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IT 22I%E (IT Cloud)

Terminology

Telco Cloud commonly refers to a Private Cloud
deployment within a Telco/ISP environment that
hosts Virtual Network Functions (VNFs) of the
Telco/ISP Network utilizing NFV techniques.

Related to an enterprise workload and is a private
cloud deployment. IT Cloud provides cloud based
services to render enterprise requirements.

Application Stack

Telecommunication applications

End user web based IT application

Related terms

BSS, OSS, VNF,NFV, SDN

Multi-tenancy, virtualization, IT workload

Delay / Latency

Very low latency requirements.

Low latency requirements

Throughput

Very High throughput .Port speed are required to
be 100G or above

High throughput requirements and port speeds may
start from 10G and beyond.

Oversubscription
and CPU Allocations

Ratios are typically 1:1

Ratios may vary from 8:1 upto 16:1

Reliability Very High due to distrusted Data Centres High
Setup Distributed Data Centres across locations Consolidated Data Centers
Strategy Open Standards May use vendor proprietary technologies.

JS Lab
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m EAEH IYTE (OpenStack Foundation)

mosEA HEF (Linux Foundation)

O CNCF (Cloud Native Computing Foundation) Telecom User Group

O Hyperledger 2| Telecom SIG (https:/wiki.hyperledger.org/display/TCSIG/Telecom+SIG)
O Acumos [LF Al Foundation]

O OPNFV (Open Platform for NFV)
O ONAP (Open Network Automation Platform)

B OCP (Open Compute Project)
B ONF (Open Networking Foundation)

al

B TOSCA (Topology Orchestration Specification for Cloud Applications) H
B Cloudify

B Public Cloud?| 2 EA A MH|A (AWS, Azure, ..)
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< Why Telco Cloud?: &&4d, &7|= +8, R9d, UHE

Problem of Telco Operators

.

y

. Why Telco Cloud ? |

* Problem with Scale In / Scale Out
* Uncontrolled and unpredictable traffic explosion ( Matches , Events )

* Challenges with

* New Technology (4.5G / 5G /10T ) , New Functionality ( New Links Interface ) ,
Ad"::;z:" New Business Model

* Uneven Utilization ( Congestion leads to Poor Customer experience )

..+ High Cost (AMC of Multiple Nodes ,TCO is high due to utilization )
Flexibility

* Slow to Change & Innovate ( Feature Parity between Vendors ) Traditional
* Time to Market for new services is High Network

L;pe:e:lf * Dynamic Requirements can’t be met such as Regulatory & Business etc..

JS Lab
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Monolithic chassis Disaggregated disaggregated router

» E Software
X86 server mmm Two hardware
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Fabric
fobric o INIERNIED ) S \cF
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A single virtual chassis for max ports:
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4TB 16 TB 96 TB 192 TB 768 TB J
Standalone Small cluster Medium cluster Large cluster Extra large cluster |
| NCP 2x N NcF 7x N NCF 13x LN NCF 13x Y NCF I
4x 1 NCP 24x I ner d8x e NCP 192x | &l NCP
Standalone Small Cluster Medium Cluster Large Cluster Extra Large Clus’rer
Max
Capacity 4Tb 16Tb 94Tb 192Tb 7468Tb Il
40x100G 160x100G 960x100G 1920x100G 7680x100G !l
Port Density 10x400G 40x400G 240x400G 480x400G 1920x400G II
80x10G/25G 320x10G/25G 1920x10G/25G 3840x10G/25G 15360x10G/25G I

DRIVZENETS

Network Rising
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s Architectural Decision Points

Compute Features L D'Ye.rS'ty s DL S A High Availability
Resilience Management

EPA Features
Hyperthreading
NUMA Awareness
Huge Pages

CPU Pinning
CPU Isolation

Data Path Acceleration

e SR-IOV
e OVS-DPDK

Enhanced Platform Awareness (EPA)

Physical Redundancy
Placement of VNFs
Leaf & Spine Cabling
Host Aggregates
Anti-Affinity

+ Storage
+ Ephemeral
+ Cinder
+  Swift
* Local

+ Management
+ Logs

+ Syslog
+  SNMP
+ Security

+  Security Groups
* Port Security

Controller
Redundancy

o Active-Active

o Active-Passive
Pacemaker-
Pacemaker can restart
the resource, take the
node out of the cluster,
or reboot the node.
HAProxy - Load-
balancing traffic to
some of the
OpenStack services
running on the nodes
Galera Database-
MariaDB Galera
Cluster to manage
database replication.

JS Lab
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< Aether (ONF projects)

< Enterprise-5G/LTE-Edge-Cloud-as-a-Service

Managed
Platforms &
Services

Access Service
Mesh Control

Edge Apps

Access
Services

Infrastructure
Control &
Management

Edge Cloud
Infrastructure

o M=

Edge Cloud

Central Cloud

Q“I‘Hﬁﬁ

Kubernetes

| Trels ]

ONOS

Aether Management ||
& Control Platform

=

|

(@g)))

OMEC

OPEN MOBILE EVOLVED CORE

https://www.opennetworking.org/aether/

Third Party Applications
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ONAP (Open Networking Automation Platform)
Platform Architecture Diagram

:.‘ONAP

2 FRANKFURT

© ONAP

OPEN NETWORK AUTOMATION PLATFORM

0SS / BSS / Other

Legend Design Orchestration & Management Operations

- - ~ ONAP Operations
Design-Time Run-Time Manage ONAP

VNF
validation [ Portal [ O&M Dashboard (VID) 0 cveoea Interfaces }

Policy Service Active & Available External System
Framework stration (SO) | Inventory (AAI) Register (ESR)

Control Loop
(SDC) Automation (CLAMP)

xNF Onboarding
Holmes
T

Shared
Services

Service Design & Creation

( Microservice Bus (MSB) / Message & Data Routers (DMaaP) ( ) AuthN/AuthZ (AAF)
Optimization (OOF)

Lo&gi_nE(Dep(ica!ed}
Audit (POMBA) (Deprecated)
Multi-Site State (MUSIC)

& Others ...

Virtual
Function

Infrastructure
Adaptation

Application
Controller

SDN
Controller

(Multi-viM/

(APPC) Controller
Cloud)

(VFC)

(SDNC)

Third Party Controllers

External Systems SVNFM | EMS

| ccsox | Network Function Layer
| Model Utilities |
TOSCA Parser Hypervisor / OS Layer OpenStack Commercial VIM

MPLS
Private Private
Edge Cloud DC Cloud

Environment

https://www.onap.org/architecture
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** ONAP is deployed using the ONAP Operations Manager (OOM)
** Requirements

e 14 VM (1 Rancher, 13 K8s nodes) - 8 vCPU - 16 GB RAM

* 160 GB Storage

1 Rancher VM that also serves as a shared NFS server

e 3etcd VMs for the Kubernetes HA etcd plane

e 2 orch VMs for the Kubernetes HA orchestration plane
e 12 k8s VMs for the Kubernetes HA compute hosts

Software Version
Kubernetes 1.11.2
Helm 2.9.1
kubectl 1.11.2
Docker 17.03.x

https://docs.onap.org/en/casablanca/guides/onap-developer/settingup/index.html#installing-onap

JS Lab
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1. QA AER0|M0| ToscA =21t X| 22 |t python 20| E 2|2

2
3

TOSCA Spec
Definition

. TOSCAOj=2|#0o]d M=
.  ClLlTools: LA AEGO|MS

$1%t sbk
$18t ToscA HE3

) CLOUDIFY

Uses ARIA for TOSCA orchestration

A/

stgllo] H|Qt - Telco 222 E9|
Py) OPEN-O End-to-End 2# A E 0] M
TOSCA Spec )
U Implementation Uses ARIA for TOSCA orchestration
se
Cases .é, ARIA PANES:
& Models

AT&T2| ECOMP (Enhanced

:.: 0 N AP Control, Orchestration,

Management & Policy)

Uses ARIA for TOSCA orchestration

A ARIA

Others}

JS Lab
TOSCA: OASIS open standards consortium (Topology and Orchestration Specification for Cloud Applications)
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2 Cloudify )

Apps Status

@ ‘

75% left/25 minuts

Plans > CRM®
Code Table Network & Security on @ Compute & Storage on @ Midd\eware Modules on @ Connections oN @

Events -El

= (3 Workflowstarted on Node
at 10:23:00 10-15-2013

@ ask sent on web host
ﬁ 10-15-2013
@ failed on web host
%] at09:52:01 10-15-2013

@ Task sent on web host
App Module at 09:52:01 10-15-2013

Events

Monitoring

Logs

—
=
K]
0

(%)
o—
®

(7]

v

£

©
o—

Networks

Floation IPs

Storage

A AN
(TOSCA)

types:

| Schema | Web Module | (Etﬁ E—I|.|
A
openstack_host:

derived_fro d t e Ve
properties: |__rouer ]
install_agent:

instance

OV
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TOSCA: OASIS open standards consortium (Topology and Orchestration Specification for Cloud Applications)
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% OPNFV (Open Platform for NFV)

« EMAUX FE2 20144 108 =

= NFV (Network Function Virtualization)S At25t= MXN|Z0|L} AMH|AE
A = & = A= 17| et 7i2|ojlg 8 LE &2 SWF (Carrier-
Grade, Integrated, Open Source Platform)

= Linux X{EHe| HY Z2HME (Linux Foundation Collaborative Project)

JS Lab
https://www.opnfv.org/
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»» Goals for OPNFV

= 2E 22 SUZ N NFV 7|5 =50 ALEY + e SEH0[L HT =
RQE &L EUENE MER ME X MH|A9| =Y 7H43)

= AREXIS| HOf: OPNFVIZL ALEAL /7 LIE|Q 27 AfdE SHoI=A
ASoH7| ol =X 2 2T AEAS &0l =8

» =28Y FHE:OPNFV SHEZ0M 28 & #HE QLE &4 Z2HE 4 84
o] Hity, 95 A 4= 289 =HE

= dEA = 2T MEAS 278 SFAZIV] 2ot LY B#E 8
AZEQO0] 7|85 NFV &R 82 2ot MEjA 75

= ZH:QE AANFVE fot M2 EE S HRLUEZAM OPNFY 25

JS Lab

https://www.opnfv.org/about/mission




james@jslab.kr

. LEAA TRHE

% OPNFV £ 4712| 3l5 2 HE Hofz M

= QALY T2HE (Requirements)

v EFVXF}Ie;erence Platform 7H& S ¢Iof Bt @ FAIZ0| CHsl =& 3 =AM 2tE flct
v X_g_flé_ﬂ—_rl*f@% OPNFV Community Lt Upstream Project Ol A| 7%
« E% 8 AZ Z2HE (Integration & Testing)
v NFV Reference Platform #+=0i| Ar& &= Ct&et Open Source Project (e.g.
OpenStack, OpenDaylight)0| Cigt ¢ & A5 A2 flct Z2HE

« HHI|L Z2HE (Collaborative Development)
v" NFV Reference Platform 7l&& %/l CrE Open Source Project 1& 3 H&E2}

CHYSTH W2 pee i3t ZeNE

» 2AM3S} Z2ME (Documentation)
v OPNFV o ZHHEl N3 3 BA 24 =7 /LS Qe Z2HME

— -1

JS Lab
https://wiki.opnfv.org/display/PROJ
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*» OPNFV Current Release: Gambia 7.2 / Hunter 8.0

= Architectural view of Gambia and Hunter

————————————————————————————————————————————

____________________________________________

Compute Storage Network
Virtualization Virtualization Virtualization

OpenStack + Kubernetes
OpenDaylight

ONOS

Tungsten Fabric

OVN

Network

Data Plane
FD.io oVvSs

DPDK

X ]

Upstream
Project
Collaboration

I

Integration
Alignment
Installers

Composition

Functional

System

Performance

New Features

NFV
Features

[ L]
Continuous In!;;egration / Continuojl;gs Deployment

‘H Cloud Native ‘

‘ Documentation “

> - OPNFV

GAMBIA

~0PNFV

HUNTER

https://www.opnfv.org/software
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% The Linux Foundation Network Analytics Projects

Analytics, Al
A
openstack
tungstenfabric
J @ OPEN CONTAINER|
oNnos
Project o« ARIA
Floodlight .
. : Open Source
>%bigswitch Q/ o
ﬂﬂﬂﬂﬂﬂﬂﬂ 5 E-Q‘EE M A N 0
iq\’ﬂf(‘
mie r’-i Vm,}”a"e
cisco ACI - ophere \ .
Network Control Cloud , Virtualization, NFV Orchestration

JS Lab
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s Acumos
% An Open Source Al Machine Learning Platform
By AT&T and The Linux Foundation

FOUNDATION

\\:_ﬁAT&T L LINUX

CREATE & ON-BOARD MODELS EXECUTIVE IN TARGET ENVIRONMENT

RUNTIME
SYSTEMS

CONTINUOQUS LEARNING DOCKER
MODEL
Al DEVELOPMENT SERVICE IMAGES

AND TOOLS
(SCIKIT-LEARN, TENSOR
FLOW,H20, RCLOUD)

LOCAL
LEARNING

ONBOARD DEPLQY

Al PLATFORM &
MARKETPLACE

PUBLISH

,QI_

n SHARING MODELS IN MARKETPLACE

TRAIN

EXECUTABLE

S g ) o

DATA TRAINING TRAINING
SOURCES DATASET TESTING
LIFECYCLE

ENHANCING MODEL WITH APPLICATION DATA SETS
JS Lab

=X: https://www.acumos.org/wp-content/uploads/sites/61/2018/03/acumos _open source ai platform 032518.pdf
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+* Hyperledger Telecom Special Interest Group

https://wiki.hyperledger.org/display/TCSIG

Proposed solution is a event agnostic platform that can manage Voice, SMS,

Roaming, 10T, Content or any other event settlement scenarios making it is true
convergent solution.

Legacy OSS/IBSS

__________________________________________________

'
HYPERLEDGER P o

@ Te I e C o m Open APIs & Collection Services

SPECIAL INTEREST GROUP | woee | | sws | | meamng | [ eancwian

Business
loT/M2M
TMZ] I Support

Contract
Data ggfptors Management Rating Aggregral:nn Reg’ensll:::“nﬂ Alert Framework
Em Deal / Ratesheet ervice

Buszness Dnbuardlng Chaln Code

DISPUES Inlelllgence Service Manager
‘Optiona
Module

____________ SUBEX

l Hyperledger + ARK SmartBrigde Plugin

Hyperledger Ethereum
@
-~ - ‘\
IS <@
~7 N
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s All Projects on One Page

Harmanized

k!

777 Dutside Linux
Foundation

[ LF Networking
|
1
1

Application Layer / App Server

Product, Services & Workloads

[‘LL.'L'JIJ:JFEUNUEYW Standards

e,

<,

o
A

Sarvices

Metwork Data Analytics

Orchestration, Management, Policy

Cloud & Virtual Management

MNetwork Contral

Saftware

[ /xBkeaimg

<
2 || Omwa) i #n 4]
g ]

B

-------- T T

_________
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|Alrastrisiine

FTCLOUD NATIVE

L) oOMDITINEG FOLINDBATSON

[ * 1 OPNFY System Integration & Test Automation

Disaggregated Hardware

5 | e
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TELECO&N BFRA FECLUTCT
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MEF

NIST
N
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EEE
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+» The Status of Open Source for 5G (1 of 2) - 5G Americas

Infrastructure

Infrastructure

Infrastructure

Access
Network

Core Network

Management &
Control

Management &
Control

Management &
Control

Hardware

Networking

Operating
System

Radio

Wireless Core
Network

Networking

Virtualization

Orchestration

High performance at lower cost by
programmability and specialization of
tasks

Fast rate packet processing by
acceleration techniques

Enabling white box use in carrier grade
networks

Implementing 4G LTE and 5G Radio
Access Network for NodeB and/or User
Equipment

Implementing 4G LTE EPC and 5G NGC

Carrier grade packet processing and flow
control

Abstraction of general compute resources
to be shared across multiple applications
and logical networks

Frameworks for describing dynamic
function and network deployment policies
with specific performance characteristics

Open Compute Project: https://www.opencompute.org
P4: https://p4.org

DPDK: http://dpdk.or
VPP: https://fd.io

Linux: https://www.linuxfoundation.org/projects/linux/
Berkle Software Distribution: http://www.bsd.org
Disaggregated Network Operating System: https://www.danosproject.org

openair5G: https://gitlab.eurecom.fr/oai/openairinterface5g/wikis/home
O-RAN: https://www.o-ran.org/

openairCN: https://qitlab.eurecom.fr/oai/openairinterface5g/wikis/home
M-CORD NGIC: https://software.intel.com/en-us/articles/an-interactive-
demo-of-the-next-generation-infrastructure-core-reference-
implementation

OpenDaylight: https://www.opendaylight.org ONOS:
https://onosproject.org

Open vSwitch: https://www.openvswitch.org

M-CORD NGIC: https://software.intel.com/en-us/articles/an-interactive-
demo-of-the-next-generation-infrastructure-core-reference-
implementation

FD.io: https://fd.io

OpenStack: https://www.openstack.org
Kubernetes: https://kubernetes.io
Docker: https://www.docker.com

Open Source MANO (OSM): https://osm.etsi.org
MEF Lifecycle Service Orchestration (LSO):
XOS: https://www.opennetworking.org/xos/
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*» The Status of Open Source for 5G (2 of 2) - 5G Americas

Management &
Control

Management &
Control

Management &
Control

Management &
Control

Management &
Control

Management &
Control

Management &
Control

Management &
Control

Automation

Modeling

DevOps

Testing Tools

Analytics

Al

Edge Compute

Cybersecurity

Frameworks and middleware for enabling
Orchestration and Management tools to
configure general compute and
networking components via virtualization
layers

Modeling tools and languages for defining
function and network services for
deployment used by Orchestration
Frameworks

Software development methods to
automate process of building, validating
and deploying workloads into NFV
environments for service agility

Data streaming protocols for continuous
analysis of the service monitoring

Framework for use of Al in Network

Open source software for Edge

Security framework for Virtual network
infrastructures

XRAN: http://www.xran.org

ONAP: https://www.onap.org
Ansible: https://www.ansible.com
Terraform: https://www.terraform.io/

TOSCA: https://www.oasis-
open.org/committees/tc_ home.php?wg abbrev=tosca
Judu: http://jujucharms.com

YAML: http://yaml.org
YANG: https://tools.ietf.org/html/rfc6020

Elasticsearch, Logstash, Kibana (ELK): https://www.elastic.co/elk-stack
Consul: https://www.consul.io

Etcd: https://coreos.com/etcd/

Jenkins: https://jenkins.io/

Puppet: https://puppet.com

Chef: https://www.chef.io/chef/

Apache Kafka: https://kafka.apache.org/
Apache Spark: https://spark.apache.org/

Automation https://www.acumos.org/

Computing https://www.akraino.org/

SHIELD: https://torsec.github.io/shield-h2020/about/summary.html
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QEAA =8 H XA Telco Cloud ™2 (VMware 0)

iz AE -" I A A I-E"'I.
» QEAEHOpenStack), FH Y| E| A (Kubernetes) +& XI5&
iz A A IH _I-E -I AH HZ“ o Ad

vmware 8

Complete ETSI MANO-SOL Interoperability READY i

'_

Service/Slice Orchestration | S-VNFM | VNF | EMS | Network Service | Assurance | OSS/BSS | SDN-DC
Partners
vmware Telco Cloud Automation
Design | Onboard | Orchestrate | Automate

. G-VNFM NFVO INTELLIGENCE =

<

v

Engineering, g::‘m:etwork EE% Network Service Policy and ' g

Mgnagemen’g and Management <—[C1—> Management Placement &
rchestration
Infrastructure

Admin and

Orchestration

[a)

3

VMware Cloud vCloud Director VIO Tanzu | Kubernetes VCF | vSphere d

Public Clouds Core | Edge (VM and Container-Based) Private Clouds
JS Lab
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<VMware2| Edge(%|X]) vCloud NFV

| Worker - 2 (NUMA aligned)

]Master -3 Worker - 1 (NUMA aligned)
[Master -2 W] CPU Pinned
Master - 1 SRIOV
UPF - 2 [V Security
NVDS (E) Event
e Forwarder
VLAN X
VLAN Y
VM MGMT Network

Kubernetes API Network

™

Egress

—

&) |
EEEE —| Physical

Kubernetes POD Network SBA
(System POD networks
Not Drawn)

-| L23
Switches
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s+ IBM Telco Cloud Reference Architecture

IBM Agile Lifecycle Manager

IBM Netcool / NOI IBM Agile Lifecycle Manager "
elco 0SS BSS NVF Orchestration (NFVO)
Physical Performance Fault - Order ._. Service Lifecycle

!

Virtualized Functions (VNFs)

Network Function Virtualization Orchestration

Cloud Orchestration

Resource Orchestration

Specific VNF-M
(non-EMS integrated) Generic VNF- Virtual Resource Inventory
= Manager
.
VIF (Containor)
-
: .

Virtualization
SDN Controller

Virtual Machine Virtual Machine Virtual Machine SDN Controller
Virtual Compute - Virtual Network RedHat OpenShift
KVM Virtual Storage (OVS-DPDK) =
Virtualization (Hypervisors) Container Engine Kubernetes VIM OpenStack VIM

RedHat KVM RedHat Ceph T—
SDI Controller

Element Management System NVF Management

Specific VNF-M.
VNF-LCM

IBM Agile Lifecycle Manager IBM Agile Service Manager

Virtual Infrastructure Management (VIM)

Physical
Network
Function

<
s = of =« =S
m

RedHat OpenShift

Network Hardware Resources

SDI ¢ oller
Network L Ll Storage Data Center Network _ RedHat OpenStack
High Throughput General Purpose
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< Workloads with the (telco) ecosystem (0]|: Red hat)
B Red hat Telco *4EHA| (0il)

vEPC/5GC vimMs vRAN

SDN Al/ML 0ss BSS SD-WAN vDPI Services
alaln ALTIOSTAR aliale « amdocs « amdocs alval (E :
kg NOKIA Juniper FULH 3 S o el <) accenture
NOKIA
affrmed  MAVENIR  ag,yenip ‘ ) NEC S Msandvine ~ SLTRanN
nuagenetworks - Somm v Sarears
NDK'A ’ Atms nuagenetworks
= > NOKIA AtoS
= . ERICSSON alra]n = - Jun]per affrmed
- CISCO 5 ‘ T,
B— ZTE ? ERICSSON ERICSSON
alo 0 (e TEES
ZiE | ZTE | g NEC | =~ | . dis | IBM
+SevOne +SevOne
M nuawer P Huawer | g nuawer P Huawer S Huawer | mycom mycomo Al worns CITRIX v
- ° TATA
Red Hat Red Hat
Common management = Ansible Autormation \‘d 2“’ H?t \.d R_edHat o Advanced Cluster Management
Platform Satellite Insights for Kubemetes
Manind
Common infrastructure Q RedHat \‘i Red Hat ; \.‘ RedHat e‘ RedHat i
Enterprise Linux OpenStack Platform OpenShift Ceph Storage
Hewlett Packard S T intel Nz
oem | — <A NVIDIA Lenovo H intel) %z
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< NFV SD-WAN/NaaS

. Enterprise From
RESTAPIs O . R .
Business Support Systems PR v |G Self Service lncePfIOI-'l
S\ portal to production

in 3 months

trforum
Open APl
v
Amdocs NFV SD-WAN/Naa$ package
BSS Order SD-WAN VNFM Domain APIs for digital Cloud/ Data center
iintegration decomposition controllerplugins  plugins orchestration experience OpenStack plugin
SD-WAN xN VNFs Cloud / Data Center
| \
f’ |
Lol g° i
O
WAN Bandwidth VPN App Intrusion Antivirus DDoS URL SSL Service Infrastructure Life cycle
Connectivity  Management Control Prevention Filtering Inspection Function Resources Management
Chaining Management
i nuagenetworks o i (
‘i nuag XRTINET paloalto  JUNIPEr A e gy
>

uuuuuuu

\’ VERSA velbfc_:\lbud 'lcllls'él{;'. i@. NETSCOUT. | Arbor ok  ygmWware
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* Edge Cloud Solution

Fabric and Network
overlay controllers

[
= I
o]
2 500 Gb/s B PE | >1Th/s | —
@u{ User Plane Function I
2 [
A0}
Kubernetes Mastefs = = = = = =

Fabric switches

TS W W -

Application Monetization

e Real-Time Interactive Applications
9 , 9+9
) e Content Delivery Network (CDN) .
= available (< - available |
servers ® loT Frameworks servers

e Basic Networking Services

— e Mobile and Fixed Packet Core —
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* Edge Cloud Solution

Internet

L]

Tenant 1

vGatewayv

Communication Communication Communication
Service Provider A Service Provider B Service Provider C

Core Network

L i 1 1

Tenant 2 Tenant X Tenant Y Tenant Z

vFabric (Slicing)

Cloud Edge Fabric™ kubernetes Gt

Container Platform

High Reliability (Redundancy + Load Balancing)

P4 Programmable Hardware @ (intel)'

Barefoot ASIC / Intel FPGA / x86 BAREFCOT

NETWORLKS a0 intel company

POl 'ﬁ'
S

Fully Programmable Autonomous
Future-Proof Networking Self-Discovering/ Self-Forming
4 nﬁ@
Fully Virtualizable Network Function
Fabric Slicing (vFabric) Integration

Kaloom™ Copyright
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Seoul (Guro)
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| Smart Factory

- Cognex's Al-based Machine Vision
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robot IT Edge Cloud===~

| Connected Car (V2X)
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< Aether is operational today

(iPhone 11 and G
phone&( >

Management &
@elgluge]

| MME [ SPGW-C [ HSS |
Google Cloud

U
Operational today More Sites

(AT&T Atlanta, Infosys Dallas, Tech Mahindra Dallas,
Accelleran Antwerp, GSLab Pune,...)
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% Aether Edge

GPU Kit
Management Switch
OCP Servers

VPN Router
OpenFlow Switch
COTS
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% Aether Connectivity

‘\' CBRS Small Cell (Sercom, Accelleran)

“e Band 7 Small Cell (Accelleran)

® CBRS Handset (iPhone 11, Google Pixel 4)
# Band 7 Handset (Samsung)
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< Outposts 2 75 AWS AH|A (AWS Native 2t VMware 271 ZE X|3)

» ZAEFEE: Amazon EC2, Amazon ECS, Amazon EKS
» AEE|X|: Amazon EBS

= O|O|E{H|O]A: Amazon RDS (Preview)

= 2M: Amazon EMR

42U Rack

Patch Panels

1/10/40/100G Network
Fiber Uplink Options

5kVA-15kVA

Power Supply
Redundant feeds supported

Hosts

80in

Network Switches
Bus Bar
Power Shelf

Redundant Centralized
Power Conversion Unit

24 in
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< Amazon AWS Wavelength
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< Microsoft Azure Edge

= Azure Stack Edge: 0| X| ZHE ¥ =2E HH
= Azure Stack HCI ojo|E| ME L3}
= Azure Stack Hub: 2-Zg{|0|A0A S22 E AMH|A AR
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% Use Case: Azure Edge Zone
o MEfA Ehoy

= VMware SD-WAN VNF
= Azure Edge Zones

= Zero Touch Provisioning (ZTP)
=  Orchestrator.
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AV _—
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V. Use Case

< Cloudify

> Video - ONAP &P Digital Telco - End-to-End Autor X
c 2 @ & cloudify.co/solutions/digital-telco/
@ CLOU DIFY Use Cases v Technologies Aboutus v Resources v Request Demo Get Started
Cutting Edge Orchestration . S
Infrastructure
Automation
Edge . .
Digital Telco
Multi Cloud _ o _
Netiorking End-to-end solution for digital telco transformation
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V. Use Case

s, Ell
» =

F(Telco) 2L E T4 S ITH MZAIS] 2 EL A 7|8 OFF | A

Samsung Cloud Orchestration (SCO)

Orchestration : . - A o W1 : :
& Automation Centralized Orchestration \ ‘ Network Slicing Manager Centralized Operation ‘ ‘ Centralized Analytics
. Data layer
Cloud Native NF UDSF UDR
(5G Core NF) L | NF
Dynamic State Data Master DB

Manager
Stateless '

> 5 AMF/ SMF/ UPF/
& Microservices

' | pce/ | | uom/ | | ...
AV GWC qu‘ NRF‘NSSF‘AUSFPCRF‘ HSS‘NEF

Platform Service 9 &@ _‘L 0 . 6

iy
HELM
A
Prometheus Envoy Istio Kiali

mongoDB Grafana

9 e P
Cloud Native y @; 0 @ @ )
Open Sources oy

Helm

Fluentd Jaeger CoreDNS Jenkins Harbor Spinnaker
Cloud %
Infrastructure
Containers Kubernetes Docker
Samsung Cloud Platform (SCP)

Samsung 5G Core’s Cloud Native Enabled Architecture
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V. Use Case

<+ Red Hat OpenShift as a 5G NFV platform

Red Hat Advanced Cluster Multicluster management
Management for Kubernetes Discovery : Policy ¢ Compliance ¢ Configuration : Workloads

Manage workloads Build cloud-native apps Developer productivity
| 1 1T ]
Red Hat OpenShift Service mesh i Serverless Databases i Languages Developer CLI i VS Code extensions

Container Platform builds { CI/CD pipelines Runtimes { Integration i IDE plugins
Full stack logging Business automation CodeReady Workspaces
chargeback 100+ ISV services CodeReady Containers

Cluster services

Automated ops | Over-the-air updates | Monitoring ! Registry § Networking  Router ! KubeVirt § OLM i Helm
Red Hat OpenShift

Red Hat Enterprise Linux & Red Hat Enterprise Linux CoreOS

= = Y a cx

Physical Virtual Private cloud Public cloud Managed cloud
(Azure, AWS, IBM, Red Hat)
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V. Use Case

* Edge Cloud Computing @ Testbed
< H[Z=L|A Dq: SWHW 7H'Y vs EA| MH[A

= Case 1: Managed Resources

= Case 2: RU/DU/CU w/Appliances @ Far Edge Cloud (=0 X|)

= Case 3: w/CPE or 5G Modem
= Case 4: Eco-system

= Case 5: Connecting Multiple Edge Clouds

AMF
SMF

PCF
A )
DU cu .

% 4 Eco-system 1

Case 5

Case 1 MEC

Case 4

1 Eco-system 2 ‘

DU(Distributed Unit) CU(Centralized Unit) AMF(Application Function) SMF(Session Management Function) PCF(Policy Control Function)
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V. Use Case

% 3G4G’2| Use Case

Extreme
Mobile
Broadband
(eMBB)

Massive

Scale
Communication
(mMTC)

Ultra-Reliable
Low Latency

Service
(URLLC)

oo

Human to Human

____________________

I

| Video Calling

| Virtual Meetings
!

Public safety

'ﬁ' @ =

Human to Machine

@ Virtual Reality/Augmented Reality

Fixed

Video
Menitoring

Wehicle
to
Vehicle
{vav)

IB o |8

Machine to Machine

—

[

Mabile Cloud
Computing

Industrial
Automation

Enhanced MBB

= 20/10 Gbps DL/UL"

* 4 ms user plane
latency

* 500 km/h mobility

Massive MTC

* 1 million devices [ km?

* 10+ years battery life

* 20 dB coverage
enhancement

URLLC

* 1 ms user plane
latency

* Highly secure /
resilient

* 99.99999% availability

* Peak theoretical rate

Source: 5G Americas
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