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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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know the starting and ending point of the delivery procedure. It
has to stand by and passively wait for the conclusion of data
delivery. Third, the legacy PSM does not differentiate multicast
and broadcast traffic. A mobile station has to stay in active state
to receive B/M data if the B/M bit in the DTIM is set, even it
does not join any multicast group.

This paper aims to design a solution that improves the power
performance of the legacy PSM, diminishes the impact of
background traffic on power consumption, while not degrading
its networking performance too much. Analysis in section TT
mdicates that a protocol with scheduled, uninterrupted delivery
procedure and differentiated multicasting is a preferable choice
to achieve our goal. In section ITI, a time slicing base PSM is
proposed. In this scheme, a beacon period is divided into
multiple ttme slices, and all pending frames are scheduled to
deliver at the appomted time slices. The TIM structure is
redesigned to convey the slice assignment mformation. A
mobile station can learn from the TIM not only whether or not it
has data pending at the AP, but also the tirming of the expected
data delivery procedure. Hence it is possible for the mobile
station to control the state of the wireless interface adaptively to
the traffic arrangements. During the time slices that are
assigned to other mobile stations, it can choose to enter into
sleep state to save energy. As the proposed scheme use
scheduled transmission for delivery of pending data, we name it
as scheduled PSM in this paper. For comparison, the legacy
PSM 1s called unscheduled PSM or PSM for short.

In section TV, comprehensive simulations are conducted on
ns2 to study the performance of scheduled PSM, compared
with the unscheduled PSM. The simulation results show that
the scheduled PSM provides significant energy saving over the
unscheduled PSM when multiple traffic streams coexist in the
networlk. In all cases with fixed data rate of foreground traffic,
its power consumption remains stable when data rate of the
background traffic load increases, while that of the
unscheduled PSM exhibits a distinet upward trend. Moreover,
it achieves this at cost of only a slight degradation of the
one-way-delay performance. Our simulation results show that,
the one-way-delay of both uplink and downlink streams is
mcreased by less than 15ms compared to the unscheduled PSM,
within an acceptable level for most applications.

In section V, we describe several newly proposed power
saving mechanisms in 802.11 standard groups (802.1le,
80211n and R0211v), discuss their relative merits and
disadvantages, as well as presenting some related work m the
literature. Section VI gives a brief summary.

1. IMPACT OF BACKGROUND TRAFFICS ON UNSCHEDULED PSM

In this section, we investigate the mmpact of the background
traffic on the power performance of the unscheduled PSM. We
have set up a small wireless LAN with commercially available
products: a Dell D600 laptop serving as a server, two HP iPAQ
hx2750 PDAs with IEEE 802.11b build-mn Wi-F1 adapters
serving as clients, and a DWL-2100AP serving as the AP. One
of the PDAs is chosen as the measuring point, and its traffic
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Fig.1 Power consumption of PDA as a function of the data rate of the
background multicast traffic. No foreground traffic is imposed.
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Fig. 2 Comparison of power consumption of PDA among three cases:
CAM, PSM, and PSM with background traffic.

with the AP is viewed as the foreground traffic, while traffic
destined to the other client is viewed as the background traffic.
An Ixchariot [15] tool 1s used to generate traffics between
clients and server. The power consumption of the PDA is
measured through a system APl GerSystemPowerStatusEx2(). Its
precision reaches 1mW and its value updates every 5 seconds.
Each measurement in our experiment lasts over 30 minutes and
each data point is an averaged of 10 measurements. Two
representative results are shown i Fig. 1 and Fig. 2.

Fig. 1 shows the wnpact of the background multicast traffic
on the power consumption of the PDA. Though no foreground
traffic is imposed on the client PDA, its power consumption
exhibits a sharp upward trend with the increasing data rate of
the background traffic. In Fig. 2, the power consumption as a
function of the foreground traffic is compared among three
cases: CAM, PSM without background traffic and PSM with a
1.5Mbps background multicast traffic. The gap between these
curves demonstrates that the unscheduled PSM does save
power, but the saving 1s reduced by the presence of background
traffic.

The reduction in power saving 15 caused by the following
factors. First, the AP does inform the existence of the buffered
data for a station in the TIM structure, but it does not give any
mformation of the starting and ending time of the delivery of
the data. Thus before all pending data are retrieved, the mobile
has to stay awake to listen to all frames 1n the air so as not to
miss any data destined for it. Second, the one-poll-
one-response mechanism to deliver unicast frame is not only
inefficient for a mobile station to retrieve its buffered frames at
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