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Abstract
In this paper, a scheme to evaluate the number of users in a WCDMA supporting multi-rate traffic is
presented through the calculations of Erlang capacity from a derived blocking probability. It is observed that
voice-data Frlang capacities have an inverse linear relationship. When the F,/ N, decreases from 4 dB to 3 dB

within the outage probability of 2 % and at the voice rate of 8 kbps, the results show an increase of 8 Erlang at
the data rates of 15 kbps, 4 Erlang at 30 kbps, 2 Erlang at 60 kbps, and 1 Erlang at 120 kbps respectively and
an increase of the FErlang capacities through a gradual decrease of the data rates from 960 kbps to 15 kbps.
So this is useful for optimizing as a reference of design for the capacity in a WCDMA system.

1. M

UAE CDMA 71&& AEet o554l AgE dAje]
A 9159 MHI2E AFBRE Alz'lolA Bloju A4
A3 149 dHeolEE ?'57711 HEH]T]o] dlojE] AH|
ERZ 3k Y ol5%4, 9olHE, DMB, WHE
Aoz Halzka ik

DS/CDMA AlzglolA Aes Wrlete A== A A
&%, Al 2] F2(Quality of Service, QoS), 4 AHIA,
AdEE 52 H83la, CDMA Al2Ele ts A 4]
oFoll 43| Aoks AxglolBR Ade] $E g f
SHolgt & 4 Juk AVFES 7T W= FEId A
24& QAT AR g7 TS 5 ke &

N
il 1:110 1:110

|
il

I‘Z
ao

7hetel Auagde dojmels AdE s BE
AgAs Y FAFIEE TR97] Wil FER Ee
3 Ad &2 AT B ARl A 5
At o= A= AGeIA Az FAS 583 o

AeH(soft blocking) &2 AHEES FITh Fole EE
of 71§ ZAE ol gdte] Ay JlEow A 3e
7Fe 2 nE AHESte] AzElolA kel o3 AR

st7F 28 o) Ad(blocking) &2 73t 714 A&
Fe Fabe Aot

FER 2] 5 oH Ao ARA ollA A FH)
£ @ F5EE W A s 9@1 A8
oF FAR dAR oA oA &3S FIHAT,
ol B¢ AgAlo|, Fold, A Oﬂﬁkol Hlge @
ARl 2o 13, B ATAE o] ZAHS M
At B AEA0), 5 EdY(call traffic, A UF

Aol olg el P ol o AUHEE AR
Eang §9€ AART. 53 $43% dold Anlss
ofe] =2 7PN 1402 ] A4 WCDMA ¢
W PN A8A 5o RE

utel 7h¢A R
(Gaussian) ¥ ZI1xH(log-normal) X0 oJ3) A

589 GEota, 7)A AT HlolEl AH| 2 td
dg &FS AN ?E,LQE/H WCDMA A|2Eloj|A A 247

A A B %L T 5 UL Aol

2. XctEtE0] offt SYot Clo|E] HZt B

WCDMA Alzdle] oulek gonde gutzoz &
A3 dloled] st AR = N I M| Hiro] A/ul
Fol& BEE o]R1 gy, 547 dolE 5§ &
MRl SeAEle §5FE Jeha glod, $ald
SIR # E & 594 AA AR Qlste] ZE AR} Al
2 O8 3 7 EXE o|F 1 & Asolghy, 24
3} vlofE ARgAbel] sl ol Ao 9 d & AMESIA

5Y A% O Ao &3 BE o)5Al o8 BaHE
AT % 1 F NARE NS WA et 2

o £8 & % Utk
- E) oy M Eim
Io - nzzvv‘n PG + Z Vi m

other — cells

N .
= v.n
(ZVenpe, 1

=

A7 R, £ i AA AgAel BE SaE ME

- 891 —



S| A BEAEES] 2009 FA1ETERE 3

AdA, v, v

|
dlo
2,

. 93 Holg]
PG, PG, & &A% Holg 45
# Aol WR,
S NE A Ree 27 e,

o A A}%z} ¥, BEE, AgA U A
1E U7} 25 dguselnz ol sl dgw

D I

A
T

ATt

N M €
= —uv.n d.m
nZZVM PG + szd‘m PGd

other — cells N e . M .
= (nzzllvv‘n PGU + Zlvd‘m PGd) (2)
N, v e, © A2 SHBA 7HpAE A}
W, B BeIA ST s 49 78 2
3}2 o|8a)4, WCDMA AlzEle] gl 4
T Z o W Bt 4 FEsH oest 2o

= WPy Bm, (B2 | YPy Bm,  (Bo)?2
E[Z]= PG, ¢ ‘e PG, ¢ ¢

©)

2 .
_CPy 2B, , 2(80)*

PGY

1 2 ZDm 2(Bo,)?
van Z et
7{ ] PGZ

“

ANM m,, my © =8 wlolE Az s Al
zdoN 8% E,/N, &, 0,0, © 8% Hol
Bl 2% thg SIR £FHUA, p, p, AT &

A3} Elolgel e Ha
3} dlolg Az g B
7z} etk

& A9 A}%z}%ﬂl o) 4 ﬂ fé}% e o
T AoA H+
Az g 72t ﬁrv A 2 Eéﬁl?% a
7t A9 §le Aoz Jhgdnd 1+ WY 9] F
7}gtet,

A &S T S AdSE % Hﬂ Bk
2 AR 7 A A BOx =
gk, WA AREAF $7F B o%fﬂlf AR 7H-A1RE
TE AHEIA Feke o] EldEitPl mA AR
=2 WCDMA Al2"loll A 7H¢-A19F E3of| 03]
T Atk Z = AdEWesd felu HISe

S

ox

a4 A, a0, © %

2458, BT Inl0/10 =

(central limit) BEE HELFOZA 719AIF WY W
HEL Z=myto,G B EE £ 305 Bef g
ol 01(EE 10 dB)RTH Zow AzEo] How
FH7e7F dgA Hol Atte] wAETY & £ Jrh
Blomel 4 (3), @E ol48lH AHSES Thd o
¥ 2tk

Pout =P,[Z>K] =P7[mM+oMG>K]

_  K—EZ

AR Qe A [Te a1, AR AR

n (=N,/I)°l o8l Ade] 71Ee® K=1—n< A
£3t9t.
S8 A & B} g B WCDMA Al2E
9 BEXoj o3 eSS Il zax
AIHFE 7 = omt06 07 FHHY, 259
Al Y o] 3 Had Bae kA Agus
o gk X BAZEH ZuEd [4)oA Al
NE e 22 FHYE o) &d) A T 5 QU

m'=E[Z] = E[Z] —éo' ©)
= M= Varl Z
0 =varlZ] = Il p 0 +1] ()

gebd 4 6, () olgHAN ABLEL FaE O
3} 2o,

P,,=Pr[Z>InK] = Prle” *° %> hK]

= QU nf=my ®

WCDMA A 2-Hl¢] dehgel AL 3 Az FAE A
Tzl AEG 4% dolrel td BE AR 5
2 AFeF p o p (= A/nE FolU AVYE p

3 94 Pl ojd HolE deaRe Tt o)
B,

()\/u)dlisectors: ()\/u)d| P (M), " 8 (11)

A7 6= 3 A A F2olA A ol5E Uehit

- 892 —



HE|To] o] EEA AlZElolA £

SE g-delE 45 SRR

s

3. &u

AT

J
=

AAeES P d X 10 TAY WCDMA A2 1)
ghE gs 247 Asila, AdstE e e a0
A Az FAS YA 2 % & sk, Bk dEAold
7A9E 1e B2UAE 15 dB 2 A, &4F Ho]
EIE A Mu2sieg Ao 348 8 kbps Avl 23t
A&l A &7t dolH AH|~E de WCDMA
A FAoA o4 of diolH EfgE dFEFoR
Atgi.,

[e5

>
2

1 WCDMA 1 d oM 18 8l dulsd i

1} 2} § 713 #
He = B 5 MHz
A% W 384 MHz
s | B8 R, 8 khps
B dole | R, |15 30, 60, 120 kbps
AapEA A4 u 4
73 5 dB
SR B || Eo N 0 d
dold | £,/N,| 3. 4 5 6dB
SIR =4 0
ol : 15 dB
EZAR] dold | o, 0 d
°x
%’%% =] Ao v, 04
H o] ] vy 1
U A A BA A g 0.77
e g P 2 %
SR n 0.1(10 dB)

I8 12 7P 8N (Variable Spreading Factor)
256, 128, 64, 32 o 3@k ElolEH &% 15, 30, 60,
120 kbpsd W =4 of HolH ¥%3< E,/N,=3 dB,
4 dBoIAM 749 B 2Ok BXZ o] bzt
et &4 o dolg EfFE AR o ¥
(inverse linear) #AIE o F1L Jth= A S, A
L2 7F 7FA ExY gyl 2axd BE A
Soll w05 dFelA 1 9F o B 222 Yy
AGEE 2 pAA Aozt ME YIUTh 4 50 €7
o2 Aulad o /N =4 dBolAM 3 dBE Yolx:=
7% dlolg &= 15, 30, 60, 120 kbps¥ w 72t 8 o
4 99,2 99, 1 434 S71sksTh dole &=t
2 18 37 & wjuict Agjol5ol 2 vy FAstRE A7
gefo] A ZAgithe A I 4 Ytk

voice versus data Erlang at varius data traffics in B =2 %

A . ! ! ! vmcezlﬁkhéos,EbeMdB
Seob b T R

% ‘ ‘

45 PE=aAR L atasd Dl
“BF=25date=tGhlps)

AR ‘

- fGausswaﬁ,EhﬂNFde
log-normal Eb/No=3dB

........
7

Traffic of data users per sectar(Erlang)

0 | L] 60 80 100 120 140 160
Traffic of voice users per sector(Erlang)

a9 1. E,/N,=3 dB, 4 dBellAl 15, 30, 60, 120
kbps® o &4 47 o) doly 47 &%

a4 2% 32 E,/N,=5 dB¥ w WCDMA UTRA
-FDD Al 2’loll A AMEaHE VSE 3t 4 oA 256 Abolel
<4 o dolH ¥473&F #AE YT 8 kbps
+4 AMHIZelA 50 EFA A, vlolE Aua&ET)
15, 30, 60, 120, 240, 480, 960 kbps¥ W 7}-$-A¢k &
ZollA A7} 23 4, 86 ¥F, 35 ¥, 24 ¥, 092
d%, 03 4%, 016 PO HolE £E71 2 Y
7t gtk Aol 5ol FaForA AKdAM 1
&9 ©HolE AH|27bA] dEgFo] Awty A

© A 4T F Ao

voice Erlang versus data Evlang in P, = 2%
1 T T

hoice = Btps, EBNe 53

b
o

BN :
@ data = Eb/o 5dB

\ ¥ Gaussian

SF=256{data=15Kbps)

[
=

(T“\\ t =0~ log-namal

ioF

N

! N
\é“\‘é\\\ SF=iZB(data=Sth;:;)\\f‘

=

w

Traffic of data users per sector{Erlang)

22}

Traffic of voice users per sectar(Erlang)

a9 2. E,/N,=5 dBellA 15, 30, 60 kbps¥
A I ol Holy 38

— 893 —



S| A R EAIEE] 2009 FAFT T3]

voice Erang versus data Erlang in Pm =2%
35 T T

voice= Bkbps, EbilNo BB

‘s : data EbiND = 548
25 S N D -apeeti=360- 400 240 120 k]
o SF=4, 8, 16, 2

b logenomal |

,,,,,,

i =¥ Gaussian

Traffic of data users per sector (Erlang)

0 a0 100 150
Traffic of vaice users per sector (Erlang)

3% 3. E,/N,=5 dBolA 120, 240, 480, 960 kbps%
&4 L7 o HoH 4% 8%

% 4 8 kbps &4 AHIZGA E,/N,=5 dBOIA
15 kbps® © T A M B Agd) e g4 o
% o dlolel 9% §F WAES ehiich WCDMA

Azdle JdAHY g A2RE e d¥Fe wu
oo o A &Fo] AR = & Yot FaEd
[BlelA 543 oy Aulzd i 4 24 A
S 44 Adstdey 2 A7k fle AR gelH
qerz Frudis FERol A&sdd &4 A
204 50 Gl A, EQxE 3] Y= AT S ¢
d AY we B 99, ot Juoxd v 4 4, F A

7t AZE Mo 2 = 20 I o]tk

wnice versus data Erlang for correction factor in P, =2%
50

= T

™D e Bkbps Eh/NuSdE

! dafa= 45khps($F256) - (Gussian
N Ebeu dB Iog -nomal

“;\ N : zeta—D

N
smg\)e cell =

a\ mult- ce\\s

o
=]
@
Z
=N
nE
E]
%fi
EY
/
/

\ f
\N .
\ \N .
hard‘handuﬁ*’\ . \\#\\@K

i 20 10 B0 Wm0 4 1
Traflic of voice users per sector(Erlang)

o

Traffic of data users per sector(Erlang)
L= I
g b
/
/

=

a9 4 E,/N,=5 dBAIA 15 kbpsd ©f th5 4

4. 4 E
2 dFdAM e ALY $4F 159 HolErt 3
MU 25 WCDMA Al2"e] £ dgAod o
W FIoA AR o FEUF 23 wgol il
THEAQE EE 2axYW B ZAZ AW FES
FE3AT d71M AdEEC] 2 % S dECA 9
ol &= wE VSF #tell w2l 4 o diojg E
By S S8 dFEFS AMdEAT AEHA
A3 4 U vy EYYL MR o Ay IAE o|F
Atke Ao I, AzEloA B aste
§ 2 dlelHe &5 E, AYAA &4, ¢

TARA A, ASdE g 59 FHuEN &
H 4% §Fd FO3 93 v A
AT 4 AT o]9 AAEZE VSF e Adge upeh
glo] 5ol oJsf A&oA Ao o]2& UolE
AH|2E 3= WCDMA /\]z\aloﬂ/q A3 golE
A A dFEFE A AIEE W o
8 5 slew, 49 27 4AR A% ey 2AZ
olgd & & Aot

oXx of\ t S
L
=
dlo
ox
g

=
=,
©

l

o

2

[1] A. Golaup and H. Aghvami, “Reverse link Erlang
capacity of a W-CDMA system supporting voice
and WWW users,” IEEE VTC'01, vol. 2, pp. 605
-609, Oct. 2001.

[2] A. ]. Viterbi, et. al,: "Soft handoff extends CDMA
cell coverage and increase reverse link capacity",
IEEE ]. on Sel. Areas Comm., vol. 12 no. 8, pp.
892-900, Oct. 1994.

[3B] S. C Yang, CDMA RF System Engineering,
Artech House, 1998.

[4] S. C. Schwartz and Y. S. Yeh, "On the
distribution function and moments of power sums
with log-normal components," Bell System Tech.

J., vol. 61, no.7, pp. 1441-1462, Sept. 1992.

[5] Y. S. Kwon and N. Kim, “Capacity and cell
coverage based on calculation of the Erlang

WCDMA  system  with

multirate traffic,” IEICE Trans. communication,

vol. E87-B, no. 8, 2004.

capacity in a

— 894 —



