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Abstract: The exponential growth of mobile data services because of increasing end user devices like laptops, tablets, sensors, smartphone, appliances
that shaping hyper-connected network where billions of connected devices are producing a large amount of data volume. To handle the tremendous
growth in communication technology that required high bit rate, low latency, high availability and high performance which can be achieved with 5G
technology. In this context, Software Defined Network that separate data plane from control plane and Network Function Virtualization that divide
network element into smaller network functions, these both are best candidate. In this paper, Software defined network and 5G architectural
characteristics and 5G usage scenarios are discussed. SDN with 5G state of the art of research with comparative analysis of all existing solution is given
within this paper. We also discuss Service based 5G network Architecture and SDN/NFV based 5G core Network.
Index Terms: 5G, Software-Defined Networking, Network Function Virtualization.
————————————————————

1 INTRODUCTION
Software Defined Network is used to simplify network
management by separating network control logic from its
underlying hardware by enabling network administrators to
exert more control over functionality of network and providing
a unified global view of network. Software Defined Networks
increase scalability by separating Control and Data plane
unlike traditional network system. Distributed Mobility
Management is an efficient Mobility Management technique
which ensures network based Mobility Management. In
Centralized Mobility Management, there is single point of
failure due to Local Mobility Anchor through which all data
traffic will be passed. This will be overcome by using
Distributed Mobility Management Scheme which is based on
packet forwarding from previous router (AR) to new AR, but it
establish tunnel between them may include a number of
physical hops when the previous AR and the new AR are not
directly connected that leads to a suboptimal path with
increased processing overhead and the latency.
To overcome above limitation, we implement DMM scheme by
distributing Control and Data plane for Mobility Management in
5G Network. In DMM based SDN, 1) Control Plane conduct
the centralized location and handover management and
provide optimal path from Correspondence node (CN) to the
new AR. 2) Data Plane perform distributed packet forwarding
functions that will established new path and packets are routed
to new AR without any tunneling overhead.

fig1.1 Applying SDN in various types of network
The SDN Architecture provides the following requirements [2]
(1) SDN is independent from the characteristics of SDN
controller distribution. (2) Policy and security boundaries
related to information sharing and trust. (3) Based upon open
SDN controller plane interfaces provide interoperability. (4)
Support for management interfaces, across which resources
and policy may be established. (5) Scalability and support for
recursion to encompass all feasible SDN controller
architectures. (6) Co-existence with existing business and
operations support systems. We can apply SDN approach to
any kind of network as 5G network, Wi-Fi network, LAN,
WiMax network, GSM based packet delivery network and
optical network as shown in fig1.1.

2 SOFTWARE DEFINED NETWORKING
SDN can be defined as ‗‗an emerging network architecture
where the network control is decoupled and separated from
the forwarding mechanism and is directly programmable‖[1].
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3 5G
Recent report [3] predicts that the global mobile data traffic
expected to grow to 77 Exabyte per month by 2022, a sevenfold increase over 2017. Due to explosion of mobile traffic,
existing 3G and 4G spectrum is not suitable for high data rate.
5G needed wideband spectrum for successful high data rate
operation. 5G needed advanced features for optimal
performances in heterogeneous environment starting from
physical layers to uppermost layers that include Open
Wireless Architecture (OWA) that works as physical and data
link layer of the OSI stack, Network layer (divided into upper
and lower network layer), Open transport layer that combined
the functionality of both transport and session layer,
application layer that presents data as per proper format
required.

3.1 5G Usage Scenarios
Three main 5G application scenarios: enhanced Mobile
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Broadband (eMBB), Massive Internet of Things (mIOT) and
Ultra-Reliable and Low Communications (URLLC) that is
shown in fig. 1.2.
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Fig. 1.2 5G Usage Scenarios
3.2 Architectural characteristics of 5G
There are some several advanced characteristic of 5G for
optimal performance in heterogeneous environment. TABLE 1
analyses the architectural characteristics of 5G and its
proposed technologies.

TABLE 1
ARCHITECTURAL CHARACTERISTICS OF 5G
Characteristics

Range


5G Data
Volume

rate

and

0.1-20 Gbps

Limitation

Solution

Supported Networks

Single
centralized
controller
reduced
performance.

Multi-network
controller
architecture (MINA) based
on SDN Controller.

MINA based on SDN controller for
network such as Wi-Fi, WiMAX,
LTE, ZigBee and Other cellular
network.

Content
cashing
reduced
response
time
Limited
storage
caching capacity in
eNB increase overall
latency

Reduce cache hit ratio
compare to miss ratio

D2D, Content caching close to
user

High data rate and
throughput
increase
energy consumption

SDN based algorithm that
helps to maintain energy of
each node and minimized
the broadcast messages
from
individual
nodes.(―Energy Consumed
Uniformly Connected KNeighbourhood based on
SDN‖- SDN-ECCKN )

Massive MIMO




Reduced latency

Improved
efficiency

Energy

1ms (in M2M

Connectivity)

1 J per 100
bits
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4 SDN FOR 5G: STATE OF THE ART
This section described the literature survey on state of the art
for software defined network with 5G Integration.
4.1 Software Defined Networking for 5G
Reference [4] , explain the basic and fundamental concept of
SDN with SDN architecture by separating the data plan and
control plan from each other, that gave flexible environment to
both the vender as well as network operators. To make the
network control programmable and more flexible, the concept
of OPENFLOW [5] introduced that provide proper interfacing
between the planes.The advanced features of 5G such as
high data rate, needs to dedicated wideband spectrum that is
not available for existing 3G and 4G network, Energy
harvesting for device to device communication, Optical
Wireless Integrations for high data rate and high throughputs
(in multi Gb/s) proposed in 5G that provide smooth and proper
service provision, Interactions between microwave and
photonics is possible through 5G hybrid nature, high speed
data processing due to proposed RAN vitalization. All this
advanced features are new and will to be deployed for the first
time by upgrading the existing technology like SDN.It is difficult
to manage all complex and advanced features of 5G by using
traditional network. Using programmable components and
SDN concept we can provide flexibility and Agility in 5G
networks.
4.2 An SDN/NFV based framework for management and
deployment of service based 5G core network
Reference [6] , defined new framework for deployment and
management of Service Based 5G Core Network based on
SDN and NVF. With respect to Service based architecture for
5G Core network, proposed the management architecture for
service based 5G Core Network based on SDN/NVF that
customized network slicing with high flexibility and high
scalability with low backhaul cost compare to existing work like
Softcell[7], MobileFlow[8] ,Softepc [9],Softair[10] etc.For
Optimal workload allocation, develop workload allocation
algorithm to minimize the system cost. Proposed framework
and algorithms are more effective in terms of reducing network
operation cost like flexible orchestration of network functions;
provide distributed and on-demand deployment of network
functions and service guaranteed network slicing as well as
optical workload allocation by performing simulation with
MATLAB.
4.3 An SDN-based Distributed Mobility Management for
5G
Reference [11] , proposed SDN based Distributed Mobility
Management approach for packet forwarding path
optimization. Existing mobility scheme such as centralized
Mobility have some disadvantages like single point of failure,
Signaling overhead, and In Distributed Mobility Management
have tunneling overhead and non-optimal routing problem.So
to overcome limitation of existing solution, applied SDN
concept to distributed mobility management by separating
network control from actual data transmission. SDN based
Distributed Mobility Management, The Handover and location
management is centralized in SDN Controller while The Data
forwarding function is fully distributed at all access
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router.There are two important characteristics of SDN like 1)
Separation of data planes and control planes and 2) Logically
Centralized Controller. By applying these two characteristics to
Distributed Mobility Management, Location management and
handover is handle by Centralized controller and packet
forwarding is distributed and used OPENFLOW[12]
southbound SDN Protocol by ONF(Open Networking
Foundation).

4.4 5G Cellular Network Integration with SDN: Challenges,
Issues and Beyond
S. K. Tayyaba et al. (2017) in [113] discussed various
challenges and issues by integrating 5G Cellular Network with
SDN. SDN provide high data transmission, spectral efficiency,
resource allocation and network management Due to three
layered architecture having separated data plane layer,
Control Plane layer and Application layer.5G have some key
characteristics like higher data rate, low latency and flexible
and programmable architecture. So by integrating these two
technologies, it‘s provide flexible and fully programmable
architecture.Existing challenges for cellular Network like, lacks
of programmability agility, security and data management due
to huge amount of data traffic, and connected devices can be
overcome by applying SDN concept to 5G cellular network
management and make it programmable.Discussed various
existing solution for cellular IOT SDN like SoftAir, SoftCell,
CellSDN CROWD, Hybrid SDN and SDR, MobileFlow in terms
of resource management, virtualization, decoupling of control
and data planes, Network traffic. SDN can be flexible changes
in Cellular network for high data transmissions rate and flexible
network management.
4.5 The Challenges of Appying SDN/NFV for 5G & IoT
Do Sinh et al. (2017) in [14] proposed the full SDNM
architecture to handle the requirements of high bit rate and
availability, low latency and high performance in
heterogeneous environment of wired and wireless
communication in 5G network. As SDN having programming
capability for application, control and data plane for mobile
network, so mobile network divided in independent network
slices that can run different network protocol like SDN and
NFV.Discussed significant features like throughputs and
latency in 5G network that established an end-to-end channel
in the full SDNM architecture in context of heterogeneous RAN
including 3GPP RAN, non3GPP Ran and Muti-RAT.
4.6 Comparative analysis of all existing solutions
In existing solution, we have observed some of the parameter
that will evaluate performance of the SDN based 5G network
approaches and also address some issues. Here we have
explained some of the parameters. In Table 2 we have
observed various parameters.
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TABLE 2
PARAMETER OBSERVE IN VARIOUS EXISTING PAPER
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[1]

Yes

Yes

Yes
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No
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No
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[3]

No

No

No
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No

No

No

No

[8]

No

No
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No
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No
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Yes

Yes

Yes

No
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No

Yes
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No

No

No

Yes

Yes

No

No
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network elements depends on dedicated hardware which
increase operational expense of network operation and
also difficult to update network because need to replaces
network devices. To resolve these challenges, new
emerging technologies like 5G by applying concept of
Software Defined Network that decouple control planes and
data planes, so network functions are separated from
dedicated hardware which improve data forwarding
efficiency.
5.1 Service based 5G network Architecture
Service based architecture is used in software industry to
improve the modularity of products, in which software products
are divided into communicating services. In 5G SBA, the
monolithic network elements are split into smaller network
functions (NFs). Each NF is independent from each other and
responsible for a single task only. Fig. 1.3 shows the 5G
Service Based Architecture (SBA).

Here we have explained some of the issues. In Table 3 we
have address various issues.
TABLE 3
ISSUES ADDRESS IN VARIOUS EXISTING PAPER
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fig. 1.3 The 5G Service Based Architecture (SBA)
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TABLE 4 listed the major components of the 5G core with their
functionalities.
TABLE 4
COMPONENT OF 5G SERVICE BASED ARCHITECTURE

Workload

allocation)
[8]

No

No

Yes

Yes

No

No

Yes

[10]

Yes

No

Yes

Yes

No

Yes

No

[11]

No

No

Yes

Yes

Yes

Yes

Yes

Components
AMF: Access and
Mobility

Functionalities


Manages access control and mobility



Includes the Network Slice Selection
Function (NSSF)



According to network policy, sets up
and manages sessions



Equivalents of GWs in 4G

Management
Functions

5 SDN AND 5G
Due to the explosion of mobile traffic, the traditional mobile
core network is not sufficient for providing low latency and
extremely high reliability which are needed for vertical
industries like autonomous driving and industrial
automation. In traditional mobile network, function of

SMF:

Session

Management
Function
UPF:

User

Plane
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Function

PCF: Policy Control



It can be deployed in various
configurations and locations according
to service type



Equivalents to a PCRF in 4G



Provides policy framework like network
slicing,
roaming
and
mobility
management



Similar to an HSS in 4G that will be
used for both fixed and mobile access



It stores subscriber data and profiles



New
functionality
that
provides
registration and discovery so that NFs
can
discover
each
other
and
communicate through APIs.



API gateway that allows external users
as enterprises or partner operators

Function

UDM: Unified Data
Management
NRF:

NF

Repository
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fig. 1. 4 SDN/NFV based 5G core network
5G Service Layer is the entrance of NFs that will provide
different services to user. Service Management Layer includes
various functionalities like registration, authentication,
orchestration, security and Quality of Service that responsible
for configuring of NF modules based on the policy made by
Business Support System (BSS) and Operation Support
System (OSS).The infrastructure of 5G core, including flow
scheduling, Network Slicing and NF deployment are manages
by Infrastructure Management Layer. There are two type of
controller (1) Core SDN Controller responsible for service
migration and deployment. (2) Flow SDN Controller in charge
of efficient traffic dispatch in the backhaul network. Within
MEC, the 5G core User Plane (UP) and some applications
deployed while Control Plane (CP) deployed in cloud data
center as MCC.

Function

NEF:

Network



Monitor,
provision
and
enforce
application policy for used inside the
operator network



Provide Authentication information

Exposure Function

AUSF:
Authentication
Server Function

5.2 SDN/NFV based 5G core Network
In cellular network, all mobile data traffic goes through the core
network to access services. In 5G, explosion of mobile data
traffic because of usage scenarios like (1) eMBB for HD
videos, virtual reality and augmented reality, (2) URLLC for
latency sensitive services like autonomous driving and (3)
mIoT for smart grid city and smart agriculture. To overcome
these 5G challenges, we can apply NFV and SDN based
architecture for 5G core network development and
management that is shown in below fig. 1.4.

6 CONCLUSION
In this paper, we discussed Software Defined Network and
requirements of SDN based architecture. Then, we introduced
5G Architectural characteristics and usage scenarios. Also,
discussed comparatives analysis of all existing solutions for
SDN based 5G network. The Service based 5G network
architecture and their components functionalities are
introduced. We combined SDN and NFV functionalities and
provide SDN/NFV based 5G core Network that resolve
tunneling overhead in existing DMM based Network.
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