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We have been witnessing a rapid development of wireless and mobile technologies and services during
the past two decades. 4G mobile services are penetrating and mobile access is becoming an increasingly
important way for accessing the Internet and it is expected to become the dominant one. The progress con-
tinues. 5G mobile systems are underway. Although many of the new technologies have already been incor-
porated in practical systems, there is still enough room for research and experimentation, in particular in
the areas of cognitive radio, self-organizing networks, M2M communications, cross-layer optimization, just to
name a few.
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•  Cross-layer issues in wireless networks
•  Cognitive radio for wireless communications 
•  QoS and resource allocation in wireless networks
•  Mobile/wireless networks modeling and simulation 
•  Localization and positioning in wireless scenarios
•  Topology control, self-organizing wireless networks 
•  Tools for modeling and analysis of wireless systems 
•  Personal wireless communications beyond 5G 
•  Software defined wireless networks and re-configurability 
•  M2M communications and the Internet of Things 
•  Storage, smart caching, and cloud for wireless
•  Wireless social networks, participatory computing 
•  Molecular and nano-scale wireless communications 
•  New disruptive concepts for wireless systems 

Selected papers from the European Wireless 2015 conference, http://ew2015.european-wireless.org wil l
be invited to submit extended journal versions of their papers to this Special Issue, but high quality papers
are welcome from open call too. Submissions will be peer reviewed according to the journal policy and inter-
national standards. Instructions for authors can be found on the journal website: www.infocommunications.hu.

Deadline for submission of manuscripts:  June 30, 2015.
Tentative publication date:  end of September, 2015.

Guest Editors:
SÁNDOR IMRE [M’93] is Professor and Head of
Dept. of Networked Systems and Sevices at the
Budapest University of Technology (BME). He ob-
tained Dr. Univ. degree in in probability theory
and statistics 1996, Ph.D. degree in 1999 and
DSc degree from the Hungarian Academy of Sci-
ences in 2007. He is Chairman of Telecommu-
nication Scientific Committee of Hungarian Aca-
demy of Sciences. He participates on the Edi-
torial Board of two journals: Infocommunications
Journal and Hungarian Telecommunications. He
was invited to join the Mobile Innovation Centre

as R&D director in 2005. His research interests include mobile and wire-
less systems, quantum computing and communications. Especially he
has contributions on different wireless access technologies, mobility
protocols, security and privacy, reconfigurable systems, quantum com-
puting based algorithms and protocols.

HASSAN CHARAF received his PhD in 1998. He
is an Associate Professor and fellow at the De-
partment of Automation and Applied Informatics
at the Budapest University of Technology and
Economics. He is the head of the IT group. As an
outstanding figure in teaching, research and
development, he is in key positions at several
organizations at the university. His research
fields are: distributed systems, cloud computing,
multiplatform application development methods,
software modeling and data technologies.

InfocomJ2015_1  2015.03.18  11:11  Page 6

6

Josef Bárta Josef Bárta has received bachelor degree
in mathematics from Charles University in Prague
and has been accepted to continue his studies at the
Royal Holloway University of London.

His research interests include symmetric crypt-
analysis, lightweight cryptography, authentication
protocols and smart cards. He is currently working
as a software engineer and preparing for his studies
at the Royal Holloway.

Michal Hojsı́k Michal Hojsı́k has received master
degree in mathematics from Charles University in
Prague and PhD in computer science from Univer-
sity of Bergen, Norway.

His primary research interests are block ciphers
and stream ciphers and lately also lightweight cryp-
tography and authentication schemes. He is currently
working as a cryptographic engineer.

6

Josef Bárta Josef Bárta has received bachelor degree
in mathematics from Charles University in Prague
and has been accepted to continue his studies at the
Royal Holloway University of London.

His research interests include symmetric crypt-
analysis, lightweight cryptography, authentication
protocols and smart cards. He is currently working
as a software engineer and preparing for his studies
at the Royal Holloway.

Michal Hojsı́k Michal Hojsı́k has received master
degree in mathematics from Charles University in
Prague and PhD in computer science from Univer-
sity of Bergen, Norway.

His primary research interests are block ciphers
and stream ciphers and lately also lightweight cryp-
tography and authentication schemes. He is currently
working as a cryptographic engineer.

 
 

1 

 
Abstract— During crowded events streaming services generate 

high demands in the wireless access networks. In this paper we 
present a solution to offload the access network in case of such a 
streaming service. We detail the streaming service itself, and our 
offload solution based on local caching and network coding. We 
introduce a model that allows us to analyze our proposal, we 
implement it in a simulation environment and assess it. Finally we 
discuss the consequences of several design decisions we made 
during our work.  
 

Index Terms—multimedia applications, network 
communication, network coding, caching  
 

I. INTRODUCTION 

The Internet traffic is dominated by streaming multimedia 
content as users demand higher quality video and ubiquitously 
available services. With the advent of high performance smart 
handheld devices the users expect that their usual services 
received on their desktops are available on these smart devices, 
too. Thus users can access advanced services from new places 
where they start to use their devices on regular basis. On turn, 
these new situations generate new demands: once the users get 
used to the new scenario, they start to require new, adapted 
services.  

A typical scenario is a crowded event, where even a few years 
ago users could not use their mobile devices due to network 
congestion. E.g., it was common that during New Year’s Eve 
calls were blocked and only SMS-es went through the 
overloaded networks. Similarly, sporting events at remote areas 
required a careful design and temporary increase in mobile 
access capacity to serve the increased demand. This motivated 
us to offload access networks during crowded events for a new 
streaming service, specific to this environment. 

Users attend crowded events for the live experience, which 
combines the feeling of “being there” with the potential of rich 
social interactions among fellow users with similar interests. 
Nevertheless, until recently the participation at such events 
forced the attendants to stop following the online (e.g., live 
commentaries, additional info) and broadcasted (e.g., TV) 
content. The solution that offers both experiences, live 
attendance and online information stream, comes with the 
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introduction of the so called “second screen”.  
Second screen originally refers to the use of an online device 

(e.g., smartphone, iPad) that doubles the screen of a device 
offering “linear” program (e.g., TV, projector). We extend the 
meaning of this term, calling second screen any online device 
that offers additional content associated with a live event, 
attended by the user of the device. Current access networks are 
hard pressed to provide the required QoS, because attendees of 
live events continue using their smart devices as second screens 
(to consume more and more multimedia content). In this 
environment, shortage of available capacity seems to perpetuate 
at least until the mid-2020s, when 5G technologies will mature. 
The focus of the operators is on assuring the basic service, not 
to mention any new service with additional bandwidth demand. 
Therefore offloading the wireless access currently is very 
important for the operators, and it will be so for the coming 
decade. 

The data to be distributed in such an environment is not only 
the real-time, live multimedia stream, but also extra, add-on 
content, which has less strict delay constraints, and is related to 
recent events (e.g., replays, statistical analysis of the game, 
etc.). Still, their importance is higher soon after the original 
event happened (e.g., a goal right after it was scored), that is 
why we call them near real-time events. We propose a novel 
streaming service specific to this environment that can be 
offered on top of classical streaming media services, consisting 
of replayed live scenes. At the core of our solution to offload 
the access network delivering this service is the distributed local 
caching of the data, made reliable and versatile by the 
introduction of network coding techniques. To best of our 
knowledge, network coding was not proposed before to support 
such caching solutions (also see section III-C). The motivation 
behind such novel add-on services are not only recognized by 
recent research projects [1], but also attract major players from 
the streaming live event distribution industry [2]. 

In the next section we present related work that we relied on 
in our research. Then we present several scenario variants for 
our proposal and introduce the novel near real-time data 
delivering service that can be offered on top of classical 
streaming media services. In section IV we present a model that 
will allow us to analyze its behavior, and we evaluate it in 
section V. Finally we conclude our paper. 
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