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Technological Solutions for WiMAX Network Planning

Bruno Rés, Susana Sargent

Abstract— The planning of broadband access network
topologies poses several challenges, as differentcass
technologies may have different bandwidth, robustres, and
installation cost requirements, which should be jaitly
considered in the conception of the overall networkopology,
to properly match the end users requirements.

This paper addresses the planning of wireless netwks
using IEEE 802.16, for a set of different user profés,
different services and requirements, and differentscenarios
(residential, business, mixed) with different terrans. An
application has been developed to design and plarEEE
802.16 wireless networks. The results show that therare
several possibilities of solutions to satisfy theeeds of specific
scenarios, whether the desired solution should haveetter
coverage area or better capacity. The planning toatnables
the user to change the solution to better fit for he
deployment needs.

|. INTRODUCTION

The communication

the channel condition so as to achieve the higtesttral
efficiency at all the times. In this way, the systavill
always try to use the most out of what the chaaiielvs,
depending on its conditions. The choice of the ntettehn
between low efficiency ones (like BPSK 1/2) to high
efficiency ones (like 64-QAM 3/4) depends on thgrai

to Noise Ratio (SNR): with worst signal conditiorss,
more robust modulation scheme is used. The chditgeo
best modulation scheme has a very important roléhen
system capacity: the more robust to interference th
modulation is, the more its capacity gets reduced.

This paper presents a study of possible implemientat
of WIMAX technology and a planning tool that
determines the required topology and configuration
considering the required system capacity and cgeera
taking into account several scenarios with speaiser
and service profiles and requirements. The develope
application simplifies, automates and generalizes t
whole planning process. The results show that theee
several possibilities of solutions to satisfy theeds of

industry has suffered massive specific scenarios, whether the desired solutiooukh

evolution throughout the past years. This evolution have better coverage area or better capacity. Tming

pursues one clear goal: the possibility to esthhimbile

tool enables the user to change the solution tiethft for

broadband connections anywhere and anytime. In thisthe deployment needs.

context, the new WiMAX (Worldwide Interoperabilifgr
Microwave Access) technology appears as a podgibdli
reach this goal.

WIMAX is the commercial name of IEEE 802.16, ardl it
fixed variant is the result of the IEEE802.16-2(Q@} It
describes a point-to-multipoint broadband wirelassess
standard for systems operating in the frequencgeaaf

This paper is organized as follows. Section O prissthe
characteristics of |IEEE 802.16 technology and the
calculation of important parameters, such as tipaddy,
path loss, cell coverage and parameters that impeltt
planning. Section Ill introduces several scenaf@osisers
and service requirements, and section O analyssilge
deployment solutions. Section 0 presents the tool f

2-11 GHz, and 10-66 GHz. This standard includes network planing and dimensioning and section O qess

descriptions for both the Medium Access Control (B)A

the respective results. Finally, section 0 depibts final

and the physical (PHY) layers, in order to guarante conclusions.

multi-vendor interoperability. The standard desesib

different modulation schemes (Single Carrier - SC,

Orthogonal Frequency Division Multiplexing - OFDM
and with Multiple Access - OFDMA) with related fram
structures, but only the OFDM is certified by WiMAX
Forum for fixed applications.

The 256-subcarrier OFDM physical layer is defined f
fixed WIMAX. Of these 256 subcarriers, 192 are ufmd

Il. IEEE802.16AND ITS RADIO ACCESSTECHNOLOGIES
A. Fixed WIMAX Capacity
It is very important to know the PHY layer of IEEE

802.16 in order to understand its influence in tbal
capacity of a WIMAX system. The bandwidth of the

data, with 56 nulled for a guard band and 8 used aschannel is a very important factor, as it restrafres raw

permanent pilot symbols. Subcarriers can be moeld st

an adaptive way, using BPSK, QPSK, 16-QAM and 64- In OFDM, the occupied spectrum is broken

QAM. The idea behind Adaptive Modulation Codingads
dynamically adapt the modulation and coding schéme

capacity of the channel.

into
subcarriers. Each data carrier is modulated ovamabol
time so that all subcarriers are orthogonal betwesch
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other. The capacity of each one depends on thewith highly mountain terrain and moderate to hetreg
modulation order, which can be BPSK (1 bit per densities. Type C is a mostly flat terrain withhligtree
subcarrier), QPSK (2 bits), 16-QAM (4 bits) and @AM densities. Type B is a terrain with intermediat¢hplass
(6 bits per subcarrier). The sampling spectrumbigioed conditions. The path loss equation is given by

through
PL = 20|og10(@j +10y|ogm(%j +X, +X, +s (&)

Fs = Floor(nxBW/8000)*8000 (1)
wheren is the sampling factor, which depends on the = y=a-bh + & (5)
channel Size, anBW is the capacity in Hz. The spacing h,
between the 256 subcarriers is givenbly =Fs/256. As X, = 6_0|ng[jj (6)
said before, only 192 subcarriers are used for.data 2
order to find the raw capacity of the channel, sibol X =—108|0910(ij (7.1), used for types A and B
time is required. It is given by 2
Ts=1/Af xGx (LIAf) 2y eman
X, = ‘20'0910(&) (7.2), used for type C terrain

whereG=1/2", wherem may assume the values {2, 3, 4 2
’S}r'] itv of the ch lis ai b wheres (s € [8.2,10.6] dB) is the lognormal statistical
The raw capacity of the channel is given by distributing factor used to calculate the fadinge dio

Cran=192 x K/Ts) 3) obstaclesd is the cell coveragsy, is the exponent of load

factor, X; is the correction factor for the operation
frequency, andK, is the correction factor for the receiver
antenna height. The parametéendh, are given in GHz
(frequency) and meters (height of the receiver),
respectively. Table Il shows the values that patarse,

b andc assume according with their terrain type.

wherek represents the modulation order.

The useful channel capacity depends now on the &drw
Error Correction (FEC) technique, which is used by
WIMAX to easily detect and correct transmissioroesr It
introduces redundant bits, reducing the overallacdp.

So, the useful capacity of the system is given by
C=C,awxOCR, where OCR is the coding ratio. The

. . . . . TABLE Il - SUI Model's Characteristic Values
different channel sizes considered in this worken@r5,

5, 7, 10, 14 and 20 MHz. Table | shows the differen P arametors Tvoe of Terrain
capacity values calculated for each modulation and A Y 5 c
bandwidth.
A 4.6 4.0 3.6
it
TABLE | - Useful Channel Capacity for Each Modutatiand Channel b (m) 0.0075 0.0065 0.005
Si C(m) 12.6 17.1 20
1ze
Modulation Bandwidth (MHZ C. Cell Coverage
3.5 5 7 10 14 20 .
BPSK 1/2 145 208 29 416 s5d2 841 In order to calculate the cell coverage and pe_rfarhmk
budget, we need to first calculate the received grow
QPSK 1/2 291 416 582 83 11}6 16,6 AN
4 ) which is given by formula (8).
QPSK 3/4 4,36 6,23 87 124 17,4| 24,9 -
- 5 4 TABLE Il - SUI Model's Characteristic Values
16-QAM 1/2 5,82 8,31 11,4 166 | 232 | 332
Parameters
4 2 7 5 i
Pr — Received Power [dBm]
16-QAM 3/4 8,73 12,4 17,4| 249 | 349 | 498 B :
7 5 4 1 7 P: =R +G; +Gy —Lg—Pl Pr-Transmitted Power [dBm]
64-QAM 2/3 11,6| 16,6 23,2 33,2 46,5 66,4 Gt — Transmit Antenna Gain ]
4 2 7 5 5 9 (8) - - )
Ggr— Receiver Antenna Gain [dBI]
64-QAM 3/4 13,0| 18,7 | 26,1| 37,4| 523| 748
9 8 6 1 [4] Ls— System Loss (Transmit Fe
Loss + Receiver Feeder Loss)[dB]
B. Path Loss PL— Path Loss [dB]

The propagation model adopted is the SUI (Stanford We now conside&; as the receiver sensitivity [dBm]. In
University Interim). It is suited for the 2.5 andb3GHz order for the system to work correctly, the receive
frequency bands. It considers 3 different terrgpes (A, sensitivity must be lower than the received povarSs
B and C). Type A is associated to maximum path, loss (9).
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If we relate the formulas (9) and (8), then The available spectrum is one of the most imporoset,
PL=PR -L +G,+G -S,(?- With (4) we can isolatél, and because it has influence on many other factorsis It

we will get the following expression for the cetherage, ~ 9enerally ruled by an entity, which only makes quagt

d: available for the operators. In this way, the sitarof
spectrum can be a huge limitation on the plannihg o
[PT ~Lg+Gr+Gy —Sq— X4 —Xh—s—20log[¥]] (10) wireless network. It influences the choice of tiee ©f the
d =do.*10 channels, as well as other important issues, si&ch a

10y . .
frequency planning (frequency reuse and sectoring).

Other important parameter concerns the geographical
Expression (10) gives the maximum distance eachconditions of the deployment area, along with teaghts
modulation can reach, since SR (receiver sengifivi of antennas. As was previously referred, the dgnsit
different for each modulation. SR can be calculated obstacles that exist on the terrain have direcaithpn the
through the formula in (11) [5]. Table V present®t path loss, which will affect the reach of the c€in the

different values of SR for each modulation and lvadth. other hand, the area that we need to cover is \@sp
N N (11) important, because the cell size influences itaciy
> :_102+S\IR(RX)ﬂOlog(FS*[NFFT j[%} Other factor that cannot be ruled out is the dgnsit

users in the deployment area. In fact, there mestb
With N=192 andNg-=256, SNR(RxX) is defined in the  prediction of the amount of traffic that these ssuiill
standard (Table IV). Finallys: is presented in Table V' need, in order to satisfy their needs with the teags
where different modulation schemes and bandwidthtechnology. The next section will address differeser
frequencies are considered. and services requirements, with respect to difteren
scenarios envisioned.

TABLE IlIV - SNR(Rx) Defined in the IEEE802.16
M. SCENARIOS TYPES OFUSERS ANDSERVICES

Parameters SNR(RXx) [dB] In order to predict the amount of traffic that theers
BPSK 1/2 6.4 will require, some scenarios were idealized. We
QPSK 1/2 9.4 considered a reasonable set of services to represen
QPSK 3/4 11.2 possible scenarios: VolP, Data, IPTV, Media Stream,
16-QAM 1/2 16.4 Online Gaming, Peer2Peer and Videoconference. There
16- QAM 3/4 18.2 are 2 categories for the services: ResidentialBarginess.
64-QAM 2/3 227 This is shown in Table VI, along with each service’
64-QAM 3/4 24.4 required capacity. In the case of P2P and Data, we

assumed reasonable values. All the others weredl@se
real values. The mapping between services and aasg
(business or residential) was performed to cresaeples

TABLE V - Receiver Sensitivity for each Modulatiand Bandwidth ; A . ) F
of different scenarios. However, this mapping istjan

Modulatio Bandwidth (MHZ) example, and other mappings could be envisioned.
n 3.5 5 7 10 14 20
BPSK 1/2 - 953 -93,84| -9229| -90,83| -89,28
TABLE VI - Requisites for Each Service
96,85
QPSK 1/2 - 92,3 -90,84| -89,29| -87,83| -86,28 Roquired C ity (Mbps)
. equired Capaci s
2385 Services Re:'dent'al By s'neZs
QPSK 3/4 - | 905 -89,04| -87.49| -86,03| -84.48 identt usl
VolIP 0.080 0.080
92,05
16-QAM 1/2 | - 85,3 -83,84| -8229| -80,83| -79,28 Data 1.000 2.000
86,85 I'PTV 2.000
16-0AM 3/4 | - | -83H -82,04| -8049| -79.03] -77.48 Media Stream 0.200
85,05 Online Gaming 0.085
64-QAM 2/3 | - 790 -77,54| -75.99| -7453| -72,98 P2p 0.500
80,55 Videoconference 0.384
64-QAM 3/4 | - 77,3 -75,84| -7429| -72,83| -71,28 ) )
78.85 Now that the services are characterized, we are @bl

create the scenarios. We have chosen 4 scenaritts, w
different needs and geographic characteristicsshasvn
in table VII. These scenarios try to capture theess
always pdnappings of different services, terrains and udersity.

D. Parameters that Impact Network Planning

There are several parameters that must
considered within the cellular planning process.
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TABLE VII - DIFFERENTSCENARIOS AND THEIRCHARACTERISTICS
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IV. ANALYSIS OF POSSIBLEDEPLOYMENT SOLUTIONS

Different Scenarios Terrain Services
Scenario A | Residential| Type C VolP, Data, IPTV
Scenario B | Residential| Type B VolP, Data, IPTV, Media
Stream, Online Gaming, P2F
Scenario C | Business Type B VolP, Data, Videoconference
Scenario D Mixed Type A All services

The next step is to allocate values to periodieitd
duration of the calls for each type of service. fTvay,
the traffic can be characterized through traffitensity.
We consider that calls arrive to the system acogrth a
Poisson process with an arrival rateladnd their duration
time is exponentially distributed with averageu.1/[3]
This way, traffic intensity is given by=A/u. This is
shown in table VIII. Figure 1 shows the requiregasty
for each scenario, with the variation of the numbér
users. When we sum the capacity of all servicesthed
multiply it with the number of users, we obtain todal

required capacity of the system for the considered

scenario (table VIII).
35 T T

Scenario A
Scenario B
Scenario C H

0+

Scenario D

Reguired Capacity (.\flb‘ps')

Nt. of Users

Fig. 1 Graph that describes the required capasitg function of the
number of users.

Now with concrete examples of requirements for each
scenario, it is possible to provide solutions teldg a
WIMAX network capable of serving each scenario.

First, it is required to get the maximum distaneete
modulation is capable of reaching, considering daae
size of the channel, knowing its capacity (Tableahd
receiver sensitivity (Table V). The area of each
modulation is obtained through the formula for #nea of

7

—3*(d-2—d-21) . That way, each
2 | 1=

modulation covers only a percentage of the totah asf

the cell (see Fig. 2). Knowing the capacity of each
modulation and the percentage of area it covessidtal

capacity of the cell is given by

C= Z(CMooduIatin i*(AreaModuIation {Areal'otal)) (12)

This method is similar for all the scenarios, and
therefore we will consider only scenario A in thisase.

the hexagon,A =3

16QAM-1/2

160AM-3/4

N di b2
640AM-3/4

Distance
(Km)

Fig. 2 Sketch of a WIMAX cell

For scenario A, some considerations concerning the
deployment were taken, whose parameters are pessent
in table IX. The results are obtained considerirgystem
with one sector and three sectors. Then, all theulzdion

TABLE VI
Utilization for Each Scenario and Traffic Intensity
Media
VolP Data IPTV__ [ Stream Online Gaming| P2P VideoConferencd
A 5,000 4,000 1,000 0,000 0,000 0,00 0,000
Number of utilizations B 7,000 6,000 2,000 0,071 0,012 0,024 0,000
C 30,000 20,000 0,000 0,000 0,000 0,00D 3,000
Average length of each] A 10,000 30,000 90,000 0,000 0,000 0,00D 0,000
utilization B 5,000 40,000 60,000 30,000 60,000 30,000 0,000
(min) C 2,000 10,000 0,000 0,000 0,000 0,000 60,000
A 0,069 0,167 0,125 0,000 0,000 0,00 0,000
p Ap) B 0,049 0,333 0,167 0,003 0,001 0,001 0,000
C 0,083 0,278 0,000 0,000 0,000 0,000 0,250
0,0000
Capacity A 0,00556 0,16667 0,25000 0,00000 0,00000 0 0,00000
0,0005
p*LB B 0,00389 0,33333 0,33333 0,00060 0,00008 0 0,00000
0,0000
(Mbps) C 0,00667 0,55556 0,0000( 0,00000 0,00000 0 0,09600
0,0005
D 0,01056 0,88889 0,33333 0,00060 0,00008 0 0,09600
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results are presented in table X.

TABLE IVX - Simulation Values for Scenario A

Parameters Value]
BW 3.5 MHz
Pr 35 dBm
Gr 16dBi

Gr 18 dBi

hr 4m

hy 50 m

Ls 1.1dB

TABLE X - Simulation Results for Scenario A

Modulatio Dist Covered | Capacity 1 | Capacity
n [km] Area Sector 3 Sectors
[km?] [Mbps] [Mbps]
BPSK 1/2 8,20 53,85 0,45 1,35
QPSK 1/2 6,82 23,85 0,40 1,20
QPSK 3/4 6,11 45,77 1,14 3,42
16-QAM 1/2 4,44 10,27 0,34 1,02
16-QAM 3/4 3,97 17,41 0,87 2,61
64-QAM 2/3 3,01 4,46 0,30 0,90
64-QAM 3/4 2,71 19,08 1,43 4,29
Total 174.69 4,93 14,79

5 ! T ! T T T T
—— 1 Sector
——— 3 Sectors

Users Density [User/Km"2]

____________________________________

i I
80 100 120
Coverage Area [Km"2]

140

Fig. 3 Graph of the density of users that can beesewith the variation
of the coverage area, for scenario A.

After reaching the results of the table X, we caduce
the coverage area of the cell by deactivating the
modulations that provide larger coverage area. Wast,
there is a gain in capacity, but a decrease imt&@mum
distance the cell can reach. That fact is obviouSgure
3, where the smallest coverage area can serveatper|
density of users.

We can conclude that cellular planning is a seresiti
matter that takes into account many issues. Astsemaf
fact, each case has to be treated in such a wayt tten
provide the best solution in terms of capacity and
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coverage to better serve the needs of the scerBEhe.
next section presents a tool that is able to peouite
planning of WIMAX cellular for any scenario, sergg
and users requirements.

V. TOOL FORNETWORK DIMENSIONING

All the calculations made so far involved several
platforms, in a non automated way. In this contaxtool

is needed to simplify, automate and generalizewthele
process. To this purpose, an application was aletde
fulfill this need, making all the calculations debed in
this paper in a very fast and accurate way, witlser-
friendly interface, and enabling the support of any
envisioned scenario.

The tool was developed dividing the process of netw
planning into three different phases: Dimensioning,
Planning and Optimization. In the first phase, thser
introduces important data into the application. Tata
refers not only to characteristics about the nekvwraffic,
but also important information that refers to theygical
dimensioning of the cell. In the second phase,dalia
introduced is manipulated. At first, the traffic
characterized, in terms of capacity requirementsradio
channel aspects. Then, the cells are planned, cdmgball
the constraints introduced by the user. In the fdmstse,
the user is given a first solution, which dependsnty on
the number of sectors and size of the channels: the
application chooses the suitable option that hess le
number of sectors and uses the smaller channels. Th
choice is made based on economical issues, sinog ma
sectors result in a most expensive deployment. I@n t
other hand, the smaller the channels are in terins o
bandwidth, the more scalable they are, becauses it i
possible to use the available spectrum in a mdieiexit
way. In this phase, the user can adjust the resti try
different solutions compared to the one presentethé
application. The results are automatically presknte
Figure 4 schematizes the flowchart of the applicati
while table Xl shows the adopted strategy in the
implementation of the tool.

is

Planning Optimization

=
=

)

Dimensioning

=

[
N4l

[]
N\

Fig. 4 Design flowchart of the developed applimati
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VI. RESULTS

This section presents results obtained with thekdged
application. We will demonstrate a scenario veryilsir
to scenario D. The traffic requirements are caleda
following the values introduced as shown in figbre

TABLE XI - Strategy Adopted for the ImplementatiohThe Tool

Extraction of Values

W
W

The values introduced by the ug
are stored in variables

Calculation of Traffic
Intensity

\l.

According to those values, th
traffic intensity (o) for each service
is calculated.

Calculation of
Capacity for Each
Service

Wy

Calculation of
Distances

Knowing the traffic intensity fo
each service, the capacity for ea
service is now obtained.

Csenice@*Requirementeyice

Through the receptor sensitivity
the various distances for ea

th

results are automatically present

l modulation and each bandwidth are
CalcuiafonorArea calculated through (11).
and number of The area is calculated, allowirlg
Users the determination of the number pf
— users N), because one of the data
Calculationof the inputs of the application is the
required capacity for .
the considered users’ density.
scenario The total required capacity is now
A obtained.
Calculation ofthe Creq= N*Z (Cserviced
Cell Capacity
W The calculation of the cell capacity
T is performed through (12).
Best Choice
The application performs the
i calculation for the several options
available and chooses the one that
UserAdjustements requires less number of sectors gnd
smaller bandwidth channel.
The user may adjust the values, py
selecting different cell ranges
and/or different channel sizes. The

on the screen.
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Constarts | Profies Technology |

[¥] Residertial User
Ltik; -
Da;i::m VoIP Data IPTV.  Meda Stream Online Gaming P2P
Nr. of Utilizations 5 B 8 5 2 & 2 & 1 B 1
Duration (minutes) ] 2 45 5 45 |2 10 & 50 & 60 =
Nightime
Nr. of Utiizations = L U - I L
Duration (minutes) 10 (& 20 100 = 0 0 = 0
V| Business User
Ltiiization
Daytime VolP Data  Videoconference
Nr. of Ltilizations 25 |5 20 5 2
Duration fminutes) 3 = [ B 100 |2
Nightime
Nr. of Ltilizations 5 = 1 = 0
Duration {mirwtes) 2 3 0 i 0
Densty of Lsers Residential Users 150 |- Users/Km™2
Business Users 150 |= Users/Km"2

Fig. 5 Using the developed application: the usefiles on the
considered scenario

The application calculates the option of figuresGtlae
best choice with only 1 sector and a smaller distaof
1.68 Km. However, in figure 7, we show a different
option, after some manual adjustments, with 3 secod
a larger distance of 2.33 Km. Both these solutemesable
to comply with the scenarios/services/users remergs.
There is a huge variety of solutions to satisfykeeds of
this deployment, whether the desired solution hetseb
coverage area, or better capacity. The user novudec
the best fit for the deployment needs.

Calculation

Size of the Channel |
MHz
20

K H‘ 14
{ - 10

A / -
| —— 7

5 &
35

Fvailable Bandwidth |
2700 MHz

Required Bandwidth
5.00 MHz

/s

Total Capacity of the Cell Mbps Nr. of Sectors
Ne.of Users 18 Viow
Required Capacity

‘ 168 183 230 252 303 32 Km
14,96
|

1237  Mbps ok

Fig. 6 Using the developed application: possibseilteobtained
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[ Caiculation =)

Size of the Channel
MHz
20
14
10
7
5 &3

35

Available Bandwidth
2700 MHz
15,00 MHz

0

| 155 169 213 233 03 332 Km

Total Capacity of the Cel: 3574  Mbps Nr. of Sectors
Neof Users: 42 3>
Required Capacity: 2887 Mbps | oK 1

Fig. 7 Using the developed application: other dalesiesult obtained
VII. CONCLUSIONS

Through the work developed in this paper, we catelu
that it is possible to deploy a WiIMAX network foaah
considered scenario capable of satisfying the neéits
users and services. There are several factors hina
great influence in the performance of the systemickv
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alerts to the need of a careful planning. Some ntapb
parameters that affect cellular planning were priesk as

well as their effect. With the obtained results wan
conclude that there are several possible solutitms
deploy a WiIMAX network. In this context, the networ
engineer must choose the one that gives the balance
between economical issues, coverage area and esgs.n
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