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Abstract—Power conservation is a general concern for mobile
computing and communication. In this paper, we investigate the
performance of the current 802.11 power saving mechanism
(unscheduled PSM) and demonstrate that background network
traffic can have a significant impact on the power consumption of
mobile stations. To improve power efficiency, a scheduled PSM
protocol based on time slicing is proposed in this paper. The
protocol adopts the mechanism of time division, schedules the
access point to deliver pending data at designated time slices, and
adaptively adjusts the power state of the mobile stations. The
proposed scheme is near theoretical optimal for power saving in
the sense that it greatly reduces the effect of background traffic,
minimizes the station idle time, and maximizes its energy
utilization. Comprehensive analysis and simulations are
conducted to evaluate the new protocol. Our results show that it
provides significant energy saving over the unscheduled PSM,
particularly in circumstances where multiple traffic streams
coexist in a network. Moreover, it achieves the saving at the cost of
only a slight degradation of the one-way delay performance.

[ INTRODUCTION

The proliferation of portable computing and mobile
technology has posed a great concern on energy conservation.
A major constraint for many wireless applications is the limited
size and lifetime of the batteries that power up these mobile
computing devices. Without careful design of an energy-aware
system, or typically a power management module on the
wireless mterface, a mobile device’s energy can be dramed out
quickly by the upper layer applications. Our experiments on a
HP iPAQ hx2750 PDA showed that an 802.11b wireless
adapter with power management disabled can shorten its
lifetime up to 50% for light to moderate traffic loads. In this
paper, we seek to minimize the energy consumed by a wireless
network interface running TEEE 802.11 protocol, and
particularly focuses on the wireless LANs and infrastructure
based network architecture, a currently dominating network
paradigm in home, office environments and public hotspots.

As specified m the standard, an IEEE 802.11 based wireless
network mterface can choose to stay in one of two states at any
moment, awake or sleep. In the awake state, the radio is
powered up and the wireless interface can perform data
transmission or reception, or stay in idle and wait. In the sleep
state, on the contrast, the radio 1s turned off and the wireless
mterface cannot detect or sense the network behaviors of
others. Wrireless interface in awake state usually consumes an
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order of magnitude more power than that in sleep state. The
major task of power management is to choose proper time and
sequence of the state transition between the two states. A good
solution should wake up the wireless interface at the proper
time for commurication, and let it enter mto sleep state to save
energy if no traffic is direct to it.

A power saving mode (PSM) 18 defined m the 802.11
specification [1] for power management. In this mode, the
access point (AP) buffers incoming frames destined for mobile
stations m PSM and periodically announces its buffering status
through the traffic indication map (TIM) contained in the
beacon frames. The mobile station wakes up periodically to
listen to the beacon frames. In the unicast case, once the bit
corresponding to its association ID (ATD) is set in the TIM, the
mobile station imtializes a PS-Poll frame to the AP to retrieve
data and the AP responds each poll with one buffered frame.
Multiple PS-Polls are allowed until all outstanding frames have
been retrieved. In the broadcast/multicast (B/M) case, the
existence of buffered B/M frames is indicated by setting the
B/M traffic indication bit n the delivery TIM (DTIM), which is
a special TIM sent out at a fixed number of beacon intervals.
All B/M frames buffered at the AP are delivered immediately
after the beacon frame containing DTIM. As opposed to the
normal continuous active mode (CAM), a mobile station m
PSM can often have opportunities to turn its network interface
off to save energy, given that it has no data pending at the AP.
For light to moderate traffic load, the legacy PSM can greatly
reduce the energy consumption and extends the mobile
stations” lifetime.

However, the legacy PSM becomes inefficient when
multiple traffic streams coexist in a network. Our analysis and
experiment results in section IT show that the contention of
medium access among multiple stations increases the deferring
time for delivery of buffered frames, and thus the time to enter
to sleep mode is delayed. The power consumption of a mobile
station depends not only on the traffic load destined to 1t, but
also on the background traffic from other mobile stations. A
heavy background traffic load often causes high power
consumptionn. This phenomenon is due to three factors. First,
the one-poll-one-response manner to retrieve data is not
efficient, and further it 1s susceptible to be mterrupted by
others” network activities, which leads to longer walkeup time
for the mobile stations. Second, though a station can be
informed of the existence of buffered data, it has no way to
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