
Dynamic Resource Reservation in IEEE 802.16
Broadband Wireless Networks

Kamal GAKHAR, Mounir ACHIR, Annie GRAVEY
ENST-Bretagne

Computer Science Department
ENST-Bretagne CS 83818, 29200 Brest France

e-mail: {kamal.gakhar; mounir.achir; annie.gravey}@enst-bretagne.fr

Abstract— This paper presents a mechanism for dynamic
resource management and discusses its relevance for traffic in
IEEE 802.16 broadband wireless network. The basic goal is to
minimize the amount of bandwidth being actually provisioned
for committed bandwidth traffic while keeping the cost of MAC
signalling to a minimum. In particular, this mechanism restricts
the provisioned bandwidth to a predefined minimum when the
actual offered load is significantly lower than the load that has
been taken as a dimensioning objective. The proposed mechanism
dynamically changes the amount of reserved resources between a
small number of values (Two in the base model) depending on the
actual number of active connections while limiting the number
of transitions by imposing a hysteresis behaviour. In particular,
it is not necessary to update the resource reservation whenever
a traffic flow is activated or terminated. A Markov Chain model
yields two performance parameters : the reserved bandwidth
and the transition rate. A new parameter, noted θ, has been
introduced in addition to the performance parameters discussed
to minimize the global cost of the system. A generalization of
this method to more than a single threshold is also proposed and
discussed.

I. INTRODUCTION

To ensure optimum reservation and utilization of resources
while minimizing the costs involved for a network has always
been a challenging problem. Our approach is based on dy-
namic reservation of the bandwidth following a mechanism
of hysteresis. The focus of this paper is the dimensioning of
IEEE 802.16 network [1] which needs an admission control
policy (also called CAC: Call Admission Control). In fact, an
admission control policy needs to be implemented in these
networks as the data are transmitted in a “connection” mode.
To explain it precisely, each subscriber station (SS) needs
to establish a connection to the base station (BS) before it
could transmit the packets. Although IEEE 802.16 standard
recommends to implement a CAC policy (and support all
necessary MAC mechanisms), no CAC policy is specified
in the standard, and it is actually possible not to implement
a CAC by setting up permanent connections when a SS is
initialized.

Two broad types of traffics are supported in networks:
Committed Bandwidth (CB) traffic and Best Effort (BE)
traffic. CB traffic requires that a fixed amount of bandwidth
be reserved; when less number of resources are available than
needed, the QoS for the application degrades. Moreover, if

CB traffic shares a globally reserved amount of bandwidth,
that is not sufficient to support all the active CB flows, then
all the active flows are likely to be degraded. CB traffic can
be multimedia (e.g. ToIP or IPTV) but can also be pure data
traffic for which a strict SLA is negotiated. It is expected
that several classes of CB traffic be supported by network
operators, who should dimension their system in order to limit
the blocking probability, i.e. the probability that a new CB flow
is not accepted due to lack of resources.

IEEE 802.16 standard offers three classes of connections to
support CB traffic. These differ on the QoS that is required
by the applications supported on these connections [1][3].
The present work does not refer to one specific class, but
is applicable to any framework where the operator wishes
to minimize the blocking probability for CB traffics, while
limiting the signalling and configuration costs involved by
modifying the amount of reserved bandwidth.

In general we can identify two families of policies for
resource reservation. The first represents the mechanisms
where resources are reserved in a semi-permanent or perma-
nent manner also called permanent virtual circuit (PVC). The
second family comprises of the procedures in which resources
are reserved on demand also known as switched virtual circuit
(SVC) [2]. The PVC method has a very low cost in terms of
signalling and configuration but relies on overprovisionning
for the supported traffic. This in turn may lead to excess
blocking for other classes of CB traffics. On the other hand,
the SVC method reserves only what is requested but incurs a
high cost in terms of signalling and provisionning. This work
presents a compromise between the PVC and the SVC meth-
ods by proposing a dynamic resource allocation mechanism of
PVC type based on two state reservation. In this mechanism
the reserved bandwidth varies depending on how much of it
is being used and on a threshold. In the following section,
we present our dynamic reservation framework. In section 3
we discuss the state of the art of some resource reservation
mechanisms. In section 4, we see the hypothesis and the
principles of proposed mechanisms. Following that, in section
5, we introduce and resolve respectively the system model
based on Markov Chains. In section 6, we will see analytical
results concerning modeling. A generalized approach to the
mechanism is presented in section 7 with a conclusion in
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section 8.

II. DYNAMIC RESERVATION FRAMEWORK

The objective of this paper is to investigate methods that
limit the cost of signalling and configuration while adapting
to varying levels of offered load for a single CB class of traffic.
Our study can be applied typically in hybrids WiFi/WiMAX
networks [3], see Fig. 1. Note that in this architecture, the
WIMAX network is a WAN that collects the traffic from
primary (WiMAX) SS, while each primary SS directly con-
nects one or several Access Points (either WiFi, or WiMAX)
on which actual subscribers are directly connected through
secondary SS. In this type of architecture, if the configuration
of a primary SS has to be modified every time a new CB flow
is activated at a secondary SS, the signalling load between
the primary BS and SS would possibly be overly important.
Therefore, it makes sense to limit the configuration load for
primary SS by implementing a semi-static configuration that
is seldom modified, but can still support CB traffic with good
QoS, both in the command plane (by limiting the blocking
probability) and in the transfer plane (by ensuring that enough
resources are available for each non-blocked CB flow).

BS

non-AP QSTA

non-AP QSTA
non-AP QSTA

802.16

802.11e / WiMAX

BS: Base Station
SS: Subscriber Station
QAP: QoS Access Point
non-AP QSTA: QoS Stations
MM: Mapping Module

Radio Gateway

QAP

SS

MM

Fig. 1. WiMAX-WiFi hybrid network architecture

The above hybrid architecture has to be dimensioned for
a target traffic class e.g. on the basis of the “busy hour”
offered load of this traffic, but may actually operate at a
significantly lower load. If the network operator prefers to
use only permanent connections, he has to choose between
reserving a large amount of resources (based on the “busy
hour” offered load of the target traffic) and then risk blocking
other types of CB traffic, or reserving a significantly smaller
amount of resources for the target traffic and then risk a
performance degradation for this traffic. The mechanism we
propose here allows to operate with a minimum amount
of reserved resources when the actual load is small, while
seamlessly reserving the necessary amount of resources when
the actual load significantly increases. The cost in term of
signalling can be optimised together with the gain in reserved
resources. However, as we shall see further, the selection of
the optimum set of parameters depends on expected offered
load, and on the respective costs of signalling and reserved

resources. It is therefore up to the operator to select the
appropriate set of parameters according to its cost structure
and expected traffic profiles.

III. THE STATE OF THE ART

In current literature we find many references to mechanisms
and methods which explain dynamic resource reservation in a
system consisting of multiple traffic classes.

To refer to first work [7], the hypotheses in this paper
consider multiple thresholds (T0, T1, T2, ..., Tk, ..., Tn). The
reserved bandwidth varies from one to another threshold
until the number of channels being used, n(t), reaches a
prefixed threshold. The reserved bandwidth can be expressed
as : BP (n(t)) = min(Ti) : Ti ≥ n(t), whereas n(t)
is the number of channels being used. The equations for
minimizing the bandwidth being used have been resolved and
give the corresponding transition rate, R∗ (number of changes
in threshold per second). An extension for this mechanism has
also been proposed inspired by the one proposed in [8]. This
one proposed to use two thresholds around each reservation
threshold Tk, a superior threshold noted as u(k) and second
inferior noted as l(k). This extension insights to minimize
transition rate. The proposition is to calculate u(k) and l(k)
in a manner to obtain a transition rate approaching R∗ which
minimizes the reserved bandwidth. The results show that when
the transition rate increases the reserved bandwidth decreases
hence the blocking probability.

Another work of inspiration is [9] that gave a mechanism to
optimize resources allocations in ATM networks. This mecha-
nism combines set up and free connections processes, dynamic
bit rate allocation and flows control. A markovian model is
developed to evaluate the performance of the mechanism. This
model establishes an exact analysis of delays and rejected
request without numerical computations. This is a hysteresis
mechanism. In fact, the passage of the bandwidth to a superior
or inferior reservation is attained as a function of the state of
the client queue at ATM switch. Our solution is closed to
the one proposed in this work except that the change in the
reserved bandwidth is done as a function of the number of
active connections. The principles of our solution are discussed
in section IV.

Other solutions of resource reservation are proposed but for
the cellular networks [4]. This paper takes two traffic classes
into account : the new calls and the handover calls. The idea
is to vary a threshold dynamically which in fact represents
the maximum number of channels above which all new calls
will be rejected. This adaptive mechanism is characterized by
four parameters : αu, αd, N and τ . The principle followed is
such that if the blocking probability for the handover traffic
is greater than a certain value, P h > αu.Bh, the threshold
for new calls, ln, will be decremented by 1. If during N
(N = 10) consecutive handovers we have P h < αd.B

h,
the threshold ln will be incremented by 1. The τ (2 hours)
corresponds to the estimated period of blocking probability
of the handover traffic. In this approach we need to manage
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multiple parameters whereas the time of convergence to obtain
stationary values of blocking probabilities is relatively longer.

In order to ameliorate the time of convergence of this
method and to reduce the number of parameters to manage,
[5] proposes a less complex yet more efficient method. This
one needs three parameters αu, αd and Pdec (the probability
to reduce ln). The principle used is globally the same as
discussed in [4] and have its basis on estimation of the
blocking probability of handover traffic P h . The advantage is
that it is less complex as it involves less number of parameters
to be manipulated. In this method the blocking probability
is calculated by memorizing all the blocked handovers and
the threshold ln is updated at each blocked handover which
results in short convergence time compared to the mechanism
in [4]. If the esteemed probability is inferior to αd.B

h then
the threshold ln is incremented by 1. When αd.B

h < P h <
αu.Bh, the threshold ln will be decreased with a probability
Pdec and incremented with the probability (1 − Pdec) where
as if αu.Bh < Ph, the threshold ln is decreased with a
probability Pdec and is incremented with a probability of
(1 − Pdec). The simulation results show a gain of 50% for
convergence time towards the targeted probabilities whereas
the precision measure remains the same for two mechanisms.

The article [6] proposes a dynamic mechanism and compare
its performances with the mechanisms presented in [4] and
[5]. The general principle is very simple as the acceptation
and the rejection of the calls are based on MGC (Multiple
Guard Channel). A call is accepted if the number of occupied
channels is inferior to the threshold N i < li , otherwise
it is rejected. The mechanism is adaptive and modify the
threshold for each class after each connection demand. The
desired blocking probability for the traffic class i is noted
Bi = bi/oi with bi the number of rejected calls and oi the
total number of calls. The blocking probability is evaluated
in varying the threshold li in the following manner: when a
call from class i is accepted, the threshold is decreased as
li = li−1, with the probability 1/(oi−bi), and when a call is
rejected, the threshold is incremented as li = li + 1 with the
probability (1/bi). The simulation results show the efficiency
of this mechanism as compared to the ones presented in [4]
and [5] in terms of the load accepted by the network and the
mean value of threshold.

To focus back, we base our approach for CB type traffic
and propose our hypothesis and principles in the following
section.

IV. MODEL HYPOTHESIS AND PRINCIPLES

Our context involves a SS (subscriber station) which re-
quests a certain amount of bandwidth reservation to the BS.
The basic principle of our approach is : the reserved bandwidth
will vary between a minimum and a maximum value as per
the bandwidth utilized by the clients. We define the following
parameters before moving on:

• CM and Cm, maximum and minimum bandwidth respec-
tively that could be reserved.

• T , a fixed threshold with a value inferior to that of Cm.

• C(t), the instant bandwidth at a given t.

The reserved bandwidth varies as per the following rules:

• The reserved bandwidth will be equal to Cm when the
bandwidth being used, C(t), is less than Cm.

• When C(t) attains Cm , the reserved bandwidth passed
on from Cm to CM .

• When the bandwidth being used, C(t), moves to a value
less than that of threshold T , the reserved bandwidth gets
reduced from CM to Cm.

From the rules above, it is clear that the reserved bandwidth
will be controlled, in a simple manner, by the bandwidth
being actually used, that is, C(t). This reserved bandwidth is
obviously inferior to CM , which in turn could lead to a non-
negligible gain in terms of bandwidth. Further we will see an
example quantifying this gain. Fig.2 represents the reserved
bandwidth variation as a function of the bandwidth used by
the clients.

Fig. 2. The amount of reserved bandwidth varies according to the number
of active flows

In addition to the reserved bandwidth, one more important
criterion should be taken into account for the mechanism,
namely, the choice of parameters Cm and T . In fact, the
fluctuations of the reserved bandwidth from CM to Cm, or
reciprocally, should be the minimum possible as the signalling
costs are involved with each of these.

V. SYSTEM CHARACTERIZATION

This section discusses a Markov Chain model for the
proposed mechanism. We consider the following hypothesis:

• The arrival of clients is a poisson process with a rate
equal to λ.

• The connection duration is random and denoted by ex-
ponential parameter: μ.

• The bandwidth utilized by a connection: 1 channel.

The above hypothesis are common in any system where
a large number of potential users initiate identical real time
multimedia communications. The model then applies to the
case where the target CB traffic is of this type (e.g. interactive
voice or video). We assume that all traffic flows are identical.
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The model extends easily to several types of CB traffic,
without modifying the qualitative behaviour of the system. Let
us define also the following variables:

• The maximum number of reserved channels: CM .
• The minimum number of reserved channels: Cm.
• The threshold of passage from CM to Cm : T .

It is easily seen that the pair (S, C) where S is the amount
of reserved resources and C is the number of active flows is a
simple Markov process illustrated below. The left hand branch
of the graph is the set of states for which S = Cm, and the
right hand branch is the set of states for which S = CM .

Based on this hypothesis, we model the system using
Markov Chains as shown in the Fig.3.

Fig. 3. One threshold system model based on Markov Chains

We resolved the state equations for the Markov Chains
in order to calculate the mean reserved bandwidth. This
Markov Chain is irreducible and non-periodic and thus allows
a unique solution [10]. To avoid the complexity of mathematics
involved in resolution we present only the probability states,
the reserved bandwidth, and the transition rate. We notice:

• P (i) : the probability of the state i, for i between T and
Cm − 1, given that the reserved bandwidth is equal to
Cm.

• Q(i) : the probability of the state i, for i between T and
Cm − 1, given that the reserved bandwidth is equal to
CM .

The expressions for P (i) and Q(i) , for i between T and
Cm − 1, are given as:

P (i) = R(T − 1).ρi−(T−1).
D(Cm − (i + 1))

D(Cm − T )
(1)

Q(i) = R(i) − R(T − 1).ρi−(T−1).
D(Cm − (i + 1))

D(Cm − T )
(2)

where as :

R(i) =
ρi

i!.
∑Cm

n=0
ρn

n!

(3)

and :

D(k) =
k∑

n=0

ρk−n
n−1∏
j=0

(Cm − (k − j)) (4)

For i between 0 and T−1 or between Cm and CM , we have
the probability of the state i equal to Ri, as in (3). Having
obtained the probability states, we can calculate the mean
reserved bandwidth as expressed in (V), and the transition rate
by : (6).

BP = CM − (R(0) + R(1) + ... + R(T − 1) + P (T )
+ ... + P (Cm − 1)).(CM − Cm) (5)

TR = λ.P (Cm − 1) + μ.T.Q(T ) (6)

VI. RESULTS

We consider here a system in which the exact offered load
is unknown, but is upper bounded by 20 Erlangs. This yields a
CM value of 30 (which corresponds to a blocking probability
value of 10−2). We discuss here the issue of selecting Cm
and T values optimally.

The evolution of reserved bandwidth and transition rate has
been observed in respect to various parameters that compose
the system and is presented in (4) (varying T ) and (6) and as
in (5) (varying Cm) and (7). The load varies from 0 to ρmax.

Fig.4 and 6 are obtained using the following parameters:
CM = 30, Cm = 15 and T varying between 1 et (Cm−1). We
notice that in Fig. 4 the bandwidth increases very rapidly for
small values of T . This happens when C(t) surpasses (Cm−1)
the bandwidth changes from Cm to CM and stays at this value
for a considerable time as the threshold T is small. On the
other hand, when T gets close to Cm, the reserved bandwidth
is minimum because in this case the reserved bandwidth varies
from CM to Cm, and inversely, each time that C(t) surpasses
or descends below Cm − 1. In Fig.5 and Fig.6, we have the
mean reserved bandwidth and the transition rate in varying the
Cm from T + 1 to CM − 1.

In Fig.5, the mean reserved bandwidth increases when Cm

increases. This gives us maximum reserved bandwidth for a
maximum of Cm, this means up to CM − 1. In Fig.6, the
transition rate has a maximum for a value of T equal to Cm−1.
In fact, as we notice here, when T is close to Cm − 1, the
bandwidth varies from CM to Cm and inversely with a greater
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Fig. 5. Bandwidth reserved as a function of offered load

frequency which signifies an increase in the transition rate.
For a given T , the transition rate is maximum when the mean
number of channels is between T and Cm − 1. In the same
manner for Fig.6, in Fig.7 we have a transition rate which is
maximum for a Cm closer to T .

In Fig. 8 and 9, we have three-dimensional representation
of the reserved bandwidth and the transition rate as functions
of CM and T . These clearly show us that the bandwidth
and the transition rate have a minimum and a maximum
respectively for the same values of (Cm, T ). Thus it is clear
that minimizing the bandwidth and the transition rate will need
a compromise. This brings us to the task of obtaining a cost
function which depends on the bandwidth, the transition rate,
and a parameter θ. We have opted for a simple but efficient
function in order to determine the optimum coupled value of
(Cm, T ) and is given as :

fc =
BP

max(BP )
+ θ.

TR

max(TR)
(7)
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Fig. 6. Transition rate as a function of offered load
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Fig. 7. Transition rate as a function of offered load

where as :

• max(BP), the maximum value of reserved bandwidth
• max(TR), the maximum value of transition rate

θ represents the relative importance of blocking for other
classes of CB traffic versus the signalling and configuration
costs. A network operator should select the value of theta
corresponding to its policy, and then use e.g. figure 10 to select
optimal Cm and T values.

We obtain the curves of Cm and T as in Fig.10 as function
of parameter θ. It is easy to see that for small values of θ we
have a Cm which is close to T . It was expected for a small
value of θ, the cost function can be estimated by BP

max(BP ) .
We would like to minimize the reserved bandwidth which in
turn gives us (Cm, T ) such that T ≈ Cm. When θ is large,
we obtain a value of (Cm, T ) such that Cm = CM − 1 and
T = 1. In fact, in this case, the cost function can be estimated
by θ. TR

max(TR) and the minimization of this gives us the value
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Fig.11 illustrates optimal Cm and T which minimize the
cost function fc versus total trafic load (ρ). For example if
one dimensions a network for ρ = 10 Erlang, then Cm will
be equal to 18 and T will be equal to 14.
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Fig. 11. Optimal Cm and optimal T as function of ρ.

When the offered load is near the maximum, Cm is close
to CM , and the system shall almost always reserve the CM

channels, since T is then close to 0. However, the interesting
part of the figure is when the offered load is significantly
smaller than the maximum (i.e. between 7 and 14). It is seen
there that taking Cm between 15 and 20 and T equal to
Cm − 4 is close to the optimum. On the other hand, if the
offered load significantly varies between a low value (i.e. 5)
and a high value (i.e. 10), there is no real optimal choice.
This observation justifies considering more than one threshold,
when the activity presents several clearly identified levels (i.e.
office hours versus out of office hours). This generalisation is
addressed in the following section.

VII. HYSTERESIS SYSTEM WITH MULTIPLE THRESHOLD

This section presents the generalization of previously dis-
cussed mechanism. It is obtained by using many levels of
reservation. In fact, such a reservation certainly allows us to
optimize the reserved bandwidth as we will see in the results.

A. Hysteresis system with two thresholds

Fig.12 and 13 show us, respectively, the temporal curves of
the reserved bandwidth and the number of channels being used
for the hysteresis mechanisms with one and two thresholds. In
Fig. 12, we consider a threshold of Cm = 15 to pass on from
a reserved bandwidth of 15 to a reserved bandwidth equal to
30 where the threshold T equals 10. In Fig. 13, we observe
the mechanism of hysteresis with two thresholds. The values
of the thresholds are the following: Cm,1 = 20, T1 = 16,
Cm,2 = 14 and T2 = 10. The reserved bandwidth changes
from Cm,2 = 14 to Cm,1 = 20 when the number of occupied
channels move to Cm,2 = 14 and comes back to 14 when the
number of occupied channels passed below T2 = 10. In the
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same manner, the reserved bandwidth passes on from Cm,1 =
20 to CM = 30 when the number of occupied channels attains
Cm,1 and moves back to 16 when the number passed below
14.
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Fig. 12. Reserved bandwidth with hysteresis along one threshold
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Fig. 13. Reserved bandwidth with hysteresis along two thresholds

Fig. 14 illustrates the Markov Chains for the system which
is modeled using the functioning of a system at hysteresis with
two thresholds. The analytical solution for this Markov Chain
is complex but could be obtained intuitively using the system
resolution presented earlier. The following are the probability
state equations of the Markov Chains illustrated by the fig. 14.

• P1(i) : the probability of the state i given the reserved
bandwidth equal to Cm,1

• Q1(i) : the probability of the state i given the reserved
bandwidth equal to CM

• P2(i) : the probability of the state i given the reserved
bandwidth equal to Cm,2

• Q2(i) : the probability of the state i given the reserved
bandwidth equal to Cm,1.

Fig. 14. Two thresholds system model based on Markov chains

The expressions for P1(i), Q1(i), P2(i) and Q2(i) are thus
given by:

P1(i) = R(T1 − 1).ρi−(T1−1).
D(Cm,1 − (i + 1))

D(Cm,1 − T1)
(8)

Q1(i) = R(i)−R(T1−1).ρi−(T1−1).
D(Cm,1 − (i + 1))

D(Cm,1 − T1)
(9)

P2(i) = R(T2 − 1).ρi−(T2−1).
D(Cm,2 − (i + 1))

D(Cm,2 − T2)
(10)

Q2(i) = R(i) − R(T2 − 1).ρi−(T2−1).
D(Cm,2 − (i + 1))

D(Cm,2 − T2)
(11)

where as, for i between : T1 and Cm,1 − 1

R(i) =
ρi

i!

CM∑
n=0

ρn

n!
(12)
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D1(k) =
k∑

n=0

ρk−n
n−1∏
j=0

(Cm,1 − (k − j)) (13)

and for i between : T2 and Cm,2 − 1

R(i) =
ρi

i!

CM∑
n=0

ρn

n!
(14)

D2(k) =
k∑

n=0

ρk−n
n−1∏
j=0

(Cm,2 − (k − j)) (15)

For i between 0 and T2 − 1, between Cm,2 and T1 − 1 or
between Cm,1 and CM , we have the probability of the state i
: R(i), given by the following equation :

R(i) =
ρi

i!

CM∑
n=0

ρn

n!
(16)

Given the probability states, we can calculate the mean
reserved bandwidth given by (VII-A), and the transition rate
given by (VII-A).

BP = CM −
⎛
⎝T2−1∑

i=0

R(i) +
Cm,2−1∑

i=T2

P2(i)

⎞
⎠ .(CM − Cm,2) −

(CM − Cm,1) .⎛
⎝Cm,2−1∑

i=T2

Q2(i) +
T1−1∑

i=Cm,2

R(i) +
Cm,1−1∑

i=T1

P1(i)

⎞
⎠ (17)

TR = λ (P (Cm,1 − 1) + P (Cm,2 − 1)) +
μ (T1.P (T1) + T2.P (T2)) (18)
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Fig. 16. Transition rate as a function of offered load

Fig. 15 shows the curves for the bandwidth reserved with
one and two thresholds. We observe that the bandwidth re-
served with two thresholds (near x-axis) clearly needs smaller
values than with the one obtained using one threshold. How-
ever, as shown in the fig. 16, the transition rate for multiple
thresholds increases brusquely.

B. General Case: system with multiple thresholds

We generalize the hysteresis mechanism with multiple
thresholds. These multiple thresholds could be given as : CM ,
Cm,1, Cm,2, Cm,3, ... , Cm,l, ... , Cm,n and Tl, T2, T3, ... ,
Tl, ... , Tn. We notice that :

• Pl(i) : the probability of the state i given that the reserved
bandwidth is equal to Cm,l

• Ql(i) : the probability of the state i given that the reserved
bandwidth is equal to Cm,(l+1).

The expressions for Pl(i) and Ql(i) are given by the
following equations :

Pl(i) = R(Tl − 1).ρi−(Tl−1).
D(Cm,l − (i + 1))

D(Cm,l − Tl)
(19)

Ql(i) = R(i)−R(Tl−1).ρi−(Tl−1).
D(Cm,l − (i + 1))

D(Cm,l − Tl)
(20)

where as, for i lying between Tl and Cm,l − 1 :

R(i) =
ρi

i!

CM∑
n=0

ρn

n!
(21)

Dl(k) =
k∑

n=0

ρk−n
n−1∏
j=0

(Cm,l − (k − j)) (22)

For i between 0 and Tn − 1, between Cm,l+1 and Tl − 1
and between Cm,1 and CM , we have the probability of the
state i : R(i), given by the following equation :

R(i) =
ρi

i!

CM∑
n=0

ρn

n!
(23)
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Having identified the probability states, we can calculate the
transition rate and the mean reserved bandwidth as following:

TR = λ

(
n∑

l=1

P (Cm,l − 1)

)
+ μ

(
n∑

l=1

Tl.P (Tl)

)
(24)

BP = CM −
⎛
⎝Tn−1∑

i=0

R(i) +
Cm,n−1∑

i=Tn

Pn(i)

⎞
⎠ .(CM − Cm,n) −

n−1∑
l=1

⎛
⎝Cm,l+1−1∑

i=Tl+1

Ql+1(i) +
Tl−1∑

i=Cm,l+1

R(i) +
Cm,l−1∑

i=Tl

Pl(i)

⎞
⎠

. (CM − Cm,l) (25)

These two global equations (24 and 25) give a relation
between the network parameters: CM , ρ and the mechanism
parameters Cm,l et Tl. A global optimization of the cost
function (see equation 7) is done by determining all the
mechanism parameters and the total offered load (ρ). This
implies an optimization with multiple parameters.

VIII. CONCLUSION

This work studies optimum reservation and utilization of
bandwidth for Committed Bandwidth (CB) type traffic while
minimizing MAC signalling costs. Our solution can be applied
to any network that supports several classes of CB traffic, and
in which signalling and configuration costs should be limited.
This paper presents a comprehensive approach to model such
a system with multiple thresholds with the help of Markov
Chains. Many numerical examples and curves permit to have
a quantitative appreciation of the mechanism behaviour. The
results show that it is possible to minimize signalling (and
thus transition rate) costs. However a compromise has to be
reached to ensure optimum reservation of bandwidth in terms
of signalling costs involved.

A general use of this mechanism is presented in the sec-
tion VII. A dynamic allocation with multiple thresholds is
modelled by a Markov chain. With this model we obtain
global equations for the used bandwidth and the transition
rate which represent the total signalling quantity. The proposed
mechanism enters in the context of a WiMAX access network
dimensioning for a long term load objective but which operates
often at a significantly lower offered load.

The operator can than, at a minimal signalling and configu-
ration cost, dynamically modify the amount of resources that
is reserved for the target traffic, while ensuring that this traffic
shall be offered a good performance as long as the offered
load is lower than the long term load. The system operates in a
semi-permanent mode, in which there is no need to update the
amount of reserved resources for each activated or terminated
flow, but only to modify the reservation when the number of
active flow becomes larger than a first threshold, or smaller
than a second one. We have shown how to optimally select
the threshold values, depending on the operator cost structure,
and on the expected load. Moreover, if the load is expected
to operate at several well identified values, the generalized
system can take into account several thresholds in order to
decrease the global operational costs.
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