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ABSTRACT

Modern mobile devices have become an important part of
our daily life but the performance of multimedia applications
still suffers from the constrained energy supply and commu-
nication bandwidth of the mobile devices. In this work,
we develop an energy-efficient streaming system for mobile
hotspots to achieve better Quality-of-Experience. Our main
idea is (a) to avoid redundant 3G transmissions as well as
reduce the usage of 3G links for those low residual-energy
users, and (b) to enable nearby mobile users cooperatively to
share the downloaded data via short-range interfaces. The
experiment results shows our scheme can improve the sys-
tem lifetime by 27%, and provide better throughput as well
as lower loss rate than conversional 3G systems do.
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1. INTRODUCTION

The proliferation of modern mobile devices such as iPad,
iPhone, and other PDA Phones, which are equipped with
high performance CPU, large-size displayer, and multiple
communication interfaces, has changed the users’ behavior
on portable handhold devices. For example, in many cities,
we always see people use those devices to access Facebook,
play games, access their e-mails or watch TV programs, etc,
via 3G access link. Despite the popularity of these applica-
tions, those mobile devices still suffer from limited energy
supply and 3G bandwidth. Therefore, how to leverage lim-
ited energy and 3G bandwidth to achieve better Quality-of-
Experience becomes a challenging issue. In this work, we
focus on the streaming applications and develop an energy-
efficient cooperative streaming system for mobile devices.
We investigate the energy consumption of an Apple’s iPad

device. A key observation is the 3G interface consumes
83 times energy than Bluetooth interfaces, and 18 times
than 802.11 wireless interface when transmitting the same
amount of data. This indicates that if we properly replace
3G interface with other interfaces, e.g. Bluetooth, we may
extend the lifetime of the devices. We also notice that peo-
ple are used to gather in the same area, i.e., hotspots, where
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(a) Basic 3G Scenario (b) Cooperative Scenario

Figure 1: Different download scenarios for mobile
devices

they enjoy the mobile multimedia applications. This may
induce high device density in some particular places at cer-
tain time periods, e.g. hotspots in the airports, cafes, malls
for the day time, or subway stations during the rush hour.
For such mobile hotspots, two important observations are
(a) the high device density by natural, and (b) the discrep-
ancy of energy consumption between those communication
interfaces; so, these observations motivate us to design an
energy-efficient cooperative streaming system for extending
the lifetime of the devices and dealing with the potential
insufficient shared 3G bandwidth.

2. METHODOLOGY

Our objective is to maximize the system lifetime, which is
to maximize the minimal watching time of the users in a con-
nected group. We can fulfill the goal via following two design
philosophies: 1) The data chunk should be downloaded as
few times as possible to avoid redundant 3G transmissions,
and 2) The data chunk should not be relayed to other users
by those with less residual energy.

We give a overview of our distributed algorithm here.
Each mobile device periodically broadcasts its energy sta-
tus to others via short-range interface. When a mobile de-
vice needs a certain chunk, it checks if there exists a device
with most residual energy in the local area. If so, it will
send an entrustment, i.e. a download task assignment, to
the device. When the device receives the entrustment, it
will start the same procedure to check if the entrustment
can be forward. If so, it will forward the entrustment and
rebroadcast the chunk to the original requestor when the
chunk is received. If a mobile device is unable to find other
devices with higher energy and it has sufficient bandwidth
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(a) Basic 3G Scheme (b) CPR Scheme (c) Our Scheme

Figure 2: Comparison of visual quality (average source streaming rate: 700kbps)

to download the chunk, it will download the chunk via 3G
interface and broadcast the chunk. Otherwise, it will tell
others that its bandwidth is insufficient at this time slot,
and the entrustment will be forwarded to those devices with
higher energy.
For example, as shown in Figure 1(b), when the device

A requires a chunk X, it looks up its neighbor list for the
device with highest energy to entrust. Then the device A

sends an entrustment to the device C. When the device C

receives the entrustment, it downloads the chunk X via 3G
interface, because it finds that no other devices have higher
energy than itself and it has sufficient 3G bandwidth. After
the device C receives the chunk X, it will broadcast the
chunk via short-range interface, so that the device A and B

will get the chunk with less energy cost.
With the proposed mechanism, we download each chunk

only once in a well-connected group to reduce the total use
of the 3G interface and extend the system lifetime.

3. DEMONSTRATION

We develop our energy-efficient cooperative streaming sys-
tem on Apple iOS version 4.2. The system is based on a
pull-based peer-to-peer live streaming system. For more de-
tail, please refer to our website [3]. We deploy our system to
three Apple iPad devices to collect the results as shown in
Figure 1(b). They connect to the Internet via 3G interface,
and the Bluetooth interface is used for point-to-point short-
range communication. We also implement the conventional
3G approach as mentioned in Figure 1(a), and the Coopera-
tive Peer-to-Peer Repair (CPR) [2] scheme as mentioned in
the related works section to be compared with our scheme.

• Lower energy consumption: We set average source
streaming rate to 350kbps and plot the energy cost of
different schemes over time. Our scheme, which bene-
fits from the less use of the 3G interface, can improve
about 27% lifetime, compared with the conventional
3G approach. The CPR costs more energy than the
conventional 3G approach. This is because the devices
need to download all chunks by themselves and cost
some extra energy to recover the loss chunks. On the
other hand, the CPR can achieve better visual quality
than the conventional 3G approach does.

• Lower loss rate and higher throughput: As shown
in the Figure 2, the perceived video distortion of the
conventional 3G approach or CPR scheme is large when
the streaming rate is 700kbps on average but our scheme
can still provide higher visual quality than other schemes

do. The primary reason is that our scheme can sup-
port higher throughput via cooperative downloading
and this results in lower packet loss rate. Note that
with the popularity of 3G devices, insufficient band-
width could become a common problem during the
busy hours, since the bandwidth is limited and shared
by all devices connected to the same base station.

4. DISCUSSION

In this section, we point out several issues based on our
experiences during developing the system.

• Fairness and freeriders: Our current implementa-
tion does not take account of the fairness. For the
users nearby, the device with the most residual energy
always costs more energy than others. How to attract
those devices join the group,i.e. maintain the fairness,
and avoid freeriders will become another challenging
issue. We are currently working on this issue and will
have some outcomes in the near future.

• Privacy-preserving: The privacy-preserving issues
have came into the spotlight. The cooperative scheme
needs to release the user’s interests and device pro-
files. However, it will be effective only when the users
team up with those watching the same channel, which
means it could mostly happen on the popular public
live channels. This also means collecting the users’
interests should be futile. Moreover, the users could
always turn off the function to keep them secretly.

5. RELATED WORKS

The authors of CPR [2, 1] well use the communication
interfaces on the mobile devices to cooperatively repair cor-
ruption multimedia broadcast/multimedia service (MBMS)
data chunks. However, CPR still suffers from the limited en-
ergy supply, and requires Internet service provider (ISP)’s
support. Expectably, our scheme is more flexible than CPR
approach.
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