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Budoucnost je za dvermi, kde jsou dvere?

3GPP Roadmap Rel15 je prvni 5G standard, 1éto

2018 s novym navrhem
architektury, podporou
“Starych” funkci a otevienosti
novym.

* * Rel16 je rozsifeni do
/ nelicencovaného pasma,
masivni broadband, V2V a

Phase 1 deployment]

5G Phase 2 deployment

AL [sepenenisty | | o dal3i sluzby “budoucnosti”
SA2 Architecture Study wID
| = X l | l 5 5G RAT features will be phased as
RAN | RAN Study | ‘ WID | it will not be possible to
| standardize all in time for Tel-15

letion and earl
Rel16 comp Y
SA1 Requirement study || WID € deployments

) Release 15 will aim at a first
SAZ I el H wie | ‘ phase of expected deployments
 Release 16 will target the ITU
IMT-2020 submission
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Dvacet let vyvoje ...

2G (GSM)

digitaIni sit
rozvoj od roku 1992
ur€end pro hlasové sluzby
data 9,6 - 400 Kb/s

JAK SE LIST GENERACE MOBILNICH SITI

3G (UMTS)

ur€ena pro hlas a videohovory
rozvoj od roku 2002
prvni mobilni broadband
data aZ 2 Mb/s (a vice)

[y
O-m

4G (LTE ADVANCED)

navrZena pro datové pfenosy
rozvoj od roku 2012
hlas béZi po datové vrstvé
skute€ny mobilni broadband
data az 100 Mb/s

iy
| 8
\p/
5G (BEYOND 4G)
navrZena pro M2M
Cisté datova sluzba
nasazeni po roce 2020

dataaz 1Gb/s

nyni ve fazi standardizace
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Technopropozice pro 5G

5G NR - New Radio:
Latence >1ms

Narust pasma do 3,5GHz

Nova mmWave 28-100 GHz
Masivni MIMO

Agregované kanaly az 100MHz
nelicencované pasmo

100 Mb/s pro kazdého, SpiCkova
mobilni rychlost 1Gb/s, nomadicka
az 10 Gb/s

Narust pripojenych zafizeni 10-100
nasobek Network Slicing
pouzivas jen to, co potrebujes

Narust objemu provozu 10 000 x
SDN & NFV

UvaZzuje se pfevaha “nelidské” kdo vi, zni to slibné, ale zatim...
komunikace M2M, V2X

Cloud a EDGE pro loT CZNIC S

DOMENY CZ



5G je velmi Siroce rozkroceneé

e Broadband pro koncové mobilni zafizeni na cestach i doma

e FWA pro pfipojeni celé nomadicke sité

e Nizkoenergetické rozsahlé senzorove sité o nizke i vysoke rychlosti
e Sité verejné bezpecnosti - PSRS

Jenze:

e kazdy operator tlaCi své téma, standardizace nepostupuje rychle
e tak Siroké rozkrocCeni se centralizované nepodarilo ukocCirovat nikde
e ve skuteCnosti jde uz ted o slepenec technologii, které drzi jen
“‘gumicCkou”
CZNIC 5



JE CAS NA DOJEMNE PREDPOVEDI A CISLA

Datum

23-Aug-16

15-Nov-16

30-Nov-16

12-Apr-17

26-Apr-17

16-May-17

14-Aug-17

17-Oct-17

Firma

Strategy Analytics

Ericsson

ABI| Research

CCS Insight

GSMA

Ovum

Juniper Research

GSMA

Odhady
pripojeni

690 million

500 million

500 million

100 million

1.1 billion

389 million

1.4 billion

214 million
in Europe

Rok

2025

2022

2026

2021

2025

2022

2025

2025

Dalsi komentare

"690M Connections and 300M Handset Shipments"

"North America will lead the way in uptake of 5G subscriptions, where a
quarter of all mobile subscriptions are forecast to be for 5G in 2022."

"500 Million 5G cmWave and mmWave Subscribers Will Bring $200 Billion
in Service Revenue through 2026" - what about non mmWave/cmWave
5G subs?

"Smartphones sales will rise to 1.90 billion in 2021, when smartphones will
account for 92 percent of the total mobile phone market."

"5G connections are set to reach 1.1 billion by 2025, accounting for
approximately one in eight mobile connections worldwide by this time."

"Ovum now forecasts that there will be 111 million 5G mobile broadband
subscriptions at end-2021, up more than fourfold from Ovum’s previous
forecast of 25 million 5G subscriptions at end-2021"

"an increase from just 1 million in 2019, the anticipated first year of

commercial launch. This will represent ah average anfual growth of
232%."

"30 per cent of Europe’s mobile connectjons will be rupning on 5G

PRAVCE
OMENY CZ

networks by 2025"
CZMNIC |




Tajemstvi jednoho telco grafu

Voice Dominant

New ... a.BusinessModels . )
b. Technology snizit naklady

/ na vystavbu
snizit naklady
na provoz
zvySit vynosy z
dalSich sluzeb

Data Dominant

v

Time
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2G se prosadilo zdola, 5G je direktivni

e Vv pripadé 2G se podarilo urychlené opustit neperspektivni technologie
jako DVB-H, CB, MBMS nebo HSCSD.

e ty technologie ovSem mohly pohanéet neco jiného nebo byly
nedotazené
m prosadily se kvuli strategickym zajmim (lokalizace polohy ¢i
Wireless Village)
m ty ale pak nahradilo suboptimalni, ale svobodnéjsi reSeni
e naopak jiné technologie se podarilo proverit, ackoliv se nakonec
nasadily jinak, nez autor zamyslel (SMS mély avizovat nové vzkazy
ve schrance)
e V 5G vznika cela sada aplikaCnich standardu, které ofezavaji
kreativitu, ale nabizeji rychlejSi nasazeni technologie. Bude to vgp.g.gg

Al r | 1 ey
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5G Jobs Offloading (Cili o budoucnosti
lokalniho trhu

velci operatori jsod nadnarodni
e infrastruktura siti 5G je virtualizovana, cloudova
e vystavba siti je v rukou dodavatelu, outsourcovana
e tim se odborna zamestnani spojena se siti stavaji v regionu
nadbyteCna
odborné prace se centralizuji a globalizuji (naklady)
e Vregionu zustava jen implementace strategie (otrocky management)
e vyhodu maji regiony, kde vznikly odborné firmy kolem LTE

. (a to Cesko neni)
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Faktory uspechu siti 5G

e interoperabilita s LTE
e celosvétové harmonizované feseni (problematika spektra)

e nizka cena (i proti specializovanym technologiim)
o a ta se zatim nedari zcela vzdy
o do ceny bohuzel patfi i vedlejSi aspekty, napfiklad pravni naklady na vyjednani
lokace sajtu

e faktorem uspéchu je i to, jak se mobilni operatori adaptuji na

business model
o doposud prodavali klientim, ktefi neméli jinou $anci, nez koupit u nich
o noveé budou nabizet klientiim, ktefi nechtéji byt rukojmimi a chtéji indivindi pFistup
o viz. Triple-Play: klienty nezaujalo, dokud nenabidlo néco navic (pfehravani,
nahravani atd)

e v Cesku oéekavame podstatné problémy s paterni CZ.NIC |



CBRS: Citizens Broadband Radio Service

e V USA jde o pasmo s oportunistickym a automatizovanym pfidélovanim pristupu podle
kapacity
e T¥i urovné pristupu:
o Tier 1: Vojenské radary a sluzby, bezpeCnostni slozky
o Tier 2: Priority Access Licenses (PAL) - drazené a vyhrazené sloty pro makrocelly,
smartcelly atd.
o Tier 3: General Authorized Access (GAA) - pristup k radiu ridi SAS server online
e Vyhody CBRS
o pristupnéni pasma v kvalité podobné licencovanému pasmu
O snizeni ceny za pronajem pasma, snizeni bariéry pro vstup do odvétvi
o automatizovna platforma vyzadujici minimum manualni koordinace
o sledovani a koordinace interferenci a ruseni zvysuje kvalitu pfenosu
e V EU se uvazuje jako Licensed Shared Access (LSA)

o pro vojenské pasmo 2,3 - 2,4 GHz
CZNIC ik,



Pracovni pozice, které vzniknou (nékde)

Chief security & privacy officer - zodpovédnost za uzivatelska data, aplikaCni
vrstvu a soukromi. Zodpovida se pfimo CEO

Head of Connected vehicles - nékdejsi projekt manager Al ve VW

Chief Virtual Reality Officer - je zodpovédna za sluzby pro mladsi uzivatele, 3D/
360 video a augmentovanou realitu. Dodelava si bakalare, vék 25 let.

Datektivové - skupina programatoru, ktefi vyhledavaji dikazy pro policii a soudy v
senzorovych logach. Podfizeni CSPO a formalné neexistuji.

VP Unlicensed and Shared Spectrum - déla vztahy tam, kde se neda

masakrovat.
CZNIC 5,



Projekt SENTINEL T

DS1 (Netflow) ‘

DS2 (Minipot) ‘ | DS3 (FW Logs) |

Bezpecnost je véc Duvéry ve

Schopnost a Znalost ji zajistit

Projekt SENTINEL reaguje na rostouci
uroven hrozeb v internetovém
prostoru

Jde o Open-Source framework pro
podchyceni podezielych klientl a
serverl

Celosvétova sbérna sit’ utoku

Jeden z pilifrt bezpecénosti ceského |
kyberprostoru —czaic .
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Dekuji za pozornost

patrick.zandl@nic.cz
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G Potential Technologies

MaAssIvE MIMO

Y. .Y

AR

hyy

v Higher MIMO order: 8X8 or more
v’ System capacity increases in fucntion of
number of antennas

DEVICE-CENTRIC ARCHITECTURE NATIVE SUPPORT FOR M2M

Macro
C-plane (RRC) Cell o)
w= U-plane | F;
Phantom Celll F2>F1
ok
ek

«—>
D2D

v Phantom Cell based architecture

v Control Plane uses macro network

v User Plane is Device to Device (D2D) in
another frequency such as mm-Wave and
high order modulation (256 QAM).

SPATIAL MODULATION CoGITIVE RADIO NETWORKS

v New protocol for shared spectrum
rational use

v Mitigate and avoid interference by
surrounding radio environment and
regulate its transmission accordingly.

v Ininterference-free CR networks, CR
users are allowed to borrow spectrum
resources only when licensed users do
not use them.

v’ Spatial-temporal modulation schemes
v SINR optimization
v' Beamforming

CLoup NETWORK & CACHE

v Native M2M support

v" A massive number of connected devices
with low throughput;

v’ Low latency

v Low power and battery consumption

v Access Network Caching

v Network Virtualization Function
v Cloud-RAN

v Dynamic and Elastic Network

[} Clip slide

‘ VISIBLE LIGHT COMMUNICATION

\kkm

v Enables systems that illuminate and at the
same time provide broadband wireless data
connectivity

v Transmitters: Uses off-the-shelf white light
emitting diodes (LEDs) used for solid-state
lighting (SSL);

v Receivers: Off-the-shelf p-intrinsic-n (PIN)
photodiodes (PDs) or aval anche photo-diodes
(APDs)

NEwW MODULATION SCHEME

5G Non-Orthogonal Waveforms for
Asynchronous Signalling (SGNOW)

v Universal Filtered Multi-Carrier (UFMC) :
Potential extensionto OFDM ;

v Filter Bank Multi Carrier (FBMC): Access
sporadic, short bursts, increased
robustness, support QAM symbols and
minimization problems offset;
sustainability fragmented spectra.

v High modulation constellation



