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Global Satellite loT Ecosystem meets Multi-Orbit D2D Services

. . NTN
6G is “Al-Native” and "NTN-hﬁegrated"(Non-Terrestrial Network). s Sate I l Ite I OT n etWO rk a rc h Ite Ct u re S @

Seamless handoffs between towers and satellites. ° i x—‘\

Satellite network

..IM... = = |oT device-to- gateway link
S,

—— Direct loT device-to-satellite link
=t/

loT gateway-to-satellite link
mmmm Terrestrial backhaul link
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o A\ application
Sensors and Frack_ers -seze li
at construction site /S b == gg ——
Telematics unit, Sensors in
in truck pipeline Sensor on

tank

Terrestrial
core
network

Sensors at
wind farm

Ground network

[
Sensors and trackers Sensors and trackers
on board ships at sea at farm
o 10T ANALYTICS

Source: loT Analytics Research 2025-Satellite loT Market Report 2025-2030, Satellite loT Connectivity Tracker & Forecast.
Conditions for republishing: Source citation with link to original post and company website.




2026 Insights into the Satellite loT marketplace

o LEO G0
N ?2,"75;?13&122?;2'Lﬁiﬁémh In Motion Static
v' Technological shift: moving toward standardized
technologies e o X N
« 3GPP Non-Terrestrial Networks (NTN) ‘Tﬁk V‘i\
» Unlicensed/LoRa-NTN | —— k@
 challenges to legacy & proprietary Satellite systems <o
v Multi-orbit strategies: Deploying a multi-orbit strategy GEO satellites:
« Convergence of LEO/GEOQ constellations with * Ppositioned 36,000 km above the Earth’s
Terrestrial services for enhanced connectivity equator, rotates same direction/speed as Earth.

» provide very high broadband data throughput

v i :
New bus!ness mo.dels. - _ (50 Mbps downlink/ 5 Mbps uplink, operate in
« Entering the private 5G market (specific private Ka or Ku bands spectrum

enterprise resources, higher security than CBRS)

N : . ., LEO Satellites:
. Offerlr.wg integrated solutions beyond pure connectivity , pocition 500-1,500 km above Earth,
v’ Competitive landscape: « ensures minimal lag (low latency)
- Key satellite loT operators include Viasat/Inmarsat,  * enables real-time voice communications,
Iridium, ORBCOMM data transmission, and tracking

* Includes Mesh networking, L-band spectrum



Satellites are the future of connectivity for the loT Tracking Industry

“*Vodafone & Skylo Partnership: to trial
NTN (Non-Terrestrial Network)
Narrowband loT services. This allows
customers to switch seamlessly between

cellular and satellite networks using a
single SIM

**Expansion of LEO Constellations: Both
Starlink and competitor Amazon LEO are
launching rockets with more frequency to
place satellite constellations in the sky

<*Hardware Innovation: Newer loT modules
are becoming more power-efficient

footprints for developers building global
tracking devices

*»*Direct-to-Device (D2D) Breakthrough:
Sateliot achieved the world's first 5G
satellite loT connection using standard
commercial devices

Satellite loT tracking is growing, driven

by the expansion of LEO constellations +
5G standards.

o 10T ANALYTICS %
(S
Market Snapshot: Satellite loT Market 2025 S

Market size & outlook Key market players (selection®) Market drivers

Global satellite loT market in Billion US$ iridium ORBCCMM Technological advancements
W o reducing costs
Satellite loT connectivity $4.7 V!Emsjsi x kinéis
Satellite IoT equipment e
- l o CAGR @ Globalstar s / Providers implementing multi-orbit

SUTRLEAT — smm Eand hybrid network strategies
@ ONEWEE ¥ EchoStarMobile
hispasat :skylo H
[ MARLINK

‘/ /
(LYNK < H Governments investing in

: . & initiatives and mega-constellations
3L M Myriota @Q A ¥

D égECGEEO OO Growing use of satellite
11 l °°°°°°°°°°° connectivity in automotive &

T e TR e SATELICT TELESAT transportation
* = Some of the key market players are shown—the lst is not exhaustive { June 2025 I
ooooooooooo alytics Research 2025-Satellite loT Market Report 2025-2030, Sateliite loT Connectivity Tracker & Forecast. Conditions for republishing: Source citation with link to original post and company website. June cvso

Emergence of standardized
connectivity protocols

Sensor-to-satellite refers to a direct connection being
formed between a ground-based device or sensor and
an overhead satellite.




USA & EUROPE SATELLITE CONSTELLATION COMPANIES

& THEIR PARTNERSHIPS WITH MOBILE NETWORK OPERATORS (MNOs)

FULL MARKET LANDSCAPE INCLUDING AMAZON LEO + GLOBALSTAR ACQUISITION & APPLE PARTNERSHIP (2026)

o

SPACEX
STARLINK

L]

COMPANY
Starlink
‘.\\ LEO Mega
) ‘ Constellation
CONSTELLATION (Operational)

(TYPE / STATUS)

&

FOCUS /

7,000+ satellites
(growing to 12,000+)

Direct-to-Device (D2D)
Broadband, Mobility
Maritime, Aviation

Enterprise
POSITIONING
@ ’T* Mobile
KEY MNO / Global roaming
PARTNERSHIPS partners

(200+ countries)

@ Largest LEO network

KEY DIFFERENTIATORS

Vertically integrated
(taunch + ground + service)

Strong consumer brand

am a zon LEO Constellation
~—7 (~3,200 satellites)
Building the Most Complete Spectrum Assets

(Globalstar Band 53 MSS)

Spuace Connectivity Stack

Cloud & Edge
(AWS Global Infrastructure)

‘()" KEY TAKEAWAY:

amazon

project kuiper
(Amazon Leo)

~3,200 LEO satellites
(Planned)

ACQUIRED
GLOBALSTAR

Globalstar*
April 2025 | $11.578

Includes spectrum,
satellites, ground
infrastructure & licenses

Hybrid: Direct-to-Device
+ Carrier Backhaul
Broadband, loT, Mobility
Enterprise

verizon’ 5G backhaul
partnership
= N , .
N—1 etwork integration
= AT&T & backhaul

£ APPLE (STRATEGIC PARTNER)
Continuing support for
iPhone Emergency SOS
& Satellite Messaging
Apple invested ~$1.5B in Globalstar
and holds ~20% in the satellite entity

v Spectrum ownership (Band 53 MSS)
via Globalstar

v D2D capability + large LEO scale

« Deep cloud integration (AWS)

+ Strategic device ecosystem (Apple)

AST

BlueBird
LEO Cellular Broadband
(Operational)

~90+ satellites
(Phase 1)

Direct-to-Device
Cellular Broadband
(Works with
standard smartphones)

& aTaT

0 vodafone

Rakuten Mobile

True cellular broadband
from space

No special device or
hardware required

iridium

Iridium NEXT
LEO (66 satellites)
(Operational)

Mission-Critical
Voice, loT
Aviation, Maritime
Government

Global loT &
Telecom Operators

o vodafone

eeo e
¢ Telefénica

29) kpn others

100% global coverage
Pole-to-pole

Low latency voice

& loT

Globalstar*

NOW PART OF AMAZON

Globalstar
LEO (24 satellites)
(Operational)

L-Band MSS Spectrum
(Band 53)

Direct-to-Device
Messaging, loT
Emergency Services

Ll
@& Apple

iPhone Emergency SOS
& Satellite Messaging

Other partners:
Government, loT
& Enterprise

Proven D2D service
Licensed spectrum
(valuable MSS sssets)
Global loT reach

Viasat™

(incl. Inmarsat)

GEO + Hybrid
(Operational)

Aviation, Maritime
Enterprise
Government
Connectivity

Airlines
Maritime operators
Government

& Enterprise

High throughput

Global coverage

Strong enterprise
relationships

Q@ eutersat
ONEWEB

OneWeb
LEO (~648 satellites)
(Operational)

Enterprise
Government
Backhaul, Mobility
Connectivity

2 airtel

G

Strong enterprise
footprint
Backed by

Eutelsat Group (EU)

THE AMAZON ADVANTAGE (POST-ACQUISITION)

DIRECT-TO-DEVICE (D2D)

* Starlink + T-Mobile

* Amazon Leo + Globalstar + Apple
* AST SpaceMobile

* Iridium

Device Ecosystem
(Apple Partnership)

Enables messaging. voice & broadband
directly to smartphones / loT devices

Carrier Partnerships
(Verizon, AT&T & more)

Enterprise & Government
(Global Reach)

@ Y &

TELCO BACKHAUL 2. HYBRID

* Amazon Leo (backhaul partnerships)
* OneWeb + Orange / Airtel

» SES + Vodafone / Orange

* Telesat Lightspeed

12/

Strengthens mobile networks, enterprise
connectivity & extends coverage

CONSTELLATIONS
« IRIS? (EU)

©

SES”

03b mPOWER
(MEO) + GEO
(Operational)

High-throughput
backhaul
Cloud connectivity
Maritime, Mobility

o vodafone

eoeo =
& Telefdnica

MEO advantage
(low latency)
Enterprise-grade
global network

3 MAIN MODELS IN THE MARKET

SOVEREIGN / GOVERNMENT

« National security constellations
» Defence & critical infrastructure

Focus on security, resilience &
digital sovereignty

Amazon’s acquisition of Globalstar gives it the critical spectrum and D2D capability to complement its LEO constellation, while its partnership with Apple provides
direct access to billions of devices. This positions Amazon as the strongest full-stack challenger to Starlink in the satellite connectivity race.

TELESAT IRIS 2
LIGHTSPEED (EU INITIATIVE)
Lightspeed IRIS?
LEO (~198 satellites) LEO Secure
(Planned) Government
Network
Launch starts 2026 (Planned)
Carrier-grade Sovereign
LEO broadband Secure Connectivity
Backhaul Defence, Gov
Enterprise Critical Infra
AIRBUS
Tier-1 Telcos
(Backhaul THALES
Partnerships) O euteLsat
GROUP
'(%‘ EU Member States
@5 & Partners
Designed for EU sovereign
telcos constellation
High capacity Secure & resilient

global coverage

infrastructure

LEGEND

LEO - Low Earth Orbit

MEO — Medium Earth Orbit
GEO - Geostationary Earth Orbit
MSS - Mobile Satellite Service
loT - Internet of Things

D2D - Direct-to-Device

Sources: Company announcements,

press releases, investor reports (2024-2026)




Deutsche Telekom combines satellite loT, NB-loT
for GEO, LEO constellations, + Terrestrial services

BLIND SPOT... GONE. » Deutsche Telekom offers Internet of
B e ——— . Things (loT) services via satellites in
e j?r y. . e different orbits & terrestrial mobile SATELPITE
e Networks for more reliable connectivity “m=a~ EUROPE
| - @ in hard-to-reach places. There is government demand for
* Multi-orbit narrowband IoT (NB- sovereign, secure connectivity with
loT) roaming operates across Eurgpe & China.
geostationary Earth orbit (GEO), Skgio GEO coverage
low Earth orbit (LEO), and
terrestrial mobile networks, Connectivity to
, | combining services from satellite SATEL LEO satellites for
STl o BESsell newcomers Skylo, Sateliot, and O\ sateliot & 0Q

0OQ Technology with those of old-oaqtecHnolocy  Technology.

& timer Iridium.
& ° The goal is to blend continuous

;‘ coverage of GEO with the lower
aam SSee e latency and higher data rates of

iridium’ LEO-based NTN Direct
for loT applications

V|asatw loT apps that transmit
+Inmarsat more data




’Great 2026 satellite spectrum reshuffle"”

The Starlink & Echostar spectrum reshuffling is driven by , —
the need for more spectrum to support advanced wireless R e ‘ S S
and satellite services: Direct-to-Device (D2D) or Direct-to-  [SSSSSSLIR LML V T IS o 28 (U G RSl S e
Cell (D2C) Partnership between Starlink & T-Mobile ("T- s T i s SRR - .

e e ey

Satellite”/Direct-to-Cell) is a partial multi-orbit strategy; it s . o
i . . . i .. —— RE-ALLOCATION — ¢ t0oe —— ADVANCEMENT —— - "% .. ——
technically represents a hybrid terrestrial-satellite strategy REEu— i oG T
TN . : Seacex  EchoStar £ M"ﬁ:ﬁ\‘ 5G- NTN\ %, Ry - ™, G% 5 X
AST SpaceMobile's (LEO) Constellations & Vodafone L B o |\ Ry % ;-g -,(smmk M
team up to connect directly to standard, existing consumer | Rl T e
devices, offering an "MNO-first" approach that integrates oA B |G Talsntegren - Testnd ) ASTE Syriciosal 7

¥ SpaceMobile ‘.

seamlessly with existing terrestrial networks. | R

SES and Lynk Bridge Satellite & Cellular: Team Up to Deliver
Multi-Orbit D2D Connectivity for Commercial and
Government Markets

Deutsche Telekom combines satellite loT, NB-loT for GEO,
LEO constellations, + Terrestrial services, many partners

I ((;A'))MID-BANDSPEURUM %4 DIRECT-TO-DEVICE r\t; MULTI-ORBIT
5o ren R\ I

CONSOLIDATION NTN LAUNCHES @ NTERUPERABILITY ;

Eutelsat Group's multi-orbit strategy is World’s first fully
integrated satellite operator by combining its fleet of 33
(GEO) satellites with OneWeb low Earth orbit (LEO)
constellation of over 600 satellites.

Amazon LEO/GlobalStar & Vodafone partnered LEO
services to connect 4G/5G mobile base stations in remote or 2. ) .
rural areas across Europe & Africa (Through Vodacom). connectivity with Europe & China.

There is government demand for sovereign, secure



Multi-Orbit: NTN Satellite + Terrestrial Mobile Spectrum

D2D (Direct-To-Device) uses 3GPP NTN standards
(5G NR-NTN, NB-loT NTN, LTE-M NTN), which
involve both MSS (Mobile Satellite Service)
spectrum (L-Band & S-Band) for two-way
communications and reuse terrestrial mobile
spectrum; it works with unmodified Smartphones and
specialized loT devices, sensors, and wearables.

D2C (Direct-To-Cell) Satellites connect directly to
Smartphones for voice/data, using terrestrial
(licensed)spectrum authorized for space usage
(Starlink/T-Mobile, EchoStar Spectrum). How Satellite Broadband Works Vietually Anywhere e e e

MSS spectrum

o Satellite player uses dedicated MSS spectrum (allocated to MSS use
regionally/globally) to provide D2D services

¢ Players using MSS spectrum include Globalstar, Viasat, EchoStar,
Space42, Omnispace, Iridium

Terrestrial mobile spectrum

((( ? ))> e Satellite player collaborates with MNOs within a market to use the

mobile spectrum assigned to the MNO in the satellite payload

e Players using terrestrial spectrum include AST SpaceMobile,
Lynk and Starlink D2C

A

@ T GEO, MEO or LEO Satellite

@@ Provider Satellite ' o qnderStanding ¢
Z% \ * Satellite Frequency Bands ,«’

o The Internet )
. A — L band S band C band
4 Ground Station or
e ) m m m
: . Mobile Satellite Satellite
. . . communications internet television
x . & 2 Navigation Weather radar VSAT
x . S systems
— x . 2 Telemetry Data
ﬁll]ﬂ7 . Internet Service Provider Internet Earth observation communications

Maritime /" World Wide Web

Router

Home or Office



D2D & IOT SATELLITE CONNECTIVITY:
FREQUENCIES, SPECTRUM, AND 3GPP STANDARDS

~‘.':END-TO-END NETWORK ARCHITECTURE (D2D / NTN) )

LEO SATELLITE X ~
CONSTELLATION (NTN) :
SPACE

4 e SECMENT

IOT DEVICES WITH =l

INTEGRATED MODULES |
(NB-IOT/LTE-M OVER SATELLITE) \"g;‘»;’ ,

AUTONOMOUS - d ERERRA L Y  Asser
CONTAINER SHIP _ >, BN 3/ ) TRACKER




3GPP STANDARDS & PROTOCOLS (NTN SUPPORT)

3GPP RELEASET78BEYOND | [ PROTOCOLSTACK | { CORE NETWORK
(NB-loT / LTE-M ENHANCEMENTS) J} :

| NTN CORE [AMF, UPF}, IWF (INTERWORKING
APP (.., MQTT, CoAP, NIDD) | FUNCTIONI, To Terrestrial Networks

KEY NTN FEATURES

GNSS ASSISTANCE (VICE LOCATION FOR PRE COMPEXSATION| I e ERlgl TN CONNECTIVITY MODELS
TIMING ADVANCE & DOPPLER PRE-COMPENSATION -

PDCP / RLC / MAC / PHY @ .= Q& o
MODIFIED HARQ (HYBRID ARQ) FOR HICH LATENCY (NTN OPTIMIZED) Transparent Regenerative

EPHEMERIS § SIB BROADCASTS (SIB21, SIB32) 1% (via Gateway) (h‘d'mmw:)h

D2D & IOT FREQUENCIES & SPECTRUM BANDS (MSS)

L-BAND S-BAND SAMPLE 3GPP BANDS FOR I0T-NTN |

\ / Band Fregusncy Reglon  Sample Usage
I k335 (L-Bend) n255 Sample Low Tracker |
16 CHz - 17 (::HZ 19 GHz - 2.2 CHz K235 (L-Band) n222  Aaset Trecker

GLOBAL, LOW POWER. PENETRATION HIGHER DATA CAPACITY. TRACKING B e
(6.9, 2CPP Band 255, n235) la.g.,, 2GPP Band K256, HESA) AE52 | (5-Bend) | n224 | Sample Low Tracker




| [IPHONE DIRECT TO CELL (D2C) SPECTRUM & FREQUENCIESJ

APPLE NATIVE SATELLITE SERVICE . | - CARRIER-PARTNERED D2C SERVICE .
(GLOBALSTAR) | (STARLINK/T-MOBILE)

GLOBALSTAR
SATELLITE

—
-

a_¥ Y ' P BIDIRECTIONAL

}‘% & N - é Z) COMMUNICATION
£ ' STARLINK V2

AN SATELLITE

EMERGENCY
SOS TEAM QQQ

DATA

THE “GOLDILOCKS” FREQUENCY RANGE

L-BAND S-BAND BAND 25 ;

53 TERRESTRIAL
| Y n 1GH 16GHz  2GH 24GHz  3GH gl BUMUSED
‘.,/ (PRIMARY D2C BAND) ; e : i FROM SPACE
iPhone 15 Pro > PHYS(:g‘H\(lill-\IYESCMOﬁA%A‘T\”BIEyNAS iPhone 14
PURPOSE: * GOOD ATMOSPHERIC PENETRATION PURPOSE:
EMERGENCY S0S _ (LIGHT CLOUD/FOLIAGE) \ VOICE, SMS,
& MESSAGING . * CARRIES MESSAGING DATA (FUTURE DAT, )




Spectrum is truly the New Oil + Gold
SATELLITE SPEC‘!‘RUM THE NEW GOLI RUSH

AMAZONLEO _ _ - g STARLINK LA

10,000+ 200+

SATELLITES SATELLITES

[ AMAZON LEO’S GLOBALSTAR ACQUISITION j—w /——( STARLINK’S ECHOSTAR ACQUISITION

- : fcﬂﬂsmﬂr'

7 .
J V74 D AMAZON LEO PURCHASED 4 / STARLINK PURGHASED
- 2, 1)  GLOBALSTAR TO GAIN CRITICAL NANNGA - - ECHOSTAR TO SECURE VALUABLE
’3} ///&/ ‘ /) SPECTRUM FOR LEO NETWORK’/ N SPECTRUM & EXPAND REACH
V’ PURCHASED SPECTRUM ) ~r =) =———uL 3
FREQUENCIES : /) DEAL VALUE

9. 1610-1618.725 MH
@ = V7~ Ax NN\ = = $2.02BILLION, |8
ACQUISITION OF
(S-band) * ECHOSTAR'S

+, e approx. 115 MHz 4 |[*0 '8 SPECTRUM OIL RIG o | | NETWORK & «V/

- THE VALUABLE, LIMITED |
. Of L-band S COMMODITY OF FREQUUENCIES 4 RI|PP=ey SPECTRUM ASSETS

' & 4@

*Data values are indicative and for illustrative purposes. Deal details and value of specific spectrum bands vary.




onh of D2C DirectTo-Cell .

The Evoluti
£t R : THE EVOLUTION OF e
ECT-TO-CELL COMMUNICATION “\LIEREICECER
) expected by end 2026

y :‘%3 &‘ DIR
: ¥ N SPACEX STARLINK SATELLITE GENERATIONS 3
g_— il - g ; ‘V Rl - -
THE V2 SATELLITES: UPCOMING GENERATION (50G)

B e
VQ., o e
== | T K:AYLOAD FUNCTION:

\‘f- . gNodeB ‘
(SG BASE STATION)
\- e O~ J

PAYLOAD FUNCTION:

eNodeB

{ FEATURES SPACEX'S

NEXT-GEN SILICON

| (R
1| (Ehpam—

N——
UTILIZES STANDARD
LTE FREQUENCIES

sTATUS: IIIINNE I _
:

I
(AG/LTE BASE STATION) l!l

| 3| ECHOSTAR SPECTRUM
INTEGRATION:
AWS-4_H-BLOCK. AWS-3 / p 0
2 . > 9 DIRECT
BEAMING O
' \ S FROM SPA(

~650 SATELLITES IN ORBIT

| 2

UNMODIFIED
PHONES RECEIVE
SMS TODAY

CH LEVEL: CONTEM PORARYjJ

=

. =




SpaceX Spectrum Acqmsmon & Qualcomm’s X105 G-Node—B modem

SPACE X SPECTRUM ACQUISITION
& QUALCOMM X105 INTEGRATION

1! QUALCOMM
X105 MODEM

. LATE 1
LAST YEAR .

BILLION 4, ™ - o N AWS-4

ACQUISITION | N . == I & |} FREQUENCIES =

ECHOSTAR
WIRELESS

SPECTRUM
(AWS-4 & H- BLOCK).

H-BLOCK

NP SPACE_X = ErECUENCE R CONNECTIVIT
$2 6 (((.))) " SPECTRUM = NI =", AcTvaTED
s - i re. PORTFOLIO ey ¢ @ \
L?SSTTHHAAQN BILLION ol | PRECISE > S

. ,_; OPTIMIZED RF -
g ENABLED

r——
e

FUTURISTIC - JCRISTINA INFOGRAPHICS / SPACEX DATA VISUALIZATION .




Starlink"V2-Mini (Gen3) D2C satellite - Cell Tower in the Sky"

1) Smartphone transmits a Terrestrial LTE signal (1.9-2.0 GHz PCS band) up to the Satellite

2) Satellite contains a giant phased-array antenna that “hears” the Smartphone’s signal on Earth

3) Satellite locks onto Smartphone signal (340-550 km above Earth), a full LTE base station (eNodeB)

4) Satellite connects to the internet using laser backhaul, receives traffic from Smartphone, forwards the
data using laser links (ISLs) to other satellites, and for download to a ground station, then to your MNO.
5)your carrier (MNO) treats it like a normal LTE roaming call

How a Starlink Space Starlink Satellite Frequencies Evolution Satellite D2C Competition
. " Cell Tower Works ' :
A Satel I Ite IS treated ‘l ‘ . e : SRR ;’?‘E!.'.‘. W < STARLINK spﬁesrl.me Lynk
S | o W 8 JUSEA ; i :
a S a towe r . ) M Phone‘ S-end.s_LTE Signal / \""\ N \ . ’ Network Type i LEO Satellites Massive LEO
RO e [T e ———rE Th = = Frequencies 1.9-20 GHz LTE 700 / 850 MHz
. W P Satellite as Cell Tower : % A . et e T T I e
registered {0 your | G BT T 2R [
C a rri e r’ S Sp e Ctru m e : ‘ £ - Ka Banfi 27-80GHz v » ey Service Status I:;ta ‘(22%2245);) 8;'; ((22%2254‘>)
\;\ N N ' g . l V Band 37.5-52.4 GHz { o g Coverage Goals Global Coverage Worldwide Broadband
- 4! NS its ;
license: it's all - NSO a EBand  7186GH v/ .
’ 2 G N g Cellular Band 1.9-2.0 GHz ‘
seamless to the T . e e

Smartphone user




<4 Key Chipsets Supporting Multi-Orbit Satellite Connectivity

1. Sony Semiconductor Altair ALT1250 Eeiee
Certified for dual-mode cellular + satellite
loT connectivity via Skylo’s platform,
supporting NB-loT and IoT-NTN standards.
Role in Multi-Orbit: Supports multi-orbit
cellular and satellite (GEO/NTN)
connectivity, essential for devices that
need global redundancy. , ‘,
3. Qualcomm Satellite-Capable = —
Modems (212S & 9205S)
Qualcomm has introduced 2 [oT-NTN modems
compliant with 3GPP Release-17 for satellite
loT connectivity, seamless switching between
terrestrial and satellite, and a Role in Multi-
Orbit: Standard-based loT satellite support that

can integrate both GEO and LEO NTN links,
reducing coverage gaps.

2. MediaTek MT6825 IoT-NTN Chipset

A 3GPP Release-17 IoT-NTN compliant chipset
designed for two-way satellite messaging and loT,
supporting standard cellular and satellite networks.
Works on L-band can connect to GEO/standard
NTN satellites. Role in Multi-Orbit: A platform that
enables devices to natively use NTN satellite links in
addition to ground cellular, removing the need for
external modems.

MediaTek
MT

6825

® Nordic Semiconductor ;
NRFSIST LACA AT
i

4. Nordic Semiconductor nRF9151
Certified by satellite operators like OQ Technology £
for NB-IoT/NTN connectivity, operates as a 3GPP
NTN-compliant low-power loT chipset suitable.
Expected to also integrate upcoming services like
Iridium NTN Direct. Role in Multi-Orbit: A low-power
industry-standard chipset that lets loT devices
connect across cellular and satellite networks, with
no complex hardware redesign.




NTN 5G chips/Smartphones bridge Multi-Orbit cellular/Satellite connectivity

< ’MU"II-OI’bIt Space Race - - MediaTek & 5G NTN Integration - Beyond, MediaTek’s
v Terrestrial Mobile Network Gpeators. \'«:c, MT6825 chip for the loT-NTN roadmap includes integration with
5 %STARLLEIONK mainstream 5G modems for both NB-loT & (future) NR-NTN
services.

’ -_{/’2 ECHOSTAR
oA * Qualcomm & Snapdragon Satellite Integration -
Snapdragon Satellite-ready modems like X75 and mission-
tactical radios embed satellite waveform support alongside 5G
connectivity, offering integrated multi-mode connectivity in next-

gen platforms.

™
LEO
Technology Role
Cellular + Satellite IoT Chipsets 3GPP Non- Standardized framework enabling satellite
«Sony Altair ALT1250 — Dual cellular + satellite loT Terrestrial connectivity (GEO + LEO) with mobile cellular
*Qualcomm 212S / 9205S — Satellite loT standard modems Networks (NTN)  protocols.
*Nordic nRF9151 — Low-power standard loT NTN chipset NB-loT

Narrowband low-power satellite |oT connectivity.

Integrated NTN & Smartphone Platforms (Release-17/18)

MediaTek MT6825 — [oT-NTN 3GPP R17 chipset
Qualcomm Snapdragon (X75/MTR) — Future integrated satellite + cellular 5G NR-NTN
platform

Hybrid & Satellite-loT Modul LoRa/Satellite Indirect satellite connectivity via relays (EchoStar
hybrids

. : . Mobile modules).
LoRa satellite modules (EchoStar) — Satellite backhaul via LoRa tech

Higher-data-rate satellite communication with 5G
performance. This is the future of Smartphones



CAN YOUR 5G PHONE ,
CONNECT TO SATELLITES TODAY? ol

NOT QUITE. 4 i

While 3GPP Release 17 has made 5G Non-Terrestrial Networks (NTN) technically ready,
the device ecosystem is still catching up.

Galaxy
$25

CONNECTING.-

nn
ANDROID ECOSYSTEM: APPLE’S A NOTE FOR
DEVICES BEFORE 2025 2025 FLAGSHIP DEVICES it g O
5 - MOVING FORWARD DIFFERENT PATH EARLY ADOPTERS
. Leaders are adopting 3GPP NTN
Most smartphones lack the Early exceptions like to deliver more than just texting Apple's Emergency SOS Standalone 3GPP NTN chips
NTN-capable modem needed Google Pixel 9 and . via satellite (iPhone 14 exist and could add satellite
to connect to satellites S Gal S25 Snapdragon Satellite
3 2 IR (2023) with Iridium and later) uses a connectivity to devices.
This is a hardware limitation, feature 3GPP Release 17— network support proprietary system via
not something solvable by a compliant chipsets. — NR-NTN demos with Globalstar.
S f ‘. ege .ﬁ'_"'—"'.:.\\.‘ h
software update Current capability (ché?er?c(l)a:“c) ipsets
Exynos Modem 5410 Not part of the But this requires
The chi R = (rumored in Galaxy S26) 3GPP NTN hardware modification
Y e e CINSTgency messagmg with Release 17 support ecosystem. — not something a
JG et Sesgnat o only Not ﬁteropcrablc regular consumer
! talk to satellites. = . ' s
: SB+ NTN-capable devices with SG NTN can do.

expected by 2030*
*Source: ABI Research, GSMA Intelligence

BOTTOM LINE: D2D is real. The standards are ready. % The next wave of smartphones won't just con

But the device ecosystem is still catching up. VN to towers—they’ll connect to space.

3GPP Release 17 NTN Qualcomm Snapdragon P Apple Emergency SOS GSMA & ABI Research _______ MediaTek NR-NTN
REFERENCES x@ Specifications (Rel-17, ‘ Satellite Announcement ’ via Satellite (iPhone 14 CSE)  NTN Device Forecasts F—— Demos with Satellite

finalized 2022) S (CES 2023) Launch, 2022) (2023-2030)

Partners 2023-2024
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Phased Array & MIMO, beam steering antennae Tech

 The Science of Beam Steermg

e Electronic steering (no motors). .~ <" <" e

e Micro-second tracking of satellites movmg A 500 mph

. *Beam Steering.

e G . "Pencil Beam" .4
Phased Array Antenna

_ Cross-Section

& W
-_»1\ Beam 4, gles
1— C"“ron/ca//

F y 2 _\7 1 S S Applies microscopi;‘
/4 3 £ delays to antennas
‘ - amazon :

DIGITAL BEAM STEERING
(PHASED ARRAY)

kmper ok

Radio waves merge
into a single, highly
focused beam

Hundreds of Tiny
Internal Antennas

(GPS/GNSS & ORBITAL DATA)

PRECISE AIMING & TRACKING \1 CONSTANT RECALCULATION

& SHIFTING

Bum in GPS (GNSS) Combines GPS data
pmpomts location with orbital maps
on Earth.

v ’ 5
Syncs with Atomic |

Time for extreme |

accuracy. ‘

Constantly realculates |8
and shifts the beam
to seamlessly track

(ARERNRNRNNRNRRRRRREND

Seamless Tracking Data Flow

Satellite Orbital Map: /)

AV r Data Processing for Uninterrupted Connectivity in Motion &

Apple iPhone 17 Pro/Max utilizes a
modern, high-speed beam steering 5G
mmWave antenna module to manage
connections (USA Model)

The beam can shift direction in m/s, it has no moving parts to
wear down, and it focuses energy exactly where needed, but
does require high-speed digital processing, is a complex
hardware design, and needs to manage heat in high-power arrays




Laser Mesh Networks for Satellite Constellations

Satellites use lasers or radio frequencies to communicate directly

: : . : ; i I
with adjacent satellites, forming a mesh network in space. % Ta sk
< , — I — /% ____________ <§\
e Optical Inter-
Laser MESh Networks R Satellite Link .
1 i Sate ok # Communications ;Z?z_um, ownink
Terminals oo/\ s v N Seqment
7\ P
Honeywell [ T s

Aerospace

« Optical Inter-Satellite Links (OISLs): In space
. | i 3 applications, OISLs enable satellites to send data
OPtlcal |nter-Sate||Ite LmkS (0|SL) directly to one another, forming a high-speed orbital
- “ nght travels 30% faster in a vacuum than in glass ﬁber network that avoids the need to link to grou nd

' LIRS ' stations constantly.

- ® Creating a ‘Web' in the stars. -

 Interconnected nodes of LEO satellites with
laser inter-satellite links—to route data directly
between satellites, bypassing the need for constant,
intermediate ground station contact. Nodes in the
e | e network jointly communicate in a meshing fashion.




Satellite And Cellular Begin To Merge = 6G

Rt ™

—

A GLOBAL INITIATIVE

*Global cellular standards (Release
17/18/19) integrate satellite links with the
cellular stack — enabling seamless
roaming, messaging, and loT over space

*Release 17 (5G Phase Two Part one) - Support for
low-power and low-cost "RedCap" devices. Support for
"non-terrestrial networks," enabling 5G integration with
different types of satellite-connected links.

*Release 18 (5G Advanced) - Many performance
improvements, including expanded carrier aggregation
and advanced MIMO techniques, and integration of Al
technologies.

*Release 19 (5G Advanced Phase Two) - Continued
enhancements and improvements from Rel. 18,
including enhanced massive MIMO, Al, more robust
satellite integration, more use cases, and better power
efficiency.

[he S6PF is orgamized in three different streams: FAN - Radio Access Netwarks, Services &
Systems Aspects & Lore Network & Terminals.

Leading the 5G Advanced evolution toward 6G

Next technology leap for new
capabilitiesand efficiencles

/
Ral-19 ) £ >
5G Advanced Continued 5G evolution
e . 2nd wave of Inthe6G era
[0 501G ) 8G innovations
56

Rel-17 ») i
_Rel16 2 5G /
A unified platform
Rol-15 J forinnovations

WRC-19 WRC-23 WRC-27 WRC-31
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030+


https://en.wikipedia.org/wiki/Radio_Access_Network

through state-backed initiatives and a massive mobile subscriber base

Satellite Communications Market Growth Rate-

Astro-Political Bifurcation

The USA and China are projected to be the largest and most influential markets for satellite Direct-to-Cell (D2C) and
Direct-to-Device (D2D) services. While the U.S. currently leads in revenue and infrastructure, China is rapidly scaling

the 34.2% North American market share. Growth is driven by partnerships
between major carriers (e.g., T-Mobile, AT&T, Verizon) and satellite operators
like SpaceX and AST SpaceMobile.

satellltes and national programs like the ‘Digital Silk Road" to integrate
satellite connectivity with its 5G networks.

Most Satellitesii
Orbit (1957-202

72,220
@ 1104

[Russia Ji)

aan|
[India [re¥]

150

Germany (§Ef:

BN 132

Italy |RiE

Overview of major Chinese players in satellite communications

Satellite Manufacturing &
Constellation Deployment

Satellite Service Operations &
Management

China’s Broadband LEO

Satellite Network Expansion

China
Comsr:(::i::(ion China Telecom ? iﬂgﬁ
(China Satcom) wlnl-m.m
i @
Z * = v
CSCN oERR <z

QIANFAN
TR
368

satellites
planned

HONGHU-3
=5
40

satellites
launched

GUOWANG
| W
12,992

satellites
planned

Shanghai
Spacecom Satellite °x°

ina
unicomeuuE

£
=

Technology

Source: STL Partn

Top 10 Companies in the

Table 1: Number of LEO
Satellites in Orbit as of
January 30, 2026

Leading Providers in 5G Satellite
& NTN Solutions

United

Category States SPACEX (Starlink)
. . 5G Satellite & NTN Solutions
Satellites in 11,006 1,168 —
Orbit AST SpaceMobile
5G Satellite & NTN Solutions
Private 10,364 524 ay
7e? Lynk Global
Sector oo 5G Satellite & NTN Solutions
Public Sector 600 609 @ Eutelsat OneWeb
(civil, military, 5G Satellite & NTN Solutions
intelligence) a
Planned ~50,000+ ~40,000+ 5G Satellite & NTN Solutions
Satellites &> Viasatal
¥ 56 satelite & NTN Solutions
Private 12,000 240 7 - I
Intelsat
Sector . w 5G Sateliite & NTN Solutions
Public Sector ~500+ 14,000 8 2 Iridium
5G Satellite & NTN Solutions,
Note: Excludes academic/nonpro Globalstar
o 9. xcludes academic/nonprofit 9 @ e
satellites. Numbers for planned satellites ,
include government filings

10 o Omnispace
=¥  5G sateliite & NTN Solutions
Source: Aggregated from public and — —

CSIS

private sources



Satellite Constellations: Latency vs. Coverage

GEO
Satellite

LEO
Satellite wwo v ao e wmf

LEO constellations to provide new connectivity in remote areas

S

o

36,000km

34,000
to
2,000km

2,000
to
160km

Category Latency Coverage
(round-trip)

GEO 3-4 Satellites to provide
Geo-aynchronous ~600ms lobal coverage (24h)
Earth Orbit g g
10-15 Satellites
MEO

~180ms to provide global coverage

Medium earth orbit
(24h), non-high latitude

LEO

Dozens to thousands
~30ms of Satellites to provide
global coverage (24h)

Additionally, emerging high-altitude platforms aim to provide connectivity and .=. Toleféni
backhaul selutions with high autonomydrones flying at altitudes of 20-30km ® eleronica

\ \ LEO Satellite
\
~ 160 to 2000 km

GEO Satellite - \'— s
35,800 km __— =
N .
AL A
R P
" MEO Satellite
5000 to 12000 km
Distance £ \
35,800 km '|
V(_ ____________ /

Different orbital Satellites (GEO, MEO and LEO)

GEO satellites orbit & rotate west-to-east above
the equator, stationary life’s Earth’s 24-hour
rotation

MEO satellites (GPS) rotate at various inclinations
in the same direction for 2-12 hours per orbit.
LEO satellites orbit rapidly (90-120 mins), oftenin
polar/inclined paths, and move independently of
Earth's rotation.



Satellite Asmospheric Drag

Satellite Asmospheric Drag: the aerodynamic friction exerted by the thin upper atmosphere on
satellites in low Earth orbit (LEO), typically below 2,000 km, acting opposite to their motion. This

force causes kinetic energy loss, resulting in orbital decay, lower altitude, and eventual re-entry
and burn up entering the asmosphere.

o, -4 MSPACE DANGER ZONE: SOLAR MAX & SATELLITE FAILURE
B, < | r ' | SOLAR MAX & SATELLITE FAILURE

\ Satellite end-of -life
» destructive reentry

_ ‘ . . ' ISS (INTERNATIONAL
"3 ok, « LOWEARIHORGIT “EO) 422KM SPACE STATION) —

upper stage reentry il - 23 g CURRENT ALTITUDE

(partially destructive} v / /

X . - _ i

\ .
M here \\ Metal vapors &
e b \\\ smoke particles from

reentry ablation YOWN 0 .
’ INCREASED
.: ATMOSPHERE ' SOLAR ACTIVI

A (SOLAR MAX
Strotosphere : Black carbon emissions v MRX\MUM ATMOSPHERIC SWE [ ,VG Fi = EXPANDED

from launch vehicle

ATMOSPHERE
HIGHER DRA(

Troposphere

ChelsediR: Thempson/NOAA




Al is becoming the brain behind modern satellite systems.

Artificial Intelligence is transforming satellite systems

by automating management, optimizing connectivity, and
enabling autonomous operations across space-ground
infrastructure. Al improves resource efficiency, reduces X
latency, enables predictive maintenance & facilitates dynamic E& /
beam steering for LEO constellations, lIoT & user devices Yy /

{Smar§phmnafsor Satellite Constellations(LEO) & Ground Stations: Al manages large-scale networks
(LEO/MEOQ) by optimizing routing, ensuring data synchronization, performing autonomous collision avoidance, and
managing power/fuel efficiency. For Ground stations, Al automates scheduling, optimizes antenna pointing,
detects anomalies in telemetry data, and enhances cybersecurity.

2. Al for Beam Steering Antennas (Phased Arrays): Al enables real-time adjustments to signal direction and
strength, adapting to user movement and traffic load (beam-hopping).

3. Al for User Terminals/Smartphones/loT devices (D2D/D2C): Al optimizes signal acquisition, manages
mobility across different satellites & enhances data compression for low-latency broadband on Smartphones,
manages connectivity for loT devices in remote areas, filtering data at the edge to optimize bandwidth and power
usage.

4. Al for Self-Healing Networks: If one satellite or laser link fails, Al automatically reroutes data through
adjacent satellites, ensuring zero downtime for Laser Mesh networks; goal is to assure zero point of failure!



https://www.google.com/search?q=User+Terminals+%26+Smartphones&sca_esv=e701aa2a750b70d5&sxsrf=ANbL-n6xNr0geTlpz5-uigA27yOGyK8VZQ%3A1775254372337&source=hp&ei=ZDvQaf29Eq650PEPsJfpyA4&iflsig=AFdpzrgAAAAAadBJdOigw4ldJDffDrQO6Re-_wNL3Qfv&ved=2ahUKEwjl-ov15tKTAxXQHzQIHU9MIWUQgK4QegQIBBAF&uact=5&oq=the+role+of+AI+for+satellite+constellations%2C+user+terminals%2C+ground+stations%2C+Iot+devices%2C+smartphones%2C+beam+steering+antennae%2C+and+other+things%2C+please+summarize%3F&gs_lp=Egdnd3Mtd2l6IqMBdGhlIHJvbGUgb2YgQUkgZm9yIHNhdGVsbGl0ZSBjb25zdGVsbGF0aW9ucywgdXNlciB0ZXJtaW5hbHMsIGdyb3VuZCBzdGF0aW9ucywgSW90IGRldmljZXMsIHNtYXJ0cGhvbmVzLCBiZWFtIHN0ZWVyaW5nIGFudGVubmFlLCBhbmQgb3RoZXIgdGhpbmdzLCBwbGVhc2Ugc3VtbWFyaXplP0jXiARQAFje_QNwBngAkAEAmAHjAaAB9jmqAQc0NS4yOS4xuAEDyAEA-AEBmAJGoAKjM8ICCxAAGIAEGLEDGIMBwgIOEC4YgAQYsQMY0QMYxwHCAggQABiABBixA8ICDhAuGIAEGLEDGIMBGIoFwgIUEC4YgAQYsQMY0QMYgwEYxwEYigXCAgsQLhiABBixAxiDAcICERAuGIAEGLEDGNEDGIMBGMcBwgIIEC4YgAQYsQPCAg4QABiABBixAxiDARiKBcICBRAAGIAEwgIFEC4YgATCAg4QLhiABBjHARiOBRivAcICDhAuGIAEGLEDGMcBGK8BwgILEC4YgAQYxwEYrwHCAgYQABgWGB7CAgUQIRigAcICBRAhGKsCwgIIEAAYFhgKGB7CAgsQABiABBiGAxiKBcICCBAAGIAEGKIEwgIFEAAY7wXCAgcQIRigARgKwgIEECEYCsICBRAhGJ8FmAMAkgcHNDIuMjcuMaAHr7wDsgcHMzYuMjcuMbgHjTPCBwc3LjQ4LjE1yAd_gAgA&sclient=gws-wiz&mstk=AUtExfAWm1cUIiFyMwE0xv2aKO1eMidYfxVwf3-SXfWEewyYAnKvCVpDm_ieSUMOlNiaoT7Prto09ZOmGkVj1tXGSWe5uz6TNB2pOpl2d2YOjJd2oU-gQffS2glzDTbhea4HcZs93BTzYxe4RQ8z6mOGDfZq55ue3D2DMyMBa_EBdSBIEqs&csui=3
https://www.google.com/search?q=User+Terminals+%26+Smartphones&sca_esv=e701aa2a750b70d5&sxsrf=ANbL-n6xNr0geTlpz5-uigA27yOGyK8VZQ%3A1775254372337&source=hp&ei=ZDvQaf29Eq650PEPsJfpyA4&iflsig=AFdpzrgAAAAAadBJdOigw4ldJDffDrQO6Re-_wNL3Qfv&ved=2ahUKEwjl-ov15tKTAxXQHzQIHU9MIWUQgK4QegQIBBAF&uact=5&oq=the+role+of+AI+for+satellite+constellations%2C+user+terminals%2C+ground+stations%2C+Iot+devices%2C+smartphones%2C+beam+steering+antennae%2C+and+other+things%2C+please+summarize%3F&gs_lp=Egdnd3Mtd2l6IqMBdGhlIHJvbGUgb2YgQUkgZm9yIHNhdGVsbGl0ZSBjb25zdGVsbGF0aW9ucywgdXNlciB0ZXJtaW5hbHMsIGdyb3VuZCBzdGF0aW9ucywgSW90IGRldmljZXMsIHNtYXJ0cGhvbmVzLCBiZWFtIHN0ZWVyaW5nIGFudGVubmFlLCBhbmQgb3RoZXIgdGhpbmdzLCBwbGVhc2Ugc3VtbWFyaXplP0jXiARQAFje_QNwBngAkAEAmAHjAaAB9jmqAQc0NS4yOS4xuAEDyAEA-AEBmAJGoAKjM8ICCxAAGIAEGLEDGIMBwgIOEC4YgAQYsQMY0QMYxwHCAggQABiABBixA8ICDhAuGIAEGLEDGIMBGIoFwgIUEC4YgAQYsQMY0QMYgwEYxwEYigXCAgsQLhiABBixAxiDAcICERAuGIAEGLEDGNEDGIMBGMcBwgIIEC4YgAQYsQPCAg4QABiABBixAxiDARiKBcICBRAAGIAEwgIFEC4YgATCAg4QLhiABBjHARiOBRivAcICDhAuGIAEGLEDGMcBGK8BwgILEC4YgAQYxwEYrwHCAgYQABgWGB7CAgUQIRigAcICBRAhGKsCwgIIEAAYFhgKGB7CAgsQABiABBiGAxiKBcICCBAAGIAEGKIEwgIFEAAY7wXCAgcQIRigARgKwgIEECEYCsICBRAhGJ8FmAMAkgcHNDIuMjcuMaAHr7wDsgcHMzYuMjcuMbgHjTPCBwc3LjQ4LjE1yAd_gAgA&sclient=gws-wiz&mstk=AUtExfAWm1cUIiFyMwE0xv2aKO1eMidYfxVwf3-SXfWEewyYAnKvCVpDm_ieSUMOlNiaoT7Prto09ZOmGkVj1tXGSWe5uz6TNB2pOpl2d2YOjJd2oU-gQffS2glzDTbhea4HcZs93BTzYxe4RQ8z6mOGDfZq55ue3D2DMyMBa_EBdSBIEqs&csui=3
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= _-The Rise of Al Computing:
> Revolutionizing in Orbit
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S8 www.ainewhub.org

SpaceX is proposing massive, solar-powered constellations to
process data directly in space due to Al demand.

LEO Satellites | -
] Reduces reliance on ground-to-space transmissions, reduces
support Orbital latency

Edge Computing * Use high-speed laser communications for data processing.
Offers unlimited solar energy, natural passive cooling in a vacuum

of Data Centers

Other actors, including Starcloud, Kepler Communications, and
Chinese firms, plan to develop substantial orbital compute
infrastructure.
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