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a b s t r a c t

To avoid collisions in WiMAX networks, the connections in Subscriber Stations (SSs) use a
request–grant process to acquire transmission resources from the Base Station (BS). In
accordance with the IEEE 802.16 standard, the request–grant process is accomplished
using either a unicast polling method or a contention request method. In WiMAX systems,
the number of bandwidth-request (BR) slots per frame is limited. Thus, to enhance the net-
work performance, the BR slots must be used in the most efficient manner possible. In
practical WiMAX systems, the offered network load varies over time, and thus the strict
use of either the unicast polling method or the contention request method results in a poor
utilization efficiency of the BR slots. Accordingly, the present study proposes a scheme des-
ignated as Efficiency-Driven Selection of Bandwidth Request (EDSBR), in which the
request–grant mechanism is adjusted dynamically on a frame-by-frame basis in accor-
dance with the network conditions. The performance of the proposed scheme is evaluated
by simulations. The results show that EDSBR achieves a more efficient utilization of the BR
slots than the unicast polling scheme or the contention request scheme, and therefore
yields an improved network performance.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Wireless local area networks, generally referred to as
WiFi networks [1,2], provide a convenient means of access-
ing the Internet via stationary or mobile devices. However,
such networks have insufficient bandwidth to adequately
support multimedia services with large bandwidth
requirements such as Youtube [3] or Netflix [4]. In
addition, WiFi is impractical for outdoor use due to its
narrow transmission range. As a result, various Broadband

Wireless Access (BWA) technologies have been proposed
to support higher data rates and a wider transmission
range [5–7]. The IEEE 802.16 set of standards [8,9], referred
to conventionally as Worldwide Interoperability for Micro-
wave Access (WiMAX), define the MAC and PHY specifica-
tions of the air interface and provide various mechanisms
for guaranteeing the Quality of Service (QoS) [10] in terms
of the required bandwidth [11] or delay [12]. WiMAX is
one of the most widely used BWA technologies around
the world and is regarded as a promising solution for the
realization of next-generation networks.

In WiMAX, the MAC layer is connection-oriented, i.e.
every traffic flow is associated with a particular connec-
tion. Furthermore, each connection is associated with a
particular service flow, where this flow is characterized
by a particular set of QoS parameters. The IEEE 802.16
standards define five different service types, namely Unso-
licited Grant Service (UGS), real-time Polling Service (rtPS),
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extended real-time Polling Service (ertPS), non-real-time
Polling Service (nrtPS), and Best Effort (BE) service. To meet
the QoS requirements of these different service types, and
to avoid collisions during transmission, WiMAX employs a
request–grant process [13] to request transmission
resources. Specifically, when a connection of Subscriber
Station (SS) has data to transmit, it first sends a band-
width-request (BR) to the Base Station (BS). If sufficient
transmission resources are available, the BS grants the re-
quested resource to the connection of SS, which then uses
this resource to transmit its data. In WiMAX, the request–
grant process is performed using one of two different
mechanisms, namely unicast polling [14] or contention re-
quest [15]. In unicast polling mechanism, the BS would poll
each connection and each connection is assigned a specific
time slot within which to transmit its BR to the BS; thereby
avoiding contention. By contrast, in the contention request
mechanism, the connections transmit their BRs using a
random access scheme, and thus the BRs contend for the
BR slots. In WiMAX networks, the number of BR slots per
frame is strictly limited. Thus, the slots must be used in
the most efficient manner possible if the system perfor-
mance is to be enhanced.

Oh and Kim [16] proposed a mechanism for improving
the performance of WiMAX systems by determining the
optimal number of BR slots required to support the conten-
tion request mechanism. However, the proposed scheme
did not consider the efficiency with which the BR slots
were actually used, and thus the performance improve-
ment was inevitably constrained. Lu et al. [17] presented
a method for determining the optimal size of the backoff
window used in the contention request mechanism based
on the number of active SSs (i.e. the number of SSs intend-
ing to transmit a BR). In theory, the optimal backoff value
reduces the risk of collision, and therefore increases the
likelihood of the BR being successfully received. However,
the method proposed in [17] does not consider the optimal
number of BR slots per frame and takes no account of their
utilization efficiency. As a result, an overflow problem may
occur and the utilization efficiency of the BR slots is
reduced.

In practice, the contention-request mechanism results
in a more efficient use of the BR slots in networks with
fewer active connections (i.e., connections intending to
transmit a BR), whereas the unicast polling mechanism
achieves a higher utilization efficiency of the BR slots in
networks with a greater number of active connections.
However, in real-world WiMAX systems, the network con-
ditions would vary over time. As a result, the strict use of
either the contention-request method or the unicast poll-
ing method fails to make the most efficient use of the BR
slots. Thus, the ability of the BS to allocate the bandwidth
in an optimal manner is constrained. To resolve this prob-
lem, the present study proposes a scheme designated as
Efficiency-Driven Selection of Bandwidth Request (EDSBR),
in which the request–grant mechanism is adjusted adap-
tively in accordance with the current network conditions.
Specifically, the contention request mechanism is em-
ployed when the active rate of the connections is less than
a certain threshold value (Epeak_m), and the unicast polling
mechanism is applied otherwise. The performance of the

proposed scheme is evaluated both analytically and
numerically. It is shown that EDSBR achieves a higher uti-
lization efficiency of the BR slots than the contention re-
quest scheme or the unicast polling scheme, and yields
an improved system performance as a result.

The remainder of this paper is organized as follows:
Section 2 describes the basic principles of WiMAX net-
works and discusses the unicast polling and contention re-
quest mechanisms. Section 3 reviews the related literature
in the field. Section 4 introduces the EDSBR scheme pro-
posed in this study. Section 5 presents and discusses the
analytical and numerical results. Finally, Section 6 provides
some brief concluding remarks.

2. Background

The IEEE 802.16 standards define two operation modes
for WiMAX networks, namely the point-to-multipoint
(PMP) mode and the mesh mode. In the PMP mode, the
SSs transmit their data to the BS and the BS then forwards
the data to the destination (see Fig. 1). In other words, all of
the data transmissions are processed by the BS and the SSs
do not communicate directly with one another. By con-
trast, in the mesh mode, the SSs are able to transmit their
data to the destination directly.

In WiMAX systems, transmissions occur in two differ-
ent directions, namely from the BS to the SSs (i.e. the
downlink direction) and from the SSs to the BS (i.e. the up-
link direction) [18,19]. In the downlink direction, the BS is
the sole transmitter and the data are transmitted via
broadcasting. By contrast, in the uplink direction, all of
the SSs are potential transmitters. If multiple SSs transmit
their data simultaneously, traffic collisions would occur at
the uplink and the system performance would be reduced.
Therefore, the WiMAX prescribes the use of a request–
grant process to reserve resources in such a way as to avoid
collisions. Specifically, when a connection of SS wishes to
transmit its data, it first sends a BR message to the BS. If
sufficient bandwidth is available, the BS grants the re-
quested resource to the connection of SS and the connec-
tion then uses this resource to transmit its data. As
described in the previous section, the request–grant pro-
cess is implemented using one of two different mecha-
nisms, namely unicast polling or contention request.

2.1. Unicast polling

The BS would poll each connection. Thus each connec-
tion is assigned a particular time slot in which to transmit
its BR to the BS. In other words, unicast polling is conten-
tion-free.

2.2. Contention request

The connections use a random access scheme to trans-
mit their BRs to the BS within a specific interval of the up-
link subframe, called contention period. Since a random
access scheme is used to access the uplink bandwidth, col-
lisions may occur, and thus some form of resolution proce-
dure is required [20–22].
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