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Abstract—In OFDM wireless networks, the radio resources are
assigned to the users based on their quality of service needs
and depending on their channel quality. Thus, during a call
session, the bandwidth requirements and needed radio resources
may increase from negotiated call setup resources. In this study,
we propose a call admission control reservation algorithm that
takes such resource ﬂuctuations into consideration. We consider
two types of applications denoted by wide-band and narrow
band. The performance of the algorithm is modeled through
a queuing theory approach and its main performance measures
are compared with a conventional algorithm through simulation.
The results show that such a reservation scheme improves
the call admission performance signiﬁcantly in terms of QoS
maintenance, especially when the network is highly congested.

I. I NTRODUCTION
The scarcity of radio resources and variable channel quality
presents many challenges to the resource management and
quality of service (QoS) provisioning in future all-IP multiservice wireless communications. Conventional call admission
control (CAC) algorithms only consider the instantaneous
radio resource availabilities to make a decision on admitting a
new call, thus neglect the impact of channel variations due to
the users mobility. Such consideration is critical in orthogonal
frequency division multiplexing (OFDM) wireless networks
such as 3GPP LTE where the radio resources are assigned
to users depending on the channel quality. The basic resource
unit in OFDM systems is the physical resource block (PRB)
which consists of one slot in time domain and one sub-channel
in frequency domain [1]. A user who is located farther from
the base station (BS) requires more PRBs to satisfy a given
data rate than one closer. Consequently, a user which is moving
outward in a cell gradually needs more resources to maintain
its QoS. During congestion periods, this resource ﬂuctuation
may result in radio resource shortage, and consequently, call
QoS degradation or call drop. This is even more crucial
when the on-going call belongs to a service class with strict
QoS needs such as guaranteed bit rate (GBR) class in LTE
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networks. We note that if this ﬂuctuation can be predicted
at the time of admission, a CAC algorithm will be the most
appropriate in such a dynamically changing environment.
In the literature, several CAC algorithms have been proposed for OFDM wireless networks which tackle the challenging issues from different aspects. For example, [2] proposes a
CAC algorithm for an LTE system with multiple trafﬁc classes
which aims to provide a trade-off between the number of
admitted calls and call blocking probability. [3] incorporates
the sub-carrier allocation problem in CAC and developed
some formulas for call blocking probability and bandwidth
utilization. In that study, the network trafﬁc is classiﬁed into
narrow-band and wide-band calls and the request of each
class for multiple sub-carriers in the system are modeled with
batch arrivals technique in queuing theory. [4] proposes a joint
resource allocation and CAC algorithm for an LTE system with
multiple trafﬁc classes. The allocation mechanism considers
a guard interval by assigning a higher priority for the realtime trafﬁc that is about to violate the delay requirements
while their proposed CAC adaptively adjust the admissionlevel thresholds based on the network condition. [5] presents
a delay-aware CAC algorithm which decides about a new call
admission based on the statistics of the former packets’ delays
and PRB utilizations. This algorithm aims to guarantee the
packet delay by limiting the new-call admission. [6] presents
a good survey on the CAC challenges for 4G wireless systems.
In that study, it is mentioned that the major design challenges
stem from issues such as incorporation of multiple-class trafﬁc
with diverse QoS needs, and adaptive bandwidth allocation due
to channel variations.
The effect of channel variation due to mobility and its incorporation in call level admission has received little attention in
the literature. To the best of the authors knowledge, [7] is the
only study which considers the effect of channel variations
on CAC performance. In that study, the authors propose
a novel ring-based modeling for CAC in OFDM networks
which divides the cell area into limited concentric rings. The
authors assume that the users located in a ring consume the
same amount of radio resources while they ask for extra
resources whenever they transit to an outward ring under a
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transition probability. As a result, they have determined a new
performance measure, called call dropping probability due to
mobility. That study adopts some assumptions which limit its
contributions for future wireless networks. They considered
only one trafﬁc class and divided the whole cell coverage into
only three mobility rings.
In this study, we propose a CAC algorithm for OFDM
cellular networks which takes into account the extra resources
which a user may consume during call holding through a
reservation scheme. The modeling considers two types of
trafﬁc, wide-band and narrow-band, since such a coexistence
is required for future wireless networks. The performance of
this algorithm is modeled with a queuing theory approach.
A new performance measure is deﬁned as the probability
that the QoS of an on-going call is degraded due to the
users’ mobility. In order to verify the performance of the
designed CAC algorithm, a simulation tool is developed which
compares the performance of the proposed CAC algorithm
with a conventional CAC which does not consider a resource
reservation scheme. We compare narrow-band and wide-band
trafﬁc in terms of call blocking probability, QoS degradation
probability and average number of admitted users.
In the following, Section II presents the system model and
parameters, Section III describes the proposed CAC algorithm
and presents its performance modeling. Numerical and simulation results are presented in IV and we conclude the paper
in Section V.
II. S YSTEM M ODEL
In the following, we describe the modelings and parameters
which are used in this study. We consider a single circular cell
with radius R where the new calls with trafﬁc type i arrive
to the cell with the arrival rate of λi . i = 1 and 2 denote the
narrow-band and the wide-band services, respectively and λi
is referred to as new ith class call arriving rate. A new arrival
may be admitted to the system according to the CAC algorithm
which is described in the following section. It is assumed that
the location of a newly admitted call is uniformly distributed
within the cell and that the call holding time is exponentially
distributed with a mean of 1/μi for i = 1 and 2. We let n1
and n2 denote the number of the calls of service classes 1 and
2, respectively. The capacity of the BS located at the center
of the cell is denoted by C. Without loss of generality, our
modeling assumes a constant amount of resources reserved for
incoming hand-off calls through a guard channel approach. As
a result, it does not consider the effect of incoming users from
neighbor cells. We let r1 and r2 denote the average OFDM
radio resources which are requested by each call of classes
1 and 2, respectively, at the time of admission. Thus, ri is
referred to as the static average required resources by a call
from class i and expressed in PRBs. Due to the complexity of
an OFDM channel, ri will be determined from the simulation
approach which is described in section IV.
To incorporate the mobility of the users in the system, we
consider a mobility model which is based on the random
direction model [8]. In this model, the movement of each

user as a function of time consists of a sequence of constant
intervals with a duration of Δt which is referred to as mobility
epochs. At the beginning of each mobility epoch, a user selects
a random direction which is chosen independently from a
Gaussian distribution with mean v and variance σ 2 . The user
mobility terminates and the allocated resources are released
whenever the user exits the cell or terminates the call. If the
chosen direction for each mobility epoch is selected uniformly,
the users’ movements represent a completely random pattern;
however, if it is drawn from a non-uniform distribution, the
movements will be directional. In [9], it was shown that for any
mobility model with an exponentially distributed call arriving
rate, the call’s hand-off rate, denoted by λhi is given by
λhi = λi γi /μi , where as aforementioned, λi and μi denote
the class i new call’s arrival and service rates, respectively.
1/γi represents the user’s mean residual time in the cell and
it is proportional to the cell radius i.e., 1/γi = αR. α is
a mobility dependent parameter which must be determined
for each mobility setting. In this study, we call α as the BS
gravity factor. We note that for a uniformly distributed mobility
model, α will be larger than the non-uniformly distributed
model’s. In other words, in the former case, the users spend
more time within the cell, and hence less call hand-offs will
be performed.
Since the two events of users’ service terminations, as
results of call hand-off and call termination, are independent,
the total rate of class i call service termination in a cell,
denoted by μit , can be expressed as:
μit = λhi + μi =

λi
+ μi .
αRμi

(1)

III. C ALL A DMISSION C ONTROL WITH R ESOURCE
R ESERVATION
As discussed earlier, due to user mobility, a call may
consume more radio resources than what was negotiated at
the time of admission to maintain its QoS. In the following,
assuming that the extra resource consumption is predictable,
we describe a CAC algorithm which reserves the extra needed
resources at the time of admission to avoid call QoS degradation. Further, we present a modeling for the performance
analysis of such a CAC algorithm which is also referred to as
CAC with resource reservation scheme.
A. Algorithm Description
First, let us deﬁne Δr1 and Δr2 as the averages of the
extra network resources which each call of classes one and
two, respectively, may consume during their call holding time
in PRBs. It should be noted that Δri , i = 1 and 2, present the
average of the used radio resource ﬂuctuations and it depends
on the users’ mobility pattern. Further, they are larger for a
network with smaller BS gravity factor. Similar to the static
average required resources, ri , Δri for an OFDM network
setting will be found from the simulation approach which
is described in section IV. In a real scenario, these extra
resources may be determined from the history of former calls
of the same class. With the given notations, the average radio
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resources that a call of class i requests at the time of admission
is ri PRBs while the average radio resources that this call
consumes during its holding time can be presented by ri +Δri .
According to our CAC algorithm, a call of class i is admitted
to the system, if the network has left enough resources for
provisioning the requested data rate at the time of admission
as well as during its call holding time. In other words, given
that the number of calls are n1 and n2 for class one and two,
respectively, a new arriving call of class one is admitted if
(n1 + 1)(r1 + Δr1 ) + n2 (r2 + Δr2 ) ≤ C, otherwise the call
is blocked. Similarly, a new arriving call from class two is
admitted if n1 (r1 +Δr1 )+(n2 +1)(r2 +Δr2 ) ≤ C, otherwise
the call is blocked. We note that under the stated admission
rule, the ﬂuctuation of radio resource consumed by a call can
be effectively reserved at the time of admission. In section IV,
we show that although these consumed resource ﬂuctuations
are small for a call, they can signiﬁcantly affect the network
performance in terms of QoS degradation, especially when the
network is highly congested.
B. Performance Modeling
Denoting the state of the network by (n1 , n2 ), we have the
following observations regarding the state transition rates. The
system may leave the state (n1 , n2 ), if a new arriving call from
class one with the arrival rate of λ1 or of class two with the
arrival rate of λ2 is admitted. Therefore, the transitions of
(n1 , n2 ) → (n1 + 1, n2 ) and (n1 , n2 ) → (n1 , n2 + 1) with the
aforementioned rates may happen, if (n1 + 1)(r1 + Δr1 ) +
n2 (r2 +Δr2 ) ≤ C, and n1 (r1 +Δr1 )+(n2 +1)(r2 +Δr2 ) ≤ C,
respectively. We note that the key point to write the above
conditions is the assumption of exponentially distributed call
holding times, since at anytime, the call remaining time is
independent of the call history. Further, the system may enter
to the state (n1 , n2 ), if a call is terminated or a user leaves
the cell. Thus, the transitions of (n1 + 1, n2 ) → (n1 , n2 ) and
(n1 , n2 + 1) → (n1 , n2 ) may happen with the rates of μ1t and
μ2t , respectively, where μit for i = 1 and 2 are given by (1).
Next, let q(n1 , n2 ) denote the joint probability that the
state of the system is (n1 , n2 ) at the steady state. We note
that the system described above may be modeled with a
two-dimensional Markov process with the state space S =
{∀n1 , n2 |n1 (r1 + Δr1 ) + n2 (r2 + Δr2 ) ≤ C}. Let us deﬁne
the step function U (., .) as follows:

1 if n1 (r1 + Δr1 ) + n2 (r2 + Δr2 ) ≤ C,
U (n1 , n2 ) =
0 otherwise.
(2)
Thus, the steady-state solution of the system will be [10]:
q(n1 , n2 ) = U (n1 , n2 )q00

ρ1 n1 ρ2 n2
,
n1 !n2 !

0 ≤ n1 , n2 ≤ ∞, (3)

where in the above, ρ1 and ρ2 represent the call densities for
classes one and two, respectively, given by:
ρ1 =

λ1
,
μ1t

ρ2 =

λ2
,
μ2t

(4)

where μit are given by (1) for i = 1 and 2. In (3), the step

function U (., .) truncates the probability distribution function
for the values of (n1 , n2 ) which are not in S. Further, q00 can
be found from the normalization condition:

ρ1 n1 ρ2 n2
q00 = 1/
U (n1 , n2 )
.
(5)
n1 !n2 !
n1 ,n2 ∈S

Next, let us deﬁne qbi as the probability that a new arriving
call of class i is blocked as a result of congestion. This happens
if the number of ith class calls, ni takes its maximum value.
For i = 1, this probability can be written as:
qb1 =

∞


q(max(n1 ), i),

(6)

i=0

where
max(n1 ) = {∀n1 ∈ S, U (n1 , i) = 0|U (n1 + 1, i) = 0}. (7)
In other words, qb1 can be found from the summation of
the leading non-zero terms in the rows of a matrix whose
(n1 , n2 )th element is set to q(n1 , n2 ). Similarly, for i = 2, this
probability can be found from the summation of the leading
non-zero terms in the columns of a matrix whose (n1 , n2 )th
element is set to q(n1 , n2 ). i.e.,
qb2 =

∞


q(i, max(n2 )),

(8)

i=0

where
max(n2 ) = {∀n2 ∈ S, U (i, n2 ) = 0|U (i, n2 + 1) = 0}. (9)
Next, let us deﬁne the average number of the on-going calls
from class one and class as n̄1 and n̄2 , respectively. We note
that the average number of the on-going calls indicates the
network resource utilizations and the service providers are
interested in a higher value for this metric. n̄1 and n̄2 can
be found as:


n̄1 =
n1 q(n1 , n2 ), n̄2 =
n2 q(n1 , n2 ). (10)
(n1 ,n2 )∈S

(n1 ,n2 )∈S

Finally, let us deﬁne qdi as the probability that the network
cannot maintain the ith class call’s required data rate during its
call holding time as a result of mobility. We also refer to this
as the probability of a call’s QoS degradation. The analytical
modeling intuitively indicates a zero probability for this metric
since the proposed CAC ideally reserves the required extra
radio resources for each call at the time of admission; however,
we should expect a small value in a real scenario. This is due
to the fact that our modeling reserves the average values of the
ﬂuctuations. In the next section, we compare the probability
of QoS degradation for the two cases of conventional CAC
and the CAC with resource reservation scheme through our
simulation approach. We note that this probability is even more
important than the call blocking probability in terms of an
indication of the users dissatisfaction. As a result, it should be
kept as low as possible.
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IV. A NALYTICAL AND S IMULATION R ESULTS
In this section, we present some illustrative simulation and
numerical results regarding to the performance of the proposed
CAC algorithm. The simulation is an event-driven program
which is written in MATLAB. For the physical layer aspects,
the same modeling of [11] is considered which conforms to
3GPP LTE speciﬁcations [12]. Thus, the path loss is modeled
by 39.95 + 43.375log(d/10) (in dB) where d is the distance
between the user and the BS in meters. Total BS transmission
power, target bit error rate (BER), and the noise power are set
to 43 dBm, 0.1% and -174 dBm/Hz, respectively. The OFDM
channel consists of a 5 GHz band and it contains 25 PRBs.
Each PRB consists of 12 sub-carriers with 15 kHz spacing
bands. Finally, a frequency selective fading channel with six
taps is assumed. The perceived data rate at PRB j of user i is
1.5
given by Ri,j = 12log2 (1+βSN Ri,j ), where β = −ln(5BER)
and SN Ri,j is the average of signal to noise ratios on all 12
sub-carriers of PRB j of user i [11].
The requested data rates for narrow-band (class one) trafﬁc
and wide-band (class two) trafﬁc are set to 64 kb/sec and
256 kb/sec, respectively, and both classes are modeled with
a constant bit rate (CBR) trafﬁc type. A proportional fair
algorithm is used to schedule the call trafﬁc on each PRB
in the time domain, whenever a PRB is partially used to
support the requested data rate. It is also assumed that 5%
of the resources are reserved for incoming hand-off calls and
excluded from the analysis. The other system parameters are
set as follows: cell radius R = 300 m, calls average durations
1/μ1 = 1/μ2 = 5 minute, the calls’ arrival rates λ1 = λ2
which vary from 2 to 12 calls per minutes, and the users
mean speed and variance are set as v = 5 Km/hr and σ 2 = 2,
respectively. The simulation has been run 50 times, each time
for 500 seconds, where the statistics of each run then collected
after a 100 second warm up period.
Two sets of simulations were considered. In the ﬁrst set
the required parameters, namely, the static average required
resources for class i, ri , the averages of the extra required
network resources for class i, Δri , and the BS gravity factor, α
were determined and fed into the analytical modeling. Brieﬂy,
for a given new call arrival rate, ri was found as the mean
of the requested radio resources by randomly dispersed static
users within the cell. Similarly, Δri was found as the mean of
the extra used resources recorded at the end of each mobility
epoch of class i users. The α was determined through an
approach which was described in Section II. In the second
simulation set, the performance measurements of the study
were determined for the conventional CAC and the CAC with
the resource reservation scheme.
Fig. 1 presents the probability of a call’s QoS degradation,
qdi , i = 1 and 2, for the conventional CAC and the CAC with
resource reservation scheme from the simulation. The plots
are sketched as a function of the class one and class two call
arrival rates. As observed, this probability is signiﬁcantly high
when the reservation scheme is not employed. As well it is
increasing signiﬁcantly as the new calls arrival rates increase

Fig. 1. Probability that the QoS of an on-going call from class i is degraded
due to mobility, qdi for i = 1 and 2, as a function of new calls’ arrival rates
(from simulation).

with a higher values for the class two trafﬁcs. Further, this
increase takes a higher slope for the class two calls which
indicates that the wide-band trafﬁc is more prone to QoS
degradation when users are mobile in a congested network.
On the other hand, when the CAC resource reservation scheme
is employed, qdi are reduced signiﬁcantly since the expected
extra resource requirements are reserved in advance by the
CAC algorithm. We note that in this case, this probability
is approaching to the negligible value of 0.02 in a highly
congested network.
Fig. 2 plots the probability that a new call is blocked, qbi
for the CAC with resource reservation scheme as a function
of the classes one and two arrival rates, both from simulation
and analytical modeling. It also includes the results of the
conventional CAC from the simulation approach. As expected,
for both CAC schemes, the call blocking probabilities increase
as new call arrival rates increase. Further, it takes higher
values and increases faster for the class two calls which hold
wide-band trafﬁc. Comparing the results of two CAC schemes
for each class, we notice negligible differences which is an
interesting observation. In other words, the employment of a
resource reservation scheme reduces the probability of call’s
QoS degradation due to mobility signiﬁcantly, however, it
slightly increases the call blocking probability.
The newly proposed CAC comes with the risk of decreasing
the network capacity, and therefore, it is important to understand such a cost. Fig. 3 presents the average numbers
of class one, n̄1 , and class two calls, n̄2 when the CAC
algorithm with resource reservation scheme is employed, both
from simulation and analytical approaches. The results of the
conventional CAC is also included. As observed, the average
number of calls per each class are almost identical when the
system is lightly congested since the arrival rates are set equal.
However, due to bandwidth requirements, intuitively wideband calls get blocked more often compared with narrow-
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CAC may reserve smaller values for optimization purposes. In
general, Δr1 and Δr2 depend on the users mobility patterns
and their optimum values should be determined statistically
from the past call history in each cell.
V. C ONCLUSION



Fig. 2. Probability that a new call is blocked, qbi , for for i = 1 and 2, as a
function of the new calls’ arrival rates

Due to the users mobility and channel quality variations, the
admitted calls of an OFDM network may consume more radio
resources compared to what they have negotiated at the time of
admission to maintain their QoS. Although such ﬂuctuations
are fairly low for a single call, it is not negligible when the
network is congested. As a result, some ongoing calls may
experience QoS degradation. In this paper, we have proposed
a new CAC with a future look into the needed extra resources
to offset the changes of the channel condition due to mobility.
The performance measures of such a CAC were obtained
from simulation and analytical approaches and were compared
with a conventional CAC algorithm. We have shown that in a
scenario with uniform mobility model for users, the proposed
CAC outperforms the conventional CAC without signiﬁcant
loss in network capacity. This is an early work, and as stated
before, the proposed CAC performance will be tested with
different mobility distributions and trafﬁc mix/rate.
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