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HERZLICH WILLKOMMEN! “ g

CARRIER <
INNOVATION ~:
DAY 2023

SIMPLIFY. INNOVATE. TRANSFORM.

‘ 0101 010
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| AXIANS CARRIER INNOVATION DAY - SIMPLIFY. INNOVATE. TRANSFORM.

11:35 Uhr Welcome

11:45 Uhr Innovation @ Axians: Technologie, Prozesse & Kultur

12:10 Uhr Innovation & CSP-Monetarisierung am Beispiel von 5G Advanced
12:30 Uhr Lunchbuffet und Networking

13:30 Uhr Cloud Native Routing & Network Slicing in 5G deployments
13:50 Uhr VISONARY Paneldiskussion "KI@CSP - mehr als nur ChatGPT?,,
14:30 Uhr Networking

EX RO O-



| AXIANS CARRIER INNOVATION DAY - SIMPLIFY. INNOVATE. TRANSFORM.

15:15 Uhr Cyber Security: Bedrohungslage fur Carrier & Service Provider
15:45 Uhr Paneldiskussion ,\Was ist die richtige Antwort auf IT-Bedrohungen?”

16:25 Uhr Impulsvortrag:
LZusammen in die Zukunft! Warum Menschen gemeinsam innovativer sind.”

17:25 Uhr Zusammenfassung
19:00 Uhr Start Kochevent
23:00 Uhr Ende der Veranstaltung

oo e e 06



aXIaNs

Schon, dass Sie dabei sind!
Simplity. Innovate. Transform.

Sascha Fiedler, Axians Networks & Solutions
Head of Business Unit CSP & BBU
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INNOVATION@AXIANS

Technologie, Prozesse & Kultur

Hendrik Kahmann, Axians Deutschland
Head of Innovation
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MARKT & ICT MEGATRENDS

Fachkraftemangel im IT-Bereich
Leaving Experts, 7M Renteneintritte 2022-2027
60.000 unbesetzte Stellen in der IT (2022)

ol

Next-level Prozess- Prozess Die Zukunft der Dezentrale
Gesamtwirtschaftliche Entwicklung automatisierung Virtualisierung Vernetzung Infrastruktur

Starke Inflation & Schwaches BIP Industrial IOT Digitaler Zwilling 5G und loT Cloud und
Zuruckhaltung bei Investitionen Roboter/Cobots 3D-/4D-Druck Konnektivitat Edge Computing

Automatisierung & Effizienzsteigerung
Reduzierung der Herstellungskosten %}
Adressierung des Fachkraftemangels

mo_I_om
1011 ot

Next-Generation Angewandte KI Die Zukunft der Trust-Architektur
Veranderte Nachfrage im Carrier-Markt HEDIE Programmierung
IT-Ausgaben steigen, XaaS bald bei 22% Quanteninformatik Language Processipg Sefiuaie 20 Zero Trust Security
IT-Sicherheit als starker Wachstumsmarkt & Sprachtechnologie Low-Code / No-Code Blockchain

@ Nachhaltige Technologien

Gartner bitkom BREKS

i far Future
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ZUKUNFT DER VERNETZUNG: 5G CAMPUS

Abdeckung Indoor/Outdoor

Edge Computing &
Energiemanagement

Fahrerlose, ferngesteuerte

Transportsysteme
]

Mobile Worker ~__f—

_—
o
=

Uberwachung & Smart Factory

VR & Diaital o 1 'K | + eine Vielzahl mobiler
&Digitaler : Anwendungen

Enterprise- & OT-Dashboard Zwilling

Campus Security

WHITE LABEL MANAGED SERVICE FUR CARRIER & SERVICE PROVIDER
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4, ZUKUNFT DER VERNETZUNG: EDGE COMPUTING

-
. Geschaftskunden

i
i
i

il

Core / Datacenter Regio-Cloud Sub-Regio-Cloud Edge-Cloud .
Enterprise
Monitoring & Analytics Virtual BNG Streaming-Services Backup-Services
AAA-Services DNS-Services Content-Delivery 5G Core (Enterprise)
Failover Region DHCP-Services PoC-Services
Carrier-Grade-NAT Failover Edge

Failober Subregion

AUTOMATISIERUNG | ENERGIE-MANAGEMENT | MANAGED SERVICE
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=ONA
@ ANGEWANDTE Kl L=ONARD

Angewandte Kl ermoglicht vielfaltige Anwendungen
ChatGPT ist nur die Spitze des Eisbergs

47% der DAX-Unternehmen geben an,

dass der Stellenwert von Kl durch ChatGPT
1 Automatisierung von wiederkehrenden Aufgaben gestiegen ist.

70% der DAX-Unternehmen geben an,

2 Inhaltsbasierte Optimierungen & Mediengenerierung dqsz sich ihr Geschaftsmodell verdndern
wird.

Quelle: Handelsblatt 20.06.2023

3 Analyse von komplexen Zusammenhingen

4 Kostenreduktion & Adressierung des Fachkraftemangels

ABER: Kl bringt auch Risiken mit sich und muss reguliert werden

Mehrwerte fiir Carrier & Service Provider
Kl-basierte Netzanalyse & -Planung | Root-Cause-Analysen | Automatisierung von Konfigurationsaufgaben
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LEONARD
NEXT GENERATION COMPUTING A

Quanten Computing

1960er und 1980er Jahre
Die theoretischen Grundlagen des QC werden erforscht und
festgehalten.

1 Uberlegene Rechenleistung 1980er Jahre
Die ersten Algorithmen wurden entwickelt, um das Potenzial
von QC aufzuzeigen.

P Losung komplexer Probleme 2000er Jahre

Die ersten praktischen Experimente mit Quantencomputern
werden durchgefiihrt. Erste Unternehmen und

Forschungseinrichtungen entscheiden, zu Investieren.

3 Parallele Bearbeitung von Prozessschritten

2010er Jahre

Deutliche Fortschritte in der Hardware von QCs und erster QC

mit 12 Qubits. Die Entwicklung der Fehlerkorrektur beginnt.
ABER: Quantencomputing ist noch weit vom Alltagseinsatz entfernt
= Ungenauigkeiten und komplexe Fehlerkorrektur 2020er Jahre
= Skalierbarkeit stellt noch ein groRes Problem dar QCs sind ein riesiges Forschungsfeld. Unternehmen wie

. . . Microsoft, Google und IVM sind fiihrend.2019 wurde die erste
* Notwendigkeit der Forschung und Anpassung von Algorithmen Aufgabe mit einem QC schneller gelost als auf klassischer

Hardware = Quanteniiberlegenheit.

Quanten-Computing wird den IT-Bereich in den niachsten 5-10 Jahren Zeit stark verandern.
.. und bringt Herausforderungen und Risiken mit sich!
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WHITELABEL-XAAS FUR CARRIER

Vorleistungsprodukte als Ende-zu-Ende Managed Service

Managed SD-WAN / SASE Managed 5G Campus

Managed Security

Managed ISP (Baa$)

Cybersecurity SoC Managed DDoS

Network Operation Center Innovations & Testing Center

WHITE LABEL-VORPRODUKTE VERKURZEN DEN GO-TO-MARKET
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¥ NACHHALTIGE TECHNOLOGIEN

Nachhaltigkeit riuckt in den Vordergrund

Axians Green ITC Lab Effiziente Architekturen

Labor- und PoC-Umgebung der Axians Managed Services mit Cloud-Anteil
Effiziente Energiesparmethoden Skalierbare Rechenzentrums-Architekturen
Automatische Skalierunganhand der Nutzung Einsatz energiesparender Systeme

Axians Umwelt-Okosystem ' Transparenz
Axians CO2-Mobile APP fir tagliches Tracking Einsatz zur Kalkulation des CO2-Footprint
eNatureCloud fur Umwelt- und Energiemanagement Axians Green+ Calculatorim Rahmenvon Angeboten
Axians Neo Suite fuir Routenoptimierung im Field-Service Ziel: Vergleichbarkeit von Technologien und Systemen

g VINCI ZIEL: 40 % REDUKTION CO2-AUSSTOSS BIS 2030
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ERFOLGSFAKTOREN INNOVATIVER UNTERNEHMEN

Innovationskultur Prozesse Okosystem
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ERFOLGSFAKTOR INNOVATIONSKULTUR

Forderung kreativer Prozesse
Prozesse und Tools (z.B. Design Thinking)
Professionelle Moderation
Bildung eines kreativen Umfelds
Bereitstellung von Budgets (Ideenkonto)

Rollendefinitionen und Austausch
Fachbereiche und operative Einheiten
Business Development / Produktmanagement
Geschaftsleitung / Marketing/ HR
Einbindung von Kunden und Partnern

Intrapreneurship
Starkung der Identifikation der Mitarbeiter:innen
Forderung von internen ,Start-Ups”
Ausgrundungen von Geschaftsideen

Innovation @ Axians
Dedizierte Rolle fiir Innovationen
Enge Zusammenarbeit mit den Fachbereichen
Strategie & Innovationen entstehen Bottom-Up
Veranstaltungen mit Kunden und Partnern

LEONARD
together @ viNE1 W8
Strategische Kernthemenwie Kl & Quanten-Computing
Dedizierter Support fur Business-Units
Trainings, Workshops & Dedizierte Coachings

Digitalschmiede VINCI Energies
Co-Creation-Space in Frankfurtam Main
Workshops mit Kunden und Partnern
Synergien zwischen Energie, Industrie und ITK

aXI3aNs
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ERFOLGSFAKTOR OKOSYSTEM

Starke Partnerschaften im Axians Netzwerk

Jﬁa# géMPUS
HWARZ
[

EXCELLENCE IN DIGITAL ENGINEERING

56 AII};;(;for Connected Industries and Automation ————d FIbEI" for Future NO < I l \

STARKE PARTNERSCHAFTEN MIT PARTNER UND KUNDEN SIND DER KERN UNSERER STRATEGE
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Innovation &
CSP-Monetarisierung
am Beispiel von 5G Advanced

Dr. Konstantinos Manolakis, Nokia
5G-Adv. Business Programm Lead / Senior Device Research Specialist
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Innovation & CSP-
Monetarisierung am Beispiel von
5G-Advanced

Dr. Konstantinos Manolakis,
Senior Expert / 5G-Adv. Business Program Lead

Axians Carrier Innovation Day, 8t Nov. 2023

17 © 2023 Nokia Customer confidential



Agenda

* Innovation in Nokia

*  5G-Adv. timeline and overview

*  Why should operators invest in 5G-Advanced?
Monetization

 Summary

© 2023 Nokia Customer confidential I\O < IA
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ill become closely

Connect digital, physical

and human worlds to
Human World augment the pOtentlal Of

' : human beings

Connections and mobility

20  © 2023 Nokia | Customer confidential



We have a clear and definitive vision of the metaverse opportunities
Concepts developed through Bell Labs Research frame this vision

Metaverse enablers Metaverse opportunity areas
Human | I +re 41 Digital-Physical
H lﬂﬂnj H
Augmentation Fusion Consumer
Extensions that enable people to Dynamic, connected representations Metaverse
interact with and within the digital of real-world things in the digital world
world
Enterprise
Metaverse

(IT*-centric)

Industrial

Metaverse
(OT*-centric)

*|T: Information Technology
OT: Operational Technology

21 © 2023 Nokia Customer confidential NO < IA



At Nokia Bell Labs we solve problems
that address real human needs
through the power of human intellect

As Nokia's award-winning industrial
research lab, we innovate with purpose,
pursuing responsible, sustainable
technologies that will have a
demonstrable impact on society.

22  © 2023 Nokia Customer confidential
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Network
Fundamentals

Redefining what trusted
networks can do

Automation

Augmenting our daily lives in
an intuitive way

Semiconductors and
Devices

Unleashing the power of
sustainable future systems

Al and Software
Systems

Making technology both
accessible and responsible



At Nokia, we create technology that helps the world act together

Virtuous cycle

Productization
Technology R&D virtuous
Standardization cycle
Research of IPR \/

Monetization

24 © 2023 Nokia Customer confidential hO( IA



Our innovations are fundamental and enable entire industries
New form factors and value streams have opened new opportunities for monetization

Our innovations are highly relevant ... ... across multiple sectors

Mobile handsets

standards technologies
Connected vehicles
Device Network

25  © 2023 Nokia Customer confidential



'\nd overview
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5G-Advanced overview

Evolution

5G-Advanced evolves the 5G
system to its fullest capabilities

Myths

5G-Advanced denominates the
collection of enhancements from
Rel 18 onward, it is not defined as
one main feature

27  © 2023 Nokia Customer confidential

Backwards Compatibility

5G-Advanced maintains
backward compatibility to 5G

Market longevity

5G-Advanced will have min
5 years of market opportunity

Timing
First version of 5G-Advanced

Standards expected in the
beginning of 2024

G Revolution

5G-Advanced sets foundation
and will be followed by 6G

NO<IA



5G and 5G-Advanced determine network capabilities until 2030

~

—
56 56 6G
5G usage 5G-Advanced usage

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Rel-15 Rel-16 Rel-17 Rel-18 Rel-19 Rel-20 Rel-21 Rel-22
5G standardization 5G-Advanced standardization
6G concept and requirements 6G study 6G specs
WRC-23 agenda item WRC-27 Commercial
on new bands new bands deployment of 6G
First 3GPP

6G specification

28  © 2023 Nokia Customer confidential hO( IA



5G-Advanced
New usage areas, new services, boosted resiliency and operability

Extending global 5G-Advanced reach for loT and Extreme MBB experience with bounded latency,
basic MBB

1 Railway, power, etc. High speed
UAV ftraffic, mobility and edge | Indoor XR/VR Outdoor XR

Wearables; sensors
cameras roaming

Network wide Al/ML enhancements, further
network energy saving, network slicing

5 J_L'r"

mMTC

&

EXPANSION

Dynamic and
optimized Traffic
allocation

29 ©2023 Nokia | Customer confidential I\O( IA

GNSS Alternative
& Resiliency PoS, Banking
Solution

Asset tracking,
Transportation

Zero touch
orchestrator




Rel-19 in a nutshell: Networks that Sense, Think and Act

Rel-19 takes 5G-Advanced to its fullest capabilities and paves the way to 6G with state-of-the-

art studies and introduction of key innovations for new business cases

Mobility & MIMO

More robust handovers
and beam management
Reduced gaps

Extreme MIMO

N
a

—~

Ambient loT

Overall intention is ultra-
low power loT devices
with no or small battery.

P

Enhanced coverage

A-MPR reduction for CA,
considerable reduction of
MPR of up to 2 dB for
high data rate services.

Sensing

Channel model for
sensing followed by study
of UE-centric solutions for
sensing

30 ©2023 Nokia | Customer confidential

K

Energy efficiency

gNB-DU autonomy for
cell, beam, channel
shutdown, etc. Incl.
related Al/ML enablers

&

Slice security

Slice specific keys, slice
isolation in lower layers,
extended security of PDU
sessions, etc..

A

XR (AR, VR, gaming)

Superior E2E XR
performance, incl.
capacity enh, QoS, power
efficiency

9

Multiple reg.

Enables the UE to obtain
best services offered by
different networks

®

Al/ML enabled

Al/ML for the air
interface and CN, incl.
data management and
trustworthiness Al/ML

0

 —  —

Management
Further SBMA
enhancements, NW slice
management, NSSAA
support while UE is in
EPS, etc..

NO<IA



tors invest in 5G-Adv.?
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Nokia study provides insights on CSP views of 5G-Advanced

40 key executives’ views in CSP technical / strategic functions

Social and Economic changes Technology Evolution and disruption

Working from | Gig Economy Sharing Technology Beyond Dedicated
. . . Anywhere & & Fle'xible Economy Sovereignty Smartphone devices
Social and Economic changes coupled with s | g
Technology Evolution and disruption T—
Internet Healthcare Modernisation | Intelligence
(new
Architecture)

) ) ) E'r;::gir:“r:tental gglgtr::nmtental Road to 6G
16 CSP and Enterprises interviews -

6 CSPs 40 respondents of online survey

5 CSPs
5 CSPs

32 © 2023 Nokia Customer confidential Study conducted by Techinsight (Strategy Analytics) for Nokia (2H22 - 1Q23) hO( IA



7 main CSP areas for 5G-Advanced
Top Priorities based on interviews and survey that will address the 15 Global Trends

Top four CSP Business Priorities

Access Agnostic 5G SA Energy Efficiency (RAN
Core Driven)

New and Enhanced ML/Al and Automation
Services (incl. SDN, Edge W for Network Apps

Services, Network Slicing
& 5G SA Inherent
Security)

Top three Feature/ Technology Priorities

Enhanced RAN Performance, 5G loT devices for low latency, Diverse Applications and

Capacity and Reliability localized positioning and low- Device Driven Use Cases that
cost UE's (incl. RedCap) will drive CSP choices

NO<IA
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Leading enterprises have very specific requirements

Important findings from the enterprise
market interviews

* 5G has gained major recognition for high
speed, reliable connectivity

 Potential enterprise customers want 5G to
fully meet its original objectives

* Industry 4.0 is key driver for private 5G
especially as Wi-Fi replacement in the
factory

although...

* Limited awareness of 5G's inherent security, distributed
processing and on demand resource allocation.

* SPs must demonstrate the value that 5G and 5G-
Advanced will add to the hyperscaler cloud providers

» Some of the 5G-Advanced features are currently
viewed as important but ‘'niche” applications

34 © 2023 Nokia Customer confidential Study conducted by Techinsight (Strategy Analytics) for Nokia (2H22 - 1Q23) I\O < IA
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Is there a market for 5G-Advanced?

36

Ton devices!

5G Advanced

2022 2023 2024 2025 2026 2027 2028

ABI Research: Is the industry—and the world—ready for 5g advanced?

© 2023 Nokia | Confidential

2030

(Source: ABI Research)

$ 400bn!

FIGURE 1: Average annual revenue globally for all operators

1800
1600
1400
1200
1000
800
600
400
200

Average annual global revenue US$Bn

2G 3G 4G 5G

1990 - 2000

2000 - 2010

2010 - 2020

2020 - 2030

FIRST 5 YEARS

NEXT ADVANCED
5 YEARS

GSMA: Advancing the 5G Era Benefits and Opportunity of 5G-Advanced

NO<IA


https://infoview.app.nokia.com/reports/allied/2022/special/Is-The-Industry---And-The-World---Ready-For-5G-Advanced-.pdf
https://www.gsma.com/futurenetworks/wp-content/uploads/2022/09/Advancing-the-5G-Era-Whitepaper_20220920.pdf

5G-Advanced unlocks new capabilities turning the network into a platform
Network capabilities monetizable by CSPs [ ]

RedCap loT

Immersive audio
APlIs

CSPs monetize their network assets
. . .. osItionin
focusing mainly on connectivity+ - -

5G SA and 5G-
Advanced

Tiered Pricing

+ XR, creating
even more data

37  © 2023 Nokia Customer confidential hO( IA



Key take-away:
5G-Advanced unlocks new capabilities turning the network into a platform

e capabilities to
O .
% B Intent-based Operations XR /AR and the EDGE monetize
2
Security Semiconductor Sustainability Fvolution
O .
® Improves
_9
= | performance and
2 Innovations . .
efficiencies

38  © 2023 Nokia Customer confidential hO( IA



Network As Code

Monetize 5G beyond connectivity

Today the CSPs are application agnostic and have no share
in the application space revenue.

Benefits to the ecosystem:

Why Network As Code? CSPs:

Future applications will become network-aware and =>» Network as differentiating part of new service chain.
adaptive. => Get paid by the applications for specialized network.
New era apps need new network capabilities, on demand.

Network programmability is a Monetization hook into the Developer:

CSP/PW business. = Network-as-Code embeds 5G (adv) capabilities in Apps in
simplest ways.

=>» App developers need not understand the underlying 5G network

Wh N rk-As- ide:
at does Network-As-Code provide concepts or design or topology (multi-CSPs).

Abstracted exposure to network programmability.
Simple-to-use open APIs to build high-level apps
Intent-based Service Chains built from distributed Services Nokia:

A Saas platform with Nokia as an aggregator, supporting => Disruptive digital ecosystem solution concept, leveraging our
multiple networks (CSPs/PW), clouds and third-party providers portfolio capabilities.

underneath.
=>» Shared Revenue Model using the Aggregator SaaS Platform.

39 © 2023 Nokia |Customer confidential
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5G-Advanced

1 2 3 4

Will be commercialized Benefits from 5G Is not about one big feature Will lower costs, enable new
from 2025 and Stand Alone, energy- but a plethora of services and ecosystems,
enables networks to efficient enhanced RAN and heterogeneous functionaliti go beyond connectivity &
become seamless NW Automation based on es improve energy efficiency
evolution towards 6G Al/ML

.‘ - ..
41 © 2023 Nokia Customer confidential hO( IA
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Outlook #1
5G monetization

Ongoing 4G-5G transition & 5G stand alone 2023/2024

Continuation of CSP strategies -> building coverage, establish higher band:

5G transition, price plans, bundling (no big changes)

Evolution to 5G SA -> new service enablement - especially enterprise market with
new opportunities

Partnering, digital economy & ecosystems 2024/2025

Joint value creation — establishing of digital marketplaces

Cloud & edge services (value add & new business models — as a service)

Enabling of network adopting services (customer centric), Al services impact?

Meta verse: X-reality takes time 2026 & later

When ? (likely later than expected - devices are key)
CSP’'s and network must part of the journey — but realistically

How big ? 2,5 — 13 TN$ per year revenue opportunity in 2030** G,

* - Kk|
43 © 2023 Nokia | GSA = 5G market snapshot, May 2023 Morgan Stanley, KPMG, Goldman Sachs

<ANVIDIA.
£Y Google Cloud
J

116 5G SA NW's
(out of 524 5G)*

Prvered by Bing

SR

aws
~—

BE Microsoft

Decentraland m

Meta



Outlook #2

Future of consumer monetization — XR and Al enabled services

CSPs already started XR services to gain

early experience

* SK Telecom Ifland

» AT&T experience in VR Chat

* TIM Brazil Twin concept store

» Tier 1 CSP cloud gaming experience

|z -’

b e e 1 .
'5G AR HelideyMairket

XR Devices

Glass Millions

B

i

Mobile Billions

Mobiles are the
mass market

Al/XR applications impacting
5G usage and monetization

Al mirror Maps (immersive)

* Global data, Mar 23
44 © 2023 Nokia
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Outlook #3
5G enterprise monetization - network slicing for flexibility & scaling driven by requirements

5G network slicing revenues — $24 BN in 2028 PW & 5G slicing complementing each other addressing the verticals

mValue Add Services

= Connectlivity Provisioning

@ Network Management & Operations

(US$ Billions)

L ) =]

D 5G slicing

; Private
2024 2025 2026 2027 2028 = ol e - = .
; , ; : WIEIESS

2022 2023

Source: ABI slicing: technical and commercial considerations, Jun 22

5G NW slicing with a slower take up (faster i e ey o i S
momentum after 2025) overtaking PW revenues i Enterorise maus{ry - ‘
from 2028 Y P

NW slicing to provide standardized solutions optimal PW typically targeting larger enterprises with dedicated requirements,
utilizing CSP’s existing infrastructure high security demands, closed campuses etc.

Slicing vs PW: typically at lower costs, higher volumes, PW vs. slicing: usually at higher cost, project based with longer lead
simple & standardized, more distributed times, more complex & tailored, limited to few locations

NO<IA
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aXIaNs Juniper

NETWORKS

Cloud Native Routing &
Network Slicing in 5G
deployments

Pavan Kurapati, Juniper Networks
Vice President of Global Service Provider Architecture
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CLOUD-NATIVE o ‘
ROUTING & o

NETWORK SLICING

Pavan Kurapati
Head, Global SP Architecture

November 2023
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Agenda

[ An evolution to Distributed Edge Computing
l Cloud Native Routing for 5G vRAN

l Network Slicing

JUNIREL

Juniper Business Use Only



Evolution to Distributed Architecture

Direct Connect aws /A Azure E% ==
Google Clow
AWS/Azure/GCP/IBM

CeII-Site\

Far Edge
(LDC) SMO Non-Realtime-RIC

National Data Center
(NDCQC)

EDC

Edge Data Center

RDC

Regional Data Center

?_‘LV_S A Azure el _
| 5 ) mma | B e

[ nRT-RIC_|] AME| SMF AF

-pc|: _OSS/BS
TAME | SMF |

[ 0ss |'Bss |

N xAPP

Pollcy XAPP

oW [Nee | A |
© 2022 Juniper Networks SGC :] o SGC & EPC

Juniper Business Use Only



Juniper SP Strategy - High level aspects

l AIOPs l

Metro Infrastructure with Hyperscaler Connectivity
Cloud Principles & (Regions/Local Zones/SP
Automation Hosted)

Control & User Plane
separation (5G &

R Network Slicing
Wireline)

s

Disaggregation and Open Telco Cloud Evolution for
Interfaces

5G

Distributed Edge and

Scale-Out Architecture

JUNIREL

2022 Juniper Networks
Juniper Business Use Only



Evolution to Distributed Architecture

Direct Connect aws /A Azure E% ==
Google Clow
AWS/Azure/GCP/IBM

CeII-Site\

Far Edge
(LDC)

National Data Center
(NDCQC)

EDC

Edge Data Center

RDC

Regional Data Center

CU CP UPF
CUCP INRF. PCF UPF

[ RT-RIC__ AMF SMF AF

[ PCF |
CAME | swir |

-MME _S/P GW.
| oss |iBss |

N xAPP

Pollcy XAPP

(B[ INEET] AF |
C—)Cser) — 5GC&EPC

5GC

© 2022 Juniper Networks
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RAN Architectures - High Level View

Cell-Site

C-RAN Site @ m_@

FHGW/CSR

Cell-Site

. ElEm S5
D-RAN Site Fronthaul | F1

FHGW/CSR i
Midhaul

D-RAN Site

Midhaul

JUNIREL



Cloud Native Router

D?I)DK %

Forwarding Plane -
* Forwarding Plane Modular and Agnostic
Architecture

JUHOS 75 ﬁxe;,PF ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
JunOS cRPD LCT::X Kernel/XDP

Control Plane Forwarding Plane Cloud Native:

CNI, Operator
'|I Ty Framework, K8

K8sCNI @ bk Controller--——-----coooo

Smart-NIC @,.@..@
/ CNF 22t

K8 Agnostic

J-CNR
Juniper Cloud-Native Router

Juniper

© 2022 Juniper Networks NETWORKS
Juniper Business Use Only



Cloud Native Routing Overview (Architecture)

Intel FlexRAN 1U Server

A

vDU

DPDK

(virtio-user€->vhost)

e

VIFs

CNR

MGMT VLAN
(DHCP Relay)

Agent
DPDK/Kernel Forwarding Plane

F2 (RU)
eCPRI

2022 Juniper Networks

PTP/SyncE Packets

4
S

K8s Master

Domain Controller

Netconf, BGP, PCEP, PRPD etc.

CNR Key Features

* IPv6 Underlay

* MPLSLSPs - SRo6
* SRvé

* L3VPNs

+ BGP

* |Psec

* ACLs

* QoS

* DHCP Relay & OAM
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Juniper CNR Provisioning & Configuration Options

Kubectl H ELM >SSH = @ ..’

T =

* J-CNR /9) . * J-CNR /9) .
JUﬂOS = DPDK JUﬂOS + bPDK

JunOS CRPD Contrail DPDK Forwarding Plane JunOS CRPD Contrail DPDK Forwarding Plane
Juniper Cloud-Native Router Juniper Cloud-Native Router
CNR Installation & Initial Provisioning CNR Configuration & Management

Operation 1.0 -> Operation 2.0
JUNIReEr
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Cloud-Native K8s Ecosystem

/\\
WNDRVR S tudio O

VMware Tan OPENSHIFT aws

A

Google Cloud Anthos
& Google Cloud
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VPC Interconnect & Virtual Gateway

Hyperscaler Telco VPC interconnects Dynamic, Secure Inter-Cloud

Juniper

© 2022 Juniper Networks NETWORKS
Juniper Business Use Only



Extending SP Cloud Connect Services

aws A D Customer Managed VPC

~__ Azure GoogleCloud

aws /A

S
~__ Azure GoogleCloud

SP Managed
VPC

—
plue VPG, [RedVPC

» Service PE with
similar capabilities

* Provisioned and
managed through
same automation

B -G
l\\ " A

Blue VPN Red VPN

Juniper
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5G NETWORK SLICING

......................... SerVice Order:
. OSS/BSS Create Slice EMBB in Area of
....................... . Coverage X W,'th SLO Y

E2E Service Orchestration

Multi-Domain Slice Mgmt

' ransport Network Domain

RAN Domain
RAN Domain Orchestration Transport Network Core Network
Domain Orchestration Domain Orchestration

rApps &
RAN Slice TN Slice Memt .
Memt Non-RT RIC . Ice Mgm Core Slice Mgmt. VNF/CNF Orch.

Bl xApps
Near-RT RIC

Core Network Domain

] Neust Na& Nsmf ﬁ
o

N9

WAN Controller
(Paragon Automation)

Juniper
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5G slicing vs IETF network Slicing

5G slicing (3GPP) Transport network slicing (IETF)
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5G slicing vs IETF network Slicing

5G slicing (3GPP) Transport network slicing (IETF)
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5G slicing vs IETF network slicing

5G slicing (3GPP) draft-srld-5g-slicing Transport network slicing (IETF)

JUNIREL
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SUMMARY

Metro Infrastructure with Hyperscaler Connectivity
Cloud Principles & (Regions/Local Zones/SP
Automation Hosted)

Control & User Plane

separation (5G & 5G Network Slicing
Wireline)

s

Disaggregation and Open Telco Cloud Evolution for
Interfaces

5G

Distributed Edge and

Scale-Out Architecture

JUNIREL
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aXIaNs

PANELDISKUSSION
KI@CSP - mehr als
nur ChatGPT?
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6G networks will connect
the physical, digital and
human worlds.

Dr. Konstantinos Manolakis, Nokia
5G-Adv. Business Programm Lead / Senior Device Research Specialist
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Investitionen in Kl sind
unverzichtbar, um
wettbewerbsfahig zu bleiben.

Marlene Schininger, Axians Austria
Data Scientist Consultant
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Mehr Chancen
als Risiken.

Andreas Meisinger, Juniper Networks
SP Chief Architect
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aCI3NS FE:RTINET

Cyber Security:
Bedrohungslage fur
Carrier & Service Provider

Tommy Grosche, Fortinet
Country Manager Germany
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Im Titel steckt mehr als ein Satz...

Cyber-Security: Bedrohungslage fir Carrier & Service Provider

Allgemeine Bedrohungslage
Cyber-Security Bedrohungslage

Resultierende Trends

Allgemeine Bedrohungslage
Cyber-Security als Chance

Handlungsempfehlung

= axI1ans

© Fortinet Inc. All Rights Reserved.



Allgemeine Bedrohungslage | Cyber-Security Bedrohungslage | Resultierende Trends
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ekarbonisierung

emografie
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Viele der aktuellen Geschaftsmodelle in nahezu allen
Branchen sind (oder werden in naher Zukunft) in ihrer
Existenz bedroht!

Unternehmen mussen sich daher darauf fokussieren,
neue und zukunftsfahige Losungen und
Geschaftsmodelle zu entwickeln!

Die Disruptionen bieten aber auch erhebliche Chancen,
neue Alleinstellungsmerkmale zu finden und in den
Produkten, Geschaftsprozessen und Dienstleistungen zu
etablieren!

1) . .
—= a x Ians © Fortinet Inc. All Rights Reserved. 83




[ Cyber Security/Informationssicherheit o 84%
IT-Modernisierung (z. B. Konsolidierung/Standardisierung) 71%75%
Digital Workplace 67%72%
Data Analytics o o6/06%
Cloud-Transformation (Umbau der IT-Architektur) 49%53%

Customer Experience Management 53% -— . Suldie R

Supply Chain Management Tools ggzﬁ udie 2021
Individualsoftwareentwicklung und -implementierung 4489";?
()loT/Digital Factory/Connectivity 48°/§2%
Hyperautomatisierung 47%
Aufbau und Implementierung von Digital-Sales-Plattformen 44%’7% Q
Entwicklung von Embedded Software 41%
Kiinstliche Intelligenz/Machine Learning 25%3 o

Frage: In welche Themen investiert Ihr Unternehmen in den kommenden zwei Jahren?; Skala von -2 = ,gar nicht” bis +2 = ,sehr stark”; Alle Teilnehmer; Haufigkeitsverteilung; Werte beziehen sich auf die Antworten ,eher
stark” und ,sehr stark”; n = 138; (Kinstliche Intelligenz/Machine Learning; n = 84; Supply Chain Management Tools; n = 56; Entwicklung von Embedded Software; n = 57; (I)loT/Digital Factory/Connectivity; n = 58). FUr
die Themen “Hyperpersonalisierung” und “Entwicklung von Embedded Software” sind keine Vergleichswerte aus dem Jahr 2021 verfligbar.

E:E Quelle: Lunendonk (https://www.luenendonk.de) aXIanS © Fortinet Inc. All Rights Reserved. 84



DE Threat Landscape 2023

Powered by FortiGuard Labs

Total Threats Exploit Techniques Malware Distribution Botnet Activity
Detected @ Detected Detected g Detected
10.6bn 6.12bn 9.32M 23.18M
Malicious Activity by Quarter Cyber Kill Chain Model
Growth Year over @ DoublePulsar Q Andromeda

Web Vulns

- 9M 112K
- 6bn Y Crimeas a
o [ oar e )
74.9 9% DarkWeb * 198M E. |oT-6Nh:RAI

Qtr 2

Obn 2bn 4bn 6bn Command &
Weaponization Exploitation Control
Behavioral Trend Analysis by Month \ / \ / \ /
@2023 - 2022 Delive Installation Action on
Reconnaissance Y =

Objectives

Denial of Service
Detected

143M

RLITLE Trojans
Download ;@.
1.2bn Active Scans 3M 8M

0.9bn 1.0bn & Detected

L Mal Office CryptoMi Ransomware
0.5bn 3bn g e & Detected

January February March April May June 539K

BXIanS © Fortinet Inc. All Rights Reserved. 85


https://app.powerbi.com/groups/me/reports/9c1551cb-aa6e-42e4-a7d1-8bc5e7b26e8f/?pbi_source=PowerPoint
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Die Unternehmen reagieren...
Business Transformation

Investition in
Digitalisierung

Service vs.
Technology

Kosten & Cash
Management

m i

oéo Flexible

N Infrastrukturen
'O

L 1) A\ e
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Die Unternehmen reagieren...

Business Transformation Cyber-Security Strategien
Investition in Cyber-Security Platform
Digitalisierung V vs. ,,Best of Breed“

Service vs. x’\ Cyber-Threat-Intelligence
Technology / Netzwerke und Austausch

n i

oéo Flexible 52\ Nutzung kiinstlicher
AL Infrastrukturen \"' Intelligenz

@ Kosten & Cash

Alle sprechen
Management

mit Fortinet =

r L 1) .
axIans © Fornet . A1 g e, | 9
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Allgemeine Bedrohungslage | Cyber-Security als Chance | Handlungsempfehlung
o

aXIanS © Fortinet Inc. All Rights Reserved.



z £ ooy anet 1 w Commoditization
g / BB SO-WAN Conuroller NS
] vame ioenet e 03 > As a Service Bezug
8 %B’ MPLS VPN .
SI:-“‘N‘:N CSP or MSP Network SDE“w‘.AN ﬂa > SLA baslert
‘ » Preis / GB oder Preis / User
(7))
=) N > Einkauf entscheidet. ..
o R

Location A

4

Y - Kunden fragen nach
, © sicheren Netzen

MPLS

Provider
For the users, Edge
itis a layer-2 network.

» Security als
. Alleinstellungsmerkmal

» Disruption: SASE-Evolution

Network

» Neues Wetthewerbsumfeld

—

L 1) . .
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SD-WAN

Subscriber
Web Portal

Service Orchestrator SD-WAN Overlay Tunnel
I SD WAN Service Components

SD-WAN Controller
Internet

MPLS VPN

CSP or MSP Network

QoS

MPLS

Location A

The same address
space

Location B

Provider
For the users, Edge
itis a layer-2 network.

Network

axXlans

» Security Orchestration @ Cloud
» Globales POP-Netzwerk
» Optimiertes Traffic-Routing

© Fortinet Inc. All Rights Reserved.
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Subscriber oy
Web Portal
z : Service Orchestrator SD-WAN Overlay Tunnel
< T I SD WAN Service Components
SD-WAN Controller i
g = = -
! Internet - . -

S . amazx - ’
o ____amazon -
U) MPLS VPN

L |
s'i.‘.“.".‘" CSP or MSP Network Sf;—:\‘l:m

V% A4 4A

VERTRAUEN

.i »as a Service*
B - P::é? 0 Kompetenz

a layer-2 network.

QoS

Location A

MPLS

é)@_,, Last-Line & Mobile
7T [ Network + near-by

. POPs | |
Carrier Service Provider

Network
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Evolution der SASE-Architektur

Point Product Vendors Dual-Vendor SASE Single-Vendor SASE

3| &
— A
@ CIolRCS

100 - 50 - 10

Vendors Vendors Vendors

BXIanS © Fortinet Inc. All Rights Reserved. 93



Fortinet Universal SASE Vision
Schutz aller Endpunkte & Netzwerke

Unified
Loggin .
g servicenow
__ Flexible )
Consumptio . w3 Office 365
(=) :
O WFH @ Unified Policy
D E Enaine
................ 7.
Travel @, "’.0 The
O ~~~~~~ () NETFLIX [0
Branch o aWS
""""" A\ Azure
« ®
L.

. Data Center

Factory
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’ . a¥
Unsere Welt dndert sich. Uberall! Wir alle haben die Wahl. Zuschauen oder selbst gestalten...

1 —
: B0 D

@ aufbauen wahlen

Security Kompetenz [E%Eﬂ SASE-Technologiepartner

'@“ Netzwerk & Security y  Carrier Partnerschaften initiieren
»‘ Hersteller konsolidieren und Netzwerk erweitern

~ SASE-Architektur Veradnderung braucht Mut:
designen Think big, smart & out of the box

' -
Yo 19’{" /7‘3
- -

- - -

~_

e

-
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axIans o Frinet . A s Resne | 5



Cybersecurity is the protection of users, devices,
applications, and data as well as from the disruption or
misdirection of the services the organizations provide
employees and customers.

Cybersecurity, wo immer
sie benotigt wird.

A Fabric is an Integrated mesh between
converged network and security nodes across the
entire infrastructure attack surface delivering
unified security and management framework.
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aXIaNs

PANELDISKUSSION

Was ist die richtige
Antwort auf
IT-Bedrohungen?
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Hoffnung
ist keine Strategie.

Bernd Konig, Fortinet
Head of Business Development DACH
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Kl und Quantencomputing
werden den Bereich

Cybersecurity nachhaltig
beeinflussen.

Hendrik Kahmann, Axians Deutschland
Head of Innovation
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Cyberangriffe nicht

unterschatzen - sie storen
die Ablaufe in Unternehmen
fur mehrere Monate.

Fabian Biihring, Stadtwerke Neumdiinster
CEO & Prokurist
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IMPULSVORTRAG
Zusammen in die Zukunft!
Warum Menschen
gemeinsam innovativer sind.

Gerriet Danz
Innovationsexperte

VI N EERGIIES{{












Inside an Airbnb co-founder’s latest
venture: building tiny backyard homes
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for friends
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friends! o
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WAVY GRAVY

Just so there’s NO confusion

We thought we oughtta warn ya

Wavy Gravy isn’t dead —
He lives in California.
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aXIaNs

Danke, fur dieses tolle Event!

Wir freuen uns auf das gemeinsame Kochen um 19:00 Uhr.

Sascha Fiedler, Axians Networks & Solutions
Head of Business Unit CSP & BBU
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