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ABSTRACT
Searching for mobile data offloading solutions has become
topical in recent years. In the Metropolitan Advanced Deliv-
ery Network (MADNet) project, we explore the potential of
multiple interfaces on smartphones through a collaborative
design to enable energy-aware WiFi-based mobile data off-
loading. We advocate that the vertical collaboration across
different wireless access technologies and network vendors is
the key to aggregate the power of mobile operators, WiFi
service providers, and end-users. Aiming at reducing the
energy consumption on smartphones, we propose an energy-
aware algorithm supported by our collaborative architec-
ture to avoid offloading to low-throughput WiFi networks
which may consume more energy. The evaluation of stream-
ing applications on our prototyped Nokia N900 smartphones
demonstrates that we are able to achieve more than 80% en-
ergy saving. Our experiment in the wild also shows that our
design can tolerate the minor errors of localization, mobility
prediction, and offload capacity estimation.

Categories and Subject Descriptors
C.2.1 [Network Architecture and Design]: Network com-
munications
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1. INTRODUCTION
Mobile data networks are currently overloaded by vari-

ous bandwidth-hungry smartphone applications such as HD
mobile TV, especially in metropolitan areas [4]. Although
mobile operators are upgrading their infrastructure to LTE
(4G) with higher capacity to meet such growing demand,
the pace of infrastructure upgrade is still behind the radical
growth of user generated data traffic. This imbalance be-
tween supply and demand has led to severe deterioration of
service quality because mobile networks can not cope with
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the sudden growth [1]. To relieve this problem, mobile data
offloading is sought as a promising direction by using com-
plementary communication technologies such as WiFi to de-
liver traffic originally planned for mobile data networks.

Owing to the maturity of WiFi technology and its vast
deployment, WiFi-based mobile data offloading has been
shown to be feasible [6, 1, 5]. However, there are still sev-
eral challenging issues when offloading mobile data traffic for
smartphones. First, most of existing proposals such as Wif-
fler and oSCTP [1, 5] are designed for PCs on vehicular net-
work without considering the offloading energy consumption
and difference of antenna deployed on mobile devices. Such
problem has been explored and discussed in recent analy-
sis [7]. Lee et al. [6] evaluate the energy saving through
a trace-driven simulation with simplified assumptions, but
how to harvest the energy gain of mobile data offloading
in practice is still an open problem. Second, through exten-
sive measurement using smartphones in four cities, we found
that the number of open-accessible WiFi access points (APs)
is very limited [3]. Therefore the schemes that utilize only
open APs such as Wiffler [1] may not be enough. Finally,
the goal of previous work is mainly to increase the amount of
delay-tolerant traffic offloaded to WiFi networks, but delay-
tolerant applications generate only a small amount of data
traffic comparing to streaming applications [8, 2].

To address these challenges, we propose the MADNet
offloading architecture by exploiting the vertical collabora-
tion across mobile networks, WiFi accesses, and end-users
to achieve energy-aware mobile data offloading for smart-
phones.

2. DESIGN & ALGORITHM
The core of MADNet includes three software components:

a client module on smartphones (Smart-Client), a proxy on
WiFi APs (Proxy-WiFi), and another proxy on a cellular
access network (Proxy-Cellular). The offloading process in-
volves collaboration among all three components following
the design principle of vertical collaboration. Each compo-
nent contributes necessary context and available resources
to enable energy-aware mobile data offloading.

To make an offloading decision, MADNet utilizes the con-
textual information from network vendors and smartphones.
First, Proxy-Cellular knows the location of neighboringWiFi
APs of a given smartphone since these locations are fixed,
deployed by mobile operators, or obtainable through WiFi
providers and services such as wigle.net. Second, as people
are creatures of habit, it is feasible to predict their mobility
patterns using history information [9]. The energy-aware
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Algorithm 1 Energy-aware Offloading Algorithm

Require: The power of data reception for 3G (P3G) and for
WiFi (PW ).

Require: The head and tail energy for 3G (ET ) and the
offloading related overhead (Eoo).

1: Predict the throughput for 3G (B3G ), and estimate the
offloading capacity (CW ) and throughput (BW ) for a
WiFi AP.

2: Predict the prefetching capability F for this WiFi AP.
3: Calculate the WiFi offloading duration (CW /BW ) and

the time to receive the same amount of data through 3G
(CW /B3G).

4: if F>CW and the following inequality holds
ET + P3G ∗ CW /B3G − PW ∗ CW /BW > k ∗Eoo, then

5: Offload mobile data traffic to this WiFi AP.
6: else
7: Repeat the above for other available APs.
8: end if

offloading is enabled by our simple yet efficient algorithm
running on Proxy-Cellular, as illustrated in Algorithm 1.

To demonstrate MADNet in a practical scenario, we first
explore an energy efficient solution to offload real-time stream-
ing traffic for smartphones that are in motion. Since when
people walk or ride on bikes, although they do not read news
or watch videos, they often listen to music. We thus imple-
ment our proposal on three major components accordingly.

3. PERFORMANCE EVALUATION
We first focus on the case that each Proxy-WiFi will serve

one Smart-Client at a time and thus guarantee the offloading
performance. We note that we can extend the MADNet
architecture to support multiple devices simultaneously by
integrating efficient scheduling algorithms.

We evaluate the effectiveness of our design by compar-
ing the amount of prefetched data and actual volume down-
loaded by Smart-Client through our walking tests of 20 runs
in Helsinki (k set to 1.1), as shown in Figure 1. According
to the results we can sufficiently utilize the WiFi link for
85% of runs as the amount of downloading is smaller than
that of prefetching and the average gap is around 4.8 MB.
The results also demonstrate that our proposal can tolerate
the minor errors resulting from WiFi positioning, mobility
prediction, and offload capacity estimation in a live environ-
ment. Based on our energy measurements [3], we present the
estimated energy consumption of 3G and WiFi (E3G, EW )
and the energy saving for our tests in Table 1. These results
show that MADNet can save more than 80% of energy con-
sumption on smartphones benefiting from the collaborative
architecture.

4. SUMMARY
We present the MADNet architecture harvesting the ver-

tical collaboration among mobile operators, WiFi providers
and end-users to improve energy saving for smartphones.
We confirm the feasibility of our proposal through a pro-
totype implementation and evaluate its performance in the
wild, which further verifies the effectiveness of our scheme.
Currently we are extending the collaborative design for multi-
ple mobile devices and working with a cellular operator for
a possible future deployment.
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Figure 1: Offloading Performance

Table 1: Measurement Results and Energy Saving
CW B3G BW Eoo E3G EW Saving
MB Mbps Mbps Joule Joule Joule %

East 27.2 0.8 3.5 3.4 292.8 39.3 85.42
West 22.9 0.8 3.2 3.5 256.4 38.9 83.46
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