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ABSTRACT

A number of users variation of cellular CDMA system will introduce the variation of a
coverage area of a cell station. Since the cellular CDMA as well know as “interference limit
system”. If the number of users per cell is increased then the intra-cell interference will be
increased and the cell coverage will be decreased. Moreover, when the wide-band propagation is
used, the interference will also be increased. All of these variations are random variation and
difficult to predict. In order of make all users can receive with satisfactory signal level, the
number of users per cell and coverage area of the cell should be not only controlled but also
calculated a relationship between them for all types of service areas. By using WSSUS channel
model and propagation model as used in standard to find that relationship, then it’s easy to
calculate the coverage area — capacity trade off for cellular CDMA. In this research, the optimum
capacity and coverage area calculation for cellular CDMA system is introduced. By using

WSSUS channel, WIM propagation model and all other parameters that introduced by IMT-2000.
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M3 2.2 AUMTUDITAL

L, =69.55+26.16log,, f. —13.82l0g,, h, —a(h,)+(44.9-6.55l0g,, h,)log,, R (dB)

{9 a(h,) AD correction factor ﬁm%’ummqamummmﬂ?mgﬂﬁwﬁﬁnﬂu :

° or o
NSV INANIAZVUIANA N

WATINY ath,)=(1.110g,q f. =0.7)h, —(1.56l0g,, £, ~0.8)
dmFudiosvualng
a(h,) =8.29(log,, 1.54h,)° -11 : f. £200 MHz
=32(log,, 11.75h,)% —4.97  f. > 400 MHz

-~ 2 -
FIMNOY | L, =L, -2{log,,(f./28)}’ -54  [dB]

4 [
- | 1 - e
Wunlas | L, =L, -4.78(log;, £.)* +1833l0g,, /. —40.94 . [dB]

iile
7.+ anwilFaulus 150 ~ 1,500 MHz
hy s AMNEIAOINAYDIADIHTIN TUHII 30 ~ 200 1A
h,: mmqamummﬁmaam‘%"mthu Tug99 1 ~ 10 A5
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2.1.2.2.2 lunaves Walfisch-Tkegami (COST)

Tuglsy waammsitenwlalnsems Cooperation in Field of Scientific and
Technical Research (COST) léiimsnanmivdialumalumsmdnyuznisaaneudyiu
nnmsunnszaelussuunsdomsindoun lulassms 231 (COsT231) nwldde “ms
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*u1ﬂmiuw's'ﬂ‘s::mzmﬁuﬁﬁl'ummgmfuaa International Telecommunications Union (ITU)
o [ o o - Y Vo 4 = " A’ de
gmivszuumadgns pes namnsaldldnuidiosvnanandainalng uaziuiivions
' dye w 2 4 < aq
a1eq nivnfuluu “Tuinaves Walfisch-lkegami (WIM)” gaTuaaiisz 19 1aaludm
A28 800 — 2,000 MHz Tu3#3i 0.02 - 5 Alawas

wiM 1dutsaaunisalvesnisuns nsznoeemilunsdiniidya s amon
(line-of-sight: LOS) v lifidyanalunuimiun (non-line-of-sight: NLOS) lunsaifili LOS
¥ " * %
vuse hifidaRavnsludunasssenihaniosgniionazamiign uaziismsaaneuly

wuasaFua Y99 WIM 11y

L,y = 42.64 + 26l0g,, dy,, +20108,4 fog:» d,, =0.02 (2.3)

' ¥ .
sziinldhingidamsunsnszaelunsgind LOS Wuazim 26/10 =26 UUAD L, < d>®
J :.y oo si =) : Ll -~ ¥oar d'l. £ ]
2 TRtz auUANANIUFITWRINMANADTHTMUUMINNNINTBNINY 30 LWAT moliuule

1 9/ .:fd a J Lo :ll. " .4.
1A ludunmaiiiisaua TunfssusugsouAug  WOMSAANIUIINATIUNINIEIIUAAY

Tueims Daiiu
L_[\‘ = 32.45 e 20 logio dkm & 20 Ing .fﬁfH: (2.43)
udasaaneunnmsuwsnszawluaunisi 2.3) sziisuily

Lyos =Ly +10.19+6log,, dy, =Ly +6 log,,(50d,,,)
=L, +6log(d, 120) (2.4b)

o 4 fpszozmalumizonas sty lRannsmlugi 2.3 1 luea WM dmiunsdiis
LOS wiidwhdumsasmeudyanalueimaiszoy 20 was HaTANTIIAAIMIaANeY
Tupmetisosn MuNTRIBNYET 0N NN 6 dB/decade

Sm3unsd NLOS 1 Tuiaa WIM szeninsammmsaaneunnnisunsnszaeld
Tasldwisifinesaien daaaslugii 2.4 a3 mes A Saumnesad

= m"mqainns:ﬁnnuwmmummﬁﬁﬁmﬁgw A1 4 - 50 1UA3

T ﬂﬂuqqmummﬂmmm%‘mgnﬁw 1A 1 -3 1WAS
b~ mnwgavesdnlgnadniesins Tumisouas
Abyw W=hy = ﬂ'.nnqwmmummﬁﬁmﬁjwmﬁaéeﬂgnﬁ%"naﬁhaq Tumisuiuns
Ahi = hy=h, = m'numnﬂ'ns:n'iwmmqqawmmﬂm?mgn1iwﬁ'u?h1]gnﬂ%'1a
oo sswpisznindalgnadinlumiuas A9 20 89 50 s drhilidoya)
anuniaouu @ hilideyalildam 5/2)
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ioldmisifimesnaag  And 1 edudn s amIAINTAANOUNINMITUNS

aseownauanTuea wiM lunsdl NLOS 18daaumsn (2.5)

L s Lﬁi i3 Lr!s + Lmds ’ Ln’s 7k Lmds 20 (2.5)
NLOS — ¥
Lf.s ’ Lr!s + Lmds <0
e L, = minaneulueIne = 32.45+201log diy, +201080 S
! 5 M3 AANBUIINASHAMLAZMSLANNTEIIBVBIRNAUIINAAT-F-0UN
- AT AANBUIINAITUANNIZIIBATUIINANINLIATOUNUAITINIUMLIN

' ar = o o
smsaaneudyamlumonyes L, uaz L, fe winimesnnuulsisiuvesdyaiu

&4 v
NLOS &4 L, e13159%1 16910

LHS =-169-10 logmw-i-lo ]Oglo fMHz +20 loglo Mm +Lori (263)
1o
Z10+0.3544, 0<$<35°
L, =125+0075(p-35%), 35°<¢<55° (2.6b)

40-0.114($=55%), 55°<$<90°
U a = ar i 5
HusimsaaneuFay (orientation loss) MInauMsszinlddanud L, zanavuiiooun
v & 2 S NG G G < =
Ahaiu tazanugeuesialgnadiaiviy dunansznuNINEAnnIENY ¢ Anaaslugdh
b 3
2.4 MUIANUNIIBAIU
o Iav 10 dB Srduanaudnfunsessy lufsmadsnumanaeui nie ¢=0°
o Tuaniiuethann 4 dB dymdhdvesndudhnmumuss

» v v =2 B W s SR
e 1¥aw 1 dB SyudnfeveInduNUAIRINAUAIMNMSIAADUN 13D §=90°
Smuaums lumsmimsaaneuiissnnammnadouitimisdaunnlumen £, Ao |
Lo = Ly, +k, +k, 10810 d,,, + Kk, log;, Sy —9108,0 b (2.7a)

g -] as 7 o a a4 a d? A = ]
luaumsii £,, v 9519991310 HNFBIET (MITAANDUITIAY) NINABULIBT W IMANTDIU

FIueggInNaIaNIv0d9Ins
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W0 L9880 4D B0 BR70E B0 TR0
Angle of incidence, ¢ (degrees)

51/t 2.5 msaanoUIB Y (orientation loss) N1FTuTAn WIM

—18lo 1+ Ahy) , Ahy, >0
/e :{ 810 5) b (2.75)

0, Ahy <0

=1 o ' . ] A 3 ' 1
anaums sz ldFanudn 1, 1zaanaiioszegysendieeims (o) uau daum
! a ' Y [ v e
k,, k02 kfﬁ%zawwm'ﬁﬂﬁwﬂumwmmuﬁuwummmmﬂmmmsxa::ma (dim)

o = & = ¥
FUANUE (fig.) Bumey k, Tuaumsii .7a) awsant1dlag

54, Ahy >0
k, =154 +0.8/AR|, Ahy <0, dy, 205 (2.7¢)
54+0.8|Aky |(d,,, 10.5), ARy 20, dy, <0.5

o da

Fanmduiuiiigae myaanenly s4 dB Tunsdiimeeimavesanilgmeggeniaiaih
WD9DIAI RAAYIIMIINIATEIENAY (AR, > 0) UiAIZ1INNTY 54 dB AT IMAe Y
agﬁim'h?raﬁﬂmn Sofiuiumsaemoufiiniien 54 dB seruiuivadnidoonn
izﬂsmaizﬁ’inmémQﬂﬂhaﬁnamﬁymfuﬁaui’fﬂgu (m3oriound1 500 A7)

. E
daum k, luaumsii 2.7 dumldnn

[18, Ahy >0
4 =g+ 15(an,|/h,), Ak, <0 R

BT I R R uAIEozMad 18 dB/decade NAIRINIAVRAAOTHFINDYYS
ahaathussermsinaa (Ahy > 0) u.¢if’§1ﬁmmmﬁﬁmﬁmuagﬁm’h mszﬁni‘fmm
myanneudesveeneiaziiuty 1fufle 30 dB/decade YOITZUZMS iecueniAvesaeiil
Frufianugunoaun 20% VBIHIRAVIN (Ak, 1By =0.8) daulniaed kﬂuﬁnmiﬁ

(2.72) 3z 1890
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—4+1.5 SME ), YATIND
[ 925 gk

uaziiohmmsaanoulueIne MsUANNIEIY wozmsinmuosnaulumonves L, uas
L,,Smiauﬁ'u%z"lﬁ'miaﬂmwﬁnﬁmﬂu 30 dB/decade ¥BINIMD AuMIEMTUMIA &,
meﬁlﬁlﬁuﬁamsuﬂsﬁuﬂwnﬂa1u31‘fﬂas%ﬁmsﬂ%’uﬂg«ﬂu

o A7A <621 GHz dmsuidlosvinanaaaIvARIUITDY

® ANui <2.29 GHz dMTueugIie

snRansFyadu Tuaa WIM i linsutadedunauiasenisvesluma fait

(1) msaaneuifieInInMsINInsza o inansEnuABMsAAMENdIMEg NN
VNWINTADT Ak, LDY AR, TasmmziszozMsUN3NsEeUINNI 500 WAS dmiunsdin
AMUGINBIAIRAYIIAINTIAIEIMEBINAYEIITiz . 4k, >0) ¥u ngmidavents
indnszonauaziinneiluiadfusesszoemad y =38 daunsdindshau g
DIMAYRIATITIN (Ak, <0) NYAIAINITUNTNTZNLILNAITZNIN 7 =38 @ b, =h,) D
y=>53(ilo n,=0)

@) 5% svias s eAsRauNImIemmsdslanadha () Aeudnseziinanssmusenison
MU DI INNTUNTNTZIY

) mmqamammmmm‘?mgm}w (h,,)ﬂzﬁwansszmhqmﬂrfiﬂmsaﬂﬂamﬁmmn

MSUNINTZY

213 dnuamsumsnizneaauluiesdyenaupuANNauAY
a5 :!y 4 b= = s a a c"l’ ' A 9
Tusiveilazndndemandsuntasvesdygrunnavulumsuninszaionaunie

v " 3 v 3
gruanuauauluszyumsdemsindouniszvIradgmsMANUAY 15U MITINMILVDI

- Fyanw mewanunlasvine uasmavesdyananivla

2.13.1 Snusmsnamaevesdyanaluszuuvadgan’
¥ . » b »
MsiEanauasennmIssd ldunsessuiwinezitu l 1dnn lussyumsdoans
.z'q = o o ar - o yé l.ll ar e d& A - 9 - ar
nRUNITVLITAAgTS ﬁiyapmmu"lﬂmﬂimsunn%ztﬂuﬂaumnﬂmﬂn'szazmumann
ar 1:: 9 1 b1 o 9 :I' ¢§ or s ::; = A’ ar u’:
w aaf 1gnanuudaluriaden 2.1.1 FdpyuzmsnsEneveIdyaIUiDUATEITUNU

13 1 ar = s o Y 3 M o ar as A =t
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ar &  ar d'l s

3 = » -
wmne lupsdiiwannsofouuagiulan Foaumndadunieasulunniamalay

v U

v ¥
dsreonnaunse uazaledeauuasiuiison iamsoMruaguanyuenITIILYe

red = é 4 o ar ¥
FUINAIUNIINITIWLUY Rayleigh 18 uavnnsdinin 11mm?msummimua'ﬁ'umwm

o

Lﬂ'ifoNllﬂ ﬂ$J“"Yl'lnl.‘H‘U?l'ﬂl'Elﬂilli]'lﬂlﬂll“lﬂ@ﬂuﬁﬂllﬂ'lull‘ﬂil‘uBQﬁiUﬂl"lm'fNﬂ’]’lmUﬂ'Nf)ﬁ"]

o

otraiuldda TunsdineeMMuARUENEUZNITNIMILYDITYYIUAILNIINIZTUIY

o o

A r
Racean #3919 luszuylulnswadgod

2132 nmsnfdsulasnnauesavesdyanamivia
4 ¢ 4
2.1.3.2.1 m3stasunsliass (Doppler Shift)
o = s ¥ 4 = = ad 4 ' a
smualianiipudadanauudeiiosdoanudnim /£, 1850 aaumiauau
RS L o A A AW A% A sl e
mallasrunsesiy Insfviindouialoyy g, MINUAUIDINISIADDUNVDAUATOITY AR

Tugh 2.6 gUnduvesFya Y r. (0 dzaunsawou 1ty

7, (8) = Rele, (1) exp j 27/ 1)] (2.8)

= 3

é 1 = T -~ 4 = s

34 Re[ ] munoAsdswesdanuFdou waz e, () o JARwTCRNVEIdy U
= A s o o o P ] ar " = & ar 2 -y
Sundossuiiuddud » oveadyanuunsnIzLIANOI L, AT IATOITUINADUNAIY

=3 'y = = A g v b4 = 3
AU vIUATABIUN E&ﬁ:ﬂ']’lllfn')ﬂﬁuﬂal‘}fﬂf] AR U e, (1) ?3'ﬁ'1”15ﬂlﬁlﬂu1ﬂlﬂu

2z(L, —vtcost?,,)+¢ }

e, (=R, expj(— Z

=%, (1)# 7 (D) 2.9)

A A ) e o o - J
We R, A 4, fovnanazmavesnaunduniududui » MudAY x, () uaz y, () 1IN
UTENBUUALITUASUAUIUANH MUY TUNIIN 2.9 uaaaldisiui adunuDansesy
e | s =1 = = ad - A
SR n Damnuaeerisaily (veosg,)/ 41850 1ipANNINHANIINUYBY “MiiaDUADY
o A o a .; P ad 2 Y -3 P
wlaes” msmeuscdulaeigegarsinaiuie v/ 1= £,1830 Fanusanunmanunoon
ncm*umﬂau‘nmwmmami'miuiuﬂﬂmaﬂNﬂumuﬂunﬁmqmsLﬂﬁaummmsmsu uag
mmuﬂau'nmmm'smamlwinﬂmqmuﬂm ED) mnnﬁmamsmaﬂummmsmamnu
Tz liiReamnnudoonidsa 7, @50 Saniuewinzififamsideunsdilaesiu
—~ a ar 3 = <4 A o'c = PR A ar
Ay aniumanasandimadeuasiass TunsMNANIIVEINAUNIVIDANTBITUIL

0 » » b
Zoamnisanfiamamsinaeunisns msizmaaousonlassifiullIanadesms
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@ Ay ¥ W s o YR A o Ny o
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y 2 @ e o @ ﬁ o o a o A Y R
NN AIUNAULDY ffﬂaliUuTmﬂ'iU'lﬂ r() 34 uﬁﬂlufg'lmﬂlﬂﬂinﬂﬂ"ss’Juﬂu‘uaaﬂau“ﬁnﬂqn\’
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3/ 9/ o o - YA A o ar o P a
Hnua ﬂ'ﬂ'ﬂ N l‘ﬂu‘i]'I‘N'Jll‘\]i’l\‘lffi}],iy'lﬂlﬂl‘ll'mﬁkﬂ‘iﬂﬂiﬂ aUYYTN r(l)ﬂiﬂllﬂﬂiﬂiﬂﬂi‘l_ﬁ]:

asodon gl

N
r(ty=2r,®

=l

= Re[( i e, (t)exp j(2dct)]:|

n=I
= Re[(x(!) + jy(t)Ncos 27f .t + jsin 27@7’01)]
= x(t) cos 2nf .t — y(t)sin 2af .t (2.10)
iile

N N
x()=Y.x,(0) wag y()=2 y,(t) (2.11)
n=l

n=l

WINauNAT N awnud mnnguives central-limit 921631 x(9) ey y() 114 independent
Aet = o P 5 " ~ ar d‘
normal random processes NuAuRAnIugUiLaziismIusUs M o IWRLINY uazile
7w ] ] i as $ o
x=xO Uz y =y udaanFumiuanineduIw px, y) vosdyanu r@) niuld

seianiu

AN
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plx, y) = 7 : & exp[—x2+§’ ] (2:12)
no g

& ¥ o Sa W = vlw 1#]
asimnldumanazmavesduanuniula r() wamnsoou lanly

r(£) = R(t) cos[2nf .t + 6(1)]
R()=R=+x2+y* usz 6()=0=tan"'[y/x]

é H ]
Sgunsondoulieglugives p(r 6y 1Aitu

¢ _
p(R,0)= 3 K > exp[— 2R 2] (2.13)
bides leg

'A = a a o o ' e ' 2 ¥ 3 o s o '

FERINSDUANTATNNMIN 2.13 AW 8 IEIUANA 0 DY 27 a1 i uenFu LY
' o 7o Y o o ' '

anuiazity p(R) Tudanduves R LasmndesmsmikaFumiuanmihesiiu pe)

@ Yo a s gt 1 n,: ' = 2 ¢ S 9 ﬂ
E19insBuAINIATNNS 2.13 A20 R Tui1UAA 0 D3 co TINAYBINTOUMNIA vz lalu

R R*

p(R) = Texp{——i-) (2.14)

o 20 :

e
p(O) Lok, (2.15)
27

p(R)
8-1/2/0' ——/-[\ P(@)

y )
B "

|

0 o R - 0 +r 0

¢ o ' ] & " [
(a) HanFununiuanuieziuvesns (b) HanFunuiuanuiteziuveans

nlasuulasvinadyaia nasunlauvavesduas
(MILINLIIVY Rayleigh) (MSUINUIILVY uniform)
" o " " P ar 4
51 2.7 Aarsunuuniunmnivziuvesnsndeumlasving uasmladuiisnnnnns

< 7 s
WU IWUVUT ']ﬂl‘ifﬂ'lﬁx‘l]‘ﬂl“ﬁﬁﬂ@.ﬁ'l‘i
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v » ¥
InMIInIEHInoIR UM Namsvesdynainatu lusesdyauriiaunsnsznoly
o P = . 4 o =
AMMLNARDUILST VLRGN AIoaumsh 2.14 ssmunmsalavunlasnadyg il

" o P a S =
AITLANLLINLD VT ULIDY uaztﬂmmﬂtgtym%umsuﬂmmlmuguﬂam muﬁmﬂlugﬂw Z:7

2.1.4 AnyazmsuninsznonauluiesdyaauouaNuEN I
= =4 ' ar ‘1; b
2.1.4.1 HANIZNUVBIMIINMBIUDFaaNWINYeTRIMIMOUANNININ
2.1.4.1.1 ¥oITYIUUVY WSSUS
' [ ¥
Snvazvosdaanaiuwinsznonuuueuauan i ¥9veszoenalums
unsnszawi dinamsn/dsunaswesenlagauazma  uazfismalumsdhdivesnau
- a 1 Y oA o a p— 3 oydlﬂl AdY & o w
fRansarsnimsdsundatwudaszaenuiu szdeailvinuumaiinondnuny
" 4 ] A ] - = cly ’
narlunsMiweInaung. FIUNSLUIUMSUUUTUIITUNNTZUIUMSTUAUN “wide-
sense stationary (WSS)” @avangia msusnussnanhziuusazdvesueulagauazime
3 = - < o ' : ar
Wuee litiransgnueinmafoulatueamsnlieesnamuas Favouwalumsniaedy
ar d‘ Y ¥ ‘:{ L] (] i Vet & [ d‘
Fagraie i ldnmuidluasmvesdyanaszeglugrchindumvesnnuenaduludnin
o v o w a
Llaﬂﬁﬂmadi:uumaﬁ’gms MsuANNTZIoLUD 1oy (Uncorrelated Scattering) 3210A
J 4 o 1} ar s : 3 1 e C:-d o - 4 1 C‘
Fuiile Aumisduinsveanaswdyanuvsemsiuannszawiinamlfifanduntiom
[} o o e oo . ° = a ar '
NLigmnsomidduingauld fusildmsndounlowenldsauasmaveadygioli
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Abstract

In this paper, the performance of cell for Wide-
band direct sequence CDMA cellular radio system is
evaluated. By considering the some realistic parameters
in both links: forward link and reverse link, we account
for the effect of path loss, multipath fading, and
background noise in 2GHz-frequency band. (By applied
the narrow-band propagation channel model with some
effect of wide band propagation.) Wide Sense Stationary
Uncorrelated Scattering (WSSUS) channel with delay
profile as use in IMT-2000 is used in- this research. In
case of without power control, we introduce to use the
orthogonality factor to analyze the performance of
system.

Key words: W-CDMA, Delay spread, Wide-Sense

Stationary Uncorrelated Scattering
(WSSUS), Orthogonality Factor, multipath
fading.

1. Introduction

Because the Code Division Multiple Access
(CDMA) systems is being considered for use with 3
generation mobile communication. And with the high
data rate service, Wideband CDMA (W-CDMA) is
introduced. In wide-band channel propagation, delay
spreading will introduce the multipath fading to mobile
terminal and degrade the system performance. In this
paper, we introduce the wide-band propagation channel
evaluation by applied from narrow-band propagation
channel model [1] with some effect of wide band
propagation. Wide Sense Stationary = Uncorrelated
Scattering (WSSUS) channel with delay profile as use in
IMT-2000 is considered in this research. In ebjective to
evaluate the performance of Direct Sequence W-CDMA
(DS-WCDMA) cellular radio system.

One of the advantages offered by CDMA is the
possibility of channel capacity expansion. In case of
ideally transmitter power control, if each cell is divided
to 3 sectors per cell by using sector antenna, then
relationship between the number of users, M, and target
Bit-Energy per Noise Density plus Interference
(E, /(N, +1,)) is given in the following equation [2].

E, _ WIR m
Nn +10 urgel ¥ (M—l)

Where M, is number of user per sector (M =3M,), W
is the spread bandwidth, R is the information rate and the

ratio of W/R is the system processing gain, P, . Note that

the number of users is in direct proportion to processing
gain and inverse proportion to the target E, /(N +1,).

This means that in order to increase quality, the number
of user per sector must be smaller. In order to assure an
acceptable level of voice quality, E,/(N,+1,) is

normally set at 6 dB [2], [8]. And from (1), if there are a
lot of interference signals ([, ): same cell and other cell

interference in systems then the performance of system
will degrade.

To reduce the effect of same cell and other cell
interference signal in (1), Transmitter power control
(TPC) is used to maintain orthogonality of each signal.
In this research, we ignore the effect of TPC but
introduce the orthogonality factor to maintain the
synchronization of channel. In forward link case, the
system is the synchronous system, but in propagation
channel, the orthogonality of signal was not perfect. For
the reverse link case, the system is asynchronous system,
thus there are a lot of interferences from both same cell
and other cell. Then the system will degrade by these
interference signals and the effect of delayed signal. In
this paper, we use the orthogonality factor in order to
evaluate the effect of synchronization of system in Wide-
band propagation. By assumed that each mobile terminal
experienced independently Rayleigh fading. In the
channel model, we considered with 6 paths of signal. 3-
fingers Rake receiver with Maximal Ratio Combining is
used in this research in order to mitigate the effect of
multipath fading. Additional, the parameters that used in
this paper are the same as recommendation from ITU-R
M.1225 for IMT-2000 standard [9].

In Section 2 is the evaluation of the bit energy
per noise density plus interference by considers the
effects of wide-band propagation in W-CDMA cellular
environment. By considered with the multipath fading
caused by delay spread, effect of path loss, interference
in forward link and reverse link channel and the cell
capacity of cellular W-CDMA was included. Our
assumptions and system parameters that we considered
in the simulation were shown in Section 3. And the
simulation results were shown in Section 4. Finally,
Section 5 presents our conclusion and suggestions.

2. System Parameter and Channel Model
2.1 Multipath fading

Multipath fading occurs when radio signals are
reflected off building or other obstacles and arrive at
antenna via different paths. If the transmitted signal from

2 - R =
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transmitter is complex envelope, z(r)=1,()+ jQ.(1),
where /_(r)is in-phase component and Q. (f)is
quadrature component of z(f) . Then the received signal
at receiver, w(t)is the convolution of the complex

envelope of transmitted signal with delay-spread
function of the channel, g(7;1), i.e.,

w(t) = L 2(t - 1)g(r; H)dt @)

Where 7 is relative delay of the path and g(r;1) =0 for
7 < 0. In multipath channel as shown in Fig.1, if there
are n paths of signal, then the equation (2) will be:

wt)=a z(t—1,)+a,z(t -1, ) ¥..+a,z(t-7,)

= zn:a,.z(! -7,)

= [ 2000 3 as(e-r)de G)

i=l
A comparison of (2) with (3) yields a delay-spread
function that is the superposition of delayed impulse:

g@n=Y abc-1) )

Actually, there are a lot of delayed paths from
transmitter-to-receiver. However, the accounted on 6
multipath signals are satisfied [9].

e i

Reflector# 1 Reflecton

Figure 1. Multipath propagation.

2.2 Propagation Path loss

Propagation path loss is the parameter
commonly used to characterize the local average signal
in mobile channels. There are many propagation models
that proposed for predict the signal behavior in mobile
channel [12]-[15]. However, in this research, we
considered the parameter as use in IMT-2000 standard
[9], that is COST231 model. When buildings that in the
cell are nearly uniform height, then propagation path loss
18:

84

L=40(1-4x107Ah,)log,, R, —18log,, Ah,
+21log,, f +80 (5)

R, : Distance from mobile user i, to base station j,, in

(km).
f : Carrier frequency at 2 GHz

Ah, : Base station antenna height (m).

2.3 Forward Link Interference

Ideally, there is no same-cell interference
because the different CDMA forward link channels are
orthogonal to each other. However, the mobile
propagation channel introduces same-cell interference
because of multipath reception at the mobile terminal.

Figure 2. Forward link received signal and interference
in Cellular CDMA.

In the forward link channel (base-to-mobile), if
there are K paths of signal from each cell of cellular
system as shown in Fig.2 (each arrow was consisted of 6
path as shown in Fig.1). Where the interested cell is in
the middle of cellular system (Cell 0), then the received
signals at the mobile terminal (point A) in interested cell
is the combination of 42 paths of signal (6 desired
signals and 36 multipath interference signals). And if we
assume that the effect of propagation path loss is a
function of distance ( R, ), then the received signal at the

receiver may write as:

& -5
r(©) =Y @y Aub,(t=7,)PN,(t - 7,) cos(@yt +6,) + n(1)
(6)
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Where A4, is unfaded amplitude of any received signal
on path i” from base station k™ (where i =0 is shortest
path and k =0 is home base station). Factor @, is
random independently fading coefficient of signal on
path i” from base station k" caused by distance, D, ,
b,(1) is binary data of the signal i”, PN, (f)is the
spreading sequence of i* signal, 7, is time delayed and
0, is phase shift of the i" signal. In the equation (6) is

the composite signal that received at receiver. They are
consisting of the desired signal plus delayed signals of
itself from home base station and the interfering signal
with delayed from 6 adjacent base stations. And the last
term is n(f)that is additive white Gaussian noise

(AWGN) with two sides power spectral density 77, /2 .
And distance R, is defined by:

R, =R? + D* =2RDcos8 (7

Where R is distance from home base station, D is cell
distance and @ is angular between of R and D (as shown
in Fig. 2).

Then, if we assume s(f) is the composite
complex signal that received at the receiver
S,(=a,4,b,(t=1)PN(t—1;)cos(wyt +6.) 5 from (6) the
interfering signal of user j in forward link may be written
as:

[ 6 6
1,2 ,@+% 2 s (8)
=2 b= =l
or
b=l 40 9)

Where /., and [, is the same cell interference for user

Jj and other cell interference for user  in the forward link,
respectively.

However, if the synchronization is maintained,
the effect of other cell interference will reduce. In this
research, we assume that the synchronization of each
signal was imperfect. In order to evaluate the
performance system, we introduce the orthogonality
factor, #=0.7 (where the perfect case, f=1). And if
we use the Maximal Ratio Combining of 3-finger rake
receiver (i. e., the receiver can used 3 strongest signals),

then the bit energy to noise density ratio of j " user will
be:

Eh
Ny +1

3
G, a,A,b,(t-1,)PN,(t~7,)cos(@yt +6,)
= m=1

l (1=B)1; +n(r)

®
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Where m referred to maximal signal.

2.4 Reverse Link Interference

Reverse link channel (mobile-to-base) is an
asynchronous system. If the sectorization of sector
antenna is perfect and each sector of each cell, there are
M users. Where the interested user located in cell 0 at
point A as shown in Fig.3. Then the receiver of base
station (Cell 0) will receive the signal from all users in
its cell sector and plus with the signal from all users in 2
adjacent sectors and 4 far-sectors. By the same
assumption with the forward case, if there are 6 paths of
signal from each user, then the received signal at base
station will be:

B P

10 =3 3 iy A Din € = 71) PN (1= )

b=t m=1 p=|

o cos(@yt + 0,,, )}+ n(t)

(10)

Figure 3. Reverse link received signal and interference
in Cellular CDMA.

Where B referred to number of effective sector, and P is
number of paths. From Fig. 3, if we assume that all users
in the adjacent sector located at boundary of its sector for
the worst case (i.e., effective distance = D/2). At the far-
sector, we assume that all users located at base station,
then the effective distance is D. Thus total reverse link
interference will be:

P M 2 M P &M P
I;= Zzsv(')m +ZZZ%(’)W +ZZZ’,&(’)M¢

p=l m=1 b=1 m=1 p=] b= m=1 p=1
(11)

(12)

or
I,=1

p nq+1nr-f+lﬁa-

.
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Where §,(f)=a ,;)PN,(t =7 ,)cos(@yt +6,) is the
composite complex signal that received at the receiver
for any j. ss,as, and fs referred to same sector,

adjacent sector, and far sector, respectively. And similar
to forward link case, the bit energy per noise density plus

interference ratio of j” in reverse link was shown in

(5)

Where f=0.7 is orthogonality factor that we propose

to use. However, in our simulation will show the effect
of different orthogonality factors.

A b e~

i

Eb
Ny+1

3
Gy D\t Aybp(t = T)PN (¢ = 7, )cOS(@! +6,,)
- m=l

3(1- p)1,; +n(t)
(13)

3. Simulation Environment

In our simulation, the link budget parameters
are the same with ITU-R M.1225 [9]. If we use Walsh
code is a long code sequence, then maximum. user for
each sector is 63 users. And assume the distance between
cell stations to 6 km. to serve mobile terminal in
suburban area. Then we located the mobile terminal in
each sector randomly.

Table 1. Tapped-delay-line parameters in vehicular
environment.

Tap Rgtl;:; . Ap\:\ia;:gre d.Ch annel
(%) (dB) istribution

1 0 0.0 Rayleigh

2 310 -1.0 Rayleigh

3 710 -0.9 Rayleigh

4 1090 -10.0 Rayleigh

5 1730 -15.0 Rayleigh

6 2510 -20.0 Rayleigh

To calculate the effect of path loss and
multipath fading, we use the specifications of delay
spread and average power of each tap delay in WSSUS
 channel model that proposed by ITU-R M.1225 as
shown in table 1 [9]. In order to evaluate the
performance of each sector, we will consider with the
effected of several parameters. First is the effect of data
rate, because IMT-2000 was proposed for multimedia
services in mobile communication. However, in the
simulation, we considered with multi-data rate from 8
Kbps to 64 Kbps for both link. And other parameter is
the effect of synchronization in both link and the effect
of traffic cell loading in only the reverse link case then
show the simulation result in the next section.

86

4. Simulation result

By using the definition and system parameter
from Section 3. We can approximate the received
average envelope and phase of signal at the receiver for
both case, forward and reverse link case as shown in Fig.
2, and 3, respectively. In Fig. 4 and 5, shows the Ey/
(Ngtly) that effected by different data rate and
orthogonality factor, respectively.
ED/(NO+Y
5 c8)

30

Data Rate = 8 Kbps
Data Rate = 16 Kbps
Data Rale = 32 Kbps
Data Rate = 64 Kbps

1] 05 1 15 2 25 3

Distant{em)
Figure 4, Forward link Eb/(No+lo) with different data
rates.
EB/{No+1} {dB)
50 eSSt S S U R B E———
i
lDI-
i Onhogonality Factor = 1 (Sy System) |
i - Onhogonality Factor = 0.75
3"'- . Onhogonality Factor = 0.5
{~ , - Onnogenality Factor = 0.25
t » ., Orhogonality Factor = 0 (Asynchronous Sysiem)
. G A
1oL >
¥
ﬂ:,
) U A - Yo B ST — =
o 0.5 1 1.5 2 2.5 3
Distant (km)
Figure 5. Forward Link Eb/Notlo with effect of

orthogonality of signal.

In reverse link case, the number of user per cell
will introduce a lot of interferences to the system. The
effect .of cell loading was show in Fig. 7, where 100%
cell loading referred to 63 users in each sector.

From the result we can found the maximum
coverage area at 1.6 km. in forward link case but it’s
only 0.3 in reverse link case with half load cell. Because
the reverse link channel is the asynchronous system and
there are a lot of interference signals. To improve the
performance of reverse link, pilot signal is introduced to
maintain the orthogonality of each signal. As show in
Fig. 5 and 8, if all signals are orthogonal, then all mobile

i .z
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terminals can communicate with the base station in
reverse link case.

40} i
{ 4
|
20
@ !
= ! 8 Kbps
= = 16 Kbps
3 ar ; 32 Kbps
< h “a, - 64 Kbps
¥ 2l B o %
|
40}
|
50 ;
0 0.5 1 15 2 25 3
Distant(km)
Figure 6. Effect of data rate in reverse with full load
traffic.
60
[
501;"
‘l
20
L,
=Lt 1
g o
é | 1/ Loaded Cell
£ o itm
u = |
| Half Loaded Cell R W
40+ = /4 Loaded Cell
|
o Full Loaded Cell =
|
-ﬁni; W J
0 1 2 3 4 5 &
Distant(km)

Figure 7. Effect of Traffic Cell Loading.
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204

Orthogonality Factor = 0.75

g
; ol Orthoganality Factor = 0.5
& | - * . Onhoganality Factor = 0.25
5 Rl - e
w | \ e e =
201 \ e T IR
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50 . L L . &
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Figure 8 Effect of Orthogonality Factor in reverse link at
half-cell loading.
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In actual case, it is very difficult to maintain the
orthogonality of reverse link channel to be perfect.
However, in the WCDMA system there is the transmitter
power control to maintain the interference signal to other
user.

5. Conclusion

In this paper, the performance of cell for DS-
WCDMA cellular radio system is evaluated for both
directions: forward link and reverse link. In case of
without power control, we introduce to use the
orthogonality factor to analyze the performance of
system by considering the effect of path loss, multipath
fading, and background noise in 2GHz-frequency band.
By applied the narrow-band propagation channel model
with some effect of wide band propagation. Wide Sense
Stationary Uncorrelated Scattering (WSSUS) channel
with delay profile as use in IMT-2000 is used.

In our simulation, we assume the orthogonality
factor in order to evaluate the effect of synchronization
of system in Wide-band propagation. By assumed that
each mobile terminal is assumed to be experience
independent Rayleigh fading. In the channel model, we
considered with 6 path of signal. 3-finger Rake receiver
with Maximal Ratio Combining is used in this research
in order to mitigate the effect of multipath fading.

References

[1] COST231, “Urban Transmission Loss Models for
Small-cell and Micro-cell Mobile Radio in the 900
and 1800 MHz Bands,” Propagation Models Report
No. COST231 TD(90) 119, revision 1, Sep. 1991.

[2] K. S. Gilhousen, I. M. Jacobs, R. Padovani, A. J.
Viterbi, L. A. Weaver, Jr., and C. E. Wheatley, III,
“On the capacity of a cellular CDMA system,”
IEEE trans. Vehic. Technol., pp. 313-322, May
1991.

[3] L.B. Milstein, T. S. Rappaport, and R. Barghouti,
“performance Evaluation for Cellular CDMA,”
IEEE J, Select. Areas Commun., pp. 680-689, May
£992¢

[4] G. L. Stuber, and C. Kchao, “Analysis of a
Multiple-Cell Direct-Sequence CDMA  Cellular
Mobile Radio System,” [EEE J. Select. Areas
Commun., pp. 669-678, Vol. 10, No. 4, May 1992.

[5] W. C. Y. Lee, “Overview of Cellular CDMA,”
IEEE Trans. Vehic. Technol., Vol. 40, pp. 303-312,
May 1991.

[6] H. Sasacka ed., Wave Summit Course: Mobile
Communications. Tokyo: Ohmsha, Ltd., 1997.

[7] J. S. Lee, and L. E. Miller, CDMA Systems
Engineering Handbook. Boston. London: Artech
House, 1998.

[8] J. Zhou, Y. Onozato, and U. Yamamoto, “On the
Capacity and Outage Probability of a CDMA
Hierarchical Mobile System with Perfect/Imperfect
Power Control and Sectorization,” [EICE Trans.
Fundamentals, Vol. E82-A, No. 7, July 1999.

A
- - - o -
mslszguinmamainanssuvbh a5af 24 (EECON-24) @9a. 2223 WOARNUU 2544

838



[9] Recommendation ITU-R M.1225, “Guidelines for
Evaluation of Radio Transmission Technology for
IMT-2000".

[10] J. G. Proakis, Digital Communications. New York:
McGraw-Hill, Inc., 1995.

[11] V. K. Garg, I5-95 CDMA and cdma2000:
cellular/PCS systems implementation. NJ, Prentice-
Hall, Inc., 2000.

[12] W. C. Y. Lee, Mobile Communications Design
Fundamentals, 2™ ed., New York: John Wiley &
Sons, Inc. 1993.

[13] D. Parsons, The Mobile Radio Propagation
Channel. New York: John Wiley & Sons, Inc.
1992.

[14] M. Hata, “Empirical Formula for propagation loss
in Land Mobile Radio Services,” [EEE Trans. On
Vehic. Technol., pp. 317-325, Vol. 29, Aug. 1980.

[15] J. Walfisch, and H. L. Bertoni, “A Theoretical
Model of UHF  Propagation in  Urban
Environments, ” I[EEE Trans. On Antennas and
Propagation, pp. 1788-1796, Vol. 36, Oct. 1988.

Sayan Puangngoen was bormn in
Saraburi, Thailand, in 1975. He received
the B.E. degree in Telecommunication
Engineering from Rajamangala Institute
of Technology in 1998. From 1998 to
2001, he is a research assistance and
Master student in Mobile
Communication Laboratory, Department of
Telecommunications Engineering, Faculty of
Engineering, King Mongkut’s Institute of Technology
Ladkrabang. His research interests include personal and
mobile communications, W-CDMA, MC-CDMA,
OFDM, 3% and 4™ generation of mobile
communications, and Cellular Network planning,

Tawil Paungma was bom In
Nonthaburi, Thailand, in 1954. He
received the B.Eng. and M.Eng degrees
 in telecommunications from  King
Mongkut’s Institute  of - Technology
Ladkrabang (KMITL), Thailand and
%@ D .Eng from Tokai University, Japan, in
1978,1981 and 1995 respectively. He was an Assistant
Professor and Associate Professor in 1985 and 1988
respectively. His main interests are Telephone Switching
Engineer, Mobile and Personal Communication systems,
ISDN Technology, and Radio Propagation Phenomena.
He is currently involved with a Mobile Communication
Laboratory of ReCCIT, KMITL, since 1997.

"Tetsushi Ikegami was born in Tokyo,
Japan, in 1957. He received the B. E,,
M. E. and Dr. E. degrees all in electrical
engineering from Meiji University,
» 1 Kawasaki, Japan in 1980, 1982, 1995
‘. . respectively. In 1985 he joined the

88

Communications Research Laboratory, Ministry of Posts
and Telecommunications, and engaged in the
development of mobile, fixed and inter satellite
communication systems until 1997. From 1991 to 1992
he was a visiting scholar at the University of Illinois at
Urbana-Champaign. Since 1997 he has been an associate
professor of Meiji University. His research interests are
in the areas of satellite and fading channels, modulation,
coding and spread spectrum systems. Dr. lkegami is a
member of IEICE, SITA, IEEE and now serves as a vice
chairman of Spread Spectrum Technical Group of IEICE
and an associate editor of IEICE Transactions on

Fundamentals.

Thanate Pattanatadapong received the
B.E. degree in Scimce from Silapakorn
University in 1994. Received the M.E.
degree in King Mongkut’s Institute of
Technology =~ Ladkrabang. Now he
studying Dr. E in King Mongkut’s

Institute of Technology Ladkrabang. His research
interests include personal and mobile communications,
W-CDMA, ITS, 3 and 4™ generation of mobile
communications, and Cellular Network planning.

e
- - - -
mnbzqpinmemainanssuTivh afan 24 (EECON-24) 7190, 2223 WHAINOU 2544

839



89
wa Y A
sz InIve

weadad waaiy AadleTuii 8 Tquiou na. 2518 fisanTaaszys dusamsanm
szaulSyana3 Imnssumansiudia 01913A0558 TNTANIAY 910 NIATIBIAINTIY
Tnsnuuay auzdmnssumans aoniumalulagsiwuena Tuilnisdnm 2540 uazidh
AnmdeluszaudSyan In nangasimnssumansuniudia minanssy i anz
Sranssumans ao1dumaTuladnszaoundungunmisaransziia ludmsfinm 2541
Taoddny ez ludumnidsnindse Ussintosl fiamsszuumsdeas me
pagirauluddadimhifszuuauasuiomes unuNTEUUETAUINA AN

= 4 ar =] W o |
Faanssuman’ aauma luTatnszseundndigunmismansealuil 2543

paam S msildsumsana

1. S. Paungngoen, P. Moungnoul, P. Tungtisanon and T. Paungma, “Personal Communication
Telephone new system for digital wireless communication in Thailand”, The Progress in
Electromagnetics Research Symposium (PIERS 1999), Taipei, Taiwan, March 22-26, 1999.

2. S. Puangngoen, M. Sukkasem and T. Paungma, “Prediction Model for Intra building Cell
Stations Design for Personal Communication Telephone (PCT) System in the 1.9 GHz
band”, 1999 IEEE International Workshop on Intelligent Signal Processing and
Communication Systems (ISPACS’99), Phuket Thailand, December 8-10, 1999.

3. T. Paungma T. lkegami S. Puangngoen and T. Pattanatadapong “A Study for Cell
Performance Evaluation for WCDMA Mobile Radio” ﬂ]iﬂﬁ:‘gﬂ%%m‘liﬂﬁ
SranssuIiih afaf 24 amzSmanssumans aoniumaTuTadwszeomndudinanns

AANTLT 22-23 WOAINIGU 2544,





