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In service provider networks, the edge of the IP network has
been the traditional service delivery point where most network
intelligence takes place. Whether the service is wireline,
wireless, or cable, the service provider core has traditionally
taken a passive role and has not exercised much control

over the services that traverse it. For years this model has
functioned adequately for basic IP network applications.

Now the massive increase in traffic is changing the current
approach to IP core network design, resulting in a shift toward
a model that draws more intelligence into the core. This traffic
increase is largely due to applications such as HDTV video

and takes the form of numerous multigigabit flows that have
stringent quality requirements for end users. As a result, the
keys to success for the next-generation network (NGN) core are
high performance and scalability, service richness and policy
awareness, and the ability to grow infrastructure in line with
enormous traffic growth that is not always predictable.



Service Provider Challenges

Service provider networks are being asked to perform better than ever and to carry more complex,
high-value traffic than many were designed to handle. This traffic can take the form of video

(both on-demand streaming connections and real-time broadcast) as well as other performance-
heavy applications such as gaming and voice over IP (VoIP). Because providing a positive user
experience is absolutely essential to competing in the service provider business, the core network
needs to scale to meet these new, unpredictable service demands.

If the NGN cannot meet these new demands, the consequences are high:

- Failure to provide a viable service to customers
- Reduced capability to create new services efficiently and cost effectively
- Failure to meet service-level agreements (SLAs), with resultant monetary penalties

+ Possible security violations

The Requirement for Service Awareness Across the NGN Core

Service providers have recognized that service delivery models must evolve to accommodate
the new demands being placed on the network. Through initiatives such as the 3rd Generation
Partnership Project (3GPP) IP Multimedia Subsystem (IMS), European Telecommunications
Standardization Institute (ETSI) Telecom and Internet Services and Protocols for Advanced
Networks (TISPAN), and IPSphere, they have called for an architectural model that will scale their
ability to deliver profitable new services in a cost-efficient manner. This call has resulted in the
development of several new architectures that separate functions into layers that are connected
through open, standards-based interfaces.

Defining functional separation into layers with open, standard-based interfaces promises to link
services to network resources with the use of policy (Table 1). To date, the focus has been on
admission control and service policy enforcement in edge platforms, with very little being done to
make use of this service information across the routed core network.

Network Layer Network Element Functions

Service Interaction through policy engine using service-oriented architecture
Policy Intelligent policy with interfaces to service and infrastructure
Packet Handling Router control plane (route processing)

Router data plane (packet forwarding complex)

Table 1: Functional Separation in Layered Architectural Models

The mix of multiple, unpredictable, high-bandwidth-intensive services like video on demand (VoD)
are driving the requirement for a network core that can dynamically adjust to meet changing
subscriber and application demands. To achieve service awareness, this NGN core clearly needs
more packet processing intelligence and the ability to respond to policy requirements that are
driven by end users and applications.

This service awareness will translate into benefits for service providers such as:

+ Improved user quality of experience (QoE)

- Ability to rapidly launch additional services faster, more efficiently with little or no increase
in capital expenditures (CAPEX) and minimal operating expenses (OPEX) and operations
involvement




Figure 1: NGN Networking the
Juniper Way
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Delivering Services Cost Effectively at Scale

The NGN core needs to solve the fundamental challenge of enabling service providers to deliver
services cost effectively at scale. The current core infrastructure presents some challenges.
Across most currently installed systems, capacity is limited to a few 10-Gbps interfaces, which
is insufficient to handle core growth rates of 80 to 100 percent per year into the future. In the
highest-traffic environments, the challenge of scale requires intelligent 40-Gbps interfaces that
support more than a terabit of throughput in a single network node.

In addition, router intelligence must be available across a product family, not just in a single product.
NGN core solutions should enable service providers to preserve their current investments and be
available as in-service upgrades to existing platforms instead of requiring a “forklift” upgrade.

The challenge of delivering scalable service control on the packet handling level and open policy
enablement in the control plane must be addressed in the initial network design. Retrofitting
this level of sophistication as an afterthought is not possible after closed, limited-functionality
systems have been deployed.

Enhanced service control across the core can result in significant financial savings (in both CAPEX
and OPEX) from the efficient use of existing resources—for instance, lower bandwidth usage—and
additional savings on router and optical interfaces. In addition, enhanced service control in

the backbone layer of the network promotes architectural efficiencies such as consolidation of
network layers, increased network availability, and efficient replication and delivery of content
across the NGN core to end users.

The Juniper Networks NGN Core Solution for
Service Providers

Juniper Networks develops purpose-built, high-performance IP platforms that enable service
providers to support many different services and applications at scale. Our service-aware NGN
core enables delivery of services within the SLAs and with the quality-of-service (QoS) levels that
customers demand. By differentiating high-value traffic—for example, by giving higher priority on
the network to latency-sensitive applications such as VolP—Juniper networking equipment delivers
an assured, end-to-end user experience and increases network efficiency. It is this efficiency that
enables service providers to bring services to market rapidly and cost effectively.

In both unicast (VoD) and multicast (broadcast video) scenarios, the service awareness and
advanced packet handling control delivered by Juniper routers result in increased network
efficiency by mapping the best-possible paths between subscribers and content sources. This
intelligence is in the policy layer, which can look at the applications being served (examples
include IPTV, Web services, voice, and fixed mobile converged and IMS-based services) and adjust
policies to best fit the demands of those applications, dynamically (Figure 1).
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The Juniper NGN core solution for service providers builds scalability and flexibility into the core
network. Juniper routing platforms in the core network—the Juniper T-series for mid to large core
networks and M-series for small to mid-sized core networks—interwork with the Juniper Session
and Resource Control (SRC) Portfolio at the policy layer. Together these deliver the service-
oriented NGN features and agility required to enable multiplay services at scale across the core.
JUNOS™ Internet software, the industry’s most trusted networking operating system, powers all
M- and T-series routers.

Features and Benefits

It is logical to assume that a platform providing service control at scale would cost more than
plumbing-only counterparts. However, a service-aware, NGN core from Juniper Networks is
available for the same level of investment as equipment that lacks service control and scalability.
With Juniper solutions, you can control costs while experiencing benefits such as:

Faster time to market for assured services
Differentiated services with premium margins for guaranteed, on-time delivery
Higher availability

Improved user experience
Juniper products enable service providers to migrate smoothly to NGNs and build service-aware
core networks capable of scaling to meet new service demands. Our converged NGN solutions
link service tunnels to policy enforcement, promoting agility and service awareness. These service
tunnels are typically MPLS label switched paths (LSPs); they may be hierarchical LSPs or point-
to-multipoint (P2MP) LSPs. The Juniper policy layer contains an engine that responds to user
or application requests and signals the IP router to provision service tunneling according to the
service’s aggregate demand for bandwidth. The result is an incredible degree of agility and an
intelligence simply not offered by other solutions.

Juniper also enables the interworking of policies with other operations support systems (OSSs)
such as those used for provisioning, monitoring, and billing. Any changes made to the provisioning
system to alter network resources are passed to the network resource policy layer, which
interoperates with applications and the routed network.

Service-Aware LSPs

In many of today’s service provider networks, service tunnels are built across core networks using
LSPs as a traffic-engineering strategy designed to meet specific QoS, availability, and advanced
service processing requirements. However, by itself, this approach doesn’t provide a mechanism
to respond to the dynamic demands of different services and applications.

The JUNOS operating system, in concert with the SRC portfolio, provides the capability to dynamically
modify paths through the network core to achieve agility, efficiency, and service awareness. Figure 2
shows how the SRC solutions dynamically adjust core network resources based on service demands
in a video-serving network.
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A user request for a high-bandwidth, high-value service such as VoD triggers an interaction
between the content application and the SRC policy manager. The policy manager checks the
E-series router (a broadband services router, or BSR) and makes appropriate edge admission
control decisions and policy changes.

Juniper Networks extends this process one step farther. The SRC solution maintains a table
detailing core LSP utilization and checks whether the core LSP threshold has been reached.

If the threshold is reached the policy manager requests resizing of the LSP and the network
either creates a new path or denies the request, thus guaranteeing performance across the core
network. Juniper Networks calls this unique capability Liquid LSPs. Essentially, a call admission
control (CAC) decision is made in response to the application request and resources are
dynamically adjusted as required to determine whether the request will be granted.

Because core networks must not experience too many policy-driven changes, the policy manager
maintains a table detailing the bandwidth allocated per LSP and makes changes only when a
threshold is reached, then it requests another large increment of bandwidth.

Optimized Replication with P2MP MPLS

The Juniper NGN core enables increased service control to optimize the transport of broadcast
video across the core. The main challenge with broadcast video is how to handle a problem

that is intrinsically a point-to-multipoint issue (a video headend serves multiple customers), but
to solve it in a way that does not lead to complex state management in the core network. For
example, many multicast techniques such as Protocol Independent Multicast (PIM) may cause too
much state handling in the core.

The Juniper NGN core offers a policy-based approach to accommodate the dynamic nature of
services that require unpredictable bandwidth and intelligence such as P2MP MPLS services.
Traffic in @ P2MP LSP is effectively replicated in MPLS: Unicast LSPs are merged at rendezvous
points within the MPLS network to create a leaf-and-branch delivery mechanism for multicast
traffic. This approach is MPLS in nature, and P2MP LSPs offer the following benefits:

- Traffic engineering capability to guarantee bandwidth and priority
- Resiliency features such as fast reroute (FRR) to reroute rapidly around network failures

- Reduced state to be maintained in the network

Efficient Scaling with MPLS Hierarchy

Service providers deploying IP and MPLS toward the edge create a large mesh of potentially
thousands of service tunnels built across the core. With hierarchical MPLS, LSPs can share a
common route and can be bundled together into a parent LSE preserving resources and reducing
the total number of tunnels. Juniper NGN core platforms enable policy to be used in conjunction
with hierarchical LSPs, which allows the scaling of huge numbers of tunnels across the core while
retaining control.



Solution Example: Optimizing Multiplay Video with a Juniper
Service-Aware Core

Networks today have limited service control, which is applied only at the network edge for control
of basic Internet services. Traffic is then forwarded to a core “cloud” with lower levels of control.
With advanced edge controls, this traditional core—unaware of the applications and services it

is transporting—forces an architecture where video services are inserted closer to the edge to
provide higher quality. This approach can limit access to long-tail content (content accessed with
lower frequency) and service velocity. The Juniper service-aware NGN core provides assurance of
QoS and bandwidth and is dynamically adjusted to accommodate video streams and other service
demands.

The Juniper SRC policy manager and open interfaces on SRC gateways allow almost any type

of application to make resource requests and receive an accept or deny admission decision
(CAC). With the Open IP Service Creation Program (OSCP), Juniper Networks has implemented
interoperability between the SRC and multiple video application providers using the Web services
Simple Object Access Protocol (SOAP) interface (see http://www.juniper.net/partners/oscp.html).
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When application demands are discovered, the policy engine can intelligently monitor the
bandwidth of MPLS LSPs across the core network. Policy control extends traffic-engineered paths
with fast failover protection and P2MP LSPs, which allow simplified scalable replication of traffic
across the core and are ideally suited for broadcast IPTV (Figure 3).

The ability to offer guarantees to traffic flows across the core simplifies the overall network
architecture. Servers hosting long-tail content can remain in fewer centralized data centers
serving content with the assurance of end-to-end control across the core and edge down to the
user. Service velocity is also improved. Instead of distributing unproven trial applications or
content to many sites, the new application can be centralized, with core resources dynamically
available to replicate and deliver the service with guarantees.

Figure 3. The Juniper Service-Aware
NGN Core Dynamically Adjusts to
Accommodate Video Streams and Other
Service Demands
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Solution Components

T-series Routers

Juniper T-series routers enable service providers to migrate from the traditional trade-off

between rich services and performance by offering sophisticated processing capability on a true
multiservice platform. The newest T-series router, the T1600, supports 1.6-Tbps throughput in half
a rack and 100-Gbps per slot and is the highest-density core router on the market. The T1600

is a multichassis-capable core router that can be upgraded in-service from existing Juniper T640
routers—a unique innovation in the Juniper investment protection core philosophy and in direct
contrast to the “forklift” requirements of other competitive NGN solutions. The scale and density
of the T1600 allows service providers to increase capacity without adding equipment to the
network, saving on valuable floor space, rack space, and power consumption.

The Juniper TX Matrix platform allows incremental expansion of T640 routing nodes to a 2.5-
Tbps system. This architecture can scale comfortably to well beyond this capacity in the future.
Because high availability and continuous operation is critical in core routing, where loss of a
single routing node can remove service for a wide geographical area, there is no single point of
failure in the entire product line of T-series routers.

Building an NGN core with T-series routers guarantees that you will be able to easily
accommodate exponential bandwidth growth. T-series routers can seamlessly integrate with
the optical transport networks that connect metropolitan areas and Optical Transport Networks
(OTNs). Alternative solutions require costly modifications to the transport network.

The data plane in T-series routers is based on a complex of programmable application-specific
integrated circuits (ASICs) that provide the most sophisticated packet processing ability on the
market today, potentially handling hundreds of thousands of filtering operations at the highest line
rates. Highly granular QoS, advanced filter-based forwarding, and flow-based monitoring are critical
in core routing. Juniper programmable ASICs deliver a state-of-the-art, comprehensive hardware-
based system for packet processing at unprecedented power efficiency. To ensure a nonblocking
forwarding path, Juniper forwarding engines implement the industry’s most sophisticated,
predictable, and granular features on the market today.

JUNOS software and the T-series routers provide edge interfaces and software functions as well
as the core functions required for consolidated point-of-presence (POP) solutions and constitute
the most flexible and cost-efficient solution on the market today for NGN service providers.
JUNOS software provides MPLS provider edge (PE) functionality for IPv4 and IPv6, as well as the
widest range of virtual private network (VPN) termination options in the industry. Additionally, all
T-series routers, from the T320 to the T1600 routing node and TX Matrix, support a wide range of
interfaces: from DS-3 to OC-768, including Asynchronous Transfer Mode (ATM), SONET, Ethernet,
and both fixed and tunable dense wavelength-division multiplexing (DWDM) interfaces.

M-series Routers

For smaller core POPs, the M-series portfolio (including M120 and M320 Internet routers)
uniquely combines best-in-class IP/MPLS capabilities with unmatched reliability, stability, security,
and service richness. M-series routers also allow service providers to consolidate multiple
networks on a single IP/MPLS infrastructure while simultaneously generating new revenues with
leading-edge services. The M-series multiservice edge routing systems use a hardware-based
approach combined with the highly scalable, secure, and reliable JUNOS software, enabling
multiple services to function without compromise on a single IP/MPLS platform.

The same IP/MPLS M-series multiservice edge routing platform also delivers flexible and
responsive core functionality for high-bandwidth service tunnels connecting to transport networks’
peer networks. New revenue is generated faster and more cost effectively when SRC portfolio
solutions make use of these rich features.



M-series platforms provide:

+ Rich packet processing, supporting any Layer 2 or Layer 3 services to any customer on a
single platform

+ Services scaled with proven stability in the world’s largest networks

+ Low operational costs and consistent services, with a single JUNOS software image across
all platforms

- Rapid time to revenue with the SRC portfolio

JUNOS Operating System

On the control plane is the JUNOS operating system, which operates from the edge to the core
across all Juniper routing platforms. In addition to being the industry’s most proven and trusted
network operating system, JUNOS is integrated with the SRC portfolio for policy-driven control of
network resources.

Each JUNOS process runs in protected memory to guard against system crashes and to ensure
that applications do not interfere with each other. The modular JUNOS design ensures maximum
stability and feature velocity, with minimal interprocess dependencies. The result is a single-train,
carrier-class operating system that provides the greatest breadth of features and most stable
network operating system in the industry.

Each release of JUNOS software runs consistently across all Juniper routing platforms and feature
sets. Advanced features include P2MP MPLS, MPLS VPN, and IPv6 PE as well as many more
unique features in core routers.

Session Resource Controllers

The SRC portfolio provides real-time policy management across the entire Juniper product
portfolio. SRC applications interface with the M- and T-series routers to provide policy
management, including filter rules, rate limiters, CoS and MPLS LSP control.

Juniper’s SRC portfolio is a carrier-grade policy and control solution that also integrates third-party
platforms and applications to enable end-to-end delivery of high-value, differentiated services
across multi-vendor network infrastructures. Juniper SRC controllers also enables nondisruptive
migration to next-generation cable, 3GPP IMS, and ETSI TISPAN network architectures.

The SRC portfolio consists of advanced hardware and sophisticated software that extend
Juniper Networks experience in providing highly intelligent, reliable, and scalable IP network layer
solutions to the policy and control layers. Juniper SRC Controllers portfolio uses widely adopted
standards-based open interfaces to maximize interoperability with the broadest range of network
elements, applications, and 0SS and business support system (BSS) platforms and is fully
integrated with Juniper routing platforms and security solutions.

The Juniper SRC portfolio gives service providers a broad set of open, agile, and customizable
policy and control options to address their diverse and unique business and technical
requirements. Applied at the policy layer across the edge and the core, the SRC portfolio gives
the network a new level of intelligence achieved through open interfaces such as SOAP/XML
and DIAMETER and by linking policy functions to applications and services (northbound) and to
the network elements (southbound).




CORPORATE HEADQUARTERS
AND SALES HEADQUARTERS
FOR NORTH AND SOUTH AMERICA

Juniper Networks, Inc.

1194 North Mathilda Avenue
Sunnyvale, CA 94089 USA

Phone: 888.JUNIPER (888.586.4737)
or 408.745.2000

Fax: 408.745.2100

www.juniper.net

EAST COAST OFFICE

Juniper Networks, Inc.

10 Technology Park Drive
Westford, MA 01886-3146 USA
Phone: 978.589.5800

Fax: 978.589.0800

ASIA PACIFIC REGIONAL
SALES HEADQUARTERS

Juniper Networks (Hong Kong) Ltd.
Suite 2507-11, 25/F

ICBC Tower

Citibank Plaza, 3 Garden Road
Central, Hong Kong

Phone: 852.2332.3636

Fax: 852.2574.7803

EUROPE, MIDDLE EAST, AFRICA
REGIONAL SALES HEADQUARTERS

Juniper Networks (UK) Limited
Building 1

Aviator Park

Station Road

Addlestone

Surrey, KT15 2PG, U.K.
Phone: 44.(0).1372.385500
Fax: 44.(0).1372.385501

Copyright 2007 Juniper Networks, Inc. All
rights reserved. Juniper Networks, the Juniper
Networks logo, NetScreen, and ScreenOS are
registered trademarks of Juniper Networks,
Inc. in the United States and other countries.
JUNOS and JUNOSe are trademarks of Juniper
Networks, Inc. All other trademarks, service
marks, registered trademarks, or registered
service marks are the property of their respec-
tive owners. Juniper Networks assumes no
responsibility for any inaccuracies in this
document. Juniper Networks reserves the right
to change, modify, transfer, or otherwise revise
this publication without notice.

Juniper

QuUY
Net.

160013-002 June 2007

Summary: Building a Service-aware
Next-generation Core Network

Juniper products enable service providers to build service-aware NGN core networks capable of
scaling to meet new service demands. Next-generation core networks from Juniper Networks
enable service providers to deliver an assured user experience regardless of the type of traffic
demands across that network. The Juniper NGN core consists of M- and T-series routers and

the new T1600 router. The sophistication of the Juniper policy engine in the form of the SRC
portfolio sets a new standard at the policy layer enabling control of the underlying IP infrastructure.
Juniper products can migrate to the NGN core with maximum flexibility and minimal disruption to
your existing infrastructure, in contrast to competing NGN products requiring substantial capital
expenditure and providing no investment protection. The heart of the Juniper NGN is the JUNOS
operating system, the first and most stable, feature-rich carrier OS running today from the core to
the network edge, with 10 years of proven stability. Table 2 summarizes the main benefits of the
Juniper NGN core solution:

Feature Benefits

Agile - Highest-capacity and highest-performing IP routing system in a singe chassis
+ Service differentiation to improve customer satisfaction and competitiveness
and maximize revenue

- Simplified topologies (consolidated POP and centralized applications and
content) for greater efficiency and cost control
+ Only core router with 100-Gbps-per-slot capability
Open - Policy management to dynamically link any type of application (IMS, video,
or other) to network resources for delivery of any service with guarantees on
user experience
+ Open GMPLS and flexible interfaces into optical network for operational and
capital savings
+ Fast introduction of services through more dynamic allocation of bandwidth
to services
Customizable - Upgrade path to reduce total cost of ownership (TCO)
+ In-service upgrade from T640 to T1600 routing nodes

Table 2: Juniper NGN Core Solution Key Benefits

Next Steps

Contact your Juniper Networks representative for more information about building an agile
and open core network for efficient service delivery, or visit www.juniper.net/ngncore for more
information about Juniper products and solutions for next-generation networks.

About Juniper Networks

Juniper Networks, Inc. is the leader in high-performance networking. Juniper offers a high-
performance network infrastructure that creates a responsive and trusted environment for
accelerating the deployment of services and applications over a single network. This fuels
high-performance businesses. Additional information can be found at www.juniper.net.



