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Abstract—The major objective of evolution towards 5G net-
works is to support increasing number of end devices with
stringent latency and high bandwidth requirements. Software
Defined Networking (SDN) and Network Function Virtualization
(NFV) are paving the way in supporting such requirements of
5G networks. In this paper, we propose a seamless mobility
management for the users when they move from a SDN controller
coverage to another in 5G heterogeneous networks. Our proposed
solution utilizes the key-value Distributed Hash Table (DHT) to
catch users’ mobility in a distributed SDN controller to address
scalability and seamlessness, where mobile device may join and
leave between different associated SDN controllers. The proposed
solution allows to select an appropriate AP with cooperation of
mobile devices and controllers, so that network performance can
be maximized and users’ demand can be met in a dynamically
changing of network condition. The performance evaluated using
OMNeT++ simulator imparts that the solution introduced in
this paper can successfully reduce handover latency around 50 %
compared to the conventional mobility management solutions.

Index Terms—5G network, LTE, WiFi, SDN, NFV, Mobility
management.

I. INTRODUCTION

Currently, with wireless networks, there are 9 billion con-
nected devices and the number is expected to reach 24 billion
by the end of 2020 [1]. These devices use various wireless
interfaces, such as WiFi and LTE, to connect to the network
using traditional network infrastructure. The traditional net-
work infrastructures and networking protocols are insufficient
and limited in satisfying the required level of scalability, large
amount of traffic management and seamless mobility [2] [3].
These limitations of the traditional network may lead to poor
users’ satisfaction (users may experience low throughput, long
latencies and network outages due to congestion and overload
of data traffic at the access network). Therefore, taking this
into account, 5G technology presents a promising solution
to overcome the inflexibility of the current cellular network.
The 5G network architecture has been developed based on the
conceptual architectures of the Software Defined Networking
(SDN) and Network Function Virtualization (NFV) [4] [5].

SDN is a network architecture that opens new trends to
eliminate the rigid nature of traditional networks [6]. SDN
divides the network architecture into two planes, namely
control and data planes. It supports the programming capability
of the network infrastructure through an open Application
Programming Interface (API). In a 5G network, the NFV
virtualizes most of the network infrastructure functionalities
as a software. Therefore, it reduces the CAPEX/OPEX of the
Mobile Network Operators (MNOs).

SDN and NFV network architecture structures make the
behavior of the network to be more flexible and adaptable to
meet different requirements of each organization, campus, or
group of users. Moreover, they are a centralized architecture
that is designed to enable collection of information from dif-
ferent networking equipment used for promoting and adopting
their policies. The centralized network architecture enables
heterogeneous management of wireless access networks with
the huge numbers of mobile devices to overcome the com-
plexity of the access network in terms of connectivity [7] [8].
For instance, when a group of mobile devices move between
different interfaces in a heterogeneous access networks, the
switching process will experience processing and signalling
overhead in order to maintain seamless mobility management
(keep a link connected) in such complex networking environ-
ment.

In this paper, we propose a novel architecture to facilitate
a coordination among distributed SDN controller networks
so that user mobility can be managed seamlessly in a 5G
heterogeneous access networks. We deploy the concept of
Distributed Hash Table (DHT) [9], to manage the distributed
agents (controllers) in different access networks with the
objective of tracking user device movement (each agent rep-
resents one access network coverage area). By doing so, our
solution presented in this paper ensure seamless mobility
support. The proposed solution considers several metrics when
selecting an Access Point (AP) to a certain user. Considering
various parameters, the APs are arranged in descending order
of values of satisfaction parameters, such as user preferences



(e.g., cost and location), services requirements (e.g., audio,
video streaming and file sharing applications) and AP capacity
in term of user density and throughput.

The main objective of the proposed architecture in 5SG net-
work is to facilitate seamless connectivity in a heterogeneous
wireless network environment. In our solution, for a user
device an appropriate AP is selected with cooperation of the
mobile device and controllers.

The rest of the paper is organized as follows. The related
works are presented in Section II. In Section III, we briefly
describe the System model of 5G distributed architecture.
Conclusion follows in Section IV.

II. RELATED WORK

5G technology is still under investigation of research study
[10]. Therefore, it needs a lot of effort from researchers
to address challenges of 5G network in term of mobility
management in heterogeneous access networks [11]. In [12]
authors proposed a network architecture for seamless mobility
in slice network environment. This architecture developed
based on the functionality of SDN and NFV concepts, where
the LTE and WiFi networks collaborating together to seamless
a user traffic utilizing IP-Flow concept. It is important to
highlight that, before the SDN appeared, Proxy Mobile IPv6
(or PMIPv6) was used (introduced by IETF) to support IP
network based mobility support [13]. PMIPv6 is network-
based mobility, in such an approach the MN does not needs
to signal direct to the local mobility anchor, where all this
signalling is done by the network. The MN registration is
done in a Local Mobility Anchor (LMA) by the Mobility
Access Gateway (MAG) that is managed by the network.
When the MN moves and changes the current network, it
is detected by a new MAG that belongs to a new network.
The new MAG in turn will send signalling messages to the
LMA for updating the location of the MN and the LMA
establishes bi-directional tunnelling to the MAG. Notice, the
tunnelling between the LMA and MAG (the MN is not
involved). This protocol provides better network performance
in handover delay and less signalling cost. Moreover, there is
another ip based mobility management namely Hierarchical
Mobile IPv6 (HMIPv6) [14] . HMIPv6 is host-based mobility
protocol, when a Mobile Node (MN) moves between different
APs as a first step, it registers to Mobility Anchor Point
(MAP) during mobility management that it works as a Home
Agent (HA) to the MN. Then a bi-directional IP-tunnelling
is established between the MAP and the MN for exchanging
packets. However, if the MN changes its location and leaves
the current MAP domain, it will assign to a new MAP in
the form of a hierarchical-tree. In this manner, the HMIPv6
reduces the handover overhead and optimal utilizing network
resource.

In [15] and [16], authors proposed heterogeneous architec-
ture which accommodates multi radio access technologies such
as LTE, WiFi and UMTS. In these research efforts, heteroge-
neous small cell networks are sharing unlicensed spectrum
access points in densely areas to meet the increasing data

traffic demand in 5G networks. The authors in [17] proposed
a hybrid computation offloading scheme for managing the
increasing traffic demand in 5G dense area networks. The
proposed scheme takes into consideration the impact of the
users’ mobility and the network caching in distributed Small-
cell Base Stations (SBS).

The solution in [18] is based on the Individual Mobility
Model (IMM) instead of the traditional Random Waypoint
(RWP), in order to evaluate the results performance of user
mobility. The main consideration of this solution is to investi-
gate the impact of human tendency and clustering behaviours
on the performance of user mobility in 5G small cell networks.
A novel resource-based mobility management mechanism is
proposed in [19] for video users in 5G networks. This mech-
anism proposed N-step algorithm for selecting optimal routes
between serving nodes and utilized the Homogeneous Discrete
Markov model for user mobility patterns.

III. SYSTEM MODEL OF PROPOSED DISTRIBUTED
ARCHITECTURE

In the proposed system model, we consider a super SDN
controller which is in charge of controlling other distributed
SDN controllers as illustrated in Fig. 1. As delineated in the
figure, in our proposal, we consider two types of connections:
inter-domain and intra-domain. The inter-domain connection
represents the links between distributed SDN controllers
through the Super SDN controller, whereas the intra-domain
illustrates the connection of different types of APs within a
controllers coverage area. In each domain, the distributed SDN
controller allows integration of different network elements in
a feedback control loop in order to distinguish different be-
haviors of networking nodes in the network architecture. The
super controller distributes the flow tables between distributed
SDN controllers (as described in Section III-A). Next, we
explain each of the components of the super SDN controller
in our proposed architecture.
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Fig. 1. A distributed SDN architecture in 5G networks.



o Admission control: this element receives network requests
to support resources from the management plane, and
decides whether these requests can be admitted or not. It
uses the NorthBound-API (NB-API) in SDN to support
resource requests in network devices. The NB-API can be
able to reserve network resources, such as queues, flow
table entries, bandwidth, time cost, etc. If the network
devices have enough resources, the admission control
accepts the requests. Otherwise, the request is rejected
(blocked).

e Routing: this element determines available paths and
calculates routes based on control rules in database (DB).
Selection of suitable routes is determined by the type
of network (i.e. heterogeneous or homogeneous network)
and network performance metrics such as latency, jitter,
throughput, error rate and redundancy. The control plane
collects these data by using the collector and device
tracker elements.

e Device Tracker: this element is responsible of checking
link status (link up/down) between an individual AP and
its mobile devices. The Device Tracker knows the links’
status by listing the asynchronous messages exchanged
between an AP and a connected mobile device. The
data collected by the device tracker help the management
plane to maintain the global view of the network.

e Collector: this element uses network monitoring tech-
nologies (i.e. passive and active monitoring) to measure
different network metrics (e.g., bandwidth usage, remain-
ing resource availability and number of dropped packets)
at various aggregation levels (e.g. per flow, per AP, per
user). Moreover, it also measures per flow latency, jitter
and error rate by inserting packet probes in the network.

e Rule DB: The management plane translates high level
network-wide policies to control rules and stores them in
the Rule DB. The controller and other control elements
(e.g. routing) use these rules to compute the flow table
entries for each AP and mobile device.

A. Distributed Hash Table (DHT)

In this section, we use the DHT peer-to-peer to manage a
distributed communication among SDN controllers (each con-
troller represents one zone) through the Super SDN controller.
Each SDN controller has a DHT table where all networking
information is held. The work mechanism of the distributed
SDN controllers through the DHT is performed in a master and
slave relationship, where the master represents the Super SDN
controller and other SDN controllers act as slaves. The slave
(SDN controller) updates its flow table periodically or dy-
namically depending on the network conditions, then it sends
the updated flow table to the master (Super SDN controller).
The master collects the routing information from the SDN
controllers and it calculates this information and distributes
the decision of the inter connectivity network between them.

The hash table in the Super SDN controller consists of two
fields (pointer and controller ID), as shown in Fig. 2. The
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Fig. 2. Distributed hash table.

pointer field refers to the SDN controller ID in the hash table,
where it represents as (i*") entry for the hash table. Moreover,
controller ID field illustrates the name of each SDN controller
that connected to the Super SDN controller. Further, via the
controller ID the super SDN controller can refer to all the APs
associated with the SDN controller. In addition, the controller
ID in an SDN controller represents all APs IDs, where each
AP pointed to a number of users under the coverage area. For
example, in the DHT of Super SDN controller, there are a
number of connected SDN controllers (e.g. C(1), C(2), C(3)),
each of these controllers are managed a number of APs, and
the controller ID refers to these APs as a link list such as
(C(1).AP1, C(1).AP2, C(1).AP3, etc.) (see Fig. 2).
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Fig. 3. Homogeneous and heterogeneous handover.

B. Detailed Operations for Handover

In the proposed 5G architecture, before we explain the
handover process in detail, we identify two terminologies



regarding the handover processing: homogeneous and hetero-
geneous handover. The homogeneous handover in our context
means that when a user moves between two APs (base stations)
belonging to the same type of access network. In contrast, the
heterogeneous handover means that a user moves between two
APs each one from different access network such as LTE and
WiFi, as illustrated in Fig. 3. The handover starts when the
mobile device requests to join a new AP, it will initially send a
request message to the SDN controller, and then the controller
sends the assigned decision back to the current AP with which
the user is connected to, as depicted in Fig. 4 and 5.
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Fig. 4. Sequence messaging of homogeneous handover.

In case of homogeneous handover, the user mobile device
sends forward request through a current AP to SDN controller,
then the SDN controller acknowledges the request to start the
handover processing through steps, which is shown in Fig. 4.
The procedure and steps for the homogeneous handover are
described as follows:

o The mobile device sends a request message for associated
SDN controller via AP to switch to another AP, when it
in the overlapped area and the RSS below the threshold
(according to the network interface). This message con-
tains a list of APs listed in a descending order based on
which AP (or base station) has the highest RSS in multi-
interfaces access networks, along with a set of parameters
specified by location, time and current service.

o The current AP forwards this message to the SDN
controller to select the highest satisfaction AP among
different APs.

o Then the SDN controller acknowledges the request mes-
sage to start the handover steps based on the selected AP
(homogeneous handover).

« Handover starts from the current AP, it sends the message
request with measurement parameters to the target AP.

o The target AP sends acknowledgement message to the
current AP, then the current AP forwards this message to
the mobile device to confirm the handover to the target
AP.

o The transmission between the mobile device and current
AP will pause for a certain of time. The current AP
continues buffering the data of current service for the
mobile device (from the core network side).

o The mobile device sends status message to the target AP
includes the location, the device status and the current
service,

o At the same time, the current AP also sends a message
to start transferring the buffered data packets to the target
AP.

o The target AP will acknowledge the message from the
mobile device and exchange the buffered data.

« Finally, the target AP sends a request to the controller to
establish a new path to the destination for exchange the
data service with the mobile device.

Within the same context, if the heterogeneous handover
procedure, where the current AP forwards the request message
of a mobile device to the SDN controller. Then, the SDN
controller sends control message (serve) to the multi-interface
part in the gateway to serve the mobile device request. After
sending an acknowledgment message to the current AP of the
mobile device, the handover steps will start, as shown in Fig.
5. The procedure and steps of heterogeneous handover are
described as follows:
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Fig. 5. Sequence messaging of heterogeneous handover.



o The mobile device sends a request message via current
AP (or base station) to the associated SDN controller in
order to switch to another AP, when it in the overlapped
area and the RSS under a threshold value (according
to the interface). This message contains a list of APs
(or base stations) arranged in a descending order depend
on the highest Received Signal Strength (RSS) in multi-
interfaces of access networks, along with a set of param-
eters specified by location, time and current service.

o The current AP forwards the message to the SDN con-
troller in order to select the highest satisfied AP (or
base station) among the list for start the heterogeneous
handover.

o Then the controller sends the request to the multi-
interface access network part in the gateway to start the
handover process because the target AP (or base station)
from different access network.

o Then the multi-interface access network part acknowl-
edges the request message to start the handover steps
based on the selected AP (or base station).

o The target AP (or base station) sends acknowledgment
request to the current AP (or base station) via the multi-
interface part, then the current AP (or base station)
forwards the message to the mobile device to confirm
the handover to the target AP (or base station).

o The transmission between mobile device and current AP
(or base station) will pause for a certain of time, and
the current AP (or base station) buffers the current data
service of the mobile device (from core network side).

« The mobile device sends a status message to the target
AP (or base station) contains a location, the device status
and the current service.

o At the same time, the current AP (or base station) also
sends a message to the target AP (or base station), via the
multi-interface access network part, to start transferring
the buffered data packets as shown in fig. 5.

o After acknowledges the message, the target AP (or base
station) establishing the session of exchange the buffered
data to the mobile device.

« Finally, the target AP (or base station) sends a request
message to the SDN controller in order to establish a
new path to the service destination for exchange the data
service to the mobile device.

IV. RESULTS EVALUATION

In this section, we present a comprehensive performance
evaluation of our proposed architecture. In the subsequent part,
we refer to our solution as Distributed Mobility Management
Architecture (DMMA). We compare our mechanism against
two well-known mobility management approaches, namely
PMIPv6 [20] and HMIPv6 [14] using OMNeT++ simulator.
The network topology considered in this simulation is pre-
sented in Fig. 6.

In order to simulate the mobility management of DMMA
between LTE and WiFi we use IPv6 to tunnel the IP-Flow of
the MN when it moves between LTE and WiFi and vice versa.

CN[total_cn]

figurat LTE_WiFI_CON e~
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Fig. 6. The network topology in OMNeT++ simulator.

In simulation, we consider heavy video traffic service, which
is composed of 24 frames/second and the frame size is 1562
bytes (300 Kbps).

A. Handover Latency

Handover latency results obtained from the simulation under
the three different mobility mechanisms are presented in
Fig. 7. In particular, this figure illustrates handover latency
for three different handover scenarios. The first handover is
from LTE eNodeB to WiFi AP. And the second and third
handovers are between the WiFi APs. Looking at this figure,
we notice that the HMIPv6 has the highest handover latency
among all three handover scenarios (2.208s and 1.537s in
the first and second handover scenario, respectively). This is
because HMIPv6 mobility management is Host-based where
a Mobile Node (MN) involves the most mobility management
related activities (e.g. binding update to the mobility anchor
point, on-link care-of-address creation and wireless media
access signaling), resulting high handover latency. On the
other hand, PMIPv6 and DMMA outperform compared to
HMIPv6 mainly because both of them are Network-based
mobility management schemes where all the mobility events
that are mentioned above are managed by a network without
involvement of an MN. Additionally, this figure delineates
that the latency in PMIPv6 is notably higher compared to
proposed DMMA. This is due to the fact that, when the
MN moves between different APs, the signalling messages
exchanged between Mobile Access Gateway (MAG) and the
Local Mobility Anchor (LMA) are needed in order to update
the binding table for a new LMA of the MN [13]. Whereas,
such messages are not required in DMMA because all the
binding updates are done in the LTE-WiFi-controller.

B. Traffic Overhead

In this section, we describe the total traffic delivery packets
between the Corresponding Node (CN) to the MN. The total
traffic overhead is depending on the number of hops between
the CN and MN in respect of mobility and the packet size.
Figure 8§ illustrates the comparison of traffic delivery with re-
spect to different flow rates for the three mobility management
schemes (DMMA, PMIPv6 and HMIPv6). From the figure,
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Fig. 7. Handover latency evaluation among HMIPv6, PMIPv6 and DMMA.

we can see that the DMMA has lower packets delivery cost
compared to other mobility management schemes. This is due
to fact that in DMMA the global address of a MN remains
unchanged, there is no signalling required between the MN
and CN, thereby reducing signalling message overhead.
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Fig. 8. Signalling messages overhead comparison among HMIPv6, PMIPv6
and DMMA.

V. CONCLUSION

In this paper, a novel mobility management architecture is
proposed in order to facilitate seamless mobility management
for the users when they move from a SDN controller
coverage to another in 5G heterogeneous networks. Findings
based on simulations impart that proposed framework
(DMMA) outperforms other mobility management schemes.
Among other important research issues, in future, we are
planning to study: mobility prediction aware forwarding path
establishment mechanism, mobility aware early resource
reservation (network slices) mechanism, and reducing number
of control messages among the SDN controllers for updating
forwarding path in data plane in 5G heterogeneous mobile
networks.
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