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5G Mobile Communication System



Wireless Networks

Overview

Wireless Mobile/Cellular Networks: Licensed spectrum, reliability

Wireless Local Area Networks (WLANS): internet access, local area
Mobile/Vehicular Ad-hoc NETwork (MANET/VANET): self-configuring,
independent movement

Wireless Sensor Network (WSN): spatially distributed sensors, monitoring
purposes

Wireless Mesh Network (WMN): more planned ad-hoc network

Wireless Person Area Networks (WPAN): data transmission among devices
/personal digital assistants.

Professional/private Mobile Radio networks (PMR): Push-to-talk, release to

listen - VHF or UHF frequency bands



Wireless Networks
Related Technologies /Systems

* Wireless Mobile/Cellular Networks: GSM, UMTS, LTE, LTE-A, 5G..

 WLANSs: WiFi, WiFi direct

 WSN: Zegbee, WiFi, Bluetooth, LoRa/LoraWAN

WPAN: Radio-Frequency IDentification (RFID): Identify tags attached to objects, one-
direction

Near Field Communication (NFC): Few centimeters range, 2-way communication
Ultra-wideband (UWB): very low energy level for short range, high bandwidth
Infrared (IR): short range, line of sight, bidirectional

Bluetooth: short distances, unlicensed ISM band

PMR: TETRA, TETRAPOL
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Evolution of mobile communications

Industrialization Connected Life >

1980 1990 2000 2010 2020 2030
Voice
Digital
Data
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Evolution of mobile communications

1G
Voice only, Limited Digital
coverage and
mobility. Example: Improved voice, Mobile Data
AMPS security, coverage. .
SMS, data. Example  Higher data rates, Mobile 5G
GSM, CDMA smartphones, Broadband |
better voice. ‘
Example: HSPA / High speed data, eMBB, mMTC,
HSPA+ better URLLC
smartphones.
Example: LTE / LTE-  Even higher speeds,
A ultra-reliable, low
latency, high

connection density

Fifs
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5G Spectrum
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Multiple layer for multiple needs

Coverage Layer
Sub-1GHz

1GHz — 6GHz

S 0P

digh Throughput Layers
6GHz — 100GHz




Latency requirements

NGMN 5G Requirements

*5G E2E Latency (eMBB) = 10ms (i.e. RTT from UE-Application-UE)

*5G E2E Latency (URLLC) = 1ms (i.e. RTT from UE-Application-UE — or just UE-UE)

In both cases, the values are defined as capabilities that should be supported by the 5G System.

GSMA 5G Requirements
*5G E2E Latency = 1ms (again, defined as a capability target, not as a universal requirement)

ITU-R IMT-2020 Requirements

*eMBB User Plane Latency (one-way) = 4ms [radio network contribution]

*URLLC User Plane Latency (one-way) = 1ms [radio network contribution]

*Control Plane Latency = 20ms (10ms target) [UE transition from Idle to Active via network]

Low Latency Use Case Requirements (various sources)

eVirtual Reality & Augmented Reality: 7-12ms

eTactile Internet (e.g. Remote Surgery, Remote Diagnosis, Remote Sales): < 10ms
\/ehicle-to-Vehicle (Co-operative Driving, Platooning, Collision Avoidance): < 10ms
eManufacturing & Robotic Control / Safety Systems: 1-10ms




An illustration of a 5G network

Infrastructure/functions/technologies
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ITU IMT-2020 Requirements

About the ITU - International Telecommunications Union

* Specialized UN agency responsible for issues that concern ICTs

* Coordinates global use of the radio spectrum

* Assists in the development of worldwide ICT technical standards

Technologies include:

* broadband internet, latest-generation wireless technology,
internet access, data, voice, TV broadcasting, next-Generation
networks, ...



ITU IMT-2020 requirements

About the IMT IMT Standards Evolution towards 5G
IMT = International Mobile . - - -

Telecommunications
IMT-2000 requirements (Marketed as 3G) W
— 3GPP Family: UMTS WCDMA (GSM Evolution) e
— 3GPP2 Family: CDMA2000 (1xEV DO Rev A,
EV DO Rev B) Lol
IMT-Advanced requirements (Marketed
as 4G)
— 3GPP Family: LTE Advanced (E UTRA)
— IEEE Family: WiMAX (802.16m)

IMT-2020 (5G)

IMT-2020 (Marketed as 5G)



ITU IMT-2020 vision

- Services gralrerats e
- Ubiquitous bandwidth (no more cell :;‘tﬁ’g‘;x“- 99.999%auaiaviity IIN)Y)
improvement ‘e
edge) over l.G ar'..'J 4.56 networks
- HD video everywhere (up and down) S 58 technalogy i
- . is dri b i )
. Internet Of Everythn’]g (MZM’ M2P &_ 1 millisecond later:cy @ o "n::l_l'. coverage
P2P) : 8 s
. Y specification :
- Sensing, Presence and Ad-hoc : requirements
netWOFKIng t 1000x Dar:u\;.'ndlh per unit area 90% reduction :n-new.'urk llli
. energy usage
- Web eco-system of Apps and 3
H -L:\} y to 100X number o - 10- TN
services * s Uplb e ey (D
= Technical Requirements
1. Higher System Capacity
A 2. High Data Rates * 10-100x current 4G rates
‘ Q. 3. Lower Latency * Below 1ms latency
:

5. Energy Efficiency .
6. More Agile .

5G

100x connected devices
10x network and device power savings

10x faster time-to-market



ITU IMT-2020 vision

Interaction
Human - 10T

Critical
Control of
Remote
Devices

Media
Everywhere

Broadband
Experience.
Everywhere,
Anytime.

Smart
Vehicles,
Transport &
Infrastructure



5G Performance

Enhanced Mobile Broadband ICapacity Enhancement

Gigabytes in a second

3D Video - 4K screens

Work & play in the cloud
Smart city cameras _
Augmented reality

Voice
Industrial & vehicular automation

Sensor NW Miission critical broadband

Self Driving Car

Massive loT
| Massive Connectivity

Low Latency
] Ultra-high reliability & Low Latency

(Source: ETRI graphic, from ITU-R IMT 2020 requirements)

User experienced
Peak data rate data rate

(Gbit/s) (Mbit/s)

Area Traffic

capacity
(Mbit/'s'm”*2) | g

Spectrum
efficiency

500
Network Mobility
Energy (kmvh)
Efficiency

Connection de2usity Latency
(devices/km ) (ms)



5G Performance (compared to LTE)

Network
Architecture

1ms 106, 1000 500 LINP

E2E Per Connections High-speed Ability
Latency Connection Per km? Railway Required

Latency Throughput | Connections Mobility

R

z,4,0, 8| ®

100x 1.9x NFU/SDN

350Km/h Inflexible

*LINP-Locally Isolated Network Partitions



5G Standardization: 3GPP Rel.15/16

Release 15 & Release 16 ‘NR’ milestones K oy

RAN RAN RAN RAN RAN RAN RAN RAN RAN RAN
#79 #80 #81 #82 #83 #84 #85 #86 #87 #88
Q Q3 U Q1 Q Q3 (2] Q1 Q

Rel-15 Rel-16
NSA ASN.1 Package Approval

RAN#79 endorsed the
freeze of NSA ASN.1
and approved the
corresponding CR:

Rel-16 Study Item & Work item phase

Rel-15 Rel-16
Freeze Freeze
Opton 3 stablzation only el 15 Rel-16
essential corrections allowed), ASN.1 ) ASN.1

and Option-2 specification work

Architecture Option 2 & 5 (LTE) The late drop is to exclusively contain NR
ASN.1 Freeze September architecture options that were not
2018 completed by September ASN.1 drop

IFoptisnSiiat Options 4, 7 are part of the late drop

non-StandaIOne completed by September

ASN.1 drop, it will be part
of the late drop

standalone

3GPP Release 15 = 5G Phase 1 — Non standalone

5G Phase 2 — Standalone Nom Standalone

3GPP Release 16

Control Plane ——— Data Plane



Standardization beyond 5G: 3GPP Rel.17/18

-

Rel-16 Schedule mge .. exceptions

freeze
Rel-17 Planning .

Rel-17 Schedule start/onsoms R17
S1 normative

R16 R16
stage 3 code
freeze freeze

R17 R17

stage 1 stage 1 stage 2 stage 3 code

(prellmlnary) $2 studies >=80% freeze freeze freeze freeze
Rel-18 s

stage 1
(unknown) Initial input

© 3GPP 2019

Stage 1 Service requirement level -> Stage 2 Functions to be supported by the system -> Stage 3
Implementation aspects

System Aspects (SA)
Radio Access Network (RAN)
Core network and Terminals (CT)



Standardization beyond 5G: 3GPP Rel.17/18

3GPP 5G Timeline 56 ..

Continue to evolve LTE

m Rel-16 Rel-17+ evolution
l Standalone (SA)
Rel-15 Rel -16 Rel-17+
g Commercialization Commercialization

Non-Standalone (NS4) |
eMBE deployments in both MNew 5G MR technologies to evolve
mm\Wave and sub-6 GHz. and expand the 5G ecosystem

Standards

e snnsannnnn

loDTs Field trials

Expanded ecosystem:

imsmssmmssmnn

Smartphone formfactar, Private networks, Imdustrial 1aT, AR,
Connected laptops, Indoce mmVW for enterprises, Private network, Unlicensed/shared spectrum, ..
CPE fixed access Boundless XR... 5G NR C-V2X, Continued eMBE evolution

mmWave / Spectrum

5
|
@
B
g Optimizations
New use cases

.
:
i
® o—i ° ° ° °
:
:
:
:
)
:

2017 2018 2019 2020 2021 2022 2023+



Standardization beyond 5G: 3GPP Rel.17/18

2021 2022 2023 2024
o+ Qo N o B o B o+ Qo § o QN o N o § 0o _§ o |

TSG#94-e TSG#95-e TSG#96 TSG#97 TSG#98 TSG#99 TSG#100 TSG#101 TSG#102 TSG#103
Dec. Mar. Jun. Sep. Dec. Mar. Jun. Sep. Dec. Mar.




Standardization towards 6G

3GPP Evolution from 5G and Beyond

% The next big leap. ..

Release 18, 19, 20

Evolving 5G from previous learnings towards
Release 17 advanced use cases (e.g. XR) using latest
technological developments (e.g. AI/ML)

Further use case
Release 16 expansion
(e.g. NTN, loT)

Initial use case
expansion
(e.g. lioT, V2X)

Release 15

Foundational
eMBB

| | | | | | | | | | | | | |
''2018 ' 2019 ' 2020 ' 2021 ' 2022 ' 2023 ' 2024 ' 2025 ' 2026 ' 2027 ' 2028 ' 2029 ' 2030+

Note: Approximately 1.5-2 years per release




5G IA -5GPPP

* 5G-PPP = European Commission + 5G Infrastructure Association (IA)

— The 5G Infrastructure Public Private Partnership (5G PPP) is a joint initiative
between the European Commission and European ICT industry (ICT
manufacturers, telecommunications operators, service providers, SMEs and

researcher Institutions).

— https://5g-ppp.eu/ g 55 A

% PPP

The 5G Infrastructure Public Private Partnership

Other 5G associations

— The 5G Automotive Association (5GAA) is a global, cross-industry organisation
of companies from the automotive, technology, and telecommunications
industries (ICT), working together to develop end-to-end solutions for future

mobility and transportation services. 5 GAA )

Automotive Association


https://5g-ppp.eu/

5G-PPP Research Projects

5G-PPP Phase 1 projects

*RIA/IA projects achievements available online ->
o https://5g-ppp.eu/phase-1-key-achievements/

2018-2019

5G-PPP Phase 3 projects

ePart 1 — KPI validation (ICT-17 call, ongoing)
ePart 2 — Automotive (ICT-18 call, ongoing)

*CSA -> Euro5G project ->

e D2.6_Final-report-on-programme-progress-and-KPls

ePart 3 —Trials (ICT-19 call, to start in June 2019)
ePart 4 — EU-China project: 5G Drive

5G-PPP Phase 2 projects (5G Architecture)

*Ongoing RIA/IA projects, active till end of 2019
*CSA -> Global5G -> verticals cartography

2017



https://5g-ppp.eu/phase-1-key-achievements/
https://5g-ppp.eu/wp-content/uploads/2017/10/Euro-5G-D2.6_Final-report-on-programme-progress-and-KPIs.pdf
http://global5g.org/cartography

5G-PPP working groups

5G-PPP Working Groups (WGs)
— Originated by 5G IA (6):

* Pre-Standardization -> aigment witn ersi 36ep, ieee,

* Security

* Vision & societal challenges

* Spectrum

e IMT-2020 Evaluation Group -> one of the 11 independent 56 Evaluation Groups from ITU-R

b Trl a|S -> European Trial Roadmap v0.4

— Originated by 5G-PPP projects (4):
* Automotive
e Software
* Architecture
* Network Management & QoS (closed 2019)
* Test, measurements and KPIs validation (TMV) WG (launched Nov2018)


https://5g-ppp.eu/wp-content/uploads/2018/11/5GInfraPPP_TrialsWG_Roadmap_Version4.0.pdf

5G experimentation platforms/

https://5g-ppp.eu/5g-ppp-platforms-cartography/
https://www.ip45g.de/en/5g-testbeds/

C

testbeds

Main Facility that offers Services to ICT-19 with well defined SLAs

Experimentation Facility for advanced Experimentation and Testing

Moving Experimentation Facility Site

5G-Vinni
5G-EVE
5Genesis

Rapid res’ponse vehicle
{any taciity / socation)

5G-VINNI : https://www.Se-vinni.eu /facility-site/
5G-EVE: https://www.5z-eve.eu/end-to-end-facility/
SGENESIS: www.Sgenesiseu

Vesselwith on-board hotspot


https://5g-ppp.eu/5g-ppp-platforms-cartography/
https://www.ip45g.de/en/5g-testbeds/

FACTORIES OF THE FUTURE <@

© Time-critical process control
® Non time-critical factory automation
© Remote control

© Intra/Inter-enterprise
communication

© Connected goods

AUTOMOTIVE

_— @

© Automated driving
® Share My View

5G Verticals

ENERGY

© Grid access
@® Grid backhaul
© Grid backbone

© Bird's Eye View
© Digitalization of Transport and Logistics

® Information Society on the road

© Assets and interventions
management in Hospital

® Robotics
© Remote monitoring

© Smarter medication

MEDIA &
ENTERTAINMENT

© Ultra High Fidelity Media

® 0On-site Live Event Experience

© User/Machine Generated Content
O Immersive and Integrated Media
© Cooperative Media Production

O Collaborative Gaming




FACTORIES

DATA RATE

COVERAGE

RELIABILITY

Time-critical process control

Non time-critical factory automation

Remote control

Intra/Inter-enterprise communication
® Connected goods

MOBILITY

(SPEED)

5G Verticals

AUTOMOTIVE

COVERAGE

RELIABILITY DENSITY

Automated driving

Share my view

Bird's eye view

Digitalization of transport and logistics

® information society on the road

POSIIO
A

e-HEALTH ENERGY

DATA RATE

COVERAGE

NING ¢
cY

POSITIONING
ACCURACY

DENSITY
RELIABILITY

Assets and interventions management in Hospital

@ Robotics ® Grid access
Remote monitoring ®  Grid backhaul
Smarter medication Grid backbone

DENSITY

MEDIA &
ENTERTAINMENT

MOBILITY
(SPEED)

DENSITY

Ultra high fidelity media

On-site Live Event Experience

User/Machine generated content

Immersive and integrated media
@ Cooperative media production
Collaborative gaming



5G Advancements

New Architecture
» Advanced core network functions / NG RAN
» Incorporate SDN/NFV (NFV MANO)
» Decupling of control and data plane
» Decupling of functions from the hardware
Network Slicing

» eMBB, URLLC, mMTC | 8 subclasses pes slice
type
New Radio (NR)
» RAN protocol stack (+SDAP)
» New numerology for the PHY compared to LTE
Functional Split

» gNodeB Fronthaul Central, Distributed and
Radio Units (CU, DU and RU)

Device-to-Device

» Allow direct communications (Public safety)
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2G / 3G Mobile Network Architecture

Core
Network
(CN)

Radio

Access —
Network

(RAN)

Air
Interface

Voice (PSTN)
Network

Data (IP)
Network

i Circuit Switched Packet Switched
; (CS) Core (PS) Core
R
<€«—— Backhaul
............................  E——
Base Base Station Base Station
Station Controller Controller

Base Station
Transmitter
/ Receiver

i User Equipment (UE)

Core Network
* Connects to voice and data networks
* Provides Security and Authentication
* Billing / Charging
*  Roaming

Backhaul
= Connects access network with core
network
* Example: Fiber, microwave, satellite,
mesh, etc.

Access Network
* Connects devices over the air
* Allows mobility and handovers




4G Mobile Network Architecture

Data (IP)
Network

Voice (PSTN)

Data (IP)
Network

Network
Core Circuit Switched Packet Switched System Architecture Evolved Packet
Network : (Cs) EL_____EE)-COE E Evolution (SAE) Core (EPC)
<—— Backhaul Evolved
e I —— ) I Evolution — Packet
| Base . P . ; > System
i B Stat ' i B Stat 1
| Station Controller b Controller | - (EPS)
Radio § P i
Access — ! i : E
Network ; i ' ! -
(RAN) I:Er!:ﬁsﬁ:::? Long Term Evolution N
|/ Receiver ’ i (LTE) of Radio Interface _
Air ey f}
Interface ;’;

User Equipment (UE)



5G Mobile Network Architecture

Data (IP) Data (IP)
Network Network

5G System is defined as
3GPP system consisting of

A EE— 1 e N — 1
. [ Evolved Packet ; : i 5G Access Network (AN),
Core Core (EPC) ' .| 56 Core (56C) | 5G Core Network and UE
Network | ! ; i ore Network an .
(CN) | ; | . The 5G System provides
i E | . data connectivity and
B 5 | New & Evolution | 5G System | . Y
i ! ! (5GS) ¢ Services.
| I |
Radio : Evolved | | : '
Access — E Packet : i AL N : 3GPF.' TS 23.501: System
H 1 2w Radio or Next- .
Network | System | : Gonrationnan ] Architecture for the 5G System;
(RAN) (EPS) | : (NG-RAN) :  Stage?2
e . bommmmmmmm e emeeeeeeeeeeod 3GPP TS 23.502: Procedures for

; the 5G System; Stage 2

y
4

iUE

Air {

Interface




Access and Core Network

5G System

5G Core Network




General 5G architecture

Data
Network



Data flow

PDU Sessions and QoS Flows

QoS Flows
' Provide differing QoS characteristics based on latency,
priority and data rate (guaranteed or non-guaranteed)

P

PDU Session Data Network

QoS Flows can be established and removed on the basis of the QoS
requirements of the User Plane traffic

P

PDU Session Data Network




Access and Mobility-Management
Function

Registration and
Security

Subscriber Mobility

Similar to MME in 4G Authentication
Location Temporary 1D
Paging

Handover



International Mobile Subscriber Indentifier

3GPP identifiers 23.003
IMSI

Identifies the SIM. It includes the Home PLMIN
IMSI s flashed in the SIM card and stored in the HLR (Home Location Register)

Length : 15 digits or less

IMSI
International Mobile Subscriber Identity

PLMN ~MSIN
. . Mobile Subscriber
Public Land Mobile Network Identification Number

MCC MNC

HLR Subscriber
Identity |dentity

Mobile Mobile
Country Code @iNetwork Code

3 digits 2 to 3 digits 2 digits




Session Management Function

PCF Interaction for UPF Selection and IP
Data Network Profile Address Allocation

In 4G mobility and session functionality were both in one entity:
MME — In 5G this is split to AMF and SMF respectively.

Establishment, modification, termination of PDU sessions
 Interact with Policy Control Function to check the user subscription status
 Interact with User Plane Function to setup the PDU session



User Plane Function

>
i

Anchor Point for NG- QoS Flow and Policy

RAN Mobility Enforcement

Remains the same for a PDU session

Enforces QoS and data forwarding from/to the UE to/from the data network



User Plane Function

A

NG-RAN >« 5GC
UE : NB } UPF
| |
PDU Session
Radio Bearer NG-U Tunnel
QoS Flow
[ | [ ] [ ]
QoS Flow
I |
Radio Bearer
QoS Flow
I || |
. i
i |
Radio NG-U




User Plane Function

eNB rdels Internet UE aNB 5G Core Internet



Unified Data Management

Registration / Mobility
Management

Access Authorization

Data Network
Profile(s)

Central repository of subscriber information

Access authorization

Tracking information

Data network profile (what the user can and cannot do)



Policy Control Function

Ability to Alter Both
Mobility and Session
Related Service
Aspects

Dynamic Policy
Decisions Based on
Conditions

Knowledge of network conditions

Real time decisions based on these conditions

May deny or alter service if conditions do not allow
Information from the Data Network (external) as well



Network Function Virtualization

ey COTS Server

=,

Virtualized
Network

Functions

» Most of NFV nodes may be virtualized (software processes)
* Running in Commercial Off The Self (COTS) Servers



Network Function Virtualization

( N
( Control Plane J [ Subscriber J Virtualized
Elements eg AMF Management eg UDM Network
- User Plane Elements Billing and Policy Functions
&€ eg UPF Control eg PCF
]
- S & 5
& 8
58 [( N
> -§ NFV Infrastructure
é o (Including Virtual Switching)
COTS Server
(Computing Resources)
AN J
- Flexibility

« Scaling through software

« MANO in needed

« 5G is a series of virtualized processes
« APl driven



5G Architecture Virtualization

Service-Based Architecture (SBA)




5G Architecture Virtualization

» Authentication Server Function (AUSF): supports the Authentication Server Function
(AUSF)

* Policy Control function (PCF): supports unified policy framework to govern network
behaviour, provides policy rules to control plane functions

» Core Access and Mobility Management Function (AMF): supports mobility
management, access authentication and authorization, security anchor functions and
context management

» Session Management Function (SMF). Supports session management, selection and
control of UP functions, downlink data notification and roaming

» User Plane Function (UPF): is the anchor point for inter/intra RAT mobility and the
external PDU session point of interconnection, supports packet routing and forwarding,
QoS handling for user plane, packet inspection and policy rule enforcement

* Network Exposure Function (NEF): provides a means to securely expose the services
and capabilities provided by 3GPP NFs.

* NF Repository Function (NRF): maintains the deployed NF Instance information when
deploying/ updating/removing NF instances

* Slice Selection Function (SSF): supports the functionality to bind a UE with a specific
slice



Network Function Virtualization

Classical Network Appliance
Approach

--

CDN Session Border WAN

Message .
Acceleration

Router Controller

e W GE

DPI Firewall Carrier Tester/QoE

Grade NAT monitor

-
SGSN/GGSN PE Router BRAS Madtio, Aeaiia

Network Nodes

* Fragmented non-commodity hardware.

* Physical install per appliance per site.

* Hardware development large barrier to entry for new
vendors, constraining innovation & competition.

Independent
Software Vendors

Virtual Virtual Virtual Virtual

Appliance  Appliance Appliance | Appliance

o8 Virtwal B yiual JO8 Virtwal 15
Appliance Appliance Appltance

Orchestrated
yutomatic &

remote install

Standard High Volume Servers

Standard Hig! Volume Storage

Standard High Volume
Ethernet Switches

Network Virtualisation
Approach

Fewer platforms

More flexibility

More efficient use of resources
Use less power

SLAs needed



Network Function Virtualization

Decouples functions from hardware
to reduce network operator CAPEX !
. and OPEX, and increase service agility !

-
ETs| .

World Class Standards

NFV

Function Abstraction
Automation Orchestration
Isolation & Resounce Pooling

- _
a 5 ~ ,Vlrtual >
/ \

OF NG ization I

SO S 3

- -

SDN s Cloud

Networking Abstraction Computation Abstraction
OpenFlow OpenStack
7 Creates network abstractionsto | ' Enables resources sharing, allows
enable faster innovation, network ! , flexibility and resource pooling hence;

flexibility and holistic management . benefits from economies of scale



Network Function Virtualization

VNF 1 \%

3 |---| VNFn

Virtual Network Functions (VNFs)

Virtual Virtual
Computing — Network

VIRTU 2 LAYER

Virtualised
Infrastructure
Manager (VIM)

Infrastructure, VNF & Service Description

Computing Storage Network
Hardware Hardware Hardware
NFV Management and

Network Functions Virtualisation Infrastructure (NFVI) Orchestration (MANO)




Network Function Virtualization

Virtualised Network Functions (VNFs)

VNF VNF VNF VNF VNF

NFV
Management
and
Orchestration

NFV Infrastructure (NFVI)
B ——

Virtual </ Virtual | Virtual

compute  memory network
N~

Virtualisation L\qyer
\

Physical Physical Physical
compute memory network
Hardware resources

\

Example ?




Network Function Virtualization

VIITuansea NCIWOrK runcuons (7~ ==-----____

Virtualised Network Functions (VNFs)

VNF VNF VNF VNF

1
I 1
VM | VM | WM
(VNFC) ll (NFC) [l (VNFC)

VNF VNF VNF VNF VNF

NFV Infrastructure (NFVI) NFV
Virtual Virtual Virtual Managzment )
Compute Storage Netyork \ Orch::tration
Virtualisation Layer \/
Compute Storage Network
Hardware resources




What a MANO should do

‘Implementable as software only (even
virtualized)

Distributed across NFVI

Support full automation without human
intervention

*Avoid single-point-of-failure
Use standards or “de-facto’” standards
eSupport munti-ventor environment



What a MANO actually does

Initiate

*Scale
Update/upgrade VNFS

‘Terminate



