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COSMOTE Network Mobile Broadband Facts

With the highest coverage of MBB Services

COSMOTE

Network
Premium MBB
Experience
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COSMOTE Network Mobile Broadband Facts
Ready for 2026 MBB Challenge

best intest.

2828 2626 2828 2826

. 5G For adding something on top in Greece and reaching an
overall score of 905 dots in mobile network benchmarking
. LTE (4G} survey we proudly award this certificate to

B WcDMA/HSPA (3G)
B GSM/EDGE-only (2G)
B TD-SCDMA (3G)

[ coMa-only (2G/3G)

Cosmote Greece

COSMOTE

5G Umlaut
already providing TBeS: '“7
9 - est Tor
Western Central ajnd a 50% populatlon :
Europe Eastern coverage consecutive
Europs
source: ERICSSON mobility report - November 2020 years

[eleT W

Greece's Fastest Mobile Network

Cosmote

GREECE'S
FASTEST
MOBILE
NETWORK

1S HEREBY NAMED THE 2020 AWARD WINNER FOR FASTEST

CARRIER BY OOKLA IN RECOGNITION OF PROVIDING THI
FASTEST SPEEDS FOR THE Q3-Q4 AWARD PERIOD.

Given on
Janu a y 1st,

M//S«ﬁ
;!

COSMOTE
Best MBB

Network
(OOKLA & P3)

5G & loT - Accelerating Digital & Transforming Life




Global Mobile Broadband Facts

Subscribers and Technology Outlook Fast-
growing
By 2023 there will be globally: 5G 57%
« 8.8 billion mobile subscriptions, adoption LTE
« 8.0 billion MBB subscriptions Subscriptions
« 7.5 billion smartphone subscriptions Mobile subscriptions footprint
by technology (billion)
Subscriptions/ lines, subscribers (bl) 1 | .

9 T Q

s 3 —/ bitien

7 / // .

o /7—_ B Mobile subscriptions 6 56

5 [ Mobile broadband subscriptions B LTE

. / / I Mobile subscribers : I WCDMA/HSPA
// | I smartphone subscriptions . B GSM/EDGE-only

3 // M Fixed broadband subscriptions B TD-SCDMA

> [ Mobile PC and tablet subscriptions 3 . CDMA-only

// M Other
1T 2

2015 2016 2017 2818 2819 2828 2821 2822 2823 2a24 2825 2026

source: ERICSSON mobility report - November 2020 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
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Global Mobile Broadband Facts

Mobile Traffic Outlook & Data Rates Evolution
54% mobile data traffic growth from Q319 to Q3’20

250
Traffic growth year-on-year
\ 200
W circvit-switchedvoice [l Data  — Year-on-year growth
60 100
150
/\ 100
- 45 — 75
g % = 2G/3G/4G
o =<
@ H
@ E
: : ’
£ " : 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
2 | se 2
3 H
: L 54% of
g mobile data
- q
coming
from 5G in
2026
@1 02 03 04 OL G2 03 Q4 0L Q2 O3 O Gl 02 03 04 Ol Q2 3 04 Ol Q2 O3 Q4 a1 02 3 . source: ERICSSON mobi“ty report - November 2020
2014 2015 2016 2817 2018 2019 2028
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SG EVO I Utlo n Virtual networks &

or revolution? Gigabit networked
society

Capacity
& reliability

New business models

(/\

BUSineSS Enableri New revenue streams

‘ . security

Energy
efficiency

High performance mobile broadband

Multimedia and basic mobile broadband

Digital communication and mobility
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5G Basic Requirements
evolving by revolving

(new) requirements:

1-10Gbps connections to end points

1 millisecond end-to-end round trip delay
1000x bandwidth per unit area

10-100x number of connected devices
~99.99% availability

~100% coverage

90% reduction in network energy usage

~10 years battery life for low power M2M
devices

<1C

source: NGMN
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The hyper-connected vision:

5G, mobile operators would create a blend of pre-
existing technologies covering 2G, 3G, 4G, Wi-fi to
allow higher coverage and availability, with greater
connectivity enabling Machine-to-Machine (M2M)
services and the Internet of Things (loT). This vision
include a new radio technology to enable low power,
low throughput field devices with long duty cycles of
ten years or more.

Next Generation Technology vision:

This is more of the traditional ‘generation-defining’
view, with specific targets for data rates and latency
being identified, such that new radio interfaces can be
assessed against such criteria. This in turn makes for a
clear demarcation between a technology that meets
the criteria for 5G, and another which does not.




5G Air Interface

Massive channels, massive MIMO

LTE Evolution

Existing Spectrum

Backwards
compatibility

0 New 5G Air IF

New Spectrum

1GHz

3 GHz

10 GHz 30 GHz 100 GHz

Evolution of existing technology
adding new RAN technology

LTE+ and New Air Interface
combined allows rapid switching
based on radio conditions

New Air Interface initially applied at
new spectrum (up to millimeter
waves) with super channels,
massive MIMO & beam forming

Gradual migration of New Air
Interface into existing spectrum
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5G Layers

Macro / Micro / Small / Indoor

5G Actual Deployment mainly uses the existing Site grid (macro/micro/indoor).
Small cell layer deployment has started, but will be enhanced gradually.

Macro Macro
Active 5G Passive 5G

Micro Indoor
Passive 5G Passive 5G

|||||||||||||||
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EMF challenges for 5G

» Massive MIMO and beamforming
- More complex EMF compliance assessments

- Potentially higher EIRP and larger EMF compliance
boundaries (exclusion zones) than for conventional antennas

- Site design of increasing importance

» Frequency bands above 10 GHz

- Test methodology and standards available but need to be
further refined and accepted by regulators

- EMF limits more conservative in the nearfield which leads to
larger compliance distances for small cell base stations and
which may affect maximum UE power

highly focused beam

i

XXXXXXXX

XXXXXXXX
XXXXXXXX
XXXXXXXX

B
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Licensing challenges for 5G

(Small Cell Implementation in Cities)
V.

Street furniture sites .

Vault site

12
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Case Study in Municipality City of Drama

(Small Cell Implementation in Cities)

Y

_.....-.‘r
2= \
=L

-

AHMOX APAMAX

5 new Small Cells
positions in the down

, "’ '5

*“ONIROU 'OLI_SC.
A [

3
[

1. Eleftherias Sqr.
2. Oniroupoli Sqr.
3. Ipirou Str. (cafes)

4. Alpha Bank
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Case Study in Municipality City of Drama =

(Small Cell Implementation in Cities) . gy
Small Cells Solutions: AHMOX APAMAX

L &

1. Flower Pot

3. Smart KVs with smart
2. Lighting Pole lighting & meteo data
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Case Study in Municipality City of Drama

(Small Cell Implementation in Cities)
Small Cells Implementations

1. Eleftherias Sqr.

2. Oniroupoli Sqr 3. Ipirou Str. (cafes)

ol 957
-4

{
l”\
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Challenges for 5G

LICENSING
Quick, simple, hassle - free network deployment is critical. Therefore:
» Network implementation must be supported with fast and simple site permission process promoting
the deployment of Macro and Small Cells.
EMF
» EMF limits to align with ICNIRP (EU recommended levels) in order to introduce new technologies (5G)
» Introduction of the realistic maximum transmitted power to EMF calculation models. Based on
reasonable assumptions, the realistic maximum transmitted power was found to be around of 25% of
the theoretical maximum power which translates to a reduction in EMF compliance boundary with a
factor of about 2.
» Massive MIMO spread the beams to different directions and has a result of antenna Gain reduction.

Street Furniture sites, vault sites! Need to educate both the Authorities and the public.

EMF compliance for 5G networks is a challenge considering
i) Existing networks (2G, 3G, 4G)

i)  New MIMO antennas,

iii)  Existing Standard for EMF calculations

iv)  Stricter EMF limits in Greece

16
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5G Campus Network at UoA

The Vision

* Close Co-operation between UoA and COSMOTE

« COSMOTE builds a full 5G Campus Network

« UoA uses the 5G to promote educational and scientific goals (new apps, research projects, etc)

What we have done so far
* 5G Indoor Network in Dept. of Informatics &
Telecommunications LABs, at 3.5 GHz

* 5G Indoor Network in Dept. of Informatics &
Telecommunications Auditorium, at 3.5/26 GHz
(mmWave)

What are the next steps

+ Extend the existing 5G Campus Network, indoors & outdoors
» Provide Network Slicing Functionality

+ Start developing use cases, i.e. Augmented Lectures, Campus Self Driving Vehicle

17 5G & loT - Accelerating Digital & Transforming Life




Cellular loT market outlook
5.9 billion cellular 1oT @ 2023

Cellular loT 2020-2026 CAGR of 23%

B Broodbond IoT and Critical IoT (4G/5G) [ Massive IoT (NB-IoT/Cat-M) Legacy (2G/3G)

6.8

58

48

38

28

1a

2015 2016 2817 2018 2019 26820 2821 2022 2023 2824 2825 2826

source: ERICSSON mobility report - November 2017

NB-loT &
Cat-M will

make up 45% Cosmote

of cellular 1o Withintthefirst

twenty
networks
commercially
deployed by
Eo2017

connections
in 2026

NB-loT
already
supported by
110 networks
and Cat-M by
50 networks

Module costs in USD

\

—

[

L T e = )

2019 2028 2021

—=GPRS —a=CATM NB-TaT
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loT re-shaping effect on society

Transformational impact in all industries, value chains & entire business configurations

&

P~
3,
o
Sy 6,
Py
L_Bw Enf; - meﬂ"
v 5 I\ e
nt
Srnaﬂ payrne

; Digital Retail
Patient care Health Services

loT transforms
the way we:

Work

Smart stores

Commute
Interact
Entertain

Infrastructure,

Smart

source: Nokia
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Cellular loT Technologies

LTE is already sufficient - 5G advantage is on critical side

Extreme Battery
Efficiency

NB-IoT

\'[-13"llow complex & cost UE High Coverage

\'/-13" high device volumes Long Cell Range

\'"13')small data packages By

180km Cat-M)
Very tough static radio Toh
conditions Positioning

Mass market
loT already
took off over
LTE
with R13
SW/HW

Critical
loT
coming
over 5G
NR

(.17} complex & cost UE

ITs[ildevice volumes

CAT-M

(01"} size data packages
Mobility

Voice Support

Standalone

(et 1]

180k

VETE |

180k

Guard Band In Band
me \ /1
180k 180k

NB-loT Deployment Schemes

] NB-ToT CAT-M1

Uplink Peak Throughput/ UE [ReRIZEY Sl 180
Downlink Peak Throuhput/ ~80 kbps n
UE

FDD (1 Anchor PRB)

Energy Efficiency Power Saving Mode, extended DRX

Mobility Idle Mode Mobility

Baseband Unit support Baseband 52/66 — Full

~1,119 Mbps 2

~533 kbps 2

FDD (Single Narrowband)

Up to 108 km

Coverage Enhancement Mode A
Up to 18 years

Power Saving Mode, extended DRX
Connected & Idle Mode mobility
VolLTE

OTDOA (3GPP R9), ECID
Baseband 52/66 — Full

(00 [ofe (a1 ACIL ER AT ANNN  See /atest “Ericsson RAN Compute Capacity Roadmap”

Inherited from LTE
(UE category dependent)

Inherited from LTE
(UE category dependent)

FDD & TDD
Up to 100 km

Use case dependent
Power Saving Mode, extended DRX
Connected & Idle Mode mobility
VoLTE

ECID, OTDOA, A-GPS
Baseband 52/66 — Full
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loT hot apps

smart city - smart environment — smart industry — smart agriculture — smart business Smart Roads

Warning  massages  and  dwersons
according to climate conditions and
unexpected avents lke accidents or
traffic jpms.

martphones Detection Electromagnetic Levels
nd Android devices and in Measurement of 1 anergy radiated

ice which waorks with Wit or by cell stations and WiFi routers. Smart Lighting

Intelligent and weather adaptive Lghting
in street lights,

Intelligent Shopping

Air Pollution
Conteol of CO, e ution
wratied by cars cated in

farrms Traffic Congestion
Forest Fire Detection

Monitoring of comb ases and preemptive
fire conditons to del

ons of fact
vl toxic gases ger

Monitoring of vehicles and pedestrian
affluence 1o optinize driving and walking
Foutes

of people in non-suthor,
Radiation Levels
Dhatributed mMeasur

i nuclear pawer
generate leakage alerts

or expiring da

Noise Urban Maps

Sound monitaring m bar areas and
centric zones in real time.

! Pt leve
surrounding

Offspring Care

Control of growing conditions of the olfsprng o
AEral TArms 16 ensure 8 survivil ang

Sportsmen Care
Vital signs monitaring o high perfor
cent % and fields
Structural Health

Monitoring of vibrations and material candit
in buildings, bridges and historical menuments

Water Leakages

Detection of liquid pr
and pressure vanat

Waste Management action trom CanBus to

Detection of rubbish levels in containers Y pail tirme alar
1o oplimize the 1rash collection rou

EMRCGRACIES
ar pravide advice to drivers

Smart Parking Item Location

Manitonng of parking spaces avalatility ch of individusl items in big Surfaces
i the ety

@ warehouses ar harbours

Quality of Shipment Conditions Water Quality Golf Courses

ing of vibrations, strokes, container r Study of water suitability in rivers and the lective irrigation in dry zones 1o
chain maintenance for insurance purpo: a for fauna and eligibility for drinkable reduce the water resources required in

use the green
source: Libelium
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loT hot apps - Public \ Alarms & Event )

Typical applications & use cases Detectors (safety)

%rt
Lmetering

E E @rt waste

. management

L .
m o Unoptimized route ‘m

Intelligent Street Lighting
y Nmonlumcmmlﬁ;ld\ intensity)

Smart
parking

=

source: Huawei, DT
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loT hot apps - Industry

Typical applications & use cases

Satellite

Asset tracking
management

/ Logistics \
tracking
Smart
agriculture

source: Huawei
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loT hot apps - Personal

Typical applications & use cases

(vvearables\

Kids
monitoring

source: Huawei

Smart
\ cycling )

_

—NB-IOT Eghbetided

Position Reporting & Security]

™~

on e

>

iNanny

GPS SATELLITE

«

A

|

) CELLTOWER
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Conclusions

Key messages

Starting as a mobile evolution, 5G will become a revolutionary enabler
5G will enable new functionality for people, societies, business & industries
5G will facilitate the deployment of huge numbers ,applications of M2M and I0Ts

By imposing new hard technical requirements, 5G will eventually drive to new network structures &
architectures (centralized functions together with decentralized, virtual networks, real time processing, etc)

Network implementation must be supported with fast and simple site permission process promoting the
deployment of Macro and Small Cells. EMF limits to align with ICNIRP (EU recommended levels) in order to
introduce new technologies (5G)

But as long as 5G standardization progresses, 4G makes the necessary convergence steps, preparing the
smooth adaptation of the new ecosystems:

* Preparing the Gigabit Society > 1Gbps will be available with LTE advanced technology (trials FE2016)
« Initiating the loT market by launching the new NB-loT standard
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