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ABSTRACT: NFV has attracted considerable attention in both industry and academic circles as a revolutionary
approach to telecommunications service delivery. By decoupling network functions (NF) from the underlying physical
equipment, NFV has the potential to significantly reduce operating expenses (OPEX) and capital expenses (CAPEX)
while enabling rapid deployment of new services with greater flexibility and shorter time-to-value. Although NFV is
still in its early stages, it provides ample opportunity for researchers to explore novel architectures, systems, and
applications, as well as evaluate various alternatives and trade-offs in technology development to enable successful
NFV implementation. This article provides an overview of NFV, its connection with related areas such as software-
defined networking (SDN) and cloud computing, a comprehensive review of the current state of the art in NFV, and
highlights promising avenues for future research in this area. In addition, the article highlights key NFV projects,
standardization efforts, early implementation examples, use cases, and commercial products.

KEYWORDS: Network function virtualization, virtual network functions, software defined networking, networking,
virtualization.

I. INTRODUCTION

The telecommunications industry has traditionally relied on physical devices for each service function, resulting in
inflexible network topologies and high costs for telecommunications service providers. However, the increasing
demand for diverse and high-speed services poses challenges for purchasing and managing new equipment. In addition,
competition and over-the-top services make it difficult to increase subscription fees without risking customer churn. To
overcome these challenges, TSPs are looking for more powerful and flexible networks that can reduce costs and
improve service flexibility.

NFV (Network Function Virtualization) has emerged as a solution by decoupling network functions from physical
equipment. This allows network functions to be deployed as software instances that can be deployed on standard
servers, switches and storage at different locations. This allows services to be partitioned into virtual network functions
(VNFs) that can be easily moved and instantiated without the need to install new hardware.
The introduction of NFV gives TSPs the flexibility to open up their network capacity and services to users and other
services. This enables faster and more cost-effective provisioning of new network services, resulting in improved
service flexibility. However, implementing NFV requires a different approach to network service delivery than
traditional methods. This includes decoupling software and hardware, which enables independent development of both
components and facilitates flexible deployment of network functions by reallocating and distributing infrastructure
resources.

One of the key benefits of decoupling network functions is dynamic scaling. This allows TSPs to scale the performance
of VNFs more dynamically and granularly based on actual traffic demands. It's important to note that NFV can be
implemented without resource virtualization, where software-based network functions run on physical machines as
long as they can run on commodity servers. However, the benefits of flexibility, dynamic scaling and energy efficiency
offered by virtualized resources make NFV an attractive choice. Hybrid scenarios, where functions coexist on both
virtualized and physical resources, can also play a critical role in the transition to NFV.

II. METHODOLOGY

Network Function Virtualization (NFV) is an architectural framework that aims to virtualize and consolidate
network functions on commodity hardware, replacing traditional concentrated network mechanisms. The methodology
for implementing NFV involves several key steps.
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The following is an overview of the typical NFV methodology:

1.

2.

Requirements analysis: identify the network functions and services that are suitable for virtualization.
Determine the performance, scalability and reliability requirements for each network function.

Virtual Network Functions (VNF) Design: Decompose the network functions into software modules
called Virtual Network Functions (VNFs). Define the interfaces and interactions between VNFs and other
network components.
Resource allocation and orchestration-Determine the resource requirements for each VNF, including CPU,
memory, storage, and network connectivity. Develop an orchestration framework that can dynamically
allocate and manage resources as needed.

Infrastructure design: design the underlying infrastructure needed to host VNFs. This includes selecting
hardware platforms such as servers and switches, and virtualization technologies such as hypervisors or
containers.

Virtualization and deployment: virtualize network functions using technologies such as hypervisors (e.g.,
KVM, VMware) or containerization platforms (e.g., Docker, Kubernetes). Deploy VNFs on the virtualized
infrastructure.

Management and orchestration (MANQ): Implement a management and orchestration system to monitor
and control the VNFs. This includes managing the lifecycle of VNFs, scaling VNF instances as needed, and
ensuring fault tolerance and high availability.

Service chaining and network slicing: Define service chaining policies to determine the order and
sequence of network functions required for a given service. Implement network slicing to create isolated
virtual networks with tailored network functions and resources for different services or clients.

Test and validate: Perform comprehensive testing to validate the functionality, performance and scalability
of virtualized network functions and the overall NFV infrastructure.

Integration and migration: Integrate NFV infrastructure with existing network components and systems,
such as SDN controllers and legacy networks. Plan and execute the migration of network functions from
traditional appliances to virtualized instances.

Operations and Maintenance: establish operational procedures and processes to monitor, maintain, and
troubleshoot NFV infrastructure and virtualized network functions. Implement mechanisms for software
upgrades, patch management and security.

It's important to note that the specific methodology may vary depending on the needs of the business, the existing
infrastructure, and the NFV solution being implemented. The steps above provide a general overview of the key
considerations and activities involved in NFV deployment.

III. DESCRIPTION OF HARDWARE

In network function virtualization (NFV), hardware plays a critical role in providing the underlying infrastructure to
host and run virtualized network functions. The hardware components in NFV are responsible for providing the
necessary compute, storage and networking resources to support the virtualized environment.

Here are some important hardware components in NFV:

1.

Servers: servers are the foundation of the NFV infrastructure. They host the virtual machines or containers
that run the virtual network functions (VNFs). Servers should have sufficient computing power (CPU),
memory (RAM), and storage capacity to meet the demands of running multiple VNF instances
simultaneously. High-performance servers with multiple cores and ample memory are typically used to
ensure optimal performance.

Storage: Storage plays a critical role in NFV for storing virtual machine images, VNF configurations and
other data. The storage infrastructure should provide adequate capacity, performance and reliability.
Storage technologies such as solid-state drives (SSDs) or network-attached storage (NAS) systems are
commonly used to provide fast and scalable storage for virtualized environments.

Network infrastructure: NFV relies on a robust network infrastructure to enable communication between
VNFs, between VNFs and physical network devices, and between various NFV infrastructure components.
This includes switches, routers, and network interfaces that support high-speed data transmission and low-
latency communications. Software-defined networking (SDN) technologies are often used in conjunction
with NFV to enable flexible and programmable network configurations.
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Hardware acceleration: Some network functions require specialized hardware acceleration to achieve the
required level of performance. For example, hardware offload cards can be used to accelerate tasks such as
packet processing, encryption/decryption, or deep packet inspection. These acceleration hardware
components can be integrated into the NFV infrastructure to improve performance and efficiency for
specific VNFs.

Management and Orchestration Systems (MANO): Hardware components that support NFV include the
servers and storage infrastructure required to run the management and orchestration systems. These
systems perform tasks such as VNF lifecycle management, resource allocation, and fault monitoring. The
hardware for MANO 's systems should be able to handle the management overhead, and it should be
resilient to ensure continuous operation.

Security hardware: Security is an important aspect of NFV. Hardware components such as firewalls,
intrusion prevention systems (IPS), and encryption devices can be integrated into the NFV infrastructure to
provide advanced security capabilities. These hardware components help protect the virtualized network
functions and underlying infrastructure from potential threats and vulnerabilities.

It's important to note that the specific hardware requirements for NFV may depend on factors such as the scale of
the deployment, the performance requirements of the network functions and the specific needs of the business. NFV
solutions can be implemented with a combination of off-the-shelf hardware components and specialized hardware
tailored to the specific requirements of the virtualized network functions.

IV. ADVANTAGES

Network Function Virtualization (NFV) offers several advantages that make it an attractive approach to
modernizing and optimizing network infrastructures. Here are some of the key benefits of NFV:

1.

Agility and flexibility: NFV enables dynamic and flexible deployment of network functions as software
on a virtualized infrastructure. It enables network operators to quickly increase or decrease the capacity of
network functions as needed, easily introduce new services, and quickly adapt to changing business
requirements. This flexibility helps reduce time-to-market for new services and improves overall network
responsiveness.

Cost savings: NFV eliminates the need for dedicated, proprietary hardware appliances for each network
function. Instead, network functions are virtualized and run on industry-standard servers and commodity
hardware. This results in significant cost savings by reducing capital expenditures (CAPEX) on expensive
specialized hardware and improving hardware utilization through consolidation.
Scalability and elasticity: NFV enables network operators to dynamically scale network functions in
response to changing traffic patterns and service requirements. It enables automatic scaling of virtualized
instances based on predefined policies or real-time monitoring, ensuring efficient resource allocation and
optimal performance. NFV also supports horizontal scaling and allows network functions to be distributed
across multiple servers to improve scalability.

Service innovation and rapid deployment: NFV separates network functions from the underlying
hardware, providing a platform for service innovation and faster service deployment. Network operators
can easily introduce and test new services without the need for extensive hardware changes. This enables a
shorter time-to-market for innovative services, allowing operators to remain competitive in the market.
Improved resource utilization: NFV enables better use of hardware resources by consolidating multiple
network functions into a common infrastructure. This results in greater hardware efficiency and lower
operating costs. In addition, NFV enables dynamic allocation of resources based on demand, resulting in
optimal resource utilization and cost savings.

Network resiliency and high availability: NFV provides inherent mechanisms for redundancy and high
availability. Virtualized network functions can be deployed across multiple servers or data centers,
ensuring service continuity even in the event of hardware or network failures. NFV platforms can also
support automatic failover and disaster recovery mechanisms to minimize service interruptions.

Simplified management and orchestration: NFV introduces centralized management and orchestration
systems that simplify the deployment, configuration and management of network functions. It provides a
unified view of the network that enables operators to efficiently monitor and control the entire virtualized
infrastructure. NFV also enables automation of network operations, reducing manual intervention and
improving operational efficiency.

1JIRSET©2023 |  AnISO 9001:2008 Certified Journal | 6767


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

1%‘- |e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |
%

d

'A' ) QS

|| Volume 12, Issue 5, May 2023 ||

| DOI:10.15680/IJIRSET.2023.1205350 |

These benefits of NFV contribute to increased network flexibility, cost savings, improved scalability, faster service
delivery and enhanced management capabilities. By leveraging virtualization technologies, NFV revolutionizes the way
networks are designed, deployed and operated, resulting in more efficient and flexible network infrastructures.

V. RESULT

With the increasing demand for real-time, on-demand and online services at lower costs, telecommunications service
providers (TSPs) are looking for new approaches to flexibly deliver these services while achieving savings in
operational and capital costs. Network Function Virtualization (NFV) has emerged as a promising solution to make
network equipment more open and allow TSPs to become more flexible and innovative while reducing operations and
maintenance costs. NFV, along with Software-Defined Networking (SDN) and cloud computing, is expected to play a
significant role in future telecom service delivery.

In this research paper, we introduced NFV and provided an overview of the architecture defined by ETSI (European
Telecommunications Standards Institute). We proposed a reference business model and examined key design
considerations. We also compared NFV with closely related areas such as SDN and cloud computing, and highlighted
ongoing research efforts to combine these technologies. We also discussed key standardization efforts, research
projects, commercial products, and initial NFV proof-of-concept implementations. In addition, we identified key
research areas critical to the success of NFV and its application to Information-Centric Networking (ICN) and Internet
of Things (IoT) and summarized the results of our survey. It is important to address these research areas to prevent
TSPs deploying NFV from becoming dependent on vendor-specific solutions, which is counter to the original goal of
NFV.

We have found that many current NFV solutions, particularly from the industry, focus primarily on resource pooling
of vendor-specific resources hosted in the cloud, rather than addressing the core requirements of NFV, including
flexibility, interoperability, integrated management, orchestration, and service automation. Such deployments are
expected to continue to grow as NFV progresses from labs and proof-of-concepts to trials and commercial deployments.
Vendors are investing significant resources in the development of NFV solutions as NFV moves toward widespread
adoption. Therefore, it is critical that specification and standards bodies finalize specifications in a timely manner to
avoid limitations or inability to impact deployed solutions.

VI. CONCLUSION

In summary, network function virtualization (NFV) is a transformative approach that virtualizes network functions
and replaces traditional hardware-based devices with software running on commodity servers. NFV offers a number of
benefits that are reshaping the way networks are designed, deployed and operated.

By decoupling network functions from proprietary hardware, NFV enables cost reduction through hardware
consolidation, better resource utilization and lower operating costs. NFV promotes flexibility and service innovation by
providing a flexible platform for rapid deployment of new services and dynamic scaling based on demand.

NFV brings scalability and elasticity to network infrastructures, enabling operators to efficiently allocate resources,
optimize performance and respond to changing traffic patterns. It simplifies operations and management through
centralized orchestration and automation, reducing manual effort and increasing operational efficiency.

With its inherent resilience and fault tolerance, NFV improves network reliability and availability, ensuring
uninterrupted services even in the event of outages or disruptions. In addition, NFV promotes vendor independence and
interoperability by leveraging standardized interfaces and protocols, giving operators the flexibility to choose the best
solutions from multiple vendors.

Overall, NFV is revolutionizing networks by enabling cost savings, enabling service innovation, improving
scalability and elasticity, simplifying operations, increasing resiliency, and promoting vendor flexibility. As network
operators adopt NFV, we can expect to see further advances and innovations that will transform the
telecommunications industry and provide more efficient, flexible, and responsive networks for the future.
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