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ABSTRACT
In this paper, we propose an alternative QoS architecture
for the IEEE 802.16 Standard, that incorporates a priority
based packet scheduling and a new traffic shaping. For this,
we present the ideas of a traffic conditioner based on concept
of “Fair Marker”.

Categories and Subject Descriptors
C.2.1 [Network Architecture and Design]: Wireless
communication

General Terms
Wireless Communications and Quality-of-Service

Keywords
Wireless Communications, IEEE 802.16 Networks, Quality-
of-Service (QoS)

1. INTRODUCTION
The IEEE 802.16 Standard [4] is a technology proposed

to offer wireless access to network stations in a metropolitan
area environment. These networks are designed to operate
at high data rates and to deal with several applications,
resulting in different types of traffic profiles and demands.
Therefore, the system is required to work with various types
of real-time and non-real-time service classes, with different
traffic characteristics and quality of service (QoS) guaran-
tees. As part of its specifications, such a system must prop-
erly address the combined requirements of wireless commu-
nications and multimedia applications.

The IEEE 802.16 Standard specifies the PHY and MAC
layers for Broadband Wireless Access (BWA) systems. These
systems appeared as a solution for broadband access through
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wireless network, and can be seen as an alternative to tra-
ditional technologies such as DSL and Cable systems. How-
ever, the standard does not define a complete architecture
to QoS support. For instance, does not describe neither an
uplink scheduling traffic mechanism, nor a call admission
control, to treat different types and loads of traffic.

This paper propose an alternative traffic shaping for the
IEEE 802.16 Standard. More precisely, a structure that
incorporates mechanisms to provide packet scheduling and
traffic shaping to different traffic flows in the network. The
proposed architecture use a scheduling mechanism based on
message and/or station priorities described in [2, 3], and a
traffic conditioner based on concept of “Fair Marker” [5].

2. MOTIVATION
BWA systems have been developed to transmit data and

multimedia services with distinct quality-of-service (QoS)
requirements. However, as can be seen in Figure 1 [4], the
IEEE 802.16 Standard does not define a complete QoS archi-
tecture. It is not defined in the standard: (i) how to schedule
different types of traffic in the uplink channel, (ii) a traffic
shaping mechanism, and (iii) a call admission control.
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Figure 1: QoS architecture of IEEE 802.16.

In [2, 3], we have proposed a new access scheme that incor-
porates a scheduling mechanism based on message and/or
station priorities, as an alternative MAC protocol to the
IEEE 802.16 Standard. Firstly, it was used a fixed prior-
ity approach [2] to service differentiation among terminals.
Following, an extension was presented in [2], by assigning
variable priorities to the network stations sharing access to
the communication channel. An analytical model to evalu-
ate the performance of the protocols are also developed, and



results obtained for the messages waiting times from distinct
traffic classes at different stations are presented. From the
results, we concluded that the proposed protocols are able
to differentiate traffic classes and improve channel utiliza-
tion among the stations in the network. However, a rigid
admission control mechanism and a traffic shaping are nec-
essary so that the heavy traffic of a specific class does not
overload (and hog) the channel, affecting the response time
of the others.

3. PROPOSED ARCHITECTURE
As mentioned in Section 2, the QoS architecture found in

the 802.16 Standard lacks components to truly provide QoS
requirements to different types of traffic demands. The pro-
posed architecture exposed here, include the priority based
access scheme proposed in [2, 3], as a solution for packet
scheduling module. Moreover, use a traffic shaping algo-
rithm based on concept of Fair Marker [5] to enforce fair-
ness among distinct flows. It is important to explain that
FM was proposed to Internet Diffserv architecture with its
most commom protocols (IP, TCP, UDP, etc). Here, we are
using the ideas of FM to address traffic shaping of aggre-
gated traffic in the wireless channel of 802.16 networks.

A Fair Marker (FM) was proposed to be used as a compo-
nent in a Differentiated Services traffic conditioner. It con-
trols token distribution from the token bucket to the flows
originating from the same subscriber network, in order to
apply fairness among them. Different fair token allocation
algorithms may be used by a FM. Figure 2 illustrates the
block diagram of FM.
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Figure 2: A Fair Marker (FM)

The METER component is configured by assigning values
to two traffic parameters: a Profile Rate (PR) and a Burst
Length (BL). The PR is measured in bytes per second of
MAC frames. The BL is measured in bytes and it must be
configured to be greater than 0.

The PER-FLOW CONTROL is configured by installing
one or more Flow Identifiers of monitored flows, a packet
count variable, and a fair allocation algorithm. The packet
count variables are initialized to zero and the fair allocation
algorithm may have its own configurable parameters.

At the beginning (time 0), the token bucket is initially
full, T (0) = BL. The token count T is incremented by one
PR times per second up to BL. When a frame with B bytes
arrives at time t, the PACKET CLASSIFIER extracts the
Flow Identifier from the frame, and feeds the PER-FLOW
CONTROL with it and the frame size. The fair allocation
algorithm in PER-FLOW CONTROL check if the flow is us-
ing disproportionate amount of tokens compared with other
flows. The Final Result is calculated by the following rule
at the METER:

Algorithm 1 Final Result Algorithm at the METER

1: if T (t) − B ≥ 0 and PER-FLOW CONTROL returns
in-profile then

2: the frame ins in profile and T is decremented by B
3: else
4: the packet is out-of-profile
5: end if

The FM explores the duality between packet queuing and
token bucket utilization. Fairness in token distribution is
a function of the fair allocation algorithm used by FM. In
order to reach this purpose, it records information regarding
the consumption of tokens by the monitored flows.

In our architecture, we are using the fair allocation algo-
rithm proposed in [1], that uses a modified version of Ran-
dom Early Detection (RED) algorithm, called Flow Random
Early Drop (FRED).

4. FINAL REMARKS AND FUTURE WORKS
For obtaining fairness among aggregated flows, we present

an alternative QoS architecture composed by a packet schedul-
ing scheme, and a traffic shaping structure. This structure
can be seen as a second step (started in [2, 3]) to a complete
QoS architecture for the IEEE 802.16 Standard.

Currently, we are carrying on a performance evaluation of
the proposed architecture. More specifically, we are validat-
ing the proposed architecture through simulations. More-
over, we are evaluating the behavior of the scheduling scheme
with traffic models more suitable to represent multimedia
applications.

As future work, we planned to extend the FRED algo-
rithm, in the sense of to get a more “adaptive” fair marker.
In a second time, we intend to include in the proposed ar-
chitecture a call admission control mechanism.
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