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FASTER INTERMNET VIRTUAL REALITY &
EVERYWHERE AUGMENTED REALITY

CHANGES
EVERYTHING

SMARTER BETTER
CITIES HEALTHCARE

What is 5G?

5G is the next generation of

mobile broadband that will
eventually replace, or at
least augment, your 4G LTE
connection. With 5G, you'll
see exponentially faster
download and upload
speeds. Latency, or the time
it takes devices to
communicate with each
other wireless networks, will
also drastically decrease.
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What 56 will bring to you? | What's new with 5G7 m

amazing velume
omazingly fast

always best connected

no perceived delay

massive amount of
connected things
& peaple

energy efficiency

flexible programmable
networks

secure networks

specirum extension, milimetrs waves,

eell dernification; increase spectrum efficency;
advanced antennas; 50 beam-loeming techniques.
e elertionic components: hackhaul optimization;

combination of 446, 3G, Wi-F, & new adio access
to create an imegrated & dynam radio access.
netwaik connectivity management medhanisms

itra-loni latency, software-defined networks,
decouping functional asthitecture from the
urderbying physical infrastnactune.
netwark telligerce claser 1o wners,
MEL (mabile edge computing), D20

new wawedomm. onl derrification:
mich 255 sigralling traffic & no synchronisation;
RAN architecture

millemetre waves for front-haul & backhaul,

new operation mechanisms for demse nebworks,
peiing of base station processing, an-demand
consumioe Mmassie madhine communications;
pawer amplifiers. B5F digital signal processing] -
erabled optical transceiers, hanvesting ambient
enesgy; optimization of sieep mode swiching

saftwaredefined netwneks.

network. function virualisation

decouping functional architecture from the
urddertyirg physical infrastnacture: APl

physical channel authentication;
virualsed authentication
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5G applications
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staying connected everywhere inclueding high-speed trains, planes, cowds
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new business madels for innovative SMEs providing network functions, emergence of

L

control; connected cars, remaote surgery

interniet of things, srmart citles, r.mmld cars, e-health

B0% energy saving,
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deployment in developing countries

supear MVMNOs, pan European operators, faster innovation in network services

networks for police & seaurity professionals; a * privacy

Eurgpean
Commission

Why not today?

specirum saturation;

lirriited speciTum aggregation:
currenit hardware not abie to
fumetian at high frequencies.
expenshie deployment &
maintenance of small cells

seamiess handover (&g ceflular
o 'Wi-Fil not supparted

4G latency 2 10ms

current OFOM waveform

scalng up 4G chipsets cost,
EPEFY CORSUmAben

o eplirnised,

urersed functions adtvated:
ar interface handware
et energy aptimized

marny wanous retwark
management software,

ot iteroperalie;

Enrudling of netwark functians in
hardware boes

Sequrity as add-on not by design:
Tragmented agpraach



2020(?)

1981 1992
2 Kbps 64 Kbps

Basic voice service  Designed primarily

using analog for voice using the

protocols digital standards
(GSM/CDMA)

2001
2 Mbps

First mobile
broadband utilizing
IP protocols
(WCDMA/
CDMAZ2000)

2010
100 Mbps

True mobile
broadbandon a
unified standard
(LTE)

10 Gbps

‘Tactile Internet’
with service-aware
devices and fiber-
like speeds




Mobile communications: from 1G to 5G

Generation Device Specifications
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Comparing 4G and 5G

10 ms E Latency

7.2 Exabytes/Month :j—z" Data Traffic

1 Gb/s ? Peak Data Rates

3 GHz |ﬁ Available Spectrum

100 Thousand Connection Density

Latency g <1 ms

Connections/Km?

Qorvo

Data Traffic (2 50 Exabytes/Month (2021)

Peak Data Rates 4 20 Gb/s

Available Spectrum [/"\ 30 GHz

Connection Density 1 Million

Connections/Km?

S201T Qarve, Ine.




“Why does 5G matter? Because it could
effectively remove speed,
responsiveness, and capacity as
meaningful constraints on wireless
innovation....These are major
advancements. And they’ll open the
door to new services and applications

that will grow our economy and
improve our standard of living... some
of which we can’t even conceive today”

FCC Chairman Ajit Pai




: 2025 THE TIPPING POINT

WITHIN A DECADE, THE GLOBAL MEDIA INDUSTRY

STANDS TO GAIN $1.3 TRILLION FROM 5G
56 WILL BE:

v 19.9%

18.5%
A3 $47m0 s 9335

--------------------------------------------------------------------------------------------------

2019 2022

TOTAL WIRELESS MEDIA REVENUES.
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— — Chore automation

Vehicles and security Offi
ices
Autonomous vehicles and $200B-350B Security and
condition-based maintenance A energy
$210B-7408 E $70B-150B
b -
- - - ey -® -
“'-... ._ﬂ' .-'-'—' ‘
®
ol - -
“.-. 9 settings I
Cities gave us a cross-sector view Factories
Public health of a total potential impact of Operations and
and transportation $3.9 trillion-11.1 trillion equipment optimization
$930B-1.7T per year in 2025 $1.2T-3.7T
& “'-- -.' -“# E
w -
Outside | Retail environments
Logistics and navigation @ -)) Automated checkout
$560B-850B ] $410B-1.2T
Human PWGI‘HSItjES_ p https://enterpriseiotinsights.com/20170517/op
Health and D[JEI’EHIGI"IS Optlmlzatlon‘; inion/analyst-angle-massive-growth-in-iot-
fitness health and safety leveraged-by-fulcrum-of-4g-and-5g-

$170B-1.6T $160B-9308B technologies-tag10



Smart city projects are already straining with
the current wireless network infrastructure. The
promise of 5G, low latency, ultra-low energy
connections, high speed, will be the foundation
for large-scale loT deployments in cities, which
are set to revolutionize existing services and
business models.

SMARTCITY

the driver for smart cifies
of the future 2090 -2035

56 will drive 3123 Ne §3.5 22 $3.3 = momws

economic growth ...

o [ [ @ (W R

t— Trillion Million Trillion

| | Jobs Worldwide GDP
Global output of w Economic output in From 2020 to 2035,
industry goods and ‘ the 5G value chain the total

@ [ e

services enabled by alone =1 milli contribution of 56
56. A " toreal global GDP

By Smart City Expo World Congress - Fira de Barcelona 2018, To be used with attribution to @SmartCityexpo Source: hitps://www.qualcomm.com/invention/5g/economy
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Enhanced Mobile Broadband

Fimdar, mam unidarm usara Ll iyl glm S

5G will ennhance existing and expand to new use cases
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Massive Internetof Things
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Interaction
Human - 10T

Critical
Control of
Remote
Devices

?a

Media
Everywhere

Broadband
Experience.
Everywhere,
Anytime.

Smart
Vehicles,
Transport &
Infrastructure
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l 0 ‘Batman’ AR/VR experience high! X ) Putchong Uthayopas

& = (' @& https://www.mobilemarketer.com/news/batman-arvr hts-potential-of-5g/548847/ : €

f

M MOBILE MARKETER  Deep Dive Opinion Library Events Jobs B4 SIGNUP (Q SEARCH

AR/NVR  Video Search Shopping Social Messaging Campaigns Tech/Platform

=) eranDSTUDIO

Optimize Your Customer
Acquisition Funnel

With the evolution of third-party digital
experiences, the customer acquisition
funnel no longer starts on your website.
Learn how to leverage these changes and
drive customer action.

Learn More

GET THE NEWSLETTER

=

'‘Batman' AR/VR experience - ne . syt 0

highlights potential Of 5G‘ Enter your work email
[ome T

AUTHOR Brief: By signing up you agree to our privacy
Robert Williams policy. You can opt out anytime.
* AT&T, Ericsson, Intel and Warner Bros. have collaborated on a mixed-reality

"Batman" experience that demonstrates the power of high-speed 5G mobile
PUBLISHED

networks. The companies are demonstrating the technology at MWC19 % MOST POPULAR
Feb. 21,2019

Barcelona with an experience that uses augmented and virtual reality
(AR/VR), per an announcement.

B the-mobile-conne...jpg  * 9 From 1G To 5G_...html ‘ Show all ‘ x




Things Connected Mobile Data Traffic
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"% SAMSUNG 5G Vision

Internet of Things

Intuitive Remote Access

Immersive Multimedia Experience
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https://developer.samsung.com/tech-insights/5G#
https://developer.samsung.com/tech-insights/5G/5g-service-vision
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Digital Education
Food and Agriculture
Tourism

Industrial

Logistics

USE CASES @ KUSRC 5G Testbed

Agriculture

/Food

Tourism

Industrial

Digital

Education

- Smart
Farming
- Image
Processing
-IoT

- Security
- Video
Streaming
- AI Room
Booking

- Industrial
Pollution
- Industrial
Safety
- Water
Management
- Smart Energy
Management
- Smart
Manufacuring

- Drone
Logistics
- Maritime
- Truck Safety
= Truck
Platooning
- Autonomous
Transport
- In-vehicle
infotainment

- VR/AR
- 4K/8K Video
- Events




BROADBAND AND MEDIA
®
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