
Generic Requirements for OFAs and Proprietary DWDM Systems

Generic Requirements Table of Contents

v

Table of Contents

1 Introduction

1.1 Purpose and Scope  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1–1
1.2 Organizations and Changes From GR-1312-CORE, Issue 2  .  .  .  .  .  .  .  .  .  .  .  . 1–2
1.3 Requirements Terminology   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1–4
1.4 Requirement Labeling Conventions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1–4

1.4.1 Numbering of Requirement and Related Objects   .  .  .  .  .  .  .  .  .  .  .  .  .  . 1–5
1.4.2 Requirement, Conditional Requirement, and Objective Identification .  .  . 1–5

2 Optical Fiber Amplifiers

2.1 Introduction  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–1
2.2 Basic Components   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–1
2.3 EDFA Principles .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–2
2.4 EDFA Design Considerations   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–3

2.4.1 Host Glass and Co-Dopants   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–3
2.4.2 Pump Wavelengths  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–4
2.4.3 Configurations .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–4
2.4.4 EDFA Gain Characteristics   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–4
2.4.5 DWDM Considerations .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–5

2.5 Other Types of OFAs  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–6
2.6 Semiconductor Optical Amplifiers   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–8
2.7 Black-Box Assumption  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–8
2.8 System Configurations  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2–11

2.8.1 Amplifier Configurations .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2–11
2.8.2 OFAs in Single-Channel Systems   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2–12

2.9 OFA Regions of Operation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2–14
2.9.1 Output Signal Power vs. Input Signal Power Region of Operation .  .  .  .  2–14
2.9.2 Gain vs. Signal Wavelength Region of Operation   .  .  .  .  .  .  .  .  .  .  .  .  .  2–16

2.10 Optical Safety   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2–17

3 Dense Wavelength-Division Multiplexed Systems

3.1 DWDM Motivation   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–1
3.2 Approaches for DWDM Systems .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–2
3.3 Transversely Compatible and Proprietary Systems  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–2
3.4 Wavelength Standards   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–3
3.5 Subsystems   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–5

3.5.1 Multichannel Optical Amplifiers .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–5
3.5.1.1 Characteristics   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–5
3.5.1.2 Measurement Techniques  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–5

3.5.2 Booster- and Pre-Amplifiers  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–5
3.5.3 Optically Amplified Multiplexers/Demultiplexers  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–6
3.5.4 Inline OFAs   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–6
3.5.5 OFAs with Dispersion Compensation .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–7
3.5.6 Optical Add-Drop Multiplexers   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–8
3.5.7 Optical Cross-Connects   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–9

3.6 Optical Supervisory Channel .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–10
3.7 Fiber Choices   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–11



GR-1312-CORE

Table of Contents Issue 3, April 1999

vi

3.7.1 Wavelength Windows   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–11
3.7.2 Dispersion and Nonlinear Effects .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–11
3.7.3 Fiber Types  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–12

3.8 DWDM Bit-Rates  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–14
3.8.1 OC-192 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–14
3.8.2 OC-768 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–14

3.9 Definitions .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–15
3.9.1 Single-Channel Parameters  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–15

3.9.1.1 Power  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–15
3.9.1.2 Gain  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–16

3.9.2 Multi-Channel Parameters .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–16
3.9.2.1 Power  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–16
3.9.2.2 Gain  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–17

3.9.3 Noise .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–17
3.9.4 Digital Systems  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–18
3.9.5 Multiplexer  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–18
3.9.6 Reflections   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–19

4 General Criteria - OFAs

4.1 OFA Product Documentation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–1
4.1.1 General Documentation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–1
4.1.2 Workcenter Information Package   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–4

4.2 OFA Physical Design Criteria  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–5
4.2.1 General Labels   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–5
4.2.2 Non-Active Optical Fiber at OFA Ports   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–5
4.2.3 Optical Connectors .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–5
4.2.4 Safety   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–6

4.2.4.1 Electrical and Thermal   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–6
4.2.4.2 Optical .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–6

4.2.5 Heat Dissipation   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–7
4.2.6 Fire Resistance  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–7
4.2.7 Airborne Contaminants   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–7
4.2.8 Mounting   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4–7

5 General Criteria - DWDM Systems

5.1 DWDM System Product Documentation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–1
5.1.1 General Documentation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–1
5.1.2 Workcenter Information Package   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–4

5.2 DWDM Physical Design Criteria   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–4
5.2.1 General Labels   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–4
5.2.2 Non-Active Optical Fiber at DWDM System Ports   .  .  .  .  .  .  .  .  .  .  .  .  . 5–4
5.2.3 Optical Connectors .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–5
5.2.4 Safety   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–5

5.2.4.1 Electrical and Thermal   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–5
5.2.4.2 Optical .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–6

5.2.5 Heat Dissipation   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–6
5.2.6 Fire Resistance  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–6
5.2.7 Airborne Contaminants   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–6
5.2.8 Mounting   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5–7



Generic Requirements for OFAs and Proprietary DWDM Systems

Generic Requirements Table of Contents

vii

6 Performance Criteria - OFAs

6.1 General Criteria for OFAs   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6–1
6.1.1 Optical Criteria   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6–1

6.1.1.1 OFA Configuration-Specific Criteria  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6–1
6.1.1.2 Common Generic Criteria  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6–8

6.1.2 Maintenance Criteria  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–11
6.1.2.1 Alarm Surveillance  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–11
6.1.2.2 Surveillance Channel Capabilities (In-line OFA only) .  .  .  .  .  .  .  .  6–12
6.1.2.3 Failure States  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–12
6.1.2.4 Performance Monitoring .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–14
6.1.2.5 Control Features  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–14

6.1.3 Environmental Criteria .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–15
6.1.3.1 Transportation and Handling - Temperature and Humidity Tests  .  6–15
6.1.3.2 Temperature and Humidity   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–15

6.1.4 Electrical Criteria .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–16
6.1.4.1 Electromagnetic Interference  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–16
6.1.4.2 Electrostatic Discharge   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–16
6.1.4.3 Grounding .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–16
6.1.4.4 Surge Protection   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–16

6.1.5 Mechanical Criteria .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–17
6.1.5.1 Cable Retention .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–17
6.1.5.2 Flex Test .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–18
6.1.5.3 Twist Test  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–18
6.1.5.4 Vibration Test .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–18
6.1.5.5 Impact Test  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–18

6.2 Criteria for OFAs in DWDM Systems  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–18
6.2.1 Input and Output Power Levels  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–19
6.2.2 OFA Types, Power Levels, and Noise Figure .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–20
6.2.3 Gain Specifications  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–22
6.2.4 Change in the Optical Output Power and Gain Competition  .  .  .  .  .  .  .  6–22
6.2.5 Optical Supervisory Channel .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–23
6.2.6 Loss of Signal  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–23
6.2.7 Optical Monitoring and Surveillance   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–24

7  Performance Criteria - DWDM Systems

7.1 General Requirements   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–1
7.2 Wavelength Requirements  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–1
7.3 BER and Q-Factor Performance Requirements   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–2
7.4 Components  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–2

7.4.1 Optical Fiber Amplifier .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–2
7.4.2 Optical Multiplexer/Demultiplexer  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–3
7.4.3 Optical Add/Drop Multiplexer (OADM) .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–3
7.4.4 DWDM Transmitter .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–4

7.5 DWDM Fiber .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–4
7.6 Dispersion Compensation   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–5
7.7 Power Requirements  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–5
7.8 Interface Criteria   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–6

7.8.1 General .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–6
7.8.2 Interfaces with Regeneration   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–7



GR-1312-CORE

Table of Contents Issue 3, April 1999

viii

7.8.3 Transparent Interfaces .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–7
7.9 Reflection Criteria   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–8

7.9.1 Maximum Reflectances Tolerated   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–8
7.9.2 Maximum Single Reflectance Tolerated (at any port)   .  .  .  .  .  .  .  .  .  .  . 7–8
7.9.3 Discrete Reflectance .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–9

7.10 OC-192 System Requirements   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7–9
7.11 Optical Supervisory Channel .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–10
7.12 Loss of Signal and Optical Protection Switching .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–10

7.12.1 LOS .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–10
7.12.1.1 LOS - Input Signal Power Threshold   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–10
7.12.1.2 LOS - Time Duration  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–10
7.12.1.3 LOS and DWDM Operation   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–11

7.12.2 Optical Protection Switching   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–11
7.13 Optical Monitoring and Surveillance   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–13
7.14 Maintenance Criteria  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–14

7.14.1 Alarm Surveillance  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–14
7.14.2 Surveillance Channel Capabilities (In-line OFA only) .  .  .  .  .  .  .  .  .  .  7–14
7.14.3 Failure States   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–14

7.15 Performance Monitoring  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–15
7.16 Control Features   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–15

7.16.1 Automatic Shut-Down and Start-Up .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–15
7.16.2 Automatic Shut-Down and Start-Up - Disable   .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–16

7.17 Environmental Criteria  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–16
7.17.1 DWDM Systems  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–16
7.17.2 Transportation and Handling - Temperature and Humidity Tests  .  .  .  7–16
7.17.3 Temperature and Humidity   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–17

7.18 Electrical Criteria  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–17
7.18.1 Electromagnetic Interference  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–17
7.18.2 Electrostatic Discharge .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–17
7.18.3 Grounding  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–17

7.19 Mechanical Criteria  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–18
7.19.1 Cable Retention  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–18
7.19.2 Flex Test .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–18
7.19.3 Twist Test  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–18
7.19.4 Vibration Test  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–19
7.19.5 Impact Test   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7–19

8  Performance Verification Test Procedures

8.1 Test Procedures for OFAs  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8–1
8.1.1 Optical Testing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8–1

8.1.1.1 Output Power .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8–1
8.1.1.2 Gain  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8–5
8.1.1.3 Noise   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8–6
8.1.1.4 ASE Noise Figure (ASENF) .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8–6
8.1.1.5 Total Noise Figure (NFTOTAL(max))  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8–7
8.1.1.6 Reflectance and Optical Return Loss   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–12
8.1.1.7 Polarization Mode Dispersion (PMD)   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–18

8.1.2 Environmental Testing .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–19
8.1.2.1 Transportation and Handling Test  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–19
8.1.2.2 Temperature and Humidity Test  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–19



Generic Requirements for OFAs and Proprietary DWDM Systems

Generic Requirements Table of Contents

ix

8.1.3 Hydrogen Contamination   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–20
8.1.4 Electrical Testing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–21

8.1.4.1 Electromagnetic Interference  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–21
8.1.4.2 Electrostatic Discharge   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–21
8.1.4.3 Grounding .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–21

8.1.5 Mechanical Testing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–21
8.1.5.1 Cable Retention .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–21
8.1.5.2 Flex Test .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–22
8.1.5.3 Twist Test  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–22
8.1.5.4 Vibration Test .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–22
8.1.5.5 Impact Test  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–22

8.1.6 Reliability Testing .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–23
8.2 Test Procedures for DWDM Systems  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–24

8.2.1 Optical Testing   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–24
8.2.1.1 Bit-Error-Ratio (BER) Test   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–24
8.2.1.2 Optical Multiplexer/Demultiplexer Tests .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–25
8.2.1.3 Transmitter Tests .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–25
8.2.1.4 Optical Power .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–25
8.2.1.5 Reflectances .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–25

8.2.2 Environmental Testing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–26
8.2.2.1 Temperature Extremes .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–26
8.2.2.2 Transportation and Handling Test   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–26
8.2.2.3 Temperature and Humidity Test   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–26

8.2.3 Electrical Testing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–26
8.2.3.1 Electromagnetic Interference  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–26
8.2.3.2 Electrostatic Discharge   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–27
8.2.3.3 Grounding .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–27

8.2.4 Mechanical Testing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–27
8.2.4.1 Cable Retention .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–27
8.2.4.2 Flex Test .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–27
8.2.4.3 Twist Test  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–28
8.2.4.4 Vibration Test .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–28
8.2.4.5 Impact Test  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–28

8.3 References for This Section   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–28

9 DWDM Network Management

9.1 The Generic Management Communications Architecture   .  .  .  .  .  .  .  .  .  .  .  . 9–1
9.1.1 The Management Network .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–1

9.2 Generic Management Communications .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–2
9.2.1 Management Communications Roles For NEs .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–3

9.3 Mediation Devices .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–4
9.4 Gateway Functionality  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–5
9.5 Operations Communications Physical Interfaces   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–6

9.5.1 Contact Closure Based Interfaces .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–6
9.5.2 ONE-OS Interfaces  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–6
9.5.3 Surveillance Channel Interfaces .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–7

9.6 Communications Protocols   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–8
9.7 ONE-OS Communications Interface Requirements  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–10

9.7.1 Physical Layer Interfaces .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–11
9.7.2 Data Link Layer  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–11



GR-1312-CORE

Table of Contents Issue 3, April 1999

x

9.7.3 OSI Layer 3 to Layer 7  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–11
9.7.4 TL1 Over X.25 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–12
9.7.5 TL1 Over TCP/IP  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–12
9.7.6 ONE-MD Communications   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–13
9.7.7 ONE-Workstation Communications   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–13
9.7.8 GNE Translation Functions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–13
9.7.9 Examples of GNE-OS Interfaces   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–13

9.8 Management Functional Areas   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–15
9.8.1 A Note on Trouble Administration  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–15

9.9 Fault Management For Proprietary DWDM Networks   .  .  .  .  .  .  .  .  .  .  .  .  .  9–16
9.9.1 Failure Event Reporting  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–17
9.9.2 Failure Event Reports  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–18

9.9.2.1 Failure Severities .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–18
9.9.2.2 Local Indications .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–18
9.9.2.3 OS Query and Update Support  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–19
9.9.2.4 Office Failure Alarms   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–19

9.10 Performance Management For Proprietary DWDM Networks  .  .  .  .  .  .  .  .  9–20
9.10.1 Performance Monitoring  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–20
9.10.2 Performance Management Control  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–21

9.11 Configuration Management For Proprietary DWDM Networks   .  .  .  .  .  .  .  9–21
9.11.1 Status And Control  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–22

9.11.1.1 External Device Control  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–23
9.11.1.2 Switching   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–23

9.11.2 Provisioning  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–23
9.11.3 Contact Closures   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–24

9.12 Security Requirements  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–24
9.12.1 Security Administration   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–25

10 Reliability Assurance Criteria

10.1 Reliability Assurance Programs for OFAs and DWDM Equipment .  .  .  .  .  .  10–1
10.1.1 Materials and Components .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–1

10.1.1.1 Quality Levels  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–2
10.1.2 Physical Design  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–4
10.1.3 Manufacturing and Assembly   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–4

10.1.3.1 Training   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–4
10.1.3.2 Product Documentation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–5
10.1.3.3 Product Inspection  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–6
10.1.3.4 Product Assembly   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–7
10.1.3.5 Product Screening   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–7
10.1.3.6 Statistical Process Control and Quality Data   .  .  .  .  .  .  .  .  .  .  .  10–7
10.1.3.7 Product Traceability  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–8
10.1.3.8 Customer Support   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–8
10.1.3.9 Field Trials   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–9

10.1.4 Manufacturer Testing .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–9
10.1.4.1 Test Documentation   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–10
10.1.4.2 In-Process Testing   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–10
10.1.4.3 Finished Goods Testing   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–10
10.1.4.4 Calibration .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–12
10.1.4.5 Product Qualification Testing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–13

10.2 Qualification and Lot Controls of Components Used in Products  .  .  .  .  .  . 10–16



Generic Requirements for OFAs and Proprietary DWDM Systems

Generic Requirements Table of Contents

xi

10.2.1 Pump Laser Reliability   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–16
10.2.2 DWDM Laser Reliability .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–17
10.2.3 Wavelength Division Multiplexer Reliability   .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–17
10.2.4 Optical Isolator   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–17
10.2.5 Interconnecting Fiber .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–17
10.2.6 Active Fiber   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–17

10.2.6.1 Hydrogen Susceptibility   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–18
10.2.6.2 Fiber Strength  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–18

10.2.7 Optical Splices and Connectors   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–19
10.2.8 Optical Filters   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–19
10.2.9 Adhesives .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–19
10.2.10 Other Electronic Components   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–19

10.3 Qualification and Lot Controls of Assembled OFAs  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–20
10.3.1 Qualification and Lot Controls of Optical Blocks and Amplifier 

Modules   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–20
10.3.2 Qualification and Lot Controls of OFA Units  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–22

10.3.2.1 OFA Unit Qualification  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–23
10.3.3 OFA Assembly Process Controls .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–24
10.3.4 OFA Reliability and Availability Criteria   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–25

10.4 Reliability Assurance for DWDM Systems .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–25
10.4.1 Qualification and Lot Controls of DWDM Systems .  .  .  .  .  .  .  .  .  .  .  . 10–25
10.4.2 DWDM System Assembly Process Controls   .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–27
10.4.3 DWDM System Reliability and Availability Criteria   .  .  .  .  .  .  .  .  .  .  . 10–27

Appendix A: References

Appendix B: Glossary

Requirement-Object Index



GR-1312-CORE

List of Figures Issue 3, April 1999

xii

List of Figures

Figure 2-1 Optical Fiber Amplifier   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–2
Figure 2-2 EDFA Energy Levels .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–3
Figure 2-3 OFA Output Signal vs. Input Signal .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–5
Figure 2-4 OFA Gain vs. Output Signal  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–5
Figure 2-5 Gain Bandwidth of EDFA (solid) and EDFFA (dashed)  .  .  .  .  .  .  . 2–6
Figure 2-6 OFA with a Minimum Number of Components  .  .  .  .  .  .  .  .  .  .  .  2–10
Figure 2-7 OFA with Many of the Listed Components   .  .  .  .  .  .  .  .  .  .  .  .  .  2–11
Figure 2-8 Power Amplifier or Post-Amplifier Configuration   .  .  .  .  .  .  .  .  .  2–11
Figure 2-9 In-line Amplifier Configuration  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2–12
Figure 2-10 Pre-Amplifier Configuration .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2–12
Figure 2-11 Repeaterless Optical Link Using OFAs to Eliminate Regenerators  2–13
Figure 2-12 OFAs Replacing Regenerator Functionality in Long Optical Link .  2–13
Figure 2-13 Regions of Operation for Various Amplifier Configurations .  .  .  .  2–15
Figure 2-14 Gain vs. Wavelength Region of Operation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2–16
Figure 3-1 Schematic of a Transversely Compatible

Optically Amplified DWDM System   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–3
Figure 3-2 Schematic of a Proprietary 

Optically Amplified DWDM System   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–3
Figure 3-3  Optically Amplified Multiplexer (OAM) .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–6
Figure 3-4 Optically Amplified Demultiplexer (OAD) .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–6
Figure 3-5 In-Line OFA for DWDM Application  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–7
Figure 3-6 OFA with a Passive Dispersion Compensator .  .  .  .  .  .  .  .  .  .  .  .  . 3–7
Figure 3-7 Functional Aspects of an Optical Add/Drop Multiplexer .  .  .  .  .  .  . 3–8
Figure 3-8 An OADM Implementation   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–8
Figure 3-9 A Fiber Cross-Connect .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3–9
Figure 3-10 A Wavelength-Interchanging Cross-Connect   .  .  .  .  .  .  .  .  .  .  .  .  3–10
Figure 3-11 Characteristics of Various Fiber Types   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–12
Figure 3-12 Summing the Dispersions of C-SMF and DCF

over the OFA Window  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–13
Figure 3-13 PMD-Limited Length vs. PMD Coefficient

for 2 Bit-Rates and Bit Period Fractions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–14
Figure 6-1 Power Amplifier Pout vs. Pin Region of Operation  .  .  .  .  .  .  .  .  .  . 6–2
Figure 6-2 In-Line Amplifiers - Pout vs Pin Region of Operation .  .  .  .  .  .  .  .  . 6–4
Figure 6-3 Pre-Amplifier - Pout vs Pin Region of Operation   .  .  .  .  .  .  .  .  .  .  . 6–7
Figure 8-1 Configuration for Maximum Total Power Measurement .  .  .  .  .  .  . 8–2
Figure 8-2 Measurement Configuration for Forward ASE Power  .  .  .  .  .  .  .  . 8–3
Figure 8-3 Measurement Configuration for Backward ASE Power   .  .  .  .  .  .  . 8–4
Figure 8-4 Test Configuration for Determining RIN of the Laser

and the Maximum Reflectances Tolerated .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8–8
Figure 8-5 Configuration Insert for Figure 8-4(c)

for Input Port Reflectance Tolerated Measurement   .  .  .  .  .  .  .  .  8–16
Figure 8-6 Configuration Insert for Figure 8-4(c)

for Output Port Reflectance Tolerated Measurement   .  .  .  .  .  .  .  8–16
Figure 8-7 Configuration for ORL Measurement .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–17
Figure 8-8 Thermal Profile of ESS   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–23
Figure 9-1 Relationship Between a TMN and the Managed Network  .  .  .  .  .  . 9–1
Figure 9-2 An OAM&P View of Proprietary DWDM Systems .  .  .  .  .  .  .  .  .  .  . 9–3



Generic Requirements for OFAs and Proprietary DWDM Systems

Generic Requirements List of Figures

xiii

Figure 9-3 The Management Communications Network   .  .  .  .  .  .  .  .  .  .  .  .  . 9–4
Figure 9-4 A Point-to-Point DWDM Network Using Contact Closures

and/or ONE-OS System Interfaces   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–7
Figure 9-5 Fiber Optic Link with a DWDM Network Using a Proprietary 

Optical Surveillance Channel   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9–8
Figure 9-6 OSI Protocols for Interactive Communications  .  .  .  .  .  .  .  .  .  .  .  . 9–9
Figure 9-7 Internet Protocols for Interactive Communications .  .  .  .  .  .  .  .  .  9–10
Figure 9-8 GNE-OS Management Communications Interfaces  .  .  .  .  .  .  .  .  .  9–14
Figure 9-9 Trouble Event Classification .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–16
Figure 10-1 Elements of a Comprehensive Reliability Assurance Program .  .  .  10–4



GR-1312-CORE

List of Tables Issue 3, April 1999

xiv

List of Tables

Table 2-1 Levels of an OFA Black-Box   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2–9
Table 2-2 IEC 825 and ANSI Z136 Classes of Power and Safety .  .  .  .  .  .  .  .  2–18
Table 3-1 Ranges of Wavelengths and Bandwidths .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3–11
Table 6-1 In-line Amplifiers: Configuration-Specific Optical Criteria .  .  .  .  .  . 6–4
Table 6-2 Pre-Amplifier: Configuration Specific Optical Criteria  .  .  .  .  .  .  .  . 6–7
Table 6-3 Maximum Safe Output power .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6–21
Table 8-1 Parameters for the Thermal Profile   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8–24
Table 9-1 The TMN Management Layers And Functional Areas   .  .  .  .  .  .  .  9–15
Table 9-2 Fault Management Functional Areas and Application Functions  .  9–17
Table 9-3 Performance Management Functional Areas and Application 

Functions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–20
Table 9-4 Configure Management Functional Areas and Application 

Functions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–22
Table 9-5 Security Management Functional Areas and Application 

Functions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9–25
Table 10-1 Definition of Quality Levels  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10–2
Table 10-2 Minimum Requalification Schedule   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–15
Table 10-3 Reliability Tests for Gain Block and Amplifier Module .  .  .  .  .  .  . 10–21
Table 10-4 Alternative Reliability Tests for Gain Block and Amplifier 

Module   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–21
Table 10-5 Fiber Integrity Tests for Gain Block and Amplifier Module  .  .  .  . 10–22
Table 10-6 OFA Qualification Tests .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–23
Table 10-7 Required Electrical and Optical Measurements for OFA 

Final Test  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–24
Table 10-8 DWDM System Qualification Tests .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 10–26


	Table of Contents



