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OpenNebula

NFV and SDN in the Telco space exploit the benefits of virtualization
and XaaS Network driven use cases such as FO and 5G access.
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OpenNebula

OpenNebula facilitates the required 5G components disaggregation together with MEC
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OpenNebula Telco Cloud

OpenNebula is the lightweight platform needed for the Telco Cloud enablement of NFV and SDN
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Leveraging NFV - Telco Edge Cloud
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Fixed Access integration @ Edge

Achieving High Throughput in Fixed
Access scenario

Virtual CPE appliance running @ Edge One Edge
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Install One Edge at Edge Servers ) >
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Create VM to run vCPE application
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Install vCPE application for each customer >

VM | VM

Densify VMs to hosts hundreds of customers
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Fixed Access integration @ Edge

With 2 VMs per host thread:
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Now, the following two graphs show the data we obtained for DPDK-based traffic (for two VMs and four VMs per host thread, respectively):

DPDK - 2 VMs / thread

~1.34 Gbps ~2.68 Gbps *5.36 Gbps ~8.04 Gbps ~10.72Gbps ~13.4 Gbps ~16.08 Gbps ~21,44Gbps
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..and with 4 VMs per host thread:

Interrupts -4 VMs / thread

~1.34 Gbps ~2.68 Gbps ~5.36 Gbps ~8.04 Gbps ~10.72 Gbps ~13.4 Gbps
Perc 50 Perc7s Perc 90 Perc 95 Perc 99
DPDK -4 VMs / thread
~1.34 Gbps ~2.68 Gbps ~5.36 Gbps ~8.04 Gbps. ~10.72 Gbps
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Mobile Access integration @ Edge

How to connect 5G Base Stations to 5G
Mobile Core using ONE

Install One Edge at Edge Server
Install OneKE in ONE

Install Open5GS in OneKE
Deploy AMF & UPF

Setup interfaces N2 and N3
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OpenNebula Tools for integrating Telco NFVs

Open Nebula EPA & NUMA are key tools for When using Kubernetes to deploy CNFs at the
optimizing NFV performance in scenarios when Edge, CNI is a critical component to enable
high throughput is demanded. Telco scenarios.

Acceleration technologies are important Select the appropriate CNI for your CNFs
Additional Software tools such as Intel DPDK, There are multiple CNIs to choose from, select
SRV-I0V, PCI-Passthrough, etc the one that fits with your scenario.
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AREA 1: COMMON FRAMEWORK TO ADDRESS DIFFERENT VERTICALS

EDGE END TO END EDGE ARCHITECTURAL FOUNDATION: INTER-OPERABLE, OPEN & SELF MANAGED

END USERS & DEVICE LOCATION + TRANSPORT
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MULTI-SERVICE (NFV & non-NFV) COMMON SERVICE

Flexible NFV

De-Centralized Ran
VEPC, UPF

Resources: CPUs, storage,

Latency: To be analyzed

LR OeYy WWY WWwiw)]

loT devices in many fields such
as factory automation, process
automation, smart grids, V2V
Resources: Communication,
CPUS, storage, Movidius, SPH.

Latency: Factory automation :
0.25ms to 10ms

Smart grids: 3-20ms / Process
automation: 50-100ms

Assist in autonomous driving

Examples: overtaking systems,
V2V comm, navigation

Resources: CPUs, storage,
Mobileye, SPH

Latency: Ideally <20ms, up to
100 ms

Process images (image recognition)
from devices, wearables and
annotate useful information

Examples: Google glass
Resources: CPUs, FPGAs, ATS

Latency: seamless - <20 ms,
sensitive- <25ms Tolerable 50-
100ms

Live video analytics and video
pre-processing, video
transcoding

Examples: Traffic video analysis
and alarm systems

Resources: CPUS, FPGAS,
storage, ATS, SPH for Inference?

Latency: To be analyzed

Perform web page related pre-
processing at the edge and send
page to user device

Examples: web page rendering,
ad block, content evaluation

Resources: CPUs, FPGAS,

Latency: Not slower than current
web page load times

Speech Recognition

Speech-to-text, User
commands,
Biometric Recognition

Medical Applications

Assist medical appliances
through connectivity and
analysis

Examples: Tele surgery

C ication,
CPUs, GNA-s, FPGA, SPH.

Latency: To be analyzed

CPUs,
Communication, storage, ATS,
SPH

Latency: Tele surgery <150ms
without haptic, <10ms with
haptic feedback

Cache data at the edge for faster
loading at user end

Using Edge as main storage for
the devices

Examples: cache popular videos
in a region, Netflix

Resources: Storage, CPUs
Latency: Not latency bound

IMBD, Specific Enterprise WL
(i.e: Linked In)

Resources: CPUSs,
Communication, storage, FPGA

Latency: <10 ms

MULTI-TIER COMMON HW EDGE TAXONOMY

ON-PREM / FAR EDGE

FAR EDGE

NEAR EDGE
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DATA CENTER EDGE
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USE CASE AND END CUSTOMER DRIVEN ARCHITECTURE

HLS & RBH CITY & 5G/4G, CDN
[ (HEC) ] [TRANSPORATION] [ ] [ 'NDUSTR'AL]

REQUIRES (e.g., DL PIPELINE STREAMER...)

SYSTEM ARCHITECTURE
USE CASES AND MICROSERVICES

MICROSERVICE
BASED
IMPLEMENTATION

REQUIREMENTS
(e.g., RT, ...)

SERVICE AND INFRA.

REQUIRES J —p
ORCHESTRATION

CAPABILITIES

1 NETWORK ARCHITECTURE
REQUIREMENTS

(e.g., SECURITY...)
SYSTEM, CHASSIS & PLATFORM

DEPLOYMENT




Common SW system architecture

WORKLOAD FRAMEWORK

‘F:Ef\;'CAL [ ][ RETAIL ][ INDUSTRIAL ][ HEALTHCARE ][ 5G RAN ENABLED ][ PRIVATEWIRELESS] $$EEOYMENT [ K8s [ BM ][ KUBERVIRT ]

J

APPLICATION PAA{ AN\II\II[.]YE?ICS ][ MESSAGE BUS ][ RENDERING ][ VISUALIZATION [ INFERENCE ][ TIME SERIES DB ][ MODEL SERVING ][ CDN/STORAGE ][ SDWAN [ RAN ][ 5G CORE ]

LIBRARIES & MICRO SERVICES

APP SPECFIC f
LIBRARIES [ CNDP ][ DPDK ][ SPDK ][ VPP ][ TSNLIB ][ SRIOV ][ OPENVIN ][ o ] HSERVICES SERVICE MESH ][ gRPC ][ GREENEDGEBB]

RESOURCES (HOST/GUEST 0S, ORCHESTRATION & MANAGEMENT)

INTENT DRIVEN :::gﬁi’:; POWER CALICO, CALICO- CNI, CSI & SERVICE DEVICEPLUG-IN & SCHEDULER &
ORCHESTRATION MANAGEMENT VPP MESH OPERATOR EXTENSTIONS

AWARE
SCHEDULING

HOST/ GUEST 0OS
PLATFORM DISTRIBUTED K8S AKRI
CAPABILITIES [ TELEMETRY ] [ LOGS/TRACES ] [ ] [ ESNACEND ] EXTENSIONS [ RANCHERKSS ] [ PLUGIN ] [ ]

MGMT.

MANAGEMENT

ORCHESTRATION & [ TELEMETRY ][

K8S & HOST 0S

SUSTAINABILITY

) OPERATING
SMART EDGE VMWARE TANZU REDHAT OCP PORTAINER KUBE-EDGE SYSTEM REDHAT CENTOS UBUNTU VMWARE OTHERS
)

HARDWARE (SILICON, CAPABILITIES & FORM FACTORS)

HORIZONTAL ( HORIZONTAL
CAPABILITIES SGX ] [ PFR ] TDX [ SST ] RDT QAT [ DSA CAPABILITIES sDo 00BM [ LCM ] TSN [ TCC ][ IPU® ]

(XEON/XEON-D) \ (CLIENT CORE)

POWER MANAGEMENT

END-TO-END SECURITY

ORCHESTRATION & TELEMETRY

EDGE
RUGGEDIZED DEPLOYMENT [ FAR ] [ NEAR ] [TELCODC] [ CLOUD ]
FORM FACTORS LOCATION

o i [ [ ocporOTH ][
BLADES (TELCO & NuC PLATFORM COOLIN FAN &
SERVER
SERVER EDGE) [ 2°pACSIVE
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] [ COLD-PLATED ] [ IMMERSIVE ]
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AREA 2: ELASTIC EDGE, SPACE/TIME SHIFT OF ENERGY & COMPUTE

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

Inflation_

Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.77 billion years

Production deployments
Far Edge, Near Edge, Data Center Edge, Cloud

On-Premise or Controlled env. Up to 100K Edges per deployment
10/100s Edges per deployment Challenges: Temperature, Energy, Reliability and security @ scale

2023

2016
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ENERGY SAVINGS

APPLICATION
OPTIMIZATIONS

POWER AWARE
ORCHESTRATION

SILICON ENERGY
IMPROVEMENTS

ENERGY SAVINGS
WITH SYSTEM
DESIGN

E2E ENERGY FOCUSSED SYSTEM DESIGN

SOFTWARE SYSTEM ARCHITECTURE

A

UPF (data plane)
Intel Infrastructure Power Manager
(30% Power Savings on UPF)

Edge Services
(Granulate- Al based opt.)

A

3- CARBON AWARE ORCHESTRATION & MANAGEMENT TECHNOLOGIES

Energy Intent driven orchestration Advanced System Telemetry
(Adaptive power shaving) (Al Energy Capacity Planning — R&D)

SUSTAINABILITY

IMPACT

USER AND
SYSTEM SW

SUSTAINABLE
STACKS

HARDWARE SYSTEM ARCHITECTURE

4- EDGE SYSTEM ARCHITECTURE

4th Gen Xeon Processors Infrastructure Processing Unit Al Infrastructure
(30% energy improvements) (Energy Aware Infra) (R&D)

ADVANCED COOLING SYSTEMS

(PUE < 1.10)
RENEWAL ENERGIES

E2E HW SYSTEM DESIGN

INTEL'S MOST
SUSTAINABLE

DATA CENTER <+
PROCESSOR
EVER

HEAT REUSE,
PRECISION COOLING,
RENEWAL ENERGIES
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