Characteristics of euess of the
developing countries, provide a challenging enwinent in
terms of network costs and time of deployment tpl@ment
wired technologies such as xDSL, coaxial cablesapiital
fibers. Therefore, wireless technologies are eomisil as
suitable technologies for rural environment.

Wireless access technologies that are candidates fo
broadband rural access networks include: Wireledslify
(WiFi), Worldwide Interoperability for Microwave Aess
(WiMAX), cellular mobile wireless networks and shite

SAT). The access technologies surveyed in thjgepare
hose with potentials to connect rural areas, dsjhgthose
of the developing countries. The scope is limitedvireless
technologies that have been proposed as candiftatesral

gf;\sed technologies such as Very Small Aperture ifafm

g%réennectivity [3,4].

The rest of this paper is organized as followssdntion 2
Wwe investigate broadband wireless technologies thay
potentially provide rural connectivity. The invegtion is
based on the widely deployed technologies as weltha
merging ones. Section 3 indicates the currentogepnt
tatus of WiMAX and 3G technologies. In additidmerte is a
comparison of the surveyed wireless technologigsrims of
capacity and coverage. Then, the survey conclusiod
direction for future research are presented incedt.
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2. Broadband Access Technology for Rural
Connectivity

WiFi technology, also known as IEEE 802.11 was
specifically designed for wireless local area netwo

standard. The WiFi technology offer theoretical kpekata
rate of 54/11/54/600 Mbps for IEEE 802.11a/b/gandards
respectively. Other technologies, either wired drelsss,

can serve as access networks to deliver data oy |

distance and then WiFi is used to deploy local netwn
order to distribute the data service locally. Witgtworks
use unlicensed spectrum, which raises the poggibf
interference from other devices. Its coverage ngitéd in
most cases to only 30 - 100 meters. Another opfam

broadband access network is the wireless mesh netwo 2005) 802.16-2005 in

(WMN). The WMN is a communications network made up view of its

of radio nodes organized in a mesh topology. It gg%sneeg?(t)er’

mters:onnects stationary and/or mobile cI|er.1tsf aptional!y nomadic and

provides access to the Internet. Characteristia @MN is mobile use.

that the nodes at the core of the network are fating data 802.16m | This is an 100 Mbps
to and from the clients in a multihop fashion. WMd&n be amendment to | for mobile
built up by using existing wireless technologias;ts as the the air applications

commonly used IEEE 802.11 (WiFBimilar to WiFi, WMN

is also challenged by coverage limitati®ince the scope of

this paper is on access technology to cover the rnae

connectivity of a rural area, then WiFi and WMN

Table 1. IEEE 802.16 Standard Description

Standard | Description Data Rates
802.16d | This 70 Mbps
(802.16- | amendment s
2004) also known as
802.16-2004
because it was
released in
2004. The

standard only
support  fixed
operation.

802.16e | This standard, | 15 Mbps
(802.16- | also known as

interface; it can| and 1 Gbps
support both for fixed

fixed and applications
mobile users.

technologies are not discussed here. On the othad,h There are three topologies for WiMAX network: fixpdint-

satellite based wireless technology such as VSAZE teeen
proved from literature to be the relatively expgasoption
for rural connectivity [5]. Therefore, VSAT is alsmut of
scope of this paper. The remaining wireless teduies
discussed are the WiMAX and cellular mobile tecbgats.
The hybrid fiber-wireless network is also discussed a
potential emerging access technology for rural ectinity.

2.1. The Worldwide Inter oper ability for
Microwave Access

to-point (P2P), fixed point-to-multipoint (P2MP)&mobile
WIMAX. The WIMAX network consists of two key
components: a base station and a subscriber devVie.
WIMAX base station is mounted on a tower or talllding
to broadcast the wireless signal. The subscribereeaeives
the signals on a WiMAX-enabled notebook or mobile
Internet device (MID). For fixed WIMAX deployments,
Customer Premises Equipment (CPE) is needed tasaet
wireless modem providing interface to the WiMAX wetk
for a specific location, such as a home, cafe fiiceo

A point-to-point (P2P) topology consists of a dedid long-
range, high-capacity wireless link between two ssit€he

WIMAX, also known as IEEE 802.16, is a wirelesscentral site hosts the base station (BS), and ¢hwote site
communications standard that is intended for waele hosts the subscriber station (SS), as shown inr&igjuThe

Metropolitan Area Networks (MAN). WIMAX provides

broadband wireless access of approximately up kon4i®r
fixed stations, and 5 - 15 km for mobile statiohbe IEEE

BS controls communications and security parameters
establishing the link with the SS. The P2P topolagysed
for high-bandwidth wireless backhasérvices at a maximum
operating range of approximately 48 km using lifiesight

802.16 standard has undergone different amendnfents (LOS) or non-line of sight (NLOS) signal propagati6].

improvements which at the end results into the iearl

amendments, the IEEE 802.16a/b/c standards to be

withdrawn. The current available standards are B5P.
802.16e, 802.16m [1]. Their respective brief dggmn and
data rates are shown in Table 1.
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~48km/30miles (LOS) mostly used in urban areas. The reason for thigVi®JAX
was specifically designed for metropolitan areawoek
although it has lots of potential to connect ranaas as well
[7]. Deployment costs are the main limiting factfor
implementing WiMAX networks in rural areas. Howeyver
there exists a strategic deployment of WiMAX netkgim
rural areas, which is envisioned as a cost-effed#chnique.
This is an overlay network topology made up by co-
existence of cellular mobile networks with mobileNBAX
network as shown in Figure 3. The mobile WIMAX in a
~48km/30miles (NLOS) overlay network operate in the Orthogonal Frequency
Division Multiplexing (OFDM) & Multiple-Input and
Multiple-Output (MIMO) antenna capabilities.

Figure 1. WiMAX Point to Point (P2P) Topology

An example of point-to-multipoint (P2MP) topolagy
composed of a central BS supporting multiple S&syigding
network access from one location to many othertiona. It
is commonly used for last-mile broadband acces$ |
private enterprise connectivity to remote officagd long-
range wireless backhaul services for multiple sifea8MP
networks can operate using LOS or NLOS signal
propagation. Each P2MP BS has a typical operatnge of
8 km [6]. Figure 2 illustrates the P2MP topology. [ Existing 26, 2.56 & 36

[l Overlay = Existing + Mobile WiMAX

Figure3. WIMAX as a data overlay network to the existing
cellular networks [8]

The OFDM and MIMO antenna capabilities have emerged
as the technologies of choice to satisfy the grgvdemand
of mobile broadband data due to the increases dfileno
devices and applications like social networking, ichih
combine rich internet-based multimedia and mol8ityThe
OFDM and MIMO technologies are currently used in
WIMAX, long term evolution (LTE) standardized byeth
third generation partnership project (3GPP) as \aslifor
Wi-Fi (802.11n), as illustrated in Figure 4. Autiaon [8]
report that, combination of OFDM and MIMO is highl
scalable and systems based upon it are best pesitito
satisfy the huge requirements for mobile broadluatd over
the next coming years. For this reason, IEEE 8QZ3GPP

Figure 2. WiIMAX Point to Multipoint (P2MP) Topology ?ATS/IS%EThzeift\;;\l/g?/%ﬁagj%dtlﬁz j(gengltlvv?rjlfsptg]g OFD#! an

A mobile WIMAX topology is similar to a cellular Pre OFDM & MIMO
network due to the fact that multiple BSs collalerso
provide seamless communications over a distriboetdiork WiMAX
to both SSs and mobile subscribers (MSs). Covefaga

geographical area is divided into a series of ayging

areas called cells. Each cell provides coverage ufers WiFi
within its vicinity. The wireless connection is tiwd off

from one cell to another when a user is crossimghthrder

between two cells. Each BS radial coverage area i
approximately 8 km. @ Cellular

The deployment of fixed WIMAX networks model to
address last mile broadband access has been highRigure4. Technology evolution towards OFDM & MIMO
successful. However, up to date, this deploymeahado is [8]
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Implementation of broadband overlay network ineslv systems provide much higher data rates from 384skbp
deployment of new WIMAX base station, end userefd) 10Mbps in the downlink direction as well as muchreno
equipments and an upgrades to the core networkgpost services. The fourth generation (4G) is expectedffier up
high amounts of IP (Internet Protocol) traffic. Thaeans, to 100Mbps in high speed mobiles and up to 1Gbp$ixXed
existing mobile operators can co-locate WiMAX batgtion  or low mobility [13].
equipment in their existing 2G cell sites. A reabrid The second generation, GSM network, is widely dggdo
overlay mobile WIMAX commercial deployments by KTworldwide except in USA where the 1S-95 also knoas
Wibro network in Seoul, South Korea have experidnae cdmaOne technology was their choice for 2G techlgolo
cell site re-use rate of 70% [9]. With overlay netltss, For data communication or internet based servig&&; and
subscribers need to have multi-mode handsets amtémm® its successors (3G and 4G) are envisioned to bblevia
to enjoy the best of both worlds: coverage (2G) Aigh candidates. However in most of the existing deplegts of
speed (WIMAX). For portable devices such as laptdps cellular mobile wireless technology, especially tB&
multi-mode combination of Wi-Fi and WIiMAX will behe variants, are faced by coverage challenges. Thet mos
common embedded solution for ensuring coverage [8]. deployed 3G systems are implemented at 2100MHz

The wide coverage of approximately 8km up to 48dad  frequency band. At this high frequency, the radiaves
high data rate are the potential capabilities foOWBMAX  propagation path loss is high, which results inharter
technology to offer rural connectivity. In additeinto that, distance coverage. As a results, the 3G netwokksraainly
the co-existence of WIMAX with 2G and 3G (overlaydeployed in urban areas and in major cities; this business
network) provide a cost effective approach as moicthe strategies to tap a large number of customers &l simgle
capital expenditure will be already covered by #xisting area. Nevertheless, the coverage challenge ofxibeng 3G
mobile cellular network. Technically, the WiMAX networks can be addressed by deploying the 3G mk$wn
technology; be it in fixed, mobile or an overlayptdogy lower frequencies such as 900MHz frequency bands iEh
have great potential to offer broadband accessarktmo an emerging technique which has the potential tress$ the

areas underserved by wired technologies. coverage problem as well as providing 3G data dgpand
services [8].
2.2. The Cellular Mobile Wireless Technologies The technique to implement 3G network at 900MHmndpri

about an added advantage of making use of theirexist

The world has experienced an ever-going evolutign &SM sites, to implement 3G networks, especiallyrural
cellular mobile wireless technology from first geation 1G ~aréas. The practical experience is pioneered byiaNok
in late 70s to the fourth generation 4G in 2010e Tinst Siemens Networks which implemented a pilot projtect
generation cellular system was an analog mobilengh Elisa, the Finnish mobile operator, which demonsttaa
system working at 850 MHz, developed by AT&T Be"deployment_of 3G W|debanq Code.D|V|s.|cl>n Multlpleoé_ss
Laboratories in the late 1970s [10,11].The systems w(WCDMA) in 900 MHz, without impairing 2G services
mainly used for the basic telephone voice servicks. running on the same band [14]. _
maintain the first generation subscriber serviceality A growing number of mobile operators are deploying
especially in a heavily populated area, was difficlue to UMTS/HSPA services alongside with their eX|s_t|ng NES
tremendous system complexity and lack of contras. & NEtworks operating in the 900 MHz band. Accordinglis],
result, these analog networks were switched of2@®0 there are around 10 operators (|_n Australia, Eatdfinland,
[10,12]. The second generation (2G) cellular wisle !c€land, New Zealand, Thailand and Venezuela) -
network was developed in early 1990s which alsokethr commercially running UMTS/HSPA operations in 900MHz
the beginning of fully digital systems. The GloSaistem for Pand . It has been demonstrated that GSM and UMSBAA
Mobile Communication (GSM) is one of the 2G celfula "etWorks can co-exist in the same frequency baritsut
mobile network widely deployed in Europe, whichefat €chnical problems such as interference [14]. Deplp
gained worldwide acceptance and became the womdst UMTS with HSPA in rural areas by re-using the erist
popular mobile technology. GSM sites is a cost-effective splutlon for mobdngcators to
End terminals in the 2G networks could only procesgffer mobile broadband services, such as high data
audio/voice as input data. Therefore, users hadisse a Multimedia services. By re-using the existing lay-of the
modem to transfer data traffic via GSM at a rat®.6fkbps. GSM infrastructures within the ~existing service ere
This method of data transport is quite inefficiemtsupport 9enerates further benefits such as quicker —network
modern multimedia rich Internet applications, likeeb deployment, limited impact on capital expenditure re-
browsing, videoconferencing and multimedia stregmin USINg €xisting antenna systems and feeders andedmi
Therefore some new standards have been developad bdMmpPact on operational expenditure through re-useedfvork
on 2G technologies, such that the existing 2G eqeifi can Management systems. Costs are lowered and rol$ Gaster
be upgraded to provide higher transmission rateeyTare through re-using the existing sites which, elimgsassite
generally categorized as 2.5G mobile communicatioRcauisition costs and civil works [14, 15]. From an
systems, namely; General Packet Radio Service (FBRS implementation point of view, operators only neéttiez to
Enhanced Data Rates for GSM Evolution (EDGE), affgr add a new UMTS base station cabinet, or to repthee

data rate (downlink/uplink in Kbps) of 40/14 and4#g3 ©xisting GSM base station by a multimode
respectively. The 2.5G technologies only served £3SM+UMTS/HSPA base station subject to site situabo

temporary data solution for the exploding intersetvices Manufacturer's design [15]. For the existing GSMerapor,
which eventually lead to evolution of 3G systembe 3G the most cost-effective solution is to re-use tkisteng GSM
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site for UMTS deployment. The existing antennae and2.3. The Hybrid Fiber-Wireess Access Network
feeders can be reused and the UMTS base statioatoye
in 900MHz can be added. Recent advances in fiber optic technology have ted
Another significant benefit of UMTS/HSPA deploymentsjgnificant increase in capacity of optical networRata can
in the 900 MHz band comes from the fact that radave pe carried at terabits per seconds (Tbps) bandvédtbss
propagation path-loss in 900 MHz frequency banthi&€h |ong distances. However, carrying information toe th
smaller. Th_erefore at the lower frequency, celésiare two residential customer still depends on legacy lowebddth
to three times larger than that of a UMTS/HSPA &jccess networks. The situation is even worse @l nontext
2100MHz. This wider cells enable coverage with fesites where the reach of fiber Optic backbone is rathmitéd.
[15]. This is illustrated in Figure 5. The widesverage is @ while fiber optic technologies offer high bandwidtiney
useful feature especially to rural areas whergannot be deployed everywhere due to their impléatiom
customers/subscribers are scattered. constraints such as distance limitation and tinkerao lay
down cables. On the other hand, wireless have enpat to
reach everywhere, providing mobility as well astdas
deployment. Therefore, combining these two teclgie®
implies reaping benefits of both. To cater for thereasing
bandwidth requirement and to reach the isolatedl rareas
where implementing wired network is not possiblent a
hybrid Fiber-Wireless (FiWi) broadband access neétwis
considered to serve the purpose [16]. The hybritlifs a
broadband access architecture which captures tke die
both; the optical and wireless worlds. By combinitige
capacity of optical fiber networks with the ubiguiand
mobility of wireless networks, FiWi networks form a
powerful platform to support the emerging as wslifature
According to UMTS forum [15], in order to offereh applications and services [2]. Furthermore, thegrdated
same service (Same data ra‘[e) and equa| Coverhge, f{ber-wireless architecture is envisioned as ameatc way
required number of base station sites in 900 MHadbis to bridge the connectivity gap between rural arohorarea
reduced by 60% compared to that needed by 3G UMTS[47].
2100 MHz, as shown in Table 2. The hybrid FiWi network can be implemented by using
either WiFi or WiMAX technology as the wireless fiteend
connected to a fiber optical backhaul. CurrentliZEE
802.11 a/b/g WiFi technologies are widely exploitdde to

Figure5. UMTS/HSPA at 900MHz enhances coverage

Table 2. Required Cell Site (Base Station) [15].

Service 2100MHz | 900 Number of their low cost, technological maturity, and highoguct
band MHz Site penetration. However, since these protocols weiginaily
band Reduction designed for wireless local area networks (WLANSEyY
(%) cannot be efficiently optimized for outdoors longstdnce
Circuit 224 90 60% access networks. For outdoor long distance networks
Switched, proprietary wireless technologies and WIiMAX haveetbe
64kbps used instead. Unlike WiFi, IEEE 802.16 (WiMAX) alle
Packet 468 181 61% for point-to-multipoint wireless connections andhdze used
switched, 384 for longer distances. WIMAX also expands the scape
kbps wireless access by operating in both licensed atideinsed

frequency bands [2].

There are two possible architecture to enable FiWi
integration: The first option, illustrated in Figu6, is for
optical fiber to run from an edge node, probablgioentral
office, to WIMAX base station's antennas that eath
serve a relatively large number of subscribers ialatively
large cell. Local upstream traffic from the end resés

It can be concluded that, the 3G networks at 21020i¢
the viable option to offer connectivity in ruraleas due to
their high data rate and diversity of services sufmal.
However, they are not widely deployed, especiafiythe
rural areas of developing countries. This is duehigh
frequency used that provide shorter distance cgeera X :
(smaller cells), which consequently leads to higistcof 2d9regated at the antenna locations while network
network implementation. The emerging technique tgranagement is centralized at the edge node. Mailtiptical
implement 3G network at low frequency; the 900MHzNterfaces at the edge node are necessary to supmor
which can co-exist with the widely deployed 2G Gesl  deployment of multiple WiIMAX cells [17].
site, is envisioned as a cost-effective approadbritige the
3G network coverage to the underserved rural contyun



International Journal of Research and Reviews in Coeng&cience (IJRRCS)

‘WiMAX Tow

75Mbps

~T

~
Backbone Access Network Local Network

Figure 6. Optical fiber and WiMAX integratian

317
Vol. 2, No. 2, April 2011

The two deployment architectures discussed aboee ar
compatible with the FTTx framework. Such integratio
offers centralized management at the edge node and
simplified processing at the access point, regylitina faster
deployment and lower system cost. The PON and WiMAX
integration presents an added advantage of cogingeby
using passive equipments. The use of passive eguipis a
low-cost option for the rural area access networks.

3. Deployment of WIMAX and 3G
Technologies

WIMAX and 3G systems seems to be the principle leg®
technologies that are also evolving into emerging
technologies such as mobile WIMAX and Long Term
Evolution (LTE), then LTE-Advanced respectively. éjh
can also co-exist with other technologies to foruertay
network such as the cellular network with mobileM}iX

and 3G at 900MHz with GSM network. From this pafit
view, it is important to identify the current depioent status

of WIMAX and 3G technologies as well as their tifire

The second approach, shown in Figure 7, is to ey,npkgrend. Table 3 shows the current (as of Octobetpp@8tate

passive optical network as the access networkingparting
WIMAX base station antennas in the lower tier. ANO
segment is headed by an Optical Line Terminal (Olfhich
drives several Optical Network Units (ONUs) whichturn
serve end users. PON lowers the cost of networlogament
and maintenance by eliminating multiplexers
demultiplexers, this is a replacement of activecebnic
components with the less expensive passive ofgjdters.
This technique makes the passive optical networketdhe
cost-effective choice for fiber access network dgplent
[17].
longer distance from the service provider centféites to
the customer sites, and provides up to 2.5 Gbpstngsion
data rate [2, 18].

In contrast to the traditional PON architecturewhich
the optical network unit (ONU) bridges the locakrssusing
wired connections; in this hybrid mode as propossd
authors in [18], the ONU is a combination of fibeith
WIMAX to facilitate wireless communications. The Dlin
the central office enables upstream local data exggion
and downstream data broadcast.

‘WiMAX Antenna
@)

()?m
ey

Local Network

Access Network

Figure7. PON and WiMAX integration.

and

Standardized by both ITU and IEEE, PON cever

of WIMAX deployments around the world.

Table 3. Wimax Deployment by Regions [19]

Region Deployments | Countries
Africa 117 43
Asia-Pacific 109 23
Eastern Europe| 86 21
Western Europe| 76 17
North America | 53 2

(USA + Canada

Middle East 29 10

On the other hand, 3G technology is also widelyl@egd
worldwide. Figure 8 indicates deployment of 3G temlbgy
in a worldwide map. The map shows countries that ar
offering 2G/3G services commercially. Observing timap it
is clear that 3G technologies are currently avéglaib most
of the African developing countries, while 2G isadable in
all countries.

o1 4
2005 2006 2007 2008 2009 2010°

Figure 8. Countries that are offering 2G/3G services
commercially [20].
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WIMAX and 3G future trends are shown in Figure &8eT (CAPEX) as well as operation expenditure (OPEXhe
two technologies adopt MIMO and OFDM antennaCAPEX costs are reduced due to cell re-use. Orother
capabilities as noted earlier in Figure 4 and tleg all hand, OPEX costs are cut down due to centralized

heading towards IMT-advanced.

management. However, it will be useful to analybe t

economic standpoint and how the emerging technoligly
| WiMAX compete with the existing WiMAX and 3G for the metrk

‘x'? WilAX . WiMAX 2 }
‘s’ IEEE 5021622005 P IEEES0246n 5
m— Al P e2e NetWork =———
PP _ MT-
HSPA . HSPAT o HSPA+ . Advanced

Relf 7 Rel7,8 < Rek8

e Circuit Switched Network

LI \}!.TE.Advance?‘i.
4{_. Rel& Ve Rel-10 ;

All [P e2e Network >

© CDMA-Based RAN U OFDMA-Based RAN
2008 2009 | 200 201 | 201214 _
Figure 9. Timeline for Mobile WiMAX and 3G [21].

All the surveyed technologies: WiIMAX, overlay netkmf

share. The analysis will help to forecast the fitwireless
technological dominance and hence identify whicH e
the feasible and sustainable wireless technologpalia of
connecting rural areas.

Based on the survey conducted by this paper, thet3G
900MHz technology is suggested as the best techpdtar
rural areas of the developing countries. Both @ayeretwork
3 of cellular with Mobile WiMAX and 3G at 900MHz hatke
advantage of a wide coverage and cost-efficiency i@sults
of co-existence. However, the 3G at 900MHz outpenfthe
overlay network due to the fact that the GSM nekwarhich
is a precondition for 3G at 900MHz is widely demdyin
the developing countries.

Acknowledgment

cellular systems and mobile WiMAX, the third geri&ra  Authors wish to express their gratitude to Sida/S&Rfor
(3G) cellular systems at 2100MHz, the emerging 3G &nancial generosity on this research study.

900MHz, and the hybrid fiber-wireless (FiWi) access
technologies have shown enough potential and chiteshin
terms of coverage and data rates to offer broadbaodss
networks to rural areas. The capabilities are suriaexh in 1
Table 3 in the form of comparison among the surdeye[]
technologies.

Table 3.Comparison of Broadband Access Technologies

Technology Data Rates | Coverage/ Cell [2]
(Mbps) range
WiMAX 75 8km P2P
48km P2MP
Overlay 75 8km [3]
(Cellular + Mobile
WiMAX)
3G at 2100MHz 14.4 2-3km
(HSDPA)
3G at 900MHz 1 2 - 3 times of 3G 4]
at 2100MHz
Hybrid Fi-Wi 75 8km
4. Conclusion [5]

The survey carried out in this paper suggest thatmore
attractive options for rural connectivity, are thenerging
overlay network of cellular and mobile WIMAX andetBG g
network at 900MHz technologies. Deployment of these
emerging technologies is technically feasible aswis
already demonstrated in some countries. Typicamgkas
are the implementation of 3G at 900MHz in countsesh
as Finland, Estonia, Iceland, New Zealand and Aliatf15]
and the overlay network implementation in SeoulutSo
Korea [9]. Deployment of these emerging technoloffer
an added advantages of co-existing with the 2G onmktw
which implies a cost—effective deployment modele Ttost-
effectiveness is due to reduction in capital exjteng
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