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Abstract- In this paper, a distributed power-aware Medium
Access Control (MAC) algorithm for ad hoc wireless networks
is presented. The algorithm is developed based on proposing a
power-aware MAC game which is analyzed in the game theory
framework. The aim is to adjust each active link persistence
probability and power by maximizing a defined local link payoff
function. The payoff function is such that its selfish maximization
at the links leads to an efficient use of medium resources and has
two terms. The first term is the link utility while the second one
reflects the cost of using the medium resources. The existence
and uniqueness of the game Nash equilibrium are investigated
analytically. Also, it is shown that this equilibrium is Pareto
optimal indicating its efficiency. Simulation results are provided
to evaluate the algorithm and are compared to a scenario in
which only powers are tuned. This results emphasize that the
link persistence and power should be adjusted simultaneously
according to the link location in ad hoc networks.

I. INTRODUCTION

Due to the lack of any infrastructure, random multiple
access schemes like slotted Aloha are appropriate candidates
for the Medium Access Control (MAC) layer in wireless ad
hoc and sensor networks [1]. The aim of the random access
MAC layer design is to adapt the persistence probability or
back-off window size of each active transmitter according
to the network topology and load. On the other hand, the
performance of the MAC layer is closely related to the
power control at the physical layer [2]. The improvement in
the performance of the random multiple access schemes by
joint considering the power control and with different capture
models are discussed in [3], [4]. By appropriate simultaneous
control of these parameters, we can use the multi packet
reception phenomenon at the network. This problem which
is referred to as Power Aware MAC (PAM), is investigated as
a cross layer network utility maximization in [5]. We use the
results of [5] in defining the link payoff function.

In [6], [7] the persistence probability control in random
access schemes is analyzed using the game theory by defining
appropriate utility and cost functions. The Aloha protocol
from the perspective of a selfish user is investigated in [6] by
introducing the Aloha game. The Aloha game is a stochastic
game in which the number of links who wish to transmit
is the state of the game, and each time slot is a stage of
game. At each stage, each player decides for transmitting or
waiting and depends on whether its transmission is successful,
receives a specified payoff. In Aloha game, delay and energy
parameters are considered in the cost function. In [7] the back
off-based random access MAC protocol is reversed engineered
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and it is shown that the contention resolution algorithm can
be considered as a non-cooperative game. The extracted utility
function has two terms. The first term is the expected reward
that the link obtained by transmitting with a specified persis
tence probability and the second one is the cost for failure
transmission.

In this paper we study the PAM problem in the game
theory framework. We use this framework to develop a to
tally asynchronous distributed algorithm for jointly power and
persistence probability control. In a totally asynchronous dis
tributed algorithm, large communication delay between nodes
can be tolerated [8]. These delays are unavoidable in a random
multiple access environment between a link transmitter and
receiver where the packets are exposed to collisions. On the
other hand, game theory provides a nice mathematical frame
work where the network agents should work in a distributed
fashion. Therefore, we use this framework for formulating and
analyzing the PAM problem. As a game, the link payoff is
defined as a function of the link persistence probability and
power that consists of two terms. The first term is the link
utility from the medium when transmitting with a specified
persistence probability and power. The second one is the cost
of using the medium resources. Under some assumptions, the
existence, uniqueness and efficiency of the game equilibrium
is analyzed and based on the game the PAM algorithm is
presented. The rest of this paper is organized as follows.
The system model and notations are presented in section
II. In section III, the problem statement in the game theory
framework is discussed. The game analysis and the PAM
algorithm as well as its efficiency are presented in sections
IV and V respectively. Section VI, contains the results of
simulations, evaluation of the PAM, and comparison to the
scenario in which only powers are adjusted.

II. SYSTEM MODEL AND NOTATION

From the MAC layer point of view, a wireless ad hoc
network can be modeled with 2N mobile users that makes
N pairs of transmitters and receivers, i.e, N active links
and single hop transmissions from the transmitter to the
corresponding receiver of each link. The transmitter nodes
distributed randomly and uniformly in a square shape area
of size L x L. We assume that the corresponding receiver
of each transmitter is located randomly in a circle around it
of radius R, R ::; L. The parameter R is used to model the
operation of the routing layer to find the next neighbor node
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