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Outlook
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e-health
Transport & logistics Vehicle-to-everything communication
Environmental monitonng Drone delivery
Smart energy networks Remote control
Smart agriculture, smart retail Smart manufacturing

Improved consumer experience
More connected devices
Faster connection speeds
Virtual and Augmented Reality




What is 5G?

Mobile data traffic is rising rapidly
mostly due to video streaming.
Growing number of connections
at large-scale.

Internet of Things will require
networks that must handle billions
more devices.

With a growing number of mobiles
and increased data traffic both
mobiles and networks need to
increase energy efficiency.
Network operators are under
pressure to reduce operational
expenditure, as users get used to
flat rate tariffs and don't wish to pay
more.

https://www.etsi.org/technologies/5g

— _ Gigobyles ,
(8d" ) ' inasecond - (.{b‘;— )

NETWORK SUCING 7

InQustty /Za
: Y
auiomaton )

Seif Driving Car @

3D video, UHD screens

Copyright & 2018 ETSI

5



Comparison of key 4G with 5G capabilities according
to ITU-R M.2083
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What are the Main Usage Scenarios of 5G?

Enhanced Mobile Broadband (eMBB) to deal
with hugely increased data rates, high user

density and very high traffic capacity for hotspot

scenarios as well as seamless coverage and
high mobility scenarios with still improved used
data rates

Massive Machine-type Communications
(mMTC) for the loT, requiring low power
consumption and low data rates for very large
numbers of connected devices

Ultra-reliable and Low Latency

Communications (URLLC) to cater for safety-
critical and mission critical applications

https://www.etsi.org/technologies/5g

key capabilities required in Numbers

The minimum requirements:

- for peak data rate::
Downlink: 20 Gbit/s
Uplink: 10 Gbit/s

« for peak spectral efficiencies:
Downlink: 30 bit/s/Hz
Uplink: 15 bit/s/Hz

« user plane latency (single user, small

packets):

4 ms for eMBB
1 ms for URLLC

 control plane latency (idle => active):
10-20ms

Other requirements:
* maximum aggregated system bandwidth:
at least 100 MHz, up to 1GHz in higher frequency
bands (above 6GHz)
* mobility:
up to 500km/h in rural eMBB



Deep coverage

To reach challenging locations Strong security

Ultra-low energy @.g., Health / govamment/ financial trusted

10+ years of battery life

Ultra-high reliability

Massive A < 10°% per 1 millisecond

Internet of
Things Mission-
critical
control Ultra-low latency

As low as 1 millisecond

Ultra-low complexity
10s of bits per second

Ultra-high density

1 million nodes per km?

Extreme capacity : Enhanced

ERCp mobile broadband Extreme user mobility
. ¢

Up to 500 km/h

Extreme data rates Deep awareness
Multi-Gbps peak rates; Discovery and optimization
100+ Mbps user experienced rates



When it will be ready?
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Who is working on 5G?
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Where to find the corresponding 5G
specifications?

A list of all 5G related specs (incl. core network and system aspects)
http://www.3gpp.org/DynaReport/21205.htm

Radio related specifications addressing only NR: 38 series specifications.
http://www.3gpp.org/DynaReport/38-series.htm

Radio related specifications addressing only LTE: 36 series specifications.
http://www.3gpp.org/DynaReport/36-series.htm

Radio related specifications addressing aspects affecting both LTE and NR: 37 series specifications.
http://www.3gpp.org/DynaReport/37-series.htm

Service requirements for next generation new services and markets: 3GPP TS 22.261.
http://www.3gpp.org/DynaReport/22261.htm

System Architecture for the 5G system (stage 2): 3GPP TS 23.501.
http://www.3gpp.org/DynaReport/23501.htm

Procedures for the 5G System (stage 2): 3GPP TS 23.502.
http://www.3gpp.org/DynaReport/23502.htm

NR; NR and NG-RAN Overall Description (stage 2): 3GPP TS 38.300.
http://www.3gpp.org/DynaReport/38300.htm

NR; Multi-connectivity; Overall description (stage 2): 3GPP TS 37.340.
http://www.3gpp.org/DynaReport/37340.htm

NG-RAN; Architecture description: 3GPP TS 38.401.
http://www.3gpp.org/DynaReport/38401.htm
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5G System Architecture

Service Based
=ARE NRF AF Interaction

Control e
Plane

---- ] AR, R Control Plane User
Plane Separation
User Plane o | = -
Simplified

TS 23.501 Sysem Architecture for the 5G System, Stage 2 (Release 15)
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Habilitadores Tecnologicos: tendéncias
além de camadas de comunicacao

 Integration of different Technologies
(beyond physical layer)
* Following actual trends...

« Complex radio environments
 C-RAN, microcells
« Decoupling between infrastructure,

network, computing and service
e Softwarization: SDN, NFV, virtualization
(cloud e edge computing)

« Multitenancy

ghgyhe e Different flavors of providers and
interrelations

* Service slicing: deep virtualization
(cloud and network)

13



Enabling Technologies for 5G
Success

Evolutionary components of current
generations of mobile networks under a
unifying umbrella; and

Revolutionary components that will enable
energy and spectral efficiency and new
resiliency (i.e., responsive, auto-manageable
QoS/QoE, secure, survivable, traffic and
disruption tolerant) for services to everyone
and everything (applications and machines).

14



Cloudification
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Evolution of Cloudification

Cloud Computing

Big data, Al training,
storage, content

Edge Computing
Distributed/virtualized code,
mobile edge compute, cloud RAN

Mist Computing
On device

Sensing, processing,
security, intelligence

16



Virtualization

the process of running a virtual
instance of a computer system in
a layer abstracted from the actual
hardware

TRADITIONAL ARCHITECTURE

VIRTUALIZATION CONT

SUPPORTING TILES SUPPORTING FALS
WUNT L HUNTINE
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STSI’'s Multi Access Edge Computing
(MEC) Proposal Overview

e .
&) hxt i T P o
portal i I Mma ; Operations Support System |
i s , S Y S o Fé

UE Mx2 - [ User app + Mmt !
app ! "\ LCM pro |
1 : Mm& 1

¥ l, Joe ¥
IMEC system level |
Lo oo S SR SO SR o £ (BT D a2 19

(— s ey rdemntas —"ri
| Me3 + Mm2 -+ Mm3 <
' Mmé =}
| [wee | !
J . MEG app

Other platform | | (uez & MEC |
.m i | [elemant roufs fg:‘ |
|| ptatform  Woud Ha i
- I
|| MEC .
i E plaﬂommam i
> "' AALAAAAAAY '."'79.7.'7.':_; ;' + i T '\‘ ms !

] Data plane S A s e Sl \
Other o Lt Virtualisation |2
MEC : Virtusksation 3 Mm7 ¢ Infrastructure Manager ¢ |
host i Wastuclure 1 MEC host P s onesrn e ararasrs A |
------------------------ % !___’EE_C_'LO@%LB?@_IW&D_BM@_ B



ETSI’s Open Mobile Edge Cloud
(OMEC) Vision

Deconstructed E2E network functions

Overarching functions

NG Core
Functions




NFV + SDN = Softwarization

gzwa;zZtive Creates.network
Sotvars ) lecions
innovative Oper! Defined . :
applications Innovation Networks Innovation.

by third

parties

Network
Functions
Virtualisation

Reduces CAPEX, OPEX,
Space & Power
Consumption.
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NFV: from hardware to virtual
machines
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NFV: MANO

NFV
Management & Orchestration
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SDN
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SDN/NFV
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NFV + SDN
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Slicing

Partition the physical infrastructure in different logical for multitenancy

service provisioning

Main benefits:
e Customization

Independency
* Isolation

e Systematic control

Types:
* Network Slicing
* Cloud Slicing
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Network Slicing: Network as a Service

Network physical infrastructure partitioning

Deployment through the combination of:

- Softwarized substrate,

- Fine-granularity definitions

- High distribution of data centers (specially in the edges)

NS sao:

* Self-contented

* Mutually isolated

* Manageable and programmable

* Multisservice support

* Multitenancy

 Significantly diferente from traditional VPNs or Delay-sensitive
virtual networks, and traffic engeneeging

Capacity-sensitive

P Last Mile

> 29
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Network Slicing: Net/App as Service
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Network Slicing: &4 rrpP View
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Madio Access Network

Infrastructure

Floved and Soteflite Access Networks

Raas Front-/Bockhaw Qpticol Accasa

Agaregation and Core Networks

Network Clouds
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Cloud Slicing

Cloud physical infrastructure partitioning

Characteristics:

« High-isolation level between slices
» Pre-stablished resources

« Real time elasticity management

* Infrastcuture complexity is transparente for clients
« CAPEX/OPEX

Slice #A Slice #B
| App 1 App 2 || App 3
Memoria Memoéria

34



Network-Cloud Slicing

Coupled partitioning of network and cloud physiscal infrastructures

Benefits:
 Resources dedicated and isolated in a end-to-end view
* Tenants can have customized level of slice provisioning

* New business models IETF proposed

Cross Domain Network Slice Orchestration . framework
_ Clowd Edge Computing | {
PSR S SF e SE Ve g i tigg 1]
Computing

Heterogeneous Connectivity Network Slice A

Network Shce B :
Network Stice C
Shared Network Infrastructure and Service Functions 35




‘:& Novel Enablers for Cloud Slicing

necos
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http://www.h2020-necos.eu
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Usecase: NECOS-supported WISE

Public V-WLAN Private V-WLAN ﬁ
Nnecos
A & m an

43 chamada colaborativa
EU-BR

WISE-enabled WiFi WLAN-shared 37
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