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C H A P T E R 1 
Introduction to Cisco NCS 1010 Line 
System 

 

This chapter provides an introduction to the Cisco NCS 1010 Line System product. 

Routed Optical Networking 
Cisco’s Routed Optical Networking Solution brings architectural convergence to the traditional multilayer 
networking. One key component of the solution is a simplified optical line system, NCS 1010. The purpose 
of this document is to provide detailed implementation practices for Cisco NCS 1010 systems. 

A Simplified Optical Line System 
NCS 1010 is a disaggregated open optical line system that can provide optical add/drop and ROADM 
(Reconfigurable Optical Add/Drop Multiplexer) functionality. It can directly support lower launch power 
QSFP-DD Digital Coherent Optics (DCO) pluggable modules with some of its designated ports. 

 
Key Optical Features of NCS 1010 
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Comparison with Cisco NCS 2000 

Cisco NCS 2000 is a fully integrated DWDM system that supports high performance transponders and 
CDC (Colorless Directionless and Contentionless) ROADM functionality. In comparison, NCS 1010 is 
a type of an Open Line System (OLS) with disaggregated functionality. 

 

NCS 1010 Line Card Modules and Configurations 

There are two chassis functions depending on the modules installed: 

 

The following figure shows the chassis faceplate. In particular there are three USB ports that can be used 
to manage the passive panels. Management Ethernet ports can be used for DCN connectivity. Each chassis 
provides a number of fiber ports with LC and MPO connectors. Detailed port mapping is discussed in 
later chapters.  
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Some of the control wavelengths used by NCS 1010 and mapping are provided in the following table and 
figure. 

 

Summary of NCS 1010 Product IDs 

This table shows the PIDs for the first release with Cisco IOS-XR 7.7.1. The L-band modules are to be 
available with the 7.9.1 release. 
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Cisco NCS 1010 Chassis Configuration 
Terminal and line amplifier functionality is provided through two different chassis configurations. 

OLT 
The following figure shows the internal schematics of an OLT-C. Key components are: 

• Optical channel monitor 
• L-band add and drop 
• Bidirectional OTDR 
• OSC 
• 25 dBm variable-gain preamplifier (Pre Amp 1) and 23 dBm variable-gain booster amplifier (BST 

Amp 4) 
• 2x33 port twin flex-grid Wavelength Selective Switch (WSS),  

o 2 ports supporting fixed-gain EDFAs at WSS Add for low-powered digital coherent 
optics 

o 30 ports for Add/Drop, in 4 MPO cabling ports 
• Connection verification on fiber patches from ROADM to passive breakout or add-drop modules 

and on ROADM-to-ROADM express connections 
• Built-in ASE loading allows for easier turn-up of the network and consistency in performance 

from day-1 through the life of the network  
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ILA 

The ILA optical signal flow is shown in the following figure. A key feature of the ILA is the 2 independent 
variable-gain EDFA blocks.  

 

Auxiliary Panels 
Two types of passive panels are provided for channel add/dop or interconnection: fixed 32 channel filters for 
colored add/drops and breakout panels for colorless add/drops or inter-chassis connection. All panels can be 
connected to the USB ports on the NCS 1010 chassis for inventory management. 

Fixed Mux-Demux Panels 

There are two 32-channel versions, Even and Odd. Each panel is 1 RU height with a USB 2.0 port. With 75 
GHz spacing, each panel can support 32 channel DCO ZR or ZR+ signals. The Odd version is shown below. 
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The following charts show the channel mapping for each LC port of the MD-32 panels. The first row is port 
number (0-31), the second row is channel frequency, and the 3rd row is the channel wavelength. 

 

Breakout Panels 

There are 3 breakout versions: 24, 16, 8 channels. Each panel is connected to one of the four MPO add/drop 
ports on the NCS 1010 chassis. The 16 port version, BRK-16, is not officially supported with the IOS-XR 
release 7.7.1 but will be supported in a future release. It is included in this document for completeness. 

Each panel can be connected to an MPO Add/Drop port on the OLT chassis with a 16-fiber MPO cable. The 
breakout panel takes in the composite signal (COM) and breaks out into LC type optical channels (OCH). 

 

Splitters are used internally in 24 channel and 16 channel versions, where 1:3 and 1:2 splitters are used 
respectively. A 1:3 splitter for example means that 1 COM port maps to 3 OCH ports. See later chapters for 
more details on port mapping.  

Multiple breakout panels can be mounted on a shelf. The following figure shows 3 breakout panels mounted 
on NCS1k-BRK-SA. 
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The breakout panels can also be mounted on NCS2K-MF-1RU for BRK-8 and BRK-16 modules. 

 

Cisco NCS 1010 Management and Automation 
NCS 1010 devices can be managed through many different methods. Some of the common options are: 

• IOS-XR CLI: CLI is available to manage all aspects of the device, including turnup, provisioning, 
performance monitoring, software upgrade. 

• EPN Manager (EPNM 6.1): EPNM provides device lifecycle management. 
• Cisco Optical Network Controller (CONC 2.0): CONC is a domain controller that supports NCS 1010. 

It provides a minimalist UI for direct device onboarding. Its main purpose is to provide an SDN 
controller function to a hierarchical controller 

• Crosswork Hierarchical Controller (HCO 5.3): HCO provides device discovery. multi-layer service 
provisioning over an NCS 1010 network 

• Cisco Optical Network Planner (CONP 5.0): CONP provides design and analysis for an NCS 1010 
network and an installation file can be exported from CONP and imported into CONC for bulk device 
onboarding 

Some of these components will be covered later in this document as applicable for deployment. 

Cisco Product Documentation 
NCS 1010 product documentation page provides additional details. Links are provided below for reference: 

Document Link 

Data Sheet https://www.cisco.com/c/en/us/products/collateral/optical-networking/network-
convergence-system-1000-series/network-conver-system-1010-ds.html 

Hardware 
Installation Guide 

https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/hardware/guide/b-
ncs1010-hardware-guide/m-install-ncs-1010.html?dtid=osscdc000283 

https://www.cisco.com/c/en/us/products/collateral/optical-networking/network-convergence-system-1000-series/network-conver-system-1010-ds.html
https://www.cisco.com/c/en/us/products/collateral/optical-networking/network-convergence-system-1000-series/network-conver-system-1010-ds.html
https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/hardware/guide/b-ncs1010-hardware-guide/m-install-ncs-1010.html?dtid=osscdc000283
https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/hardware/guide/b-ncs1010-hardware-guide/m-install-ncs-1010.html?dtid=osscdc000283
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Configuration Guide https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/77x/configuration/guide/b-
ncs1010-system-setup-guide/m-ncs-1010-overview.html 

  

https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/77x/configuration/guide/b-ncs1010-system-setup-guide/m-ncs-1010-overview.html
https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/77x/configuration/guide/b-ncs1010-system-setup-guide/m-ncs-1010-overview.html


 

 

   Implementation Guide for Cisco NCS 1010 Optical Line Systems 
13  

   

 

C H A P T E R 2 
NCS 1010 Deployment Options 

 

This chapter provides a number of deployment options for NCS 1010. This is not intended to be an exhaustive 
list but rather to provide some of the common deployment options or use cases available. The types of 
add/drops, the number of ROADM degrees, the number of channels and others that are include in each option 
are just examples to demonstrate a use case. To simplify presentation, some of the drawings only show partial 
diagram or one site. Some of the interconnection ports are indicated in the drawing with detailed ports and 
interconnections provided in later chapters. 

Point to Point Terminal or Line Amplifier 
NCS 1010 OLT can be deployed as colored or colorless terminals depending on the type of add/drop 
structures are used. 

• Colored add/drop terminal: NCS 1010 Add/drop Filter Odd (NCS1K-MD-32O-C) and NCS 1010 
Add/drop Filter Even (NCS1K-MD-32E-C) provide fixed filters for C band 

• Colorless add/drop terminal: NCS 1010 Breakout Modules (NCS1K-BRK-24, NCS1K-BRK-16, 
NCS1K-BRK-8) provide multiple options to add or drop colorless signals or to interconnect OLTs 
into a multi-degree ROADM. 

C-band 64 channel colored terminal example: 

 

C-band 64 channel colored terminal with one RAMAN amplified span: 
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C-band 72 channel colorless terminal example: 

 

Reconfigurable Optical Add/Drop Multiplexer (ROADM) 
NCS 1010 nodes can be constructed into ROADM nodes as needed by interconnecting breakout ports. Here are 
some of the examples. 
 
A 2-degree ROADM example with 2x72 channel colorless add/drops: BRK-8 is used to interconnect the two 
degrees together: 

 
A 3-degree ROADM example with no add/drops: 

 
 
A 3-degree ROADM example with 144 channel colorless add/drops: 
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A 4-degree ROADM example with 4x72 channel colorless add/drops: 

 
 
A 2-degree directionless ROADM example with 72 channel colorless add/drops. Note that this configuration 
option is not fully tested at the time of this documentation. The OSC must be enabled between the 
connectionless (omnidirectional) OLT and the OLT as part of the 2-degree ROADM. Also note that CONC 
does not support this configuration as a single aggregated ROADM node, instead it will be a two-node setup: 
one 2-degree ROADM with an externally connected terminal node.  
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C+L Band 
A C+L band terminal example for 72 channel colorless C band signals and 72 channel colorless L band 
signals: 

 

A C+L band line example with a C-band ILA and an L-band ILA: 
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C H A P T E R 3 
Turning up Cisco NCS 1010 Line Systems 

 

This chapter describes steps to turn up an NCS 1010 node. 

Management and Automation Architecture 
The following figure shows a high level management and automation architecture and options for NCS 1010. 
You can pick and choose the components to satisfy your specific management needs. Cisco Optical Network 
Planner (CONP) is a planning tool that can be used to design and onboard NCS 1010 nodes. Cisco Optical 
Network Controller (CONC) is an optical domain controller that can provide SDN functionality for NCS 
1010 networks. Optionally a hierarchical SDN controller (HCO) can be used to provide multi-domain 
orchestration and automation. Cisco EPN Manager provides device lifecycle management functions. Zero 
Touch Provisioning (ZTP) can be used to automate booting and initial node provisioning. 
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NCS 1010 nodes can be turned up in many different ways. The following three methods are available for 
consideration as additional automation capabilities are being developed: 

 

This document touches upon all three methods where applicable. 

Turnup Workflow 
Because of different turnup options, there are a few different workflows available. The following chart shows 
one such workflow. In particular, the main workflow steps focus on using CLI to turn up the nodes. 
Optionally you may leverage the management packages to enhance the main workflow. The rest of the 
document will go into more details on many of these steps. 
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Design with CONP 
If you choose to use CONP to assist with turnup, you may start the process by creating a NCS 1010 network 
design. You begin by creating a new Network by selecting NCS 1010 as L0 Network Platform. An NCS 
1010 site can be one of the three site types: ROADM, OLA or Passthrough. The following figure shows a 3 
site point-to-point design with two terminal sites and one ILA site. 

 

Alien wavelength from DCO can be specified at the circuit level by setting the optical source. A JSON 
configuration file can be generated and imported into CONC for bulk provisioning.  

The following figure shows the high level structure of the JSON file: 

 

The following figure shows a partial view of the expanded networks section of the JSON file: 
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Physical Install 
NCS 1010 chassis can be installed in 19" and 23" racks, and the ETSI rack. It supports DC and AC power 
supplies with 1050W AC and DC PSU Options. The field replaceable units are shown in the following figure. 
More detailed descriptions of the installation are available from the Cisco documentation, 
https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/hardware/guide/b-ncs1010-hardware-guide/m-
install-ncs-1010.html. 

 

The following is another view of the installation. 

https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/hardware/guide/b-ncs1010-hardware-guide/m-install-ncs-1010.html
https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/hardware/guide/b-ncs1010-hardware-guide/m-install-ncs-1010.html
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DCN Connectivity 
NCS 1010 nodes can be managed through an Ethernet management port or OSC (Optical Supervisory 
Channel) port. The following figure shows one example of network connectivity. In this simple 3-node 
network, all three nodes are connected via management Ethernet to an external router (gateway) and they are 
also connected over OSC, where a Gigabit Ethernet payload is provided. 

 

 

The following configuration snippet shows IOS-XR configuration commands for a gateway NCS 1010 node. 
OSPF is enabled over the OSC (for example, GigabitEthernet0/0/0/0 on OLT-C-1). 
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Automated Booting with iPXE and ZTP 
NCS 1010 supports IOS-XR iPXE and ZTP for automated booting and initial provisioning. The following 
figure shows the high level workflow and servers that may be used in such a setup. Detailed procedure to 
setup and configure ZTP is available from Cisco documentation: 

https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/77x/configuration/guide/b-ncs1010-system-setup-
guide/m-bring-up-ncs1010.html?dtid=osscdc000283. 

 

 

https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/77x/configuration/guide/b-ncs1010-system-setup-guide/m-bring-up-ncs1010.html?dtid=osscdc000283
https://www.cisco.com/c/en/us/td/docs/optical/ncs1010/77x/configuration/guide/b-ncs1010-system-setup-guide/m-bring-up-ncs1010.html?dtid=osscdc000283
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Automatic Link Bringup 
Automatic Link Bringup is part of the Optical Line Control (OLS), and is a process to go through a set of 
measurements and tuning to bring up all the links. In particular, it will measure optical parameters of the 
spans at power-up and compute set points, and enable optical applications such as Raman tuning, link tuner, 
gain estimator, and APC (Automatic Power Control). The following figure shows the key components and 
process of the Automatic Link Bringup: 

 

Through IOS-XR CLI, users may configure this feature through a single command of automatic-link-
bringup under optical-line-control. Users may also overwrite following parameters through 
configurations for a port under optical-line-control: measured span loss, fiber type, spectral density, 
and span length. 
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C H A P T E R 4 

Configuration Details and Management 
 

Port Numbering and Cabling 
Each NCS 1010 node provides a set of ports for interconnections. The following figure shows the types of 
ports and port numbering for OLT-C and ILA-C. L-band chassis has similar port structure minus the L-band 
Add/Drop ports that are only available on the C-band chassis.  

 

The following figure shows the port naming on a sample setup. The line and each add/drop port are of the 
type OTS (Optical Transport Section). The composite port on the add/drop panel is an OMS (Optical 
Multiplex Section) port. An OMS port can map to one or more OCH (Optical Channel) ports. The OTS-OCH 
is an optical channel into an OTS port. 

 

The representation of OLT-C ports in IOS-XR is provided in the following table: 



 

 

   Implementation Guide for Cisco NCS 1010 Optical Line Systems 
25  

   

 

The ots-och controllers are created by the OLT cross-connects. The passive shelf OMS port numbering 
follows these rules: 

• Shelf ID is USB port ID 
• Slot ID is panel location on the shelf. Always 0 for the MD-32 panels 
• Port ID is the LC port number for the MD-32 panels. BRK OMS port numbering is dependent on 

the BRK type due to different splitters (couplers). See Chapter 5 for more details.  

The ILA-C ports are numbered in a similar manner without OMS ports and with two sides: 
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The following is an example of point-to-point colored add/drop (showing one site) with both MD-32 Odd 
and MD-32 Even filters.  

 

The following table shows an example of NCS 1010 port mapping using the MD-32 filters. The MD-32 
panels are connected to USB ports 2 and 3 (shown as shelf numbers in IOS-XR) in this example.  

 

The following is an example of making a point-to-point connection between two routers using BRK-24 panels. 

 

The following example shows port numbering where 4 BRK-24 panels are connected to the 4 MPO A/D 
ports. Because BRK-24 is a 1:3 splitter panel, one OMS port maps to 3 OCH ports. For example, port 24 
maps to ports 0-2. 
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The following is an example of interconnecting two OLT-C shelves with two BRK-8 panels. 

 

The following shows an example of interconnecting four OLT-C shelves using four BRK-8 panels. 

 

Channel Configuration 
NCS 1010 channel IOS-XR configuration in a terminal is done in two steps: 
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1. Create a channel under hw-module. The channel ID is a locally significant representation of a 
channel and does not need to map to an OIF channel number or to another node. The centre-
frequency needs to be matched end to end. This configuration is only required on a terminal node 
but may be configured on an ILA node if you wish to monitor the channel PM on the ILA 

2. Create a crossconnect to map the channel to an A/D port. The channel created in Step 1 is available 
for crossconnect under ots-och.  

The following is a sample configuration for a point-to-point channel of 196.025 THz using a fixed MD-32 
filter connected to port 2. The exact LC port on the MD-32 panel for client is known based on the centre-
frequency, where 196.025 THz maps to port 0 of NCS1K-MD-32E-C (see MD-32 channel mapping for 
details). Channel ID 126 is used on one terminal to represent the wavelength while the ID is 63 on the other 
terminal. They do not need to match. The channel frequency must match end to end. 

 

CONC Management 
CONC is Cisco’s optical controller with limited UI capabilities. It is intended to be used as a domain 
controller for HCO. Devices must be first added into CONC before management. NCS 1010 devices can be 
added individually or through a bulk import with an Excel file. Network design can be imported from a 
CONP JSON file. The site name must match between what is in CONC and in CONP. 

 

Nodes are organized under a site. The following functions are available: 

• Alarms: Active alarms 
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• Inventory: Equipment inventory 
• Internal patch cord (IPC): IPC can be created in CONC between a line port and A/D port or imported 

as part of the CONP design. For each IPC connection, you can verify connection and patch loss. 
IPC in CONC is required to build an OCHNC circuit by the HCO. 

HCO Management 
HCO provides multilayer network discovery, provisioning, and assurance. HCO communicates with CONC 
through the CONC adaptor, which uses T-API (Transport API) standard API developed by ONF. HCO can 
retrieve equipment and topology information from the network and provision connectivity services across 
the transport network domain. Auto discovery of nodes takes place once nodes are fully discovered in CONC. 
HCO will fetch full data of nodes by default at every 180 sec, can be set with “Polling Cycle” to 120 sec. 
HCO associates nodes to Sites, similar to CONC and CONP. 

The following figure shows a screenshot to use HCO to create an OCH-NC circuit. 
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C H A P T E R 5 
Connectivity Verification 

 

Introduction 
Connectivity Verification (CV) uses an out of band (OOB) or in-band tone to verify the optical connectivity 
between a line port and an A/D port. CV can be conducted via CLI or CONC. Internal Patch Cord (IPC) is 
representation of connection between NCS 1010 and a Passive Patch Panel and required to perform 
Connection Verification via CONC. The following figure shows an example of IPC creation in CONC.  

 

Passive shelves must be powered through the USB ports on the NCS 1010 chassis.  

Passive Shelf Numbering via USB 
Each NCS 1010 chassis provides 3 USB ports, numbered 1-3. This port number becomes the passive shelf 
ID, as shown in the following figure. 



 

 

   Implementation Guide for Cisco NCS 1010 Optical Line Systems 
31  

   

 

The following figure shows an example of three shelves connected to the 3 USB ports. 

 

The following is a more detailed example of cabling for CV: 
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Configuration 
CV configuration example is shown in the following figure. A few configuration options are available, 
including tone rates, tone patterns, and tone frequencies. 

 

The OMS COM port ID is dependent on the passive panel type. The following table shows the OMS port 
numbering for all of the passive panels. A 1:3 splitter for example means one OMS port maps to 3 OCH 
ports, such as port 24 maps to ports 0-2. Note that if BRK-8 is connected to the last MPO Add/Drop port of 
an OLT, only the first 6 fiber ports are available, so the useable OMS ports are 8-13. 

 

Triggering CV 
CV can be triggered from IOS-XR CLI or from CONC. 
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Patch Loss Verification via CONC 
CONC also provides a patchcord loss verification tool for a configured IPC. 
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C H A P T E R 6 

Measuring OTDR 
 

The built-in OTDR (Optical Time Domain Reflectometer) can be enabled to scan either Tx or Rx directions 
using the IOS-XR CLI. The process goes through these steps: measuring, data processing, data ready.  

The following capture shows the commands to start and stop the scanning for the Tx direction. 

 

The following capture shows a sample scanning report. 
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A P P E N D I X 

IOS-XR Commands 
 

This section lists some of the common IOS-XR commands to manage an NCS 1010 node. Detailed show 
command output examples are also provided for your information. 

Command Summary 
General Commands 

 

Optical Commands 
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Detail Command Examples 
Span Loss 

 

APC Regulation 
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Channel Configuration for OLT 

 

Configured channel: 

 

Channel Configuration for ILA 

 

Configured channel: 
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Line Port Controller 
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Line port channel: 
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Add/Drop Controller 

 

 

Add/drop channel: 
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OSC Controller 

 



 

 

   Implementation Guide for Cisco NCS 1010 Optical Line Systems 
43  

   

CX Services 
 

This section lists some of CX services available for implementing Routed Optical Networking (RON) 
solution and Cisco NCS 1010 in particular. Cisco CX created a portfolio of services to help customers  
accelerate the RON adoption. 

 

For implementing a NCS 1010 network, the Design and Implementation service allows faster deployment at 
scale with reduced risks and lower costs using CX automation and best-practices.  
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