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Abstract 

The increasing consumption of multimedia services and the demand of high-quality services from customers has triggered a 
fundamental change in how we administer networks in terms of abstraction, separation, and mapping of forwarding, control and 
management aspects of services. The industry and the academia are embracing 5G as the future network capable to support next 
generation vertical applications with different service requirements. To realize this vision in 5G network, the physical network has to 
be sliced into multiple isolated logical networks of varying sizes and structures which are dedicated to different types of services based 
on their requirements with different characteristics and requirements (e.g., a slice for massive IoT devices, smart phones or 
autonomous cars, etc.). Softwarization using Software-Defined Networking (SDN) and Network Function Virtualization (NFV)in 5G 
networks are expected to fill the void of programmable control and management of network resources. 

In this paper, we provide a comprehensive review and updated solutions related to 5G network slicing using SDN and NFV. 
Firstly, we present 5G service quality and business requirements followed by a description of 5G network softwarization and slicing 
paradigms including essential concepts, history and different use cases. Secondly, we provide a tutorial of 5G network slicing 
technology enablers including SDN, NFV, MEC, cloud/Fog computing, network hypervisors, virtual machines & containers. Thirdly, 
we comprehensively survey different industrial initiatives and projects that are pushing forward the adoption of SDN and NFV in 
accelerating 5G network slicing.  

 
Keywords: 5G, SDN, NFV, Network slicing, Cloud/edge computing, Network Softwarization. 
 
Introduction 

The exponential growth of mobile video services (e.g., YouTube and Mobile TV) on smart devices and the advances in the 
Internet of Things (IoT) have triggered global initiatives towards developing the fifth-generation (5G) mobile and wireless 
communication systems. The increasing number of smart devices (e.g., tablets and smartphones) and the growing number of 
bandwidth-hungry mobile applications (e.g., live video streaming, online video gaming) which demand higher spectral efficiency than 
that of 4G systems are posing significant challenges in 5G. The Cisco Visual Networking Index (VNI) Forecast predicts that IP video 
traffic will be 82% of all consumer Internet traffic by 2022, up from 75% in 2017. Mobile video traffic alone will account for 78% of 
the global mobile data traffic. While the traffic for virtual/augmented reality (VR/AR) will increase at a Compound Annual Growth 
Rate (CAGR) of 82% between 2017 and 2022, the traffic growth rates of TVs, tablets, smartphones, and M2M modules will be 21%, 
29%, 49%, and 49%, respectively. Such a tremendous growth will be the result of 12.3 billion mobile-connected devices, which is 
expected to even exceed the world’s projected population of 8 billion by 2022. A 5G connection is expected to generate 4.7 times 
more data than that of 4G. 

 
With the increasing number of new applications beyond personal communications, mobile devices will probably reach 

hundreds of billions till the commercial deployment of 5G networks. The 5G network systems around 2020 and beyond will need to 
deliver as much as 1000 times capacity compared to the current commercial 4G cellular systems. The Key Performance Indicators 
(KPIs) of 5G are expected to include: better, ubiquitous and increased coverage of almost 100% coverage for “anytime anywhere” 
connectivity, 10–100 times higher user data rates, above 90% energy savings, an aggregate service reliability and availability of 
99.999%, an End-to-End (E2E) over-the-air latency of less than 1ms and lowered electro-magnetic field levels compared to LTE. The 
5G has been triggered by increasing strong demand of a well-connected society context with smart grid and smart cities, critical 
infrastructure systems such as e-health and telemedicine as well as education sectors which are surging to exploit the total benefits of 
wireless connectivity by 2020. While 5G is expected to enable the global economic output of $12.3 trillion by 2035, some of the 5G 
market drivers include the needs for virtual reality, rich media services such as video gaming, 4K/8K/3D video, and applications in 
smart cities, education and public safety. Industry and academia are embracing 5G as the future network that will enable vertical 
industries with a diverse set of performance and service requirements.  
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5G network slicing enabling technologies 
1. Software defined networking (SDN) 

SDN is an approach that brings intelligence and flexible programmable 5G networks capable of orchestrating and controlling 
applications/services in more fine-grained and network-wide manner. The Open Network Foundation (ONF) defines SDN as “the 
physical separation of the network control plane from the forwarding plane, and where a control plane controls several devices”. This 
separation results into flexibility and centralized control with a global view of the entire network. It also provides capabilities of 
responding rapidly to changing network conditions, business, market and end user needs. As shown in, SDN creates a virtualized 
control plane that can enforce intelligent management decisions among network functions bridging the gap between services 
provisioning and network management. With SDN, the network control becomes directly programmable using standardized 
Southbound Interfaces (SBI) such as OpFlex, FoRCES and OpenFlow. These standards define the communication between 
forwarding devices in the data plane and the elements in the control and management plane. The forwarding plane of SDN can be 
implemented on a specialized commodity server such as VMware’s NSX platform which consists of a controller and a virtual switch 
(vSwitch). 
 

 
A comparison of SDN and network operation today. 

 
However, such implementations depend on the performance needs and capacity requirements of SDN environments. Strictly 

narrating, the academia, industry and standard bodies such as the ONF, the Software Defined Networking Research Group (SDNRG) 
of the Internet Research Task Force (IRTF) and the Internet Engineering Task Force (IETF) have already realized the potential of 
SDN and defined its architectural components, interfaces and functional requirements for the future 5G networks. SDN is set to 
address limitations of the traditional networks which are ill-suited for the dynamic network configuration, control, and management as 
well as storage needs for today’s data centers, campuses, and heterogeneous environments. The SDN paradigm for 5G network slicing 
analysis is elaborated comprehensively by the ONF. Every SDN client context in the ONF architecture indicates a potential slice as 
shown in. The SDN controller manages network slices using a set of rules or policies. The SDN controller facilitates the creation of 
both server and client contexts as well as the installation of their associated policies.  In particular, the SDN controller maintains a 
network slice client context. That way, it allows an SDN controller to dynamically manage network slices by grouping slices that 
belong to the same context. The SDN controller governs its slices and performs resource orchestration on the server context. The 
client context consists of support, client and virtual resources to satisfy any incoming requests from end users.  
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State-of-the-Art: 5G network slicing architectures and implementations 

 
The development of 5G network and its standardization is taking place within several projects and standard bodies. In order 

to deploy 5G in alignment with market demands, a number of standard bodies (e.g., 3GPP, ITU, IEEE), associations (e.g., ETSI, TIA, 
alliances (e.g., NGMN and Wireless World Research Forum (WWRF) have devoted some initiatives for conducting research and 
standards on the future mobile networks specifically targeting on 5G of 2020 and beyond. Major telecommunication companies such 
as Nokia Solutions and Networks, Huawei, Ericsson, ZTE, Samsung Electronics, Datang, Qualcomm and NTT-DOCOMO have 
already presented and contributed white papers on 5G. The HORIZON 202014 and METIS (Mobile and wireless communications 
Enablers for the Twenty-twenty (2020) Information Society) are the major 5G research projects initiated and funded by the European 
Union (EU). 

 
Conclusion 

Both academia and industry are embracing SDN and NFV at unprecedented speed as technologies to overcome the challenge 
of management and orchestration of resources in 5G networks and meet different vertical’s requirements. SDN and NFV promise to 
provide and implement new capabilities and solutions for enabling future 5G networks control and management to be adaptable, 
programmable and cost-effective. The concept of network slicing is the heart of 5G and will play a significant role in addressing more 
stringent and business-critical requirements of the vertical industries, such as real-time capabilities, latency, reliability, security and 
guaranteed ELAs/SLAs. 
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