tmfc,,er NFV and SDN

ting digital € Answer or Questlon’?

Barry Graham S 9
Senior Program Director - Agile D (3¢

© 2015 TM Forum | 1



TM Forum: A Brief Introduction tmf?nm

TM Forum is a non-profit

global industry association 90,000+

which brings together the Member Professionals

cgllectlve genius of our 950+

diverse members to Member Companies

collaborate to build highly

successful digital Global
Coverage

business ecosystems




Agenda

= The marketplace context - the opportunity?
= The wider technical context — the enabler?
= The implications for management

= Really?

= The work of the TM Forum
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Digitization of Industries mf=rum

Everything that can be digitized, will be

e
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Telco mp Digital Business Enabler
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The value chain is now a
complex value fabric of partners -
a series of digital ecosystems




Picking Where You Play: Traditional tmf=2rum
Boundaries Are No Longer Clear

Content &
Applications

Enabling Services
& Platforms

Connectivity &
Infrastructure




The Interface is Where the Profit Is tmf*‘”n'm




End-to-End Ecosystem Services Present tmf2rum
Significant Opportunities for CSPs... L8 A8 B

Requirement

Security G
Privacy

Reliability G
Analytics

Accuracy Q
Latency G
Timeliness G

Legal/Regulatory

LS SESTSESTS

... but you have to move fast!
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A world of opportunity
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tmferum

Customers want to buy high
quality digital services
delivered and managed
seamlessly.

The value chain has become
a complex value fabric.

To compete, ecosystem
partners must be agile and
partner efficiently,
assembling service
components from many
partners.



tm ”’I’Lm The changing technology

connecting | tal
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Impact across the ecosystem tmff*run

Capacity and
bandwidth for
mobile
broadband

5G is not just about
increased capacity and
bandwidth, it offers
significantly enhanced use
cases opening up new
business opportunities

Massive
connectivity for

Seamless and
ubiquitous

access for
consumers

Internet of
Things

Rapid cost
effective
deployment and

evolution through

cloud RAN
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5G to monetize the long tail mferum

oG

Telematics
Massive loT
Tactile internet
eHealth
Autonomous cars

Popularity Rank
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A common infrastructure for all verticals tmﬁ?’run

Multiple virtual networks carried on a
single physical infrastructure

50000D

c_ﬂ@@@m

Source: Ericsson
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The expectation is that 5G
will offer multiple virtual
networks with different cost /
performance characteristics
across shared infrastructure

This will require an
unprecedented level of
virtualization and
componentization supporting
multi tenant at every level



tm ”’I’Lm NFV is the critical first step

connecting | tal
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NFV is a fundamental change mfarum

Traditional Network Model: Virtualised Network Model:
APPLIANCE APPROACH VIRTUAL APPLIANCE APPROACH

I DPI @ cGNAT GGSN/
BRAS 0O scsy

Firewall PE Router

ORCHESTRATION, AUTOMATION
& REMOTE INSTALL
PE Router
Session Border

= STANDARD HIGH
Firewall CG-NAT Controller

VIRTUAL
APPLIANCES

VOLUME
SERVERS

Network Functions are based on specific HW&SW

Network Functions are SW-based over well-known HW
One physical node per role

Multiple roles over same HW

The most fundamental change in years with far reaching impacts
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Drivers for Network Function Virtualization tm 5er

Reduca the time from concept

to deployed new services i BUS| ness Agl“ty

Ability to adapt to new
business or markat conditions

Raduca OpEx

Reduce CapEx 5G will require a virtualised

Batter customer expariance network but it can deliver
significant benefits in the
short and mid term and is a
Batter network performance major industry fOCUS

Greater management flexibility

Mo driver or don't know

I I I
a 10 20 30 470 B0

Bource: TA Forwm, 2075
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The roadmap for deployment tmf?nm

Figure 6-1: Estimates for production deployment of virtual network functions

There is little consensus on the
sequence of deployment
however a number of operators
are focussing on edge functions
such as vCPE to provide
firewalls etc at the edge.

Security: Firewalls,
IDT systems

Application optimization

Traffic analysis

Network functions:
AAA, policy control

Switching:
BNG, CG-NAT, routers

Tunneling gateway
elements

HoTttaroglers, A Common bUSineSS fOCUS IS
Mable et nedes around enterprise services such

RMC, etc.

as customised Firewall, VPN etc

Signaling: SBCs, IMS

0 20 40 60 80 100
1 year or less 2-3 years 4-5 years Don't know

Source: TM Forum 2015

© 2015 TM Forum | 17



Barriers to adoption mrarum

The nead to make significant organizational
changes to fully raalize MFPV's promise

- Process and
Thn; niead to significantly . .
re-train our employee base p— Organ|zat|ona|

The need to make significant cultural .
changes to fully realize NFW's promisa |SS u eS

Reluctance on the part of some of our
suppliers to adopt a softwara model

Don't know

Lack of a compelling business case

Requirament to make significant
changes to our procurement processes

Mo business or organizational inhibitors

I T I I I I I I
0 5 10 15 20 25 30 35

Sovrce: TM Forum 2015
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The Hybrid challenge

Figure 3-9: Technologic erational inhibitors to NFV adoption during the next two years

Concerns about how we would do end-to-end
service provisioning that includes physical and virtual
resourcas, which may cross multiple partners’ domains

The need to implement a
new generation of agile OSS/BS!

Immaturity of current products

Time it will take for standards
to be developed and implemented

MNeed for sophisticated orchestration capabilities

Difficulty of doing end-to-end service management

Concerns about security vulnerabilities

Don't know

No technological or opsrational
inhibitors to implementing NFV

mienm

- oSV 27

| T T T T T
0 5 10 15 20 25 30 35

40

The challenge of end to end
management in a hybrid environment
IS the biggest technological concern
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tm ”‘I’Lm What does this mean for management

connect digital €
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The evolution of the OSS

A “traditional” OSS is an
integration of thousands
of applications into a
system. As new
appliances are added new
integrations are needed.

Network Appliances

B

Agile — able to incorporate
new services in days not
months.

Change is constant and
incremental - with a DevOps
methodology

Part of an ecosystem -
services are provided by
partners or owned or rented
Componentised — Service
components are granular and
So are the supporting
services

Secure and private — multiple
separate slices
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mikerum

A future OSS will be based
on supporting platform
services exposed by each
component platform by APIs.
New services will be
automatically added

Self service dominates




The operations centre of the future tmf?mﬂ

Focus on customers Agile working, frequent
and services not iIncremental changes
network infrastructure ‘ , ‘ Incorporated using a

DevOps approach

F Future
Operations g
Extensive liaisons with Centre Automation driven by
ecosystem partners S data analytics and

e
both as providers and ‘ ‘ policies to reduce cycle
channels time and cost

End to end management of a hybrid digital service platform
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tm ””I’Lm Exploring the reality

connecting 'liI!f

......

Can a more flexible system deliver real S @
business benefits? R (%)
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NFV Enables a New Perspective

. to factor in business profitability'

Financial Value
A

Business Performance

Operating Gains

Dynamically To achieve maximum value
calibrated to the

right level of
flexibility

2 Operational Flexibility
Physical Virtualized

Functions Functions Sl

Maximizes the financial value of services by rémo\/ing the
operational constraints of physical functions

Source: TM Forum Maximising profltablllty WIth NFV
catalvst project'team "% O oot i1

© 2015 TM Forum - |24



~ determine orchestration
decisions to make mo?e*-ﬁ'\'/vell*r-
rounded NFV instantiations

We show a closed-loop
system from mediation,
monitoring, optimization
analytics through policy-driven
instantiation and restoral
considering QoE/QoS and
financial metrics

Collect ) Analyze

. (]
» Cost drivers * Model the
« Technical metrics options

* Optimize

Goal is to op
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* Move
* Re-deploy
* Scale ...




Phase 2 Architecture & Process

Enhancements

Financial Input and Analytics

s

Menanrk!GloudFi-anc al - F"EI”C}' Warklo | egquests

Policy mpa ] Mk

- Edcascn

Management

Cloud Dyramic

Analdics Crptimnization

Cuetamer
& Sanvica
R=forcnes

Aris Networks

Dynamic Monitoring Orchestration

Topology Wodels
Data Metics Voo s

Crenamir: Servicn
D chest-atior

Nita G

FrofikU sage

-
' Crpar, Liata Real Time Daza A el
c.g., fooaralin hMonitzding
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. _
ok Metrca

BuBaEs MEeTIZE
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Senvice Camain
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Irfrastructuie Carnain
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trrfaruminFocus

nvemoar s s (o LALY ST
Improves the intelligence of the closed-loop
control system by involving financial support
systems

— Understand the financial elements that make up the
cost and revenue components of service offerings

Explores cases where competing policies need
to be reconciled to make optimization decisions

—  With inclusion of QoE and financial data,
optimization/analytics becomes multi-faceted and
dynamic

—  Multiple kinds of optimization may need to be
reconciled (finance, CEM, network/data center) by the
decision engine

Decision engine may be human-assisted — in
particular when handling exceptions

This phase looks at new metrics, policy model
extensions and optimization algorithms

Source: TM Forum Maximising profitability with NFV
catalvst project team



Phase 2 Architecture & Process
tmf=ruminFocus
Enhancements et 255 CATALYST

Examples of Financial-based Optimization Triggers

« Time of day power tariff change - As a result the cost of placement for services would force the move to
another data center

» Cache resources become available - Low-cost disk caching becomes available so some services could move
because the transport-cache equation changes

* Margin optimization - Service revenue for some services changes, maybe due to a marketing campaign, and as a
result we move these services

» Cost creep - The cost of capacity has increased over time and a global optimization (which is being run in parallel)
identifies a +X% benefit to a global optimization so services are moved

« Service protection change - A service is now offered at a higher revenue because of improved protection
requirements which changes the overall cost dynamic

Source: TM Forum Maximising profitability with NFV

2 2 i
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And it works! tmff’ U

We can build a solution that:
* Makes best use of resources to maximise profit
* Optimizes for a complex set of business goals

But we need:

Closed loop automation with...

* Real time performance information
* Policy based orchestration
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tm ”’I’Lm Exploring the reality

CONNE | tal

Can we build a support system that S o
delivers? R (%)
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Orchestration - Microservice Architecture tmf@rumn@ujs

Novcmbcrd-c?ﬁﬂﬁ CATA LYST
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Source: TM Forum Model Driven service
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Metadata Applications - Catalog

Specifications
Hetwaork Services

—

VHNFsPMFs

Covlguralicn
Specs

B e 1

L —

Imﬁ

Capability E

PHF 1

Catalyst

]
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nﬂf-zhrunln@cus

novermver 5,200 A TALYST

I Configuration assisted
service and resource
design

—lUse configuration to
define function chains for
0SS services as well as
network services

JIntroduction of capability
and capacity concepts
along the lines of DEN-ng
and TR225

Source: TM Forum Model Driven service
orchestration Catalyst project



Metadata Applications - Policy

e

ECA Policy
==== Event == Condition Action
CPU = Foug Perform Analysis’
eg. Pgw and Qnfine Rasoluficn
Sessions > 00K Service Chain
I
I
Goal Policy :
I
I
——————— Ceonstraint - Constralnt :
I
I
eg. VSFIGW Utilisation i :
must be between 10 and 80% | [
I |
Catalog | i
_ H Target ahject |
Specification | £-——5——- *—————_F il
pecicalion = classification
I
i
I
Configuration !
e ———
Spec
Inventory/Network
Managad Object
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Uﬂf:ﬁrunln@cus

noverbera-5.206 A TALYST

I Standard ECA Policy is used to
respond to events from other 0SS
components — and could also be used
to respond to internally generated
events from analysis

JActions may include initiating
internal microservice chain for
analysis and resolution

JGoal based policy is used to
describe desired network states to
maintain performance

JPolicy may be tied to network
Instances and/or specification
Instances to generalise policy and
verify capabilities

Source: TM Forum Model Driven service
orchestration Catalyst project



Outline of Demonstration Uﬂfﬁruﬂln@cus
novermber -5, 201 A TALYST

_ILong Term Closed Loop Planning Execution

¥ the ability to select and area of the network for analysis based on an anticipated
event

" use of capacity and traffic models to predict the anticipated shortfalls

_IShort Term Closed Loop Event Based Execution
" Real time event statistics from performance management system and generation
of scale out and in events

* Initiation of microservice based analysis using service/resource catalog, policy and
inventory data

= Corrective actions via microservice chaining with activation sequences for
* U2000 (MME - control of traffic steering )

* ONOS (SDN-C) — use of Huawei-ONOS [IP/VPN integration to create/update
IP core VPN

* Huawei MANO (VNF instantiation)
¥ Dynamic inventory managing both historical, planned, and discovered resource
and service change, eg. scale out and scale in

Source: TM Forum Model Driven service
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It works again! trfaruminFocus
nowsmose 5301 LA TALYST

We can build a solution that:
* Responds to events and uses policy to orchestrate changes
* Delivers a level of performance impossible any other way

But we need:

Nested closed loop control using
* Common models network and service elements
*  Common framework for integrating microservices

© 2015 TM Forum | 34



tm ””I’Lm Exploring the reality

connecting 'liI!f

......

Can NFV really deliver improved customer S 6
experience and new services? 3 (v¢)
DOC >
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vCPE Catalyst Project - Phase
Virtualizing the CPE

Evolve broadband servi
architecture, facili

e e TIANEA L N
> e o - L h- ‘

This catalysmwproject defines the operational

i < e l”
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vCPE Catalyst Project - Phase 1 mf.nm|n@cus

Traditional RG vs BRG nawsmoaras g LA TALYST
VvBNG, NFVI
BRG @
* LAN, WAN and Wi-Fi interfaces « DHCP server
» Layer 2 over layer 3 tunnel  NAT
* Learning bridge « Virtual firewall (vVFW)
* DHCP client * |IPv6

 Management client » Personal Media Server
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_ﬂE Catalyst Project - P

Taking Customer Experience to the

Moving from reactive to proactive
assurance to improve customer
experience

o*
.
o*
*

VTS IPv6 MGW

NFVI

DHCP NAT

VvVBNG

A
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So ... Answer or question? tmferum

NFV and SDN on their own, simply a cheaper replacement for traditional
network elements have limited appeal today.

NFV and SDN can clearly deliver improved business performance, and
new and improved services and 5G will take this further

To deliver on the promise we need a complete transformation of the
management services, and the business processes that use them

So NFV is clearly the Answer.... which raises many more questions...
The good news is we are close to answering those as well!
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TM Forum collaboration areas

The Forum guides our

wOS Resa
Lot “ch
members on their digital - R
. . . ),
transformation journey via '
3 Strategic Programs

® Agile Business & IT
NFV & SDN (ZOOM)
Digital Transformation
Revenue Management

@ Customer Centricity

Customer Experience (CEM)
Data Analytics & Metrics
Security & Privacy

@ Open Digital

Ecosystem

Internet of Things (IoT)
B2B2X, Partnering, & APIs
Open Digital Management

Strategic
9 Programs
c Delivering new
s services quickly,
= easily &securely
% with partners
O
=)
Ky
v
)
(J
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market

sanun

Transforming IT
&operations to
reduce cost, minimize
risk, improve business
agility & time-to-

O
WO -

customer experience,
growth &loyalty

oD
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Agile Business and IT program mikerum

Digital Operations Center of the future :
Enabling the transition to an Agile Virtualized world

Managing Hybrid Networks :

Extending proven assets of today to encompass virtualization

IT Transformation:
Enabling the IT transformation to the support service of tomorrow

Related and joint work streams in ZOOM and Core Frameworx projects

APIs:
Bridging the value fabric
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