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Abstract— Mobile Internet has recently turned into reality for
great masses of users, which implies an immense traffic explosion
in the packet switched wireless domain up the next few years. As
the demands on the infrastructure increase tremendously, mobile
network operators will recognize that, if they intend to deliver
Internet access by satisfying the customers’ expectations,
managing traffic inside their network and controlling the affected
network resources will require a lot more efficient and complete
solution than ever before. In this paper we introduce new,
innovative concepts and schemes for traffic management, which
have not yet been deployed within commercial mobile networks,
and which are subject of our work within the CELTIC-Plus
MEVICO project. All the devised traffic management techniques
are grouped into specific building blocks to help the reader to
understand the complexity and possible dependencies among the
existing proposals. As a conclusion, an outlook on the integrated
MEVICO traffic management architecture that incorporates the
presented mechanisms is also given.

Index Terms— micro- and macroscopic traffic management,
improved resource selection and caching, application supported
traffic management, steering user behavior.

[. INTRODUCTION

Current forecasts and researches (e.g., [1], [2], [3]) show
that an inevitable mobile traffic evolution is foreseen thanks to
the following main factors: growth of the mobile
subscriptions, evolution of mobile networks, devices,
applications and services, and significant increase potential in
the number of devices resulted by the surge of novel
subscriptions  prognosticated  for  Machine-to-Machine
communications [4]. Existing wireless telecommunication
infrastructures are not prepared to handle such an expansion.
As mobile and wireless communication networks move
toward broadband converged networks and applications, the
demands on the infrastructure grow exponentially [5].. High
capacity LTE/LTE-A networks will follow the same path as
wireline networks in the past, and will thus become quickly
dominated by Content Delivery Network (CDN) and peer-to-
peer (P2P) traffic. The high amount of wireless bandwidth
available makes it possible to provide capacities typically
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consumed by PCs on broadband connections. On the other
hand, it can be recognized that wired segments of mobile
operator networks remain static regarding available capacity
and throughput. The latter increases the need of smart and
integrated traffic management (TM) solutions for backbone
networks and for the terminal side to be able to run
multimedia applications efficiently.

It will become essential that the network must be aware of
the traffic type of each application and enforce possibly
individual TM and control (i.e., priority, routing, bandwidth,
etc.) required for ensuring improved QoS/QoE for every user.
Ensuring that mobile networks are application-aware, can help
to achieve flexible adaptation to any new application and
traffic pattern emerging in the future. Operators need to install
effective tools to manage traffic using QoS policies,
bandwidth allocation schemes, prioritized and
admission control, traffic shaping and rate control, and flow
based processing. Only such advanced and active TM will
guarantee that operators can provide cost-effective data
transfer with real-time speech and video on heterogeneous
accesses.

Traffic control forms part of the management process of
operational networks with close relations to network planning
and resource deployment. TM covers all measures to
dynamically control and optimize traffic flows in a network
domain or in a global view of the interconnected Internet,
aiming at ensuring a maximum throughput and sufficient QoS
for the wsers. Therefore TM includes concepts for
dimensioning, admission control, differentiation of services
and failure resilience that should guarantee a well balanced
load level for good performance in normal operation and
maintain availability of important services for a set of main
failure scenarios.

In this paper we introduce our preliminary results on traffic
management for future mobile Internet architectures in the
context of the CELTIC-Plus MEVICO (Mobile Networks
Evolution for Individual Communications Experience) project
[6] in order to underline the basics for subsequent concept and
solution development tasks. To achieve this we first
summarize the technical approach of project MEVICO in
Section 2. Then in Section 3 we derive the general building
blocks of advanced traffic management aiming to improve
resource usage and QoE for users in the Evolved Packet
System (EPS). We detail the building blocks and give example
schemes for each of the blocks in Sections 4, 5, 6, 7, 8 and 9.
Section 10 provides the initial outlook on how these traffic
management mechanisms may interact with each other in
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foreseen future scenarios. We summarize our findings so far
and conclude our paper in Section 11.

II. THE CELTIC-PLUS MEVICO PROJECT

The research project MEVICO [6] investigates aspects of
the 3GPP LTE-mobile broadband network for its evolution in
the near/mid-term in 2011-2014 and beyond. The goal is to
contribute to the technical drive and leadership of the Evolved
Packet Core (EPC) network of the 3GPP, and thus support the
European industry to maintain and extend its strong technical
and market position in the mobile networks market. The
project follows an end-to-end (E2E) system approach on
evolution of the EPC. The focus is on the connectivity layers
of the system, for example on the part of the future LTE
network which provides the efficient packet transport and
mobility support for the applications and end-user services
accessed over the LTE and LTE-Advanced radio systems. The
technical research of the project covers relevant topics in the
areas of network architecture, mobility and routing, packet
transport, traffic management, network management and
engineering, and techno-economic aspects.
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Fig. 1. Focus of MEVICO on the mobile packet core network and packet
system of 3GPP

The project does not address the radio interface aspects, but
rather tries to enhance the network architecture for small cell
structures, higher bit rates and higher capacity. Nevertheless,
the peculiarities and limitations of the radio portions are
reflected into the core network and those impacts are therefore
subjects of analysis. For this, new network technologies and
concepts will be studied to apply them to the mobile packet
core to further evolve the EPC for the future challenges
(Figure 1). Examples of such opportunities are wide-scale
availability of optical transport, packet transport (IP, Ethernet)
throughout the mobile network, and self-organizing networks
(SON) for the network management. The increasing number
of mobile users and their consumption of mobile data services
result in increasing capacity requirements for the mobile
packet core network. The expected growth of data traffic is to
be addressed in the research throughout the system. For this,
technical concepts for further optimization of the system will
be considered. A driver in this is the cost efficiency in
operational (OPEX) and capital (CAPEX) expenditures for the
case when the operator revenues are not growing in proportion
with the traffic.
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The research and innovation work in MEVICO project is
mapped into five technical Work Packages (WPs, see Figure
2). WP1 (System Architecture) deals with collecting the
system level requirements and designing the core system
architecture for the next generation mobile systems. WP2
(Mobility and Routing) is responsible for the mobility related
researches in LTE/LTE-A, where the main challenges are
coming from the novel radio technologies and network
topologies. WP3 (Packet Transport) focuses on new strategies
and concepts in LTE backhauling, which arise e.g., from the
strong needs for increased capacity and better QoS. WP4
(Traffic Management) first collects functional, architectural
and operational requirements for the traffic management
subsystem, and then designs and evaluates an advanced and
integrated traffic management framework for the future
broadband wireless telecommunication networks. WP5
(Network Management and Engineering) identifies the key
issues and proposes self organizing solutions to them in the
area of network management and engineering of the next
generation networks. WP6 (Techno-economics and Migration)
deals with the techno-economical evaluation of the different
aspects of the MEVICO architecture, and also outlines the
potential migration path towards that future scheme. In order
to better synchronize the work between different Work
Packages, vertical cross-WP themes have been established for
Architecture, Standardization, and Validation topics.
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Fig. 2. Structure of Work Packages in MEVICO

Within the above framework of MEVICO, the Traffic
Management work package identified the following general
challenges to be tackled by the components of an advanced
TM system in future mobile architecture:

— Satisfy user experience with minimum of infrastructure
resources and still be flexible to handle the possible large
variation of traffic patterns over time.

— Initiate handovers of sessions and/or flows not only
based on signal degradation, costs, etc. but also based on
a possible threat of congestion or any other threat on the
QoS/QoE conditions.

— Provide QoS differentiation based on both applications
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and user profiles and ensure an appropriate scheme of
user and application prioritization and differentiation
which is not limited to forwarding behavior but may
consider access control as well.

— Split and manage connections (e.g., TCP sessions) over
multiple flows inside the network.

— Optimize P2P and massive multimedia transmissions
over the network.

— Solve the problems of existing combinations of link layer
ARQ and TCP.Unnecessary TCP retransmission causes
unwanted traffic through the network and reduces
application throughput and response times.

— Optimal design and efficient management of Content
Delivery Networks in an operator’s infrastructure (e.g.,
identify suitable locations for caching, select suitable
locations for content, detect unfavorable resource usage,
redirect requesting node to alternative resource, etc.).

— Implement efficient offloading techniques, access
network/core network elements (re)selection schemes in
order to effectively distribute users’ data traffic through
localized wireless access points (femtocells or WLAN)
and to locate service gateways (breakout points) near to
those access points (aiming to avoid non-optimal routing
and overloading of the network elements).

— Supply switch on/off schemes of networking equipments
with traffic management aware decision algorithms.

— Anticipate applying an intelligent planning process for
extending the available resources (i.e., design optimal or
near-optimal capacity extension procedures which are
able to cope with the enormous traffic volume
evolution).

— Enable fast re-active mechanisms based on detection of
application and network layer events to accomplish rate
adaptation for multimedia streaming application and
synchronization with resource management in EPS
networks.

A Traffic Management framework handling the above
challenges requires a very wide scale of different techniques,
mechanisms and protocols. The MEVICO project does not try
to fully cover all the above problems but to show how
solutions for certain questions can be integrated in an efficient
and comprehensive way into the overall MEVICO system
architecture.

III. TRAFFIC MANAGEMENT BUILDING BLOCKS

Modern traffic management possesses a very rich and
diverse toolset including methods and schemes for e.g.,
dimensioning, admission control, service and user
differentiation, failure resilience, etc., but lacks a generic
model for common understanding and prevailing basis of
developments. This section describes the traffic management
building blocks we derived in MEVICO to cover the identified
challenges and to provide a universal scheme and a
comprehensive overview of the potential mechanisms to
improve user’s QoS/QoE and to enable efficient usage of
infrastructure and IT resources. For the latter there is a benefit
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for other stake holders in the (mobile) communication
business, such as communication service providers and mobile
network operators (MNO), content providers and content
distribution network (CDN) providers. We have identified six
different categories, which can be used to assign the various
techniques and aspects of an advanced traffic management
system. Figure 3 displays these principal building blocks with
some relevant examples. The idea behind the division into
these building blocks is on one hand the time dimension. The
first four blocks act in real-time on flows, whereas the last
two, namely Steering User Behavior and Deployment of New
Network Resources are done much less frequently and they
are more of strategic decisions. Other than that, the
mechanisms are also divided into blocks in the sense of
whether they affect a single flow or they are more global in
terms of better utilization of network resources. Moreover,
there are three blocks, which may be correlated with each
other (like lower layer functions providing services to higher

layer functions in a communication stack), namely,
microscopic traffic management (MicTM), macroscopic
traffic management (MacTM) and improved resource
selection and caching (IRSC).
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Fig. 3. Traffic management building blocks

MicTM is associated with all mechanisms with the primary
objective to improve performance of individual flows based
on application type, user profile and other policy related
information. MacTM includes all mechanisms with the
primary objective to improve efficient usage of network
resources. Parameters for optimization in the latter case
describe traffic patterns without detailed knowledge of
individual flow attributes. Sample mechanisms for MacTM
are (re)selection of core network elements and IP Flow
Mobility (IFOM). Some mechanisms for MicTM are support
of multipath flows (e.g., Multipath TCP, MPTCP), real-time
and QoS differentiation based on applications and offline
traffic analysis techniques which try to classify network traffic
into applications in a larger grade and non real-time so that the
operator can get to see big picture and use it to configure and
fine-tune Deep Packet Inspection (DPI) tools. The
mechanisms associated to IRSC address the selection of
resources in distributed data management systems (P2P, CDN,
caching). This building block may rely on services of both,
microscopic and macroscopic traffic management. A resource
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