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ABSTRACT

In this paper presented the estimation of Erlang capacity of a cellular CDMA system with
imperfect power control over a rayleigh fading channel. The imperfect of power control is
modeled by lognormal random variable. Standard deviation of this random variable is dependent
on mobile velocity and number of resolvable path of RAKE reciever. In addition to voice activity
detection (VAD) for improve the system capacity is considered. Numerical results show that,

voice activity can be improve system capacity.
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Lognormal Distribution
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x(t)=x1(t)+xQ(t)

g

x, ()= IZV:Ai cos(a)d cos(@i )t+¢,. )

i=l

X, ()= %Ai sin((od cos(@i )t+¢i )
i

A a oy A4 o ¥ Ao a =
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p(x, X0 ): P(xz )P(XQ)

= exp| — ——-—~2— (2.29)
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r(t):\/xl(t)z‘l‘xQ(t)z (2.30)
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e(t)=tan xl(t)

xo (1)

(2.31)

wasudaulsnsian x, (1), x, () Weglugr(s), (1) o213
x,(t)=r(t)cos(0) uns xQ(t):“-r(t)sin(ﬁ)

] ] ] 4 4
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ax, 6xQ

OV i
=

&, Ox,

20 80

9. cos(@) —rsin(8)
~ sin(@)  rcos(0)

=r (2.32)

] 1 U ot oy 9 oo = 3 £'4
mamutuanulziuswRinsnszounsen leoldnsudasfinadeia i

WAATIYNIN jacobian[3] Al

p(rn0)=lp, . (r)
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¥ r
= 5 €Xp ) (2.33)
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p(r)=—Fexp| —; (2:34)
o 20
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1
p(0)=— (2.35)
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Rayleigh distribution
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& o y a .
¥ N, fo dynasuniuiisanngaumgil (Thermal noise)

W fi uuuaInueersadyann

I vS +v .S +.+v, S
=11 2 2 NNiNw (4.2)
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/4 w

b4
1, A8 seAuanumunivanaadumdlumsuidumsnasaninua mmsueialadia

l& L o o G’I’ Q‘l‘ = =y \ o
IR, ¥4 R, fin oas1diadoya Asiumsunsnaeananuaiiysunamiiy

1w =V151 +v,S8, +..+v, S, +N W
IORb IORb
4 E E E,,  NW

b 2 bN
=V, ——’—+v2L+...vN +
I

0 IO Rb

=Z+——=Z+n— (4.32)
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N 74
Z=2v.p, =—(1—7) (4.3b)

i=1 Rb

(4.3¢c)
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z—E[z] z —E[Z]

Pr m> W (4.6a)

ZPr(Z>ZO ):

hlocking

Z,—E[Z]

i —— (4.6b)
A/ Var[ Z ]

A 4o a At
Q. () Ao MNFUMINITNIMIUINLALAUABNNANUMITNUAUNDY

1 L ’ e A o
whfugud nazanunlsdsaunidunils ugilvesduls z

E[z] #odundovesdius z

:Qz

&
¥

2.

Var( Z) fe sanuualsdsauvesdunls z

MSUNSNABANNATAYDY Z ABNATINVBIRMUTFUT NI N A2

E B E
e N e o
{ I i
o o o
=y, p,tV,p, T.+V,p, 4.7)

msiansunsnsznvvesndunaasddedyanunsuld Wodalunilsediua (Decibel: dB)
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=m,, tp,X (4.8)
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(’”.m +0 4 )
] 10

= [exp(ln 10)

=exp(ﬂmd8 + 80, ) (4.9)

In10
4 ,B=-———( )
10

o [ Y
Tuszuumawqra Z Usznoudiodldninnelumaduaz§l¥nnwaanisuen 1n[1] iy

N N
Z= ZVipsi +ZVI.,0

i=] =l

(4.10)

of

=079

& @ - a J d
B9 psi 9 wasnunnavumoluwad
Yo,

(Y A a J Jd
B NANTUNNAVUMNYUBALYAD

3n

ot

4 s 1 o I's '
iieanin z dudunlsqunndenuesuea masmues Z wldn

Z=v,p,tv,p,t. .tv,p,
=V exp(ﬂ(mdB T PpX, ))+V2 exp(ﬁ(mdB T PuX, ))

+VN exp(ﬁ(mdB +O'dBXN )) (11a)
aals Z M ludszanannuinztuvesnisaada fe
Rm, +0o v X fulsimdidou (11b)

zexp(ﬂ(mN +o, X)) fulsdenuesuen  (11c)



45

J <
4.3.1 M3UINUANUYPBDIUBVINE
1 = a 1 o Yo 9q Y Y YT @ o
wiaumdovosdulsgu z  Tasmsdmualdswaudldndnnlisesdyauims
9 @ =t - 3
nszawuuvilidae (Poisson distribution) wazmsadedygianioslinsnssnouuuiueiya

3 (Bernoulli distribution) 33msmiannas ldefurelullee 1d

N N
E[z]=E| Zv,p_ |TE| Zv,p,
i=1 i=
A - 5 A 1 5, 5
=—Vexp| fmy+—f 0 |t f—Vexp| fm,, T 0 |@412
H NN H 2 °

Mfdsasunivesla
N N
2 p N7 NG
E[Z ]=E Y e, ) B o)
i=1 1 Si i=l 1 ol

==’ exp(ZﬂmdB -l-ZﬂZO'S2 f—V2 exp(2ﬂmd8 +2,320'3 )(4.13)
H H

v s d A
tazanuilslsiues z 1”ﬂ5mﬂﬁ‘lﬂ"]£‘5aa fi9

N N
Var(Z) =Var 2v.p, |tVar| Zv.p,

i=1 i=l1
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2{ -
Z—exp(ZﬂmdB Vzexp(Z,BZO‘Z)—Vzexp(Z,BZO'Z)
y N N

2 2] _
—f Vzexp(2ﬂ20' )*Vzexp(2ﬂ20'2) (4.14)
(2] [o]

o 1 P d = 1
rundsazanuulssmnlszinannuguoumdanaums  @.11) dmquimsdig

f,mt‘fnma (Central Limit Theorem: CLT) wld

Qz(x)zQ(x)=ﬁfoexp(t%) dt (4.15)

} 4
o e o 4 ]
autumsiszansuuumdszdssgiulsussvea 12189
p=pi{z>z}

zPr{mN +0'NX>ZO}

o z,—E[ 7]
=Q| —(/—m———— (4.16)

’ MVar(Z)

wnuaumsauRdouazaumaulsUsiuadluaunsi (4.16) s ldauyeesuasves
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° U 3 Y ' [ 4
fmualdnumdouazanulsysmves z dudulsquuoudenusiuea vin[1] Ao

§:exp(’"~ toy ) (4.17)

AUNTUY0Y Z AD

1
E[§]=exp(mN +—O']2V) (4.18)
2

uazanuulsdsiuves z fio

ol 2 2
Var(Z) ——exp(Zm v to, ){exp(O‘N )-1} (4.19)

fimuald E@)=E(&) uag Var(z)=Var(£)

1 A
exp(mN +'2“O';) —Vexp(ﬁm T3 ,B o )
7,

A
SRSy Vexp(ﬁm 1+ O') (4.20)
U

uag

exp(Zm +o ){exp ;—1}

r

——exp(ZﬁmdB Vzexp(2ﬂ20's2 )——172 exp(Z,BZO'f)

.

2 — 2
—fqV exp(ZﬁZO' )—vzexp(ZﬂZO' ) (4.21)
o o
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0'2 =lIn A(B—C f)
! .D(E+G F)2
&
A= iexp(Z,BmdB )
7

B=<v" exp(2,320'2 )‘172 exp(2,520'2 )
S S

g P exp(2ﬂ20'2 )*172 exp(2,520'
o

2
— 2

A
D= —= v
Y7,

% LS
E—exp(ﬂmdB +-p 0 )
2 N

A 1 5, 5
G=—Vexp| pm,+—f o
H 2 °

3 - b 4
AURTYUDI Z 'ilzulﬂ

m, =In| —Vexp| fm_  , +—p o
u 2
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(4.22a)

(4.22b)

(4.22¢)

(4.22d)

(4.22¢)

(4.221)

(4.22g)
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+f—Vexp| fmp+-p o0 |——O (4.23)
U 2 °) 2 ¥

=1 o 9 o 1 o o 9t
msUssunauuudenuesuealidiusquasnussuoase lén
P, =Pr {Z >Z, }

=priewp(p(m, +0,x))>2}

/8 m(z0 )—E[Z]
5 dVar(Z)

a o @ o o
MNANNTS(4.24) nz‘lﬁ'ﬂ'smqmai'uawmsznu%ﬂmmaunnmsimmﬂ‘uiﬂuma (DS-CDMA)

(4.24)
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ABSTRACT

This paper presents the evaluation of outage
probability in reverse link cellular CDMA system
with imperfect power control. Base on using
Gaussian and lognormal respectively. Imperfect in
power control is modeled as a lognormal random
variable. Standard deviation at this variable is
dependent on mobile velocity and of whether or not
the mobile is communicating with the base station
where the power is measured. In addition, voice
activity, v and active user simultaneous, N are
considered. The Erlang capacity is analyzed
according to the approximation method.

1. INTRODUCTION

In the wireless mobile cellular communication
system, code division multiple access (CDMA)
system is essential, which closely related to traffic
characteristics, radio propagation, power control
and other factors. Power control system is
important for improving the capacity of
communication under fading  environment.
However, power control system has error occur can
be reduce number of user simultaneous access the
channel.

In 2 CDMA cellular system, probability of
blocking occurs when interference level reaches a
predetermined value above the background noise
level [1]. Blocking probability is equal to a certain
value 1% or 2%. Gaussian and lognormal
approximation is used from [2]. In this paper, we
evaluation blocking probability by including voice
activity.

2. SYSTEM MODEL

Reverse link channel at a multicell power
controlled CDMA system is considered. Owing to
in practical system perfect power control cannot be
achieved, power levels received from each user
suffer a deviation from the mean value. We will be
model the power level received in a base station
from each mobile with a lognormal random
variable. The mean power level is a function of the
communication environment, [3], and is adjusted by
the power control mechanism. In fading channel the
standard deviation is a function of the mobile
velocity, number of resolvable paths and the
whether the mobile communicating with base

station where the power is measured or with other
base station in the system [4]

We will employ the results obtained by Hasham
and Sousa[4] to ihe model the effect of
imperfection in power control. These result are
presented in Table 1, where it is show standard
deviation, measured in dB, of the received signal
from user communicating with the desire base
station, ogor with another base station, o,.

Results are presented for different mobile velocity
and different number of resolvable paths.

M=2 M=3 M=4

KX"‘ o, |o,| o5 o, |05 | %
dB |dB |{dB |{dB |dB | dB
5 |035] 49 ]0.33[3.90 ]0.31 [3.10
20 | 1.40 |4.40 [0.94 [|3.67 {0.60 [2.93
40 [ 220 [3.41 |1.75 [3.25 |1.25 [2.48

Table 1. Standard deviation determined from log-
normal fitting of signal power after power
control for a user communicating with the
desired base station and a user
communicating with a different base
station.

3. PROBABILITY OF OUTAGE
An outage for the CDMA reverse link was
defined to occur when the total collection of users
introduce an amount of interference density, Io, that
exceeds the background noise, N,, by an amount
1/m0. For a single cell system this can be written as

N w
Z=% pi>—1- 1
L pi> R( 70) (1)

When N is the number of users transmitting in
the considered time slot, W/Rb is the processing
gain, p; = Ep; / Ngis the received energy per bit
to total interference density ratio for user I and
ng =Ng /Ipis a parameter indicating the
loading of the system. Propagation measurement in
general indicates that the received signal powers,
when expressed in dB units, are nearly Guassian.
Therefore the p;, when measured in dB units, are
close to have a Gaussian probability distribution
with mean 777, and standard deviation o;. Hence,

the random variable p;, when measured in watts is
lonormal in term of mean and variance as:
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Elpil=e S 2)

2
Var(p;) = e2Pmi*F"ei (eﬂ of _ 1) (3)

Where g = (/n10)/ 10
Our objective is to compute the probability of
outage of a CDMA system, when is given by:

Pout_P(Z>ZO =-li/-Xo) 4)

Where Xo=1-1, is defined as the load factor and
is used to measure the network congestion. When
the system is fully loaded the load factor is one.

Since Z is a random sum of N lognormal random
variables for a single cell system, which we assume
independent, its probability density function cannot
be computed in close form and hence we outline
two approximations to evaluate the outage
probability. The first one assumes that Z is a
Gaussian random variable by applying the Central
Limit Theorem. The second assumes Z to be
lognormally distributed. In multicell system, we
calculate the mean and variance of Z as:

E[Z]=I_§JE[P$,]+E:E[P0,] )

Var(Z) = igl Var(psl )+ gj Var(po, ) ()

Where
variables representing the ratio £p; / I received

due to users causing intracell and intercell
interference respectively, and consequently have
different standard deviations.

To evaluate blocking probability, we must
determine the distribution function of random
variable Z which in turn depend on the random
variables v , N and p; representing voice activity,

number of user in a cell and Eby/lo of any user,
respectively. We assume that mobile call on with

probability 1- p since N is Poisson distribution is

pgand  pgiare lognormal  random

given by
A

N _Z

i

px = pr(N activeuser / cell
Aand y are arrival and service rate

3.1Gaussian Approximation

Since Z is a sum of random variable which will
be a gaussian assumption the mean and variance of
a gaussian random variable. Using (2), (3), (4), (5)
v and N we obtain

E[z]= EW)EW)E(o))
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12 2 2.2
= 2 epmds ezﬂ " ife? ﬁ % (8
U
Vaf(Z) - ZﬂmdBK eZ,B o? _ -—zep a,)

7
. f(v—zez po; _g2ehios )} 9

And the outage probability can easily be found
to be

Z-E\Z
Pout = Q(Wéy)) (10)
where
¢?
olx) = 252
T x

3.2 Lognormal Approximation

Under the lognormal assumtion, the mean and
variance of Z are identified as the mean and

variance of a lognormal random variable ¢, where

my +ia;}
E()=e " 2 (11)
Var(¢) = 2 +on (e"'z' - 1) (12)

By setting £(2)= E(¢)and Var(Z)=Var(¢),
where mean and variance of Z are given in (11),

(12) and, we obtain
i eﬁmds(e;pz +fe iﬂz"‘z’J _ e’"”*%"’z‘
Y7,
(13)

A Y 2 V4 _ 2 2
_ezme{vzezpa, _y2e’ a,)+
y7i

f (762”2"3 _ylefi )}: @3k (e"'z' - 1)
(19

Solving for myand 0';, , we obtain:

5 28242 2.2 3 28252 2,2
(vzezp o} ;208 "')+/(v"e"" ol ;208 o.)

of =i 5 +1
1'2 ez" d‘ f}pz l
u
(15)
1.2 2 1.2 2
=p‘o =pc
my =In A Gepma| g2" % g2 7
)7
1 >
-—=0 16,
SN (16)



Now the outage probability can be computed as

nZp-
Pout = 0[—”—‘;;@) (17)

4.Numerical Result

In Fig.1 and Fig.2 shows blocking probability
for difference mobile velocity’ when number of
branch at RAKE receiver, M=2 and load factor X,
is 0.9 standard deviation value of the received
power from mobiles in the desire and in other base
station has been taken from Table 1. For user
moving at 5, 20 and 40 Km/h and assume that Eb/lo
ratio of 7 dB [3] we show the Erlang Capacity for
M= 1, 2 and 3. Erlang capacity is increase as the
mobile ‘s velocity increase and difference of erlang
capacity between mobile’s velocity is diminishing
when number of resolvable path increase. Gaussian
approximation is higher the capacity than
lognormal approximation. In Fig. 3 we show both
Gaussian and lognormal approximation at mobile’s
velocity 5. 20 and 40 Km/h. The same blocking
probability Gaussian approximation have higher
Erlang capacity than lognormal approximation each
mobile’s velocity. In Fig.4 velocity of mobile at v =
5 Km/h, M=2, loading factor X, = 1, 0.9 and 0.75
loading factor at large value give the Erlang
capacity above small. In Fig. 5 we assume that
number of resolvable paths M=2, v=5 Km/h. We
given signal power in the consider cell at the base
station with standard deviation g,=0 and also

power .other cell 0,=0, o¢ =0, = 0.35 and

0, =0.35, o5 =0.49 respectively. We obtain Erlang

capacity for perfect, imperfect power control and
the error of received signal is function of whether
or not mobiles are communicating with desire base
station respectively. Difference between perfect and
imperfect power control is little at the same
standard deviation.

5. CONCLUSIONS

The analysis of outage probability in reverse link
cellular CDMA system with imperfect power
control over Rayleigh fading channel, using the
Gaussian and lognormal approximation. Numerical
result show that the number of resolvable path,
mobile velocity and load factor increase also Erlang
capacity increase. Erlang capacity decreases while
voice activity increase. The important results is
that, standard deviation of the received power level
from user communicating with desire base station
and other base station are effective in system. It has
also been observed that the Erlang capacity from
the Gaussian approximation is above more than that
from lognormal.

. Gaussian Approximation

Vo3 Kmik
-V ® 20 K
eV » 40 Kmrh

Bbekirg Probebilty

Fig.1 Influence of velocity on blocking probability
,Number of resolvable path M=1, 2 and 3
load factor = 0.9(Gaussian approximation)

Log-NormalA pproximation

.-V ; Km/n
—— V * 20 X
—— V' 40 Kenib
; w"
X
&
!
2.
0 |
7}
S / // //
w0’ 1’ s / N /
° s 1 15 20

Fig.2 Influence of velocity on blocking probability,
Number of resolvable path M=1, 2 and 3,
Load factor = 0.9 (Lognormal approximation)
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Fig. 3 Influence of velocity on blocking probability,
Number of resolvable path M=2,
Load factor = 0.9 (both Gaussian and
Lognormal approximation)
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o(—z)=1—0(>=) (60)

1
0(0)=— (78)
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s a @ P v a o o
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l-i' ' so a
MTNN 10 A199IN9NTUA

Z 0(2) Z 0(2)
0.0 0.50000 2.0 0.02275
0.1 0.46017 2.1 0.01786
0.2 0.42074 22 0.013%0
0.3 0.38209 23 0.01072
0.4 0.34458 24 0.00820
0.5 0.30854 25 0.00621
0.6 0.27425 2.6 0.00466
0.7 0.24196 2.7 0.00347
0.8 0.21186 2.8 0.00256
0.9 0.18406 2.9 0.00187
1.0 0.15866 3.0 0.00135
1.1 0.13567 3.1 0.00097
1.2 0.11507 3.2 0.00069
1.3 0.09680 33 0.00048
14 0.08076 34 0.00034
1.5 0.06681 3.5 0.00023
1.6 0.05480 3.6 0.00016
1.7 0.04457 3.7 0.00011
1.8 0.03593 3.8 0.00007
1.9 0.02872 3.9 0.00005
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g' 0 (o':
M1 2A UEAINIVDININYY erf

z erfc(z) z erf(z)
0.1 0.11246 1.6 0.97635
0.2 0.22270 1.7 0.98379
0.3 0.32863 1.8 0.98909
0.4 0.24839 1.9 0.99279
0.5 0.52049 2.0 0.99532
0.6 0.60385 2.1 0.99702
0.7 0.67780 2.2 0.99814
0.8 0.74210 2.3 0.99885
0.9 0.79691 24 0.99931
1.0 0.84270 2.5 0.99959
1.1 0.88021 2.6 0.99976
1.2 0.91031 2.7 0.99987
1.3 0.93401 2.8 0.99993
14 0.95228 29 0.99996
1.5 0.96611 3.0 0.99998
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