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Key Takeaways

• Internet infrastructure and its industry are undergoing a major transformation

• ONF has been at the forefront of this transformation 

• India and its software industry can play a big role in this transformation 

• And ONF can be their partner in this adventure   
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Internet Infrastructure: What do we mean? 
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Internet Infrastructure: $300B+ per year



Internet Infrastructure: Relative Profitability and Value
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Internet Infrastructure Providers: 



Drivers for 
Internet Infrastructure Transformation
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Internet 
Infrastructure 

Transformation
Pull due to Operator 

Business Realities
Push from Disruptive 

Innovations



Business Reality of Internet Infrastructure Providers

• Traffic growing very fast 
• "Mobile data traffic on AT&T’s national wireless network increased more than 

250,000% from 2007 to 2017.” 
https://about.att.com/newsroom/best_network_for_streaming_video.html

• Capex and Opex grow proportionally to traffic 

• ARPU (Average Revenue Per User) is relatively flat or declining

This challenges providers’ business viability at the core 
and requires a fundamental paradigm shift
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https://about.att.com/newsroom/best_network_for_streaming_video.html


To make things worse, providers have to deploy 5G, 
Gigabit Broadband, and Edge infrastructure soon 
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Providers cannot continue to build infrastructure 
with the current approach and business models



Business Model and Supply Chain
(Simplified)  

Mobile and 
Wireline 

Operators
Leading OEMs

Small & large 
software & hardware 
component providers

Silicon 
Providers



Supply Chain: Value, Influence, Netw Control
(Simplified)  

Mobile and 
Wireline 

Operators
Leading OEMs

Small & large 
software & hardware 
component providers

Silicon 
Providers

Metric Silicon 
Provider

Software/Hardware 
Component Provider OEM Network 

Operator

Market 
Value Modest Low High Modest

Evolution Modest Low High Modest

Network 
Control Modest Low High Modest

Net Result: Low rate of innovation and high Capex & Opex for operators 

Most 
Indian 

Companies 



Pull and Push Drivers for 
Internet Infrastructure Transformation
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Internet 
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Million of lines
of source code

8000+ RFCs

Billions of gates Bloated Power Hungry

Vertically integrated, complex, closed, proprietary
Source of high CapEx and OpEx; Not suitable for innovation; 

Specialized Packet 
Forwarding Hardware

Operating
System

Feature Feature

Routing, management, mobility management, 
access control, VPNs, …

Source of Problem: Network and Device Architecture  



Situation is Even Worse for Mobile LTE Network 

LTE eNodeB/Base Station

EPC: SGW and PGW

IETF + 3GPP Standards è More closed and proprietary 

RAN Mobile Core



Routing TE

Network OS

Open Interface(s)

SDN as a New Approach to Networking 

Packet
Forwarding

Packet
Forwarding 

Separation of 
Data and Control
Plane

Global Network
View 

Mobility

Programmable
Basestation

Open Interface to Forwarding 
Abstraction: L1/L2/L3

Packet
Forwarding 



Benefits of SDN 

• Help reduce Capex and Opex

• Disaggregation of complex proprietary boxes into simpler white boxes & 

(open source) software components   

• Exploit abstractions for control and management to reduce Opex

• Enable innovation & accelerate new revenue generating services

• With openness and programmability of infrastructure 

• Give network operators control of their networks 

• So they can innovate and customize and not be dependent on OEMs



Good News: Everyone in the Industry is Doing SDN!
Bad News: Many OEMs taking an “incremental” step
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Config and Provisioning of Devices: CLI Automation

Network Wide Orchestration 

Some Opex savings but no other benefit 
No change in business model



Key Takeaways

• Internet infrastructure and its industry are undergoing a major transformation

• ONF has been at the forefront of this transformation 

• India and its software industry can play a big role in this transformation 

• And ONF can be their partner in this adventure   
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Disaggregation 
White Box

Open Source

SDN/NFV/
Cloudification

ONF’s Operator Led Mission

… to bring 
capex & opex 

efficiencies 
& 

innovative 
services 
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Transform 
Operator 
Networks  

by leveraging 

Why? How?

With the focus on Access and Edge



ONF’s Approach and Expected Outcome  

Forwarding
White boxes using
Merchant Silicon

Control Plane
Network OS

Apps & Tools for 
Network Control
& Management

Network of 
Closed Proprietary
Boxes



ONF’s Approach and Expected Outcome  

Network of 
Closed Proprietary
Boxes

Switches, OLT, 
RU/DU, OLS/ROADM



ONF Mission and Approach Requires New Open Source Model  

Difficult for existing OEMs to support & help build a developer community

ONF and its operator partners needed to invent a new open source model: 
curated open source and curated community

Disruptive Innovation:

• Business Model

• Network Architecture



ONF Unique Approach – Operator Led Curated Open Source

22

• “Small & mighty” independent engineering team 
• Dedicated to the mission with no legacy to protect 

Lab & 
Engineering 
Staff @ ONF

Operator
Partnerships

7+ Years

Operator 
prioritized 
use cases 

• Operators first agree on common Use Cases to jointly pursue
• Operators commit to deployment 

Keiretsu 
Ecosystem 
Develops

• Curated supply chain engages to embrace opportunity
• Well aligned vendors each contribute value to overall solution
• Operator commitment to deployment ensures ROI



70+

70+

Operator Led - Curated Open Source Community 
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Partners committed to disaggregation, open source and SDN/NFV/Cloudification

Operator Partners

Vendor
Partners

Innovator Vendors

Collaborators

Guru Parulkar, Exec Dir

Andre Feutsch – CTO
& ONF Chair

Jochen Appel - VP

Amin Vahdat - Fellow

Dai Kashiwa - VP

Rob Howald - VP

Shao Guanglu - SVP

George Tchaparian - CEO

Nick McKeown - Prof

ONF BOARD

Yusuf Kirac - CTO 

Innovator
Operators



NEW Supply Chain: Value, Influence, Control

Mobile and 
Wireline 

Operators

Small & large 
software companies 
System Integrators

Silicon 
Providers

High rate of innovation and 
Significantly reduced Capex & Opex for operators 

Whitebox
Vendors

Fair Distribution of Value and Influence

Open Source as Foundation

Network operators have control of their networks to innovate and customize

Great for 
Indian 

Companies 

Productization, 
Hardening, Single 

neck to choke 

OEMs play a 
combination 

of roles



Open Source Platforms and Solutions
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A Thin Switch OS supporting P4, P4RT, OpenConfig/gNMI, gNOI

ONF Open Source Components

Packet Switches

Stratum



ONF Open Source Components
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A software layer to create OF switch abstraction

Packet Switches

Stratum

OLT: Optical Line Terminator

VOLTHA



ONF Open Source Components
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Packet Switches

Stratum

OLT: Optical Line Terminator

VOLTHA

RAN RU/DU

xRAN
Controller

OLS/ROADM

ONOS: An SDN OS for control and config designed for scale, performance, HA 

OMEC A Disaggregated Virtualized EPC

XOS A Service OS for service management, composition, orchestration  

A Portfolio of Mobile, Residential, & Enterprise Services  Services



ONF’s Ying-Yang Model for Disaggregation & Integration 
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ONF is unique in delivering Integrated Solutions leveraging open 
source Disaggregated Components 

To enable innovation 
we need:

Disaggregation and
Open Source Components

To be able to deploy:

Operators Require Integrated 
Solutions Leveraging Open Source 

Disaggregated Components



Public Clouds

Users
& 

Devices

Central Office

Emerging Multi-Tier Cloud: CO Both an Asset and a Challenge

Telco Cloud

CO

CO

CO

CO

CO

• Connect all customers to provider networks

• A perfect location for offering new edge services 

• Evolved over 40-50 years 
• Includes lots of closed proprietary devices 
• Major source of CapEx and OpeX

CO: An Important Vantage Point



Public Clouds

Users
& 

Devices

Central Office

Emerging Multi-Tier Cloud with New Edge

Telco Cloud

CO

CO

CO

CO

CO

• Subscriber experience dictated from here

• Human Reaction time: 210ms
• Machine to machine interactions      < 100ms 
• Latency to Centralized Cloud: 100 – 400ms

• Emerging Applications Require Edge Processing
• AR visual overlays
• Autonomous Vehicle Coordination
• IoT Battery Life (50-75% improvement with edge processing)

Edge Processing is Vital



Public Clouds

Users
& 

Devices

Edge Cloud

Emerging Multi-Tier Cloud with New Edge Cloud

Telco Cloud

E

E

E

E

E



Backbone

CORD: New Edge Platform
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Open Source Software Stack: ONOS, OMEC, XOS

Specialized
Optical  DWDM

PON
OLTs

Cable
DOCSIS

Radio
Units White Box

Servers & Storage

Trellis: NFV Fabric

Mobile

Mobile

Enterprise

Enterprise

Residential

Residential

Specialized Access Equipment

Cloud Native Services



Trellis Switching Fabric:
• Leaf-Spine Fabric
• SDN enabled 
• White Boxes
• ONOS as SDN OS
• Fabric Apps on ONOS

GPON OLT

OCP 
Server

OCP 
Server

Software Stack: 
• OpenStack/Docker/Kubernetes
• ONOS, XOS

eNB w/ xRAN

ROADM

CORD: New Edge Platform  
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~25 services 
residential, mobile, & 
enterprise use cases

XGS-PON OLT

4G/5G RAN
Disaggregated 

ROADM

Ethernet



Innovative Integrated Solutions to Production 
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OpenFlow White Box Switches

Distributed Leaf-Spine Fabric

Trellis NFV Fabric

Tier 1 Operator’s Production Network
In multiple geographies

Ambitious plans to scale and 
Take it to other operators

ONOS



Innovative Integrated Solutions to Production 
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OpenFlow White Box Switches 
& OLT Devices 

SEBA: 
SDN Enabled 

Broadband Access

AT&T, DT, Turk Telekom, Telefonica, …
Publicly stated plans to take it to 
production in 2019 and beyond

VOLTHA

ONOS

XOS/NEM



M-CORD POCs
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M-CORD 5.0
Architecture built on open 

source CORD 6.0

P4 Fabric
Utilizing a multi-vendor p4-

programmable leaf-spine fabric

VNF Acceleration
Showcasing VNF acceleration by 

offloading to P4-fabric and GPUs

ONAP Integration
Demonstrating integration with ONAP 

for both design-time and run-time

Open Source EPC
Hosting an open source, virtualized, 

disaggregated EPC + services

E2E Network Slicing
Exhibiting ONOS-based programmable 

end-to-end network slicing

ETSI MEC Interoperability
Demonstrating interoperability with 

legacy ETSI MEC platform
Comprehensive, Highly Integrated Platform

Highlighting the Power of Open Source

Closed Loop Analytics
Demonstrating closed loop 

analytics and automation
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M-CORD POC AT MWC 2019

OMEC: Production grade, open source, CUPS compliant 
3GPP core with SR-IOV accelerated user plane 

Multi-Cloud Connectivity Supporting  Distributed Mobile 
Core Service Core

Multi-Access Support with SDN-Programmable Access

OTT Services Support allowing for multi-cloud distribution 
of service components

ONAP Integration Allowing for Global Design and Edge 
Execution of Programmatic RAN Slicing 



Innovative Integrated Solutions to Production 
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OpenFlow White Box Switches 
& Disaggregated RAN

SD-RAN 
Edge Cloud China Unicom committed to taking 

this to trial and production ONOS

SD-RAN + Mobile Core

XOS/NEM



Operator Traction Worldwide
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AT&T: SEBA, VOLTHA
Blackfoot: SEBA  
Verizon: M-CORD
Sprint: M-CORD
Comcast: Trellis, ODTN
Google: Stratum, SEBA, NG-SDN

China Unicom: M-CORD, E-CORD 
China Mobile: M-CORD, E-CORD 
NTT, NTT East: ODTN, R-CORD
SK Telecom: M-CORD
Reliance Jio: SEBA, M-CORD

NBN: SEBA, VOLTHA
Telstra: M-CORD

British Telecom: R-CORD
Deutsche Telekom: SEBA, M-CORD, NG-SDN
Swisscom (Fastweb):R-CORD
KPN: NG-SDN, Stratum
Telefonica: R-CORD, M-CORD
Telecom Italia: M-CORD
Colt: R-CORD

Turk Cell: R-CORD
Turk Telekom: SEBA, M-CORD



Operator Traction Worldwide
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AT&T: SEBA, VOLTHA
Blackfoot: SEBA  
Verizon: M-CORD
Sprint: M-CORD
Comcast: Trellis, ODTN
Google: Stratum, SEBA, NG-SDN

China Unicom: M-CORD, E-CORD 
China Mobile: M-CORD, E-CORD 
NTT, NTT East: ODTN, R-CORD
SK Telecom: M-CORD
Reliance Jio: SEBA, M-CORD

NBN: SEBA, VOLTHA
Telstra: M-CORD

British Telecom: R-CORD
Deutsche Telekom: SEBA, M-CORD, NG-SDN
Swisscom (Fastweb):R-CORD
KPN: NG-SDN, Stratum
Telefonica: R-CORD, M-CORD
Telecom Italia: M-CORD
Colt: R-CORD

Turk Cell: R-CORD
Turk Telekom: SEBA, M-CORD

“70% of operators 
worldwide 

are planning 
to deploy CORD”

Michael Howard
IHS Markit

“Nearly 40% of all end-
customers will have service 

provided by … CORD 
by mid-2021”

Roz Roseboro
Heavy Reading



The New Edge
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“The Edge Will Eat the Cloud” 
Gartner Maverick Research Report

https://www.gartner.com/doc/reprints?id=1-4GH0FTL&ct=171004&st=sb

“Return to the Edge and the End of Cloud Computing”
Peter Levine, A16z

https://a16z.com/2016/12/16/the-end-of-cloud-computing/



Key Takeaways

• Internet infrastructure and its industry are undergoing a major transformation

• ONF has been at the forefront of this transformation 

• India and its software industry can play a big role in this transformation 

• And ONF can be their partner in this adventure   
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Software is eating the world! 
Including Of course Software Defined Internet Infrastructure 

Open source is the new default way to build software

India has the largest skilled software developers

India’s Opportunity to Play a Significant Role in Internet 
Infrastructure Transformation 
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One of the top 
contributors to 
ONOS & Trellis

Engaged with 
SEBA and 

Mobile Solutions

Co-Exhibitor 
with ONF at 

MWC, ONS, etc.

Long standing 
ONF Partner for 

CORD SI 

Productizing & 
Supporting SEBA 

& Mobile 
Solutions

New ONF 
Partner

Engaging in 
COMAC, MAEC

Good News: Many Indian Companies Realize the 
Opportunity

ONF Partner Members based in India
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A                      company



Good News: Many Indian Companies Realize the 
Opportunity

ONF Partner Members with significant Eng presence in India
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Every ONF Supply-chain Partner!



Good News: Many Indian Companies Realize the 
Opportunity
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Notable ONF Collaborative Innovator Members based in India



“A Big Thank you”

to all

Our Indian Partners and Members
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If you have been on the sidelines, it is time to join 
ONF and the transformation adventure!

You can be sure to get amazing ROI as this $300B+ 
industry transforms
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Key Takeaways

• Internet infrastructure and its industry are undergoing a major transformation

• ONF has been at the forefront of this transformation 

• India and its software industry can play a big role in this transformation 

• And ONF can be their partner in this adventure   
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THANK YOU!
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Software Defined Networking (SDN)

Packet
Forwarding 

Packet
Forwarding 

Packet
Forwarding 

Packet
Forwarding 

Packet
Forwarding 

Control

Control

Control

Control

Control

Global Network Map

Control Plane

Control
Program

Control
Program

Control
Program



Mobile LTE Network 

LTE eNodeB/Base Station

EPC: SGW and PGW



M-CORD: Platform for 5G MOBILE EDGE 

PROGRAMMABLE LEAF-SPINE FABRIC

COMPUTE NODES

ONOS OPEN STACK / DOCKER

XOS

Disaggregate RAN

Virtualize some of its components

Realize virtualized components in 
the cloud

SDN’ize for 
programmability (xRAN)

Programmatically 
instantiate RAN slices for 
different use cases

Disaggregate CORE

Virtualize all components

Realize virtualized components in 
the cloud

SDN’ize for user plane 
VNF offloading

Programmatically 
instantiate CORE slices 
for different use cases

MOBILE EDGE CLOUD



We know we are on the verge of big milestones that will take us 
beyond the point of no return in this transformation adventure! 

We have to stay focused and continue to execute
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#OpenCORD

CORD Software Stack

Openstack/Docker/
Kubernetes

Ceilometer vSG vCDN

(OCP) Servers

ComputingONOS

VTN Fabric 
Control

Multicast 
Control vRouter

SDN Enabled 
Leaf-Spine Fabric

Switching

RAN Controller
(ONOS)

vOLT

ONOS

VOLTHA
OLTs 4G/5G RAN

vRAN

Access Devices

All Open Source
XOS

Access-
as-a-service

Internet-
as-a-service

Monitoring-as-
a-serviceCDNPacket Core

as-a-service


