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Abstract

This paper proposes a mathematical model for the
statistics of the W-CDMA signals with different
bandwidth. Based on the statistics of numerically
generated signals, a mathematical model is obtained
such as Rayleigh, Rician, and Maxwell distribution.
We employ Chi-square test to verify the fitness of
the mathematical model with signal statistics. The
results show obviously that the new proposed model
is useful for representing W-CDMA signals.

1. 4 &

A2 AdEE FAAN2YEY FEEoIM BE B/A
¥ 399 CDMA(Wideband CDMA)%4] 2
NIZ L A EFo2H 15 AFEE 8F
IMT-20008 & A 34t FAZEAN A2dg
4 YA NEE F dde FES 2 Yol
@ o)fZ A2 & yIgEs e W-CDMAYW
A2} AgiEAMel B AFI B3I AYF oot [2)(3])
a8y g oigExs Ad ZdEd dE B
82 mdo] RE3a JFEA FAo] wj§ B33l
I B Az 84 "ok gEy B d3dMe
A2 g d9Eg 2+ W-CDMA A35E9 £44
d 5E4L £8AHY R =2 3 sax g
W-CDMA Al&dge] #4& flaM 94 A4 =4
of Wa dAe Wasinz 2dda= Fdgid a4
2dys 4¥En, 3d9 oF A2 Ad AN
Hl%7] W-CDMA A5 & At agx 3™
AFE 2AHAE L BAA Ad 83 fdZ e ¥

do o %0 mo

2R e

o]

of W Axde A5g EAMFY 4A4NE 49
CDMA 4359 A4 5A4& s33oz zdstsia
Chi-square® %38t 2 AP & AFe.

2. ¥4 2 AdA9 W-CDMA

dutxoz Foiy tFAR AL A1) 2ol
MY Yelg v P}

= ga,a(t— t)e”™ )

AN a8 ARAY), 4 NBAD, TR 6,2 9
AHol g vehi[4](5]

o2 AZEY 94 4& 3 =
24 0, 2x] F)A uniform £¥X &
a2 Rayleigh 2¥E ztectn 7R3

Y B Eo] Yo A2de tgEo] F2 A
ol wlajAl Az E3lEo] #H7] WEA FAg Ad
2do] yjuhg Fu Fuld A2dE HHsriEe oY
¢ 28EE & dFdMe Ad WIdEE J¥85d
10Me2 7H83tn g Fo] MR ZHAY 2L g9
28 2= 7359 CDMA Al&"d] didte] B3
W-CDMA 413& s8] sl F48 A4 4
3 K Mg DSAZY ez FAHD 4L N2
g7l Folgtn Aot E3 Z| oYU E BPSKRE
A gulg dgAojs 538 Y.

ks A48 AEE Q)8 %

si(8) = my(8) ci() exp Gw,t) @

A7 ml(D F DT FZ kA AEAte dolH
o AmEs vedd. a8Eln A4 FANE ANE

Yz A 4
zt5 B2 A7)
k-1

-33-



199 £ B ABREFIR S EEHKALEMAE WX E F28 H1M 99/6

=1 LLly/
Ay = ’Z: 120 m(t= 1 De(t— 74,

X exp[i{wy(t— 14, ) + 0} 1+ 0() 3

¢ 23, d71- Ke AM AEA Folu L T4FH
2 Foln, p(HE JHHE ZEAY FEE e
date AHEARREY AIZE k=0, 232 k=1, 2
,K-1 8 2 9 A2AS2REY A3 9o gt
Er& 1=0 &€ R W =3¢ M55 223, I=, 2, -,
L-1 & 1 99 g5A42 NIaselth 281 ¢,
Aga kool 1A Az Ad AL, 6, 2 AHE
Ak o 1WA APl E YENETH
AEAHA Ao #FL g H)s 2

T
AD= Re[ J, 27D cy®) cos (gt + Go)dt]

= Re[ fOTZ{so( D+ 5D+ n(D} (&) cos (wot + Gy) dt]

=S+I+N (4)
2T BAX 4% 737 984 Z(DY Z}
4E S, 1, N9 %74131 £4 % Aol o) dA A
Agzte] A% Sol BAY 54 4WRd, 5011
AG)E =8 F AE}.[Z]

=|R| = \2; ay,; exp( $o, ) Rty 1) (5)

iy o o

e A

ARZA7 ap & Rayleigh 2X& wa&tz 7133t
W NEAT ag = @, Ae TP oz gAsg A
6)% Zol 28 ¥ F Ut

S= | Zo 71’0,11‘1‘2(_"‘m exp(j $o.) Rre. )| 6

A71A a2 T3 Rayleigh +X 9 Y W0

3, AE g, BTH, 55 ¥ ZA=(decreasing

slope)eltt. 2(5)9} (6)olA “= dAY W9 H7jo|th

RE OFAZ AES o837 kA A dg

tholHl 2E] 2718 AT dE A& Sof A
A Ao g 4L b ol ¥Ed F
5= 3 G, @

A7 Gz i WA ZHAY o)Se AIAY A F
&3 g A B2H g Hez Fojurhie)

Gi= K5t ®
2% MAIE H9AgeR, a8l ey 7
e Hees ged Lo A

g de 53 P 3 FEL 9 2

Plerror|S) = Q(V%%Zl(llyﬂ]ﬁ)

9)

_ S
h Q( vV Varl 11+ Var(N] )
P,= fP(errorlS)t?(S)dS 10)

H®AH Lol 27, St B2 AGNFEY F279
A7t Eet 59 pdf, p(S)ell HE ol2H Y FE
e G ZATE o] 85t SE FRAFHoE YA
A p(OE T3z, ol So FAH FAE ol &3t
4109 dHEES FAHLE = & £ T

3. A =49

Asg v Hristy] Al F
A% v Ay dYgEFg u=gd £
g e g 2o

1) =AAY : Max. excess delay=2.3[sec), §= 0.3

2) mHA Y : Max. excess delay=03[sec], §= 1
ada dYgEE 1.25M, 2.5M, SME, 10MkS] W] B8
ne @t

A(6)S ol 8o SE FXHoz HAANA F Mg
#7494 gsiX CDMA AEE9 p(S)E Fitd 2 2
#2 [29 118 [2¥ 2] =AEEY. 283 M2
T2 #7 oA HE 288 FAHog Aistd
(29 313 (2@ 419 =Asach

Mo e Ad @
el Aol

0.016
p(s)
0.014

... [T0MHz, 24ih-MRC }
Vel

0.012F

001 o "} [1-25Mrz, 3rd-MRC]
0008} 0 A O~ D

o 05 ‘1 1. 2 25 3
Strength of signal

(29 1] =AY e dfgE A 299 pdf

0.018
p(S) ‘
0,014 oo SO SO

ooz [ T0MHz, 4th-MRG |

oot Lo b 3

{1.25MHiz, one-branch
B,

0.008

0.006 F P,

oot M

0.002

o 05 1 1‘45 2 25 3
Strength of signal

(29 2] ReA Gl A thg HYF A2F9 pdf

—34 ~



W-CDMA %9 3AH 54 Ud 84 2dd 3§ A7

%
E,/N,(dB)

(29 4] 2AAGA HAEZ Wil B HELS

4, 59 FTAR 5 & 583
2d

ASAA AGgEZ e Wsle] B8 Fal Ao TAH
B 4 AL H5S vm FsEd. 28y 2
e oS Bdg Aol 7R, B Ao 28
gt wd F83Q BdE o] &3ty F4 AFY B
AXE FELCHE, oy 4 AZE AAEA g3
47 CDMA A 2"59 4% F7HE o8 £ g A
o},

FARR FA A3 FAH EANE TAANAA
olzREH F4A Uz 3y Rdg WHE F Yu.
o] #8873 RdY BFHE AZIHI Q8 NIE
0.999] Chi~square HAEE o] &3t} Chi-square )
ZEE 7 HF H2EZFY dUH 40DH 2o
Aearhio] ’

b

>

_ (ki— mi)2
q= 21———% an

FAHog LAY TAAE 4¥HEY, ol EA
o] Rayleigh ¥, offset-Rician ¥, offset-Maxwell
X9 fARE EAHE HYS ¢ & o &,
Rayleigh #X& AlZA9 gdig CDMAY AHA¥ sz,
Rician 2X¥ EAXY ¥AY CDMAS Hgsd,
offset-Rician¥} offset-Maxwell ¥ X+ FdY CDMA
o gL ¢ & At

(28 118 (29 218 A49Ed AZHY 727}
Rayleigh Y+ Rician ¥ 9 UX)8tx] @&r] wio 3
1Y CDMAE $3) ols} & ¥¥HE Maxwell BE
g A48,

Maxwell £¥+ AR%E 3% Chi £¥9 =43
2 A(12)s} ol Aydr)

£l =VeTrate ™ Ux) (12)

[E 117 [E 2]= Chi-square H|2EE wEaie 5
7oA dgFe 0 484 pdf Bdg Ry Fr}
ol Rdle oy A¥gor AF3 HJuh

A K-factor: deterministic 4% 33} Rician
XY g9 vjgoth

Riclan X9 K-factort 21(13)3} 2},

.,.,
ol

_ AL
K(dR) = 10 log 207 (dB) 13)

4e T e 59 FeAG dgHse FE ¥
Arelm, A*& noncentrality TEHWEE  A=mi+mi
2 ZFddd 97N mF mee SYHol F A9 7}
AR HY W ZHZhe] Hyojrth

o] AdE Maxwell 2E) RE3IA K-factor:s A
(1302 B8, A=nit+mi+miol my, m, my
€ SEAA A AY AAARE dY Wy A HE
o]t}

(& 1] E4499 4% EAAY S84 v
=49

BW XY |Offset| K-factor | Mean | var

L25MHz{ Rician 0091 -5dB | 091 | 017

25MHz } Maxwell | 016 | -5dB | 094 | 0.11

5MHz | Maxwell | 0.33 | 05dB | 0.97 | 0.06

0.98 1 0.04 }

L

10MHz | Maxwell | 042 | 32dB

¢ FAHoz dAY 2de) wE &y
BrAA AMAF FEA 2ol HE &L M B
7Aete) (29 519 [2F 6lo) EAEYCL

—-35-



99 £ ABBT T8 H I HLBMAE XK F28 H1% 96

(% 2] SUAYY A5 AN $844 2y
2AY

BW 2 ¥ 86 [Offset| K-factor | Mean| var

1.25MHz| Rayleigh : : 089 | 0.21

25MHz | Rayleigh | - - |oso oz

5MHz Rician 0.06 -6dB | 0.90 | 0.19

10MHz | Maxwell | 011 | -4dB | 0.94 | 0.12

0000 : Mathematical model
imerically generated

(28 5] B4 A9 FXHeo=
Z mde] BER ¥

A4Y 2Y3 58

0000 : Mathematical model
—— Numencallyqanom(ad

10

L
[ 5 10 15 P s 0
Ea/Nn B,

(23 6] NZ A9 FA7e2 44d Zdn 5
7 mde| BER |

5. 4 &

2 ?‘;-‘r‘ﬂl*‘lr‘:— F9q CDMA 39 FAH

=4
& 99T & e Sy 2de AVIIT. 2
a9 "111 44%9 CDMA d2¢) EAHY SHEL
FAHoZ WANA )% MR £844 2dg o
Ast .

olgd 84 pdf Rde EAAYH ARGl A
9 N2 be v A dgZe Ze A2 nsA

.L?E

AR o o] A& Rayleigh, Rician, Maxwell X
2 yehdd. o9 AFE A JFEsh 099U
Chi-square HZE g Faatgrt.
w3 487 mde HE 288 Fid FXHeR
wad 2de HE 287 wuidyct o di B
AFoA AL £ Bdy £XHoz TN
o 2do] & REHUSS FIE + AT
metd B AP AU £8H mdd Fgy
CDMA #13 &9 EA4 £4¢ HAE3 24T + A
o B £X7H AdH AL EEFHLE 9
7HEA CDMA Al2de] 35e 3718 F s &
Ae ATY F Y& Ao y|gdn.

AnE5d

(11 T. Ojanpera and R. Prasad, “Wideband CDMA
for  third generation mobile communications”,
Artech House Boston London, 1998.

[2] Cheol-Sung Kim and Hoon Jeong, “Comparison
W-CDMA and N-CDMA systems over wideband
Rayleigh channel”, Proc. of PIMRC99.

[31 T. Eng and L. B. Milstein, “Comparison of
hybrid FDMA/CDMA system in Frequency
selective Rayleigh fading”, IEEE J-SAC. Vol
JSAC-12, No. 5, pp 938-951, June 1994.

(4] G. L. Turin et al, “A statistical model of urban
radio propagation”, IEEE Trans. Veh. Technol,
Vol VT-21, pp. 1-9, Feb, 1972.

[5] H. Suzuki, “A statistical model for urban radio
propagation® ,JEEE Trans. Commun., Vol COM-25,
No. 7, pp. 673-680. July, 1997.

[6] T. S. Rappaport, “Wireless Communication”,
Prentice —hall, 1996.

[7]1 M. B. Pursley, “Performance evaluation for phase
coded spread spectrum
communication -Part I : System Analysis®, IEEE
Trans. Commun. Vol. COM-25, pp. 795-799, Aug,
1977.

{81 R. L. Pickholtz, D. L. Schilling and L. B.
Milstein, “Theory of spread spectrum communica
-tions A Tutorial“, IEEE Trans. Commun., Vol
COM-30, pp. 855-884, May 1982.

[9] Alberto Leon-Garcia, “Probability and Random
Processes for Electrical Engineering®, Second
Edition, Addison-Wesley, 1994.

multiple  access

£ EEe AuEARM AUshe gurzdT
qadges +a8 A%e 2P

-36-—



