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ABSTRACT: 
The rapid evolution of telecommunications services necessitates the development of robust and efficient 

network infrastructures. This paper provides a comprehensive guide for designing Network Function 

Virtualization infrastructure (NFVi) with OpenStack to host Telco real-time workloads. It outlines key 

considerations such as performance and latency, resource isolation, high availability and redundancy, 

network virtualization, security, and scaling. Additionally, it delves into critical aspects of storage 

requirements, the use of Ceph as a Software-Defined Storage (SDS) solution, and detailed real-time 

communication considerations within NFVi using OpenStack. By addressing these considerations and 

leveraging the capabilities of NFVi, OpenStack, and storage solutions like Ceph, organizations can create 

a well-architected and reliable infrastructure that meets the demanding requirements of Telco real-time 

workloads. Regular testing, monitoring, and adaptation are essential for maintaining the performance and 

availability of the NFVi environment over time. This paper aims to serve as a comprehensive guide for 

network engineers, virtualization specialists, and Telco experts involved in the design and implementation 

of NFVi with OpenStack for hosting Telco real-time workloads. 

Keyword: NFV, OpenStack, Telco workloads, Performance, Latency, Resource Isolation, Availability, 

Redundancy, Network Virtualization, Security, Scaling, MANO, Real-time Communication, NFVi, 

Testing, Validation, Monitoring, Analytics, Compliance, Regulations, Storage, SDS, Ceph, Data Locality, 

QoS, Edge Computing, Network Optimization, NAS, Block Storage, Data Replication. 

1. Introduction 

The telecommunications industry is undergoing a significant transformation, driven by the 

increasing demand for high-speed, real-time communication services and the advent of new 

technologies. Network Function Virtualization (NFV) has emerged as a key enabler of this 

transformation, allowing telecommunications operators to virtualize network functions and 

deploy them on standard hardware. This not only reduces costs but also increases flexibility and 

agility in network operations. OpenStack, an open-source cloud computing platform, plays a 

crucial role in the implementation of NFV infrastructure (NFVi), providing the necessary tools 

and resources for managing virtualized network functions (VNFs) and other related components. 

This paper aims to provide a comprehensive guide for designing NFVi with OpenStack to host 

Telco real-time workloads. Real-time communication is critical for various applications such as 

voice over IP (VoIP), video conferencing, and online gaming, which require low latency and 

high reliability. Therefore, it is essential to carefully consider several factors such as 

performance and latency, resource isolation, high availability and redundancy, network 

virtualization, security, and scaling when designing NFVi for real-time workloads. Additionally, 

storage requirements, including the use of Software-Defined Storage (SDS) solutions like Ceph, 

play a vital role in ensuring optimal performance and data management. By addressing these 

considerations and leveraging the capabilities of NFVi, OpenStack, and storage solutions like 

Ceph, organizations can create a well-architected and reliable infrastructure that meets the 

demanding requirements of Telco real-time workloads. 

2. Key Considerations for Designing Telco NFVi with OpenStack 

Designing NFVi for Telco real-time workloads involves several key considerations to ensure 

optimal performance, reliability, and scalability. OpenStack, as a widely adopted cloud 

computing platform, provides a robust foundation for implementing NFVi. However, it is 
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essential to address specific challenges related to performance and latency, resource isolation, 

high availability and redundancy, network virtualization, security, and scaling to create a well-

architected NFVi for Telco real-time workloads. 

2.1. Performance and Latency 

Performance and latency are critical factors for real-time communication applications such as 

VoIP, video conferencing, and online gaming. Low latency is essential to ensure high-quality 

user experiences, while high performance is necessary to handle the demanding workloads of 

Telco applications. To achieve optimal performance and low latency, it is important to consider 

the following: 

Hardware Selection: Choose high-performance hardware with low-latency network interfaces, 

fast storage, and powerful processors. 

Network Optimization: Optimize the network configuration to reduce latency, including 

optimizing routing, minimizing hops, and using low-latency network protocols. 

Virtualization Optimization: Optimize the virtualization layer by selecting appropriate 

hypervisors, configuring CPU pinning and huge pages, and minimizing virtualization overhead. 

2.2. Resource Isolation 

Resource isolation is essential to ensure that the performance of one application does not 

adversely affect the performance of another. This is particularly important in a multi-tenant 

environment where multiple applications share the same physical resources. OpenStack provides 

several mechanisms for resource isolation, including: 

CPU Pinning: Assigning specific CPU cores to specific virtual machines (VMs) to ensure 

dedicated CPU resources for critical applications. 

NUMA Awareness: Configuring Non-Uniform Memory Access (NUMA) nodes to optimize 

memory access and improve performance. 

SR-IOV: Using Single Root I/O Virtualization (SR-IOV) to provide direct access to network 

interfaces from VMs, bypassing the hypervisor and reducing latency. 

2.3. High Availability and Redundancy 

High availability and redundancy are essential to ensure continuous operation of Telco services, 

even in the event of hardware or software failures. OpenStack provides several mechanisms for 

achieving high availability and redundancy, including: 

Load Balancing: Distributing workloads across multiple servers to ensure optimal resource 

utilization and prevent overloading of any single server. 

Failover: Automatically redirecting traffic to a backup server in the event of a failure. 

Clustering: Grouping multiple servers together to work as a single unit and provide high 

availability and scalability. 

2.4. Network Virtualization 

Network virtualization is a key component of NFVi, allowing the creation of virtual networks 

that can be configured and managed independently of the underlying physical network. 

OpenStack provides several tools for network virtualization, including Neutron, which is the 

networking component of OpenStack. Neutron provides a range of networking services, 

including virtual networks, subnets, and routers, as well as advanced features such as security 

groups, floating IPs, and load balancing. 

2.5. Security 

Security is a paramount concern in any network infrastructure, and NFVi is no exception. 

OpenStack provides several security features, including: 
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Keystone: The identity service of OpenStack, which provides authentication and authorization 

services. 

Security Groups: A mechanism for defining and applying security rules to VMs. 

Encryption: Encrypting data at rest and in transit to protect against unauthorized access. 

2.6. Scaling 

Scaling is essential to accommodate the growth of workloads and ensure optimal performance. 

OpenStack provides several mechanisms for scaling, including: 

Horizontal Scaling: Adding or removing VMs to adjust the capacity of an application. 

Vertical Scaling: Adjusting the resources (CPU, memory, storage) of a VM to match the 

workload requirements. 

Auto-Scaling: Automatically adjusting the number of VMs or resources based on predefined 

criteria such as CPU utilization or response time. 

In conclusion, designing NFVi for Telco real-time workloads with OpenStack involves several 

key considerations, including performance and latency, resource isolation, high availability and 

redundancy, network virtualization, security, and scaling. By addressing these considerations and 

leveraging the capabilities of OpenStack, organizations can create a well-architected and reliable 

NFVi for hosting Telco real-time workloads. 

2.7. Management and Orchestration (MANO) 

Management and Orchestration (MANO) is a critical component of NFVi that deals with the 

management of network functions, resources, and services. It includes three main components: 

NFV Orchestrator (NFVO), VNF Manager (VNFM), and Virtualized Infrastructure Manager 

(VIM). OpenStack, being a VIM, plays a crucial role in the MANO architecture. 
NFV Orchestrator (NFVO): It is responsible for the orchestration of network services, including 

the deployment, scaling, and healing of network services. It also manages the lifecycle of network 

services and coordinates with the VNF Manager and Virtualized Infrastructure Manager. 

VNF Manager (VNFM): It is responsible for the lifecycle management of Virtual Network 

Functions (VNFs), including deployment, scaling, healing, and termination. It also manages the 

configuration of VNFs and coordinates with the NFV Orchestrator and Virtualized Infrastructure 

Manager. 
Virtualized Infrastructure Manager (VIM): It is responsible for managing the virtualized 

resoures, including compute, storage, and network resources. OpenStack serves as the VIM in the 

MANO architecture, providing the necessary APIs and tools for managing virtualized resources. 

2.8. Real-time Communication 

Real-time communication is essential for various applications such as VoIP, video conferencing, 

and online gaming. It requires low latency, high reliability, and quality of service (QoS) to 

ensure a high-quality user experience. OpenStack provides several features to support real-time 

communication, including: 

CPU Pinning: Assigning specific CPU cores to specific virtual machines (VMs) to ensure 

dedicated CPU resources for real-time applications. 
 

NUMA Awareness: Configuring Non-Uniform Memory Access (NUMA) nodes to optimize 

memory access and improve performance for real-time applications. 

SR-IOV: Using Single Root I/O Virtualization (SR-IOV) to provide direct access to network 

interfaces from VMs, bypassing the hypervisor and reducing latency for real-time applications. 

2.9. NFV Infrastructure Choice 

Choosing the right NFV Infrastructure (NFVi) is crucial for the success of any Telco 

deployment. It involves selecting the appropriate hardware, virtualization layer, and management 
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and orchestration tools. OpenStack is a popular choice for NFVi as it provides a robust and 

flexible platform for managing virtualized resources. However, it is essential to consider the 

specific requirements of the Telco workloads, including performance, latency, scalability, and 

security, when selecting the NFVi. 

2.10. Testing and Validation 
Testing and validation are essential steps in the deployment of NFVi. It involves verifying the 

functionality, performance, and reliability of the NFVi and ensuring that it meets the requirements of 

the Telco workloads. OpenStack provides several tools for testing and validation, including Tempest, 

which is the official test suite of OpenStack. It includes a set of automated tests that can be used to 

validate the functionality and performance of the OpenStack deployment. 

2.11. Monitoring and Analytics 

Monitoring and analytics are essential for the ongoing management and optimization of NFVi. It 

involves collecting and analyzing data from the NFVi to identify and address any issues and 

optimize the performance. OpenStack provides several tools for monitoring and analytics, 

including Ceilometer, which is the telemetry service of OpenStack. It collects data from the 

OpenStack components and provides APIs for querying the data. 

2.12. Compliance and Regulations 

Compliance and regulations are critical considerations for any Telco deployment. It involves 

ensuring that the NFVi complies with the relevant standards and regulations, including data 

protection, security, and interoperability. OpenStack provides several features to support 

compliance and regulations, including security groups, encryption, and auditing. 

In conclusion, designing NFVi for Telco real-time workloads with OpenStack involves several 

key considerations, including management and orchestration, real-time communication, NFV 

infrastructure choice, testing and validation, monitoring and analytics, and compliance and 

regulations. By addressing these considerations and leveraging the capabilities of OpenStack, 

organizations can create a well-architected and reliable NFVi for hosting Telco real-time 

workloads. 

3. Addressing Storage Requirements 

Storage is a critical component of any NFV infrastructure (NFVi), and it is essential to address 

the storage requirements carefully to ensure optimal performance, reliability, and scalability. 

OpenStack provides several storage options, including block storage, object storage, and file 

storage, which can be used to address the different storage requirements of Telco workloads. 

3.1. Storage Performance 

Storage performance is a critical consideration for Telco workloads, as it directly impacts the 

overall performance of the applications. It is essential to select the appropriate storage backend, 

configure it optimally, and monitor its performance continuously to ensure optimal storage 

performance. OpenStack provides several tools for managing storage performance, including: 

Cinder: The block storage service of OpenStack, which provides persistent block storage for 

virtual machines (VMs). It supports multiple storage backends, including Ceph, LVM, and 

iSCSI, and provides APIs for managing volumes, snapshots, and backups. 

Swift: The object storage service of OpenStack, which provides scalable and durable storage for 

objects. It is designed for high availability and horizontal scalability and provides APIs for 

managing containers, objects, and metadata. 

3.2. Storage Isolation 

Storage isolation is essential to ensure that the performance of one application does not adversely 

affect the performance of another. It involves allocating dedicated storage resources for critical 
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applications and isolating the storage traffic from other network traffic. OpenStack provides 

several mechanisms for storage isolation, including: 

Storage Pools: Creating separate storage pools for different applications to ensure dedicated 

storage resources. 

Quality of Service (QoS): Configuring QoS policies for storage volumes to ensure guaranteed 

performance for critical applications. 

Storage Networks: Creating separate storage networks for isolating storage traffic from other 

network traffic. 

3.3. Storage Redundancy 

Storage redundancy is essential to ensure data durability and high availability. It involves 

replicating data across multiple storage devices or locations to protect against hardware failures 

or data corruption. OpenStack provides several mechanisms for storage redundancy, including: 

Replication: Replicating data across multiple storage devices or locations to ensure data 

durability and high availability. 

Erasure Coding: Dividing data into chunks and adding parity chunks to reconstruct the data in 

case of failures. 

RAID: Using Redundant Array of Independent Disks (RAID) to combine multiple disks into a 

single logical unit and provide redundancy. 

3.4. Scalability 
Scalability is essential to accommodate the growth of workloads and ensure optimal performance. It 

involves adding or removing storage resources dynamically based on the workload requirements. 

OpenStack provides several mechanisms for storage scalability, including: 

Horizontal Scaling: Adding or removing storage nodes to adjust the storage capacity. 

Vertical Scaling: Adjusting the resources (CPU, memory, storage) of a storage node to match 

the workload requirements. 

Auto-Scaling: Automatically adjusting the storage resources based on predefined criteria such as 

storage utilization or response time. 

3.5. Data Replication and Backup 

Data replication and backup are essential to ensure data durability and protect against data loss. It 

involves replicating data to a secondary location and creating backups of the data at regular 

intervals. OpenStack provides several tools for data replication and backup, including: 

Cinder Backup: A service of OpenStack Cinder that provides APIs for creating, restoring, and 

managing backups of Cinder volumes. 

Swift Replication: A feature of OpenStack Swift that replicates data across multiple storage 

devices or locations to ensure data durability and high availability. 

In conclusion, addressing storage requirements is a critical aspect of designing NFVi for Telco 

real-time workloads. It involves considering several factors, including storage performance, 

storage isolation, storage redundancy, scalability, and data replication and backup. By addressing 

these considerations and leveraging the capabilities of OpenStack, organizations can create a 

well-architected and reliable storage infrastructure for hosting Telco real-time workloads. 

3.6. Data Locality 

Data locality refers to the physical location of data in relation to the applications that access it. It 

is essential to consider data locality to optimize performance, reduce latency, and minimize data 

transfer costs. OpenStack provides several mechanisms to manage data locality, including: 

Affinity and Anti-Affinity Rules: Configuring affinity and anti-affinity rules to control the 

placement of virtual machines (VMs) and data on the physical infrastructure. 
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Storage Policies: Defining storage policies to control the placement of data on the storage devices. 

Data Migration: Migrating data to optimize its placement based on the workload requirements 

and infrastructure configuration. 

3.7. Network Attached Storage (NAS) vs. Block Storage 

Network Attached Storage (NAS) and Block Storage are two common types of storage used in 

NFVi. NAS provides file-level storage over a network, while Block Storage provides block-level 

storage over a network or directly attached to a server. Both NAS and Block Storage have their 

advantages and disadvantages, and the choice between them depends on the specific 

requirements of the Telco workloads. 

NAS: It is suitable for workloads that require file-level access, sharing of data between multiple 

applications or servers, and centralized management of data. However, it may have higher 

latency and lower performance compared to Block Storage. 

Block Storage: It is suitable for workloads that require block-level access, high performance, 

and low latency. However, it may have higher management overhead and may not be suitable for 

sharing data between multiple applications or servers. 

3.8. Software-Defined Storage (SDS) 

Software-Defined Storage (SDS) is a storage architecture that decouples the storage software 

from the underlying hardware. It provides a software layer that manages the storage resources, 

including provisioning, replication, and optimization. OpenStack provides several SDS solutions, 

including Cinder for block storage and Swift for object storage. 

Cinder: It provides a block storage service that supports multiple storage backends, including 

Ceph, LVM, and iSCSI. It provides APIs for managing volumes, snapshots, and backups and 

supports features such as replication, QoS, and encryption. 

Swift: It provides an object storage service that is designed for high availability and horizontal 

scalability. It provides APIs for managing containers, objects, and metadata and supports 

features such as replication, erasure coding, and access control. 

3.9. Quality of Service (QoS) and Performance Monitoring 

Quality of Service (QoS) and Performance Monitoring are essential to ensure optimal 

performance and reliability of the storage infrastructure. OpenStack provides several tools for 

managing QoS and monitoring performance, including: 

QoS Policies: Defining QoS policies for storage volumes to ensure guaranteed performance for 

critical applications. 

Ceilometer: The telemetry service of OpenStack that collects data from the OpenStack 

components and provides APIs for querying the data. 

Gnocchi: The time series database of OpenStack that stores the data collected by Ceilometer and 

provides APIs for querying and aggregating the data. 

3.10. Integration with Orchestration 

Integration with orchestration is essential to automate the provisioning, configuration, and 

management of the storage resources. OpenStack provides several tools for integration with 

orchestration, including Heat, the orchestration service of OpenStack, and Mistral, the workflow 

service of OpenStack. 

Heat: It provides a template-based orchestration engine that automates the provisioning and 

management of OpenStack resources, including storage volumes, snapshots, and backups. 

Mistral: It provides a workflow engine that automates the execution of tasks, including the 

provisioning, configuration, and management of storage resources. 

3.11. Lifecycle Management 
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Lifecycle management is essential to ensure the optimal operation of the storage infrastructure 

throughout its lifecycle. It involves provisioning, configuring, optimizing, monitoring, and 

decommissioning the storage resources. OpenStack provides several tools for lifecycle 

management, including: 

Cinder: It provides APIs for managing the lifecycle of storage volumes, including provisioning, 

attaching, detaching, resizing, and deleting volumes. 

Swift: It provides APIs for managing the lifecycle of containers and objects, including creating, 

updating, deleting, and replicating containers and objects. 

3.12. Compliance and Data Security 

Compliance and data security are critical considerations for any storage infrastructure. It 

involves ensuring that the storage infrastructure complies with the relevant standards and 

regulations, including data protection, security, and interoperability. OpenStack provides several 

features to support compliance and data security, including: 

Encryption: Encrypting data at rest and in transit to protect against unauthorized access. 

Access Control: Defining access control policies to restrict access to the storage resources based 

on the user's role and permissions. 

Auditing: Logging and auditing the operations performed on the storage resources to ensure 

accountability and traceability. 

3.13. Backup and Restore 

Backup and restore are essential to protect against data loss and ensure data durability. It 

involves creating backups of the data at regular intervals and restoring the data in case of failures 

or data corruption. OpenStack provides several tools for backup and restore, including: 

Cinder Backup: A service of OpenStack Cinder that provides APIs for creating, restoring, and 

managing backups of Cinder volumes. 

Swift: It provides APIs for replicating data across multiple storage devices or locations to ensure 

data durability and high availability. 

In conclusion, addressing storage requirements is a critical aspect of designing NFVi for Telco 

real-time workloads. It involves considering several factors, including data locality, NAS vs. 

block storage, SDS, QoS and performance monitoring, integration with orchestration, lifecycle 

management, compliance and data security, and backup and restore. By addressing these 

considerations and leveraging the capabilities of OpenStack, organizations can create a well-

architected and reliable storage infrastructure for hosting Telco real-time workloads. 

4. Ceph as a Software-Defined Storage (SDS) Solution 

Ceph is a widely used open-source software-defined storage (SDS) solution that provides 

scalable and reliable storage for block, object, and file data. It is designed to be highly available, 

fault-tolerant, and self-healing. OpenStack integrates with Ceph to provide storage services for 

its components, making it a popular choice for NFV infrastructure (NFVi) deployments. 

4.1. Scalability 

Ceph is designed to be horizontally scalable, meaning that it can scale out by adding more nodes 

to the cluster. This allows it to handle a large amount of data and a high number of I/O 

operations per second (IOPS) without any single point of failure. The scalability of Ceph is 

achieved through its architecture, which consists of the following components: 

OSDs (Object Storage Daemons): These are the storage nodes that store data as objects. Ceph 

automatically distributes the data across the OSDs and replicates it to ensure data durability and 

high availability. 
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MONs (Monitors): These are the nodes that maintain the cluster map, which includes the status 

of the OSDs, the placement groups, and the CRUSH map (Controlled Replication Under 

Scalable Hashing). 

MDSs (Metadata Servers): These are optional nodes that manage the metadata for the Ceph 

File System (CephFS). 

4.2. High Availability 

Ceph is designed to be highly available and fault-tolerant. It replicates data across multiple OSDs 

to ensure data durability and high availability. If an OSD fails, Ceph automatically replicates the 

data to another OSD to maintain the desired replication level. Ceph also uses the CRUSH 

algorithm to determine the placement of data in the cluster, which allows it to distribute the data 

evenly across the OSDs and avoid hotspots. 

4.3. Performance 

Ceph provides high performance by distributing the data across multiple OSDs and allowing 

parallel access to the data. It also uses an advanced journaling system to ensure data consistency 

and improve write performance. Ceph can be configured to use different storage backends, 

including HDDs, SSDs, and NVMe devices, to optimize the performance for different 

workloads. Additionally, Ceph provides several tunable parameters that can be adjusted to 

optimize the performance for specific workloads. 

4.4. Data Locality 

Data locality is an important consideration for optimizing the performance of storage systems. 

Ceph provides several mechanisms to manage data locality, including: 

CRUSH Map: The CRUSH map is a hierarchical description of the cluster that includes the 

OSDs, the hosts, the racks, and the data centers. It is used by the CRUSH algorithm to determine 

the placement of data in the cluster. 

Pool Configuration: Ceph allows the creation of multiple pools, each with its own replication 

level, CRUSH ruleset, and storage backend. This allows optimizing the data locality for different 

workloads. 

4.5. QoS and Performance Tuning 

Quality of Service (QoS) and performance tuning are essential to ensure optimal performance 

and reliability of the storage infrastructure. Ceph provides several mechanisms for QoS and 

performance tuning, including: 

I/O Priority: Ceph allows the configuration of I/O priority for different clients or pools to 

ensure that critical workloads receive higher priority. 

OSD Tunables: Ceph provides several tunable parameters for the OSDs, including the cache 

size, the journal size, and the OSD threads, which can be adjusted to optimize the performance 

for specific workloads. 

4.6. Snapshot and Cloning 

Snapshot and cloning are essential features for data protection and management. Ceph provides 

support for both snapshots and cloning: 

Snapshots: Ceph allows the creation of point-in-time snapshots of the data, which can be used 

for backup and restore operations. Snapshots are created instantly and do not consume additional 

storage space until the data is modified. 

Cloning: Ceph allows the creation of clones of the data, which are writable copies of the data. 

Clones are created instantly and share the same data with the original until the data is modified. 

In conclusion, Ceph is a robust and flexible software-defined storage solution that provides 

scalable and reliable storage for block, object, and file data. It offers several features that make it 
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suitable for NFV infrastructure deployments, including scalability, high availability, 

performance, data locality, QoS and performance tuning, and snapshot and cloning. By 

leveraging the capabilities of Ceph, organizations can create a well-architected and reliable 

storage infrastructure for hosting Telco real-time workloads. 

4.7. Dynamic Scaling 

Dynamic scaling is a crucial feature for any storage system as it allows the infrastructure to adapt 

to changing workloads and demands. Ceph excels in this aspect as it is designed to be 

horizontally scalable, meaning you can add or remove nodes to the cluster dynamically without 

any downtime. This is particularly important for Telco real-time workloads, which may 

experience varying demands at different times. Ceph automatically rebalances the data across the 

cluster when nodes are added or removed, ensuring optimal data distribution and performance. 

This dynamic scaling capability ensures that the storage infrastructure can handle the growth of 

workloads and ensure optimal performance at all times. 

4.8. Integration with OpenStack 

OpenStack and Ceph are often used together to provide a complete cloud infrastructure solution. 

OpenStack integrates with Ceph to provide storage services for its components. For example, 

Cinder, the block storage service of OpenStack, can use Ceph as its storage backend to provide 

persistent block storage for virtual machines (VMs). Similarly, Glance, the image service of 

OpenStack, can use Ceph as its storage backend to store VM images. This tight integration 

between OpenStack and Ceph ensures that the storage infrastructure is fully integrated with the 

cloud infrastructure and can be managed from a single interface. 

4.9. Data Security 

Data security is a paramount concern for any storage infrastructure. Ceph provides several 

features to ensure data security, including: 

Data Replication: Ceph replicates data across multiple OSDs to ensure data durability and high 

availability. This ensures that the data is protected against hardware failures or data corruption. 

Data Encryption: Ceph supports data encryption at rest and in transit to protect against 

unauthorized access. This ensures that the data is secure even if the underlying storage devices or 

network are compromised. 

Access Control: Ceph provides fine-grained access control policies to restrict access to the data 

based on the user's role and permissions. This ensures that only authorized users can access the 

data. 

4.10. Community and Support 

Ceph is an open-source project with a large and active community of developers and users. This 

ensures that the software is continuously improved and updated to address new challenges and 

requirements. Additionally, there are several companies that provide commercial support for 

Ceph, ensuring that organizations can get the help they need to deploy and manage their Ceph 

infrastructure. This strong community and support ecosystem ensure that organizations can rely 

on Ceph for their critical storage needs. 

4.11. Complexity 

Ceph is a complex system with many components and configuration options. This complexity 

can be a challenge for organizations with limited experience in managing storage systems or 

open-source software. However, this complexity also provides a high degree of flexibility and 

configurability, allowing organizations to tailor the system to their specific needs. Additionally, 

there are several tools and management interfaces available for Ceph, including the Ceph 

Dashboard and third-party tools, which can help simplify the management of the Ceph cluster. 
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4.12. Performance Optimization 

Performance optimization is essential to ensure that the storage infrastructure can handle the 

demanding workloads of Telco real-time applications. Ceph provides several mechanisms for 

performance optimization, including: 

OSD Tunables: Ceph provides several tunable parameters for the OSDs, including the cache 

size, the journal size, and the OSD threads, which can be adjusted to optimize the performance 

for specific workloads. 

CRUSH Map: The CRUSH map can be customized to optimize the data placement and 

distribution across the cluster, ensuring optimal performance and data locality. 
Storage Backend: Ceph supports multiple storage backends, including HDDs, SSDs, and NVMe 

devices, allowing organizations to choose the most appropriate storage devices for their workloads. 

In conclusion, Ceph is a robust and flexible software-defined storage solution that provides 

several features that make it suitable for NFV infrastructure deployments, including dynamic 

scaling, integration with OpenStack, data security, community and support, complexity, and 

performance optimization. By leveraging the capabilities of Ceph, organizations can create a 

well-architected and reliable storage infrastructure for hosting Telco real-time workloads. 

4.13. Resource Requirements 
The resource requirements for Ceph depend on several factors, including the size of the data, the 

number of I/O operations per second (IOPS), and the desired level of redundancy. Ceph is designed 

to be horizontally scalable, meaning that you can add more nodes to the cluster to increase its 

capacity and performance. However, there are some minimum resource requirements for a Ceph 

cluster: 

OSDs: Each OSD requires a dedicated disk and sufficient CPU and memory resources to handle

 the I/O operations. The exact requirements depend on the workload, but a typical 

configuration might include a multi-core CPU, 16 GB of RAM, and a 1 TB disk for each OSD. 

MONs: The MONs require less CPU and memory resources than the OSDs, but they need a fast 

and reliable network connection to maintain the cluster map. A typical configuration might 

include a dual-core CPU, 4 GB of RAM, and a 100 Mbps network connection for each MON. 

MDSs: The MDSs require sufficient CPU and memory resources to manage the metadata for the 

Ceph File System (CephFS). The exact requirements depend on the size of the file system and 

the number of operations per second. 

4.14. Monitoring and Management 

Monitoring and management are essential to ensure the optimal operation of the Ceph cluster. 

Ceph provides several tools for monitoring and management, including: 

Ceph Dashboard: A web-based management interface that provides a visual overview of the 

cluster status, performance metrics, and configuration options. 

Ceph CLI: A command-line interface that provides a comprehensive set of commands for 

managing the Ceph cluster. 

Ceph Metrics: A set of tools for collecting and visualizing performance metrics from the Ceph 

cluster. 

Additionally, Ceph integrates with several third-party monitoring and management tools, 

including Prometheus, Grafana, and Nagios. These tools provide additional capabilities for 

monitoring the performance and health of the Ceph cluster and can be integrated into existing 

monitoring and management infrastructures. 

In conclusion, the resource requirements for Ceph depend on several factors, including the size 

of the data, the number of I/O operations per second, and the desired level of redundancy. Ceph 

provides several tools for monitoring and management, including the Ceph Dashboard, the Ceph 
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CLI, and Ceph Metrics. Additionally, Ceph integrates with several third-party monitoring and 

management tools, providing additional capabilities for monitoring the performance and health 

of the Ceph cluster. 

5. Real-time Communication in Detail 

Real-time communication is critical for many Telco applications, such as voice over IP (VoIP), 

video conferencing, and online gaming. These applications require low latency, high bandwidth, 

and reliable connections to ensure a good user experience. Several factors affect real-time 

communication, including latency reduction, network optimization, proximity, network function 

placement, quality of service (QoS), and network virtualization. 

5.1. Latency Reduction 

Latency is the time it takes for a packet of data to travel from the source to the destination. It is a 

critical factor for real-time communication as it affects the responsiveness of the application. 

Several techniques can be used to reduce latency, including: 

Route Optimization: Selecting the shortest and fastest path for the data packets to travel from 

the source to the destination. 

Traffic Prioritization: Prioritizing real-time traffic over other types of traffic to ensure that it is 

processed and transmitted quickly. 
Edge Computing: Processing data closer to the source to reduce the distance that it needs to travel. 

5.2. Network Optimization 

Network optimization involves configuring the network to ensure optimal performance for real-

time communication. This includes selecting the appropriate network protocols, configuring the 

network devices, and optimizing the network topology. Several techniques can be used for 

network optimization, including: 

Protocol Selection: Selecting the appropriate network protocols for real-time communication, 

such as User Datagram Protocol (UDP) for low-latency applications. 

Device Configuration: Configuring the network devices, such as routers and switches, to ensure 

optimal performance for real-time traffic. 

Topology Optimization: Optimizing the network topology to ensure that the data packets can 

travel the shortest and fastest path from the source to the destination. 

5.3. Proximity 

Proximity refers to the physical distance between the communicating parties. It is a critical factor 

for real-time communication as it affects the latency and bandwidth of the connection. Several 

techniques can be used to optimize proximity, including: 

Server Selection: Selecting the server that is closest to the user to reduce the distance that the 

data needs to travel. 

Content Distribution: Distributing the content across multiple servers or data centers to ensure 

that it is closer to the users. 
Edge Computing: Processing data closer to the source to reduce the distance that it needs to travel. 

5.4. Network Function Placement 

Network function placement involves selecting the appropriate location for the network 

functions, such as firewalls, load balancers, and network address translators (NATs). It is a 

critical factor for real-time communication as it affects the latency and performance of the 

connection. Several techniques can be used for network function placement, including: 

Centralized Placement: Placing the network functions in a centralized location, such as a data 

center, to simplify management and reduce costs. 



 
 
 

INTERNATIONAL JOURNAL OF COMPUTER SCIENCE AND TECHNOLOGY (IJCST) Vol. 3 No. 2 (2019) 

46 | P a g e  
 

Distributed Placement: Distributing the network functions across multiple locations to reduce 

latency and improve performance. 

Edge Placement: Placing the network functions closer to the edge of the network to reduce 

latency and improve performance. 

5.5. Quality of Service (QoS) 

Quality of Service (QoS) refers to the ability to provide different levels of service for different 

types of traffic. It is a critical factor for real-time communication as it ensures that the real-time 

traffic receives the highest priority and is processed and transmitted quickly. Several techniques 

can be used to implement QoS, including: 

Traffic Classification: Classifying the traffic into different categories based on its 

characteristics, such as latency sensitivity, bandwidth requirements, and importance. 

Traffic Prioritization: Prioritizing the traffic based on its classification to ensure that the most 

important and latency-sensitive traffic is processed and transmitted first. 

Traffic Shaping: Controlling the rate at which the traffic is transmitted to ensure that it does not 

exceed the capacity of the network. 

5.6. Network Virtualization 

Network virtualization involves creating virtual networks that run on top of the physical network. 

It is a critical factor for real-time communication as it allows the creation of dedicated virtual 

networks for real-time traffic, ensuring optimal performance and isolation from other types of 

traffic. Several techniques can be used for network virtualization, including: 

Virtual LANs (VLANs): Creating separate VLANs for real-time traffic to ensure isolation and 

optimal performance. 

Virtual Private Networks (VPNs): Creating VPNs for real-time traffic to ensure secure and 

private communication. 

Software-Defined Networking (SDN): Using SDN to create and manage virtual networks for 

real-time traffic, providing flexibility and programmability. 

In conclusion, real-time communication is critical for many Telco applications and involves 

several factors, including latency reduction, network optimization, proximity, network function 

placement, quality of service (QoS), and network virtualization. By addressing these factors and 

implementing the appropriate techniques, organizations can ensure optimal performance and 

reliability for real-time communication. 

5.7. Edge Computing 

Edge computing involves processing data closer to the source, such as the user's device or a 

nearby edge server, rather than sending it to a centralized data center. This is crucial for real-time 

communication as it reduces the latency and bandwidth requirements of the connection. Edge 

computing can be implemented using several techniques, including: 

Edge Servers: Deploying servers closer to the edge of the network, such as in local data centers 

or points of presence (PoPs), to process data closer to the source. 

Edge Devices: Using edge devices, such as routers, switches, or specialized edge computing 

devices, to process data at the edge of the network. 

Mobile Edge Computing (MEC): Deploying edge computing capabilities in the mobile 

network, such as at the base station or the mobile edge host, to process data closer to the mobile 

devices. 

5.8. Real-time Protocol Support 

Real-time communication requires the support of real-time protocols, such as the Real-time 

Transport Protocol (RTP), the Real-time Transport Control Protocol (RTCP), and the Session 
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Initiation Protocol (SIP). These protocols are designed to provide low-latency, high-quality 

communication for real-time applications. Implementing real-time protocol support involves 

several considerations, including: 

Protocol Selection: Selecting the appropriate real-time protocols for the application, such as 

RTP for audio and video streaming, RTCP for control messages, and SIP for signaling. 

Protocol Configuration: Configuring the real-time protocols to ensure optimal performance, 

such as selecting the appropriate codec, bit rate, and packet size. 

Protocol Optimization: Optimizing the real-time protocols to reduce latency and improve 

quality, such as using header compression, packet bundling, and forward error correction. 

5.9. Network Monitoring and Analytics 
 

Network monitoring and analytics involve collecting and analyzing data from the network to 

ensure optimal performance and reliability for real-time communication. This includes 

monitoring the network performance, such as latency, jitter, and packet loss, and analyzing the 

data to identify and address any issues. Several techniques can be used for network monitoring 

and analytics, including: 

Performance Monitoring: Monitoring the performance of the network, such as the latency, 

jitter, and packet loss, to ensure that it meets the requirements of the real-time applications. 

Traffic Analysis: Analyzing the network traffic to identify any patterns or anomalies that may 

affect the performance of the real-time applications. 

Root Cause Analysis: Analyzing the data collected from the network to identify the root cause 

of any issues and take corrective actions. 

5.10. Load Balancing 

Load balancing involves distributing the network traffic across multiple servers or network paths 

to ensure optimal performance and reliability for real-time communication. This includes 

distributing the traffic based on various criteria, such as the server load, the network congestion, 

or the user location. Several techniques can be used for load balancing, including: 

Server Load Balancing: Distributing the traffic across multiple servers based on their load to 

ensure optimal performance and reliability. 

Network Load Balancing: Distributing the traffic across multiple network paths based on their 

congestion level to ensure optimal performance and reliability. 

Geographic Load Balancing: Distributing the traffic across multiple servers or network paths 

based on the user's location to ensure optimal performance and proximity. 

5.11. Packet Prioritization 

Packet prioritization involves assigning different priority levels to the packets of data to ensure 

that the most important and latency-sensitive packets are processed and transmitted first. This is 

crucial for real-time communication as it ensures that the real-time traffic receives the highest 

priority and is processed and transmitted quickly. Several techniques can be used for packet 

prioritization, including: 

Quality of Service (QoS): Implementing QoS policies to assign different priority levels to the 

packets of data based on their importance and latency sensitivity. 

Differentiated Services (DiffServ): Using the DiffServ architecture to assign different priority 

levels to the packets of data based on their Differentiated Services Code Point (DSCP) value. 

Traffic Shaping: Controlling the rate at which the packets of data are transmitted to ensure that 

the most important and latency-sensitive packets are transmitted first. 
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In conclusion, real-time communication involves several factors, including edge computing, real-

time protocol support, network monitoring and analytics, load balancing, and packet 

prioritization. By addressing these factors and implementing the appropriate techniques, 

organizations can ensure optimal performance and reliability for real-time communication. 

5.12. Network Redundancy 

Network redundancy involves having multiple paths for data transmission to ensure continuous 

communication even if one path fails. This is crucial for real-time communication as it ensures 

that the communication is not interrupted even in the case of network failures. Network 

redundancy can be implemented using several techniques, including: 

Multiple Connections: Having multiple network connections, such as multiple Internet Service 

Providers (ISPs) or multiple network links, to ensure continuous communication even if one 

connection fails. 

Redundant Devices: Deploying redundant network devices, such as routers, switches, and 

firewalls, to ensure continuous communication even if one device fails. 

Failover Mechanisms: Implementing failover mechanisms, such as Virtual Router Redundancy 

Protocol (VRRP) or Hot Standby Router Protocol (HSRP), to ensure continuous communication 

even if one device fails. 

5.13. Real-time Monitoring and Alerts 

Real-time monitoring and alerts involve continuously monitoring the network and generating 

alerts in real-time if any issues are detected. This is crucial for real-time communication as it 

ensures that any issues affecting the communication are detected and addressed promptly. Real-

time monitoring and alerts can be implemented using several tools and techniques, including: 

Network Monitoring Tools: Using network monitoring tools, such as Nagios or Zabbix, to 

continuously monitor the network and generate alerts in real-time if any issues are detected. 

Performance Metrics: Monitoring the performance metrics of the network, such as latency, 

jitter, and packet loss, to detect any anomalies that may affect the communication. 

Alerting Mechanisms: Implementing alerting mechanisms, such as email notifications, SMS 

alerts, or dashboard notifications, to ensure that the network administrators are promptly notified 

of any issues. 

In conclusion, network redundancy and real-time monitoring and alerts are crucial for ensuring 

optimal performance and reliability for real-time communication. By implementing multiple 

paths for data transmission, deploying redundant network devices, implementing failover 

mechanisms, continuously monitoring the network, and generating alerts in real-time, 

organizations can ensure continuous and uninterrupted real-time communication. 

6. Conclusion 

In conclusion, the design and implementation of Telco NFVi with OpenStack and Ceph require 

careful consideration of several key factors to ensure optimal performance, reliability, and 

security. These include performance and latency, resource isolation, high availability and 

redundancy, network virtualization, security, scaling, management and orchestration, real-time 

communication, storage requirements, and software-defined storage solutions. 

Ceph, as a software-defined storage solution, provides several features that make it suitable for 

NFV infrastructure deployments, including scalability, high availability, performance, data 

locality, quality of service and performance tuning, snapshot and cloning, dynamic scaling, 

integration with OpenStack, data security, community and support, complexity, performance 

optimization, resource requirements, monitoring and management, and network redundancy. 
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Real-time communication is critical for many Telco applications and involves several factors, 

including latency reduction, network optimization, proximity, network function placement, 

quality of service, network virtualization, edge computing, real-time protocol support, network 

monitoring and analytics, load balancing, packet prioritization, and network redundancy. 
By addressing these factors and implementing the appropriate techniques, organizations can create a 

well-architected and reliable NFV infrastructure for hosting Telco real-time workloads. This will 

enable them to deliver high-quality services to their customers, optimize their operational efficiency, 

and ensure their competitiveness in the rapidly evolving telecommunications market. 

ACRONYMS 

NFV - Network Function Virtualization 

VNF - Virtual Network Function 

MANO - Management and Orchestration 

ETSI - European Telecommunications Standards Institute 

VM - Virtual Machine 

vCPU - Virtual Central Processing Unit 

vNIC - Virtual Network Interface Card 

vRAM - Virtual Random Access Memory 

vHDD - Virtual Hard Disk Drive 

vSSD - Virtual Solid State Drive 

vGPU - Virtual Graphics Processing Unit 

KVM - Kernel-based Virtual Machine 

QEMU - Quick Emulator 

Xen - Xen Hypervisor 

ESXi - Elastic Sky X Integrated 

Hyper-V - Hyper-Virtualization 

VMM - Virtual Machine Monitor 

OVS - Open vSwitch 

DPDK - Data Plane Development Kit 

SR-IOV - Single Root Input/Output Virtualization 
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