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5G-VINNI team, 12 March 2020, webinar

&5 PP

-7 SGE-UINNI



General instructions

Please mute your microphone
Q&A after the end of the presentation
During the presentation send your questions via chat

The session is being recorded
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Agenda

Introduction to 5G-VINNI facility and architecture

NSaaS delivery model, 5G-VINNI Service Blueprint

and Exposure Levels
Onboarding

Testing / Monitoring as a Service (TaaS/Maa$)

Key Performance Indicators

Sa-VINNI



INTRODUCTION TO 5G-VINNI FACILITY
AND ARCHITECTURE
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5G-VINNI (5G Verticals INNovation Infrastructure)

* Build an open large scale 5G End-to-End facility that can
(®
— demonstrate that key 5G network KPIs can be met Main Facilty Sites

— be validated, accessed and used by vertical industries (e.g. ICT-19) to ™ experimentation Facilty sites
test use cases and validate 5G KPlIs. @ '\i
Moving Experimentation

Duration: 1.July 2018 — 1.July 2021

Facility Site

Consortium: 23 partners (operators, vendors, academics, SMEs)

External Stakeholder Board (vertical industries)
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Global Timing and Releases (6 month release cycle)

12/03/2020

3GPP R15 3GPP R16

Opportunity window to
advertise to ICT-19
proposers

T 56

ICT-22
Call deadline ICT-19

1

| ICT-19 evaluation 5G-PPP Phase Ill ICT-19

1

Est. minimum duration
to offer services to other

PPP Phase Il

5G-VINNI

Service offer

Workshop for - :
ICT-19 proposers H for ICT-19 !

1 5G-PPP projects

IIIIIIIIIIIIII' e

RO of E2E facility 3GPP R15 compliant
| | |
| | |

Mar2018 Sep2018 Mar2019 Sep2019 Mar2020 Sep2020

1 1 1 P
1 1 1
1 1 1 1
R1 of E2E facility R3 of E2E facility Final E2E facility
i R2 of E2E facility 3GPP R16 compliant
[ | [ [l [ [ |
T T T f T T T

Mar2021 Sep2021 Mar2022 Sep2022

5G-VINNI Facility is ready for ICT-19 project experimentation.
5G-VINNI Facility will be available until 15t July 2022

5G-VINNI onboarding verticals webinar
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The 5G-VINNI Architecture is common for all
facility site implementations

I CUSTOMER |

NFV MANO
and

E/W Intrf. Network-Domain

Controllers

5G-RAN Domain 5G-CORE Domain
VNFs, PNF, | - VNFs, PNF, Network
Infrastructure Infrastructure Domains

[Deliverable 1.1]

-
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https://doi.org/10.5281/zenodo.2668754

5G-VINNI E2E Architecture with Slicing support

12/03/2020

5G-VINNI Customer

A

E2E Service
Operation
- |

A 4

A A
I I ] |
s ~\
_ _ Domain Service
Operation
\. J
I I I I I 1
4 eMBB Slice-as-a-Service N
1 [ 1 [
| mlOT Slice-as-a-Service | Network &
| \ I
| URLLC Slice-as-a-Service Infrastructure
I \ il AN I
\_ Customised Slice-as-a-Service | Y.
RAN Domain(s) supported ., CN Domain(s) supported by
e s TN Domain(s) supported by e o
by 5G-VINNI Facility Site(s) 5G-VINNI Facility Site(s) 5G-VINNI Facility Site(s)
Cross Domain Network Management & Orchestration [D eliverable 1.2 ’
5G-VINNI E2E Facility

5G-VINNI onboarding verticals webinar
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https://doi.org/10.5281/zenodo.2668763

Slice life cycle management and orchestration roadmap

Ph. 1: 4G ‘Slicing’ | Ph.2: 5G Slicing I Ph.3: Network Slice as a Service
| Customer | I | Customer | I | Customer |
| |
| |
| |
)| | |
| |
RAN Transport CORE I RAN Transport CORE I RAN Transport CORE
| | Global Slice ID (NSSAI) | | Global Slice ID (NSSAI)
1 NSSAI NSSAI NSSAI
( I mapping mapping I mapping mapping
NSSAI1 5GCN Subslice 1
I | DCN1 - >| I [vena | [CnF1 JCne2 JCwes ) ) Mo |
— I I NSSAI2 5GCN Subslice 2 | Wi NFa | NF5 || NFe
I S = I | [vPN2 | J NF4 | NF5 | NFe | >| [TubsliceZ SUbsiice 2 I 5ecIL e cIL 5 9j>
= 3 ° -
MG > I 1 [ 5GCN Subslice n S S fm——
I W I Clvewn| |[(NF1) [ ]>| Ol : NEt L NFS
L Subslice n Subslice n 5GCN Subslice n
RAN Transport 4GEPC | (R)AN Transport 5GC Il (RAN  Transport 5GC
| |

[Deliverables 1.2 and 1.3]

L]
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https://doi.org/10.5281/zenodo.2668763
https://doi.org/10.5281/zenodo.3345599

Main
Facility sites

Experimentation

Facility sites

5G-VINNI Facility Sites — Technical Summary

e

Norway (Oslo, Kongsberg)

Slicing (eMMB, URLLC, mMTC)
E2E Service Orchestration (Nokia)
NFVI (OpenStack) and MANO
(Nokia)

Edge Cloud (Nokia)

Five 5G gNBs (Ericsson, Huawei)
— 3.5GHz, 80MHz BW

— 26GHz, 800MHz BW

5G Core (Ericsson)

3GPP compliance

— Rel'15in 2019, Rel’16 in 2021
— NSAin 2019, SAin 2020
Satellite backhaul option (GEO)

UK (Martlesham

Slicing (eMMB, URLLC, mMTC)
Service Orchestration (Nokia)
NFV MANO, NFVI and VEMS
(Samsung)

5G RAN incl.

3.5 and 26GHz (Samsung)

5G Core (Samsung)

3GPP compliance

— Rel’15in 2019, Rel’16 in 2021
— NSAin 2019, SAin 2020

airl
Jof:

pvi

Spain (Leganes)

Slicing (eMMB, URLCC, mMTC)
Service Orchestration (OSM NBI)

MANO (OSM), NFVI (OpenStack), I

and SDN (ODL/ONOS)
Support for micro-VNFs

5G RAN (Ericsson + SDR) 3.5 GHz, |

band C
Model-based telemetry for
monitoring and analytics

Edge computing

5G Core (Ericsson + open-source)
GEANT connectivity

Portugal (Aveiro)

NG-PON2-based 5G
front/backhaul (Alticelabs)
MANO (SONATA)

NFVI (OpenStack)

SDN (ODL)

5G Core (Open5GCore)
Cloud RAN

Edge Computing

Slicing (eMBB, uRLLC, mMTC)

Germany (Berlin)

5G RAN prototype(s)

5G Core (Open5GCore)

Edge cloud/e2e Orchestration
(OpenBaton, OSM)

mmWave backhaul
Interconnection with remote
islands in Betzdorf and Tokyo
Large scale events, Nomadic
networks, Disaster Relief

JHD A

Germany (Munich)

5G NR SA RAN (Huawei) 3.5 GHz
5G Core (Huawei)

MANO and NFVI (Huawei)

SDN (Floodlight)

V2l, V2P

MEC, Edge Computing

URLLC targeting Rel16/17
Sensor fusion enabled by 5G

uxembourg (Satellite Connected Vehicle)

Greece (Patras)

Slicing (eMMB, URLLC, mMTC, via
0OSM)

Service Orchestration (via OSM
NBI services)

NFV MANO (OSM) and NFVI
(OpenStack)+DPDK

5G RAN open source radio (Lime,
SRS)-700-800MHz, 3.5.-3.8GHz
5G Core (Open5GCore)

NB-loT, LTE-M (FhG NB-IOT core)
mmWave backhaul (Intracom)
GEANT connectivity

5G Edge Node on-board
satellite connected moving van
GEO/MEO satellite backhauling
5G Core (Open5GCore)

NFVI (OpenStack)

MANO (OSM)

Edge Computing

Network Slicing (eMBB, mMTC)
Interconnection w/ Berlin site



https://www.5g-vinni.eu/facility-site/
https://www.5g-vinni.eu/facility-site/
https://www.5g-vinni.eu/facility-site/
https://www.5g-vinni.eu/facility-site/
https://www.5g-vinni.eu/facility-site/
https://doi.org/10.5281/zenodo.2668791
https://doi.org/10.5281/zenodo.3345620

Services offered by 5G-VINNI to verticals
(Main Facility Sites) S

Main Facility Sites
Network Slice-as-a-Service (NSaaS @
Experimentation Facility Sites

eMBB network slice as a service @ i,
a R Moving Experimentation N
mloT network slice as a service Paciity Sits

URLLC network slice as a service
Customised network slice

Value Added Services
Monitoring-as-a-Service
Testing-as-a-Service
Security-as-a-Service
3" party VNF hosting
Distributed data fabric
Edge and Autonomous Edge
Flexible backhaul for redundancy (e.g. Satellite)

Interconnection with other 5G sites

b

n -
[Deliverable 3.1]
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Jose Antonio Ordodnez Lucena

Telefonica Investigacion y Desarrollo

NSAAS DELIVERY MODEL, 5G-VINNI SERVICE
BLUEPRINT AND EXPOSURE LEVELS

-
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Network Slice-as-a-Service (NSaaS)
delivery model

/ Provided NSI O”O\O—O"f"o\o
Extended NS

NSaa$S Customer CSC-B

Admin Domain offer
* NSaaS is a future-proof service delivery model y ) e . (IS
* Network Slice Instance (NSI) on demand, as a service | mfmfm
* NSaaS$ provider and NSaa$ customer roles < Hsheiafty J”LLSHIM CSCA ( NOP-8
. | N il

NF ];EEFNF I/

otk Shoe.

Network
view

Customer-facing view

* Two complementary service views on an NSI:
* Resource-facing (NSI deployment details) vs.
customer-facing (NSI exposed capabilities)
e Abstraction to preserve the required
demarcation point between the provider and
the customer

12/03/2020 5G-VINNI onboarding verticals webinar 15 % O 56 Ul““l
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5G-VINNI & verticals integration based on NSaa$
NS|

I 1

The NSI span across public and non public

networks (NPN) = private networks / [ proieans O'/O\O—Om. / N

i 5G-VINNI admin domain | —I Vertical admin domain |—

_
I
I
I
b |
I
I
I
d

NSI

! i
m m m m | I
i 5 ! 0
Vertical App ; H |
g 0 o
I |

Test platform

intemul

5GCore parameters, subscriber

Function

Facility App
Function

Shared
across NSls

Core cloud

Edge cloud

Network Analytics

Transport Network

5G-VINNI site, e.g. Spain Ihterconnectiv ty Vertical premises, e.g. factory

Transport Network (xhaul)

Private Networ

—
' SG-VINN

Public Network

12/03/2020 5G-VINNI onboarding verticals webinar 16 [



NSaaS — Two main phases

Network Slice (aaS) Request Network Slice (aaS) Operation

The NSaaS customer issues a service order The NSaaS customer monitors and takes (some)
towards NSaa$ provider, requesting the control over the network slice, deployed and

deployment of a tailored network slice made available by the NSaa$ provider
NSl is deployed

and activated

=] | —
V —
[ Slice Requirements Slice performance Slice
slice Topology o assurance and Management
fault supervision & Control

L]
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NSaaS Request - Ordering a VINNI-SB

VINNI-SB = 5G-VINNI Service Blueprint

Slice Service Type (SST

Service Topology

Performance
attributes

12/03/2020

Service attributes
o Network
Funct_n:nalltv optimization
attributes attributes

)

5G-VINNI onboarding verticals webinar

Service monitoring and testin

Testing Service API

Test Executor Engine

Generic API gNB  |Generic APl NGCore} Generic APl NFVI | Generic API VNFx
NGCore NI NFVI Ver ver V
Driver QNBNEM A Driver NGCore NEM § Driver NFVI Vendor ff Driver VNFx Vendor
A C E
Core NEM VI Ver ver VI Je

. Tn SG-UINNI

Genenc API Traffic
Generalor

Driver Traffic

Generator Vendor G

Driver Traffic
Generator Vendor H



NSaaS Operation — Service Capability Exposure

Service exposure, monitoring and testing (§ 4.3.4)

* In vertical-oriented experimentation scenarios,
different verticals may want to take a more or less
proactive role in the operation of their slices

e 5G-VINNI offers to vertical different “capability

Level 2
- ]

Level 3

exposure levels” = levels of control a vertical can @ T
. . P S P Virtualisation layer | Level 4

take over the provided slice 8 A N (4 @ —
5G-VINNI is able to consume operations related to.... Level 1 Level 2 Level3 Level 4
E2E network slice application layer config & management v v v v
Network slice subnet / network function application layer config & management X v v v
Network slice subnet / network function virtualized resource layer config & X X v v
management -> ETSI NFV Network Service (and VNF) orchestration
Infrastructure resource control & management -> NFVI with optional enhanced X X X v
platform awareness capabilities and infrastructural SDN control.

12/03/2020 5G-VINNI onboarding verticals webinar
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NSaaS Operation — Service Capability Exposure

Depending on the selected “capability exposure level”, a vertical can consume more
or less management services within 5G-VINNI admin domain

Token-based authentication

NSaa$S Customer ,
Admin Domain

NSaaS Provider REST API (programmability)
Admin Domain Portal

E2E Network & Service Mgmt Functions (include NSMF) o

E2E Network & Service Management Domain

S

TN Mgmt Domain CN Mgmt Domain

Industry  PEEN
Vertical’s b\
Management
System

Virtualiz. Mgmt Domain RAN Mgmt Domain

RAN Mgmt Functions TN Mgmt Functions CN Mgmt Functions

(include RAN-NSSMF +
RAN-NFMFs)

(include WIM + IP/Opt/ (include CN-NSSMF +
MW SDN controllers) CN-NFMFs)

@RAN and CN VNFs @RAN NSSIs @Fronthaul connectivity @CN NSSIs
resource layer @RAN PNFs @Midhaul connectivity @CN PNFs
@RAN VNFs app layer @Backhaul connectivity @CN VNFs App Layer
@NPN facing connectivity

Provider's Network (Public Network)

12/03/2020 5G-VINNI onboarding verticals webinar




Christos Tranoiris,
Univ. of Patras

ONBOARDING

L]
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Network Slice as a Service (NSaaS) delivery model

() Vertical
1

5G-VINNI [Z:= QL Customer

Service

Catalogue SG_ VI N N I

7 service portal
I
Vertical Vertical Vertical
(/D Customer /D Customer (/> Customer
UK Norway Greece/Spain
Service Service Service

| order © I | e Order | | © Order :
| o I OpenAPI I Y I openarr | ™y i
| = i | = | | = i
: NFV-SOL 005 I : NFV-SOL 005 : : NFV-SOL 005 I
| I | | | :
I NFVO | I NFVO I I NFVO |
I (Samsung) I i (CBND) i 0 (OSM) |
I Network I | Network I I Network I
| Resources I | Resources | | Resources I

|
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G-VINNI-SB Template — Model diagram

VINNI-SB Service
Requirements
<< ServiceSpec ,
CFS>>

Name 1

Description

1
Service Topology
<<ServiceSpec,
RFS>>

Name
Description

1

NS Topology
<< Resource Ref,
RES>>

Name
Description
Id (resource spec

|_+

VINNI-SB Template
<<ServiceSpec,CFS>
>

Name
Description
isBundle: true
VINNI-SB Service
Exposuredevel

0..N

VINNI-SB Service
3 party VNF
<< ServiceSpec,
RFS>>

Name
Description

1

VNFD
<< Resource Ref,
RES>>
Name
Description
Id (resource spec

=

VINNI-SB Service
Testing

<< ServiceSpec ,
CFS>>

Name
Description

0/1

VINNI-SB Service
Monitoring
<< ServiceSpec ,
CFS>>

Name
Description

NS Topology
<<LogicalResourceSpec>>

VNFD
<<LogicalResourceSpec>>

ID
Name
Description

12/03/202

ID
Name
Description

pnboarding verticals webinar

Parameters for service requirements specifications

Group Parameter Name Parameter ID
Peak data rate P.PERF_1
User data rate P.PERF_2
Area traffic density P.PERF_3
Performance 5G QoS P.PERF_4
Reliability P.PERF 5
Availability P.PERF_&
Service deployment time P.PERF_7
Deployment option P.FUNC_1
Access technology P.FUNC_2
Predominant device type P.FUNC_3
Radio spectrum P.FUNC_4
Functionality
Isolation P.FUNC_5
Support for value-added functionality P.FUNC_6
3rd party VNF hosting P.FUNC_7
Positioning P.FUNC_38
Number of devices P.NO_1
Device density P.NO_2
Network Optimisation Coverage profile P.NO_3
Mobility profile P.NO_4
Service lifetime P.NO_5

. Ton S6-UINNI




The onboarding and testing process

' development

{VNFD/NSD

-VNF/NSD testing
-Understand/automate
measurement points

Co-develop I
T period VNFD/NSD onboarding
Vertical and facility & ]
co-design period < ( ()
gn p | ST L L
i ?,’&‘“ \3
Vo
B ) Study service specs to
7 7 network requirements
S,
Ve
| €
o .
J'/@ N R
4 C \ ,/‘ ‘\ J
%y

‘ | O
Install parts of the use case

possible, execute even non |
‘automated with manual parts|

Understand:

- Network requirements

- Measurement points

- What can (must) be automated
- What can be parameterized
Prepare onboarding Plan

Design the service blueprin
NSaaS spec with its
characteristics

O Optional

12/03/2020

' Test case design
i Test scripts for TaaS$ !

i Launch service spec
' alpha/beta versions

- This cycle might be repeated multiple times

- NFV orchestration is key part to repeatability of NF deployments/testing

- Self service onboarding/off boarding, deployment test and access - Access Level 1

- facility might offer to vertical a staging area (e.g. a private OSM to experiment) or
NFVO itself — Access Level 2 and 3

- facility might offer to vertical VIM access — Access Level 4

-Involve Monitoring aaS
-Involve Testing aaS Co-develop
period —P> |
Operational &
() ) ; < Testing KPI period
Study service specs to Iteratively develop Service and NFV ~ ~
Maa$ & Taa$ requirements orchestrators “choreography” = = - =

| Service spec is

; Offer the Service
i launched

i Blueprint to the vertical
community for

Test deployment/
activation of SB

5G-VINNI onboarding verticals webinar

i E2E service
i order fulfilled

Pre-Validation KPI
period via service
orchestrator

| repeatable deployments |

-This cycle might be repeated multiple times
- Service and NFV orchestration is key part
to repeatability of NF deployments/testing

. Son SG-UINNI



Main Service Specification propertics

12/03/2020"

cilo]s]

(llo]a]
@0
B0
il o]a]
=30
@0
=30
@0
=30
@0

http://openslice.io

O open

Openslice is a prototype open source, operations support system. It supports VNF/NSD onboarding to
OpenSourceMANO (OSM) and NSD deployment management. It also supports TMFORUM OpenAPls
regarding Service Catalog Management, Ordering, Resource, etc.

Demo

* Openslice demo: http://portal.openslice.io/

* Openslice Service Catalogues and ordering:
http://portal.openslice.io/services/

Video demo

* https://youtu.be/KU8JPDFFI9A

Supported APIs

For a quick access check our swagger links:

* TMF APIs: http://portal.openslice.io/tmf-api/swagger-ui.html

* API for VNF/NSD management:
http://portal.openslice.io/osapi/swagger-ui.html

-
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http://portal.openslice.io/osapi/swagger-ui.html
http://portal.openslice.io/osapi/swagger-ui.html
http://portal.openslice.io/osapi/swagger-ui.html
http://portal.openslice.io/osapi/swagger-ui.html
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Andrea F. Cattoni
Keysight Laboratories, Keysight Technologies

TESTING / MONITORING AS A SERVICE
(TAAS/MAAS)

-
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What can possibly go wrong?

5G Core
5G is a complex system where multiple components need to interplay / (SBA —new

paradigm)
)

NFVO (automated
orchestration
iconfigurations and

Cust @ SDN/SD-WAN
ustomer
Shared Application (complex

infrastructure configurations)
(multiple slices)

Mobile EDGE
(noisy neighbors,
management)

~

IERNTHING

W
J‘)
79 ’

[o=9]

- ~ C-RAN Transport Data Center
| fmnthde (virtualization (complex pe,%ﬁgnce
(latency, load) issues) networks) tuning)

-
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Traditional

5G
SW-centric

Product Lifecycles and Testing Stages in
Networks

R&D Deployment Operation

Monitoring

HW-centric

> Operation

Deployment

Monitoring

. Sn SE-UINNI
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One Ring to Rule Them All...

Tool Types Test Types < Testing-as-a-Service (TaaS) is
L0.L7 Traffic Generat de-facto an implementation

-L7 Traffic Generators Performance
App emulators QoF of the 5G TestOps
Attack/breaching Emulators e security . .
Conformance Tools Conformance * TaaSisa way to unlfy the
5G Traffic Generators Performance testing functionalities for 5G
Attack/breaching Emulators Security

. * It provides a one-stop-shop
N/A C . .

/ onormance for testing service for both
L4L7 Traffic Generators Performance Cl/CD applications and users
Attack/breaching Emulators Security o Test Automation iS the

‘ keystone of TaaS
L2-L3 Traffic Generators Performance

*from 5G PPP Test, Measurement, and KPIs Validation WG White Paper

12/03/2020 5G-VINNI onboarding verticals webinar 29 b B 56 Ul““l



Example of TaaS Consumption

Service Validation Experimentation
. Tests are requeSted O Vertical Vertical
U Customer AU/ Customer

. Test scripts (TC) present in
the TaaS repository are
loaded and executed on Deploy Service/
Ope nTAP System Under Test (SUT)

. OpenTAP deploys tools e.g.

Test Request

o Load Script and Execute

OpenTAP

Dep
Control Tools/App % roo/

in an OpenStack cloud s
. Creat
. OpenTAP configures the Sorvice/
tools to target the newly 2T
deployed service T |
I | Vertical App 5G Core Tester
|

L]
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TaaS Onboarding Process

e Training
webinars will
be offered

e Coverage:
oHow to design

experiments
oHow to design
TCs
oHow to use
TaaS tools

12/03/2020

Design of Test

Cases (TCs)

e |[dentify KPIs
of interest

e |[dentify KPIs
stress/ testing
conditions

5G-VINNI onboarding verticals webinar

Development of

plugins

¢ Develop OTAP
plugins for
the vertical
applications

e Expose KPIs
from inside
vertical
applications
for harvesting

J

Development of

Test scripts

\.

* Create OTAP

scripts

* Create

visualization
dashboards

J

. Son SG-UINNI



Monitoring as a Service (MaaS$)

Maas is targeted at having a constant overview of the health and
performance of the system

It consists of two main categories of services: Network Monitoring
and Telemetry

a) Network Monitoring (or visibility) is the traditional overview of the
traffic flowing across the network, in particular emphasizing the
visibility in specific critical points in the network

b) Telemetry is focused on providing the health and performance of
the individual Network Service or VNFs/application components

The two categories are very different despite being offered under
the same umbrella of MaaS

Sa-VINNI



Network Monitoring/Visibility

Virtual network taps can be deployed
in specific points of the network, as
described by the NSD

The network taps are capable of
sniffing (north-south and east-west)
traffic, simple filtering, and re-routing
the traffic to a specific destination.

Destination can be an analysis tool
(not provided by 5G-VINNI) or a packet
broker.

The packet broker is capable of more
advanced filtering, aggregation, and
re-routing options to either an analysis
tool (not provided by 5G-VINNI) or a
traffic recording server

L
L

VNF

Monitoring and
Analytics tool
(not offered)

Monitored network

Maa$ network

Packet Broker

12/03/2020 5G-VINNI onboarding verticals webinar
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Telemetry

* The typical example is a VNF that exposes
metrics.

* Metrics can be either actively pushed, or
passively collected, in order to be stored in a
database, as e.g. a Prometheus time series
one.

* This is common practice in modern
virtualized solutions, and the 5G network is
no exception.

* Telemetry can be effectively used for:
— exposing health metrics
— exposing performance metrics (e.g. network
buffers status)
— exposing directly measured KPIs

12/03/2020 5G-VINNI onboarding verticals webinar 34 % B 56 Ul““l
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Andrea F. Cattoni
Keysight Laboratories, Keysight Technologies

KEY PERFORMANCE INDICATORS

-
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Initial KPIs validation results

Category KPIs Achieved Values Description
UL Maximum Throughput (Mbit/s) 104.27 Mbit/s mmWave, 27.3-27.5 GHz, 4T4R, 1 stream
DL Maximum Throughput (Mbit/s) 883.69 Mbit/s mmWave, 27.3-27.5 GHz, 4T4R, 40 streams.
UL Latency (ms) 13.77 ms 3.6GHz, low foot-print traffic profile with
DL Latency (ms) 9.15 ms 100Kbit/s bandwidth.
E2E Network Performance -
UL litter (ms) 1.01 ms mmWave, 27.3-27.5 GHz, 4T4R, low foot-print
DL Jitter (ms) 0ms traffic profile with 100Kbit/s bandwidth.
UL Frame Loss (%) 0.01% 3.6GHz, low foot-print traffic profile with
Maximum Throughput (0O Frame Loss) 4,573 Gbit/s two compute nodes, DPDK was configured in
NFVI Network Performance .
Latency between VMs 0.067 ms the test environment.
CPU Benchmarking Score 3,510
Memory Read Latency 7.97 ns
NEVI C te R Memory r/w Bandwidth 25.641 GB/s )
ompute Resource Yardstick CPU/Memory/Storage tests.
Performance Storage r/w IOPS 5.65k/4.21k
Storage r/w Latency 188 /621 ms
Storage r/w Bandwidth 1,018 / 425 MB/s
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5G-VINNI project and facility sites contacts

* norway-facility@5g-vinni.eu

e uk-facility@5g-vinni.eu

* Web page: http://www.5g-vinni.eu/ * spain-facility@5g-vinni.eu
. Twitter: @5gVinni * greece-facility@5g-vinni.eu

e portugal-facility@5g-vinni.eu

* E-mail: 5G-VINNI-Contact@5g-ppp.eu

e germany-berlin-facility@5g-vinni.eu

e germany-munich-facility@5g-vinni.eu

e |luxemburg-facility@5g-vinni.eu
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