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Abstract—The explosion of demanding on-line services, such
as video, is increasingly stressing the Internet architecture,
requiring new solutions to support future usage scenarios. New
Future Internet approaches targeting Information Centric Net-
working, such as the Entity Title Architecture (ETArch), provide
new optimizations for these scenarios, using novel mechanisms
such as Software Defined Networking (SDN). However, these
are not targeted to address another growing Internet challenge
reflecting the increase in multi-technology wireless mobile access.
In this work, we empowered ETArch with Media-Independent
mechanisms from the IEEE 802.21 standard, optimizing content
delivery in wireless mobile scenarios. The resulting framework
was implemented in a physical testbed of the OFELIA project,
with results showing that the defined mechanisms supported
seamless handover avoiding packet loss at a reduced overhead
cost, when compared with the base ETArch. Moreover, the media-
independent nature of these enhancements allows the framework
to be deployed in different access technologies, in a flexible way.

I. INTRODUCTION

The Internet has been constantly evolving, motivated not
only by its natural growth, but also by the introduction of new
services and applications to fulfill emerging needs, leading to
new requirements being placed over its architecture, such as
mobility, security and scalable content distribution. To cope
with this new set of requirements and to allow its evolution,
several enhancements started to be defined, increasing the
complexity of the overall Internet architecture, with many core
components reaching their limit, and hindering further evolu-
tions [1]. In addition, many current and emerging requirements
still cannot be addressed adequately by the current Internet. As
a result, new clean-slate architectures for the Future Internet
are being proposed as the next step towards better solutions
for current and future Internet utilization requirements.

Information Centric Networking (ICN) [2] is one of such
proposed architectures, focusing on content access and de-
livery, improving over current host-to-host communications.
Content has a more central role in the network operations,
motivated by the need to meet data-intensive applications.
This paradigm shift leverages in-networking caching and
replication, improving efficiency, scalability and robustness.
The Entity Title Architecture (ETArch) [3] is one of the
proposed architectures that share the vision of content-oriented
paradigms, where entities request content by subscribing it,
triggering the network to dynamically configure itself in order
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to provide the users with the content. In addition, it allows
communicating entities to express their requirements over
time. However deploying ICN capable nodes into current
networks would require the update or replacement of existing
networking equipment. Software Defined Networking (SDN)
[4] emerges as a promising solution to overcome this, since it
could not only facilitate the deployment of ICN functionalities
in current networks without requiring new clean-slate designs,
but it could also improve and enhance current and future
Internet network management mechanisms.

Incrementally, the increasing proliferation of mobile de-
vices equipped with multiple wireless interfaces (such as
smartphones) creates complex heterogeneous scenarios where
network operators need to provide connectivity for different
kinds of access networks, to explore and provide an ubiquitous
always best connected experience to the user. Furthermore,
the traffic generated by mobile devices is increasing at an
exponential rate and, by 2016, most of the traffic will be
generated by applications related with mobile video consumed
and/or produced by smartphones [5]. In this way, the capability
of handling mobility efficiently in these future networks is a
key requirement. The dynamics of the wireless environments,
and the associated heterogeneity, pose a complex challenge for
assuring that the content reaches the user in an optimized way.

As such, not only enhanced content-reaching procedures
are needed (such as using a more content-oriented approach),
but also supportive measures ensuring that the content is sent
to the requester in the most optimal way (i.e., selected rate,
selected codec, selected connection/technology/interface). Fur-
thermore, aspects related to the characteristics of the content,
as well as the current conditions of the wireless network, are
all factors that can help to decide how to best deliver the
content to the user. Considering this scenario, IEEE developed
the IEEE 802.21 standard for Media Independent Handover
(MIH) [6] [7]. Its main purpose is to facilitate and optimize
inter-technology handover processes by providing a set of
media-independent primitives for obtaining link information
and controlling link behavior in a heterogeneous way, thus
creating an abstraction regarding the link layer.

This work presents a core contribution from EDOBRA,
Extending and Deploying OFELIA in Brazil, a workpackage
of the OFELIA project!, composing the integration of ETArch
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with IEEE 802.21. This integration empowers ETArch with
a common control for wired and wireless networks, enabling
not only the optimization of several network aspects (such as
mobility and resources optimization), but also paves the way
for a new set of scenarios, fueled by SDN mechanisms.

The remainder of the document is organized as follows:
Section II presents the background for this work, highlighting
not only the supporting technologies, but also other related
approaches. Section III presents the proposed framework,
evaluated in Section IV, where results of its deployment over
OFELIA testbed are presented. Finally, the paper concludes in
Section V and points out future work.

II. BACKGROUND

The Entity Title Architecture [3] is a clean slate network
architecture, where naming and addressing schemes are based
on a topology-independent designation that uniquely identifies
an entity, called Title, and on the definition of a channel that
gathers multiple communication entities, called Workspace. A
key component of this architecture is the Domain Title Service
(DTS), which deals with all control aspects of the network. The
DTS is composed by Domain Title Service Agents (DTSAs),
which maintain information about entities registered in the
domain and the workspaces that they are subscribed to, aiming
to configure the network devices to implement the workspaces
and to allow data to reach every subscribed entity.

The operation of ETArch, on which a centralized entity is
responsible for the behavior of the forwarding plane, meets
SDN concepts, implemented in ETArch by the OpenFlow.
OpenFlow [8] is an instantiation of SDN already available
in a number of commercial products and used in several
research projects. It separates the data plane from the control
plane of the network, allowing a separate entity (i.e. the
OpenFlow Controller) to manage and control the underlying
data plane, configuring the forwarding table of the switches,
via a well-known service-oriented API. This enables switches
to be (re)configured on the fly, enabling flexible and dynamic
network management [9].

The adoption of OpenFlow is mainly focused on core/wired
networks. Thus, the support of mobility procedures in
OpenFlow-enabled wireless environments (and therefore in
ETArch) is not clearly defined, appearing only as solutions that
consider SDN as an enabler mechanism for wireless protocols
experimentation. Moreover, they have some limitations, such
as disregarding network resources management, optimization
or handover procedures support. [10] and [11] exposed Open-
Flow to wireless environments, paving the way to support
this innovation into wireless mobile networks. [12] deployed
OpenFlow as an application on top of OpenWrt?, providing a
new set of experiment possibilities to be done over OpenFlow-
enabled testbeds. In this way, in order to better support and
manage network procedures in mobile wireless environments,
media independent handover mechanisms, such as the ones
from IEEE 802.21 are needed.

IEEE 802.21 [6] is an IEEE standard, whose main purpose
is to define extensible media access independent mechanisms
that facilitate and optimize handovers between heterogeneous
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technologies, including IEEE 802 (both wired and wireless)
and cellular technologies (e.g., 3GPP and 3GPP2). It encom-
passes aspects related to handover optimization by providing
a set of services that allow the provisioning of link layer
information (such as the status and condition changes of
the link layer), to instruct configuration and handover related
procedures at the link layers and to enhance handover decision
processes with network configuration information about sur-
rounding handover candidate networks. There is a number of
existing attempts that integrated IEEE 802.21 with OpenFlow
to support mobility procedures. The work described in [13]
proposes an OpenFlow-based architecture for Wireless Mesh
Networks that uses IEEE 802.21 to query link information and
to trigger handovers. However, the details about the integration
of both protocols are not clear, with the use of IEEE 802.21
limited to the discovery of association opportunities and to
trigger the handover process in the Mobile Node (MN). This
issue was progressed in [14], by proposing a framework
that couples both mechanisms for dynamic optimized support
of OpenFlow path establishment and wireless connectivity
establishment, but not in an ICN environment.

In what concerns the ETArch itself, our previous work [15]
presented a conceptual study about the integration of ETArch
with IEEE 802.21, depicting the overall framework and its
use in a mobility scenario. In the present work, we go even
further by describing with more detail the components and the
main workflows, integrating ETArch and IEEE 802.21, and
evaluating it in the OFELIA experimental testbed in Brazil.

III. JoINT DTS AND IEEE 802.21-ENABLED OPENFLOW
FRAMEWORK

Our framework aims to enhance ETArch architecture with
mechanisms and capabilities provided by IEEE 802.21, facil-
itating and optimizing horizontal and vertical handovers, by
enhancing the information exchanged between network entities
and MNs. In addition, the network controlling entities can
also be aware of the current MN link connection and other
available wireless networks detected by MNs, including their
link parameters and conditions, and use this information to
optimize handover processes. Likewise, by using OpenFlow
capabilities, controlling entities can use this information to
(re)configure the flows across the whole network, optimizing
network resources. As such, using our framework, ETArch
can target a whole new set of network management scenarios,
enabled and supported by the information provided by IEEE
802.21. For example, DTS workspaces can be dynamically
and preemptively configured according to handover candidates
detected by the MN while it moves, mitigating the effects
of the handover procedure. Finally, our framework envisages
the configuration of OpenFlow flows up to the network side
endpoint, such as wireless network point of attachments (e.g.
WLAN Access Point). Although, in this work, these mech-
anisms focus mostly on WLAN technologies, they could be
applied to other wireless (such as LTE and WiMAX) and wired
(such as Ethernet) technologies as well, due to the technology
agnostic capability provided by IEEE 802.21.

The proposed framework is presented in Figure 1, depicting
the enhancements made over the DTSA, the OpenFlow switch
and the MN. The three main elements are described as follows:
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DTSA: The DTSA acts simultaneously as the OpenFlow
controller and the Point of Service (PoS) of the network.
In what concerns its functions as OpenFlow controller, the
DTSA is responsible for both storing information about the
existing entities (Entity Manager) and workspaces (Workspace
Manager), as well as for performing routing related tasks,
implementing the workspaces into the switches. Its function
as PoS consist in handling and controlling mobility procedures
(Mobility Manager). Moreover, these functions are interfaced
by a central module (NetConnector), allowing the integration
of procedures to optimize several aspects of the network.
Lastly, it features a Media Independent Handover Function
(MIHF) for exchanging IEEE 802.21 information with other
nodes and an OpenFlow Channel for communication with the
OpenFlow Switches.

EDOBRA Switch: The EDOBRA Switch consists of an
IEEE 802.21-enabled OpenFlow switch. Besides the standard
OpenFlow switch capabilities for executing data packet for-
warding operations and for storing information on how packets
of each workspace should be treated, the EDOBRA Switch
is coupled with IEEE 802.21 mechanisms to control aspects
of the link interface regarding handover management, such
as resource management and/or events about the attachment
and detachment of nodes. Lastly, it is coupled with an MIHF
for interacting with the MN and the DTSA via IEEE 802.21
and an OpenFlow Channel for communication via OpenFlow
with the DTSA. The OpenFlow Channel is also responsible
for encapsulating DTS messages into OpenFlow messages.

Mobile Node: The MN represents the end-user equipment
that establishes connection with the endpoint switches. The
MN may be equipped with one or more access technologies,
either wired (e.g., Ethernet) or wireless (e.g., WLAN or 3G).
The MN deploys an MIHF, allowing higher-layer entities in the
device itself (Mobility Manager) or external network entities
(e.g., DTSA) to control the links and to retrieve information
in an abstract way. In this way, the MN is able to either
retrieve link conditions on the current connection or to provide
information about other networks in its range. In what concerns
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DTS procedures (such as register, workspace creation and
attachment operations), the MN contains a DTS Enabler that
allows it to communicate with endpoint switches via DTS. In
addition, the DTS Enabler is also used by applications to send
their packets over DTS protocol.

A. Handover Procedures Workflows

In the following, we present the generic workflows on the
DTSA behavior that occur in different phases of the handover
procedure, namely Handover Preparation, Handover Commit
and Handover Complete phases.

The first phase of the handover process occurs before the
handover action itself, in which different networks in the range
of the MN are queried about their resources with the purpose
of verifying if they can support the attachment of the MN
(as described in Algorithm 1). This verification may include
not only queries about the MN subscribed workspaces, but
may also include queries on quality conditions and resources.
Based on all this information, candidate networks are ordered
(or removed from the list) and sent to the MN, which will
decide if it will move to any of those networks based on the
provided ordered list and on the link condition of each one.

Algorithm 1: Handover Preparation

1 Get all workspaces subscribed by the MN
2 for each network in the range of the MN do
3 L Check available resources

4 Order networks by preference order
5 Return results to MN

Our framework supports preemptive workspace extension,
aiming to mitigate the gap between the handover and the
content reception in the MN (e.g. seamless handover). Thus,
before the DTSA instructs the MN to handover to a new
network, it must extend the MN subscribed workspaces to-
wards the candidate PoA, as depicted in Algorithm 2. Based
on the MAC address of the candidate PoA, the DTSA needs to
learn the switch ID and corresponding port with the purpose
of discovering the new location of the MN. Then, for each
workspace subscribed by the MN, the DTSA associates the
tuple (switch ID,Port) from the candidate PoA with the MN,
allowing the DTSA to recalculate the workspace path up to the
candidate PoA. If the referring PoA and output port are not yet
in the workspace, the DTSA configures the workspace flow in
every new switch in the path. After configuring all switches,
the DTSA instructs the MN to handover to the candidate PoA.

Algorithm 2: Handover Commit

Discover switch ID and Port based on PoA MAC
Get all workspaces subscribed by the MN
for each workspace subscribed by the MN do

Associate (switch ID,Port) to the MN

Recalculate workspace path up to PoA

if PoA and Port not in workspace then

for each new switch in the path do
L Configure workspace flow using OpenFlow

[ B R I S

9 Instruct MN to handover to PoA

The last phase of the handover procedure is the completion,
which may include the release of workspaces in the switches



that became unnecessary after the handover of the MN (Algo-
rithm 3). For each workspace subscribed by the MN, the DTSA
disassociates the MN from the tuple (switch ID, Port) of the old
PoA, followed by the recalculation of the workspace. If the old
PoA is removed from the workspace path, the DTSA removes
the workspace flow from all switches that do not require it
anymore, thus freeing resources.

Algorithm 3: Handover Complete

1 Get all workspaces subscribed by the MN
2 for each workspace subscribed by the MN do
3 Disassociate (switch ID,Port) from the MN
Recalculate workspace path
if path PoA removed from workspace then
for each superfluous switch in the path do
L Remove workspace flow using OpenFlow

N QA

8 Report handover completion to MN

B. Use Case: MN-initiated handover scenario

Figure 2 depicts a scenario where a MN detects a network
with better signal quality, triggering the required handover
procedures to move to that network. The handover trigger
could have different origins, such as detecting a non-optimal
access technology preference of the MN towards video or even
an higher packet error rate at the current link.

Current PoA
MN (PoA1) DTSA

Candidate
POA (PoA2)

VIDEO
SERVER

I |

< Video Stream via Current PoA
T

————————————————————————— Handover Preparation------+----------------—-—

MN detects
PoA2
1 MIHiMNiHoicar'didatefQuery.reclL'est
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(3) MIH_MN_HQ_Commit.request

(4) OFPT_FLOW_MOD

Video Streaw via Current PoA
Video Stream via Candidate PoA

_(5) MIH_MN_HO_|Commit.response
MN connects to
PoA2

————————————————————————— Handover Completion------4--------—-—-———~|-———
(6) MIH_MN_HO_{Complete.request

I7) OFPT_FLOW_NMOD

e

Video Stream via Candidate PoA

(8) MIH_MN_HO_{omplete.responsg

Fig. 2: MN-initiated handover scenario signaling

This scenario starts with the MN receiving a video feed
through its serving network (PoAl), with the flow being gen-
erated in the video server. The MN, detecting a network with a
better signal strength (i.e. the network belonging to the candi-
date PoA), issues a MN-initiated handover, using the MIH pro-
tocol, by sending a MIH_MN_HO_Candidate_Query.request
message to its home DTSA (1). The DTSA verifies available
resources in the candidate PoA and if it is able to accommodate
the MN'’s subscribed workspaces. The resources required along
the whole path are also verified. Then, it replies to the MN by
sending a MIH_MN_HO_Candidate_Query.response message
2).
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The MN verifies if the candidate PoA is still feasible and,
if so, notifies the DTSA about the selected target network,
sending a MIH_MN_HO_Commit.request message (3). The
DTSA prepares the required resources in the candidate PoA to
accommodate the MN and, if the workspaces subscribed by the
MN are not configured up to the candidate PoA, it extends the
workspaces up to PoA2 by sending OFPT_FLOW_MOD mes-
sages (4). This includes the configuration of the workspace in
all on-path switches between the candidate PoA and the source.
Then, the DTSA acknowledges the MN that the resources were
reserved and that it can move to the new network (5).

Upon the reception of this message, the MN executes
the attachment to the candidate PoA network and, since the
workspace was preemptively extended to the new location
of the MN, the MN immediately starts receiving the video
stream. In parallel, after moving to the candidate PoA, the
MN informs the DTSA of the handover result, by sending a
MIH_MN_HO_Complete.request message (6). At this moment,
the DTSA knows that the MN is no longer in the network of
PoA1 and, if there are no other subscribers to same workspaces
in the PoAl, it issues OF PT_FLOW_MOD messages to request
the PoAl to release the subscriptions to the workspaces
associated with the MN (7). Finally, the DTSA acknowledges
the MN about the conclusion of the handover procedures (8).

Although we present a MN-initiated handover scenario,
our framework is flexible to cope with different handover
strategies, such as network-initiated handover.

IV. EVALUATION

In order to evaluate the feasibility of our framework,
we integrated ODTONE? [7], an open-source IEEE 802.21
implementation, with the implementation of ETArch according
to the proposals in Section III.

A. Testbed Description

Our evaluation scenario was built over the Brazilian island
of the OFELIA testbed. As presented in Figure 3, two different
PoAs (TP-Link TL-WR1043ND) were selected, which are
connected to a common OpenFlow Switch (Datacom DM4000
ETH24GX+2x10GX). The PoAs are OpenFlow and IEEE
802.21-enabled. The DTSA is connected to the OpenFlow
devices using two different connections: one for control and
another for data. The MNI1, MN2 and the Video Server,
on which the DTS applications were run, are the remaining
entities that complete the evaluation scenario. The application
in the video server is sending a H.264 video stream over the
“edobra” workspace, with the MN1 and the MN2 subscribed
to that workspace in order to receive the video stream. The
IEEE 802.21 messages are sent over DTS protocol, using the
“odtone” workspace.

In this scenario, MN2 moves from PoA1 to the PoA2, while
receiving content from the Video Server, using the signaling
depicted in Figure 2 to update the workspace towards the new
PoA, optimizing the handover process. Finally, it assumes that
the MNs are initially attached to PoA1l and already receiving
the content, initiating the handover to PoA2 at time t=10s of
the experiment. Each experiment was run 10 times, showing

30pen Dot Twenty ONE - http://atnog.av.it.pt/odtone
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Fig. 3: Scenario description

here averaged results with a 95% T-Student confidence inter-
val. In order to correlate the results, the handovers start at the
same time between experiments.

B. Performance Evaluation

In this section, we evaluate the performance of the pro-
posed framework, comparing it with a deployment of the
ETArch without IEEE 802.21. Obtained results are shown
in Table I, which presents the impact on content reception,
including duration and number of duplicated packets (in the
network and in the MN), lost packets during the handover
and the time required to restore the stream after the handover.
Figure 4 presents the content reception on the MN using each
solution, focusing on the time that the handover occurs.

ETArch with ETArch only

IEEE 802.21
Lost packets during HO ~0 194 £ 1.0
Restore stream delay (ms) ~0 4079 £ 269
Redundancy at MN (ms) 40.3 £+ 12.4 0
Redundancy at network (ms) 851.7 + 32.1 0
Redundancy at network (packets) 39.6 + 3.1 0

TABLE I: Content reception performance comparison
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. . L i .
8 8.5 9 9.5 10 10.5 11 11.5 12
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Fig. 4: Content reception on the MN

Analyzing the results of Table I, we can observe that, in
the proposed scenario (i.e., make-before-break handover), our
framework enabled the handover to occur with no packet loss.
This was achieved because, during the handover procedure,
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the MN only deactivated the connection to PoAl when the
connection with PoA2 was already established. Thus, during
the handover procedure, the MN received the content from
both interfaces during approximately 40 ms, not interrupting
the content reception on the MN (as observed in Figure 4).
Since the workspaces were previously extended, it resulted in
no delay to restore the video stream. However, it means that
packets from the video stream workspace were sent towards
the new location, even if no subscribers were present, for about
851.7 + 32.1 ms (which includes about 779.9 + 29.3 ms of
L2 handover time), representing approximately 40 packets.

Without using our framework, after the L2 handover pro-
cess, the DTS application on the MN needed to unregister
from the DTSA through the old PoA and to re-register through
the new PoA. This register procedure took 407.9 + 26.9
ms, during which time, the MN did not receive any packet
(as observed in Figure 4), representing approximately 19.4
packets lost during the handover. In consequence of this
behavior, there was no redundancy during the handover, in
opposite to what occurs on our framework. Comparing our
framework with this solution, we verified that our framework
was able to reduce significantly the packet loss, by extending
the workspaces to the new PoA before the handover, allowing
it to receive the contents from both interfaces while moving
across different networks. Moreover, with our framework, the
handover process becomes transparent to the DTS application,
since no DTS register and attach operations are needed to
restore the workspace flow.

C. Control Signaling Overhead Analysis

In this section we study the footprint of each protocol in
the proposed signaling. The results are presented in Table II,
showing the amount of data exchanged for each protocol and
the total time required for the different phases of the handover
process. The values for the amount of data exchanged consider
the size of the whole message.

HO Preparation HO C HO Complet
IEEE 802.21 235 171 218
Size OpenFlow 0 2568 0
(bytes)
DTS 0 0 0
Time (ms) 108.3 £+ 18.5 65.7 £ 17.5 32.0 £ 109

TABLE II: Total signaling overhead per handover

Results from Table II show that almost 20% of the
exchanged signaling corresponds to IEEE 802.21 protocol,
with the remaining 80% related with the OpenFlow protocol.
However, the IEEE 802.21 signaling does not depend on the
number of workspaces subscribed by the MN, unlike the
OpenFlow signaling. Therefore, the percentage of IEEE 802.21
overhead could be even lower if the MN was subscribed to
more workspaces. In what concerns the DTS protocol, no
control signaling was required during the handover procedure
since DTS operations on DTSA were triggered by the IEEE
802.21 protocol. The signaling involving the MN accounted for
about 20% of the total signaling overhead, due to its assistance
in all phases of the handover process.



Comparing each phase, the handover commit was the most
demanding phase, mainly due to the configuration of the
workspace flows in the OpenFlow devices, corresponding to
approximately 86% of the total signaling. In our scenario, two
workspaces were reconfigured: the video stream workspace
and the IEEE 802.21 control workspace. Thus, each workspace
that the MN was subscribed increased the amount of OpenFlow
signaling in 1284 bytes. In what concerns the complete phase,
another MN was attached to the PoAl and, therefore, the
workspace was not removed from PoAl during the handover
complete phase. However, if the MN was the only subscriber
to the workspaces on PoA1, the DTSA would had triggered the
mechanisms to remove the workspaces from PoAl, increasing
the overhead introduced by the OpenFlow protocol (about 1268
bytes per workspace).

In terms of delay, the handover preparation procedures
are the most demanding phase (about 108.3 £ 18.5 ms).
It encompasses the time to compute the available resources
on each available PoA, with the purpose of finding the best
handover candidate for the MN. In our scenario, the commit
procedures required more time than the complete procedures
because, since the MN1 remained in the PoAl, there was no
reconfiguration of the workspaces on PoA1 after the handover.
Still, the overhead in terms of time introduced by the IEEE
802.21 procedures accounts only to 21% of the total handover
time. The remaining 79% respects the L2 handover procedure,
which took 779.9 £ 29.3 ms. The L2 handover procedure
includes the scanning, association and authentication steps.

V. CONCLUSION AND FUTURE WORK

We have presented an IEEE 802.21-enabled framework
that aims to support optimized media independent mobility
procedures over ETArch, a clean-slate SDN-based ICN ap-
proach. It allows the dynamic and preemptive reconfiguration
of the network using information about possible handover
candidates and link conditions perceived by the MN, mitigating
the impact to on-going sessions on the MN. This framework
was deployed over the OFELIA testbed, featuring a mobility
scenario. Results showed that our framework allows avoiding
packet loss, while achieving an acceptable overhead resulting
from the new mobility optimization messages, when compared
with normal ETArch operations. In order to avoid this packet
loss and achieve seamless handover management, some redun-
dancy of received packets in the new interface is encountered.
However, our framework is flexible enough to encompass
different handover management strategies (either controlled
and/or assisted by the MN or the network), in order to surpass
this issue. Thus, this flexibility further allows new scenarios
to be considered, which are able to cater to different kinds of
access technologies (in a media independent way), as well as
different applications and utilization patterns. Moreover, using
our framework, applications become unaware of the handover
process. The work presented in this article showcased the
integration and growth capabilities of multiple technologies,
exposing them to novel scenarios, contribution to the evolution
of SDN, ICN and mobility management procedures operating
as a suitable Future Internet framework embodiment.

As future work, we are currently improving ETArch with
Quality of Service control capabilities to enable optimized
bandwidth-guaranteed transport, mobility and resilience.
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