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Abstract— While the 802.11 power saving mode (PSM) and
its enhancements can reduce power consumption by putting
the wireless network interface (WNI) into sleep as much as
possible, they either require additional infrastructure support, or
may degrade the transmission throughput and cause additional
transmission delay. These schemes are not suitable for long
and bulk data transmissions with strict oS requirements on
wireless devices. With increasingly abundant bandwidth available
on the Internet, we have observed that TCP congestion control is
often not a constraint of bulk data transmissions as bandwidth
throttling is widely used in practice.

In this paper, instead of further manipulating the trade-off
between the power saving and the incurred delay, we effectively
explore the power saving potential by considering the bandwidth
throttling on streaming/downloading servers. We propose an
application-independent protocol, called PSM-throttling. With
a quick detection on the TCP flow throughput, a client can
identify bandwidth throttling connections with a low cost. Since
the throttling enables us to reshape the TCP iraffic into periodic
bursts with the same average throughput as the server transmis-
sion rate, the client can accurately predict the arriving time of
packets and turn on/off the WNI accordingly. PSM-throttling
can minimize power consumption on TCP-based bulk traffic
by effectively utilizing available Internet bandwidth without
degrading the application’s performance perceived by the user.
Furthermore, PSM-throtitling is client-centric, and does not need
any additional infrastructure support. Our lab-environment and
Internet-based evaluation results show that PSM-throttling can
effectively improve energy savings (by up to 75%) and/or the QoS
for a broad types of TCP-based applications, including streaming,
pseudo streaming, and large file downloading, over existing PSM-
like methods.

I. INTRODUCTION

The Internet has been dramatically advanced and signifi-
cantly changed in two aspects. First, wireless Intemet accesses
become pervasive with the widely deploved WiFi networks
on university campus, in business enterprises, public utilities,
and residential houses. Second, media content has accounted
for a high percentage of the Internet traffic volume. Under
these two trends, more and more people are accessing Internet
media services via wireless connections, on both mobile or
portable devices such as laptops, PDAs, BlueTooth devices,
and stationary desktop computers.

Mobile and portable devices are usually driven by battery
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power. Due to the limited battery capacity, it is essential
to reduce power consumption on mobile devices without
degrading the performance of applications, particularly for
those applications that are QoS sensitive. The basic power
saving method is to put the wireless network interface (WNI)
into the sleep mode when it is idle, e.g., IEEE 802.11 power
saving mechanism [10]. However, 802.11 power saving mode
(PSM) may increase the connection round trip time due to the
lagged data reception, and thus may significantly degrade the
throughput of TCP-based applications. In order to achieve a
high TCP throughput, the WINI has to be active to generate
timely acknowledgments for received data. As a result, a
significant amount of energy is wasted on channel listening [7],
[9]. For applications like TCP-based streaming media, which
has strict requirements on packet delay and can quickly drain
out the battery of mobile devices, it is difficult to explore the
trade-offs between the power saving and the caused delay to
applications.

The power saving mode can be most effectively managed
if the streaming traffic flowing to a client is in a predicable
pattern, such as periodic bursts. Accordingly, the client can
accurately adapt to streaming traffic pattern to sleep and
to work periodically. Therefore, the power consumption on
the client device is minimized while the demanded high
throughput is also maintained. Efforts have been made towards
this goal. However, existing solutions are either expensive or
inefficient. For example, a proxy-based solution [3] is pro-
posed to buffer and shape streaming media traffic into blocks,
so that the data packets arrive at the client side with predictable
intervals. Although clients can transit to lower power states
during the block intervals without degrading application level
performance, this solution needs a dedicated infrastructure
support and is protocol dependent. Furthermore, RTSP-based
Windows, RealNetworks, and QuickTime streaming services
have their own extensions on the standard RTSP protocols [8],
which have to be implemented individually for a general
purpose RTSP proxy.

A client-centric scheme [13] is proposed to reshape the TCP
traffic into bursts, and put the WNI into sleep between two
bursts by modifying the client TCP stack. Besides lacking
specific consideration for the streaming traffic, this scheme
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