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Abstract-This paper considers the performance of the MAC
protocols ALOHA and CSMA in wireless ad hoc networks,
where the total system bandwidth may be divided into smaller
subbands. In the network model used, the arrival of users/packets
follows a Poisson point process, communication between nodes is
continuous in time, selection of a subband to transmit across is
made randomly at each transmitter, and the outage assessments
made in the network are based on SINR measurements. Accurate
bounds on the probability of outage for the MAC protocols are
derived, and evaluated with respect to the number of subbands. It
is observed that there exists an optimal number of subbands for
each protocol, for which the probability of outage is minimized.
For ALOHA, we obtain an analytical expression for this optimal
value, while in CSMA, the optimal value is observed through
simulations. Furthermore, we improve the performance of CSMA
by introducing channel sensing across all subbands, in order to
decrease the probability that a packet is in outage upon arrival.
The obtained results are used to compare the performance of the
two MAC protocols. Finally, we also evaluate the performance
of our network in terms of sum capacity.

I. INTRODUCTION

In many ad hoc wireless systems, such as the IEEE 802.11
and 802.16 standards family, there is great need for efficient
allocation of resources. As interference is typically the major
issue limiting the performance in such systems, multiple access
control (MAC) protocols are often applied to improve the
communication in the network. Two of the most popular MAC
protocols are ALOHA and Carrier-Sensing Multiple Access
(CSMA), on which we focus in this paper.

We consider a network model in which transmitter nodes are
randomly located according to a 2-dimensional Poisson point
process (PPP) with a specified spatial density, and packets
arrive randomly in time according to a I-dimensional PPP
with a certain density. In order to derive precise results, we
focus exclusively on single-hop communication, and assume
that each transmitter (TX) wishes to communicate with a
receiver (RX) a certain distance away from it. All multiuser
interference is treated as noise, and our model uses the SINR
to evaluate the performance (as measured in terms of outage
probability) of the communication system. The only source
of randomness in the model is thus in the location of nodes
and concurrent transmissions, which allows us to focus on the
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relationships between transmission density, SINR threshold,
outage probability, and the choice of MAC protocol.

Based on this model, we ask the following questions: Given
a fixed system bandwidth and requested transmission rate in a
wireless ad hoc network, (a) how many subbands should the
bandwidth be divided into, in order to minimize the probability
of outage for a given requested rate per link, and (b) what is
the benefit of introducing sensing across subbands compared
to having a random selection of a subband?

A. Related Work

A number of different works have analyzed ALOHA us­
ing a Poisson model for TX locations [6] [7]. Perhaps the
closest work is that of Hasan and Andrews [5], where suc­
cess probability of ALOHA and CSMA was analyzed for a
similar spatial model, assuming that a scheduling mechanism
creates an interference-free guard zone (Le., circle) around
the RX. Moreover, some works have compared the ALOHA
and CSMA protocols in terms of transport capacity [6] [11],
throughput [11] [12], spatial reuse [7], and transmission delay
[12]. All the above-mentioned performance metrics can be
seen to be in some way related to SINR measurements.

Recently obtained results give us mathematical expressions
for lower bounds on the outage probability of ALOHA and
CSMA [1]. However, beyond this, under the assumption of our
Poisson based model with random location of nodes, neither
unslotted ALOHA nor CSMA appear to have been analyzed
in detail. The IEEE standards 802.3 and 802.11, as well as
many sensor networks, apply various versions of CSMA to
efficiently share the medium. Furthermore, some of the works
done on the performance of MAC protocols, such as [11],
consider deterministic channel access schemes, which preclude
the occurrences of outages. In order to best model the behavior
of a distributed ad hoc network at the MAC layer, a stochastic
SINR requirement must be used, as is the case in our model.

The concept of bandwidth partitioning is a well-studied
topic. In the context of decentralized networks [9], the trans­
port capacity of a random access network is maximized by
jointly optimizing rate, TX-RX distance, and density. In [10],
an ad hoc network with a high density of interfering TX-RX
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