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Abstract

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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Ly(dB)=L,.+A,(f,d)-G(h,)—G(h,)=G 2.1
Lﬁ"f]

Ly, =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.,) = Antenna height gain factors (receiver)

G(h,) = Antenna height gain factors (transmitter)

G zz4 = Gain due to the type of environment
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G(h,)=20log [zh—(;‘oj 1000m > A, >30m (2.2)

G(hre)=1010g(h§"j h <3m 2.3)

G(h,)= 2010g[h?:" j 10m>#_>3m 2.4)
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= Antenna height at base station

= Antenna height of mobile station

9
Y

I 1 A 4&’ A A g o @ A
ﬂfJﬂ1lﬂﬁﬂuslli’]\?ﬂ’]ﬁﬁﬂﬂ@uiuw"LWIu"LWILIIUﬂﬂﬂﬂfum@\iigﬂgﬂ1ﬂﬂﬂgﬂﬂ 2.6

T 50% of locations I |
= T urban area

LR o~ e o e i e i e i r
f t Ei, -f = O00MHz

! EEETac=ch]
T3] h'!ﬂ'i'gd*?‘ﬁrﬁ‘h ‘Qﬂ-mfhrj
Linear Scale [N
Distance (km)

e

51N 2.6 Medrumaidyunialaveslogyse [Y. Okumura, 1968]

2.4.3 1UUIABIVBIIING

o < o a o @ {
HUVT1a09UD8102 (Hata ModeDt T utuudiaoandsnuwanisinvedlogyss Taen

v o

o Y ~ < A A a J o :
LL‘U‘Ui]ﬁﬁ]\iﬁi]gfl’L’fllfﬂ‘i“l/lNﬂmﬂﬁ]ﬁﬂil‘ﬁ’ﬂiﬂﬂﬁﬂ?ﬂ?‘l'ﬁ13Jm?)‘iellﬁlﬂﬂ1aﬁﬁi‘lli‘lﬂﬂ!Glu‘izuuﬁﬂﬁﬁ

U g
E4

waounawrain Idanmsiavesloegysy Amsdmsununiiassvesaiazitatlandredmsums
9 o dy A @ o 1 A o v o a IS o
afauuueeunmziui Taverdemsiaudiuienh lilszneunudulsmendiacnaninazih
a ° = o A A% o 1 v o = °
TWinauvuSassimmnzaunviuigug 18 sndredrasu msdsudulsdunnud uuvsiasves
o % g ' { a ' ' I @ { [
swzazldaunls 4 suilusinisaaneuiinunineimanadar vududalsnldlunsdsuai

Ay v P a ad o =~ o 2 o Y YA a d1 A a 1%
ﬂ’NlIﬂ]lﬂ’!;{\iq@m 1.5 INSLIINY Tﬂﬂ'ﬂLL‘]J“]Ji]Ta’EN“L!i]g’(,’nlﬂiﬂu1Hlﬂﬁl‘]5\11ul'lﬂLW3JLﬁ3Jﬂ¢l®mﬂiJNaﬂTi'Jﬂ
2 £ 42

o a2 Ay A A o 1 a g A o S v
ﬁmuﬂpmmﬂuwumum 111‘]]5gﬂ’t‘J‘ULWE)“I/nﬂﬁﬂ‘imﬂﬂ!'l’i1ﬂ1W1513Jm’65€5]NG]1/ILW1I1$Z’fiJﬂ‘iJW NUUN



17

70

60‘

_ 100
@ 50 —9
2 80
< 70
"
g w0 [
m 50
g 40
w

30 |-30;

20
10
5
20 +—3
2
1

100 200 500 1000 2000 3000
Frequency (MHz)

s 27 dwls 4, alFlumsdSuamuanuuazszezmalunuuiinesveseny

[M. Hata, 1980]

npudrassvesaag Idlgdoyaninuuuiiassveslogysy nlddmsuas nunusias i

% 4 o . [ 4
UszantueeszuyInsanniiens laaaaumsn 2.5, 2.6 uag 2.7

Urban area L,=A+Blogd-E (2.5)

Suburban area L,=A+Blogd-C (2.6)

Open area L, =A4+Blogd-D 2.7
Lﬁ'@

A=69.55+26.16log f. —13.82h,

B=449-6.55logh, +y

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

h,, = The antenna height at base station

h,, = The antenna height of mobile station

¥ = The exponent path loss
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A B C D E F G H I J K
1 MS Frame Nur Drectionf| | Message TMessage I Event Al-Lattude Al-Longtuc Al-Speed ( AIFARFCN.
2 53:46.2 DC1 Not Vald Diag Send 13.55154 100.7885
B 53:46.2 DC1 Not Vaid Diag Send 13.55154 100.7885
4 53:46.2 DC1 Not Vaid Diag Send 13.55154 100.7885
5 53:46.2 DC1 Not Vaid Diag Send 13.55154 100.7885
6 53:46.2 DC1 Not Vaid Diag Send 13.55154 100.7885
7 53:46.3 DC1 Not Vaid Diag Send 13.55154 100.7885
8 53:46.5 DC1 Not Vaid Diag Send 13.55154 100.7885
9 53:46.5 DC1 Not Vaid Diag Send 13.55154 100.7885
10 53:46.6 PS2 GPS Fix Data GPS Posidl 13.55154 100.7885
11 53:46.7 MS1 Not Vaid Dedicated 16651 13.55154 100.7885
12 53:46.7 MS1 Not Vaid HSUPA Coi 17417 13.55154 100.7885
13 53:46.7 MS1 Not Vaid HSUPA L1/ 17425 13.55154 100.7885
14 53:46.7 MS1 Not Vaid HSUPA DL 17409 13.55154 100.7885
15 53:46.7 MS1 Not 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 Not Vaid HSDPA UL 17180 13.55154 100.7885
18 53:46.7 MS1 Not Vaid HSDPA HS 17186 13.55154 100.7885
19 53:46.8 PS2 GPS DOP Active Sateltes 13.55154 100.7885
20 53:46.8 MS1 Not Vaid HSUPA E-C 17413 13.55154 100.7885
21 53:46.8 MS1 Not Vaid HSUPA ET 17415 13.55154 100.7885
22 53:46.8 MS1 Not Vaid HSDPA HS 17186 13.55154 100.7885
23 53:46.8 MS1 Not Vaid WCDMA Pl 16761 13.55154 100.7885
24 53:46.8 MS1 Not Vaid HSDPA HS 17186 13.55154 100.7885
25 53:46.9 MS1 Not Vaid 16758 13.55154 100.7885
.26 53:46.9 MS1 Not Vaid 17186 13.55154 100.7885
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A B C D
1 Message Type ~ Al-Lattu ~ |AFLongi ~ BIFUTRZ ~ AFFAS S(~ |AFAS U, » AFAS CI ~ AFAS CI ~ |AFAS S( - AFFAS CI ~ AFAS CI ~ Al
2 Diag Send Data Request 13.55154 100.7885
3 Diag Send Data Respond Success 13.55154 100.7885)
4 Diag Send Data Request 13.55154 100.7885|
5 Diag Send Data Respond Success 13.55154 100.7885)
6 Diag Send Data Request 13.55154 100.7885
7 Diag Send Data Respond Success 13.55154 100.7885)
8 Diag Send Data Request 13.55154 100.7885)
9 Diag Send Data Respond Success 13.55154 100.7885|
10 GPS Fix Data 13.55154 100.7885|
11 Dedicated Physical Channels Downink 13.55154 100.7885 378 10737
12 HSUPA Combined L1/MAC Log Packet 13.55154 100.7885) 378 10737
13 'HSUPA L1/MAC Statistics Log Packet 13.55154 100.7885) 378 10737
14 HSUPA DL Configuration Log Packet 13.55154 100.7885) 378 10737
15 HSDPA HS Decode Status ver 4 13.55154 100.7885) 378 10737
16 Active Set Update Complete (UL-DCCH) 13.55154 100.7885| 378 10737
17 HSDPA UL HS-DPCCH Information Ver 2b 13.55154 100.7885| 378 10737
18 HSDPA HS Decode Status ver 4 13.55154 100.7885| 378 10737
19 GPS DOP Active Sateltes 13.55154 100.7885)
20 HSUPA E-DPCH Log Packet 13.55154 100.7885) 378 10737
21 HSUPA ETFC Restricted Log Packet 13.55154 100.7885) 378 10737
22 HSDPA HS Decode Status ver 4 13.55154 100.7885) 378 10737
23 WCDMA PN Search Log Packet Edtion 2 13.55154 100.7885| -55.2 378 10737 -58.19 9 -60.19
24 HSDPA HS Decode Status ver 4 13.55154 100.7885| -55.2 378 10737 -58.19 9 -60.19
25 WCDMA AGC Edtion 2 13.55154 100.7885| -54.3 378 10737 -57.29 9 -59.29
26 HSDPA HS Decode Status ver 4 13.55154 100.7885) -54.3 378 10737  -57.29 9 -59.29
27 HSUPA Combined L1/MAC Log Packet 13.55154 100.7885) -54.3 378 10737  -57.29 9 -59.29
28 HSUPA Combined L1/MAC Log Packet 13.55154 100.7885) =54.3 378 10737  -57.29 9 -59.29
29 WCDMA PN Search Log Packet Edtion 2 13.55154 100.7885| -52.2 378 10737 -55.19 9 -57.19
1355154 100 52 2 Vi) 10737 23,19 9 219
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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 -6.98 378 -67.68 -7.98
5 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 -70.24 -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 -70.77 -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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31 (Electrical Tilt) wag ludrugaiiorz vond@ronas juveaooINAiAas

B C Q T u v W X Y 2
1 CelName SectorID 1 BCCHBeamWHLATITUDELONGITULHEJGHT Azmuth [ILT_M TILT_E
2 MBP2MWI11 1 93 13.55755 100.7632 37 20 4 3
3 MBP2MW12 2 85 13.55755 100.7632 37 120 2 3
4 MBP2MW13 3 77 13.55755 100.7632 37 220 4 2
5 MBP2MW16 6 283 13.55755 100.7632 37 80 4 3
6 MBP2MW17 7 346 13.55755 100.7632 37 180 1 3
7 MBP2MW18 8 354 13.55755 100.7632 37 280 4 1
8 MBP2MW21 1 93 13.55755 100.7632 37 20 4 3
9 MBP2MW22 2 85 13.55755 100.7632 37 120 4 3
10 MBP2MW23 3 77 13.55755 100.7632 37 220 4 2
11 MBP2MW26 6 283 13.55755 100.7632 37 80 4 3
12 MBP2MW27 7 346 13.55755 100.7632 37 180 4 3
13 MBP2MW28 8 354 13.55755 100.7632 37 280 4 1
14 MBP2MW31 1 93 13.55755 100.7632 37 20 4 3
15 MBP2MW32 2 85 13.55755 100.7632 37 120 4 3
16 MBP2MW33 3 77 13.55755 100.7632 37 220 4 2
17 MBP2MW36 6 283 13.55755 100.7632 37 80 4 3
18 MBP2MW37 7 346 13.55755 100.7632 37 180 4 3
19 MBP2MW38 8 354 13.55755 100.7632 37 280 4 1
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HBXX-3319DSVIM | HBXX-3319DS-A2M

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

IBAHE EH 6

Electrical Specifications

Frequency Band, MHz 1710-1880 1850-1990 1920-2170
Gain, dBi 20.4 20.6 20.8
Beamwidth, Horizontal, degrees 36 35 34
Beamwidth, Vertical, degrees 6.5 6.2 5.9
Beam Tilt, degrees 0-10 0-10 0-10
USLS (First Lobe), dB 15 15 35
Front-to-Back Ratio at 180°, dB 40 40 40
CPR at Boresight, dB 24 23 24
Isolation, dB 30 30 30
Isolation, Intersystem, dB 28 30 30
VSWR | Return Loss, dB 1.5 ] 14.0 1.5 | 14.0 1.5 | 14.0
PIM, 3rd Order, 2 x 20 W, dBc -153 -153 -153
Input Power per Port, maximum, watts 300 300 300
Polarization +45° +45° +45°
Impedance 50 ohm 50 ohm 50 ohm
A ° A o a JY A
Eﬂ‘l’l 3.6 LUVIADIFT1DINIANUINIUATIEHAUN |

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
» Extended elevation tilt for maximum fiexibility in urban core areas

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

e | for reliability
X &' aae %-] » Significantly reduces operational expense by remote control of electrical tilt
Electrical Specifications
Frequency Band, MHz 1710-1880 1850-1990 1920-2180
Gain, dBi 20.5 20.7 20.7
Beamwidth, Horizontal, degrees 35 33 32
Beamwidth, Vertical, degrees 7.0 6.6 6.2
Beam Tilt, degrees 0-9 0-9 0-9
USLS by Beam Tit, 6B i We P Woiow @RS
Front-to-Back Ratio at 180°, dB 35 36 37
Isolation, dB 30 30 30
VSWR | Return Loss, dB 1.5 | 140 15| 14.0 1.5 | 14.0
PIM, 3rd Order, 2 x 20 W, dBc =153 -153 -153
Input Power per Port, maximum, watts 300 300 300
Polarization +45° +45° +45°
Impedance 50 ohm 50 ohm 50 ohm
d' o ci o a Y d'
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VERTICAL

Tilt 0° Tilt 0°
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<€

Distance

sUR 3.9 npuieesgiuuunamiaweImsnedinauveIa 180 1NA

U

@

TAagNIMUINKITLOZNNTEHINA WP UUITIHIUNUA I UIVeIdy 19 (Distance : D)

e lFaun1sh (3.1) Wel¥ Latitudel 71 Longitudel UNUAIBAILHHIVIa 017511 19 Latitude2 A

a9

v 9
AAA

Longitude2 tnua20@ v svesdy1a uagsalvoalan (Earth Radius : R )uniifianlszuim

@ o [}

6,371 nlamas 81 1M3enA10019 IUMTHITZIZHI9TEHANA N UIFDIUFIUN DA MUV

o

4
duana lngmruan1nail

L]

Latitudel =13.55150° Longitudel =100.78840°

Latitudel =13.55755° Longitudel =100.76324°

D = cos™' ((sin(latl) sin(lat2)) + (cos(latl) cos(lat2) cos(long 2 — long1)))R (3.1)
dounuarildmua i luaunisi G.1) sransnnszozmald daumity 2.7915

Alawas Tagdszmadeg Uil 300 nuusiaeams s zes e s AA W e sa i g uuas

1 H v
auvvsvesdyga oozl 16 lumsduami 0, deliiues

Latl, Longl
13558 —
.
13557 |-
13556 |- .
Distance
13555
13554 -
13553~ Lat2, LOIng
13562 — ./
13561 | | L | L ! J
100.76 100.765 100.77 100.775 100.78 100.785 100.79 100.795
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A a s ° Vo A Aa a
AT NN 3.1 ‘W'ﬁqulﬁaj"u9\1l!uuﬁ]WaﬂQEﬂlllﬂJﬂqiﬂ@aqﬂau"’uﬂ\jﬁ1861ﬂ1ﬁwunul%quﬂ1

MAY 6 09711 [CommScope Inc.]

HBXX-3817TB_06

MAKE ANDREW
FREQUENCY 1950

H WIDTH 35

GAIN 17.22 dB
TILT ELECTRICAL
VERTICAL

0 9.51

1 6.2

2 3.78

3 2.03

4 0.86

5 0.19

6 0

7 0.29

8 1.08

9 2.42

10 4.43

11 7.31

Tuunausn HBXX-3817TB_06 Aodojuvesaiseimdalasg laningili 3.6 Tudiuunidaunde

A 9 a o o A AAqy Y o A o
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[ [ a (% {
A lumseludlwFadu 398091995 Linear Interpolation MM MNUAITUMIN 3.4

[y—yojz(x—xoj (3.4)
Y=n X=X
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A ' 4 1 1 a 4 @
TABIT1IADININITHINITINADS X, 151998100 19TUNMTNO1ADNITHINT 1NN 92 TAA T
A
AuMsi 3.5

. :x_(w—yl)(x—xo)j 55)
Y=X

dedhedeannisaiosaunuan ¥ =9.0000°, y, =10.0000°, y, =9.7183°, x =2.42dB,
x, = 4.43dB vazve ldvniimes x, =3.864B Fansiinesiaeransznuilesninnsyunden
YaFenann 2 eeen Thilu 3 eem wazyunFalulinn 4 o iy 6 oenlagwsiiimes x, finde
waiimes G, 3aldwanglhdanvesvesmueimadd

[ ' 2
(G,) wlsAuammsnlasunlasyudainavazynde Irldhasaunsi 3.6 aail

G, o« mtilt, etilt (3.6)

° A v oA o ao A .. .. . o
pyudiaeuFalszindneziiunldluunauiseliAeaun1s Fris transmission equation 614

A
aun1In 3.7

P (dBm) = P(dBm)+ G,(dBm)+ G, (dBm)+ Lp(dBm) 3.7

Lﬁ"ﬂ

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

Lp =20log,, (MTDJ (3.8)
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RSSI =Y ARSCP, - MRSCP, + Noise (3.11)
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\Q)]

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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based on oaly one drive test Based on empirical analyss, the
optimization can be undertaken in simulation and the results are
close to the drive test This method akso provides the solution for
either single sector or multiple sectors. The results indicate the
success of using the proposed method.

Keywords— Empirical Model, Optmization, Drive Test,
Antenna Tt Angle

I INTRODUCTION

The cumrrent cellular networks in Thailand have focused on
3G and 4G petworks. The license for 4G frequency has just
been since November 2015 for 1800MHz and
December 2015 for 900MFz. Therefore, the installation of
many 4G base stations is the next tasks for engineers. The
curent 3G petworks have developed dramatically [1].
Although there are a lot of 3G base stations, but the signal
quality is reduced due to the spread spectrum system that uses
a single frequency for all cell sites. The service providers have
to figure out a way to improve signal quality. This means to
check the signal quality so often and then analyze the data in
arder to adjust the optimal setting for each base station [2].
The conpulsory tool after installing the base station for either
3G or 4G networks is the drive test. This is because it provides
the real perforrmnce matrices of the operating networks. All
service providers need to confirm whether the signal quality is
as good as their expected design or not.

978-1-4673-9749-0/16/$31.00 ©2016 IEEE

In general the defimition of drive test has been developed
into two tenms, walk test and drive test. A walk test is the test
that checks the signal quality inside buildings or narrow places
which cannot use a vehicle This method is suitable for
buildings, shopping malls, hotels or smmll areas of the
organizations. It does not require a lot of energy. For a drive
test, it has to use a vehicle to move along when checking the
signal quality on the road. Usually, it takes the long distances
and long time. 50 it needs the energy sources for equipment In
this paper, the presented results are achieved only from drive
test. However, please note that the proposed method can be
implemented for both walk test and drive test.

After collecting the signal parameters, then it is the process
to analyze data in order to venfy whether the implemented
base station can provide the signal quality as expected or not.
K it is not, then the next method is to inprove the design. The

quality only if they have been switsbly adjusted However,
there is no any exact formmla for calculating the optimal
values for these parameters because the fading from
propagation is varied from one scenario to the other scenario
depending cn the real environments. The best way to obtain a
better signal quality is the tial and emor method. The
engineers will use their expenence to gness the value of these
parameters. After the design parameters have been adjusted, it
nmwmmmmmmmm
the new results are satisfed Sometimes, this
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satisfication of users. Although the drive test consumes both
cost and time [4], but it is the only one tool in practice to find
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adjustments such as tuning the tilt angle of the antenna can fix
the problens [5-6] There are some works that try to reduce
the number of drive test but those are almost impossible in
practice [7] because the data is not comnected with the
appearance of a real scenano. Therefore, in this paper the new
tool has been proposed by using the results from only one
drive test in the first amalyzed process. The enpincal
Inowledge from the first drive test can be modeled through
mathematical models. This model can be accurately matched
with the real data because the vanious parameters are adjustad
in the model. This model concerns each pomnt of data test by
matching parameters for specific location Hence, it is not
Decessary to go out for dnive test again Based on the proposed
model, now it can nmke the optimal calculation in conputer
sinmlation without any tial and errors. The authors have also
proven the optimal results by performing the second drive test
to confirm that the proposed solution is very reliable The
proposed work can save both time and money. Also the
optimal solution can be obtained for single and rmitple
sectors in which it is rarely possible for engineers. The survey
of recent literatures found no research to study and solve any
problenxs the same as proposad i this paper.

I METHODOLOGY

To solve the problem in real situation is the mmn goal of
this paper. Hence the empincal knowledge should be
collected from the current cellular network. In Thailand, the
3G petworks are fully operating while 4G networks are just
the beginning stage. From this reason, the authors choose the
results from 3G networks which are available and practical
Therefore, the rest of this paper will be grounded with 3G
parameters and results. However, please note that the concept
of the proposed method can be applied for either 3G or 4G
petworks.

1) Drive Test : Before performung the drive test, the
engineers have 1o study the area in order to plan a dnve route
to collect the quality of signals. Next, the installanion of the
equipment for testing the quality of signals is performed
including setting the test for quality of voice and data. After
testing the quality of signals on the desired route, then all
Important parameters will be amalyzed including Received
Signal Strength Indicator (RSST) which refers to the strength of
the signal at that point, Received Signal Code Power (RSCP)
which refers to the sength of the siznal obtained for speaific
user code, Epergy per Chup Over the Noise (Ec/No) which
refers to the ratio of signal epergy to noise density and
Scamming Area Codes (SC) which refers to the spedfic
munbers of each base station These parameters are the main
indicators to judge whether the quality of signals is good or
poor.

2) Empirical Modei : For enpirical models, there are
many approaches to be comsidered for cellular petworks.
According to the work in [8], the Okunmwa-Hata model
provides the best fit to the experimental results for 3G
petworks. Hence, this paper adopts the Olummra-Hata model

for explaining the propagation of measured data from dnive
test. The Okunmra-Hata model is a fully enpincal prediction
method based wpon an extensive senes of measurements
made in and around Tokyo city between 200MHz and 3GHz
[9]). The method imvolves dividing the prediction area into a
series of clurter and terrain categones, namely open, suburban
and wban Okunumra’s predictions of median path loss are
usually calculated using Hata’s approximations as follows:

Utban areas: Lp(dB)=A+BlogR-E [4))]
Subwban areas: Lp(dB)=A+BlogR-C (0]
Open areas: Lp(dB)=A+BlogR-D G)

where
A=69.55+26.16logf. -13.82 Jogh,
B=449-655logh,+7
C=2log(f./28))2+54
D=478Qogf) 2+ 1833 logf: + 40.94
E=32(00g(11.75 h.)) 2-4.97 for large cities, fc > 300MEz
E=829(og(1.54 h.)) 2 - 1.1 for large cities, fc < 300MHz
E£=(1.llogf. -0.7) h. - (1.56 logf: - 0.8) for medium to small
cities, f is the camer frequency, k&, is the antenna height at
base station, &, is the antenna height of mobile station and yis
the exponent path loss.

Then the received power of each user can be expressed by
the following.

£ (dB)=F(dB)+G,(dB)+G,(dB)+ Lp(dB) )

where

Pr=Received Power (RSCP)

Pr= Transnatted Power from Base Station

Gr = Transmitted Antenna Gain at Base Station
Gr =Received Antenna Gain at Mobile Staticn
Lp=Path Loss usmg Okunmra-Hata model

3) Anabysis: There is some relationship between main
parameters as shown in equation (5). The calculation of Ec/No
can be found from the received power (RSCP) and the strength
of the signal (RSSJ).

Ec ! No(dB) = RSCP(dB)-RSSI(dB) (5)
where
[E¢/No = Energy per Chip Over the Noise Density

RSCP=Received Signal Code Power
RSSI=Received Siznal Strength Indicator

Next, the other inportant relationship between main
parameters is shown in equation (6). It can be noticed that in
this equaticn the caly one parameter that cannot be known
from drive test is noise. However, if we know the Received
Signal Swength Indicator (RSSJ), Received Signal Code Power
(&SChndEugypeChpmMNmse(E{/’%),&m
power can be obtamed After findmg notse, if engineers adjust
any parameter at base staticn such as transnatted power or olt
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This section has presented the process of finding the
optimum solution by using the first drive test. The diagram of
proposed process is shown in Fig 1.
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According to the Fig 1. the parameters to be adjusted in this
paper are Af-tilt and E-niit. Both parameters are the tlt angle of
antenna but in the different manner. M-filf is the mechanical tilt
that needs the real workers to rotate the plane of anterma
installation on the tower of base station. k takes a lot of hard
work and cost to adjust so it is not ofien to change affer
adjustment. For E-tllt, this is the tilt angle of radiation pattern
forced by changing the different phase of each antemna
element. Thus, E-nit can be done by electrically controlling
from the remote center. However, there are the limsited ranges
of tilt angle depending on the commercial products. In practice,
both Ak and E-nilt are equally mportant to improve the
performance of coverage areas and they are the first choices for
engineers to optinize the network coverage. The other
important parameter is the transmitted power of base station. It
can directly make an inpact to the coverage. Unfortunately, the
real dnve test in this paper has the resuits of only the
unchangeable transmitted power. That is why the diagram
presented in Fig 1 demonstrates the change of only M-nir and
E-nlr. However, please note that the other parameters such as
tamsmitted power can also be applied into the proposed

Moreover, the proposed process of optimization can be
used for both single sector and rmitiple sectors. The difference
is on the adjustment of Af-ilt and E-ailf which is required to do
ﬁ‘mﬂnﬁemm&mpﬂimmw

each test point  means that each location give the different
charactenstic of model. Therefore, it is impossible to find the
specfic fommlas for all scenarios. k is not only non-linear
relationship among parameters but also diverse solution from
one sector to ancther sector. This paper chooses to vary all
possible choices of A7t and E-filt and then search for the best
solution among all possibility. This i to confirm that it is the
global optimization and no nsk for real inplementation.

The drive test in this paper is performed professicnally with
the kind help of real operators. All collected data are obtained
by using mobile devices, notebook conputers, mobile phones
and commercial software. The illustration of drive test devices
is presented in Fig 2.
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After finishing drive test, a lot of data from each test
location is collected in conputer. The exanple of data set is
shown in Fig 3 which can be seen that all necessary
information is ready to be analyzed The first colunm of data
set presents the message types that have some kind of user
information. The second and third colunms are the location of
test pomnts that are active for all position on the desired rowte.
The fowrth colunm provides the Received Signal Strength
Indicator (RSSJ). The fifth eighth and eleventh columms
present the active set of the received scamming codes from any
base stations around test points in descending order. The sixth,
ninth and twelfth colunms are the active set of the Received
Signal Code Power (RSCP) comresponding to the scamaming
codes in the previous colunms. The seventh tenth and
thirteenth colunms are the Energy per Chip Over the Noise
(Ec/No) of active sets in descending order. The fourteenth
fifteenth sixteenth cohmms are the momitor set of receiver
scamming codes from any base station. The followings are the
value of monitor set inchuding the Received Signal Code Power
(RSCP) and the Energy per Chip Over the Noise (Ec¢/Ao),
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After getting all data in computer, the next task is
develop the analyzing program to illustrate the drive test data
and to calculate the optinnl soluticn. The authors developed
the program by using MATLAB GUI platform The exanple of
developed program is shown in Fig 4. The data obtained from
drive test has been illustrated in graphical presentation.
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Fig4. Exanple of proposed program in MATLAB.

The authors have already compared the own developed
results with the commmercial software.  is confirmed that the

exact mumtching between own deweloped program and

commercial software is obtained However, the commercial
software does not have any optinzzation options as the
proposed program

The optimization process starts by changing the value of A~
nkndE-uttﬁnOlolom This range is the linzted
range in practice. The conputer sinmlation can calculate
beyond this range but it is no point if the implementation
cannot be performed. Every change of of Af-nir and E-nilr will
directly change the radiation pattem of antenna. As a result, the
gain of transnutting antenna will be changed while the other
parameters are fixed The parameter G, is vaned by value of A~

tilt and E-tilt s noted in equation (7).
G, = M ~tilt E - tlt 1)
The of M-tilt or E-ailt will directly affect

Transmitted Antenna Gain (Gf) and then Gr will diretly affect
to the Received Signal Code Power (RSCP) according to the
equation (4). It inplies the relationship between RSCP and Gt
noted in equaticn (8).

RSCP =G, ®

After recalculating the new RSCP, the authors collect the
coverage aren each time to be the key performance of the
coverage. The definition of coverage in this paper is shown in
equation (9). Note that the critena of pr that the value is greater
than -85dB of RSCP and Ec/mo greater than -14dB is come
from the practical issue. It can be changed to any values

depending on the service providers.
N
V=23 s ®
-0
where
1 if RSCP >-85dB and Ec/No,>-14dB
p'=
0 else

The objective fimction for optimizing the results can be
expressed in equation (10).

C_= max (44

P oM -nlis10,08E -ul <10

This optimml coverage C.q is the maxinum coverage
mmdﬂm:@)

ao

IV. RESULTS AND DISCUSSIONS
mmitiple sectors. Fig 5 shows the data from the drive test
which is before any adjustment The data is analyzad to see
whether the quality of signal in each location is good or bad.
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Fig 7. Ec/No coverage from optimal nmitiple sectors.

InFig 5, the Ec/No coverage is presented by different color
zones in which the red zone (temble) is 0.34%, the blue zone
(poor) is 9.38%, the yellow zome (medium) is 83.96%, the
Zeen zone (good) is 4.77% and the dark green zone (best) is
1.55%. The results from drive test show that the study area
requires some adjustments because there are a lot of the
termible and poor qualities of signals.

For the case of single sector adjustment, the authors vary
Adf-tilt and E-nit at only one sector. The selected sector is in the
center of red arcle shown in Fig 6. After optinization

process, the optimal solution offers the red zone (temible) at
01896,&&&&@0«):433%,)1!0'&(“@:1):
37.55%, green zone (good) at 52.47% and dark green zone
(best) at 5.57%. It can be clearly seen that the coverage of
signal quality is improved as shown in the circle area of Fig 6.

For the case of nmitiple sectors, all sectors adjust Af-air and
E-nilt in order to find the best solution among all possible
adjustments. The optimal coverage is shown in Fig 7. The
results show that the red zone (temble) is 0.13%, the blue zone
(poor) is 2.64%, the yellow zone (medium) is 21.42%9, the
green zone (good) is 64.73% and the dark green zope (best) is
11.08%. It is clearly seen that the optimal solution 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 inprovement if more sectors are mwolved in the
optinzzation process. The area of good and best zones covers
more than 75% which is reliably high The results have been
already proven by perforning the drive test again in order to
confim the proposed analysis.

N
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and mulaple sectors

using the proposed method in practice. The proposed method
can save time and cost for any service providers. Also, it can be
inplemented for both 3G and 4G networks.
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