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WCDMA/3G/OPTIMIZATION

The Third Generation technology also known as 3G has been implementing
throughout Thailand continuously in order to support any modern applications and
full multimedia services. The main problem usually occurred is that the quality of
signal is below standard in some locations. This is because the interference of 3G
system is huge due to the use of same frequency band for all cell sites. Moreover, the
increase of users demand more transmitting and receiving data. Hence, the service
providers have to find the method to improve the quality of signal quality. One
method to realize the signal quality is the real measurement on the area of tested cell,
so called as drive test. The measured data will be analyzed in order to identify the
cause of the problem. Then, the radio parameters will be re-configured to improve the
signal quality. However, each drive test takes a lot of time and money. Moreover, how
to set the radio parameters in practice does not have the exact solution. The
conventional method like a trial and error method is still used.

From literature surveys, there is no any research to solve the mentioned
problem. Some research try to find the optimal radio parameters but there is no
empirical data involving in calculation. Threrefore, the results cannot be used in
practice. Some research try to reduce the number of drive test but it is in a conceptual

state due to the lack of linkage between the user data and the real user locations.



Hence, the proposed research is very interesting and the outcome can help to save
both time and money. Furthermore, the proposed method can improve the signal

quality of 3G network which currently is the main mobile network in Thailand.
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1G = First Generation

2G = Second Generation

3G = Third Generation

3GPP = The 3rd Generation Partnership Project

BSC = Base Station Controller

BTS = Base Transceiver Station

CDMA2000 = Code Division Multiple Access

DECT = Digital Enhanced Cordless Telecommunications (Digital European

Cordless Telecommunications)

EDGE = Enhanced Data for Global Evolution

E-UTRAN = Evolved UMTS Terrestrial Radio Access Network
GPRS = General Packet Radio Services

GSM BSS = GSM Base Station Subsystem

HSPA = High-Speed Packet Access

IMT-2000 = International Mobile Telecommunications — 2000
ITU = International Telecommunication Union

ITU-D = ITU Telecommunication Development Sector

MS = Mobile System

NodeB = Node BTS

OFDM = Orthogonal frequency-division multiplexing
OFDMA = Orthogonal Frequency Division Multiple Access
RBS = Radio Base Station

RNC = Radio Network Controller

SC-FDMA = Single Carrier Frequency Division Multiple Access
SDMA = Space Division Multiple Access

SINR = Signal to Interference plus Noise Ratio
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SMS = Short Message Service
SNR = Signal to Noise Ratio
TDD = Time Division Duplex
TD SCDMA = Time Division Synchronous Code Division Multiple Access

UMTS = Universal Mobile Telecommunications System
WCDMA = Wideband Code Division Multiple Access
WCDMA RAN = WCDMA Radio Access Network

UTRA = Universal Terrestrial Radio Access

VOIP = Voice Over Internet Packet

f, f, = Frequency

A = Wavelength

¥ = The exponent path loss

§>

~
—
o

p—
Il

Median attenuation relative to free space

D = Distance

Ec/No = Energy per Chip Over the Noise Spectrum
L, = Median path loss between the TX and RX (50%)
Lat = Latitude

Long = Longitude

L- = Free space path loss

E-Tilt = Electrical Tilt

(C . = Gain due to the type of environment
G(h.) = Antenna height gain factors (receiver)
G(h,) = Antenna height gain factors (transmitter)
G, = Transmitted antenna gain at base station
G, = Received antenna gain at mobile station
H, h, h, = Antenna height at base station

h,. N, = Antenna height of mobile station

Lp = Path Loss using Okumura-Hata model
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RSCP

RSSI
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Mechanical Tilt

Received power (RSCP)

Transmitted power from base station
Received Signal Code Power
Received Signal Strength Indicator
Earth radius

Scamming Area Codes
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L, = Median path loss between the TX and RX (50%)
L. = Free space path loss

A, (f,d) = Median attenuation relative to free space
G(h.)
G(h,) = Antenna height gain factors (transmitter)

Antenna height gain factors (receiver)

Guea = Gain due to the type of environment
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G(h,)=20log (Zhl_(;oj 1000m > h, >30m (2.2)

G(h,)=10log [%) h.<3m (2.3)
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G(h,)=20log (%j 10m>h, >3m (2.4)
lio
h, = Antenna height at base station
h. = Antenna height of mobile station
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Urban area Lz =A+Blogd-E (2.5)
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Suburban area L =A+Blogd-C (2.6)
Open area Lz =A+Blogd-D (2.7)
il

A=69.55+26.16log f, —13.82h,

B=44.9-6.55logh, +

C = 2(log(f, / 28))? +5.4

D =4.78log(f, / 28)* +18.33log f_ +40.94

E =3.2(log(11.75h_))* —4.97 for large cities, f >300MHz
E =8.29(log(1.54h_))*—1.1  for large cities, f <300MHz

E=(.11log f,-0.7)h, —(1.56log f, —0.8) for medium to small cities
f. = The carrier frequency

h, = The antenna height at base station
h,, = The antenna height of mobile station
y = The exponent path loss
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[ 4R e C D E F G L H I ] K I

1 IT ime IMs Frame Nur Drectionfl Message TMessage I Event Latitude Al-Longituc Al-Speed ( AIFARFCN

2 53:46.2 DC1 Mot Vaid Diag Send 13.55154 100.7885

3 53:46.2 DC1 Mot Vald Diag Send 13.55154 100.7885

4 53:46.2 DC1 Mot Valid Diag Send 13.55154 100.7885

= 53:46.2 DC1 Mot Valid Diag Send 13.55154 100.7885

6 53:46.2 DC1 Mot Vaiid Diag Send 13.55154 100.7885

i 53:46.3 DC1 Mot Valid Diag Send 13.55154 100.7885

8 53:46.5 DC1 Mot Vald Diag Send 13.55154 100.7885

9 53:46.5 DC1 Mot Vald Diag Send 13.55154 100.7885

10 53:46.6 P52 GPS Fix Data GPS Poggiql 13.55154 100.7885

11 53:46.7 MS1 Mot Valid Dedicated 16651 13.55154 100.7885

12 53:46.7 M51 Mot Valid HSUPA Coi 17417 13.55154 100.7885

13 53:46.7 MS1 Mot Valid HSUPA L1/ 17425 13.55154 100.7885

14 53:46.7 MS1 Not Vald HSUPADL 17409 13.55154 100.7885

15 53:46.7 M51 Mot Vaid HSDPA HS 17186 13.55154 100.7885

16 53:46.7 MS1 Not Vaid UL Active Set 4608 13.55154 100.7885

17 53:46.7 MS1 Mot Valid HSDPA UL 17180 13.55154 100.7885

18 53:46.7 M51 Mot Valid HSDPA HS 17186 13.55154 100.7885

19 53:46.8 P52 GPS DOP Active Satelites 13.55154 100.7885

20 53:46.8 MS1 Not Valid HSUPAEL 17413 13.55154 100.7885

21 53:46.8 MS1 Mot Valid HSUPA ET 17415 13.55154 100.7885

22 53:46.8 MS1 Not Valid HSDPAHS 17186 13.55154 100.7885

23 53:46.8 MS1 Mot Valid WCDMA Pl 16761 13.55154 100.7885

24 53:46.8 MS1 Mot Valid HSDPA HS 17186 13.55154 100.7885

25  53:46.9 M51 Mot Valid WCDMA A 16758 13.55154 100.7885

26 53:46.9 MS1 Mot Vﬂd HSDPA HS 17186 13.55154 100.7885

= Y Ay v s
507 3.2 doyan Idninms lasvna
A B D E F G H I | J K
1 Message Type - AlLatiu ~ UTRE ~ AFAS SC~|AIFAS Ui~ | AIFAS I~ AFAS CI - AIFAS SC~ |AIFAS CI~ | AFAS C1 ~ Al
2 Diag Send Data Request 13.55154
3 Diag Send Data Respond Success 13.55154
4 Diag Send Data Request 13.55154
5 Diag Send Data Respond Success 13.55154
6 Diag Send Data Request 13.55154
7 Diag Send Data Respond Success 13.55154
8 Diag Send Data Request 13.55154
9 Diag Send Data Respond Success 13.55154
10 |GPS Fix Data 13.55154
11 |Dedicated Physical Channels Downlnk 13.55154 378 10737
12 HSUPA Combined L1/MAC Log Packet 13.55154 378 10737
13 HSUPA L1/MAC Statistics Log Packet 13.55154 378 10737
14 |HSUPA DL Cenfiguration Log Packet 13.55154 378 10737
15 HSDPA HS Decode Status ver 4 13.55154 378 10737
16 Active Set Update Complete (UL-DCCH) 13.55154 78 10737
17 |HSDPA UL HS-DPCCH Information Ver 2b 13.55154 378 10737
18 |HSDPA HS Decode Status ver 4 13.55154 378 10737
19 GPS DOP Active Satelites 13.55154
20 HSUPA E-DPCH Log Packet 13.55154 378 10737
21 HSUPA ETFC Restricted Log Packet 13.55154 378 10737
22 HSDPA HS Decode Status ver 4 13.55154 378 10737
23 WCDMA PN Search Log Packet Edition 2 13.55154 -55.2 378 10737 -58.19 9 -60.19
24 HSDPA HS Decode Status ver 4 13.55154 -55.2 378 10737 -58.19 9 -60.19
25 WCDMA AGC Edttion 2 13.55154 -54.3 378 10737 57.29 9  -59.29
26 HSDPA HS Decode Status ver 4 13.55154 -54.3 378 10737 -57.29 9 -59.29
27 HSUPA Combined L1/MAC Log Packet 13.55154 -54.3 378 10737 -57.29 9 -59.29
28 HSUPA Combined L1/MAC Log Packet 13.55154 -54.3 378 10737  57.29 9 -59.29
29 WCDMA PN Search Log Packet Edition 2 13.55154 -52.2 378 10737 -55.19 9 -57.19
; 13.55154 52 2 378 10737 5519 9 5719
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1  13.55154 100.7885

2 | 13.55154 100.7885 -59.7 9 10737  -66.68 -6.98 378 -67.68 -7.98
3 | 13.55154 100.7885

4  13.55154 100.7885 -59.7 9 10737  -66.68 -5.98 378 -67.68 -7.98
3 13.55154 100.7885

6  13.55154 100.7884

7 | 13.55155 100.7884 -59.7 9 10737  -66.68 -6.98 378 -67.68 -7.98
8  13.55155 100.7884 -57.9 9 10737  -64.38 -6.48 378 -66.88 -8.98
9  13.55155 100.7884 -57.9 9 10737  64.38 -6.48 378  -66.88 -8.98
10 13.55155 100.7884

11 13.55155 100.7884 -56.3 9 10737  -62.29 -5.99 378 -70.24  -13.94
12 13.55155 100.7884 -56.3 9 10737  62.29 -5.99 378 7024 -13.94
13 13.55155 100.7884 -56.3 9 10737 -62.29 -5.99 378 -70.24  -13.94
14  13.55156 100.7884 -56.3 9 10737  -62.29 -5.99 378 -70.24  -13.94
15  13.55156 100.7884 -59.8 9 10737  -66.28 -6.48 378 -70.77  -10.97
16 13.55156 100.7884

17 13.55156 100.7884 -59.8 9 10737  -66.28 -6.48 378 7077 -10.97
18  13.55156 100.7884 -58.6 378 10737  -66.08 -7.48 9 -66.58 -7.98
19  13.55156 100.7884 -58.6 378 10737  -66.08 -7.48 9 -66.58 -7.98
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B C Q T

u |\ w X Y Z
1 CelName SectorID C1_BCCHBeamW TITUDELONGITULHEEGHT Armuth JILT_ M TILT_E
2 MBP2ZMWI11 93 13.55755 100.7632 37 20
3 MBP2ZMWI12 85 13.55755 100.7632 37 120
4 MBP2MW13 77 13.55755 100.7632 37 220
5 MBP2ZMW16 283 13.55755 100.7632 37 80
6 MBP2MW17 346 13.55755 100.7632 37 180
7 MBP2MW18 354 13.55755 100.7632 37 280
8 MBP2MW21 93 13.55755 100.7632 37 20
9 MBP2MW22 85 13.55755 100.7632 37 120

10 MBP2MW?23
11 MBP2ZMW26
12 MBP2MW27
13 MBP2MW28
14 MBP2MW31
15 MBP2MW32
16 MBP2MW33
17 MBP2MW36
18 MBP2MW37
19 MBP2ZMW38

13.55755 100.7632 37 220
13.55755 100.7632 37 80
13.55755 100.7632 37 180
13.55755 100.7632 37 280
13.55755 100.7632 37 20
13.55755 100.7632 37 120
13.55755 100.7632 37 220
13.55755 100.7632 37 80
13.55755 100.7632 37 180
13.55755 100.7632 37 280
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Electrical Specifications

Frequency Band, MHz
Gain, dBi

Beamwidth, Horizontal, degrees

Beamwidth, Vertical, degrees
Beam Tilt, degrees

USLS (First Lobe), dB
Front-to-Back Ratio at 180°, dB
CPR at Boresight, dB

Isolation, dB

Isolation, Intersystem, dB
VSWR | Return Loss, dB

PIM, 3rd Order, 2 x 20 W, dBc

Input Power per Port, maximum, watts

Polarization
Impedance

519 3.6 HUVIADIFT1EDINANIINNATIE

U

HBXX-33 19DS-VIM |

HBXX-33 19DS-AZM

29

Andrew® Quad Antenna, 1710-2170 MHz, 33° horizontal beamwidth, RET compatible

1710-1880 1850-1990
20.4 20.6
36 35
6.5 6.2
0-10 0-10
15 15
40 40
24 23
30 30
28 30
1.5 | 14.0 1.5 | 14.0
-153 -153
300 300
+45° +45¢°
50 ohm 50 ohm

—~ SBH-1D3319DS

Andrew® Antenna, 1710-2180 MHz, 1x remote electrical tilt, integrated Next Generation
Actuator™

» Exceptional horizontal roll-off and front-to-back ratio for superior capacity efficiency

\
g

\

Electrical Specifications

Frequency Band, MHz

Gain, dBi

Beamwidth, Horizontal, degrees
Beamwidth, Vertical, degrees
Beam Tilt, degrees

USLS by Beam Tilt, dB

Front-to-Back Ratio at 180°, dB
Isolation, dB

VSWR | Return Loss, dB

PIM, 3rd Order, 2 x 20 W, dBc
Input Power per Port, maximum,
Polarization

Impedance

G

« Extended elevation tilt for maximum flexibility in urban core areas

1920-2170

1.5 | 14.0
-153
300
+45°

50 ohm

sy A
HAUN 1 [CommScope Inc.]

« Internal next generation actuator eliminates field installation and defines new standards

for reliability

» Significantly reduces operational expense by remote control of electrical tilt

1710-1880
20.5
35
7.0
0-9
0°2040960°8°
20 20 17 16 17
35
30
1.5 | 14.0
-153
300
+45°
50 ohm

watts

1850-1990
20.7
33
6.6
0-9
09204060989
20 20 17 17 17
36
30
1.5 | 14.0
-153
300
+45°
50 ohm

1920-2180
20.7
32
6.2
0-9
0020406080
20 20 17 17 17
37
30
1.5 | 14.0
-153
300
+45°
50 ohm

A o A o a 7Y A
sUn 3.7 HUUQNTYDINANUINUATIEHAUN 2 [CommScope Inc.]
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Distance

319 3.9 tupSraesgunufiamvesmsnedIATUYBIT BB IN A

U

TAgNITAIUIURITLISNINTZHINA WA UIVDIADIUTIUN VA MW UV IT Ty 0y 19

. Y ~ A Y . [ . ) o ] ~

(Distance : D) e l¥aunsn (3.1) WolH Latitudel N1 Longitudel HNUAIYA U UIVDINDIY
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equation ﬁﬂﬁumi‘ﬁ 3.7
P (dBm) =P (dBm)+G, (dBm) + G, (dBm) + Lp(dBm) (3.7)

Lﬁ@

P.=Received Power (RSCP)

P, = Transmitted Power from Base Station

G, = Transmitted Antenna Gain at Base Station
G, = Received Antenna Gain at Mobile Station

Lp = Path Loss using Okumura-Hata model

47rDJ (3.8)

Lp=20log,, (T
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3 3
RSSI =" ARSCP, — > MRSCP, + Noise (3.11)
i=1 i=1

A

Lo

ARSCP = Active set Received Signal Code Power
MRSCP = Monitor set Received Signal Code Power

Noise = Noise Power over Whole Bandwidth

Ec/ No(dB) = RSCP(dBm) — RSSI (dBm) (3.12)
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SC M-Tilt E-Tilt Coverage
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Multisector Optimization of Antenna Tilt Angle
Based Empirical Knowledge from Drive Test
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Suwranares University of Technology
Emml- M5740826/@g sut.ac. th and nthansalmligst ac th

Absrace— It s tlih:tﬂutﬂttphn:dlmd-mtll

nsi:gdl:irel‘ztlt’ii'nmtmupﬂh,
fhe most commeon »djustment is fo Gt the angle of antenna plane
in order to improve the performamce of coveraze areas. In
gemeril there is mo specific method to optimize the Gt angle n
practice. Mast engineers we their expeniences fo adjmst the it
angle. Therefore, the drive test is performed again and agaim
mnil fhe resulis are satified. This camses the expensive costs for
drive test and i wastes a lot of ime depending on the eTperiences
of engineers. Moreover, the adjmstment of antesma tlts from
many sectors at the same fime i akso i becanse it is too
comphicated beyond the experiences of enginesrs. Az a result, thiz
‘paper proposes the new method to optimize the amtenna tilt angle
based on oaly one drive fest Based om empirical snalysis, the
optimiration can be nndertaken in simmlation and the resalis are
dose to the drive test. This mefbod ako provides the solution for
gither single sector or multiple sectors. The resuls indicate the
snocess of ming the proposed methad

Eeywords— Empirical Model, Optimizariom, Drive Test,
Antemna it Angle

I INTRODUCTION

The omrent cellular networks in Thailand have focused on
3G and 4G petworks The license for 4G frequency has just
been gramted since Movember 2015 for 1300MHz mmd
Decenber 2015 for 900MEE. Therefore, the instsllation of
many 4 base stations is the newt tasks for engmesrs. The
ourent 3G petworks hawe developed dmowmticslly [1].
Althoush there are a lot of 3G base stations, bt the siznsl
quality is reduced due to the spread spectrum system that uses
a single frequency for all cell sites. The service providers have
to fipure ot a8 way to Improve signal quality. This mesns to
check the sipnal quality so often and then smalyze the data in
order to adiust the optimal setting for each base station [2].
The compulsory tool after installing the base station for either
3 or 4G networks is the drive test. This is becanse it provides.
the real performance metnices of the operating networks. Al
service providers need to confirm whether the simnal quality is
as good as their expected design or not.

978-1-4673-0740-0 1643100 £2016 [EEE

In general, the definition of drve test has been developed
into two terms, walk test and drve test. A walk test is the test
thet checks the sipnal quality inside buildings or narow places.
which canmot use a wehicle This method is suitable for
buildings, shopping malls, hotels or small areas of the
orpamizations. B does not require a lot of energy. For a drve
test, it has to use a vehicle to move slong when checking the
signal quality on the road Ususlly, it takes the long distances
and long time, 5o it needs the energy sowrces for equipment In
this paper, the presented results are achieved only fom drive
test. However, plesse note that the proposed method cam be
implemented for both walk test and drive test.

After collecting the sipnal parameters, then it is the process
to snalyze dats i order o venfy whether the implemented
ase station can provide the sipnal quality =s expected or not.
K it is mot, then the next method is to improve the design. The
most common desipn parameters that have slways been the
first choices are transomtted power, amtenna heizht and Gl
angle of anterma. These parameters can offer a better sipnal
quelity only if they have been smitably adjusted However,
there is no sny exact foromla for caloalating the optimesl
wales for these parameters becanse the fGding from
propagation is varied from one scenario to the other scenario
depending on the real environments. The best way to obtain a
better sipmal quality is the mial and emor method The
engineers will use their experience to gness the value of these
parameters. After the design parsmeters have been adjusted, it
is mecessary to observe the signal quality agEin to see whether
the pew resulis are sabisfied Sometimes, this method
consumes 3 lot of tme unfil the satisfied owlcome &= agreed.
Moreover, the more adjustments are needed, the more tadpet
iz required. The subject of the program is reserved for dewices
thet are used to check the signal quality. The problem is the
amval of mobile telephomy in the comntry [3]. The optimsl
adinstment is pecessary for 3G md 4G petwork I order to
acconmaodate the ineased volume of wers as well as the
satisfication of wsers. Although the drive test consumes both
cost and time [4], bat it is the only one tool in practice to find
solutions on the problem area. From the past to the present. the
adjustment will be analyzed from the experience of engineers.
withowt any basic or method of calmlation tool that cam
determime the acomrately optimal adjustments On the other
hemid, the work of madic optimization is to poess if those
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adjustments such as nming the tilt angle of the antenna can fix
the probleme [5-4] There are some works that iy to reduce
the merber of drive test but those are almost inpossible in
practice [7] becaze the data is Dot comnected with the
appearance of a resl scensno. Therefore, m this paper the new
too] has besn proposed by using the results from only one
drve test im the first amalyzed process. The empinical
Imowledze from the first drive test can be modeled through
mathematical models. Thiz model can be acoumately matched
with the real data becanse the varions parametsrs are sdsted
in the modsl. This modsl concerms each point of data test by
mawching parameters for specfic location Hemce it is not
DECESEATY to 20 out for drive test again. Based on the proposed
mdel, now it can nmke the opomal caloulation in conyater
simmlation without amy frial and emors. The suthors have also
proven the optimal results by performing the second drive test
to confinm that the proposed solufion is wery relisble The
proposed work can save both time and momey Also the
optimal solidon can be obfained for single and omitpls
sectors in which it is ramely possible for enmineers. The survey
of recent literanures foumd no research to sdy and solve any
problents the same as proposed in this paper.

o METHODOLOGY

To solve the problem in real simation is the main goal of
this paper. Hence the empincal knowledge should be
collected from the omrent cellilar network. In Thailand the
3 perworks are fully operating while 4G networks are just
the bemimming stage. From this reason, the suthors choose the
results from 3G peranotks which are svailable and practical.
Therefore, the rest of this paper will be mounded with 3G
parameters and results. However, plesze note that the concept
of the propesed method can be applied for either 3G o1 4G
metworks.

1) Drive Tast ©  Before performing the drive test, the
engineers have to study the area in order to plan a drive route
to collect the quality of signals. Mext, the installation of the
equipmen: for tesins the quality of signals is performed
inchoding setting the test for quality of voice and data. After
testing the quality of sipnal: on the desired Towte, then all
inporant parameters Wil be malyzed imcluding Fleceived
Signal Smength Indicator (B350 which refers to the strength of
the signal at that point, Feceived Sigpal Code Power (R5CF)
which refers to the strength of the signal obtined for specific
user code, Energy per Chip Oner the Moise (EcNo) which
refers to the ratio of sigmal emergy fo Doise density and
Scamming Area Codes (SC) which refers to the spedfic
mumibers of each base station These parameters are the main
indicators to judze whether the quality of signals is good or
poor

2) Emprrical Model © For empinical models, thers are
many appreaches to be considered for cellular merworks.
Arcording to the work in [B], the Okunmewa-Ham mods]
pronides the best fit to the experimental results for 3G
networks. Hence, this paper adopts the Okummrs-Hata modsl

for explaining the propagation of messured data from drive
test. The Okunmra-Hata model is a fully empincal prediction
method based upon s extensive senes of messurements
made in and aroumd Tokyo dty between 200MHz and 3GHz
[9]. The method imwolves dividing the prediction area info a
saries of clumer and termain categories, namsly open, subrban
and wban Okunwma’s predictions of median path loss are
wsmally caloulated using Hara's approxinetons as follows:

Ut areas: Ip{dB)=A4+EBlogR—E [1h}
Subnrben aress:  Ip({dB)= 4+ BlogR-C @
Open areas: Ip{dBi= A4+ BlogR-D &)
whers

A=06855+2616logf -13.52 losh,
B=449- 655 logh,+r
C=2oz(f/28)2+54
D=4780ogf) 2 + 1833 logl + 4094
E=32log (11.75 h.)) 2 —4.97 for large dties, fr = 300MHz
E=829{og (154 ha)) 2 - 1.1 for large cities, fr < 300MHz
E=(1.1logf - 0.7) ha— (1.56 Llogf — 0.8) for medium to small
cities, f. is the camer fequency, ks is the antenns height at
bease starion, iy, is the sntenna height of mobile station and yis
the exponent path loss.

Then the received power of each user can be expressad by
the following,

F.(dE) = F(dE)+G,(dB)+ G, (dB)+ Lp(dB) @)

where

FPr=TFeceived Power (R5CF)

FPr= Transmitted Power ffrom Base Station

Gt = Transmitted Antenms Gain at Base Statdon
Gr=Received Antenna Gain at Mobile Staion
Lp=Path Loss using Clnmmrs-Hata model

b Analyzis: There s some relsfionship befween main
parameters & shown in equaton (F). The caloulatgon of EoVe
can be foumd from the received power (R5CF) and the strength
of the signal (R55T).

Ec | No(dB) = RSCP{dB)— RSSI(dB) (5)

wheme

Ei/Wo = Enerpgy per Chip Onver the MNodse Density
R3CP="Feceived Signal Code Power
R557=Feceived Simal Strength Indicator

Mexz, the other important relstionship berween mwin
parameters is shown in equaton (). I can be noticed that in
this eqoation the only one parameter that camnot be known
from drive test is noise However, if we know the Bleceived
Signal Smength Idicasor (R357), Feceived Signal Code Power
(RSCF) and Energy per Chip over the Moise (Ec/No), the noise
power can be obtained Afier finding noise, if engineers adjust
amy parameter at base station such as rensmitted power or i
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ange of antenna it will make a change to the Active Set
Fecened Signal Code Power (4RSCF) and Monitor Set
Beceived Signal Code Power (MRSCF). Afier getting the newr
ARSCP and MRSCP, then the new R55T can be re-caloulated by
the new ARSCF and new R55T into equation (5], and then the
new Er¥o can be obtained.

3 El
RSST=7" ASRSCF, - MRSCF + Noise (f)
=1 1=l

where

R55T=Received Signsl Strength hdicator

ARSCP= Active Set Fieceived 5ignal Code Power
MRECP=Monitor Set Received Signal Code Power

Nowse = Moise Power over Whole Bandwidth

I OPFTMIZATION
This section hss presemted the process of finding the
optimum solution by using the first dorve test. The diagram of
proposed process is showm in Fig. 1.

f' Start )

Dirive Test

Apalyzedata [/

| Adjust M-TilL E-Tilt }-7

[rata comparison

= g T
{,..f"" Change M-Tile=0-10, '“‘~-.._;_
'“-«._R E="Tili=0=11 and Collect rla_lf_d_,---“'
e —
T a
—

A’
Fig 1. Floechart of the process optimization.

(" END )
M

Arcording to the Fig 1. the parameters to be adjusted in this
paper are A-rilt ad E-filt. Both parameters are the tilt anpje of
antenna bt in the different penner 30507 is the mechamical tle
that needs the resl wokers to rotate the plne of antenma
installstion on the tower of base station. F takes a3 lot of hard
work and cost to adjost so it is mot offien to chanpe after
adjustment. For E-tilt, this is the tilt anpie of radistion pattern
fomced by changing the different phase of each antenna
element. Thms, E~ff can be done by elecirically controlling
from the remote cenber. However, there are the limited ranges
of tilt angle depending on the commercial products. In practice,
both Mul and E-lf are equally mmportant to improve the
performance of coverage areas and they are the first choices for
enginesrs to optinize the network coverage. The other
important parameter is the transmitted power of hase smtion. &
can directly make an impact to the coverage. Unfortimately, the
real dove fest i this paper has the remlts of ooly the
unchansesble wansmitted power. That is why the dizsram
presented im Fip 1 demonstrates the change of only Monir and
E-rilt. However, please node that the other parameters such as
iransmmitted power can alse be spplied imo the proposed
concapt.

Moreguver, the proposed process of optinnzation can be
used for both smpie sector and omitiple sactors. The difference
is on the adjustment of Mgt and E-&ilt which is required to do
for all omitiple sectors in the imvestipated aress The proposed
optimization canmot apply either the pradient approaches or the
iterative spproaches becmse the empinical model is tomed to fit
each test poimt E means that each location give the different
characteristic of model. Therefore, it is impoessible to find the
spedfic formulzs for all scemarios. E is not only nonlinear
ome sector to another sector. This paper chooses o vary all
possible choces of M-l and E-#ilt and then search for the best
sphition among sll possibility. This is to confirm that it is the
plobal optimization snd no nsk for real implementation.

The drive test in this paper is performed professionally with
the kind help of resl operators. All collected data are obtained
and conmmercial soffware. The ilhesiration of drive test devices
is presented m Fig 2.

Fiz2 Devices for drive test
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After finiching drive test, a lot of data from each test
location is collected in conpater. The example of data sef is
shown in Fig 3 which can be seen that all mecessary
mfrmetion is resdy o be mnalyzed The first colmmn of data
set presents the message types that have some kind of user
information. The secomd and thivd colmmns are the lecation of
test pomts that are active for all position on the desired route.
The fourth columm prowides the Received Sipmal Stoength
Indicator (K55 The fifth, eighth and eleventh cohmms
present the active sat of the received scanmuing codes from any
hase satons around test points in descending order. The sixth,
nminth and twelfth colonms are the active set of the Feceived
Signal Code Power (R5CF) comespondng to the scamming
codes in the previous colunms. The seventh tenmth and
thirteenth cobmmns are the Energy per Chip Oner the Moise
(Ec¥o) of active sets in descending order. The fourteenth,
fifteenth  sivieenth cohmms are the momitor set of recerver
scanmung oedes fiom any base station The followings are the
valoe of monitor sef inchuding the Received 5ignsl Code Power
MCHM&BEQPEMM&MEM},
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Afier getting all data m conguter, the newt task is o
develop the malyzmg program to ilhestrate the drve test data
and to calonlate the optinml solution. The authors developed
the program by using MATLAB GUT platform. The exanple of
developed program is showm in Fig 4. The data obitaimed from
drive test has been illstrated in praphical presentation

] =

Fn
Fig 4. Exanmple of propesed program in MATLAB.

The suthors have alresdy conjpared the own developed
results with the conmmenciz] software. E is confirmed thet the

exact mmiching between own developed program and

commencizl software is obtained However, the commencial
softemare does mot hae amy optimization options as the
propased program

The optimizstion process stars by changing the walue of M-
tilt and E-iilt fom O lo 10 degees. This range is the lintted
range in practice. The conputer sinmlation can caloalate
beyond this mnpe bt it is no poimt if the mplementstion
cannot be performed Every change of of M-l and E-nilr will
directly change the radiation pattern of snterma. Ac 3 result, the
pain of transmitting antenns will be changed while the other
parameters. ame fixed The parameater &, is vaned by value of M-
il and E-t7lt as noted in equation (7).

G, « M —tilt, E—tilt o

The adjustments of MGl or E-gft will directly affect
Transmitted Antenns Gain (1) md then Gt will diretly affect
to the Received Signal Code Power (RSCF) according to the

equation (4). I implies the melatonship between RSCF and ot
noied in equation ().

RSCP=G, ®

Afier pe-calculsting the new RESCF, the snthors collect the
coverage area esch time to be the key performance of the
coverage. The defimition of coverage i this paper is shown in
equation (%) Note that the oriterta of v that the value is greater
then -85dB of RSCF and Echo prester tham -14dB is come
from the practical issoe B can be changed to smy values

depending on the service providess.
100 X
CCa) == 2 P: ©
=i
where
1 if RSCP >—85dB and Ec/No, >—14dB
Fr=
0 else

The chjective fimction for optimizing the resalts can be
expressed in equation (10).
o Db -], D=l 11) an

Thiz optimal cowverage Oy is the mexinmm coverage
mthngmﬂnmmam:;ﬂ'}.

IV. FEESULTS AMD DISCUSSI0NS
mmiltiple sectors. Fig 5 shows the dats from the drove test
which is before any adjustment The data is analyzed to see
whether the quality of signal in each location is good or bad.
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Fig 7. Ec'Mo coverage from optines] nmitiple sectors.

InFig 5, the Ec Mo coverage is presemted by different color
zones in which the red zone (termible) is 0.34%, the blue zone
(poor) is 9.38%, the yellow zome (medinny is 83.96%, the
geen zone (good) is 4.77% md the dark green zome (best) is
1.55%. The results from drive test show that the study area
TequiTes some adjustments becmnse there are a lot of the
temible and poor qualities of sizmals.

For the case of single sector adjustment, the authors vary
M0t and E-rilt 3t only one sector. The selected sector is in the
center of red amle shown m Fig 6 After optimization

process, the optimal solotion offers the red zone (terrible) at
Ulﬁﬂmmﬁpmﬂﬂlﬂﬁ,)ﬂlmm{pﬂhﬂmjﬂ
37.55%, green zone (good) at 52.47% snd dark green zome
(best) at 5.57%. It cam be dearly seen that the coverage of
sigmal quality is improved as shown in the circle area of Fig, 6.

Fuor the case of mmiltiple sectors, all sectors adpst M4l and
E-tilt in order to find the best solution among all possible
adjustments. The optimsl coverage is shown in Fig 7. The
results show that the red zome (emible) is 0.13%, the blue zone
(poor) is 264%, the yellow zope (medinng is 21.42%, the
gean zone (pood) i 64.73% and the dark green zone (best) is
11.08%. It is clearly seen that the optimsl sohsion of nmitiple
sectors is better than single sector. In order to illustrate the
are presented in Fig 8. As seen in Fig 8, the best zone gets a
better improvement if more sectors ae immlved in the
optimization process. The area of good and best zones covers
more than 75% which is melisbly high The results have been
already proven by performing the drivwe test apain in order to
confimm the propesed analysis.

) Ty!alp_'.-'_ .-1-_}.5!:,\.'.-\.'«,!:. 1,\_-_\:_1.-._,.“_!:.;
Fig.8. Coverage comparison betwesn optinizstion of only one
sector and multiple sectors.

V. CONCLUSION

This paper presenfed to pew method o find the
optimization of smfenna tlt amgle for single and omitiple
sectors by using only one drive test. The inproving quality of
signals mdicates the most effecie and non-complicated
method proposed in this paper. The good and best zones of
orginsl drve test s §.32%. By spplying single sector
optimization, those zones are 58.04% which is mmch betier
then without adustment. MMoreover, those zones ame 75.81% if
mmiltiple sectors are optmiized This indicates the success of
using the proposed method in practice. The proposed method
a0 save time and cost for sny semice proveders. Also, it can be
implemented for both 3G and 4G netaorks.
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