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ABSTRACT

This thesis present-a method to solve fading effect of signal occurred in Personal
Communication Telephone (PCT) System. In Thailand. Personal Communication Telephone
System has frequently occurred fading problem during conversation. This thesis proposed a new
idea to solve fading effect of signal by considered to using Fading Factor. By sampling measured
signal data in some sampling area in Srilom road. Ratchadapisek road, Bangna-Trad road and
resident area with low traffic to caleulate Mean of Fading. Separated Mean of Fading into traffic
three groups for high traffic area; medium traffic area and low traffic arca, then calculated Fading
Factors of each area. Result of added Fading Factor to loss equation (COST- 231 equation
modified from Hata equation) to adjust for more appropriate position of cell station, obtained

reduction of fading effect during conversation obviously:
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CCITT = :Consultative Committee for International Telegraph and Telephone

TEC : Telecommunication Technical Committee
ISDN : Integrated Service Digital Network

TOT : Telephone Organization of Thailand

PS : Personal Station

CS : Cell Station

RDLU : Remote Digital Line Unit

CSC : Cell Station Controller
HLR : Home Location Register
CDR : Cell Detail Recording
GSP : Grop Switching Processor

AT&T : American Telephone & Telegraph
SMS : Service Management System

SDS : Service Data Service
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SSP
SCP
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PCM
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PDF
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LCR
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: Mechanized Switch Thansfer

: Mega-Hertz

Common Channel Signaling System Number 7

: Service Switching point

: Service Control Point

: Basic Rate Interface

: Pulse Code Modulation

: Digital Line Module

: Remote Digital line Module

: Fault Tolerant Computer

: Multimedia Handling Nodes for providing PHS Service
: Bandwidth

: Intersysbol Interferrence

: Continue Wave

: Line Of Sight

: Probability Density Function

: Cumulative Distribution Function
: Radio Frequency

: Inverse Fast Fourier Transform

: Level Crossing rate
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o A 4
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(5mW Average)
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ar an ) =Y S g a o 4 = :l:vd = ]
sauuvATaoalasldinaiin ADPCM finsuSainminy 32 kbps Famataiitumatinh
" 1} ar =2 o v A 3 o o 3/ =
douaz Wdwnnnmin Jshlisendamldoelunmslumsaieasuy wazduilvssyul
o g = 9 (] ar P [ 5/ 1 a3
anuSgaiudndin  Feadyanamldnsdinsznotoyatinmaifuszuy SBC (System
¥ & T o fad o Y] = £ @ o
Broadcasting) 4199 19v04d yn1mWe3135ANNMINTZNOVOYAVDINITUNAILOAT T 32
Fd
kbps @1W1303UTBITEYATIIENSVRILIFUTMIgada ldda 80,000 310 upnYIRTNIZNOY
(] ar = o L4 1 ar
I8 ur0edanumadelasug (Synchronize Channel) nazvoIdIAMUUH (Slow
0 @ [ dy g} ' L0 d ad & o Y A = g
Channel)  Javrosdugnaumaitizldunyesdygravesdin daesimihnlumsdedlns
o s o Y a 1 ' £ g Y a 1 ] o =3
Tusnses Insdwindlaldusmaey damvestoyadldusmizgnasluresdyamuunsg
:1’ ' o o ad = ad Y 1 ar I~
(Fast Channel) Hagoadaananofiisauazsiasalsznen lufsreedaainunuiivug 80
¥
fin wazesdamnanuuinung 10 Tn uennnilszuy PACS Sellvosdyanauunainea

= 1 o s 9/ = . w o dy
Sanauresdmiuldnumay lumsaiuauididavesszuy PACS 0304 Insemnszuuil

] e ar A Y YV — A 3 o
wiimsnuquinasdsliiosiiqa iemsilszndanasau
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N 9/ an = do a L] =) 9

sxpuInssmi 1¥aioadaoa PACS HinglszmindiARraIond1ene ABemssy

y ¥ a = A ) P ) '
szpudomsuuy l¥monariaiiuszuude, Wiaisunszuuieas l3modiuyana (PCS:

e a s o a Y o o ¥
Personal Communication System) Jaoiifarsunisiaudiou 1ddu Tnsswi 1¥aouay
Insimisaenall swrseldaulueins Taoldwduguaedarwmany1¥me
= 4 ar o

(Wireless PABX) 14 annsaldomluvaziiniod Insdmilinnmusmelszua Aerlszunm
60 AlawasaedaTua 19 ludnyas Wircless Local Loop 18 azliiifdsdeiid lums i
=Y oo e x = o & -
USM3UD45EUY PACS aiisriivesiiunasounquisaalseuin 300-500 1wns Fautuaaan

¥
Suwadn wielulnsman UszmelnedalineiInsdnw ameszuuiidunliuims

AT IULAZAUANTAAIIY VDITZUUPACS aqiddansnan 2.3

maef 2.3 Mesguagqaauiiag vesssuyInsanntiao PACS

Feazioua MATTIM

LR 1850-1910 MHz(Uplink)
1930-1990 MHz (Downlink)

AU bRl 60 MHz
MANANTNINY FDMA/TDMA
mATiaMIQPINANT EDD
Mdadunivuosnmilgiu 800 mW
fdadundovounsosInsdmi 25 mW
$mugeInId 200
$uYosdyauseToeR- - 8
SLULHNIENINFBITYRIY 300 kHz
FHUANITHOAAN 7/4-DQPSK
uouANUHYeITeIFy R 120 MHz
anuiir lumsdadoya 384 kbps
Ay IaEs ADPCM 718731 32 kbps
MSIAAIIFOITYRIN HUUAIWAT (Fix Assign)
VD AN Y 2.5 ms
MINTIVADUANUAANAIA CRC
sfvoefufinseunquad 300-500 WA
ANAITIvB AT | oun31 50 ms
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2.3.4 szuulnssvnil¥me DECT
ar at 4 o J
2y Insfmn 15ao DECT [12,13,14] Wumnasg Insema 3meana Saiamnnan
TﬂﬂﬁmﬁumminuTmﬂumﬂmmqis1J (ETSI : European Telecommunication Standards
{ =Y 3 o ar ar o d
Institute) Taohnasgidatuluuaulszmaylsd dmsyInsdnil3ae DECT duSas
Wedeunsng il ad 1992 Taonguludszmey IsUnfiuurRaasatudamsiaunszuy
- ) ' = ° ' Y e ¥ a ¥
msdems Bmodwmyana  Neziunldluewan  ezaesdimisduims ldnannawgy
& W v ad ~ o ' yﬁ
wuy Nudes Joya waznm Tugduuvvesszuuiadii@e uaziinswenn lassiieliiiugy
wadnivnaanun e luead) swszitulse Towilumsl¥auldludninauneg T
Taglifidyausuniunszawoen lumeweninmin wazdldnumumsanusad 19dei7
2 ' 3 i
@3 Feazihuilsz Tonilumsnelassthenolummailuethann
o ¥ 1 o o 1 &
syuu InsAwi 13me DECT 1¥nawdlumsiomlugs 1880-1900 MHz dalinn
47 3 1
neveauaUANUOTINLA 20 MHz msinnudeonili 10 Fosdymnm uaziiszezri
v ' as o ] o
TEMINTRIdAIN 1728 kHz A3 IUAINANSANUUA (Guard Band) AMUN9u03U0Y
anwdziifiy 2 MHz 1dmadansutwesdyyiamimala 12 sesdeupunnud mid
FoIdYIMVITTUVINMNA 120 FesdyyIal  TEmATANs AedyRInIUULLAIND
(FDMA : Frequency Division Multiple Access) UAZHUVNLIIDT (TDMA : Time Division
a o ' { e
Multiple Access) HinatnMsQnANFUUUNIIIATY (TDD : Time Division Duplex) nag 14
matinmMIvnassresdyaamunlauiin 52Uy DECT muisn ¥ lumsdadedomsiu
yinaniianuniininveansitamildaugs Taessuu DECT annsaivzldusmsms
1 E ¥
Aoens Idnudes Tnsens nozdemaldediise@niniw Laziiinannsguy DECT anvymuz
Y e ¥ - ' ar
Tasear319m1131@3311 OSI (Open Standard Interconnection) AW U150 1FUTM33 WA
¥
TassvwInsAwiiuguenssae Iaswienimssuszutatnen  uazlnseio Insawn
A P VoA YV v A ﬂ’ow'd'c'w::dddfc;
INAOUNITVUIAgAIT0UY 19 uAIleenINszuY DECT ldmdsdaiid aniudadinuiasey
Ao o ¥ ¥ = o
aquiisina Tavez1dam1dluszeemadszanm 50 83 100 wasmeludionms wagszoznia
¥ v
Uszanm 500 wasdmiunun Tag
1 ¥
uwannwdaluns ldmsdemsuunliaodioszuy DECT dviagiszasrnanld 4
A = o an &£ A
dszmisfe Yszmsusn Tuseuy DECT # safluszunInsdwi l¥mouvvdiaoauuuniiai
Hannuansalumsdadyapaudoaiiinnudwesdyauts 32 kbps Tavlfinaiinves
@ o ¥ P! ar ¥ ar o dg ¥ a-!f -
ADPCM Tei ldmsaunniinnudanulndmosiuInsdnwildae uaziiiunasounguues
¥ ¥
aoiigmlusadisznn 100 was Ysznshi 2. luszuy DECT Wummnsadediugynsel
- an = o o o o v
dumosauuvATAsaiaTnhuAA NS IGINT 1,152 kbps HUAMUIOAINN 157

annsaldszuy pECT 1 Tasahelumsdedyanulinunseeneuiiunes ldeiilse
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L4 [
ansaw dafumslfaunsuiiamesduyananegnioluiesdsady nieludninnu@e
Y 4 | 4 9 4 o 1 (r=!
fiu ifeReiuNgedssuY DECT uda  wwansalondonldoudumi]d Taolifidlym
o 1 at g a 1 o L4
mileudumiluilamluszuuldme  duiuluglsdiedenld pECT Andhdugunsaimuly
o @ = ] a o A w o 9 = o [
dninaumnaiia Wy aeuiumed Tnsans wiolnsiwid Whudu dszmsi 3. Suauges
a 1 4 o 5 o ' ar ' : o =
duanudoniluraduesszuy DECT Wulida 12 veadyanunenauwv Tavldmatinves
. =2 v & a & &4 ) 4 o
TDD (Time Division Duplexer) A3t 1un15@adaszuy DECT niluraanonilaiosiauds
annsoIilsednsamgegauazweriivsnuanudesns iszmigame szuy DECT
5013 Tn599 01D WLL (Wireless Local Loop) lanthaiidszdnsnimIaunsldae
a a o q ¥ A g ¥ Y & ¥ a ¥ a
mauuuiuiiey Mldawisedemsiaszes ina g lddszunm 1-3 Alawas Yoanse
= o lgw ' % a < 1 Vo 1
yiiseilifaanmsnalassisevasldTaomms luusnainalaswsmelddmn  wu

W o ‘f_l [
YIUUUUTI NIDVIUG LY AN

RFP

B

e RFP

RFP

@ |
Msisen|

REP

CcC RFP

RFP

Y a = A
n15 IS Msasudue

PSTN (Public Switched Telephone Network) - 1A53010 Insfwi iU Ma 5150
PH (Portable Handset) - 1394 1NSANNINAN

RFP (Radio Fixed Part) - #0181 3ngagnui

CC (Cordless Controller W30 Cluster Controller) - Qﬂﬂi ilfﬂ’)‘lJﬂﬂJvl';"ﬁ 18

CTA (Cordless Terminal Adapter) - Qﬂﬂiﬂfﬂzuaﬂmﬂ'ﬂ%’ G Ald]

sUA 2.4 Tassardravesszuy DECT

= & ; o
sUf 24 uanslassadieszuy DECT Falsznoudio wiealnsdwinam (PH :
' e =1 d o
Portable Handset) ﬁ’J‘uﬁJmQﬂﬂ‘imﬂzilﬂﬂmﬂiﬂmﬁ‘ﬂ’lﬂiﬁw (CTA : Cordless Terminal

4 o o o : : =
Adapter) wolddmivudng uiomsdemsdronmundonlny aoiiing wSeamiigm
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(RFP : Radio Fixed Part) nouInsaaasuin¥as (CC : Cordless Controller %39 Cluster
Controllers) MY TUMIAILANMIIMLVBITZUY wazmihsduweslasyninlasaiy
%zﬁmﬁwﬁﬂlumsL%ﬂuﬂ'aﬁ't\ujiymmmm%iaqT‘n'3ﬁ’wmuﬂsﬁﬁﬁmﬂ%’amm?aﬂmﬁ'wﬁ
nmvqnies Tavlduasgiumsdumesiia CCITT G732 ATTUNBAMAUTAYDITZUY

Tnsfwn 13ao DECT a3 1ddsmsnah 2.4

M3 2.4 MsgIIAsANENIAA1Y veeszuy Tnsdw e DECT

518az1PuN WINIGIH
dunwd 1880-1900 MHz
uun W ve T Ty 20 MHz
IMALANITIIIY FDMA/TDMA
MATIAMIQNANT TDD
ﬁmawﬁaaﬁkymwmmm% 10
AR REA R AL e DRI 1728 kHz
A5 IVDITD IR QYT 7 6.2 kbps
SIuTeId Y TUARATUNIIE 12
FUAVDINTUOALAN GMSK
anmialumsdadeyn 1152 kbps
M3 Herdgyaaouius ADPCM #18n3132 kbps
MIINAI TFDITYYIN Dynamic
Srdadunio 10 mW
%2910 UN Y 10 ms
MIATIVADUANUHANAIA CRC
AN weans 14w 8 km/hr
%'ﬁﬁmm*?:uﬁﬂsam}uwaﬁ 50-150 145

2.3.5 Insfmmmnnaauynnaiieyow
a d =
s2uu INsANTLIUY PHS [15,16,17,18,19] Personal Handy-phone System UA21UHUNY
¥ ar o a é ar ¥ o o 3 =31 s 'l
AdiuInsdwiuunnmaadds Taonanmsudl szuy TnsAwn PHS dunfe szunInsdn
£ aa -y & a‘ r dy d' 1
1Sasuvuataoa (Digital Cordless Telephone) szuwuwgﬂwwuwumﬂmﬂsxmﬁtyﬂu

TavgudsuafuasipnnizuuAdning (R & D Center) UazAMZNITNGNI INIAUIIAN
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(VT i o

(TCC: Telecommunications Technical Committee) szuuInssmn PHS ldanuamsmaulu
%29 1,895-1,918 MHz Hiounnuniavesnnudiiny 23 MHz Taumigesdyaianiud
18 77 904 Hszoer1a5nNIT0INNUIIAY 300 kHz HASIAAZSDIANNDN 4 Fodayn
Tavldmaiiauyuy TDMA-TDD (TDMA: Time Division Multiple Access (tag TDD: Time
Division Duplex) Sahlivosdaanasvuazdietnany 4 vos ualumsiauezldves
as ar 1 v a o 1 as 4 =3 " o @ LY
Foygnasuuazas 1 desdmindugesdygraunugy eesmulddiusadmaty 1 dnz

= " @ d': ] 3} & 9 ar é :uyd o
aunsaAadefunseagniiwld 3 wieslunamiengin  eszyuiliilss Tenistnann
o a Y = o Al e
dmsunms Musms lugduuuianiihe

TnssaaveslnssteInsdminamdnyanafenealulsemadiy azuisenn
@150 2 1szinm 18un Taseviean 5158 (Public Network Utilizing Type) adauanalugli 2.5

uaz1n339108a5¢ (Independent Network Type) Aduanaluzii 2.6

dumasie | 5Aleduwaiiva
IATNTINUE JassnhanTana :
i I\
B LS ||
>,
- e 1A59918 CCSHT
Insavnousnng

CS : Cell Station - IBAMAYTY
PS : Personal Station - Insfinyinamiduyanaiiiemed
CCS#7 : Common Channel Signaling Number 7 -ﬁ'ﬂumpmﬂ’manhw oy 7

LS : Local Switch - o sdiu
SCP : Signal Control Point -3ARIUANNITUTNG

§ ' S I ! ~
511 2.5 TaseaisvaeInsadieInsAmnnnmnauyanaiionoaassue
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- s - a
BUMBTING I 157 Tedumesina
Tswmssue R
Tasseaaea X w : : ,
LS = j
w1 | PS
Tnsavs CcCS #7

gudoya
NouATEY e
TnzavioInsdinninm Wi/ e pusk=rps
dauygepniomon " dyesainnag Insghe 810 2 o
/ — TSN | Wuhyims |
I\ Y ___J“ :

CS : Cell Station - IHAMATY
PS : Personal Station - In3 fmiwnmiauyanafiesen

CCSi#7 - Common Channel Signal Number 7 -ﬁrgig g ﬂmam’?uummav 7
LS : Local Switch - gqumiuiosiu
SCP : Signal Control Point -JAAUANMILTNI

§ [ ar, & 1 =
51 2.6 TaseaduealassvioInsdmnnnwsauyanafioyondss

ar = ar d 1

wanmsveams Wuimshssuy Insdimnmndaiyanafievon  wilszneudae

msliusms madems 1fmunauifensetoniiny (Multimedia) M3domsndoun msde
= i a " as o ]
MIuvVaeIRAmMIIet ANy ey anvansalumaditelasie Insdwinnrau
- a A v abe 3 ¥ v v
yanafieea Tinsesgniteind vwadn wive aunsalsouldnmeluiu ens
o P 4 q,: o v 1 [ A
dninan wiemeuenons laslumsidanivensainlsauswivszyaemsly
' ! 1 ' w o 4 3
Tnsavodug 19U 1A59910 INSFANMAUTIUE@I5150Y (PSTN : Public Switched Telephone
1 = 1 Qe &

Network) A5 WUTNSIINTLUUAIADE (ISDN : Integrated Services Digital Network) 4

Y = !}3 =) 9 a e £ ] o a
ansnliusns 1 1doe doya @ronys Insms wazmw Falassvioves Insdmyinnm
1 = ] an o n’: &S A ar 9
dauyaaaiiowed Wulnsswszuudiaea dniu Jalianulasanslums ldaugs

ar n‘.: ] o o 1 o o | | at

gaiulasswInsdnnnnmdmyanaievod Tanimsiannlnseiie wewmun
Tlgmsdemsdauyana Taoldihiuatinaeg unldlumsiaunszoy suldun  msld

- d o A cly ' P R | '
maluTadususadvuiaban (Micro cell structure) 115 199 IMDUIATIBAUNTDY 1NDaAM
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Fsolumsadialaseeln Smsdemsdaunauingszuuasaon momulszdninmlu
msfems wazsosfumsdomsluszuuiadtifie anvuiauaziminveunosgnite uaz
andlgmduiionnnnmadnils msiaassosdyamuylamniin ielWiedemsonn
wuinsiasuadmaduuazivszansnmluns g Imadsiadyanoudes
ppvezuauiavesifuiFvaad IAauogan (ADPCM :  Adaptive Differential Pulse
Code Modulation) 718731 32 kbps :ﬁmﬁuﬂszﬁw%mmmﬂmmw;?m‘lumsﬁami

szuu Tnsdminnrndiuyanafievea WhuszuuInsiwi¥monuuasaoaiiann
i‘fu“luﬂixmﬁtﬁﬂu Tﬂﬂﬂzﬁﬂ‘liaﬂgﬁﬁﬂ'lﬁj'Iuil°1u’lu 5.5 dnunsealudl a.s. 1998 uazezda
Fuitwausnsnu 30 Anandedluilas 2010 doulutlszmainoiiu sz u Tnsdwd
wnm?huuﬂﬂaﬁmmﬂamﬁmmsﬂuszunTmﬁwﬁﬁfupuwnmﬁ'suuﬂﬂaﬁ%ﬁ A9ENA
Tuunde’ll wasgmmazquantavosszun Insdminnwiduyanafiemenaglldds

M15199 2.5

M3eR 2.5 WAsIuLAsARENAn1eg ¥eeszuy Insfninandnyanaiteoa

1B NG

§IUANND 1,895-1,918 MHz
[
TIU0UANUNIIVBINNVONIHUA 23 MHz
HypadygIuaAu0 77
MANANTNINY TDMA
mATAMIYINANY TDD
Vv

ANUNNIVDUNTY 5 ms
Suaurosdyanadonaumi 4
SLULHNILNIFOITYY IV 300 kHz
FHANTUDAAN n/4-DQPSK
anuisalumsdadoya 384 kbps
msnsdadya o ADPCM #6931 32 kbps
MIINATIBFOITYY I Dynamic
NSATINADUANUAANDIA CRC
Mdedundsvuras ATy 500 mW n3eMIn
5w ¥ = 4 o & A o '
Masdundoveaunioy InsAnn 10 mW H30A1N
o =t d’.’ ad' o
Feillvesiiunasounquivan 100-500 14@5
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2.4 YonlSsumsvvesszuuinsinilSmediuyana

o ' 3 o @ & ' = 4 o
Tuszuy Insdwd 1fmeduyaaaaiuiimsiauinaudszueuasn  AWauI
" an 4 a a a - - ' an Sa o 24
drzvuAaeaienilsza@ninmnisldnmd ualussuudineanivawszundioiu &
= = o’:: = aa [ 5’ 3/ s Aly T
TeniinustvenSouoummzszuuateeamniy - msldnuszuy Insdwilimwodiu

an 3 ot do o A a a a a 1A ¥ 9
yanaAseeatiu  sxiifaglszaandiey emudszdninmmslumsAadedems Ividng
sTUUMsTemsaIuyana

:; =t s 4 Y ] ' -~
M350 2.6 waasmsalivuopnusyoudems meduyanauuuaie Ae szuy
CT-2 (Cordless Telephone version 2) 521U CT-3 (Cordless Telephone version 3) 3811 PACS
(Personal Advance Cordless System)3¥1U1 DECT (Digital European Cordless Telephone) Wy
& n’: o wa '
PHS (Personal Handy phone System) aoiia 5 seunnivagmiunguaniiauiooniu 2 ngu
doszuunsnzilunyudeaismafios uazdn 4 szvumduiiumsdemsaesmassuuiiiiy
A =y q’: ) Vo = ) e = = P
mademsmauduaiu i lasuanwivimiinns  wazluewannnimuannuiionlllunga
v i v
szuuInsdme 1Femens 5 szuutiuziimsmaiantsdayasduananuandieny  lagua
poniu 2 nuufaeiu fie 521Y CT-2 52UU CT-3 52UV DECT #azssuuInsfwinamdiu
yanafomer vzldimatiniiiendt TDMA-TDD (Time Division Multiple Access - Time
¥ ¥ f v
Division Duplex) Tasmnailafidlumsingosdymnumsdemsniiuuagdsaionnuineanu
¥ ¥
uavznondyaasunaraIrTnm  wistonmeredggnain  Andulussuuiits

o ' Q; ¥ 4 ! =t é e ar
UseniagoannudmnnNIsuudus AIUDMVUNTA fomsdaresdyIuuuL
TDMA/FDD #l4luszuy PACS Taveslddesdynaluiunyesniud 2 veanieuiu

& N = v -t 9 ' &%l o ﬂ 1 9 ] -
M5 UYRINNUIN WML UIaZANUIM LTS matAtvId N waD lFuouAND 2
A ¥ ) ' Vo ek o v il ) P
WY AououMIALTUIAsUUMIAIUAY RN USTIIaga1snI9 1) msleaand
9) a qyzﬂ = = o Y ' =
gaumatintinanilszaninmaosnnlumatinign
' d' o ] o 9/ ul: c{ 1 ar = 1 st &
daseansimuaresdygralumslyauiuiuandenuiieyg 2 3500 s¥UU CT-2
s d ] =P o (] W
CT-3 531U DECT uagizuu Insdninnmiaiuyanaiemed 1wwlisnismiuasesdyiu
v = r ¥ 4 o ' o ar
mslFamuylauiin (Dynamic assign) FudumssmuasesdyanumslFauldiudly
a ar wa o g d.l = = e‘/’ ot " Y 1:: Te ﬂ F a:;n:lﬂ o
uims TadaTudd dniu WelimsAadurad lnidasas luswludemsiuanudniilumad
= = " o ' ) n“: n:y o [
By e nasas e lminiy  @ed Inuiasisdeuadmasusoug  NIMIT Y
= E 3 =] adw (=1 L Y o o’ ' ar e
anudlaldineg  udrszuvszdenanudngs luinmslFanumnlsnumad e lavon Tuiia
act ::ivu Y ' 9 a 4’! k) “ A = o o L i 1
FEmsiim 1 ludesdnalueswesmsldnnudinimudsnuszuuataeamagas  du

'
A o ¥

g 1 da =] ar ~
luszuu PACS ﬁ)zl‘i‘}'ﬂ‘i3'1J'U'YIUﬁﬂymzﬂﬁ1Uﬂ1J53U1Jl°h’ﬁQﬂ15m1l ﬁﬂ HUNITIAATIANIUDUDD

ar 9 [ o Py 9 = = g Yt = dy ar o -
atilgle] Q‘NQIﬂiwﬂﬂﬂﬂ'IL'ﬂLl‘V]'i]:FIEN‘U‘S'14'ﬁﬂ’J'liJﬂ1111‘”1Jﬂ'|‘.i'i!Jﬂ’Jumﬂ‘lmﬂﬁl‘Hﬁﬁ{l,NlﬂUQ
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maaf 2.6 manSvuivunuanidvesszuumsiemsuu l¥modnyana

da Tulif)

Parameters CT-2 CT-3 PACS DECT PHS
Uszimmsves = a 2 o
& aIm AU pwim 9l u
inaTulad Y 1]
y - 1850 ~1910MHz(Up) <
dmnnuid 864.05~868.05MHz |  862~866MHz  |1930 Jog0MHz(Down] 1580 ~1900MHz 1895 ~1918MHz
Amnd1ves AMHz 4MHz 120MHz 20MHz 23MHz
HOYUAINDA IF U
szdnsnm 7
= L 1
Tuns 1¥arwn LA i o d
8ch/CS(200 Carriers) | 12¢h/CS(10 Carriers) 4C11/CS(?7 Carrin‘.s)
: T I ch, 100kHz Ich, 1000kHz | dmFuaammuuniu | dmFuanumuuiy [@mIuanuHem
FumTTaANans : - :
(40 carriers) (4 carriers) Yszymnsaoutnge | dszwnsga dszmnigs
i
(A1agana)
AnywEmMIiau TDMA/TDD TDMA/TDD TDMA/FDD TDMA/TDD TDMA/TDD
mMssiauazng
i 4 2 M 2 2
pensleduoredes 32Kbps ADPCM 32Kbps ADPCM 32Kbps ADPCM 32Kbps ADPCM 32Kbps ADPCM
S /GFSK /4QPSK /4 QPSK
Haudyn GMSK/GFSK GFSK m/4Q GMSK/GFSK n/4Q
2 R — 100 kHz,Ich 1000 kHz, 4 ch 300 kHz x 2,8¢ch 1,728 kHz,12ch 300 kHz,4ch
wbilbd i o (100 kHz/eh) (125 kHz/ch) (75 KHz/ch) (144 kHz/ch) (75 kHz/ch)
anuiEalumsdiioua 72 kbps 648 kbps 384 kbps 1,152 kbps 384 kbps
500mW Ave.
(4W)
mﬁ“m.ﬂ NUB1CS SmW Ave. SmW Ave. 100mW Ave. 10mW Ave. 20mW Ave.
" (10mW) (80mW) (800mW) (250mW) (160mW)
10mW Ave.
(80mW)
. v s SmW Ave. SmW Ave. 25mW Ave. L0mW Ave. 10mW Ave.
MaueMyNuna PS
LbEs (10mW) {(BOMW) {200mW) (250mW) (30mW)
iM33 TDMA 2ms 16 ms 2.5ms 10 ms 5 ms
. 3 1UY Fixed or QSAFA X :
nni’mmimqw 2 1oy Iztnamu;- g (5151 l?__)Tamu:u_ (uuymuﬁ"m?o- v iy etnamac“ ¥ Hwuy lzy;nanuc
(Fanuisalwlia) | @aanundaTuil@) o (Fanunsalula) | (annuioaluld)
-nafalulia) -
Salinauing 50 ~ 150m 50 ~ 150m 300 ~ 500m 50~ 150m 100 ~ 500m
= Il 3 I'd
ol - £
mandoud agiui A lumadu ﬂ‘m]ma:wmsgouﬂ anuthlumsidn, | A71EIV03I00UR
UEIUgIN Tutugsfs
e HMAYY HYYABIN T HBIBIMA WuaeIMN npUIBIN
SUIUnIINNG aamizTnseen) | (Insdh-Tnseen®] (Tnsdr-Tnsoond) [(Insdi-Tnseendd) | (InsidvInsoenld)
ety FIIPVLIUOL A IVUOY Hdesaluniy AIHVUILUDY AWNIPUIBUOY
- - » - = -
ARBINUN IS auboen 114 anuneon 14 YNmIANIG anudeon /14 anuboonTd1A
: (TDD) (IDD) (FDD) (TDD) (TDD)
PAnunasgu 2 5 1995/4-6 1992/10 1993/12
19977 199677 199577
TR 9 = P T nﬂaml'm‘ . naapalin
o ? 5 5 -
Tabiuinamisisue 1 noiida ) V¥ (10e -supana uoind | - FuTdTs Tl 1993
19934 Tudl 1994 - Taifu nazdoany
Tudl 1994
Motorola, NEC, Phillips*, Ericson®, | Motorola, NEC, Fujitel
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Typical simulaied Rayleigh fading at the carrier

Receiver speed = 120 km/hr
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4.4.2 MINTENBUVVIBEUNAAT (Ricean Fading)
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4.5 Tuaaadavesvesnanaiafanaiama (Statistical Models for Multipath

Fading Channel)
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ABSTRACT

This paper presents a method to solve the
problem of signal fading of the Personal
Communication Telephone (PCT) System. In
Thailand, Personal Communication Telephone
System has frequently suffered from signal fading
during conversation. This paper proposes a new
idea to solve this problem by using the calculated
Fading Factor from data gathered in some signal
sampling areas such as Silom road, Ratchadapisek
road, Bangna-Trad road and residential area with
low traffic which simulated fading in high traffic
areas, medium traffic area and low traffic area.
Fading Factor are then plugged into loss equation
(loss equation improve from COST- 231 equation)
to indicate more appropriate positions to set up cell
stations, fading effect during conversation will be
reduced apparently.

Keyword: Personal Communication Telephone
System, Fading, Fading Factor, Fading Effect

1. INTRODUCTION

At present, the demand" for communications
and the use of telephone has been increasing.  The
Personal Communication Telephone (PCT) [1] has
been developed to utilize the 1900 MHz frequency
where such high frequency attenuate sharper and
can be effected by outside environment easier.
Therefore, signal fading can easily occur and will
affect the communication between the telephone
and the cell station. It is noticed that during
conversation, the signal dropped even though the
telephone user did not move. This is the result of
signal fading. The decreasing of signal strength
from the normal level will temporarily interrupt
communication or terminate the call. Therefore in
the design of cell station placement, despite the
consideration of the traffic and cell service
coverage area, the effect of the fading signal also
need to be considered. This paper studies the signal

fading of the PCT system. The result can solve
fading effect during user conversation lower silent
interrupted event low mobility

2 PERSONAL COMMUNICATION
TELEPHONE SYSTEM

The Personal Communication Telepher:
(PCT) system is a system developed from Personal
Handy-Phone System (PHS) [2] which provides
service as wireless communications with the same
telephone number as that of the fix line to become a
"Personal Number". The PCT can be characterized
as follow,

-Using a small cell called “Nanocell or
Microcell”. The handset become handy in size
because of the lower transmitting power
requirements,

-Ability to be used indoors, same as a cordless
telephone, with a home base station.

-Can be used as an office cordless telephone
with ‘a ~Wireless Private  Automatic Branch
Exchange (WPABX)

-Can be used outdoors for low mobility
communication via Public Cell Stations. (less than
60 kim/hr).

The channels for PCT contained 77 channels
with- frequency range from 1895.15 to 1917.95
MHz. The structure of the PCT network consists
Public Switched Telephone Network, Intelligent
Network and PHS network [3] to cooperate with
each other.For public services, cell stations were set
up along the roads all over Bangkok and
Metropolitan. Because the PCT system uses small
cells called NanoCell, which broadcast signal in
short range, only a few hundred meters, the
calculation of the area covered that the cell services
need to be more thorough. If the placement range
of the cell station is too wide, there will be blind
spots of signal, this causes the lost of
communication. If the placement range of the cell
station is too closed, the cost will rise and the signal
may cross interfere. Therefore the placement range



of cell station required suitable range in order to
gain the best quality [4].

The lost of voice signal during conversation
depends on the Bit Error Rate (BER). If BER is
high, it means that the data transfer between cell
station and PCT telephone contain a high
percentage of error. This will cause interruption in
conversation. Fig. 1 represents the lost of signal
because of signal fading. Circle A represents the
signal faded below Call Drop. This will caused the
lost of signal from Hand Out level to Call Drop
level or equal to 9 dB. At the position close to
Handover level, if the signal fading more than 18
dB, it will caused the lost of signal. Circle B
represents no effect of the lost of signal because the
PCT Handover from CS2 to CS3.

o A Aandover Po3
|Hand in(30dByv) Wl 1} T i N
Hand out(25dBuv) ’f"' I
Call Drop(16dBiwA’ | W‘ il 'MJ_
s AQ) f / 3
' B { ~

Fig. 1 One cause of fading problem

3. SIGNAL FADING

Fading signal is the signal inconsistancy of
swinging up — down. Fading signal is ‘mainly
caused by Multipath and Doppler  Effect.[5]
Multipath is signal reflected from buildings in'mere
than one direction to the receiver. Doppler effect
occurs when the Environmental objects or
telephone user is in motion, influential frequency
changed from original frequency with signal
received is fading with different frequency shift.
Fading has 2 formats, uniform fading and non-
uniform fading shown in fig. 2(a) and 2(b)
respectively. Fading calculation with 80 percent
from maximum - minimum, shown fig. 2(¢c)

This paper is to experiment with the testing of
the PCT system signal by measuring signal
strength using LEADER model LF960, "PHS
FIELD ANALYER”. Measurements were taken
280 meters from the cell for 200-milliwatt cell
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Fig.2 Formal Fading and Determine fading value

stations and 140 meters for 20-milliwatt stations.
Results of signal data shown.in fig. 3(a), 3(b), 3(c),
3(d) with example of residential zone such as
Onnute road Bangna - Trad road ana Silom road,
respectively. Fading value calculated form resultant
signal fading deviate between 4.32 dB and 23.45
dB.  Analysis and consideration with testing
environment are effected with those sampling areas.

|

h
j=1
]
=]

o

<

Signal Level
B e b
=3

(=]

time

(d)

Fig. 3 Example fading sigaal

Because of the.loss of voice signal is
assumed by BER, this paper calculated fading value
and percentage of BER from signal datas. Results
of the relationship of between receiving signal and
percentage of BER by fading 8 dB, and 12 dB and
16 dB were shown in fig. 4. We recorded data of
not only signal fading but also Multipath signai
between buildings. Vehicles are the main cause of
signal fading because of their size and velocity.
Size of vehicle is a cause of Mutlipath fading and
mobility of vehicle caused Doppler fading. Fig. 5
shows graph of relative signal strength level and



percentage of BER on main road is Silom rd. and
Bangna-Trad.
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Fig.4 Percentage of BER effected from fading
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Fig.5 Percentage of BER from measurement

We simulated 3 station
installation areas, such as

1) High traffic density, this is urban area of heavy
traffic, many big building such as in the area of
Silom road. and Ratchadapisek road,

2) Medium traffic density, this is suburban area of
Onnute road and Chalongkrung road, and

3) Low traffic density, this is residential area of
low traffic and small building - such as small Soi
(Soi is path branch off from the road) and
allotments of housing estates.

Parameters of each area are shown on Table

1, indicated different of fading. The calculated
Fading Factor from 1/2 of percentile 90 % is
different in each area.

sampling cell
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Table 1 Parameters of signal

Parameters Areas | Areas 2 Arcas 3
Fading values (dB) [12.43-23.45| 9.45-20.96 | 4.32-12.54
Mean of fading (dB) 18.41 15.48 8.15
Standard variation 2.09 232 1.86
Percentile 90 % 20.48 18.33 9.94
Fading Factor | 10.24 9.17 497

4. SOLVING Of SIGNAL LOSS
FADING

FROM

We could find the distance between cell
stations for cell station installation by using loss
equation-such as Hata's.equation and COST - 231's
equation [5]. we improved the loss equation to
cater for smaller cell.

L=463+33910gf +(449—6.55l0gh, Nogd

~1382logh,, —alli. )+ C,, (D
L=406+1339logf. +(449—6.55l0gh,,)logd

.66 = Bl R 2

a(h,, )= [1.log £, —0.71,, —[1.56l0g £, —0.8] 3)

where 1« : Path loss (in dB)

/. : Carrier frequency used in PCT
system (Control Channel = 1917.35
MHz)

it Cell station antenna height
in meters(about 4.5 meters)
h_, : Personal station antenna height in
meters (about 1.5 meters)
¢ : Distance (in kilometers) from cell
station to personal station
C,,: 0 in a suburban and 3 stay in down town

F-: Fading Factors

Equation (1) COST - 231's equation is
derived from Hata 's equation with consideration to
use frequency bands of 1500 - 2000 MHz, antenna
base station high 30-200 meter and suitable with
radian of cell 1- 20 kilometers. Which is unsuitable
for PCT and Thailand's environment and Fading
Factor is not accounted for we improved the loss
equation from equation (1), to include Fading
Factor effects with initial loss of 40.6 dB, measured
every 1 meter away from cell station to set-up and
change factor of high antenna base station to



7.6logh,, , following the logarithm scale. Our
proposed equation (2) is suitable for low antenna
base station, we used this loss equation to design
cell station installation of the PCT system.

Table 2 Radian of coverage cell

Radian of coverage area (m)

Hanc-e Cell 20 mw Cell 200 mw
Level
Equation (1)|Equation (2){ Equation (1) |Equation (2)
25dBuv| 2492 192.6 439.3 339.8
28dBpv| 210.2 162.6 370.6 286.6
30dBpVvV 187.7 145.2 330.9 235.9

Table 2 shown radian of cell coverage arca
calculated from equation (1) and (2) by Cr=3 Fr=
9.17 and Hand-out level are 25, 28, 30 dBupV
respectively. Results calculated from equation (1)
are over value from those recorded, as equation (1)
uses to calculate cell size from 1-20 kilometer.
Results calculated from equation (2) resemble
closely to the measurement results, as we have
included Fading Factor in equation (2). Result
comparison between equation (1) and equation (2)
shown in fig. 6.

100 1+ J
90 == {;ﬂ\
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Fig.6 Result comparison between COST-231 and a
proposed ’s equations

In this paper, simulation of Hand-out levels
are at 25, 26, 27, 28, 29 and 30 dBuV, by
increasing fading value from 0 to 20 dB shown in
fig. 7. When step up Hand-out level the value of
BER deceased, cell coverage area reduced but not
affecting service area, because we design cell
station installation for 2 carrier per area. Such
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system will serve the user which continuous
communications.
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Fig. 7 Results from simulation by change Hand-out
Level

5, CONCLUSION

This paper presents a method to solve fade
voice signal during conversation by using new loss
equation - to include Fading Factor. We acquired
fadmg value, average fading and Fading Factor by
using the calculated fading factor from data
gathered in some signal sampling area with high
traffic, medium traffic: and low traffic. Fading
Factor of each arca is 1024, 9.17 and 4.97
respectively. By this equation we can determine
distance between cell station of PCT system with
more efficiency, besides, we can adjust high Hand-
out level in critical signal fading areas.

In order.to solve fading effects the of PCT
system, in high traffic arca, we adjust the Hand-out
level to 27 dB and distance between cell stations to
less than 162.0 and 285.6 meters for power of cell
station at 20 and 200 mw respectively for 2 carrier
per area. In medium traffic area, we adjust the
Hand-out level to 26 dB and distance between cell
stations to less then 182.1 and 321.0 meters for
power of cell station at 20 and 200 mw
respectively. For low traffic area, we use original
Hand-out level of 25 dB and distance between cell
stations less of then 244.6 and 431.1 meters for
power of cell station of 20 and 200 mw
respectively. Our proposed equation is applied to
solve loss signal during communication, the fading
effect during conversation will obviously be
reduced. Such system provide users with non
interrupted communications.
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