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Agenda

▪Telco Network Imperatives
▪SDN and NFV Technologies
▪Refactoring for Virtual Network Functions and 
Infrastructure
▪Virtual GPON OLT Architecture, Project and Demo
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AT&T Business Imperatives
Open our Network Simplify and Scale Increase Value

Modular

Programmable via robust 
Network API’s, service 
creation and execution

Common NFV Infrastructure 

New operational paradigms 

Emergent significant stressors 
include Video and Internet of 
Everything 

    

Agile, Elastic, Dynamic  

Cost-Performance leadership 

Enable new growth services & apps 

World class, industry leading security, 
performance, reliability  

Facilitate new business models and 
associated monetization paradigms 

Combining NFV and SDN, enables a real time 
network  cloud, distributed and integrated through 
the WAN, optimized for packet

Architecture and Technology Directions
Decouple HW from SW – NFV 

Separate Control from Forwarding – SDN
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Basic Principle of SDN
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Basic Principle of NFV
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•  Fragmented non-commodity hardware.
•  Physical install per appliance per site
•  Nearly 300+ unique deployed appliances.

BRAS

FirewallDPI

CDNMessage 
Router

Carrier 
Grade NAT

Session Border 
Controller

PE RouterSGSN/GGSN/
PDN-GW

High volume standard processors (servers)

High volume standard storage

Cloud, Network & Service 
Orchestration

Network Function Software

Softw
are – 

Sourced or 
D

eveloped

Storage

Processors

Software

R
eal Tim

e C
loud 

•  Commodity hardware on industry cost curve
•  Reprogrammable HW implies no stranded capacity
•  New services facilitated by software introduction .

Each Appliance has 
a common structure

Today NFV
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NFV Infrastructure
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WAN Network Links

WAN Routers

Spine Switches

Leaf Switches (TOR)

Compute and Storage

Fabric
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But There’s a Small Gotcha
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WAN Network Links

WAN Routers

Spine Switches

Leaf Switches (TOR)
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So Let’s Fix It for WAN IO
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So Let’s Fix It for WAN IO
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WAN Network Links

WAN Routers

Spine Switches

Leaf Switches (TOR)

Compute and Storage

Fabric

IO

IO
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Using NFVI to [Re]Construct Routers
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Mapping Then to Now
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VNF

IO
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VNF
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Links

VNF

IO
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Link

IO

Control 
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Fast IO

Slow IO

Apps

SDN Control NFVI Orch
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Unifying Hardware in NFV Infrastructure

NFVI NFVI 
MNGR

SDN 
Control

VNF
IO

IO

VNF VNF

IO

IO
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The Sum is More Than the Parts
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SDN
Separation of control and forwarding 

with programmability of network 
including recipes (abstractions) of 

network functionality

NFV
Conversion of network functions from 

dedicated HW to SW on shared 
infrastructure leveraging COTS, 

generic servers

NFV + SDN
NFV and SDN are complimentary technologies. They can be introduced 

individually, but together provide greater value. 

SDN can enhance performance, improve utilization, harmonized with existing deployments, introduce 
agile operation & maintenance procedures, and enable new service paradigms.

NFV can further support SDN by providing the COTS infrastructure upon which SDN software can 
run. NFV also provides the “new” unit of compute, storage, and networking that hosts many existing 

and new network functions.



Reconstructing GPON 
(Gigabit Passive Optical Network)  
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Legacy GPON Access Architecture

OLT

10 GigE
(LAG)

2.5 Gb/s
1.25 Gb/s

Eth Agg 

RG
PC

Phone

ONT

FTTP

RG
PC

Phone

ONT

PON Splitter

.

.

.

STB w 
DVR

Broadband 
Network 
Gateway

GPON Optical Line
 Terminator (OLT)
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Virtual OLT  (vOLT)

Standard HV
Router

Standard HV
Server

SW BRAS

Standard HV
PON MAC Card

PON
OLT

MACs

Standard HV
Switch

Standard HV
Switch

Standard HV 

Server
Standard HV 

Server

Standard HV 

PON MAC Card
PON
OLT

MACs

PON MACs is moving 
to standalone HW

Spine & Leaf 

switches

GPON OLT

Everything but the MACs can 
be virtualized and moved to 
NFVI running over standard:
• Fabric Switches
• Storage
• Servers
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NFV OLT

Standard
Equipment
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vOLT in NFVI

1

2

vOLT control and 
management software 

vBNG

All Hardware is part of 
NFVI and is common 
among all applications and 
services

Forwarding Path (data plane)
SDN and Netconf Path (Ctl + Mgt plane)

NFVI 
MNGR

SDN 
Control

VNF

IO

VNF

1 2

Metro Core  
Link

VNF

IO

Access  
Link

VNF

PON  
OLT 
MACs
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Virtual OLT Software Architecture

OMCI StackOLT API

SoC FW & HW Drivers

New OF OLT  
Abstraction API

OF OMCI 
Subset ?

OpenFlow Agent

OpenFlow 
Controller

Applications

Configuration

NETCONF
/ YANG

SDN controller & 
applications

HW drivers
runs on GPON 

SOC

NFV GPON I/O Card

DC Server
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OCP GPON OLT IO Blade
(Gigabit Passive Optical Network)  
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Minimize Complexity in Hardware

Onboard
L2

Switch

Or       NP

PO
N

PON OLT
MACs

PO
N

10
G

EON OLT
MACs SoC

ON OLT
MACs SoC

Local
Host CPUX

Data & 
ControlData

Ctrl

Traditional OLT Line Card GPON OLT IO Blade

X
DDRDDRDDRDDR

DDR

DDRDDRDDRDDR

X X X

X X X

Data

GPON I/O card doesn’t require dedicated management 
port, external host CPU, TM & PP and associated memory.

The result is higher PHY density with low power, lower 
cost and significantly lower TCO

Remote In-band management
replaces local host SW
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Example 90G GPON OLT IO Blade

GPON

19”

1U

CNI

I/O blade fits into the OCP 
telco I/O rack

24 GPON OLT Ports
Carrying 60G DS / 30G US

Single Blade

The NFV revolution:
Big, power savvy and 

expensive OLT chassis fits 
now in 1-2 blades

TOR 
Switch

NFV I/O
RackIn-band management
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Example 180G GPON OLT IO Blade

GPON

19”

1U

CNI

I/O blade fits into the OCP 
telco I/O rack

48 GPON OLT Ports
Carrying 120G DS / 60G US

Single Blade

The NFV revolution:
Big, power savvy and 

expensive OLT chassis fits 
now in 1-2 blades

NFV I/O
RackIn-band management

TOR 
Switch
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Example 48 PON Layout in 19” 1RU
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Concept Demonstration
(AT&T U-Verse IPTV and Internet Access)  
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Demo Components
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