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ABSTRUCT

In this work we built a large cellular network for Baghdad city by using
switched beam smart antenna technique (SBSA) to have optimum coverage, min
interference, and Max capacity Instead of the conventional techniques that have
many disadvantages that limit the performance of the network.

Our work are divided into two stages: in 1st stage we change the parameter of
one BTS (cell) for 3 path loss models and show how the coverage is changed by
changing Broadcast parameter, this is the 1st step that must be understood by
any engineer how want to design a large cellular network. (Broadcast parameter
is taken from ASII Cell Company), MATLAB is used to simulate and present
the result.

In the 2nd stage we built cellular network by dividing Baghdad city into 11 parts
and distribute cells on it, changed broadcast parameter for each cell until we
have an optimum coverage with min SIR .

By used SBSA technique and with Keeping the same range we reduce the
transmitted power by 4 which mean low pollution and low power saving cost,
interference reduced by 4 so by keeping the same C/I ratio we can reduce the
frequency reuse from 7 to 4 ,and by keeping the same cell area, the capacity for
the whole network increased by 75%, utilizing the higher gain offered by smart

antenna technique we can cover vast areas by using a minimum number of BTS


mailto:Eng_marwa72@yahoo.com

Jornal of Al-Turath Univeresity College Issue.19 (59)

, In extremes areas of Baghdad city ,1BTS with SA technique cover areas of 7
BTS . We use a special program “Radio Mobile Program” to extract the
coverage and present the result.
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1. INTRODUCTION

Most countries still until now, including cellular networks in Iraq used

conventional techniques (directional-ominidirectional) antennas at BTS that
have many disadvantages that limit the performance of the cellular network.
These techniques radiate the power randomly in all directions in order to cover
the entire area and to communicate with mobiles within the cell range. This
power will produce interference for other BTS and mobiles (in —out) the cell
range, and since GSM network is interference limited this will led to limit the
performance of the whole network.

In this work we built a large cellular network for Baghdad city without used the
conventional techniques that limit the performance of the network as illustrated
above. Instead we use the last technology that 4™ generation tends to use “SA”
technique. Here we will give a simple definition of what it means.

A smart antenna system combines multiple antenna elements with a signal
processing capability to optimize its radiation and/or reception pattern
automatically in response to the signal environment. Smart antenna systems are
customarily categorized as either switched beam or adaptive array systems
[lvica Stevanovi’c and others 2003].as shown in Fig.1.

SBSA is the simplest technique, and comprises only a basic switching function
between separate directive antennas or predefined beams of an array [J.
Rugamba and others 2004].while An Adaptive Antenna is a set of antenna
elements that can adapt their antenna pattern to changes in their environment
[lvica Stevanovi’c and others 2003].

Any network designer dream is to design a cellular network with optimum
potentials and services and to push the network capability in to its max pound,
three key elements that must take in accurate study when design the network is
coverage, interference and capacity.

Coverage is the 1% critical key element that depends on many parameter, we

must choose the path loss model that suit the geographic area and broadcast
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parameter that give us an optimum coverage. Interference is the 2" key element
that must take in accurate study or it will lead to network fail. It depends on
frequency assignment and channel distribution and many other factors. Finally
capacity is function of the two factors above.

So in order to built not just successful network but network with optimum
performance we must take all these factors in accurate study and find the best
technologies that give us the best result.

Here we take these three factors in precise study to design virtual network for
Baghdad city with optimum standards and services. Our work is divided into
two stages in 1° stage we study coverage and all factors that affect it, MATLAB
is used to simulate and present the result. In the 2" stage we take the entire key
element in precise study and built cellular network for Baghdad city with the
last technology that give us an optimum coverage, min interference and max

capacity. Radio Mobile Program is used to present the resulit.

2. FLOW CHART AND SIMULATION RESULT
The received signal strength (link budget) is equal to [Dr.S.A.Mawjoud 2008]:

Rxmim-level= EIRP - LPA B — IDM - LSM - LMCC+GMS
1)

Where EIRP is the effective isotropic radiated power and equal to

EIRP=PBTS - LCFI - LAFC + GBTS (2)
Where:

PBTS = Output power of BTS.
LCFI = Combiner / filter / isolator loss (4 dB), GSM at 900 MHz
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LAFC = BTS transmitter antenna feeder / connector loss (2 dB), GSM at 900
MHz

GBTS = BTS transmitter gain

Rxmim-level= MS Sensitivity

LPAB = Propagation loss + 3 dB antenna (body loss).

IDM = Interference degradation margin (3 dB).

LSM = Log normal shadowing margin for 90% coverage area (5 dB) [Jean-Paul
Linnartz 2000].

LMCC = MS antenna cable and connector loss (0 dB).

GMS = MS antenna gain

So by knowing the mobile receiver sensitivity, the transmitted power, antenna
gain, and the system loss we can use equation (1) to calculate the maximum
affordable path loss, the maximum affordable path loss when substitutes in path
loss models will give the cell range (d), see flow chart in Fig.2, Adding
penetration loss (15 dB as per GSM recommendation) to the path loss and a gain
substitute in path loss models, will gives the indoor coverage range.

Here we use 3 path loss models that are most well known in design cellular
network, this is (Hata-Lee-Clutter factor) path loss models to calculate cell
range and extract coverage, as we can see from the result Figs(3-11) that
coverage depend on many broadcast parameter and path loss models, we should
take the path loss model that suit the propagation environment or we will have
inaccurate result, different broadcast parameter have different effect on
coverage so in design cellular network we must change each parameter until we
have an optimum coverage with min SIR , as we can see coverage increase by
increase antenna height, transmit power , antenna gain and each one have
different effect on coverage , here Hata give more accurate result than Lee that
give more accurate result than clutter because Hata and Lee are design for
urban area but clutter factor model is design more for medium city or sub-

urban areas.
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3. BUILT CELLULAR NETWORK FOR BAGHDAD CITY AND RADIO
MOBILE PROGRAM.,

In this work we built a cellular network of hexagonal cells by using MATLAB

and combine MATLAB result with Radio Mobile program in order to distribute
cells on it by using frequency reuse rule, In this work we use switched beam
smart antenna technique (SBSA) with 4 beams per sector to cover almost all
Baghdad city in all BTS. We divide Baghdad city into 11 part and distribute
cells on it using frequency reuse equal to 4 ,dense urban area are filled with cells
of 500 meter radius , extremes areas of Baghdad city are filled with 1 BTS with
(SBSA) technique that cover areas of 7 BTS. We changed all broadcast
parameter for each (cell) until we have an optimum coverage with min SIR, we
use Radio Mobile Program which is a computer simulation program used for
predicting radio coverage of a base station, repeater or other radio
network[Brian J. Henderson, P. Eng 2011] to present the result. Besides : The
wide range of simulations it performs makes it very useful software [Juan Joes,
Pablo M.OImos 2011], we built Baghdad city with 4 different elevation data
layers with different resolution in order to have accurate and high resolution
maps. By used (SBSA) technique in the whole network we achieve the following
objectives that would never have been obtained when conventional techniques
used. By keeping the same range inside urban areas we reduce the transmitted
power of each BTS by 4 which mean low pollution and low power saving costs
(since using low power (i.e. cheap) amplifiers and minimized air conditioning in
the base station cabinets.), interference is reduced by 4 so by keeping the same
C/I ratio we reduce frequency reuse from 7 to 4, keeping the same area the
system capacity increased by 75%, utilizing the higher gain offered by SA
technique the range extended to cover large areas with min number of BTS, in
extremes areas of Baghdad city ,1BTS with SA technique cover areas of 7 BTS
.See Figs (12-22), green areas with good coverage, red areas with no coverage,
These red areas may be caused with many reasons like obstruction that block
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the way between transmitter and receiver and caused shadowing or multipath
effect that reduce the signal quality and reduce coverage. any engineer should
know that inaccurate Broadcast parameter will affect the coverage more than
any other reason, so in order to reduce these areas they must choose the right
Broadcast parameter that give optimum coverage, as we know increase (gain,
power, antenna height) will increase coverage but they must take into account
system loss because increase height will increase system loss as well, they can
also reduce receiver threshold to cover areas faraway from BTS that have low
density, in this case they may cover large area with 1 BTS , but if the number of
blocking calls increased i.e. (people density increase) then they must added BTS
to that area to handle the increase demand on the network and to increase

coverage.

*important note: Unfortunately the program gives a red back-ground for BTS this mean
it’s just back-ground not “no coverage”

* please give attention to this note when see the result.
4. CONCLUSION

In this work we built a cellular network for almost all Baghdad city to have
optimum coverage, min interference and Max capacity. Instead of using
conventional techniques that limit the performance of the network, we use the
last technology that the 4™ generation tends to use “smart antennas technique”.
Our work divided into two stages; in 1% stage: we took one BTS (cell) and
changed the parameter of BTS for 3 path loss models and show how the
coverage is changed for each Broadcast parameter, MATLAB is used to
simulate and present the results.

In the 2" stage, we built cellular network for Baghdad city by use (SBSA)
technique with 4 beams per sector,

By Keeping the same range we reduce the transmitted power by 4 which mean
low pollution and low power saving cost, interference reduced by 4 so by
keeping the same C/I ratio we can reduce the frequency reuse from 7 to 4

,keeping the same cell area the capacity for the whole network increased by
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75%, utilizing the higher gain offered by smart antenna technique we can cover
vast areas by using a minimum number of BTS , in extremes areas of Baghdad
city ,1BTS with SA technique cover areas of 7 BTS .
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IDM: interference degradation margin
LSM: log normal shadowing margin
SA: smart antenna

SBSA: switched beam smart antenna

SIR: signal to interference ratio

Cad L=

Fig. 1: (a) switched beam coverage pattern, (b) adaptive array coverage.

start

1:read input data for Mobilr reciever hight and gain
and BTS data include(power.gain,antenna

height.system loss...etc)

1
2-culculate receiver threshold
1
3-culculate EIRP as given by equation (2) and then calculate max path loss by
substituting in equation (1)

4-subsitute in path loss model to extract max coverage

5-compute reflection coefficient and phase shift of the reflected ray for vertical
polarization for 360 degree

6-compute dispersion due to terrain roughness and divergence coefficient due to the
earth curvature for 360 degree

7-compute the total reflection coefficient and pattern propagation factor for 360
degree

8- compute effected receiver range

Fig. 2: Flow Chart for Extract Coverage
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Rrnaxtkem) versus various transmitted powet at hi=2m with Hata path loss model in urban areasmallfmedium city)

— pt=6lw and Rimax=0.8910km 270
— pt=40w anid Rima=0.7941km
— pt=2hw and Remax=0 B523km Theta=0:350 degee

Fig.3: Cell Coverage with Hata Path Loss Model and Various Transmit Power

Rrnaifkrn) versus various transmitted antenna gain at h=2m with Hata path loss model in urban area(small/medium city)

0 Theta=0:360 degree

— directive antenra with gain=17dB&Rmax=0.7341km
— ormindirectional antenna with gain=13dB&Rma=0.6114km
— yayi antennia with gain=10dB&Rmax=0.5025km

Fig.4: Cell Coverage with Hata Path Loss Model and Various Antenna Gain

Rmaz(km) versus various transmitted antenna height at h=2m with Hata path loss model in urban area(smallmedium city)

— ht=60mARma=1.0448km
— ht=40m&Rma=0.8865km
— ht=30m&Rmax=0.794Tkm

Theta=0:360 degree

Fig.5: Cell Coverage with Hata Path Loss Model and Various antenna heights
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Rrax verses varous transmitted power at h=2m with Lee path loss model in urban area

—— pt=50w and Rmax=1 6705km 20
— pt=40w and Rmax=1.6752km | 1,4.20:380 4
— pt=20w and Rmax=1 387Bkm | o Coaree

Fig.6: Cell Coverage with Lee Path Loss Model and Various Transmit Power

Rinax verses warious transmitted antenna gain at hi=2m with Lee path loss model in urban area

0 Theta=0:360 degree

—— directive antenna with gain=17dB&Rmax=1.6752km
— omindirectional antenna with gain=13dB&Rmax=1.1977km
—— yagii antenna with gain=10dB&Rmax=0.9091km

Fig.7: Cell Coverage with Lee Path Loss Model and Various Antenna Gain

Rrmax verses vanous transmitted antenna height at h=2m with Lee path logs model in urhan area

—— ht=E0maRmax=3.2228km 270
— ht=24m&Rmax=1.9587km _
— hi=18maRmax=1 6752km Witz £50 degiee

Fig.8: Cell Coverage with Lee Path Loss Model and Various antenna heights
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Rmax verses various transmitted power at h=2m with the Clutter Factor path loss model in urban area

— pi=60w and Rrmax=26569km 270
— pt=40w and Rrax=2.4008km _
—— pt=20w and Rmax=2.0188km Wigi=0 280 atgye

Fig.9: Cell Coverage with Clutter Factor Path Loss Model and Various Transmit Power

Rmax verses vanious transmitted antenna gain at h=2m with the Clutter Factor path loss model in urban area
X 25

-1 0 Theta=0:380 degree

— directive antenna with gain=17dB&Rmax=2.4008km
— omindirectional antenna with gain=13dB&Rmax=1.9070km
— yagil antenna with gain=10dB&Rmax=1.6045km

Fig.10: Cell Coverage with Clutter Factor Path Loss Model and Various Antenna Gain

Rmaz verses various transmitted antenna height at hr=2m with the Clutter Factor path loss model in urban area

— hi=B0maRmax=1,3832km 20
— hi=24m&Rmax=2.7722km _
— ht=18mARmax=2 4008k Vit 330 il

Fig.11: Cell Coverage with Clutter Factor Path Loss Model and Various antenna heights
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Fig.14: part 3 of Baghdad city
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Fig.15: part 4 of Baghdad city
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Fig.16: part 5 of Baghdad city
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Fig.17: part 6 of Baghdad city

BTS205

BTS206

BTS207

I
BTS208

BTS209

BTS459

BTS458

BTS460

BTS456

BTS210

BTS211

BTS212

BTS213

BTS214

BTS423

BTS452

BTS457

BTS‘;IIO

BTSYZZU
BT$218

BTS221

BTS215

BTS216
BTS223

BTS217
BTS224

BTS218

BTS425

BTS454




Jornal of Al-Turath Univeresity College Issue.19

(73)

BTS403

BTS404

BTS468

BTS471 BTS402

BTS465

BTS472 BTS443

BTS416

BTS302

BTS33 BTS32

BTS168 L BTS167 BTS152

BTS139 BTS130

BTS151 BTS157 BTS158

BTS445 BTS164 BTS153

BTS140 BTS131

BTS160 BTS150 BTS146 BTS135

BTS446 BTS163 BTS154

BTS162

BTS450 BTS449
BTS467
BTS447

BTS476 BTS448

BTS464

BTS466 BTS463

BTS141 BTS132

BTS161 BTS147 BTS145 BTS136

BTS615 BTS165 BTS155

BTS142 BTS138

BTS148 BTS144 BTS134

BTS444 BTS166 BTS156

BTS143 BTS133

BTS149 BTS293 = BTS137

BTS287 BTS291

BTS296

BTS462 BTS289 BTS294 BTS298

BTS288 SBTS292

Fig.18: part 7 of Baghdad city

BTS616 BTS100

BTS613

BTS13

— s BTS420

BTS38 BTS41 BTS182
BTS139 BTS130 BTS163 BTS451

BTS158 BTS125 BTS174 BTS183

BTS131 BTS170 BTS178

BTS135 BT$126 : BTS175 BTS185
BTS141 BTS132 - BTSI71 BTS179

BTS136 BTS127 BTS176 ~BTSig4
BTS142 BTS138 BTS‘I?Z BTS180

BTS134 BTS128 BTS177 | BTS186

BTS143 BTS133 4 BTS173 BTS181

BTS137 BTS129 BTS304 BTS310
BTS296 BTS300 BTS306 BTS308

BTS298 BTS355 ~BTS305 BTS311

BT;SS
BTS187
BTS188
BTS189
BTS190

BTS191

BTS312

BTS50 BTS47

BTS89

BT;SO
BTsézs BTS200 BTS‘ZIU
BTS196 JE BTS‘ZOS
BT§132 BTS‘ZOI BTS211
BTS199 BTS206
BTS193 BT§202 X BT&‘;212
BTS197 BTS207
BTS194 BTS203 $BTS213
AN hile
BTS617 BTS208 gt

BTS195 BTS204 BTS214

BTS198 BTS209
BTS314 BTS321

BTS316 BTS319

BTS315
BTS318 " BTs3z2

Fig.19: part 8 of Baghdad city
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Fig.20: part 9 of Baghdad city
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Fig.21: part 10 of Baghdad city
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