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About this information product

Overview
Purpose  This Applications and Planning Guide (APG) provides the following
information about WaveStar TDM 2.5G/10G, Release 6:
*  Features
* Applications
*  Product description
*  Operations and maintenance
e System engineering
e Product support
»  Technical and reliability specifications
L]
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Reason for reissue

- XXVili

The TDM 2.5G/10G (2-Fiber) R6 system is an extremely versatile
high-speed SONET system that supports a large number of
applications, topologies, and interfaces. The system supports various
protected and un-protected equipment and topology schemes - to cost
effectively and reliably transport, cross-connect, terminate, and protect
(as necessary) large amounts of, and diverse types of services. The
system is highly scaleable, and can be deployed as a standalone OC-48
or OC-192 system. In-service upgrades are supported to grow from a
stand-alone OC-48 ring to an OC-192 ring. The system supports awide
range of optical transmission capabilities to ensure the most cost
effective solutions for both short and long distance (span) applications,
and to maximize fiber utilization. The system also interworks with
numerous existing and embedded network equipment and Operations
Support systems.

The WaveStar TDM 2.5G/10G (2-Fiber) system consists of one 10G
(high-speed) shelf and one to four 2.5G (low-speed tributary) shelves.
Each shelf can be ordered individually, or together as the WaveStar
TDM 2.5G/10G (2-Fiber) system. When the 2.5G (low-speed tributary)
shelf isordered and used by itself (stand-alone OC-48 application), itis
referred to as the 2.5G Application. The 10G Application requires the
high-speed shelf and a minimum of one low-speed tributary shelf.

This document is a new issue that includes applications, ordering, and
planning information for the WaveStar TDM 2.5G/10G (2-Fiber), for
both 2.5G and 10G applications. This document also contains
information covering all the new features supported by the WaveStar
TDM 2.5G/10G (2-Fiber) R6.

Some of these new features include:
e 768x768 STS-1 switch fabric (for 10G high-speed shelf)

*  Mixed switch fabricsinterworking (for example, the 576x576 and
768x768 STS-1 switch fabrics can be used in different nodes
throughout a 10G ring)

*  0OC-192 system support for 4 low-speed tributary shelves

*  0OC-192 BL SR Non-Preemptible Unprotected Traffic (STS-1
NPPA)

*  Gigabit Ethernet features and enhancements

—  GEY/LX2 Gigabit Ethernet interface port unit (1310 nm long
reach interface)

—  Full VLAN list support
— VLAN ID transparency
— Gigabit LCAS/VBA basic services

365-371-201
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Intended audience

Conventions used
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—  Performance monitoring
— Auto-negotiation bypass
*  Remote Network Element Status (RNES)/Alarm Gateway
Network Element (AGNE) - remote alarm activity features
*  Enhanced security screen feature
* RTRV ABN Command

The WaveSar TDM 2.5G/10G (2-Fiber) Applications and Planning,
Guideis primarily for network planners and engineers. In addition,
others who need specific information about the features, applications,
operation, and engineering of WaveStar TDM 2.5G/10G (2-Fiber) may
find the information in this manual useful.

This section lists common conventions maintained throughout this
document.

Typographical conventions

The following typographical conventions are used throughout this
document:

» A BOLD facetypeisused for emphasis

* A Courier fontidentifies WaveStar CIT menu-option displays
and user responses



Related documentation

The Lucent Technologies documents listed in this section provide
additional information about WaveStar TDM 2.5G/10G (2-Fiber).

Document List

Thefollowing table lists the documentsincluded in the WaveStar TDM
2.5G/10G (2-Fiber) documentation set.

Document Number | Title Comcode
365-371-201 WaveSar TDM 2.5G/10G (2-Fiber) Applications
and Planning Guide (APG) 109151720
365-371-210 WaveStar TDM 2.5G/10G (2-Fiber) User
Operations Guide (UOG) 109151746
365-371-211 WaveSar TDM 2.5G/10G (2-Fiber)
Alarm Messages and Trouble Clearing Guide 109151704
(AMTCG)
365-371-206 WaveSar TDM 2.5G/10G (2-Fiber)
Installation Manual and System Turn-up Services | 109151738
(IMSTS)
365-371-207 WaveSgr TDM 2.5G/10§ (Z-Fl ber)' 109151696
Operations Systems EngineeringGuide (OSEG)
* Use Comcode for WaveSar TDM 2.5G/10G, Release 6 109166835
ordering Software Release Description (SRD)
WaveStar TDM 2.5G/10G, Release 6
* Use Comcode for Documentation CD-ROM (contains the User 109152421
ordering Operations Guide and the Alarm Messages and
Trouble Clearing Guide)

Notes

* These items are shipped initially with the software. If you need to
order these items anytime after initial shipment of the product and
software, contact Software Manufacturing.

365-371-201
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Description of
documentation set
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This section briefly describes the documents that are included in the
WaveSar TDM 2.5G/10G (2-Fiber) documentation set.

Installation Manual and System Turn-up Services (IMSTS)

The WaveSar TDM 2.5G/10G (2-Fiber) Installation Manual and
System Turn-up Services (IMSTS) (365-371-206) is a step-by-step
guide to system installation and setup. It also includes information
needed for pre-installation site planning and post-installation
acceptance testing.

Applications and Planning Guide (APG)

The WaveSar TDM 2.5G/10G (2-Fiber) Applications and Planning
Guide (APG) (365-371-201) isfor use by network planners, analystsand
managers. It isalso for use by the Lucent Account Team. It presents a
detailed overview of the system, describes its applications, gives
planning requirements, engineering rules, ordering information, and
technical specifications.

Alarm Messages and Trouble Clearing Guide (AMTCG)

The WaveStar TDM 2.5G/10G (2-Fiber) Alarm Messages and Trouble
Clearing Guide (365-371-211) provides detailed information on
maintenance and trouble clearing, alist of the systems'salarm
messages, and procedures for routine maintenance, troubleshooting,
diagnostics, and component replacement.

User Operations Guide (UOG)

The WaveSar TDM 2.5G/10G (2-Fiber) User Operations Guide
(365-371-210) provides step-by-step information for use in daily system
operations. The manual demonstrates how to perform system
provisioning, operations, maintenance, and administrative tasks.

Operations Systems Engineering Guide (OSEG)

The WaveSar TDM 2.5G/10G (2-Fiber) Operations Systems
Engineering Guide (365-371-207) provides detailed informationon TL 1
commands, messages, and error codes.

Software Release Description (SRD)
The WaveSar TDM 2.5G/10G (2-Fiber) Software Release Description

(comcode 109166835) provides software installation information and
describes rel ease-specific software details.



Chapter descriptions

Thetable below briefly describes the type of information found in each
chapter.

Chapter Title

Description

About This Information Product

Describes the guide's purpose, intended audience, and organization
Lists related documentation
Explains how to comment on this document

Chapter 1, Introduction to
WaveStar TDM 2.5G/10G
(2-Fiber)

Presents network application solutions
Provides a high-level product overview
Describes the product family

Lists features

Chapter 2, Features

Describes the features

Chapter 3, Network Topologies

Describes some of the main network topologies possible with
WaveStar TDM 2.5G/10G (2-Fiber)

Chapter 4, Product Description

Provides afunctional overview of the system

Describes the hardware and configurations available for the
product

Chapter 5, Operations,
Administration, Maintenance, and
Provisioning

Describes OAM& P features (such as alarms, operation interfaces,
security, and performance monitoring)

Chapter 6, System Planning and
Engineering

Provides planning information necessary to deploy the system

Chapter 7, Ordering

Provides information about the ordering options
Discusses the use of a sparing graph

Chapter 8, Product Support

Describes engineering, installation, and technical support services
Liststraining contact and product-specific course information.

Chapter 9, Quality and Reliability

Provides the Lucent Technologies quality policy
Liststhe reliability specifications

Chapter 10, Technical
Specifications

Lists the technical specifications

Appendix A, A SONET Overview

Describes the North American standard for optical signal rates and
formats

Appendix B, Port Unit Data Sheets

Describes the port units (transmission circuit packs) used in
WaveStar TDM 2.5G/10G (2-Fiber)

Abbreviations and Acronyms

Expands common telecommunication abbreviations and acronyms

Glossary

Defines telecommunication terms

Index

Lists specific subjects and their corresponding page numbers

365-371-201
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Documentation ordering
information

This section describes how to order
*  Additional copies of this document
»  Electronic documentation (CD-ROMY)

*  Product drawings from the Lucent Technologies
Lucent Learning (LL) organization

Ordering Standard Documentation

The table below provides the information necessary for commercial
customersto order standard documents or request placement on the
standing order list (for reissues of any document). You can order by
mail, internet, telephone, or fax.

Mailing and Internet
Addresses

Telephone Numbers/ Fax Numbers

E-mail Addresses

Mailing Address:

Lucent Technologies Inc.
Lucent Learning
Attention: Order Entry
2855 N. Franklin Road
P.O. Box 19901
Indianapolis, IN 46219

Internet Addressfor
Commercial Customers:

http://www.lucentdocs.com

Internet Addressfor Lucent
Associates:

http://www.cic.lucent.com

Within USA:
For within the USA:

* Telephone: 1-888 LUCENT-8
(1-888-582-3688)
e E-mail: cicorders@lucent.com

1-800-566-9568

Outside USA:

For Europe, The Middle East, Africa (EMEA);
Asia, Pacific Region and Ching;

Caribbean, Latin America (CALA):

* Telephone: 1-317-322-6416

* E-mail: intlorders@lucent.com

For Canada, North American Region:

* Telephone: 1-317-322-6615

e E-mail: intlnaorders@lucent.com

1-317-322-6699

365-371-201
Issue 6 October 2001




Methods of Payment for Commercial Customers
The methods of payment for commercia customers are as follows:

Orderstotaling $1,000 or less— A credit card is required for
orders totaling $1,000 or less. Visa®, MasterCard®, and American
Express® are accepted. Prepayment by check is also acceptable.
(Visaisaregistered trademark of VISA International Service
Association. MasterCard is a registered trademark of MasterCard
International Incorporated. American Expressis aregistered
trademark of American Express Company.)

Orderstotaling over $1,000 — Orders totaling over $1,000 may
be paid for using credit card, check, or invoice upon receipt of a
purchase order. Purchase orders may be faxed or mailed using the
information provided above.

Ordering CD-ROMs

Documentation for WaveStar TDM 2.5G/10G (2-Fiber) isavailable on
CD-ROM. The table below lists the contacts for specific information
about CD-ROM documentation.

IF you wish to... THEN contact...
order an annual subscription Your Account Executive.
obtain pricing information Lucent Technol ogies Lucent
obtain alist of documents available on .Learnl ng. Cpntact information
CD-ROM isprovided in the table on page
XXXil.
365-371-201
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Ordering Drawings

To order any of the drawings listed in the following table, contact the
Lucent Technologies Lucent Learning (LL) organization. Contact
information is provided in the “ Ordering Standard Documentation”
section earlier in this chapter.

Available Drawings
The table below lists the drawings available from the Lucent Learning

How to comment

365-371-201
Issue 6 October 2001

(LL) organization. These drawings provide valuable product

information.

Drawing Title

Number

ED8C789-10 Typical Bay Arrangements, Ordering Information,
Cabling and Floor Plan Data Sheet

ED8C789-15 Installer’s Cabling Plan for WaveStar TDM 2.5G
Shelves

ED8C789-16 Installer’s Cabling Plan for WaveStar TDM 10G
Bays

ED8C789-30 WaveStar TDM 2.5G Shelf Assembly

ED8C789-31 WaveStar TDM 10G Shelf Assembly

ED8C789-32 WaveSar TDM 2.5G/10G (2-Fiber) Circuit Pack
Ordering

ED8C789-33 WaveSar TDM 2.5G/10G (2-Fiber) Panel Closing
Details

ED9C280-31 DS3 Connector Panel (External Mount)

ED8C789-34 DS3 Kit
DS3 Connector Panel (Internal Mount and Rear
Mount)

ED8C789-35 WaveSar TDM 2.5G/10G (2-Fiber) Bay

365-371-202 Software Ordering Guide (Release 4 and |ater)

Because customer satisfaction is extremely important to Lucent
Technologies, every attempt is made to encourage feedback from
customers about our information products.




Customer Comment Form

A customer comment form islocated immediately after the title page of
this document. Please fill out the form and fax it to the number
provided on the form.

Address for Comments

If the customer comment form is missing, send or fax comments about
this document to:

Lucent Technologies Inc.
Lucent Learning

Building 21, Room 3A-06
1600 Osgood Street

North Andover, MA 01845

Fax: 1-978-960-6835

- XXXVi 365-371-201
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Lucent Technologies
Bell Labs Innovations

1 | ntroduction to WaveStar TDM
2.5G/10G (2-Fiber)

Overview
Purpose  Thischapter provides a high-level introduction to the WaveStar TDM
2.5G/10G, Release 6 system, referred to in this document as WaveStar
TDM 2.5G/10G (2-Fiber). It also contains useful information about the
WaveStar® product family and the applications of the WaveStar TDM
2.5G/10G, Release 6.
[]
L 1 1
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Introduction to WaveStar TDM 2.5G/10G
(2-Fiber)

WaveStar TDM 2.5G/10G, Release 6

Overview  TheWaveStar TDM 2.5G/10G, Release 6 add/drop multiplexer
supports high-capacity, self-healing transport by means of a
SONET-standard OC-192 (high-speed shelf) or OC-48 (low-speed
shelf) linerate signal, in a SONET-standard 2-fiber Bidirectional
Line-Switched Ring (BLSR) or Unidirectional Path-Switched Ring (for
use in applications). The WaveStar TDM 2.5G/10G (2-Fiber)
architecture follows a platform architecture foundation that is the
integration of physical, software infrastructure, transmission, timing,
and maintenance architectures.

Two system options  WaveStar TDM 2.5G/10G (2-Fiber) provides two basic system options:
a stand-alone 2.5G shelf, and a system that includes one high-speed
10G (OC-192) shelf and one to four low-speed, tributary 2.5G shelves.
When the tributary shelf is used as a stand-alone application, it is
referred to as the 2.5G Application. An in-service upgrade is available
for migrating from a single shelf 2.5G system to a 10G system. For
example, an OC-48 2-fiber BLSR can be upgraded to an OC-192
2-fiber BLSR

Low-speed shelf capacity  Each low-speed 2.5G shelf supports up to 384 STS-1 equivalents of
interface capacity for any mix of OC-48, OC-12, OC-3, GE1, and
DS3/EC-1 interfaces including zero to four OC-48 2-fiber BLSRs or
UPSRSs, or zero to sixteen OC-12 UPSRs.

High-speed shelf capacity = The high-speed shelf supports up to 384 STS-1 equivalents of interface
capacity. This capacity can be used to support one OC-192 2-Fiber
BL SR, or one OC-192 UPSR, or two unprotected OC-192 ports.

Direct interconnection to  The traffic from any ring can be directly interconnected to other rings
otherrings  wijthout using the additional add/drop ports and cabling that would be
needed to connect rings in separate network elements.

576x576 STS-1 switch  With the 576x576 STS-1 switch fabric in the high-speed shelf, the

fabric  system supports one or two low-speed tributary shelves. The
cross-connection capacity allows non-blocking connectivity between
all 384 STS-1 equivalents of the interface capacity within each shelf,
and, in addition, up to 192 STS-1 equivalents of non-blocking
connectivity between the high-speed shelf and the low-speed shelves.
Thisis sufficient, with any combination of optical and electrical
interfaces in the low-speed shelves, to support full add/drop of all the
working (protected) traffic carried by an OC-192 ring.

1 -2 365-371-201
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Introduction to WaveStar TDM 2.5G/10G
(2-Fiber)

768x768 STS-1 switch  Using the 768x768 STS-1 switch fabric (in the high-speed shelf), the
fabric  gystem supports one to four low-speed tributary shelves. The

cross-connection capacity allows non-blocking connectivity between
all 384 STS-1 equivalents of the interface capacity within each shelf,
and, in addition, up to 384 STS-1 equivalents of non-blocking
connectivity between the high-speed shelf and the low-speed shelves.
Thisis sufficient, with any combination of optical and electrical
interfaces in the low-speed shelves, to support full add/drop of all the
traffic carried by an OC-192 ring, including both the working
(protected) and the protection access (unprotected) traffic in an OC-192
BL SR, or al thetraffic carried by two unprotected OC-192 ports.

In-service upgrade from  Anin-service upgrade from the 576x576 STS-1 switch fabric to the
576x576 to 768x768 STS-1  768x768 STS-1 switch fabric is available for increasing the
switch fabric 455 connection capacity and supporting additional low-speed shelves.

During the upgrade the two SWITCH/STS576 circuit packs are
replaced with two SWITCH/STS768 circuit packs, and 2 of the 4
PPROC/STS192 circuit packs are replaced with two PPROC/ST S384
circuit packs.

Customer needs  The major customer need addressed by the WaveStar TDM 2.5G/10G,
Release 6 add/drop multiplexer isthe need to provide a cost-effective,
flexible, and upgradable system. Other customer needs met by
WaveStar TDM 2.5G/10G (2-Fiber) include:

*  Reduced cost.

e Greater add/drop termination capacity.
»  Efficient bandwidth management.

*  Reélief of fiber exhaust.

* In-service upgrade from asingle shelf 2.5G system to a 10G
system; for example, an OC-48 2-fiber BL SR can be upgraded to
an OC-192 2-fiber BLSR.

*  Operational efficiency.
. Preservation of embedded fiber base.
. Reduction in network costs.

365-371-201 1- 3
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Introduction to WaveStar TDM 2.5G/10G
(2-Fiber)

Customer benefits  Magjor customer benefits realized with the WaveStar TDM 2.5G/10G,
Release 6 include:

Smaller footprint

Compact size provides substantial reduction in floor space and hence
lower cost.

Investment Protection
Investment protection through interworking with embedded base.

Interoperability

The WaveStar TDM 2.5G/10G (2-Fiber) supports interworking with
the following products for various applications and interface rates.
Chapter 3 provides more details.

« DDM-2000 OC-3 and DDM-2000 OC-12

*  FT-2000 OC-48 Lightwave System

«  Lucent Technologies Metropolis™ DMX Access Multiplexer
o  Tellabs TITAN 5500

e Fujitsu FLM-150, FLM-600, and FLM-2400

* Nortel SDMS

*  Various DWDM products using compatible optics (port units)
*  Various operations support systems

*  WaveStar family user interface application

1 - 4 365-371-201
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(2-Fiber)
Key features  Thefollowing list summarizes the key features of WaveStar TDM

2.5G/10G, Release 6:

»  Two configuration options:

—  2.5G system consisting of one 2.5G shelf.

—  WaveStar TDM 2.5G/10G (2-Fiber) system consisting of one
10G (OC-192) snelf and up to four low-speed, tributary 2.5G
shelves.

»  Two switch fabric options for the high-speed shelf:

—  576x576 STS-1 switch fabric — supports up to two
low-speed, tributary shelves.

—  768x768 STS-1 switch fabric — supports up to four
low-speed, tributary shelves.

*  Mixed switch fabricsinterworking: For example, the two switch
fabrics can be mixed throughout different nodes in aring network.

*  In-service upgrade from the 576x576 STS-1 switch fabric to
768x768 STS-1 switch fabric.

* In-service upgrade from Release 5 to Release 6.

*  Provisionable SSbits.

*  Two 2-port Gigabit Ethernet interfaces (GEL/SX2 and GE1/L X2
port units).

*  0C-192 BLSR Non-preemptible Unprotected Traffic (STS-1
NPPA).

*  Flexible port unit mixing: GE1, DS3/EC-1, OC-3, OC-12, and
OC-48, including zero to four OC-48 BL SRs or UPSRs on each
2.5G shelf. Also, zero to sixteen OC-12 UPSRs are supported.

* Interface capacity of up to 384 STS-1 equivalents on each shelf,
providing capacity for full add/drop of all the protected traffic
carried by any one (or more) of therings.

e Add/drop traffic from any ring can be directly interconnected to
other rings without using additional ports.

*  Fully flexible SONET STS-1 granular TSA/TSI.

*  Trangport of STM-1, STM-4, and STM-16 VC payloads (VC-3
high order, VC-4 and V C4-4c, and VC4-16c) over SONET
interfaces (OC-3, OC-12, OC-48, and OC-192).

*  ANSI and Telcordia standards compliant operations.

e OSandCIT accessusing TCP/IP or OSl protocols.

L 1 5
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Graphical User Interface (GUI) on the WaveStar Craft Interface
Terminal (CIT) for use at the system location and remotely.

TL 1 operations interface.

RNES/AGNE remote alarm activity features.

Backup for provisioned data.

Internal optical amplifiers for OC-192 applications that reach
beyond 60 km.

Support for applications with Lucent External Optical Amplifier
system.

Compatible opticsfor:

—  Lucent Technologies Metropolis™ Enhanced Optical
Networks (EON) (16 wavelengths at OC-48).

—  Lucent Technologies WaveStar® OLS 1.6T (400G) (80
wavelengths at OC-48 and 40 wavelengths at OC-192).

—  Passive DWDM Optics Units (16 wavelengths at OC-48 and
32 wavelengths at OC-192).

OC-192 extended/intermediate reach 1.5 micron optics.
OC-192 long reach 1.5 micron optics.

OC-192 very long reach 1.5 micron optics.

OC-48 very short reach 1.3 micron optics.

OC-48 long reach 1.3 and 1.5 micron optics.

OC-3 and OC-12 long and intermediate/short reach 1.3 micron
optics.

OC-3 intermediate/short reach 1.3 micron optics (8 ports).
DS3/EC-1 transmission interface (Ox1 and 1xN) protected.

Automatic Laser Shutdown (ALS) on long-reach and very
long-reach OC-192 interfaces.

OSl level 2 routing (up to 50 level 1 areas).

Choice of internal, rear-mounted, or external DS3 connector panel
mounting arrangements.

0OC-48, OC-12, OC-3 0x1 or linear 1+1 facility protection
(bidirectional, revertive and nonrevertive; unidirectional,
nonrevertive).

Interworking with various Lucent and other vendors' products.

OC-192 line timing (with SSM), up to 8 line references from the
0OC-192 system.

365-371-201
Issue 6 October 2001



Introduction to WaveStar TDM 2.5G/10G

(2-Fiber)
*  0OC-48linetiming (with SSM), up to 6 line references when using
only the OC-48 |low-speed (tributary) shelf.
* OC-12linetiming (with SSM).
*  OC-3linetiming (with SSM).
*  Fixed rate and adaptive rate (pipe mode) tributary operation:
—  STS-48c cross-connections (fixed mode).
—  STS-48 cross-connections (pipe mode).
—  STS-12c cross-connections (fixed mode).
—  STS-12 cross-connections (pipe mode).
—  STS-3c cross-connections (fixed mode).
—  STS-3 cross-connections (pipe mode).
*  DCCr (section) and DCCm (line) channel on al supported optical
interfaces.
*  Atleast 32 section/line DCC channels simultaneously.
*  1+1 protection available for all DCC channels (unidirectional and
non-revertive).
*  SONET section, line and path (terminated and intermediate) and
DS3 performance monitoring.
*  ANSI/Béellcore compliant DRI (Drop and Continue method) with
interconnected rings (OC-48 or OC-192 BL SR interfaces).
»  DSI timing outputs.
[]
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The WaveStar Product Family

Overview  Lucent Technologies offers the industry’s widest range of high-quality
transport systems and related services designed to total network
solutions. Included in this offering is the WaveStar family of products.
The WaveStar product family offers telecommunications service
providers advanced services and revenue-generating capabilities.

Family members  The WaveStar product family includes the following:
*  WaveStar BandWidth Manager (SONET/SDH)
WaveStar TDM 2.5G/10G (2-Fiber) (SONET)
WaveStar TDM 10G STM-64 (2-Fiber) (SDH)
WaveStar OLS 1.6T (400G) (SONET)
WaveStar OLS 1.6T (800G) (SDH)

«  WaveStar AM 1 (SDH)

«  WaveStar TM 1 (SDH)

WaveStar Add/Drop Multiplexer 16/1 (SDH)

*  WaveStar Add/Drop Multiplexer 4/1 (SDH)

WaveStar DACS 4/4/1 (SDH)

*  WaveStar Digital Video System (SONET/SDH)

*  WaveStar Subnetwork Management System (SONET/SDH)

WaveStar product family ~ The WaveStar product family offers customers the following:

features Synchronous optical network (SONET) based services

»  Synchronous digital hierarchy (SDH) based services

e Scalable cross-connect, multiplex, and transport services

*  Network consolidation and reliability

* Interoperability with products of other vendors

*  Coordination of network element and element management

services
L]
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WaveStar TDM 2.5G/10G, Release 6 System Description

Overview  Two optionsare available. Thefirst optionisa2.5G terminal consisting
of one shelf. The second option is amulti-shelf system, consisting of a
high-speed (OC-192) shelf and one to four low-speed, tributary 2.5G
(OC-48) shelves.

WaveStar TDM 2.5G/10G  The following figure shows the high-speed shelf, which contains two
(2-Fiber) high-speed shelf  OC-192 port units, the switch fabric, and related circuit packs.

Figure 1-1 WaveStar TDM 2.5G/10G (2-Fiber) High-Speed Shelf
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(2-Fiber)

WaveStar TDM 2.5G/10G

(2-Fiber) low-speed
(tributary) shelf

The WaveStar TDM 2.5G/10G, Release 6 low-speed tributary shelf isa
WaveStar 2.5G system that interfaces to and from OC-48, OC-12,
OC-3, GE1, EC-1, and DS3 lines. Each low-speed shelf has 16 slots
that support flexible optical and electrical port unit mixing, and can be
mounted in a standard bay frame without requiring other equipment to
be mounted nearby.

Up to three low-speed shelves or up to two low-speed shelves and a
high-speed shelf can be mounted in one 7-foot bay frame. If an
internally mounted Dispersion Compensation Module (DCM) Holder
Tray or internally mounted DS3 connector panels are used, up to two
low-speed shelves or one low-speed shelf and a high-speed shelf can be
mounted in one 7-foot bay frame. See Chapter 4 for information about
system options.

The following figure shows the WaveStar TDM 2.5G/10G, Release 6
low-speed shelf with the optional DS3/EC1 connector panels mounted
externally. These panels are required for shelvesthat contain DS3/EC1
port units.

Figure 1-2 WaveStar TDM 2.5G/10G (2-Fiber) Low-Speed Shelf
with External DS3/EC1 Connectors
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The three options for mounting these panelsis externally (shown),
internally, or in the rear of the WaveStar TDM 2.5G/10G (2-Fiber)
shelf. [The rear-mounted panel adds 4 inchesto the rear of the
WaveStar TDM 2.5G/10G (2-Fiber) shelf.]

The amount of traffic that can be added to/dropped from interfaces
from apair of low-speed shelves to the high-speed shelf is subject to
the limit of 192 STS-1s per low-speed shelf or per pair of low-speed

365-371-201
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WaveStar TDM 2.5G/10G,
Release 6 system

Transmission interfaces

365-371-201
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shelves. Thereisno limit on connecting traffic between tributary ports
within a low-speed shelf.

Reference

For more information on inter-shelf capacity, see the (365-575-201)
WaveStar TDM 2.5G (OC-48)/10G (OC-192) (2-Fiber) Applications
and Planning Guide, Chapter 6, “ System Planning and Engineering.”

For more information concerning the physical make-up of the system,
system options, and DS3/EC1 connector panel mounting arrangements,
see Chapter 4, “Product Description”.

The WaveStar TDM 2.5G/10G, Release 6 system is an economical
solution to providing 10G (OC-192) and 2.5G (OC-48) SONET service
with afull complement of optical (GE1, OC-3, OC-12, and OC-48) and
electrical (DS3 and EC-1) interfaces, aswell as afull complement of
service quality options, from unprotected Ox1, 1+1 point to point, to
2-fiber BLSRs and UPSRs. Each low-speed shelf accommodates
electrical connector panelsfor DS3/EC1 connections and has 16 circuit
pack dots.

The WaveStar TDM 2.5G/10G, Release 6 system includes the
following optical and electrical port units.

Optical interfaces
OC-192 port units are available in 1.5u wavelength (intermediate,
extended- intermediate, long reach, and very long reach).

Each OC-192 port unit contains one bidirectional port. Two OC-192
port units are necessary to terminate one OC-192 2-fiber BLSR or
UPSR.

OC-48 port units are available in two wavelengths:
e  1.3uwavelength (very short reach and long reach)
* 1.5pwavelength (long reach)

Each OC-48 port unit contains one bidirectional port. Two OC-48 port
units are necessary to terminate one OC-48 2-fiber BLSR or UPSR.

The OC-12 and OC-3 port units (short, intermediate, and long-reach)
are available for 1.3y wavelength single-mode fiber applications. The
OC-12 port units provide two bidirectional ports. The OC-3 port units
provide four or eight (intermediate/short reach only) bidirectional
ports.
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Control and
synchronization

Switch capacity

Gigabit Ethernet interface

Gigabit Ethernet port unit has 2 bidirectional ports per circuit pack.
Two types of circuit packs are available, one for short haul applications
with SX ports (850 nm) and one for long haul applications with LX
ports (1310 nm).

Electrical interfaces

The DS3EC1/8 port units are capable of transmitting and receiving
signals at the DS3 and/or EC-1 rate. Each port unit contains eight
independent bidirectional ports.

The WaveStar TDM 2.5G/10G, Release 6 uses a single control system
and a 1+1 protected synchronization system. Provisionable
synchronization modes are available, including line timing.

The WaveStar TDM 2.5G/10G (2-Fiber) supports the option of either
of the following switch fabrics in the high-speed shelf:

e 576x576 STS-1 switch fabric
. 768x768 STS-1 switch fabric

It also supports an additional 576x576 STS-1 switch fabric in each
low-speed shelf.

In-service upgrade from the 576x576 to 768x768 STS-1 switch
fabric

An in-service upgrade from the 576x576 STS-1 switch fabric to the
768x768 STS-1 switch fabric is available for increasing the
cross-connection capacity and supporting additional low-speed shelves.

During the upgrade the two SWITCH/STS576 circuit packs are
replaced with two SWITCH/STS768 circuit packs, and 2 of the 4
PPROC/STS192 circuit packs are replaced with two PPROC/ST S384
circuit packs.

576x576 STS-1 switch fabric

The 576x576 STS-1 switch fabric in each shelf of the WaveStar TDM
2.5G/10G (2-Fiber) supports:

*  Simultaneous cross-connections from each of up to 576 STS-1
equivalent inputs to any of up to 576 STS-1 equivalent outputs.

* Upto 384 STS-1 equivalent one-way cross-connections between
inputs and outputs in the same shelf. The remaining 192 STS-1
equivalents are used for cross-connections between the low-speed
shelves and the high-speed shelf.

365-371-201
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Operations interfaces
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768x768 STS-1 switch fabric
The 768x768 STS-1 switch fabric in the high-speed shelf of the
WaveStar TDM 2.5G/10G (2-Fiber) supports:

*  Simultaneous cross-connections from each of up to 768 STS-1
equivalent inputs to any of up to 768 STS-1 equivalent outputs.

 Upto 384 STS-1 equivalent one-way cross-connections between
inputs and outputs in the same shelf. The remaining 384 STS-1
equivalents are used for cross-connections between the low-speed
shelves and the high-speed shelf.

The operations interfaces to the WaveStar TDM 2.5G/10G, Release 6
provide data, alarm, and status information on service and equipment.
Operations interfaces include a WaveStar® craft interface terminal
(WaveStar® CIT), user panels, circuit pack/port unit faceplates, circuit
breakers, an office alarm interface, and interfaces to OS systems.

WaveStar CIT

The WaveStar CIT isa persona computer (PC) equipped with the
Windows NT ™operating system or the Windows 2000 ™ operating
system and loaded with WaveStar CIT software. The WaveStar CIT
software includes a graphical user interface (GUI) that can be used to
access local and remote network elements via an intraoffice LAN.
OS-based software, for example, subnetwork management system
(SNMYS) provides an aternate method of remote maintenance from an
external center.

The WaveStar CIT allows a user to perform the following tasks:

e Establish and/or remove networks and network components

*  Maintain cross-connections

»  Generate network reports

*  Perform provisioning

*  Clear network troubles

*  Monitor and report network alarms/performance

e Addto and/or drop from both optical and electrical interfaces
»  Create nonblocking cross-connections between facilities

»  Software download, back-up, and restore
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Applications

Overview  WaveStar TDM 2.5G/10G (2-Fiber) increases reliability, lowers costs,
increases revenues, and supports flexible growth paths in a wide range
of applications. Network topol ogies that use WaveStar TDM 2.5G/10G
(2-Fiber) are listed below and described in Chapter 3, “ Network
Topologies.”

Increased reliability ~ The following topologies increase network reliability:
*  Bidirectional line-switched ring protection
e Unidirectional path-switched ring protection
e Dual ring interworking
* Foldedrings
e  Path-in-line
*  Restoration through protection access

Traffic consolidation ~ WaveStar TDM 2.5G/10G (2-Fiber) lowers transport costs by
supporting

*  Ringinterconnections

*  Hexible optical hubbing architecture, termination of multiple ring
and/or linear interfaces

e Hubbing for variousring, 1+1, and Ox1 terminations
*  Loopfeeders

*  Electrical DS3/EC-1 terminations directly on the 2.5G/10G
network element

Ring closure and ring ~ WaveStar TDM 2.5G/10G (2-Fiber) can lower transport costs by
transport  closing WaveStar TDM 2.5G OC-48 2-fiber rings over WaveStar TDM

2.5G/10G (2-Fiber) rings. The backbone capacity of the WaveStar
TDM 2.5G/10G (2-Fiber) can be used to transport traffic to/from
DDM-2000 nodes. The OC-48 Backbone capacity of the low-speed
shelf can be used to close a partial ring of DDM-2000 and FT-2000
nodes. Also, you can use the WaveStar TDM 2.5G/10G (2-Fiber) to
terminate multiple OC-48 BL SRs, OC-48 UPSRs, and OC-12 UPSRs.

1 - 14 365-371-201
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Avoiding fiber exhaust

Interface mixing

Flexible growth paths

WaveStar TDM 2.5G/10G (2-Fiber) is compatible with Lucent
Technologies OL S systems and can use OC-48 and OC-192 dense
wavelength division multiplexing (DWDM) to gain capacity on
existing fibers. Also, the WaveStar TDM 2.5G/10G (2-Fiber) supports
compatible optics for Passive Optics Units (16 wavelengths at the
OC-48 rate and 32 wavelengths at the OC-192 rate) to gain capacity on
existing fibers. The OL S systems provide increased distance, and the
passive optics units provide lower cost.

In addition, you can replace a WaveStar TDM 2.5G or upgrade it to a
WaveStar TDM 10G, and create OC-192 2-fiber BLSR “express rings’
to bypass exhausted fibersin existing OC-48 BLSRs.

WaveStar TDM 2.5G/10G (2-Fiber) can lower costsin an environment
where there isamixture of DS3, EC-1, OC-3, OC-12, OC-48, GE1 and
OC-192 traffic. WaveStar TDM 2.5G/10G (2-Fiber) provides universal
port unit slotsin which you can use amixture of transmission interfaces
up to the capacity of the shelves.

Increased Shelf Fill

By supporting mixtures of interfaces, WaveStar TDM 2.5G/10G
(2-Fiber) allows you to take full advantage of the shelf capacity and
have fewer shelves with unfilled slots.

End-to-End Interface Mixing

You can use a mixture of transmission interfaces in WaveStar TDM
2.5G/10G (2-Fiber) shelves at both ends of aline.

WaveStar TDM 2.5G/10G (2-Fiber) supports a variety of possible
growth paths for evolving to full add/drop ring topologies from

* In-service upgrade from asingle shelf 2.5G system to a 10G
system; for example, an OC-48 2-fiber BL SR can be upgraded to
an OC-192 2-fiber BLSR.

*  Expressrings.
* Foldedrings.
* 0% add/drop nodes.

365-371-201
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Features
Major Features  Major features of WaveStar TDM 2.5G/10G (2-Fiber), are listed bel ow.
Chapter 2, “Features,” and Chapter 4, “Product Description,” provide
descriptions.
Transmission Interfaces
e 1.5u intermediate reach OC-192 port unit
*  1.5u extended intermediate reach OC-192 port unit
e 1.5ulong reach OC-192 port units
*  1.5pvery long reach OC-192 port units
*  0OC-192 optics compatible for applications with the low-cost
Passive Optics Units (POU); 32 different wavelengths
e 0OC-192 optics compatible for applications with the WaveStar®
Optical Line System (OLS) 1.6T; 40 different wavelengths
e 1.3u very short reach OC-48 port units
e 1.3uand 1.5u long reach OC-48 port units
*  OC-48 optics compatible for applications with the low-cost
Passive Optics Units (POU); 16 different wavelengths
*  OC-48 optics compatible for applications with the Metropolis
EON (16 wavelengths)
*  OC-48 optics compatible for applications with the WaveStar®
Optical Line System (OLS) 1.6T (80 different wavelengths)
e 1.3u OC-12 short and long reach port units
e 1.3u OC-3 short reach port units (4 ports)
o 1.3u OC-3intermediate/short reach port units (8 ports)
*  1.3u OC-3long reach port units (4 ports)
 DS3EC1/8 port units (8 ports)
*  Gigabit Ethernet Interface (GEL) port units (short and long reach)
e Universal optical connectors
1 ..... 16365371201
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OC-192 and OC-48 2-fiber BLSR protection
0OC-192, OC-48, and OC-12 UPSR (STS-1 path) protection

OC-48, OC-12, OC-3 linear 1+1 facility protection (bidirectional,
both revertive and nonrevertive)

0OC-192, OC-48, OC-12, OC-3 0x1
GE10x1

OC-192 BL SR Non-preemptible Unprotected Traffic (STS-1
NPPA)

User provisionable DCC protection mode
Non-revertive timing hardware protection

inistration and Provisioning

STS-1, STS-3, STS-12, and STS-48 cross-connection rates,
including support for STS-Nc rate signals

Provisionable SS bits

In-band and out-of-band forward error correction (FEC) for
OC-192 port units

Two-way, one-way, bridging, and dual ring interworking (DRI)
Cross-connection topologies

Rolling cross-connections for all supported signals
Red-lined cross-connections

Near and Far-side facility loopbacks

Equipment inventory

Security

TCP/IP and OSI accessto LAN and DCC interface
Remote software downloads

Remote Network Element Status (RNES)

Alarm Gateway Network Element (AGNE)
WaveStar Craft Interface Terminal (CIT)

DCCr (section) and DCCm (line) channels on al optical interfaces
Login and Password aging

NE (network element) based inactivity logout



Introduction to WaveStar TDM 2.5G/10G
(2-Fiber)

Maintenance

Automatic Laser Shutdown (ALS) on long-reach and very

long-reach OC-192 interfaces

Threshold Crossing Alert (TCA) reporting
Circuit provisioning audits

Operations interworking

Full TL1 command/message set

STS-1 path trace

Software backup and restoration

Standard SONET transmission maintenance signals
SONET section and line performance monitoring
DS3 performance monitoring

Advanced NVM/DB consistency checks

PM Bin access

Synchronization

DS1 timing outputs

OC-192 line timing (with SSM), up to 8 line references from the

0OC-192 system

OC-48 line timing (with SSM), up to 6 line references when using

only the OC-48 low-speed (tributary) shelf
OC-3, OC-12, OC-48, and OC-192 S1 byte synchro
messaging

nization

Synchronization mode auto reconfiguration based on S1 byte

(SONET only)

365-371-201
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FT-2000 Dual Bay Frame and DS3 Connector Panel Mounting
Options
*  Mounting of tributary, low-speed shelf in FT-2000 dual bay frame
* Internal- horizontal DS3/STS-1 connector panel mounting
arrangement
»  External- vertical DS3/STS-1 connector panel mounting
arrangement
*  Rear mounting arrangement for DS3/STS-1 connector panels
[]
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2 Features

Overview
Purpose  This section describes features supported in the WaveStar TDM
2.5G/10G (2-Fiber). The sections below contain information
concerning hardware, software, and system relevant features.
L]
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Features
Transmission Interfaces

Overview  The TDM 2.5G/10G (2-Fiber) Release 6 add/drop multiplexer isan
extremely versatile high speed SONET system that supports long haul,
backbone, metro, interoffice, optical hubbing, and access applications.
The system supports a SONET line rate of 9.953 Gb/s on its high-speed
shelf, which can be equipped with up to two OC-192 port units, to
support OC-192 2-fiber BLSR or UPSR or 0x1 applications. On the
low-speed tributary shelf, a number of port units are available, and
many protected and unprotected equipment and topologies are
supported. The tributary shelf can also be deployed as stand-alone
OC-48 system (2.5G application), supporting a SONET line rate of
2.488 Gb/s. The WaveStar TDM 2.5G/10G (2-Fiber) is highly scalable.
For example, an in-service upgrade is supported for migrating from an
OC-48 2-fiber BLSR to an OC-192 2-fiber BLSR. Additionally,
OC-192 and OC-48 compatible optics are supported to alow the
cost-effective deployment of multiplex and DWDM architectures.

Incoming traffic from a BLSR can be transmitted or “dropped” to
circuit packs on the low-speed, tributary shelves. These port units, in
turn, transmit the traffic on to connected outgoing lines. Similarly,
traffic coming into the tributary shelves can be “added” to the outgoing
traffic on the BLSR.

Port unit slots for  Each WaveStar TDM 2.5G/10G (2-Fiber) tributary shelf supports 16
transmission circuit packs  port unit slots (for transmission interface circuit packs). The

transmission interface circuit packs support DS3, EC-1, OC-3, OC-12,
GE1, and OC-48 signals and can beinstalled up to the limits of the
shelf capacity and according to the port location rules (described in
Chapter 6, “System Planning and Engineering”).
The WaveStar TDM 2.5G/10G (2-Fiber) can transport synchronous
digital hierarchy (SDH) STM-N payloads, although it does not fully
support the SDH features that the WaveStar® TDM 10G (STM-64)
supports (such as SDH protection and performance monitoring).

2 - 2 365-371-201
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0OC192 port units  The OC192 port units support 2-fiber BLSRs or UPSRs on the
high-speed shelf.
The OC192/STM64/1.5VLR1 (very long reach) port unit supports
standard SONET signals over 1.5 fiber for spans of up to 120 km with
Forward Error Correction (FEC).

The OC192/STM64/1.5LR1 (long reach) port unit supports standard
SONET signals over 1.5u fiber for spans of up to 80 km with FEC.

The OC192/STM64/1.5IR1 (extended, intermediate reach) port unit
supports standard SONET signals over 1.5 fiber for spans of up to 60
km with FEC.

The OC192/STM64/1.51SR1 (intermediate reach) port unit supports
standard SONET signals over 1.5 fiber for spans of up to 50 km with
FEC (Forward Error Correction) and up to 40 km without FEC.

The Passive DWDM OC-192 compatible optics port units,
0OC192/STM64/POU9590 through OC192/STM 64/POU9220, support
transmission of up to 32 different OC-192 wavelengths in the 1.5u
range on a single fiber, when used with the Lucent Technologies
Passive Optics Units (DWDM filter units), for spans of up to 36 km
(with FEC). Transmission of up 16 different OC-192 wavelengths on
one fiber is supported for spans of 50 km (with FEC), using the
appropriate port units and Passive Optics Units. Transmission for
longer spans is possible using optical amplifiers

The other series of the WaveStar TDM 2.5G/10G (2-Fiber) OC-192
compatible optics, OC192/STM64/WDM 9580 through
0OC192/STM64/WDM 9190, supports transmission of up to 40 different
OC-192 wavelengths in the 1.5 range on one fiber, when used in
applications with WaveStar® Optical Line System (OLS) 1.6T system.
Each port supports GR-253 compliant SONET signals over single
mode fiber, and can carry STS-1, STS-3c, STS-12¢, and STS-48c
payloads.

365-371-201 2 - 3
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0OC48 port units

Each OC48 port unit can support STS-1, STS-3, STS-12, and STS-48
payloads.

The OC48/STM16/1.3LR1 port unit provides one OC-48 port and
supports standard SONET signals over 1.3 fiber for spans of up to 51
km.

The OC-48/STM16/1.5LR1 port unit provides one OC-48 port and
supports standard SONET signals over 1.5 fiber for spans of up to 80
km.

OC48/STM16/1.3V SR1 port unit provides one OC-48 port and
supports standard SONET signals over 1.3 fiber for spans of up to 2
km.

The Passive DWDM OC-48 compatible optics port units,

OC48/STM 16/POU9590 through OC48/STM 16/POU9210, are
available in 16 different OC-48 wavelengthsin 1.5 range to support
Passive DWDM applications with the Lucent Technologies Passive
Optics Units (DWDM filter units). Transmission distances of up to 65
km are supported using these OC-48 compatible optics and the
appropriate Passive Optics Units.

The two other series of WaveStar TDM 2.5G/10G (2-Fiber) OC-48
compatible optics are used for DWDM applications, with the
Metropolis EON or the WaveStar® OLS 1.6T. The
OC48/STM16/DWDMO1 through OC48/STM 16/DWDM 16 port units,
16 different OC-48 wavelengths, are used in DWDM applications with
Metropolis EON. The OC48/STM 16/WDM 9585 through

OC48/STM 16/WDM9190 port units, 80 different OC-48 wavelengths,
are used in DWDM applications with the WaveStar® 1.6T.
Transmission distances, for the spans carrying the multi-wavelength
DWDM signals are specified in the appropriate Metropolis EON or
WaveStar® OLS 1.6T documentation.

The OC-48 port units support 2-fiber bidirectional line switched rings
(BLSRs) aswell as 1+1 hidirectional or unidirectional, revertive or
nonrevertive facility protection on the low-speed shelves. The OC-48
port units also support UPSR and 0x1 protection schemes. Each
low-speed shelf supports up to 8 OC-48 interfaces (4 OC-48 UPSRs, 4
OC-48 BLSRs, 4 OC-48 1+1 unidirectional, nonrevertive protected
interfaces, and 8 Ox1 OC-48 interfaces). The OC-48 port units also
support 1+1 unidirectional, nonrevertive protection.

Each port supports GR-253 compliant SONET signals over single
mode fiber, and can carry STS-1, STS-3c, STS-12¢, and STS-48c
payloads.

365-371-201
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OC12 TheOC12/STM4/1.3LR2 and OC12/STM4/1.3SR2 port units each
port units  provide two OC-12 ports. OC-12 traffic can be optionally protected by
1+1 protection (bidirectional or unidirectional; revertive or
nonrevertive). The OC-12 port units also support UPSR (STS-1 path
switched) functionality and Ox1 protection schemes. Each OC-12 port
can carry STS-1, STS-3c, and STS-12¢ payloads.

OC3 TheOC3/STM1/1.3LR4 and OC3/STM1/1.3SR4 port units each

port units  providefour OC-3 ports. The OC3/STM 1/1.3IR-SR8 port units provide
8 OC-3 ports. Each port supports GR-253-compliant SONET signals
over single-mode fiber and can carry STS-1 or STS-3c payloads. OC-3
traffic can be optionally protected by bidirectional 1+1 protection
(revertive or nonrevertive) or Ox1 protection schemes. The OC-3 port
units also support 1+1 unidirectional, nonrevertive protection. Each
OC-3 port can carry STS-1 and STS-3c payloads.

DS3/EC-1 port units ~ The DS3ECL/8 port unit provides eight GR-253-compliant DS3 ports.
Each port provisioned as EC-1 supports STS-1 path overhead to and
from the SONET signal. DS3EC1/8 port units can be provisioned for
1xN equipment protection for DS3 signals (where N<12).

The ports support the following types of DS3 signal formatting:
e C-bit parity DS3 signals

» M23formatted DS3 signals (as defined in T1.107)

*  Unframed and clear channel DS3 signals

. Framed

The DS3EC1/8 port units also support EC-1 (Electrical Carrier-1)
signals provisioned for Ox1 or 1xN protection.

Gigabit Ethernet  The following Gigabit Ethernet features are available:

Port Units

The GEL/SX2 port unit provides two Gigabit Ethernet (GE1) ports.
Each port supports | EEE 802.3-compliant Ethernet signals over multi
mode fibers. All connections to the 1000BASE-SX Ethernet interface
on the GE1/SX 2 port unit require Dual SC Connectors.

The GEL/LX2 port unit aso provides two Gigabit Ethernet (GE1)
ports. Each port supports | EEE 802.3—compliant Ethernet signals over
single mode or multi mode fibers. All connections to the
1000BASE-L X Ethernet interface on the GE1/L X2 port unit require
Dua SC Connectors.
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LCAS/VBA

The WaveStar TDM 2.5G/10G (2-Fiber) supports the technique of,
previously known as variable bandwidth allocation (VBA), for Gigabit
Ethernet transport. Link capacity adjustment scheme (LCAS) definesa
synchronization protocol between two termination points of avirtual
concatenated path that allowsin-service dynamic sizing of the ST Sn-xv
bandwidth available for Ethernet over SONET transmission. This
bandwidth change can occur either in responseto afailure condition on
one member or a change in bandwidth requirement at aNE
(provisioning action). In case of afailure, the bandwidth will be
restored automatically after the failure clears. The size of the STS1-xv
isincreased or decreased in steps of one STS1.

The provisioning is performed by connecting/disconnecting paths
to/from the Ethernet tributary card.

Ethernet Performance Monitoring

It is possible to monitor byte and packet related performance
parameters on any external Ethernet port and any WAN port. The
following counters are supported for each port:

*  Outgoing number of Mbytes

*  Outgoing number of Mframes
*  Dropped frames— errors

e  Incoming number of Mbytes

*  Incoming number of Mframes.

Full VLAN List Support

The system supports 4093 VLANSs per GEL1 circuit pack in IEEE
VLAN tagging mode. The VLANS must be unique per port.

VLAN ID Transparency

The system supports promiscuous/buffering repeater mode forwarding
all Ethernet packets between one external LAN port and one internal
WAN port without address filtering, address learning, spanning tree
algorithm nor VLAN support. This mode can be selected per GE1 port.
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Auto-Negotiation Bypass

Normally, if an equipment with the auto-negotiation function enabled is
connected to alink partner with the auto-negotiation function disabled,
then the auto-negotiating equipment will declare an auto-negotiation
error and will consider the link as down. Therefore, a two-way
communication cannot be established.

“ Auto-negotiation bypass’ solvesthat problem. The functionality is as
follows: if the system detects that the link partner is available but does
not support auto-negotiation, then it bypasses the auto-negotiation and
establishes the interface with a fixed configuration: Full-Duplex and

Flow Control enabled. Moreover, no auto-negotiation error is detected.

Interface mixing  The WaveStar TDM 2.5G/10G (2-Fiber) add/drop multiplexer supports
up to 16 port unitsin the universal port unit slots within each low-speed
shelf, in addition to the OC-192 port unitsin the high-speed shelf.
These port units can be combinations of DS3EC1, OC-3, OC-12,
GEL/SX2, GEX/L X2, and OC-48 port units.

The numbers of add/drop port units of asingle type needed to terminate
all the working traffic in an OC-192 2-fiber ring (up to 192 STS-1
equivaents) are:

24 DS3ECL/8 port units. With 1xN protection, if N = 12 protected
(electrical) port units, 192 ports support 192 STS-1 equivalents.
With 1xN protection, one protection DS3EC1/8 port unit must
also beinstalled in the EPRN slot of each tributary shelf for atotal
of 26 DS3EC1/8 port units.

16 OC3/STM1 (8 port) port units. With 1+1 protection, 8 service
and 8 protection, 64 ports support 192 STS-1 equivalents.

 320C3/STM1 (4 port) port units. With 1+1 protection, 16 service
and 16 protection, 64 ports support 192 STS-1 equivalents.

* 16 OC12/STM4 (2-port) port units. With 1+1 protection, 8 service
and 8 protection, 16 ports support 192 STS-1 equivalents.

8 0C48/STM16 port units. With BLSR protection, 4 west and 4
east, 8 ports support 192 STS-1 equivalents.

» 8GELSX2, 8 GEV/LX2, or amix up to 8 total GEL/SX2 and
GE1/L X2 port units per each low-speed (tributary) shelf ina
WaveStar TDM 2.5G/10G (2-Fiber) system. When using the
low-speed shelf as a stand-alone 2.5G application, the 2.5G shelf
supports a maximum of 6 GEL/SX2 port units (at least 4 slots
must be occupied by OC48/STM 16 port units in a stand-alone
2.5G application). With BLSR or UPSR protection, 8 west and 8
east, 16 ports support >192 STS-1 equivalents (a maximum of 12
ports supported by a stand-alone 2.5G application).
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Universal optical
connectors

Large Distributed STS-1
Cross Connect Switch
Fabric/s, Large Interface
Capacity

Important! The system can also add or drop traffic from the
protection access channels of a BL SR onto the same ports. OC-3,
OC-12, and OC-48 also support unprotected (0x1) traffic, which
can double the amount of working capacity. To add/drop all the
working traffic plus all the protection access traffic or to add/drop
unprotected traffic requires twice these numbers of add/drop ports.

WaveStar TDM 2.5G/10G (2-Fiber) OC-192 and OC-48 port units are
equipped with 0 dB SC-type connectors and are also capable of
operating with FC-type and ST-type connectors. The LEY 23AE,

LEY 101AE-180AE, and LEY 201AE-240AE port units are shipped
equipped with L C-type connectors. The connectors are available in kits
that provide several values of optical attenuation.

Each low-speed shelf supports up to 384 STS-1 equivalents of interface
capacity which can be used to support a mix of OC-48 BLSR, OC-48
UPSR, OC-48 1+1, OC-48 0x1, OC-12 UPSR, OC-12 1+1, OC-12 0x1,
OC-3 1+1, OC-3 0x1, DS3, EC-1, and/or Gigabit Ethernet ports. (The
1xN equipment protection for DS3/EC-1 port unitsis separate, not a
part of thisinterface capacity.) The high-speed shelf supports up to 384
STS-1 equivalents of interface capacity which can be used to support
one OC-192 2-Fiber BLSR, or one OC-192 UPSR, or two 0x1
(unprotected) OC-192 ports.

768 x 768 STS-1 switch fabric, support for up to 4 low speed
tributary shelves

With the 768 x 768 STS-1 switch fabric, the system supports oneto
four low-speed tributary shelves. The cross-connection capacity of the
system allows non-blocking connectivity between all 384 STS-1
equivalents of the interface capacity within each shelf, and, in addition,
up to 384 STS-1 equivalents of non-blocking connectivity between the
high-speed shelf and the low-speed shelves. Thisis sufficient, with any
combination of optical and electrical interfaces in the low-speed
shelves, to support full add/drop of all the traffic carried by an OC-192
ring, including both the working (protected) and the protection access
(unprotected) traffic in an OC-192 BL SR, or all the traffic carried by
two unprotected OC-192 ports. The 768x768 STS-1 switch fabric and
384 STS-1 pointer processor circuit packs are used only in the high
speed shelf. Chapter 4 provides details on the hardware required to
implement the 768x768 STS-1 switch fabric in the high-speed shelf.
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576x576 STS-1 switch fabric, support for up to two low-speed
shelves

With the 576 x 576 STS-1 switch fabric and 192 STS-1 pointer
processor in the high-speed shelf, the system supports one or two
low-speed tributary shelves. The cross-connection capacity of the
system allows non-blocking connectivity between all 384 STS-1
equivalents of the interface capacity within each shelf, and, in addition,
up to 192 STS-1 equivalents of non-blocking connectivity between the
high-speed shelf and the low-speed shelves. Thisis sufficient, with any
combination of optical and electrical interfaces in the low-speed
shelves, to support full add/drop of all the working (protected) traffic
carried by an OC-192 BL SR or UPSR.

Hairpinning  The 576 by 576 STS-1 switch fabric is also used in the low speed shelf
(or 2.5G stand-alone application). Full hairpinning capability on each
low speed tributary shelf is supported allowing the most efficient use of
bandwidth. STS-1 level signals can be cross connected between any
ports on the low speed tributary shelf.

Note:

The WaveStar TDM 2.5G/10G (2-Fiber) supports STS-1, STS-3,
STS-3c, STS-12, STS-12c, STS-48, and ST S-48c cross connects.

The user provisions cross-connections only for the working (protected)
traffic and any additional unprotected traffic carried by Ox1 ports or by
BL SR protection access. Since the additional connections between
working and protection tributaries for BLSR, UPSR, and 1+1 port
protection are made automatically by the system within each shelf, they
are not counted in the utilization of the cross-connection capacity
between the high-speed and |ow-speed shelves.

Total transmission capacity

Thetotal transmission capacity for a system with 2 low-speed shelves
is 1152 STS-1 equivalents. For a system with 4 low-speed shelvesit is
1920 STS-1 equivalents.
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Mixed switch fabrics  The 576x576 and the 768x768 STS-1 switch fabrics can be used in

interworking  different 10G nodes, mixed in a network, allowing for the most cost
effective use of hardware and utilization of interface capacity. For
example, in afour node OC-192 2F BL SR, three of the OC-192 nodes
can be equipped with the 576 x 576 STS-1 switch fabric in their high
speed shelves, and the fourth OC-192 node can be equipped with the
768x768 STS-1 switch fabric in its high speed shelf. Chapter 4
provides details on how to equip the high-speed shelf to support the
768x768 or 576x576 STS-1 switch fabric.

O
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In-service upgrade from  The WaveStar TDM 2.5G/10G (2-Fiber) system supports an in-service
WaveStar TDM 2.5G to  upgrade from a 2.5G application, single OC-48 2-fiber BLSR, to the
WaveStar TDM 10G  10G application, an OC-192 2-fiber BLSR. This feature facilitates
network planning by allowing the possibility for seamless future
growth. The single-shelf 2.5G system can be upgraded if the physical
space has been provided in the bay. At installation time, the customer
must decide whether or not to leave physical space for any future
expansion that may be anticipated.

In-service upgrade from  The switch fabric in the high-speed shelf can be upgraded, while the
S576x576 to 768x768 STS-1  system isin-service, from the 576x576 STS-1 switch fabric to the
switch fabric  768x768 STS-1 switch fabric. The 768x768 STS-1 switch fabric

doubles the inter-shelf cross-connection capacity (between the
high-speed shelf and the low-speed shelves) from 192 STS-1
equivalentsto 384 STS-1 equivalents. The larger cross-connection
capacity, in the high-speed shelf allows the system to support up to 4
low-speed shelves. During the upgrade the two SWITCH/STS576
circuit packs are replaced with two SWITCH/STS768 circuit packs,
and 2 of the 4 PPROC/STS192 circuit packs are replaced with two
PPROC/STS384 circuit packs.

For a system with only one low-speed shelf before the upgrade (or a
system installed initially with the 768x768 STS-1 switch fabric), the
additional 192 STS-1 equivalents of inter-shelf connection capacity can
be used for connections between the high-speed shelf and a second
low-speed shelf. Thisisuseful to terminate all 384 STS-1 equivalents
of traffic that can be carried in 2 unprotected (0x1) OC-192 ports, or al
of both the working and protection access traffic in an OC-192 2-Fiber
BLSR. It isalso useful for interconnecting more traffic between
different low-speed shelves via the high-speed shelf.

For any system, whether upgraded or installed initially with the
768x768 STS-1 switch fabric in the high-speed shelf, the additional
192 STS-1 equivalents of inter-shelf connection capacity increases the
number of low-speed shelves supported from 2 to 4. The original 192
STS-1 equivalents of inter-shelf connection capacity can be either
dedicated to one low-speed shelf or shared by a pair of low-speed
shelves; and the additional inter-shelf capacity can also be either
dedicated to another low-speed shelf or shared by a second pair. Only
thefirst pair of low-speed shelves can be used to add/drop al traffic
from an OC-192 UPSR, but otherwise the transmission capabilities of
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each low-speed shelf are the same. The pairing of shelvesis determined
by cabling, not by the order in which the shelves are added.

O
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Internal and External Optical Amplifiers

Internal Optical Amplifiers

External Optical Amplifiers
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For those OC-192 long distance applications over 60 km (loss budget
exceeds 18 dB), the WaveStar TDM 2.5G/10G (2-Fiber) system
supports two in-shelf optical amplifier units, the Optical Booster
Amplifier (OBA) and the Optical Booster/Pre-Amplifier (OBPA). The
OBA and OBPA allow the system to support OC-192 applications up to
80 km and up to 120 km, respectively, on SMF - eliminating the need
for additional equipment, such as 0% add/drop terminals or
regenerators.

The OBA, the SEN3AE, can be paired with various OC-192 optical
port units, typically the LEY 69AE, to support applications up to 80 km
on SMF.

The OBPA, the SEN4AE, supports applications up to 120 km on SMF,
The SEN4AE provides an OBA type function, and also provides a
pre-amplifier function. The SEN4AE pre-amplifier receiver filter is
frequency dependent, and must operate at awavelength of 1552.52 nm,
therefore, the SEN4AE must be paired with a LEY 295AE or
LEY228AE OC-192 port unit.

For those applicationsin which the OBA and OBPA are already in use
or cannot be used, Lucent Technologies offers a stand-alone External
Optical Amplifier (OA) system. This system can be used for both
OC-48 and OC-192 applications.

The WaveStar TDM 2.5G/10G (2-Fiber) and the External OA system
can be combined to support single span, single frequency, applications
of up to 170 km and 140 km, for OC-48 and OC-192 rates, respectively.
Deploying OAs at multiple sites, intermediate sites and end points,
allows transmission of information of up to 500 km, for single

wavel ength applications using SMF, with five 100 km spans.

The OAs support unidirectional operation, the optical signa is
amplified in one direction.

More information on the External OA system and its applications can
be found in Chapter 3.

The loss and dispersion characteristics [chromatic dispersion (CD) and
Polarization Mode Dispersion (PMD)] for optical equipment and fiber
must be considered for all network designs. The signal to noise (S/N)
ratio may also need to be calculated for applications. Dispersion
Compensation Modules (DCMs) may or may not be required
depending on the fiber route characteristics, the optical line rate being
amplified, and optical characteristics of the all equipment. Greater span
distances can be achieved, and DCMs can be eliminated or reduced in
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number when Lucent Technologies TrueWave (non zero dispersion
shifted) fiber is used.
It is assumed that the PMD requirements for a specific application, are
consistent with those requirements specified in ITU-T.691 for OC-48
applications, and Telecordia GR 1377 for OC-192 applications.

L]
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Dense Wavelength Division Multiplexing

Compatible OC-48 and  To ensure the most cost effective utilization of fiber and relief from
OC-192 optics for DWDM  fiber exhaust problems, the WaveStar TDM 2.5G/10G (2-Fiber)
applications  Release 6 systems supports compatible optics, both at the OC-48 and
OC-192 rates, for DWDM applications with the L ucent Technologies
Metropolis™ EON system, the Lucent Technologies WaveStar® OL S
1.6T system, and Lucent Technologies Passive Optics Units (a family
of Passive DWDM Filter Units).

The WaveStar TDM 2.5G/10G (2-Fiber) OC-48 and OC-192
compatible optics include:

» 16 different OC-48 wavelengths, in the 1.5 micron range, for use
in applications with the Lucent Technologies Metropolis™ EON
system

* 40 different OC-192 wavelengths, and 80 different OC-48
wavelengths, in the 1.5 micron range, for applications with the
Lucent Technologies WaveStar® Optical Line System (OLS) 1.6T
system.

o 32different OC-192 wavelengths, and 16 different OC-48
wavelengths, in the 1.5 micron range, for applications with the
Lucent Technol ogies Passive Optics Units (POUS) in Passive
DWDM applications

The use of compatible opticsin the WaveStar TDM 2.5G/10G
(2-Fiber), ensures no Optical Trandator Units (OTUs) arerequired in,
or external to, the DWDM system. This provides significant cost and
floor space savings.

More information on Lucent Technologies Passive Optics Units
(POUs) is provided in the next section “ Passive Optics Units.”
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Passive Optics Units (Passive DWDM Filter Units)

Overview

Passive optics units

Passive optics description

Applications supported

L ucent Technologies Passive Optics Units (POUs) are afamily of
Passive WDM and DWDM filter units that complement Lucent
Technologies overall product offerings, to provide the most
cost-effective transport of signals over afiber, to maximize fiber and
network utilization, and to relieve fiber exhaust conditions.

The 4 POUs are:

J 16CH-MUX

J 16CH-DMUX

J 16CH-MUXINT

J 16CH-DMUXINT

These 4 units combine multiple signals, of different wavelengths, onto
asingle fiber. Each MUX/DMUX pair supports the optical combining
of 16 signals of different wavelengths onto one fiber in one direction
(16 wavelength unidirectional application), or the optical combining of
8 wavelengths from 2 directions (8 east to west and 8 west to east) onto
one fiber (8 wavelength bidirectional application).

The 4 POUs can be combined to support 32 wavelength unidirectional
or 16 wavelength bidirectiona applications. In these applications, the
wavelengths for the 16CH-MUX and 16CH-DMUX pair are
interleaved with the other 16 wavelengths from the 16CH-MUXINT
and 16CH-DMUXINT pair. The“INT” denotes interleaver.

The following applications are supported with the POUs and the
WaveStar TDM 2.5G/10G (2-Fiber) R6 system equipped with Passive
DWDM compatible optics:

*  Unidirectional transport of up to 16, OC-192 and/or OC-48,
wavelengths on one fiber using the 16CH-MUX and the
16CH-DMUX

»  Bidirectional transport of up to 8, OC-192 and/or OC-48,
wavelengths on one fiber using the 16CH-MUX and the
16CH-DMUX

*  Unidirectional transport of up to 16 OC-192 wavelengths on one
fiber using the 16CH-MUXINT and the 16CH-DMUXINT

e Unidirectional transport of up to 32 OC-192 wavelengths on one
fiber using the 16CH-MUX, 16CH-DMUX, 16CH-MUXINT, and
16CH-DMUXINT

365-371-201
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Power, operations, and
software support

Protection and alarming
functions
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*  Bidirectional transport of up to 16 OC-192 wavelengths on one
fiber using the 16CH-MUX, 16CH-DMUX, 16CH-MUXINT, and
16CH-DMUXINT

The POUs do not require power, software, or operations support.

Protection schemes and aarming functions can be performed by the
multiplexers or DCS systems connected to the POUSs.
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Administration and Provisioning

Overview  Specialized “craftspeople’ perform administration and provisioning for
anetwork. This section summarizes the major administration and
provisioning features. For more detailed information, consult the
WaveSar TDM 2.5G/10G Release 6 User Operations Guide,the
WaveSar TDM 2.5G/10G (2-Fiber), Release 6 Alarm Messages and
Trouble Clearing Guide, and the WaveSar TDM 2.5G/10G, Release 6
Operations Systems Engineering Guide.

Fixed rate tributary ~ WaveStar TDM 2.5G/10G (2-Fiber) supports both fixed and adaptive
operation  rate tributary operation. In fixed rate operation, the user provisions
tributaries for the expected signal rates. The system uses this
provisioned information for cross-connection rate validation and for
fault handling (e.g. loss of pointer) when signals are not received at
these rates.

Adaptive rate (pipe) WaveStar TDM 2.5G/10G (2-Fiber) supports both fixed and adaptive
tributary operation  rate tributary operation. In adaptive rate operation, the user does not
provision tributaries for expected signal rates. In this mode the system
identifies and adjusts to transitions in the signal rates.

Signal Rates  The WaveStar TDM 2.5G/10G (2-Fiber) cross connects STS-1, STS-3,
STS-12, and STS-48 signals. The WaveStar TDM 2.5G/10G (2-Fiber)
also supports STS-Nc rate signals (e.g. STS-3c, STS-12¢, STS-48c).
The signals are treated as clear channel SPEs (Synchronous Payload
Envelopes) by the cross-connect fabric. The path payload and the path
overhead are cross-connected transparently as a unit.

DS3/STS-1  The system handles signals to and from DS3 ports by means of STS-1
Cross- connections. This supports DS3/STS-1 gateway
cross-connections between DS3 interfaces and SONET interfaces. DS3
signals are handled transparently (that is, no bits are atered).

Two-way A two-way cross-connection is created by connecting both directions
cross-connections  of traffic between two tributaries. You can create these for any of the
supported SONET signal rates between ports having compatible
mappings. The signals are treated as clear-channel Synchronous
Payload Envel opes (SPES) by the cross-connect fabric. That is, the path
payload and path overhead are cross-connected transparently as a unit.
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One-way
cross-connections

DRI cross-connections

Bridged cross-connections

Red-lined
cross-connections

Rolling cross-connections
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One-way cross-connections can be made for all supported SONET
signal rates between any tributaries on any ports with appropriate
mappings. The corresponding signal in the other direction of either
tributary at either port can be independently cross-connected or
terminated with no cross-connection. In the latter case, the system
inserts an appropriate idle/unequipped signal at the output.

WaveStar TDM 2.5G/10G (2-Fiber) dual node ring interworking (DRI)
cross-connection complies with ANSI T1.105.01 and Telcordia
GR-253-CORE, GR-1230-CORE, and GR-1400-CORE standards. A
service selector exists for each STS-N tributary provisioned for DRI.
The service selector selectsthe better of two received path-level signals
in accordance with a given hierarchy of conditions. These conditions
include STS Path Signal Fail and PDI-P (Payload Defect Indicator -
Path Level). This release supports DRI with the Drop and Continue
method to a Bidirectional Line Switched Ring.

Bridging of an existing cross-connection consists of adding a one-way
cross-connection with the same input tributary as that of an existing
cross-connection, resulting in a 1x2 multicast from an input tributary to
two output tributaries. Such connections are used for dual node ring
interworking with the drop and continue method. WaveStar TDM
2.5G/10G (2-Fiber) supports bridging for each of the supported
SONET cross-connection rates. You can bridge any existing
Cross-connection to a second output port without impairing the existing
signal. Conversely, either half of abridged signal can be taken down
without impairing the remaining cross-connected signal.

WaveStar TDM 2.5G/10G (2-Fiber) supports a“red-line” parameter.
Thisprovides ahigher level of security for specified cross-connections.

The WaveStar TDM 2.5G/10G (2-Fiber) provides the capability to

change the location or source of either the input or output tributary of a

given facility, without affecting service. The WaveStar TDM 2.5G/10G

(2-Fiber) supports facility rolling for al supported signal rates as

follows:

. Disconnection of the circuit cross-connecting input tributary to output
tributary

. Cross-connection of either a new input or output tributary to the
corresponding input or output tributary

In Release 5 and later releases, rolling an existing cross-connection

from avirtual concatenated group (VCG) tributary to another tributary
is not supported.
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Nonrevertive timing
hardware protection

Equipment inventory

ch

Security

OSI LAN and DCC
interfaces

DCCr and/or DCCm
annels on all optical
interfaces

DCC protection

Remote software
downloads

The WaveStar TDM 2.5G/10G (2-Fiber) master clock hardware is 1+1
protected by means of nonrevertive automatic protection switching.

WaveStar TDM 2.5G/10G (2-Fiber) automatically maintains an
inventory of the following information:

*  Type, version, and seria number of each installed circuit pack
+  Softwarerelease
*  Enabled features
You can obtain this information by an inventory request command.

WaveStar TDM 2.5G/10G (2-Fiber) uses logins, passwords,
authentication, and access level sto protect against unauthorized access.
It also keepsalog.

WaveStar TDM 2.5G/10G (2-Fiber) also communicates with remote
logins, operations systems, and management systems by means of
standard 7-layer OSl protocol over aLAN and over DCC channels. The
OSl or TCP/IP protocol can be used directly with the WaveStar TDM
2.5G/10G (2-Fiber). If thereis a Lucent Technologies NCC (Network
Communications Controller) on the LAN, then WaveStar TDM
2.5G/10G (2-Fiber) can communicate with X.25 or TCP/IP links by
way of the NCC.

The WaveStar TDM 2.5G/10G (2-Fiber) supports both section and line
DCC channelson OC-3, OC-12, OC-48, and OC-192 interfaces. A port
can be provisioned to support either DCCr (section) or DCCm (line)
signals, or both.

The WaveStar TDM 2.5G/10G (2-Fiber) supports at least 32
DCCr/DCCm signals per shelf.

The DCC protection switch mode can be applied to both DCCr and
DCCm, for any optical interface rate. DCC signals can be 1+1
protected.

WaveStar TDM 2.5G/10G (2-Fiber) can download software from the
WaveStar Craft Interface Terminal (CIT), from an Element
Management System or from a Network Management System.
Software downloading does not affect transmission or operations.
Installing the newly downloaded software may affect operations but
does not affect transmission.
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WaveStar CIT

IP Access

Operations, administration, maintenance, and provisioning (OAM&P)
activities are performed using either the WaveStar CIT or the
operations system interface. The WaveStar CIT is a customer-supplied
Pentium™ 266 MHz processor with Microsoft Windows NT™ or
Microsoft Windows 2000™ software running the WaveStar Graphical
User Interface (GUI) software. You can plug this PC into a WaveStar
TDM 2.5G/10G (2-Fiber) user panel or useit at aremote location to
access WaveStar TDM 2.5G/10G (2-Fiber) by means of a WAN (Wide
Area Network). You can use the WaveStar CIT to run afull-featured
GUI or TL1 scripts. Using the GUI, a craftsperson can access all
WaveStar TDM 2.5G/10G (2-Fiber) software functions and
context-sensitive help.

The WaveStar TDM 2.5G/10G (2-Fiber) supports two types of 1P
Access. In one case, the WaveStar TDM 2.5G/10G (2-Fiber) can serve
asaTL1 Trandation Device (T-TD) by being a gateway network
element that allows an SNMS and/or CIT to communicate to other
network elements (NEs) on an OSl network through an I P access
network. In the second instance, the WaveStar TDM 2.5G/10G
(2-Fiber) can functionally encapsulate | P packets within OS| packetsto
be transmitted through the OSI network to the proper NE. This
capability is caled IP tunneling.

TL1 Translation

The WaveStar TDM 2.5G/10G (2-Fiber) can copy the application
information within an I P packet into an OSI packet. Thus, al IP
protocol information islost. Thistrandlation is performed at the
application layer. For each application, a specific gateway is needed.
Separate gateways can be provided by a single WaveStar TDM
2.5G/10G (2-Fiber).

IP Tunneling

IP tunneling alows for file transfer through an I P access network. |P
tunneling is used to perform end-to-end FTP through the OSI portion of
the IP access network. In this instance the WaveStar TDM 2.5G/10G
(2-Fiber) serves as agateway network element (GNE) that encapsul ates
an |P packet within an OS| packet. When the final destination of the
fileisreached, the IP packet is removed from within the OSI packet
and processed by the TCP/IP stack. Thus, IP tunneling allows an
SNMS and/or CIT to reach NEsin an OS| based DCN network with
FTPover IP. In this case, the end points of the IP tunnel are the actual
terminating points for the IP traffic.

365-371-201
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Login aging

Password aging

NE based inactivity logout

Advanced NVM/DB
consistency checks

Remote NE Status
(RNES)/Alarm Gateway
Network Element (AGNE)

The WaveStar TDM 2.5G/10G (2-Fiber) supports login aging on all
user logins. Login aging deletes a user’slogin if he/she has not logged
into the system within or during a provisionable length of time. The
login aging time limit is provisionable.

The WaveStar TDM 2.5G/10G (2-Fiber) supports password aging on
all user logins. Password aging requires a user with an expired
password to select anew password before logging into the system. The
password aging time limit is provisionable.

The WaveStar TDM 2.5G/10G (2-Fiber) is capable of automatically
logging out users on an operations interface after a provisionable
period of inactivity. The automatic logout is performed by the NE
(Network Element), not by the CIT.

The WaveStar TDM 2.5G/10G (2-Fiber) checksthe NVM
(Non-Volatile Memory) for empty, corrupt, or incorrect database (e.g.,
from another system) upon startup. This preliminary check safeguards
the system against loss of transmission due to inadvertent procedural
errors by the crafts person.

The WaveStar TDM 2.5G/10G (2-Fiber) supports the ability to detect
and share alarm, condition, and miscellaneous discrete information
between local and remote NEs, that are part of the same Alarm Group.
Provisioning RNES enables an NE to become a member of an Alarm
Group. Within an Alarm Group, at least one NE must be provisioned as
an AGNE. The AGNE exchanges information to and from NEs in its
Alarm Group, viathe DCC. The AGNE broadcasts all alarm and status
information from one NE to al of the other NEs in the same alarm
group to activate remote far-end summary alarm reports and remote
office alarms for each NE in the alarm group. Remote alarm activity
includes the activation of User Panel LEDs, and generation of audible
and visual office alarms. Depending on provisioning, aNE in an alarm
group can:

* Notify the AGNE of any alarm/status changes

*  Notify the Alarm Gateway Network Element (AGNE) of any
miscellaneous discrete changes

*  Know the alarm/status of all members of the same alarm group

. Know the status of miscellaneous discrete information for all
members of the same alarm group

e Listareport of the summary alarm or status condition of other
NEs in the group

»  Display composites of the highest alarm level among other
member NEsin the same alarm group

365-371-201
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0C-192 and OC-48 BLSR
Preemptible Protection

Access

0C-192 BLSR

Non-preemptible
Unprotected Traffic (STS-1

NPPA)

Alarm groups can be nodes in aring, nodes of alinear extension, or any
other logical grouping of NES such as a maintenance group or geo-
graphical group. All members within the same alarm group share NE
status information. Information is not shared with NEs of other alarm
groups.

The RNES/AGNE feature is supported on other Lucent Technologies
products, such as DDM-2000 Release 15. Products that support the
RNES/AGNE feature can share remote alarm information, provided
they are provisioned to be in the same alarm group.

For more information, see Chapter 5.

Half of the STS-1 tributariesin a BLSR are normally used to carry
working (protected) traffic and the other half to provide the protection.
By assigning cross-connections to the protection tributaries themsel ves,
you can carry extratraffic on the protection tributaries. When a
protection switch is active in the BLSR, the protection capacity is used
to protect the working traffic, and the extra traffic is preempted (lost).
Preemptible protection access provides additional capacity for traffic
that does not require protection and can be preempted during a
protection switch. Applications include optional revenue-generating
servicesthat are lower priority and less expensive for the end user than
protected service, and mesh network restoration.

Non-preemptible Unprotected Traffic (NUT, also known as
Non-Preemptible Protection Access, NPPA) can be provisioned for
STS-1timeslots around a 2-Fiber BL SR to exclude individua working
tributaries and their corresponding protection tributaries from BLSR
protection switching. For applications where the traffic does not need
to be protected by the BL SR (but also must not be preempted by BLSR
protection switching), NUT enables a BL SR to carry more traffic than
by using the working tributaries alone. Applications include traffic
already protected at the path level (UPSR or SONET Logical Ring, e.g.
Path-in-Line), and traffic between ATM or IP routers or other
equipment supporting mesh network restoration that is already fast
enough for the users. NUT effectively doubles the capacity available
for such traffic while allowing it to be mixed with the protected
working traffic also carried by the same BLSR. You can choose, for
each STS-1 of traffic, whether to provide protection or to lower the cost
by increasing bandwidth efficiency

The operation of the NUT featureisdisabled inaBLSR if not all nodes
in that BL SR support it.

365-371-201
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Features

M ai ntenance

Performance monitoring

Automatic laser shutdown

Threshold crossing alert
reporting

SONET section and line
performance monitoring

JO Byte- section trace

PM bin access

WaveStar TDM 2.5G/10G (2-Fiber) monitors SONET and DS3
performance parameters on-board the transmission interfaces, so
monitoring can be full time for each signal without requiring any
additional cross-connect capacity.

WaveStar TDM 2.5G/10G (2-Fiber) supports Automatic L aser
Shutdown (ALS) on certain long-reach and very long-reach OC-192
interfaces. ALS s activated whenever (due to a cable break or
otherwise) the signal no longer arrives at the receiver. When an LOS
defect is present at the receive end of a section, the adjacent transmitter
sending signalsin the opposite direction is automatically shut down.
The deactivation time from the moment the LOS defect isfirst detected
is between 500 and 800 milliseconds. When the cable break isrepaired,
arestart procedure will make sure the transmitters are turned back on
again.

Thisfeature is designed to be used when the

* OBA ispaired withthe LEY69AE or LEY97AE

. OBPA is paired with the LEY 228AE

Refer to Table 7-11 for other possible pairings of port units with the
OBA and OBPA for applications where ALS is not required.

WaveStar TDM 2.5G/10G (2-Fiber) supports user-defined Threshold
Crossing Alert (TCA) values (with range checking) for supported PM
parameters and provides autonomous alerts to the operations interface
when a supported PM parameter exceeds a provisioned threshold value.

The WaveStar TDM 2.5G/10G (2-Fiber) supports monitoring of section
and line performance monitoring parameters. TCAs are reported when
threshold crossings for parameters have been exceeded.

The PM parameters supported include the following:

. SONET section and line

*  SONET terminated path

. SONET path intermediate

The system can generate and monitor an STS-N section trace message
on the SONET port JO using read\write access.

The WaveStar TDM 2.5G/10G (2-Fiber) supports access to 15-minute
and 24-hour binsfor retrieval of detailed PM information concerning
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both SONET Intermediate path and SONET Terminated path
parameters.

DS3 performance  The WaveStar TDM 2.5G/10G (2-Fiber) supports both line and
monitoring  intermediate path performance monitoring on DS3 signals.

Provisioning audits ~ WaveStar TDM 2.5G/10G (2-Fiber) automatically maintains a record
of the provisioned state of each transmit and receive port on each port
unit (transmission circuit pack).

Operations interworking ~ WaveStar TDM 2.5G/10G (2-Fiber) uses OC-3 and OC-12 optical
extensions to support operations interworking with FT-2000 and
DDM-2000. WaveStar TDM 2.5G/10G (2-Fiber) uses OC-48 optical
extensions to support operations interworking with FT-2000. Earlier
FT-2000 and DDM-2000 systems must be upgraded to support TARP.
The interworking provides routing of messages acrossthe DCC in
support of user access, OS access, and element management.
DDM-2000 OC-3 UPSR interfacesto WaveStar TDM 2.5G/10G
(2-Fiber) linear 1+1 interfaces require the use of Release 15 of the
DDM-2000.

Full TL1  WaveStar TDM 2.5G/10G (2-Fiber) supports the full TL1 command
command/message set  and message set. The WaveStar CIT converts user inputs at the GUI
into the corresponding TL 1 commands and converts TL 1 responses and
messages into the GUI displays. The system also allows you to set up a
list of TL1 commands to use.

STS-1 path trace  WaveStar TDM 2.5G/10G (2-Fiber) can generate an STS-1 path trace
message for DS3/STS-1 gateways in compliance with Telcordia
GR-253 and can retrieve the STS-1 path trace for any SONET signals.

Facility Loopbacks  The WaveStar TDM 2.5G/10G (2-Fiber) system supports facility
loopbacks on a port or a set of ports for both electrical and optical
signals. Loopbacks allow for testing of cabling and system operation as
well as troubleshooting during factory system tests, and channel
growth. Near-side facility loopbacks are used during system
installation and channel growth activitiesto test the integrity of cabling
and connections to the new NE. Far-side facility loopbacks can be
employed during system installation and channel growth activitiesto
test the integrity of paths through the WaveStar TDM 2.5G/10G
(2-Fiber) system itself.

User Settable  The user-definable miscellaneous discrete interface transports alarm
Miscellaneous Discretes  and status information from co-located equipment at remote sites. At
each remote Site, atotal of 8 alarm/status inputs (in each WaveStar
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Features

Enhanced Security Screen

RTRV-ABN

TDM 2.5G/10G (2-Fiber) are available to monitor environmental con-
ditions like open doors or high temperature. A change in the monitored
condition generates an autonomous alarm/status message.

Each user-assignable input is provisionable with a name and a status
condition or aMN, MJ, or CR alarm.

Eight control outputs are also provided at each remote site to control
auxiliary equipment like generators and pumps.

The 8 miscellaneous discrete inputs and outputs, MDISMDOs, are
supported on asystem node basis for stand-alone 2.5G applications and
10G applications. For example, a 10G node with 4 tributary shelves
supports 8 MDIs and 8 MDOs.

The login banner is provisionable?.

RTRV-ABN will report any of the following abnormal conditions as
indicated by the ABN LED:

. Protection lockouts (low speed, line, timing packs)
. Forced switch (low speed, line, clock mode)

e Manual switch (low speed, line, timing packs) except manual line switch
when terminal is configured for 1+1

. Forced or manual timing reference switch
*  Activeloopbacks

365-371-201
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Interworking

Interworking with products
for various applications
and interface rates

Provisionable SS bits

365-371-201
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The WaveStar TDM 2.5G/10G (2-Fiber) supports interworking with
the following products for various applications and interface rates.
Chapter 3 provides more details.

e  DDM-2000 OC-3 and DDM-2000 OC-12

e FT-2000 OC-48 Lightwave System

. Metropolis DM X

*  Tellabs TITAN 5500

. Fujitsu FLM-150, FLM-600, and FLM-2400

. Nortel SDMS

*  Various DWDM products using compatible optics (port units)

. Various operations support systems

*  WaveStar family user interface application

The WaveStar TDM 2.5G/10G (2-Fiber) provisionable SS bits feature
allows usersto provision the value of SShits5 and 6. These are the SS
bits that are transmitted in the first H1 pointer byte of an STS- Nc
signal. Present SONET (Telcordia) and SDH (ITU-T) standardsrequire
that these bits be ignored by the receiving equipment. However, some
older, embedded SONET and SDH equipment may not ignore these
bits.

Provisioning the SS bits to 00 (overwrite enabled) can allow
interworking with older embedded SONET equipment. Provisioning
the SShitsto 10 (overwrite disabled) can alow interworking with older
embedded SDH equipment.

Note:
The SS bits are provisionable on a per shelf basis.



Features

Synchronization

DS1 timing outputs  The WaveStar TDM 2.5G/10G (2-Fiber) provides two DS1 timing
outputs that can be used by any system that can support DS1 signals as
atiming reference. DS1 timing outputs are based on asingle
synchronization reference signal from a single optical line (either
OC-48 or OC-192). The choice of OC-N/STM-M is provisionable by
the user. Timing outputs are signals indicating whether or not the
signals being transmitted by the system are synchronized with the
larger network. Timing outputs also indicate whether or not the system
isreceiving the proper information, based on reference signals, to
remain synchronized with the network. For example, when the timing
reference signal fails, the DS1 outputs will indicate DS1 AIS.

OC-192 linetiming  The WaveStar TDM 2.5G/10G (2-Fiber) accepts timing references
from up to eight OC-192/STM-64 lines. The WaveStar TDM 2.5G/10G
(2-Fiber) monitors SSMs (Synchronization Status Messages) that
notify the system if areference signal is acceptable or unacceptable. If
areference signal is unacceptable the system re-configures itself to use
the next assigned reference source. If no other sources are available, the
system goes into holdover mode. A signal is deemed unacceptable
when the incoming SSM is below Stratum 3. The WaveStar TDM
2.5G/10G (2-Fiber) system supports the reconfiguration of up to eight
DSV/EL inputs and two line references. The system isrestricted to eight
line references.

OC-48 linetiming  The WaveStar TDM 2.5G/10G (2-Fiber) accepts timing references
from up to six OC-48/STM-16 lines. The WaveStar TDM 2.5G/10G
(2-Fiber) monitors SSMs (Synchronization Status Messages) that
notify the system if areference signal is acceptable or unacceptable. If
areference signal is unacceptable the system re-configures itself to use
the next assigned reference source. If no other sources are available, the
system goes into holdover mode. A signal is deemed unacceptable
when the incoming SSM is below Stratum 3. The WaveStar TDM
2.5G/10G (2-Fiber) system supports the reconfiguration of up to eight
DSV/EL inputs and six OC-48 line references. The system isrestricted
to two line references from the main low-speed (tributary) shelf only.
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OC-3/12 line timing

Incoming/outgoing SSMs

Automatic reconfiguration
of synchronization mode
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The WaveStar TDM 2.5G/10G (2-Fiber) accepts timing references
from up to two OC-3 or OC-12 lines. The WaveStar TDM 2.5G/10G
(2-Fiber) monitors SSMs (Synchronization Status Messages) that
notify the system if areference signal is acceptable or unacceptable. If
areference signal is unacceptable the system re-configures itself to use
the next assigned reference source. If no other sources are available, the
system goes into holdover mode. A signal is deemed unacceptable
when the incoming SSM is below Stratum 3. The WaveStar TDM
2.5G/10G (2-Fiber) system supports the reconfiguration of up to two
DSYV/EL inputs and two line references. Also, the timing references can
only be gathered from port units in even sots and the references must
be assigned to the 1st port on the port units in these even dots.

Standard synchronization status messages (SSMs) are transported on
the

S1 Byte. The transmission of SSMs on the S1 Byte isrequired on all
0OC-192, OC-48, OC-12, and OC-3 lines. Incoming SSMs are used to
monitor the acceptability of timing references. If an SSM reads below
Stratum 3, the line reference is deemed to be unacceptable. SSMs are
determined according to SONET (ANSI, Telcordia) standards.

The WaveStar TDM 2.5G/10G (2-Fiber) supports the automatic
reconfiguration of the synchronization mode based on incoming SSMs.
When an incoming SSM is deemed to be unacceptable, the system
reconfigures itself to use the next assigned reference signal source. If
no other sources are available, or of a high enough quality, the system
goes into holdover mode. The WaveStar TDM 2.5G/10G (2-Fiber)
supports the automatic reconfiguration of up to two DS1/E1 inputs and
two line references.

O



Features

Shelf Mounting Options

Overview

Internal DS3/STS-1
connector panels

External DS3/STS-1
connector panels

Rear mounted DS3/STS-1
connector panels

Mounting of tributary shelf
in an FT-2000 OC-48
Lightwave System Dual
Bay Frame

This section describes the various mounting options for individual
shelves and DS3 connector panels for the WaveStar TDM 2.5G/10G
(2-Fiber).

The WaveStar TDM 2.5G/10G (2-Fiber) provides an internal mounting
capability for DS3/STS-1 connector panels. Thisinternal mounting
arrangement uses top/bottom mounting, and restricts the bay to two
tributary (Ilow-speed) shelves per bay.

The WaveStar TDM 2.5G/10G (2-Fiber) provides an external mounting
capability for DS3/STS-1 connector panels. This external mounting
arrangement uses vertical mounting, and allows you to mount 3
tributary (low-speed) shelvesin a single bay. The external connector
panels attach to the two sides of the shelf like wings and require
additional space (4 to 5 inches) between bay frames.

The WaveStar TDM 2.5G/10G (2-Fiber) provides a rear-mount
capability for DS3/STS-1 connector panels. This rear-mount
arrangement secures the connector panels vertically, on the back of the
tributary (low-speed) shelf. With this arrangement, three shelves can fit
in one 7-foot bay.

You can replace one or two HSS/L SS FT-2000 OC-48 Lightwave
System shelves with WaveStar TDM 2.5G/10G (2-Fiber) tributary
shelves-- in the same FT-2000 Dual Bay Frame. This provides the
capability to upgrade from the FT-2000 to the WaveStar TDM
2.5G/10G (2-Fiber) 2.5G application without disturbing a current floor
plan layout.

[
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Lucent Technologies
Bell Labs Innovations

3 Network Topologies

Overview
Purpose  This chapter describes network topologiesin which WaveStar TDM
2.5G/10G (2-Fiber) is used to increase reliability, lower costs, increase
revenues, and provide growth paths.
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Applications  Thetable below liststhe topologies described in this chapter in terms of
the applications for which they can provide solutions.

Applications and Topologies

Applications Topologies
Increasing Reliability | 2-Fiber BLSRs
UPSRs

Dual Node Ring Interworking

Increase Revenues Gigabit Ethernet Interface

Broadband Transport

Backbone
Loop Feeder
Restoration Through Protection Access

Lowering Costsand | Hairpinning
Providing for Growth

Optical Hubbing Topologies

Dense Wavelength Division Multiplexing (DWDM)
Increased Span Length: Internal Optical Amplifiers
Increased Span Length: External Optical Amplifiers
DDM-2000 Linear Interfaces

Path-in-Line

Interface Mixing

Multiple Rings

Express Rings
Mesh Networks
Folded Rings

0% Add/Drop Node

3 -2 365-371-201
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Applications Topologies

Interworking Lucent Products; FT-2000, DDM-2000, WaveStar
Capabilities BandWidth Manager, Metropolis™ DMX, earlier
releases of WaveStar TDM 2.5G/10G (2-Fiber)

Tellabs Titan 5550

Fujitsu Products: FLM-150, FLM-600, and FLM-2400

Nortel SSDMS

SDH Transport

365-371-201 3
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Network Topologies

2-Fiber BLSRs

Overview

A 2-fiber bidirectional line-switched ring (BLSR) is a self-healing ring
configuration in which traffic is bidirectional between each pair of
adjacent nodes and is protected by redundant bandwidth on the
bidirectional lines that interconnect the nodes in the ring. Because
traffic flow is bidirectional between nodes, traffic can be added at one
node and dropped at the next without traveling around the entire ring.
This leaves the spans between other nodes available for additional
traffic. Therefore, with distributed traffic patterns, a BLSR can carry
more traffic than the same facilities could carry if configured for a
unidirectional path-switched ring. Additionally, you can use the
protection capacity to provide unprotected transport for extra traffic
when no failures are present.

The 10G application of the WaveStar TDM 2.5G/10G (2-Fiber)
supports one high-speed OC-192 2-fiber BL SR on the high-speed shelf
and up to four OC-48 2-fiber BL SRs on each tributary (low-speed)
shelf. The 2.5G application supports up to four OC-48 2-fiber BLSRs
on asingle shelf.

For both the 2.5G (OC-48) and 10G (OC-192) applications, it is
recommended that not more than two OC-48 BL SRs on one shelf share
the same fiber route. This minimizes the likelihood of simultaneous
failures and insures that SONET restoration and protection switch
times are met.

365-371-201
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Traffic capacity ~ The following figure shows working (also called service) and
protection traffic capacitiesin an OC-192 2-fiber BLSR. The OC-48
2-fiber BL SR operates in the same way, but has 48 STS-1 timeslotsin
each direction, 24 for working traffic and 24 for protection.

Figure 3-1 Traffic Capacity in an OC-192 2-Fiber BLSR
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Self-healing rings

2-fiber BLSR traffic flow

WaveStar TDM 2.5G/10G (2-Fiber) 2-fiber BLSRs are self-healing in
that transport isautomatically restored after node or fiber failures. Each
OC-192 line carries 96 STS-1 equivalent timesl ots of working capacity
plus 96 STS-1 equivaent timeslots of protection capacity. Each OC-48
line carries 24 STS-1 equivalent timed ots of working capacity plus 24
STS-1 equivalent timeslots of protection capacity. In the event of a
fiber or node failure, serviceisrestored by switching traffic from the
working capacity of the failed line to the protection capacity in the
opposite direction around the ring. (See the figure below and the figure
on the following page.)

The figure below shows normal (non-protection-switched) traffic flow
on a 2-fiber BLSR.

Figure 3-2 Normal Traffic Flow in a 2-Fiber BLSR
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Protection switching

Fiber cut example

365-371-201
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When aline failure triggers a protection switch, the nodes adjacent to
the failure switch traffic on to protection capacity. Traffic heading
toward the failure islooped back on to the protection capacity traveling
away from the failure to reach its destination by traveling the opposite
way around the ring (see the figure below). Serviceis reestablished on
the protection capacity in <50 milliseconds after detection of thefailure
(for catastrophic failures in rings without existing protection switches
or extratraffic).

The figure below illustrates a 2-fiber BL SR protection switch that
results from afiber cut.

Figure 3-3 Loopback Protection Switch in a 2-Fiber BLSR
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Network Topologies

Protection traffic flow  In Figure 3-3, traffic going from Node A to Node C that normally
passes through Node E and Node D on “working 2" capacity is
switched at Node E on to the “protection 2” capacity of the lineleaving
Node E in the direction of Node A. The traffic loops back through
Nodes A, B, and C to Node D where it islooped back to Node C.
Similarly, traffic going from Node C to Node A that normally passes
through Node D and Node E on “working 1" capacity is switched at
Node D on to the “protection 1" capacity of thelineleaving Node D in
the direction of Node C. The traffic loops back through Nodes C, B,
and A to Node E where it is looped back to Node A. Note that only the
nodes adjacent to the failure perform loopback protection switches. The
same approach is used for anode failure. For example, if Node D fails,
Nodes C and E perform loopback protection switchesto provide an
alternate route for ring traffic.

O
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Unidirectional Path-Switched Rings (UPSRS)

Overview A Unidirectional Path Switched Ring (UPSR) is a self-healing ring
configuration in which traffic is sent onto both rotations (both fibers) of
the ring in opposite directions. The term “unidirectional” refersto the
fact that every signal is normally selected from the same direction
(either counter-clockwise or clockwise). “ Path-switched” means that if
the working signal fails, the path switches to the protection signal.
UPSRs operate in an integrated, single ended fashion-- negating the
need for complex network-level coordination in the effort to restore
traffic.

365-371-201 3-9
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2-Fiber UPSR traffic flow

UPSRs operate as shown in the figure below. Again, traffic is sent onto
both rotations (both fibers) of the ring in opposite directions. At the
receiving node, the signal with the highest level of integrity (based on
SONET path information) is selected and dropped as outgoing traffic.
At intermediate nodes, the traffic is“ passed-through” without changing
the SONET path information. The WaveStar TDM 2.5G/10G (2-Fiber)
time dot interchange (TSI) capabilities make the provisioning of
add/drop and pass-through traffic quick and easy.

Figure 3-4 Normal Traffic Flow in a 2-Fiber UPSR
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The WaveStar TDM 2.5G/10G (2-Fiber) supports

one OC-192 UPSR in the high speed shelf. The WaveStar TDM
2.5G/10G (2-Fiber) supports zero to four OC-48 UPSRs or zero to
sixteen OC-12 UPSRs on a single low-speed (2.5G) shelf. Also,
the mixing of BLSR, UPSR, and other interfacesis supported in
the same shelf. UPSR traffic can only be dropped to the first and
second tributary shelves.
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Self-healing rings ~ WaveStar TDM 2.5G/10G (2-Fiber) 2-fiber UPSRs are self-healing in
that transport is automatically restored after node or fiber failures. The
self-healing nature of a path switched ring is shown in the figure below.
In thisinstance, the fiber cut occurring between nodes B and C causes
node C to switch from the counter-clockwise ring to the clockwise ring;
thus maintaining service between nodes A and C.

Figure 3-5 Path Switch in a UPSR
A C

to t
C A

|
N
Ay

Node A
WaveStar WaveStar
N%de 2.5G/10G 2.5G/10G N%de
(2-Fiber) (2-Fiber)
Node C

Fiber Cut/

Y

08><—i[= >
-
[~

Switch
Node —1

NC2510G071

365-371-201 3-11
Issue 6 October 2001



Network Topologies

Hairpinning Capability

Overview Ina“hairpinning” topology, low-speed tributary traffic is routed into
the system and back out of the system without ever being placed on the
high-speed OC-192 BL SR. The cross-connection capability of
connecting any input to any output on the same shelf or on different
tributary shelves, allows you to use a combination of add/drop and
hairpinning of compatible payloads through avariety of interfaces. You
can bring traffic in from one remote site and cross-connect it at the
STS-1, STS-3c, STS-12c, or STS-48c level back out to other remote
sites without consuming any capacity on the OC-192 BL SR.
Hairpinning is also supported in 2.5G applications. In addition to
adding and dropping traffic to/from the high-speed OC-48 BL SR(s),
2.5G applications support cross-connections between |ow-speed ports.
WaveStar TDM 2.5G/10G (2-Fiber) can operate without a high-speed
OC-192 BL SR, for example, to function as a small optical
cross-connect system. For information on the minimum complement of
circuit packs, see Chapter 4, “Product Description.”

Hairpinning example  The figure below shows atopology in which traffic is hairpinned
among OC-48, OC-12, OC-3, EC-1, and DS3 low-speed tributary
interfaces.

Figure 3-6 Hairpinning Example
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Optical Hubbing Topologies

Overview  AnNEisahubwhenitisacollection point for lower transmission rate
signals. If the lower rate signals are optical and from remote sites, the
NE is performing remote optical hubbing.

Optical hubbing example  The WaveStar TDM 2.5G/10G (2-Fiber) provides an extremely
versatile platform for hubbing applications, typically found in metro
applications where signals from remote Sites are transported optically
to ahub node. The hub node is connected to a higher speed backbone or
other metro network. Using WaveStar TDM 2.5G/10G (2-Fiber) asa
hub can lower transport costs by consolidating large amounts, and
diverse types of traffic at the hub. For example, OC-48 (2F BL SR,
UPSR, 1+1, 0x1), OC-12 (UPSR, 1+1, 0x1), OC-3 (1+1, 0x1), DS3,
EC-1, and GEL1 traffic can be consolidated at a hub for transport at
0OC-192 (2F BLSR, UPSR, or 0x1). OC-12 (UPSR, 1+1, 0x1), OC-3
(1+1, O0x1), DS3, EC-1, and GEL1 traffic can also be consolidated onto
an OC-48 (2F BLSR, UPSR, 1+1, 0x1). OC-3 (1+1, 0x1), DS3, and
EC-1 traffic can be consolidated onto an OC-12 (UPSR, 1+1, 0x1).
Also, traffic can be added/dropped at the hub, and/or hairpinned from
one remote optical connection to another remote optical connection
without ever being cross connected with the higher speed backbone.

Table 3-1, Maximum Interface Capacity When Interface Rates Are Not
Mixed (page 3-14), outlines the maximum interface capacity of a
WaveStar TDM 2.5G/10G (2-Fiber) when interface rates are not
mixed. For example, aWaveStar TDM 2.5G/10G (2-Fiber) OC-192
system with two low speed tributary shelves can terminate, 8 OC-48 2F
BL SRs, or 8 OC-48 UPSRs, or a combination of up to 8 2F BL SRs and
UPSRs.

365-371-201 3-13
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Table 3-1 Maximum Interface Capacity When Interface Rates

Are Not Mixed

Interface and One Low-Speed 2 Low-Speed 4 Low-Speed
Protection Type Tributary Shelf Tributary Shelves | Tributary
(stand-alone 2.5G) (576x576 STS-1 Shelves
Switch Fabric in (768x768 STS-1
High-Speed Shelf) | Switch Fabric in
High-Speed
Shelf)
OC-48 2F BLSR, UPSR 4 8 16
(STS-1 path), 1+1
OC-48 0x1 8 16 32
OC-12UPSR (STS-1 path), | 16 32 64
1+1
OC-12 0x1 32 64 128
OC-3 1+1 (using 64 128 256
OC3/STM4/1.3IR-SR8)
OC-3 0x1 (using 128 256 512
OC3/STM4/1.3IR-SR8)
DS3sor EC-1sor amix 96 192 384
(2:12 per shelf, or Ox1)
Gigabit Ethernet 16 32 64

The WaveStar TDM 2.5G/10G (2-Fiber) does support mixing of
interfaces and protection types in the low speed tributary (or
stand-alone 2.5G) shelf. When interface rates are mixed, the interface
capacity of a hub depends on how the interfaces (port unit cards) are
mixed.

NOTE:

Traffic from an OC-192 UPSR cannot be terminated in shelves 3
and 4.

In addition to lowering transport costs by consolidating large amounts,
and diverse types of traffic at the hub, other features of the WaveStar
TDM 2.5G/10G (2-Fiber) provide additional benefits for hubbing
applications. Some examples include:

365-371-201
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Interworking capabilities allow network consolidation of existing
embedded base equipment (for example, termination of FT-2000
2F BL SRs, and termination of Metropolis™ DMX UPSRs that
have STS-1 path switching).

Interworking capabilities allow network consolidation for
multi-vendor applications.

OC-48 and OC-192 compatible optics are available for various
DWDM applications allowing customers to maximize fiber
utilization, and reduce equipment costs by deploying cost
effective multiplex'DWDM network architectures.

The full hairpinning capability on each low speed tributary (2.5G
stand-alone) shelf allows the most efficient use of bandwidth.
STS-1 level signals can be cross connected between any ports on
the low speed tributary shelf, which reduces the need to use
additional switch fabrics or deploy external equipment (for
example, cross connects and DSXs.). More specifically,
hairpinning allows:

—  Cross-connecting of traffic between the OC-3, OC-12, and
OC-48 linear and/or ring interfaces coming into the hub,
without ever using the cross connect fabric in the high speed
shelf.

—  Trafficto bedirectly interconnected between multiple remote
networks, saving the cost of additional ports and cabling that
would be needed if the traffic is terminated on separate
network elements.

—  Thegrooming of traffic from multiple remote networks into
common OC-N or GE1 handoffs. Thisreduces the number of
interfaces on both the WaveStar TDM 2.5G/10G (2-Fiber)
and the other equipment.

STS1, STS-3, STS-3c, STS12, STS-12¢, STS-48, and STS-48¢c
cross connects are all supported, which allows awide range of
applications.

In-service upgrade from a single OC-48 2-fiber BLSR ring to an
OC-192 2-fiber BLSR ring is supported, allowing the initial
deployment of low cost OC-48 architectures for low volume
traffic areas, with the ability to grow the network in-service as
traffic demands increase.

100% add/drop of al OC-192 2-Fiber BLSR working traffic is
supported in one bay.
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*  With protection access traffic, 100% add/drop of all OC-192
BL SR protection access traffic is supported in one bay when
optical low-speed interfaces are used. With electrical interfaces,
two bays are required.

Details on interworking and DWDM applications using compatible
optics are provided later in this section.

The next two figures show the WaveStar TDM 2.5G/10G (2-Fiber)
used in optical hubbing applications.

Figure 3-7, Optical Hubbing — Simple Metro Hub with Linear
Extensions (page 3-16) shows the WaveStar TDM 2.5G/10G (2-Fiber)
used in asimple metro hub application where linear 1+1 OC-3, OC-12,
and OC-48 traffic from two DDM-2000 systems and one WaveStar
TDM 2.5G/10G (2-Fiber) system is connected to a TDM 2.5G/10G
(2-Fiber) hub node. The hub node is also part of a higher speed
network, in this case an OC-192 2F BLSR. Thistype of architectureis
used to consolidate traffic from access networks onto backbone or
metro interoffice networks, to add/drop traffic from remote sitesto a
hub site, and to cross connect traffic between remote sites using the
hairpinning capability of the WaveStar TDM 2.5G/10G (2-Fiber)
located at the hub site.

Figure 3-7 Optical Hubbing — Simple Metro Hub with Linear

Extensions
WaveStar 0C-3 1+1 DDM-2000
2.5G/10G
/@3’ 2F Hub
Wavest Wavestar | OS2 141
avestar avesliar
2.5G/10G 0C-192 2.5G/10G —(#—— DDM-2000
oF 2-Fiber BLSR 2F

\@a\ WaveStar /@/
2.5G/10G

2F

0OC-48 1+1

DS3/EC-1

WaveStar
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2F
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Figure 3-8, Optical Hubbing — Metro Hub Networking Example (page
3-17) shows the WaveStar TDM 2.5G/10G (2-Fiber) used in a metro
hub application where traffic from various NESs, using various
protection schemes, and with various interfaces (OC-3, OC-12, OC-48)
isterminated at a WaveStar TDM 2.5G/10G (2-Fiber) hub node. In this
case, more than just 1+1 traffic is coming into the hub site from remote
sites. Ring (2F BLSR and UPSRs with STS-1 path switching) and
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linear 1+1 traffic is being terminated at the hub. Thistrafficis
consolidated with Gigabit Ethernet and DS3/EC-1 traffic, which is
added/dropped at the hub site. The TDM 2.5G/10G (2-Fiber) hub node
isalso part of an OC-192 2F BLSR. Thistype of architectureis used to
consolidate traffic from access and/or metro networks onto high speed
backbone networks, to add/drop traffic from various remote sitesto a
hub site, and to cross connect traffic between remote sites using the
hairpinning capability of the WaveStar TDM 2.5G/10G (2-Fiber)
located at the hub site.

Figure 3-8 Optical Hubbing — Metro Hub Networking Example
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Since any of therings or linear interfaces shown in either figure, can be
used in either access or the backbone networks, the hub may be part of
more than just one access and/or backbone network.

Note:

For OC-192 applications, the WaveStar TDM 2.5G/10G (2-Fiber) can
be used asan OC-192 2F BL SR, UPSR, single 0x1, or dual 0x1 system.
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Overview  Dense wavelength division multiplexing (DWDM) is the optical
combining of four or more different optical wavelengths onto a single
fiber. DWDM increases the circuit-carrying capacity of lightguide
cable by carrying multiple signals of different wavelengths
simultaneously over asingle fiber. DWDM provides a cost-effective
way to utilize the huge carrying capacity of fiber and relieve fiber
exhaust problems.

DWDM-  To ensure the most cost-effective DWDM network architectures, are
compatible options  deployed, the WaveStar TDM 2.5G/10G, Release 6 system supports
compatible OC-48 and OC-192 optics (port units), for usein awide array of
DWDM applications:

. 16 different OC-48 wavelengths (OC48/STM16/DWDM), in the 1.5
micron range, for use in applications with the L ucent Technologies
Metropolis™ EON system

* 40 different OC-192 wavelengths (OC192/STM64/WDM), and 80
different OC-48 wavelengths (OC48/STM 16/WDM), in the 1.5 micron
range, for use in applications with the Lucent Technologies WaveStar®
OLS 1.6T system

e 32different OC-192 wavelengths (OC192/STM64/POU), and 16
different OC-48 wavelengths (OC48/STM 16/POU), in the 1.5 micron
range, for use in applications with the Lucent Passive Optics Units
(POUs) in Passive DWDM applications

These compatible port units ensure that no Optical Translator Units (OTUS)
arerequired in, or external to, the DWDM system. The result is significant
savings in cost and floor space.

The compatible optical port unit codes are listed in Chapter 7, “ Order-
ing.” Information on passive optics, and the POUs are located through-
out this document.

More information about the Lucent Technologies Metropolis™ EON,
and the Lucent WaveStar® OL S 1.6T can be found in the Applications
and Planning Guides for these products.

3 - 18 365-371-201
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Examples of topologies
using DWDM-compatible
port units

The figure below shows multiple WaveStar TDM 2.5G/10G (2-Fiber)
systems equipped with compatible optics (port units) and interfacing
with the Lucent Technologies Metropolis™ EON system, to transport
multiple OC-48 ring segments over asingle fiber span. (Onelineinthe
figure represents 2 fibers.) The WaveStar TDM 2.5G/10G (2-Fiber)
compatible optics for this application are available in 16 different OC-48
wavelengths, and eliminate the need for OTUs on the Metropolis™ EON
system.

Figure 3-9 Metropolis EON (OLS 40G) with WaveStar TDM
2.5G/10G (2-Fiber)
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The figure below shows a WaveStar TDM 2.5G/10G (2-Fiber) system
equipped with compatible optics (port units), interfacing with the

L ucent Technologies WaveStar® OLS 1.6T system, to transmit ring
segments over a single fiber span. (Onelinein the figure represents 2
fibers) The WaveStar TDM 2.5G/10G (2-Fiber) compatible optics
(port units) for this application are available in 40 different OC-192
wavelengths, and 80 different OC-48 wavelengths. The use of compatible
optics eliminate the need for OTUs when the WaveStar TDM 2.5G/10G
(2-Fiber) is connected to the WaveStar® OLS 1.6T system.

Figure 3-10 WaveStar® OLS 1.6T with WaveStar TDM 2.5G/10G
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Thefigure below shows atypical metro application of the WaveStar TDM
2.5G/10G (2-Fiber) system, equipped with Passive DWDM compatible optics
(port units), and interfacing with the 16CH-MUX and 16CH-DMUX Passive
Optics Units (POUSs). This network topology supports the cost-effective
transport of multiple OC-192 wavelength (M) signals, between two sites, on a
fiber (one fiber for each direction). This application is supported for OC-48
signalsaswell.

Up to 32 OC-192 signals, of different wavelengths, can be transported on one
fiber, unidirectionally, when al four POUs are used with the WaveStar TDM

2.5G/10G (2-Fiber).

Figure 3-11 Unidirectional Transport of 16 Wavelengths with
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The figure below shows a bidirectional transport application using the POUS,
in this case thel6CH-MUX and 16CH-DMUX units. The POUs are connected
with other Lucent products which are equipped with Passive DWDM
compatible optics, to transmit and receive information over onefiber. In the
topology shown, up to 8 wavelengths (AS) can be used for east to west traffic,
and the other 8 wavelengths can used for west to east traffic.

Figure 3-12 Bidirectional Transport of 8 Wavelengths In
each Direction On One Fiber Using POUs and
Lucent Network Elements
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Increased Span Length: Internal Optical Amplifiers

Overview

Concept

For those OC-192 long distance applications over 60 km (loss budget
exceeds 18 dB), the WaveStar TDM 2.5G/10G (2-Fiber) system
supports two in-shelf optical amplifier units, the Optical Booster
Amplifier (OBA) and the Optical Booster/Pre-Amplifier (OBPA). The
OBA and OBPA allow the system to support OC-192 applications up
80 km and up to 120 km, respectively, on SMF - eliminating the need
for additional equipment, such as 0% add/drop terminals or
regenerators.

The OBA, the SEN3AE, can be paired with various OC-192 optical
port units, typically the LEY 69AE, to support applications up to 80 km.
The OC-192 transmitter output from the LEY 69AE is connected to the
input of the OBA, and isamplified. The output of the OBA is
connected to the fiber in the network. At the receiver side, the fiber
from network is connected directly to the receiver on LEY 69AE
OC-192 port unit. The OBA isnot part of the port unit receiver side
architecture

The OBPA, the SEN4AE, supports applications up to 120 km on SMF,
The SEN4AE provides an OBA type function, and also provides a
preamplifier function. The pre-amplifier function provides
amplification of the optical signal received from the network fiber. The
"pre-amplified" output of the SEN4AE istheinput to the receiver of the
OC-192 port unit. The SEN4AE receiver filter is frequency dependent,
and must operate at awavelength of 1552.52 nm, therefore the
SEN4AE must be paired with aLEY 295AE or LEY 228AE.

The OBA and OBPA port units can be mounted in slots 2 and/or 16 of
the 10G high-speed shelf.

The loss and dispersion characteristics [chromatic dispersion (CD) and
polarization mode dispersion (PMD)] for optical equipment and fiber
must be considered for all network designs. The signal to noise (S/N)
ratio may also need to be calculated for applications. DCMs may or
may not be required depending on the fiber route characterigtics, the
optical line rate being amplified, and optical characteristics of all
equipment. Greater span distances can be achieved, and DCMs can be
eliminated or reduced in number when Lucent TrueWave (non zero
dispersion shifted) fiber isused.
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Central Office A

It is assumed that the PMD requirements for a specific application, are
consistent with those requirements specified in ITU-T.691 for OC-48
applications, and Telecordia GR 1377 for OC-192 applications.

The figure below shows how the OBA (SEN3AE) and OBPA
(SEN4AE) can be used to extend the span distance for OC-192
applications on single-mode fiber (SMF). The use of the OBA and/or
OBPA can eliminate the need for additional equipment, such as 0%
add/drop terminals or regenerators.

Figure 3-13 WaveStar TDM 2.5G/10G (2-Fiber) OBA and OBPA
Applications

120 km Central Office B

DCM

WaveStar 10G 2F 0OC-192 2F BLSR, UPSR, 0x1 WaveStar 10G 2F

~—
OBPA
>/—@\ DCM
OBPA

OBA \@\ LEYG9AE

it

5—

80 km 60 km
WaveStar 10G 2F

Central Office C nc-2510G-089

In this application, the OBPA (SEN4AE) is paired with the
LEY228AE. The LEY 295AE could have been used instead of the
LEY228AE. DCMs are required for this SMF application. The use of
TrueWave fiber would eliminate the need for DCMsin this application,
and would also allow for longer transmission distances.

DCMs are connected between the LEY 228AE transmitter and the
OBPA (SEN4AE) circuit pack in the transmit direction, and between
the OBPA (SEN4AE) and the receiver of the LEY 228AE in the receive
direction.

O
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Increased Span Length: External Optical Amplifiers (OAS)

Overview  For those applicationsin which the OBA and OBPA are already in use
or cannot be used, Lucent Technologies offers a stand-alone External
Optical Amplifier (OA) system. This system can be used for both
OC-48 and OC-192 applications. The External OA systemis
stand-alone one shelf system that supports up to 6 OAs.

Concept  The Lucent External OA system can be equipped with up to 6 OAs (in
one shelf). There are basically three basic categories of OAs, transmit
amplifiers, line amplifiers, and pre-amplifiers. Within a category, there
are multiple OAs available. The appropriate OA can be selected for the
particular application.

The loss and dispersion characteristics (CD and PMD) for optical
equipment and fiber must be considered for all network designs. The
SIN ratio may also need to be calculated for applications. DCMs may
or may not be required depending on the fiber route characteristics, the
optical line rate being amplified, and optical characteristics of the all
equipment. Greater span distances can be achieved, and DCMs can be
eliminated or reduced in number when Lucent TrueWave (non zero
dispersion shifted) fiber isused.

It is assumed that the PMD requirements for a specific application, are
consistent with those requirements specified in ITU-T.691 for OC-48
applications, and Telecordia GR1377 for OC-192 applications.

The next figure is a block diagram depicting how the three categories
of OAs could be used. DCMs are not shown in this figure below.
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Figure 3-14 External Optical Amplifiers, Application Block
Diagram (West to East Traffic)
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The OAs support unidirectional operation, the optical signa is
amplified in one direction. In the figure above, the west to east
transmission direction is shown.

NOTE:

The External OA applications supported, and defined in this
document, are for single frequency/wavel ength applications,
meaning the optical signal amplified is not a mutliwavelength
WDM signal. Information concerning solutions for amplifying
multi-wavelength WDM signals can be obtained from your
Lucent Account Executive

Transmit amplifiers provide afunction similar to the OBA. For arange
of optical input power levels, from an optical port unit, the signal is
amplified. The output power isa set level. There are four transmit
amplifiers available, units with outputs of 10, 13, 16, and 19 dBm
(typical). The amplifier wavelength range is 1530 to 1560 nm.
Applications are supported for a single wavelength in this range.

Line amplifiers are typically located at remote sites to provide again
function. Three line amplifiers are available. Two of the amplifiers
have an operating wavelength range 1530 to 1560 nm, and have
maximum gains of +30 dB and +33 dB, respectively. The third
amplifier has an operating wavelength range of 1548 to 1560 nm, and
provides a maximum gain of +30 dB. The third line amplifier allows
for mid stage insertion of a DCM. Applications are supported for any
single wavelength defined within the operating wavelength range.

Pre-amplifiers provide a pre-amplifier, gain function before the
receiver of aport unit. Pre-amplifiers are available with different gain
levels. The pre-amplifiers that provide a maximum gain of 23 dB have
an operating wavelength range of 1530 to 1560 nm. Applications are
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Applications

supported for a single wavelength in this range. The two types of
pre-amplifiers with higher maximum gains, 23 and 28 dB respectively,
utilize narrow band filters. Wavelengths supported with the narrow
band filters, include but are not limited to, 1557.38 nm, 1552.52 nm,
1549.31 nm, 1541.35 nm, and 1533.47 nm. When the pre-amplifiers
that have narrow band filters are used, the appropriate optical port unit
must also be used. For example, if the pre-amplifier used, requires a
wavelength of 1552.52 nm, then the LEY 295AE or LEY 228AE port
units must be used to transmit the appropriate wavelength signal for
OC-192 applications.

The appropriate OA should be selected for the application. Not all
categories of OAs are needed for every application. Many applications
required the use of just transmit amplifiers, or transmit amplifiers and
pre-amplifiers.

If atransmit amplifier, and a pre-amplifier with 1552.52 nm narrow
band filter are used for an OC-192 application, the application
supported is analogous to using the SEN4AE for an OC-192
application.

The OAs are equipped with FC connectors.

The external OA shelf isavailablein aNEBS 3 compliant version, and
can be used for controlled environmental applications. Power units are
available for -48 VDC, 110 VAC, and 220VAC applications.

The external OA system provides alarm/status LEDs on the OA circuit
packs, relays closures, and can be used with an external telemetry
system if desired. On a span basis, protection schemes and alarming
functions can be performed by the multiplexers or DCS systems
connected to the External OA system.

The external OA system can also be equipped with up to 12
transponders. Each transponder takes up 1 dlot in the shelf. An OA
takes up two slots.

For information on the external OA system and its applications; and
solutions for long distance multi-wavelength applications, contact your
Lucent Account Executive.

Many single frequency/wavelength applications can be supported with
the external OA system and WaveStar TDM 2.5G/10G (2-Fiber). Two
possible applications are shown in the figures below

The WaveStar TDM 2.5G/10G (2-Fiber) and external OA system can
be combined to support single span, single frequency, applications of
up to 170 km and up to 140 km, for OC-48 and OC-192 rates,
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respectively. Thisapplication is shown in Figure 3-15, External Optical
Amplifier Single Span Application (page 3-28). In this application,
transmit amplifiers and pre-amplifier are used.

Figure 3-15 External Optical Amplifier Single Span Application
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The WaveStar TDM 2.5G/10G (2-Fiber) and the External OA system
can be combined to support very long distance transport, single
frequency, OC-192 and OC-48 applications. Deploying OAs at
multiple sites, intermediate sites and end points, alows transmission of
information of up to 500 km, for OC-192 single wavelength
applications, using SMF, viafive 100 km spans. Figure 3-16, External
Optical Amplifier Multispan Application (page 3-29) shows this type
of application for a 300 km application, with 3 spans. In this
application, transmit amplifiers, line amplifiers, and pre-amplifiers are
used.

For information on the External OA system and its applications; and
solutions for long distance multi-wavel ength applications, contact your
Lucent Account Executive.

The loss and dispersion characteristics (CD and PMD) for optical
equipment and fiber must be considered for all network designs. The
S/N ratio may also need to be calculated for applications. DCMs may
or may not be required depending on the fiber route characteristics, the
optical line rate being amplified, and optical characteristics of the all
equipment. Greater span distances can be achieved, and Dispersion
Compensation Modules (DCMs) can be eliminated or reduced in
number when Lucent TrueWave (non zero dispersion shifted) fiber is
used.

It is assumed that the PMD requirements for a specific application, are
consistent with those requirements specified in ITU-T.691 for OC-48
applications, and Telecordia GR1377 for OC-192 applications.

365-371-201
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Figure 3-16 External Optical Amplifier Multispan Application
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Gigabit Ethernet Interfaces

Overview  The WaveStar TDM 2.5G/10G (2-Fiber) supports two Gigabit Ethernet
interfaces, the GE1/SX2 and GEL/L X2 port units. The GE1/SX2 port
unit conformsto the standards outlined in IEEE 802.3, and supports the
1000BA SE-SX interface. The GE1/L X2 port unit also conformsto the
standards outlined in IEEE 802.3, and supports the 1000BA SE-L X
interface.

Capabilities  The GE1/SX2 and GEL/L X2 port units allow transport of Gigabit
Ethernet signals over SONET networks by encapsulating ethernet
packets in virtually concatenated STSs. The GE1/SX2 and GE1/L X2
port units support point-to-point connectivity.

Each GEL/SX2 port unit offers two 1000BASE-SX Ethernet LAN
ports. Each GE1/L X2 port unit offers two 1000BASE-L X Ethernet
LAN ports. Each port, on both port units, supports two Ethernet lines
(one transmit and one receive, allowing full duplex operation). Each
line can be associated with avirtual concatenated link over the SONET
network (also called “WAN link™). The capacity per Gigabit Ethernet
lineis user provisionable to amaximum of 21 STS-1s. All connections
to the 1000BA SE-SX Ethernet interface on the GEL/SX2 port unit or to
the 1000BASE-L X Ethernet interface on the GEL/L X2 port unit
require Dual SC Connectors.

Virtual Concatenation  STS-1 concatenation can be used for the transport of payloads that do
not fit into asingle STS-1. Two methods for STS-1 concatenation are
defined, contiguous and virtual concatenation. Both methods provide
concatenated bandwidth of X times Container-N at the path
termination. The difference is the transport between the path
termination. Contiguous concatenation maintains the contiguous
bandwidth throughout the whole transport. It requires concatenation
functionality at each network element. Virtual concatenation breaksthe
contiguous bandwidth into individual STSs, transports these STSs and
recombines them to a contiguous functionality only at the path
termination equipment i.e. the GEL/SX2 or the GEL/L X2 Gigabit
Ethernet port unit.

The H4 POH byte is used for the sequence and multiframe indication
specific for virtual concatenation.

Due to different propagation delay of the STS-1s, adifferential delay
will occur between the individual STS-1s. Thisdifferential delay hasto
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LCAS

Point-to-point connectivity

365-371-201
Issue 6 October 2001

be compensated and the individual STS-1s have to be realigned for
access to the contiguous payload area. The realignment process
compensates at least a differential delay of a maximum of 32 ms
between the fastest and slowest STS-1.

Link capacity adjustment scheme (LCAS) alowsthe flexible resizing
of the bundle: in-service bandwidth reprovisioning changes and
automatic fall-down in case of failure on single STS-1s (due to network
or equipment failures or differential delay out of range). The objective
isto have only short traffic hits during LCAS bandwidth changes
comparable to those imposed by path or ring switching (UPSR or
BLSR).

The following two figures show possible point-to-point Gigabit
Ethernet (GEL) network applications.

UPSR or BLSR protection

Protection of the individual STS-1sthat form the STS-1-Xv is possible
viaUPSR and BL SR protection schemes. In STS-1-Xv, thev
represents the virtual concatenated group and X represents the number
of STS-1 signalsin that group.

Operator Domain

/\
Router/ | GE1 STS-1-xv GE1 [ Router/
swich [TaN | NEOQAN o WA NE - PTART switch

STS-1-xv

LCAS-based protection

If that protection scheme is used, half of the STS-1s of the virtual
concatenated group is routed over one fiber, the other half over another
fiber. If one fiber fails, about half of the GE1 WAN bandwidth is
maintained during failures.

NC2510g-094
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Bridge Modes

If BLSR isavailable (optional), half of the STS-1s of the virtual group
are routed via preemptible protection access bandwidth.

Operator Domain

/’_\
Router/ | GE1 STS-1-11v GE1 | Router/
swich [tan | NE [N WANE O NE T switch

STS-1-10v

The Ethernet Gigabit circuit pack supports two modes of bridge
operation: VLAN tagging or repeater mode. The mode can be
provisioned per LAN/WAN port pair.

NC2510g-095

VLAN Tagging

Customer identification and isolation on WAN ports is performed
through VLAN tagging. In case the end user frames are untagged, a
default LAN port based VLAN tag will be prepended to the end user
frames. The FCSfield isrecalculated. In case the end user frames are
already tagged those will be matched against the “valid VLAN list”.
Unmatched frames will be discarded.

VLAN featuresinclude

e Learning bridge

e Quality of service

The VLAN tag isa4 byte tag, formatted as aregular IEEE802.1Q

VLAN tag. For detailed information of VLAN tag structure, refer to
|EEE802.1Q, section 9.3.

A VLAN tag will always be present on WAN links although not strictly
needed in point to point applications. The benefit isinterworking with
bridges supporting LAN based VPNs and VLAN trunking with
multiple end users sharing one SONET path.

Repeater Mode

In the repeater mode the functionality is targeted at “transparent
EtherNET transport”, with as few as possible provisioning items by the
service provider.

The features of the repeater mode are:
*  Point-to-point topology
* NoMAC address |earning

365-371-201
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No spanning tree protocol
No quality of service

No VLAN ingressfiltering or classification for end-customer
tagged or untagged frames

No VLAN tag inserted on the WAN link for untagged frames
Ethernet performance monitoring per port is still applicable
Flow control is still applicable.

365-371-201
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Interworking Capabilities
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Overview

The WaveStar TDM 2.5G/10G (2-Fiber) supports interworking with
various L ucent PF-2000, WaveStar, and Metropolis family products, as
well as with other vendors' products; for various applications and at
various interface rates. The following table provides a high level
summary of the interworking capabilities of the WaveStar TDM

2.5G/10G (2-Fiber) system.

Product

Interface Rate and Protection

DDM-2000 OC-3 Release 15
(R15), DDM-2000 OC-12 R7

OC-12 (UPSR - STS-1 path, 1+1,
0x1), OC-3 (1+1, 0x1)

FT-2000 OC-48 Lightwave System
R9.1

OC-48 (2F BLSR), OC-12 (1+1,
0x1), OC-3 (1+1, 0x1)

WaveStar BWM R4.0

OC-192 (2F BLSR), OC-48 (2F
BLSR, 1+1), OC-12 (1+1, Ox1),
OC-3 (1+1, 0x1)

Metropolis™ DM X
(Release 1.1)

OC-48 (UPSR - STS-1 path),
OC-12 (UPSR - STS-1 path, 1+1,
0x1), OC-3 (1+1, Ox1)

Tellabs TITAN 5500 R6

OC-12 (1+1, 0x1), OC-3 (1+1, Ox1)

Fujitsu FLM-150 R14.2, FLM-600
R14.2

OC-12 (1+1, 0x1), OC-3 (1+1, Ox1)

Fujitsu FLM-2400 R15

OC-48 (UPSR - STS-1 path),
OC-12 (UPSR - STS-1 path)

Nortel SDMS R14.2

0OC-48 (1+1, 0x1), OC-12 (1+1,
0x1), OC-3 (1+1, 0x1) (DCC pass
through only)

Important:

Provisioning of SS bits may be required for interworking.
Interworking, and the level of interworking varies between products,

and by product release.

DDM-2000 and FT-2000 software releases are TARP-compliant

software releases.

Fixed east-west cabling is required for the FT-2000 system
The table is not al inclusive of all product releases that may allow
interworking, including previous releases.
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Contact your Lucent Account Executive to obtain the latest
interworking information.

Topol ogies showing the various interworking capabilities of the
WaveStar TDM 2.5G/10G (2-Fiber) are in this section. Information
about DWDM applications using compatible optics, and hubbing
applicationsis located earlier in this chapter.

Interworking with ~ WaveStar TDM 2.5G/10G (2-Fiber) can participate in the same 2-fiber
BandWidth Manager and  OC-48 BL SR with WaveStar Bandwidth Manager (Release 2.0 or later)
FT-2000 OC-48 Lightwave g4 FT-2000 OC-48 Lightwave System (Release 9.1 or later).

System
WaveStar TDM 2.5G/10G (2-Fiber) can participate in the same 2-fiber
OC-192 BL SR with WaveStar Bandwidth Manager Release 3.0 or later.

!nterworking with  WaveStar BandWidth Manager, WaveStar TDM 2.5G/10G (2-Fiber),
BandWidth Manager and  gnd FT-2000 interworking is agood solution for central offices and hub

FT-2000  gtes that terminate many BLSRs. Traffic can be transported over
OC-48 and OC-192 2-fiber BLSRsfrom smaller central officesand hub
sitesto larger ones as shown in the following figure.

Figure 3-17 WaveStar 2-Fiber OC-48 and OC-192 BLSR
Compatibility
WaveStar
BandWidth FT-2000
;}{ Manager @ /
2-Fiber
WaveSt WaveSt -Fib
2.5G/106 P 2561106 oas
2F BLSR 2F BLSR
@ WaveStar /g \
2.5G/10G FT-2000
2F
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Interworking with Tellabs® Titan

The WaveStar TDM 2.5G/10G (2-Fiber) supports interworking with
the Tellabs® Titan over OC-3 and OC-12 lines (0x1 and 1+1 protected)
as shown in the figure below.

The Titan can serve asthe TL1/X.25 GNE (Gateway Network Element)
for WaveStar TL1- RNEs. The SNMS and the WaveStar CIT can be
connected to the Titan viaan OSI LAN and provide full support of
remote WaveStar products. The WaveStar CIT supports TL1
cut-through access through Titan to remote DDM 2000s. TARP and
Level 2 routing capabilities are required in the DDM 2000s.

Figure 3-18 Interworking with Tellabs Titan over OC-3 and OC-12
1+1 Interfaces Example

Tellabs
Titan
0OC-3
1+1
| WaveStar
P 2.5G/10G [g
2F
\ZNEI\C/;f(t)eg WaveStar
a2 2.5G/10G |
V\\ZF ZF//

WaveStar
—1 2.5G/10G [«
2F

N

0OC-12
1+1

Tellabs
Titan

nc2510g039
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Interworking with Fujitsu FLM-150 and FLM-600

As shown in the figure below, the WaveStar TDM 2.5G/10G (2-Fiber)
supports interworking with the Fujitsu® FLM-150 R14.2 and FLM-600
R14.2 over OC-3 and OC-12 lines (0x1 and 1+1 protected).

The WaveStar CIT supports TL 1 cut-through access to remote Fujitsu
FLMs. TARP and OSI Level 2 routing capabilities are required in all
FLMs. The use of WaveStar products as intermediate nodes has no
adverse affects on FLM interworking capabilities currently supported
by Lucent applications (FLM to FLM, FLM to DDM-2000, or OSto
FLM to DDM-2000).

Figure 3-19 Interworking with Fujitsu FLM-150/FLM-600 over OC-3
and OC-12 (0x1 and 1+1 protected) Interfaces
Example
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FLM-150
FLM-600

OC-3
(0x1 or 1+1)

| WaveStar
1 2.5G/10G [
2F

WaveStar WaveStar

A 2.5G/10G 2.5G/10G
AN 2F

X ya

WaveStar
2.5G/10G [«

-

A

N

2F

0OC-12
(0x1 or 1+1)

Fujitsu
FLM-150
FLM-600

nc2510g040

365-371-201 3 - 37
Issue 6 October 2001



Network Topologies

Interworking with Fujitsu® FLM-2400

The figure below shows how the WaveStar TDM 2.5G/10G (2-Fiber)
and the Fujitsu FLM-2400 Release 15 can interwork together in an
OC-48 or OC-12 UPSR (STS-1 path switching) application.

The WaveStar CIT supports TL 1 cut-through access to remote Fujitsu
FLMs. TARP and OSI Level 2 routing capabilities are required in all
FLMs. The use of WaveStar products as intermediate nodes has no
adverse affects on FLM interworking capabilities currently supported

by Lucent applications (FLM to FLM, FLM to DDM-2000, or OSto
FLM

to DDM-2000).

Figure 3-20 Interworking with Fujitsu FLM-2400 over OC-12 or
0OC-48 UPSR Interfaces Example

- Fujitsu
( FLM 2400 | g \1

WaveStar WaveStar
TDM TDM
\ 2.5G/10G OC-48 or OC-12 UPSR (STS-1 Path) 2.5G/10G /
(2-Fiber) (2-Fiber)

A
| WaveStar

\_ . .

(2-Fiber)

nc2510g055
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Interworking with the 2.5G Application of the WaveStar TDM

2.5G/10G (2-

Fiber)

As shown in the figure below, the WaveStar TDM 2.5G/10G (2-Fiber)
supportsinterworking with the 2.5G application of the WaveStar TDM

2.5G/10G, Release 6 over OC-48 UPSRs (STS-1 path)

I mportant!

When the 2.5G (low-speed or tributary) shelf of the

WaveStar TDM 2.5G/10G (2-Fiber) system is used by itself, itis
referred to as the 2.5G Application of the WaveStar TDM

2.5G/10

G (2-Fiber).

Figure 3-21 Interworking with the 2.5G Application of the
WaveStar TDM 2.5G/10G (2-Fiber) Example

»| 2.5G R5
or
2.5G
( Application \1
WaveStar WaveStar
TDM TDM
w | 256/10G OC-48 UPSR 2.5G/10G
(2-Fiber) (2-Fiber)
A
. | WaveStar
TDM
\_ 2.5G/10G J
(2-Fiber)
Nnc2510g057
3
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DDM-2000 Pseudo Linear Interfaces

Overview  Thisconfiguration supports applications that multiplex low-speed DS1
traffic onto an OC-3 or OC-12 interface with WaveStar DCC
compatibility.

In this application, shown in the figure on the following page,
DDM-2000 supports an OC-3 (or OC-12) unidirectional path switched
ring (UPSR) interface. The DDM-2000 high-speed OC-3 (or OC-12)
UPSR fiber pairs are connected to WaveStar TDM 2.5G/10G (2-Fiber),
but those ports (on atributary 1/0 shelf) are provisioned as alinear
(1+1) transmission protection group. Transmission protection is based
on incoming line failures and not on individual path failures (asis done
for UPSRS). The paths on such linear (1+1) interfaces can be
cross-connected to any other port on the WaveStar TDM 2.5G/10G
(2-Fiber).

You can connect and provision multiple DDM-2000s to a WaveStar
TDM 2.5G/10G (2-Fiber) for this application, but each DDM-2000
must be in its own separate “ single-node” UPSR. The DDM-2000 can
be either collocated with or remote from the WaveStar TDM 2.5G/10G
(2-Fiber).
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Refer to the table below for a summary of WaveStar TDM 2.5G/10G
(2-Fiber)’s pseudo-linear compatibility with DDM-2000.

Table 3-2  DDM-2000 Pseudo-Linear Compatibility

DDM -2000 DDM-2000

T ARP Releases OC-3R15.0
and later,

Fiber Reach
R4.0 and
later

UPSR
(VT 15/ST S
N(c) XCONSs)
with linear
(1+1)
identical
DCC

(ST S-N(c) XCONSs)
with distinct DCCs

(VT 1.5XCONS)
UPSR

with distinct DCCs

UPSR

2.5G/10G (2F) Linear (1+1) transmission
with distinct Ox1 DCCs

<
®
<
B

2.5G/10G (2F) Linear (1+1) transmission and - - yes
R4 and later DCC

DCC provisioning  DDM-2000 supports DCC on both high-speed UPSR interfaces by
default. The DDM-2000 DCCs default to User-Side and Network-Side,
respectively. Both DDM-2000 DCCs should be provisioned to
Network-Side. WaveStar TDM 2.5G/10G (2-Fiber) Release 4 and later
requires DDM-2000 OC-3 R15s “identical DCC” feature on the
DDM-2000 high-speed UPSR interface. DDM-2000's “identical DCC”
feature supports linear (1+1) DCC and is compatible with WaveStar’s
default DCC assignment for alinear (1+1) protection group. The
WaveStar linear (1+1) DCC defaultsto User-Side.

365-371-201 3 - 41
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Example  Thefigure below shows a diagram of the WaveStar TDM 2.5G/10G

(2-Fiber) interfacing with the DDM-2000, which is operating as a
UPSR with low-speed interfaces.

Figure 3-22 Linear Interface to a DDM-2000 OC-3 or OC-12 UPSR

OC-48 or
0C-192
2-Fiber
BLSR
WaveStar
2.5G/10G
2F
1+1
0X1 0X1 DS3, EC-1, OC-3,
0OC-12, or OC-48
DDM-2000
0OC-3 R15

DS1, DS3, EC-1 or OC-3
(Any supported
low-speed intertice)

NC2510G014
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Example with DACS  The following figure shows a configuration that can be used in
IV-2000  conjunction with DACSV-2000in alarger CO. The DACS IV-2000 is
used to groom DSL traffic. One or more STS-1s on the BLSR are
dedicated to the DS1 add/drop traffic at each hub site. The DACS
I'V-2000, which supports VT1.5 granularity, rearranges the DS1 traffic,
as necessary, on EC-1 interfaces (for example, for efficient use of EC-1
interfaces to a collocated 5ESS Switch).

Figure 3-23 DS1 Grooming with DACS IV-2000

: co DS1, EC-1s
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|
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|
|
| WaveStar
| 2.5G/10G
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! 2.5G/10G I BLSR | | 256/10G
! 2F ! : 2F
: 1+1  1+1 : @ : 1+1  1+1
| | |
|
: ( oc-3) | : @C—lZ\
| |
: Ox1 Oxi|! i|ox1 ox1
: DDM-2000)! | | DDM-2000,
1 OC-3 | : OC-12
| [ P
Y I DSis__| L__DS3s ____\___
Ox1 Ox1 Ox1 Ox1
DDM-2000, DDM-2000,
0OC-12 OC-3
I I
DS3s DS1s
Remote Site Remote Site
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Transporting DDM-2000 Rings Over a WaveStar TDM 2.5G/10G
(2-Fiber) Ring

If alinear chain is geographically close enough to a backbone system,
then the linear chain can be deployed as aring by connecting both ends
to the backbone. Traffic from the newly-formed ring can be transported
by the backbone system. Thisis referred to as ring transport.

Overview

3 - 44 365-371-201
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DDM-2000 OC-3/0C-12ring A DDM-2000 OC-3 or OC-12 ring is an end-to-end, self-healing ring
transport  providing path-switched protection of DSL or other services.

A WaveStar TDM 2.5G/10G (2-Fiber) ring carrying backbone traffic
can be used to transport a span of a DDM-2000 OC-3 or OC-12 ring.
The figure below shows how WaveStar TDM 2.5G/10G (2-Fiber)
OC-12 low-speed interfaces can provide transport for a DDM-2000
OC-12ring. The WaveStar TDM 2.5G/10G (2-Fiber) ring provides 12
STS-1 equivalents of bandwidth to transport the DDM-2000 ring.

DDM-2000 OC-12ring  Inthe figure below, a WaveStar TDM 2.5G/10G (2-Fiber) ring is used
transport example  to transport a span of a DDM-2000 OC-12 ring.

Figure 3-24 DDM-2000 OC-12 Ring Transport

7

0oc-12 0C-12
WaveStar WaveStar
DDM-2000 —@—
0C-12 12.5G/10G 2.5G/10G
I 2F 2F
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UPSR 0C-192
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0OC-12
|
|
0C-12 | ppMm-2000| OC-12 |, WaveStar WaveStar
L /2.56G/10G 2.5G/10G
L@* oc-12 [ oF oF
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%
NC2510G022
[
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Path-in-Line

Overview  Path-in-lineisa configuration in which path-switched, ring trafficis
carried within the bandwidth of line-switched rings. The path for a
signal is the connection between the point where its SONET frameis
assembled and the point where it is disassembled. Figure 3-25
illustrates a configuration in which traffic is protected by both the
loopback protection switching capabilities of a WaveStar TDM
2.5G/10G (2-Fiber) BLSR and the path switching protection
capabilities of DDM-2000 UPSRs (unidirectional path-switched rings).
This example shows the following types of OC-3 interface connections
between a WaveStar TDM 2.5G/10G (2-Fiber) ring and DDM-2000
OC-3rings.

e Dua-homed ring (0x1) interface connections to a WaveStar TDM
2.5G/10G (2-Fiber) ring at Nodes A and E

*  Single-homed ring (0Ox1) interface connections to a WaveStar
TDM 2.5G/10G (2-Fiber) ring at Nodes B and C

The subtending DDM-2000 can be collocated with or remote from the
WaveStar TDM 2.5G/10G (2-Fiber) nodes.

Dual-homed vs.  Inadual-homed ring Ox1 interface configuration, one ring connects to
single-homed  the other by means of a0x1 OC-3 or OC-12 interface connection at
each of two WaveStar TDM 2.5G/10G (2-Fiber) nodes. In a
single-homed ring Ox1 interface configuration, one ring connects to the
other by means of two 0x1 OC-3 or OC-12 interface connectionsto a
single WaveStar TDM 2.5G/10G (2-Fiber) node.

Although the WaveStar TDM 2.5G/10G (2-Fiber) OC-3 or OC-12
interface is unprotected in each of these cases, the DDM-2000
automatically performs a nonrevertive path protection switch if one of
the interfacesfails.
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Path-in-line example 1 Thefigure below shows single-homed and dual-homed configurations.

WaveStar TDM 2.5G/10G (2-Fiber) transports path-in-line traffic and
can terminate the path-in-line traffic on OC-12 or OC-48 UPSRs
(STS-1 path) itself. Yet, in the figure below all path-in-line traffic
originates and terminates at the DDM-2000 nodes only. The typical

application of thistopology isused for VT-level path switching for DS1
traffic.

Figure 3-25 Dual-homed and Single-homed Path-in-line
Connections
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DDM-2000 homed | DDM-2000
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Connection
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Bandwidth management

In the example in Figure 3-25, the DDM-2000 UPSR provides STS-1
and VT1.5 bandwidth management. This capability enables you to
designate one or more bandwidth rails (for example, an STS-1, STS-3,
or STS-12 bandwidth) on the WaveStar TDM 2.5G/10G (2-Fiber) ring
for different types of service on the DDM-2000 OC-3/OC-12 rings.
Because bandwidth management is at the STS-1 and VT1.5 level, you
can choose to completely fill a particular bandwidth rail (for example,
one STS-3rail can hold upto 3 STS-1 or 84 DS1 equivalent signals).
You can aso add, drop, or pass through service at any node. This
bandwidth management capability, in essence, alows you to transport
virtual OC-3 or OC-12 UPSRs within the OC-48 or OC-192 BLSR
bandwidth.

It is generally recommended that the same STS-1s be assigned at every
node in a BL SR to support each virtual path-in-line UPSR, for
example, STS-1s 1-3 add/dropped or passed through at each BLSR
node. The path-in-line approach allows you to add and drop DS1s on
the same STS-1s at different sites, thus facilitating efficient bandwidth
utilization, for example, to groom all DS1 switched voice traffic onto a
minimum number of STS-1sto be terminated as EC1son a 5SESS
switch.

Alternatively, if thereis sufficient DSL traffic demand from each siteon
aBL SR and/or adequate STS-1 capacity on the BLSR, an STS-1 (or
multiple STS-1s) can be dedicated for the DSL1 traffic to be added and
dropped at each BL SR node. In that case, the path-in-line approach is
not necessary.

Non-preemptible Unprotected Traffic (NUT)

Preemptible protection access capacity inaBLSR (STS-1s97-192 in
an OC-192 BL SR, STS-1s25-48 in an OC-48 BL SR) must not be used
for path-in-line traffic because the traffic would be vulnerable to even a
singlefailure. Path-in-line traffic must be carried either by the working
(service) capacity (STS-1s1-96 in an OC-192 BLSR, STS-1s1-24 in
an OC-48 BL SR) or by capacity provisioned for Non-preemptible
Unprotected Traffic (NUT, also known as Non-Preemptible Protection
Access, NPPA). NUT effectively doubles the capacity available for
path-in-line traffic or other traffic that does not need to be protected by
the BL SR but that must not be preempted by BL SR protection
switching.

As an example, two STS-1 circuits of path-in-line traffic could be
carried by two working tributaries; or instead, they could be carried by
one STS-1 working tributary provisioned as an NUT tributary and its
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corresponding STS-1 protection tributary which also becomesan NUT
tributary. Using the two NUT tributaries saves the capacity of one
working tributary for traffic that does require BLSR protection. With
additional STS-1 tributaries provisioned as NUT to carry more
path-in-line traffic, the savings increases. Also, more path-in-line
traffic can be carried in one BL SR than by using the working tributaries
alone.

Path-in-line example 2 The figure below shows how a DDM-2000 OC-3 shelf with OC-12
opticsin asmall central office (CO) can be used to terminate and
groom DS1 traffic from remote DDM-2000s (e.g., for efficient
utilization of the EC1 interfaces to a collocated 5ESS Switch). The
DDM-2000 OC-3 shelf in the CO terminates multiple OC-3
path-in-line rings with VT1.5 granularity.

Figure 3-26 Terminating and Grooming DS1 Traffic from Remote
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Path-in-line example 3

The figure below illustrates a single-homed (0x1) interface connection
between an FT-2000 and a DDM-2000. It also shows two-way
cross-connections on an FT-2000 OC-48 Add/Drop-Rings Terminal
and an STS-1 or VT1.5 cross-connection on a DDM-2000 Multiplexer.
DDM-2000 low-speed interfaces to WaveStar TDM 2.5G/10G
(2-Fiber). The FT-2000 and the WaveStar TDM 2.5G/10G (2-Fiber)
nodes shown in the figure are interworking within the same BL SR.

Figure 3-27 Path-In-Line Example with FT-2000
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SDH Transport

Overview  Although WaveStar TDM 2.5G/10G (2-Fiber) isa SONET system,
supporting only SONET interfaces, SONET Performance Monitoring
(PM), and so on, the system can transport SDH signals over SONET
ports and can use the same cross-connections for SONET or SDH
signals. An STS-3 cross-connection can be used for either three VC-3
signalsor for aVC-4 signal (STM-1) transported over OC-3, OC-12,
OC-48, or OC-192 ports. An STS-48 cross-connection can be used
either for VC-3, VC-4, and VC-4-4c or for aVVC-4-16¢ signal
(STM-16) transported over OC-48 or OC-192 ports.

Note  With older embedded-base SDH equipment, provisioning of SS-bits
may be required for interworking, refer to the provisionable SS-hits
feature information in Chapter 5.
[]
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Dua Node Ring Interworking

Overview  Dual nodering interworking (DRI) is aconfiguration that provides
path-level protection for selected STS-N circuits that are being carried
through two rings. Protection for the route between the two ringsis
provided by interconnecting the rings at two places (see Figure 3-28).

Each circuit that is provisioned with DRI protection is dual-homed,
meaning it is duplicated and subsequently terminated at two different
nodes on aring. The two interconnecting nodes in each ring do not
need to be adjacent.

DRI protection  The self-healing mechanisms of the two rings remain independent and
together protect against simultaneous single failures on both rings (not
affecting the interconnections). The DRI configuration additionally
protects against failures in either of the interconnections between the
rings, whether the failureisin afacility or an interconnection node.

Ring interworking  All WaveStar TDM 2.5G/10G (2-Fiber) tributary (linear) interfaces
(DS3, EC-1, OC-3, OC-12, and OC-48) support DRI. The WaveStar
TDM 2.5G/10G (2-Fiber) high-speed ring can be an OC-48 or OC-192
2-Fiber BLSR. A WaveStar TDM 2.5G/10G, Release 6 ring supports
DRI with 2-fiber BLSRs, UPSRs, and rings using the following
products:

*  WaveStar TDM 2.5G/10G (2-Fiber)
*  WaveStar BandWidth Manager

« DDM-2000 OC-3

« DDM-2000 OC-12

e FT-2000 ADR

Additionally, there can be intermediate network elementsin the
interconnection routes between the two rings.
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BLSR-to-BLSR
interworking

BLSR drop and continue
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In the BLSR, abidirectional DRI-protected circuit to and from the
terminating node is added and dropped at both a primary node and a
secondary node, both of which interconnect with the other ring. The
primary and secondary nodes are defined and provisioned on a
per-circuit basis.

WaveStar TDM 2.5G/10G (2-Fiber) supports the drop and continue
method of DRI, in which the primary node is between the terminating
node and the secondary node and is the node that performs the
drop-and-continue and path-selection functions. The primary node
drops the circuit in the direction of the other ring and also continues
(bridges) the circuit to the secondary node. The secondary node drops
the circuit in the direction of the other ring and adds the circuit from the
other ring in the direction of the terminating node. The primary node
either adds the circuit received on its tributary interface from the other
ring or passes through the duplicate signal received on the line from the
secondary node, depending on standards-compliant path selection
criteria
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BLSRto BLSR  Thefigurebelow illustrates afailure of the interconnection to a primary
protection switching  node at the point labeled “X” in the figure. A failure in the route from
example  Node A to Node Z resultsin a DRI switch at the primary node in the
lower ring. A failurein the route from Node Z to Node A resultsin a
DRI switch at the corresponding primary node in the top ring.

A DRI protection switch in aWaveStar TDM 2.5G/10G (2-Fiber)
occurs in <50 milliseconds (not counting the detection time) plus a
provisionable hold-off time nominally of 100 milliseconds.

Figure 3-28 Dual Ring Interworking Protection

Secondary
Nodes

1. DRI configurations: 2. Circuit originating 3. Failure (depicted ty x) triggers
two rings and terminating in DRI switch at primary nodes,
interconnected Nodes A and Z which automatically selects
by two nodes traffic from secondary nodes

NC-2.5GAPOG-006
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Types of connections

DRI protection switching
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The two types of connections shown in Figure 3-29 are the following:

» A direct intraoffice connection between the primary nodes, Node
1 and Node 2, at the first central office (CO 1).

* Anopticaly extended, direct secondary connection between the
secondary nodes (Node 3 at the second central office (CO 2) and
Node 4 of the DDM-2000 OC-3 ring). Thistype of connection is
achieved through the OC-3 low-speed interfaces at the
interconnected nodes and can go through other equipment.

Both types of connections can be used in either primary or secondary
nodes.

Protection switching results from specific failure conditions.

EC-1, OC-3, OC-12, OC-48, or OC-192 SONET interface

WaveStar TDM 2.5G/10G (2-Fiber) DRI protection switching results
from thefollowing failure conditions (grouped by priority, from highest
to lowest):

e LOP-P, AIS-P, or UNEQ-P
*  Excessive STS path BER
« STSPDI-P

» STSsignal degrade

DS3 electrical interface

For DS3 interfaces, protection switching results from the following
failure conditions (grouped by priority, from highest to lowest):

* LOSor OOF
« AIS
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BLSR to UPSR  Thefollowing figureillustrates a DRI configuration that uses OC-3
interworking  nterfaces between a WaveStar TDM 2.5G/10G (2-Fiber) BLSR and a
DDM-2000 OC-3 (or OC-12) UPSR.

Figure 3-29 DRI Between WaveStar TDM 2.5G/10G (2-Fiber) BLSR
and DDM-2000 UPSR
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BLSR to UPSR DRI circuit
examples

BLSR to UPSR DRI traffic
flow example: A-Z
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Figure 3-30 and Figure 3-31 show examples of a DRI configuration
between aWaveStar TDM 2.5G/10G (2-Fiber) BL SR and aDDM-2000
unidirectional path-switched ring (UPSR). Figure 3-30 illustrates the
1-way circuit labeled A to Z Direction, in which the line-switched ring
acceptstwo identical traffic inputs: one to the primary node (Node 2)
and one to the secondary node (Node 3). In this case, thereisno failure,
so the primary node (Node 2) selects the traffic received by its own
tributary interface. However, if afailure were to occur on the incoming
signal, the primary node would automatically perform aDRI protection
switch and select the signal received from the secondary node (Node3).

The figure below illustrates the A-to-Z direction of trafficin a DRI
configuration between a WaveStar TDM 2.5G/10G (2-Fiber) BLSR
and a DDM-2000 UPSR.

Figure 3-30 1-Way Circuit in Dual Interworked Rings: Ato Z

Direction
A to Z Direction
z
A
1
] Line-Switched Ring
Primary IV Secondary
node yy 3 node
Central Central
Office A Office B
A 44 A A
DRI node 5 DRI node
Path-Switched Ring
6 -
A
NC-2.5GAPOG-007
3 57
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BLSR to UPSR
protection-switched DRI
traffic flow

BLSR to UPSR
DRI traffic flow
example: Z-A

For the 1-way circuit labeled Z to A Direction (see Figure 3-31), the
line-switched ring provides two identical traffic outputs: one from the
primary node (Node 2) and one from the secondary node (Node 3). The
primary node (Node 2) bridges (duplicates) the traffic by using its
drop-and-continue capability. A failure at the connection between the
primary nodes (Node 2 and Node 4) causes the path-switched ring to
initiate a protection switch at Node 6. Node 6 automatically selects the
traffic received from the secondary node (Node 5).

The figure below illustrates the Z-to-A direction of trafficin a DRI
configuration between a WaveStar TDM 2.5G/10G (2-Fiber) BLSR
and a DDM-2000 UPSR.

Figure 3-31 1-Way Circuit in Dual Interworked Rings: Zto A
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Folded Rings

Overview A folded ring isaring that uses alinear cable route between its end
nodes. All traffic passes through the same geographical locations,
perhaps even in the same cabl e sheaths between nodes, instead of
through diverse locations. This configuration is useful for networksin
which not all locations are ready to be connected. In many cases, the
initial network traffic demand suggests a linear add/drop chain because
of short-term service needs between some of the nodes.

L ater, the network traffic demand can evolve into aring when thereisa
need for service and fiber facilities to other nodesin the network. It is
easier to evolve the linear add/drop chain into afull ring configuration
if afolded ring is used in the nodes that have this short-term service
need. Folded rings have upgrade, operational, and self-healing
advantages over other topologies for this type of evolution.

Folded ring example  The figure below shows aring deployed geographically to act asa
linear add/drop chain.

Figure 3-32 Simple Folded Ring

WaveStar WaveStar WaveStar WaveStar
2.56/10G [—(#— 2.56/10G ) 2.5G/10G — 2.5G/10G
2F 2F 2F 2F
OC-48 (or OC-192)
2-Fiber BLSR

&

Reliability A folded ring configuration protects traffic from node failures. It
cannot protect against afiber cut if al the fibers are in the same cable.
However, it does enhance the reliability of alinear route until thereis
enough traffic to warrant expanding to full rings.
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Growth example

Thetop part of the figure below shows a network deployed as afolded
ring for Sites A, B, and C. If the distance between Site A and SiteC in
the folded ring is too great for the OC-48 or OC-192 span, a second

system (not shown) could be placed at Site B to serve as a 0% add/drop

repeater.

The bottom part of the figure below shows the ring expanded at a later
timeinto afull ring by adding Site D. Note that Site D is a separate
system, and cannot be located in the Site B system.

Figure 3-33 Folded Ring Evolution
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Multiple Rings

Overview

OC-192BLSR as a
backbone or “super-trunk”

Backbone example

A single node can support multiple rings'. For instance, to increase
network capacity and reliability, you can add an OC-192 BLSR into
configurations of existing OC-48 BLSRs. WaveStar TDM 2.5G/10G
(2-Fiber) has the capability to terminate and cross-connect circuits
between multiple BLSRs (OC-192 or OC-48) and UPSRs (OC-48 or
OC-12), significantly reducing the need for low-speed circuit packs and
interfaces. In multiple ring applications, the WaveStar TDM 2.5G/10G
(2-Fiber) cross-connects circuits between OC-48 and OC-192 ring
interfaces internally by means of its STS-1 granularity TSI capability.

The OC-192 lines of the WaveStar TDM 2.5G/10G (2-Fiber) are
associated with anode in an OC-192 BL SR ring, and the OC-48 lines
of the WaveStar TDM 2.5G/10G (2-Fiber) are associated with one or
more nodesin one or more OC-48 BLSR rings. The circuit is protected
by the BL SR protection switching within each BLSR ring
independently.

The OC-48 lines of the WaveStar TDM 2.5G/10G (2-Fiber) are
associated with anode in one or more OC-48 UPSR rings, and the
OC-12 lines of the WaveStar TDM 2.5G/10G (2-Fiber) are associated
with one or more nodes in one or more OC-12 UPSR rings. The circuit
is protected by the path protection switching within each node
independently.

In a backbone or “super-trunk” topology, the OC-192 ring serves asthe
central core of the network. You can use an OC-192 BLSR asa
backbone interworked with OC-48 BL SRs. As more capacity is needed
and as more fibers are available, you can add up to 16 nodes (the
maximum according to the SONET standard) to an OC-192 BLSR.

The following figure shows an OC-192 BL SR used as a backbone for
two OC-48 BLSRs.

Figure 3-34 OC-192 Backbone BLSR with 2.5G/10G Subtending
OC-48 BLSRs

1 Thisfeatureisavailablein Release 5.1.x and later releases in which the numbering schemeis x.1.x, where X is a number
between 0 and 9. Thisfeature is unavailable in Release 5.0.x and later releases in which the numbering schemeis x.0.x.
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Backbone example with  The figure below shows an OC-192 BL SR used as a backbone for an
subtending DDM-2000  OC-48 BL SR and subtending DDM-2000 rings connected by means of
OC-3linear (1+1) and OC-12 UPSR interfaces.

Figure 3-35 OC-192 BLSR as Backbone for an OC-48 BLSR with
Subtending DDM-2000 Rings
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Mesh Networks

Overview A mesh network is acommon topology (especialy in data networks)
that allows multiple routes between hosts in a network. Mesh
topologies are relatively immune to bottleneck and component failure.

Due to the variety of paths, traffic can be routed around failed or busy
components.

3 - 64 365-371-201
Issue 6 October 2001



Network Topologies

Creating a mesh network  With the WaveStar TDM 2.5G/10G (2-Fiber), you can interconnect
adjoining pairs of ringsto create mesh networks with BLSR protection
in a cost-effective manner. For additional protection, you can use dual
node ring interworking (DRI) to support two interconnections between
each pair of rings.

By using WaveStar TDM 2.5G/10G (2-Fiber) add/drop multiplexers at
the points of interconnection of multiple rings, a single network
element can route traffic from anode in one ring to a node in the other
ring. The mesh can include linear interfaces, for example, optical 1+1
or electrical 1xN linear systems, aswell as BLSRs and UPSRs.

Multiple interconnected  The figure below shows multiple, interconnected rings creating a mesh
rngs  network.

Figure 3-36 Multiple, Interconnected Rings
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Restoration Through Protection Access

Overview  Protection accessisthe capability or practice of accessing the
protection capacity of aring in order to carry extratraffic. If afailure
occurs, preemptible protection access capacity istaken back for normal
protection use by the ring.

WaveStar TDM 2.5G/10G (2-Fiber) offers both Preemptible Protection
Access and Non-preemptible Unprotected Traffic (also known as
Non-Preemptible Protection Access) as an economical way to obtain
more capacity for traffic that does not need to be protected. Typically, a
customer would temporarily provision the capacity as non-preemptible
when it is more important for the restored traffic to remain
uninterrupted in case of a subsequent failure than it isfor the working
traffic on the corresponding tributary to remain protected during the
restoration. Figure 3-37 and Figure 3-38 show examples of DCS-based
configurations for restoration through protection access.
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DCS-based restoration  In the figure below, WaveStar TDM 2.5G/10G (2-Fiber) isused with a
DCS and a DCS controller to restore network traffic by accessing
protection capacity. If afailure occurs between central offices, the DCS
controller receives alarms and sends cross-connect commands to the
DCSsin the network to reroute traffic around the failure. The
protection channels are used to carry rerouted traffic until the failureis
fixed and the regular route is restored.

Protection access example  The figure below shows the path of DCS-protected traffic using the
working capacity of two WaveStar TDM 2.5G/10G (2-Fiber) BLSRs.

Figure 3-37 DCS-Based Network Restoration Using Protection
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Restoration

The figure below shows an example of DCS-protected traffic being
restored over the protection capacity of two WaveStar TDM 2.5G/10G

(2-Fiber) BLSRs.

Figure 3-38 Restoration Over Protection Capacity
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L oop Feeder

Overview  The“loop” istypically the wiring and associated equipment that
connect the devices of the subscribers or users to the central office
(CO). The equipment in the CO or in outside buildings that moves the
signalsinto and out of the CO isloop feeder equipment. The WaveStar
TDM 2.5G/10G (2-Fiber) supports the loop feeder equipment from
within the CO building or from within a controlled environment vault
(CEV) outside the CO. Figure 3-39 shows aloop feeder configuration
being used to support the following:

* Intrasite hubbing connection to alocal DDM-2000 OC-3 or
OC-12 (CEV 1 and office building)

* Intersite remote hubbing connection to aremote DDM-2000 OC-3
(CEV 2) (Although not shown, you could also use aremote
DDM-2000 OC-12 connection.)

Intrasite hubbing  Through its OC-3 low-speed interface, WaveStar TDM 2.5G/10G
connections  (2-Fiber) can have an intrasite connection to alocal DDM-2000 OC-3

or OC-12. Inthe CEV 1 section of Figure 3-39, the DDM-2000 OC-3is
anodein an OC-3ring that supports VT and STS-1 path switching. All
V T-switching takes place in the DDM-2000. In this example, the
WaveStar TDM 2.5G/10G (2-Fiber) OC-3 interface connectsto the
OC-3 interface of aDDM-2000 OC-3 ring terminal. However, the
remote nodes in the DDM-2000 OC-3 ring beyond the local
DDM-2000 could be a combination of DDM-2000 OC-3 and
SLC-2000 nodes.

In the office building section of Figure 3-39, the local DDM-2000
OC-12isanodein an OC-12 ring. In this example, the WaveStar TDM
2.5G/10G (2-Fiber) OC-3 low-speed interface connects to the OC-3
low-speed interface of a DDM-2000 OC-12 ring terminal.

365-371-201 3 - 69
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Loop feeder network  Thefigure below illustrates a WaveStar TDM 2.5G/10G (2-Fiber) ring
supporting loop feeder equipment.

Figure 3-39 Loop Feeder Support
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Intersite remote hubbing
connections

CO connections
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Through the WaveStar TDM 2.5G/10G (2-Fiber) OC-3 or OC-12
low-speed interface, WaveStar TDM 2.5G/10G (2-Fiber) can have an
intersite connection to a DDM-2000 OC-3 or OC-12, or to an
SL.C-2000. In the example shown in Figure 3-39, the WaveStar TDM
2.5G/10G (2-Fiber) OC-3 interface connects to the OC-3 interface of a
DDM-2000 OC-3ring terminal in CEV 2. The nodesin the DDM-2000
OC-3 ring beyond this remote DDM-2000 can be a combination of
DDM-2000 OC-3 and SL C-2000 nodes.

At aCQO, direct EC-1, OC-3, or OC-12 terminations on the WaveStar
TDM 2.5G/10G (2-Fiber) are desirable for STS-12¢, STS-3¢, DS3, and
DS1 servicesthat require intraoffice transport to a DCS in the same CO
or that require interoffice transport and are not terminated in this CO.
At aCEV or hut, direct OC-3 or OC-12 terminations on the WaveStar
TDM 2.5G/10G (2-Fiber) are desirable for all servicesto avoid the
need to deploy additional equipment.

O



Network Topologies

Broadband Transport

Overview

Broadband transport is transmitting and receiving voice, data, and/or
video communications at greater than 2 Mb/srates. Broadband services
include:

*  LAN interconnection

*  Video distribution from avideo server

* Medical imaging

WaveStar TDM 2.5G/10G (2-Fiber) can transport STS-3c, STS-12c,
and ST S-48c payloads, including asynchronous transport mode (ATM)
and internet protocol (1P) traffic, over OC-3, OC-12, OC-48, or
OC-192 lines. Although some data services do not rely on SONET
transmission protection, WaveStar TDM 2.5G/10G (2-Fiber)
transmission protection switching is typically much quicker than data
service-based restoration.

365-371-201
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ATM and IP transport  The figure below shows WaveStar TDM 2.5G/10G (2-Fiber)
transporting ATM and IP traffic between a central office and customer
premises.

Figure 3-40 Broadband Service Transport
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Interface Mixing

Overview  Interface mixing is using more than one type of port unit on the
tributary shelves. Thisinterface mixing provides the flexibility to make
more efficient use of shelf capacities and to upgrade nodes
independently of one another.

Shelf fill  Intoday’s central offices many shelves are only partialy filled. Thisis
because some earlier systems required any particular shelf to contain
only electrical interfacesor only optical interfaces, or only interfaces of
the same rate. Therefore, the odd numbers of low-speed interface
circuit packs often ended up in shelves by themselves, leaving unused
dots.

WaveStar TDM 2.5G/10G (2-Fiber) supports amix of EC-1, DS3,
OC-3, OC-12, and OC-48 interface circuit packs both within the same
tributary shelf and between source and destination shelves. By
accommodating any combination of GE1/SX2, GE1/LX2, DS3, EC-1,
OC-3, OC-12, and OC-48 circuit packs in one shelf, WaveStar TDM
2.5G/10G (2-Fiber) can reduce the number of shelves by increasing
circuit pack slot usage (shelf fill).

End-to-end interface  WaveStar TDM 2.5G/10G (2-Fiber) supports several combinations of
mixing  transmission interfaces concurrently with amix of port units

(transmission interface circuit packs) within and between the terminals
inaring. A circuit can enter a WaveStar TDM 2.5G/10G (2-Fiber)
network through one type of interface and exit through another type.
The only requirement is for compatible payloads. For example, an
STS-1that is carrying DS3 traffic must terminate on an NE that is
provisioned for an STS-1 that is carrying DS3 traffic and not on an NE
that is provisioned for an STS-1 carrying VT1.5 circuits.

Network evolution  WaveStar TDM 2.5G/10G (2-Fiber) interface mixing capabilities offer
more efficient network evolution and let planners deploy equipment
based on the needs of the particular application. For example, network
needs (sudden demand) may require SONET deployment in one area
before others. See Figure 3-41.
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Interface mixing example

The figure below shows how asynchronous DS3 interfaces at one end
of acircuit within aWaveStar TDM 2.5G/10G (2-Fiber) network can
be converted in-service to SONET interfaces (EC-1, OC-3, OC-12, or
OC-48) without any changes at the other end of the line.

Figure 3-41 End-to-End Interface Mixing
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0% Add/Drop Node

Overview A 0% add/drop configuration isoneinwhich anetwork element is used
asif it were arepeater. This creates a BL SR node at which none of the
ring capacity is added or dropped. All traffic isthrough traffic. In a
2.5G application, the tributary shelf is equipped as a 0% add/drop node
on the OC-48 BLSR. In a 10G application using an OC-192 BLSR, a
minimum complement of circuit packsis required in the high-speed
shelf. For information about the minimum complement of circuit
packs, see Chapter 4, “ Product Description.”

Uses for 0% add/drop A 0% add/drop node provides access to the OC-192 DCC to perform
remote operations, administration, maintenance, and provisioning for
other nodes in the ring. Additionally, 0% add/drop node provides a
convenient growth path for in-service upgrades when add/drop
capability is needed in the future.

0% add/drop example  Thefigure below shows anetwork in which several nodes currently use
0% add/drop. Asthe demand for services increases, you can add low
speed interface circuit packs as necessary to support add/drop traffic at
nodes that do not currently require such connections.

Figure 3-42 0% Add/Drop Application
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4 Product Description

Overview
Purpose  Thischapter describes physical characteristics of the WaveStar TDM

2.5G/10G (2-Fiber) including the following:

e  Shelf and bay configurations

»  Circuit packs/ port units

*  Basic architecture

e Transmission

»  Control

Power

 Cooling

L]
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Product Description

Shelf and Bay Configurations

Overview  WaveStar TDM 2.5G/10G (2-Fiber) supports two basic system options:

e  2.5G system option — A stand-alone tributary shelf that supports
OC-48, Gigabit Ethernet (GE1), OC-12, and OC-3 port units and
accommodates electrical connector panels and DS3EC1/8 port
units for DS3/EC1 connections. A tributary shelf can have up to
eight OC-48 port units, up to eight GE1 port units, up to sixteen
OC-12 port units, up to sixteen OC-3 port units, up to 12 DS3 port
units, or amixture of port units.

The interface capacity varies according to the number and type of
port units you equip the shelf with. Up to three tributary shelves
can fit in a7-foot bay.

When internally mounted DS3 connector panels are used, up to
two tributary shelves can fit in a 7-foot bay.

* 10G system option — A 7-foot bay with a high-speed (OC-192)
shelf and one or two low-speed, tributary shelves, plus an optional
second bay with one or two more low-speed, tributary shelves.

Anin-service upgrade is available for migrating one WaveStar
TDM 2.5G (2-Fiber) BLSR to a WaveStar TDM 10G (2-Fiber)
BLSR.

Thefirst tributary shelf (the Main 2.5G shelf) is common to both
options. It contains the control and timing for the entire 2.5G/10G
system and has an interface capacity of up to 384 STS-1s.

The three optional tributary shelves (the Expansion 2.5G shelves)
can be added while the system isin service, and each provides an
interface capacity of up to 384 STS-1s.

The high-speed shelf supports up to two OC-192 port units.

Each shelf has a switch fabric. The high-speed shelf can be
equipped either with a576x576 STS-1 switch fabric or a 768x768
STS-1 switch fabric. The larger switch fabric is needed to support
more than two tributary shelves, and it provides alarger
Ccross-connection capacity between the high-speed shelf and the
tributary shelves.

The high-speed shelf has 18 usable circuit pack slots, and each tributary
shelf has 25 circuit pack slots (16 universal slots for port units).

4 - 2 365-371-201
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Product Description

DS3/EC1 mounting options

To see detailed engineering drawings of typical bay and floor plan
arrangements, order the engineering drawing ED 8C789-10, listed in
“About This Information Product” at the beginning of this document.

The optional DS3/EC1 connector panels can beinstalled in any of three
ways:

Asexterna “wings’ attached to the outside of the bay. This
configuration requires equipping the bays with spacers to ensure
adequate space between bays for cabling and for connector panel
mounting.

Asinternal in-bay modules. This configuration allows one
seven-foot bay to contain up to two low-speed shelves or one
low-speed shelf and one high-speed shelf.

Asrear-mounted panels. This configuration allows one seven-foot
bay to contain either three 2.5G (OC-48) tributary shelves or one
high-speed (OC-192) shelf and two tributary shelves. This option
adds to the depth (3.45") of the bay.

365-371-201
Issue 6 October 2001



Product Description

The following figure shows the layout for the WaveStar TDM

High-speed shelf layout

2.5G/10G (2-Fiber) high-speed shelf when the 576x576 STS-1 switch
fabric isused. Table 4-1 provides alist of the slot |abels and their
location on the shelf. Table 4-2 discusses how the slots can be

equipped.

Figure 4-1 WaveStar TDM 2.5G/10G (2-Fiber) High-Speed Shelf,

576x576 STS-1 Switch Fabric
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Product Description

The following figure shows the layout for the WaveStar TDM
2.5G/10G (2-Fiber) high-speed shelf when the 768x768 STS-1 switch
fabric isused. Table 4-1 provides alist of the slot |abels and their
location on the shelf. Table 4-2 discusses how the slots can be

equipped.
Figure 4-2 WaveStar TDM 2.5G/10G (2-Fiber) High-Speed Shelf,
768x768 STS-1 Switch Fabric
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In the figure above, dots SWITCH 0 and SWITCH 1 contain the
SWITCH/STS768 circuit pack. Note that when SWITCH/STS768
circuit pack is used, the shelf must also be equipped with
PPROC/STS384 circuit packsin the PPROC 0 and PPROC 1 dlots. The
other common circuit packs for this shelf are the same aswhen itis
equipped with the SWITCH/STS576 circuit packs.
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Product Description

Labels for the high-speed  The table below shows the labels for the high-speed shelf plug-in units

shelf  and circuit pack slots.

Table 4-1 Labels for the High-Speed Shelf Circuit Pack Slots

Slot Label

(left to right)

1st - blank-

2nd OBA or OBPA
3rd 0OC192 STM64 W
4th PPROC W

5th SWITCH 0

6th PPROC 0

7th CTL SYSDM 0
8th DCCEI

9th -blank-

10th -blank-
11th,aandb | TMG YTMGO0
12th PPROC 1

13th SWITCH 1

14th PPROC E

15th 0OC192 STM64 E
16th OBA or OBPA
17th - blank-

365-371-201
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Product Description

Circuit pack slots for ~ Thetable below lists the circuit pack slots for the high-speed shelf.
high-speed shelf

Table 4-2  High-Speed Shelf Circuit Pack Slot Equipage

Slot Designation | Slot Equipage

(blank) Reserved for future use.

OBA or OBPA Either the OBA (Optical Booster Amplifier) or OBPA
(Optica Booster Pre-Amplifier) port units occupy these
dots. These port units are responsible for amplifying
optical signals from the OC-192 port unitsin order to
achieve long-reach transmission distances for a span.

0C192 STM64 W | Each of the two OC-192 port units occupiestwo slots. The

0OC192 STM64 E | two port units can be any of:

* OC192/STM64/SR1 (intermediate range) 1.5u port
units

*  0OC192/STM64/IR1 (extended/intermediate range)
1.5u port units

e 32 0C192/STM64/POU passive port units
e 40 0C192/STM64/WDM port units

PPROC W The PPROC/STS192 circuit pack in this slot supports the
OC192 port unit function assigned to the western
aggregate port. The CP is responsible for pointer
processing and synchronization to the system clock and for
POH monitoring.

SWITCH O Fabric Switch 0. The SWITCH/STS576 or
SWITCH/STS768 circuit pack in this slot can make
cross-connections between the STS-1 equivalent
tributaries in the port units within the shelf, or between
shelves. This switch is paired with Fabric Switch 1 ina 1+1
non-revertive protection mode configuration.

365-371-201 4 - 7
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Product Description

Slot Designation | Slot Equipage

PPROC 0 The PPROC/STS192 or PPROC/STS384 circuit pack in
this slot provides frame delay management between the
switch functions of each tributary shelf and the high-speed
shelf, which ensures that all the tributaries to the switches
are aligned. It worksin conjunction with Fabric Switch 0.

The PPROC you use depends on the switch fabric used.
Equip thisslot with PPROC/ST S192 when SWITCH 0 and
SWITCH 1 are equipped with SWITCH/STS576. Equip
this slot with PPROC/STS384 when SWITCH 0 and
SWITCH 1 are equipped with SWITCH/STS768.

CTL SYSDM 0 Controller for the system and nonvolatile memory. The
CTL/SY S50DM circuit pack in this slot is the working
controller for the high-speed shelf.

DCCEI Adjunct controller, DCC, and external interface. The
ADJCTL/DCCEI circuit pack terminates up to 32 data
communications channels and interfaces them to the shelf
10Base-T LAN.

DCC Thisdot isleft empty for the current release of WaveStar
TDM 2.5G/10G (2-Fiber).

CTL SYSDM 1 Thisdot isleft empty for the current release.

TMG 1 Two half-height Stratum 3 timing generator circuit packs
TMGO are located one above the other in this slot. When
WaveStar TDM 2.5G/10G (2-Fiber) isinitially powered on
after shipment from the factory, the lower TMG/STRAT3
isthe active circuit pack and the upper TMG/STRAT3 is
the standby circuit pack. However, both circuit packs are
of equal level and protection switching is nonrevertive, so
there is no default configuration.
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Product Description

Slot Designation | Slot Equipage

PPROC 1 The PPROC/STS192 or PPROC/STS384 circuit pack in
this slot provides frame delay management between the
switch functions of each tributary shelf and the high-speed
shelf, which ensures that all the tributaries to the switches
are aligned. It worksin conjunction with Fabric Switch 1.

The PPROC you use depends on the switch fabric used.
Equip thisslot with PPROC/ST S192 when SWITCH 0 and
SWITCH 1 are equipped with SWITCH/STS576. Equip
this slot with PPROC/STS384 when SWITCH 0 and
SWITCH 1 are equipped with SWITCH/STS768.

SWITCH 1 Fabric Switch 1. The SWITCH/STS576 or
SWITCH/STS768 circuit pack in this slot can make
cross-connections between the STS-1 equivaent
tributaries in the port units within the shelf, or between
shelves. This switch is paired with Fabric Switch0in a
1+1 non-revertive protection mode configuration.

PPROC E The PPROC/STS192 circuit pack in this slot supports the
0OC192 port unit function assigned to the eastern aggregate
port. The CPisresponsible for pointer processing and
synchronization to the system clock and for POH
monitoring.
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The following figure shows the WaveStar TDM 2.5G/10G (2-Fiber)
tributary shelf plug-in units and circuit pack slots, including the slots
used for GE1, DS3/EC1, OC-3, OC-12, and OC-48 tributary port units.
Figure 4-3 WaveStar TDM 2.5G/10G (2-Fiber) Tributary Shelf

Tributary shelf layout
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Product Description

Circuit pack slots for ~ Thetable below identifies the circuit packs used in the WaveStar TDM
tributary shelf 2 5G/10G (2-Fiber) tributary shelf.

Table 4-3  Tributary Shelf Circuit Pack Slot Equipage

Slot Slot Equipage
Designation
1-16 Any mix of transmission interface circuit packs:

e DS3ECL/8 (DS3 port unit)

*  OC3/STM1/1.3LR4 (OC-3 port unit, long reach 1.3 fiber)

*  OC3/STM1/1.31/SR8 (OC-3 port unit, intermediate/short reach
1.3u fiber)

e OC12/STM4/1.3LR2 (OC-12 port unit, long reach 1.3 fiber)

e OC12/STM4/1.31/SR2 (OC-12 port unit, intermediate/short
reach 1.3 fiber)

* OC48/STM16/1.3VSR1 (OC-48 port unit, very short reach 1.3u
fiber)

*  OC48/STM16/1.3LR1 (OC-48 port unit, long reach 1.3 fiber)

e (OC48/STM16/1.5LR1 (OC-48 port unit, long reach 1.5 fiber)

e Any of 16 Metropolis™ EON-compatible DWDM port units

* Any of 80 WaveStar® OLS 1.6T compatible WDM port units

* Any of 16 Lucent Passive optics port units

* Gigabit Ethernet (GE1) interface port unit

Slots 7 -10 do not support DS3EC1/8 port units. In addition, if you
are using 1xN DS3 or EC-1 protection, ot 16 cannot contain an
optical port unit. Therefore, it is recommended that, when using
DS3EC1/8 port units, you install the first onein slot 16.

Each OC-48 and GE1 port unit occupies two s ots, which must be an
odd (left) even (right) pair. For any OC-48 2-fiber BLSR, the two
ports must be in slot numbers located either as adjacent pairs (2 and
4,6 and 8, 10 and 12, or 14 and 16) or symmetric pairs (8 and 10, 6
and 12, 4 and 14, or 2 and 16).

EPRN Electrical protection. This slot can be equipped with aDS3EC1/8
port unit to protect DS3EC1/8 port units or it can be left empty.
EPROTSW Electrical protection switch. This slot can be equipped with a

SWITCH/DS3ECL protection switching circuit pack to provide the
IxN switching function for protected DS3EC1/8 port units. This slot
can aso be left empty.

365-371-201 4 - 11
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Slot
Designation

Slot Equipage

SWITCH 0

Fabric Switch 0. The SWITCH/STS576 circuit pack in this slot can
make cross-connections for 576 STS-1 equivalent circuits. This
switch is paired with Fabric Switch 1 in a 1+1 nonrevertive
protection mode configuration.

CTLSYSDM 0

Controller for the system and nonvolatile memory. The

CTL/SY S50DM circuit pack in thisslot is the working controller for
the shelf. Inthefirst tributary shelf, thisisthe main controller for the
entire WaveStar TDM 2.5G/10G (2-Fiber) system. Use this
controller for CIT and EM S connections and to collect all alarms and
signal them on the User Panel and the office alarm interface.

DCCEI

Adjunct controller, DCC, and external interface. The
ADJCTL/DCCEI circuit pack in this slot terminates up to 32 data
communications channels and interfaces them to the shelf 10Base-T
LAN.

CTLSYSDM 1

The dot isleft empty for the current release.

SWITCH 1

Fabric Switch 1. The SWITCH/STS576 circuit pack in this slot can
make cross-connections for 576 STS-1 equivalent circuits. This
switch is paired with Fabric Switch 0 in a 1+1 nonrevertive
protection mode configuration.

TMG 1
TMGO

Two half-height Stratum 3 timing generator circuit packs are located
one above the other in this slot. When WaveStar TDM 2.5G/10G
(2-Fiber) isinitially powered on after shipment from the factory, the
lower TMG/STRAT3 is the active circuit pack and the upper
TMG/STRAT3 isthe standby circuit pack. However, both circuit
packs are of equal level: protection switching is nonrevertive, and
there is no default configuration.

365-371-201
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Minimum complement of

circuit packs

The minimum complement of circuit packs required for an operational
WaveStar TDM 2.5G/10G (2-Fiber) system is the following circuit
packs in the tributary control (2.5G 1/0 MAIN) shelf:

SWITCH/STS576 (two)

CTL/SY S50DM (one)
ADJCTL/DCCEI (one)

TMG/STRATS3 (two)

port units as required for the application

No specific minimum of port unitsisrequired for the system to operate.

Important! Although the WaveStar TDM 2.5G/10G (2-Fiber)
requires only one SWITCH/STS576 and one TMG/STRAT 3
circuit pack to operate, it is not recommended that you use only
one of either pack. It is recommended that you always use two of
each of these circuit packsin order to ensure that the WaveStar
TDM 2.5G/10G (2-Fiber) system’s switching and synchronization
functions are properly protected at all times.

The minimum complement of circuit packs that uses the OC-192
2-fiber BLSR consists of the following:

SWITCH/STS576 (two in high-speed shelf and two in tributary
shelf)

CTL/SY S50DM (onein high-speed shelf and one in tributary
shelf)

ADJCTL/DCCEI (onein high-speed shelf and one in tributary
shelf)

TMG/STRATS3 (two in high-speed shelf and two in tributary shelf)
OC192/STM#64 (two in high-speed shelf)

365-371-201
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DS3/EC1 connector panels

To terminate DS3/ECLs, the tributary shelves require DS3/EC1
connector panels. Each DS3/EC1 connector panel has 48 pairs of BNC
cable connectors. Each pair includes atransmit and areceive
connection. These are connected electrically to the shelf backplane
through shielded ribbon cables.

Three options exist for attaching the connector panels:

»  External, vertical “wings’ attached to the bay frame

* Internal, horizontal modules inserted inside the bay frame
e Panels mounted at the back of the shelf

The external connector panels attach to the two sides of the shelf like
wings and require additional space between bay frames. The
rear-mounted connector panels attach to the back of the bay frame and
require approximately 4 additional inches of space to the rear of the
bayframe. Each side panel connects to a maximum of six of the port
unit slots on the that same side (1-6 or 11-16). With the external
connectors, the DS3/EC1 cables that connect to the front of the panels
are run through the cabling areas between bays.

Theinternal, “in-bay” DS3/EC1 connector panelsfit into a bay above
and below the tributary shelf. The panel that mounts on the top of a
shelf connects to a maximum of six of the port unit slots on the left side
(11-16). The panel that mounts under a shelf connects to a maximum of
six of the port unit slots on the right side (1-6). With the internal
connectors, the DS3/EC1 cabl es attach to the backplane from the back
of the connector panels.

365-371-201
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Figure of DS3/EC1  The following figure shows an example of a connector panel. In this
connector panel  case, the panel isafront, horizontal view of an in-bay DS3/EC1
connector panel module with the front door removed.

Figure 4-4 In-Bay DS3/EC1 Connector Panel
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DS3/EC1 connector  Thedimensions of the vertically and externally attached DS3/EC1
dimensions  connector panels are as follows:

Height | 546.1 mm (21.5in. nominal)
Width 101.6 mm (4 in. nominal)
Depth 57.2 mm (2.25 in. nominal)

The dimensions of the horizontally and internally equipped DS3/EC1
connector panels are as follows:

Height | 115 mm (4.5 in. nominal)
Width 543 mm (21 in. nominal)
Depth 347.5 mm (13.7 in. nominal)

The dimensions of the rear-mounted DS3/EC1 connector panels are as

Issue 6 October 2001

follows:
Height | 546.1 mm (21.5in. nominal)
Width 101.6 mm (4 in. nominal)
Depth 170 mm (6.7in.),

87 mm (3.45in.) beyond the
standard depth of the shelf.
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Figure of rear-mounted
DS3/EC1 connector panels

The figure below shows arear view of a shelf with rear-mounted
DS3/ECL1 connector panels with the rear door removed.

Figure 4-5 Rear-Mounted DS3/EC1 Connector Panels
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DS3/EC1 connector panel  The following figure shows DS3/EC1 connector panels mounted
mounting  vertically and externally on the sides of atributary shelf.

Figure 4-6 DS3/EC1 Connector Panels Mounted Externally
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The figure below shows DS3/EC1 connector panels mounted internally
in abay.

Figure 4-7 DS3/EC1 Connector Panels Mounted Internally
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Important! When DS3/EC1 connector panels are mounted on
the interior of the WaveStar TDM 2.5G/10G (2-Fiber) shelf, abay
can support only two shelves.

365-371-201
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Shelf dimensions

Shelf mounting

Bay spacers

The WaveStar TDM 2.5G/10G (2-Fiber) shelf dimensions without
DS3/ECL1 connector panels are as follows:

Height | 575 mm (23 in. nominal)
Width 543 mm (21 in. nominal)
Depth 400 mm (15 in. nominal)

With the external, vertical DS3/EC1 connector panels, the tributary
shelf is 755 mm wide (30 in. nominal).

WaveStar TDM 2.5G/10G (2-Fiber) shelves mount into standard
seismic network bay frames. The bay frames must be mounted on the
floor such that the narrower shelf mounting flanges are facing the
maintenance aisle.

Shelves equipped with external, vertical DS3/EC1 connector panels
must be mounted in bays that are separated by spacers. The bay spacers
provide structural integrity and the correct amount of space between
bays. (See Figure 4-7.)

The following figure shows atop view of bays using spacersto
accommodate externally attached DS3/EC1 connector panels.

Figure 4-8 Top View of Bay Spacers
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Multiple shelves

With the configuration of one high-speed shelf and one tributary shelf,
the shelves should be mounted in the upper two positions. This alows
for future growth to a second tributary shelf in the bottom position.

A WaveStar TDM 2.5G/10G (2-Fiber) shelf in the top position of abay
requires a heat baffle immediately below it. WaveStar TDM 2.5G/10G
(2-Fiber) shelvesin the other two bay positions require heat baffles
directly between them. There must be no gaps above or below the heat
baffles and the shelves,

Up to three tributary shelvesfit into a bay, provided that all DS3/EC1
connector panels are mounted externally or at the back of the shelf. If
DS3/ECL1 connector panels are mounted internally, only two WaveStar
TDM 2.5G/10G (2-Fiber) shelves can fit in abay. In bays with only
two tributary shelves with external DS3/EC1 connector panels, it is
recommended that the shelves be mounted in the lower two positions. It
is preferable to reserve the upper mounting position for future
expansion or for interworking with other equipment.

The heat baffle mounted below the lowest shelf in the bay isrequired to
ensure adequate air flow between the lowest shelf and the bottom of the
bay.

365-371-201
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Installation of tributary
shelf in an FT-2000 OC-48
Lightwave System Dual

Bay Frame

Up to two tributary shelves can be inserted into an FT-2000 OC-48
Lightwave System Dual Bay as shown in the figure (Figure 4-8) on the
following page.

Configuration A

When you replace one HSS/L SS FT-2000 OC-48 Lightwave System
shelf, the upper shelf must be removed first. The FT-2000 System is
removed as one compl ete shelf. It is then replaced by a WaveStar TDM
2.5G/10G (2-Fiber) Shelf assembly and one heat baffle (as shownin
Configuration A below). The two DS3/EC1 connector panels pictured
below are optional.

Configuration B

When you replace two HSS/L SS FT-2000 OC-48 Lightwave System
shelves or add a second WaveStar TDM 2.5G/10G (2-Fiber) system,
the final configuration is represented by Configuration B in the figure
below. The lower HSS/L SS Shelf assembly, Fan Unit, and Power
Distribution Filter are removed. They are then replaced by a WaveStar
TDM 2.5G/10G (2-Fiber) Shelf assembly, two heat baffles, two
DS3/ECL1 connector panels, and one Space/Filler Plate (located at top
of bay where the PDP was positioned). The two DS3/EC1 connector
panels pictured below are optional. When both FT Shelves are
replaced, the Fan Unit is not required because WaveStar TDM
2.5G/10G (2-Fiber) shelves contain shelf-based fan cooling systems.

365-371-201
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Dispersion Compensation
Module (DCM) holder tray

Illustration

The figure below shows how a WaveStar TDM 2.5G/10G (2-Fiber)
Shelf mountsin an FT-2000 OC-48 Lightwave System Dual Bay.

Figure 4-9

Installation of Tributary Shelf in an FT-2000 Dual Bay
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Configuration B
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For applications requiring the use of Dispersion Compensation
Modules (DCMs), a DCM holder tray can be miscellaneously mounted
into aWaveStar TDM 2.5G/10G (2-Fiber) bay. Thetray holds4 DCMs.
A bay withaDCM holder tray, can support up to two WaveStar TDM
2.5G/10G (2-Fiber) shelves.
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Passive Optics Units
(Passive DWDM Filter

Units)

L ucent Passive Optics Units (POUs) are afamily of Passive WDM and
DWDM filter units that complement Lucent’s overall product
offerings, to provide the most cost-effective transport of signals over a
fiber, to maximize fiber and network utilization, and to relieve fiber
exhaust conditions.

The current 4 POUs are:
. 16CH-MUX

J 16CH-DMUX

e 16CH-MUXINT

e 16CH-DMUXINT

These 4 units combine multiple signals, of different wavelengths, onto
asingle fiber. Each MUX/DMUX pair supports the optical combining
of 16 signals of different wavelengths onto one fiber in one direction
(16 wavelength unidirectional application), or the optical combining of
8 wavelengths from 2 directions (8 east to west and 8 west to east) onto
one fiber (8 wavelength bidirectional application).

The 4 POUs can be combined to support 32 wavelength unidirectional
or 16 wavelength bidirectiona applications. In these applications, the
wavelengths for the 16CH-MUX and 16CH-DMUX pair are
interleaved with the other 16 wavelengths from the 16CH-MUXINT
and 16CH-DMUXINT pair. The“INT” denotes interleaver.

The Figures 4-10 through 4-14 outline the wavel engths and frequencies
supported for each of the POUs. The corresponding channel number is
also provided. The inputs and outputs are shown for each 16
wavelength unidirectional, and each 8 wavel ength bidirectional
application. The last figure outlines how the POUs are connected
together to support the 32 wavelength unidirectiona application (for
west to east traffic).

The COMMON port isthe output or input port for the mutliwavelength
(DWDM) signal. The UPGRADE portslocated on the 16CH-MUXINT
and 16CH-DMUXINT units are used for applications requiring
wavelength interleaving. The UPGRADE ports are connected with the
appropriate COMMON ports on the 16CH-MUX and 16CH-DMUX
units for applications where wavelength interleaving is required.

365-371-201
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Figure 4-10 16CH-MUX and 16CH-DMUX Unidirectional
Application(s)

CH# Freq. Wavelength Wavelength Freq. CH#
(Thz) (nm) (nm) (Thz)
59 195.90 1530.334 —» — 1530.334 195.90 59
57 195.70 1531.898 —» —» 1531.898 195.70 57
55 195.50 1533.465 —» — 1533.465 195.50 55
53 19530 1535.036 —» — 1535.036 19530 53
49 19490 1538.186 —» — 1538.186 194.90 49
47 19470  1539.766 — Up to 16 unidirectional —» 1539.766  194.70 47
45 19450 1541349 —| & wavelengths % | —» 1541349 19450 45
43 194.30 1542.936 —p g g — 1542.936 194.30 43
37 193.70 1547.715 —» % COMMON COMMON 6 —p 1547.715 193.70 37
35 193.50 1549.315 —» 3 (OUT) (IN) 9 — 1549.315 193.50 35
33 193.30 1550.918 ——» — 1550.918 193.30 33
31 193.10 1552.524 —p —p 1552.524 193.10 31
27 192.70 1555.747 ——m — 1555.747 192.70 27
25 192.50 1557.363 ——» —p 1557.363 192.50 25
23 192.30 1558.983 —» —— 1558.983 192.30 23
21 192.10 1560.606 ——p —p 1560.606 192.10 21

NC2510g-082

Figure 4-11 16CH-MUX and 16CH-DMUX Bidirectional
Application(s)

CH# Freq. Wavelength Wavelength Freq. CH#
(Thz) (nm) (nm) (Thz)
59 195.90 1530.334 --— -4—— 1530.334 195.90 59
57 195.70 1531.898 w#— ~-4—— 1531.898 195.70 57
55 195.50 1533.465 -4—— -4—— 1533.465 195.50 55
53 19530 1535.036 -#— -4—— 1535.036 195.30 53
49 19490 1538.186 -w— -4—— 1538.186 194.90 49
47 19470  1539.766 -a— Up to 8 bidirectional -«—— 1539.766  194.70 47

45 19450 1541.349 -—| & wavelengths X | «-— 1541349 19450 45
43 19430 1542.936 w— | 2 Z | «— 1542936 19430 43
37 193.70 1547.715 —» g COMMON COMMON 6 — 1547.715 19370 37
3519350 1549315 —= [ X | iy anvoury | & | 1549315 19350 35
33 193.30 1550.918 — — 1550918 193.30 33
31 19310 1552524 —m —» 1552524  193.10 31
27 19270 1555747 —= — 1555747 19270 27
25 19250 1557.363 —= —» 1557.363 19250 25
23 19230 1558.983 —» — 1558983 192.30 23
21 19210 1560.606 —p — 1560.606 192.10 21

NC2510g-083
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Figure 4-12 16CH-MUXINT and 16CH-DMUXINT Unidirectional

CH# Freq. Wavelength
(Thz) (nm)
58 19580 1531.116 —»
56 195.60 1532.681 —»
54 19540 1534.250 —»
52 19520 1535.822 —»
48 194.80 1538.976 —»
46  194.60 1540.557 ——»
44 19440 1542.142 —»
42 194.20 1543.730 —p
38 193.80 1546.917 —»
36 193.60 1548.515 —»
34 193.40 1550.116 —»
32 19320 1551.721 ——»
28 19280 1554.940 —»
26 192.60 1556.555 ——
24 19240 1558.173 —»
22 192.20 1559.794 —»
From 16CH-MUX -
UPGRADE

COMMON (OUT)

(IN)

INIXNN-HO9T

Application(s)

Up to 32 unidirectional
wavelengths

COMMON
(OuUT)

COMMON

(IN)

16CH-DMUXINT

Wavelength
(nm)
1531.116
1532.681
1534.250
1535.822
1538.976
1540.557
1542.142
1543.730
1546.917
1548.515
1550.116
1551.721
1554.940
1556.555
1558.173

— 1559.794

Freq. CH#

(Thz)
195.80 58
195.60 56
195.40 54
195.20 52
194.80 48
194.60 46
194.40 44
194.20 42
193.80 38
193.60 36
19340 34
193.20 32
192.80 28
192.60 26
19240 24
192.20 22

e

UPGRADE
(ouT)

P To 16CH-DMUX
COMMON (IN)

NC2510g-084

Figure 4-13 16CH-MUXINT and 16CH-DMUXINT Bidirectional

CH# Freq. Wavelength
(Thz) (nm)
58 19580 1531.116 -w—
56 195.60 1532.681 -w—
54 19540 1534.250 -4—
52 19520 1535.822 -4—
48 19480 1538.976 -w—
46  194.60 1540.557 -w—
44 194.40 1542.142 -w—
42 19420 1543.730 -w—
38 193.80 1546.917 —»
36 193.60 1548.515 —»
34 19340 1550.116 —»
32 193.20 1551.721 ——p
28 19280 1554.940 —»
26 192,60 1556.555 ——
24 192.40 1558.173 —»
22 192.20 1559.794 ——p
From 16CH-MUX >
UPGRADE

COMMON (OUT/IN)

(INJOUT)

INIXNW-HO9T

Application(s)

Up to 16 bidirectional
wavelengths

COMMON
(OUT/IN)

COMMON
(INJOUT)

16CH-DMUXINT

Wavelength Freq. CH#
(nm) (Thz)

-¢— 1531.116 195.80 58
-4—— 1532.681 19560 56
-¢—— 1534.250 19540 54
-¢—— 1535.822 19520 52
-¢—— 1538.976 194.80 48
-4—— 1540.557 194.60 46
-—— 1542142 19440 44
-4—— 1543.730 194.20 42
— 1546.917 193.80 38
— 1548515 193.60 36
— 1550.116 19340 34
— 1551.721 193.20 32
— 1554940 192.80 28
— 1556.555 192.60 26
—» 1558.173 192.40 24
— 1559.794 192.20 22
-t P To 16CH-DMUX
UPGRADE

(OUT/IN)

COMMON (IN/OUT)

NC2510g-085
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59
57
55
53
49
47
45
43

Figure 4-14 Example of 32 Wavelength Unidirectional Application

West to East Traffic Flow
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16CH-DMUX

NC2510g-086

Each POU, the 16CH-MUX, 16CH-DMUX, 16CH-MUXINT, and
16CH-DMUXINT have Universal Optical Connectors, equipped from
the factory with 0 dB LBO optical attenuators. Other types of optical
attenuators, ST and FC, can be order separately, if desired.

The wavelength, frequency, and channel number are provided above

the optical connector on each POU.

The POUs can be used in controlled environment applications.

Each POU has a small footprint (less than 3 inchesin height). The
POUs can be used in 23-inch Lucent Technologies NEBS and NEBS

2000 bays.

When one POU is used in a 7-foot bay with aWaveStar TDM
2.5G/10G (2-Fiber) system or systems, the bay can hold up to 2

365-371-201
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WaveStar TDM 2.5G/10G shelves (one 10G high speed with atributary
shelf, or two 2.5G/tributary shelves).

The following applications are supported with the POUs and the
WaveStar TDM 2.5G/10G (2-Fiber) R6 system equipped with Passive
DWDM compatible optics:

*  Unidirectional transport of up to 16, OC-192 and/or OC-48,
wavel engths on one fiber using the 16CH-MUX and the
16CH-DMUX

»  Bidirectional transport of up to 8, OC-192 and/or OC-48,
wavelengths on one fiber using the 16CH-MUX and the
16CH-DMUX

e  Unidirectional transport of up to 16 OC-192 wavelengths on one
fiber using the 16CH-MUXINT and the 16CH-DMUXINT

*  Unidirectional transport of up to 32 OC-192 wavelengths on one
fiber using the 16CH-MUX, 16CH-DMUX, 16CH-MUXINT, and
16CH-DMUXINT.

e  Bidirectional transport of up to 16 OC-192 wavelengths on one
fiber using the 16CH-MUX, 16CH-DMUX, 16CH-MUXINT, and
16CH-DMUXINT.

The appropriate optical connection should be made between each POU
and the appropriate Passive DWDM compatible optics circuit pack on
the WaveStar TDM 2.5G/10G (2-Fiber).

The POUs do not require power, software, or operations support.
Protection schemes and alarming functions can be performed by the
multiplexers or DCS systems connected to the POUSs.

The Passive Optics Units can be used to combine signals from different
products, and at different rates (OC-48 and OC-192) onto asingle fiber.
The signals being combined must have different

frequencies/wavel engths, and those frequencies/wavelengths must be
supported on appropriate POUS.

The worst case conditions should be considered when designing a
Passive DWDM route. The worse case optical transmitter/receiver
specifications for al products transmitting/receiving information
to/from a POU should be used to calculate the span distance for the
Passive DWDM route. Optical specifications vary by product, and by
optical rate. Typically, using OC-48 optics allows longer distances than
OC-192 optics (distance versus capacity tradeoff).

The loss, for the combination of the 16CH-MUX and 16CH-DMUX

units, is 6.4 dB. The loss anytime the 16CH-MUXINT and
16CH-DMUXINT units are used is 10.2 dB
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Information for the WaveStar TDM 2.5G/10G (2-Fiber) Passive
DWDM compatible optics port units, such as wavelengths and loss
budgets in applications with the POUSs, can found in Appendix B.
Ordering information can be found in Section 7 “Ordering”.

Each WaveStar TDM 2.5G/10G (2-Fiber) Passive DWDM compatible
optics port unit has a 4-digit numeric suffix, after the “POU” in its
description. This suffix directly corresponds to the frequency of each
optical signal. For example, the OC-192 port unit designated
0OC192/STM64/POU9210, operates at afrequency of 192.10 Thz
(192.10 Thz). Thisfrequency, 192.10 Thz, a wavelength 1560.606 nm,
is supported on the 16CH-MUX and 16CH-DMUX units.

Hint: It iseasier to upgrade an existing 16 wavelength unidirectional (8
bidirectional) architecture, to a 32 wavelength unidirectional (16
bidirectional) architecture, if the 16CH-MUXINT and
16CH-DMUXINT units are deployed initially. Then the upgrade
simply requiresthat the 16CH-MUX and 16CH-DMUX units, be added
to the network by connecting their COMMON ports with the
UPGRADE ports on the 16CH-MUXINT and 16CH-DMUXINT units.
Service can then be added on the 16CH-MUX and 16CH-DMUX.

If the 16CH-MUX and 16CH-DMUX are deployed first, at some point
in the upgrade, the signal carrying multiple wavelengths (COMMON
ports on the 16CH-MUX and 16CH-DMUX) will need to be
disconnected, and then connected to the UPGRADE ports on the
16CH-MUXINT and 16CH-DMUXINT. This could require the rolling
of traffic or be service affecting. Of course, the choice of which POUs
to deploy, depends on the specific application.

The appropriate selection of wavelengths for network deployments
helps to keep sparing costs for optical port units to a minimum.
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Basic Architecture

Overview

Diagram of basic
architecture for system
with high-speed shelf
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The WaveStar TDM 2.5G/10G (2-Fiber) system with the high-speed
shelf option, and at least one tributary shelf, is aflexible high-capacity
multiplexer that supports OC-192 2-fiber BLSR or 2-fiber UPSR appli-
cations. The system can multiplex DS3/EC1, OC-3, OC-12, GE1, and
OC-48 signals on the OC-192 ring. The low-speed interfaces can be
protected in a variety of ways (see information later in this section).
The OC-192 system supports up to four tributary shelves when
equipped with the 768x768 STS-1 switch fabric in the high-speed shelf
(up to two tributary shelves when equipped with the 576x576 STS-1
switch fabric). Each tributary shelf can terminate up to 4 OC-48
BLSRs, 4 OC-48 UPSRs, or up to 16 OC-12 UPSRs. Each tributary
shelf allows the flexible mixing of interfaces and protection schemes
for those interfaces.

For stand-alone OC-48 applications, the WaveStar TDM 2.5G/10G
(2-Fiber) stand-alone tributary shelf (also referred to asthe 2.5G
Application) supports all of the following stand-alone OC-48
applications, 2-fiber BLSR, UPSR, 1+1, Ox1 applications. Just asin the
case for each tributary shelf in an OC-192 application, the stand-alone
system can terminate up to 4 OC-48 BL SRs and 4 OC-48 UPSRs (up to
16 OC-12 UPSRs are supported). In addition to the OC-48 interfaces,
DS3/EC1, OC-3, OC-12, and GEL1 interfaces are also supported. The
system supports flexible mixing of interfaces and protection schemes
for those interfaces. Full hairpinning is supported to ensure that
interfaces can be utilized in the most efficient way.

The figure below outlines the overall architecture of a WaveStar TDM
2.5G/10G (2-Fiber) system that includes both the high-speed and
tributary shelves. This diagram does not show the physical distribution
of functions on different shelves.

NOTE:

For information about which OC-192/STM64 port units to use
with SEN3AE (OBA) and SEN4AE (OBPA) and whether or not
the application requires Dispersion Compensation Modules
(DCMs), see Chapter 3, “Network Topologies.”
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Figure 4-15 System with High-Speed Shelf -- Basic Architecture
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Diagram of basic ~ Thefigure below outlines the overall architecture of the tributary shelf.
architecture for

stand-alone tributary shelf  Figure 4-16 Stand-alone Tributary Shelf Basic Architecture
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Transmission

Overview  TheWaveStar TDM 2.5G/10G (2-Fiber) add/drop multiplexer usestwo
port units (transmission interface circuit packs) in the high-speed shelf
to connect asanodein an OC-192 2-fiber BLSR or UPSR, or asanode
on or between two OC-192 unprotected ports. It uses up to 16 tributary
port unit circuit packs on each tributary shelf to connect asnodesin a
mix of supported network configurations, including interfacing with up
to 4 OC-48 2-fiber BLSRs, 4 OC-48 UPSRs, 16 OC-12 UPSRs or a
mix of these ring types and other interfaces on the tributary shelf.
Traffic can be connected between any of the ports. For information
about the port units, refer to Appendix B, Port Unit Data Sheets. For
information about capacity planning, refer to Chapter 6, System
Planning and Engineering.
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Optical transmission

Add/drop optical

transmission

In order to provide the most cost effective solutions for short and long
distance applications and to maximize the utilization of fiber base the
specific applications need, the WaveStar TDM 2.5G/10G (2-Fiber)
system supports awide range of optical transmission capabilities for
OC-192 and OC-48 applications. A summary of these capabilitiesis
provided below. Information on other transmission interfacesis
provided in the remainder of this section. Detailed specifications for
port units are provided in Appendix B.

For OC-48 applications:

e Standard 1.3p

e Standard 1.5p

» DWDM applications

— 16 OC-48 wavelengths in the 1.5u range for use with
Metropolis™ EON

— 16 OC-48 wavelengthsin the 1.5u range for use with POU
shelves (DWDM Filter Units).

— 80 0C-48 wavelengthsin the 1.5u range for use with
WaveStar® OLS 1.6T.

For OC-192 applications:
 Standard 1.5p
« DWDM applications

— 320C-192 (DWDM) wavelengthsin the 1.5u range for use
with POU Shelves (DWDM Filter Units).

— 40 0C-192 (DWDM) wavelengthsin the 1.5u range for use
with WaveStar® OLS 1.6T.

* Internal optical amplifiers (OBA and OBPA used with the
appropriate OC192 port unit)

e Compatible with External Optical Amplifier

WaveStar TDM 2.5G/10G (2-Fiber) supports OC-12 and OC-3 1.3u
interfaces over standard fiber and OC-48 1.3u or 1.5 interfaces over
standard fiber. OC-12 and OC-3 transmission can be provisioned for
Ox1 or 1+1 protection. OC-12 UPSRs are also supported. OC-48
transmission can be provisioned for Ox1, 1+1, UPSR, or BLSR
protection.

365-371-201
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DS3/EC1 transmission

Gigabit Ethernet
Transmission

Transmission provisioning

Transmission architecture

WaveStar TDM 2.5G/10G (2-Fiber) supports DS3/EC1 transmission
over coaxial cables. A DS3/EC1 connector panel is required either on
the left side of, above, or on the right rear of (as you face the back of
the shelf) the appropriate tributary shelf for any DS3/EC1 port unit
circuit packsin sots 1 through 6. A panel isrequired either on the right
side of, below, or on the left rear of (as you face the back of the shelf)
the appropriate tributary shelf for any DS3/EC1 port unitsin slots 11
through 16. Therefore, it is practical to keep all DS3/EC1 circuit packs
in the same side of the shelf until you need to terminate more than 48
DS3/EC1s.

The Gigabit Ethernet (GE1) interfaces supported by the WaveStar
TDM 2.5G/10G (2-Fiber) allows you to transport Gigabit Ethernet
signals over SONET networks by encapsulating ethernet packetsin
virtually concatenated STS1s. The GEL1 interfaces support
point-to-point connectivity. They provide two fully independent
bidirectional ports on each port unit. The GEL1 interfaces are:

GE1/SX2:

*  770to 860 nm, Short Reach (according to IEEE802.3, clause
38.3), 2 interfaces per circuit pack.

GE1/LX2:

e 1270to 1335 nm, Long Reach (according to IEEE802.3, clause
38.4), 2 interfaces per circuit pack.

All connections to the 1000BA SE-SX ethernet interface on the
GE1/SX2 and GEL/L X2 port units require Dual SC Connectors.

Provisioning of the transmission circuit packsis controlled by the
system controller circuit pack in response to commands received over
the SONET DCC circuits or from a WaveStar Craft Interface Terminal
(CIT) connected to the port on the user panel.

WaveStar TDM 2.5G/10G (2-Fiber) transmission port units
interconnect with a576x576 STS-1 switch fabric in each low-speed
tributary shelf and with either a 576x576 STS-1 switch fabric or a
768x768 STS-1 switch fabric in the high-speed shelf. The switch
provides cross-connections between input and outputs at the STS-1
level or higher. It also provides both line protection switching and path
protection switching. For 1xN equipment protection of DS3/EC-1 port
units, the switch also interfaces to an electrical protection switch unit

365-371-201
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(the SWITCH/DS3/ECL1 circuit pack) that selects between the working
and protection DS3/ECL1 circuit packs.

O
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Overview  The WaveStar TDM 2.5G/10G (2-Fiber) shelf functions are controlled
by shelf controller circuit packs and by function microcontrollers on
the port units (transmission circuit packs). The shelf controllers control
the port units and also the timing and switching circuit packs, which
have no internal function controllers. Overall system operation is
controlled by signals received over the SONET DCC channels or from
the user interface (WaveStar CIT or OS system).

The controller in thefirst tributary shelf additionally serves as a system
controller for the complete network element (including the high-speed
shelf, if used, and the tributary shelf or shelves).

Control architecture  The high-speed shelf interfaces with the tributary shelf or shelves by
means of backplane wiring. The following figure shows the major
paths of control and status information among the circuit packsin the
WaveStar TDM 2.5G/10G (2-Fiber) high-speed shelf.

Figure 4-17 WaveStar TDM 2.5G/10G (2-Fiber) High-Speed Shelf
Control Architecture
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The figure below shows the control architecture for the tributary
(low-speed) shelf. The minimum configuration includes one tributary
shelf and the maximum includes two tributary shelves.
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Figure 4-18 WaveStar TDM 2.5G/10G (2-Fiber) Tributary Shelf
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Control circuit packs

CTL/SYS50DM circuit pack

ADJCTL/DCCEI circuit pack

WaveStar TDM 2.5G/10G (2-Fiber) uses one shelf controller and one
adjunct controller:

. CTL/SY S50DM — shelf controller

 ADJCTL/DCCEI —adjunct controller that handles DCC signals
and externa interfaces

The CTL/SY S50DM shelf controller circuit pack contains the main
processor and memory controlling the WaveStar TDM 2.5G/10G
(2-Fiber) shelves. The primary functions this circuit pack performs
include:

e Communicates with the function controllersin the port units to
monitor performance and to perform provisioning and
maintenance

» Directly controls the timing and switching circuit packs
»  Detectsthe presence of circuit packsin the shelf

»  Communicates with the user interface by way of the
ADJCTL/DCCEI circuit pack

*  Resetscircuit packs as necessary
*  Monitors shelf power

Serving as an interface to the shelf controllers, the ADJCTL/DCCEI
adjunct controller obtains, processes and stores information for transfer
to and from the shelf controller. Additionally, the ADJCTL/DCCEI
controller supports

*  DCE (data communications equipment) configurations for user
interface ports

*  Statusindicators on the user panel

365-371-201
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Power
Overview
Dual power feeds
Circuit breakers
Power indicator
365-371-201

Issue 6 October 2001

The WaveStar TDM 2.5G/10G (2-Fiber) system uses a distributed
powering system, rather than bulk power supplies. It distributes -48 VV
power throughout each shelf, and each circuit pack uses onboard power
converters to derive the necessary operating voltages.

On each shelf, office power feeders BREAKER (A) and BREAKER
(B) arefiltered and protected by circuit breakers at the input to the
shelf. The two —48 V supplies are then distributed separately to each
circuit pack and the fan unit, where they are filtered and fused before
being converted to the working voltages.

The -48V circuit breakers have self-indicating rocker switches. The
normally hidden portion of the rocker switch is red. When the breaker
istripped, thered portion isexposed, providing avisual indication. You
can trip a breaker manually by inserting a small screwdriver blade (or
equivalent) into the slot on the rocker switch. This feature reduces the
risk of ashelf being switched off accidentally.

The fan unit also has two circuit breakers, but they cannot be manually
tripped. When these breakers trip, a white cylinder protrudes from the

breaker. These breakers can be reset by pressing the white cylinder so

that it is flush with the black body of the breaker.

The green PWR ON indicators on the user panel and fan units remain
lighted as long as either —48 V supply isreceived from the circuit
breakers.

L]
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Cooling

Overview  Cooling is provided by aplug-in fan unit. Fans draw air in through a
filter beneath the fan unit and force it through the shelf from bottom to
top. Heat baffles are required beneath each shelf to prevent the fan unit
from drawing in the exhaust air from the shelf beneath it. The fan filter
must be replaced when afilter alarm occurs. Alternatively, the filter
should be replaced every 6 months to ensure the proper cooling. For
specific dimensions of the cooling equipment, see Chapter 10,
“Technical Specifications.”

Fan controller  Thefan unitincludes six fansand amicrocontroller that sensesair flow,
air temperature, and fan faults. The microcontroller adjusts the speed of
the fans to compensate for the failure of afan or to conserve power
when full air flow is not needed. It also reports the status of the fan unit
to the shelf controller.

Controls and indicators ~ Thefront panel of the fan unit includes the following controls and
indicators:

*  Statusindicators
— PWR ON (power on)
— FILTER ALM (filter darm)
-  FAIL
*  Filter dlarm reset button
*  Circuit breakers
—  BREAKER (A) (25A)
— BREAKER (B) (25A)

Important! The fan unit must be installed and operating in a
shelf before any circuit packs are installed.
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Fan unit  Thefollowing figure illustrates the fan unit that mounts in each
WaveStar TDM 2.5G/10G (2-Fiber) shelf.

Figure 4-19 Fan Unit
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Filter assembly  The figure below shows the filter that is installed benesth the fan
assembly.

Figure 4-20 Fan Filter

| | [o) [e]] (o) [e]] |

NC10G042

365-371-201 4 -

Issue 6 October 2001



Product Description

Heat baffle ~ The figure below shows the heat baffle that must be mounted between
and benesath shelves to ensure proper cooling.

Figure 4-21 Heat Baffle
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Blank faceplates  Any slot that is not equipped with acircuit pack must be covered with a
blank faceplate to preserve the cooling of the shelf.

O
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5 Operations, Administration,
Maintenance, and Provisioning

Overview
Purpose  This chapter provides information on the operations, administration,
maintenance, and provisioning functions of the WaveStar TDM
2.5G/10G (2-Fiber).
[]
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Operations, Administration, Maintenance, and Operations

Provisioning

Operations

Overview

Visible and audibleindicators

Graphical user interface

Operations system interfaces

This section describes hardware and software interfaces used for
administration, maintenance, and provisioning activities. These include

e Visbleand audible indicators

«  Graphical User Interface (GUI) on the WaveStar™ CIT (Craft
Interface Terminal)

*  Operationsinterfaces

*  SubNetwork Management System (SNMS) — the L ucent
Technologies network element management system

Visible and audible indicators notify you of maintenance conditions
such as faults and alarms.

The GUI on the WaveStar CIT retrieves detailed information about
local and remote network elements. The GUI is also used to provision
local and remote WaveStar TDM 2.5G/10G (2-Fiber) circuit packs and
the cross-connect switch fabric.

Operationsinterfaces include the DCC interfaces on the OC-3, OC-12,
OC-48, and OC-192 port units and the IAO LAN (intraoffice LAN)
interface. Both the DCC interface and the IAO LAN interface can
receive commands from operations systems (network element
management systems) or from aremote WaveStar CIT. The LAN
interface provides both TCP/IP and OSI protocols.
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Visible Alarm Indicators

Overview  This section describes the visible indicators in WaveStar TDM
2.5G/10G (2-Fiber) that are located on the
e  User panel
»  Circuit pack faceplates
*  Fanunit
*  Circuit breakers

User panel  The user panel contains indicators, controls, and connectors.

Indicators

The user panel isthe primary source of shelf-level visible alarm

indicators. (See Figure 5-1, User Panel Controls and Indicators.) It

provides the following indicators:

* Red LED that indicates Critical (CR) alarms— indicating severe,
service-affecting conditions

* Red LED that indicates Major (MJ) alarms— indicating
service-affecting failures, main or unit controller failures, or
power supply failures

* Yellow LED that indicates Minor (MN) alarms— indicating
non-service-affecting failures of equipment or facility

* Yelow LED that indicates Abnormal (ABN) conditions —

temporary conditions that may potentially affect transmission,
such as a WaveStar CI T-initiated protection switch or aloopback

* Yelow LED that indicates Near-end Activity (NE ACTY) status
condition at the local shelf, such as wait-to-restore-switch periods

* Yelow LED that indicates Far-end Activity (FE ACTY) — status
condition indicating that a condition exists on another network
element.

*  Green Power On (PWR ON) LED that indicates that power is
applied to the shelf

*  Green Alarm Cut-off (ACO) LED that indicates that the ACO
button was pressed to silence audible office alarms

365-371-201 5- 3
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Controlsand Connectors
The user panel contains the following controls and connectors:

* LEDtest (LED TEST) button for testing all shelf LEDs (except
PWR ON on the user panel and the fan unit LEDs)

*  ACO button to silence audible office alarms (lights green when
pressed)

*  ESD (electrostatic discharge) wrist strap ground
»  CIT port to connect a WaveStar CIT to the shelf

Controlsand indicators  Figure 5-1, User Panel Controls and Indicators illustrates the user
panel.

Figure5-1 User Panel Controlsand Indicators
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Circuit pack faceplate  All circuit pack faceplates are equipped with afault indicator (FLT) and
an active indicator (ACT).

FLT LED

A continuously lighted red FLT LED on acircuit pack means that
WaveStar TDM 2.5G/10G (2-Fiber) hasisolated an equipment failure
to or involving that circuit pack. On amultiple port circuit pack, for
example, OC3/STM1 or OC12/STM4, any port on the circuit pack that
is experiencing an incoming facility failure causesthe red LED to
blink. A flashing FLT LED indicatesafacility failure of an input signal,
aslisted in Table 5-1.

T able5-1  FailuresiIndicated by a Flashing Fault LED

A flashing FLT LED on... | INDICATES that...
aport unit an incoming signal to that port unit has
failed.

asynchronization circuit pack | an externally timed reference signal has
failed.

ACT LED

All circuit packs have agreen ACT LED to indicate that the circuit
pack is either in the active (ON) or standby (OFF) mode. When a
circuit pack isinserted in ashelf, the green ACT LED flashes as
software is downloaded and self-tests are performed. The LED stops
flashing and remains lighted after the circuit pack has downloaded
software and initialized.

When any port on amulti-port pack is either currently activein its
protection group (for example, 1+1, BLSR, or 1xN) or provisioned
Ox1, thecircuit pack ACT LED islighted. The green ACT LED isonly
turned off when no ports on the circuit pack are currently selected by
the protection group and no port is provisioned Ox1.
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Provisioning

The figure below illustrates the placement of the LEDs on acircuit
pack faceplate.

Circuit pack indicators

Figure 5-2 Circuit Pack Faceplate Indicators
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Provisioning

Fan unit

The fan unit has the following controls and indicators:

LEDs

e Green power on (PWR ON) LED lights when the fan receives
-48V power

* Redfail (FAIL) LED lights when there is an aarm of any type
associated with the fan unit (for example, afan in the unit fails)

NOTE: The FAIL LED indicates both Severity 1 (service-affecting)
and Severity 2 (non-service-affecting) alarms. The FILTER ALM LED
indicates only Severity 2 alarms. (Severity 1 alarms are either
service-affecting or potentially service-affecting. For example, total
loss of the fan unit. Severity 2 alarms are non-service-affecting. For
example, adirty filter or the loss of one of the six fansin the fan unit.)

 Redfilter dlarm (FILTER ALM) LED lights when the fan filter
needs attention (for example, the filter is dirty and must be
replaced)

Important! When replacing afan unit, ensure that the spare fan
unitisat hand.
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Buttons

*  Filter darm reset button to reset the FILTER ALM LED after the
condition is resolved

*  Two flush-mounted -48V circuit breakers (BREAKER A and
BREAKER B) to protect against current overload

The figure below shows the fan unit included with each shelf in

WaveStar TDM 2.5G/10G (2-Fiber).

Figure5-3 Fan Unit and Faceplate

BREAKER A (3A)
A cAUTION FILTER ALM RESET D Q PwroN ©A
Q FILTER ALM
sult UseriService O rarL @ BREAKER B (3A)

~

NC10G041

Circuit breakers  Each shelf is equipped with two -48V circuit breakers, one for each
power feed (BREAKER A and BREAKER B). Circuit breakers
provide avisual indication of their status viatheir rocker switches.

Important! The normally hidden portion of each rocker switch
isred. Should acircuit breaker operate, the hidden red portion of
the rocker switch rotates out and becomes visible, indicating that
-48V power has been lost or normal currents have been exceeded.

O

5 -8 365-371-201
Issue 6 October 2001



Operations, Administration, Maintenance, and Operations
Provisioning

WaveStar CIT

Overview  The WaveStar TDM 2.5G/10G (2-Fiber) interface terminal (CIT)
provides

»  Microsoft Windows 2000™ or Microsoft Windows NT™ -based
graphical user interface (GUI)

e Convenient CIT access connections

*  Security features to prevent unauthorized access

* Easlly accessible Transaction Language 1 (TL1) interface

» Eadly accessiblevial AO LAN with TCP/IP protocol interface

* Information and control of maintenance and administrative
activities

Definition  The WaveStar CIT is a desktop or laptop computer that is loaded with
the WaveStar TDM 2.5G/10G (2-Fiber) CIT software. The WaveStar
CIT provides agraphical user interface (GUI) with pull-down menus
and extensive, context-sensitive, on-line help. The WaveStar CIT gives
you aunified set of features for provisioning, testing, and reporting.
The WaveStar CIT is necessary to install and accept the system.

365-371-201 5-9
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Minimum requirements

T L1linterface

WaveSar CIT access

Security function

Chapter 10, “Technica Specifications’ lists the minimum and
recommended requirements for the WaveStar CIT.

You can use the GUI to manage all provisioning, testing, and report
generation easily and intuitively, with the GUI handling the TL1
interface behind the scenes.

Many customers develop standardized scripts for usein the field for
standard operations. The GUI supports the capability to write, save, and
execute standardized TL1 scripts.

WaveStar TDM 2.5G/10G (2-Fiber) supports local and remote access
by a WaveStar CIT. Remote access uses the data communications
channel (DCC) or an external OSI WAN connected to a WaveStar
TDM 2.5G/10G (2-Fiber) LAN port. The LAN interface provides both
TCP/IP and OSl protocols. At any given time, only one WaveStar CIT
can be connected to a CIT port on the user panel.

WaveStar TDM 2.5G/10G (2-Fiber) provides a security function to
protect against unauthorized access to the WaveStar CIT system
functions (such as provisioning). Security is controlled through logins,
passwords, WaveStar CIT port disabling/enabling, and authorization
levels for the system capabilities.

365-371-201
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Maintenanceand  The WaveStar CIT provides detailed information and system control of
administrative activities  the following specialized local/remote maintenance and administrative
activities:
*  Provisioning
*  Loopback operation and testing
*  Reporting
*  Cross-connect (or time slot) assignments
*  Protection switching
* Initialization of performance monitoring (PM) storage registers
»  Software download
»  Backup and restore of provisioned data

365-371-201 5- 11
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Operations Interfaces

Overview  WaveStar TDM 2.5G/10G, Release 6 system supports the following
operations interfaces
» Officeaarms: relay closures to control visual and audible alarms
(for each shelf) and user settable miscellaneous discretes
*  Message-based operations system (OS) interface, accessvia
TCP/IP or OSI communication protocols, support for SNMS,
Telcordia and other systems

»  Data communications channels (DCC)

5-12 365-371-201
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Office alarms interface

User Settable
Miscelaneous Discretes

Software download,
backup and restore

Remote NE Status
(RNES)/Alarm Gateway
Network Element (AGNE)
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The office alarmsinterface is a set of discrete relays (for each shelf)
that control audible and visible office alarms. Separate relays handle
critical, mgjor, and minor alarms. If desired, critical and major alarm
outputs can be wired so that either, neither, or both of the outputs
control the major office alarm. An alarm cut-off (ACO) button on the
interface allows you to silence audible alarms.

The user-definable miscellaneous discrete interface transports alarm
and status information from co-located equipment at remote sites. At
each remote Site, atotal of 8 alarm/status inputs (in each WaveStar
TDM 2.5G/10G (2-Fiber) are available to monitor environmental con-
ditions like open doors or high temperature. A change in the monitored
condition generates an autonomous alarm/status message.

Each user-assignable input is provisionable with aname and a

status condition or aMN, MJ, or CR alarm.

Eight control outputs are also provided at each remote site to control
auxiliary equipment like generators and pumps.

The 8 miscellaneous discrete inputs and outputs, MDISMDOs, are
supported on a system node basis, for stand-alone 2.5G applications
and 10G applications. For example, a 10G node with 4 tributary
shelves supports 8 MDIs and 8 MDOs.

WaveStar TDM 2.5G/10G (2-Fiber) provides the capability, viathe
OSl network using the OSI or TCP/IP protocol, to download software
from the WaveStar CIT to the NE or from the element/network
management system to the NE and support backup and restore of the
NE database. WaveStar TDM 2.5G/10G (2-Fiber) aso provides the
capability to install afull-featured software release from the
management system.

The WaveStar TDM 2.5G/10G (2-Fiber) supports the ability to detect
the existence of any alarm, condition, or miscellaneous discrete
activation at remote Network Elements (see Remote Network Element
Status (RNES) Application Example: WaveStar TDM 2.5G/10G
(2-Fiber) and DDM-2000 OC-3 Application (5-14)). The RNES/AGNE
feature requires that at least one network element is provisioned as the
AGNE and that the remaining network elements are members of an
Alarm Group. The members of the Alarm Groups communicate over
the DCC to the AGNE. The AGNE then broadcasts this information to
all of the other members of the Alarm Group, including activating the
user panel LEDs. Once an LED islit, auser can login to the network
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element to determine the cause and location of the activity. In addition
to lighting the LEDs, the Network Element will generate Audible and
Visual Office Alarms.

Figure 5-4 Remote Network Element Status (RNES) Application
Example: WaveStar TDM 2.5G/10G (2-Fiber) and
DDM-2000 OC-3 Application

WaveStar
2.5G Alarm Group 1

AGNE 1

WaveStar

DDM

25G 1+1, 0X1
GNE
C} 0OC-3
\@i\ _@' DDM
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P 2.5G @

\@_/ DDM

Alarm Gateway Network

Element (AGNE)

OC-3

Hub Alarm Group 2

WaveStar

2.5G
P AGNE 2

2.5G
Relay Closures, GNE

LEDs, MDI, MDO

\ WaveStar @

WaveStar
2.5G

nc-2510G-087

The RNES/AGNE feature is supported on other Lucent Technologies
products, such as DDM-2000 Release 15. Products that support the
RNES/AGNE feature can share remote alarm information, provided
they are provisioned to be in the same alarm group

The Alarm Gateway Network Element or AGNE exchanges
information to and from the members of its Alarm Group. At |least one
member of each alarm group must be provisioned asthe AGNE. An
additional AGNE can be provisioned for redundancy, but it is
recommended that only one AGNE be provisioned for each alarm
group. Considerations for choosing an NE as an AGNE include being
central to the group to make communications links easily accessible for
mai ntenance purposes.
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Remote NE Status (RNES)

Alarm group functions

Message-based OS

interface

The AGNE broadcasts all alarm and status information from one NE to
all the other NEs in the same alarm group. Thisinformation is used to
activate remote far-end summary alarm reports and remote office
alarmsfor each NE in the alarm group.

Provisioning the Remote NE Status or RNES feature enables the NE to
become a member of an Alarm Group, thus providing the NE the
ability to report alarm/conditions to a alarm gateway NE which in turn
shares the status information to all members of an alarm group

Anaarm group is a set of NEs that share status information between
themselves, such asalarms, and LED status. The set of remote NEs that
an NE can exchange status information with is determined by the value
of the local alarm group parameter. This parameter is provisioned at
each local NE and specifies whether that local NE does or does not
exchange remote NE status with other Lucent Technologies NEsin the
same SONET subnetwork. In the WaveStar 2.5G/10G  all NEs are
defaulted into the same alarm group (number 255). Alarm groups can
be nodes in aring, nodes of alinear extension, or any other logical
grouping such as a maintenance group or geographical group. All
members of the same alarm group share NE status information but do
not share information with other alarm groups.

Alarm groups can be nodesin aring or any other logical grouping such
as amaintenance or geographical group. Each Level 1 areacan be
identified as a separate Alarm Group, aslong as it does not exceed 50
nodes.

Depending on provisioning, a member of an alarm group can:
*  Notify the AGNE of any alarm/status changes

*  Notify the Alarm Gateway Network Element (AGNE) of any
miscellaneous discrete changes

*  Know the alarm/status of al members of the same alarm group

*  Know the status of miscellaneous discrete information for all
members of the same alarm group

e Listareport of the summary alarm or status condition of other
NEs in the group

»  Display composites of the highest alarm level among other
member NEsin the same alarm group

The WaveStar TDM 2.5G/10G, Release 6 provides Transaction
Language 1 (TL1) for commands/messages that complies with

365-371-201
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applicable standards. The OS interface is accessed through one of the
10BaseT Ethernet IAO LAN rear-panel connectors. The IAO LAN
interface can be configured for TCP/IP and OSI protocols. The system
supports software downloads, provisionable data backup, and restore
using FTP or FTAM for the TCP/IP and OSI protocols, respectively.

T L1Interface

TheTL1 (or OS) interface is compatible with Telcordia's Network
Monitoring and Analysis (NMA), Telcordia's Transport Element
Management System (T-EMS), and the WaveStar Subnetwork
Management System (SNMS). The WaveStar TDM 2.5G/10G, Release
5 OS interfaces supported include:

* IAOLAN with TCP/IP or OSl protocol (to SNMS or another
compatible OS)

«  TCP/IP (RFC1006) (viaNCC to SNMYS)
e TL1X.25(viaNCCtoNMA, T-EMS, or other compatible OS)
e TL1TCP/IP (viaNCCtoNMA, FEMS, or other compatible OS)

Important! As stated above, the WaveStar TDM 2.5G/10G,
Release 6 system OS interface supports TCP/IP directly (without
the need for an external mediation/conversion device). The
WaveStar TDM 2.5G/10G (2-Fiber) system also supports the use
of Lucent Technologies Network Communication Control (NCC)
R3.2 for those who plan to, or want to continue to, use the NCC as
part of their operations environment. The NCC can perform
conversion (gateway function) of OSI (TL1 based) to TL1 TCF/IPR,
TCP/IP (RFC 1006), and TL 1/x.25. These functions may be useful
when connecting amix of deployed mutlivendor network
elements to various OS systems. Lucent Technologies NCC
Applications and Ordering and other useful information provide
available in the Network Communications Controller Release 3.2
User's Guide I ssue 2 (365-370-107). The other document that may
be useful the NCC is the Network Communications Controller
Release 3.2 Operations Systems Engineering Guide, Issue 2
(365-370-108).

365-371-201
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Interface security function

Data Communications
Channel (DCC)

Operations via a bridge
TCP/IP and OSI
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WaveStar TDM 2.5G/10G (2-Fiber) also provides a security functionto
protect against unauthorized access to OS functions, such as
provisioning. Security is controlled through logins, passwords, and
authorization levelsfor the system capabilities.

The WaveStar CIT and operations interface features extend beyond the
local WaveStar TDM 2.5G/10G (2-Fiber) to access remote sites. Those
remote network operations capabilities use the SONET section DCC
bytesin the OC-192, OC-48, OC-12, and OC-3 SONET overhead.
WaveStar CIT dialogues and operations interface messages are
transmitted in these DCC bytes.

A transport service bridge (TSB) that reaches the NE viathe embedded
OSl network (such asthe DCC channel) allows TCP/IP to OSI message
conversion. Using a TSB, an element/network management system can
control an NE by means of a TCP/IP access network, handling
functions such as software download or backup/restore.
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IP Access

The WaveStar TDM 2.5G/10G (2-Fiber) supports two types of 1P
Access. In one case, the WaveStar TDM 2.5G/10G (2-Fiber) can serve
asaT L1T randati@evice (T-TD) by acting as a gateway network
element that allows an SNMS and/or CIT to communicate to other
network elements (NES) through an | P access network. This capability
allowsyou to send TL1 commands from an SNMSor CIT located on a
TCP/IP based network to various NEs on a connected OSI network. In
the second instance, the WaveStar TDM 2.5G/10G (2-Fiber) can
functionally encapsulate | P packets within OSI packets to be
transmitted through the OSI network to the proper NE. Thus the
WaveStar TDM 2.5G/10G (2-Fiber) supports IP based protocols such
as FTP by providing end-to-end IP connectivity between OS and NE.
This capability iscalled I P tunneling.

365-371-201
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TL1 Translation

The WaveStar TDM 2.5G/10G (2-Fiber) can copy the application
information within an IP packet into an OSI packet. Thistrandation is
performed at the application layer. When acting asa TL 1 translation
device, the WaveStar TDM 2.5G/10G (2-Fiber) system must be
provisioned with alist of possible OSs. If an OSis not on the list
residing within the system, a connection from that OS will not be
accepted. When the WaveStar TDM 2.5G/10G (2-Fiber) isused asa
TL1 trandation deviceit isreferred to asthe T-TD GNE (Gateway
Network Element). The T-TD GNE provides the same functionality as
the NCC TL1 TCP/IP gateway.

Figure 5-5 TL1 Translation Device
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IP Tunneling

IP tunneling alows for file transfer (FTP) through an IP access
network. I P tunneling is used to perform end-to-end FTP through the IP
and OS] portion of the network. In this instance the WaveStar TDM
2.5G/10G (2-Fiber) serves as a gateway network element that
encapsulates an | P packet within an OSI packet. When the final
destination of the packet is reached, the IP packet is taken from within
the OSl packet and processed by the TCP/IP stack. Thus, P tunneling
allowsan SNMS and/or CIT to reach NEsin an OSI based DCN
network with FTP over IP. In this case, the end point of the IPtunnel is
the actual end for the IP traffic. IP tunneling can be used for any IP
based protocol, but the use will be limited to FTP for this product.

Figure 5-6 IP Tunneling
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Administration

Overview

Purpose  The system management function for the administration of WaveStar
TDM 2.5G/10G (2-Fiber) supports secure control and monitoring of
the system.

Security  WaveStar TDM 2.5G/10G (2-Fiber) provides for secure system access
by means of athree-tier mechanism.

365-371-201 5- 21
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Overview  This section describes the various security features WaveStar TDM
2.5G/10G (2-Fiber) provides to monitor and control access to the
system.

Three-tier security ~ The threetiers of security that protect against unauthorized access to
the WaveStar CIT and the network element functions are

*  Port security
*  Network element login security
e User login security

Port security  Port security controls access to the system through a per-optical-port
enable/disable mechanism and inactivity time-outs.

Network element login ~ NE login security controls access to the system through a lockout
security  mechanism to disable all but administrative logins.

User login security  User login security controls access to the system on an individual user
basis by means of

* LoginID and password assignment
*  Autonomous indications and history records
e User privilege codes

5 - 22 365-371-201
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Login and password
assignment

Autonomous messages
and history records

User privilege codes
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To access the system, the user must enter avalid login ID and
password. WaveStar TDM 2.5G/10G (2-Fiber) allows up to 500 login
IDs and passwords. Two of theselogin IDs are for the two pre-installed
logins that have superuser authorization level and the balance are for
users with less than superuser authorization level.

The system provides autonomous messages (resulting from a system
event, not a user command) and history log records of successful and
unsuccessful logins, as well asintrusion attempts for security audits.

When a user is added to the NE, a set of User Privilege Codesis
assigned to that user based on the type of work the user isdoing. The
User Privilege Codes restrict the commands and functions that the user
isallowed to perform.

The set of User Privilege Codes consists of an authorization level in
each of five functional categories. The authorization level is
represented by a number in the range of 0to 5, with 5 being the highest
authorization level indicating full privileges and O indicating that the
user has no authorization to perform any command in that functional
category (the range of authorization levels for the Security functional
category is1to 5). The two pre-installed superusers are assigned an
authorization level of 5, that is, full privileges, in every functional
category. For other users, it is permissible to grant the user full
privilegesin any combination of 4 of the 5 functional categories, but
not in all functional categories.

Functional Categories

The functional categories for the user privilege codes can include
*  Security (S)

*  Maintenance (M)

e Performance monitoring (PM)

 Testing (T)

e Provisioning (P)

Command Access

Every command requires a specific authorization level in each of one

or more of the functional categories. Users can execute any commands
at their functional categories authorization level, as well as commands
at lower levels. For example, a user with the authorization level of 4in
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the maintenance category can also execute commandsin levels 3, 2,
and 1 in the maintenance category.

Login and Password Aging  Thefollowing aging processes provide additional means of monitoring
and controlling access to the system
* Loginaging deletesindividual loginsif unused for a pre-set
number of days or on a particular date (for example, for avisitor
or for temporary access during installation).

*  Password aging requires that users change passwords periodically.

Equipment inventory  The system provides an inventory of all circuit packs that includes
equipment type, version, and serial number. Inventory information is
available by user request.
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M aintenance

Overview

Purpose  Thissection introduces the maintenance features available in WaveStar
TDM 2.5G/10G (2-Fiber).

Definition ~ Maintenance refers to the system’s capability to continuously monitor
its equipment and the signalsthat it carriesin order to notify the user of
any current or potential problems. This enables the user to take
appropriate proactive (preventive) or reactive (corrective) action.

Types of maintenance  Maintenance information and control are provided by
*  Maintenance signals
*  Facility fault detection, isolation, and reporting
*  Provisioning consistency audits
*  Loopbacks and tests
*  Protection switching
e Performance monitoring
*  Reports

365-371-201 5 - 25
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Facility Fault Processing

Overview

Definition

Standards compliant

This section describes fault processing in WaveStar TDM 2.5G/10G
(2-Fiber).

The WaveStar TDM 2.5G/10G (2-Fiber) detects signal faults (section,
line, path, DS3) and maintenance signals. The system also generates
mai ntenance signal's according to equipment, signal, and facility
failures. WaveStar TDM 2.5G/10G (2-Fiber) maintenance signals
notify downstream equipment that a failure has been detected and
alarmed by some upstream equipment (Alarm Indication Signal) or the
WaveStar TDM 2.5G/10G (2-Fiber), and they notify upstream
equipment that a downstream failure has been detected (Remote Defect
Indication).

The fault monitoring and maintenance signals supported in WaveStar
TDM 2.5G/10G (2-Fiber) are SONET, ANSI and Telcordia compliant.

365-371-201
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Monitoring failures

Maintenance

WaveStar TDM 2.5G/10G (2-Fiber) continuously monitors its internal

conditions and itsincoming signals as listed in the table below. Read
access to the path trace information is provided for all signals.The

system can generate and monitor an STS-N section trace message on
the SONET port JO using read\write access.

T able5-2 Signal Monitoring

If you have..| Then the signals are monitored for...
incoming Line Path
:;']\'af Loss of Signal (LOS) Alarm Indication Signal (AIS)
Alarm Indication Signal (AlS) | Unequipped (UNEQ)
Loss of Frame (LOF) Loss of Pointer (LOP)
Equivaent Bit Error Rate Signal Rate Mismatch (SRM)
(EBER) Payload Defect Indication
High Bit Error Rate (BER) (PDI)
Remote Failure Indication (RFI) Equivalent Bit Error Rate
(EBER)
High Bit Error Rate (BER)
incoming DS3 Loss of Signal (LOS)
signals Loss of Frame (LOF)
DS3 Alarm Indication Signa (AlS)
High Bit Error Rate (BER)
DS3 Idle Signal
SONET STS-1| Alarm Indication Signal (AlS)
sgndsthal | pgih Unequipped (UNEQ)
terminate in

DS3 interfaces|

Payload Mismatches (PLM)
Remote Failure Indication (RFI)
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Signal maintenance

Fault detection and
reporting

Fault history

Reports

When defects are detected, WaveStar TDM 2.5G/10G (2-Fiber) inserts
an appropriate maintenance signal to downstream and/or upstream
equipment. The SONET maintenance signals include line Remote
Defect Indications (RDI), STS Path AIS, line AlS, Path Unequipped,
path RDI, and Payload Defect Indications (PDI). Path Unequipped isa
special maintenance signal that is sourced only when no cross-connect
exists for the outgoing tributary. The DS3 maintenance signalsinclude
DS3 AlSand DS3 Idle Signal.

Facility failures are sent out as communication alarm notifications.

When afault is detected, WaveStar TDM 2.5G/10G (2-Fiber) employs
automatic diagnostics to isolate any failed circuit pack or signal.
Failures are reported to local maintenance personnel and to the OS so
that repair decisions can be made. If desired, OS personnel and local
personnel can use the WaveStar CIT to gain more detailed information
about a specific fault condition.

All alarmed fault conditions detected and isolated by WaveStar TDM
2.5G/10G (2-Fiber) are stored and made available to be reported, on
demand, through the WaveStar CIT. In addition, a history of the past
500 alarm and status conditions and WaveStar CIT- or OS-initiated
eventsis maintained and available for on-demand reporting. Each event
is date and time stamped.

WaveStar TDM 2.5G/10G (2-Fiber) automatically and autonomously
reports all detected alarm and status conditions through the

Office alarm relays

User panel
Circuit pack Fault LEDs
Message-based OS
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Provisioning Consistency Audits

Overview

Definition

Audit types

Target identifier ( TID)

Ring squelch map
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This section describes the provisioning consistency audits availablein
WaveStar TDM 2.5G/10G (2-Fiber).

WaveStar TDM 2.5G/10G (2-Fiber) monitors the consistency of the
provisioning information for ring administration and cross-connections
and alerts you to situations that may result in lost traffic or protection
switching problems.

WaveStar TDM 2.5G/10G (2-Fiber) auditsthe following information to
ensure consistent operation of the BLSR/UPSR

e Target Identifier (TID)
* Ring Squelch Map

The TID must be unique within a given subnetwork for proper
operation of the OS interface. WaveStar TDM 2.5G/10G (2-Fiber) uses
aprotocol called SONET Directory Services to ensure the uniqueness
of TIDsfor al network elementsin a subnetwork. You can make
changesto a TID at anytime. However, if achange resultsin a
duplication, the WaveStar TDM 2.5G/10G (2-Fiber) sends an alarm
and does not put the changes into effect until you make another change
that removes the duplication.

The ring squelch map consists of the provisioned source and
destination TIDs for each cross-connection at each node in the ring.
Incorrect information in this map could result in misconnected or
unnecessarily dropped traffic during failure conditions. This part of the
audit function flags al instances of unknown TID valuesin the squelch
map. It also propagates changes to the TID in any node in the ring and
to all other nodes so that they can automatically update their squelch
maps. Thus, you do not have to change the ring squelch maps manually.
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L oopbacks and Tests

Overview  This section describes the automatic and manual loopbacks and tests
that WaveStar TDM 2.5G/10G (2-Fiber) performs.

Loopback definition A loopback is a troubleshooting test in which asignal is transmitted
through a port unit to a set destination and then returned to the
originating port unit. The transmitted and received signals are
measured and evaluated by the user to ensure that the received signal is
accurate and complete when compared to the originating signal.

User-initiated loopbacks ~ WaveStar TDM 2.5G/10G (2-Fiber) can perform user-initiated
loopbacks within the port units. Active loopbacks are indicated by the
abnormal (ABN) LED on the user panel.

Facility Loopbacks  The WaveStar TDM 2.5G/10G (2-Fiber) system supports facility
loopbacks on a port or a set of ports for both electrical and optical
signals. Loopbacks allow for testing of cabling and system operation as
well as troubleshooting during factory system tests, and channel
growth. Near-side facility loopbacks are used during system
installation and channel growth activitiesto test the integrity of cabling
and connections to the new NE. Far-side facility loopbacks are
employed during system installation and channel growth activitiesto
test the integrity of paths through the WaveStar TDM 2.5G/10G
(2-Fiber) system itself.
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Protection Switching

Overview  WaveStar TDM 2.5G/10G (2-Fiber) provides the following types of
protection:

Optical and electrical interface protection switching includes

*  0OC-192: 2-Fiber BLSR, UPSR (STS-1 level path switching on the
UPSR), and 0x1

*  0OC-48: 2-Fiber BLSR, UPSR (STS-1 level path switching on the
UPSR), Ox1, and 1+1

e 0OC-12: UPSR (STS-1 level path switching on the UPSR), Ox1,
and 1+1

e 0OC-3:0x1and 1+1
 DS3and EC-1: 0x1 and 1xN (N<12)
. GE1: 0x1

The switch fabric complex is protected in a 1+1 equipment protection
architecture.

Timing synchronization is protected with 1+1 non-revertive protection
switching for the Stratum 3 Timing Generator and with DS1 external
timing reference signal protection.

OC192 protection  OC-192 2-fiber BLSR/UPSR protection switching (high-speed shelf
only) occurs in response to automatically detected faultsin the optical
line (BLSR)/ path (UPSR), equipment failures in the OC192 port unit,
and external commands from alocal or remote CIT or operations
system. Protection switching in WaveStar TDM 2.5G/10G (2-Fiber)
complies with GR-253.

OC48 protection  The protection mode for the OC48 port units can be provisioned as a
BLSR, UPSR, 1+1 (protected), or Ox1 (unprotected). The WaveStar
TDM 2.5G/10G (2-Fiber) supports both revertive and non revertive
protection switching for the OC-48 port units. The default value is Ox1.
The OC-48 2-fiber provides protection switching in response to
automatically detected faultsin the optical line (BLSR)/path (UPSR),
equipment failures in the OC48 port unit, and external commands from
alocal or remote CIT or operations system. Bidirectional 1+1
protection switching may be provisioned as either revertive or non
revertive. Unidirectional 1+1 protection switching is always non
revertive.
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OC12 protection  The protection mode for the OC12 port units can be provisioned as

Unidirectional and bidirectional 1+1 (two port unitsproviding 1+1
revertive or non-revertive protection) or Ox1 unprotected.
Unidirectional protection is always non revertive. Bidirectional
protection may be provisioned as either revertive or non revertive.

0x1 unprotected

Important! If the 1+1 protection mode isused, it is
recommended to place the port unitsin adjacent dots. The
possible adjacent slots are slots 1/2, 3/4, 5/6, 7/8, 9/10, 11/12,
13/14, 15/16; however, you can only use slot 16 for OC-3 or
OC-12 if DS3 protection packs are not used or installed. The
adjacent slots must have an odd number on the left. For example,
two optical port units that are 1+1 protected should not be
installed in slots 2/3.

OC3 protection  The protection mode for the OC-3 port units can be provisioned as

Unidirectional and bidirectional 1+1 (two port units providing 1+1
revertive or non-revertive protection). Unidirectional protectionis
always non revertive. Bidirectional protection may be provisioned
as either revertive or non revertive.

0x1 (unprotected)

Important! If the 1+1 protection mode isused, it is
recommended to place the port unitsin adjacent sots. The
possible adjacent dots are slots 1/2, 3/4, 5/6, 7/8, 9/10, 11/12,
13/14, 15/16; however, you can only use slot 16 for OC-3 or
OC-12 if DS3 protection packs are not used or installed. The
adjacent slots must have an odd number on the left. For example,
two optical port unitsthat are 1+1 protected can not be installed in
slots 2/3.

DS3EC1/8 protection  WaveStar TDM 2.5G/10G (2-Fiber) provides protection for all
DS3EC1/8 circuit packs. Electrical circuit packs are 1xXN (N<12)
protected and use bidirectional revertive switching. One dedicated
protection DS3EC1/8 circuit pack (in slot EPRN, the electrical
protection slot) provides protection for N (N<12) working DS3EC1/8
circuit packs. All eight DS3EC1 ports on a DS3ECL/8 circuit pack are
protected by a single protection switching operation.
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GEL1 protection

Synchronization protection

Switch fabric protection
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The GEL1 can be used only in the Ox1 configuration.
To protect Gigabit Ethernet traffic:

*  Usestandard SONET protection schemes (for example, BLSR) on
the STS1sthat carry the encapsulated EtherNET frames. This
scheme coversfailuresin the SONET network, not GE1 interface
failures.

*  Useprotection offered by the external router equipment. For
example, two 0x1 GE1 interfaces can be connected in parallel
between external routers. This scheme coversfailuresin the
SONET network and the GE1 interfaces.

WaveStar TDM 2.5G/10G (2-Fiber) provides protection for the Stratum
3 Timing Generator (TMG/STRAT3) circuit packs and the timing
reference signals. Two Stratum 3 circuit packs provide 1+1
non-revertive protection switching. In addition, two DS1 timing ports
are provided to each TMG/STRAT3 pack for external timing reference
signal protection. For line timing on the OC-3 and OC-12 port units,
the packs being referenced must be in the even numbered slots on the
tributary shelf.

On each shelf, the switch fabric is protected in a 1+1 non-revertive
protection switching. At initial start-up, Switch O isthe active line. If
the circuit pack for Switch O fails, Switch 1 becomes the active line.
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Automatic Laser Shutdown

WaveStar TDM 2.5G/10G (2-Fiber) supports Automatic L aser
Shutdown (ALS) on certain long-reach and very long-reach OC-192
interfaces. ALS s activated whenever (due to a cable break or
otherwise) the signal no longer arrives at the receiver. When an LOS
defect is present at the receive end of a section, the adjacent transmitter
sending signalsin the opposite direction is automatically shut down.
The deactivation time from the moment the LOS defect isfirst detected
is between 500 and 800 milliseconds. When the cable break isrepaired,
arestart procedure will make sure the transmitters are turned back on

again.
Thisfeature is designed to be used when the

* OBA ispaired withthe LEY69AE or LEY97AE
OBPA ispaired with the LEY 228AE

Refer to Table 7-11 for other possible pairings of port units with the
OBA and OBPA for applications where ALS is not required.

Restart Modes

The following three restart modes are offered as part of the ALS
feature:

e Automatic
. Manual
. Manual for Test

In the automatic restart mode, 100 seconds after ALS is activated the
transmitter is switched on again for two seconds to test the integrity of
the bi-directional section. If the bi-directional section is found to be
O.K., the LOS defect will be cleared and the transmitters at both ends
will remain in operation. If the integrity of the bi-directional section is
found to be flawed, the laser remains shut-down and new restart
attempts are made continually at 100 second intervals.

In the manual restart mode, 2 second restart pulses are generated at the
user’srequest. Asin the automatic restart mode, the minimum interval
between restart attemptsis 100 seconds.

In the manual restart for test mode, the restart pulse lasts atotal of 90
seconds. Asin the automatic and manual restart modes, the minimum
interval between restart pulsesis 100 seconds.
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SONET Performance Monitoring

Overview

Description

Types of performance
monitoring
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This section describes performance monitoring applicable to OC-3,
0OC-12, OC-48, and OC-192 signals.

WaveStar TDM 2.5G/10G (2-Fiber) provides performance monitoring
to support proactive maintenance of a network, such as the optic power
receive (OPR) parameters. WaveStar TDM 2.5G/10G (2-Fiber) also
provides fault-locating parameters, such as the coding violations (CV)
and severely errored seconds (SES) parameters.

WaveStar TDM 2.5G/10G (2-Fiber) accumulates SONET PM
parameters and reports Threshold Crossing Alerts when parameters
exceed their thresholds. The Near End (NE) and Far End (FE)
parameters are Telcordia SONET GR-253 parameters. In addition, Far
End (FE) parameters are supported to provide single point monitoring
of what is being detected by the terminating point of the line travelling
in the opposite direction. For information about specific parameters,
see the WaveStar TDM 2.5G/10G (2-Fiber) User Operations Guide
(365-371-210).

The following types of parameters are reported:

» physical (receive and transmit)

e section (near end)

* line (incoming for both NE and Far End [FE])
e path intermediate (incoming NE and FE)

e terminated path (incoming NE and FE)
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Performance thresholds

Parameter processing

Thresholds can be assigned to performance parameters. These are
indicative of degraded (in 24 hour measurements) or unacceptable (in
15 minute measurements) performance levels. When a
performance-monitoring threshold is crossed, areport is sent to the OS.
All threshold crossings that are associated with a particular line can be
correlated by the OS and the source of the degradation identified.

WaveStar TDM 2.5G/10G (2-Fiber) processes the basic performance
indicators (Code Violations and Defects) into derived performance
parameters. The derived parameters are based on the condition of the
incoming optical signal during a given second.

L]
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DS3 Performance Monitoring

Overview  This section describes the performance monitoring for DS3 signals.

Definition  Thresholds can be assigned to DS3 performance parameters. These are
indicative of degraded (in 24 hour measurements) or unacceptable (in
15 minute measurements) performance levels. When a
performance-monitoring threshold is crossed, it is reported to the
operations system where all threshold crossings associated with a
particular path can be correlated, and the likely source of the
degradation can be identified.

Performance monitoring occurs for NE incoming DS3 line and path
parameters as described in the GR-820 standard. In addition, WaveStar
TDM 2.5G/10G (2-Fiber) monitors NE outgoing DS3 path parameters
and FE DS3 parameters.

For details on specific performance parameters, see the WaveStar TDM
2.5G/10G (2-Fiber) User Operations Guide (365-371-210).

O
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Overview  Thistopic containsinformation about the
* Activeaarmsand status report
e Performance monitoring report
*  History report
*  Report on circuit pack, slot, port and switch states
*  Version/equipment list
e Synchronization report

Active alarms and status ~ WaveStar TDM 2.5G/10G (2-Fiber) provides an on-demand report that
reports  showsal the active alarm and status conditions. WaveStar TDM
2.5G/10G (2-Fiber) automatically displays the local alarm and status
report on the local or remote WaveStar CIT. The report shows the
following alarm levels and alarm conditions:

e  Critica (CR)

e Magor (MJ)

*  Minor (MN)

*  Not Alarmed (status) (NA)

The source address and description of each alarm condition (for
example, controller failure and incoming signal failure) areincluded in
the report along with the date and time detected. The report also
indicates whether or not the alarm is service-affecting. Multiple options
are available to sort alarm data (for example, in order of severity).

Performance monitoring  WaveStar TDM 2.5G/10G (2-Fiber) provides reports that contain the
report  values of all performance monitoring registers requested at the time of
the report. The start time of each register’s recording period is aso
included. The reports provide all DS3 and SONET parameters and
performance monitoring data that was recorded in a series of 15-minute
and 24-hour storage registers.
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Performance Parameters Report

WaveStar TDM 2.5G/10G (2-Fiber) provides another report that
contains asummary of all DS3 and SONET performance parameters
that have crossed their provisioned 15-minute or 24-hour thresholds
within the history of the 15-minute and 24-hour registers.

Important! A series of 32 previous and one current 15-minute
registersis provided for each parameter, allowing for up to 8 hours
and 15 minutes (495 minutes) of history in 15-minute registers.
Also, one current register and one previous 24-hour register are
provided, allowing for up to 2 days (48 hours) of history in
24-hour registers.

Fault Management History Report

A history report displays the past 500 events. An event isany changein
WaveStar TDM 2.5G/10G (2-Fiber) that may affect its performance
(for example, afailure) or change its operation status (for example,
loopback setup). This summary contains time stamps showing when
each condition was detected and when it cleared. The WaveStar CIT
events contain a time stamp showing when the command was entered.

Time Stamp

The day bin time stamp at the top of the reportsreflectsthelast time the
24-hour performance monitoring counts were initialized, even if the
resulting “day” islonger or shorter than 24 hours. The report shows
corrupted data as a question mark (?) for all non-24-hour day bin
collection intervals, including those exceeding 24 hours.
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Report on pack, slot, port

and switch states

Version/equipment list

Synchronization report

Additional Items

This on-demand report displays
»  Circuit pack, transmission port, and timing port state information
*  Protection group switch states

The version/equipment list report is an on-demand report that lists all
*  Provisioned and pre-provisioned circuit packs
*  Circuit packs that are present

The synchronization report is an on-demand report that lists
*  System synchronization status

*  Clock parametersthat can be interrogated from a WaveStar CIT or
from remote telemetry

The other items of information that can be retrieved include:
*  Cross-connection information

Shelf-level information

System-level information

Node-level information

365-371-201
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Provisioning

Overview

Purpose  Thissection contains information about the following features:
*  Local or remote provisioning
*  Preprovisioning circuit packs
»  Circuit pack replacement provisioning
»  Origina value provisioning

Definition  Provisioning refers to assigning values to parameters used for specific
functions by network elements. The values of the provisioned
parameters determine many operating characteristics of a network
element.

Local or remote  WaveStar TDM 2.5G/10G (2-Fiber) software allows local and remote
provisioning  provisioning of all user-provisionable parameters. The provisionable
parameters and values (current and original) are maintained in the
nonvolatile memory of the controller circuit pack.

Preprovisioning circuit ~ To simplify circuit pack installation, parameters can be provisioned
packs  eforeinserting the corresponding circuit pack. The appropriate
parameters are automatically downloaded when the corresponding
circuit pack isinstalled. All system parameters and values (current and
original) are retrievable on demand regardless of the means used for
provisioning.

Circuit pack replacement  Replacement of afailed circuit pack is smplified by the automatic
provisioning  provisioning of the original circuit pack values. The controller circuit
packs maintain a provisioning map of the current provisioning values.
When a transmission and/or atiming circuit pack is replaced, the
controller automatically downloads the previous provisioning
parameters to the new circuit pack.
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Original value provisioning

Provisionable SS bits

References

Installation provisioning is minimized with factory-preset values. Each
provisionable parameter is assigned an original value at the factory.
The provisionable parameters are automatically set to their origina
values during installation.

There are two complete sets of data (parameters and their values)
located in the nonvolatile memory of the controller circuit pack under
normal conditions:

*  Thefirst set contains the system parameters and their original
values (values assigned to a parameter at the factory).

*  Thesecond set contains the system parameters and their current
values (values currently being used by the system).

Important! The original values assigned at the factory cannot
be changed. However, the current values can be overridden
through local or remote provisioning.

The WaveStar TDM 2.5G/10G (2-Fiber) provisionable SS bits feature
allows usersto the provision the value of SShits5 and 6. These are the
SS bits that are transmitted in the first H1 pointer byte of an STS- Nc
signal. Present SONET (Telcordia) and SDH (ITU-T) standardsrequire
that these bits be ignored by the receiving equipment. However, some
older, embedded SONET and SDH equipment may not ignore these
bits.

Provisioning the SS bits to 00 (overwrite enabled) can allow
interworking with older embedded SONET equipment. Provisioning
the SShitsto 10 (overwrite disabled) can allow interworking with older
embedded SDH equipment.

Note:
The SS bits are provisionable on a per shelf basis.

For more information about provisioning parameters and original
values using the WaveStar CIT, refer to 365-371-110, WaveSar TDM
2.5G/10G (2-Fiber) User Operations Guide

[
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Port Monitoring Modes

Overview  Thissection describesthe different port monitoring modes in WaveStar
TDM 2.5G/10G (2-Fiber).

Definition  Port monitoring modes represent the monitoring state for each port in
the system at any given time. Each port monitoring mode has its own
characteristics for signal failure alarms and PM (performance
monitoring) data collection. Transitions between modes occur due to
events such as applying a good signal and WaveStar CIT commands.
The detection of afault does not affect the state of the port monitoring
mode.

Port modes  The port modesin WaveStar TDM 2.5G/10G (2-Fiber) are

e Automatic (AUTO): AUTO refersto aport that is available for
automatic provisioning. A port transitions from the AUTO mode
to the MON mode if agood signal is detected. The original port
monitoring mode valueis AUTO. When the port monitoring mode
iISAUTO, the port is not alarmed.

*  Monitored (MON): MON refersto a port that is fully monitored
and alarmed.

e Not monitored (NMON): NMON refersto aport that is not
monitored and does not transition to the MON state even if agood
signal is detected. Any port modes can be user-provisioned
independently to the NMON state at anytime, regardless of the
auto-provisioned mode of the terminating interface slot. This port
mode is used to suppress facility (communications) alarms and
performance monitoring processing.
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6 System Planning and
Engineering

Overview
Purpose  This chapter provides information about planning capacity, power,
synchronization, floor plan layout, and equipment interconnection.
L]
36537120161
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General Planning Information

Overview  Thissection provides general planning information for WaveStar TDM
2.5G/10G (2-Fiber).

Planning considerations  When planning your network, you should consider the eventual system
Size, including
e Capacity
Power
*  Synchronization
*  Hoor plan layout
*  Equipment interconnection

Worldwide Services  Lucent Worldwide Services provides afull life-cycle of servicesand
solutions to help you plan, design, implement, and operate your
network in today's rapidly changing and complex environment. For
more information about L ucent Technologies Engineering Services,
Installation Services, and Technical Support, contact your Account
Executive or refer to Chapter 8, “Product Support.”
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Operations Interface  The WaveStar TDM 2.5G/10G, Release 6 provides Transaction
Language 1 (TL1) for commands/messages that complies with
applicable standards. The OS interface is accessed through one of the
10BaseT Ethernet IAO LAN rear panel connectors. The IAO LAN
interface can be configured for TCP/IP and OSI protocaols.

The WaveStar TDM 2.5G/10G, Release 6 system does provide front
local access, typically used by craft personnel to accessthe system with
the WaveStar CIT. The requirements for the PC that runs the WaveStar
CIT arelisted in Chapter 5.

The TL1 (or OS) interface is compatible with Telcordia's Network
Monitoring and Analysis (NMA), Telcordias Transport Element
Management System (T-EMS), and the WaveStar Subnetwork
Management System (SNMYS).

Important! As stated above, the WaveStar TDM 2.5G/10G,
Release 6 system OS interface supports TCP/IP directly (without
the need for an external mediation/conversion device). The
WaveStar TDM 2.5G/10G (2-Fiber) system also supports the use
of Lucent's Network Communication Control (NCC) R3.2 for
those who plan to, or want to continue to, use the NCC as part of
their operations environment. The NCC can perform conversion
(gateway function) of OSl (TL1 based) to TL1 TCP/IP, TCP/IP
(RFC 1006), and TL 1/x.25. These functions may be useful when
connecting amix of deployed multivendor network elementsto
various OS systems. Lucent NCC Applications and Ordering and
other useful information provide available in the Network
Communications Controller Release 3.2 User's Guide I ssue 2
(365-370-107). The other document that may be useful the NCCis
the Network Communications Controller Release 3.2 Operations
Systems Engineering Guide, Issue 2 (365-370-108)
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Power planning

Cooling

Two —48V power feeders [ BREAKER (A) and BREAKER (B)] power
each WaveStar TDM 2.5G/10G (2-Fiber) shelf. Redundant power
feeders are used to ensure maximum system reliability. All power
feeders should be sized to carry the maximum shelf power
consumption. Each feeder is equipped with a filter to reduce any
switching noise that may be present at the input. For more information
about power, refer to Chapter 4, Product Description and Chapter 10,
Technica Specifications.

If you mount a WaveStar TDM 2.5G/10G (2-Fiber) shelf at the top of a
bay, install a heat baffle directly below it. If you mount a WaveStar
TDM 2.5G/10G (2-Fiber) shelf at the center or bottom of a bay, install
a heat baffle directly above it and directly below it. Allow no gaps
between the baffle mounted below the WaveStar TDM 2.5G/10G
(2-Fiber) shelf and any equipment mounted directly below the baffle.
Observing thisrule prevents hot air, exhausted from alower shelf, from
being used to cool the upper shelf. See Figure 6-1. Any slot that does
not contain acircuit pack must have a blank cover to ensure both
proper EMC (Electro-Magnetic Compatibility) containment and air
flow.
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Heat baffle locations

The figure below shows the locations of the heat bafflesin a bay
housing a WaveStar TDM 2.5G/10G (2-Fiber) system with no
internally mounted DS3 connectors.

Figure 6-1 Heat Baffle Locations

Heat Baffle ‘ B

@@

00300888 8080888058!
00008080828030388585808!
88885828289893838885898:

)
.
=

[OFee |
[OFee ]

[OFee ]

Jol ADsCTLDCCE [Ob o 0
BLANK

0]

[ JojswiTcHisTss:
[ 0] CTUSYS500M

Heat Baffle

Heat Baffle ‘ 03 8 ‘

Bay

NC10G028

365-371-201 6
Issue 6 October 2001



System Planning and Engineering

The figure below shows the heat baffle locations for a WaveStar TDM
2.5G/10G (2-Fiber) system with internally mounted DS3 connector
panels. Thisfigure showsthe system from the front with the shelf doors

closed.
Figure 6-2 Heat Baffle Locations with Internal DS3 Connector
Panels
10G Shelf
Baffle

DS3 1/0O Panel

Baffle A =
2.5G Shelf
T
Heat Baffle B B

DS3 1/O Panel

NC10G036
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Dispersion Compensation  For applications requiring the use of Dispersion Compensation

Module (DCM) holder tray  Modules (DCMs), aDCM holder tray can be miscellaneously mounted
into aWaveStar TDM 2.5G/10G (2-Fiber) bay. Thetray holds4 DCMs.
A bay withaDCM holder tray, can support up to two WaveStar TDM
2.5G/10G (2-Fiber) shelves.
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Transmission Capacity

Overview  Each low-speed, tributary shelf supports up to 384 STS-1 equivalents
of interface capacity which can be used to support amix of OC-48
BLSR, OC-48 UPSR, OC-48 1+1, OC-48 0x1, OC-12 UPSR, OC-12
1+1, OC-12 0x1, OC-3 1+1, OC-3 0x1, DS3, EC-1, and/or Gigabit
Ethernet ports. (The 1xN equipment protection for DS3/EC-1 port units
IS separate, not a part of thisinterface capacity.) Except as noted in the
section “Port Location Rules’ in this chapter, you can equip each
low-speed shelf with any mixture of OC-48, OC-12, OC-3, DS3/EC-1,
and GE1 port units

The high-speed shelf supports up to 384 STS-1 equivalents of interface
capacity which can be used to support one OC-192 2-Fiber BLSR, or
one OC-192 UPSR, or two 0x1 (unprotected) OC-192 ports.

The STS-1 or STS-Nc tributaries, which carry traffic at the path level
within the ports, are interconnected with a 576 x 576 STS-1 switch
fabric in each low-speed shelf and with either a576 x 576 STS-1
switch fabric or a768 x 768 STS-1 switch fabric in the high-speed
shelf. The switch provides the user-provisioned cross-connections
between input and outputs at the STS-1 or STS-N level. It also provides
both line protection switching and path protection switching. For 1xN
equipment protection of DS3/EC-1 port units, the switch also interfaces
to an electrical protection switch unit (the SWITCH/DS3/ECL circuit
pack) that selects between the working and protection DS3/EC1 circuit
packs.

With the 576 x 576 STS-1 switch fabric in the high-speed shelf, the
system supports one or two low-speed, tributary shelves

With the 768 x 768 STS-1 switch fabric in the high-speed shelf, the
system supports one to four low-speed, tributary shelves. The larger
switch fabric provides alarger cross-connection capacity between the
high-speed shelf and the low-speed shelves.

The user provisions cross-connections only for the working (protected)
traffic and any additional unprotected traffic carried by Ox1 ports or by
BL SR protection access. Since the additional connections between
working and protection tributaries for BLSR, UPSR, and 1+1 port
protection are made automatically by the system within each shelf, they
are not counted in the utilization of the cross-connection capacity
between the high-speed and low-speed shelves.
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The next subsections of this chapter provide information to help you

plan how to use the transmission capacity of the system in various
applications.

Switch Fabrics in Each  When equipped with the 576 x 576 STS-1 switch fabric in the
Shelf and the Inter-Shelf  hjgh-speed shelf, the TDM 2.5G/10G (OC-192) system supports up to
Cross-Connection Capacity 3 gnejves; 2 low-speed, tributary shelves and a high-speed shelf. This

switch fabric consists of SWITCH/STS576 switch units and
PPROC/STS192 switch unit pointer processors, each with working and
protection circuit packs. With atotal of 576 STS-1 inputs and 576
STS-1 outputs, it supports 384 STS-1 equivalents of interface capacity
and cross-connection capacity within the high-speed shelf, plus 192
STS-1 equivalents of inter-shelf cross-connection capacity that can be
used for connections to other shelves. (See the next figure.)

Figure 6-3 Configuration with 576x576 Switch in the 10G Shelf

384 STS-1 port capacity
(2 OC-192 port unit slots)

10G Shelf
Select with 576 x 576 STS-1
each STS -1 switch fabric
from either shelf

192 STS -1 (two-way) cross-connections
between pair of LS shelves and 10G shelf
A B

Main 2.5G Expansion 2.5G
Low-Speed Shelf Low-Speed Shelf
with 576 x 576 STS-1 with 576 x 576 STS-1
switch fabric switch fabric

384 STS-1 port capacity 384 STS-1 port capacity
(16 universal port unit slots) (16 universal port unit slots)

nc2510G-076

When equipped with the 768 x 768 STS-1 switch fabric in the
high-speed shelf, the TDM 2.5G/10G (OC-192) system supports up to
5 shelves: 4 low-speed, tributary shelves and a high-speed shelf. This
switch fabric consists of SWITCH/STS768 switch units and
PPROC/STS384 switch unit pointer processors, each with working and
protection circuit packs. With atotal of 768 STS-1 inputs and 768
STS-1 outputs, it supports 384 STS-1 equivalents of interface capacity
and cross-connection capacity within the high-speed shelf, plus 384
STS-1 equivalents of intershelf cross-connection capacity that can be
used for connections to other shelves. (See Figure 6-4, Configuration
with the 768x768 Switch in a 10G Shelf (page 6-10).)
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Figure 6-4 Configuration with the 768x768 Switch in a 10G Shelf
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Low-Speed Shelf
with 576 x 576 STS-1
switch fabric

384 STS-1 port capacity
(16 universal port unit slots)

C

Expansion 2.5G
Low-Speed Shelf
with 576 x 576 STS-1
switch fabric

384 STS-1 port capacity
(16 universal port unit slots)

B

Expansion 2.5G
Low-Speed Shelf
with 576 x 576 STS-1
switch fabric

384 STS-1 port capacity
(16 universal port unit slots)

D

Expansion 2.5G
Low-Speed Shelf
with 576 x 576 STS-1
switch fabric

384 STS-1 port capacity
(16 universal port unit slots)

nc2510G-077

Each low-speed, tributary shelf is equipped with a576 x 576 STS-1
switch fabric. Similarly, this supports 384 STS-1 equivalents of
interface and cross-connection capacity within the low-speed shelf,
plus 192 STS-1 equivalents of inter-shelf cross-connection capacity for
connections to the high-speed shelf.

For each shelf, either low-speed or high-speed, the switch fabric in that
shelf supports 384 STS-1 equivalent one-way cross-connections
between inputs and outputs within the same shelf. This capacity within
each shelf is sufficient so that, regardless of how any shelf is
provisioned (meaning, with any combination of port units and any
supported mix of protection configurations), the user can provision a
cross-connection to each and every output logical tributary of each port
in each slot of the shelf from any input logical tributary in the same
shelf.

The inter-shelf cross-connection capacity which is additionally
supported by each shelf can be used to provision cross-connections
between inputs and outputs in different shelves. The interface capacity
of ashelf isgreater than the inter-shelf cross-connection capacity. (This
allows alarger number of shelves to be supported, rather than
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Using Switch Fabrics and
Inter-Shelf
Cross-Connection Capacity
for Various Applications

providing more inter-shelf connection capacity than would be useful
for most applications.) Therefore, the number of cross-connections
between inputs and outputs in different shelvesis limited by the
inter-shelf connection capacity in some applications.

In applications using the 2 ports in the high-speed shelf for aring --
which can be either an OC-192 2-Fiber BLSR or an OC-192 UPSR --
the inter-shelf cross-connection capacity of 192 STS-1 equivalentswith
the 576 STS-1 switch fabric is sufficient to add/drop all the working
traffic in this ring from/to port units in the low-speed, tributary
shelf(ves). For aBL SR using protection accessto carry extratraffic, the
capacity of 384 STS-1 equivalents with the 768 STS-1 switch fabricis
sufficient to add/drop all of both the working and protection access
traffic. (See Figure 6-5, Adding a Second Low Speed Shelf in aHigh
Speed Shelf Equipped with a 768x768 Switch (page 6-11) and Figure
6-6, Adding Second, Third, and Fourth Low-Speed Shelves (page
6-12).)

Figure 6-5 Adding a Second Low Speed Shelf in a High Speed

Shelf Equipped with a 768x768 Switch

OC - 192 UPSR (192 STS-1); or two OC - 192 0x1 (384 STS-1);
or OC-192 BLSR (192 STS-1 working, plus 192 STS-1 protection access)

10G Shelf
with 768 x 768 STS-1
switch fabric
Select
each STS -1
from either shelf

Select
each STS -1
from either shelf

192 STS -1 (two-way)
cross-connections
between pair of LS

shelves and 10G shelf

A

Main 2.5G
Low-Speed Shelf
with 576 x 576 STS-1
switch fabric

192 STS-1 working

in OC-N 1+1 or OC-48/12 rings;

or 96 STS-1 with DS3/EC-1

192 STS -1 (two-way)
cross-connections
between LS
shelf and 10G shelf

Cannot add/dro
in OC-192 UPSR

Expansion25G | | Expansion 2.5G |
Low-Speed Shelf | | Low-Speed Shelf |
| with 576 x 576 sTs-1! | with 576 x 576 STS-1)
1 switch fabric 1 switch fabric |

additional 96 DS3/EC-1 192 STS-1 working
in OC-N 1+1 or OC-48/12 rings;
or 96 STS-1 with DS3/EC-1

nc2510G-079
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Figure 6-6 Adding Second, Third, and Fourth Low-Speed
Shelves

OC - 192 UPSR (192 STS-1); or two OC - 192 0x1 (384 STS-1);
or OC-192 BLSR (192 STS-1 working, plus 192 STS-1 protection access)

10G Shelf
with 768 x 768 STS-1
switch fabric

Select Select
each STS -1 each STS -1
from either shelf from either shelf

192 STS -1 (two-way)
cross-connections
between pair of LS

shelves and 10G shelf

192 STS -1 (two-way)
cross-connections
between pair of LS

shelves and 10G shelf

Cannot add/drop
in OC-192 UPSR

A

Main 2.5G
Low-Speed Shelf
with 576 x 576 STS-1
switch fabric
192 STS-1 working
in OC-N 1+1 or OC-48/12 rings;
or 96 STS-1 with DS3/EC-1

C - 2nd or 3rd

Expansion 2.5G
Low-Speed Shelf
with 576 x 576 STS-1
switch fabric
192 STS-1 working
in OC-N 1+1 or OC-48/12 rings;

or 96 STS-1 with DS3/EC-1

B - 3rd or 2nd D - 4th
Expansion 2.5G Expansion 2.5G
Low-Speed Shelf Low-Speed Shelf

with 576 x 576 STS-1 with 576 x 576 STS-1
switch fabric switch fabric
additional 96 DS3/EC-1 additional 96 DS3/EC-1

nc2510G-078

Similarly, with one Ox1 (unprotected) OC-192 port, the capacity of the
576 STS-1 switch fabric is sufficient for all the traffic. With two Ox1
OC-192 ports, the capacity of the 768 STS-1 switch fabric is sufficient
for al the traffic.

OC-48 and OC-12 rings can be mixed and matched by using the
flexible provisioning of port unitsin the low-speed, tributary shelves.
Traffic can be directly connected between any rings without using the
add/drop ports and cabling that would be needed to connect rings in
separate network elements. Any add/drop ports used for the ringsin the
low-speed shelves should typically be located in the same shelves as
the rings, to avoid unnecessary use of the inter-shelf cross-connection
capacity. Rings (or any ports) in different low-speed shelves may also
be interconnected, but only to the extent that the inter-shelf connection
capacity would not be needed for add/drop of the OC-192 ring since
this ring has no other portsin its own shelf. For applications such as
these, some planning is recommended to optimize which ports should
be placed in which low-speed shelves. (See Figure 6-7, WaveStar TDM
10G (OC-192) (2-Fiber) Power and Flexible Growth for Optical

Hubs (page 6-13).)
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Figure 6-7 WaveStar TDM 10G (OC-192) (2-Fiber) Power and
Flexible Growth for Optical Hubs
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If little of the OC-192 ring traffic needsto be added/dropped at this site,
or if the system is equipped without any OC-192 ports at all, then most
or al of theinter-shelf cross-connection capacity can befreely used for
Ccross-connections between |ow-speed, tributary shelves. With the 768
STS-1 switch fabric in the high-speed shelf, up to 192 STS-1
equivalent two-way cross-connections can be interconnected between
two low-speed shelves (A and C). For two low-speed shelves equipped
with OC-48 and OC-12 rings, aswell as 1+1 protected optical portsand
electrical ports, this cross-connection capacity is sufficient to connect
all the working traffic from each shelf to the other. Thisway, the system
can be used as an OC-48/0OC-12 Broadband DCS. (See Figure 6-8,
Wavestar TDM 10G OC-48/12 Broadband Cross-Connect

Application (page 6-14).)
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Figure 6-8 Wavestar TDM 10G OC-48/12 Broadband
Cross-Connect Application
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For a hypothetical application in which all cross-connections can be
made between inputs and outputs within the same shelf (meaning, no
inter-shelf cross-connections needed), the total cross-connection
capacity for a system with 2 low-speed shelvesis 1152 STS-1
equivalents. For a system with 4 low-speed shelves, it is 1920 STS-1
equivalents.

The intershelf cross-connection capacity between any directly
interconnected shelves (meaning, between the high-speed shelf and
each one of the low-speed, tributary shelves) supportsup to 192 STS-1
equivalent one-way cross-connections in each direction between input
and output tributaries that are not in the same shelf. However, this
maximum capacity is shared by a pair of low-speed shelves.

More specifically, in the direction from the low-speed shelves to the
high-speed shelf, the inter-shelf connection capacity of 192 STS-1
equivalentsis shared by two low-speed shelves. This shared capacity is
allocated to either shelf (on afirst-come first-served basis, as
cross-connections are set up and taken down) by 2-to-1 bandwidth
concentration with STS-1 granularity. The amount of inter-shelf
connection bandwidth allocated in this direction from each of the two
low-speed shelves to the high-speed shelf, interms of STS-1
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Using Low-Speed
(Tributary) Shelf Pairs for
Various Applications

365-371-201
Issue 6 October 2001

equivalents, can be any two integers whose sum does not exceed 192.
For example, 101 STS-1 equivalents can be added to an OC-192 BLSR
(or UPSR) from tributariesin one shelf and 91 STS-1 equivalents from
tributaries in the other shelf. Cross-connection commands are denied
by the network element when the necessary bandwidth is not available.

In the other direction, from the high-speed to the low-speed shelves,
each of the 192 STS-1 equivalent units of capacity can be
cross-connected to either or both of these low-speed shelves. (The same
signal can go to both shelves without its bandwidth being counted
twice.)

The pairing of shelves that share the inter-shelf cross-connection
capacity applies only when more than one low-speed shelf is equipped.
In a configuration supporting only two low-speed shelves (meaning,
with the 576 STS-1 switch fabric), it is obviously these two shelves
which are paired. In a configuration supporting up to four low-speed
shelves (meaning, with the 768 STS-1 switch fabric), the method of
pairing is determined by the physical cable connections from the
low-speed shelves to the high-speed shelf's SWITCH/PPROC Ports A,
B, C, and D. (Thefirst low-speed shelf, which is always part of the
system, uses SWITCH/PPROC Port A.) Low-speed shelves connected
to SWITCH/ PPROC Ports A and B are one pair, and shelves
connected to C and D are another pair.

OC-192 add/drop applications in which the capability of bandwidth
sharing between low-speed shelf pairsistypically most beneficial are
those using DS3/EC-1 electrical port units, or 1+1 protected OC-3 ports
(with 4 ports per port unit). The number of logical tributaries which can
be used for cross-connectionsin a shelf that is completely filled with
these port unitsisonly 96 STS-1 equivalents. Therefore, a second shelf
can double this capacity while sharing the same 192 STS-1 equivalents
of inter-shelf cross-connection capacity. (See Figure 6-5, Adding a
Second Low Speed Shelf in a High Speed Shelf Equipped with a
768x768 Switch (page 6-11) and Figure 6-6, Adding Second, Third,
and Fourth Low-Speed Shelves (page 6-12).)

On the other hand, bandwidth sharing is not typically as beneficial in
OC-192 add/drop applications using unprotected OC-3 ports, 1+1
protected OC-12 ports, or 1+1 protected OC-48 ports. The number of
logical tributaries in a shelf that is completely filled with these portsis
192 STS-1 equivalents. Therefore, a second shelf sharing the same 192
STS-1 equivalents of inter-shelf cross-connection capacity would be
useful only if some tributaries in each shelf were unused.
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In applications using OC-12 or OC-48 portsthat are either unprotected
or inrings (BLSR or UPSR), the number of logical tributariesin a shelf
completely filled with these portsis 384 STS-1 equivalents. A second
shelf would be useful only if some tributaries were either unused, or
used for through traffic within aring instead of add/drop traffic, or used
for add/drop traffic with the add/drop ports located in the same shelf.

Applications with mixing of the above casesin the same shelveswould
generally need to be considered individually, but if thereiseven asmall
proportion of the applications which do fill a shelf beforefilling the
inter-shelf connection capacity, a second shelf sharing the inter-shelf
cross-connection capacity would often be useful.

The intershelf cross-connection capacity between the high-speed shelf
and each pair of low-speed shelves can be used for cross-connections
between ports in different low-speed shelves, themselves, when this
capacity is not needed for connections to/from OC-192 portsin the
high-speed shelf. Up to 192 STS-1 equivalent two-way
Ccross-connections can be interconnected between low-speed shelvesin
different shelf-pairs (A and C); or up to 96 STS-1 equivalent two-way
cross connections (or 192 one-way) between low-speed shelvesin the
same shelf-pair (A and B).

Planning to Upgrade the  The cross-connection capacity can be upgraded, while the system is
Switch Fabric  in-service, by replacing the 576 STS-1 switch fabric in the high-speed
shelf with the 768 STS-1 switch fabric. The 1+1 protected circuit packs
of the switch fabric, including the switch units and the switch unit
pointer processors, are sequentially replaced while the system remains
in-service. None of the existing cabling is moved.

The normal impact on transmission is 2 hits (each less than 50
milliseconds) for each circuit. These hits are expected due to the
difference in delay through the different switch units, even though
manual protection switching of the switch unitsisnormally hitless.

For a system with only one low-speed shelf before the upgrade (or a
system installed initially with the 768 STS-1 switch fabric), the
additional 192 STS-1 equivalents of inter-shelf connection capacity
provided by the larger switch fabric can be used for connections
between the high-speed shelf and a second low-speed shelf. Thisis
useful to terminate all 384 STS-1 equivalents of traffic that can be
carried in 2 unprotected (Ox1) OC-192 ports, or all of both the working
and protection access traffic in an OC-192 2-Fiber BLSR. It isalso
useful for interconnecting more traffic between different low-speed
shelves via the high-speed shelf.
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For any system, whether upgraded or installed initially with the 768
STS-1 switch fabric in the high-speed shelf, the additional 192 STS-1
equivalents of inter-shelf connection capacity increases the number of
low-speed shelves supported from 2 to 4. The original 192 STS-1
equivalents of inter-shelf connection capacity can be either dedicated to
one low-speed shelf or shared by a pair of low-speed shelves; and the
additional inter-shelf capacity can aso be either dedicated to another
low-speed shelf or shared by a second pair. Only the first pair of
low-speed shelves can be used to add/drop all traffic from an OC-192
UPSR, but otherwise the transmission capabilities of each low-speed
shelf are the same. The pairing of shelvesis determined by the cabling
to the SWITCH/PPROC Port (A and B; C and D), not by the order in
which the shelves are added.

Users planning an in-service upgrade from the 576 switch fabric to the
768 switch fabric are advised to complete the upgrade of the switch
fabric, if possible, before adding the second low-speed shelf. This
allows the option to connect the second low-speed shelf to
SWITCH/PPROC Port C, instead of B. SWITCH/PPROC Port C
provides an additional 192 STS-1 equivalents of intershelf
Cross-connection capacity to/from the high-speed shelf.

It isalso possible to add a second low-speed shelf in a system with the
576 STS-1 switch fabric, and to upgrade to the 768 STS-1 switch fabric
afterward. But then the second low-speed shelf must be connected to
SWITCH/PPROC Port B, and remain there (unlessit will be taken out
of service). Low-speed shelves connected to SWITCH/PPROC Ports A
and B share the existing 192 STS-1 equivalents of intershelf
Cross-connection capacity to/from the high-speed shelf.

Planning to Add  Low-speed, tributary shelves can be added on an in-service basis,

Low-Speed (Tributary)  without any impact on the transmission performance of existing
Shelves  greyits,

When the 576 x 576 STS-1 switch fabric is used in the high-speed
shelf, the cabling from the additional (second) low-speed shelf must be
connected to the high-speed shelf using SWITCH/PPROC Port B. The
existing 192 STS-1 equivalents of intershelf cross-connection capacity
to/from the high-speed shelf that has been used for the first low-speed
shelf (connected to SWITCH/PPROC Port A) will now be shared
between the pair of shelves connected to SWITCH/PPROC Ports A and
B. (see Figure 6-3, Configuration with 576x576 Switch in the 10G
Shelf (page 6-9))
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When the 768 x 768 STS-1 switch fabric is used in the high-speed shelf
(whether the system was installed initially or upgraded with the 768
switch), the user can choose whether to connect the cabling of the
second low-speed shelf to either SWITCH/PPROC Port B or C (see
Figure 6-4, Configuration with the 768x768 Switch in a 10G

Shelf (page 6-10), Figure 6-5, Adding a Second Low Speed Shelf ina
High Speed Shelf Equipped with a 768x768 Switch (page 6-11), and
Figure 6-6, Adding Second, Third, and Fourth L ow-Speed

Shelves (page 6-12)).

Connect the 2nd low-speed shelf to SWITCH/PPROC Port C when the
additional portsin this shelf may need to use the additional 192 STS-1
equivalents of cross-connection capacity from the high-speed shelf.
Applicationsinclude: add/drop of protection accessfor OC-192 BLSR,;
add/drop of two OC-192 0x1 ports; or to interconnect more traffic
between different low-speed shelves via the high-speed shelf (e.g.,
when using the system as an OC-48/12 Broadband DCS without
OC-192 ports).

Connect the 2nd low-speed shelf to SWITCH/PPROC Port B when the
additional ports may be used for add/drop in an OC-192 UPSR. The
main application is. DS3/EC-1 or 1+1 OC-3 (4-port) add/drop ports
(only 96 working STS-1 per shelf) for an OC-192 UPSR.

Connect the 3rd low-speed shelf to SWITCH/PPROC Port C if the 2nd
low-speed shelf is already connected to SWITCH/PPROC Port B.
Otherwise, connect it to SWITCH/PPROC Port B.

Connect the 4th L S shelf to SWITCH/PPROC Port D. The existing 192
STS-1 equivalents of intershelf cross-connection capacity to/from the
high-speed shelf that has been used for the low-speed shelf connected
to SWITCH/PPROC Port C will now be shared between the pair of
shelves connected to SWITCH/PPROC Ports C and D.
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Port unit capacities  The table below lists the transmission capacity required for each port
unit.

Table 6-1 Interface Capacity per Port Unit

Port Unit STS-1 Equivalents
DS3EC1/8 8
OC3/STMV1.3LR4 12
OC3/STM1/1.3SR4 12
OC3/STMV/1.3IR/SR8 24
0OC12/STM4/1.3LR2 24
OC12/STM4/1.3SR2 24
GEL/SX2 <42
GEV/LX2 <42
OC48/STM16/1.3VSR1 48
OC48/STM16/1.3LR1 48
OC48/STM16/1.5LR1 48
OC48/STM16/DWDMO01 48
through

OC48/STM16/DWDM 16 (16 colors)
OC48/STM16/WDM 9190

through 48
OC48/STM 16/WDM 9585 (80 colors)
OC48/STM 16/POU9590 through

POU9210 (16 colors) 48
0OC192/STM64/1.5SR1 192
0C192/STM64/1.5VLR1 192
0OC192/STM64/1.5LR1 192
OC192/STM64/1.51R1 192
0OC192/STM64/WDM 9580 through 192
WDM9190 (40 colors)
OC192/STM64/POU9590 through 192
POU9210 (32 colors)

The same number of STS-1 equivalents apply for al NEBS Level 3
compliant versions of the circuit packs listed in the table above.
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Growth considerations  If you anticipate connecting to the WaveStar 10G shelf in the future,
you should equip the WaveStar TDM 2.5G/10G (2-Fiber) low-speed
shelf so that the total of all traffic routed in each direction to and from
the 10G shelf does not exceed 192 STS-1 equivalents. For example,
101 STS-1 equivalents can be added to the OC-192 2-fiber BLSR (or
UPSR) from tributaries in one 2.5G shelf and 91 STS-1 equivalents
from tributariesin the other 2.5G shelf. Similarly, the same numbers (or
different numbers totaling 192) can be dropped from the OC-192
2-fiber BLSR (in the high-speed shelf) to tributaries in each low-speed
(2.5G) shelf. Refer to Table 6-1, “STS-1 Equivalents per Port Unit”

(page 6-19).
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Port Location Rules

Purpose  Thissection provides rules and recommendations for locating port unit
circuit packs in ashelf and for locating the optical portsin a port
protection group.

Table 6-1, Interface Capacity per Port Unit (page 6-19) shows the
interface capacity used by each type of port unit: the port rate timesthe
number of ports per port unit. (The name of each port unit generally
indicates both the rate and the number of ports.) For example, an OC-3
port unit with 4 ports provides 12 STS-1 equivalents of interface
capacity. The interface capacity of each shelf, 384 STS-1 equivalents,
is achieved when the shelf is equipped with port units that use the
maximum capacity supported in all port unit slots. Each OC-48 or GE1
port unit occupiestwo of the sixteen port unit slotsin alow-speed shelf.

Protection considerations  The 1xN equipment protection for DS3/EC-1 port unitsis provided by
a separate circuit pack (plus a separate switch pack) which is not
counted as part of the interface capacity.

Protection of optical portsis provided by provisioning a port protection
group (either 1+1 or BLSR) for individual ports on different port units.
All optical ports are counted as part of the interface capacity. For
example, if you equip alow-speed shelf with OC-12 port unitsin all of
the 16 port unit sots, then all of the 384 STS-1 equivaents of interface
capacity are used (12 STS-1 equivalents per port, times 2 ports, times
16 dlots) If al of these OC-12 ports are unprotected (0x1), then they
can carry 384 STS-1 equivalents of traffic. (Not all of thistraffic can be
connected to portsin other shelves, since the intershelf
cross-connection capacity is 192 STS-1 equivalents, but it can al be
connected within the same shelf.) On the other hand, if you provision
1+1 port protection for all of these OC-12 ports, then there are 192
STS-1 equivalents of working tributaries for which you can provision
Cross-connections to portsin any shelf.

On optical port units that have multiple ports, the protection for each
port is provisioned and operated independently. Facility failures
(incoming signal failures) are protected by the affected port protection
group. Equipment failures (port unit failures) are protected by all
affected port protection groups.

DS3/EC-1 port units  Because the electrical DS3/EC-1 ports require DS3 connector panels, it
ispractical to fill one side of the low-speed shelf with DS3/EC-1 port

365-371-201 6 - 21
Issue 6 October 2001



System Planning and Engineering

1xN Equipment Protection
for DS3/EC-1 Port Units

0OC-48 and GE1 Port Units

Port Protection Groups for
Optical Ports

units before placing any in the other side. One connector panel is used
for dots 1-6, and an additional connector panel is needed for slots
11-16.

Slots 7-10 cannot be used for electrical port units because they are not
wired to a connector panel. To maximize the potential for DS3/EC1
port unit utilization, you may want to place your initial set of optical
port unitsin slots 7-10.

When you use 1xN equipment protection for DS3/EC-1 port units, slot
16 must either contain a DS3/EC1 port unit or else be empty.

OC48/STM 16 port units and Gigabit Ethernet port units each occupy
two port unit slots of alow-speed shelf. These slots must be an odd
(Ieft) and even (right) pair.

To utilize your equipment fully, you can mix the types of protection for
ports on the same port unit. You can also create a protection group by
matching any ports within the same shelf. (They must be on different
port units, but you can use any portsin any slots except as noted.)
However, for ease of maintenance and for support by certain operations
systems, users are advised to locate the working port in an
odd-numbered slot and the protection port in the adjacent
higher-numbered port unit slot.

Figure 6-9, Port Protection Groups (page 6-23) shows an example of
port protection groups in alow-speed, tributary shelf. The shelf is
provisioned with: 2 OC-48 portsin a BLSR port protection group; 4
OC-12 port unitswith 3 1+1 port protection groups and 2 unprotected
ports; 2 OC-3 port units with 8 unprotected ports; and 6 DS3/EC-1 port
units with 48 ports and 1xN equipment protection.
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Figure 6-9 Port Protection Groups
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OC-48 2-Fiber BLSR  For any OC-48 2-fiber BLSR, the two ports must be in slot numbers
located either as adjacent pairs (2 and 4, 6 and 8, 10 and 12, or 14 and
16) or symmetric pairs (8 and 10, 6 and 12, 4 and 14, or 2 and 16).

Synchronization Protection  To protect synchronization in line-timed applications, the OC-3 or
OC-12 port units that are connected to the lines being referenced must
occupy even-numbered slotsin the low-speed, tributary shelf.

O
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Synchronization

Overview  The WaveStar TDM 2.5G/10G (2-Fiber) system synchronizes add,
drop, and through signals by using one timing source for all
transmission. The timing source is normally locked to an external
reference signal, such as one from the building integrated timing source
(BITS) or an internal line reference signal derived from an incoming
OC-192lineon a 10G application or anincoming OC-48lineon a2.5G
application.

Two TMG/STRATS3 circuit packs are located in each WaveStar TDM
2.5G/10G (2-Fiber) shelf. The master timing circuit packs are on the
first tributary shelf (also called the MAIN 2.5G/10G 1/O shelf) and
control the timing for the entire system. These timing signals are used
for clock, frame, and multiframe synchronization. The output clock
signals of the slave timing generators in the other shelves, if any exi«,
are locked to the active master.

Synchronization modes  The WaveStar TDM 2.5G/10G (2-Fiber) system operatesin any of
three synchronization modes:

*  Freerunning
*  Locked
* Holdover State

6 - 24 365-371-201
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Free running mode  In the free-running mode, the Stratum 3 clock in the active master
TMG/STRATS3 circuit pack in thefirst tributary (MAIN) shelf is not
locked to areference signal. However, the standby master
TMG/STRATS3 circuit pack remains locked to the active timing
generator, and the subordinate TMG/STRAT 3 circuit packsin the other
shelves, if any exist, are locked to the active master. The free-running
mode is provisionable.

The figure below illustrates the free-running mode, in which the
WaveStar TDM 2.5G/10G (2-Fiber) system is synchronized by timing
signals generated in the TMG/STRAT3 circuit pack.

Figure 6-10 Free-Running Mode

(no external inputs required)

@ TMG 0 @ T™G 1

Timing
. Distribution
" to Shelf

NC-2.5GAPOG-040
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Locked timing

In the locked timing mode, each of two master TMG/STRAT3 timing
generator circuit packsin thefirst tributary (MAIN) shelf can be
provisioned to receive DS1 reference signals from the BITS or from
another network element and aso can be provisioned to receive 8-kHz
synchronization OC-192 line reference signals from the
OC-192/STM64 port unitsin 10G applications and OC-48, OC-12, or
OC-3linereference signalsin 2.5G applications. Reference signals
enter the system through connectors on the rear of the tributary
(MAIN) shelf. The active master TMG/STRAT 3 timing generator
circuit pack selects each reference signal in turn and derive the timing
signals used to synchronize the transmission port units. The standby
master is locked to the active master.

The reference signals typically are based on a Stratum 1 clock. The
active master TMG/STRAT 3 timing generator circuit pack
synchronizesitsinternal Stratum 3 clock to the reference signal. The
standby master TMG/STRAT 3 circuit pack as well as any
TMG/STRATS3 circuit packs in the other shelves synchronize their
internal Stratum 3 clocks to the active master TMG/STRAT 3 circuit
pack. Then all the timing generator circuit packs distribute clock
signalsto all the other circuit packs in the system. The locked modeis
provisionable.

The 8-kHz synchronization reference signal is continuously monitored
for error-free operation. If the reference signal becomes corrupted or
unavailable, the TMG/STRAT3 circuit packs can select an alternate
reference signal. If all provisioned DS1 synchronization reference
signals are corrupted or unavailable, the active master TMG/STRAT3
circuit pack enters the holdover mode.

365-371-201
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Reference signals

365-371-201
Issue 6 October 2001

DS1 reference signals

The figure below shows the locked timing mode with DS1 reference
signals, which enter the WaveStar TDM 2.5G/10G (2-Fiber) system
through connectors on the rear of the shelf.

Figure 6-11 Locked Timing Mode with DS1 Reference Signals

Network

Timing Signal

BITS Clock

DS1 Input DS1 Input
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-
L Timing
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Optical line reference signals

The figure below shows the locked timing mode with OC-48 reference
signals. Similarly, OC-192, OC-12, and OC-3 reference signals can be
used. The TMG/STRAT 3 timing generator circuit packs accept a8-kHz
synchronization reference signal from one OC-3, OC-12, OC-48, or
OC-192 port unit and derive the timing signals used to synchronize the
transmission port units.

The integrity of the 8-kHz synchronization reference signa is
continuously monitored for error-free operation using synchronization
status messages (SSMs). If the reference signal becomes corrupted or
unavailable, the TMG/STRAT3 circuit packs select an alternate
reference signal. If both DS1 synchronization reference signals are
corrupted or unavailable, the TMG/STRATS3 circuit packs enter the
holdover mode.

Figure 6-12 Locked Timing Mode with OC-48 Reference Signals
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Holdover State

TMG/STRAT 3 circuit packs

0C-192, OC-48, OC-12,
OC-3 line timing

365-371-201
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The active timing generator enters a holdover state if al reference
signalsfail. In aholdover state, the active timing generator keepsits
internal Stratum 3 clock at the point at which it was synchronized to the
last known good reference signal. The standby timing generator
remains locked to the active timing generator. When the reference
signal isrestored, the active timing generator resumes the normal
locked timing mode.

A Holdover state is automatically available when the shelf isin the
locked timing mode. The TMG/STRAT 3 timing generator circuit packs
monitor the quality of the reference signals they receive. If one of the
reference signalsfails, the WaveStar TDM 2.5G/10G (2-Fiber) system
uses another. If all reference signalsfail, the WaveStar TDM 2.5G/10G
(2-Fiber) system enters a holdover state. The holdover state is not
provisionable; however, holdover can be selected by the clock mode
protection switch command.

WaveStar TDM 2.5G/10G (2-Fiber) is timed from duplex
TMG/STRATS3 circuit packs. These are synchronized to the office
BITS clock by means of duplicated DS1 inputs. The TMG/STRATS3
packs on the first low-speed (10G/2.5G I/0O MAIN) shelf distribute
timing to all circuit packsin that shelf and to al TMG packsin the
other shelves, which in turn distribute timing to al circuit packsin their
shelves.

The WaveStar TDM 2.5G/10G (2-Fiber) accepts timing references
from up to eight OC-3, OC-12, OC-48, or OC-192 linesin 10G
application (up to six OC-3, OC-12, or OC-48 in the 2.5G application).
The WaveStar TDM 2.5G/10G (2-Fiber) monitors SSMs
(Synchronization Status Messages) that notify the system if areference
signal is acceptable or unacceptable. If areference signal is
unacceptable the system reconfigures itself to use the next assigned
reference source. If no other sources are available, the system goesinto
aholdover state. A signal is deemed unacceptable when the incoming
SSM is below Stratum 3. The WaveStar TDM 2.5G/10G (2-Fiber)
system supports the reconfiguration of up to two DS1/E1 inputs and
two line references. The system is restricted to two line references.
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Timing provisioning

Incoming/Outgoing SSMs

Automatic reconfiguration
of synchronization mode

Synchronization protection
switching

The WaveStar TDM 2.5G/10G (2-Fiber) system synchronization mode
can be provisioned to locked or free-running. Additionally, either
timing generator circuit pack in each shelf can be switched to be the
active timing generator. However, when the WaveStar TDM 2.5G/10G
(2-Fiber) systemis provisioned for the locked mode, the holdover state
is entered automatically upon loss of reference signals. The holdover
state is not provisionable.

Standard synchronization status messages (SSMs) are transported on
the S1 Byte. The transmission of SSMs on the S1 Byteis required on
all OC-192, OC-48, OC-12, and OC-3 lines. Incoming SSMs are used
to monitor the acceptability of timing references. If an SSM reads
below Stratum 3, the line reference is deemed to be unacceptable.
SSMs are determined according to SONET (ANSI, Tellcordia)
standards.

The WaveStar TDM 2.5G/10G (2-Fiber) supports the automatic
reconfiguration of the synchronization mode based on incoming SSMs.
When an incoming SSM is deemed to be unacceptable, the system
reconfigures itself to use the next assigned reference signal source. If
no other sources are available, or of a high enough quality, the system
goesinto a holdover state. The WaveStar TDM 2.5G/10G (2-Fiber)
supports the automatic reconfiguration of up to two DS1/E1 inputs and
two line references.

The TMG/STRAT3 circuit packs and reference signals are protected
against failures. Synchronization protection switching includes the
following:

»  TMG/STRAT3 circuit pack switching
»  Synchronization reference switching
»  Synchronization mode switching

365-371-201
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Timing protection

Control and status

365-371-201
Issue 6 October 2001

The WaveStar TDM 2.5G/10G, Release 6 system uses nonrevertive 1+1
protection switching to protect its timing circuit packs. Initially the
master TMG/STRAT3 timing generator circuit pack in the lower (0)
position of the TMG dot on the tributary (MAIN) shelf isthe active
circuit pack, and the master TMG/STRAT 3 circuit pack in the upper (1)
position of the TMG dlot on the tributary (MAIN) shelf is the standby
circuit pack. If the active circuit pack fails and causes a switch to the
standby circuit pack, the standby circuit pack becomesthe active circuit
pack. It remains the active circuit pack, even when the failed circuit
pack is replaced. The replacement circuit pack becomes the standby
circuit pack. Thereis no automatic revertive switching.

If the active timing generator failswhilein aholdover state, the standby
timing generator becomes the active timing generator and switchesto
holdover until the reference signal is restored to acceptable quality.

The behavior of the master TMG/STRAT3 circuit packs is controlled
by switching them among several defined states. As commands are
issued or asfailures occur and are cleared, the timing system switches
from one state to another. The status of the timing isretrievable for user
observation. You can issue commands to obtain status reports or to
change the synchronization state manually.

[]
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Floor Plan Layout

Overview  Thissection illustrates the space needed to mount a WaveStar TDM
2.5G/10G (2-Fiber) system.

System footprint ~ WaveStar TDM 2.5G/10G (2-Fiber) complies with Telcordia's
Network Equipment Building System (NEBS) and AT& T's Network
Equipment Design System (NEDS) standard bay areas, floor loading,
and support requirements.

Front and rear access  Thefollowing figure illustrates the space required for front and rear
access to the system. Front accessis required for maintenance and
operations activities. Rear accessis required for shelf additions and for
upgrades that require cable rearrangements.

Figure 6-13 Front and Rear Access (externally mounted DS3

panels)
Wiring Aisle 2’-0" Minimum T
2'-0"
With DS3 Connector Panels Rear  Without DS3 Connector Panels ¢
A A
Is N ~N

@ | o e

1 C|1 Chn FI

le—s3r—>{e——31—>le——26—>|e——20—>] T

Front

2.6
Maintenance Aisle 2'-6” i

NC-2.5GAPOG-042

NOTE

The figure above shows front and rear access with externally mounted
DS3 panels. Just as the externally mounted panels require additional
space between bays, rear mounted panel s require more space at the rear
of the shelf. Internally mounted DS3 panels do not affect front or rear
access, but they limit a standard 7-foot bay to 2 tributary (low-speed)
shelves.
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References  For more detailed information about the layout, refer to the floor plan
data sheet (ED8C789-10).

O
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Equipment Interconnection

Introduction  This section describes equipment interconnection in WaveStar TDM
2.5G/10G (2-Fiber).

Interbay cabling  The cabling between bays for WaveStar TDM 2.5G/10G (2-Fiber) is
through araised floor or overhead racking.

DS3EC1/8 cabling  DS3 cables can be ordered in two lengths. The 734D cables are 450
feet. The 735D cables are 250 feet.

Optical connectors  The port units provide optical connections through faceplate-mounted
CONNectors.

6 - 34 365-371-201
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LBOs If required, WaveStar TDM 2.5G/10G (2-Fiber) provides optical
attenuation using lightguide build-outs (LBOs) on the optical port
units.

LC™-type optical attenuators are required for these port units:
. LEY23AE (OC3/STM1/1.3IR-SR8)

J LEY 101AE - LEY 180AE (OC48/STM16/WDM)

. LEY201AE - LEY 240AE (OC192/STM64/POU)

All other port units are capable of operating with the following three
connector types:

 Sl-type
e FC-type
e SC-type

Important! The LEY23A, LEY101AE-180AE, and LEY
201AE-240AE port units are factory equipped with 0 dB LC-type
connectors. You must use a special fiber jumper if you want to
convert the LEY 101 - LEY 180AE port units to the other
connector types.

All optical other interfaces are factory equipped with O dB
SC-type connectors. The optical attenuation and connector type
for other port units can be changed by replacing the LBO.

LC-Type LBO
The figure below illustrates the universal build-out block with one of
the two kinds of LC-type LBOs.

Figure 6-14 LC-Type LBO

Depress Beam
to Remove Buildout
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ST-Type LBO

The figure below illustrates the universal build-out block with an
ST-type LBO.

Figure 6-15 ST-Type LBO
< —————_ Build-out Block
8

‘wbwm06003.00e nc04/98

FC-Type LBO

The figure below illustrates the universal build-out block with an
FC-type LBO.

Figure 6-16 FC-Type LBO
<>

Lightguide Build-out

'whwm06004.00e nc04/98
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SC-Type LBO

The figure below illustrates the universal build-out block with an
SC-type LBO.

Figure 6-17 SC-Type LBO

wbwm06005.00e nc04/98

Line build-out  Because the DS3EC1/8 port units on the low-speed shelves are
designed to accept the entire DSX signal range, the high-speed (10G)
SHELF does not require external line build-outs.

Electrical connectors  The DS3EC1/8 port units are cabled to the DS3 connector panels by
means of backplane-mounted shielded ribbon cables. Coaxial cable
connections to the DS3 connector panels use BNC-type connectors. All
coaxial cables must be terminated in 75-ohm terminations.

More information  For more detailed information about equipment interconnection, refer
to the Installer’s Cabling Plan for 2.5G Shelves (ED8C789-15) and
Installer’s Cabling Plan for 10G Bays (ED8C789-16).

For ordering information on LBOs and various optical jumpers, see
Chapter 7.
[]
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7 Ordering

Purpose  TheWaveStar TDM 2.5G/10G (2-Fiber) has been carefully engineered.
All equipment can be ordered individually. Common unit circuit packs
can also be ordered viakits. The tablesin this chapter list the drawings
necessary to engineer and then order your application.

For detailed information about assembling a bay, see the engineering
drawing ED8C789-10, “Typical Bay Arrangements.”

If you need the Installation Manual and Sy stem Turn-up Services
(IMSTS) (365-371-206, Issue 4), this document can be ordered. Please
refer to the section entitled “ Documentation Ordering Information” in
the About This Information Product chapter of this book.

Important!  Tables 7-1 through 7-21 provide information necessary in ordering the
WaveStar TDM 2.5G/10G (2-Fiber) system. These tables allow you to
order the system with any combination of equipment, including the
low-speed tributary shelves.

For your convenience, Tables 7-22 through 7-29 have been included to
allow you to order the 2.5G application more easily. Use these tables if
you are interested in the 2.5G application alone.

[

365-371-201 7 -1
Issue 6 October 2001



Ordering

Ordering WaveStar TDM 2.5G/10G (2-Fiber) Equipment

10G bay  Thetable below lists the bay options for WaveStar TDM 2.5G/10G
(2-Fiber) NEBS Level 3.

Table 7-1 WaveStar TDM 2.5G/10G (2-Fiber) Bay Options

Drawing/Comcode | Group Code Description

ED8C789-35 GlE Bay with one OC-192 HS Shelf and
one 2.5G (Tributary) Shelf

ED8C789-35 G2E Bay with one OC-192 HS Shelf and
two 2.5G (Tributary) Shelves

ED8C789-35 G3E Growth Bay with one 2.5G
(Tributary) Shelf

ED8C789-35 G4E Growth Bay with two 2.5G
(Tributary) Shelves

ED8C789-35 G5E Bay with one 2.5G (Tributary)
Shelf and space for addition of 10G
Shelf

ED8C789-35 G6E Bay with two 2.5G (Tributary)
Shelves and space for addition of
one 10G Shelf

ED8C789-35 G8E Bay equipped with one 2.5G
(Tributary) Shelf, two Internal
(front access) DS3 Connector
Panels, and one 10G Shelf

ED8C789-35 GOE Bay equipped with one 2.5G
(Tributary) Shelf mounted at the
bottom of a bay.

7 - 2 365-371-201
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Related Documents  The following table lists the documents included in the WaveStar TDM
2.5G/10G (2-Fiber) documentation set.

Table 7-2  The WaveStar TDM 2.5G/10G (2-Fiber) Documentation

Set
Document Number | Title Comcode
365-371-201 WaveSar TDM 2.5G/10G (2-Fiber) Applications
and Planning Guide (APG) 109151720
365-371-210 WaveStar TDM 2.5G/10G (2-Fiber) User
Operation Guide (UOG) 109151746
365-371-211 WaveSar TDM 2.5G/10G (2-Fiber)
Alarm Messages and Trouble Clearing Guide 109151704
(AMTCG)
365-371-206 WaveSar TDM 2.5G/10G (2-Fiber)
Installation Manual and Sy stem Turnup Services | 109151738
(IMSTS)
365-371-207 V\aveSfar TDM 2.56/109 (2—F.| ber) . 109151696
Operations Sy stems Engineering Guide (OSEG)
365-371-202 WaveSar TDM 2.5G/10G (2-Fiber)
Software Ordering Guide (SOG)
*
Use F:omcode for WaveSar TDM 2.SG/1QG . Release 6 109166835
Ordering Software Release Description (SRD)
WaveStar TDM 2.5G/10G, Release 6
*Use Comcode for Documentation CD-ROM (contains the User 109152421
Ordering Operations Guide and the Alarm Messages and
Trouble Clearing Guide)

Notes

* These items are shipped initially with the software. If you need to
order these items anytime after initial shipment of the product and
software, contact Software Manufacturing.
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WaveStar TDM 2.5G/10G

(2-Fiber) Equipment
Components

This section provides ordering information for the components of the

10G snelf.

High-speed shelf and common units
The table below lists the high-speed shelf and common units.

Table 7-3  High-Speed Shelf, Cables, and Common Units
Drawing/Comcode | Group/Apparatus Description Notes
Code/Table
i G1E 10G OC-192 High Speed Shelf
ED8C789-31 (NEBS Level 3)
Go to thetables
Individual Blank faceplates and pick onlv the
ED8C789-32 Table AB listed by slot facegl e yé’u
NEBS Level 3
( ) need
Common Circuit Packs
ED8C789-32 G101E (NEBS Level 3)
ED8C789-28 G2 Cablesfor 10G Shelf
0OC192/STM64/1.51RS1 replaces
108765645 LEY97AE (NEBS Leve 3) LEY67AE
0OC192/STM64/1.51R1
108734849 LEYG9AE (NEBS Level 3)
SEN3AE: 1008940149
plus SEN3AE (OBA) and See Table 7-11,
LEY69AE:108734849 | LEY6B9/LEY69AE (or NEBSLevel 3
one of various other 0OC192/STM64/1.5LR1 SENSAE (OBA)
(0C192/STM64 0OC192/STM64 port (long reach) and SEN4AE
comcodes are in Table | units. See Table 7-11 for (OBPA) Port
7-10, NEBS Level 3 Port| details) Unitsfor details.
Units.)
SEN4AE: 108929936 See Table 7-11,
plus SEN4AE (OBPA) plus NEBSLevel 3
LEY 228AE: 108733908 LEY 228/LEY 228AE 0OC192/STM64/1.5VLR1 SENSAE (OBA)
or or (very-long reach) and SEN4AE
LEY295AE: 108734559 | [EY295/LEY295AE (OBPA) Port
Units.
T-8C500-31 Installer Interconnect
ED8C789-16 Installer’s Cabling Plan for
WaveStar TDM 10G Bays
ED8C789-10/ DCM holder tray, Holds four
848825329 miscellaneously mounted DCMs
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NEBS Level 3 common packs for high-speed shelf equipped with
the 576x576 STS-1 switch fabric

The table below lists the high-speed shelf common circuit packs when
the shelf is equipped with the 576x576 STS-1 switch fabric. The entire
set of circuit packs listed in the table below can be ordered as a group
using the following codes: ED8C789-32, G101E.

Table 7-4  NEBS Level 3 Common Packs for High-Speed (10G
0C-192) Shelf with the 576x576 STS-1 Switch Fabric

Comcodes Apparatus Codes | Quantity Description
108730102 LEY1AE 1 ADJCTL/DCCEI
108734617 LEY4AE 2 SWITCH/STS576
108730227 LEY 10BE 1 CTL/SY S50DM
108734609 LEY3AE 4 PPROC/STS192
108735168 LLY2BE 2 TMG/STRAT3

NEBS Level 3 packs required to upgrade a high-speed shelf to the
768x768 STS-1 switch fabric

Order the circuit packs listed in the following table if you want to
upgrade a high-speed shelf from the 576x576 STS-1 switch fabric to
the 768x768 STS-1 switch fabric.

Table 7-5 NEBS Level 3 Common Packs Required to Upgrade a
High-Speed Shelf to the 768x768 STS-1 STS-1 Switch

Fabric
Comcodes Apparatus Codes | Quantity Description
108734898 LEY73AE 2 SWITCH/STS768
108927609 LEY47AE 2 PPROC/STS384
365-371-201 7-5
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NEBS Level 3 Common packs for high-speed shelf equipped with
the 768x768 STS-1 switch fabric

The table below lists the high-speed shelf common circuit packs when
the shelf is equipped with the 768x768 STS-1 switch fabric. The entire
set of circuit packs listed in the table below can be ordered as a group
using the following codes: ED8C789-32, G102E.

Table 7-6  NEBS Level 3 Common Packs for High-Speed (10G
0C-192) Shelf with the 768x768 STS-1 Switch Fabric

Comcodes Apparatus Codes | Quantity Description
108730102 LEY1AE 1 ADJCTL/DCCEI
108734898 LEY73AE 2 SWITCH/STS768
108730227 LEY 10BE 1 CTL/SY S50DM
108927609 LEY47AE 2 PPROC/STS384
108734609 LEY3AE 2 PPROC/STS192
108735168 LLY2BE 2 TMG/STRAT3

Software and software-documentation kits

The table below lists the document needed to order software and kits
containing software, the Software Release Description, and the UOG
and AMTCG CD-ROM for the WaveStar TDM 2.5G/10G (2-Fiber).

Table 7-7  WaveStar TDM 2.5G/10G (2-Fiber) Basic Software

Document Description

Number

365-371-202 WaveSar TDM 2.5G/10G (2-Fiber)
Software Ordering Guide

365-371-201
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Tributary (low-speed) shelf, cables, and common units

Table 7-8  Tributary (Low-Speed) Shelf, Cables, and Common
Units
Drawing/ Group or Tables | Description Notes
Comcode
ED8C789-30 G2E 2.5G /O shelf (NEBS Level 3)
. Max. 2 per
ED9C280-31 G160 BNC Panel for DS3 Service and Cables 5 5G Shelf
See Table 7-9,
Tributary
Circuit Pack Kit for 2.5G Shelf (Low-Speed)
ED8C789-32 G2E or G3E (NEBS Level 3) Shelf Common
Packs NEBS
Level 3
Gotothetables
i Individual Blank Faceplates listed by slot| and pick only
ED8C789-32 Table AA and AB (NEBS Level 3) the faceplates
you need
ED8C789-33 Gl Baffle
ED8C789-33 G10 Closing Details for Bay with DS3 Kit
ED8C789-33 G20 Closing Details for Bay without DS3 Kit
Closing Detailsfor Bay with one external
ED8C789-33 G30 DS3 connector panel on the right side of
the bay
Closing Details for Bay with 2 DS3
ED8C789-33 G40 panels mounted in the rear of the shelf
ED8C789-33 cal Conver30n Kit to change from a 16 inch
to a19- inch deep bay
ED8C789-34 Gl Upper DS3 Panel (for in-bay DS3
connectors)
EDSC789-34 G2 Lower DS3 Panel (for in-bay DS3
connectors)
ED8C789-34 G10 L eft, rear-mounted DS3 Panel
ED8C789-34 Gl1 Right, rear-mounted DS3 Panel
Rear-mounted bracket (cover). Must be
ED8C789-34 G12 ordered when G10, but not G11is

installed.

365-371-201
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Drawing/ Group or Tables | Description Notes
Comcode
Installer’s Cabling Plan for WaveStar

ED8C789-15 TDM 2.5G Shelves

G1 (for MAIN shelf)
ED8C789-28 Cables for WaveStar TDM 2.5G Shelf

G2 (for 2nd shelf)
ED8C789-28 Table B -48VA and -48VB Power Cables
ED8C900-20 Tables 6A and 6B DS3 Cables
ED8C789-10/ DCM holder tray, miscellaneously Holds four
848825329 mounted DCMs

7 - 8 365-371-201

Issue 6 October 2001



Ordering

NEBS Level 3 Common packs for tributary (low-speed) shelf

The table below lists the tributary (low-speed) shelf common circuit
packs (ED8C789-32; G2E-- G3E omits the Memory Card) when the
shelf is equipped with the 576x576 STS-1 switch fabric.

Table 7-9  Tributary (Low-Speed) Shelf Common Packs NEBS

Level 3

Comcode Apparatus Code | Quantity | Description
108730227 LEY10BE 1 CTL/SY S50DM
108730102 LEY1AE 1 ADJCTL/DCCEI
108734617 LEY4AE 2 SWITCH/STS576
108865882 LLY2BE 2 TMG/STRAT3
109126409 1 per shelf | Memory Card

i 79
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NEBS Level 3 Port Units

Table 7-10 NEBS Level 3 Port Units

Comcodes Apparatus Codes Description

108733163 LEY 182AE OC48/STM16/1.3VSR1

108735184 LEY7AE OC48/STM16/1.3LR1

108735192 LEYBAE OC48/STM16/1.5LR1

108730441 LEY13AE OC12/STM4/1.3LR2

108730557 LEY14AE OC12/STM4/1.3SR2

108730813 LEY15AE OC3/STM1/1.3LR4

108730821 LEY 16AE OC3/STM1/1.3SR4

108825118 LEY23AE OC3/STM4/1.3IR-SR8

108733445 LEY17AE DS3EC1/8

108733452 LEY18AE SWITCH/DS3EC1

108765645 LEY97AE OC192/STM64/1.5IRS1 (intermediate
range, new version of LEY 67AE)

108734849 LEYGOAE 0OC192/STM64/1.5IR1 (intermediate

range)

108940149 plus

108734849

SEN3AE (OBA) plus
LEY69/LEY 69AE (or one of
various other OC192/STM64 port
units. See Table 7-11, NEBS Leve
3 SENSAE (OBA) and SEN4AE
(OBPA) Port Unitsfor details.)

OC192/STM64/1.5LR1) (long reach)

108929936 plus

SEN4AE (OBPA) plus

OC192/STM64/1.5VLR1 (very long
reach)

108734559 LEY228/LEY 228AE (See Table 7-11, NEBSLevel 3

(or 108733908) | (or LEY 295/LEY 295AE) SENSAE (OBA) and SEN4AE (OBPA)
Port Units)
GE1/SX2 port

108925637 LEY309AE (Gigabit Ethernet Interface, 2 port,
short reach)
GE1/LX2

109149120 LEY310AE (Gigabit Ethernet Interface, 2 port, long

reach)
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Optical Booster Amplifier (OBA) and Optical

Booster/Pre-amplifier (OBPA)
The table below lists the comcodes and apparatus codes for the
SEN3AE (OBA) and SEN4AE (OBPA) port units which can be
installed in slots 2 and/or 15 of the high-speed shelf for optical

amplification of the OC-192 signal.

Table 7-11 NEBS Level 3 SEN3AE (OBA) and SEN4AE (OBPA)

Port Units

Comcodes

Apparatus Codes

Description

108940149

SENSAE

OBA istypicaly
paired with
LEYG69AE, but it
can be paired with
one of various other
OC192/STM64 port
units, except those
specifiedintheNote
below

108929936

SEN4AE

OBPA must be
paired with
LEY 228AE or
LEY295AE

Note:

The SEN3AE (OBA) should not be paired with LEY 67/LEY 67AE. The
SEN3AE can be paired with LEY97/LEY 97AE, but it will not meet
standards dispersion requirements for an OC192 long-reach interface.

The automatic laser shutdown (ALS) feature can only be used if the
paired OC192/STM64 port unit is an LEYG9AE, LEY97AE, or

LEY228AE.
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NEBS Level 3 passive DWDM compatible optics, OC-48 port units
(OC48/STM16/POU), for use in applications With Passive Optics

Units (DWDM Filter Units)
Thetable below liststhe NEBS Level 3 compliant OC48/STM 16/POU
passive port units (16 wavelengths).

Table 7-12 NEBS Level 3 Passive DWDM Compatible Optics,
0OC-48 Port Units (OC48/STM16/POU), 16
Wavelengths

Comcodes Apparatus Description
Codes

108734955 LEYB80AE OC48/STM 16/POU9590
108734963 LEYS81AE OC48/STM 16/POU9570
108734971 LEY82AE OC48/STM 16/POU9550
108734989 LEY83AE OC48/STM 16/POU9530
108735002 LEYB84AE OC48/STM 16/POU9490
108735010 LEYS85AE OC48/STM 16/POU9470
108735028 LEYB86AE OC48/STM 16/POU9450
108735036 LEY87AE OC48/STM 16/POU9430
108735044 LEY88AE OC48/STM 16/POU9370
108735051 LEY89AE OC48/STM 16/POU9350
108735069 LEY90AE OC48/STM 16/POU9330
108735077 LEY91AE OC48/STM 16/POU9310
108735085 LEY92AE OC48/STM 16/POU9270
108735093 LEY93AE OC48/STM 16/POU9250
108735101 LEY94AE OC48/STM 16/POU9230
108735119 LEY95AE OC48/STM 16/POU9210
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NEBS Level 3 passive port units, OC-192 port units
(OC192/STM64/POU), for use in applications with Passive Optics
Units (DWDM Filter Units)

Thetable below liststhe NEBS Level 3 compliant
0OC192/STM64/POU passive port units (32 wavelengths).

Table 7-13 NEBS Level 3 Passive DWDM Compatible Optics,
OC-192 Port Units (OC192/STM64/POU), 32
Wavelengths

Comcodes Apparatus Description
Codes

108734443 LEY284AE 0OC192/STM64/POU9590
108734450 LEY285AE 0OC192/STM64/POU9570
108734468 LEY286AE 0OC192/STM64/POU9550
108734476 LEY287AE 0OC192/STM64/POU9530
108734484 LEY288AE 0OC192/STM64/POU9490
108734492 LEY289AE 0OC192/STM64/POU9470
108734500 LEY290AE 0OC192/STM64/POU9450
108734518 LEY291AE 0OC192/STM64/POU9430
108734526 LEY292AE 0OC192/STM64/POU9370
108734534 LEY293AE 0OC192/STM64/POU9350
108734542 LEY2%4AE 0OC192/STM64/POU9330
108734559 LEY295AE 0OC192/STM64/POU9310
108734567 LEY296AE 0OC192/STM64/POU9270
108734575 LEY297AE 0OC192/STM64/POU9250
108734583 LEY298AE 0OC192/STM64/POU9230
108734591 LEY299AE 0OC192/STM64/POU9210
109010686 LEY384AE 0OC192/STM64/POU9580
109010710 LEY385AE 0OC192/STM64/POU9560
109010728 LEY386AE 0OC192/STM64/POU9540
109010736 LEY387AE 0OC192/STM64/POU9520
109010744 LEY388AE 0OC192/STM64/POU9480
109010751 LEY389AE 0OC192/STM64/POU9460
109010769 LEY390AE 0OC192/STM64/POU9440
109010777 LEY391AE 0OC192/STM64/POU9420
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Comcodes Apparatus Description
Codes

109010785 LEY392AE 0OC192/STM64/POU9380
109010793 LEY393AE 0OC192/STM64/POU9360
109010801 LEY3%4AE 0OC192/STM64/POU9340
109010819 LEY395AE 0OC192/STM64/POU9320
109010827 LEY396AE 0OC192/STM64/POU9280
109010835 LEY397AE 0OC192/STM64/POU9260
109010850 LEY398AE 0OC192/STM64/POU9240
109010876 LEY399AE 0OC192/STM64/POU9220

Passive Optics Units, (DWDM Filter Units)

The table below outlines the ordering information for the Passive
Optics Units (POUs), the 16CH-MUX, the 16CH-DMUX, the
16CH-MUXINT, and the 16CH-DMUXINT.

Name Descriptive Name Comcode

16CH-MUX 16 Channel MUX 109164665
16CH-DMUX 16 Channel DMUX 109164673
16CH-MUXINT 16 Channel MUX + Interleaver 109164129
16CH-DMUXINT 16 Channel DMUX + Interleaver 109164111




Ordering
NEBS Level 3 OC48/STM16/DWDM port units
Thetable below liststhe NEBS Level 3 compliant

OC48/STM16/DWDM port units (16 wavelengths), for usein
applications with the Metropolis™ EON.

Table 7-14 NEBS Level 3 OC48/STM16/DWDM Port Units (16
Wavelengths)

Comcodes Apparatus Description
Codes

108734666 LEY50AE OC48/STM16/DWDMO01
108734674 LEYS51AE OC48/STM16/DWDMO02
108734682 LEY52AE OC48/STM16/DWDMO03
108734690 LEY53AE OC48/STM16/DWDM04
108734708 LEY54AE OC48/STM16/DWDMO05
108734716 LEY55AE OC48/STM 16/DWDMO06
108734724 LEY56AE OC48/STM16/DWDMO07
108734732 LEY57AE OC48/STM16/DWDM08
108734740 LEY58AE OC48/STM16/DWDM09
108734757 LEYS59AE 0OC48/STM16/DWDM 10
108734765 LEYG60AE OC48/STM16/DWDM11
108734773 LEY61AE OC48/STM16/DWDM12
108734781 LEY62AE OC48/STM16/DWDM13
108734799 LEYG3AE OC48/STM16/DWDM 14
108734807 LEY6G4AE OC48/STM16/DWDM 15
108734815 LEYG65AE OC48/STM16/DWDM 16
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Nebs Level 3 OC48/STM16/WDM port units

Thetable below liststhe NEBS Level 3 compliant
OCA48/STM 16/WDM 9585 through OC/48/STM 16/WDM 9190, 80
wavelengths, for use in applications with WaveStar OL S 1.6T.

Table 7-15 NEBS Level 3 OC48/STM16/WDM Units
(80 Wavelengths)

Comcodes Apparatus Description
Codes

108730110 LEY101AE OC48/STM 16/WDM 9585
108730128 LEY 102AE OC48/STM 16/WDM 9580
108730136 LEY103AE OC48/STM 16/WDM 9575
108730144 LEY 104AE OC48/STM 16/WDM 9570
108730151 LEY 105AE OC48/STM 16/WDM 9565
108730169 LEY 106AE OC48/STM 16/WDM 9560
108730185 LEY107AE OC48/STM 16/WDM 9555
108730193 LEY 108AE OC48/STM 16/WDM 9550
108730219 LEY 109AE OC48/STM 16/WDM 9545
108730235 LEY 110AE OC48/STM 16/WDM 9540
108730243 LEY111AE OC48/STM 16/WDM 9535
108730250 LEY112AE OC48/STM 16/WDM 9530
108730268 LEY113AE OC48/STM 16/WDM 9525
108730284 LEY114AE OC48/STM 16/WDM 9520
108730292 LEY115AE OC48/STM 16/WDM 9515
108730300 LEY116AE OC48/STM16/WDM 9510
108730318 LEY117AE OC48/STM 16/WDM 9505
108730326 LEY118AE OC48/STM 16/WDM 9500
108730334 LEY119AE OC48/STM 16/WDM 9495
108730342 LEY 120AE OC48/STM 16/WDM 9490
108730359 LEY121AE OC48/STM 16/WDM 9485
108730367 LEY 122AE OC48/STM 16/WDM 9480
108730375 LEY123AE OC48/STM16/WDM9475
108730383 LEY 124AE OC48/STM16/WDM9470
108730391 LEY 125AE OC48/STM 16/WDM 9465
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Codes

108730409 LEY 126AE OC48/STM 16/WDM 9460
108730417 LEY127AE OC48/STM 16/WDM 9455
108730425 LEY128AE OC48/STM 16/WDM 9450
108730433 LEY129AE OC48/STM 16/WDM 9445
108730458 LEY 130AE OC48/STM 16/WDM 9440
108730466 LEY131AE OC48/STM 16/WDM 9435
108730474 LEY132AE OC48/STM 16/WDM 9430
108730482 LEY133AE OC48/STM 16/WDM 9425
108730490 LEY134AE OC48/STM 16/WDM 9420
108730508 LEY 135AE OC48/STM16/WDM 9415
108730516 LEY 136AE OC48/STM16/WDM 9410
108730524 LEY137AE OC48/STM 16/WDM 9405
108730532 LEY138AE OC48/STM 16/WDM 9400
108730540 LEY139AE OC48/STM 16/WDM 9395
108730565 LEY 140AE OC48/STM 16/WDM 9390
108730573 LEY141AE OC48/STM 16/WDM 9385
108730581 LEY 142AE OC48/STM 16/WDM 9380
108730599 LEY 143AE OC48/STM 16/WDM 9375
108730607 LEY 144AE OC48/STM 16/WDM 9370
108730615 LEY 145AE OC48/STM 16/WDM 9365
108730623 LEY 146AE OC48/STM 16/WDM 9360
108730631 LEY 147AE OC48/STM 16/WDM 9355
108730649 LEY 148AE OC48/STM 16/WDM 9350
108730656 LEY 149AE OC48/STM 16/WDM 9345
108730664 LEY 150AE OC48/STM 16/WDM 9340
108730672 LEY151AE OC48/STM 16/WDM 9335
108730680 LEY152AE OC48/STM 16/WDM 9330
108730698 LEY153AE OC48/STM 16/WDM 9325
108730706 LEY154AE OC48/STM 16/WDM 9320
108730714 LEY 155AE OC48/STM16/WDM9315
108730722 LEY 156AE OC48/STM16/WDM 9310
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Comcodes Apparatus Description
Codes

108730730 LEY157AE OC48/STM 16/WDM 9305
108730748 LEY 158AE OC48/STM 16/WDM 9300
108730755 LEY 159AE OC48/STM 16/WDM 9295
108730763 LEY 160AE OC48/STM 16/WDM 9290
108730771 LEY161AE OC48/STM 16/WDM 9285
108730789 LEY 162AE OC48/STM 16/WDM 9280
108730797 LEY163AE OC48/STM16/WDM9275
108730805 LEY 164AE OC48/STM16/WDM9270
108732991 LEY 165AE OC48/STM 16/WDM 9265
108733007 LEY 166AE OC48/STM 16/WDM 9260
108733015 LEY 167AE OC48/STM 16/WDM 9255
108733023 LEY 168AE OC48/STM 16/WDM 9250
108733031 LEY 169AE OC48/STM 16/WDM 9245
108733049 LEY170AE OC48/STM16/WDM9240
108733056 LEY171AE OC48/STM 16/WDM 9235
108733064 LEY172AE OC48/STM 16/WDM 9230
108733072 LEY173AE OC48/STM 16/WDM 9225
108733080 LEY 174AE OC48/STM16/WDM9220
108733098 LEY175AE OC48/STM16/WDM9215
108733106 LEY176AE OC48/STM16/WDM9210
108733122 LEY177AE OC48/STM 16/WDM 9205
108733130 LEY178AE OC48/STM 16/WDM 9200
108733148 LEY179AE OC48/STM16/WDM 9195
108733155 LEY 180AE OC48/STM 16/WDM 9190
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NEBS Level 3 OC192/STM64/WDM port units for use in
applications with WaveStar OLS 1.6T

The following table lists the comcodes for the OC192/STM64/WDM
port units that are available for use in applications with WaveStar OLS
1.6T.

Table 7-16 NEBS Level 3 OC192/STM64/WDM Port Units (40
Wavelengths)

Comcodes Apparatus Description
Codes

108733221 LEY201AE 0OC192/STM64/WDM 9580
108733254 LEY202AE 0OC192/STM64/WDM 9570
108733262 LEY203AE 0OC192/STM64/WDM 9560
108733270 LEY204AE 0OC192/STM64/WDM 9550
108733288 LEY205AE 0OC192/STM64/WDM 9540
108733304 LEY206AE 0OC192/STM64/WDM 9530
108733312 LEY207AE 0C192/STM64/WDM 9520
108733320 LEY208AE 0C192/STM64/WDM 9510
108733338 LEY209AE 0OC192/STM64/WDM 9500
108733346 LEY210AE 0OC192/STM64/WDM 9490
108733361 LEY211AE 0OC192/STM64/WDM 9480
108733379 LEY212AE 0OC192/STM64/WDM9470
108733387 LEY213AE 0OC192/STM64/WDM 9460
108733395 LEY214AE 0OC192/STM64/WDM 9450
108733411 LEY215AE 0OC192/STM64/WDM 9440
108733429 LEY216AE 0OC192/STM64/WDM 9430
108733775 LEY217AE 0OC192/STM64/WDM 9420
108733783 LEY218AE 0OC192/STM64/WDM9410
108733791 LEY219AE 0OC192/STM64/WDM 9400
108733825 LEY220AE 0OC192/STM64/WDM 9390
108733833 LEY221AE 0OC192/STM64/WDM 9380
108733841 LEY222AE 0C192/STM64/WDM9370
108733858 LEY223AE 0OC192/STM64/WDM 9360
108733866 LEY224AE 0OC192/STM64/WDM 9350
108733874 LEY225AE 0OC192/STM64/WDM 9340
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Comcodes Apparatus Description
Codes

108733882 LEY226AE 0OC192/STM64/WDM 9330
108733890 LEY227AE 0C192/STM64/WDM 9320
108733908 LEY228AE 0C192/STM64/WDM 9310
108733916 LEY229AE 0OC192/STM64/WDM 9300
108733924 LEY230AE 0OC192/STM64/WDM 9290
108733932 LEY231AE 0OC192/STM64/WDM 9280
108733940 LEY232AE 0OC192/STM64/WDM 9270
108733957 LEY233AE 0OC192/STM64/WDM 9260
108733973 LEY234AE 0OC192/STM64/WDM 9250
108733981 LEY235AE 0OC192/STM64/WDM 9240
108733999 LEY236AE 0OC192/STM64/WDM 9230
108734005 LEY237AE 0C192/STM64/WDM 9220
108734013 LEY238AE 0C192/STM64/WDM 9210
108734021 LEY239AE 0OC192/STM64/WDM 9200
108734039 LEY240AE 0C192/STM64/WDM 9190
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Lightguide jumpers  WaveStar TDM 2.5G/10G (2-Fiber) uses Lucent Technologies AllWave
ADVANTAGE™ Lightguide Jumpers, part of Lucent Technologies
AllWave ADVANTAGE Optical Connectivity Solution (OCS). Table
7-17, Recommended Lightguide Jumpers lists the lightguide jJumpers
recommended for customer use. These jumpers contain aboot angled at
40 degrees, alowing the jumpers to dress appropriately into the fiber
tray. The angled boot eliminates projection outside the front of the shelf
assembly.
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Table 7-17 Recommended Lightguide Jumpers

Cable Type Length (in feet) Comcode
MS1A40LC-A40LC-2 2 108918269
MS1A40LC-A40LC-4 4 108918707
MS1A40LC-A40LC-E/W Customer Specified 108918715
MS1A40LC-LC-2 2 108918830
MS1A40LC-LC-4 4 108918855
MS1A40LC-LC-6 6 108918863
MS1A40LC-LC-8 8 108918871
MS1A40LC-LC-10 10 108918889
MS1A40LC-LC-15 15 108918897
MS1A40LC-LC-20 20 108918913
MS1A40LC-LC-25 25 108918921
MS1A40LC-LC-30 30 108918939
MS1A40LC-LC-35 35 108918947
MS1A40LC-LC-40 40 108918962
MS1A40LC-LC-50 50 108918970
MS1A40LC-LC-E/W Customer Designated 108918988
MS1A40LC-SC-2 2 108919002
MS1A40LC-SC-4 4 108919010
MS1A40LC-SC-6 6 108919028
MS1A40LC-SC-8 8 108919036
MS1A40LC-SC-10 10 108919044
MS1A40LC-SC-15 15 108919051
MS1A40LC-SC-20 20 108919069
MS1A40LC-SC-25 25 108919077
MS1A40LC-SC-30 30 108919085
MS1A40LC-SC-35 35 108919093
MS1A40LC-SC-40 40 108919101
MS1A40LC-SC-50 50 108919119
MS1A40LC-SC-BE/'W Customer Designated 108919996
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Cable Type Length (in feet) Comcode
MS1A40LC-FC-2 2 108918723
MS1A40LC-FC-4 4 108918731
MS1A40LC-FC-6 6 108918749
MS1A40LC-FC-8 8 108918756
MS1A40LC-FC-10 10 108918764
MS1A40LC-FC-15 15 108918772
MS1A40LC-FC-20 20 108918780
MS1A40LC-FC-25 25 108918798
MS1A40LC-FC-30 30 108918806
MS1A40LC-FC-35 35 108918814
MS1A40L C-FC-40 40 108918822
MS1A40LC-FC-50 50 108918848
MS1A40LC-FC-E/'W Customer Designated 108918905
MS1A40LC-EP-2 2 108919713
MS1A40LC-EP-4 4 108919721
MS1A40LC-EP-6 6 108919739
MS1A40LC-EP-8 8 108919747
MS1A40LC-EP-10 10 108919754
MS1A40LC-EP-15 15 108919770
MS1A40LC-EP-20 20 108919788
MS1A40LC-EP-25 25 108919796
MS1A40LC-EP-30 30 108919804
MS1A40LC-EP-35 35 108919812
MS1A40L C-EP-40 40 108919820
MS1A40L C-EP-50 50 108919838
MS1A40L C-EP-E/W Customer Designated 108919846

Optical Attenuators  Thetablesin this section list the single-mode to single-mode (SM-SM)

[Lightguide build-outs  optical attenuators that are available for the port units.
(LBOs) — SM-SM] . ™ . :
These port units use LC'"'-type optical attenuators are required for

these port units:

+ LEY23AE (OC3/STM1/1.3IR-SR8)

« LEY101lAE - LEY180AE (OC48/STM16/WDM)
 LEYZ201AE - LEY240AE (OC192/STM64/WDM)
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ST, SC, and FC single-mode to single-mode optical attenuators can be
used for the remaining WaveStar TDM 2.5G/10G (2-Fiber) port units.

Important! The LEY23AE, LEY 101AE-180AE, and

LEY 201AE-240AE port units are factory equipped with 0 dB

L C-type connectors. You must use a special fiber jumper if you
want to convert the LEY 101 - LEY 180AE port units to the other
connector types. For information about converting the LEY 101AE
- LEY 180AE port units to use other connector types, contact your
L ucent Technologies Account Executive.

All optical other interfaces are factory equipped with O dB
SC-type connectors. The optical attenuation and connector type
for other port units can be changed by replacing the LBO.

LC-Type LBOs (for LEY23AE, LEY101AE - LEY180AE, and
LEY201AE - 240AE)

The LEY23AE, LEY101AE - LEY180AE, LEY 201AE - LEY 240AE
use L ucent Technol ogies state-of-the-art AllWave ADVANTAGE™
Fiber Optic Attenuators [lightguide build-outs (LBOs). These
attenuators reduce optical power from the transmitter that can result in
over-saturation of the receiver, have low reflection to meet stringent
system requirements, and are backward-compatible with existing
transmission systems. Unique to the AllWave ADVANTAGE optical
connectivity solution (OCS), the new LC™ optic attenuators are
designed to provide flat spectral loss across the full spectrum, allowing
the attenuators to be used in the 1300 nm, 1400 nm, and 1500 nm
bands. LC optical attenuators are ideal for networks deploying
AllWave fiber, DWDM networks, metropolitan or regional networks,
applications supported by conventional single-mode optical fiber, and
multiservice network protocols.

The next table lists the L C-type optical attenuators [lightguide
build-outs (LBOs)] for the LEY 23AE OC3 port unit.
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Table 7-18 LC LBOs and Accessories for the LEY23AE OC3 Port
Unit

Description

Product Comcode See note
Power Level Color
Code

L C Build-Out Attenuators: 1
ABLCS-05.0 108279381 5dB
108279431 10dB Yellow
108279480 15dB
108279530 20dB

ABLCS-10.0
ABLCS-15.0
ABLCS-20.0

108622929 Allwave ADVANTAGE 2
Fiber Optic Identification Kit

Notes

1.The LC build-out attenuators listed are connector style PC (polished
connectors) at the fiber end. These attenuators must be used on the
receive side in al cases. For the LEY23AE pack, the specified
attenuation may not be achieved if a single-mode-multi-mode
(SM-MM) fiber signa is incoming to the LC SM-SM attenuator. In
this case, a 15 dB attenuator, for example, may achieve an attenuation
value less than the specified 15 dB.

2.The AllWave ADVANTAGE Fiber Optic Identification Kit includes
labels for fiber optic apparatus products to identify Lucent
Technologies AllWave Fiber paths. An instruction sheet is included
with recommendations on how to install and use the labels.

The next table lists the L C-type LBOs that are used with the
LEY 101AE - LEY 180AE and LEY 201AE - LEY 240AE port units.
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Table 7-19 LC LBOs and Accessories for LEY101AE - LEY180AE

and LEY201AE - 240AE Port Units

Description
Product Comcode See note
Power Level Color
Code
L C Build-Out Attenuators; 1
AALCS-05.0 108288473 5dB
AALCS-10.0 108288457 10dB Yellow
108358169 15dB
AALCS-15.0
108358219 20dB
AALCS-20.0
108622929 Allwave ADVANTAGE 2
Fiber Optic Identification Kit
Notes

1.The LC build-out attenuators listed are connector style PC (polished
connectors) at the fiber end. These attenuators must be used on the
receive side in al cases. For the LEY101AE - LEY180AE and
LEY 201AE - LEY 240AE port units, the specified attenuation may not
be achieved if a SM-MM (single-mode-multi-mode) fiber signal is
incoming to the LC SM-SM attenuator. In this case, a 15 dB
attenuator, for example, may achieve an attenuation value lessthan the
specified 15 dB.

2.The AllWave ADVANTAGE Fiber Optic Identification Kit includes
labels for fiber optic apparatus products to identify Lucent
Technologies AllWave Fiber paths. An instruction sheet is included
with recommendations on how to install and use the |abels.
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ST®-, SC-, and FC-Type LBOs for Port Units that Do Not Require
LC-Type LBOs

The next table lists the ST-, SC-, and FC-type LBOs and LBO kits that
are available for the transmit connectors and receive connectorsfor the
0OC192/STM64 and OC48/STM 16 port units that do not require
LC-type LBOs. These single-mode to single-mode LBO kits are also
are also for the transmit connectors on the OC12/STM4 and
OC3/STM1 port units that do not require LC-type LBOs. Each kit
includes a 0dB, 5dB, 10dB, 15 dB, and a 20 dB attenuator.



Ordering

Table 7-20 Single-Mode to Single-Mode ST, FC, and SC LBOs

Description
Product Comcode Notes
Code Power L evel Color

ST -T ypeLBOs(SM-SM)
NA 108 812 231 ST-Type SM-SM LBO Kit
A3070 106 795 354 0dB White or Blue
ASTS5 108 053 091 5dB
ASTS10 108 053 190 10dB

Yellow or Green
ASTS15 108 053 240 15dB
ASTS20 108 053 273 20dB
FC-T ypeLBOs(SM-SM)
NA 108 812 249 FC-Type SM-SM LBO Kit
A3080 106 795 404 0dB White or Blue
AFCS5 108 107 095 5dB
AFCS10 108 107 194 10dB

Yellow or Green
AFCS15 108 107 244 15dB
AFCS20 108 107 277 20dB
SC-T ypelLBOs(SM-SM)
NA 108 812 256 SC-Type SM-SM LBO Kit
A3060 106 708 951 0dB White or Blue
ASCS5 108 314 501 5dB
ASCS10 108 314 600 10dB

Yellow or Green
ASCS15 108 440 538 15dB
ASCS20 108 440 561 20dB

7 - 28 365-371-201
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Optical Attenuators
(LBOs), continued

Single-M ode to Multi-Mode (SM-MM)

Thetable below liststhe SM-MM LBO kits as well as the individual
SM-MM LBOs for the receive connectors on the OC12/STM4 and
OC3/STM1 port units. Each kit includes a 0dB, 5dB, 10dB, 15dB, and
a 20dB attenuator.

Table 7-21 Single-Mode to Multi-Mode LBOs

Description
Product Code Comcode Notes
Power Level Color

ST -T ypeLBOs(SM-MM)
NA 108 812 207 ST-Type SM-MM LBO Kit
A3070 106 795 354 0dB White or Blue
ASTM5 108 052 960 5dB
ASTM10 108 052 994 10dB _

Beige or Gray
ASTM15 108 053 018 15dB
ASTM20 108 053 042 20dB
FC-T ypeLBOs(SM-MM)
NA 108 812 215 FC-Type SM-MM LBO Kit
A3080 106 795 404 0dB White or Blue
AFCM5 108 107 285 5dB
AFCM10 108 107 301 10dB .

Beige or Gray
AFCM15 108 107 327 15dB
AFCM20 108 107 343 20dB
SC-T ypelLBOs(SM-MM)
NA 108 812 223 SC-Type SM-MM LBO Kit
A3060 106 708 951 0dB White or Blue
ASCM5 108 440 579 5dB
ASCM10 108 440 595 10dB _

Beige or Gray
ASCM15 108 440 611 15dB
ASCM20 108 440 637 20dB

365-371-201
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Closing Details

The table below provides information about ordering Closing Details
for the WaveStar TDM 2.5G/10G (2-Fiber) system.

Table 7-22 WaveStar TDM 2.5G/10G (2-Fiber) Closing Details

Drawing/Comcode| Group Code| Description
ED8C789-33 Gl Baffle
ED8C789-33 G10 Bay with DS3 kit (closing details)
ED8C789-33 G20 Bay without DS3 kit (closing details)
ED8C789-33 G30 Bay with DS3 wing on the right only
(closing details)
Closing Detailsfor Bay with 2 DS3
ED8C789-33 G40 panels mounted in the rear of the
shelf
Conversion Kit to change from a 16
ED8C/789-33 Gal inch to a 19 inch deep bay
ED8C800-50 G10 Bay framework (closing details)
ED8C802-55 G3 End Guard Assembly (closing
details)
ED8C806-50 G28 2 1/2 inch Base Filler Plate

365-371-201
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Ordering WaveStar TDM 2.5G/10G (2-Fiber) 2.5G Application

Introduction  The WaveStar TDM 2.5G/10G (2-Fiber) has been carefully engineered.
All equipment can be ordered individually. Common unit circuit packs
may also be ordered viakits. The tablesin this section list the drawings
necessary to engineer and order your application.

Because the tributary (low-speed) shelf of the WaveStar TDM
2.5G/10G (2-Fiber) can be used by itself as a 2.5G application, the
following tables have been included to facilitate the ordering of the
2.5G application by itself.

For detailed information about assembling a bay, see the engineering
drawing ED8C789-10, “Typical Bay Arrangements.”

2.5G bay  Thetablebelow liststhe bay optionsfor the WaveStar TDM 2.5G/10G
(2-Fiber) 2.5G Application.

Table 7-23 WaveStar TDM 2.5G/10G (2-Fiber) Bay Options

Drawing/Comcode | Group Code Description

ED8C789-35 G3E Bay with one 2.5G Shelf

ED8C789-35 G4E Bay with two 2.5G Shelves

ED8C789-35 G5E Bay with one 2.5G Shelf and space for
addition of 10G Shelf

ED8C789-35 G6E Bay with two 2.5G Shelves and space
for addition of 10G Shelf

ED8C789-35 G7E Bay with three 2.5G Shelves

ED8C789-35 G8E Bay equipped with one 2.5G Shelf, two
Internal (front access) DS3 Connector
Panels, and one 10G Shelf

ED8C789-35 GOE Bay equipped with one 2.5G Shelf
mounted at the bottom of a bay.

365-371-201 7 - 31
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Software for 2.5G shelf

The table below lists the document needed to order software and kits
containing software, the Software Release Description, and the UOG
and AMTCG CD-ROM for the WaveStar TDM 2.5G/10G (2-Fiber).

Table 7-24 WaveStar TDM 2.5G/10G (2-Fiber) Basic Software

Document Description
Number
365-371-202 WaveSar TDM 2.5G/10G (2-Fiber)

Software Ordering Guide

365-371-201
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Ordering

2.5G shelf, cables, and
common units

365-371-201

This section provides ordering information for the components of the

2.5G snelf

Table 7-25 2.5G Shelf, Cables, and Common Units

Drawing Group or Tables | Description Notes
ED8C789-30 G2E 2.5G Shelf (NEBS Level 3)
ED8C789-32 Circuit Pack Kit for 2.5G Shelf
G2E, G3E (NEBS Level 3)
Gotothetables
Individual Blank Faceplates listed by and pick onl
EDSC789-32 Table AA dot o f'Zc | até
(NEBS Level 3) P
you need
ED8C789-33 Gl Baffle
ED8C789-33 G10 Bay with DS3 Kit (closing details)
ED8C789-33 G20 Bay without DS3 Kit (closing details)
ED8C789-34 Gl Upper DS3 Panel (for in-bay DS3
connectors)
ED8C789-34 G2 Lower DS3 Panel (for in-bay DS3
connectors)
ED8C789-34 G10 L eft, rear mounted DS3 Panel
ED8C789-34 Gl1 Right, rear mounted DS3 Panel
ED8C789-34 Rear mounted bracket (cover). Must be
G12 ordered when G10, but not G11 is
installed.
ED8C789-15 Installer’s Cabling Drawing
ED8C789-28 G1 (for MAIN shelf)| Cablesfor 2.5G Shelf
G2 (for 2nd shelf)
ED8C789-28 Table B -48VA and -48VB Power Cables
ED8C900-20 Tables 6A and 6B DS3 Cables
ED9C280-31 G160 BNC Panel for DS3 Service and Max. 2 per
Cables 2.5G Shelf
T-8C500-31 Installer Interconnect
ED8C789-10/ DCM holder tray, miscellaneously Holds four
848825329 mounted DCMs
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Common packs for 2.5G  (ED8C789-32; G2E - G3E). G3E omits the Memory Card)

Shelf
Table 7-26 Circuit Pack Kit for 2.5G Shelf
Comcode Apparatus Code | Quantity | Description
108730227 LEY 10BE 1 CTL/SY S50DM
108730102 LEY1AE 1 ADJCTL/DCCEI
108734617 LEY4AE 2 SWITCH/STS576
108865882 LLY2BE 2 TMG/STRAT3
109126409 1 per shelf | Memory Card
7 - 34 365-371-201
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NEBS Level 3 Port units

The table below lists the comcodes for the NEBS Level 3 compliant

port units.

Table 7-27 NEBS Level 3 Port Units

Comcodes Apparatus Description
Codes
108733163 LEY 182AE OC48/STM16/1.3VSR1
108735184 LEY7AE OC48/STM16/1.3LR1
108735192 LEYS8AE 0OC48/STM16/1.5LR1
108730441 LEY13AE OC12/STM4/1.3LR2
108730557 LEY 14AE OC12/STM4/1.3SR2
108730813 LEY15AE OC3/STMVU/1.3LR4
108825118 LEY23AE OC3/STM4/1.3IR-SR8
108730821 LEY 16AE OC3/STM1/1.3SR4
108733445 LEY17AE DS3EC1/8
108733452 LEY18AE SWITCH/DS3EC1
GE1/SX2 port
108925637 LEY309AE (Gigabit Ethernet Interface, 2
port, short reach)
109149120 LEY310AE GEL/LX2

(Gigabit Ethernet Interface, 2
port, long reach

365-371-201
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NEBS Level 3 OC48/STM16

passive port units

Thetable below liststhe NEBS Level 3 compliant OC48/STM 16/POU
passive optics port units (16 wavelengths)

Table 7-28 NEBS Level 3 OC48/STM16 Passive POU Port Units
(16 Wavelengths)

Comcodes Apparatus Description
Codes

108734955 LEYB80AE OC48/STM 16/POU9590
108734963 LEY81AE OC48/STM 16/POU9570
108734971 LEY82AE OC48/STM 16/POU9550
108734989 LEY83AE OC48/STM 16/POU9530
108735002 LEYB84AE OC48/STM 16/POU9490
108735010 LEYS85AE OC48/STM 16/POU9470
108735028 LEYB86AE OC48/STM 16/POU9450
108735036 LEY87AE OC48/STM 16/POU9430
108735044 LEYS88AE OC48/STM 16/POU9370
108735051 LEY89AE OC48/STM 16/POU9350
108735069 LEY90AE OC48/STM 16/POU9330
108735077 LEY91AE OC48/STM 16/POU9310
108735085 LEY92AE OC48/STM 16/POU9270
108735093 LEY93AE OC48/STM 16/POU9250
108735101 LEY94AE OC48/STM 16/POU9230
108735119 LEY95AE OC48/STM 16/POU9210

365-371-201
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NEBS Level 3  Thetable below liststhe NEBS Level 3 compliant
OCA48/STM16/DWDM port  OC48/STM16/DWDM port units (16 wavelengths), for usein
Units  applications with the Metropolis EON.

Table 7-29 NEBS Level 3 OC48/STM16/DWDM Port Units (16
Wavelengths)

Comcodes Apparatus Description
Codes

108734666 LEY50AE OC48/STM16/DWDMO01
108734674 LEY51AE OC48/STM16/DWDM02
108734682 LEY52AE OC48/STM16/DWDMO03
108734690 LEY53AE OC48/STM16/DWDM04
108734708 LEY54AE OC48/STM16/DWDM05
108734716 LEYS55AE OC48/STM 16/DWDM06
108734724 LEY56AE OC48/STM16/DWDMO07
108734732 LEY57AE OC48/STM16/DWDM08
108734740 LEY58AE OC48/STM16/DWDM09
108734757 LEY59AE OC48/STM16/DWDM10
108734765 LEYG60AE OC48/STM16/DWDM11
108734773 LEY61AE OC48/STM16/DWDM 12
108734781 LEYG62AE 0OC48/STM16/DWDM 13
108734799 LEY63AE OC48/STM16/DWDM14
108734807 LEYG4AE OC48/STM16/DWDM15
108734815 LEYG65AE OC48/STM16/DWDM 16

OC48/STM16/WDM port  For ordering information concerning the OC48/STM16/WDM
units  9585AE-9190AE [for use in applications with WaveStar OLS 1.6T]
port units, refer to Table 7-15, NEBS Level 3 OC48/STM16/WDM Units
(80 Wavelengths)

365-371-201
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Optical attenuators
[lightguide build-outs
(LBOs)]

For ordering information concerning optical attenuators, common
lightguide build-outs (LBOs), refer to Table 7-18, LC LBOs and
Accessoriesfor the LEY 23AE OC3 Port UnitTable 7-20, Sngle-Mode

to Sngle-Mode ST, FC, and SC LBOsand Table 7-21, Sngle-Mode to

Multi-Mode LBOs.

Closing Details

The table below provides information about ordering Closing Details

for the WaveStar TDM 2.5G/10G (2-Fiber) system.

Table 7-30 WaveStar TDM 2.5G/10G (2-Fiber) Closing Details

Drawing/Comcode Group Code| Description

ED8C789-33 Gl Baffle

ED8C789-33 G10 Bay with DS3 kit (closing details)

ED8C789-33 G20 Bay without DS3 kit (closing details)

ED8C789-33 G30 Bay with DS3 wing on the right only
(closing details)

ED8C789-33 G40 ;:;2: Qiqzﬁtﬂifﬂrtﬁgeg t:f ih[()essﬁelf

cacem  en | e e s

ED8C800-50 G10 Bay framework (closing details)

ED8C802-55 G3 End Guard Assembly (closing details)

ED8C806-50 G28 2 1/2inch Base Filler Plate

365-371-201
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Sparing Information for aWaveStar TDM 2.5G/10G (2-Fiber) System

Overview  Thissection provides circuit pack sparing information for WaveStar
TDM 2.5G/10G (2-Fiber).

Important! The number of spares for each code must be
determined and maintained separately, based on the in-service
population of the code at each location.

Lead time Lead time (turnaround time) the elapsed time between a known
circuit pack/port unit failure at a given service location and the arrival
of arepaired (or new) circuit pack/port unit at the location where spare
circuit packs are stocked to maintain a spare circuit pack level
consistent with the circuit pack population in service.

Important! Lead time should not be confused with mean time
to repair (<2 hours), which is the elapsed time between a known
in-service circuit pack failure and when a spare circuit pack
replacement is put into service.

Equipment  The table below lists the comcodes for equipment spares.

Table 7-31 Equipment Spares

Comcode Description
847783859 Panel Assembly
408395051 Fan Unit
408280287 Fan Filter (Box of 25)
407862598 Power Filter
365371201 ...................................................................................................................................................................................................................... 7 39
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Circuit packs

Spare NEBS Level 3 Circuit Packs for high speed shelves
equipped with the 576x576 STS-1 switch fabric

Thetable below liststhe NEBS Level 3 compliant circuit packsthat are
available in WaveStar TDM 2.5G/10G (2-Fiber) for the high-speed
shelf equipped with the 576x576 STS-1 switch fabric. The table below
should only be used to order spare circuit packs.

Table 7-32 Spare NEBS Level 3 Circuit Packs for High Speed
Shelves Equipped with the 576x576 STS-1 Switch

Fabric
Comcodes | Apparatus | Description 2.5G 10G
Codes System | System
108730102 LEY1AE ADJCTL/DCCEI X X
108734617 LEY4AE SWITCH/STS576 | X X
108730227 LEY 10BE CTL/SY S50DM X X
108734609 LEY3AE PPROC/STS192 X
108865882 LLY2BE TMG/STRAT3 X X
365-371-201
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Spare NEBS Level 3 Circuit Packs for the high speed shelf
equipped with the 768x768 STS-1 Switch Fabric

Thetable below liststhe NEBS Level 3 compliant circuit packsthat are
available in WaveStar TDM 2.5G/10G (2-Fiber) for the high-speed
shelf equipped with the 768x768 STS-1 switch fabric. The table below
should only be used to order spare circuit packs.

Table 7-33 Spare NEBS Level 3 Circuit Packs for the High Speed
Shelf Equipped with the 768x768 STS-1 Switch Fabric

Comcodes | Apparatus | Description 10G
Codes System
108730102 LEY1AE ADJCTL/DCCEI X
108734609 LEY3AE PPROC/STS192 X
108734898 LEY73AE SWITCH/STS768 X
108730227 LEY10BE CTL/SYS50DM X
108734609 LEY47AE PPROC/STS384 X
108865882 LLY2BE TMG/STRAT3 X
]
365371201 ...................................................................................................................................................................................................................... 7 41
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Failure Rates

Circuit pack failure rates  Thetable below provides the steady-state circuit pack failure rates,
specified as Failuresin Time (FIT), for WaveStar TDM 2.5G/10G
(2-Fiber).

Table 7-34 Circuit Pack Failure Rates

Circuit Pack Failure Rate 2.5G 10G
(FIT) System | System
PPROC/STS192 (LEY3AE) | 4800 X
PPROC/STS384 (LEY47AE) | 3300 X
ADJCTL/DCCEI (LEY1AE) | 7100 X X
SWITCH/STS576 (LEY4AE) | 4200 X X
SWITCH/STS768 (LEY 73AE)| 3500 X
SWITCH/DS3EC1 (LEY 18A) | 2000 X X
CTL/SYS50DM (LEY 10BE) | 5100 X X
TMG/STRAT3 (LLY 2BE) 3800 X X
7 ..... .A.f 2365371201
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Port unit failure rates  The table below provides the steady-state port unit failure rates for
WaveStar TDM 2.5G/10G (2-Fiber).

Table 7-35 Port Unit Failure Rates

Port Unit Failure Rate | 2.5G 10G
(FIT) (see | Application | Application
Note 1)
0OC192/STM64/1.5IRS1 (LEY97AE) 8500 X
0OC192/STM64/1.51R1Extended/I ntermediate 8500 X
(LEYB9AE)
0OC192/STM 64/WDM 9580 through WDM 9190 8500 X
(LEY201AE-240AE)
0OC192/STM64/POU9590 through POU9210 (odd 8500 X
channels; see Note) (LEY 284AE-299AE)
0C192/STM64/POU9580 through POU9220 (even 8500 X
channels; see Note) (LEY 384AE-399AE)
OC48/STM16/1.3VSR1 (LEY 182AE) 9900 X X
OC48/STM16/1.3LR1 (LEY7AE) 7500 X X
OC48/STM16/1.5LR1 (LEY8AE) 7500 X X
OC48/STM 16/WDM 9190-9585 7500 X X
(LEY 101AE-180AE)
OC48/STM 16/POU9590-9210 (odd channels; see 7500 X X
Note) (LEY 80AE-95AE)
0OC48/STM16/DWDMO01-16 7500 X X
(LEY 50AE-65AE)
OC12/STM4/1.3LR2 (LEY 13AE) 3900 X X
OC12/STM4/1.3SR2 (LEY 14AE) 3900 X X
OC3/STM1/1.3LR4 (LEY 15AE) 4900 X X
OC3/STM4/1.3IR-SR8 (LEY 23AE) 10500 X X
OC3/STM1/1.3SR4 (LEY 16AE) 4900 X X
DS3EC1/8 (LEY 17AE) 5200 X X
Optical Booster Amplifier
(SEN3AE) 6500 X
Optical Booster Pre-amplifier
(SEN4AE) 6500 X
GEL/SX2 (LEY 309AE) 5600 X X
GELV/LX2 (LEY 310AE) 5600 X X
365-371-201 7 - 43
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Notes
1. Thesefit rates are subject to change.

2. The frequency and channel plan for the passive optics units (DWDM
filter units) are provided in Chapter 4.

7 - 44 365-371-201
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Equipment failure rates

The table below provides the steady-state equipment failure rates for
WaveStar TDM 2.5G/10G (2-Fiber).

Table 7-36 Equipment Failure Rates

Equipment Failure Rate (FIT)
Circuit Breaker 10

Power Filter 40

User Panel 110

Fan Unit 1500

DS3 Connector Panel 110

I mportant!

Figure 7-1 applies to the equipment listed in, the

table above, as well asto the circuit packs and port units.

365-371-201
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Sparing Graph

Overview

Using the sparing graph

This section provides guidelines and a procedure to determine the
number of spares needed at each location. The number of spares for
each circuit pack or port unit code must be determined and maintained
separately, based on that code’s in-service population at each given
location.

Use the following procedure to determine how many spare circuit
packs, port units, or other pieces of equipment are required for each
code at each location to maintain 99.9% service continuity, given a
10-day lead time.

Locatethefailureratefor the unit under consideration using Table 7-34,
Circuit Pack Failure Rates, Table 7-35, Port Unit Failure Rates, or
Table 7-36, Equipment Failure Rates.

Refer to the figure on the following page and select the curve that
represents the nearest failure rate.

Follow the curve until it intersects the vertical line that represents the
number of unitsin service at the given location.

Refer to the horizontal line immediately above the intersection. The
number associated with this line is the minimum number of spares
recommended for that location.

Repeat steps 1-4 for each circuit pack, port unit, and type of equipment
listed in Table 7-34, Circuit Pack Failure Rates, Table 7-35, Port Unit
Failure Rates, or Table 7-36, Equipment Failure Rates.

ND OF STEPS

365-371-201
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should order and stock 3 spare OC12/STM4/1.3LR2 port units for that

location.
spares necessary for the circuit packs, port units and pieces of common

If there are 100 OC12/STM4/1.3LR2 port units (failure rate of 3900) in
equipment used in WaveStar TDM 2.5G/10G (2-Fiber).

service a agiven location and your lead timeis 10 days, then you
Use Sparing Graph for a 10-Day Lead Time to plan the number of
Figure 7-1 Sparing Graph for a 10-Day Lead Time

Example of using the graph
Sparing graph for 10-day lead time

Ordering

CP FITs (in thousands)
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Lucent Technologies
Bell Labs Innovations

8 Product Support

Overview

Purpose  Thischapter describes the support services available to Lucent
Technologies' customers.

L ucent Technologies offers a number of servicesto assist customers
with Engineering, Installation and Technical Support of their networks.
Additionally, Lucent Technologies offers product-specific training
COUrsEes.

365-371-201 8 -1
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Product Support

Worldwide Services

Overview  Lucent Worldwide Services provides afull life-cycle of services and
solutions to help you plan, design, implement, and operate your
network in today's rapidly changing and complex environment.

Engineering Services  Engineering Services provide information and technical support to
customers during the planning, implementation, and placement of
equipment into new or existing networks. We determine the best, most
economical equipment solution for a customer and help ensure
equipment is configured correctly for the customer’s network needs,
works as specified, and isready for installation on delivery. These
services consist of the following:

*  Equipment engineering
*  Software engineering

»  Siterecords

*  Engineering consulting

*  Additional engineering services (for example, Network
Realignment, System Capacity Planning, System Health
Assessment

Installation Services  Lucent Technologies offers Installation Services focused on providing
the technical support and resources customers need to efficiently and
cost-effectively install their network equipment. We offer avariety of
optionsthat provide extensive support and deliver superior execution to
help ensure the system hardwareisinstalled, tested, and functioning as
engineered and specified. Installation Services provides a complete
flexible solution tailored to meet customers' specific needs. These
services consist of the following:

*  Equipment installation

»  Specialized equipment installation
*  Network connectivity services

* Installation support services

8 - 2 365-371-201
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Product Support

Technical Support  Lucent Technologies provides the following Technical Support
Services.

*  Remote Technical Support (RTS) - remote technical support to
troubleshoot and resolve system problems.

*  On-site Technical Support (OTS) - on-site assistance with
operational issues and remedial maintenance.

*  Repair and Replacement (R&R) - technical support services for
device repair/return or parts replacement.

e  Lucent OnLine Customer Support - online access to information
and services that can help resolve technical support requests.

Important! Technical Support Services are available 24 hours a
day, 7 days aweek.

Inside the United States and Canada

Technica Support Services can be reached at 1-866-LUCENTS (866-
582-3688): Prompt 1.

Outside the United States

Technical Support Services can be reached at +1-630-224-4672: Prompt
2.

Web-Site  For additional information regarding Worldwide Services, refer to the
Lucent Technologies' web-site at http://www.lucent.com/products

1. Click on Browse the catalog
2. Click on worldwide Services Solutions
3. Select the desired service to display:

*  Engineering and Installation

*  Technical Support Services

365-371-201 8 - 3
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Product Support

Training

Overview  Lucent Technologies offers aformal training curriculum to
complement your product needs.

Registering for a course  To review the available courses or to enroll in atraining course at one
of Lucent’s corporate training centers,

e Within the United States,
—  Vidgit https://www.lucent-product-training.com
—  Call 1-888-LUCENTS (888-582-3688): Prompt 2.
*  QOutside the continental United States,

—  Vigit https://www.lucent-product-training.com

Contact your in-country training representative
—  Cadll: +1-407-767-2798
—  Fax: +1-407-767-2677

Suitcasing  To arrange for a suitcase session at your facility,

e Within the United States, call 1-888-LUCENTS (888-582-3688):
Prompt 2.

*  QOutside the continental United States,
—  Contact your in-country training representative
—  Cdl: +1-407-767-2798
—  Fax: +1-407-767-2677

8 - 4 365-371-201
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Lucent Technologies

9 Quality and Reliability

Overview

Purpose  This chapter contains information related to the quality and reliability
of WaveStar TDM 2.5G/10G (2-Fiber).

365-371-201 9 -1
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Quality and Reliability

L ucent Technologies Commitment to Quality and Reliability

Overview

Quality Policy

Reliability in the Product’s
Life-Cycle

Lucent Technologies is extremely committed to providing our
customers with products of the highest level of quality and reliability in
the industry. WaveStar TDM 2.5G/10G (2-Fiber) is aprime example of
this commitment.

Lucent Technologiesis committed to achieving sustained business
excellence by integrating quality principles and methodsinto all we do
at every level of our company to

*  Anticipate and meet customer needs and exceed their
expectations, every time

*  Relentlessly improve how we work —to deliver the world's best
and most innovative communications solutions — faster and more
cost-effectively than our competitors

Each stage of the life cycle of WaveStar TDM 2.5G/10G (2-Fiber)
relies on people and processes that contribute to the highest product
quality and reliability possible. Thereliability of aproduct beginsat the
earliest planning stage and continues into

*  Product architecture

*  Design and simulation

*  Documentation

»  Prototyping testing during development

»  Design change control

*  Manufacturing and product testing (including 100% screening)
e Product quality assurance

e Product field performance

*  Product field return management

365-371-201
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Quality and Reliability

Ensuring Quality

Overview  This section describes the critical elements that ensure product quality
and reliability within
e Product development
*  Manufacturing

Critical Elements of  The product development group’s strict adherence to the following
Product Development  critical elements ensures the product’s reliability

*  Design standards

»  Design and test practices

e Comprehensive gqualification programs
o System-level reiability integration

* Rdiability audits and predictions

»  Development of quality assurance standards for manufactured
products

Critical Elements of  The manufacturing and field deployment groups’ strict adherence to
Manufacturing  the following critical elements ensures the product’s reliability

*  Premanufacturing

e Qudlification

*  Accelerated product testing

*  Product screening

e Production quality tracking

*  Failure mode analysis

»  Feedback and corrective actions

Important! Independent Quality Representatives are also
present at manufacturing locations to ensure shipped product
quality.

365-371-201 9 - 3
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Failure Rates

Overview  Thissection provides failure rates for WaveStar TDM 2.5G/10G
(2-Fiber). All datais based on Telcordia's Method |, Reliability
Prediction Procedure for Electronic Equipment, |ssue 6, December

1997.

Circuit Pack  Thetable below provides steady-state circuit pack failure rates,
Failure Rates  gpecified as Failuresin Time (FIT), for WaveStar TDM 2.5G/10G

(2-Fiber).

Table 9-1  Circuit Pack Failure Rates

Circuit Pack Failure Rate 2.5G 10G
(FIT) System | System
SWITCH/DS3EC1 2000 X X
SWITCH/STS576 4200 X X
SWITCH/STS768 3500 X
PPROC/STS192 4800 X
PPROC/STS384 3300 X
CTL/SY S50DM 5100 X X
ADJCTL/DCCEI 7100 X X
TMG/STRAT3 3800 X X
é. .......... .A.f 365371201
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Port Unit  Thetable below provides steady-state port unit failure rates, specified
Failure Rates  gsFailuresin Time (FIT), for WaveStar TDM 2.5G/10G (2-Fiber).

Table 9-2  Port Unit Failure Rates

Port Unit Failure 2.5G 10G
Rate (FIT) | Application | Application

OC192/STM64/1.5IRS1 (LEY97AE) | 8500 X

0OC192/STM64/1.51R1Extended/ 8500 X

Intermediate (LEY 69AE)

0OC192/STM64/WDM 9580 through 8500 X

WDM9190 (LEY 201AE-240AE)

0C192/STM 64/POU9590 through 8500 X

POU9210 (LEY 284AE-299AE)

OC48/STM16/1.3VSR1 9900 X X

(LEY 182AE)

OC48/STM16/1.3LR1 (LEY7AE) 7500

OC48/STM16/1.5LR1 (LEY8AE) 7500 X X

OC48/STM16/WDM 9190-9585 7500 X X

(LEY 101AE-180AE)

OC48/STM 16/POU9590 -9210 7500 X X

(LEY 80AE-95AE)

0OC48/STM16/DWDMO01-16 7500 X X

(LEY50AE-65AE)

OC12/STM4/1.3LR2 (LEY 13AE) 3900 X X

OC12/STM4/1.3SR2 (LEY 14AE) 3900 X X

OC3/STM1/1.3LR4 (LEY 15AE) 4900 X X

OC3/STM4/1.3IR-SR8 (LEY 23AE) 10500 X X

OC3/STM1/1.3SR4 (LEY 16AE) 4900 X X

DS3EC1/8 (LEY 17AE) 5200 X X

Optical Booster Amplifier 6500 X

(SEN3AE)

Optical Booster Preamplifier 6500 X

(SEN4AE)

GEL/SX2 (LEY 309AE) 5600 X

GELV/LX2 (LEY 310AE) 5600 X X
365-371-201 9 -5
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Notes

* These FIT rates are subject to change.

Additional Failure Rates  The table below provides steady-state failure rates for WaveStar TDM

2.5G/10G (2-Fiber) equipment.

Table 9-3 Equipment Failure Rates

Equipment Failure Rate (FIT)
Circuit Breaker 10

Power Filter 40

User Panel 110

Fan Unit 1500

DS3 Connector Panel 110

365-371-201
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Unavailability Specifications

Overview  Thissection provides the port unit and system unavailability
specifications for WaveStar TDM 2.5G/10G (2-Fiber). All datais
based on the circuit pack failure rates that are calculated according to
Telcordia' s Method |, Reliability Prediction Procedure for Electronic
Equipment, Issue 6, December 1997.

Port Unit Unavailability  The table below provides hardware unavailability estimates for the
optical and electrical port unitsin WaveStar TDM 2.5G/10G (2-Fiber).

Table 9-4  Port Unit Unavailability (Hardware Only)

Port Unit Unavailability 2.5G 10G
(Seethe Notes) System | System

0OC192/STM64/1.5SR1 0.000502 min/year X
0OC192/STM64/1.51R1 0.000502 min/year X
OC192/STM64/1.5IRS1 0.000502 min/year X
OC192/STM64/1.5LR1 0.000502 min/year X
0OC192/STM64/1.5VLR1 0.000502 min/year X
OC192/STM64/WDM (all) 0.000502 min/year X
OC192/STM64/POU (all) 0.000502 min/year X
DS3EC1/8 0.00077 min/year X X
OC3/STM1/1.3SR4 0.00013 min/year X X
OC3/STMV/1.3LR4 0.00013 min/year X X
OC3/STMV/1.3IR/SR8 0.00013 min/year X X
OC12/STM4/1.3LR2 0.00011 min/year X X
OC12/STM4/1.3SR2 0.00011 min/year X X
OC48/STM16/1.3LR1 0.00020 min/year X X
OC48/STM16/1.5LR1 0.00020 min/year X X
OC48/STM16/1.3VSR1 0.00020 min/year X X
OC48/STM16/DWDMO01 through | 0.00020 min/year X X
OC48/STM16/DWDM 16

OC48/STM16/POU (all) 0.0009 min/year X
SEN3AE See Note X

36537120197
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Port Unit Unavailability 2.5G 10G
(See the Notes) System | System
SEN4AE See Note X
GE1/SX2 See Note X X
GEL/LX2 See Note X X
Note:
Contact your Lucent Technologies Account Executive for the latest
information.
9 - 8 365-371-201

Issue 6 October 2001



Quality and Reliability

System Unavailability — The table below provides steady-state system unavailability estimates
for the WaveStar TDM 2.5G/10G (2-Fiber) system due to hardware
failures.

Table 9-5  System Unavailability

System Unavailability
0OC-192 to DS3/EC1 transmission 0.70 min/year
0OC-192 to OC-3 transmission 0.72 min/year
0OC-192 to OC-12 transmission 0.70 min/year
0OC-192 to OC-48 transmission 0.76 min/year
OC-48 to DS3/ECL transmission 0.31 min/year
OC-48to OC-3 transmission 0.34 minfyear
OC-48to OC-12 transmission 0.32 minfyear
DS3/EC1 interface transmission 0.20 min/year
OC-3interface transmission 0.22 min/year
OC-12 interface transmission 0.20 min/year
OC-48 to OC-48 ring transmission 15.9 min/year
LAN interfaceto OS 12.6 min/year

Silent Failure Unavailability =~ The WaveStar TDM 2.5G/10G (2-Fiber) system is designed to
minimize system unavailability due to silent failures. Equipment
failuresin the system that may result in aloss of service of protection
trigger office alarms or generate autonomous messages.

365-371-201 9-9
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General Specifications

Overview
Mean Time Between

Maintenance Activities

Mean Time to Repair

Infant Mortality Factor

Product Design Life

Maintainability
Specifications

Warranty

This section provides general reliability specifications for WaveStar
TDM 2.5G/10G (2-Fiber).

The Mean Time Between Maintenance Activitiesis 12.0 monthsfor the
tributary shelf and 17.6 months for the high-speed shelf.

The mean time to repair for WaveStar TDM 2.5G/10G (2-Fiber) is
assumed to be 2 hours. This figure includes dispatch, diagnostic, and
repair time.

The number of failures that a product experiences during the first year
of service after turn-up may be greater than the number of subsequent
annual steady state failures.

The infant mortality factor (IMF) for WaveStar TDM 2.5G/10G
(2-Fiber) is<1.3. Therefore, the first year failure rate (or infant
mortality rate [IMR]) is 1.3 times the steady state failure rate.

Important! The steady state failure rate is equal to the failure
rate of the system.

The product design life for WaveStar TDM 2.5G/10G (2-Fiber) is 25
years except for the fan unit. The fan unit design lifeis 12 years.

WaveStar TDM 2.5G/10G (2-Fiber) does not require periodic

el ectronic equipment maintenance activities. Continuous performance
monitoring enables the system to detect conditions before they become
service-affecting.

Important! The fan filter, located below the fan unit in the
shelf, must be replaced once every 6 months to ensure the proper
operation of the fan units.

The terms and conditions of sale include a 1-year warranty on
WaveStar TDM 2.5G/10G (2-Fiber) hardware and software.

365-371-201
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10 Technical Specifications

Overview
Purpose  This chapter provides the technical specifications for WaveStar TDM
2.5G/10G (2-Fiber). This datais necessary for planning the use of a
WaveStar TDM 2.5G/10G (2-Fiber) in an existing or new network.
References  For information about the following reliability specifications, refer to
Chapter 9, “Quality and Reliability.”
e Port unit unavailability
e System unavailability
*  Circuit pack FIT rates
*  Mean time between maintenance activities
[]
L 1 01
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System Specifications

Overview  This section provides specifications for the transmission medium,
cabling, and access to WaveStar TDM 2.5G/10G (2-Fibey).

Transmission fibers  WaveStar TDM 2.5G/10G (2-Fiber) uses the following transmission
fibers:

e  Standard single-mode non-dispersion shifted fiber
«  TrueWave™ non-zero dispersion shifted fiber

Connectorized cabling  All connections are by means of connectorized cabling, except the DS1
external timing reference, which comes equipped with awire-wrapped
termination. Thistermination consists of a DSub9 Connector converted
to a 5-pin wire-wrapped post.

Front access  Front accessisprovided for all circuit pack insertions and removals, all
external connections and cabling to transmission interfaces, and the
WaveStar® CIT port.

Rear access  Rear accessis provided for cabling to shelf inputs and outputs.

10 - 2 365-371-201
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Port Unit Specifications

Introduction  The optical specifications provided in this section apply to the optical
port units in WaveStar TDM 2.5G/10G (2-Fiber), (OC192/STM64,
OC48/STM 16, OC12/STM4, and OC3/STM1).

Line rate

0C192/STM64
The optical line rate for the OC192/STM 64 port unitsis 9.953 Gb/s.

OC48/STM16
The optical line rate for the OC48/STM16 port unitsis 2.488 Gb/s.

0OC12/STM4
The optical line rate for the OC12/STM4 port unitsis 622.08 Mb/s.

OC3/STM1
The optical line rate for the OC3/STM1 port unitsis 155.52 Mb/s.

Linecode  Theoptical line codefor the optical port unitsis scrambled nonreturn to
zero (NRZ).

Connector interfaces  LEY23/LEY23AE, LEY 101/LEY 101AE - LEY 180/LEY 180AE, and
LEY201/LEY 201AE - LEY 240/LEY 240AE use L C-type lightguide
build-out (LBO) connectors optical attenuation. All other optical port
units may be equipped with either ST-type, FC-type, or SC-type LBOs
for optical attenuation.

Lightguide jumpers  Single-mode lightguide jumpers are used on all optical interfacesin
WaveStar TDM 2.5G/10G (2-Fiber).

365-371-201 10 - 3
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Optical source

0OC192/STM64

The optical source for the OC192/STM64/1.5SR1,
OC192/STM64/1.5LR1, and OC192/STM/IRS1 port unitsisthe
Electro-absorptive Modulated Laser (EML).

The optical source for the OC192/STM64/1.5IR1,
0OC192/STM64/POU, and the OC192/STM64/WDM port unitsisa
Continuous Wave Laser with a Mach Zender Modulator (MZM).

The optical source for the OC192/STM64/1.5VLR1 port unitsis an
EML if OC192/STM/IRSL isused or MZM if the OC192/STM64/IR1
is used.

OC48/STM16

The optical source for the OC48/STM16/1.3VSR1,
OC48/STM16/1.3LR1, OC48/STM16/1.5LR1, OC48/STM16/1.3LR1
(Transponder Module), and OC48/STM 16/1.5LR1 (Transponder
Module) port unitsis a distributed feedback (DFB) laser.

The optical source for the and OC48/STM 16/DWDMO01-16,
OC48/STM16/WDM, OC48/STM16/POU port unitsisan
Electro-absorptive Modulated Laser (EML).

OC12/STM4/1.3SR2

The optical source for the OC12/STM4/1.3SR2 port unitsisa DFB
laser.

OC12/STM4/1.3LR2

The optical source for the OC12/STM4/1.3LR2 port unitsisa DFB
laser.

OC3/STM1/1.3SR4

The optical source for the OC3/STM 1/1.3SR4 port units can be either a
DFB laser or a Fabre-Perot laser.

OC3/STM1/1.3LR4 and OC3/STM1/1.3IR-SR8

The optical source for the OC3/STM1/1.3LR4 and the
OC3/STM1/1.3IR-SR8 port unitsisa DFB laser.

365-371-201
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GE1
The optical source for GEL/SX2 port unit isa Vertical Cavity Surface
Emitting Laser (VSCEL).

The optical source for the GEL/LX2 port unit is a Fabry-Perot (FP)
laser.

Capacity

0C192/STM64

Each OC192/STM64 port unit supports either one OC-192 or one
STM-64 (user-provisionable) bidirectional (one receive and one
transmit) line.

OC48/STM16

Each OC48/STM 16 port unit supports either one OC-48 or one
STM-16 (user-provisionable) bidirectional (one receive and one
transmit) line.

OC12/STM4

Each OC12/STM4 port unit supports either two OC-12 or two STM-4
(user-provisionable) bidirectional (one receive and one transmit) lines.

OC3/STM1

OC3/STM1 port units have either four or eight OC-3 or STM-1 ports,
depending on the specific port unit selected. Therefore, either four or
eight OC-3 or STM-1 (user-provisionable) bidirectional (one receive
and one transmit) lines are supported.

GE1l

Each GEL1 port unit supports two Gigabit Ethernet bidirectional (one
receive and one transmit) lines. The capacity per lineis user
provisionable (maximum of 21 STS1s).

365-371-201 10 - 5
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Optical detector ~ The optical detector for the OC192/STM64/1.5LR1 and the
0OC192/STM64/1.5VLR1 isaPin Diode.

The optical detector for all other optical port unitsis an avalanche
photodiode (APD).

The optical detector for the GE1 port unitsisa Silicon PIN photodiode.

Optical safety  Optical safety data on laser-containing port units

* ClassllIB inthe FDA/CDRH Classification System (appliesto
the 1.3 micron units)

* Classl inthe FDA/CDRH Classification System (appliesto the
1.5 micron units and GE1 units)

Protection  This section lists the protection schemes available for each optical port.

0C192

The protection mode for the OC192 portsin WaveStar TDM 2.5G/10G
(2-Fiber) may be provisioned as

e 2-Fiber BLSR

—  Span capacity is96 STS-1 equivalent working tributaries and
96 STS-1 equivalent protection tributaries.

— Add/drop capacity at each nodeisupto 192 STS-1
equivaents of working traffic (west and east) plus 192 STS-1
equivalents of preemptible protection accesstraffic (west and
east).

—  Non-preemptible Unprotected Traffic (NUT) can be
provisioned for STS-1 timeslots around a 2-Fiber BLSR to
exclude individual working tributaries and their
corresponding protection tributaries from BL SR protection
switching.

*  UPSR (STS1 path)

— Ring capacity is 192 STS-1 equivalent tributaries

— Add/drop capacity at each nodeisupto 192 STS-1
equivalents of working traffic

*  Ox1 (unprotected) ports

0C48

The protection mode for the OC48 portsin WaveStar TDM 2.5G/10G
(2-Fiber) may be provisioned as

e  2-Fiber BLSR

10 - 6 365-371-201
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—  Span capacity is 24 STS-1 equivalent working tributaries and
24 STS-1 equivalent protection tributaries.

— Add/drop capacity at each nodeisup to 48 STS-1 equivalents
of working traffic (west and east) plus 48 STS-1 equivalents
of preemptible protection access traffic (west and east).

*  UPSR (STS1 path)
— Ring capacity is48 STS-1 equivalent tributaries

— Add/drop capacity at each nodeisup to 48 STS-1 equivalents
of working traffic

* 1+1line protection (unidirectional non-revertive, bidirectional
non-revertive, or bidirectional revertive)

*  Ox1 (unprotected) ports

0C12

The protection mode for the OC12/STM4 ports in WaveStar TDM
2.5G/10G (2-Fiber) may be provisioned as

* UPSR (STS1 path)
— Ring capacity is 12 STS-1 equivalent tributaries

— Add/drop capacity at each nodeisupto 12 STS-1 equivalents
of working traffic

e 1+1line protection (unidirectional non-revertive, bidirectional
non-revertive, or bidirectional revertive)

e Ox1 (unprotected) ports

0C3

The protection mode for the OC3 ports in WaveStar TDM 2.5G/10G

(2-Fiber) may be provisioned as

e 1+1line protection (unidirectional non-revertive, bidirectional
non-revertive, or bidirectional revertive)

*  Ox1 (unprotected) ports

GE1l

The protection mode for the GE1 ports in WaveStar TDM 2.5G/10G
(2-Fiber) is Ox1.

365-371-201 10 - 7
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Dispersion  WaveStar TDM 2.5G/10G (2-Fiber) can accommodate the following
types of dispersion:
Chromatic dispersion
See Table 10-1 for port unit chromatic dispersion information.
Group delay dispersion for PMD
The receiver can accommodate up to 75 ps/nm of group delay dispersion due
to polarization mode dispersion (PMD) with an optical path penalty of no
more than 2 dB when measured at 1x10-10 BER.
Table 10-1 Optical Port Unit Dispersion
Port Unit Standard NEBS Level 3 Dispersion
Apparatus Code Apparatus Code P
0OC192/STM64/1.5SR1 800 ps/nm
(This port unit has been LEY6/ LEY67AE
discontinued.)
0OC192/STM64/1.5I1R1 LEY69 LEY69AE 1200 ps/nm
0OC192/STM64/1.51RS1 LEY97 LEY97AE 800 ps/nm
SEN3AE (OBA) plus
LEYG9AE
0OC192/STM64/1.5LR1 (see Table 7-11 for 1600 ps/nm
information about using | (SEN3AE plus
(LEYGOAE plus SEN3AE) the SEN3AE with other | LEY69AE)
0C192/STM64 port
units)
0OC192/STM64/1.5VLR1
(LEY228AE + SEN4AE + SEN4AE (OBPA) plus 2400 ps/nm
DCM-40 as pre-compensation and LEY228AE or LEY295AE P
DCM-50 as post compensation)
0OC192/STM64/1.5VLR1 SEN4AE (OBPA) plus 1200 ps/nm
[LEY 228AE + SEN4AE (without LEY228AE or LEY295AE
DCMsg]
0OC192/STM64/WDM (al) LEY201-240 LEY201AE-240AE See Note 2 below
OC192/STM64/POU (all) ) LEY284AE-299AE and | 1200 ps/nm
LEY284-299 LEY384AE-399AE
0C192/STM64/
OC48/STM16/1.3V SR1 LEY182 LEY182AE 300 ps/nm
OC48/STM16/1.3LR1 LEY7 LEY7AE 200 ps/nm
OC48/STM16/1.5LR1 LEY8 LEYS8AE 1800 ps/nm
0OC48/STM16/DWDMO01-16 LEY50-65 LEY50AE-65AE See Note 1 below

10 - 8
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Port Unit Standard NEBS Level 3 Dispersion
Apparatus Code Apparatus Code

OC48/STM16/WDM (all) LEY101-180 LEY101AE-180AE See Note 2 below
0OC48/STM16/POU (all) LEY80-95 LEY80AE-95AE 1800 ps/nm
OC12/STM4/1.3SR2 LEY13 LEY13AE 200 ps/nm
OC12/STM4/1.3LR2 LEY14 LEY14AE 200 ps/nm
OC3/STM1/1.3SR4 LEY16 LEY16AE 300 ps/nm
OC3/STMV/1.3IR/SR8 LEY23 LEY23AE 300 ps/nm
OC3/STMV/1.3LR4 LEY15 LEY15AE 300 ps/nm
g%aﬁgf;hgggt;merface portunit | -y 09 LEY309AE See Note 3 below
%gEall?:f)l(E tzhsrgoe:tl)nterface port unit LEY310AE See Note 3 below

Notes:

1. The optical dispersionfor OC192 WDM port unitsis compatible with

Metropolis EON. For additional information, refer to the Metropolis

EON Applications and Planning Guide (APG) (365-575-558).

2. The optica dispersion for OC192/STM64/WDM and

OC48/STM16/WDM port unitsis compatible with WaveStar OLS 1.6T.

For additional information, refer to the WaveStar® Optical Line Sy stem
(OLS) 1.6T Applications Planning Guide (APG) (365-575-759) and

WaveStar® Optical Line Sy stem (OLS) 1.6T Applications Ordering
Guide (AOG).

3. Thefiber optic cable requirements for Gigabit Ethernet are described

in |EEE 802.z, section 38.11.1.

O
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Power Specifications

Overview  This section provides specifications about the power supply, heat
dissipation, and current drain in WaveStar TDM 2.5G/10G (2-Fiber).

Power supply  Thetable below lists WaveStar TDM 2.5G/10G (2-Fiber) power
requirements.

Table 10-2 Power Supply Requirements

Iltem Description

Voltage range, all components —-40.0V to -72V

Power Feeders two —48V power feeders
[BREAKER (A) and BREAKER (B)]
Circuit Breakers (two per shelf) | 25.0A

Power planning  The heat dissipation of a WaveStar TDM 2.5G/10G (2-Fiber) bay is
approximately 1600 watts.

Currentdrain  The table below provides the maximum current drain requirements for
aWaveStar TDM 2.5G/10G (2-Fiber) shelf. For abay that will contain
three WaveStar TDM 2.5G/10G (2-Fiber) shelves, the power feeders
should provide at least 70A for the bay.

Table 10-3 WaveStar TDM 2.5G/10G (2-Fiber) Current Drains

Shelf Current Drains per Feeder in Amperes
List 1 List 2
-42.75V -39.5V
@ -48V @ @
High-speed shelf (10G) 10.7 11.3 11.6
L ow-speed shelf (2.5G 11.3 129 14.0
application)
10G 2-Fiber Bay (bay with| 33.3 371 39.6
one high-speed and two
low-speed shelves)
[]
10 ..... 10365371201
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Equipment Dimensions

Overview

Circuit Pack Dimensions

Table 10-4 Circuit Pack Dimensions

This section provides the height, width, and depth of major WaveStar
TDM 2.5G/10G (2-Fiber) components.

The table below lists the dimensions for all the circuit packs in
WaveStar TDM 2.5G/10G (2-Fiber).

Circuit Pack Dimensions (mm/inches) . 2..5G' 10G
Height | Width | Depth pplication |  System
PPROC/STS192 336/13.1 | 25/.98 | 270/106 X
PPROC/STS384 336/13.1 | 25198 | 270/106 X
PPROC/FO (2.5G shelf) | 336/13.1 | 25/.98 | 270/10.6 | X
CTL/SY S50DM 336/13.1 | 32/1.25 | 270/106 | X X
ADJCTL/DCCEI 336/13.1 | 20179 | 270/106 | X X
TMGISTRAT3 168/66 | 25/.98 | 270/10.6 | X X
SWITCH/STS576 336/13.1 | 30/L.2 | 270/106 | X X
SWITCH/STST768 X
SWITCH/DS3ECL 336/13.1 | 20179 | 270/106 | X X
DS3ECL/8 336/13.1 | 20/.79 | 270/106 | X X
OC192/STM64/1L5SR1 | 336/13.1 | 60124 | 270/10.6 X
OC192/STM64/1.5IR1 336/13.1 | 60124 | 270/10.6 X
OC192/STMB4/L5IRSL | 336/13.1 | 60124 | 270/10.6 X
OC192/STM64/1.5LR1 X
OC192/STM64/1.5VLRL See Note Below X
%’g;‘;‘ Booster Amplifier | 336131 | 4116 | 270/10.6 X
%’g;ﬂf""w Pre-Amplifier | 235131 | 4116 | 270/10.6 X
OC192/STM64/POU9590
| 336/13.1 | 60124 | 2701106 X
OC192/STM64/POU9210
e, e
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Circuit Pack Dimensions (mm/inches) 2.5G 10G
ircuit Pac i cati
Height | Width | Depth Application | System

0OC192/STM64/WDM9580

336/13.1 | 60/2.4 270/10.6 X
0OC192/STM64/WDM9190
OC48/STM16/1.3VSR1 336/13.1 | 38/1.5 270/10.6 | X X
OC48/STM16/1.3LR1 336/13.1 | 40/1.6 270/10.6 | X X
OC48/STM16/1.5LR1 336/13.1 | 40/1.6 270/106 | X X
0OC48/STM16/DWDMO01

336/13.1 | 40/1.6 270/10.6 | X X
OC48/STM16/DWDM 16
OC48/STM16/POU9590

336/13.1 | 40/1.6 270/10.6 | X X
0OC48/STM16/POU9210
OC48/STM16/WDM9585

336/13.1 | 40/1.6 270/106 | X X
OC48/STM16/WDM9190
OC12/STM4/1.3LR2 336/13.1 | 20/.79 270/10.6 | X X
OC12/STM4/1.3SR2 336/13.1 | 20/.79 270/106 | X X
OC3/STM1/1.3LR4 336/13.1 | 20/.79 270/106 | X X
OC3/STM1/1.3IR/SR8 336/13.1 | 20/.79 270/106 | X X
OC3/STM1/1.3SR4 336/13.1 | 20/.79 270/106 | X X
Gigabit Ethernet Interface
port unit (GEL/SX 2 2 port) 336/13.1 | 40/1.6 270/106 | X X
Gigabit Ethernet Interface
port unit (GE1/LX2 2 port) 336/13.1 | 40/1.6 270/106 | X X

Note:

The OC192/STM64/1.5LR1 port unit is actually a combination of the
SEN3AE (OBA) plus LEYG9/LEYG9AE (or one of various other
OC192/STM64 port units). The SEN3AE should not be paried with
LEY67/LEY67AE. SEN3AE can be paired with LEY 97/LEY 97AE, but
it will not meet standards dispersion requirements for an OC192

long-reach interface.




Technical Specifications

Shelf Dimensions

The OC192/STM64/1.5VLR1 port unit is actually a combination of the
SEN4AE (OBPA) and LEY 228/LEY 228AE (or LEY 295/LEY 295AE)

port unit working together.

The automatic laser shutdown (ALS) feature can only be used if the
paired OC192/STM64 port unit is an LEYG9AE, LEY97AE, or

LEY228AE.

The table below lists the dimensions of a WaveStar TDM 2.5G/10G
(2-Fiber) shelf. These dimensions do not include the heat baffles (see
Table 10-9 “Cooling Equipment Dimensions’ and the section on “Heat

baffle locations” in Chapter 6).

Table 10-5 Shelf Dimensions

Dimensions (mm/inches)

Height Width Depth
Shelf only 575/22.6 543/21.4 400/15.7
With one DS3 externally 575/22.6 649/25.6 400/15.7
attached connector panel (for
tributary shelf only)
With two DS3 externally 575/22.6 755/29.7 400/15.7
attached connector panels (for
tributary shelf only)
With one DS3 internally 690/27.2 543/21.4 400/15.7
attached connector panel (for
tributary shelf only)
With two DS3 internally 805/31.7 543/21.4 400/15.7
attached connector panels (for
tributary shelf only)
With one or two rear mounted | 575/22.6 543/21.4 570/19.15
DS3 panel

10 - 13
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Technical Specifications

DS3 connector panel
dimensions

The table below lists the dimensions of an externally attached DS3
connector panel.

Table 10-6 External Connector Panel Dimensions

Dimensions (mm/inches)
Height Width
546.1/21.5 | 101.6/4

Depth
57.2/2.3

The table below lists the dimensions of an internally attached DS3
connector panel.

Table 10-7 Internal Connector Panel Dimensions

Dimensions (mm/inches)
Height Width
115/4.5 543/21.4

Depth
347.5/13.7

The table below lists the dimensions of an rear mounted DS3 connector
panel.

Table 10-8 Rear Mounted Connector Panel Dimensions

Dimensions (mm/inches)
Height Width
546.1/21.5 101.6/4

Depth
57.2/2.3

Cooling equipment  The table below lists the dimensions of the cooling equipment.

Table 10-9 Cooling Equipment Dimensions

Equipment Dimensions (mm/inches)
Height Width Depth
Fan Unit 48/1.9 543/21.4 380/14.9
Fan Filter 13.5/.5 543/21.4 380/14.9
Heat Baffle 70/2.75 543/21.4 380/14.9
[]
365371201
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Technical Specifications

Environmental Specifications

Overview  This section provides the specific environmental conditions that
WaveStar TDM 2.5G/10G (2-Fiber) is designed to withstand without
detrimentally affecting operation.

Conditions ~ WaveStar TDM 2.5G/10G (2-Fiber) is designed to operatein a
controlled environment that complies with the environmental
requirements listed in the following table.

Table 10-10 Temperature and Humidity Requirements
Operating Normal Short-term®
Condition Celsius | Fahrenheit | Celsius | Fahrenheit

(©) (F) (©) (F)
Ambient 5°to40° | 41°to 104° -5°1t0 50° | 23° to 122°
temperature®
Maximum 30°/hour | 54°/hour 30°/hour | 54°/hour
temperature rate of
change
Ambient relative 5% to 85% 5% to 90%(®
humidity
Altitude (-61m to 1982m) NA

(=200 ft to 6500 ft)

365-371-201
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Notes

(a) Short-term refers to a period of time < 90 consecutive hours and a
total of < 15 daysin one year. Thetime may total 360 hoursin any given
year, but may not exceed 15 individual occurrences during that one year.
(b) Ambient refersto conditions at the specific location of 1.5m (59in)
above the floor and 400 mm (15.8 in) in front of the equipment.

(c) Not to exceed 0.024 kg of water per kg of dry air.
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Storage and transportation

conditions

WaveStar TDM 2.5G/10G (2-Fiber) is designed to be fully operational
after being subjected to the environmental conditionslisted in the table
below during storage and transportation.

Table 10-11 Storage and Transportation Requirements

Condition Range
Temperature -40°C to 70°C (—40°F to 158°F)
Maximum temperature rate of | 30°C/hour (54°F/hour)
change
Relative humidity 5% to 95%

Maximum absolute humidity

0.024 kg of water/ kg of dry air

Altitude

—61m to 12,195m (—200 ft to 40,000 ft)

[
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WaveStar CIT Reguirements

Overview  This section provides the table below and other information regarding

the minimum and recommended WaveStar CIT requirements.

It is anticipated that most customers will dedicate a laptop persona
computer (PC) to run the WaveStar CIT applications software.
However, you can use a properly configured desktop PC.
Recommended requirements are intended as a general guideline to
optimize performance. Asthe CIT isused with multiple NE
connections and multiple NE types, the processor type and speed and
the memory size will all factor into CIT performance.

Description

Processor

RAM

Virtual Memory
Disk space

CD-ROM Drive

Foppy Disk Drive
Video (SVGA)

Network Interface

Operating System
(see Note 4)

365-371-201
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Minimum Requirement
(see Note 1)

Pentium® 266 Mhz
128 MB (see Note 1)
139 MB (see Note 1)

1-GB hard drive with at least 250
MB free space
(see Note 3)

CD-ROM drive compatible with the
PC

3.5-inch, 1.44 MB
800 x 600

10/100 Base T LAN NIC

The pin designations/signals are:
e 17D+

e 2TD-

e 3RD+

* 6RD-

Microsoft® Windows 2000

or

Microsoft® Windows NT 4.0
with service pack 6A

Recommended

Pentium 111 500 Mhz
256 M B (see Note 2)
500 MB (see Note 2)

6-GB hard drive with at least 500
MB free space (see Note 3)

CD-ROM drive compatible with the
PC.

1024 x 768

10/100 Base T LAN NIC

The pin designations/signals are:
e 17D+

e 2TD-

¢ 3RD+

* 6RD-

Microsoft® Windows 2000

or

Microsoft® Windows NT 4.0
with service pack 6A
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Description

PD

F File Reader

Personal Computer
Memory Card

International Association

(PCMCIA) slot

System Backup Drive
(Optiond)

PCMCIA flash disk

Minimum Requirement
(see Note 1)

Adobe Acrobat Reader ™ for
Windows™ (version 3.01 or
later)

Type Il dot with driver software
that supports read/write of
PCMCIA flash disk cards (see
Note 5 and the “PCMCIA flash
disk” section)

Removable hard drive for system
backups

Recommended

Type Il slot with driver software
that supports read/write of
PCMCIA flash disk cards (see
Note 5 and the “PCMCIA flash
disk” section)

Removable hard drive for system
backups

Notes:

1. The minimum RAM and minimum virtual memory are sufficient for
configuring only one system at atime.

2. The recommended RAM and virtual memory are sufficient to
configure up to five sytems at atime.

3. The 250 MB of free disk space is required for installation of the
WaveStar CIT application (130 MB) and NE software (64 MB). During
installation 70 MB of free memory is needed.

The WaveStar CIT application supports multiple releases of the Wave-
Star 2.5G/10G. This capability may be necessary when using asingle PC
to connect to multiple rings that are using different releases of NE soft-
ware. In this case, an additional 130 MB must be allotted for each copy
of the NE software and NE database.

4. The customer isresponsible for ensuring that the operating system re-
mains virus-free

5. Regarding the user-supplied PCMCIA NV M card reader/writer, there
are no vendor specific requirements. However, Lucent hastested thetwo
products (a) Card Executive 2.0, from Softex Inc. and (b) Card Wizard
from SystemSoft Corp, and found them to work properly for this appli-
cation.

Each WaveStar NE uses at least one PCMCIA flash disk as removable
memory. The PC that functions as the WaveStar CIT must be ableto
read and write PCMCI A flash disk memory cards.

365-371-201
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Physical “cable

connections”

Laptop computers

L aptop computers contain 2 PCMCIA Typel card slots. One PCMCIA
slot must be equipped with a 10/100 BaseT interface network card to
support WaveStar CIT communications with the NE over the OS|
LAN.

The other PCMCIA Type Il dot isused to copy the NE installation
generic from the laptop to the PCMCIA flash disk (NVM memory).
The NVM isthen installed (inserted into a controller circuit pack) in
the NE.

Desktop computers

If adesktop computer is used for the NE installation process, the
desktop computer must have one PCM CIA Typell card dot to copy the
NE installation generic from the desktop to the PCMCI A flash disk
(NVM memory). The NVM isthen installed (inserted into a controller
circuit pack) in the NE.

The PC connects to the WaveStar network viaa 10/100 Base-T LAN
cable. You can use adirect connection or an intraoffice (IAO) LAN
connection.

Direct Connection:

The following figure depicts a direct connection using a short cable
(straight cable and NOT a cross-over cable) to connect directly into the
front of the user panel.

365-371-201
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Figure A-1 WaveStar CIT with Direct Connection to the NE User
Panel

RJ-45 Front WaveStar
Panel Network

Connector\ Element

» User
Panel

User Supplied
10BASE-T Calde

1000 Meters
(Maximum Cable Distance)

NC-USM-009

Intraoffice LAN (IAO-LAN) Connection:

The following figure depicts anetwork connection using the I ntraoffice
LAN (IAO-LAN). The cable from the PC to the backplane connector is
astraight cable and NOT across-over cable.

Figure A-2 WaveStar CIT with IAO-LAN Network Connection

RJ-45 Back Plane
Connector

WaveStar
Network
Element

NC-USM-008
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Important! If the WaveStar NE consists of multiple shelves —
then each shelf is physically connected via backplane cabling to a
central hub. These cables (shelf-to-hub) are cross-over cables,
installed by the installers, and should not be confused with that
one cable going directly from the PC to the node’s backplane
“CIT” connector.

The communication protocol between the WaveStar CIT and the
NE is mostly TL1 messages.

[
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Lucent Technologies
Bell Labs Innovations

Appendix A: A SONET Overview

Overview

Purpose  This chapter briefly describes the Synchronous Optical Network
(SONET).

History of the SONET name  The American National Standards Institute (ANSI) recognized the need
for an optical signal standard for future broadband transmission, and a
committee began working on optical signal and interface standardsin
1984.

In 1985, Bellcore proposed a network approach to fiber system
standardization to T1X1. In the proposal, Bellcore suggested the
following:

*  Hierarchical family of signalswhose rates would be integer
multiples of a basic modular signal

*  Synchronous multiplexing technique, leading to the coining of the
term Sy nchronous Optical Networ K SONET)

CCITT interest in SONET  The International Telegraph and Telephone Consultative Committee
(CCITT) was interested in SONET and held conferencesin 1987 and
1988 which resulted in coordinated specifications and approval of both
the American National Standard (SONET) and the
CCITT-International Standard, Synchronous Digital Hierarchy (SDH)
in 1988.

365-371-201 A-1
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Purpose

ANSI addressed issues

References

Important! The CCITT is now named International
Telecommunication Union, Telecommunication Standardization
Sector (ITU-T). For more information refer to the “ Standards:
Their Global Impact” in the IEEE Communications Magazine,
Vol. 32, No. 1, January 1994.

The basic purpose of SONET isto provide a standard synchronous
optical hierarchy with sufficient flexibility to accommodate digital
signalsthat currently exist in the networks of today, as well as those
planned for the future.

SONET currently defines standard rates and formats and optical
interfaces. Today, mid-span meet is possible at the optical transmission
level. These and other related issues continue to evolve through the
ANSI committees.

The set of American National Standards defines:

Optical parameters

Multiplexing schemes to map existing digital signals (that is, DS1
and DS3) into SONET payload signals

Overhead channels to support standard operation, administration,
maintenance, and provisioning (OAM&P) functions

Criteriafor optical line automatic protection switch (APS)

For more detailed information on SONET, refer to:

ANSI T1.105 - 1995 American National Standard for
Telecommunications, Synchronous Optical Network (SONET)

ANSI T1.106-1988 American National Standard for
Telecommunications — Digital Hierarchy Optical Interface
Specifications, Single Mode

ITU Recommendations G.707, G.708, G.709

R. Balart and Y. C. Ching, SONET: Now It's the Standard Optical
Network, |EEE Communications Magazine, Vol. 27, No. 3 (March
1989): 8-15
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SONET Signal Hierarchy

Introduction  This section describes the basics of the SONET hierarchy.

STS-1frame  The SONET signal hierarchy isbased on abasic “building block”
frame called the synchronous transport signal-level 1 (STS-1), as
shown in SONET STS-1 Frame Simplified Version.

The STS-1 frame has:

* A recurring rate of 8000 frames a second
e Theframerate of 125 microseconds
The STS-1 frame consists of :

* 90 columns

* 9rows

Important! Each cell in the matrix represents an 8-bit byte.

Transmitting signals  The STS-1 frame is transmitted serially starting from the left with row
1 column 1 through column 90, then row 2 column 1 through 90,
continuing on, row-by-row, until all 810 bytes (9x90) of the STS-1
frame have been transmitted. Because each STS-1 frame consists of
810 bytes and each byte has 8 bits, the frame contains 6480 bits a
frame. There are 8000 STS-1 frames a second, at the STS-1 signal rate
of 51,840,000 (6480x8000) bits a second.

365-371-201 A- 3
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Figure of SONET STS-1 Frame

Figure A-1, “SONET STS-1 Frame Simplified Version” illustrates the
SONET STS-1 frame.

Figure A-1 SONET STS-1 Frame Simplified Version

STS-1 Frame Format

90 Columns
s A ~N
1 2 3 4 5 6 89 90
( STS1 \ \
Section — P
Overhead | a
t
— h
| O
9
Rows< | v / /
Line € ( (
Overhead T
" I
— e
a oo\
| \ \
\ -
“ AN v
~ ~~
Transport Overhead STS-1 Synchronous Payload Envelope (STS-1 SPE)
3 Columns 87 Columns

wbwmax01.00e

Transport overhead  Thefirst three columnsin each of the nine rows carry the section and
line overhead bytes. Collectively, these 27 bytes are referred to as
transport overhead.

Synchronous payload  Columns 4 through 90 (the remainder of the frame), are reserved for
envelope  payload signals (for example, DS1 and DS3) and is referred to asthe
STS-1 synchronous payload envelope (STS-1 SPE). The optical
counterpart of the STS-1 isthe optical carrier level 1 signal (OC-1),
which isthe result of adirect optical conversion after scrambling.

A- 4 365-371-201
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SONET Layers

SONET layers

SONET dividesits processing functions into the following three layers:

Section
Line
Path

These three layers are associated with:

Equipment that reflects the natural divisionsin network spans
Bytes that carry information used by various network elements

Equipment layers

Table A-1, “SONET Equipment Layers’ lists and defines each SONET

equipment layer.
Table A-1 SONET Equipment Layers
Layer Definition
Section and The transmission spans (Spans between regenerators are also
Section referred to as sections.) between lightwave terminating
Terminating | equipment and the regenerators. This equipment provides
Equipment regenerator functions which terminate the section overhead to
provide single-ended operations and section performance
monitoring.
Lineand Line | The transmission span between terminating equipment (STS-1
Terminating | cross-connects) that provides line performance monitoring.
Equipment
STS1and The SONET portion of the transmission span for an end-to-end
Virtua tributary (DSL1 or DS3) signal that provides signal labeling and
Tributary (VT)| path performance monitoring for signals as they are transported
Path through a SONET network. STS-1 path terminating equipment
Terminating | also provides cross-connections for lower-rate, (that is, DS1)
Equipment signals. A VT isasub-DS3 payload and is described later in

more detail.
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Figure A-2, “ Section, Line, and Path Definitions’ illustrates the
equipment layers (section, line, and path) in asignal path.

Figure A-2 Section, Line, and Path Definitions

DS1s

DS3

Lightwave Repeaters

Digital
Multiplexer

— Lightwave

Terminating
Equipment

N

- DS1s
Lightwave Digital :
Terminating Multiplexer | D
Equipment P S3

-
-

o BT —
.

Sections

—_
>

-l
-

Line

—_
>

A

Overhead byte layers

Table A-2 “Overhead Byte Layers’ lists and defines the overhead
associated with each SONET layer.

Table A-2

Path

Overhead Byte Layers

Y

whwmax02.00e

Overhead | Definition

Byte

Layer

Section Containsinformation that is used by all SONET equipment
including repeaters.

Line Used by all SONET equipment except repeaters.

Path Carried within the payload envelope across the end-to-end path

with:
STS-1 remaining with the STS-1 SPE until its payload is

demultiplexed

VTN (N= 1.5, 2, 3, or 6) remaining with the VTN until it is

demultiplexed to its asynchronous signal

365-371-201
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Figure of SONET Frame Format

Figure A-3, “SONET Frame Format” illustrates each SONET layer and
its set of overhead bytes.

Figure A-3 SONET Frame Format

STS-1 Frame Format

90 Columns
e A N
1 2 3 4 5 89 90
( Framing Framing |/race/Growth Trace
Al A2 (STSID) Ji
J0/z0
Section < BIP-8 Orderwire User BIP-8
Overhead B1 E1 E1 B3
Data Com | Data Com | Data Com || Signal Label
L D1 D2 D3 Cc2
( Pointer Pointer PAocitri]ct)%r Path Status
H1 H2 H3 Gl
BIP-8 APS APS orser
B2 K1 K2
F2
Line < Data Com | Data Com | Data Com Indicator
Overhead D4 D5 D6 H4
Data Com | Data Com | Data Com Growth
D7 D8 D9 Z3
Data Com | Data Com | Data Com Growth
D10 D11 D12 Z4
Sync. Status/| FEBE/ ; Tandem
Growth Growth Orderwire Connection
\|L_S1/z1 [M0orM1/z2 E2 z5
~——
STS-1
N ,\_Path OH P
~~ ~~
Transport Overhead STS-1 Synchronous Payload Envelope (STS-1 SPE
3 Columns 87 Columns
whwmaxN2 N1e
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SONET Frame Structure

Introduction  This section provides detailed information on the locations and
functions of various overhead bytes for each of the following SONET

layers.
. Section
. Line

e Pah(STS1andVT)

Section overhead

Table A-3 “ Section Overhead Bytes” identifies the location and
function of each section overhead byte.

Table A-3  Section Overhead Bytes

Byte Location and Function
Framing (A1 & A2) Provides framing for each STS-1.

Trace/Growth (JO/Z0) | The Section Trace and Section Growth bytes replace
STS11D (C1).
JO/Z0 are for future use and the locations are as follows:

e Jbyteisinthefirst STS-1 of an STS-N.
e Z0 byteisin the second through Nth STS-1 of the
STSN.

Section Bit Interleaved | Provides section performance monitoring and is
Parity (BIP-8) (B1)* calculated over dl bits of the previous STS-N frame.

Section Orderwire Provides aloca orderwire for voice communication
(E1)* channel between regenerators.
Section User Channel | Set aside for the purpose of the user.
(F1)*
Section Data A 192 kb/s message-based channel that is used for
Communications alarms, maintenance, control, monitoring, and other
Channel (D1, D2, D3)* | communication needs between section terminating
equipment.
* Defined only for STS-1 #1 of an STS-N signal.
A- 8 365-371-201
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Line overhead

Table A-4 “Line Overhead Bytes’ identifies the location and function
of each line overhead byte.

Table A-4 Line Overhead Bytes

Byte Location and Function

Pointer (H1, H2) Two bytes indicating the offset in bytes between the
pointer action byte (H3) and thefirst byte (J1) of the
STS-1 synchronous payload envel ope (SPE).

Pointer Action (H3) | Allocated for frequency justification.

Line Bit Interleaved | Provided for line performance monitoring in all STS-1
Parity (BIP-8) (B2) signalswithin an STS-N signal.

Automatic Protection | Two bytes used for APS signaling between line level
Switching (APS) (K1, | entities. In addition, bits 6, 7, and 8 of K2 are used for

K2)* line alarm indication signal (AlS) and line far-end
receive failure (FERF).
Line Data Thisisa576 kb/s message-based channel.

Communications
Channel (D4 - D12)

Synchronization Status| ® Located in the first STS-1 of an STS-N.

(S1) +  Conveys the synchronization status of the Network
Element.

Growth (Z1) e Located in the second through Nth STS-1 of an
STSN.

* Reserved for future growth.

Line Orderwire (E2)* | Allocated to be used as an express orderwire between
line entities.

* Defined only for STS-1 #1 of an STS-N signal.

365-371-201 A- 9
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STS-1 path overhead

The STS-1 path overhead is assigned to and remains with the STS-1
SPE until the payload is demultiplexed and is used for functions that
are necessary to transport all synchronous payload envelopes.

Use Table A-5“STS-1 Path Overhead Bytes’ to determine the location
and function of each STS-1 path overhead byte.

Table A-5 STS-1 Path Overhead Bytes

Byte

Location and Function

STS-1 Path Trace (J1) Repetitively transmitsa64 byte, fixed length string so

that an STS-1 path receiving termina can verify its
continued connection to the intended transmitter.

STS-1 Path Bit Provides each STS-1 path performance monitoring.
Interleaved Parity (BIP-8)| Thisbyteis caculated over al bits of the previous

(B3) STS-1 SPE before scrambling.

STS-1 Path Signal Label | Indicates the construction of the STS-1 synchronous
(C2) payload envelope (SPE).

Path Status (G1) Conveysthe STS-1 path terminating status,

performance, and remote defect indication (RDI)
signal conditions back to an originating STS-1 path
terminating equipment.

Path User Channel (F2) | Reserved for user communication.

Indicator (H4) Provides a general multiframe indicator for VT-

structured payloads.

Path Growth (Z3 - Z4) Reserved for future growth.

Tandem Connection (Z5) | Allocated for Tandem Connection Maintenance and

the Path Data Channel, as specified by ANS
T1.105.05.

SPE values

Table A-6, “ Synchronous Payload Envelopes’ lists the types of STS-1
synchronous payload envelope values and their meanings. The system
can generate 00, 01, or 04 and can carry any of the other values within
the path layer overhead.
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Table A-6  Synchronous Payload Envelopes

Hexidecimal STS-1 SPE

Code

00 Unequipped

01 Equipped nonspecific payload
02 VT-Structured STS-1 SPE

04 Asynchronous mapping for DS3
12 DSANA Asynchronous mapping
13 Mapping for ATM

14 Mapping for DQDB

15 Asynchronous mapping FDDI

VT path overhead  Virtua tributary (VT) path overhead provides important functions for
managing sub-STS-1 payloads; such as, error checking, path status, and
signal label. These functions are similar to those provided for STS-1
paths.

365-371-201 A- 11
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SONET Digital Multiplexing

Introduction  SONET provides the following two multiplexing schemes:
e Asynchronous
e Synchronous

Asynchronous multiplexing ~ When fiber optic facilities are used to carry DS3 signals, the signal
consists of a combination of the following payload signals:

e 28DS1s
« 14DSls
» 7DSZs

M23 format  Typically, 28 DS1 signals are multiplexed into a DS3 signal, using the
M23 format. The M23 format involves bit interleaving of four DS1
signalsinto aDS2 signal and then bit interleaving of seven DS2 signals
into aDS3. In addition, the DS3 rate is not a direct multiple of the DS1
or the DS2 rates due to the bit-stuffing synchronization technique used
in asynchronous multiplexing.

Disadvantages of M23  When using an M23 format, identification of DSOs contained in any
format  DS-N signal is complex, and DSOs cannot be directly extracted. An
asynchronous DS3 signal must be demultiplexed down to the DS1 level
to access and cross-connect DSO and DS1 signals. In addition, the M23
format does not provide an end-to-end overhead channel for use by
OAM&P groups.

Synchronous multiplexing  Synchronous multiplexing is the SONET method of byte interleaving
DSlsto a higher signal rate, which permits economical extraction of a
single DS1 without the need to demultiplex the entire STS-1 SPE. In
addition, SONET provides overhead channels for use by OAM&P
groups.

A- 12 365-371-201
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Figure of synchronous  Figure A-4 “ Synchronous Multiplexing” illustrates the SONET
multiplexing  technique of mapping a single asynchronous DSL1 signal into an STS-1
SPE.

Figure A-4 Synchronous Multiplexing

¢ Byte Interleaving above DS1
* DS1 Observable above DS1

e Standard End-To-End Overhead Channel /

1VF Circuit=1DSO 24DS0s=1DS1 4VT1l5s=VT-G 7VT-Gs STS-1 XN =0C-N
+ STS-1 Path OH
24 DS0s + STS-1 Line OH
+ 1 DSO (stuffing bit) + STS-1 Section OH
+ 1 DSO (VT Path OH) 1 STS-1
+ 1 DSO (VT pointer)
1VT15
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Transporting SONET  Sub-DS3 asynchronous signals (DS1, DS1C, DS2, and E1) are by te
payloads interleaved into adigita signal called avirtua tributary (VT). The VT
isastructure designed for the transport and switching of sub-DS3
payloads. There are four sizesof VTs: 1.5, 2, 3, and 6.

365-371-201 A- 13
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Table  Digital signals DS1 and DS3 are the most important asynchronous
signalsin the current network. Broadband payloads, such as ATM, are
also of great importance.

Table A-7 *“ SPE Payloads’ provides the digital signals that can be
transported as SONET payloads.
Table A-7 SPE Payloads
Input Voice Rate SONET Rate
Tributary Channels Signal
(DSO0s)

DS1 24 DS0s 1.544 Mb/s VT1.5 1.728 Mbl/s

E1(CEPT) | 32DS0s 2.048 Mb/s VT2 2.304 Mb/s

DS1C 48 DS0s 3.152 Mb/s VT3 3.456 Mbls

DS2 96 DS0s 6.312 Mb/s VT6 6.912 Mb/s

DS3 672 DS0s 44.736 Mb/s STS1 51.840 Mb/s

DSANA 2016 DSOs | 139.264 Mbl/s STS-3c 155.520 Mb/s

ATM 2016 DSOs | 149.760 Mb/s STS-3c 155.520 Mb/s

FDDI 2016 DSOs | 125.000 Mb/s STS-3c 155.520 Mb/s
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SONET Interface

Introduction  This section describes the SONET interface.

Description ~ The SONET interface provides the optical mid-span meet between
SONET network elements. A SONET network element isthe hardware
and software that affects the termination or repeating of a SONET
standard signal.

Figure of SONET interface  Figure A-5“SONET Interface” displaysthe SONET interface.

Figure A-5 SONET Interface

SONET Interface

i
I
I
I
I
—_— I —_—
SONET | SONET
Network /}4 | Network
Element | Element
I
Digital : Digital
Tributaries | Tributaries
I
I
Standard optical interconnect at SONET interface
Family of standard rates at N X 51.84 Mb/s
[Synchronous Transport Signal (STS-1)]
Overhead channels defined for interoffice operations
and maintenance functions
wbhwmax06.00e
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SONET Multiplexing Process

Introduction

Multiplexing Process

SONET providesfor multiplexing of asynchronous DS1s, synchronous
DS1s, and asynchronous DS3s.

The following describes the process for multiplexing asignal.

Input DS1 or DS3 tributary is mapped.

In the case of DS1 inputs, three time slots (DS0s) are added to the
incoming signal, becomingaVTL1.5.

An asynchronous DS1 that fully meetsthe specified rate is mapped into
the VT1.5 SPE as clear channel input since no framing is needed.

* EachVTLl5 cariesasingle DS1 payload.
 FourVTl5sarebundledintoaVT group (VT-G).
*  Seven VT-Gsare byte interleaved into an STS-1 frame.

Important! TheVT-G to-STS-1 multiplex isasimple byte
interleaving process, so individual VT signals are easily
observable within the STS-1. Thus, cross-connections and add/
drop can be accomplished without the back-to-back mux/demux
steps required by asynchronous signal formats.

After VTs are multiplexed into the STS-1 SPE, the path, line, and
section overhead is added.

Scrambled STS-N signal is transported to the optical stage.

365-371-201
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DS3

Figure  SONET Multiplexing Processillustrates the SONET multiplexing
process.

Figure A-6 SONET Multiplexing Process
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SONET Demultiplexing Process

Introduction

Demultiplexing Process

Key points

Demultiplexing istheinverse of multiplexing. Thistopic describes how
to demultiplex asignal.

Thefollowing describes the processfor demultiplexing an STS-1 signal
toaDS1 signal.

The unscrambled STS-1 signal from the optical conversion stagesis
processed to extract the section and line overhead and accurately locate
the SPE.

The STS-1 path overhead is processed to locate the VTs. Theindividual
VTsare then processed to extract VT overhead and, viathe VT pointer,
accurately locate the DS1.

The DSL1 is desynchronized, providing a standard DS1 signal to the
asynchronous network.

Remember the following key points when demultiplexing asignal:

*  The SONET frameisafixed time (125 ms) and no bit-stuffing is
used.

*  The synchronous payload envelope (SPE) can float within the
frame. Thisisto permit compensation for small variationsin
frequency between the clocks of the two systems that may occur if
the systems are independently timed (plesiochronous timing). The
SPE can aso drift across the 125-ms frame boundary.

Important! SONET STS pointers are used to locate the SPE
relative to the transport overhead.

365-371-201
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Figure of SONET
demultiplexing process
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Figure A-7 SONET Demultiplexing Process
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Figure A-7 “SONET Demultiplexing Process’ illustrates the SONET
demultiplexing process.
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SPE figure  STS-1 SPE in Interior of STS-1 Frameillustrates the SPE floating
within an STS-1 frame.
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Figure A-8 STS-1 SPE in Interior of STS-1 Frame
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SONET Transport Rates

Introduction  Higher rate SONET signals are created by byte-interleaving N STS-1s

toforman N STS-1 signal.

Creating higher rate Thedesired N STS-1s are created by:

signals

* Adjusting all payload pointers and regenerating the section and

line overhead bytes to be in phase with each other and the
outgoing multiplexed signal

»  Scrambling and converting the N STS-1 to an optical carrier —

level N (OC-N) signal

SONET transport rates  Table A-8 “SONET Transport Rates’ displaysthe SONET transport

rates.

Table A-8 SONET Transport Rates

OC Level Line Rate (Mb/s) | Capacity

0C-1 51.84 28 DS1sor 1 DS3

0OC-3 155.52 84 DS1sor 3DS3s

0C-12 622.08 336 DSlsor 12
DS3s

OC-48 2488.32 1344 DS1sor 48
DS3s

0C-192 9953.28 5376 DS1sor 192
DS3s
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Appendix B: Port Unit Data Sheets

Overview

Purpose  This chapter provides data sheets for the port units in WaveStar TDM
2.5G/10G (2-Fiber).

Composition of Data  The data sheets provide technical specifications about each type of port
Sheets  ynit used in WaveStar TDM 2.5G/10G (2-Fiber) in asingular location.
Some information in the data sheets is also included in other chapters
of this document.

Using the data sheets  The different port units are arranged so that information about each
type of port unit may be pulled from Appendix B intact.

365-371-201 B- 1
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Port Unit and Software Compatibility

Port Unit and Software Compatibility

Overview
Purpose  Thissection provides compatibility information for the WaveStar TDM
2.5G/10G (2-Fiber) port units and software.
[]
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Port Unit and Software Compatibility

Port Unit and Software Compatibility

Standard port unit codes,  The following table shows the standard port units and the compatible
names, and compatible  goftware.

software
Code Name Compatible Software Release
25G | 25G | 10G | 2.5G/ | 25G/ | 2.5G/ | 2.5G/
20.0 3.0.1 1.0.0 | 10G 10G 10G 10G
400 | 41x  5x.x | 6.xX
LEY17 DS3EC1/8 Port Unit X X X X X X X
LEY309 = GE1/SX2 Port Unit X X
SEN3 OBA X X X
SEN4 OBPA X X
LEY13 OC12/STM4/1.3LR2 Port Unit X X X X X X X
LEY14 0OC12/STM4/1.3SR2 Port Unit X X X X X X
LEY15 OC3/STMV/1.3LR4 Port Unit X X X X X X X
LEY 16 OC3/STM1/1.3SR4 Port Unit X X X X X X
LEY23 OC3/STM1/1.3SR8 Port Unit X X
LEY7 OC48/STM16/1.3LR1 Port Unit X X
LEYS8 OC48/STM16/1.5LR1 Port Unit X X
LEY50- | OC48/STM16/DWDMO1 - 16 X X
LEY65 Port Unit
LEY80- = OC48/STM16/POU9590 - X X X X X
LEY95 POU9210 Port Unit
LEY101- | OC48/STM16/WDM9585 - X X X X
LEY180 | WDM9190 Port Unit
LEY182 | OC48/STM16/1.3VSR1 Port X X
Unit
LEYG67 0OC192/STM64/1.5SR1 Port Unit X
LEY69 0OC192/STM64/1.51R1 Port Unit
LEY97 0OC192/STM64/1.5IRS1 Port unit
L B 3
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Port Unit and Software Compatibility

Code Name Compatible Software Release
25G 25G 10G | 25G/ | 25G/ 25G/ | 2.5G/
200 3.01 1.00 110G @10G 10G  10G
400 | 41x  5xXx | 6.XX
LEY201- OC192/STM64/WDM 9580 - X X X X
LEY240 | WDM9190 Port Unit
LEY284- = OC192/STM64/POU9590 - X X X X
LEY299 | POU9210 Port Unit
NEBS Level 3 Compliant  The following table shows the NEBS level 3 compliant circuit
Circuit Pack Codes,  packg/port units and the compatible software.
Names, and Compatible
Software
Code Name Compatible Software Release
25G 25G 10G @ 25G/ 25G/ 25G/  25G/
2.0.0 3.0.1 1.0.0 10G 10G 10G | 10G
4.0.0 4.1.x 5X.X | 6.XX
LEY17AE DS3EC1/8 Port Unit X X X X X X X
LEY309AE GEL1/SX2 Port Unit X X
LEY 310AE GEL/LX2 Port Unit X
SEN3AE OBA X X X
SEN4AE OBPA X X
LEY13AE OC12/STM4/1.3LR2 Port Unit = X X X X X X X
LEY14AE 0OC12/STM4/1.3SR2 Port Unit X X X X X X
LEY15AE OC3/STMV1.3LR4 Port Unit | X X X X X X X
LEY16AE OC3/STM1/1.3SR4 Port Unit X X X X X X
LEY23AE OC3/STM1/1.3SR8 X X
LEY7AE OC48/STM 16/1.3LR1 Port X X X X X X X
Unit
LEY8BAE OC48/STM16/1.5LR1 Port X X X X X X X
Unit
LEY50AE - OC48/STM16/DWDM01-16 @ X X X X X X X
LEY65AE Port Unit
LEY80AE - OC48/STM 16/POUxxxx Port X X X X X
LEY95AE Unit
B- 4 365-371-201
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Port Unit and Software Compatibility

Code Name Compatible Software Release
25G 25G 10G @ 2.5G/ 2.5G/ 25G/ | 2.5G/
2.0.0 3.0.1 1.0.0 10G 10G 10G 10G
4.0.0 4.1.x  5x.x | 6.X.X

LEY101AE- OC48/STM16/WDM9585 - X X X X

LEY 180AE WDM9190 Port Unit

LEY 182AE OC48/STM 16/1.3V SR1 Port X X
Unit

LEYG67AE 0OC192/STM64/1.5SR1 Port X X X X X
Unit

LEYGB9AE 0OC192/STM64/1.5IR1 Port X X X X
Unit

LEY97AE 0OC192/STM64/1.51RS1 Port X X X
Unit

LEY201AE- OC192/STM64/WDM9580 - X X X X

LEY 240AE WDM9190 Port Unit

LEY284AE- OC192/STM64/POU9590 - X X X X

LEY299AE POU9210 Port Unit

LEY384AE 0OC192/STM64/POU9580 X X

-LEY399AE  -POU9220 Port Unit

365-371-201 B -
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0OC192/STM64 Port Unit Data Sheets

OC192/STM64 Port Unit Data Sheets

Overview
Purpose  Thissection provides detailed information concerning all
0OC192/STM64 port units available for use with the WaveStar TDM
2.5G/10G (2-Fiber).
B ..... 6365371201
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0OC192/STM64 Port Unit Data Sheets

OC192/STM64/1.5SR1 (LEY67/LEY 67AE) Data Sheet

Overview  Thisdata sheet containstechnical specifications for the
0OC192/STM64/1.5SR1 (short reach) port units that are used in
WaveStar TDM 2.5G/10G (2-Fiber).

Capacity = Each OC192/STM64/1.5SR1 port unit supports one bidirectional (one
receive and one transmit) OC-192 formatted optical signal. The
capacity may be trandated to 192 STS-1 equivalents or 129,024
two-way voice circuits per port unit.

OC-192 access  Thetable below describes OC-192 capabilities.

Table B-1 0OC192/STM64/1.5SR1 Access

Specification Description
Interface short-reach (40 km) interface®
Growth Increment One OC-192 per port unit
Line Code Scrambled NRZ

Notes

(a) Thisnumber isatypical value. 50 km can be achieved with forward
error correction (FEC). The actual value must be calculated using
measured data (see Figure B-1).
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0OC192/STM64 Port Unit Data Sheets

Protection switching  The table below describes protection switching information per high

speed line.
Table B-2 Protection Switching for OC192/STM64/1.5SR1 Port
Units
Specification Length of Time
Switching Bit Error Rate 10 to 10 (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
0OC192/STM64/1.5SR1 port unit, isClass | inthe FDA/CDRH
Classification System.

Optical dispersion  The optical dispersion for the OC192/STM64/1.5SR1 port units is 800
ps/nm.

B- 8 365-371-201
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0OC192/STM64 Port Unit Data Sheets

Optical  Thetable below provides the optical return loss for a system using
return loss  OC192/STM64/1.5SR1 port units.

Table B-3 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  OC192/STM64/1.5SR1 port units.

Table B-4 Transmission Specifications for
OC192/STM64/1.5SR1 Port Units

Specification Description

Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber
Operating Connector Universal build-out block and optional ST-type,

Interfaces FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation
Optical Line Rate Input: 9.953 Gh/s

Output: 9.953 Gb/s

Transmitter Wavelengths| Minimum: 1530 nm

Maximum: 1565 nm
Spectral Width 2.0nm (RMYS)
Optical Source Electro-absorptive Modulated Laser (EML)

365-371-201 B- 9
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0OC192/STM64 Port Unit Data Sheets

Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-1 Optical System Interfaces
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PointS Cable Cable Cable Point R

Receiver
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Connections
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0OC192/STM64 Port Unit Data Sheets

Optical requirements and  The following table lists the optical requirements and loss budgets for
loss budgets  the OC192/STM64/1.5SR1 port units.

Table B-5 Optical Loss Budgets for the OC192/STM64/1.5SR1

Port Units
Parameter 0OC192/STM64/1.5SR1
Port Unit®
Maximum Transmitter Output Power (P;,.,) ® | 2.0dBm
Minimum Transmitter Output Power (Py,,) © | -4.0dBm
Maximum Received Power (Pgps) © -13.0dBm
Receiver Sensitivity (Pgy,) © @ -21.0dBm
Minimum System Gain (S-R) 17.0dB
Optical Path Penalty (Py) 2.0dB
Minimum Loss Budget(® 10.0 dB
Maximum L oss Budget® 15.0 dB
Notes

(a) All values assume that standard single-mode non-dispersion shifted fiber is
used. Dispersion shifted fiber may be used. WaveStar TDM 2.5G/10G
(2-Fiber) complies with Telcordia Technologies and ITU requirements for
dispersion shifted fiber.

(b) Transmit and receive points are referenced as points Sand R in Figure B-1.
(c) These vauesinclude transmitter/receiver connectors at 0.7 dB each (worst
case) and the system margins.

(d) These values are measured at a BER of 1x10-12.

(e) This value assumes that the maximum received power limitations are not
exceeded.

(f) Dispersion is limited to 40 km for short-reach optics. (50 km can be
achieved with FEC.)

365-371-201 B- 11
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0OC192/STM64 Port Unit Data Sheets

OC192/STM64/1.5IR1 (LEY 69/LEY 69AE) Data Sheet

Overview  Thisdata sheet contains technical specifications for the
OC192/STM64/1.51R1 (extended intermediate reach) port units that
are used in WaveStar TDM 2.5G/10G (2-Fiber).

Capacity  Each OC192/STM64/1.51R1 port unit supports one bidirectional (one
receive and one transmit) OC-192 formatted optical signal. The
capacity may be trandated to 192 STS-1 equivalents or 129,024
two-way voice circuits per port unit.

OC-192 access  Thefollowing table describes OC-192 capabilities.

Table B-6 OC192/STM64/1.5IR1 Access

Specification Description
Interface Extended intermediate-reach (60 km) interface
Growth Increment One OC-192 per port unit
Line Code Scrambled NRZ
B- 12 365-371-201
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0OC192/STM64 Port Unit Data Sheets

Protection switching  The following table describes protection switching information per

high speed line.
Table B-7  Protection Switching for OC192/STM64/1.5IR1 Port
Units
Specification Length of Time
Switching Bit Error Rate | 107 to 10 (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
0OC192/STM64/1.5IR1 port unit, is Class | in the FDA/CDRH
Classification System.

Optical dispersion  The optical dispersion for the OC192/STM64/1.5IR1 port unitsis 1200
ps/nm.
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0OC192/STM64 Port Unit Data Sheets

Optical  The following table provides the optical return loss for a system using
return loss  OC192/STM64/1.5IR1 port units.

Table B-8 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  The following tables provides transmission specifications for the
specifications  0C192/STM64/1.5IR1 port units.

Table B-9 Transmission Specifications for OC192/STM64/1.5IR1

Port Units
Specification Description
Transmission Medium Input Fiber:
Standard Single-M ode Non-Dispersion Shifted Fiber
Output Fiber:
Operating Connector Universal build-out block and optional ST-type,
Interfaces FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation
Optical Line Rate Input: 9.953 Gh/s

Output: 9.953 Gb/s

Transmitter Wavelengths| Minimum: 1530 nm

Maximum: 1565 nm

Spectral Width 2.0nm (RMYS)
Optical Source CW® Laser with aMach-Zender Modulator
Notes

(a) Continuous Wave

B- 14 365-371-201
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0OC192/STM64 Port Unit Data Sheets

Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-2 Optical System Interfaces
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Optical requirements and

loss budgets

0OC192/STM64 Port Unit Data Sheets

The table below lists the optical requirements and loss budgets for the

OC192/STM64/1.51R1 port units.

Table B-10 Optical Loss Budgets for the OC192/STM64/1.5I1R1

Port Units

Parameter 0OC192/STM64/1.5IR1
Port Units @

Maximum Transmitter Output Power (Py,) ® | 2.0dBm
Minimum Transmitter Output Power (Py,,) © | -1.0dBm
Maximum Received Power (Pgm) © -8.0dBm
Receiver Sensitivity (Pgy,) © @ -21.0dBm
Minimum System Gain (S-R) 20.0dB
Optical Path Penalty (Po) 2.0dB
Minimum Loss Budget 10.0dB
Maximum L oss Budget 18.0dB

Notes

(@) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU

requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points S and R in

Figure B-2.

(c) These values include transmitter/receiver connectors at 0.7 dB each

(worst case) and the system margins.

(d) These values are measured at a BER of 1x10-12.
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0OC192/STM64 Port Unit Data Sheets

OC192/STM64/1.5IRS1 (LEY 97/LEY 97AE) Data Sheet

Overview

Capacity

0OC-192/STM-64 access

Protection switching

365-371-201
Issue 6 October 2001

This data sheet contains technical specifications for the
OC192/STM64/1.51RS1 (intermediate reach) port unitsthat are used in
WaveStar TDM 2.5G/10G (2-Fiber).

0OC192/STM64/1.5IRS1 port units are capable of transmitting and
receiving one intermediate reach OC-192/STM-64 signal with strong

forward error correction (SFEC) and a pin receiver in the 1.5 um range
(up to 40 km).

Each OC192/STM64/1.5IRS1 port unit supports one bidirectional (one
receive and one transmit) OC-192/STM-64 formatted optical signal.
The capacity may be translated to 192 STS-1/64 STM-1 equivalents or
129,024 two-way Vvoice circuits per port unit.

The following table describes OC-192/STM-64 capabilities.

Table B-11 OC192/STM64/1.5IRS1 Access

Specification Description

Interface Extended intermediate-reach (40 km)
interface

Growth Increment One OC-192/STM-64 per port unit

Line Code Scrambled NRZ

The following table describes protection switching information per
high speed line.

Table B-12 Protection Switching for OC192/STM64/1.5IRS1 Port

Units
Specification Length of Time
Switching Bit Error Rate 102 to 10 (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER 21072 line signal failure)




Optical safety

Optical dispersion

Optical
return loss

Transmission
specifications

0OC192/STM64 Port Unit Data Sheets

Optical safety data on laser-containing port units, such as the
0OC192/STM64/1.5IRS1 port unit, isClass | in the FDA/CDRH
Classification SystemLevel 1 inthe IEC Classification System.

The optical dispersion for the OC192/STM64/1.51RS1 port unitsis 800

ps/nm.

The following table provides the optical return loss for a system using
0OC192/STM64/1.5IRS1 port units.

Table B-13 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

The following table provides transmission specifications for the
0OC192/STM64/1.5IRS1 port units.

Table B-14 Transmission Specifications for
OC192/STM64/1.5IRS1 Port Units

Specification

Description

Transmission Medium

Input Fiber:

Standard Single-Mode Non-Dispersion Shifted
Fiber

Output Fiber:

Standard Single-Mode Non-Dispersion Shifted
Fiber

Operating Connector
Interfaces

Universal build-out block and optional ST-type,
FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation

Optical Line Rate

Input: 9.953 Gb/s
Output: 9.953 Gb/s

Transmitter Minimum: 1530 nm

Wavelengths Maximum: 1565 nm

Spectral Width 2c.0 nm (RMYS)

Optical Source Electro-absorptive Modulated Laser (EML)
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Optical system interfaces  Figure B-3, Optical System Interfaces (page B-19) illustrates the
optical path between the transmitter and the receiver.

Figure B-3 Optical System Interfaces
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0OC192/STM64 Port Unit Data Sheets

Optical requirements and  The following table lists the optical requirements and loss budgets for

loss budgets  the OC192/STM64/1.5IRS1 port units.

Table B-15 Optical Loss Budgets for the OC192/STM64/1.5IRS1
Port Units

Parameter 0OC192/STM64/1.5IRS1
Port Unit?

Maximum Transmitter Output Power (Py,5,)° | 2.0 dBm

Minimum Transmitter Output Power (Py;,)¢ | —1.0 dBm

Maximum Received Power (Pgz)° -3.0dBm
Receiver Sensitivity (Pgyn)" -14.0dBm
Minimum System Gain (S-R) 13.0dB
Optical Path Penalty (Py) 2.0dB
Minimum Loss Budget 5.0dB
Maximum L oss Budget 11.0dB

a) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU
requirements for dispersion shifted fiber.

b) Transmit and receive points are referenced as points S and R in Figure
B-3.

¢) These values include transmitter/receiver connectors at 0.7 dB each
(worst case) and the system margins.

d) These values are measured at a BER of 1x1012
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OC192/STM64/1.5LR1 (LEY69/LEY 69AE Plus SEN3AE) Data

Sheet

Overview

The OC192/STM64/1.5LR1
make up

Optical Booster Amplifier

Capacity

0OC-192 access

365-371-201
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This data sheet contains technical specifications for the
OC192/STM64/1.5LR1 (long reach) port units that are used in
WaveStar TDM 2.5G/10G (2-Fiber).

The OC192/STM64/1.5LR1 port unit is actually a combination of two
port units working together. In order to achieve long-reach capabilities
at the OC-192 level, the OC192/STM64/1.51R1 (extended
intermediate-reach) port unit must be combined with and Optical
Booster Amplifier (OBA). When the OC-192 port units are used in
conjuction with the OBA port unit, a maximum transmission distance
of up to 80 km is achieved.

Important! All specifications below are derived from the
combination of the OC192/STM64/1.5IR1 (extended
intermediate-reach) port unit and the OBA port unit.

For information on the OBA port unitsthemselves, refer to the* Optical
Amplifier Port Unit Data Sheets’ section later in this appendix.

Each OC192/STM64/1.5LR1 port unit supports one bidirectional (one
receive and one transmit) OC-192 formatted optical signal. The
capacity may be trandated to 192 STS-1 equivalents or 129,024
two-way voice circuits per port unit.

The table below describes OC-192 capabilities.

Table B-16 OC192/STM64/1.5LR1 Access

Specification Description

Interface Extended long-reach (80 km) interface
Growth Increment One OC-192 per port unit

Line Code Scrambled NRZ
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Protection switching  The table below describes protection switching information per high

speed line.
Table B-17 Protection Switching for OC192/STM64/1.5LR1 Port
Units
Specification Length of Time
Switching Bit Error Rate | 107 to 10 (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
0OC192/STM64/1.5LR1 port unit, isClass | in the FDA/CDRH
Classification System.

Optical dispersion  The optical dispersion for the OC192/STM64/1.5LR1 port units (the
LEY69AE paired with the SEN3AE) is 1600 ps/nm.

365-371-201
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC192/STM64/1.5LR1 port units.

Table B-18 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  0C192/STM64/1.5LR1 port units.

Table B-19 Transmission Specifications for
OC192/STM64/1.5LR1 Port Units

Specification Description

Transmission Medium Input Fiber:
Standard Single-M ode Non-Dispersion Shifted Fiber
Output Fiber:

Operating Connector Universal build-out block and optional ST-type,

Interfaces FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation

Optical Line Rate Input: 9.953 Gh/s

Output: 9.953 Gb/s

Transmitter Wavelengths| Minimum: 1530 nm

Maximum: 1565 nm
Spectra Width 1.0nm (RMS)

Optical Source Continuous Wave (CW) Laser with a Mach Zender
Modulator (MZM)]
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Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-4 Optical System Interfaces
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The table below lists the optical requirements and |oss budgets for the
OC192/STM64/1.5LR1 port units.

Table B-20 Optical Loss Budgets for the OC192/STM64/1.5LR1

Port Units

Parameter OC192/STM64/1.5LR1

Port Units @ ©®

Using Using

LEYB9/LEY69AE LEY97/LEY97AE
Maximum Transmitter Output Power (Py,,) ® | +13.0 dBm +13.0dBm
Minimum Transmitter Output Power (Py,.;,) © | +10.0 dBm +10.0 dBm
Maximum Received Power (Pgm) © -8.0 dBm -3.0dBm
Receiver Sensitivity (Pgy,) © @ 21.0dBm 14.0 dBm
Minimum System Gain (S-R) 18.0dB 13.0dB
Optical Path Penalty (Py) 2.0dB 2.0dB
Minimum Loss Budget 16.0dB 11.0dB
Maximum Loss Budget 29.0dB 22.0dB

Notes

(a) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU
requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points Sand R in
Figure B-4.

(c) These values include transmitter/receiver connectors at 0.7 dB each
(worst case) and the system margins.
(d) These values are measured at a BER of 1x10-12.

(e) The SEN3AE (OBA) should not be paried with LEY 67/LEY 67AE.
The SEN3AE can be paired with LEY 97/LEY 97AE, but it will not meet
standards dispersion requirements for an OC192 long-reach interface.

(f) The automatic laser shutdown (ALS) feature can only be used if the
paired OC192/STM64 port unit is an LEYG9AE, LEY97AE, or
LEY228AE.
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OC192/STM64/1.5VLR1 (LEY 228AE Plus SEN4AE) Data Sheet

Overview  Thisdata sheet contains technical specifications for the
0OC192/STM64/1.5VLR1 (long reach) port unitsthat are used in
WaveStar TDM 2.5G/10G (2-Fiber).

The OC192/STM64/1.5VLR1  The OC192/STM64/1.5VLR1 port unit is actually a combination of
make-up  two port units working together. In order to achieve very long-reach
capabilities at the OC-192 level, the LEY 228AE port unit must be
combined with an Optical Booster Pre-Amplifier (OBPA) and
Dispersion Compensating Fiber (DCF). When the OC-192 port units
are used in conjuction with the OBPA port units, a maximum
transmission distance of up to 120km is achieved.

Whenever the OBPA port units are used, the use of Dispersion
Compensating Fiber (DCF) isrequired. The DCF must be used
between the OBPA port unit and the OC-192 port unit on the receiving
end of the signal.

Important! All specifications below are derived from the
combination of the LEY 228AE port unit plus the OBPA port unit.

OBPA port units  For information on the OBPA port units themselves, refer to the
“Optical Amplifier Port Unit Data Sheets’ section later in this
appendix.
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Capacity  Each LEY 228AE port unit supports one bidirectional (one receive and
one transmit) OC-192 formatted optical signal. The capacity may be
trandated to 192 STS-1 equivalents or 129,024 two-way voice circuits
per port unit.

OC-192 access  Thetable below describes OC-192 capabilities.

Table B-21 OC192/STM64/1.5VLR1 Access

Specification Description
Interface Extended long-reach (120 km) interface
Growth Increment One OC-192 per port unit
Line Code Scrambled NRZ
365-371-201 B- 27
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Protection switching  The table below describes protection switching information per high

speed line.
Table B-22 Protection Switching for OC192/STM64/1.5VLR1 Port
Units
Specification Length of Time
Switching Bit Error Rate | 107 to 10 (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
LEY 228AE port unit, isClass | in the FDA/CDRH Classification
System.

Optical dispersion  Theoptical dispersion for the LEY 228AE port units.
* LEY228AE + SEN4AE without DCMs— 1200 ps/nm

 LEY228AE + SEN4AE with DCM-40 as pre compensation and
DCM-50 as post compensation — 2400 ps/nm.
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC192/STM64/1.5VLR1 port units.

Table B-23 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  OC192/STM64/1.5VLR1 port units,

Table B-24 Transmission Specifications for
0C192/STM64/1.5VLR1 Port Units

Specification Description

Transmission Medium Input Fiber:
Standard Single-M ode Non-Dispersion Shifted Fiber
Output Fiber:

Operating Connector Universal build-out block and optional ST-type,

Interfaces FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation

Optical Line Rate Input: 9.953 Gh/s

Output: 9.953 Gb/s
Transmitter Wavelength | 1552.52 nm

Spectra Width 2.0nm (RMYS)
Optical Source CW® Laser with aMach Zender Modulator
Notes

(a) Continuous Wave
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Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-5 Optical System Interfaces

Transmitter/Connector
Assembly

Station Outside Plant Station .
Point S Cable Cable Cable PointR

Receiver/Connector
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Connections
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In the figure above, the parentheses ( ) indicate the function that is not
being used. OB(P)A indicates that the optical booster amplifier
function isbeing used. O(B)PA indicates that the pre-amplifier function
isbeing used.
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The table below lists the optical requirements and |oss budgets for the

Table B-25 Optical Loss Budgets for the OC192/STM64/1.5VLR1

Port Units

Parameter 0OC192/STM64/1.5VLR1
Port Units @

Maximum Transmitter Output Power (Py,) ® | 13.0dBm
Minimum Transmitter Output Power (P;;,) © | 10.0 dBm
Maximum Received Power (Pgm) © -9.0dBm
Receiver Sensitivity (Pgy,) © @ -25.0dBm
Minimum System Gain (S-R) 19.0dB
Optical Path Penalty (Py) 2.0dB
Minimum Loss Budget 22.0dB
Maximum L oss Budget 33.0dB

Notes

(a) All values assume that non-dispersion-shifted, standard single-mode
(SSMF) fiber is used. Non-dispersion-shifted SSMF, requires pre
compensation (DCM-40) and post compensation (DCM-50). Non-zero
dispersion-shifted fiber (DSF), such as L ucent Technologies TrueWave,
may be used. Using TrueWave fiber eliminates the need for DCMs in
most applications. WaveStar TDM 2.5G/10G (2-Fiber) complies with
Telcordia Technologies and ITU requirements for dispersion-shifted
fiber.

(b) Transmit and receive points are referenced as points S and R in
Figure B-5.

(c) These values include transmitter/receiver connectors at 0.7 dB each
(worst case) and the system margins.

(d) These values are measured at a BER of 1x10-12.
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OC192/STM64/WDM (LEY 201/LEY 201AE - LEY 240/LEY 240AE)
Data Sheet

Overview  Thisdata sheet contains technical specifications for the
0OC192/STM64/WDM passive port units that are used in WaveStar
TDM 2.5G/10G (2-Fiber).

Capacity  Each OC192/STM64/WDM port unit supports one bidirectional (one
receive and one transmit) OC-192 formatted optical signal. The
capacity may be trandated to 192 STS-1 equivalents or 129,024
two-way voice circuits per port unit.

OC-192 access  Thetable below describes OC-192 capabilities.

Table B-26 OC192/STM64/WDM Access

Specification Description
Interface Compatible with WaveStar OLS 1.6T
Growth Increment One OC-192 per port unit
Line Code Scrambled NRZ
B- 32 365-371-201
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The table below describes protection switching information per high
speed line.

Table B-27 Protection Switching for OC192/STM64/WDM Port
Units

Specification Length of Time

Switching Bit Error Rate | 107 to 10 (user provisionable)
(BER)

Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety data on laser-containing port units, such asthe
0OC192/STM64/WDM port unit, is Class | in the FDA/CDRH
Classification System.

The optical dispersion for the OC192/STM64/WDM port unitsis
compatible with WaveStar® OLS 1.6T. For additional information,
refer to the WaveStar® Optical Line Sy stem (OLS) 1.6T Applications
Planning Guide (APG) (365-575-759) and WaveStar® Optical Line
Sy stem (OLS) 1.6T Applications Ordering Guidg AOG).
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC192/STM64/WDM port units.

Table B-28 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  OC192/STM64/WDM port units.

Table B-29 Transmission Specifications for OC192/STM64/WDM

Port Units
Specification Description
Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber
Operating Connector Universal build-out block and optional ST-type,

Interfaces FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation
Optical Line Rate Input: 9.953 Gh/s

Output: 9.953 Gb/s

Transmitter Wavelengths| Minimum: 1530 nm

Maximum: 1565 nm

Spectral Width 2.0nm (RMYS)
Optical Source CW® Laser with a Mach-Zender Modulator
Notes

(a) Continuous Wave
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The table below lists the operating wavel engths for the
OC192/STM64/WDM port units.

Table B-30 OC192/STM64/WDM Port Unit Operating Wavelengths

Port Unit Wavelength
0OC192/STM64/WDM 9580 1531.12 nm
0OC192/STM64/WDM 9570 1531.90 nm
0OC192/STM64/WDM 9560 1532.68 nm
0OC192/STM64/WDM 9550 1533.47 nm
0OC192/STM64/WDM 9540 1534.25 nm
0C192/STM64/WDM 9530 1535.04 nm
0OC192/STM64/WDM 9520 1535.82 nm
0OC192/STM64/WDM 9510 1536.61 nm
0OC192/STM64/WDM 9500 1537.40 nm
0OC192/STM64/WDM 9490 1538.19 nm
0OC192/STM64/WDM 9480 1538.98 nm
OC192/STM64/WDM 9470 1539.77 nm
0OC192/STM64/WDM 9460 1540.56 nm
0OC192/STM64/WDM 9450 1541.35 nm
0OC192/STM64/WDM 9440 1542.14 nm
0OC192/STM64/WDM 9430 1542.94 nm
0OC192/STM64/WDM 9420 1543.73 nm
0OC192/STM64/WDM 9410 1544.53 nm
0OC192/STM64/WDM 9400 1545.32 nm
0OC192/STM64/WDM 9390 1546.12 nm
0OC192/STM64/WDM 9380 1546.92 nm
0OC192/STM64/WDM 9370 1547.72 nm
0OC192/STM64/WDM 9360 1548.52 nm
0OC192/STM64/WDM 9350 1549.32 nm
0OC192/STM64/WDM 9340 1550.12 nm
0OC192/STM64/WDM 9330 1550.92 nm
0OC192/STM64/WDM 9320 1551.72 nm
0OC192/STM64/WDM 9310 1552.52 nm
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Port Unit Wavelength
0OC192/STM64/WDM 9300 1553.33 nm
0OC192/STM64/WDM 9290 1554.13 nm
0OC192/STM64/WDM 9280 1554.94 nm
0OC192/STM64/WDM 9270 1555.75 nm
0OC192/STM64/WDM 9260 1556.56 nm
0OC192/STM64/WDM 9250 1557.36 nm
0OC192/STM64/WDM 9240 1558.17 nm
0OC192/STM64/WDM 9230 1558.98 nm
0OC192/STM64/WDM 9220 1559.79 nm
0OC192/STM64/WDM 9210 1560.61 nm
0OC192/STM64/WDM 9200 1562.42 nm
0OC192/STM64/WDM 9190 1562.23 nm
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Because OC192/STM64/WDM port units interface with WaveStar
OLS 1.6T, refer to the WaveStar® Optical Line Sy stem (OLS) 1.6T
Applications Planning Guide (APG) (365-575-759) to calculate loss

budgets.
[]
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OC192/STM64/POU (LEY 284/LEY 284AE - LEY 299/LEY 299AE
and LEY 348AE - LEY 399AE) Data Sheet

Overview  Thisdata sheet contains technical specifications for the
0OC192/STM64/POU passive port unitsthat are used in WaveStar TDM
2.5G/10G (2-Fiber).

Capacity  Each OC192/STM64/POU port unit supports one bidirectional (one
receive and one transmit) OC-192 formatted optical signal. The
capacity may be trandated to 192 STS-1 equivalents or 129,024
two-way voice circuits per port unit.

OC-192 access  Thetable below describes OC-192 capabilities.

Table B-31 OC192/STM64/POU Access

Specification Description
Interface Short-reach (40 km) interface
Growth Increment One OC-192 per port unit
Line Code Scrambled NRZ
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The table below describes protection switching information per high

speed line.
Table B-32 Protection Switching for OC192/STM64/POU Port
Units
Specification Length of Time
Switching Bit Error Rate 10 to 10 (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety data on laser-containing port units, such asthe
0OC192/STM64/POU port unit, isClass | in the FDA/CDRH

Classification System

The optical dispersion for the OC192/STM64/POU port unitsis

1200 ps/nm.

The table below provides the optical return loss for a system using

0OC192/STM64/POU port units.

Table B-33 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB
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Transmission  Thetable below provides transmission specifications for the
specifications  0C192/STM64/POU port units.

Table B-34 Transmission Specifications for OC192/STM64/POU

Port Units
Specification Description
Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-Mode Non-Dispersion Shifted Fiber
Operating Connector Universal build-out block and optional ST-type,

Interfaces FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation
Optical Line Rate Input: 9.953 Gh/s

Output: 9.953 Gh/s
Transmitter Wavelengths| Minimum: 1530 nm

Maximum: 1565 nm

Spectral Width 0.07 nm (RMYS)
Optical Source CW®@ Laser with aMach-Zender Modul ator
Notes

(a) Continuous Wave
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Operating wavelengths  Thetable below lists the operating wavelengths for the

0OC192/STM64/POU port units.

Table B-35 OC192/STM64/POU Port Unit Operating Wavelengths

Port Unit Wavelength
0OC192/STM64/POU9590 1530.33 nm
0OC192/STM64/POU9580 1531.12 nm
0OC192/STM64/POU9570 1531.90 nm
0OC192/STM64/POU9560 1532.68 nm
0OC192/STM64/POU9550 1533.47 nm
0OC192/STM64/POU9540 1534.25 nm
0OC192/STM64/POU9530 1535.04 nm
0OC192/STM64/POU9520 1535.82 nm
0OC192/STM64/POU9490 1538.19 nm
0OC192/STM64/POU9480 1538.98 nm
OC192/STM64/POU9470 1539.77 nm
0OC192/STM64/POU9460 1540.56 nm
0OC192/STM64/POU9450 1541.35 nm
0OC192/STM64/POU9440 1542.14 nm
0OC192/STM64/POU9430 1542.94 nm
0OC192/STM64/POU9420 1543.73 nm
0OC192/STM64/POU9380 1546.92 nm
0OC192/STM64/POU9370 1547.72 nm
0OC192/STM64/POU9360 1548.51 nm
0OC192/STM64/POU9350 1549.32 nm
0OC192/STM64/POU9340 1550.12 nm
0OC192/STM64/POU9330 1550.92 nm
0OC192/STM64/POU9320 1551.72 nm
0OC192/STM64/POU9310 1552.52 nm
0OC192/STM64/POU9280 1554.94 nm
0OC192/STM64/POU9270 1555.75 nm
0OC192/STM64/POU9260 1556.55 nm
0OC192/STM64/POU9250 1557.36 nm
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Port Unit Wavelength
0OC192/STM64/POU9240 1558.17 nm
0OC192/STM64/POU9230 1558.98 nm
0OC192/STM64/POU9220 1559.79 nm
0OC192/STM64/POU9210 1560.61 nm
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Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-6 Optical System Interfaces
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The table below lists the optical requirements and loss budgets for the

Table B-36 Optical Loss Budgets for the OC192/STM64/POU Port

Units

Parameter 0C192/STM64/POU

Port Unit®

16CH-MUX | 16CH-MUXINT

and and

16CH-DMUX 16CH-DMUXINT
Maximum Transmitter Output Power (Py;,,"| 2.0 dBm 2.0dBm
Minimum Transmitter Output Power (Py,;,)©| —1.0 dBm -1.0dBm
Maximum Received Power (Pg, @ -8.0dBm -8.0dBm
Receiver Sensitivity (Papinysa) ™ -21.0dBm -21.0dBm
Minimum System Gain (S-R) 20.0dB 20.0dB
Optical Path Penalty (P) 2.0dB 2.0dB
Minimum L oss Budget 6.4dB 10.2dB
Maximum Loss Budget 18.0dB © 18.0dB ®

11.6dB 7.8dB

Notes

(a) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU
requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points S and R in
Figure B-3.

(c) These values include transmitter/receiver connectors at 0.7 dB each
(worst case) and the system margins.

(d) These values are measured at a BER of 1x102,

(60 When using the 16CH-MUX and 16CH-DMUX with the
0OC192/STM64/POU port units, you must subtract 6.4 dB from the
maximum |oss budget to compensate for the mux/demux functions.

(f) When using the 16CH-MUXINT and 16CH-DMUXINT with the
0OC192/STM64/POU port units, you must subtract 10.2 dB from the
maximum |oss budget to compensate for the mux/demux functions. This
is true for all applications, whether or not wavelengths are interleaved
with those from the 16CH-MUX and 16CH-DMUX.
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OC48/STM 16 Port Unit Data Sheets

Overview
Purpose  Thissection provides detailed information concerning all
OC48/STM 16 port units available for use with the
WaveStar TDM 2.5G/10G (2-Fiber).
L 545
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OC48/STM16/1.3VSR1 (LEY 182/LEY 182AE) Data Sheet

Overview  Thisdata sheet contains technical specifications for the
OC48/STM16/1.3V SR1 (very short-reach) port units that are used in
WaveStar TDM 2.5G/10G (2-Fiber).

Capacity = Each OC48/STM16/1.3V SR1 port unit supports one bidirectional (one
receive and one transmit) OC-48 formatted optical signal. The capacity
may be translated to 48 STS-1 equivalents or 32,256 two-way voice
circuits per port unit.

OC-48 access  Thetable below describes OC-48 capabilities.

Table B-37 OC48/STM16/1.3VSR1 Access

Specification Description
Interface very short-reach (1-2 km) interface
Growth Increment One OC-48 per port unit
Line Code Scrambled NRZ
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Issue 6 October 2001



OC48/STM16 Port Unit Data Sheets

Protection switching  The table below describes protection switching information per high

speed line.
Table B-38 Protection Switching for OC48/STM16/1.3VSR1 Port
Units
Specification Length of Time
Switching Bit Error Rate 10 to 10°° (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
OC48/STM16/1.3V SR1 port unit, isClass I11B in the FDA/CDRH
Classification System.

Optical dispersion  The optical dispersion for the OC48/STM16/1.3V SR1 port unitsis 300
ps/nm.
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC48/STM16/1.3VSR1 port units.

Table B-39 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -14.0dB
Maximum discrete reflectance -14.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  OC48/STM16/1.3VSR1 port units.

Table B-40 Transmission Specifications for
OC48/STM16/1.3VSR1 Port Units

Specification Description

Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber

Operating Connector
Interfaces

Universal build-out block and optional ST-type,
FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation

Optical Line Rate

Input: 2.488 Gb/s
Output: 2.488 Gb/s

Transmitter Wavelengths

Minimum: 1280 nm
Maximum: 1335 nm

Spectral Width

3.0nm (RMYS)

Optical Source

Distributed Feedback (DFB) laser

365-371-201
Issue 6 October 2001



OC48/STM16 Port Unit Data Sheets

Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-7 Optical System Interfaces
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The table below lists the optical requirements and loss budgets for the

OC48/STM 16/1.3V SR1 port units.

Table B-41 Optical Loss Budgets for the OC48/STM16/1.3VSR1

Port Units

Parameter OC48/STM16/1.3VSR1
Port Unit @

Maximum Transmitter Output Power (P ® | -1.0 dBm
Minimum Transmitter Output Power (Py;, © —6.0dBm
Maximum Received Power (Pgyz -1.0dBm
Receiver Sensitivity (Pgyn © © -14.0dBm
Minimum System Gain (S-R) 5.0dB
Optical Path Penalty (Py) 10dB
Minimum L oss Budget © 0.0dB
Maximum L oss Budget® 4.0dB

Notes

(@) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU

requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points S and R in

Figure B-6.

(c) These values include transmitter/receiver connectors at 0.7 dB each

(worst case) and the system margins.

(d) These values are measured at a BER of 1x10(<sup>-12).
(e) Thisvalue assumes that the maximum received power limitationsare

not exceeded.

(f) Lossisdispersion limited and not power limited.
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OC48/STM16/1.3LR1 (LEY 7/LEY 7AE) Data Sheet

Overview

Capacity

OC-48 access

This data sheet contains technical specifications for the
OC48/STM16/1.3LR1 (long reach) port units that are used in WaveStar
TDM 2.5G/10G (2-Fiber).

Each OC48/STM 16/1.3LR1 port unit supports one bidirectiona (one
receive and one transmit) OC-48 formatted optical signal. The capacity
may be translated to 48 STS-1 equivalents or 32,256 two-way voice
circuits per port unit.

The table below describes OC-48 capabilities.

Table B-42 OC48/STM16/1.3LR1 Access

Specification Description
Interface Long-reach (51 km) interface @
Growth Increment One OC-48 per port unit
Line Code Scrambled NRZ
Notes

(a) This number isatypica value. The actual value must be calculated
using measured data (see Figure 1-12).

365-371-201
Issue 6 October 2001



OC48/STM16 Port Unit Data Sheets

Protection switching  The table below describes protection switching information per high

speed line.
Table B-43 Protection Switching for OC48/STM16/1.3LR1 Port
Units
Specification Length of Time
Switching Bit Error Rate 10 to 10°° (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
OC48/STM16/1.3LR1 port unit, isClass 111B in the FDA/CDRH
Classification System.

Optical dispersion  The optical dispersion for the OC48/STM16/1.3LR1 port unitsis 200
ps/nm.
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC48/STM16/1.3LR1 port units.

Table B-44 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  OC48/STM16/1.3LR1 port units.

Table B-45 Transmission Specifications for OC48/STM16/1.3LR1

Port Units
Specification Description
Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber
Operating Connector Universal build-out block and optional ST-type,

Interfaces FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation
Optical Line Rate Input: 2.488 Gb/s

Output: 2.488 Gb/s

Transmitter Wavelengths| Minimum: 1280 nm

Maximum: 1335 nm
Spectral Width 2.0nm (RMYS)
Optical Source Distributed Feedback (DFB) laser
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Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-8 Optical System Interfaces
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Optical requirements and  The table below lists the optical requirements and loss budgets for the
loss budgets  OC48/STM16/1.3LR1 port units.

Table B-46 Optical Loss Budgets for the OC48/STM16/1.3LR1

Port Units
Parameter 0OC48/STM16/1.3LR1
Port Unit @
Maximum Transmitter Output Power (Pryq,® | 3.0dBm
Minimum Transmitter Output Power (P, © -2.0dBm
Maximum Received Power (Pgyz -9.0dBm
Receiver Sensitivity (Pgyn © © -27.0dBm
Minimum System Gain (S-R) 25.0dB
Optical Path Penalty (Po) 10dB
Minimum L oss Budget © 10.0dB
Maximum L oss Budget® 24.0dB
Notes

(a) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU
requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points S and R in
Figure B-7.

(c) These values include transmitter/receiver connectors at 0.7 dB each
(worst case) and the system margins.

(d) These values are measured at a BER of 1x10(<sup>-12).

(e) Thisvalue assumes that the maximum received power limitationsare
not exceeded.

(f) Dispersion islimited to 92 km for long reach optics.
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OC48/STM16/1.5LR1 (LEY 8/LEY 8AE) Data Sheet

Overview  Thisdata sheet contains technical specifications for the
OC48/STM16/1.5LR1 (long reach) port units that are used in WaveStar
2.5G/10G (2-Fiber).

Capacity = Each OC48/STM16/1.5LR1 port unit supports one bidirectional (one
receive and one transmit) OC-48 formatted optical signal. The capacity
may be trandlated to 48 STS-11 equivalents or 32,256 two-way voice
circuits per port unit.

OC-48 access  Thetable below describes OC-48 capabilities.

Table B-47 OC48/STM16/1.5LR1 Access

Specification Description
Interface Long-reach (80 km) interface®
Growth Increment One OC-48 per port unit
Line Code Scrambled NRZ
Notes

(a) This number isatypical value. The actual value must be calculated
using measured data (see Figure B-8).
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Protection switching  The table below describes protection switching information per high

speed line.
Table B-48 Protection Switching for OC48/STM16/1.5LR1 Port
Units
Specification Length of Time
Switching Bit Error Rate 10 to 10°° (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
OC48/STM16/1.5LR1 port unit, isClass | inthe FDA/CDRH
Classification System.

Optical dispersion  Theoptical dispersion for the OC48/STM16/1.5LR1 port unitsis
1800 ps/nm.
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The table below provides the optical return loss for a system using
OC48/STM16/1.5LR1 port units.

Table B-49 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

The table below provides transmission specifications for the
OC48/STM16/1.5LR1 port units.

Table B-50 Transmission Specifications for OC48/STM16/1.5LR1

Port Units
Specification Description
Transmission Input Fiber:
Medium Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber

Operating Connector
Interfaces

Universal build-out block and optional ST-type,
FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation

Optical Line Rate

Input: 2.488 Gb/s
Output: 2.488 Gb/s

Transmitter Minimum: 1530 nm
Wavelengths Maximum: 1565 nm

Spectral Width 2.0nm (RMYS)

Optical Source Distributed Feedback (DFB) laser
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Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-9 Optical System Interfaces
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The table below lists the optical requirements and loss budgets for the

OC48/STM16/1.5LR1 port units.

Table B-51 Optical Loss Budgets for the OC48/STM16/1.5LR1

Port Units

Parameter OC48/STM16/1.5LR1
Port Unit @

Maximum Transmitter Output Power (P 3.0dBm
Minimum Transmitter Output Power (Pr;, -2.0dBm
Maximum Received Power (Pgyz -9.0dBm
Receiver Sensitivity (Pgyp@ @ -28.0dBm
Minimum System Gain (S-R) 26.0dB
Optical Path Penalty (Py) 2.0dB
Minimum L oss Budget® 10.0dB
Maximum L oss Budget® 24.0dB

Notes

(@) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU

requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points S and R in

Figure B-8.

(c) These values include transmitter/receiver connectors at 0.7 dB each

(worst case) and the system margins.

(d) These values are measured at a BER of 1x10-12.
(e) Thisvalue assumes that the maximum received power limitationsare

not exceeded.

(f) Dispersion islimited to 92 km for long-reach optics.
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OC48/STM16/DWDMO01-16 (LEY 50/LEY 50AE -
LEY65/LEY 65AE) Data Sheet

Overview

Capacity

OC-48 access

This data sheet contains technical specifications for the
OC48/STM16/DWDMO01-16 port units that are used in WaveStar
2.5G/10G (2-Fiber).

Each OC48/STM 16/DWDMO01-16 port unit supports one bidirectional
(one receive and one transmit) OC-48 formatted, I TU-compatible
optical signal. The capacity may be trandated to 48 STS-1 equivalents
or 32,256 two-way voice circuits per port unit.

The table below describes OC-48 capabilities.

Table B-52 OC48/STM16/DWDMO01-16 Access

Specification Description
Interface L ong-reach (80 km) interface®
Growth Increment One OC-48 per port unit
Line Code Scrambled NRZ
Notes

(a) Thisnumber isatypical value.

365-371-201
Issue 6 October 2001



OC48/STM16 Port Unit Data Sheets

Protection switching  The table below describes protection switching information per high

speed line.
Table B-53 Protection Switching for OC48/STM16/DWDMO01-16
Port Units
Specification Length of Time
Switching Bit Error Rate | 107 to 10 (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
OC48/STM16/DWDMO01-16 port units, is Class | in the FDA/CDRH
Classification System.

Optical dispersion  Theoptical dispersion for the OC48/STM 16/DWDMO01-16 port unitsis
1800 ps/nm.
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC48/STM16/DWDMO01-16 port units.

Table B-54 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  The following table provides transmission specifications for the
specifications  OC48/STM16/DWDMO01-16 port units.

Table B-55 Transmission Specifications for
OC48/STM16/DWDMO01-16

Specification Description

Transmission Medium Input Fiber:

Standard Single-Mode Non-Dispersion
Shifted Fiber

Output Fiber:

Standard Single-Mode Non-Dispersion
Shifted Fiber

Operating Connector Universal build-out block and optional
Interfaces ST-type, FC-type, or SC-type lightguide
build-out (LBO) connectors for optical
attenuation

Optical Line Rate Input: 2.488 Gh/s
Output: 2.488 Gb/s

Transmitter Wavelengths @ | Minimum: 1549 nm

Maximum: 1560 nm

Spectral Width 2.0nm (RMYS)
Optical Source Distributed Feedback (DFB) laser
Notes

(a) Refer to Table B-40 for acomplete list of the operating wavelengths.
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The following table lists the operating wavelengths for the
OC48/STM16/DWDMO01-16 port units.

Table B-56 OC48/STM16/DWDMO01-16 Port Unit Operating

Wavelengths

Port Unit Wavelength
OC48/STM16/DWDMO01 1549.32 nm
OC48/STM16/DWDM02 1550.92 nm
OC48/STM16/DWDMO03 1552.52 nm
OC48/STM16/DWDM04 1554.13 nm
OC48/STM16/DWDM05 1555.75 nm
OC48/STM16/DWDM06 1557.36 nm
OC48/STM16/DWDMO07 1558.98 nm
OC48/STM16/DWDM08 1560.61 nm
OC48/STM16/DWDM09 1548.52 nm
OC48/STM16/DWDM10 1550.12 nm
OC48/STM16/DWDM11 1551.72 nm
OC48/STM16/DWDM12 1553.33 nm
OC48/STM16/DWDM13 1554.94 nm
OC48/STM16/DWDM14 1556.56 nm
OC48/STM16/DWDM15 1558.17 nm
OC48/STM16/DWDM16 1559.79 nm
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Optical requirements and  Because OC48/STM16/DWDMO01-16 port units interface with
loss budgets  Metropolis EON, refer to the Metropolis EON Applications and
Planning Guide (365-575-300) to calculate loss budgets.
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OC48/STM16/WDM (LEY 101/LEY 101AE - LEY 180/LEY 180AE)
Data Sheet

Overview

Capacity

0OC-48 access

This data sheet contains technical specifications for the
OC48/STM16/WDM port units that are used in WaveStar TDM
2.5G/10G (2-Fiber).

Each OC48/STM 16/WDM port unit supports one bidirectional (one
receive and one transmit) OC-48 formatted, | TU-compatible optical
signal. The capacity may be trandated to 48 STS-1 equivalents or
32,256 two-way voice circuits per port unit.

The table below describes OC-48 capabilities.

Table B-57 OC48/STM16/WDM Access

Specification Description
Interface Long-reach (80 km) interface @
Growth Increment One OC-48 per port unit
Line Code Scrambled NRZ
Notes

(a) Thisnumber isatypical value.
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Protection switching  The table below describes protection switching information per high

speed line.
Table B-58 Protection Switching for OC48/STM16/WDM Port
Units
Specification Length of Time
Switching Bit Error Rate 10 to 10°° (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =210-3 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
OC48/STM16/WDM port units, is Class | in the FDA/CDRH
Classification System.

Optical dispersion  The optical dispersion for the OC48/STM16/WDM port unitsis
1800 ps/nm.

365-371-201 B- 67
Issue 6 October 2001



Optical
return loss

OC48/STM16 Port Unit Data Sheets

The table below provides the optical return loss for a system using
OC48/STM16/WDM port units.

Table B-59 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission
specifications

The table below provides transmission specifications for the
OC48/STM16/WDM port units.

Table B-60 Transmission Specifications for OC48/STM16/WDM

Specification Description

Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber

Operating Connector
Interfaces

Universal build-out block and optional ST-type,
FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation

Optical Line Rate

Input: 2.488 Gb/s
Output: 2.488 Gb/s

Transmitter Wavelengths

Minimum: 1549 nm
Maximum: 1560 nm

Spectral Width

2.0nm (RMYS)

Optical Source

Distributed Feedback (DFB) laser
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The table below lists the operating wavel engths for the
OC48/STM16/WDM port units.

Table B-61 OC48/STM16/WDM Port Unit Operating Wavelengths

Port Unit Wavelength
OC48/STM16/WDM 9585 1530.72 nm
OC48/STM 16/WDM 9580 1531.11 nm
OC48/STM16/WDM 9575 1531.50 nm
OC48/STM16/WDM 9570 1531.89 nm
OC48/STM16/WDM 9565 1532.28 nm
OC48/STM 16/WDM 9560 1532.68 nm
OC48/STM 16/WDM 9555 1533.07 nm
OC48/STM 16/WDM 9550 1533.46 nm
OC48/STM16/WDM 9545 1533.85 nm
OC48/STM 16/WDM 9540 1534.25 nm
OC48/STM16/WDM 9535 1534.64 nm
OC48/STM16/WDM 9530 1535.03 nm
OC48/STM16/WDM 9525 1535.42 nm
OC48/STM16/WDM 9520 1535.82 nm
OC48/STM16/WDM 9515 1536.21 nm
OC48/STM16/WDM 9510 1536.60 nm
OC48/STM 16/WDM 9505 1537.00 nm
OC48/STM 16/WDM 9500 1537.39 nm
OC48/STM 16/WDM 9495 1537.79 nm
OC48/STM 16/WDM 9490 1538.18 nm
OC48/STM 16/WDM 9485 1538.58 nm
OC48/STM 16/WDM 9480 1538.97 nm
OC48/STM16/WDM 9475 1539.37nm
OC48/STM16/WDM 9470 1539.76 nm
OC48/STM 16/WDM 9465 1540.16 nm
OC48/STM 16/WDM 9460 1540.55 nm
OC48/STM 16/WDM 9455 1540.95 nm
OC48/STM 16/WDM 9450 1541.34 nm
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Port Unit Wavelength
OC48/STM 16/WDM 9445 1541.74 nm
OC48/STM 16/WDM 9440 1542.14 nm
OC48/STM 16/WDM 9435 1542.53 nm
OC48/STM 16/WDM 9430 1542.93 nm
OC48/STM 16/WDM 9425 1543.33 nm
OC48/STM 16/WDM 9420 1543.73 nm
OC48/STM16/WDM 9415 1544.12 nm
OC48/STM16/WDM 9410 1544.52 nm
OC48/STM 16/WDM 9405 1544.92 nm
OC48/STM 16/WDM 9400 1545.32 nm
OC48/STM 16/WDM 9395 1545.72 nm
OC48/STM 16/WDM 9390 1546.11 nm
OC48/STM 16/WDM 9385 1546.51 nm
OC48/STM 16/WDM 9380 1546.91 nm
OC48/STM 16/WDM 9375 1547.31 nm
OC48/STM16/WDM9370 1547.71 nm
OC48/STM 16/WDM 9365 1548.11 nm
OC48/STM 16/WDM 9360 1548.51 nm
OC48/STM 16/WDM 9355 1548.91 nm
OC48/STM 16/WDM 9350 1549.31 nm
OC48/STM 16/WDM 9345 1549.71 nm
OC48/STM 16/WDM 9340 1550.11 nm
OC48/STM 16/WDM 9335 1550.51 nm
OC48/STM 16/WDM 9330 1550.91 nm
OC48/STM 16/WDM 9325 1551.31 nm
OC48/STM 16/WDM 9320 1551.72 nm
OC48/STM 16/WDM 9315 1552.12 nm
OC48/STM16/WDM 9310 1552.52 nm
OC48/STM 16/WDM 9305 1552.92 nm
OC48/STM 16/WDM 9300 1553.32 nm
OC48/STM 16/WDM 9295 1553.73 nm
OC48/STM 16/WDM 9290 1554.13 nm
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OC48/STM 16/WDM 9285 1554.53 nm
OC48/STM 16/WDM 9280 1554.94 nm
OC48/STM16/WDM 9275 1555.34 nm
OC48/STM16/WDM 9270 1555.74 nm
OC48/STM 16/WDM 9265 1556.15 nm
OC48/STM 16/WDM 9260 1556.55 nm
OC48/STM 16/WDM 9255 1556.95 nm
OC48/STM 16/WDM 9250 1557.36 nm
OC48/STM16/WDM9245 1557.76 nm
OC48/STM 16/WDM 9240 1558.17 nm
OC48/STM 16/WDM 9235 1558.57 nm
OC48/STM 16/WDM 9230 1558.98 nm
OC48/STM 16/WDM 9225 1559.38 nm
OC48/STM 16/WDM 9220 1559.79 nm
OC48/STM16/WDM 9215 1560.20 nm
OC48/STM16/WDM 9210 1560.60 nm
OC48/STM 16/WDM 9205 1561.01 nm
OC48/STM 16/WDM 9200 1561.41 nm
OC48/STM16/WDM 9195 1561.82 nm
OC48/STM 16/WDM 9190 1562.23 nm
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Optical requirements and  Because OC48/STM16/WDM9190-9585 port units interface with
loss budgets  Metropolis EON, refer to the Metropolis EON Applications and
Planning Guide (365-575-300) to calculate loss budgets.
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OC48/STM16/POU (LEY 80AE - LEY 95AE) Data Sheet

Overview

Capacity

OC-48 access

This data sheet contains technical specifications for the
OC48/STM16/POU port units that are used in WaveStar 2.5G/10G

(2-Fiber).

Each OC48/STM 16/POU port unit supports one bidirectional (one
receive and one transmit) OC-48 formatted, | TU-compatible optical
signal. The capacity may be trandated to 48 STS-1 equivalents or
32,256 two-way Vvoice circuits per port unit.

The table below describes OC-48 capabilities.

Table B-62 OC48/STM16/POU Access

Specification Description
Interface Long-reach (80 km) interface®
Growth Increment One OC-48 per port unit
Line Code Scrambled NRZ
Notes

(a) Thisnumber isatypical value.
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Protection switching  The table below describes protection switching information per high
speed line.

Table B-63 Protection Switching for OC48/STM16/POU Port Units

Specification Length of Time

Switching Bit Error Rate 103 t0 10°° (user provisionable)

(BER)

Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER 21072 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
OC48/STM 16/POU port units, isClass | in the FDA/CDRH
Classification System.

Optical dispersion  The optical dispersion for the OC48/STM16/POU port unitsis
1800 ps/nm.
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC48/STM16/POU port units.

Table B-64 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  OC48/STM16POU port units.

Table B-65 Transmission Specifications for OC48/STM16/POU

Specification Description

Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber
Operating Connector Universal build-out block and optional ST-type,

Interfaces FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation

Optical Line Rate Input: 2.488 Gh/s
Output: 2.488 Gb/s

Transmitter Minimum: 1549 nm

Wavelengths® Maximum: 1560 nm

Spectral Width 0.2nm (RMYS)

Optical Source Electro-absorptive Modulated Laser (EML)

Notes

(a) Refer to Table B-40 for acomplete list of the operating wavelengths.
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Operating wavelengths  Thetable below lists the operating wavel engths for the
OC48/STM 16/POU port units.

Table B-66 OC48/STM16/POU Port Unit Operating Wavelengths

Port Unit Wavelength
OC48/STM 16/POU9590 1530.33 nm
OC48/STM 16/POU9570 1531.90 nm
OC48/STM 16/POU9550 1533.47 nm
OC48/STM 16/POU9530 1535.04 nm
OC48/STM 16/POU9490 1538.19 nm
OC48/STM16/POU9470 1539.77 nm
OC48/STM 16/POU9450 1541.35 nm
OC48/STM 16/POU9430 1542.94 nm
OC48/STM 16/POU9370 1547.72 nm
OC48/STM 16/POU9350 1549.32 nm
OC48/STM 16/POU9330 1550.92 nm
OC48/STM16/POU9310 1552.52 nm
OC48/STM16/POU9270 1555.75 nm
OC48/STM 16/POU9250 1557.36 nm
OC48/STM 16/POU9230 1558.98 nm
OC48/STM 16/POU9210 1560.61 nm
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Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-10 Optical System Interfaces
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The table below lists the optical requirements and loss budgets for the
loss budgets  OC48/STM16/POU port units.

Table B-67 Optical Loss Budgets for the OC48/STM16/POU Port

Units

Parameter OC48/STM16/POU

Port Unit® with

16CH-MUX and | 16CH-MUXINT

16CH-DMUX and

16CH-DMUXINT

Maximum Transmitter Output Power (P;,,) ®| 1 dBm 1dBm
Minimum Transmitter Output Power (Py;,) © | -2.8 dBm -2.8dBm
Maximum Received Power (Pg, @ -9dBm -9.dBm
Receiver Sensitivity (Pgy,) © @ -28 dBm -28 dBm
Minimum System Gain (S-R) 25.2dBm 25.2dBm
Optical Path Penalty (Po) 2dBm 2 dBm
Minimum Loss Budget 6.4dBm 10.2 dBm
M aximum Loss Budget 23.2dB® 23.2dB"

16.8dB 13.0dB

Notes

(a) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU
requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points S and R in
Figure B-9.

(c) These values include transmitter/receiver connectors at 0.7 dB each
(worst case) and the system margins.

(d) These values are measured at a BER of 1x102,

(60 When using the 16CH-MUX and 16CH-DMUX with the
OC48/STM16/POU port units, you must subtract 6.4 dB from the
maximum |oss budget to compensate for the mux/demux functions.

(f) When using the 16CH-MUXINT and 16CH-DMUXINT with the
OC48/STM 16/POU port units, you must subtract 10.2 dB from the
maximum |oss budget to compensate for the mux/demux functions. This
is true for all applications, whether or not the wavelengths are
interleaved with those from the 16CH-MUX and 16CH-DMUX.
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OC12/STM4 Port Unit Data Sheets

Overview
Purpose  Thissection provides detailed information concerning all
OC12/STM4 port units available for use with the WaveStar TDM
2.5G/10G (2-Fiber).
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OC12/STM4/1.3LR2 (LEY 14/LEY 14AE) Data Sheet

Overview  Thisdata sheet contains technical specifications for the
OC12/STM4/1.3LR2 (long reach) port units that are used in WaveStar
2.5G/10G (2-Fiber).

Capacity = Each OC12/STM4/1.3LR2 port unit supports two bidirectional (one
receive and one transmit) OC-12 formatted optical signals. The
capacity may be trandlated to 24 STS-1 equivalents or 16,128 two-way
voice circuits per port unit.

OC-12 access  Thetable below describes OC-12 access capabilities.

Table B-68 OC12/STM4/1.3LR2 Access

Specification Description
Interface Long-reach (51 km) interface®
Growth Increment Two OC-12s per port unit
Line Code Scrambled NRZ
Notes

(a) This number isatypical value. The actual value must be calculated
using measured data (see Figure B-7).
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Protection switching  The table below describes protection switching information per high

speed line.
Table B-69 Protection Switching for OC12/STM4/1.3LR2 Port
Units
Specification Length of Time
Switching Bit Error Rate | 107 to 10 (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
OC12/STM4/1.3LR2 port unit, isClass | in the FDA/CDRH
Classification System.

Optical dispersion  Theoptical dispersion for the OC12/STM4/1.3LR2 port unitsis
200 ps/nm.
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC12/STM4/1.3LR2 port units.

Table B-70 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  OC12/STM4/1.3LR2 port units.

Table B-71 Transmission Specifications for OC12/STM4/1.3LR2

Port Units
Specification Description
Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber

Operating Connector
Interfaces

Universal build-out block and optional ST-type,
FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation

Optical Line Rate

Input: 622.08 Mb/s
Output: 622.08 Mb/s

Transmitter Wavelengths

Minimum: 1298 nm
Maximum: 1325 nm

Spectral Width

2.0nm (RMYS)

Optical Source

Distributed Feedback (DFB) laser
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Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-11 Optical System Interfaces
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The following table lists the optical requirements and loss budgets for

the OC12/STM4/1.3LR2 port units.

Table B-72 Optical Loss Budgets for the OC12/STM4/1.3LR2 Port

Units

Parameter OC12/STM4/1.3LR2
Port Unit®

Maximum Transmitter Output Power (Pryq® | 20dBm
Minimum Transmitter Output Power (Py;, © -2.5dBm
Maximum Received Power (Pg, @ -8.0dBm
Receiver Sensitivity (Pgy,) © @ -30.5dBm
Minimum System Gain (S-R) 28.0dB
Optical Path Penalty (Py) 10dB
Minimum L oss Budget® 10.0dB
Maximum L oss Budget 27.0dB

Notes

(@) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU

requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points S and R in

Figure B-8.

(c) These values include transmitter/receiver connectors at 0.7 dB each

(worst case) and the system margins.

(d) These values are measured at a BER of 1x10-12.
(e) Thisvalue assumes that the maximum received power limitationsare

not exceeded.
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OC12/STM4/1.3SR2 (LEY 14AE) Data Sheet

Overview

Capacity

OC-12 access

This data sheet contains technical specifications for the
OC12/STM4/1.3SR2 (short reach) port units that are used in WaveStar
2.5G/10G (2-Fiber).

Each OC12/STM4/1.3SR2 port unit supports two bidirectional (one
receive and one transmit) OC-12 formatted optical signals. The
capacity may be trandated to 24 STS-11 equivalents or 16,128
two-way voice circuits per port unit.

The table below describes OC-12 access capabilities.

Table B-73 OC12/STM4/1.3SR2 Access

Specification Description
Interface Short-reach (15 km) interface®
Growth Increment Two OC-12s per port unit
Line Code Scrambled NRZ
Notes

(a) This number isatypica value. The actual value must be calculated
using measured data (see Figure B-8).

365-371-201
Issue 6 October 2001



OC12/STM4 Port Unit Data Sheets

Protection switching  The table below describes protection switching information per high

speed line.
Table B-74 Protection Switching for OC12/STM4/1.3SR2 Port
Units
Specification Length of Time
Switching Bit Error Rate 10 to 10 (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
OC12/STM4/1.3SR2 port unit, isClass | inthe FDA/CDRH
Classification System.

Optical dispersion  The optical dispersion for the OC12/STM4/1.3SR2 port unitsis
200 ps/nm.
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC12/STM4/1.3SR2 port units.

Table B-75 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  OC12/STM4/1.3SR2 port units.

Table B-76 Transmission Specifications for OC12/STM4/1.3SR2

Port Units
Specification Description
Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber
Operating Connector Universal build-out block and optional ST-type,

Interfaces FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation
Optical Line Rate Input: 622.08 Mb/s

Output: 622.08 Mb/s

Transmitter Wavelengths| Minimum: 1298 nm

Maximum: 1325 nm
Spectral Width 2.0nm (RMYS)
Optical Source Distributed Feedback (DFB) laser
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Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-12 Optical System Interfaces
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Optical requirements and  The table below lists the optical requirements and loss budgets for the
loss budgets  OC12/STM4/1.3SR2 port units.

Table B-77 Optical Loss Budgets for the OC12/STM4/1.3SR2 Port

Units
Parameter OC12/STM4/1.3SR2
Port Unit®
Maximum Transmitter Output Power (Py,,)® | —8.0 dBm
Minimum Transmitter Output Power (P;;)© | —15.0 dBm
Maximum Received Power (Pg -8.0dBm
Receiver Sensitivity (Pgy)© @ -28.0dBm
Minimum System Gain (S-R) 13.0dB
Optical Path Penalty (Py) 10dB
Minimum L oss Budget® 0.0dB
Maximum L oss Budget® 12.0dB
Notes

(a) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU
requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points S and R in
Figure B-8.

(c) These values include transmitter/receiver connectors at 0.7 dB each
(worst case) and the system margins.

(d) These values are measured at a BER of 1x10-12.

(e) Thisvalue assumes that the maximum received power limitationsare
not exceeded.

(f) Dispersion islimited to 92 km for long-reach optics.
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OC3/STM1 Port Unit Data Sheets

Overview
Purpose  Thissection provides detailed information concerning all
OC3/STM1 port units available for use with the WaveStar TDM
2.5G/10G (2-Fiber).
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OC3/STM1/1.3LR4 (LEY 15AE) Data Sheet

Overview  Thisdata sheet containstechnical specifications for the
OC3/STM1/1.3LRA4 (long reach) port units that are used in WaveStar
2.5G/10G (2-Fiber).

Capacity  Each OC3/STM1/1.3LR4 port unit supports four bidirectional (one
receive and one transmit) OC-3 formatted optical signals. The capacity
may be translated to 12 STS-1 equivalents or 8,064 two-way voice
circuits per port unit.

OC-3 access  Thetable below describes OC-3 access capabilities.

Table B-78 OC3/STM1/1.3LR2 Access

Specification Description
Interface Long-reach (51 km) interface®
Growth Increment Four OC-3s per port unit
Line Code Scrambled NRZ
Notes

(a) This number isatypica value. The actual value must be calculated
using measured data (see Figure B-9).
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Protection switching  The table below describes protection switching information per high
speed line.

Table B-79 Protection Switching for OC3/STM1/1.3LR4 Port Units

Specification Length of Time

Switching Bit Error Rate 107 to 10 (user provisionable)

(BER)

Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
OC3/STM1/1.3LR4 port unit, isClass | inthe FDA/CDRH
Classification System.

Optical dispersion  The optical dispersion for the OC3/STM 1/1.3LR4 port unitsis
300 ps/nm.
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC3/STM1/1.3LR4 port units.

Table B-80 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  OC3/STM1/1.3LR4 port units.

Table B-81 Transmission Specifications for OC3/STM1/1.3LR4

Port Units
Specification Description
Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber
Operating Connector Universal build-out block and optional ST-type,

Interfaces FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation
Optical Line Rate Input: 155.52 Mb/s

Output: 155.52 Mb/s

Transmitter Wavelengths| Minimum: 1298 nm

Maximum: 1325 nm
Spectral Width 2.0nm (RMYS)
Optical Source Distributed Feedback (DFB) laser

365-371-201 B- 93
Issue 6 October 2001



OC3/STM1 Port Unit Data Sheets

Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-13 Optical System Interfaces
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Optical requirements and  The table below lists the optical requirements and loss budgets for the
loss budgets  OC3/STM1/1.3LR4 port units.

Table B-82 Optical Loss Budgets for the OC3/STM1/1.3LR4 Port

Units
Parameter OC3/STM1/1.3LR4
Port Unit®
Maximum Transmitter Output Power (Pryq,® | 0.0dBm
Minimum Transmitter Output Power (Pr,, -5.0dBm
Maximum Received Power (Pg) @ -10.0dBm
Receiver Sensitivity (Pgy,) © @ -34.0dBm
Minimum System Gain (S-R) 29.0dB
Optical Path Penalty (Po) 10dB
Minimum L oss Budget® 10.0dB
Maximum L oss Budget 28.0dB
Notes

(a) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU
requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points S and R in
Figure B-9.

(c) These values include transmitter/receiver connectors at 0.7 dB each
(worst case) and the system margins.

(d) These values are measured at a BER of 1x10(<sup>-12).

(e) Thisvalue assumes that the maximum received power limitationsare
not exceeded.
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OC3/STM/1.3IR-SR8 (LEY 23AE) Data Sheet

Overview  Thisdata sheet contains technical specifications for the
OC3/STM1/1.3IR-SR8 (intermediate-short reach) port units that are
used in WaveStar TDM 2.5G/10G (2-Fiber).

Capacity  Each OC3/STM1/1.3IR-SR8 port unit supports four bidirectiona (one
receive and one transmit) OC-3 formatted optical signals. The capacity
may be translated to 12 STS-1 equivalents or 8,064 two-way voice
circuits per port unit.

OC-3 access  Thetable below describes OC-3 access capabilities.

Table B-83 OC3/STM1/1.3IR-SR8 Access

Specification Description
Interface Intermediate-short reach (15-25 km) interface
Growth Increment Eight OC-3s per port unit
Line Code Scrambled NRZ
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Protection switching  The table below describes protection switching information per high

speed line.
Table B-84 Protection Switching for OC3/STM1/1.3IR-SR8 Port
Units
Specification Length of Time
Switching Bit Error Rate 10 to 10 (user provisionable)
(BER)
Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
OC3/STM1/1.3IR-SR8 port unit, isClass | inthe FDA/CDRH
Classification System.
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC3/STM1/1.3IR-SR8 port units.

Table B-85 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  OC3/STM1/1.3IR-SR8 port units.

Table B-86 Transmission Specifications for OC3/STM1/1.3IR-SR8

Port Units
Specification Description
Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber

Operating Connector
Interfaces

Universal build-out block and optional ST-type,
FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation

Optical Line Rate

Input: 155.52 Mb/s
Output: 155.52 Mb/s

Transmitter Wavelengths

Minimum: 1298 nm
Maximum: 1325 nm

Spectral Width

2.0nm (RMYS)

Optical Source

Distributed Feedback (DFB) laser or Fabre-Perot
laser
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Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-14 Optical System Interfaces
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The table below lists the optical requirements and loss budgets for the

OC3/STM1/1.3IR-SR8 port units.

Table B-87 Optical Loss Budgets for the OC3/STM1/1.3IR-SR8

Port Units

Parameter OC3/STM1/1.3IR-SR8
Port Unit®

Maximum Transmitter Output Power (Pryq, ® | =8.0 dBm
Minimum Transmitter Output Power (Pr;, @ | =15.0 dBm
Maximum Received Power (Pgm) © -8.0dBm
Receiver Sensitivity (Pgy,) © @ -28.0dBm
Minimum System Gain (S-R) 13.0dB
Optical Path Penalty (Po) 10dB
Minimum L oss Budget® 0.0dB
Maximum L oss Budget 12.0dB

Notes

(@) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU

requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points S and R in

Figure B-10.

(c) These values include transmitter/receiver connectors at 0.7 dB each

(worst case) and the system margins.

(d) These values are measured at a BER of 1x10(<sup>-12).
(e) Thisvalue assumes that the maximum received power limitationsare

not exceeded.
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OC3/STM1/1.3SR4 (LEY 16/LEY 16AE) Data Sheet

Overview  Thisdata sheet containstechnical specifications for the
OC3/STM1/1.3SR4 (short reach) port units that are used in WaveStar
2.5G/10G (2-Fiber).

Capacity = Each OC3/STM1/1.3SR4 port unit supports four bidirectional (one
receive and one transmit) OC-3 formatted optical signals. The capacity
may be translated to 12 STS-1 equivalents or 8,064 two-way voice
circuits per port unit.

OC-3 access  Thetable below describes OC-3 access capabilities.

Table B-88 OC3/STM1/1.3SR4 Access

Specification Description
Interface Short-reach (15 km) interface®
Growth Increment Four OC-3s per port unit
Line Code Scrambled NRZ
Notes

(a) This number isatypica value. The actual value must be calculated
using measured data (see Figure B-10).
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Protection switching  The table below describes protection switching information per high
speed line.

Table B-89 Protection Switching for OC3/STM1/1.3SR4 Port Units

Specification Length of Time

Switching Bit Error Rate 107 to 10 (user provisionable)

(BER)

Restoral BER One-tenth of the switching BER
Switching Time 60 msec (BER =102 line signal failure)

Optical safety  Optical safety data on laser-containing port units, such as the
OC3/STM1/1.3SR4 port unit, is Class | in the FDA/CDRH
Classification System.

Optical dispersion  The optical dispersion for the OC3/STM1/1.3SR4 port unitsis
300 ps/nm.
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Optical  Thetable below provides the optical return loss for a system using
return loss  OC3/STM1/1.3SR4 port units.

Table B-90 Optical Return Loss

Specification Amount
Maximum system optical return loss 24.0dB

Maximum receiver reflectance -27.0dB
Maximum discrete reflectance -27.0dB

Transmission  Thetable below provides transmission specifications for the
specifications  OC3/STM1/1.3SR4 port units.

Table B-91 Transmission Specifications for OC3/STM1/1.3SR4

Port Units
Specification Description
Transmission Medium Input Fiber:
Standard Single-Mode Non-Dispersion Shifted Fiber
Output Fiber:

Standard Single-M ode Non-Dispersion Shifted Fiber
Operating Connector Universal build-out block and optional ST-type,

Interfaces FC-type, or SC-type lightguide build-out (LBO)
connectors for optical attenuation
Optical Line Rate Input: 155.52 Mb/s

Output: 155.52 Mb/s

Transmitter Wavelengths| Minimum: 1298 nm

Maximum: 1325 nm

Spectral Width 2.0nm (RMYS)
Optical Source Distributed Feedback (DFB) laser or Fabre-Perot
laser
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Optical system interfaces  The figure below illustrates the optical path between the transmitter
and the receiver.

Figure B-15 Optical System Interfaces
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Optical requirements and  The table below lists the optical requirements and loss budgets for the
loss budgets  OC3/STM1/1.3SR4 port units.

Table B-92 Optical Loss Budgets for the OC3/STM1/1.3SR4 Port
Units

Parameter OC3/STM1/1.3SR4
Port Unit®

Maximum Transmitter Output Power (Prya, ® | ~8.0 dBm
Minimum Transmitter Output Power (P © | —15.0 dBm

min)

Maximum Received Power (Pgm) © -8.0dBm
Receiver Sensitivity (Pgy,) © @ -28.0dBm
Minimum System Gain (S-R) 13.0dB
Optical Path Penalty (Py) 10dB
Minimum L oss Budget® 0.0dB
Maximum L oss Budget 12.0dB

Notes

(a) All values assume that standard single-mode non-dispersion shifted
fiber is used. Dispersion shifted fiber may be used. WaveStar TDM
2.5G/10G (2-Fiber) complies with Telcordia Technologies and ITU
requirements for dispersion shifted fiber.

(b) Transmit and receive points are referenced as points S and R in
Figure B-10.

(c) These values include transmitter/receiver connectors at 0.7 dB each
(worst case) and the system margins.

(d) These values are measured at a BER of 1x10(<sup>-12).

(e) Thisvalue assumes that the maximum received power limitationsare
not exceeded.
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DS3EC1/8 Port Unit Data Sheet

Overview

Purpose  This section provides detailed information concerning all
DS3/EC1 port units available for use with the WaveStar TDM
2.5G/10G (2-Fiber).
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DS3ECL/8 (LEY 17AE) Data Sheet

Overview

Capacity

Transmission medium

Line rate

This data sheet contains technical specificationsfor the DS3EC1/8 port
units that are used in WaveStar 2.5G/10G (2-Fiber).

Each DS3EC1/8 port unit supports eight DS3-rate or EC-1-rate
bidirectional lines (eight receive and eight transmit).

One unbalanced coaxial lineis used for each direction of transmission.
Therefore, two coaxial lines are used for each of the eight bidirectional
ports on a DS3ECL/8 port unit.

Each bidirectional port on the DS3EC1/8 port unit may be provisioned

to transmit and receive one of the following:

*  OneDS3 signal with anominal rate of 44.736 Mb/s +895 b/s
(=20 ppm)

*  OneEC-1signal with anominal rate of 51.840 Mb/s +1037 b/s
(20 ppm)
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Bipolar violation
monitoring

BNC connectors

Line build-out

DS3EC1/8 Port Unit Data Sheet

Theline code for the DS3EC1/8 port unitsis bipolar with 3-zero
substitution (B32S).

Bipolar violation monitoring (BVM) is provided for the incoming
B3ZS signal of each bidirectional port in a DS3EC1/8 port unit. The
BVM feature can be enabled or disabled on a per port basis.

The physical interface for each port, both the transmit and receive
directions, of the DS3EC1/8 port unit isa 75-ohm BNC connector. The
BNC connectors are located on the DS3EC1/8 Connector Panels.

Because the DS3EC1/8 port units are designed to accept the entire
signal range, external line build-outs are not required.
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Optical Amplifier Port Unit Data

Sheets
Overview
Purpose  This section provides detailed information concerning the
Optical Booster Amplifier (OBA) and Optical Booster Pre-Amplifier
(OBPA) port units available for use with the WaveStar TDM 2.5G/10G
(2-Fiber).
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Optical Booster Amplifier (SEN3AE) Data Sheet

Overview  Thisdatasheet containstechnical specificationsfor the OBA port units
that are used in WaveStar TDM 2.5G/10G (2-Fiber) and WaveStar
BandWidth Manager.

Optical Input  The table below lists the optical input specifications for the OBA port
(OBA in).

Table B-93 Optical Input Specifications for the Optical Booster
Amplifier Port (OBA in)

Type Conditions min. max. Unit
Wavelength range 1530 | 1560 nm
Signal input power -10 +2 dBm
I:)Sin
Optical return loss limited by optical 35 dB
connector

Residual pump power | A, =980 nm; Pg, = -9 dBm -20 dBm
at input port
ASE-power at input A, =980 nm; Py, = -9 dBm -20 dBm
port
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Optical Output ~ Thetable below lists the optical output specifications for the OBA port
(OBA out).

Table B-94 Optical Output Specifications for the Optical Booster
Amplifier Port (OBA out)

Type Conditions min. max. Unit
Wavelength range 1530 1560 nm
Nominal signal output power Py, +12.0 dBm
Signal output power P, (BOL), BOL +11.3 | +124 dBm
including connector tolerance
Signal output power Pg,; (EOL), EOL +10.0 | +13.0 dBm
including connector tolerance
Residual pump power at output port A, =980 nm; Py, = -9 dBm -20 dBm
ASE-power at output port Ap =980 nm; Py, =-9dBm 0 dBm
Noise figure A =1530to 1560 nm; Py, =-9 7 dB

dBm;

-10°C < T (EOM) < +75

°C
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Optical Booster Pre-Amplifier (SEN4AE) Data Sheet

Overview  This data sheet contains technical specifications for the OBPA port
units that are used in WaveStar 2.5G/10G (2-Fiber).

Warning  The OBPA section is only operated in combination with an
OC192/STM64/1.51R1 port unit to allow spans of 120km to be
reached.

Optical Input  Thetable below lists the optical input specifications for the optical
pre-amplifier port (OPA in).

Table B-95 Optical Input Specifications for the Optical
Pre-Amplifier Port (OPA in)

Type Conditions min. max. Unit
Wavelength range 155252 +0.15 | nm
Signal input power BER = 10* -25 -9 dBm
PSin
Optical return loss limited by optical 35 daB
connector

Tone frequency for 197.557 £ 20 kHz
L OS detection
Bandwidth for tone 3dB 6.0 8.0 kHz
frequency
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The table below lists the optical input specifications for the OBA port
(OBA in).

Table B-96 Optical Input Specifications for the Optical Booster
Amplifier Port (OBA in)

Type Conditions min. | max. Unit

Wavelength range 1530 | 1560 nm

Signal input power -10 +2 dBm

Py

Optical return loss limited by optical 35 dB
connector

Residual pump power | A, =980 nm; Pg, = -9 dBm -20 dBm

at input port

ASE-power at input A, =980 nm; Py, =-9dBm -20 dBm

port

Optical Output  The table below lists the optical output specifications for the OBPA
port (OPA out).

Table B-97 Optical Output Specifications for the Optical
Pre-Amplifier Port (OPA out)

Type Conditions min. max. Unit
Wavelength range 155252 + 0.15 nm
Signal output power Pg,, BOL; -12 -9 dBm
including connector tolerance includes 7 dB LBO at

pre-amplifier output port
Signal output power when LOS is no signal input -15 dBm
detected
Small signal gain, A =1552.52 nm; Py, < -25 23 dB
without connector losses dBm
Noise figure A =1552.52 nm; Py, < -25 5.0 dB

dBm;

-10°C < T (EOM) < +75

°C
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Thetable below lists the optical output specifications for the OBA port
(OBA out).

Table B-98 Optical Output Specifications for the Optical Booster
Amplifier Port (OBA out)

Type Conditions min. max. Unit
Wavelength range 1530 1560 nm
Nominal signal output power Pg, +12.0 dBm
Signal output power P, (BOL), BOL +11.3 | +124 dBm
including connector tolerance
Signal output power Pg, (EOL), EOL +10.0 | +13.0 dBm
including connector tolerance
Residual pump power at output port A, =980 nm; Py, = -9 dBm -20 dBm
ASE-power at output port Ap =980 nm; Py, =-9dBm 0 dBm
Noise figure A =1530to 1560 nm; Py, =-9 7 dB
dBm;
-10°C < T (EOM) < +75
°C
B ..... 114365371201
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Gigabit Ethernet Interface Port Units

Overview
Purpose  Thissection provides detailed information concerning Gigabit Ethernet
GEL1/SX2 and GE1/L X2 Interface port units available for use for the
WaveStar TDM 2.5G/10G (2-Fiber).
L]
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Gigabit Ethernet Interface Port Units

GE1/SX2 (LEY 309AE) Interface Port Unit Data Sheet

Capacity  The GEL/SX2 port unit supports 2 fully independent bidirectional
ports. Ethernet frames received from a GEL/SX2 port are mapped into
STS-1susing virtual concatenation. The number of STS-1s per virtual
concatenated path can be user provisioned as<21 STS-1sat single
STS-1intervals. This offers an effective capacity over a network of 50
to 1050 Mbit/s in steps of 50 Mbit/s

Protection Switching  The GE1/SX2 port unit supports standard BL SR and UPSR protection
schemes on the individual STS-1sthat are part of the virtually
concatenated path

Optical Safety = The GE1/SX2 port unit uses a Low Power Laser.

Ethernet Standards  The GE1/SX2 interface port unit complies to the standards listed in the
Compliance  tables below.

GE1/SX2 Operating range

The table below describes the various operating ranges for the
GEL1/SX2 port unit over each optical fiber type.

Table B-99 GE1/SX2 Operating Ranges

Fiber Type Modal Bandwidth @ 850nm Minimum range
(min. overfilled launch) (meters)
(MHz - km)

6251 m MMF 160 210220

6251 m MMF 200 2t0 275

50u mMMF 400 2 to 500

50 u mMMF 500 2 to 550

104 mSMF N/A Not supported

GE1/SX2 Transmission Characteristics

The table below provides the specific transmission characteristics for
the GE1/SX2 port unit.
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Table B-100 GE1/SX2 Transmission

Description 62.5um MMF | 50 p m MMF Unit
Transmitter type Shortwave Laser

Signaling speed (range) 1.25 + 100 ppm GBd
Wavelength (range) 77010 860 nm
Trise/Tfall (max, 20-80%; | > 830 nm) 2:2(15 ns
Trise/Tfall (max, 20-80%; | <830 nm) 0.85 ns
RMS spectral width (max) See footnote® nm
Average launch power (max) -9.5 dBm
Average launch power (min) N/A dBm
Average launch power of OFF 9 dBm
transmitter (max)® -117

Extinction ratio (min) 9<CPR dB
RIN (max) dB/Hz
Coupled Power Ratio (CPR)° dB

Notes

a) The GEL/SX2 launch power shall be the lesser of the class 1 safety
limit as defined dy 38.7.2 or the average receive power (max) defined
by the following table.

b) During all conditions when the PMA is powered, the ac signal (data) into
the transmit port will be valid encoded 8B/10B patterns (thisis a requirement
of the PCS layers) except for short durations during system power-on-reset or
diagnostics when the PMA is placed in aloopback mode.

c) Radia overfilled launches, while they meet CPR ranges, should be
avoided.

GE1/SX2 Receive characteristics

The table below provides the specific receive characteristics for the
GEL1/SX2 port unit.
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Table B-101 GE1/SX2 Receive

Gigabit Ethernet Interface Port Units

Description 62.5 ym MMF 50 um MMF Unit
Signaling speed (range) 1.25 + 100 ppm GBd
Wavelength (range) 770 to 860 nm
Average receive power (max) 0 dBm
Receive sensitivity -17 dBm
Return loss (min) 12 daB
Stressed receive sensitivity® P 12,5 135 dBm
Vertical eye-closure penalty® 2.60 2.20 dB
Receive electrical 3 dB upper 1500 MHz
cutoff frequency (max)

Notes

a) Measured with conformance test signal at TP3 for BER = 10 E-12 at
the eye center.
b) Measured with a transmit signal having a 9 dB extinction ratio. If
another extinction ratio is used, the stressed recieved sensitivity should
be corrected for the extinction ratio penalty.
c) Vertical eye-closure penalty isatest condition for measuring stressed
recieve sengitivity. It is not arequired characteristic of the reciever.

GE1/SX2 Power budget and loss penalties
The table below provides the worst-case power budget and link

penalties for a GE1/SX2 port unit.

Table B-102 Worst-case GE1/SX2 Power Budget and Penalties !

Parameter 62.5 um MMF 50 pm MMF Unit
Modal bandwidth as measured at 850 | 160 200 400 500 MHz - km
nm (minimum, overfilled launch)
Low power budget 7.5 75 7.5 7.5 dB
Operating distance 220 275 500 550 m
Channel insertion loss™ ¢ 2.38 2.60 3.37 3.56 dB
Link power penalties® 4.27 4.29 4.07 3.57 dB
Unallocated margin in link power 0.84 0.60 0.05 0.37 dB
budget®
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Notes

a) Link penalties are used for link budget calculations. They are
requirements and are not meant to be tested.

b) Operating distances used to calculate the channel insertion loss are
the maximum values

c) A wavelength of 830 nm is used to calculate channel insertion loss,
link power penalties, and unallocated margin.

O
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GEL/LX2 (LEY 310AE) Data Sheet

Capacity = The GE1/LX2 port unit supports 2 fully independent bidirectional
ports. Ethernet frames received from a GEL/L X2 port are mapped into
STS-1susing virtual concatenation. The number of STS-1s per virtual
concatenated path can be user provisioned asup to 21 STS-1s at single
STS-1intervals. This offers an effective capacity over a network of 50
to 1050 Mbit/sin steps of 50 Mbit/s.

Protection Switching  The GEL/LX2 port unit supports standard BL SR and UPSR protection
schemes on the individual STS-1sthat are part of the virtually
concatenated path.

Optical Safety = The GE1/L X2 port unit uses alLow Power Laser.

Ethernet Standards  The GEL/L X2 interface port unit compliesto the standards listed in the
Compliance  tables below.

GE1/LX2 Operating range

The table below describes the various operating ranges for the
GEL/LX2 port unit over each optical fiber type.

Table B-103 GE1/LX2 Operating Ranges

Fiber Type Modal Bandwidth @ 1300 nm | Minimum range
(min. overfilled launch) (meters)
(MHz - km)

62.5umMMF 500 210550

50 u m MMF 400 210550

50y mMMF 500 210550

10 um SMF N/A 2to 5000

GE1/LX2 Transmission Characteristics

The table below provides the specific transmission characteristics for
the GEZ/L X2 port unit.
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Table B-104 GE1/LX2 Transmission

Description 625um | 50pum 10 pm | Unit
MMF MMF SMF
Transmitter type Longwave Laser
Signaling speed (range) 1.25 +/- 100 ppm GBd
Wave ength (range) 1270to 1335 nm
Trise/Tfall 0.26 ns
(max, 20-80%; response time
RMS spectral width (max) 4 nm
Average launch power (max) | -3 dBm
Average launch power (min) | -11.5 -11.5 -11.0 dBm
Average launch power of N/A dBm
OFF transmitter (max)
Extinction ratio (min) 9 dB
RIN (max) -120 dB/Hz

Coupled Power Ratio (CPR)? | 286<CPR | 12>CPR | N/A dB
<40 <20

a) Due to dua media (single-mode and multimode) support of the
GELV/LX2 transmitter, fulfillment of this specification requires a
single-mode fiber offset-launch mode-conditioning patch cord (as
described in IEEE 802.3, section 38.11.4) for MMF and SMF operation.
This patch cord is not used for single-mode operation.

GE1/LX2 Receive characteristics

The table below provides the specific receive characteristics for the
GE1/LX2 port unit.
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Table B-105 GE1/LX2 Receive

Description Value Unit
Signaling speed (range) 1.25 +/- 100 ppm | GBd
Wavelength (range) 1270to 1335 nm
Average receive power (max) -3 dBm
Receive sensitivity -20 dBm
Return loss (min) 12 daB
Stressed receive sensitivity®® -14.4 dBm
Vertical eye-closure penalty® 2.60 dB
Receive electrical 3 dB upper cutoff 1500 MHz
frequency (max)

a) Measured with conformance test signal at TP3 for BER = 10 E-12 at
the eye center.

b) Measured with a transmit signal having a 9 dB extinction ratio. If
another extinction ratio is used, the stressed recieved sensitivity should
be corrected for the extinction ratio penalty.

c) Vertical eye-closure penalty isatest condition for measuring stressed
recieve sengitivity. It is not arequired characteristic of the reciever.

GE1/LX2 Power budget and loss penalties

The table below provides the worst-case power budget and link
penalties for a GEL/L X2 port unit.
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Table B-106 Worst-case GE1/LX2 Power Budget and Penalties

Parameter 62.5 50 pm MMF | 10 Unit
pm pHm
MMF SMF
Modal bandwidth as 500 400 500 N/A | MHz - km
measured at 850 nm
(minimum, overfilled
launch)
Link power budget 8.5 8.5 85 9.0 dB
Operating distance 550 550 550 5000 | m
Channel insertionloss*® | 235 | 235 | 235 | 457 |dB
Link power penalties 348 | 508 |39 |327 |dB
Unallocated margininlink | 2.67 107 | 219 |116 |dB
power budget®

a) Operating distances used to cal culate the channel insertionlossarethe
maximum values

b) A wavelength of 1270 nm is used to calculate channel insertion loss,
link power penalties, and unallocated margin.

[
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Lucent Technologies
Bell Labs Innovations

Glossary

Numerics 5ESSO (Number 5 Electronic Switching System)

A ABN (Abnormal (condition)
ABS (Absent)
AC (Alternating Current)
ACO (Alarm Cut-Off)

ACT (Active)

ADM (Add/Drop Multiplexer)

ADR (Add/Drop Ring)

AGNE (Alarm Gateway Network Element)

AID (Access Identifier)

AIS (Alarm Indication Signal)

AITS A(cknowledged Information Transfer Service)
Confirmed mode of operation of the LAPD protocol.

AMI (Alternate Mark Inversion)

ANSI (American National Standards Institute)

365-371-201 ABBREVIATIONS AND
Issue 6 October 2001 ACRONYMS
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APD (Avalanche PhotoDiode)

APS (Automatic Protection Switch)

ASAP (Alarm Severity Assignment Profile)

AS&C (Alarm, Status, and Control)

APSD (Automatic Power Shutdown)

ASCIl (American Standard Code for Information Interchange)

ASN.1 (Abstract Syntax Notation 1)
ATM (Asynchronous Transfer Mode)

AUTO (Automatic)

AVAIL (Available)

B B3ZS (Bipolar 3-Zero Substitution)

B8ZS (Bipolar 8-Zero Substitution)

BCLAN (Board Controller Local Area Network)

BDFB (Battery Distribution and Fuse Bay)

BER (Bit Error Rate)

BITS Building Integrated Timing Supply)

BLK (Blank)

BLSR (Bidirectional Line-Switched Ring)

BOC (Bell Operating Company)
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C CCITT (Comité Consultatif International Télégrafiqgue & Téléphonique)

CD ((Chromatic Dispersion)

CDRH (Center for Devices and Radiological Health)

CEPT (Conférence Européenne des Administrations des Postes et des
Télécommunications)

CIT (Craft Interface Terminal)

CL (Clear)

CLEI (Common Language Equipment Identifier)

CLLI (Common Language Location ldentifier)

CMIP (Common Management Information Protocol.)
OSl standard protocol for OAM& P information

exchange.

CMISE (Common Management Information Service Element)

CO (Central Office)

CP (Circuit Pack)

CPE (Customer Premises Equipment)

CR (Critical (alarm)

CSMA/CD (Carrier Sense Multiple Access with Collision Detection)

CS&0O (Lucent Technologies Customer Support and Operations)

CSU (Channel Service Unit)

CTIP (Customer Training and Information Products)
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CTS (Customer Technical Support within Lucent Technologies)

CV (Coding Violation)

D DACS (Digital Access Cross-Connect System)

dB (Decibels)

DC (Direct Current)

DCC (Data Communications Channel)

DCCr (Data Communications Channel (section)

DCCm (Data Communications Channel (line)

DCE (Data Communications Equipment)

DCM (Dispersion Compensation Module)

DCN (Data Communications Network)

DCS (Digital Cross-Connect System)

DPLL (Digital Phase Locked Loop)

DRI (Dual Ring Interworking)

DRAM (Dynamic Random Access Memory)

DSO0, DS1, DS3 (Digital Signal Levels 0, 1, 3)

DS3EC1/8 (8 Port DS3 or EC1 interface port unit)

DS-N (Digital Signal, Level N)

DS-NE (Directory Service Network Element )
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DSX (Digital Cross-Connect Frame)

DTE (Data Terminating Equipment)

DTMF (Dual Tone Multifrequency)

DWDM (Dense Wavelength Division Multiplexing)

E EBER (Equivalent Bit Error Rate)

EC (Echo Canceller)

EC-1, EC-N (Electrical Carrier, Levels 1 and N)

ECI (Equipment Catalog Item)

EEPROM (Electrically Erasable Programmable Read-Only Memory)

EF (Equipment Fail)

EIA (Electronic Industries Association )

EM (Event Management)

EMC (Electromagnetic Compatibility)

EMI (Electromagnetic Interference)

EMS (Element Management System)

EPROM (Erasable Programmable Read-Only Memory)

EQ (Equipped)

EQPT (Equipment)

ES (Errored Seconds)

ABB- 5



ESD (Electrostatic Discharge)
ESF (Extended Super Frame (DS1 signal format)
ETSI (European Telecommunications Standards Institute)

EVT (Event)

F FCC (Federal Communications Commission)
FDA (Food and Drug Administration)
FDDI (Fiber Distributed Data Interface)
FE (Far End)
FEBE (Far End Block Error)
FEPROM (Flash EPROM)

FIT (Failurein Time)

G GB (Gigabytes)
GE1 ((Gigabit Ethernet)
Gb/s (Gigabits per second)
GHz (Gigahertz)
GNE (Gateway Network Element)

GR-XXX (Telcordia (Bellcore) General Requirement-XXX)

H HDLC (High-Level Data Link Control)
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HS (High Speed)

HW (Hardware)

Hz (Hertz)

I IAO LAN (Intraoffice Local Area Network)

ID (ldentifier)

IEC (International Electrotechnical Commission)

IEEE (Institute of Electrical and Electronics Engineers)

/0 (Input/Output)

IMF  (Infant Mortality Factor)

“

(Inches)

INTFC (Interface)

IS (In Service)

ISDN (Integrated Services Digital Network)

ITCO (Independent Telephone Company)

ITM (Integrated Transport Management)

ITM-NM (Integrated Transport Management Network Module)

ITM SNC  (Integrated Transport Management SubNetwork Controller)

ITU (International Telecommunications Union)

ABB- 7



ITU-R (International Telecommunications Union — Radio
standardization sector. Formerly known as CCIR: Comité Consultatif
International Radio; International Radio Consultative Committee.)

ITU-T (International Telecommunications Union — Telecommunication
standardization sector. Formerly known as CCITT: Comité Consultatif
International Télégrafique & Téléphonique; International Telegraph and
Telephone Consultative Committee.)

IXC (Interexchange Carrier)

K Kb/s (Kilobits per second)

L LAN (Local Area Network)

LATA (Local Access and Transport Area)

LBC (Laser Bias Current)

LBFC (Laser Backface Currents)

LBO (Lightguide Build-Out)

LCAS (Link Capacity Adjustment Scheme)

LCN (Local Communications Network)

LCT (Large Capacity Terminal)

LEC (Local Exchange Carrier)

LED (Light-Emitting Diode)

LGX (Lightguide Cross-Connect)

LOF (Loss of Frame)
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LOP (Loss of Pointer)

LOS (Loss of Signal)

LPBK (Loopback)

LS (Low Speed)

LTE (Line Terminating Equipment)

M p (Microns)

pm  (micrometer)

MB (Megabytes)

Mb/s (Megabits per second)

MCOND (Maintenance Condition)

MEM (Memory)

Metropolis™ EON (Metropolis™ Enhanced Optical Networks)
MIPS (Millions of Instructions Per Second)

MJ (Major (alarm)

MML (Human-Machine Language )

MN (Minor (alarm)

ms (Millisecond)

MTBF (Mean Time Between Failures)

MTBMA (Mean Time Between Maintenance Activities )

MTTR (Mean Time To Repair)
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N NA (Not Applicable)

NCC (Network Communication Controller)

NE (Network Element)

NEBS (Network Equipment-Building System)

nm (Nanometer) (10-9 meters)

NMA (Network Monitoring and Analysis System)

NMON (Not Monitored)

NMS (Network Management System)

NORM (Normal)

NPPA (Non-Preemptible Protection Access)

NRZ (Nonreturn to Zero)

NSA (Non-Service Affecting)

NSAP Address (Network Service Access Point Address (used in the
OSI network layer 3)

NTF (No Trouble Found)

NVM (Non-Volatile Memory)

(0] O&M (Operation and Maintenance)

OA (Optical Amplifier)

OALAN (Overhead Access Local Area Network)
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OAM&P (Operations, Administration, Maintenance, and Provisioning)

OBA (Optical Booster Amplifier)

OBPA (Optical Booster Pre-Amplifier)

OC, OC-N (Optical Carrier)

OC-1 (Optical Carrier, Level 1 Signal (51.84 Mb/s)

OC-3 (Optical Carrier, Level 3 Signal (155.52 Mb/s)

OC-3c (Optical Carrier, Level 3 Concatenated Signal (155.52 Mb/s)

OC-12 (Optical Carrier, Level 12 Signal (622.08 Mb/s)

0OC-48 (Optical Carrier, Level 48 (2488.32 Mb/s) (2.5 Gb/s)

0OC-192 (Optical Carrier, Level 192 (9953.28 Mb/s) (10 Gb/s)

OC3/STM1/1.3LR4 (Optical Carrier 3/Synchronous Transport Module 1
port unit in the 1.3y range with four bidirectional long reach ports.)

OC3/STM1/1.3LR4 (Optical Carrier 3/Synchronous Transport Module 1
port unit in the 1.3u range with four bidirectional long reach ports.)

OC3/STM1/1.3SR4 (Optical Carrier 3/Synchronous Transport Module 1
port unit in the 1.3u range with four bidirectional short reach ports.)

OC3/STM1/1.3SR4 (Optical Carrier 3/Synchronous Transport Module 1
port unitin the 1.3u range with four bidirectional short reach ports.)

OC12/STM4/1.3LR2 (Optical Carrier 12/Synchronous Transport Module
4 port unit in the 1.3pu range with two bidirectional long reach ports.)

OC12/STM4/1.3LR2 (Optical Carrier 12/Synchronous Transport Module
4 port unit in the 1.3p range with two bidirectional long reach ports.)

0OC12/STM4/1.3SR2 (Optical Carrier 12/Synchronous Transport Module
4 port unit in the 1.3u range with two bidirectional short reach ports.)



OC48/STM16/1.3LR1 (Optical Carrier 48/Synchronous Transport
Module 16 port unit in the 1.3p range with one bidirectional long reach

port.)

OC48/STM16/1.3LR1 (Optical Carrier 48/Synchronous Transport
Module 16 port unit in the 1.3pu range with one bidirectional long reach

port.)

0OC48/STM16/1.5LR1 (Optical Carrier 48/Synchronous Transport
Module 16 port unit in the 1.5u range with one bidirectional long reach
port.)

0OC48/STM16/1.5LR1 (Optical Carrier 48/Synchronous Transport
Module 16 port unit in the 1.5u range with one bidirectional long reach
port.)

OC48/STM16/DWDMO01-16 (Optical Carrier 48/Synchronous Transport
Module 16 port unit in 16 different wavelengths that are compatible with
ITU wavelengths.)

0OC48/STM16/DWDMO01-16 (Optical Carrier 48/Synchronous Transport
Module 16 port unit in 16 different wavelengths that are compatible with
ITU wavelengths.)

0C192/STM64/1.5SR1 (Optical Carrier 192/Synchronous Transport
Module 64 port unit in the 1.5u range with one bidirectional short/
intermediate reach port.)

OC-AIM (Optical Channel Alarm Indication Message)

Ol (Operations Interworking)

OLS (Optical Line System)

OOF (Out-of-Frame)

O0S (Out-of-Service)

OPS/INE (Operations System for Intelligent Network Elements)

OS (Operations System)

OSl (Open Systems Interconnect)
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OSMINE (Operations Systems Modifications for the Integration of
Network Elements)

P PCB (Printed Circuit Board)
PCM (Pulse Code Modulation)
PCMCIA (Personal Computer Memory Card International Association)
PDH (Plesiochronous Digital Hierarchy)
PM (Performance Monitoring)
PMD (Polarization Mode Dispersion)
POH (Path Overhead )
POP (Point of Presence)
POTS (Plain Old Telephone Service)

PPROC/STS192 ((Pointer Processor circuit pack for 192 STS-1/64 STM-
1 equivalents)

PPROC/STS384 ((Pointer Processor circuit pack for 384 STS-1/128
STM-1 equivalents)

PRI (Primary)

PROTN (Protection)

PROV (Provisioned)

PSDN (Public Switched Data Network)
PSTN (Public Switched Telephone Network)

PTE (Path Terminating Equipment)
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PTY (Parity)

PVC (Permanent Virtual Circuit)

PWR (Power)

PWR ON (Power On)

Q QOS (Quality of Service)

QRSS (Quasi-Random Signal Source)

R RAM (Random Access Memory)

RCV (Receive)

RCVR (Receiver)

RDI (Remote Defect Indication)

RF (Radio Frequency)

RFI (Remote Failure Indication)

RPP (Reliability Prediction Procedure)

RT (Remote Terminal )

RTAC (Regional Technical Assistance Center )

RTRV (Retrieve)

RZ (Return to Zero)

S SA (Service Affecting)

ABB- 14



SDH (Synchronous Digital Hierarchy)

SDS (Standard Directory Service based on ANSI recommendation
T1.245)

SEC (Secondary)

SES (Severely Errored Seconds)

SF (Super Frame (DS1 signal format)

SMF (Single-Mode Fiber)

SNMS (SubNetwork Management System)

SNR (Signal-to-Noise Ratio)

SOH (Section Overhead)

SONET (Synchronous Optical Network )

SPE (Synchronous Payload Envelope)

STBY (Standby)

STS (Synchronous Transport Signal)

STS-1, STS-N  (Synchronous Transport Signal, Levels 1 and N)
STS-3 (Synchronous Transport, Level 3)

STS-3c (Synchronous Transport, Level 3 Concatenated Signal)
STS-12 (Synchronous Transport, Level 12)

STS-12¢ (Synchronous Transport, Level 12Concatenated Signal)
SVC (Switched Virtual Circuit)

SWITCH/DS3EC1 (Electrical Protection Switch for up to 96 DS3 or EC-1
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signals port unit)
SWITCH/STS576 (576X576 STS-1/192x192 STM-1 Switch circuit pack)
SWITCH/STS768 (768X768 STS-1/256x256 STM-1 Switch circuit pack)

SYNC (Synchronizer)

T TA (Technical Advisory)
TABS (Telemetry Asynchronous Byte Serial (Protocol)
TARP (Target Identifiers Address Resolution Protocol)
TBD (To Be Determined)
TBOS (Telemetry Byte-Oriented Serial (Protocol)
TCA (Threshold-Crossing Alert)
TCP/IP (Transmission Control Protocol/Internet Protocol)
TDM (Time Division Multiplexing)
THz (Terrahertz (1012 Hz)
TID (Target Identifier)
TIRKS (Trunks Integrated Records Keeping System)
TL1 (Transaction Language 1)
TR (Technical Requirement)
TSA (Time Slot Assignment)

TSI (Time Slot Interchange)
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TSO (Technical Support Organization)

TU (Tributary Unit)

U UAS (Unavailable Seconds)

UITS (Unacknowledged Information Transfer Service. Unconfirmed
mode of LAPD operation.)

UNEQ (Path Unequipped)

UPSR (Unidirectional Path-Switched Ring)

vV V (Volts)

VAC (Volts Alternating Current)

VBA (Virtual Bandwidth Allocation)

VDC (Volts Direct Current)

VF (Voice frequency)

VM (Violation Monitor )

VMR (Violation, Monitor, and Removal)

VCG (Virtual Concatenated Group)

VT (Virtual Tributary)

VT1.5 (Virtual Tributary, Level 1.5)

VT-G (Virtual Tributary Group)
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W  WAD (Wavelength Add/Drop)

WAN (Wide Area Network)

WaveStarTM OLS 1.6T (400G) (WaveStarTM Optical Line System 1.6
Terabits)

WaveStarTM SNMS  (WaveStarTM SubNetwork Management System
(formerly known as ITM SNC [Integrated Transport Management
SubNetwork Controller])

WDCS (Wideband Digital Cross-Connect System)

WDM (Wavelength Division Multiplexing)

X X.25 (An ITU standard defining the connection between a terminal and
a public packet-switched network)
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Lucent Technologies
Bell Labs Innovations

Glossary

Numerics 0x1 Line Operation
0x1 means unprotected operation. The connection
between network elements has one bidirectional line
(no protection line).

1+1 Line Protection

A protection architecture in which the transmitting
equipment transmits avalid signal on both the
working and protection lines. The receiving
equipment monitors both lines. Based on
performance criteria and OS control, the receiving
equipment chooses one line as the active line and
designates the other as the standby line.

576x576 STS-1 Switch (SWITCH/STS576)
The SWITCH/STS576 circuit pack provides a
576x576 STS-1 equivalent cross-connect function.

A Absent (ABS)
Used to indicate that a given circuit pack is not
installed.

Access ldentifier (AID)

A technical specification for explicitly naming
entities (both physical and logical) of an NE using a
grammar comprised of ASCII text, keywords, and
grammar rules.

Active (ACT)
Used to indicate that a circuit pack or moduleisin-
service and currently providing service functions.

365-371-201 GLOSSA
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Add/Drop Multiplexer (ADM)

Theterm for a synchronous network element capable
of combining signals of different rates and having
those signal's added to or dropped from the stream.

Alarm
Visible or audible signal indicating that an equipment
failure or significant event/condition has occurred.

Alarm Correlation
The search for a directly-reported alarm that can
account for a given symptomatic condition.

Alarm Cut-Off (ACO)
A button on the user panel used to silence audible
alarms.

Alarm Cut-Off and Test (ACO/TST)
The name of a pushbutton on the user panel used to
silence audible alarms.

Alarm Indication Signal (AIS)

A code transmitted downstream in a digital network
that indicates that an upstream failure has been
detected and alarmed, if the upstream alarm has not
been suppressed.

Alarm Severity

An attribute defining the priority of the alarm
message. The way alarms are processed depends on
the severity.

Alarm Suppression

Selective removal of alarm messages from being
forwarded to the GUI or to network management
layer OSs.

Alarm Throttling
A feature that automatically or manually suppresses
autonomous messages that are not priority alarms.

GL-
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Alternate Mark Inversion (AMI)

A line code that employs aternary signal to convert
binary digits, in which successive binary ones are
represented by signal elements that are normally of
aternative positive and negative polarity but equal in
amplitude, and in which binary zeros are represented
by signal elements that have zero amplitude.

American Standard Code for Information
Interchange (ASCII)

A standard 7-bit codethat represents|etters, numbers,
punctuation marks, and specia charactersin the
interchange of data among computing and
communi cations equipment.

Association

A logica connection between manager and agent
through which management information can be
exchanged.

Asynchronous

The essential characteristic of time-scales or signals
such that their corresponding significant instants do
not necessarily occur at the same average rate.

Asynchronous Transfer Mode (ATM)

A high-speed transmission technology characterized
by high bandwidth and low delay. It utilizes a packet
switching and multiplexing technique which allocates
bandwidth on demand.

Attribute
Alarm indication level: critical, major, minor, or no
alarm.

Autolock

Actiontaken by the systeminthe event of circuit pack
failure/trouble. System switches to protection and
prevents areturn to the working circuit pack even if
the trouble clears. M ultiple protection switches on a
circuit pack during a short period of time cause the
system to autolock the pack.



Automatic (AUTO)

One possible state of a port or dot. When aportisin
the AUTO state and agood signal is detected, the port
automatically entersthe IS (in-service) state. When a
dotisinthe AUTO state and acircuit pack is
detected, the slot automatically enters the EQ
(equipped) state.

Automatic Protection Switch
A protection switch that occurs automatically in
response to an automatically detected fault condition.

Autonomous Message

A message transmitted from the controlled Network
Element to the ITM-SC which was not aresponse to
an ITM-SC originated command.

B Backup
The backup and restoration features provide the
capability to recover from loss of NE data because of
such factors ashuman error, power failure, NE design
flaws, and software bugs.

Bandwidth

The difference in Hz between the highest and lowest
frequenciesin atransmission channel. The datarate
that can be carried by a given communications circuit.

Baud Rate
Transmission rate of data (bits per second) on a
network link.

Bidirectional Line

A transmission path consisting of two fibers that
handle traffic in both the transmit and receive
directions.

Bidirectional Line-Switched Ring (BLSR)

A bidirectional ring in which protection switching is
accomplished by switching working traffic into
protection time slots in the line going in the opposite
direction around the ring. BLSRs are functionally
equivalent to SDH Multiplexer Section Shared
Protection Rings (M S-SPRings).
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Bidirectional Ring

A ring in which both directions of traffic between any
two nodes travel through the same network elements
(although in opposite directions).

Bidirectional Switch
Protection switching performed in both the transmit
and receive directions.

Bipolar 3-Zero Substitution (B3ZS)

A line coding technique that replaces three
consecutive zeros with a bit sequence having special
characteristics accomplishing two objectives: first,
this bit sequence accommodates the density
requirementsof theonesfor digital T3 carrier, second,
the sequence s recognizabl e at the destination (dueto
deliberate bipolar violations) and is removed to
produce the original signal.

Bipolar 8-Zero Substitution (B8ZS)

A line coding technique that replaces eight
consecutive zeros with a bit sequence having special
characteristics accomplishing two abjectives: First,
this bit sequence accommodates the density
requirements of the onesfor digital T1 carrier;
Second, the sequence is recognizable at the
destination (due to deliberate bipolar violations) and
is removed to produce the original signal.

Bit
Thesmallest unit of informationin acomputer, with a
value of either O or 1.

Bit Error Rate (BER)
Theratio of error bits received to the total number of
bits transmitted.

Bit Error Rate Threshold
The point at which an alarm isissued for bit errors.

Bit Interleaved Parity-N(BIP-N)
A method of error monitoring over a specified
number of bits (BIP-3 or BIP-8).



Blank (BLK)
The status of acircuit pack dot that contains a bus
extender (blank) circuit pack.

Board Controller Local Area Network (BCLAN)
Theinternal local area network that provides
communications between the line and board
controllerson the circuit packs associated with ahigh-
speed line.

Bridge Cross-Connection

The setting up of across-connection leg with the same
input tributary as that of an existing cross-connection
leg. Thus, formingal:2 bridgefrom aninput tributary
to two output tributaries.

Broadband Communications
Voice, data, and/or video communications at greater
than 2 Mb/s rates.

Building Integrated Timing Supply (BITS)

A single clock that provides al the DS1 and/or
composite clock timing referenceto all other clocksin
that building.

Byte
Refersto agroup of eight consecutive binary digits.

C-Bit

A framing format used for DS3 signals produced by
multiplexing 28 DS1sinto a DS3. This format
provides for enhanced performance monitoring of
both near-end and far-end entities.

Cell Relay
Fixed length cells. For example, ATM with 53 octets.

Central Office (CO)
A building where common carriers terminate
customer circuits.

Channel
A sub-unit of transmission capacity within adefined
higher level of transmission capacity.
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Channel State Provisioning

A feature that allows a user to suppress reporting of
alarms and events during provisioning by supporting
multiple states (automatic, in-service, and not
monitored) for VT1.5 and STS-1 channels.

Circuit

A set of transmission channels through one or more
network elements that provides transmission of
signal's between two points, to support asingle
communications path.

Clear Channel (CC)

A digital circuit where no framing or control bits are
required, thus making the full bandwidth availablefor
communications.

Closed Ring Network

A network formed of aring-shaped configuration of
network elements. Each network €lement connectsto
two others, one on each side.

Coding Violation (CV)
A performance monitoring parameter indicating that
bipolar violations of the signal have occurred.

Collocated
System elementsthat arelocated in the samelocation.

Command Group
An administrator-defined group that defines
commands to which a user has access.

Concatenation

A procedure whereby multiple virtual containers are
associated one with each other resulting in a
combined capacity that can be used asa single
container across which bit sequence integrity is
maintained.



Consultative Committee for the International
Telephone and Telegraph (CCITT)

International Telephone and Telegraph Consultative
Committee — An international advisory committee
under United Nations' sponsorship that has composed
and recommended for adoption worldwide standards
for international communications. Recently changed
to the International Telecommunications Union
Telecommunications Standards Sector (ITU-TSS).

Co-Resident

A hardware configuration where two applications can
be active at the same time independently on the same
hardware and software platform without interfering
with each others functioning.

Correlation
A process where related hard failure alarms are
identified.

Craft Interface Terminal (CIT)
The user interface terminal used by craft personnel to
communicate with a network element.

Critical (CR)
Alarm that indicates a severe, service-affecting
condition.

Cross-Connection

Path-level connections between input and output
tributaries or specific portswithin asingle NE. Cross-
connectionsare madein aconsistent way eventhough
there are various types of ports and various types of
port protection. Cross-Connections are
reconfigurable interconnections between tributaries
of transmission interfaces.

Crosstalk
Anunwanted signal introduced into one transmission
line from another.

Current Value
The value currently assigned to a provisionable
parameter.
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D Data
A collection of system parameters and their
associated values.

Database Administrator
A user who administers the database of the
application.

Data Communications Channel (DCC)

The embedded overhead communications channel in
the synchronous line, used for end-to-end
communications and maintenance. The DCC carries
alarm, control, and status information between
network elementsin a synchronous network.

Data Communications Equipment (DCE)

The equipment that provides signal conversion and
coding between the data terminating equipment
(DTE) and the line. The DCE may be separate
equipment or an integral part of the DTE or of
intermediate equipment. A DCE may perform other
functions usually performed at the network end of the
line.

Data Terminating Equipment (DTE)
The equipment that originates data for transmission
and accepts transmitted data.

DDM-1000

Lucent Technologies' Dual DS3 Multiplexer — A
digital multiplexer that multiplexes DS1, DS1C, or
DS2 signalsinto aDS3 signal or a90 Mb/s or 180
Mb/s optical signal.

DDM-2000

Lucent Technologies SONET -ready network
multiplexer that can function as alightwave terminal.
Itisdesigned primarily for loop feeder and interoffice
applications that work in existing asynchronous as
well asthe emerging SONET networks. Multiplexers
that multiplex DS1, DS3, or EC-1 inputsinto EC-1,
OC-1, OC-3, or OC-12 outputs.
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Default
An operation or value that the system or application
assumes, unless a user makes an explicit choice.

Default Provisioning
The parameter values that are preprogrammed as
shipped from the factory.

Defect

A limited interruption of the ability of anitemto
perform arequired function. It may or may not lead to
maintenance action depending on the results of
additional analysis.

Demultiplexer
A devicethat splits acombined signal into individual
signals at the receiver end of transmission.

Demultiplexing

A process applied to amultiplexed signal for
recovering signals combined within it and for
restoring the distinct individual channels of these
signals.

Dense Wavelength Division Multiplexing (DWDM)
Transmitting two or more signals of different
wavelengths simultaneously over a single fiber.

Deprovisioning

Theinverse order of provisioning. To manually
remove/del ete a parameter that has (or parameters
that have) previously been provisioned.

Digital Cross-Connect Panel (DSX)

A panel designed to interconnect equipment that
operates at a designated rate. For example, aDSX-3
interconnects equi pment operating at the DS3 rate.

GL-
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Digital Cross-Connect System (DCS)

An electronic switching system, found in telephone
central offices, that switches groups of signals from
one route to another without the need to demultiplex
them. An optical cross-connect is an optical switch
that routes wavelength channels from one fiber route
to another without first converting them into
electricity and back.

Digital Multiplexer

Equipment that combinesseveral digital signalsintoa
single composite digital signal by time-division
multiplexing.

Digital Signal Levels 0, 1, 3 (DS0, DS1, DS3)

An ANSI-defined signal or service level
corresponding to the following: DS0is 64 Kb/s, DS1
is 1.544 Mb/s (equivalent to T1), and DS3is 44.736
Mb/s (equivalent to 28 T1 channelsor T3).

Directory Service Network Element (DSNE)

A designated network element that is responsible for
administering a database that maps network element
names (T1Ds) to addresses [NSAPs (network service
access points)] in an OSl subnetwork. There can be
one DSNE per ring. A DSNE can aso be a GNE.

Dispersion
Time-broadening of a transmitted light pulse.

Dispersion Shifted Optical Fiber
1330/1550 nm minimum dispersion wavelength.

Divergence

When there is unequal amplification of incoming
wavelengths, the result is a power divergence
between wavelengths.

Doping
The addition of impurities to a substance in order to
attain desired properties.



Downstream

At or towards the destination of the considered
transmission stream, for example, looking in the same
direction of transmission.

Drop and Continue

A circuit configuration that provides redundant signal
appearances at the outputs of two network elementsin
aring. Can be used for Dual Ring Interworking (DRI)
and for video distribution applications.

Drop-Down Menu
A menu that is displayed from a menu bar.

DS1 Signal
Signa with a datarate of 1.544 Mb/s.

DS3EC1/8
Port unit that provides 8 bidirectional ports at the
DS3-rate or EC-1-rate.

DS3EC1/8
Port unit that provides 8 bidirectional ports at the
DS3-rate or EC-1-rate.

DS3EC1 Connector Panel

The two panels on one or both sides of a shelf
containing DS3EC1/8 port units. The DS3EC1
Connector Panels provide an interface between the
DS3ECL/8 port units and the backplane viaBNC
connectors.

DS3EC1 Connector Panel

The DS3EC1 Connector Panels provide an interface
between the DS3EC1/8 port units and the backplane
viaBNC connectors.

DS3 Format
Specifiesthelineformat of aDS3 interface port, such
as M 23 or C-hit parity.

GL-
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DS3 Idle Signal

A signal that can be applied to any output port that is
not cross-connected to an input port. This signa lets
downstream network elements know that the facility
is operating normally even though it is not sending a
normal DS3 signal.

DS3 Interface Port
Port on acircuit pack for DS3 connectors.

DS3 Signal
A logical or electrical B3ZS signal with a datarate of
44.736 Mbl/s.

DSX-1, 2,3

Digital cross-connect used to interconnect equi pment,
provide patch capability, and providetest accessat the
DS1, DS2, or DS3 level.

Dual Ring Interworking (DRI)

A topology in which two rings are interconnected at

two nodes on each ring and operate so that inter-ring
traffic isnot lost in the event of anode or link failure
a an interconnecting point.

E Electrical Carrier, Level 1 (EC-1)
An electrical interface signal at the SONET rate of
STS1.

Electromagnetic Compatibility (EMC)
A measure of equipment tolerance to external
electromagnetic fields.

Electromagnetic Interference (EMI)

High-energy, electrically induced magnetic fieldsthat
cause data corruption in cables passing through the
fields.

Electronic Industries Association (EIA)
A trade association of the electronic industry that
establishes electrical and functional standards.

Electrostatic Discharge (ESD)
Static electrical energy potentially harmful to circuit
packs and humans.
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Entity

A specific piece of hardware (usualy acircuit pack,
dot, or module) that has been assigned a name
recognized by the system.

Entity Identifier
Thename used by the system torefer to acircuit pack,
memory device, or communications link.

Equipment Protection

Relates to the DS3 electrical interfaces, which are
protected by 1xXN equipment protection. This means
that protection switching for electrical interfacesis
supported at the level of the port unit (circuit pack).

Equipment Protection

Relates to the DS3 electrical interfaces, which are
protected by 1xN equipment protection. This means
that protection switching for electrical interfacesis
supported at the level of the port unit (circuit pack).

Equipped (EQ)

Status of acircuit pack or interface module that isin
the system database and physically in the frame, but
not yet provisioned.

Erbium
A soft rare earth element used in metallurgy and
nuclear research.

Erbium Doped Fiber Amplifier (EDFA)

An amplifier that performs by having alight signal
pass through a section of erbium-doped fiber and
using the laser pump diode to amplify the signal.

Errored Seconds (ES)

A performance monitoring parameter. ES“type A” is
a second with exactly one error; ES “type B” isa
second with more than one and | ess than the number
of errorsin aseverely errored second for the given
signal. ES by itself means the sum of the type A and
type B ESs.
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Establish

A user initiated command, at the WaveSarTM CIT, to
create an entity and its associated attributesin the
absence of certain hardware.

Event

A significant change. Eventsin controlled Network
Elementsinclude signal failures, equipment failures,
signals exceeding thresholds, and protection switch
activity. When an event occursin a controlled
Network Element, the controlled Network Element
will generate an alarm or status message and send it to
the management system.

Event Driven

A required characteristic of a network element or
software system: NEs are reactive systems, primarily
viewed as systems that wait for and then handle
events. Events are provided by the externa interface
packages, the hardware resource packages, and also
by the software itself.

Express Ring

One of multiple applications provided by the
WaveStar 10G (OC-192) product. An expressring is
a10G-bit 2-fiber BLSR that is built using spare
(available) fibers at an existing OC-48 NE which has
exhausted it's STS-1 capacity. The expressring is
physically parallel to the existing OC-48 ring. Asa
contrast and where spare fibers are not available, an
express ring cannot be constructed and the existing
OC-48 ring must be upgraded to an OC-192 ring.

Externally Timed

An operating condition of aclock inwhichitislocked
to an external reference and is using time constants
that are altered to quickly bring the local oscillator’s
frequency into approximate agreement with the
synchronization reference frequency.

Extra traffic

Unprotected traffic that is carried over protection
channels when their capacity is not used for the
protection of working traffic.



Facility
A one- or two-way circuit that carries atransmission
signal.

Failures in Time (FIT)

Circuit pack failure rates per 10° hours as calculated
using the method described in Reliability Prediction
Procedure for Electronic Equipment, Telcordia
Method I, Issue 5, September 1995.

Far End (FE)

Any other network element in a maintenance
subnetwork other than the one the user is at or
working on. Also called remote.

Far-End Block Error (FEBE)

Anindication returned to the transmitting nodethat an
errored block has been detected at the receiving node.
A block isaspecified grouping of bits.

Far-End Receive Failure (FERF)

An indication returned to atransmitting Network
Element that the receiving Network Element has
detected an incoming section failure. Also known as
RDI (Remote Detect Indication).

Fault

Term used when acircuit pack has ahard (not
temporary) fault and cannot perform its normal
function.

Fault Management
Collecting, processing, and forwarding of
autonomous messages from network el ements.

Fiber Distributed Data Interface (FDDI)
Fiber interface that connects computers and
distributes data among them.

Flash EPROM

A technology that combines the nonvolatility of
EPROM with the in-circuit reprogrammability of
EEPROM (electrically-erasable PROM).

GL-
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Folded Rings

Folded (collapsed) rings are rings without fiber
diversity. The terminology derives from the image of
folding aring into alinear segment.

Forced

Term used when acircuit pack (either working or
protection) has been locked into a service-providing
state by user command.

Frame
The smallest block of digital data being transmitted.

Frame Relay (FR)

A form of packet switching that relieson high-quality
phone linesto minimize errors. It is very good at
handling high-speed, bursty data over wide area
networks. The frames are variable lengths and error
checking is done at the end points.

Framework
An assembly of equipment units, such as arack, that
is capable of housing .

Free Running

An operating condition of aclock in which itslocal
oscillator is not locked to an internal synchronization
referenceand isusing no storage techniquesto sustain
its accuracy.

FT-2000 ADR

Lucent Technologies' OC-48 rate Add/Drop Rings
lightwave Terminal for 2-fiber BLSRs. It is designed
primarily for interoffice applications. It supports
adds, drop, and through connections for DS3/EC-1,
OC-3, 153, and OC-12.

G Gateway Network Element (GNE)
A network element that passes information between
other network elements and management systems
through a data communication network.
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H Hairpinning
A network topology in which tributary trafficis
routed into and then back out of a single network
element without being placed on aring for transport.
This cross-connection capability can bring traffic in
from one remote site, cross-connect it at a different
signal level, and transmit it to other remote sites
without consuming any of the ring's capacity.

Hard Failure

An unrecoverable nonsymptomatic (primary) failure
that causes signal impairment or interferes with
critical network functions, such as DCC operation.

High Level Data Link Control (HDLC)
OSl reference model datalink layer protocol.

Holdover

An operating condition of aclock in which itslocal
oscillator is not locked to an external reference but is
using storage techniquesto maintain itsaccuracy with
respect to the last known frequency comparison with
a synchronization reference.

Hot Standby

A circuit pack ready for fast, automatic placement
into operation to replace an active circuit pack. It has
the same signal asthe service going throughit, so that
choiceisal that isrequired.

Human Machine Language (MML)

A standard language devel oped by the ITU for
describing the interaction between humans and dumb
terminals.

| Idle
An output port not cross-connected to an input port.

Idle Code

A signal transmitted downstream automatically from
an idle output port. It can also be transmitted
downstream by amanual command from a
cross-connected output port.
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Insert

To physically insert acircuit pack into adot, thus
causing a system-initiated restoral of an entity into
service and/or creation of an entity and associated
attributes.

In-Service (1S)
A memory administrative state for ports. IS refersto
aport that is fully monitored and alarmed.

Integrated Transport Management Network
Module (ITM NM)

Lucent Technologies' integrated network
management system that provides abroad end-to-end
view of the SONET network.

Integrated Transport Management SubNetwork
Controller (ITM SNC)

Lucent Technologies' SONET element management
layer system that provides fault, configuration, and
security functions through the use of a GUI.

J Jitter
Short term variations of amplitude and frequency
components of adigital signal from their ideal
position in time.

L Lead Time
Thetimeinterval between placement of a product
order and receipt of the product.

Lightguide Build-Out (LBO)
An attenuating (signal-reducing) element used to
keep an optical output signal strength within desired
limits.

Line

A transmission medium, together with the associated
equipment, required to provide the means of
transporting information between two consecutive
network elements. One network element originates
the line signal; the other terminatesiit.
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Line Build Out (LBO)
An equalizer network that guarantees the proper
signal level and shape at the DSX pandl.

Line Controller Local Area Network (LCLAN)
Theinternal local area network that provides

communications between the controlled circuit packs.

Line Protection

The optical interfaces can be protected by line
protection. Line protection switching protects against
failures of line facilities, including the interfaces at
both ends of aline, the optical fibers, and any
equipment between the two ends. Line protection
includes protection of equipment failures.

Line Timing
Refers to anetwork element that derivesits timing
from an incoming OC-N signal.

Link

The mapping between in-ports and out-ports. It
specifies how components are connected to one
another.

Literal Character

A letter, digit, or symbol that isentered in acommand.
Thefirst hyphenin UNIT-{ 1-64} isaliteral character;
the braces and the second hyphen are not literal
characters.

Local Area Network (LAN)

A communications network that covers alimited
geographic area, is privately owned and user
administered, is mostly used for interna transfer of
information within abusiness, is normally contained
within asingle building or adjacent group of
buildings, and transmits data at a very rapid speed.

Location
An identifier for a specific circuit pack, interface
module, interface port, or communications link.

GL-
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Loopback

Type of diagnostic test used to compare an original
transmitted signal with the resulting received signal.
A loopback is established when the received optical
or electrical external transmission signal is sent from
aport or tributary input directly back toward the
output.

Loop Timing

A special case of linetiming. It appliesto network
elementsthat have only one OC-N/STM-N interface.
For example, terminating nodes in alinear network
are loop timed.

Loss Budget

Loss (in dB) of optical power due to the span
transmission medium (includes fiber loss and splice
losses).

Loss of Frame (LOF)
A failure to synchronize to an incoming signal.

Loss of Pointer (LOP)
A failure to extract good datafrom a signal payload.

Loss of Signal (LOS)
The complete absence of an incoming signal.

M M23-Format
A standard framing format used for DS3 signals
produced by multiplexing 28 DS1sinto aDS3
(sometimes referred to as M 13-format, without C-bit

parity).

Major
Indicates a service-affecting failure, main or unit
controller failure, or power supply failure.

Maintenance Condition

An equipment state in which some normal service
functions are suspended, either because of a problem
or to perform special functions (copy memory) that
can not be performed while normal serviceis being
provided.
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Manual Switch State

A protection group shall enter the Manual Switch
State upon the initiation and successful completion of
the Manual Switch command. The protection group
leaves the Manual Switch state by means of the Clear
or Forced Switch commands. While in the Manual
Switch state the system may switch the active unit
automatically if required for protection switching.

Mapping

The logical association of one set of values, such as
addresses on one network, with quantities or values of
another set, such as devices or addresses on another
network.

Mediation Device (MD)
Allowsfor exchange of management information
between Operations System and Network Elements.

Mesh Network

A standard topology used in Wide Area Networks to
allow multiple routes between hostsin a network.
Mesh topologies are relatively immune to bottleneck
and component failure due to the variety of paths
traffic can be routed around failed or busy
components. The design isrelatively expensivein
terms of the cabling costs. A mesh network where
every nodeisconnected to every other nodeisknown
as afully connected network.

Mid-Span Meet

The capability to interface between two lightwave
network elementsof different vendors. Thisappliesto
high-speed optical interfaces.

Minor (MN)
Indicatesanon-service-affecting failure of equipment
or facility.

Miscellaneous Discrete Interface

Allows an operations system to control and monitor
equipment collocated within a set of input and output
contact closures.
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22



Multiplexer

A device (circuit pack) that combines two or more
transmission signals into a combined signal on a
shared medium.

Multiplexing

The process of combining multiple signalsinto a
larger signal at the transmitter by a multiplexer. The
large signal isthen split into the original smaller
signals at the receiver by ademultiplexer.

N Network Element (NE)
A nodein atelecommunication network that supports
network transport servicesand isdirectly manageable
by a management system.

Network Monitoring and Analysis (NMA)
An operations system designed by Telcordiawhichis
used to monitor network facilities.

Network Service Access Point (NSAP) Address
Network Service Access Point Address (used in the
OSl network layer 3). An automatically assigned
number that uniquely identifies a Network Element
for the purposes of routing DCC messages.

Node

A network element in aring or, more generally, in any
type of network. In anetwork element supporting
interfaces to more than one ring, node refers to an
interface that isin a particular ring. Node is also
defined as al equipment that is controlled by one
system controller. A node is not always directly
manageabl e by a management system.

Non-Preemptible Protection Access (NPPA)
Non-preemptible protection access increases the
available span capacity for traffic which does not
require protection by aring, but which cannot be
preempted.

GL- 23



Non-Revertive Switching

In non-revertive switching, an active and standby line
exist on the network. When a protection switch
occurs, the standby lineis selected to support traffic,
thereby becoming the active line. The original active
line then becomes the standby line. This status
remains in effect even when the fault clears. That is,
there is no automatic switch back to the original
status.

Non-Volatile Memory (NVM)

Memory that retains its stored data after power has
been removed. An example of NVM would be ahard
disk.

No Request State
Thisisthe routine-operation quiet state in which no
external command activities are occurring.

Not Monitored (NMON)
A provisioning state for equipment that is not
monitored or alarmed.

Open Ring Network

A network formed of alinear chain-shaped
configuration of network elements. Each network
element connects to two others, one on each side,
except for two network elementsat theendswhich are
connected on only one side. A closed ring can be
formed by adding a connection between the two end
nodes.

Open Systems Interconnection (OSI)

Referring to the OSI reference model, alogical
structure for network operations standardized by the
International Standards Organization (1SO).

Operations Interface

Any interface providing you with information on the
system behavior or control. These include the
equipment LEDs, user panel, WaveStar CIT, office
aarms, and al telemetry interfaces.
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Operations Interworking (OI)

The capability to access, operate, provision, and
administer remote systems through craft interface
access from any sitein a SONET/SDH network or
from a centralized operations system.

Operations System (OS)

A centra computer-based system used to provide
operations, administration, and maintenance
functions.

Operations System for Intelligent Network
Elements (OPS/INE)

A Telcordia configuration management operations
system.

Operator
A user of the system with operator-level user
privileges.

Optical Carrier 3/Synchronous Transport Module
1 (OC3/STM1)

The OC3/STM 1 port unit provides a bidirectional
port at the OC-3 rate.

Optical Carrier 3/Synchronous Transport Module
1 (OC3/STM1)

The OC3/STM 1 port unit provides a bidirectional
port which is provisionable at either the OC-12- or
STM-1-rate.

Optical Carrier 12/Synchronous Transport Module
4 (OC12/STMA4)

The OC12/STM4 port unit provides a bidirectional
port at the OC-12 rate.

Optical Carrier 12/Synchronous Transport Module
4 (OC12/STM4)

The OC12/STM4 port unit provides a bidirectional
port which is provisionable at either the OC-12- or
STM-4-rate.

Optical Carrier 48/Synchronous Transport Module
16 (OC48/STM16)

The OC48/STM 16 port unit provides a bidirectional
port at the OC-48 rate.



Optical Carrier 48/Synchronous Transport Module
16 (OC48/STM16)

The OC48/STM16 port unit provides a bidirectional
port which is provisionable at either the OC-48- or
STM-16-rate.

Optical Carrier 192/Synchronous Transport
Module 64 (OC192/STM64)

The OC192/STM 64 port unit provides a bidirectional
port which is provisionable at either the OC-192- or
STM-64-rate.

Optical Carrier N (OC-N)

An optical carrier signal at the SONET rate of N,
where N equals 1, 3, 12, 48, or 192. The basic rate of
an OC-1signal is51.84 Mb/s, equivalent to an STS-
1, with other values of N direct multiples of thisbasic
rate.

Optical Channel

An OC-N/STM-N wavelength within an optical line
signal. Multiple channels, differing by 1.5 in
wavelength, are multiplexed into one signal .

Optical Line Signal
A multiplexed optical signal containing multiple
wavelengths or channels.

Orderwire (OW)
A dedicated voice-grade line for communications
between maintenance and repair personnel.

Original Value Provisioning

Preprogramming of a system’s original values at the
factory. These values can be overridden using local or
remote provisioning.

Outage
A disruption of service that lasts for more than 1
second.
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Out-of-Service

The circuit pack is not providing its normal service
function (removed from either the working or
protection state) either because of a system problem
or because the pack has been removed from service.

P Parameter
A variable that is given avalue for a specified
application. A constant, variable, or expressionthatis
used to pass values between components.

Parity Check

Tests whether the number of ones (or zeros) in an
array of binary bitsis odd or even; used to determine
that the received signal isthe same as the transmitted
signal.

Pass-Through
Paths that are cross-connected directly across an
intermediate node in a network.

Path

A logical connection between the point at which a
standard frame format for the signal at the given rate
is assembled, and the point at which the standard
frame format for the signal is disassembled.

Path Overhead (POH)

Informational bytes assigned to, and transported with
the payload until the payload is demultiplexed. It
provides for integrity of communication between the
point of assembly of avirtual container and its point
of disassembly.

Path Terminating Equipment
Network elements in which the path overhead is
terminated.

Performance Monitoring (PM)

Measures the quality of service and identifies
degrading or marginally operating systems (before an
alarm would be generated).
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Peripheral Control and Timing Facility Interface
(PCTFI)

A proprietary physical link interface supporting the
transport of 21x2 Mb/s signals.

Platform
A family of equipment and software configurations
designed to support a particular application.

Plesiochronous Network

A network that contains multiple subnetworks, each
internally synchronous and all operating at the same
nominal frequency, but whose timing may be slightly
different at any particular instant.

Polarization Mode Dispersion (PMD)
Output pulse broadening due to random coupling of
the two polarization modesin an optical fiber.

Port (also called Line)

Thephysical interface, consisting of both aninput and
output, where an electrical or optical transmission
interface is connected to the system and may be used
to carry traffic between network elements. Thewords
“port” and “line” may often be used synonymously.
“Port” emphasizes the physical interface, and “line”
emphasizes the interconnection. Either may be used
to identify the signal being carried.

Port State Provisioning

A feature that allows a user to suppress alarm
reporting and performance monitoring during
provisioning by supporting multiple states
(automatic, in-service, and not monitored) for low-
speed ports.

Port Unit
An interface circuit pack that receives and transmits
optical and electrical signals.
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Preprovisioning

The process by which the user specifies parameter
values for an entity in advance of some of the
equipment being present. These parameters are
maintained only in NV M. These modifications are
initiated locally or remotely by either aCIT or an OS.
Preprovisioning provides for the decoupling of
manual intervention tasks (for example, install circuit
packs) from those tasks associated with configuring
the node to provide services (for example, specifying
the entities to be cross-connected).

Proactive Maintenance

Refers to the process of detecting degrading
conditions not severe enough to initiate protection
switching or alarming, but indicative of animpending
signal failure or signal degrade defect.

Protection

Extra capacity (channels, circuit packs) in
transmission equipment that isnot intended to be used
for service, but rather to serve as backup against
equipment failures.

Protection Access

To provision traffic to be carried by protection
tributaries when the port tributaries are not being used
to carry the protected working traffic.

Protection Group Configuration
The members of agroup and their roles, for example,
working protection, line number, etc.

Protection Path

One of two signals entering a path selector used for
path protection switching or dual ring interworking.
The other is the working path. The designations
working and protection are provisioned by the user,
whereas the terms active path and standby path
indicate the current protection state.



Protection State

When the working unit is currently considered active
by the system and that it is carrying traffic. The
“active unit state” specifically refersto the receive
direction of operation — since protection switchingis
unidirectional.

Provisioned (PROV)

Indicating that a circuit pack isready to perform its
intended function. A provisioned circuit pack can be
active (ACT), in-service (1S), standby (STBY),
provisioned out-of-service (POS), or out-of-service
(00Y9).

Provisioning

The modification of certain programmable
parameters that define how the node functions with
various installed entities. These modifications are
initiated locally or remotely by either aCIT or an OS.
They may arrive a the nodeviathe IAO LAN, CIT
port, or any DCC channel. The provisioned datais
maintained in NVM and/or hardware registers.

R Reactive Maintenance
Refersto detecting defects/failures and clearing them.

Receive-Direction
The direction towards the Network Element.

Regeneration
The process of reconstructing adigital signal to
eliminate the effects of noise and distortion.

Reliability

The ability of a software system performing its
required functions under stated conditionsfor a stated
period of time. The probability for an equipment to
fulfill its function. Some of the waysin which
reliability is measured are: MTBF (Mean Time
Between Failures) expressed in hours; Availability =
(MTBF)/(MTBF+MTTR)(%) [where MTTR = mean
time to restore]; outage in minutes per year; failures
per hour; percentage of failures per 1,000 hours.
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Remote Defect Indication (RDI)

An indication returned to a transmitting terminal that
the receiving terminal has detected an incoming
section failure. [Previously called far-end-receive
failure (FERF).]

Remote Failure Indication (RFI)

A signal that aerts upstream path-terminating
equipment that a downstream failure has been
alarmed along the path. This action prevents multiple
alarms from being activated for the same failure and
ensures that atechnician is dispatched to correct the
failure. (Previoudy called yellow signals.)

Remote Network Element

Any Network Element that is connected to the
referenced Network Element through either an
electrical or optical link. It may be the adjacent node
onaring, or N nodes away from the reference. It also
may be at the same physical location but isusually at
another (remote) site.

Return to Zero

A code form having two information states (termed
zero and one) and having athird state or an at-rest
condition to which the signal returns during each
period.

Revertive

A protection switching mode in which, after a
protection switch occurs, the equipment returnsto the
nominal configuration (that is, the working
equipment is active, and the protection equipment is
standby) after any failure conditions that caused a
protection switch to occur, clear, or after any external
switch commands are reset. (See “Non-Revertive.”)

Revertive Switching

In revertive switching, there isaworking and
protection high-speed line, circuit pack, etc. When a
protection switch occurs, the protection line, circuit
pack, etc. is selected. When the fault clears, service
“reverts’ to the working line.



Ring

A configuration of nodes comprised of network
elements connected in a circular fashion. Under
normal conditions, each node is interconnected with
its neighbor and includes capacity for transmissionin
either direction between adjacent nodes. Path
switched rings use a head-end bridge and tail-end
switch. Line switched rings actively reroute traffic
over the protection capacity.

Router

Aninterface between two networks. Whileroutersare
like bridges, they work differently. Routers provide
more functionality than bridges. For example, they
can find the best route between any two networks,
even if there are several different networksin
between. Routers also provide network management
capabilities such asload balancing, partitioning of the
network, and trouble-shooting.

S Section
The portion of atransmission facility, including
terminating points, between aterminal network
element and aline-terminating network element, or
two line-terminating network el ements.

Section Layer

The second of the four levelsin a standard SONET
signal, used to transport an STS frame across a
physical medium. Thislayer uses the photonic layer
to form the physical transport.

Self-Healing
A network’s ability to automatically recover from the
failure of one or more of its components.

Server

Computer in a computer network that performs
dedicated main tasks which generally require
sufficient performance.
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Severely Errored Seconds (SES)

This performance monitoring parameter isasecondin
which a signal failure occurs, or more than a preset
amount of coding violations (dependent on the type of
signal) occur.

Service

The operational mode of aphysical entity that
indicates that the entity is providing service. This
designation will change with each switch action.

Signal-to-Noise Ratio (SNR)
The relative strength of signal compared to noise.

Signal Rate

An attribute that definesthe bit-rate and format of the
signal. The signal rate is defined by the STS-N path-
level signal bit-rate and format including the presence
or absence of concatenation.

Single-Ended Operations

Provides operations support from asingle location to
remote Network Elementsin the same SONET
subnetwork. With this capability you can perform
operations, administration, maintenance, and
provisioning on a centralized basis. The remote
Network Elements can be those that are specified for
the current release.

Single-Mode Fiber (SM)

An 8-p diameter low-loss, long-span optical fiber
typically operating at either 1310 nm, 1550 nm, or
both.

Site Address
The unique address for a Network Element.

Slot

A physical position in a shelf designed for holding a
circuit pack and connecting it to the backplane. This
term is also used loosely to refer to the collection of
ports or tributaries connected to a physical circuit
pack placedin aslot.



Software Backup

Theprocess of saving animage of the current network
element’sdatabases, which are contained initsNVM,
to aremotelocation. Theremotelocation could bethe
WaveStar CIT or an OS.

Software Download

The process of transferring a generic (full or partial)
or provisioned database from a remote entity to the
target network element’s memory. The remote entity
may be the WaveStar CIT or an OS. The download
procedure uses bulk transfer to move an uninterpreted
binary file into the network element.

Software ID
Number that provides the software version
information for the system.

Span
An uninterrupted bidirectional fiber section between
two network elements.

Span Growth
A type of growth in which onewavelength isadded to
al lines before the next wavelength is added.

Squelch Map

This map containsinformation for each cross-
connection in aring and indicates the source and
destination nodesfor the low-speed circuit that is part
of the cross-connection. Thisinformation is used to
prevent traffic misconnection in rings with isolated
nodes or segments.

Standby

The circuit pack isin service but is not providing
service functions. It isready to be used to replace a
similar circuit pack either by protection or by duplex
switching.

Standby Path

One of two signals entering a constituent path
selector, the standby path is the path not currently
being selected.
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State
The state of acircuit pack indicates whether it is
defective or normal (ready for normal use).

Status
The indication of a short-term change in the system.

STS-1E

Now referredto asEC-1. A signal typically carried by
coaxial cables from one equipment location to
another. Theterm EC-1 refersto the organization and
datarate of the signal and also to the voltage template
the signal must conform to and the impedances for
which the voltage template is valid.

STS-1
Thebasic building block logical signal inthe SONET
standard with a data rate of 51.84 Mb/s.

Subnetwork

A group of interconnected/interrelated Network
Elements. The most common connotation isa
synchronous network in which the Network Elements
have data communications channel (DCC)
connectivity.

SubNetwork Management System (SNMS)

An Element Management System providing
centralized, remote support for Lucent's WaveStar
network elements. SNM S functions include
configuration, fault, performance, and security
management. This system can administer single NEs
or subnetworks.

Suppression

A process where service-affecting alarms that have
been identified as an “effect” are not displayed to a
user.

Synchronization Messaging

Synchronization messaging is used to communicate
the quality of network timing, internal timing status,
and timing states throughout a subnetwork.



Synchronous

The essential characteristic of time scales or signals
such that their corresponding significant instances
occur at precisely the same average rate, generally
traceable to a single Stratum-1 source.

Synchronous Digital Hierarchy (SDH)

A hierarchical set of digital transport structures,
standardized for the transport of suitable adapted
payloads over transmission networks.

Synchronous Network

The synchronization of transmission systems with
synchronous payloads to a master (network) clock
that can be traced to a reference clock.

Synchronous Optical Network (SONET)
The North American standard for the rates and
formats that defines optical signas and their
constituents.

Synchronous Payload

Payloads that can be derived from a network
transmission signal by removing integral numbers of
bits from every frame. Therefore, no variable bit-
stuffing rate adjustments are required to fit the
payload in the transmission signal.

Synchronous Payload Envelope (SPE)
The combined payload and path overhead of an STS-
1, STS-3c, STS-12c or STS-48c signal.

Synchronous Transport Sighal (STS, STS-N)
The basic logical building block signal for SONET
with arate of 51.84 Mb/sfor an STS-1 signal and a
rate of N times 51.84 Mb/sfor an STS-N signal.

Synchronous Transport Signal, Level N,
Concatenated (STS-Nc)

A concatenated SONET payload signa at the STS-N
rate, where N equals 3, 12, or 48. For example, an
STS-3c signal is constructed by concatenating three
STS-1signalsinto asignal that uses a single path
overhead, rather than three.

GL- 36



T T1
A carrier system that transmits at the rate of 1.544
Mb/s (aDS1 signal).

T2
A carrier system that transmits at the rate of 6.312
Mbps (aDS2 signal).

T3
A carrier system that transmits at the rate of 44.736
Mbps (aDS3 signad).

Target Identifier (TID)

A provisionable parameter that is used to identify a
particular Network Element within a network. Itisa
character string of up to 20 characters where the
characters are letters, digits, or hyphens (-).

Transmission Control Protocol/Internet Protocol
(TCP/IP)

An open network standard that defines how devices
from different manufacturers communicate with each
other over interconnected networks. TCP/IP protocols
are the foundation of the Internet.

Telcordia Technologies

Telcordia Technologies (formerly Bellcore) isawell-
recognized telecommunications' standards
organization.

Through (or Continue) Cross-Connection

A cross-connection within aring, wheretheinput and
output tributaries have the same tributary number but
arein lines opposite each other.

Threshold-Crossing Alert (TCA)

A message type sent from a Network Element that
indicates that a certain performance monitoring
parameter has exceeded a specified threshold.
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Through Timing

Refers to a network element that derives its transmit
timing in the east direction from areceived line signal
inthe east direction and itstransmit timing in the west
direction from areceived line signal in the west
direction.

Time Division Multiplexing (TDM)

A technique for transmitting a number of separate
data, voice, and/or video signals simultaneously over
one communications medium by interleaving a
portion of each signal one after another.

Time Slot Assignment (TSA)

A capability that allows any tributary in aring to be
cross-connected to any tributary in any lower-rate,
non-ring interface or to the same-numbered tributary
in the opposite side of thering.

Time Slot Interchange (TSI)

The ability of the user to assign cross-connections
between any tributaries of any lineswithin aNetwork
Element. Three types of TSI can be defined: Hairpin
TSI, Interring TSI (between rings), and Intraring TS
(within rings).

Transaction Language One (TL1)
A machine-to-machine communications language
that is a subset of 1TU’s human-machine language.

Transmit-Direction
The direction outwards from the Network Element.

Tributary

A path-level unit of bandwidth within a port, or the
constituent signal(s) being carried in this unit of
bandwidth, for example, an STS-1 tributary within an
OC-N port.

True Wave™ Optical Fiber

Lucent Technologies fiber generally called non-zero
dispersion-shift fiber, with a controlled amount of
chromatic dispersion designed for amplified systems
in the 1550/1310 nm range.
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Two-Way Point-to-Point Cross-Connection
A two-legged interconnection, that supports two-way
transmission, between two and only two tributaries.

Two-Way Roll

The operation which moves a two-way cross-
connection between tributary i and tributary j to a
two-way cross-connection between the sametributary
i and a new tributary k with a single user command.

U Unavailable Seconds (UAS)
In performance monitoring, the count of secondsin
which asignal is declared failed or in which 10
consecutively severely errored seconds (SES)
occurred, until the time when 10 consecutive non-
SES occur.

Upstream

At or towards the source of the considered
transmission stream, for example, looking in the
opposite direction of transmission.

User Privilege
Permits a user must perform on the computer system
on which the system software runs.

User-to-Network Interface (UNI)

The specifications for the procedures and protocols
between auser and the Asynchronous Transfer Mode
(ATM) network.

V  Value
A number, text string, or other menu selection
associated with a parameter.

Variable
Anitem of data named by an identifier. Each variable
has atype, such as Int or Object, and a scope.

Violation Monitor and Removal (VMR)

A provisionable mode for DS3 output that causes
parity violationsto be monitored and corrected before
the DS3 signal is B3ZS encoded.
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Virtual
Refersto artificial objects created by a computer to
help the system control shared resources.

Virtual Circuit
A logica connection through a data communication
(for example, X.25) network.

Virtual Concatenation

SONET or SDH implementation of inverse
multiplexing that allows the characteristic
information of avirtual concatenated STS-n-Xv or
VC-n-Xv layer network to be transported viaabundle
of X STS-n or VC-n network connections.

Virtual Concatenated Group

A group of X individual STS-n or VC-n network
connections that are virtually concatenated to offer
larger payload bandwidth. The notation STS-n-Xv or
VC-n-Xv isused to refer to virtual concatenation.

Virtual Tributary (VT)

A structure designed for transport and switching of
sub-STS-1 payloads. There are currently four sizes:
VTL1.5 (1.728 Mb/s), VT2 (2.304 Mb/s), VT3 (3.456
Mb/s), and VT6 (6.912 Mb/s).

Virtual Tributary Group (VT-G)

A 9-row by 12-column structure (108 bytes) that
carries one or more VTs of the same size. Seven VT
groups (756 bytes) are byte interleaved with the

V T-organized synchronous payload envelope.

Voice Frequency (VF) Circuit
A 64 kilobit per second digitized signal.

Volatile Memory
Type of memory that islost if electrical power is
interrupted.
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VTL1.5 Tributary

A SONET logical signal with adatarate of 1.728
Mbps. In the 9-row structure of the STS-1 SPE, a
VT1.5 occupiesthree columns. VT-structured STS-1
SPEs are divided into seven VT groups. Each VT
group occupiestwelve columns of the 9-row structure
and, for VT1.5s, contains four VTs per group.

W  Wait-to-Restore (WTR)
Appliesto revertive switching operation. The
protection group enters the WTR state when all
Equipment Fail (EF) conditions are cleared, but the
system has not yet reverted back to its working line.
The protection group remainsin the WTR state until
the Wait-to-Restore timer completesthe WTR time
interval.

Wait to Restore Time (WRT)

Correspondsto thetimeto wait before switching back
after afailure has cleared (in arevertive protection
scheme). The WRT can be between 0 and 15 minutes,
in increments of one minute.

Wavelength Add/Drop (WAD)
The process of adding and dropping wavelengths to
provide more efficient transmission.

Wavelength Division Multiplexing (WDM)

A means of increasing the information-carrying
capacity of an optical fiber by simultaneously
transmitting signals at different wavelengths.

Wavelength Interchange
The ability to change the wavel ength associated with
an OC-N signal into another wavelength.

WaveStar Optical Line System

Lucent Technologies' lightwavetransmission system.
Utilizing DWDM technol ogy, the system combines
multiple signals of different wavelengths, transmits
the resulting signal over asingle fiber, and then
demultiplexes the signal at the receive end.

GL- 41



Wide Area Network (WAN)

A communication network that uses common-carrier
provided lines and covers an extended geographical
area.

Wideband Communications
Voice, data, and/or video communication at digital
rates from 64 kb/sto 2 Mb/s.

Working

Label attached to aphysical entity. In case of revertive
switching the working line or unit isthe entity that is
carrying service under normal operation. In case of
nonrevertive switching the label has no particular
meaning.

Working State
A working unit that is currently considered active by
the system and is carrying traffic in the working state.

X X.25 Interface/Protocol
The ITU packet-switched interface standard for
terminal access that specifies three protocol layers:
physical, link, and packet for connection to a packet-
switched data network.

X-Terminal
Workstation that can support an X-Windows
interface.

Z Zero Code Suppression
A technique used to reduce the number of consecutive
zerosin aline-coded signal (B3ZS, B8ZS).
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single-mode (SM-SM),
7-23

lightguide build-outs. See
LBOs.

lightguide jumpers, 7-21
line build-outs, 6-37_
line code

DS3ECL/8, B-108
line-timed

synchronization
protection, 6-23

local

provisioning, 5-41
locked timing mode, 6-26
login aging, 5-24

loop feeder, 3-69
loopbacks, 5-30

maintai nability
specifications, 9-10
maintenance
signals, 5-26 5-28
specifications, 9-10
types of, 5-25

using WaveStar CIT,

5-11
major alarms, 5-3 5-38

manuals, Xxxx, 7-3

mean time

between maintenance
activities, 9-10

torepair, 9-10
mesh networks, 3-64

message-based interface,
5-15

minimum configuration,
4-13
minor alarms, 5-3 5-38_
mode
port monitoring, 5-43_
monitoring
failures, 5-27

port modes, 5-43

NCC, 6-3

NE login security, 5-22
network element. See NE.
not-alarmed status, 5-38

OC12/STM4

port unit data sheets,
B-79

port unit features, 2-5

0C192/STM64
port unit data sheets, B-6
port unit features, 2-3
OC3/STM1

port unit data sheets,
B-90

port unit features, 2-5

protection switching,
5-32

OC48/STM16

port unit data sheets,
B-45

port unit features, 2-4
officedarms, 2-25 5-13

operations interfaces, 1-13
5-2 5-12

operations interworking,
2-25

optical
connectors, 6-34
optical amplifiers, 2-13
optical attenuators, 7-23
optical hubbing, 3-13
ordering
CD-ROMs, xxxiv
documentation, xxxiii
lightguide jumpers, 7-21
sparing, 7-39.

original value provisioning,
5-42

0S, >-17
OSI LAN, 2-20

passive optics
features, 2-16
passive optics box, 4-23
topology example, 3-21
password
aging, 5-24
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password aging, 2-22_
password assignment, 5-23
path trace, 2-25
path-in-line, 3-46
performance

monitoring, 5-38

parameters

DS3, 537

thresholds, 5-36
planning

considerations, 6-2.

power, 6-24 10-10
port

monitoring modes, 5-43

security, 5-22
Port Unit Failure Rates, 9-5
power, 4-39

LED, 5-3

planning, 6-24 10-10

preprovisioning circuit
packs, 5-41

primary node, 3-53
privilege codes, 5-23
product
design life, 9-10
development, 9-3
product interworking, 3-34.

with Metropolis
metroeEON, 3-19

with WaveStar 1.6T, 3-20
protection

synchronization, 6-23
protection access, 3-66

protectionswitch,inaBL SR,
37

protection switch, in DRI,
3-55 357

protection switch,
path-in-line, 3-46

protection, timing, 6-31
provisioning
consistency audits, 5-29
definition, 5-41
timing, 6-30

rear access, 10-2

record, circuit provisioning,
2-25

reference signals, 6-26 6-27_
reliability

product, 9-2
reports, 5-28

history, 5-39
ring squelch map, 5-29
rocker switch, 5-8

SDH transport, 3-51
secondary node, 3-53
section overhead, A-8
security, 2-20 5-10 5-22

0S, 5-17

port, 5-22
self hedling, 3-4 3-6 3-9
shelf

circuit breakers, 5-8

dimensions, 10-13

fill, 3-74

layout

high-speed shelf, 4-4

tributary (low-speed)
shelf, 4-10

signal
monitoring, 5-27
silent failure, 9-9

single-homed ring, 3-46_
software downloading, 2-20
spacers, bay, 4-19
sparing
circuit packs, 7-39 7-46
graphs, 7-46
specifications
environmental, 10-15
maintenance, 9-10
power, 10-10
system, 10-2

storage and transportation,
10-16

STS1 frame, A-3.
suitcasing, 8-4
switch
capacity, 1-12
synchronization
features, 2-28
modes, 6-24

protecting line-timed,
6-23

protection, 5-33

reports, 5-40
system

specifications, 10-2_

unavailability, 9-9

target identifier. See TID.

Threshold Crossing Alert,
2-24

thresholds
performance, 5-36_

TID, 529

time stamp, 5-39_

timing, 6-31

TL1interface, 5-15

transmission
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fibers, 10-2
medium, B-107
transmission interfaces, 1-11

U unavailability
silent failure, 9-9
specifications, 9-7

unidirectional path switched
ring (UPSR), 3-9

upgrades, 2-11

user panel
buttons, 5-3
connectors, 5-3
figure, 5-4
LEDs, 5-3

user privilege codes, 5-23

W warranty, 9-10

WaveStar product family,
18
web address
ordering documentation,
XXXili

worldwide services, 8-2
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