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Space Cowboys — Who controls Space?

Why Satellite?
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New Space — Big Space

A lot of money is flowing into the development of cost-effective
technologies. Extreme growth market forecasted

Global SMAL

SATELLITE Market

OPPORTUNITIES AND FORECAST, 2021-2030

LEO Satellite Market Trends
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Introduction

Satellite Connectivity in global context

Overview Non Terrestrial Networks - NTN

OneWeb started hype
around LEO begun 2012.
Followed by Starlink
(SpaceX) and Kuiper
(Amazon) in large scale.

Closed and vertical
technical solutions

3GPP adopted satellites
for 5G into standardisation

* Chance for scaling up
and innovation

» Convergence of
terrestrial with airborne
and sat based service
provision

GEO satellite networks /

/" MEO satellite networks

P
P

LEO satellite networks

Satellite
networks

NSP  networks

.

Service Coveruge

HAP  networks

LAP  networks

Air based
networks

/zf/

N NNNN N\

/ N
onventional Jrrestrlal networké
/ \

Terrestrial
$s=m|
networks

Air based communication links

e Terrestrial wireless communication links

Space communication links

Source: HEUMEGA Study 30.6.2021
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Characteristics of Satellite Networks

The evolution of satellite platforms and the emergence of LEO constellations
will increase options to provide connectivity to difficult to reach areas

Category Latency Coverage Key pros & cons
T GEO v/ .15 years lifetime
3-4 Satellites to provide X Less technological upgrades due to longer
>34,000km O Geo-synchronous ~600ms .
\ Farth Orbit global coverage (24h) lifetime
X Weak transmitted signal
34,000 % MEO 10-15 Satellites to V' Cheaper control & mgmt systems than LEO,
to N % Medium earth ~180ms provide global but more expensive than GEOs
2,000km & orbit coverage (24h) X Weaker signal vs. LEO
Focus L : :
% — o —— — — of X c.5 years lifetime — orbital degradation
2,000 ‘;%%% l LEO I Dozen; or Hundreds X Only 10-30% of total capacity is marketable
to F . ~30ms Satellites to provide .
160km | Lowearthorbit | lobal coverage (24h) v/ Lower satellite cost (300x cheaper than GEO)
l S _—— 8 8 v/ Better signal strength and lower latency

Additionally, emerging high-altitude platforms aim to provide connectivity and backhaul solutions with high autonomy drones flying at
altitudes of 20-30 km

;e Notes: 1) Long time over non-populated areas
Telefonica Public



FACTS AND FIGURES

LEO satellites will represent ~90% of satellites in orbit by 2027, accounting
for ~80% of total marketable capacity; space funding reached $10bn in ‘21

# of communication satellites in orbit2 — 000s

Total satellite capacity? - Thps

15 1 — LEO — GEO

10 ~

0 T T T T T T T T T T T T 1
14 15 16 17 18 19 20 21 22 23 24 25 26 27

— Although it is a complex market, advancements
in technology have made possible to design and
launch smaller, cheaper, and more powerful
satellites, reducing barriers to deploy large
constellations

B Marketable LEO Capacity

—— Leo theoretical capacity supply
B GEO Supply ,

22 23 24 25 26

(Amazon)

Only 10-30% of LEO capacity is marketable
New LEO constellations starting operation in 2026:
Starlink and OneWeb 2" Generations, and Kuiper

Private-sector funding in space companies? - %

- Lunar - LEO
~ MEO/GEO SUBORBITAL

Equivalent to 4% of
2021 Global Telco
CapEx ($250Bn%)

S10BN

S1Bn
I

2011 2021

—  Private-sector funding in space-related companies
reached $10Bn in 2021 (mainly driven by LEO)

—  Multiple projects running in parallel: Uncertainties
around tech, costs and demand imply it is unlikely
that all of them will succeed

Notes: 1) GSMA; 2) NSR (An Analysys Mason company); 3) Mckinsey report “Space: Investment shifts from GEO to LEO and now beyond”; 4) According to UBS

Telefdnica
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STRUCTURING OF PRODUCTS AND SERVICES

Service approaches: Broadband, Direct-to-device for mobile and loT-focused

Main use cases

Spectrum

Main LEO players

Potential role for
Telefénica

Telefdnica

9) Dedicated receptor

] @ Direct-to-device (D2D) ] @ loT-focused ]

()
u[® g

Traditionally provided with GEO satellites

Broadband (B2C, B2B) for
underserved areas & backhaul

Satellite bands

Starlink Gen1, Kuiper, OneWeb

Sales Channel for FBB coverage
(although Starlink selling mainly D2C)

Client of satellite backhaul

<]

Nascent Traditionally provided with GEO/LEQ satellites

Messaging, voice, & basic mobile

data in future

Satellite bands

Globalstar-Apple,
Iridium-Qualcomm

Unclear rolein
B2C mobile as
OEMs (Apple)
deal directly with
satellite providers

Public

Sensoring, asset tracking

MNO Mainly Satellite bands
AST, Lynk, Orbcomm, Swarm (Starlink)!, Kinéis,
Starlink Gen2 Astrocast, Sateliot

Sales Channel Sales Channel for coverage expansion
for coverage in loT services
expansion Spectrum licensing
Spectrum
licensing

Source: Industry analysts, internal analysis; 1) Acquired by Starlink/SpaceX in 2021
11



@DEDICATED RECEPTOR
Starlink, with 4k satellites in orbit and ~1m users is the undisputed leader

broadband connectivity services, however, its capacity is limited

Player

Top players

#of sats

3 sk
O 582k
OneWeb

amazon m 3k
Telefonica
000

Key facts and recent news

D2C FBB access in
remote areas and
backhaul

Connectivity for carriers
and enterprise

FBB access in remote
areas, ground mobility &
loT, high-bandwidth B2B
services

I Launched Planned

Public

Starlink capacity is limited, suitable for underserved/remote areas only

“It's great for very low to maybe medium-sparsity situations, but it's not good for high-

density situations” (Elon Musk)

0 Capacity analysis scenarios show Starlink can serve between 0.4% - 3.0%?3 of UE + USA
households

e Traffic demand ®

250GB/month 500GB/month

12k

Satellites 0.4%

0.8%

Initial plan

:ﬁ" ) + O

42k
Satellites

Max request
to FCC % of Total HHs!

Source: Credit Suisse: Space — Searching for Gross Profit Dollars (oct 2022), internal analysis; 1) According to World bank, EU accounts for 197m of
HHSs, while USA accounts for 143m; 2) Base data consumption (Internal) assumes 1.5 Mbps per user at peak hour (c.250GB/month), while bull data
consumption (from Credit Suisse) assumes 3.0 Mbps per user at peak hour (c.500GB/month); 3) Satellite capacity improvements will be offséPby
traffic increase

»-®

Very optimistic

'



Q/ Direct-to-Device D2D
Nascent D2D reach ~$19Bn in 2030 and follows 2 trends: emerging players
using MNO spectrum and OEMs collaborating w/ traditional satellite players

)

New players
using MNO
spectrum

—
)

OEMs
collaborating
w/ traditional

satellite
players

-

Telefdnica

Player # of sat Partnered with... Handsets
Y n )
QL 2k T-Mobile US
STARLINK U
¢.20 MNOs in 35 Existing
vymk B sk ' . mobile
' countries :
devices
12 Vodafone,
Rakuten, ATT
GlobalStart HY 3« Apple: SOS sms! |
New mobile
devices
including
satellite
- chipsets
iridium B3 Qualcomm

Android based OEMs have reacted to Apple-Globalstar agreement:
— Google is expected to include satellite support in Android 14
— Samsung developing satellite-compatible chips (Exynos)
— MediaTek partnering w/GEO Inmarsat for satellite chipset in L-band

Spectrum
1900MHz
(T-Mo band)

700-960MHz
band

MNO bands

L and S band

L band

AR

android

Public

Pros & cons

v

X

Compatible with existing device
ecosystem (smartphone)

Low technical maturity

Regulatory framework to be
defined: FCC already proposed
(mar 2023) a licensing framework
for satellite operator to use
certain MNO bands

Requires renewed device
ecosystem: Chipset manufacturers
already developing satellite
capabilities into future designs

5G Release 17 includes direct
communication with satellite

Minimum regulatory uncertainties
(no need to coordinate with
MNOs)

D2D global market
SBn, 2023-2030

2% of Global mobile
market

W

18.7

70% CAGR
23-30

0.4

2023 2030

Messaging, voice, & basic
mobile data in future (not
competitive against low-density
areas covered with mobile
networks

Source: Market figures coming from Analysys Mason,; Mobile WW revenues excl. Chi%
and SSA; 1) Location available in USA, CAN, UK, GER, FR & IRE
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Technology evolution is enabling better economics in Satellite IoT services
(growing @14% CAGR 22-25), but from a very low base currently

Player
/Better economics "\ + Traditional
driven by: A ORBCGMM

# of satellites

™ + Globalstar, Iridium, Thuraya.. |

— Nanosats:
Potentially as cheap
as 5100k per
satellite and with
rapid deployment

— LEO configuration
and tailored astrQcast
communication
protocols that
optimize service i
and cost for low N kinéis
bandwidth and
low-energy
consumption _,?Z

\ devices Y, SATELIOT

Source: Market figures based on Omdia; 1) using NB-loT protocol

Telefdnica

150

94

B 25

64

B Launched Planned

Public

Key facts and recent news

Traditional player with +1.7m connected
devices and service in +160 countries

Acquired by PE Gl Partners in 2021 for ¢.$1.1Bn

Acquired by SpaceXin 2021
Nanosatellites with proprietary chipset
Partnership with Vodafone

Nanosatellites with proprietary chipset
Thuraya invested $17.5m in Apr 2023

Nanosatellites with proprietary chipset
Partnership with Bouygues
Last funding (Feb ‘20) at a valuation of $ 111m

Launched first 5G-standard® LEO sat (15/4/23)
Funded by Qualcomm, Cellnex, Indra

Other players such as Echostar, Lacuna Space using
terrestrial wireless standards

Satellite loT-focused market
Global revenues
Sm, 2022-2025

/

+14%

/ 544

372

2022 2025

G2 G

O Total connections (m)

14
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Communication from Space

Satellite communication develops rapidly, creating new opportunities for

vertical or horizontal partnerships

Achieve Expand broadband
service continuity connectivity services
* loT Services * Fixed access
* Inremote and rural areas « SD-WAN

* Direct-to-device (D2D)’

Note: * Direct-to-device: Connection from satellite to handheld/smartphone without any terrestrial base station in between

Telefénica Public

Deploy rapidly in case of
interruption or natural disaster

* Backup connection to radio towers

* Mobile radio tower (MRT)

16



DIGITAL SERVICES

Satellite Players and O, Business Partners

“Narrowband” Satellite loT I “Broadband” Satellite loT
[
Proprietary LEO 3GPP Rel.17 NTN I Proprietary 3GPP Rel.17

O LEO GEO I LEO GEO » LEO

= inmarsat

T oo Sskulo |

Q OQ TECHNOLOGY E S g O Vlasat"‘/\ HST

CU ast@ast » I { SpaceMobile

(f) SFITE LIQT inmarsa? : STARLINK aINTELSAT

| B B B B B B B &8 &8 & &8 B & & &8 & & B B B B B B | I-------------------------

_ a ‘ i AN —al

[ @ NB-oT | ite 5G

@ I

: | ()

= I

Battery Powered Devices I Main Powered Devices

R

Smart agriculture

@ Telefdnica

i 19 Q7 6.0 oo =

Predictive Logistics & Wearables Telematics Drones
maintenance tracking

Smart city

17



5G FROM SPACE

Service continuity, ubiquity and scalability are where satellite communication
can create strong interplay with mobile networks

Partnerships R&D Monitoring Spectrum
Test and certify Interact and influence Keep track on Guiding principles
capabilities from international research regulation efforts and into WRC 23 and 27
SatCom providers and standardization anticipate changes
© NOIRLAB/NSF/AURA/P. MARENFELD / CONSTELLATION activities

SATELLITES IN LOW EARTH ORBITS (ARTIST'S IMPRESSION, NOT
TO SCALE)/ CCBY 4.0 CC BY (AUSSCHNITT)

Telefénica Public "


https://noirlab.edu/public/images/noirlab2022a/
https://noirlab.edu/public/images/noirlab2022a/
https://noirlab.edu/public/images/noirlab2022a/
https://creativecommons.org/licenses/by/4.0/legalcode
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6G Forschungs- und Entwicklungsaktivitaten

Telefonica Germany arbeitet heute schon aktiv an der Vorausentwicklung von

technischen Voraussetzungen von 6G Netzen und Diensten

@ 6G-TakeOff

SPONSORED BY THE

i | Federal Ministry
77BN | of Education
and Research

,

@ Terrestrial networks Unified design 2030

Satellite networks ’

i??

)

Integrated design

Telefdénica Public
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Target Architecture for Services

Since today's offerings represent vertical closed solutions, we are aiming for
a unified service and 3D network model

BYWIT s oumae -

\_

= Today's vertical communication enables OTT services = Fully integrated addition to our service model - one
device, one subscription

= However, a seamless service experience and

: L : : " ' hole-sale- in
harmonized subscription model is still a challenge Enables new horizontal whole-sale-buy business

o models at different levels
= Standardization paves the way

*» Inthelong term, 6G is expected to enable a converged
network experience

Telefdénica Public

21
o00



High Level Architecture

Technical integration of mobile communications and satellite networks is the
medium-term goal of 3GPP

NTN Architecture NTN and TN Architectures will be merged

\
)
‘«/ RN

4\_»@

7

I Satellite Cellular Cellular
P Ground Station Tower Tower

Satellite I I I |
Internet @ Eggvtilcssr Device in remote Internet

Y

Ground Station
Location*

Telefénica Public >
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