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Abstract—Requirements for 5G mobile networks includes a
higher flexibility, scalability, cost effectiveness and energy effi-
ciency. Towards these goals, Software Defined Networking (SDN)
and Network Functions Virtualization have been adopted in
recent proposals for future mobile networks architectures because
they are considered critical technologies for 5G. In this paper,
we propose an X2-based handover implementation in an SDN-
based and partially virtualized LTE architecture. Moreover, the
architecture considered operates at link level, which provides
lower latency and higher scalability. In our implementation, we
use MPLS tunnels for user plane instead of GTP-U protocol,
which introduces a significant overhead. To verify the correct
operation of our system, we developed a simulator. It implements
the messages exchange and processing of the primary network
entities. Using this tool we measured the handover preparation
and completion times, whose estimated values were roughly 6.94
ms and 8.31 ms, respectively, according to our experimental
setup. These latencies meet the expected requirements concerning
control plane delay budgets for 5G networks.

Index Terms—Handover, 5G, SDN, NFV, virtualized LTE/EPC.

I. INTRODUCTION

5G mobile networks are expected to be an unprecedented
revolution in broadband wireless communications that will
have an impact on every aspect of our society. The trends that
motivate the definition of 5G technology are the following [1]:

• The explosive growth of mobile data traffic, which will
increase more than 200-fold between 2010 and 2020.

• The increasing adoption of the Internet of Things (IoT),
whose number of connections will reach 7 billion in 2020.

• The continuous emergence of new services (e.g., 3D
ultra-high definition video, mobile cloud, mobile health,
augmented reality, Tactile Internet applications) and ap-
plication scenarios (e.g., ultra-dense and high speed mov-
ing scenarios).

Requirements for 5G mobile networks include a higher
flexibility and scalability of the network, and an x100 increase
in cost effectiveness and energy efficiency compared to its
predecessor, the Long Term Evolution (LTE) technology [1].
Toward these goals, new paradigms such as Software De-
fined Networking (SDN) and Network Functions Virtualization
(NFV) have been adopted in recent proposals for mobile
network architectures [2] [3] [4] [5], and they are expected
to play a vital role in 5G networks.

On the one hand, the SDN paradigm decouples control and
user planes. In SDN, the control plane consists of a logically
centralized controller implemented in software that controls a
set of low-cost and simple network devices that make up the
user plane. The controller can configure the forwarding tables
and monitor packet statistics of the user plane switches using
the OpenFlow (OF) protocol [6]. On the other hand, NFV
offers the operators the possibility of running the network
functions on industry standard high-volume servers instead
of using expensive, special purpose, and vendor-dependent
hardware [4].

In this work, we consider a partially virtualized architecture
for 5G networks, which is the same as the one proposed in [2].
This architecture is based on SDN and NFV and consists of
three hierarchical levels: the access cloud (AC), the regional
distributed cloud (RC), and the national centralized cloud
(NC) [2]. We concentrate on the AC mobility support and
assume that the LTE control plane (CP) remains unchanged,
but it is the user plane (UP) what is changed. Consequently,
we assume the same X2-based Handover (HO) procedure as
for LTE standard [7]. In this approach, all the HO procedures
at the AC are unnoticed by the RC network (i.e., RC signaling
workload offloading). Moreover, SDN allows us to remove the
GTP-U protocol, which introduces a significant overhead at
each UP packet.

This work aims at assessing the impacts of the mobility
support on an SDN-based architecture for 5G networks and
evaluating the handover procedure execution time in this
architecture. To achieve these goals, we developed a simulator
of the LTE X2-based HO procedure in an SDN-based archi-
tecture. It implements the UP and the messages exchange and
processing of the main network entities. Besides, it simulates
the transmission, propagation and processing delays of the
network. Using this tool we checked the correct operation
of the HO procedure in an SDN-based architecture. We also
computed the HO preparation and completion times, whose
estimated values were roughly 6.94 ms and 8.31 ms, respec-
tively, according to our experimental setup.

The main contribution of this paper is a proposal for a
Handover implementation in an SDN-based and partially vir-
tualized LTE network. Although some issues must be address
to provide mobility support in this context, our solution has
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