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Joint Rate and Power Adaptation for Wireless Local Area Networks
in Nakagami Multipath Fading Channels

student : Kuang-Nan Yen Advisor : Dr. Li-Chun Wang

Department of Communication Engineering
National Chiao Tung University

ABSTRACT

This thesis aims to propose a fast channel-driven joint rate and power adaptation
(CDRPA) algorithm for wireless local area networks (WLANSs) in Nakagami fading
channels to simultaneously enhance the goodput and energy saving. Furthermore, we
develop analytical methods to evaluate the performance of the Institute of Electrical
and Electronics Engineers (IEEE) 802.11a WLAN from both the medium access
control (MAC) layer and physical (PHY)-layer perspectives.

The main challenge for power and rate adaptation in WLAN lies in the fact that
energy efficiency and goodput enhancement are indeed two contradictory goals. To
achieve higher goodput, it is necessary to-operate in.a higher level of modulation with
fewer redundant bits in coding, thereby requiring higher transmitted power to
maintain the bit error rate (BER) performance. How the IEEE 802.11a WLAN selects
a suitable modulation and coding scheme (MCS) and decides appropriate transmitted
power to optimize the performance tradeoff between energy efficiency and goodput
becomes a difficult but important task.

To investigate the tradeoff between energy efficiency and goodput enhancement,
we propose and compare two joint rate and power adaptation schemes: the power-first
CDRPA scheme and the rate-first CDRPA scheme. The power-first CDRPA scheme
first selects the transmitted power aiming to enhance energy efficiency and then the
data rate to improve goodput. On the contrary, the rate-first CDRPA scheme first
selects data rate aiming to boost goodput and then the transmitted power to save
energy consumption. Then, we extend the CDRPA algorithm to the multiple user
contention following carrier sense multiple access with collision avoidance
(CSMA/CA) MAC protocol with RTS/CTS. From our numerical results, we find that
the rate-first CDRPA scheme can provide best goodput performance, while
maintaining comparable energy efficiency as the power-first CDRPA scheme. We
further suggest a weighted moving-average approach to predict the channel condition,
which can help improve the energy efficiency of the rate-first CDRPA scheme. Here,



we suggest that the rate-first CDRPA scheme can be an appropriate joint rate and
power adaptation for WLANSs that can optimize the performance tradeoff between
goodput enhancement and energy saving.



