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The 5t Generation of Networks for
Mobile Users/Machines Is underway!

5 G is coming: Are you ready’




Outline — Some “burning” questions (+1

» Why do we need 5G? When do we need it?
» What is the current status globally?

» What an end-to-end 5G network architecture looks like?

v

Which are the requirements and market opportunity for
emerging 5G use cases?

Which are the key 5G technologies to satisfy their needs?
Do operators have much to expect from 5G networks?
Do Governments have much to expect from 5G networks?

Where do countries stand wrt 5G Readiness?
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What is the status of non-public 5G networks?

» How University of Patras in engaged in 5G activities?




Why/when do we need 5G?

Estimated network traffic consumed per month, per user (GB) 160% network densification
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Source: BCG network model.
Note: Densification = an increase in the number of cell towers and antennas in heavy traffic areas.

» Simple answer: because 4G can not satisfy for much
longer the traffic demands in an affordable way...




What is the 5G spectrum
allocation status worldwide?
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5G is being designed for diverse spectrum types/bands cheseciasioiolenb

» 5G will start with the use of existing frequencies
based on Dynamic Spectrum Sharing (DSS) and will
move (slowly?) towards higher frequencies



What is the Current status of 5G
connections availability worldwide?

5G Connections, Worldwide
Connections (B)
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» Europe is lagging behind...



What is the actual expected

performance improvement of 5G vs. 4G?

In every country 5G users’ real-world download speeds are much faster than 4G
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' Number of times faster 5G vs 4G

Note: in Canada, Hong Kong, Taiwan & Thailand 5G services
are very new and have only launched in 2020.

Data collection period July 1 - September 28, 2020

» 5G can clearly outperform 4G as evidenced by real data
coming from countries that have already deployed 5G



What an end-to-end 5G Network
architecture looks like?
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» 5G networks consists of several network segments and
incorporate a multitude of hardware and software technologies

The Department of Electrical & Computer Engineering of °

University of Patras has expertise across all network
segments and layers of such 5G infrastructure



Which are the key 5G applications and
what is the1r market opportumty?
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Do Operators have much to
expect from 5G networks?

THE LAUNCH OF 4G LTE STARTED SEVERAL YEARS OF CONTINUOUS ARPU INCREASES FOR
SOUTH KOREAN OPERATORS; EARLY MARKET SIGNS INDICATE THAT 5G COULD KICK OFF
ANOTHER PERIOD OF ARPU GROWTH

LTE Launch 20% 2yr 20% 2yr 5G Launch Revenue YoY

39,000 . contract discount contract discount . SKT 2.9%
i . i KT 1.3%

Projection
Low costplan LGU+ 3.9%

introduced

36,000 ARPU ~3%

All 3 telcos
last 6 months

BOSTON
CONSULTING
GROUP




Do Governments have much
to expect from 5G networks?

» 5G will enable $12 Trillion

of global economic
activity by 2035!

» Key enablers are the use
cases that support

» Enhanced Mobile
Broadband,

» Massive loT, and

» Mission Critical Services
requiring low latency
and high reliability

All major sectors of the
economy are impacted in
a major way, with the
“Lion’s Share” taken by
the ICT sector

s e e e
Broadband Things Services (20165, M) industry output
Ag, forestry & fishing - - - $510 - 6.4%
Arts & entertainment - | 65 . 3.5%
Construction | e e 742 - R
Education - 277 . 3.5%
Financial & insurance - - 676 - 4.6%
Health & social work - | - - 119 . 2.3%
Hospitality - 562 - 4.8%
Info & communications - - - 1,421 _
Manufacturing - - - 3,364 - 4.2%
Mining & quarrying - - - 249 - 4.1%
Professional services - 623 - 3.7%
Public service - - - 1,066 - 6.5%
Real Estate activities ‘ - 400 . 2.4%
Transport & storage - - 659 - 5.6%
Utilities T N 273 B s
Wholesale & retail - - | 1,295 . 3.4%
All industry sectors $4,400 $3,600 $4,300 512,300 Average: 4.6%
Nompact BN D DN s

Source: IHS (2017) The 5G economy: how 5G technology will contribute to the global economy.

Note: Mission critical services refers to any activity, device or system whose failure or disruption would cause a

failure in business operations.?’




Where do countries stand wrt 5G Readin
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» Which conditions determine the leaders from the others?

» Depending on the adopted #policies and #strategies the c
situation can change and for some counties must chan
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Example of Good Practices for National
5G Strategies by Governments: Greece!

» Typical auction-based spectrum licensing procedure
is underway

» However, a major Greek Government
initiative/innovation is the creation of the “Faistos
Venture Capital Fund” that amounts to about
100MEuros (25% of the proceeds from the national
5G spectrum action)

» Another key government initiative was the decision
to allow Greek Universities and Research Centers to
get free access to the available 5G spectrum for
implementing novel use cases and for assisting
start-ups to test their ideas and prototypes




5G Enabling technologies and KPIs

® Helps
® Hinders

CP-OFDM

Shortened TTI

5G-NR in

Unlicensed

Session/Mobility split

C-RAN
NFV/SDN
MEC

10x bandwidth per connection
Low-ms latency

Five 9’s reliability

100% coverage

>10x connections

. Massive-MIMO

. Flexible Band Sizing

® ©| comp

Significant network investméut
Achieving these requirements i
Operators deploying cells and
to provide extended coverage

capacity, as well as upgradin

50Mbps /connection everywhere
1000x bandwidth/area
10 year battery life
Reduction in TCO




C-RAN Network for small-cells support

= Consolidated C-RAN architecture
= BBUs completely centralized 5G needs
= Processing largely centralized to every Cell
= Requires certain functions in dedicated HW to connect th
= Encryption/HARQ/FEC to the BBU pc
= Dense optical distribution network
= To reach the RRHs with dedicated fiber

)

Consolidated CO

Passive ODN

|‘[-f
BBU pool
(VNF based)

Fronthaul network




Results for expected savings arising
from joint FTTH/5G deployments

Synergy opportunities from joint
deployment of FTTH & 5G networks:

Similar routes/trenches?
Shared ducts?

Shared cables?
Shared fibres and active

| )

components?
S Savings by
& convergence
Incremental cost for FTTA
I Standalone cost for FTTH

FTTH FTTH + 5G Converged

Study contacted in collaboration with the FTTH Council



Where/How-much are the costs for a
Nationwide 5G Network deployment?
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Relative CAPEX per Subscriber:
FTTB/G.Fast vs. FTTH/PON vs. 5G 3.5G/28G

Relative CAPEX per sub i Relative CAPEX per sub
B Spectrum o B Spectrum
Home connect & Insta B Home connect & Insta
30 W Home Equipment < B Home Equi
®Cab Cabinets/POPs/Splitters
m Network B Network Electronics & Optics
m Civil W« LIS Cabl
FTTB FTTH 5G FWA FTTB FTTH 5G FWA
G fast GPON 26/28 GHz ( fast GPON 3.5 GHz

» For 5G, using 80MHz of mid band (3.5GHz) provides the best

performance/cost ratio and can be more cost effective that FTTx
deployments when services requirements are not very demanding.
When using mmWaves then the current performance/cost is relatively
higher.

A good approach by operators is to start with 5G mid-band and then
add mmWave as a capacity booster once the site start demanding
more capacity.




5G Lab/testbed @ Upatras/Patras
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Thank you for
your attention!

Prof. Dr. loannis Tomkos
email:
itom@ece.upatras.gr

Linkedin:
https:/ /www.linkedin.com/in/dr-ioannis-tomkos-086b102/
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3rd BALTIC SEA REGION

5G ECOSYSTEM FORUM

RIGA, LATVIA \ November 11 — 12, 2020

56 TECHRITORY %

@ Innovative

New Applications
Logistics: frag )
data-driven secure @ Tele-medicine
flow of thi — :
s ol 8l Cibarsecudty Tele-training
Green Mobility: Data Integrity Smart Business
shift to environmentally G XR
conscious practices Smart Cities Transparency .
A I Smart Enterprise: Gaming /Cloug
Urban Mobility: Testbeds and Innovation Districts High Risk Al - EU paper the future of enterprise Gaming
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https://www.5gtechritory.com/updates2020/agenda



On the road to 6G:
ML®@Edge via Comms (and vice-versa

hachine Learning (ng, )
fof communications {MLQ

)

mmWave

Free-Space Optical

Visible Light
Terahertz

-Training
Convergence

-Low generaliz

“Toward the 6G Network Era: Opportunities and Challenges”, | Tomkos, D Klonidis, E Pikasis,
S Theodoridis, IEEE IT Professional 22 (1), 34-38, 2020
(has become one of the most popular articles at IEEE Xplore on the topic of 6G!)



