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Abstract: In this paper, we present a procedure to analyze the delay distribution of data traffic in CDMA systems
supporting voice and delay-tolerant data services with a finite buffer. The queueing method using a buffer for a
delay-tolerant traffic can be used to improve the system utilization or the availability of system resources. Under the
first-come and first-serve (FCFS) service discipline, we present a numerical procedure for the calculation of delay
distribution that is defined as the probability that a new data call get a service within the maximum tolerable delay
requirement, based on a two-dimensional Markov model. It is shown that the buffer size is one of the important
parameters to appropriately balance the availability of system resources for each traffic.
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1 Introduction

Next generation mobile communications systems are
primarily designed to provide users with multime-
dia services such as voice, interactive data, file trans-
fer, internet access and image, in the affordable way
as today’s wired communication systems do. Mul-
timedia traffic have different and multiple quality of
service (QoS) requirements, which results in diverse
amounts of required bandwidth according to traffic
classes [1, 2, 3]. Large bandwidth traffic classes are
generally more restricted than small bandwidth traffic
classes in the availability of system resources. There-
fore, the system capacity is mainly determined by
large bandwidth traffics [3]. In order to improve the
resource availability of large bandwidth traffics, re-
source management schemes such as queueing and
channel reservation have been considered [3, 4]. As
performance measure of queueing and channel reser-
vation methods, the blocking probability and the av-
erage delay performance have been mainly consid-
ered. Specially, the queueing method to exploit the
delay-tolerant characteristic of traffic can be used to
improve the system utilization or the availability of
system resources for the traffic [3, 5]. More meaning-
ful measurement for delay traffic however is the delay
distribution rather than the average delay performance
where the delay distribution is defined as the probabil-
ity that a new data call get a service within the maxi-
mum tolerable delay requirement. To provide the flex-
ibility in the consideration of delay requirement, it is
necessary to analyze the ‘delay distribution’ of data
call. Subsequently, in the paper we present a numeri-

cal procedure for the calculation of the delay distribu-
tion of data call in a CDMA system supporting voice
and data-tolerant data services with a finite buffer. We
also investigate the effect of offered load of each traf-
fic type and the buffer size on the system performance
through a numerical example.

The paper is organized as follows. Following the
introduction section, the system model is explained in
Section 2. In Section 3, the numerical procedure to
analyze the delay distribution is presented, based on
the Markov model. In Section 4, a numerical exam-
ple is considered. Finally, conclusion and remarks are
drawn.

2 System Model

In CDMA systems, although there is no hard limit on
the number of concurrent users, there is a practical
limit on the number of supportable concurrent users
in order to control the interference among users hav-
ing the same pilot signal; otherwise the system can
fall into the outage state where QoS requirements of
users cannot be guaranteed. In order to satisfy the
QoS requirements for all concurrent users, the capac-
ity of CDMA system supporting voice and data ser-
vices in the reverse link should be limited with fol-
lowing equation [6]

���� ��� � � � � ��� � � � (1)
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�� and �� are the amount of system resources that are
used by one voice and one data user, respectively. �
and � denote the number of supportable users in the
voice and data service groups, respectively. � is the
allocated frequency bandwidth. 	� and 	� are the bit
energy to interference power spectral density ratio for
voice and data calls, respectively, which is required
to achieve the target bit error rate at the base station.
�� and �� are the required information data rates of
the voice and data calls, respectively. Each user is
classified by QoS requirements such as the required
information data rate and the required bit energy to in-
terference spectral density ratio, and all users in same
service group have same QoS requirements. Eqn. (1)
indicates that the calls of different services take dif-
ferent amount of system resources according to their
QoS requirements.

Further, we consider the queue with the finite
length of 
 for delay-tolerant data traffic, to exploit
its delay-tolerant characteristic, and assume that the
service discipline is First-Come-First-Serve (FCFS).
Based on these assumptions and system model, the
call admission control (CAC), for the case �� � ��
can be summarized as follows.

� If ��� � ��� � � � ��, then both new voice and
new data calls are accepted.

� If �� �� � ���� ��� � �� �� , then new voice
calls are accepted, and new data calls are queued.

� If � � �� � ��� � ��� � � � �
 � ����, then
new voice calls are blocked, and new data calls
are queued.

� If ��� � ��� � � � �
 � ����, then both new
voice and new data calls are blocked.

The arrivals of voice and data calls are assumed to
be distributed according to independent Poisson pro-
cesses with average arrival rate 
� and 
�, respec-
tively. The service times of voice and data calls are
assumed to be exponentially distributed with average
service time ���� and ����, respectively. Then, the
offered traffic loads of voice and data calls are ex-
pressed as �� � 
���� and �� � 
����, respectively.
The call-level state diagram is given in Figure 1 for the
possible region of states, based on the call admission
rule. The possible region of states can be expressed

1
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Figure 1: State transition diagram for the case of �� �
��.
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Noting that total rate of flowing into a state ��� ��
is equal to that of flowing out, we can get the steady-
state balance equation for each state. Figure 2 sum-
marizes the steady-state balance equations for the
state transition diagram according to the region that
the current state belongs to. If the total number of
all possible states is ��, the balance equations be-
come ��� � �� linearly independent equations. With
these ��� � �� equations and the normalized equa-
tion,

�
��������

���� � �, a set of �� linearly independent

equations for the state diagram can be formed as

�� � � (4)

where � is the coefficient matrix of the �� linear
equations, � is the vector of state probabilities, and
� � ��� � � � � �� ��� . The dimensions of �, � and �
are �� � ��, �� � �, and �� � �, respectively. By
solving � � ����, we can obtain the steady-state
probabilities of all states [3].

Based on the CAC rule, a new voice call will be
blocked if the channel resources are not enough to ac-
cept the call, and the corresponding blocking proba-
bility for voice calls is given by

��� �
�

���������������

���� (5)
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Table 1: System parameters for the numerical ex-
ample; a CDMA system supporting voice and delay-
tolerable data services.

Item Value

transmission bandwidth (� ) 1.25 MHz
the required information data rate

for voice call (��)
9.6 kbps

the required information data rate
for data call (��)

19.2 kbps

the required bit-energy to
interference-spectral-density ratio 7 dB

for voice call (	�)
the required bit-energy to

interference-spectral-density ratio 7 dB
for data call (	�)

average arrival rate for voice calls (
�) variable
average arrival rate for data calls (
�) variable

average service time
for voice calls (����) 200 sec
average service time
for data calls (����) 20 sec

where

� � ��


�
�� � �

�
�� ���� � ��

��

��
(16)

������
��� represents the delay distribution multiplied
by the probability that � voice calls get service-
completed, given that the system state is ��� �� just
before a new data call is admitted. � is the max-
imum number of service-completed voice calls dur-
ing the change, which happens when only voice calls
are service-completed. Since the service time distri-
bution is memoryless and the delay distribution is in-
dependent of the current arrival, ������
��� is the con-
volution of � independent, exponential random vari-
ables where � corresponds to the number of service-
completed voice calls [7].

Substituting ������
��� into ���������, and then
successively substituting ��������� into ����, the CDF
of delay can be calculated as

����� �
�

������������		�
� �

�����
�����������
���

� �

�

��
���


��
�
������
���

�
� � �

��� ��

(17)
where 
�� denotes the inverse Laplace transform.
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Figure 3: Delay distribution according to the voice
traffic load when data traffic load is given as 5.

4 Numerical Example

For a numerical example, we consider a CDMA sys-
tem supporting voice and delay-tolerant data services.
Table 1 shows the considered system parameters.

Figure 3 shows the delay distribution as a function
of the maximum tolerable normalized delay, �	��� for
different offered traffic loads of voice call when the
offered traffic load of data is given as 5 and the queue
size is 3 where normalized delay �	 means that the
delay � is normalized by average service time, ����.
The discontinuity at �	��� � � comes from the fact
that the probability that new data calls can be accepted
without being blocked is non-zero. The delay distribu-
tion decreases for a fixed value of �	��� as the offered
traffic load of voice increases, which means that the
probability of a new data call to be accepted within
a certain delay decreases. The voice and data block-
ing probabilities increase as the offered load of voice
traffic increases. The delay distribution increases and
gradually approaches 1 as the normalized maximum
tolerable delay increases, which indicates that delay
requirement of all data calls except the blocked calls is
satisfied if the maximum tolerable delay of data calls
is unlimited.

Figure 4 shows the delay distribution for different
offered traffic loads of data when the offered traffic
load of voice is given as 5 and the queue size is 3. We
observe that the delay distribution decreases as the of-
fered traffic load of data increases, for a fixed value of
�	��� . It is noteworthy that the probability that a new
data call is accepted within the maximum tolerable
delay without being blocked decreases, as the offered
traffic load of voice or data increases. Comparing Fig-
ure 4 with Figure 3, we can observe that the variation
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erical
exam

ple.
It

w
as

show
n

that
the

blocking
probability

of
each

call
and

the
delay

distribution
of

data
traffic

are
degraded

as
the

offered
traffic

load
of

voice
and

data
callincreases,and

the
data

callrequir-
ing

m
ore

resource
than

voice
call

has
m

ore
effect

on
the

perform
ance.

T
hrough

the
delay

distribution
ac-

cording
to

the
buffer

size,
it

w
as

show
n

that
the

im
-

provem
ent

of
data

blocking
probability

com
es

from
the

aggravation
of

voice
blocking

probability
and

the
degradation

of
delay

distribution.
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