Section 2 

Network Architecture
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2.0
FTS2001 Technical Approach

Sprint’s technical approach illustrates an evolutionary plan for services grown from an infrastructure that was conceived in 1981.  It is a design that enables the highest quality of services to our current customers and is forward-looking in that it accommodates a clear migration path to satisfy our customers’ future needs.  Sprint's clear vision, stable leadership, and world-class technical talent are responsible for Sprint’s many firsts in the telecommunications industry, including:

· The first nation-wide deployment of a 100 percent digital fiber backbone utilizing  Asynchronous Transfer Mode (ATM) technology

· The first long distance carrier to deploy Signaling System Seven (SS7)

· The first to provide a virtual network service

· The first nationwide Frame Relay Service 

· The first to deploy a public data network over fiber backbone

Sprint has enjoyed a strong partnership with the US Government in over 200 separate contracts providing advanced telecommunications products.

Sprint’s network architecture includes extensive interoperability and architectural migration capabilities.  These features ensure that customer will be supported on Sprint services, now and in the future.  The most recent technological upgrade of the Sprint Network includes 101 Synchronous Optical Network SONET Bi-directional Line Switched Ring (BLSR) rings scheduled for completion in 1999.  This architecture, pioneered by Sprint, has proven to be so robust that many of Sprint’s competitors are replicating parts of it in their own networks.

This long-term approach to network planning is merely the implementation of the vision of Sprint’s stable core leadership team “… to supply our customer with the best value of services found anywhere in the world.”

Our multi-faceted approach to network design enables Sprint to develop numerous services compatible with the Sprint Network and our customer’s high expectations.  Over the past ten years of the Sprint/GSA’s FTS2000 contract, for example, Sprint has teamed with the Government to advance unique Government requirements into a commercial set of unique enhanced toll free services.  Likewise, proof of concept trials for the Army lead to the development of the ATM service offering.

Sprint will continue to provide advanced services to the Government as they are employed the in network, today and tomorrow.  Sprint services will be the leading edge of tomorrow’s advanced intelligent network using technologies not yet envisioned.  Sprint’s track record over the past twenty years supports the forward-looking visions and planning which limit the risks to the Government. Sprint is proud to serve and partner with those who serve America.

2.1
FTS2001 Switching

Sprint's backbone network relies on Northern Telecom's DMS family of switches. These switches serve the Public Switched Network and act as gateways for access to and from international locations.

The Sprint Private Line Digital Cross-connect System (DCS) network utilizes fiber-optic transmission facilities to provide the access and end-to-end circuits
SWITCH:  

Equipment used to interconnect lines, trunks, and circuits to form a communication path.

required to support video, packet, and private-line services. The multiple loop design of the Sprint network, combined with reverse direction protection switching, the deployment of DS-3 DCS at major network nodes, and redundancy in fiber-optic transmission equipment, translates into a robust, inherently survivable FTS2001 network.

The FTS2001 network design also incorporates the Public Data Network (PDN) for packet services.  In 1975, Sprint was the first to launch a nationwide X.25 PDN utilizing the Telenet Processor (TP) family of switches.  Capable of supporting high traffic capacity, Sprint's PDN has been integrated with Sprint's private-line DCS network and the switch network. With the introduction of frame relay technology, high-speed fiber-optic trunking, and advanced data concentrators and switches, the PDN is positioned to support FTS2001 agencies' changing needs for advanced services, performance and capacity.
PUBLIC DATA NETWORK (PDN):

The SprintNet x.25 protocol public packet switching network used to provide FTS2001 Packet Switched Service (PSS).

2.2
FTS2001 Technology

Sprint's network switching platform allows FTS2001 service and feature enhancements to be rolled-out ubiquitously across the entire network. Because the FTS2001 network is a software-defined subset of the Sprint network, every Sprint switch is an "FTS2001 switch” and every transmission link is capable of providing FTS2001 services.

This network architecture allows for the centralized control and design of common elements and emerging technologies that can be developed and deployed rapidly, at lower costs and at virtually no risk to the existing customer base.  Sprint's shared network, VPN approach also allows government users to take advantage of products, services and enhancements implemented on the commercial network.

To ensure maximum reliability, Sprint maintains an aggressive network upgrade program to improve survivability for future years.  All DMS switches are fully redundant, including hardware, software, and Central Processing Units (CPUs). This ongoing investment complements a comprehensive network survivability plan which provides 50/50 diversity of Inter-Machine Trunks (IMTs) (a minimum of two paths between all switch locations) to ensure that a route outage on one path does not block traffic.
INTER-MACHINE TRUNK (IMT):

A circuit which connects two automatic switching centers




Fiber-optic transmission facilities make traffic capacity a function of electronics versus the network infrastructure.  Traffic capacity can be expanded simply by changing electronics, rather than rebuilding portions of the network.
SERVICE DELIVERY POINT (SDP): 

The physical location at which an FTS2001 service is terminated.




Signaling System 7 (SS7) and the Extended Superframe Format (ESF) have been fully deployed.  SS7 offers the government out-of-band signaling that allows for high-speed call routing and advanced call features.  ESF allows real-time, non-intrusive performance monitoring between an agency's Service Delivery Point (SDP) and Sprint's Point Of Presence (POP) on DS-1 facilities. 

Sprint's Private Line Service Center (PLSC) and the network control centers proactively monitor and correct problems before they affect service to agencies. Sprint’s services are provided over an all-digital, all fiber-optic backbone
POINT OF PRESENCE (POP):

A point where intercity communication channels and local distribution facilities are terminated within a LATA.




network using digital switching architecture and supported by sophisticated management control systems.  These elements provide a highly reliable, proven, and redundant network.  The design of the Sprint network delivers survivability at the backbone or transmission level and at the service level.  The Sprint network minimizes the adverse effects of service interruptions due to equipment failures, cable cuts, network overload conditions, or regional catastrophes.
PRIVATE LINE SERVICE CENTER:

Sprint organization in Atlanta dedicated exclusively to the service and support of Private Line Services

Sprint has also implemented our Broadband Intelligent Network, a SONET transport facility with ATM switching. Sprint is already installing SONET on the fiber rings in our current network – leveraging our investment and endorsing our original vision of a 100 percent digital, fiber-optic network with powerful ring architecture. At the end of 1998, Sprint had completed initial SONET deployment with 160 interconnected rings, representing 98% of network traffic.  At the end of 1999, Sprint completed deployment of 220 interconnected SONET rings.  An additional 106 SONET rings are planned for 2000, bringing the expected total number of rings to 326.

Sprint’s SONET architecture is based on a 4-fiber Bi-directional Line-Switched Ring (BLSR) design. The 4-fiber BLSR consists of two pairs of fiber, with one pair designated for working traffic and one pair for protection.  Bi-directional means Sprint is capable of sending traffic in either direction on a ring, allowing Sprint to route circuits on the most efficient paths through the network.  Figure 2.1 illustrates the normal pattern of traffic on the Sprint SONET network. This reduces the number of potential failure points and increases reliability.  In the unlikely event of a failure, all traffic on the working pair is switched to the protected pair, to 100 percent operational capability.
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Figure 2.1
Normal Traffic Pattern on Sprint’s SONET Network
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Figure 2.2
SONET Traffic Pattern after a Cable Cut

Sprint was the first, and is currently the only, nationwide carrier to deploy SONET in this fashion. Other carriers may have limited SONET BLSR topology in their backbone. Typically, the few carriers who do use SONET have adopted a questionable linear SONET architecture instead. This “straight ring” architecture, shown in Figure 2.3, scarcely provides any of the advantages of the SONET protocol, since a fiber cut anywhere on the path will still cause a sustained outage.  Restoration will usually take at least several minutes, and in some cases, hours.
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Figure 2.3
Linear SONET (Straight Ring) Network Disadvantages

The Sprint FTS2001 SONET backbone provides the transport media for launching Sprint’s family of services:

· Circuit switches

· Private Line

· X.25

· IP

· ATM

· Frame Relay

Sprint’s FTS2001 SONET ring architecture is the superior choice for backbone design. Sprint has implemented this architecture years ahead of other long distance carriers. 

2.2.1
Transmission Equipment

Switching and routing of customer services is provided to customers based on specific requirements. The output of the network is either a DS3 or OC3 circuit provided by the Add Drop Mux (ADM). This output can be applied directly to a Local Exchange Carrier, the Frame Relay Switch, a Digital access and cross-connect device, M13 multiplexer, or IP Router. DMS 250 switches are the core long distance capability for switched voice and switched data applications below data rates of T1.  Three Nortel DMS 300s provide International Gateway functionality for routing and translation between different signaling, sampling, and compression algorithms.

2.2.2
Voice Switching Network

Digital circuit switching hardware architecture is based on a redundant design concept. If a hardware or software failure occurs, the systems automatically switch from the active to hot standby components without service interruption.

Physical route diversity provides redundancy in the network for intermachine trunking. If a route interruption or major network overload occurs, a portion of the Inter-Machine Trunk (IMT) traffic continues to be carried on the remaining physically diverse route(s). In some cases, IMT traffic overflows to alternate routes on a temporary basis using other IMTs, where a DMS-250 digital circuit switch will perform as a tandem. 

Sprint also uses a flat network architecture (non-hierarchical routing) approach on its circuit switched network.  In this topology, every switch in the network is directly connected to every other switch by at least two physically diverse routes.  This architecture enables Sprint to route calls faster, through fewer switches than a traditional hierarchical topology.  Fewer switching points also reduce possibilities of failure, reduce electric component induced noise, and reduce call failures by making routing less complex. 

2.2.3
Fiber Backbone Loop Topology & Reconfiguration for the Voice Switching Network

Fiber-optic cable routes include redundant capacity for hot standby fiber-optic systems and alternate paths to provide for network rerouting in the event of a route failure. The fiber-optic backbone topology is currently designed for 220 rings to ensure sufficient alternate paths exist for network survivability. Figure 2.4 illustrates Sprint’s Network Architecture.
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Figure 2.4
Sprint Network Architecture

The fiber architecture ensures that no single point will become isolated in the event of cable loss.

The Voice Switching Network is implemented over the Sprint core backbone SONET Ring Network.  This transmission equipment provides interconnection between various nodes on the Sprint Network.  This system is comprised completely of SONET fibers operating at OC48, 220 rings are completed as of 1999 serving all Sprint services.  Sprint is deploying 40 channel Dense Wave Division Multiplexing (DWDM) and 96 Channel DWDM.  This will increase the backbone to 240 Gbps.  Access to the fiber rings is provided via add-drop Multiplexers.  These units accept OC48 through routes and drop and Insert OC3 and DS3 interfaces.  These access devices allow access to the core transport network.

2.2.4
Rationale for Network Architecture Design 

Sprint chose both the technology and the architecture design of a fiber-optic network because it provides the following significant advantages over other technologies:

· Quality - Since voice, data, and video are transmitted using fiber-optic technology, the problems of older copper, and even modern microwave, transmission simply do not apply. Due to our digital transmission facilities, noise, hiss, electrical interference, weather impact, and fading are virtually eliminated on the Sprint long-distance network. Sprint’s deployment of SONET technology enhances the already superior capabilities of our fiber-optic by enabling the remote control of operations, administration, maintenance, and provisioning for multiple SONET elements. Sprint re-establishes and maintains a high quality of service immediately and automatically, often without human intervention after a breakdown or degradation in service.

· Economy -The overall quality, architecture, and advanced technology of digital fiber-optics makes transmission so dependable that it costs less to maintain, thereby allowing Sprint to pass on greater savings to the Government.

· Expandability - As demand for network capacity grows, the traffic-carrying capacity of the existing single-mode fiber is easily expanded by augmenting or replacing existing transmission equipment with the latest high-speed equipment. Sprint is deploying 40 channel Dense Wave Division Multiplexing (DWDM) and 96 Channel DWDM.  This will increase the backbone to 240 Gbps.  This equipment uses state of the art Wave Division Multiplexing providing four times the capacity of OC-48 with the same four fibers. Sprint will deploy WDM that increases capacity by a factor of 16 as the equipment becomes available.

· Survivability - Network survivability is the ability of a network to cope with facility outages and/or demand overloads. As described above, Sprint provides a highly reliable and survivable network during any single cable cut. Sprint has over 26,000 route miles of its fiber-optic network in place and in service, with at least one Point of Presence (POP) in each major city of all 196 LATAs. Plans call for additional mileage, additional POPs, and added route diversity. Sprint has 321 POPs in service on its network now, with plans for additional POPs as traffic volume dictates.  A complete list of POP locations is available upon request from Sprint. The SONET transport equipment Sprint is deploying has logic at the site to reverse the flow of traffic and restore service in milliseconds, without having to send data to a central processor for analysis and decisions. On the SONET rings, transmission is restored in a matter of milliseconds in the event of a fiber cut or optical system failure.

· Reliability - Sprint achieves reliability through a corporate commitment to maintain or surpass our system objectives. Beginning with network design, reliability and efficiency are built into the system. Network reliability is improved through the addition of technologies such as SONET BLSR rings and Signaling System 7. The effectiveness of this highly reliable and survivable network is attributed to redundant transmission and switching hardware configurations, fiber-optic loop topology, and sophisticated network management and control centers. Traffic on Sprint’s survivable SONET rings has an automatic, alternate route from point A to point B inherent in the ring design. In the event of a fiber cut between A and B, traffic is rerouted in milliseconds and automatically in the opposite direction on the protected channel to point B.

· Security-Sprint's fiber-optic facilities are the most secure transmission media available today. The very nature of the fiber makes it extremely difficult to tap. Sprint's fiber-optic medium meets the National Security Emergency Preparedness standards and is currently in use by the National Communications System (NCS) to provide Government Emergency Telecommunications Service (GETS) for National Command Authority. Because the network is fully digital, Sprint is able to support more sophisticated encryption methods than if the network were analog or a combination of analog and digital.

2.3
Network Management and Control

Sprint's entire network is monitored and controlled 24 hours a day, 365 days a year, from the National Operations Control Center (NOCC) in Kansas City.  The Sprint network employs a structure of overlapping systems that can automatically detect and flag potential problems before they affect traffic.  Network-wide redundancy provides survivability for all major components of transmission and management systems.  As a result, Sprint is able to minimize the frequency and duration of service interruption.

NOCC personnel are responsible for maintaining the overall integrity of Sprint's national and international network, including the efficient allocation of resources and timely response in the event of an emergency.

The NOCC interacts with Sprint's Regional Control Centers (RCCs) in Atlanta and Sacramento. RCCs have separate teams to perform around-the-clock network maintenance and monitoring. RCCs coordinate field service responses using a combination of electronic systems and management programs.

The Operational Support Systems Center (OSSC) provides an additional layer of backup for maintenance, monitoring and management, wherever and whenever needed. Fold-down strategies exist so that in the event of a catastrophe requiring a NOCC evacuation, all network management functions could be redirected to either RCC.

Each of Sprint's domestic and international switches reports into the NOCC every 15 minutes with traffic information and other data. Routine data is stored for later analysis, while conditions that may threaten system health can be flagged immediately for corrective action.

Sprint's Private Line Service Center (PLSC) in Atlanta monitors and controls Sprint's private lines 24 hours a day, 365 days a year. Its mission is to identify problems and fix them before they impact an end user.

The Public Data Network is managed 24 hours a day, 365 days a year from Sprint's Network Control Center (NCC) in Reston. Sophisticated network management systems provide real-time status and remote software control of switching centers, transmission facilities, and related Sprint equipment at customer sites.

To meet the unique needs of government customers, Sprint established an Integrated Network Management Center (INMC) within the Government Systems Division (GSD) to provide individualized network management oversight for FTS2001 services. The INMC has the responsibility for monitoring the FTS2001 Network’s total network performance.  Performance data for all FTS2001 voice access circuits, dedicated transmission facilities, and packet networks from each of Sprint's network monitoring systems flow into the INMC.  Network engineers work in cooperation with Sprint's repair organizations to monitor and restore service levels on a proactive basis.

The extraordinary success of the FTS2000 INMC in providing preventive maintenance for the federal government makes it a model for the management of large networks within Sprint.  The facilities and systems specifically constructed to support FTS2001 network oversight provide the only center in Sprint where the switched, private-line, and packet network monitoring systems are brought together in a single location to focus on the needs of a single customer.

The FTS2001 compressed videoconferencing network utilizes a partition of the Sprint nationwide fiber-optic network and has a separate level of network monitoring and control capabilities. The Video Network Management Center (VNMC) in Atlanta monitors all videoconference network equipment and transmission alarms and can establish video-conferencing circuit connections and monitor all videoconferencing traffic on the network. The VNMC can also perform circuit testing and fault isolation remotely to any point in the network and uses an automated on-line Trouble Reporting System (TRS) to log, track and resolve trouble reports.
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