Elektrotehnicki fakultet
Univerzitet u Beogradu

5G evolucija (ustvari revolucija)
naseg zivota iz ugla autonomnog
transporta

prof. dr Aleksandar Neskovic
Sef Katedre za telekomunikacije
e-mail: an@etf.rs
064/111-59-83 E-Mobility Forum 2018



L
o

o
Prestali smo da svet gledamo svojim ocima !!!
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Evolucija javnih mobilnih mreZa
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Deep coverage

To reach challenging locations Strong security

Ultra-low energy ® e.g. Health / government/ financial trusted
10+ years of battery life It

o
Massive
Internet of

Ultra-low complexity .
10s of bits per second ' MIS_S'_:IOI'I-
critical
— ® Ultra-low latency
: N R ¥ Aslow as 1 millisecond

Ultra-high reliability

<1 out of 100 million packets lost

’ UItra-high density

1 million nodes per Km?

Extreme capacity g Enhanced

S mobile broadband 4 Extreme user mobility
~ @ Or no mobility at all
Extreme data rates Deep awareness

Multi-Gbps peak rates; Discovery and optimization
100+ Mbps user experienced rates

source: Qualcomm
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Postupni prelazak na potpuno
automatizovana vozila

LEVEL O LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5

Driver Only Driver Partial Conditional High Full
Assistance Automation Automation Automation Automation

o e
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Human driver monitors the Automated driving system
driving environment! monitors the driving environment!
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Autonomna vozila

: w4 : ' testing
A 5G Mobility Lab Stage @ center

'y 'ﬁ U . < 4 . :
TN N stpge" « Pedestrian Collision Warning \ Assisted Intersection

Pre-emption
Switching for
Emergency Vehicles

Safety Warning at the End of
Congestion or atthe Hilltop

source: vodafon, germany
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Autonomna vozila
(tipovi komunikacija)

Vehicle-to-Pedestrian Vehicle-to-Network
(V2P) (V2N)

e.g. pedestrian in e.g. traffic queue five
walkway ahead kilometers ahead

Vehicle-to-Vehicle Vehicle-to-Infrastructure

(V2V) (V2I)

i H

e.g. emergency e.g. traffic signal ahead
vehicle approaching turning red

source: Qualcomm
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Raskrnica buducnosti (simulacija)

source: The University of Texas at Austin
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Raskrnica buducnosti (filmska montaZa) ""o
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source: www.bsfilms.com



Reorganizacija mobilnih mreZa 2’

* SDR (Software Defined Radio)

* SDN (Software Defined Network)

* NFV (Network Function Virtualisation)
 Network Slicing

 Network orchestration

* FOG paradigm

CLOUD - Data Centers Thousands

FOG - Nodes

EDGE - Devices
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3GPP Release 15 — uvodenje novog radija (NR)

 vremenska dinamika ugovorena u martu 2017.
e prvi sastanci u oktobru 2017.
e Interesantno: vec¢ su realizovani prvi 5G pozivi !!!

Rel-17+ evolution
Standalone (SA)
Non-Standalone NSA)
Rel -15
l—. 5GNR Commercial launches
loDTs

Field trials
eMBB deployments and establish

L
o

We are here ® ‘ foundation for future 5G innovations

Continue to evolve LTE in parallel as essential part of the 5G Platform

Source: Qualcom

* prve potpuno komercijalne mreze oCekuju se pocetkom 2020.god
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Prvi koraci ka 5G I

Definisanje novog frekvencijskog spektra (globalno i1 lokalno). _

Prodaja frekvencjskog spektra — Srbija 2020 !

Operatori za pojedine nove servise ne moraju striktno biti postojeci
mobilni operatori (npr. za transportne sisteme).

Definisanje striktne tehnic¢ke 1 pravne regulative
(narocCito za kriti¢ne servise koji podrazumevaju
opStu fizicku bezbednost ljudi).

Prilika za mobilne operatore reorganizuju svoje poslovanje.
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Pametni 5G svet

 smart energy networks
* smart city

 smart drone delivery
 smart agriculture
 smart manufacturing

* smart retail
 smart glasses
e smart ....

* 10T (Internet Of Things)
* loE (Internet Of Everything)
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Nove mreZe treba da reaguju brze od treptaja okd,
ali 1 da budu pouzdanije od njega
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U novim mreZama nas Zivot ce biti u rukama
telekomunikacionih mreza i sistema

(1 to u bukvalnom smislu 1'11)
E-Mobility Forum 201




