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In this paper we have modelled the behavior of the CDMA cell using clustered Poisson process. We have
found that when the RF dynamics of the cell is modelled using this two dimensional description of the user
arrival process, the size and the capacity of the cell are completely determined by the spatial traffic density
and stability arguments. This is much like provisioning a server in a queueing system. This paper is an
extension of the work presented in [8] by incorporating the idea of a clustered nature of customers in a cell.

1 INTRODUCTION This paper is intended to provide the infrastruc-
CDMA networks have recently seen a rapid growH'1jre to analyzg a CDMA cell. We.defme an outage
all over the world. The reason for this lies ir(I:ondltlon metric that can be used in the network de-

its technological advantages over second generatﬁfggig/r?gedsest.emﬁZo?nbi:yﬁggs?oit?ahgﬁccﬁlrlégzr('i)c/m(;

systems. However, since the newly rolled-out ndte _ A
works have often not yet reached their normal OH1_e customer population and the probabilistic nature

eration conditions, the effects of varying traffic Ioa8]c I}he rad!o tragsrrrlssul)ln. dl_)uebto these 'Sts)u‘;ﬁ! the
on coverage and capacity still need to be investe" capacity and the cell radius become probabilistic

gated. Additionallysoft capacityleads to a descrilo_quantities. It is therefore also necessary to define the
tion of the termcoveragethat differs from its con- coverage and the capacity in a probabilistic fashion.

ventional usage. Unlike conventional systems like AS the analysis of the capacity and coverage of

FDMA or TDMA, where coverage is purely deter? CDMA cell are crucial issues for network dimen-
’ oning, numerous work on this topic already exists.

mined by radio frequency (RF) aspects, the cell co?) p h | h it of b
erage in CDMA is extremely sensitive to the cud? first approach to analyze the capacity of a cell by

tomers that are supplied in the cell, modeling it asM /M /oo queue is performed in [9],
Due to the soft-capacity nature of CDMA ne,[\_/vhere equally loaded cells are assumed. An exten-
works, the coverage of a cell depends on several f8ion o that paper IS presented in [2]’_Wh'Ch also in-
udes a good overview on further traffic models. An-

tors: i) the transmission characteristics of the terra " dv that al it loadi
i) the dynamics of the power control procedure, ii|‘?t er study that also assumes a non-uniform loading

the desired quality of service in term of sustainabfg Ce”j IIS %lvenFLn _[3]' Here,(;[he numbglr of cuzt?mers.
interference level, and iv) the spatial customer distft MO eﬁ as 0'_55021 rau om \I/Ia_nahes an OC[_JE IS
bution and corresponding time-dependent custonll%'f]I on t e capacity ot a ot ce n t_ e center wit
traffic intensity. two tiers with less traffic surrounding it. We used re-

From previous studies it is known that the covciur[S from [8] as starting point in this study. In [8]

erage area of a CDMA cell is of aslastic nature, an equation for outage probability is developed that

cf. [8]: as the number of customers in the cell irlS conditioned on the number of currently supported

creases, the area of coverage may shrink. This eﬁgﬁtomgrs and their Iocathn. The approach n t_h's
indicates that the customer population andsjiatial paper differs from the previously mentioned studies

distribution has to be taken into account carefully iff! that the population of customers in the cell is con-

the context of CDMA network planning, especiall idered as a number governed by a two dimensional
)oisson process, cf. [1]. Recent publications, such

in the design of connection admission control (CA o _ .
and overload control algorithms. Looking e.g. at e [,7]’ |pd|cate .the growing importance of modeling
CAC, the impact of accepting new calls is that thoé@ﬁ;:f with qutlal cIusFeré)rocefsies. . q

at the fringe of the cell would face a deteriorating ser- 1 Nis paper is organized as follows. Section 2 de-

vice. Therefore both, coverage and capacity of a Cgﬁribes the CDMA network model that is examined.

need to be planned in such a way that all calls ﬁeshort derivation of the term for outage probabil-

sufficiently supplied, i.e. power-controlled accordin%ﬁy Is given. In Section 3 the rellatlo-n between CIU_S'
to the defined quality of service. er processes and traffic modeling is shown and in-

cluded in the network model. Numerical results are
!Dr. Jain was working with NORTEL Wireless Networks,prese_nted_ In Section 4, conclusions and an outlook
Richardson, TX, while this work was completed. are given in Section 5.
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2 NETWORK PARAMETER MODELING want to obtain value®,,;(x) and Py (k).
ASSUMPTIONS A term for outage probability just depending on

the location of the customer is useful for network
planning purposes, where the objective is to maintain
a P, (z) below a given threshold for all customers
within a coverage circle of radius in the cell. The
function P, (k) on the other hand can be used for
determining the maximum number of customers that
can be admitted to the network without exceeding a
maximum outage probability.

To ease the further reading of the paper we will in
Figure 1: CDMA cell withk supported calls the following summarize the derivation 6§ (z, k).

2.1 Outage Model for a Fixed Number of
We consider a cell in a CDMA network with a Customers

Base Transceiver Station (BTS) supporting a number .
( ) Supp g ’i‘i:n&der a case where the number of customers,

of calls (Fig. 1). At the observation instant there al . .
k calls to be supported and power-controlled in tHE °© the mterfere_nce characteristics O.f th? cell th_a !
cell. is being analyzed, is a constant. The objective of this
section is to estimate the probability of outage for a
activity bursts fixed number of customers. The model presented

i 7 here is along the lines presented in [3].

Figure 2: CDMA customer and call process 2.1.1 Outage Condition

call duration idle time

If we look at the customer at a point in the cell, let
) ) ) the distance of this customer from the transmitter be
We observe in particular a customem conver- ;. The transmit power (in dB-W) of the customer is
sation phase. This is the period of time, whengien in terms of his received powsrat the BS by
customer transmits an activity burst during his call.
These bursts are separated by idle phases, like iIIuséw“"ms =S5 +PL@)+ 2,
trated in Fig. 2. The probability that the customewhere Pl(z) is the path loss at distanaefrom the
gets an acceptable link quality is a function of tH8S (including antenna gains) aitlis a random vari-
distancez to the base station (BS) and the curreAP!® representing shadow fading. The path loss is
interference characteristics. The interference chargéya”y well modeled using Hata's model, [5]:
teristic is however not only depending on butis  PL(z) = K| + Kslog .

also a function of the distribution of calls currently.

supported in the cell. In the general modeling conteQEhe shadov(\; fadln_g varlazlﬁ IS WE.}”bTOdE.}tIEd asa
we consider the number of connections in cell to b§ - Mean aussian random variable with variance
random variable denoted by, which is governed by 72’ see [5]. As d|sggssed in [8] the probability of
a cluster process described in the next section. At f tert]gues'?ﬁg%gﬁg&lﬁ&%}gﬁ?&z :f[(ge d?(sjtsg maix' m
observation instank takes an instantaneous valug,. gTsis given by
denoted by (K = k).

We use as performance metric of the network £’(‘outage’) = P (S + PL(x) + Z > Smax) - )

an express?c')n for theignal outage prpbabilit,yi.e. The only quantity in Eqn. (1) that depends on the
the probability that a customer at distaneerom ,mper of customers in the cell & Thus, a rela-
the base station will require more than maximugiynship between coverage and number of customers

power to maintain a desired signal—to—interferen%emay be derived if we find the distribution fas a
ratio (SIR orE;/ Io). In the following, we will be us- ¢,nction of .

ing the terms outage and signal outage equivalently.
In the North American IS-95 system [6] this maxis .
mum transmit power is 200mW. In line with [8] Ietz'l'2 Outage Probability
this outage probability be defined &s,.(z, k). Our After giving the definition for the outage event, its
aim in this paper is to unconditioR,; (z, k) by uti- probability can be computed. All variables and nota-

lizing the properties of the spatial process, i.e. vilon are used in analogy to [8], especially the notation
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that for any power or signal—to—interference ratio Assuming thatS and Z are uncorrelated, we can
in dB, its transformation to linear space is denotdw®nce rewrite Eqn. (1) as:

by x = 1075,
The SIR¢; for the j-th customer atthe BS may be p (. 1) — ¢ (Smax —PL(z) — ms(k)) (@)
; 3 ~ out ) - 5 >
expressed in terms of the received powgfsof the Vog(k)+oz
various customers as:
35 Eqgn. (4) yields the probability of an outage as
gj=— 8 function of the distance of the customer from the base
S US4 N+ 1 station and the number of customers that are supplied
i#] in this cell. However, it is desired to have a term that

Here,v; is the voice activity factor of thg-th call, as is unconditional of the second parameter, i.e. making
described above, cf. (Fig. 2). The variables} are Poui(+) a function of onlyz or k. Considering the
modeled as independent Bernoulli random variabI%%agﬁspﬁgeé\;idfgmn;%St(()n;e;;‘t distandem
that take the valua with probability p. R denotes ’ outi®) &5-

the information bit rate in bits per second aid is _ k calls in cel

the system bandwidth in Hz. The total interference Four(2) = zkzp‘m(m’k) P (vvith radiusz D ®)

in the denominator is added by the background noise

power spectral densiti¥, and the other-cell interfer- The derivation of the probability to havecustomers
ence density. in a cell based on a certain traffic behavior is done

with a spatial Poisson process and is described in

m(;r(;];ezjagg?rin q Vlgg?nb(lﬁﬁéliliét r%ﬁted, é\kn_dlo%r(\a/a [ection 3. In a similar fashion we will later describe:
ables. Since the required SIRis also log-normal, 0o radius of ce
e = 10log¢ is Gaussian with typical values for the P, (k) = /Pout(x;k) -P <with k user% dz (6)
mean and standard deviation of. = 7 dB and 5 is z
o. = 2.5 dB, cf. [9]. The meann, and second mo-
mentd; of the random variablé are:
me = exp ((ﬁ‘;)“) exp(fm.) 3 CDMA COVERAGE IN A CLUSTERED
ENVIRONMENT
de = exp (2(/605)2) exp(24m.)
where = In10, So far the randomness was only taken into account
The mean and the second momentSare then for the modeling of the transmission channel. The
derived as: equation for the probability of outage requires as pa-

rameters the number of customers in the cell and the

No + DHWme . .. .
mg (k) WE ot 1) (2) distance of the customer. Our aim is to uncondition
7 — Pk —1)m:

the outage probability of one of the parameters. By
5 modeling the location of the customers with a spatial
(((NO + D)W+ p(k = 1)mg)” - me%) % process, we can obtain a mathematical description of
(E)2 — p(k = 1): the customer distribution within the cell. We can then

R
N use the point process to characterize the relationship
Examination of Eqn. (2) shows thatcannot exceed between number and location of the customers. In

the value for which the denominator is zero. Thl%. . .
value is defined as theole capacity this paper we will deal with the most general case

of spatial point processes, the homogeneous Poisson
process, cf. [1].

d5(k) =

kpole = RTép + 1.
and can be interpreted as the limit on the numbglrl Spatial Traffic and Basic Relations
of customers a cell can support when the coverage
shrinks to zero. To estimate the coverage of CDMA cells in a network
Since S is log-normal,S is Gaussian. The mearplanning context, we consider in the following the
and variance of can easily be calculated in terms ofustomer population on a two-dimensional surface

mg anddg as given below: to constitute a spatial homogeneous Poisson process.
Thus, the distribution of the random variathé, of
ms(k) = 20log;o mg(k) — 5logq d5(k) calls on a surface with area is Poisson distributed
and as:
1 A)k
o2 (k) = 5 (101og105S(k) — 20log, mqg(k)) (3 P(Ka=k) - (Ak') v @

Proc. of NETWORKS 98, Sorrento, Italy, 18-23 Oct. 1998 — page 3



where) (in calls per knd) denotes the spatial traffic
intensity. The distribution of 4 given above is valid
at any arbitrary observation instant.

Based on this Poisson process assumption we now
consider a cell modeled by a circle with radi?s:.
One active call is assumed to be on the circle/and
connections are inside the circle, see also Fig. 1. The 2t
corresponding coverage areads = wRZ, where 0 ‘ ‘ ‘
both A and R are random variables. To give a pre- L P
cise mathematical description, we can define the ran- _ _ , ,
dom variableA as the surface of the smallest circlEi9ure 3: Density function of the cell radius for different number
containingk points. Due to the property of the spa- of calls
tial Poisson process, the size of the surfacis dis-
tributed according to an Erlang-distribution of order

10 20 30 number
of calls

cell radius density function
o
T

16 T
100

f =
s
k. §14 L
212
2 50
k—1 (/\y)z g101 traffic intenzsity
A(y) = P(A < y) =1 E o e~ é | X [calls/km?]
5 i! 3
1=0 = L
8

with the probability density function:

F

aly) = d () = AAy)kt e ° 2 . e e celllradius [krlrﬁ2
— |
dy (k—1)! Figure 4: Density function of the cell radius for different spatial
traffic intensity

It is more useful, however, to consider the radius
of the cell rather than its surface, as this can translate
directly to the distance between customer and b
station. The distribution of the radiug- can be de-%’s'(2 CDMA Cell Coverage

rived as Considering the two-dimensional customer traffic
b1 i process as discussed above, the coverage area of a
Re(z) =1— ()‘”_3" ) e A’ cell in a CDMA network will be estimated, where
i—0 the outage probability given in Eqn. (4) will be taken
as the criterion to define the boundary of a cell.
with the probability density function We can now get back to Egn. (5) and Egn. (6).
Az ! . With the_ Poisson process we now have.a mechanism
ro(x) = N e M (2m) (8) to describe the probability to havecalls in the cell

with radiusz and the probability that the radius of

With (8) we can now calculate the probability that wii'e cell withk calls isz. .
(8) P y First we look at a cell with radiu®- = z. The

have a cell radius of for a cell currently supporting probability to have: connections in the cell with ra-

k calls assuming an intensity af diusz is simply Poisson distributed, as shown in (7).
The following figures illustrate the shape of thghe overall unconditioned outage probability for this

curve ofr¢(z). Fig. 3 depicts the sensitivity of:(z) cell can then be derived &s:

on variations ofk. It shows that to support fewer 0o

calls, the mean cell radius is in general smaller thanp,,(z) = ZPM(Q:, k) -

for larger values ok, for a fixed traffic intensity of k=1

A = 50. The shape and variance of the curves stay ) o )
the same. The resulting outage probability in (9) is nhow no

In Fig. 4 the curve forc (z) is plotted with a fixed I_onger dependent on the num_ber of calls in the cell
value ofk = 20 and varying traffic intensities. It k€ Eqn. (4), but only on the distance from the base
indicates that for areas with high valuesiofe.g. ur- station and the intensity of the cluster process. This
ban or dense urban regions, the cell radius is mdtanslates to an assumed traffic value for the area of
clearly defined than for areas with lower intensit;t)?e cell. Therefore, it is enough to know the environ-
like the curve for\ = 10. The range of the radius isTent of the cell, such as urban or suburban, and map

here more than double the size comparedl t0 100. 2k the summation ovek, values forPo.:(z, k) = 1 were
assumed, wheh exceededo1e.

(}\71.1.2)]6 —A\ra?
e
k!

9)
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. . 0.2
this value to a certain value of

We now focus on the question, how large the cov-
erage area of a CDMA cell is if we want to cover a
given number of; active calls. From network design
viewpoint the coverage corresponds to a chosen out-
age probability, which can be derived by combining
Eqgn. (4) and Eqgn. (8).

0.15

outage probability

0.1

. . I
oo 0 0.5 1 15 2

Pout(k') _ / Pout (x7 k) ro (.’E) da: (10) distance of customer from BTS [km]
0 Figure 5: Impact of customer-BTS distance on outage probabil-
ity

Eqgn. (10) gives us a relationship between probability
of outage and number of calls. Here, it is no longer
necessary to know the distances of the individual cus-
tomers as these are being implicitly represented by
the Poisson process.

0.2

0.15 -

outage probability

011

distance of
customer
from BTS [m]

4 RESULTS 0051

750

The results analyzed by this paper suggest that the % s 1 15 2 2 numsgofcaﬁ:
CDMA cell has to be provisioned like a processor in

a queuing system. This implies that like queueing Figure 6: Impact of number of calls on outage probability
systems we can construct load service curves and use

stability arguments to determine how heavily they

should be loaded up. These curves are presented » |nteraction of Capacity and Customer

this section. Like average delay, the GOS for CDMA  pynamics

cell would be the outage probability, ;.

The choice ofP,,; would depend on the area ovef he interaction between customer dynamics and the
which the coverage of a CDMA cell is desired. |apacity dynamics leads to the new definitions of the
this analysis,P,.; is maintained along the edge ofoverage and the capacity of the cell as given by
the cell, the area over which the outage will be maifr9n- (9) and Eqgn. (10). In particular, consider Fig. 7
tained will extend from the base station to the ed@é‘d 8.
of the cell. In general, the target of about 90-95%
edge coverage is desired. In otherwords we would
like P,y to be between 5-10 %. In the following sec-
tion we discuss this issue in more details with some o ‘

numerical examples. waffc nensiy

0.2

0.15 |

outage probability

0.05 -

4.1 Coverage Capacity Dynamics e

15 20 25 30 35 40
number of calls

Given a value ofP,(z, k) and a number of calls

currently being supported by the cell, the radius @fgure 7: Relationship between capacity and outage probability

the cell is fixed. Similarly, given a value &, (z, k)

and the radius of a cell, the number of calls supported

by the cell is fixed. These ideas are summarized inlt is clear that the rate of change &,(x) as a

Fig. 5, where we ploP, (z, k) from Eqn. (4) versus function of distance is small until it reaches a cer-

calls and Fig. 6 withP,,; (z, k) versus distance. tain point where it extends exponentially (much like
Some interesting observations about the behavibe delay curves of the queuing system). Similarly, if

of these relationships can be made. Both curves hgeel look at the capacity part of the curve, the rate of

a slowly increasing part and a very fast increasirapange ofP,,; (k) is initially small but extends expo-

part. In general, we would like to operate in theentially as the number of calls increase. Both curves

slowly changing part of the curve as far as possitdg@proach a step function for a limit af — oc.

to ensure stability of the GOS for the customers. Thus, for a CDMA cell the capacity and coverage
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o2 / Another improvement can be done by enhancing
the model of the spatial point process, e.g. using a
phase—type process [4]. Here, we hope to be able
1 to also consider areas with an inhomogeneous traf-
/ fic distribution or the situation where a cell with high
0.05 . intensity is next to a cell with lower intensity. A fur-
J ther topic of research is the examination of different
0 02 0.4 0.6 08 1 activity patterns of the customers to model different

Il radius [k A .
cellradus il types of traffic like voice and data.
Figure 8: Relationship between radius and outage probability

0.15 - q
traffic intensity

2, /

100 50 A [calls/km?] 10 |

0.1r “ /

outage probability
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