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ABSTRACT

This paper evaluates CDMA450 as a potential solution foahatata and voice connectivity. We begin by analyzing the
main strengths of CDMAA450, but also some of the potentiatditons for rural coverage, both from a technical and an
economic standpoint.

We argue that CDMA450 is a promising technology, competiiiv both capacity-centric urban environments and in
coverage-centric rural environments. Consequently, geudis the opportunities of providing universal coveragadgpting
a business model targeting both urban and rural deploymentd utilizing urban to rural cross-subsidization.

We then explore the advantages of deploying CDMA450 usinggd fiireless (WLL) model. To this end, we explore the
effective range of WLL CDMA450, and the impact of using tiveal antennas and receive antenna diversity in real-aorl
commercial CDMA450 deployment in Romania. If used propéhmlgse techniques can aid us in increasing cell radii and
thus lead to substantial cost benefits.

|. INTRODUCTION

Itis widely accepted that communication technology is ofthe most important enablers to increase access to infiwmat
and thus the standard of living. Recent advances have grestliced the cost of telecommunications infrastructure an
worldwide mobile phone penetration has increased from @4 100 inhabitants) in 1999 to 34 (per 100 inhabitants)
in 2005 ([1]). However, most of the gains of the telecommatians revolution has been restricted to the industridlize
countries.

In particular, extending network coverage to rural regiohthe world remains a big challenge because of a combination
of limited purchasing power and low density of rural userslifite phone penetration in rural India is 2% as opposed to 33%
in urban areas in 2006). Since, typically 70% of the capitat ©f cellular networks is in the access network as opposed
to the backbone, these networks depend on a certain useitydfemsprofitability. Hence urban areas tend be covered by
multiple carriers, while rural areas typically have one one.

For example, even the best known “rural” cellular systemar@en Telecom [2] in Bangladesh, avoids rural only base
stations. Instead, by exploiting the high population dignsi Bangladesh, Grameen places base stations such tlyatdtier
both urban, higher income users as well as lower income uete rural areas; typically, there is no coverage for rural
areas that are not near an urban base station [3].

CDMA450 is an promising technology to consider for rural ectivity in emerging regions. It combines an established,
competitive cellular standard (CDMA2000) with an uncori@mal yet promising frequency spectrum (450MHz). Thus, in
addition to sharing the same evolutionary path and advastagvided by the spectrally-efficient, high capacity CDR0A0
family of technologies, the use of a low frequency carrieCIBMA450 can dramatically reduce the cost of coverage.

We start by giving an overview of the CDMA450 technology (g&tll). Section Il presents the most important advansage
of CDMAA450 as an appropriate technology for rural connéigtivWe continue by discussing some of the potential linndtas,
both technical and economic (section 1V). We then proceedriplyzing the use of a fixed wireless model in combination
with directional antennas, receive diversity and high-ped fixed terminals to increase cell radius, and thus maia ru
deployments more cost-efficient (section V). We continuealisgussing the choice of providing voice services, dataices
or both in section VI, and we conclude in section VII.



II. OVERVIEW OF CDMA450

CDMAZ2000[4] is a family of third-generation CDMA cellular communigans standards that supports voice and data
traffic. CDMA20001x(also known aslx, 1xRTTor IS-2000Q is the core air interface standard of CDMA 2000 and it uses
a single pair of radio channels (1.25MHz each for forward esckrse links) to transmit both voice and data with a peak
data rate of 153 Kbps in each direction.

The newer data standard call&@DMA 1xEVDO(Evolution Data Optimized[5] adds capabilities of high speed data
services to CDMA 2000 by devoting a second pair of channalgpéxket switched data transmission. The first version
called Release 0 offers peak data rates of 2.44 Mbps on theafdrlink (base station to handset) and 153 Kbps on the
reverse link (handset to base station). The newer versi@mwkras Revision A will offer higher speeds (3.1 Mbps for
downlink and 1.8 Mbps for uplink).

The technology that is most interesting for rural emergiagions isCDMA450 that uses the same air interface as
CDMA2000 1x but operates at 450MHz. As a result CDMA450 cdierahe same basket of high speed data technologies
such as 1x EVDO but at a potentially lower cost by using a loeaarier frequency.

Starting from the first deployments in 2001, CDMA2000 hasuki®64 million subscribers in 58 countries now (in
2006 [6]). In addition to that, high speed data services &MVRO are now availed by about 42 million subscribers in 24
countries. CDMA450 however is a relatively young technglape first commercial CDMA 450 deployment was launched
in Romania by Zapp Telemobil [7] in December 2001. Since {litsnpopularity has increased rapidly. Zapp estimates that
currently there are about seven million CDMA 450 subscehgorldwide, and as of June 2006 the CDMA Development
Group (CDG) [8] reported that commercial CDMA450 networlkesén been deployed in 18 countries around the world and
an additional 27 networks will soon be launched or are urmagptrials.
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Fig. 1. Structure of a CDMA450 network

The architecture of a generic CDMA450 network offering batice and data service is presented in figure 1. The network
structure and hardware/software components are identitialthe ones of any CDMA2000 network, with the exception of
the air interfaces at the base-stations, and the mobileinaten which operate operate in the 450MHz band.

The main components of such a network are:

o The Radio Access NetworkThe access network is composed of the all the base-stat8irs) (deployed on the field.
These are responsible for communicating with the termittaisugh the radio air interface. A BTS contains both the
hardware and software performing the signal processingssacy to run the radio interface and to communicate with
the servers and routers from the core network. It also costall the radio components sending and receiving the RF
signal to and from the terminals (cell phones).

o The Transport Network. These are long distance communication lines connectiniguacomponents of the system.
The transport network can be further divided into:

— The Backbone Network, which connects various circuit switg nodes(CSN) and packets switching nodes(PSN).
— The Access Network, which delivers the traffic from each kstadon to its corresponding switching node.

o The Core Network. The core network contains the necessary circuit and paekiéthéng equipment, the gateways
connecting to other networks, as well as other server resplerfor network administration, monitoring, providinglue
added services, etc. The core network usually consistsvafralecircuit switching nodes(CSN) and packet switching
nodes(PSN), as well as one network management system (NMS).

— The Circuit Switching Nodes(CSN) enable circuit switchifog the voice circuits, are responsible for signaling,
and ensure the connection with other fixed or mobile telecetwaorks, as well as with other switching nodes.
These nodes only serve 1XRTT voice traffic.



— The Packet Switching Nodes(PSN) are similarly respondibtethe packet switching part of the network, and
ensure the IP connection with the Internet. These nodeg $mth 1xRTT and 1xEV-DO data traffic.
— The Network Management System preforms the network maneggmonfiguration and monitoring.

IIl. ADVANTAGES OFCDMA450

There are several well known reasons why CDMAA450 is an ap@t@pconnectivity solution for rural areas. Some of
these reasons arise from the advantages in using CDMA tenoegardless of the frequency, while others arise froen th
particular characteristics of the 450MHz frequency spawtr

In this section we present the main CDMA450 strengths, aedélsulting implications for providing rural connectivity
In the next section, we revisit some of these strengths by edssidering the practical limitations that can preverat re
deployments from reaching peak performance capabilities.

Large cell size: The main advantages of using 450MHz are its superior prdjwageharacteristics and better penetration
compared to commonly used frequencies (800/900/1800MBI2), leading to longer ranges; the resulting larger cedesi
reduce the number of base stations required to cover a gieen @able | shows typical cell radii for various frequescie
according to an International Telecommunication UnionU)Tstudy cited in a CDG white paper [9]. The general rule
of thumb is that doubling the frequency quadruples the nunabéase stations required. Thus, using 450MHz has the
potential to provide significant savings in upfront cap&apenditure (CapEx), ideal for rural areas where carriegst@ore
cost sensitive given the low purchasing power and low sitbsicdensity. Additionally, the savings can be passed on to
customers to encourage technology adoption.

Frequency (MHz)| Cell radius (km)| Cell area (kM) | Relative Cell Count

450 48.9 7521 1

850 29.4 2712 2.8
950 26.9 2269 3.3
1800 14.0 618 12.2
1900 13.3 553 13.6
2500 10.0 312 24.1

TABLE |

CELL RADIUS VS. FREQUENCY

Flexible cell size: CDMA technology manages the trade-off between capacitycandrage by leveraging its embedded
power control mechanism and adapting the cell size dyndiypiaeither serve very large ranges (when top capacity is no
needed), or to deliver high capacity (where top coveraggesrare not needed). The effect of dynamically shrinking the
cell range, also called "cell breathing”, happens when, asenusers connect to the base station, the effective cejleran
decreases. As described by Veeravalli and SendonarisdhOfjcrease in the number of active users in the cell cauges th
total interference seen at the receiver to increase. Thisines an increase in received power seen at the base diatieach
user, since each user has to maintain a certain signatédiénence ratio at the base station for satisfactory perdoce.
However as there is a maximum limit on the transmit power ftbmterminals, an increase in the number of users results
in a decrease in the maximum distance a handset can be placedHe base station.

While cell breathing can preclude the system from simulbaisé/ achieving maximum capacity and maximum coverage,
in practice the scenarios where both high capacity and laedjesize are simultaneously needed are very rare. In rural
environments with sparse users, coverage is the detemnfaator, and the system is never used to capacity; on the othe
hand, in urban morphologies, capacity is the driving faciod cell sizes can be very small, with each of them being used
to capacity.

The ability to have flexible cell sizes relaxes a number ofst@ints related to cell placement planning, and offers a
way to enable cost-effective deployments in both rural arxhin environments, essential for the successful adopfidineo
technology.

Good performance in both urban and rural morphologies: Targeting rural-only deployments can be challenging, give
the possibly small customer base, low user density and loigposable income. These issues may make it challenging for
operators to target rural-only deployments, especiallgnvmuch more attractive opportunities are present in thesaten
more affluent urban market.

But fortunately, CDMA450 is competitive for both rural andoan environments; operators can use the same technology
to simultaneously target both urban and rural markets.



Low density rural deploymentVe already know that CDMA450 is well suited for rural areagegi that it enables a
larger range per base station, ideal for covering low derssibscriber regions.

High-capacity urban deploymenit is also known that CDMA450 can provide high capacity in diiceent manner. One
misconception is that spectrum frequencies determine fteetige cell size of the base station and that consequeamtly
higher frequency carriers (e.g. 1800 MHz) are useful in degrsvironments. In practice, this is not true; CDMA450 can
efficiently achieve smaller cell sizes in urban environrseRirstly, the size of the cell reduces dynamically as losgases,
which is the case in urban environments with high user dgnSiécondly, the CDMA soft-handoff mechanism allows the
signals of several adjacent base stations to overlap pinglachigher quality signal rather than interference.

In terms of spectral efficiency, CDMA450 has the same charatics as standard CDMA2000. While a direct “apples to
apples” comparison is difficult (and very controversialltake between competing cell phone standards, most stuales h
shown the CDMA2000 technology to be among the most spegtefficient; one study by Deutsche Bank cited in a 2003
industry briefing [11] ranks it the best with respect to spaatfficiency. In general, CDMA450 can deliver high capgacit
efficiently, saving on spectrum licensing cost.

Combining rural and urban marketsthe applicability of CDMA450 in both rural and urban markétsan important
consideration because of spectrum licensing and operatentives. Given that spectrum for both urban and ruralsaiea
usually licensed together, the ideal situation for an djperis to be cost-competitive in both capacity-centric urlzaieas
and coverage-centric rural areas using the same commondiecly. This facilitates a more viable business model bycwhi
operators can use the more profitable urban operations gidszd their rural expansion on the way to universal coverag

Simpler spectrum licensing: Another advantage of using 450MHz arises from historicaboas. In many countries, the
450MHz spectrum was previously allocated to cellular easrusing analog standards, of which the most commonly known
is NMT450, and which are now all obsolete. As these carriestwut of operation, the spectrum was left unused, and has
been less expensive to license compared to competing imasdbr newer spectrum. This provides additional savimgs i
CapEx.

Established technology:CDMA is a well-established technology with several largéustry players such as Qualcomm,
Huawei, ZTE, Lucent, Nortel, and others providing econantuéscale and support. This means that most of the expensive
network components, with the exception of RF air interfaaeds, are common between regular CDMA and CDMA450
deployments and can benefit from existing economies of scale

IV. POTENTIAL LIMITATIONS

In the previous section, we have looked at several advastdge make CDMA450 appealing as a rural connectivity
solution. However, there are a number of practical limitasi that make CDMA450 challenging to deploy in such scesario

Less than maximum cell range An important advantage of CDMA450 in rural settings is tkeeaded cell range, sometimes
exceeding 50 Km. Our own experiments verifying this are @nésd in section V. However, most range experiments, imatud
ours, are only performed with a single active user.

However, as explained in the previous section, CDMA is fetence limited, and cell breathing prevents the maximum
cell range at high loads. By Zapp’s calculations, operatin§0% capacity causes a loss of 3dB in the link budget, which
then results in a 20% loss in range; however, 20% loss from BOsKIl results in a range of 40 Km. This is an acceptable
tradeoff in most real-world situations; however, it is innfamt to remember that the maximum advertised range is not
achievable in all situations.

Large antennas and antenna spacingAt lower frequencies, the required antenna sizes are margel, both at the base
stations and the handsets. The use of a low frequency calsieiaffects implementation of antenna receive diversityobth
the wireless handsets and base stations. Receiver dyvengives combining the signals from multiple receive amas to
enhance the quality of the received signal.

At the base stations, cellular systems use several diydesihniques in order to improve receiver performance innfad
channel environments. Among thespatialandcross polarizatiordiversity are the preferred techniques. For spatial dityers
antenna elements need to be well separated in order forrdspective channel fading processes to be uncorrelatbdsit
been determined through measurements that horizontadigesbantennas need to be separated by 10 to 30 times the
wavelength in order for the correlation between antennambsions to be less than 0.7 [12]. At 850MHz this corresgond
to an antenna spacing of 3.5 to 11 meters, which is challgndint achievable; however at 450MHz this translates to
distances of 6.5 to 20 meters, which is much more challengirdeploy, given that antennas must be mounted on the same
tower. Thus, CDMA450 operators are usually constrainedrpley cross-polarity diversity, which provides slightlysk of
a gain than spatial diversity.

Similar concerns also affect handsets. Due to the largetdemntenna sizes, it is difficult for CDMA450 handset piesta
to design small handsets featuring antenna diversity. Tigpate with small 850MHz handsets, 450 mobile handset perduc
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might have to drop handset antenna diversity altogethemight have to opt for suboptimal antenna sizes and spacing,
making the phones less sensitive overall.

While in theory these considerations can be regarded asrtendimitations, in practice they are not significant if we
consider the main driver of the deployment to be morpholagyhe urban environment the main driver is alwagapacity
therefore the antenna gain is not important, since the udefirranges are always very small as a result of the capacity
driven cell density. On the other hand, in the rural envirents the main driver is alway®verageand CDMA can translate
the low rural capacity demand into extended coverage réggradf the antenna gain/size. Moreover, the user in thé rura
environment is likely to be less sensitive to antenna sizetharefore ready to accept high gain/diversity antennatisols
to boost the range and performance even further.

Low volumes for CDMA450 terminals: CDMA450 relies on established technology from the CDMAQ®amily, which
means that most of the network equipment enjoys the bendfitsgh-volume production. However, when it comes to
CDMA450 terminals, the production volume is still consialely lower than production volume for competing bands
(850/1900). Out of the 318 million CDMA phone users worldejicbnly 7 million are CDMA450, and there are fewer
manufacturers involved in the CDMA450 terminal market.

Fortunately, the inherent issue of low economies of scateldeen substantially reduced in the last two years, with the
number of CDMA450 worldwide subscribers rapid growth, anexpected to be further reduced in the near future. Moreover
in the context of rural deployments, the use of fixed wirelg@ssnes (WLL) is one of the most appropriate solutions, as we
shall argue in section V. In this respect, CDMA is the worldesimarket leader, with more than 65% of the WLL market,
and low-cost CDMA450 WLL terminals are already availableroany markets.

Large required customer base As with any other cellular technology, in order for the dephent to be cost-efficient,
the customer base (and thus the scale of the deployment)erased a certain threshold, at which the investment in the
core network is justified financially. In other words, any CB¥50 must exceed at least a few tens of thousands of users;
a small, incremental rural-only deployment targeting calfew hundreds or thousands of users cannot be envisionéd. Th
is especially true for deployments supporting voice, whteecore network includes circuit switching componentsicivh
come in coarser granularity of incremental capacity, ardnanch more expensive than IP-based data switching equipmen
An EVDO-only deployment, however, can be of smaller scateesiit requires cheaper IP-based data switching equipment
only at the core.

This means that very small-scale, experimental deploysremeat not possible. On the other hand, most commerciallifeal-
deployments can easily reach the required scale.

V. CDMA450 AND RURAL CONNECTIVITY: WLL AS A POSSIBLE SOLUTION

As we have seen in section Ill, one of the key factors in rety@verall network deployment costs in rural areas is
reducing the coverage cost, which can be done by improviegrdinge covered by each base station. While the use of
the 450MHz spectrum enables large cell sizes, we have segrsametimes cell breathing and the requirement for large
antennas can reduce the maximum cell size.

We argue that, in rural scenarios, additional extensioranfje is possible by adopting a fixed wireless deployment mode
often calledwireless local loop(WLL). In addition to the potential cost advantages of WLLe argue that a fixed wireless
model can sometimes be better suited for data transfer al aneas where devices will be shared at fixed locations such
as Internet cafes or kiosks.

In this section, we first list several technical improvensamiw achievable with fixed wireless terminals that are otiser
impossible using mobile wireless terminals. We then shamfmeasurements from the ZAPP CDMA 1xEVDO network
that substantial gains can be realized by using these mwebsiin practice.

A. Techniques for enhancing cell size

Increased effective transmit power at terminals In cellular systems the transmission power of handsetsdsre of
magnitude smaller than the one of base stations (0.2W vs.) 28W thus the reverse data link (from terminal to base
station) is often the range bottleneck.

« Directional AntennasThe fixed location of a WLL terminal enables the use of dimwl antennas pointed at the
omnidirectional base station. In the 450MHz frequency hamekpensive Yagi directional antennas with gains of 9-12
dB are easy to deploy.

« Higher transmit power in terminalsA significant advantage of fixed terminals is the CDMA450nsiard that allows
them to transmit at a much higher transmission power condptyethe limited power output of mobile handsets.
Increasing the terminal transmit power from 200mW (typiical a mobile handset) to values of 500mW or even 2W



(as supported by some WLL cellular terminals) can signifiyaincrease range and signal quality. These improvements
can add 4-10 dB to the reverse link budget.

By using these two techniques, terminals would be able totaa the same SINR (Signal to Interference Noise Ratio)
at the base station from farther distances thus negatingetdreathing effect.

Better receive signal at receivers

« Directional AntennasThe use of these antennas symmetrically increases thetyqohline received signal as well.

« Receive DiversityMultiple receiver antennas connected to a single termiaalte used to boost receiver signal strength.
For example, a Yagi and an omni antenna can be attached tgle s&mminal, which uses processing to combine the
signals from the two antennas. As shown in the followingisectsignificant forward link improvements can be seen
by using receive antenna diversity.

B. Measurements using directional antennas and dual receiversity

In order to measure the improvements caused by using diredtantennas and dual receive antennas at the fixed terminal
side, we perform several range tests for various cell sitdthe ZAPP CDMA1XEVDO cellular network.

We present our findings for a site placed atop a large hill atcaurgd elevation of 727 m. The antenna height is 30
m relative to the base of the tower on the hill. We use this Istagon location because it is located in a rural area and
overlooks a wide plain with few obstacles or changes inualét This provides us with a more uniform testing environinen
where the signal strength varies relatively uniformly witistance. In these measurements we do not exceed distaihces o
50 km, a software limitation imposed at the base stationclin general is avoidable with some reconfiguration.

For the fixed terminal, we use the Zapp-branded 2020 wiredl8$®O modem with receive diversity enabled. At all
measurement sites the terminal antennae are mounted aglat loéi2 m above ground level. Given that the surrounding
area is a wide plain the ground elevation of all the measun¢sites is roughly the same.

We configured our terminal and target base station to comeatebn a channel reserved for testing, and not used by any
nearby base stations or terminals, thus avoiding intemferevith any other source. The terminal was connected totagap
running Qualcomm’s QCait software to collect informatiarcls as the Signal-to-Noise-plus-Interference Ratio (SlERd
the terminal transmit power (Tx Power) at the terminal.

We start by investigating potential increases in EVDO cadlius. We compare four scenarios: the first uses a single 1.5
dB gain omnidirectional antenna; the second uses a sing @iréctional Yagi antenna, aligned towards the base statio
the third utilizes a combination of two antennas, in which tmni is used as the primary antenna, both for transmit and
receive, while we use an additional Yagi only for receiveetity; finally, the fourth scenario has the Yagi as the prima
antenna, while the additional omni is used for diversity.

In each of these setups we measure the average transmit peaeiby the wireless terminal when sending data packets
to the base station. This is relevant because it reflects hase ¢he terminal is from the cell edge. In order to properly
receive the terminal’s packets, the base station requiregdrminal to send packets at a specific power level, which is
higher as the terminal is closer to the cell edge. When thaimed| transmit power exceeds the maximum possible power
output, the terminal is effectively out of range. The reswit our first experiment are presented in Figure 2, and shaw th
the determining factor for the transmit power, and thus silé, is solely the antenna used as the primary. The antenna
used for diversity makes no difference in this case. In bétthe scenarios that use a Yagi as the primary, the power butpu
required is much lower than for the cases when an omni is usettdhsmission. At large distances (50 km), the transmit
power required is close to its maximum when the omni is usdateaprimary, while there is a significant reserve (in power
and thus range) when the directional antenna is used. Wduttnthat all configurations can function at ranges of up to
50 km, and this range can be further increased with Yagi aaign

Even though it is not a bottleneck in terms of range, we alsoméxe the effect of different antennas on the forward link,
by measuring the SINR (Signal to Interference plus NoisedRat the terminal for each of the scenarios already preskent
The results of these measurements are shown in Figure 3.

We observe that in terms of SINR, and thus in terms of the foiviak quality, the scenarios using receive diversity
outperform the ones using a single antenna, with SINR imgm@nts ranging between 2-9 dB.

We continue by examining how these effects of different mméeconfigurations on Tx power and SINR reflect on data
transfer performance. Since TCP is the data transport gobtmost used in existing network applications, we use TCP
throughput as an indication of link quality.

The TCP upload measurements, presented in Figure 4, cartatated very well with the transmit power measurements,
confirming that the quality of the reverse link is only detared by the gain of the primary antenna, which is good for
directional Yagis, and bad for omnidirectional antennas.
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Fig. 4. Upload and download throughput vs. distance for various types of antennas

Finally, we investigate the effect of various antennas eiitGP download speeds, and we present the results in Fidaye 4(
A slightly unexpected result is that, same as for uploads,cinfigurations using the Yagi as the main antenna perform
better. This is surprising because one might think that Sié\tRe determining factor for the forward link performantais
effect can be explained by the fact that the download thrpugks influenced by the upload throughput if TCP is used,
since TCP acknowledgments travel in the reverse direclibe.receive diversity is also useful, the best performareiedd
obtained using a Yagi on the primary with an additional onarireceive diversity.

In conclusion, we show that: a) directional antennas candwsel o increase cell range; b) both receive diversity and
directional antennas improve link performance, espgc@tise to the cell edge, and c) in single-user conditionsdyi@B50
EVDO can exceed ranges of 50 km and maintain good downloadipluéd performance.

V1. DISCUSSION VOICE VS. DATA SERVICES

An important connectivity question is related to the typéservices to support (voice, low and high speed data), and
the choice of technology to support them.

In terms of technology choices, CDMA450 operators can chdoseither deploy 1xRTT, 1XEVDO, or both. There are
several advantages to each of these, and we will discussithéme following:

o IXRTT only deployments. 1XRTT has the advantage of supporting both voice and datdacssrusing the same
technology. It also has the advantage that terminal ctépset much cheaper for 1IXRTT ($25) compared to EVDO
($75).

« EVDO deployed together with 1XRTT. EV-DO has the advantage of supporting broadband datarktessover,
upgrading a network from 1xRTT to EV-DO is relatively simpled inexpensive, without requiring any forklift upgrades.
A cell site can be upgraded to EVDO by simply adding a new cbhoard and another RF carrier. If E1 wireless



links are used in the transport network, additional suckslimight also be required to increase the transport capacity
accordingly.

o EVDO only deployments. If the network supports only EV-DO data services, the cirewitching part of the core
network is not required. Since data switching is IP-baseda dwitches (high volume IP switches and routers) are
an order of magnitude cheaper than circuit switches. Caresgty, since CSNs are not required, the cost of the core
network is drastically reduced.

Depending on the morphology, user density and other fachons of the above-mentioned types of networks could be the
best choice. Some operators, such as Eurotel in the CzealbRechose to go after urban markets, a quicker deployment
(only four months for Eurotel) and smaller deployment cistehoosing to offer EV-DO data services only. Other opegto
like Romania’s ZAPP, adopted the strategy of offering baitadand voice by covering the entire country using 1xRTT, and
upgrading select urban cell sites to EV-DO, when indicatgdhibreased data traffic demand.

Considering the case of connectivity for rural areas, winerether operators offer voice services, it is currentlyeasial
to deploy 1xRTT, because voice remains the “killer appitwdt Telephony using VoIP in an EV-DO Release 0 only
deployment suffers due to the asymmetry between the foramaddreverse links (2.44Mbps vs. 153Kbps), severely limitin
the number of possible simultaneous VoIP calls.

However, the situation changes with the introduction of BY- Revision A. This new version of the standard offers
more symmetric datarates (3.1Mbps for downlink and 1.8Miopsuplink), and is expected to support 40-60 simultaneous
VolIP calls per 1.25MHz channel [13], an 48-120% increasedites capacity over 1XRTT. This enables EV-DO Rev A
deployments to efficiently support both data and voice sesvi

VII. CONCLUSION

CDMA technology provides a trade-off between capacity amekcage by leveraging its embedded power control mech-
anism to either serve large extended ranges when peak tapaciot required or to serve high capacity where extended
coverage range is not needed. With CDMA 450 in particulaingwo the superior propagation characteristics of the 450
MHz frequency, this flexible trade-off can be realized at mlarger ranges, making it a potentially suitable candidate
deployment in low density rural areas.

To investigate this possibility, we presented the mainngjties of CDMA 450: large, flexible cell sizes with competitiv
performance in both rural and urban morphologies. We algoeat that despite some potential limitations resultingfiezll
breathing, potentially large antennas, low terminal vadgirand the requirement for a large number of users, theatiige
capacity-coverage trade-offs are acceptable to enableoeamercial deployments. This lead us to believe that anassi
model in which the carrier uses urban operations to sulesidiral operations can be viable.

We also presented techniques to enhance cell sizes in Wliasos. Specifically, we showed that by using directional
antennas and receive diversity at the fixed terminals, onérmaease the range of the cell and dramatically increaS& S|
TCP download and upload bandwidths achieved at the higingresa

In conclusion, we believe that WLL using EVDO over CDMA 450asfeasible and promising technology to provide
data services in rural areas.
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