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Abstract— This paper looks at the fairness achievable in
an OFDMA system. Based on the results, an online resource
allocation algorithm is defined for a reservation-based OFDMA
system where the frame duration is much shorter than the
duration of a call. Simulations show that the algorithm leads to
a considerable reduction in the probability of outage. A protocol
is introduced for fair resource allocation between two nodes in
an ad hoc system. The minimum required overhead is shown to
depend on the level of fairness required, and the bounds that are
derived.

I. INTRODUCTION

Consider a wireless LAN set up in a classroom. The base
station may be located at the back of the classroom, while
students with laptops are scattered throughout. A student who
is at the back near the base station will be able to access
the base station with lower transmission power than a user
near the front, who may be blocked by columns, furniture and
other students. Assuming that the system is being used close
to capacity, what would be a fair way to allocate bandwidth
to these users?

In opportunistic scheduling [1], the index used to measure
fairness is the ratio of the total throughput requested by user
k from time O until time ¢ to the total throughput obtained by
user k& from time O until time .

Ry (t)
Tk (t) '

where Ry (t) is the requested average transmission rate and
Tk (t) is the successful average transmission rate in [0, ¢]. This
ratio has been referred to as “outcome fairness” [2].

In opportunistic scheduling, the system takes advantage of
variable channel schedules to give priority to the user with
the best channel. Prior work has shown that allocating more
bandwidth to a power-constrained user, in the form of trans-
mission opportunity in time [3] or frequency [4] will reduce
the required transmission power per bit. Wireless users who
experience severe fading then have an incentive to use up as
much bandwidth as possible. Using opportunistic scheduling,
long term fairness can be achieved. Short term fairness is
limited by the granularity of the network: the number of
time slots and channels they are allowed to occupy and the
minimum available modulation and coding rates.
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In a busy wireless network, bandwidth is a scarce resource.
An alternative fairness index is “effort fairness” [2]:

Wi (t)
Tk (t) ’

here Wi(t) is the average transmission rate of user % in
time [0,¢]. A user who is shadowed will either receive lower
transmission rate or consume more battery power than a user
with direct line of sight.

The dichotomy between outcome fairness and effort fairness
stems from having variable transmission rates and limited
transmission power. If the transmission rate is constant for all
users at all times, there is no upper bound on the transmission
power then transmission power can be chosen for any user to
ensure that the signal to noise ratio at the receiver is arbitrarily
large.

This paper proposes a scheduling mechanism which bal-
ances the resources consumed by the users by controlling
the number of channels and time slots allocated to a user.
Expressions are derived which relate the level of effort and
outcome fairness achievable to the number of time slots per
frame, the number of channels and the number of transmission
rates available.

Work on OFDMA resource allocation was pioneered by
Wong et al [5]. More recently Xing Zhang, Wenbo Wang et
al [6], [7] have proposed efficient scheduling algorithms for
downlink OFDMA.

Recent work has shown that wireless traffic across LANs,
unlike traffic in cellular networks, have heavy tails [8]. That is,
some users who enter the system stay in it for long periods of
time. This suggests that standards should support flow based
access, where users contend to reserve data slots across multi-
ple frames. In flow based access, the duration of a call is often
not known in advance. Decisions about resource allocation
must be made online. Existing users can be rescheduled, but
this may be costly in terms of overhead and some users may
be lost during the process. The goal in resource allocation
is to schedule users with more channel-slots when there are
few users in the system, but to reserve some bandwidth so
that new users will not be blocked. An adaptive multiuser
resource allocation algorithm is introduced which adapts to
time-varying channel conditions and traffic load. The aim of
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