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Networks are increasingly complex...

* Number of bands (low<1GHz, mid, high>6GHz)
* Number of radio technologies (2G/3G/4G+5G)
RAN » Heterogeneity (macro + small/femtocells)
Licensed+Unlicensed, FDD+TDD

» Density of sites, nodes, connections and traffic

Evolution

All of them coexisting in our footprint!
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Networks are increasingly complex...
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Change of paradigm to a flexible

programmable software-based network

-

A

. Ccomputing I

Virtual Infrastructure

Flexible Transport (SDN) /

Separation of control and data planes (SDN)

Virtualization (NFV)
Cloudification
Openness and programmability

Service diversity, diverse traffic requirements (network slicing)



...requiring a step change in the Management paradigms

RAN
Evolution

Network
Architecture
Evolution
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Self-Organized Networks
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SON m eSON
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/— Automatically Orchestrated and Managed \

Zero-Touch

MANO = Operations




Telefonica has implemented SON across its footprint...

Successfully
deployed in our
17 markets...

With relevant
industry players

C-SON

Basic SON for 3G&2G:

* ANR, CCO, MLB, SCO

SON for 4G:

* D-SON/C-SON coordination
* Automate site integration

* Integration, optimization of

D-son
cellwize? Zz W
Eog'!! NOKIA | | (O 7TE
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VoOLTE, CA, Energy...

partners

Network Centric
Based on Network data \

/ Customer Centric \
* Based on customer
experience & service quality

* Geolocation tools and SOC,
inputs for CEX based decisions.

* Human-tuned, statistical
learning

* Software Development Kit
(SDK) for SON: Technicians

Cognitive SON
Al-based SON

transport, devices...
5G SON

and optimization in a
universe of VNFs and
multiple RATSs.

Service-aware SON
e Connected Vehicles
* Massive loT solutions.

)

way create/customize SON/

KPrivate Networks.

* Al/DL algorithms, predictive

* Improve efficiency of SON
actions on our networks

e extend automation to other
network segments: core,

* Increased complexity of
network trouble-shooting

\

/

Machine-assisted learnifhg

Tune SON tools

CEX mindset
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Virtualization is a key enabler of the 5G Architecture...

DESIGN PRINCIPLES

« Elasticity
« Common shared infrastructure

« Automate infra management
and software deployment

 Telco grade

e Evolve to E2E Network
Orchestration & Zero Touch

« Agile and open to innovation

We choose it all
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SW & HW Decoupling
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HW&SW
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Step 3: e2e
Orchestration

E2e Orchestrator

Step2. VNF
Distribution
& Unified
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Centralize

e2e Virtual Network with Distribute Data Plane in Control Plane in

automatic deployments and several UNICA Central UNICADC

configurations, including

Y Offices (UNICA@CO)
Network slicing.



..that is transforming our networks in an end-to-end way
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2017 - 2020

@ \
UNICA@MicroDC)

.

@ \
UNICA@MicroDCJ

\.

2017 - 2020
Virtual Core and platforms

2017 — 2020
Automatic Deployment and Infra Mgmt.
OSM integration n, Open Source
Basic Slicing MANO

UNICA Management

@«

2021 - 2025

~\
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UNICA@CO

UNICA@CO 7

2021 -

UNICA@CO )

8
&

Wireless
Access

2025

Virtual Access and transport

2021 — 2025
Zero touch with Automatic
configuration
E2E network slicing

Long
transformation
path

Core (DC)

¥

Central Office

¥

Access Node

¥

Customer Device

...a major pillar for
Network Slicing
and MEC



Telefonica has started to deploy UNICA...

* Available in 2017 in 4
Telefonica operations

> *Being deployed in 7 new
markets along 2018

2017

2018 Reaching 27 DCs in 11

local domains and 1
global domain.

“Jelefonica
We choose it all



...one of the first industrial Telco Clouds in the world

'NFV MANO (Management & Orchestration) (
r
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\ UNICA Governance &
Management
[ EM1 ] [ EM2 ] [ EM3 ] [ UNICA PORTAL ]
Open Source
[ VNF1 ] [ VNF2 ] [ VNF3 ] M A N O [ UIM ][ CLMP ]
. d L J
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CHANGING THE MINDSET
Some lessons learnt

I BOUGHT NEW . WHO HE SAID OUR
SOFTWARE FOR HELPED CURRENT SOFTUWARE
OUR NETWORK. YOU ON THE  THE :| USES THE WRONG KIND
TECHNICAL VENDOR. |2 OF ELECTRICITY.
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@ ScottAdamsSay

Dilbert.com
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Some mind-set changes to get the most from this network
virtualization and operation automation journey

FROM... .. TO
Vertical integration INTEROPERABILITY
One technology per element Several options per element

(but still coherently modelled)

Single-vendor Multi-vendor by design
Vendor roadmap Community roadmap
Request Convince and/or compromise
Large and Comprehensive Lean and Reliable
Design on paper Get your hands dirty!

Velefonica
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Our industry Is offering closed and vertical platforms with
their own closed VNF ecosystem

“Vendor A”’s
Legacy OSS/BSS _ vertical
0SS/BSS L platform

Closed VNF o
market —

place from
“Vendor A”

Orchestrator

- : CIViCe, v T!E anﬂ Tnfrastruchlre

: Description

| I 1 I
EM(S] Virtual Network | FM(ST) 3
Functions

VNF Manager

VNF 1 VNF 2 VNF 3

OS + Hypervisor

E : Virtualised
- Commodity HW Infrastructure
— Manager
E—» Commodity
Switching
infrastructure

[ The objective is not using white boxes for constructing ]
YET ANOTHER SILOED SOLUTION (at square one again!!!)

Velefonica
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In order to get the industry focused on providing real
value...

|
Legacy OSS/BSS :o y
R Common
0SS/BSS — —
DIFFERENTIAL : 5S¢ Ma Orchestrator ORCHESTRA
VNF e r ovics VN anmstru-cm = TOR
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' & . | b= et | FOcusis
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State of the Ciompu OS + Hypervisor | " NF-Vi OpenStack
Art is good : B | | | Virtualised I f
enough (if Commodity HW 1 | Infrastructure gaps tor
g O4raQware resources ’ Man ager Carr.ier
properly Commodity Network I : “
arranged) Switching Hardware
infrastructure j I

Network Virtualisation Infrastructure and its Management should
become COMMODITY

Velefonica
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... we need to leverage on key Open Source projects to
accelerate NFV technology readiness and avoid vendor
lock-In

Main challenges Our strategy to make NFV happen:

Velefonica
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CLOSE GAPS IN UNDERLYING TECHNOLOGIES

CARRIER-GRADE
(HW, OS/hypervisor & VIM)

PERFORMANCE

AVOID VENDOR LOCK-IN ‘ LEVERAGE ON KEY OPEN SOURCE PROJECTS

(OpenStack, KVM, DPDK, OSM, ...) &} ~KVM > DPDK

openstack

2o Open Source

MANC

AVOID COSTLY COMMON INFORMATION MODEL
INTEGRATION to minimize integration efforts

13



Led by Service Providers, ETSI OSM has demonstrated to be key to
set up a common reference framework for orchestration

ETSI7_
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Telefonica has an Agile approach to Automation...

LOCAL DEVELOPMENT TEST POOL FOR

&TESTING DEVELOPERS SERYICE.PROYIDER

sy Open Source

¥ MANO

SAME IMAGES AND DESCRIPTORS ACROSS ALL THE C@

/

« Avoiding to become stuck to a rigid
architecture

» Retaining essential interoperability
requirements

* Integrating existing solutions

« Considering NFV and SDN in a holistic
approach

Model-Driven and Continuous Integration: basic toolset for automation

Velefonica
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S Open Source

¥ MANO

INFORMATION
MODEL

( VNF Packages

NS Package
Mgmt Mgmt
Procedures Procedures
Resource Tonol
Description opology

—8

Open Source

MANO

VIM

SDN Controller
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...with an ambition of Zero Touch operations

ETSI ZSM (Zero-Touch Service Management)
Open Standard for Open Collaboration

 Recently created ETSI ISG

— Horizontal and vertical end-to-end operational
framework

— Agqile, efficient, and gualitative management
and automation

— Focused on emerging and future networks and
services

« Committed to collaborate with external bodies

— Acknowledge and encourage the integration of
existing solutions

— Direct cooperation with open-source projects

Velefonica

We choose it all

Ers{ % * World Class Standards

Five active work items

Use cases and requirements
Reference architecture
Reference technologies
Solution landscape
Management of network slicing

Members and
participants

16

-_—e em e mm =m o



Automation gains relevance in a scenario of increasing
network complexity

Network complexity growing due to the Evolution of the Radio and
Network Architecture required for massive 5G deployments

The SON (Self-Organized Network) functionality has been crucial in
the LTE rollout and is evolving from the initial Network-centric solution to
a Customer-centric approach and later on to Cognitive solutions

The rollout of the Network Cloud Infrastructure needs to accelerate
now to allow 5G deployment over common infrastructure with
automated SW deployment.

The orchestration capabilities need to evolve to handle E2E life cycle
management with automatic network configuration.

Integrate orchestration capabilities with customer management layer to
open new business opportunities such as Network as a Service.

Telefonica is already using Al techniques in Telefonica in Service
Operation Centers (Argentina, Chile and Germany) for the intelligent
management of our networks based on customer experience analysis in
real time. These techniques are equally relevant in orchestration.

Velefonica

We choose it all

The goal is to have an
extreme automation
(Zero Touch operation)
ready for massive 5G
deployments between
2021 and 2025

Enhance network
automation by building an
Al layer requesting in real
time network configuration
and adaptations

Automation will apply to
all Network and Service

layers
17



The goal: a future proof network designed to be agilely
changed and operated in an automated fashion

Key enabler for future
5G and beyond

* Wider and competitive vendor
ecosystem
* Agile and open innovation
* Faster Time-to-market
* A way to differentiate

* Simplified & automated
operation
* E2E lifecycle management
* Common information models
e Simple integration per VNF

Virtual * Lowering entry barriers
LOCAL Pops i REGIONAL DCs Network Orchestration * Elastic and scalable networks
[on | [ veeo | I ENEs Functions
| P-CSCF || Security | : | IMS || SRvVCC | Open SOU[CE
sipow o | [ e : owcp e crr 4 SOFTWARE DEFINED
DPI CGNAT ,;E:gr I DNS DRA AAA ‘

, OS + Hypervisor
COTS HW

/=7==3) | SDN switching

* Homogeneous and versatile MOULDABLE
I infrastructure HARDWARE
Data Plane must® Control Plane can " .
be Distributed 1 be Centralised * Commoditized infrastructure
* Easier interoperability

* Flexible and easy capacity addition

. e Common IT+Network infrastructure
Telefonica

== ARG Infrastructure

|

, , OS + Hypervisor |
COTS HW |

|

|

operation 18
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Telenor and Telefonica are working on a common PoC to
demonstrate how OSM can orchestrate 5G Network Slices

1. Operationalize Network Slicing with 2. Capability towards cross-domain

Orchestration
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coexistence of eMBB and Public Safety services
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differentiated; QoS, Availability, Assurance and
Security for the slices (across ONE network)

0,1 Gbps — Low [EEERELE]
latency — High
oty
P p— priori

N

Mission
Critical

Availability

99,999%
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99,99%

Active at fulfilment & Security

configuration change
We choose it all Monitoring Signaling & Management traffic

. Continuously active
Security

All Data monitoring
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