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Abstract. We present and evaluate a procedure that utilizes mobility
and throughput prediction to prefetch video streaming data in integrated
cellular and WiFi networks. The effective integration of such heteroge-
neous wireless technologies will be significant for supporting high per-
formance and energy efficient video streaming in ubiquitous networking
environments. Our evaluation is based on trace-driven simulation con-
sidering empirical measurements and shows how various system parame-
ters influence the performance, in terms of the number of paused video
frames and the energy consumption. The proposed approach has been
implemented in an Android-based prototype.

1 Introduction

A major trend in mobile networks over the last few years is the exponential
increase of powerful mobile devices, such as smartphones and tablets, with mul-
tiple heterogeneous wireless interfaces that include 3G/4G/LTE and WiFi. The
proliferation of such devices has resulted in a skyrocketing growth of mobile traf-
fic, which in 2012 grew 70 %, becoming nearly 12-times the global Internet traffic
in 2000, and is expected to grow 13-fold from 2012 until 2017'. Moreover, mobile
video traffic was 51 % of the total traffic by the end of 2012 and is expected to
become two-thirds of the world’s mobile data traffic by 2017. The increase of
video traffic will further intensify the strain on cellular networks, hence reliable
and efficient support for video traffic in future networks will be paramount.

The efficient, in terms of both network resource utilization and energy con-
sumption, support for video streaming in future mobile environments with ubig-
uitous access will require integration of heterogeneous wireless technologies with
complementary characteristics; this includes cellular networks with wide-area
coverage and WiFi hotspots with high throughput and energy efficient data
transfer. Moreover, the industry has already verified the significance of mobile
data offloading: globally, 33% of total mobile data traffic was offloaded onto
WiFi networks or femtocells in 2012 (see Footnote 1).

1 Source: Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update,
2012-2017, Feb. 6, 2013.
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Our goal is to quantify the improvements for mobile video streaming that
can be achieved by exploiting mobility and throughput prediction to prefetch
video data in local storage of WiFi hotspots, efficiently utilizing the resources
of integrated cellular and WiFi networks. Although we consider mobile video
data offloading to WiFi hotspots, our results and conclusions are potentially
applicable to mobile video offloading to femto or small cell networks, where the
backhaul throughput is smaller than the radio interface throughput. The work
in this paper is different from our previous work in [11,13] that considers mobile
data offloading for delay tolerant traffic, which requires transferring a file within
a time threshold, and delay sensitive traffic, which requires minimizing the file
transfer time; unlike these traffic types, video streaming requires a continuous
transfer of video data to avoid degradation of user QoE (Quality of Experience),
which thus requires a totally different prefetching procedure and evaluation.

2 Related Work

Prior work has demonstrated bandwidth predictability for cellular networks [15]
and WiFi [8]. Bandwidth prediction for improving video streaming is investi-
gated in [3], and for client-side pre-buffering to improve video streaming in [10].
Both [3,10] focus on cellular networks, while we consider integrated cellular-
WiF1i networks. Moreover, our goal is not to develop a new system for mobility
and bandwidth prediction, but to evaluate mobility and throughput prediction
to prefetch data in order to improve mobile video streaming.

Exploiting delay tolerance to increase mobile data offloading to WiFi is inves-
tigated in [1,6]. The work in [5] applies a user utility model for offloading traf-
fic to WiFi, while [9,14] investigates usage of multiple heterogeneous wireless
interfaces. Our work differs in that we focus on video streaming and exploit
prefetching video data in local caches of WiFi hotpots along a vehicle’s route.

The feasibility of using prediction together with prefetching is investigated in
[2], which does not propose or evaluate specific prefetching algorithms. Prefetch-
ing for improving video file delivery in cellular femtocell networks is investigated
in [4], and to reduce the peak load of mobile networks by offloading traffic to
WiFi hotspots in [7]. Our work differs in that we consider prefetching in WiFi
hotpspots along a vehicle’s route to improve video streaming.

3 Mobility and Throughput Prediction for Prefetching

Mobility prediction can provide knowledge of how many WiFi hotspots a node
(vehicle) will encounter, when they will be encountered, and for how long the
node will be in each hotspot’s range. In addition to this mobility information,
we assume that information on the estimated throughput in the WiFi hotspots
and the cellular network, at different positions along the vehicles’s route, is
also available; for the former, the information includes both the throughput
for transferring data from a remote location, e.g., through an ADSL backhaul,
and the throughput for transferring data from a local cache. Prefetching can
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provide gains when the throughput of transferring data from a local cache in
the WiFi hotspot is higher than the throughput for transferring data from its
original remote server location. This occurs when the backhaul link connecting
the hotspot to the Internet has low capacity (e.g., in the case of an ADSL
backhaul) or when it is congested; this is likely to become more common as the
use of the IEEE 802.11n and 802.11ac standards increases.

The procedure to exploit mobility and throughput prediction for prefetching,
Algorithm 1, defines the mobile’s actions when it exits a WiFi hotspot, hence
has only mobile access (Line 6), and when it enters a WiFi hotspot (Line 9).
Mobility and throughput prediction allows the mobile to determine when it will
encounter the next WiFi hotspot that has higher throughput than the cellular
network’s throughput. From the time to reach the next hotspot and the average
video buffer playout rate, the mobile can estimate the position that the video
stream is expected to reach (offset) when it arrives at the next WiFi hotspot
(Line 7). The mobile instructs a local cache in the WiFi hotpot to cache the
video stream starting from the estimated offset (Line 8).

Algorithm 1. Using mobility and throughput prediction to prefetch video data

Variables:
R: average video buffer playout rate
Thext Wiri: average time until node enters range of next WiFi
Offset: estimated position in video stream when node enters next WiFi hotspot
Algorithm:
if node exits WiFi hotspot then
Offset <+ R - Thext WiFi
Start caching video stream in next WiFi starting from Offset
else if node enters WiFi hotspot then
10: Transfer video data that has not been received up to Offset from original location
11: Transfer video data from local cache
%%: Use remaining time in WiFi hotspot to transfer video data from original location
. end if

When the node enters a WiFi hotspot, it might be missing some portion of
the video stream up to the offset from which data was cached in the hotspot; this
can occur if, due to time variations, the node reaches the WiFi hotspot earlier
than the time it had initially estimated. In this case, the missing data needs to
be transferred from the video’s original remote location (Line 10), through the
hotspot’s backhaul link. Also, the amount of data cached in the WiFi hotspot
can be smaller than the amount the node could download within the time it is
in the hotspot’s range. In this case, the node uses its remaining time in the WiFi
hotspot to transfer data, as above, from the video’s original location (Line 12).

4 Trace-Driven Evaluation

Our evaluation considers empirical measurements for the throughput of the cel-
lular network and the SNR (Signal-to-Noise Ratio) of WiFi networks along a
route between two locations in the center of Athens, Greece. Along the route we
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embed 2, 4, and 8 WiF1i hotspots for different scenarios investigated. The details
of the trace-driven simulation environment is presented in an extended version
of this paper [12]. Moreover, here we present a small set of our evaluation results.

Number of video streams: Fig.1(a) shows the number of paused frames as a
function of the number of video streams, illustrating the high gains that can be
achieved with prefetching: For 4 HD streams, prefetching achieves 48 % and 76 %
fewer paused frames compared to when prefetching is not used (i.e., the WiFi
network is used opportunistically), and when only the mobile (cellular) network
is used. Moreover, prefetching can support 3 HD streams without paused frames,
whereas WiFi without prefetching has 15 paused frames and using only the
mobile network results in 60 paused frames.

Number of WiFi hotspots: Fig.1(b) shows that the performance for the two
mobile & WiFi schemes improves with more hotspots. Moreover, prefetching
achieves more than 36 % fewer paused frames compared to when prefetching is
not used.
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Fig. 1. Paused frames for a different number of video streams and hotspots.

Throughput variability: Fig.2(a) shows the influence of the variability of the
mobile, WiFi, and ADSL backhaul throughput. A higher throughput variabil-
ity increases the number of paused frames for all three schemes. Nevertheless,
prefetching can achieve more than 45 % fewer paused frames compared to the
mobile & WiFi scheme without prefetching, and more than 75 % fewer paused
frames than when only the mobile network is used.

Energy consumption: Fig.2(b) shows the energy consumption for a different
number of video streams. Prefetching achieves lower energy consumption com-
pared to the case where WiFi is used without prefetching, which in turn achieves
lower energy consumption compared to the case where only the mobile network
is used. The gains in terms of energy efficiency are comparatively lower than the
gains of increased performance, in terms of a fewer number of paused frames,
Fig. 1(a). This is due to the significantly higher power consumption per trans-
ferred data volume of the mobile network compared to WiFi.
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Fig. 2. Influence of throughput variability and energy consumption.

5 Conclusions and Future Work

We have presented and evaluated a procedure that exploits mobility and through-
put prediction to prefetch video data in integrated mobile and WiFi networks, in
order to improve mobile video streaming. The procedure can significantly reduce
the number of paused frames (QoE), while being robust to time and throughput
variability and achieve reduced energy consumption. The proposed approach has
been implemented in an Android client for video playout that can stream video
data from multiple servers.

Ongoing work includes evaluating the performance of our prototype imple-
mentation in a realistic setting. Also, future work includes adopting a standard
protocol, based on MPEG-DASH (Dynamic Adaptive Streaming for HT'TP), for
communication between the mobile client and the video servers or caches.
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