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Commercialization of Space

Communication technologies driving this commercialization

Challenges for convergence with cellular networks

|dentified space communication trends
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NTN Smartph'

MediaTek’s collaboratior
technology to bnng fag

MediaTek Powegs World's First Satellite 5
p/_Ommunication

«ohde & Schwarz demonstrates the potential of
eliable 5G connectivity everywhere via satellite

releases/medlatek pow ers-worlds-first-satellite-driven-5g-ntn-smartphone-connecti

https://corp.mediatek. com/n
Aug 16,2022 - 9:00 PM
HSINCHU, Taiwan — Augus s
in a lab environment for (e
channel emulated in cofes
communications with 623

@ nardware.
& /ﬂ
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dead
connected  {o) saq >

By Monica Alleven * Aug 25, 2022 09:49pm r .

T-Mobile ) ( SpaceX ) ( satellites ) |

-0~
CONNECTED

Turn Left to Stay
Connected to Satellite

Apple iPhone 14

emergency sate

By Linda Hardesty - Sep 7, 2022 04:27pm

ached a new 5G milestone by powering a smartphone with a 5G
nsfer of data to ITRI's Next Generation NodeB network (gNB) ted
wwarz, MediaTek has demonstrated a world-first and showcase!

e_racrestrial Network (
ow Earth Orbit (
bility of suppor

Samsung Electronics Introduces
Standardized 5G NTN Modem Technology To
Power Smartphone-Satellite Communication

Audio Share

Korea on February 23, 2023

https://new s.samsung.com/global/samsung-electronics-introduces-standardized-5g-
ntn-modem-technology-to-pow er-smartphone-satellite-communication

Standardized 5G NTN technology simulated on Samsung’s Exynos Modem 5300;
Demonstrates two-way text messaging as well as image and video sharing

ectivity

ontracted launch vehicle)

<t's concept of ULA's Vulcan Centau cket, one of Amazon's

zllites. (Image: Amazon via Busines:
hitps //www. rcrvvlreless com/20230109/s ectrum/amazon-to-test-

kuiper-prototype-system
| Amazon to launch, test Kuiper system

I Featured I I Palicy I I Spectrum I

6" By Kelly Hill january 9, 2023

atroduces Snapdragon
ild’s Flrst Satelllte:

Qucllcom o}

Highlights:

+ Qualcomm and Iridium entered into an agreement to bring satellite-based
connectivity to next-generation premium Android smartphones; Garmin
looks forward to collaborating with support for emergency messaging.



https://corp.mediatek.com/news-events/press-releases/mediatek-powers-worlds-first-satellite-driven-5g-ntn-smartphone-connection
https://www.rcrwireless.com/20230109/spectrum/amazon-to-test-kuiper-prototype-system
https://www.rcrwireless.com/20230109/spectrum/amazon-to-test-kuiper-prototype-system
https://www.fiercewireless.com/wireless/t-mobile-spacex-promise-end-dead-zones-cell-phones-connected-satellites
https://www.fiercewireless.com/wireless/apple-iphone-14-will-have-emergency-satellite-connectivity
https://news.samsung.com/global/samsung-electronics-introduces-standardized-5g-ntn-modem-technology-to-power-smartphone-satellite-communication
https://news.samsung.com/global/samsung-electronics-introduces-standardized-5g-ntn-modem-technology-to-power-smartphone-satellite-communication
https://www.qualcomm.com/news/releases/2023/01/qualcomm-introduces-snapdragon-satellite--the-world-s-first-sate

* Deployments growing exponentially
* Very large pipeline of planned satellites

Number of Active Satellites over Time
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Space Shuttle
; . . (1961) ace e
The cost of placing 1 kg into LEO orbit has $85216/kg SPACeShUtle o
1 - $26,884/kg (2006) AtssV.351 Falcon 9
dropped dramatically. il $9930kg (20160 T
b 4 j 55685ka ¢ 391/
$1OK/kg |n 2006 ' ;" - | L | { Falcon Heavy
. : : (2020)
$1K/kg in 2020 o M L. VA ——
. : } ) for 2040:
1 “tens of dollars
<$50/kg in 2040 b didie

100,000

The weight and cost needed for a given
functionality has also dropped dramatically. $10,000

Advances In:

Space elevator:
“a few dollars

Electronics
Phased array antennas
Solar cells

Batteries

Attitude control

Source: FutureTimelines.net

$0.01
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- 56 NTN MARKET SIZE, 2023 T0 2032 (USD BILLION)

NTN Market Size

30

$27.69
21
.. : .. 0

- The rising need of service continuity . CAGR 22%
* The always need of servicing large ::
underserved (usually rural) "
populations 9
6
* Increasing digitalization across various 3
sectors !

o2l 2023 | o024 2005 [ 2026 2027 i o0c8 Q2020 2030 2031 2032 |

Source: www.precedenceresearch.com

Global 5G NTN Market VTY E'.Z%EIEECDH

Source: marketsandmarkets.com

235

$93.7
Billion

40.8%

42 CAGR from
2024 to 2030
2023 2028 $43

Billion

® North America m®Europe wAsia-Pacific w Middle-East Africa ® Latin America

Source:
2023 2024 2025 2026 2027 2028 2029 2030 www.verifiedmarketresearch.com
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Three main categories of comercial NTN

Broadband Data Narrowband Data Networks designed to
- Need special ground Expansion (loT and connect to existing UE

equipment SOS) « Unmodified phones voice and
* Kuiper/SpaceX/OneWeb - Existing networks providing data :
more servicesto more users * AST SpaceMobile/Lynk

» Voice and data with special
ground equipment

* New cellphones
 Iridium/Inmarsat/GlobalStar

5G and LTE Adoption

. . . . &
The goal is to connect all existing and new commercial devices emerson 11l
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12% of current satellrtes are GEO_

Geostationary (GEO)

Rotates with earth, thus always
in same location in sky (as seen

from earth)

M o Largeearthcoverage(42%)
R e B - No doppler (frequency shifts)

- Large delays (~240ms) e . | | "

- Large pathloss (signal attenuatron) :
| $$$ to get up. there




eveksons | 111 ¢ha“enbes\ for\ Safelll)te ¢ordmuhlcétlo\ns

3% of current satellltes are MEO R

~ Smaller earth CoVe_rage |

- Doppler (51 -33kHz) e mE LT . ;
 Delays (47 — 167 ms) - GPS L
- Less pathloss (signal attenuat|on) S eut 2o F

~ $$to get up there
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84% of current satellltes are LEO R

Low Earth Orbit (LEO)

~ Smaller earth coverage
 Doppler(61-72kHz)
~ Delays (2 - 20ms) gL R e R 1 L
- Less pathloss (signal attenuat|on) ST e
~ $togetupthere
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\Qbit Altitude from Orbit Round-trip | Velocity Doppler |~ Beam
_ ~ face | Period Min. delay [km/s] 2 GHz, 45 deg | Satellite Footprint
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Commercialization is in the LEO orbit

Constellations Orbits

newspace.im

VLEO| 3
MEO | |7
HEO 1
I Retired
I Launches completed
GEO 11 I Launched & replenishing
[ Launches ongoing
Prototype(s) launched
Prototype development
Moon 8 Early stage / Concept
I Dormant / Unknown
I Cancelled / Bankrupt
0 50 100 150 200 250 300 350

Number of Constellations
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Overcoming the Challenges of Phone
Communication

Speed of the Satellite (“base station’) 30,000 km/hr
1.

Causes large variable frequency shifts (doppler) - Broadcast the ephemeris of the satellite so
that the UE can compensate for this before transmitting.

N

Causes the antenna beam to move very quickly - Proposed to keep beam on same spot in
earth “earth-fixed-beam”

Positive
Doppler when

approaching
Multiple Satellites Serving one Spot Steerable be \4 Satelite
1. Network must constantly handoff from one satellite a'%A it
to the next > Also estimated base on location (with /
base stations is done with signal strength). Coverage smats on Negative
2. Base station to satellite or satellite to base station the ground e
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on the ground.

Transparent payload

RF operations only
(not capable of

decoding packets)

NTHN
payload

=L

’x' Uy “
NG = &

5GC ghB  Gateway UE

:

N
.
N
.
i
-
-
.
N\

What does the Satellite Actually Do?

Increases adoption even on older type of satellites

Initial architectures for NTN will use the satellite as a repeater.
Much of the processing including Modulation, Doppler, time advance, scheduling, error correction, etc. is done

Regenerative payload

Capable of decoding,
processing and

forwarding packets

-

5GC

NTN NTM
prnce55|ng pn:q:essmg

Inter-satellite
Eg hnk Eg
SNO
MNMS
Feeder Service Service
link link link

Gateway UE
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Standards adapted to overcome challenges

capability increases with standards Technologies adapted for NTN

Provide ubiquitous connectivity e
for more services o N
S, T\ o g Xy
“of & 5G NR-NTN #
0° e Evolution Complementing terrestrial
N o to 6G networks in underserved areas
Satellite-to-everything < P t
for mobile broadband, loT, Rel-17+ NR-NTN P N ‘ 0 \
M fixed wireless access, GEO /MEO/LEO : U @ [:]. J ﬁ
“ and satelits backhaul Mobile Automotive Mobile Satellite  Fixed
= broadband compute  backhaul wireless access
& ﬁ Satellite-to-phone
for messaging ana voice
@ ‘ IMT-2020-SAT
= candidate
Sateliie-to-phone ; technologies 5GloT-NTN
for messaging Expanding addressable market
for the 5G massive loT’
,.*) w5 D@D & P_ e
Rel-17+ NB-IoT Y U 0]0] 0 &/ &S
— GEQ/MEO/LEO Personal sofety Sensors  Point of Utility  Tracking
and messaging sale devices meters
Proprietary solutions for 5G IoT-NTN wit Proprietary infras ure  5G NR-NTN with
infrastructure and phones PP for standard p S 3GPP Rel-17/18+

&
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Startup founded in 2017; HQ in Midland, TX « Largest phased antenna array in LEO: 64 m? area

Strategic Investors Select MNO Partners * Launched satellite BlueWalker 3 in Sep 2022

A O vodafone Saer  Bel| Rakuten Telefonica

Rakuten
46 _ TELECOM
Gmd> Bsmart W qfncal —, Yelstro

smartfren. ==TIM t'l@ ctisalot [l §Pciove 2Q1HN S.L'C

QO vodafone

* Provide data and voice for current unmodified phones
* In-house manufacturing

LEO constellation

&
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Nt Useful Life of LEO Satellites > Space Debris

Useful life of LEO satellitesis 5 years
Limited by fuel

Control Moment Gyro assemblies

IUMIIIIIIIIIIIIIIIIIIIIIIIII_J (VAR

0
‘* mi‘im
ni.com Damage to solar ceII array caused

by space debris.

Source: https://orbitaldebris.jsc.nasa.gov/photo-gallery/ &
emerson. | T 22




All Satellites Categories are Using Aspects of
NTN

N

Some attributes of the 3GPP Compatible NTN

networks

* Mostly Low Earth Orbit (LEO)

 100’s to 1000’s of satellites

« Very large antenna arrays in orbit

« Small antennas in ground units (little to non
modification of devices)

* Preemptive compensation of doppler and delay

« All satellite antennas are phased array antennas
« Dynamic beam steering and multi beam

« Expected satellite useful life ~5 years

PEEREN4N

« Pass through (repeater) satellite architecture



Frequency ranges usually used for satellite communication:

Downlink Uplink
Band Frequency Range Bandwidth Frequency Range Bandwidth
[GHZz] [MHz] [GHZz] [MHz]
L 1.525-1.559 34MHz 1.6265 - 1.6605 34
S 2.170-2.200 30MHz 1.980-2.010 30
Ku 10.7 -12.7
First 3GPP NTN FR1bands 555 1 626.5MHz - 1,660.5 MHz
for L-Band and S-Band
(IoT) n256 1,980MHz - 2,010 MHz
Ka 17.3-20.3
n510 17.7 - 20.2 GHz
0/FR2-1 bands * for K-
Band and Ka-Band (VSAT) n512 17.7 - 20.2 GHz

24

L

1,525MHz - 1,559 MHz

2,170MHz - 2,200 MHz

27.50 - 30 GHz

28.35-30.00 GHz

27.50 - 30.00 GHz

—

3PP ProposedBands [Band _luptink _________lpownuink ______louplex __

FDD

FDD

FDD

FDD

FDD
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Ground Station
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Delay

Doppler
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Interference WMWW
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System Under Test

Access {— ‘g;

-
=l Coprocessor _

--

)€
VST out
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Ground Station

o

<

Link Endpoint

Link Endpoint

Satellite Link Emulator | Hardware Architecture

Scenario Parameters (CPU)

f PXI Controller PXIE-8881

RF Link Endpoint

NI Vector Signal Transceiver
PXIe-5842

Channel / Link Emulation
NI FPGA Co- Proce&or
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5G Non-Terrestrial Network Using Open Alr
- Interface (OAI)

x NR DL SCOPE UE 0@ubadmin-Precision-3660 - X L

1000 0 2000

CH Throughput [fra

m—— INTERFACE — INTERFACE

Source: University of Luxembourg S
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https://5gspacelab.uni.lu/research-testbeds/ntn-over-the-satellite

28

Interoperability Integration

Satellite
Networks (SN)

Terrestrial
Networks (TN)

4G & before 5G & 5G-Advanced

Design optimised for terrestrial
network component
Minimum impact to support the
integration of Satellite for
coverage & availability extension

Design optimised independently
for each network component

Unified

6G

Design optimised taking into
account characteristics of both
terrestrial and satellite
components against a set of
common goals

s
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Musk's SpaceX and T-Mobile plan to connect mobile
phones to LEO satellites in 2023

Vodafone teams up with Amazon's
Project Kuiper to extend 5G reach

By Reuters

Ql|lAa| |l <

September 5, 2023 1:04 AM MDT - Updated 8 months ago

AT&T and AST SpaceMobile seek
permission for spectrum leasing

deal ]

Jason Rainbow May 11, 2

Cellular satellite test
successfully beams 4G
data from space to a
regular phone

AST SpaceMobile recently completed a two-way voice call.

4G
From
Space

Jason Rainbow March 14, 2024

FCC approves direct-to-smartphone regulatory framework

More phones will connect to satellites this

According to AST SpaceMobile, download rates of around 14 megabits per second were achieved
during tests with ordinary phones in September using BlueWalker-3, the Texas-based venture's

1,500-kilogram prototype that has been in LEO for nearly two years.

year. Here’s what it means for vou.

Qualcomm and Iridium say at CES th

Qualcomm ends partnership for connecting Android phones |

to Iridium satell

Jason Rainbow MNovember 10, 2023

3 By Chris Velazco

Updated January 6, 2023 at 1:57 p.m. EST | Publish

ni.com

FEBRUARY 27, 2024 BY JEAN-LUC AUFRANC (CNXS50FT) - NO COMMENTS

Qualcomm unveils Snapdragon X80 5G modem with NB-NTN satellite .
connectivity, Al Hub, and FastConnect 7900 WiFi 7 chip &

EMEﬁSON, ‘ I.l l
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I/ The Globalstar NTN NB-loT ecosystem

* Globalstar will adopt 3GPP
Release 18 NB-IoT

» Strategic partnerships
between terrestrial and
non-terrestrial service
providers enables new and
innovative solutions and
applications

loT Devices

Telco
Operators

NTN

Network,
Data & Device
Management

RAN Providers

PROJECT STARDUST:

Iridium's NB-loT NB-NTN service program, developing 3GPP 5G standards-based

global loT and D2D connectivity using its existing satellite network.

The service will offer satellite connectivity
to standard smartphones and loT devices.

www.iridium.com/project-stardust

o
IRIDIUM®
AND IRIDI
CONNECTED™
PRODUCTS

3 INTELSAT

Home [ Satellite in a 56 World

Satellite in a 5G World

IRIDIUM
SATELLITE

s iridiume

CELLULAR
MOBILE
NETWORK

IRIDIUM
GATEWAY

Who We Serve +~ Global Network Whr

&
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Partnership between satellite operators and cellular carriers

Adopting 3GPP Standards

Connect to unchanged phones

Expand to broadband data into phones and smaller terminals

&

ni.com EMERSON |1l
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