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Abstract

In this paper we calculate, analyze and compare the area covered by radio signal based on
WIMAX standard at two carrier frequencies, namely 450MHz and 3.5GHz in flat rural, hilly rural
and urban environment. The channel model proposed by WiMAX forum has been applied as
path loss model at 3.5GHz for cell coverage prediction, while at 450MHz the Longley-Rice
model for rural areas and Okumura Hata channel models for urban area is used. The cell size
prediction strongly suggests to limit the 3.5GHz frequency band to urban areas, where the
higher system capacity is required, while in rural areas the 450MHz carrier frequency provide

good compromise between coverage and system capacity.
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Introduction

The provision of Internet access and broadband medtia services to residential users via wireless

communication systems attracted an increasingastaf the research community, service providers
and the telecommunication industry. The WiMAX sfiieetions [1], which are a subset of IEEE 802.16
standard, seems to be the winner for providing eeless access in urban, suburban and rural
environment with non line of sight (NLOS) propagati thus in a harsh multipath propagation
environment. The WIMAX specification proposes 25@&hogonal frequency division multiplex
(OFDM) approach to cope with expected channel inmpamnts. Among all subcarriers only 192 of them
carry information. 27 upper and 28 lower carriexs @sed as a frequency guard band, and 8 subearrier
transmit the pilot tones. The DC carrier is notduséarious modulation schemes, namely BPSK, QPSK,
16-QAM and 64-QAM, can be selected per each usguépantee the target BER. In addition, the three
types of codes are foreseen:

concatenated Reed-Solomon (RS) and convolutiortsd,co

concatenated RS code and parity bit check code or

turbo code.

Among them the first concatenated code is manddatomyother two are optional. The specified guandetiratios are
sufficient for propagation delays in all typicaM@onments.

The frequency bands allocated for WiMAX system &GHz, 3.5GHz and 5.8MHz with EIRP around 30dBm and
256 OFDM approach with maximum allowed guard tiragorof ¥4 are specified to provide communicatiorviees in urban
and suburban areas with cell sizes from 1km to 3Kowever, the provision of internet services inatwareas is limited by
line of sight conditions using proposed frequenapds. For that reason the WiMAX forum works withridostandard and
regulatory bodies to advance the allocation ofnigsal and license-exempt spectrum in lower frequéacyls. The special
interests are bands in sub 1GHz frequency rangea#d for analogue TV transmission, when the ap@&dl'V broadcast
will move to digital television. The frequency bandf interest are from 700 to 800MHz. The secomdjdency band of
interest is at 450MHz currently occupied by anagwobile telecommunication systems like NMT, whigk slowly dieing
out. The antennas below 500MHz may become cumbexsbut the propagation conditions are appropriatedral areas.
Furthermore, the optimal locations of base statiars known, and the locations are already equippitidl necessary
infrastructure like, power supply, antenna towé;kbone links etc. In the paper we will compae WiMAX at 3.5GH
and 450MHz analyzing the area covered with radioaiand the system capacity.

The paper is organized as follows. After the intrcttbn, the paper gives a short overview of thendeamodels used for
calculation of the signal coverage at 450MHz afzBiz. Then we show and analyze the coverage oMMAX system in
different propagation environment for selected fiemgies. And finally in conclusion some remarkssgstem capacity are
given and further work is proposed.

Overview of propagation models for radio coverage c alculation

The radio wave propagation model, the propertidsage station and the properties of the mobiléostat
are required to calculate the radio coverage foiseh base station. The radio wave propagation model
or path loss model plays a significant role in piag of the wireless communication systems. Path lo
models represent a set of mathematical equatiodsakyorithms, which are applied for radio signal
propagation prediction in certain propagation emvnent. They can be classified in three basic group

[3]:
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empirical,
semi-deterministic and

deterministic.

Equations and their parameters of the empiricah pass models are derived applying statistical yaes on the field
measurements. Parameters for these models ar¢atjualand not very site specific, so the modeéseasy to use and they
are excellent for preliminary radio coverage plagniBecause the accuracy of those models dependbeosimilarity
between the environment where the measurementsevthken and the environment where the model isiepphe final
coverage planning requires the model calibration.

Deterministic models are based on the fundamenthanisms of radio wave propagation. To determii@eprecise
received signal power at a particular locationatadase with the geometrical and electrical progeedf the environment is
needed. Because of the large amount of input dath radio propagation diversity, the deterministiodels are
computational consuming and therefore used onlyddio propagation prediction in small areas susimdoor and micro-
cells. In the semi-deterministic models good propdrof both models are combined.

The most well known path loss model in mobile comination systems is Hata—Okumura model [6][7]. Hoerefor
BWA systems the Erceg propose a model, which wespded for WiMAX forum for GHz frequency band [5][8

The Erceg path loss model has been initially desigior suburban areas, receiver antenna heiglge 02 meters, base
station heights between 10 and 80 meters anddquéncy bands at 1,9 GHz. The model distinguidives tdifferent terrain
types, A, B and C. Terrain type A is a hilly terravith moderate-to-heavy tree density and is assediwith the highest path
loss. Terrain type C is a flat terrain with lighte densities, producing the lowest path loss.alretype B is in between,
characterized as either a mostly flat terrain withderate-to-heavy tree densities or a hilly tervaith light tree densities.

The basic path loss equation in decibels presentgd] is

L= A+10g|ogm(d5) +s: (1)

whered is the distance between a base station and arthdasstation (receiverlj;= 100 m and is the shadowing fading
component with a value between 8,2 dB and 10,6RdBameter A represents the free-space path loss ghen by

A=20log,, 4";d° : )
g is the path loss exponent defined as

g=a- bh +i ®3)

whereh, is the base station antenna height in metersvahes of constanis, b andc depend on the terrain category as
defined in Table 1.

Table 1: Numerical values used in the model

Model Terrain Terrain Terrain
parameter;, Type A Type B Type C
a 4,6 4,0 3,6
b (m?) 0,0075 0,0065 0,005
¢ (m) 12,6 17,1 20

To use this model for higher frequencies and dffiéreceiver antenna heights, correction factorstmu
be included [8]. The path loss with the correcfiactors is
Lmog = L+L¢ +Ly- (4)
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The correction factors for the operating frequefigyand for the receiver antenna heidhf) @re given
by

f
L, =60log,, 2000 (5)

and

h
L. =-106lo L for typeAand B »
" 9 2000 yp

h
L. =-106lo r for typeC.
h g 2000 yp

In the above equatiorisepresents the transmission frequency in MHzharstiands for the subscriber station height.

The software tool for radio coverage calculatiosdshon Erceg model developed at Jo ef Stefan utstin cooperation
with the Telsima d.d. the developer and produceghefWiMAX systems, has been used to calculate NN dAX coverage
at 3.5GHz. The software tool has been calibratedraing to measurements at city of Ljubljana atieafrequency 3.5GHz.
The comparison of results obtained by measurenagntsalculation prediction is available in [10].

The Erceg model is not suitable for radio coveragjeulation for rural and urban areas at 450 MHze Tongely-Rice
model is widely applied for radio coverage caldolatin this frequency band for rural areas, whibgentional Okumura
Hata model is appropriate for urban areas. The leyaBice channel model is general propose propagatiodel, valid for
frequency bands from 20MHz and 40GHz for path lerggtween 1km and 2000km. Longley-Rice model categl the
terrain roughness and radio horizons from digitav&ion model of the terrain. The other parametisesd in the model, such
as average climate conditions, soil conductivitg, éave to be set according to location of thesbstation. The Terrain
Analysis Program (TAP) from Softwhright LLC [11] $iaeen applied to calculate the radio coveragé@iVi#z.

Radio coverage calculation results

The cell size of cellular radio system depends anyrparameters. The most important are:
- transmitter: transmit power, transmission losseterama type and its location, etc.,
radio channel: the propagation environment andfertence from neighboring radio systems, etc.,
and

receiver: static and dynamic receiver sensitivétigtenna type, antenna elevation, azimuth, altitude
and receiver loss.

We calculate the cell size using effective radigteder (ERP). Thus, our results are independentanmsmission losses
and transmitter antenna types. For both analyzeglncies we assume the same effective radiatedrpaiwtiOdBm and
base station antenna positions high above thetopsfand tops of the hill.

Theoretically, assuming only free space loss deterdby following equation

LrsoldB| = 324+ 20log R[km] + 20log f,[MHz],

wherelgso is free space losK is distance between receiver and transmitterfarid carrier frequency in MHz. Higher
carrier frequency results in higher free space agation loss. Assuming the same receiver sengitatitboth analyzed
frequencies, the cell radius at 450MHz is 7.78 tiomger then the cell radius at 3.5GHz. Unfortuhata reality there
rarely exists free space propagation conditionwsaise propagation models described in the secectibs to estimate the
cell sizes.

The cell size depends on the properties of theiveceln order to make the results independent eoeiver
implementation (receiver noise figure, bandwidetgeiver loss, antenna type, etc.) we determineehesize according to
electrical field strength. The typical values, whicaries from 30dBito 15dBnwas calculated based on the off the shelves
antennas for 3.5GHz and 450MHz bandwidth and deitigs specified by WIMAX forum. The probabilityfaerrain
coverage is set to 95%. The subscriber statioetigrs above the ground level.

The comparison in three propagation environmentatanfilat rural, hilly rural and urban environmeig,made for both
analyzed frequencies.
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The radio cells for flat rural area are shown ig.HAi and Fig. 2 for carrier frequencies 450MHz &ri&5Hz, respectively.
The receiver sensitivity is 25aB transmitter power is 40dBm and probability ofréém coverage is 95%. The average cell
radius at 450MHz is 20km, while at the 3.5GHz i&rh0The frequency impact on cell size is lower teapected from free
space calculation, because the cell size is limig@arth curvature and terrain irregularity likeadl hills in the rural flat
area.

The radio cells for hilly rural area are shown iig.B for carrier frequency 450MHz, receiver semiit 25dBm
transmitter power 40dBm and the probability of tleeeiver power 95%. The estimated cell radius isnl5If we run
calculations for higher analyzed frequency the ius shrink to less than 1km, which clearly ketalthe conclusion that
the 3.5GHz is inappropriate frequency for hillyaluterrain. Further more, at 3.5GHz, the refleaidrom the geographical
obstacles, like hills and mountains do not sigaifity contribute to the received power due to tarraughness, while at
450MHz reflections from hills may improve the radioverage.

o 4
0 km 20 km 40 km 60 km 80km = |

Figure 1. Cell size for flat rural area, carrierdguency 450MHz

In urban area, we assume the subscriber statiaeglaside the buildings, so we required 5dB highlectrical field
strength. Due to this requirement and propagat@nditions, the cell radius is shorten to 2km anch3&r carrier frequency
3.5GHz and 450MHz, respectively. Okumura path losslel was applied to calculate cell size at lowarier frequency.
The difference between cells size is not significdine reasons are two main principles of radioevpropagation in urban
areas which are reflection and diffraction. Thdscidr urban area are depicted in Fig. 4 and Fig. 5

In Fig. 1 to 5 the cells are colored with differemiors, which do not mean different frequencidse Trequency plan has
to be design separately. The pink color denotesatbas with double or triple coverage.
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Conclusion

The cell size for two carrier frequency namely 45@Mand 3.5GHz is estimated for WiMAX system
using path loss propagation models for flat ruindly rural and urban environment in this papereTh
estimated cell radius ratio for analyzed frequenggemuch lower than expected from free space loss
formula. While in urban area and flat rural area tisable radio coverage can be provided at both
frequencies with different cell sizes, in the hillyral terrain the radio signal at 3.5GHz doesprovide
sufficient coverage.

We have analyzed both systems in terms of coverslgere the fact that the WiMAX standard supportpdide coding
and modulation is considered. The coverage in agdapbded modulation system is determined by thetnabust signal,
which is the BPSK in the case of WiIMAX. However tba@pacity of the system mostly depends on higltiefit coding
modulation schemes. Assuming the equal distributibthe coding modulation schemes inside the call450MHz and
3.5GHz, the system capacity is lower for formeriearfrequency, due to large cell size. In bothgérency bands an increase
of system capacity can be achieved reducing thesizd by tilting down the antenna at base statiamd decreasing the
transmitter power. The second well known methoadhofeasing the cell size is applying sector antepmdiich can be more
efficiently done at higher frequency bands. Theoedcparameter, which determines the capacity ofsiysem, is the
available bandwidth, which is at 450MHz much lowen at 3.5GHz.

Figure 2. Cell size for flat rural area, carrierdguency 3.5GHz

According to all mentioned facts it is clear thla¢ ¥50MHz frequency will provide coverage of wideal areas, while
higher frequencies are applicable when high capa€isystem is required.
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Figure 3. Cell size for hilly rural area, carrierdquency 450MHz
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Figure 4. Cell size for urban area, carrier frequgm50MHz

Figure 5. Cell size for urban area, carrier frequsr3.5GHz
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