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Overview

Challenge

Over the past decade, technology innovations have provided
end users with unparalleled access to instant information,
goods, and services. This has led to customers expecting
on-demand customization in practically every aspect of their
lives.

Information technology has always played a significant role
in supporting business functions. But today, IT has moved
from the back office to the board room, and it is now at
the forefront of unleashing transformative change, driving
new business models and new services enabled by cloud
infrastructure. Intel calls this the Digital Services Economy.

This is increasingly true of network services. Businesses and
consumers alike want the control and freedom to choose the
services they want and when, through the convenience of an
online portal or even an app. For communications service
providers (CSPs) the mandate is clear: deliver more services,
faster.
Network functions virtualization (NFV) has seen steady
gains in helping CSPs transform their networks to speed
service creation and delivery by improving agility, reducing
costs, and minimizing risk. One NFV use case that has
already shown strong results is virtual customer premises
equipment (vCPE).
As an Intel® Network Builders Program ecosystem member,
ALTEN Calsoft Labs* is helping network equipment
manufacturers (NEMs) to build high performance and
scalable virtual CPE solutions that enable CSPs to better
meet the demand for instant services and generate new
revenue streams.
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To fully realize the business opportunity of the Digital
Services Economy, CSPs must transform their networks to
meet customer demand. This requires a shift from purposebuilt, fixed-function equipment in the core network and on
the customer premises to a standards-based commercialgrade solution able to deliver a responsive network that can
cost-effectively adapt to evolving market demands.
Until recently, to turn on services for customers, CSPs have
had to use physical customer premises equipment (CPE) to
manage a variety of functions, such as DHCP, NAT, firewall,
VPN access, IP routing, multimedia sharing, multi-service
QoS, and bandwidth management services. But by hosting
many of these functions at the provider edge using NFV, the
CSP can deliver services using virtual CPE (vCPE), via a less
expensive, general-purpose layer 2 network device that can
execute actions or pass data to the core network for services.
(Figure 1)

Figure 1. Traditional CPE vs. Virtual CPE Architectures

Some of the benefits of hosting these functions in the CSP
network are as follows:
• Service Agility: A vCPE removes the requirement to
order and install new hardware on the customer site to
support new services. Thus, with vCPE, a CSP can now
offer a wide range of service options to subscribers that
can be turned on and turned off from the vCPE cloud
remotely without requiring a hardware swap at the
customer premises.
• Lower Complexity: Because it centralizes the software
and compute function required for an advanced service,
a vCPE deployment allows CSPs to reduce complexity
associated with deploying advanced network functions.
With this model, service deployment is not impacted
by different physical CPE variants located at customer
premises. This in turn can lead to a significant reduction
in time to market and a reduction in remote CPE
troubleshooting costs and maintenance visits.1
• Optimal Experience: vCPE allows the CSP to get
visibility into client devices in the customer’s LAN, and
have the ability to manage service quality all the way up
to the end user. This enables the CSP to offer an optimal
quality of experience (QoE) when delivering nextgeneration services such as unified communications,
over-the-top video, HD gaming, home healthcare, Internet
of Things, and real-time collaboration.

• Service Innovation: The ability to provision services
and provide service quality assurance to individual
endpoints within a customer’s network enables CSPs to
offer a range of personalized services to end users, such as
managed security, device backup, digital wallet, seamless
roaming, and other location-based services.
• New Revenue Generation: vCPE deployment helps
CSPs to automate service provisioning and activation
to offer self-service and “try-and-buy” options to
subscribers, which is not possible with today’s fixedfunction CPE.
• Flexibility and Reliability: vCPE-based services can be
created, modified, deleted, scaled up/down, upgraded, and
remediated immediately upon request and without any
service disruption to end users, resulting in a more flexible
and reliable broadband service delivery infrastructure.
vCPE presents a new paradigm for service delivery
architecture that provides CSPs the ability to present new
offers to customers, deploy services faster, and increase
revenue opportunities. 2

Solution
Since 2010, ALTEN Calsoft Labs has been a pioneer
in network functions virtualization. As a professional
engineering services firm, ALTEN Calsoft Labs has
contributed services to create some of the industry’s first
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See section 11.1 of “Network Functions Virtualisation (NFV); Use Cases” http://www.etsi.org/deliver/etsi_gs/nfv/001_099/001/01.01.01_60/gs_nfv001v010101p.pdf
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See figure 3 on page 4 in “Business Case for NFV/SDN Programmable Networks” at www.juniper.net/us/en/local/pdf/whitepapers/2000581-en.pdf
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NFV proofs of concept (PoCs) and commercial deployments
in L4-L7 networking, security gateways, virtual CPE, VPN
gateway, and virtual BNG, among other network innovations.
ALTEN Calsoft Labs vCPE framework is a reusable software
framework that can be used by NEMs to more quickly deliver
customized solutions to CSPs. The framework is based on
Intel® architecture servers, which allows NEMs to quickly
roll out new services that take advantage of the promise of
NFV—great performance, scalability, and service agility.
With ALTEN Calsoft Labs vCPE framework, NEMs get a
robust platform to develop vCPE products (see Figure
2). Using open standards–based technologies, NEMs
are assured of proven and scalable solutions that are
interoperable in heterogeneous environments and easily
integrated into European Telecommunications Standards
Institute’s* Management and Orchestration (ETSI MANO)–
compliant NFV orchestrators. The framework also supports
different hypervisor and operating system environments.

ALTEN Calsoft Labs vCPE Framework Technical
Features
The ALTEN Calsoft Labs vCPE framework comes with a set
of code libraries, support programs, and APIs. The core
framework functions include:
• VLAN (802.1Q, and Q-in-Q)
• DHCP server, DHCP client, and DHCP relay
• Routing (RIP and OSPF)
• Static and dynamic virtual routing and forwarding (VRF)
• Static and dynamic NAT (with support for ALGs)
• Stateful firewall
• Traffic shaping and QoS
• Layer-3 IPSec VPN gateway
• Command line interface (CLI)/SNMP-based virtual
network functions (VNF) management
The framework provides representational state transfer
(REST)-based interfaces to third-party ETSI MANO
applications. REST-based interfaces support northbound
integration with third-party NFV orchestrators, network
management systems (NMS), and OSS/BSS systems
deployed by CSPs.
With ALTEN Calsoft Labs vCPE framework, VNFs are
packaged for deployment on OpenStack* Cloud, with
each VNF instance supporting CLI/SNMP-based network
management protocols. VNF Manager is capable of lifecycle
management of VNFs, VNF configuration and service
activation, policy enforcement, and event reporting from
NFV infrastructure to NMS. The NFV orchestrator (NFVO) is responsible for service chaining and service lifecycle
management. The vCPE framework also supports different
virtualization architectures and virtual environments such
as VMware,* KVM,* and LinuX Container* (LXC)-based
deployment.

Figure 2. Overview of ALTEN Calsoft Labs vCPE framework
in delivering a complete vCPE solution.
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ALTEN Calsoft Labs’ vCPE framework is optimized using
the Data Plane Development Kit (DPDK) to deliver line-rate
performance for vCPE data plane functions in a virtualized
environment. The modular architecture of the vCPE
framework with separate control and data plane service logic

allows new functions to be added to the fast path pipeline.
New control plane services can be easily plugged in with no
impact on the fast path performance of the VNF.
ALTEN Calsoft Labs worked with Ixia* to test the vCPE
solution in a realistic environment of layer 2-7 traffic
generation and subscriber session simulation. The tests
revealed that the vCPE framework can deliver L2-L3
throughput of greater than 20 Gbps full duplex per socket in
a virtualized environment with an average packet size of 512
bytes. 3

Real-World Use of ALTEN Calsoft Labs vCPE
Framework
One European CSP is using the ALTEN Calsoft Labs vCPE
framework to build customized vCPE and vRouter VNFs to
offer gigabit broadband services to its customers. The CSP
replaced complex and expensive layer 3 CPE with simple,
lower cost layer 2 CPE devices backed by virtual CPEs
running on off-the-shelf servers with Intel® Xeon® processor
E5-2600s.
In addition, a vCPE for each residential unit was deployed
as a LinuX Container (LXC) with OpenStack as the virtual
infrastructure manager (VIM), a custom MANO framework
for VNF lifecycle management, and a web-based service
administration portal.
The results were that the CSP was able to eliminate remote
router restarts and maintenance while gaining full control
over routing, NAT, DHCP, and firewall functionality. From a
performance perspective, the system was able to provide
over 2,000 vCPE containers per Intel® Xeon® processor
E5-2630 dual-socket server with the ability to process 40
Gbps of traffic with an average packet size of 340 bytes. The
CSP was able to host more than 160,000 vCPEs in a standard
19-inch telecom rack.4
3

Intel® Technology
As a long-time Intel partner and Intel Network Builders
Program ecosystem member, ALTEN Calsoft Labs vCPE
fast-path is optimized using Intel technology. As mentioned
above, the Data Plane Development Kit (DPDK) open source
libraries are integrated into the vCPE solution to boost data
throughput on multi-core Intel processors.
ALTEN Calsoft Labs vCPE framework has been deployed
in production networks using servers with Intel Xeon
processor E5-2600s. The production deployment supports
1,000 vCPEs and 20 Gbps aggregate throughput per socket
that scales linearly with the number of processors—a
performance enhancement of up to 10 times greater than
running in a non-DPDK environment on a typical Linux
server. 5

Conclusion
vCPE is one emerging application that is proving the ability
of NFV to unleash new business models on a servicesenabled cloud infrastructure. vCPE helps CSPs accelerate
service creation and open up new revenue opportunities.
Based on COTS servers with Intel architecture and DPDK,
ALTEN Calsoft Labs’ proven vCPE framework gives NEMs the
tools they need to more quickly build customized solutions
that will allow CSPs to realize the benefits of NFV: great
performance, scalability, and service agility at lower costs
and less risk.

The test platform for these results was a server using a 2.5 GHz Intel® Xeon® processor E5-2680 v3 with 128 Gigabytes of RAM and equipped with two dual-port 10GbE Intel network controllers.

The servers used by the CSP for these results used a 2.4 GHz Intel Xeon processor E5-2630 v3 with 128 Gigabytes of RAM and equipped with two dual-port 10GbE Intel network controllers. Test performed by
ALTEN Calsoft Labs.
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The servers used in these production networks were based on a 2.4 GHz Intel Xeon processor E5-2630 v3 with 128 Gigabytes of RAM and equipped with two dual-port 10GbE Intel network controllers. Test
performed by ALTEN Calsoft Labs.
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About ALTEN Calsoft Labs
ALTEN Calsoft Labs a digital transformation, technology consulting and engineering services company offers Consulting,
Enterprise IT and Product Engineering Services in Healthcare, Networking & Telecom, ISV and Hi-Tech verticals. ALTEN
Calsoft Labs enables enterprises to Innovate, Integrate, and Transform their business by leveraging disruptive technologies
like Cloud, Mobility, IoT, Big Data, Analytics and Software-defined Networking (SDN/NFV). Headquartered in Santa Clara,
CA, ALTEN Calsoft Labs has offices in USA, Europe and India. ALTEN Calsoft labs is part of the ALTEN Group, an European
Leader in Technology Consulting and Engineering services. For more information, please see www.altencalsoftlabs.com, or
sdn.calsoftlabs.com.

About Intel
Intel (NASDAQ: INTC) is a world leader in computing innovation. The company designs and builds the essential technologies
that serve as the foundation for the world’s computing devices. As a leader in corporate responsibility and sustainability, Intel
also manufactures the world’s first commercially available “conflict-free” microprocessors.6 Additional information about Intel
is available at newsroom. intel.com and blogs.intel.com and about Intel’s conflict-free efforts at conflictfree.intel.com.

Disclaimers
Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors.
Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations and functions. Any change to any of those factors may cause the results
to vary. You should consult other information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other products.
For more complete information visit http://www.intel.com/performance.
Intel does not control or audit third-party benchmark data or the web sites referenced in this document. You should visit the referenced web site and confirm whether referenced data are accurate.
Cost reduction scenarios described are intended as examples of how a given Intel- based product, in the specified circumstances and configurations, may affect future costs and provide cost savings. Circumstances will vary. Intel does not guarantee any costs or cost reduction.
© 2016 Intel Corporation. Intel, the Intel logo, and Intel Xeon are trademarks of Intel Corporation in the U.S. and/or other countries.
*Other names and brands may be claimed as the property of others.
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“Conflict free” and “conflict-free” means “DRC conflict free”, which is defined by the U.S. Securities and Exchange Commission rules to mean products that do not contain conflict minerals (tin, tantalum, tungsten
and/or gold) that directly or indirectly finance or benefit armed groups in the Democratic Republic of the Congo (DRC) or adjoining countries. We also use the term “conflict-free” in a broader sense to refer to
suppliers, supply chains, smelters and refiners whose sources of conflict minerals do not finance conflict in the DRC or adjoining countries.
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