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Abstract — This paper studies and analyze two call
admission control (CAC) schemes in multimedia cellular
wireless networks. These call admission control algorithms
are studied for different network configurations. These
configurations include, employing the queuing techniques
for voice handoff with finite lifetime, differentiating
between voice and data calls in terms of the average
channel holding time, data bandwidth requirements, and
employing queuing techniques for voice handoff and data
handoff calls with finite lifetime. The main contribution of
this paper is the development of an analytical model for
each of the two CAC algorithms specified in this study. In
addition to the call blocking and termination probabilities
which are usually cited as the performance metrics, in this
work we derive and evaluate other metrics that have not be
considered by previous work such as the average queue
length, the average queue residency, and the time-out
probability for handoff calls. We also develop a simulation
tool to test and verify our results. Finally, we present
numerical examples to demonstrate the performance of the
proposed CAC algorithms and we show that analytical and
simulation results are in total agreement.
Index Terms — Analytical Performance, Call Admission
Control, Handoff, QoS, Queuing.

I. INTRODUCTION
The call admission control (CAC) mechanism is one of
the most important components of radio resource
management (RRM) affecting the resource management
efficiency and QoS guarantees provided to users in
current and forthcoming cellular networks, like
Universal Mobile Telecommunication System (UMTS).
In particular, effective call admission control for
wireless sessions with a prioritization for handoff calls
is an important research issue. The CAC denotes the
process of making a decision whether to admit the new
or handoff call taking into account the amount of
available resources versus ongoing users’ QoS
requirements. Two important quality measures of
cellular mobile systems are the probability of blocking
for new call requests and the probability of calls blocked
when a handoff is attempted due to unavailability of
resources. A good CAC scheme has to balance the call
blocking and call dropping in order to provide the
desired QoS requirements.
Recently, a number of call admission control algorithms
for cellular mobile systems have been proposed and
analyzed in the literature. Different handoff prioritybased CAC schemes have been proposed. A simple way

of giving priority to handoff requests is to reserve a
number of channels as in the priority reservation scheme
[1]. An alternative is to support queuing either for
handoff voice requests [1] or for both newly originating
calls and handoff calls [8][9]. In the queuing based
schemes, calls are accepted whenever there are free
channels; otherwise they are queued with certain
rearrangements in the corresponding queue.
Analytical results for these wide ranges of CAC
algorithms have been proposed in the literature, for
some performance metrics such as call blocking
probabilities are obtained, however, for either invalid or
at best limiting assumptions. For example, it is
observed, that due to the mobility, some of usually used
assumptions may not be valid which is the case when
the average values of channel holding times for data
calls and voice calls are not equal or when the life time
of multi-queued handoff calls is finite. Also in case of
multimedia traffic, the bandwidth requirements may not
be equal for all types of traffic.
In this paper, we extend some of the analytical results
for two call admission control schemes under more
general assumptions and provide some easier-tocompute formulas. In addition to the typically cited
blocking probability criterion in most previous studies,
in this analytical framework we obtain other important
performance criteria such as the average queue length,
the average waiting time and the average number of
calls in the systems. For comparison amongst the
different schemes outlines above, we develop a
framework that models the CAC process using Markov
chains.
II. SYSTEM MODEL
The system under consideration is a FDMA cellular
network supporting multimedia media traffic. The
priority classes of incoming call requests are divided
into four types. These types are: 1) real-time (voice)
service handoff requests (h1); 2) nonreal-time (data)
service handoff requests (h2); 3) newly originating realtime (voice) calls (n1); and 4) newly originating
nonreal-time (data) calls (n2).As shown in the generic
system model depicted in Fig.1, we consider two classes
of calls: voice and data. Additionally, for each class of
traffic, handoff calls have priority over new call arrivals.

There are two queues for handoff calls of (voice) and
(data). The capacities for these queues are K and L,
respectively. A handoff call of type (h1) is queued in Q1
if on arrivals it finds no idle channels. On the other
hand, a handoff call of type (h2) is queued in Q2 if on
arrivals it finds greater than or equal to G2 occupied
channels. A handoff calls is blocked if its queue is full.
In addition, a handoff call is deleted from its queue if it
passes the handoff area before getting a channel. New
calls are blocked if upon arrival they find the number of
occupied channels greater or equal to G1. When the G1
limit is imposed, if the number of occupied channels, by
new or handoff calls, is G1 channels, then the arrived
new call is blocked.

Fig. 1 : A Generic System Model
III. ANALYTICAL MODEL OF TWO CAC SCHEMES IN
MULTIPLE TRAFFIC SYSTEM
In this section, we conduct the performance analysis of
two selected representative call admission control
schemes for a multiclass traffic mobile wireless
network. We focus our attention on integrated voice and
data systems, and the results can be extended to other
similar systems that support more than two types of
traffic. These call admission control algorithms are
studied for different network configurations. These
configurations include, employing the queuing
techniques for voice handoff with finite lifetime,
differentiating between voice and data calls in terms of
the average channel holding time, data bandwidth
requirements, and employing queuing techniques for
voice handoff and data handoff calls with finite lifetime.
Using theses stated variations; this study considers two
different CAC algorithms, referred to herein by schemes
A, and B. For each of these algorithms, the Markov
chain state diagram is specified and then solved
analytically. The results are also verified and compared
against those produced using a simulation tool
developed in-house to test and evaluate various CAC
algorithms and configurations. In most of the references
such as [1-13] only the blocking probability of new call
and the forced termination probability of handoff calls
are evaluated. In this study, in addition to latter ones,
other performance parameters such as average queue

size, average-waiting time, and average number in the
system are considered. Before introducing each of these
schemes, we make the following assumptions
throughout our analysis. The call holding time of voice
calls and data calls are assumed to have an exponential
distribution with rate µ1 and µ 2 , respectively. The
residence time of mobile users in a cell is assumed to
have an exponential distribution with rate η. The time
spent in the handoff area by voice and data handoff
request calls and is assumed to have an exponential
distribution with rate α 1 and α 2 , respectively [1].
Appling the memoryless property of the exponential
distribution, the random variables for the channel
holding time of data and voice calls are both
exponentially distributed, with rates σ 1 = (η + µ1 ) and
σ 2 = (η + µ 2 ) , respectively. We assume that the arrival
processes of new voice and data calls, and voice and
data handoff calls in a cell are Poisson. The arrival rates
of new voice and data calls are designated as λ n1
and λ n 2 , respectively. We denote the arrival rates of
voice and data handoff requests by λ h1 and λ h 2 ,
respectively.
In the following subsections, we present the
performance analysis of our proposed system for two
different schemes.
A. CAC for voice and data calls with different
bandwidth requirements and different channel holding
time
Unlike the previous scheme, with this scheme the data
calls require multiple channels (C2 ≥1) while the voice
calls require only one channel (C1=1). Also, in this
scheme we consider the case where the channel holding
time requirements for voice and data calls are different.
Most of the current literature does not make a
distinction between data and voice calls in terms of the
channel holding time. The common assumption is that
both data calls and voice calls are exponentially
distributed with the same parameter. Also, Most of the
current studies [1-13] do not consider the case where C2
is greater than one bandwidth unit. The other parameters
of this case are Q1=Q2=0, G1=G2=C, C1 = 1, C2 ≥ 1.
Let m be the maximum number of data calls that can be
admitted into the system such that:

C = mC 2 + n ; 0 ≤ n ≤ C 2 − 1
where n is the remainder of channels that are below the
data bandwidth requirements. The set of states consists
of all states (i,j) where i is the number of voice calls and
j is the number of data calls such that each data
effectively
requires
C2
channels,
where
0 ≤ i ≤ C ; 0 ≤ j ≤ m . Let λ i = λ hi + λ ni for i = 1, 2,
such that

λ + λn1 0 ≤ i + j * C 2 < C
λ1 =  h1
i + j * C2 = C

0

(1)

λ + λ 0 ≤ i + j * C 2 < C and C − i ≥ C2 (2)
λ2 =  h 2 n 2
C − i < C2

0

j=m

or

The state of the cell of interest is defined by a pair of
nonnegative integers (i,j), where i is the sum of busy
channels occupied by voice calls (handoff or new) and j
is the number of busy channels occupied by data calls
(handoff or new). It is apparent from the above
assumptions that (i,j) is a two-dimensional Markov
chain. The state transition diagram of the cell with
different channel holding time requirements for voice
and data calls is shown add the general bandwidth
requirements for data calls (C1 =1, C2 ≥ 1) is shown in
Fig. 2. Let Pi,j (i, j = 0,1,2, …, C) denote the steady
state probability that there are i voice calls (new and
handoff) and j data calls (new and handoff) in the cell.
The steady state probability Pi,j can be solved using
product form solution corresponding to two individual
M/M/C/C systems. Using the Jackson theorem by [14],
if we let ρ i = λiσ i−1 , i = 1,2 , where λ1 = λ n1 + λ h1 ,
λ 2 = λ n 2 + λ h 2 , C2 ≥ 1, the steady state probability can
be written as
Pi , j = P0,0

j
ρ1i ρ 2

i! j!

;i + j ≤ C

(3)

where P0,0 is the normalization constant such that all
state probabilities add to one. That is
P0,0

 m C − jC2 ρ i ρ j 
1
. 2
=
 j = 0 i = 0 i! j! 

−1

∑∑

(4)

Using the above expression for Pi,j, the following
performance measures of the system are computed. Data
calls are lost if the number of the unoccupied channels
(i.e, number of free channels ) are less than the required
bandwidth (defined above as n) and this occurs if the
system is in the rightmost n states of any row, or when
all available channel less than the bandwidth
requirements. Summing these probabilities, we have:
m −1

B2 =

∑

C − jC 2

∑P

n

i, j
j = 0 i = C − ( j + 1) C 2 + 1

m −1

B2 = P0,0

∑

C − jC2

∑

j =0 i =C − ( j +1)C2 +1

+

∑P

(5)

i,m

i=0

ρ1i ρ2j
i! j!

+ P0,0

ρ2m

n

m! ∑
i =0

ρ1i
i!

(6)

State transition diagram of case A(C2 ≥ 1).
B. Voice and data handoff calls queuing CAC scheme
In this subsection, we consider the case where the voice
handoff calls and data handoff calls are given the higher
priority over new calls by deploying the queuing
techniques. The voice handoff calls has higher priority
over data handoff calls. For this scheme, a voice handoff
call is queued in its queue (Q1) if all channels are busy
upon its arrival. Also, data handoff call is queued in its
queue (Q2) if all channels are busy upon its arrival
.These queues have finite capacities K for Q1 and L for
Q2.The other parameters of this case are:
G1=G2=C,S=0, and the mean channel holding time is
equal for both types of calls. The lifetime of each
handoff call (voice and data) is exponential distributed
with different mean value. The voice handoff calls are
blocked only if there are no available channels in the
system and Q1 is full. In addition, the data handoff calls
are blocked only if there are no available channels in the
system and Q2 is full. Other calls are blocked if all
channels are busy.
Recent studies such as [7], [10] and [11] do not consider
the lifetime of second queue (data handoff queue).
Studies [12] and [13] present the dynamic priority for
handoff calls and the lifetime of the second queue is
considered but the detailed balanced equations and the
closed form steady state probability were not derived.
[12] is an extension to [13]. The only performance
criteria considered in [12] are the blocking probability
and forced termination probability of new and handoff
calls. In our case, we present in detail a complete and
general analytical model for the system with two queues
with different life times for the two types of handoff
calls. The detailed balance equations are derived and
relevant performance criteria are evaluated. The state of
the cell of interest is defined by (n, i, j), where n is the
sum of the number of channels used by voice and data
calls (including new calls and handoff calls), i is the
number of voice handoff calls in the queue Q1, j is the
number of data handoff calls in the queue Q2. Based on
the above assumptions, (n, i, j) is a two-dimensional
Markov chain as shown in Fig. 7. The steady state
probabilities Pn,i,j (n = 0, 1,…, C; i = 0, 1,…, K, j = 0,

1, …, L) are related to each other through the following
balance equations. When i = 0 or j = 0, the system
reduces to

Pn,0, j


 P0,0,0

=
P
 0 , 0, 0


λn
n!σ n
λC
C!σ C

0 ≤ n ≤ C; j = 0
i −C

λ

j

∏ [C σ + j α
j =1

2]

B F 1 = Bh1 + (1 − Bh1 ) Bth1

(7)

C ≤ j≤C + K, j=C

(16)

In a manner similar to equations (13)-(16), we can write
the following formulas in regard to the performance of
data traffic. The average queue length of Q2 is given by

When i = K, j = L,

Pn ,i ,0

Furthermore, the forced termination probability of voice
handoff calls is the blocking probability plus the time
out probability of unblocked calls. Thus, BF1 is given
by


λn
where 0 ≤ n ≤ C , i = 0;
 P0, 0, 0
n!σ n

i −C

λC
λj
(8)
=  P0, 0, 0
C!σ C j =1 [Cσ + jα1 ]


 where C ≤ i ≤ C + K , n = C


L2 =

∏

L

K

j =1

i =0

∑ j∑P

(17)

C ,i , j

While the blocking, time-out, and forced termination
probabilities for data handoff calls are computed using
K

Bh 2 =

∑P

(18)

C ,i , L

i =0

PC,K,L = (1−Cσ − Kα1 − Lα2 )PC,K,L + λh1PC,K−1,L + λh2PC,K,L−1

(9)

Bth 2 = α L2 [(1 − Bh 2 )λ h 2 ]−1

(19)

B F 2 = Bh 2 + (1 − Bh 2 ) Bth 2

(20)

When i > 0 and j > 0
PC ,i , j = PC ,i , j (1 − λ h1 − λ h 2 − C σ − i α 1 − j α 2 )
+ λ h1 PC ,i −1, j + λ h 2 PC ,i , j −1 + PC ,i +1, j ( C σ + (i + 1)α 1 )

(10)

+ PC ,i , j +1 ( j + 1)α 2

L

When i = 0 and j = L
PC , 0 , L = PC , 0 , L (1 − λ h 1 − C σ − L α 2 )
+ ( C σ + α 1 ) PC ,1, L + λ h 2 PC , 0 , L − 1

Bn1 = Bn 2 =

(11)

Using the above expressions for Pn,i,j we can obtain the
following performance measures of the system. The
average queue length of Q1 is given by:
L

∑ ∑P
i

i =1

C ,i , j

(13)

j =0

While the blocking probability of voice handoff calls is
equal to the probability that Q1 is full. Hence,
L

Bh1 =

∑P

C ,K , j

(14)

j =0

Since the average number of voice handoff calls arrivals
without blocking is equal to (1 − Bh1 )λ h1 whereas the
mean dropped calls in unit time is given by α L1 ,
therefore, the time out probability is computed as
Bth1 = α L1 [(1 − B h1 )λ h1 ]−1

∑∑ P

C ,i , j

(21)

Applying Little’s formula, the average queuing time is
calculated for voice and data using

PC, K,0 = PC, K,0 (1 − λh2 − Cσ − Kα1) + +α2PC, K,1 + λh1PC, K −1,0 (12)

K

K

j =0 i =0

When i = K and j = 0

L1 =

, respectively. The blocking probability of new voice
calls and new data calls are given by

(15)

W hi = Li [(1 − B hi )λ hi ]−1

(22)

IV. PERFORMANCE RESULTS
In this section, the different cases are numerically
studied. This main goal of this section is to study the
performances metrics of each schemes using both
analytical and simulation results. The results are also
related to their counterparts found in previous studies.
We assume that the number C of channels is 50 in each
cell, the mean cell residency time is 90 seconds, while
the mean call holding time is 180 seconds. The mean
queuing times for voice and data handoff calls are 10
and 15 seconds, respectively. Arrival rates of all
services are varied to reflect various loads. Furthermore,
we assume that λ h1 = 0.5λ n1 and λ h 2 = 0.5λ n 2 .The
voice and data handoff queue size is 5.
For scheme A, we investigate the system performance of
the systems assuming different channel holding times
and different bandwidth requirements for data and voice
calls. As mentioned earlier, throughout most of the cited
literature the channel holding time is assumed to be
equal for both type of calls. Studies such as [10] and
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Fig. 4 : Forced termination probabilities of voice
handoff calls with (Q2=0,Q2=5) .
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comparing to the improvements gained in the data
handoff calls performance. To summarize, this scheme
results in better improvements comparing to the related
work. Future work will be focused in finding the
optimum queue size for voice and data handoff calls.
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[11], where a scheme similar to scheme A is considered,
did not consider the extra bandwidth requirements for
data calls. Fig. 3 shows the blocking probabilities of
data and voice calls when they have the same bandwidth
requirements (C1 = C2 = 1) and when they have
different bandwidth requirements (C1 = 1, C2 = 2). As
seen in this figure, it is obvious that as the data calls
bandwidth requirements increase their blocking
probability will increase given that we have a fixed
system capacity. At low and moderate offered load, as
the bandwidth of data calls increase, the blocking
probability of voice calls will increase because the data
calls with higher bandwidth will occupy most of the
channels. However, at high offered traffic the calls with
less bandwidth requirements will be favored. This
occurs to voice calls at high offered traffic loads. When
all channels are occupied, and as soon as any of these
channels are released (that means at least one channel is
available) the arrived data calls will be blocked whereas
a voice call will be assigned this channel. Therefore the
blocking probability of voice calls will decrease at high
offered traffic when data bandwidth requirements
increase.
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Fig. 5 : Forced termination probabilities of data handoff
calls (Q2=0,Q2=5) .

Fig 3: PB2 and PB1 when C2=1, (C2=2.
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In scheme B, we consider the case where the voice
handoff calls and data handoff calls are given the higher
priority over new calls by employing queuing for
handoff calls. The data calls are allowed to be queued
for a finite time and given priority less than voice
handoff calls and higher than new calls. As previously
stated, relevant studies such as [7], [10] and [11] do not
consider the lifetime of second queue (data handoff
queue). Also, in our scheme, analytically and using
simulations, we compute the average queue size and
waiting time of voice and data handoff calls. The forced
termination probability of data handoff calls
dramatically decreases when we use the queue for data
handoff calls as shown in Fig. 5. Fig. 6 shows the
average waiting time and average queue size for both
voice and data handoff calls. Allowing the data handoff
calls to be queued results in a small increase in the
average queue size and forced termination probability
for voice handoff calls, but this increase is negligible
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Fig. 6: Average queue size of voice and data handoff
calls with (Q2=0,Q2=5) .
V. CONCLUSIONS

In this paper, we studied the performance analysis of
two call admission control (CAC) schemes in multitraffic mobile wireless networks. These schemes have

been analyzed under different configurations including,
classifying the handoff traffic to more than one class
and employing queuing for one or more handoff call
class in order to prioritize the handoff calls. In addition,
we relaxed the often used assumption of equal mean
channel holding times and equal bandwidth
requirements for voice and data calls.
The analytical model of each scheme is derived and
compared with simulation results. It is shown that the
system analytical framework is in total agreement with
simulation model results. In addition, the performance
of each proposed scheme systems is compared with the
related scheme that has been studied in the literature.
The analytical framework derived in this paper can be
used as solid base to evaluate CAC schemes of wireless
networks employing different types of priority schemes
in order to provide different types QoS requirements.
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