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 Who Is Equinix?



5G and Edge



New applications drive expansion to the edge and densification of networks

Legacy Existing Forming

Centralized Distributed Edge

User to App ~ 103 km ~ 102 km ~ 10! km
Distance ~ 100 sec ~ 107! sec ~ 1072 sec



Ubiquitous Edge

present, appearing, or found everywhere

Fiber Aggregation Tragfic f\glg(r)ef?ation Interconnection Hubs / Peering
Tower Sites entrat rice Mobile Switching Centers Cloud AZ
Premise Edge Data Center Multi-Tenant Data Centers Telco Core
Cloud Edge Zones Cloud Local Zones
=
. g‘

Latency 0—1ms 1-5ms 5-10ms 10— 50 ms 50 — 100 ms
Power 05 -1W 10 — 100 KW 100 — 5000 KW 5000 — 20000 KW 20000+ KW



5G: Major Technological Inflection Point for Digital Infrastructure
New thinking required to optimize an evolving multi-variable function
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Transformation of 4G/5G
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Making 5G a Reality: Optimally-Distributed Architecture

Optimally-placed & interconnected infrastructure required to deliver on 5G performance promises

~ ~0.5 ms ~0.5 ms
1ms i 0.5 ms 0.1 ms 0.1 ms 0.1 ms
i :«"\/ @ !
A 1ms A ‘ 0.1ms 0.1ms 0.1ms
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Latencies and distances are estimates



Ubiquitous Metro Edge Architecture

Mobile Network Operator Metro/IX/ECX Cloud/MNO
Cloud
Tenants
Remote Radio MNO Core
Heads
vEPC
A 4G/5G
RAN Control

Plane

DWDM /

Fiber Links Cloud Core

Micro Edge

aws
j/\
A\

MNO

ERemote Radio Haadsi
Tenants

4G Cells

Colocation and Interconnection
Infrastructure

vCDN o

IP/Optical Network

vMEC
Cloud
Tenants

vEPC
C/V 5G UPF

Internet Enterprise

Radlo Access Network

Cloud
Apps

(RAN) Non-Equinix Metro ~ (BBU_RAN Macro Edge
\ J\ J | J | |
[ [ ! [ [ |
Fronthaul Fiber Mobile Far Edge Mobile Optical/IP/SDN Cloud, Internet and MNO and Cloud
Network Edge Compute Transport Enterprise Access Core
3 - 5msec (5G); 15 — 20 msec (4G) — critical data path for URLL
Latency <
(RTT) P 10 — 15 msec (5G); 25 — 30 msec (4G) — regular data and management path

B oeviceeoce J  rFareoce |l MICRO EDGE ] MACRO EDGE [ ] CORE CLOUD
Latency 0-1ms 1-5ms 5-10ms 10 — 50 ms 50 — 100 ms
Power 05 -1W 10 — 100 KW 100 — 5000 KW 5000 — 20000 KW 20000+ KW



Network Slicing for Interconnection of Core and Edge — Multi-MEC, Multi-CIoudm"““
The Slicing Must Go On
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DevOps Vulti-domain INfra Orchestration



Akraino Public Cloud Edge Interface (PCEI) Blueprint

Overview
> Public Cloud Edge Interface
y A
v v
Operator 3rd Party Public Cloud Public Cloud
Network Edge (3PE) Edge (PCE) Core (PCC)
Edge (ONE) Domain Domain Domain
Domain
\4 \ 4
N Interconnection of Core and Edge (ICE) Domain

A

Data Center Facility (DCF) Domain

The purpose of Public Cloud Edge Interface
(PCEI) Blueprint is to develop a set of open
APls, orchestration functionalities and
edge capabilities for enabling Multi-
Domain Interworking across the Operator
Network Edge, the Public Cloud Core and
Edge, the 3rd-Party Edge as well as the
underlying infrastructure such as Data

Centers, Compute Hardware and Networks.



Public Cloud Driven Edge Computing: PCC-PCE Interactions

Fully-Coupled HW-Decoupled
Orchestration
0,C,D

Io
Public Cloud Public Cloud Public Cloud Public Cloud
Edge (PCE) Core (PCC) Edge (PCE) Core (PCC)

Domain Domain Domain Domain  Orchestration (O): Automation and
Applications Services Applications Services sequencing of deployment and/or provisioning
steps. Orchestration may take place between
the PCC service and PCE components and/or
between an Orchestrator such as the PCEI

Enabler and PCC or PCE.

[ Control (C): Control Plane messaging and/or
management interactions between the PCC
service and PCE components.

Public Cloud Public Cloud Public Cloud Public Cloud 1 Data (D): Data Plane messaging/traffic
Edge (PCE) Core (PCC) Edge (PCE) Core (PCC) between the PCC service and the PCE
Domain Domain Bl Sl application.

Applications Services Applications

Virtualization Viftlfa|izati°n Virtualization Virtualization

Environment Environment

[) onimer [ onmer




High-Level PCEI Architecture
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Orchestration with Infra-as-Code

Orchestrator

Model-free

4 e/
Workflow Engine

NBI APIs
I4

Attributes

Git
y 7

Terraform Plan
(templates)

Terraform Microservice

i Terraform resource and data definitions

Terraform Provider I Terraform Provider I Terraform Provider I
Provider — Provider Provider
L s /W /
. Specific . Specific Specific
Service ARls Service ABls Service ABls
(bare metal) (L2) (Networking)

Component
(compute server)

Component
(E-LINE)

Component

A A
I I (VPC)

Edge

Providers Feature

) A
(os, lacp...) I

Interconnect Feat
Providers 5l ur_e
(802.1q, Q-in-Q)

Public —I

Cloud Feature
Providers (subnet)

- use of the same
infrastructure orchestration methods
across public clouds, edge clouds
and interconnection domains.

— the orchestrator does
not need to understand the details of
the individual infrastructure domains
(i.e., implement their models). It only
needs to know where to retrieve the
Terraform plans for the domain in
question and execute the plans using
the specified provider.

— the state of
infrastructure resources created by
the orchestrator is stored outside of
the orchestrator itself, making it
stateless with respect to the
infrastructure

— the Terraform
plans can be developed and evolved
using DvOps tools and processes.



PCEI| Release 7 Overview
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DevOps Multi-domain Infra Orchestration: PCEIl demo

Infrastructure Design Studio (Topology, Auth, User Input)
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MEC Federation with PCEI?

(Solution submitted for the ETSI — LF Edge Hackathon 2022)



MEC Service Federation for
Location-aware loT with
DevOps MEC Infra Orchestration

ETSI - LF Edge Hackathon 2022

AKRAIND

EQUINIX
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Introduction

In our solution we use Akraino Public Cloud Edge Interface (PCEI) blueprint and
MEC Location API service to demonstrate orchestration of federated MEC
infrastructure and services, including:

Bare metal, interconnection, virtual routing for MEC and Public Cloud laaS/Saas,
across two operators/providers (a 5G operator and a MEC provider)

5G Control and User Plane Functions

Deployment and operation of end-to-end cloud native IoT application making use of
5G access and distributed both across geographic locations and across hybrid MEC
(edge cloud) and Public Cloud (SaaS) infrastructure

By orchestrating, bare metal servers and their software stack, 5G control plane and
user plane functions, interconnection between the 5G provider and MEC provider,
connectivity to a public cloud as well as the loT application and the MEC Location
API service, we show how it is possible for providers to enable sharing of their
services in a MEC Federation environment.



Summary of contributions and innovations

« A practical use case showing a realization of ETSI MEC Federation architecture

* An introduction and a functioning demonstration of MEC Federation Data Plane

« Implementation of the GSMA OPG Edge Node sharing scenario using MEC Federation

« Implementation of ETSI MEC Location API Service and its integration with a MEC application

« Implementation of a combined MEC Federation Broker and MEC Orchestrator with unique capabilities for
infrastructure orchestration in multiple domains such as public cloud, edge/MEC cloud, network operator, 5G
control plane and user plane cloud native function deployment as well as cloud native service and application
deployment

« Implementation of integrated Terraform Infrastructure-as-Code module into the orchestrator enabling DevOps
infrastructure orchestration

« Implementation of integrated Ansible Infrastructure Configuration and Installation module into the orchestrator
« Cloud native 5G Control Plane and Distributed UPF deployment design and the correspondent Helm Charts

« Use of production services (by Equinix) such as bare metal cloud, virtual network functions, public cloud access
and a global interconnection fabric as dynamically orchestratable infrastructure components for the realization of
the MEC Federation use case

« Implementation of a reference loT client

« Implementation of a custom software module for Azure loT Edge that enables its integration with ETSI MEC
Location API service

* An end-to-end demonstration of the infrastructure orchestration, 5G control plane and user plane functions
deployment, ETSI MEC Location API service deployment and the location aware, distributed loT application
operation
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Use Case Description

PCEI Enabler (MEC Federation Broker/Orchestrator)

MEC Federation
Interconnection
Provider Resources

Operator A
Resources (Silicon Valley, CA)

Operator/Provider B
Resources (Dallas, TX)

v

5G Core ; ‘ | ! ; v :
Control Plane Public Cloud:

Edge

: PCE
Bare Metal/K8s ; o ’ 53 I(VIEC}

—\ loT Edge
= v (Azure) | | 'g
MEC Fed ¥ Y

IP/Network — L Data Plane IP/Network | | " Balr - Fabric
; : : (E2bric) etal/K8s

App v v | \_/ v

MEC013 | L2 Public Cloud Core

UE || gNB UPF || Location (PCC)
API Server| .

laaS/Saa$s
Bare Metal/K8s Bare Metal/K8s MEC Eederation mf:lan (Ziure)

5G Network Slice and Location Service Data Plane Edge Cloud, MEC and Public Cloud

[ Equinix mmm] Aarna [0 ETSIMEC [ free5GC [ IoT App (Azure IoT Edge and Azure Cloud)
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What does the use case do?

Infrastructure Orchestration Stage

{

5G Network Functions and MEC Services/Applications Deployment Stage

|

End-to-end Application Operation Stage
loT Client loT Edge Gateway Cloud loT Hub

Receive encoded data Receive 10T data

OD:tCC_’dT Se':_5°' :a:a (Temp, Humid, Pressure,
daln location aata
Lat, Lon, Alt)

(Temp, Humid, Pressure) Send sensor and loc data to cloud

JORR PR
yend EM’\,\:U‘HJ‘;JU‘

oT Sensor “




PCEI free5GC Deployment — Silicon Valley, CA

5G cloud native Control and User Plane Functions deployment (with simulated UE/gNB)

5GC VM Ubuntu 20.04
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MEC Service Federation Call Flow: Location aware Low Power loT
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Architecture of the Orchestrator

Infrastructure Design Studio (Topology, Auth, User Input)
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Orchestration with Infra-as-Code

Orchestrator

Model-free

4 e/
Workflow Engine

NBI APIs
I4

Attributes

Git
y 7

Terraform Plan
(templates)

Terraform Microservice

i Terraform resource and data definitions

Terraform Provider I Terraform Provider I Terraform Provider I
Provider — Provider Provider
L s /W /
. Specific . Specific Specific
Service ARls Service ABls Service ABls
(bare metal) (L2) (Networking)

Component
(compute server)

Component
(E-LINE)

Component

A A
I I (VPC)

Edge

Providers Feature

) A
(os, lacp...) I

Interconnect Feat
Providers 5l ur_e
(802.1q, Q-in-Q)

Public —I

Cloud Feature
Providers (subnet)

- use of the same
infrastructure orchestration methods
across public clouds, edge clouds
and interconnection domains.

— the orchestrator does
not need to understand the details of
the individual infrastructure domains
(i.e., implement their models). It only
needs to know where to retrieve the
Terraform plans for the domain in
question and execute the plans using
the specified provider.

— the state of
infrastructure resources created by
the orchestrator is stored outside of
the orchestrator itself, making it
stateless with respect to the
infrastructure

— the Terraform
plans can be developed and evolved
using DvOps tools and processes.



Orchestration Workflow Design
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MECO013 Location
API Spec

Swagger

ETSI MEC

Generate Server
Code

l Docker

Containerize
Server Code

l Kubernetes

Generate Helm
Charts

.

Akraino CI/CD Process
(used by PCEI BP)

Akraino

git clone "https://gerrit.akraino.org/r/pcei"
cd pcei/locationAPl/nodejs

docker build -f Dockerfile . -t pceilocapi:latest

git clone "https://gerrit.akraino.org/r/pce
cd pcei

mkdir pceilocapil

cp -a pceilocapihelm/. pceilocapil/

tar -czvf pceilocapil.tar pceilocapil/

Onboard MECO013 Service v

PCEI Enabler

(orchestrator)
PCEI BP Implementation

Deploy (App)

Equinix Metal Server with K8S

ETSI MEC Location API server implementation

Use ETSI MEC spec — MECOI 3 Location API
Generate and containerize MECO | 3 Location API
server code
Generate Helm charts for the code to make it
deployable on Kubernetes
Use Akraino PCEl Orchestrator as a MEO/MEPM
to:
* Onboard MECOI 3 Location API server as a
Service/ App
Deploy Equinix Metal server (MEP/MEC Host)
Install Kubernetes on Metal server
Onboard Kubernetes cluster to PCEI
Orchestrator
Deploy MECO |3 Location API Service (as
MEC App)

MECO013 Location API
Client

APl Requests

MECO013 Location

API Pod

» Inside loT Edge PCE App

APl Responses




End-to-end traffic flow

PCEI Enabler (MEC Federation Broker/Orchestrator)

Operator A

Resources (Silicon Valley, CA)

MEC Federation
Interconnection

Provider Resources

Operator/Provider B
Resources (Dallas, TX)

v

5G Core
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IP/Network

v

loT
__App \
UE |[ l gNB_‘

v

MEC013
Location | :
API Server| .
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S
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¥ (Azura) |
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(Fabric)

L2

MEC Federation
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IP/Network L_

Deco:ded IéoT afnd
Location
data !

()
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Bare ~ 4

- /Fabri'p

Edge Cloud, MEC and Public Cloud

v

]
Public Clodd Core
(Pcd,)

laaS/SaaS
loT Hub (Azure)

1 Equinix @ Aarna [ ETSIMEC [ free5GC [ loT App (Azure loT Edge and Azure Cloud)




Thank you

For more details, please follow the links:
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Who Is Equinix

Equal access, neutrality and interconnection

DESTINATION STRENGTH FORTRESS PERSPECTIVE CONNECTION




History of Equinix

At the center of digital transformation for over 20 years

Networks E-commerce and content Exchanges

INTERNET WEB ELECTRONIC TRADING

Clouds

CLOUD

Enterprises

©)
OO

g

DIGITAL ECOSYSTEMS



Equinix by the Numbers

Global infrastructure and exchange platform for digital business
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* Partner Data Center

*Provides connectivity to local
clouds within the UAE.
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CANBERRA:

Interconnections

IBX Uptime

IBX: International Business Exchange (DC)

Ecosystems

1,800" Networks

650* Media & Entertainment
1,250* Financial Services
2,900* Cloud & IT

3,000* Enterprises

Edge Services

* Network Edge (NFV)
* Bare Metal (BMaaS)

Interconnection

« Equinix Fabric (SDN-enabled)
* Internet Exchange (12.6* Tbps)

Strategic Locations




Building Ubiquitous Edge with Platform Equinix

Ny

:
Orchestration

A S Terraform Portals

. Edge @

. Services .
Network Bare Precision

Edge Metal Time

& P

Oﬂo Interconnection ;‘\é ﬁ- 7N
&—® Sservices . .. .
O Cross Equinix Internet Equinix Equinix
Connects Exchange™ Connect Fabric™

A’A Data Center n lﬁaa
sl Services Edge IBX® xScale™

Data Centers

Data Centers

Data Centers



We Can Start Making 5G Real Now

80% of U.S. urban/metropolitan population is within 10 ms RTT from Equinix data centers

R 2

Equinix Data Center Campus

' ,' 10 ms RTT latency circle
B oeviceeoce ] rFareoce |l MICRO EDGE [ ]
5-10ms

Latency 0-1ms 1-5ms

MACRO EDGE
10 -50 ms

CORE CLOUD

50 -100 ms



Call for Collaboration (Better Together)

Industry engagements — 5G and edge

Equinix

* Develop 5G and edge architectures
leveraging ecosystems already in place at
Equinix

« Explore hybrid multicloud interconnectivity
scenarios between MNOs, public clouds and
private infrastructures

» Develop multiparty business models,
partnering strategies and go-to-market
motions for 5G and edge market

Multi-Domain Orchestration

Network Slicing Orchestration

5G Core Orchestration

RAN

ORAN Edge Compute Cloud Native 5G
Apps Core
5G UPF
Equinix Metal
Cloud Native Network Fabric
- . Equinix Equinix Equinix
Equinix Fabric Connect/IX Network Edge Precision Time

Simulation
And
Testing

Micro Edge DC

Macro Edge DC




Call for Collaboration (Better Together)

Industry engagements — open-source & developer community

. — The Linux Foundation
* Premier member (top-level membership)
* Governing Board member —ILFEDGE
» Technical Steering Committee Co-Chair of Akraino project
« Technical lead for Public Cloud Edge Interface blueprint

o — The Linux Foundation
« Silver member (standard membership)

. (Cloud Native Computing Foundation) — The Linux Foundation F] CLOUD NATIVE

k=l COMPUTING FOUNDATION

* Gold member (2"d-top-level membership)
» Governing Board member
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