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PART 1 - NON-GEOSTATIONARY MOBILE NETWORKS

Satellite Communications
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The Land Mobile Satellite Channel

e The L/S-band Land Mobile Satellite Channel (LMS) is different from the
terrestrial one

e We have three main type of propagation conditions:
» Line-of-Sight (LOS): Direct path between satellite and mobile terminal

- Non-Line-of-Sight (NLOS): Propagation through obstacles like buildings,
trees, or terrain

- Multipath: Multiple paths between satellite and mobile terminal, leading to
fading and delayed replicas

- While terrestrial wireless communication can work with the three modes,
satellite link budget limitations makes possible only the first two

Satellite Communications
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The Land Mobile Satellite Channel

Examples of blockage, multipath, shadowing

— Multipath — LOS  —— NLOS
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The Land Mobile Satellite Channel

Doppler definition: The change in
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The Land Mobile Satellite Channel

e Shadowing is a lognormal process with fluctuations duration related to the
size of the object interposed between the satellite and the user (e.g. tree,
pole, building, etc..)

e The fading is a faster Rayleigh low-pass process with bandwidth
proportional to the Doppler computer previously
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The Land Mobile Satellite Channel

e Multipath: The multipath delay profile tends to decay rapidly with the
distance

e For LMS in L/S-band and signals with a bandwidth less than 5 MHz a flat
fading channel can be assumed
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The Land Mobile Satellite Channel Model

e The L/S-band Land Mobile Satellite Channel (LMS) is different from the
terrestrial one

e For satellite link budget line of sight (LoS) is key:

— Channel locally Ricean with fading bandwidth proportional to the user’s
speed

— Shadowing is modelled as a lognormal process with lower dynamic
— Blockage represents an extreme case of a shadowing event

e Many channel models derived in the literature largely based on ESA/NASA
experimental field trials

e State-of-the art LMS channel: two-state from Prieto Cerdeira, Fontan-Perez
— Two-state Markov model with lognormal and Ricean fading parameters

— The parameters are dependent on the user environment and satellite
elevation

Satellite Communications

— State duration in meters so that can be easily scaled up to the mobile
speed
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The Land Mobile Satellite Channel Challenges

e Limited link margins make QoS challenging:

— Limited slow shadowing can be counteracted by closed loop power control
(Target SNIR is environment dependent hence PER estimate is controlling it)

— Fading can be counteracted with FEC block interleaving (latency impact)
— Blockage can be counteracted by spatial diversity
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NGSO Mobile Iridium Constellation

LEO constellation at an altitude of 780 km for mobile telephony and low-rate data services —
implemented by Motorola (US)

66 satellites in quasi polar orbits (86.4 degrees inclination) over 6 planes, 100 min orbit
Inter-satellite links and on-board regeneration

15t generation started service in 1998 and became fully operational in 2002

Iridium declared bankruptcy in 1999, the largest one at that time mainly due to GSM success
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NGSO Mobile Iridium Constellation

e 2ndgeneration (Iridium Next) put in operation in 2017-2019 — 2022 2.0 Million users
e Debt of 1.5 BEURO despite positive income in 2022 '

Global Subscribers Total Service Revenue Operational EBITDA
(subscribers in thousands) (dollars in millions) (dollars in millions)
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NGSO Mobile Iridium Constellation

The Iridium system architecture
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NGSO Mobile Iridium Constellation

The Iridium Next spacecraft:

e L-band direct-radiating array with digital regenerative fully reprogrammable payload

e 2 feeder link antennas with mechanical steering (Ka-band)

e 4 crosslink antennas (K-band forward/back/left/right, 2 with mechanical steering)

e Aireon hosted payload for air traffic management (airplanes ADS-B messages reception)

Aireon Payload Cross Link

Antennas
Ka-band

Solar Array
Wing

\

Feeder link antennas
Ka-band

Deployed “Wingspan” 9.4m

Weight: approx. 860 kg  Stowed Dimensions: 3.1m X 2.4m X 1.5m
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NGSO Mobile Iridium Constellation

The Iridium Next L-band antenna pattern:
e 48 non steerable beams
e Satellite handoff every 7 minutes

e Beam hand-off eve ry 50 sec Space Station Antenna Contours
Lorgitude (leg!
J1 1 | T 10,00

atitude (Dog/

Beam shape in the outer ring heavily /Z‘
distorted when projected on ground h

Satellite Communications
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NGSO Mobile Iridium Constellation

The Iridium ground segment (user terminal and gateways)

e Thanks to ISL only few gateways required to provide global coverage
e From hand-held to compact maritime terminals

e Powerful paging capability for providing some indoor penetration

User terminals
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NGSO Mobile Iridium Constellation

The Iridium air interface

e Up/downlink in time division duplexing (TDD) to simplify user terminal RF front-end
(unigue case in MSS!)

e TDM(A) multiplexing

e 252 x35kHz carriers in 1610.0-1625.5 MHz band, up to 8 carriers can be aggregated for
data services

e Differentially encoded QPSK for traffic channel, D-BPSK for uplink acquisition
e FEC with code rates 4/5 and 2/3
e Powerful paging for some indoor penetration
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o TIME SLOT
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Uplink/downlink slots are time multiplexed in the frame => simpler user terminal (no diplexer)
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NGSO Mobile Globalstar Constellation

e LEO constellation at an altitude of 1410 km for mobile telephony and low-rate data
services — Developed by Space System Loral, Qualcomm and Thales Alenia

e Satellites in inclined orbit (52 degrees inclination) over 8 planes, 114 min orbit

e Simple bent-pipe satellites (no ISL), several gateways not providing global coverage
e Istgeneration constellation deployment completed in 2000 (48 satellites)

e Globalstar declared bankruptcy in 2002

e 2" generation put in operation in 2019 (24 satellites)
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NGSO Mobile Globalstar Constellation

The Globalstar system architecture

L-Band
(1610-1618.725)

C-Band
(6875-7055 MHz)

C-Band S-Band
(5091-5250 MHz) (2483.5-2500 MHz)

Mobile Earth Devices
(Globaistar Phone / SPOT)

Satellite Communications
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NGSO Mobile Globalstar Constellation
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NGSO Mobile Globalstar Constellation

The Globalstar 2" generation spacecraft:

e Bent pipe payload — no regeneration / no ISL as in Iridium

e L/S-band separate direct-radiating array with analogue BFN and bent-pipe payload
e S-band Tx array split in two conformal DRAs (10+6 beams)

e L-band Rx array with single flat DRA

e 2 feeder link antennas for transmit/receive (C-band)

C BAND TX ANTENNA IRES C BAND RX ANTENNA
TX ANTENNA (S-BAND)
SO0
TX ANTENNA (S-BAND) RX LB ANTENNA
10 BEAMS
(7, ~C ?:.% ‘ ,,//"/ )
g css - W ("W\/o//"
o .
c < Ny
S ;
o
o FSS —~ — . .
£ shna shape to maximize
g gain at lower elevations
(V3
B — ]
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NGSO Mobile Globalstar Constellation

Globalstar frequency plan:
IO GATEWAY e Separate Tx (2.5 GHz) and Rx (1.6

\QE&;( J— 7085 Mz GHz) satellite bands
[—— o ~ . 13 FDM/CDM channels of 1.23 MHz

'_|_|

SBand f '. Ay ,m | m“, =<4| ,;Hm\ , m’. [ in forward link in each beam
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2‘*“‘5"“2/155 bz ‘\mnm MHz in the return link (see below)
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NGSO Mobile Globalstar Constellation

The Globalstar payload:

RETURN TRANSPONDER
5 —sAaW T S L-C BAND ESBPiND RETURM
RETURM W W LINKTO
LINK FROM | TSAW T | : 8 |“‘; <= |: — | [0 | GATEWAY
USER E I foaw — {T: o ~= 'P
H —saw — H FREQUEHNCY CONVERSION SEC TION L
E
X
LBAND RX S E
— § 1 R
iﬂ'&fm MA STER FREQUEMNCY L
GEMERATOR
FORWARD
\ CSBAND LIMK FROM
FORWA RD | — — GAT EWAY
» LINK TO ! . —¥— —¥ | {D |
g USER : T 4@4 T 4 % [
'g FREQUENCY CONVERSION SECTION E
2 E
3 S BAND TX X
E SBANL FORWARD TRANSPONDER . CBAND
— & R LM A
o ANTENMNA CMD T
o 4 Fle: Sat Comm
[
=
o Active antenna allows to share the HPAs power among all beams => multi-carrier TXP operation
©
wv

DRA SSPAs with variable operating point to maximize DC->RF efficiency conversion
T
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NGSO Mobile Globalstar Constellation

The Globalstar L/S-band antenna pattern:
e 16 non steerable beams non congruent Tx/Rx

e Field of view 108 degrees
e Minimum elevation angle 10 degrees ﬂ
+Xsc

e Full frequency reuse in every beam -

RECEIVE ANTENNA PATTERN

Channel Assignments Beam Assignments

Looking at Earth Nadir TRANSMIT ANTENNA
‘v PATTERN

5 q * Shape of the reverse link antenna beams

= to “equalize” the number of users/beam

£ v

£

§ 4 g * NON CONGRUENT FWD/RTN BEAMS

% ANTENNA PATTERN

§ Channel Assignments Beam Assignments

o

S Riccardo De Gaudenzi
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Satellite Communications
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NGSO Mobile Globalstar Constellation

Legacy Products

SPOT Trace

Consumer / SPOT

SPOT X

SPOT Geng

Voice & Data / Duplex

GSP-1700

» Tracking of assets beyond terrestrial
coverage

* Anti-theft device

* Quick, easy, and
inexpensive attachment to assets for
both commercial and consumer
applications

Dip. Ingegneria dell'Informazione
University of Pisa, Italy

* Two-way messaging with SPOT
tracking and emergency capabilities

* Keyboard functionality

* Send and receive SMS

* Only fully integrated (single device)
two-way messaging device on market

* Bluetooth technology

+ Available in Jeep special edition
device

* Next generation SPOT Satellite GPS
Messenger

* More tracking features with
enhanced mapping interface

* Improved product specs for water
resistance

+ Available in Jeep special edition
device

+ Full voice / data capabilities

* GSP-1700 -commercial /
government market
* Highest quality voice service

Riccardo De Gaudenzi

14. SatCom Services and Constellations: Mobile



SmartOne C

SmartOne Solar

NGSO Mobile Globalstar Constellation

Two-way Module

Under development

* Company’s smallest
M2M satellite
transmitter

+ Integrated by VARs
and OEMs into M2M
solutions

Satellite Communications

* Tracking of assets

* Line powered or
battery powered

» Utilizes motion
sensors and GPS to
gather and transmit
telemetry data

* Tracking of assets

* Solar power recharges
batteries providing 8+
years of usable service

* Bluetooth
capabilities for indoor
tracking

* ATEX and Intrinsically
Safe certifications

* Launched in 2020

* Latest satellite
transmitter designed
for rapid development
by 3rd party
companies

* Low costs, reliable,
complete one-way data
module

* Battery and solar
connections

* Bluetooth technology

* Recently commenced
production for both
module and finished
product form factors

* Partner-friendly apps
and edge computing
capabilities

* Board development
refreshed from ground

up

* Currently under
development, expected
launch in 2023

+ Competitively
positioned in all
product specifications

* Ability to track and
control assets

* Large established
existing market

loT is one of the main current Globalstar service on top of the more recent Apple direct-to-hand-held

service (see later on)
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NGSO Mobile Globalstar Constellation

The Globalstar ground segment gateways

Gateways

Wasil:laska Dublin, Irefan Mnsomvalﬁn m"-"‘“‘“
. Smith Falls, Canada {) = .

High River, Canada Toulouse, France

(7, ol i Aussaguel, France .

c Milpitas, CA O Txo ington, LA (Headquarters) Ogulbey, Turkey Beiiing, Chi

o : o Yeo Ju, South Korea**
= ®

‘6 . Sebring: Florida

9 Key San Martin, Mexico Las Palmas, Puerto Rico Riyadh, Saudi Arabia
— .

c Kaduna, Nigeria*

= . Owned Gateway O . Los Velazquez, .

E Panama City, Panama Venezuela

. Independent Gateway Singapore

E . Independent Gateway in Manaus, Brazil . Petrolina, Brazil

o Place But Inactive

(@) T T&C sites i Mount Isa,  Australia
) (_\ Lurin, Perd .O Rio de Janeiro, Brazil o .

| Office Locations

.": — i Prudente, Brazil " .
—_— *  Globalstar retains 30% equity interest Gaborone, Botswana Meekatharra, Australia

Q ** Globalstar retains 43% equity interest (Simplex oniy) } Dubbo, Aust
llt-e *** Globalstar retains 74% equity interest Bosque Alegre, Argentina ' -
(%]

[ — ]
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NGSO Mobile Globalstar Constellation

The Globalstar mobile user terminal

Diagnosic_, 115.2K Serial o [

Monitor <P )
386EX: < 7 LCD Display
/ Address
2 ch DMA
2 ch Serial | TC554161 — 03F016
Gos p 3 Timer/ctrs 256K X 16 1Meg X 16
JE Watchdog SRAM Flash
Rx Antenna Refresh cil

Chip Sel unit
< Band Ry IF < ,16L Data
Downconverter: /

I -
] .
10L Add
GUM ASIC: T
TCXC & el 5B ASIC &bt 180 rake receiver/ e
Synths [ Ref Clk ————————P deinterivi/dec jag—t—P] -
| ChipXB gl xmit p| RS232  Lg g ata
Tx Antenna * enc/interleave : translator Port
Tx IF dig FM , fart + 38.4K Serial 1/0
L Band et ——
Upconverter

sm ]
Socket

Sync & Clk

16.6 MHz Resonator

1.4AHr
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c

0

"6 RF Assembly

=

§ < Fr_Ref

S ADSP-2185L

£ TLV320AV fegg— ]  Vocoder %’

8 Codec bower _pi.gz PA
9 | Converter T=3-6Vaa
= O

= 7.2v — - 3.3Vdd
[

)
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NGSO Mobile Globalstar Constellation

E1orT1
BCN MSS
Ethernet
IFL

GSS

(Gateway Switching System)

TCU

(Telemetry & Command Unit)

TCU

TC

BIE

|aued NDL

r 9

TC

TCU

FL

SBS
Cis

iscof* > SB_§ Shelf

RL y £ T
Antennas Digital ﬁ
(upto4) Cabinets
b., g o (upto R
s < E TTTT
: | GWC
B |EE
GRS L : L1 GCS
(Gateway RF System) VME Gage (Gateway CDMA System)
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NGSO Mobile Globalstar Constellation

Satellite Communications
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NGSO Mobile Globalstar Constellation

Globalstar air interface (1S-95 2G terrestrial standard derived):

e Up/downlink in frequency division multiplexing (more complex user terminal)
e CDM(A)/FDM(A) multiplexing allows full frequency reuse among the beams keeping traffic load modest
- 13 (1.2288 kHz) channels (16.5 MHz total bandwidth)
e BPSK r=1/2 FEC for traffic channel plus CDM pilot (with beam unique PN sequence)/paging/sync
C h a nn e | S Table 4-1 Vocoder and Channel Rates
Forward Treff i CC FEC Sirhr:ljul Configuration Vocoder Rate Channel Rate Purposes
Chanre | Fformation Add PFeserved Add Frame Quality AddB it Convokit bral Rate 1 8550 9.600 High Quality Option
Hits for Lker m vith W Bt(l.1. 1,050 ndeators (12.8 . 7. Encade rTai Frcoder Rate 12 3.950 4,800 Baseline Voiced
Fate Set 2 B.55 kbps bisframe) |8.6 kbps or O bisframe) | 9-2 kbps 9.6 kps r=1/2 k=9 19.2 ksps - - :
(171, 79,32 or0 3.95 kbps 4.0 kbps 4.4 kbps 4.8 kbps 9.6 ksp=s Rate 1/4 1750 2.400 Baseline Unvoiced
bits Frame) :j':b::;p& El).:sph;bps ;?bl::;p& z;l.::ﬁ ;Z::b Rate 1/8 800 1.200 Baseline Pauses/Background
Varlab‘;e ratl“s' z;t‘r:te vocoder to . Orthogonal WH CDM
r P = . .
reauce interference s 500 | m‘u = Channelization sequence
Block Interleaver Bis s
Madulation Modulatio n MLK -4-@57-» A
Symbel Symbol 1/Q PN (beam unique shift) and filtering
2 Symbal Bk | - I-Charnel Inner PN Sequence
.9 7| Repettion Loz kspsr Interkaver | 10.2 ksps @ 1.2288 Meps
-lé 0 keps 0 kepss - . Outer DS-SS L] e | .
‘e Long Code S sequence (orbital plane) b
3 Meask for — (enemtor L Dec mator Dec mator R ~ cos éi-__ s
E lserm 1.2288 Meps 4 W (25 fet)
§ @ Q - Ea;;[b:;nd L 8 QIlt)
p Symbol PN scrambling sequence owerpy | PR } '
£ e O ommetec P Seqercs s
E E Mcps
©
(%]
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NGSO Mobile Globalstar Constellation

The Globalstar air interface (1S-95 derived):

e Up/downlink in frequency division multiplexing (more complex user terminal)
e M-ary WH CDMA for uplink with non coherent detection

e Rate % convolutional FEC with variable rate vocoder

Variable rate bit rate vocoder to CC FEC Block Interleaver
H Code Code
reduce MAI interferenc s oo
Ot rrel Hormet b Add Power Contml Add Frume Quality Adds bi Convalutiona Bbck
Bits — ™ Bi for9.6 48& Indic ators for ™| Ereoder Tai =1 Hcader ) ™ lreereaver
(171,79,32, ar0 8.55 kbps 2.4 khps B.Gkps |96 48524 ps| 0.2 kbps 9.6 kbps r=1/2 K=8 19.2 ksps
bits/Frame) 395 kps 40 Wops 4.4 kbps 458 ks 9.6 ksps
1.6 kbps 165 kbps 2.0 kbps 24 kbps 4 8 ksps
0 kbps D kbps O kbps 0 kbps 0 lkeps
[-chanre | Sequence . . .
Non-Orthogonal e 1/Q spreading and filtering
M-ary WH modulation
X 1 Bweband | ey 10
Mbdubtion & Fiter
Symbol
G4-ary (Walsh chig) 4
= Ontogoral ————— (1) - /2 N chip cos(2 xfet) (P—» =0
Modulat or 3.2 ksps I Dday = 406.9ns
(204.8 keps PN chip
Power Control Hit T 1.6 lesps 1.2288 Meps G’) b o] - Eh{sib‘rd 1 ® At
for 0 kbgs Frame (1024 keps) e
0.8 ksps
(51.2keps snl2 ® i)
0.2 ksps Q-channe] Seque nce
Long (12.8keps) 1.2288 Mops
Code

Cererator

Traffic channel unique
, o e PN sequence
Return link physical layer
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NGSO Mobile Globalstar Constellation

Satellite path diversity for communication quality and users’ localization (RRM and billing) purposes (10 km
accuracy)

|Mu|tip|e Satellite Coverage Versus Latitude
(10 degree elevation angle, 48 satellite constellation)
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NGSO Mobile Globalstar Constellation

The Globalstar spatial diversity capabilities thanks to CDM(A) and Full Frequency Reuse:

e Forward link spatial diversity with rake demodulator at the user terminal -> causing throughput
reduction in the forward link but increased availability and fading margins

e Return link gateway rake combining of all useful signals coming from beams and satellites -> big gain
in availability/transmit power reduction in particular at low mobile speeds

e Soft hand-off (make before it breaks) for QoS

100 3 T T
.- e MWHO Satellite 1
I "‘t\ ‘\‘~¢ rate 1/2
107 ) L=2 <
2 o = 60, 20 ]
&
T 102 E
o
s}
e
(=%
\é Channel 5
 qp9 | 4
&
)
(=
2
= 104 E
2 F L=1
c
=]
E N ‘
) 2 3 4 5 6 7 8
(@)
P En /Ny (dB) RECEIVER 1
) l—.
% Fig. 7. Upper bounds for MWHO in a rural tree-shadowed environment fo?ejgf;:r"d << COMBINER
- rate 1 / 2, with unbalanced links (a7 = 60%. a5 = 20°) and different values H
17, of the loading factor. ;7. Single link performance for & = 60° is also shown

for reference.
o ——
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Raised $850+ million to date to fund
network build and technology with
2,600+ patent and patent-pending claims

Confirmed 4G capabilities and achieved
10+ mbps download speeds to everyday
smartphones directly from space

AST Mobile

Signed agreements and understandings
with 40+ mobile network operators with
~2.4 billion existing subscribers

Fully-funded for operations of first
five commercial satellites to offer
initial cellular broadband service




AST Mobile

AST Mobile represents a new paradigm in mobile satcom

e 243 |arge LEOs satellites

e Direct access to terrestrial hand-held mobile phones with 4G services

e Use of terrestrial frequency bands to avoid PFD limits affecting MSS bands
e Very large (30x30 m) deployable phased arrays to support link budgets

e Solar generators opposite to the phased array antenna

Strategic Investors Select MNO Partners

vodafone & atar Rakuten - elefonica
O vodafone A Rakuten 0 = MI — orange m @

N TELECOM .
L A Smart L&g}v afncall amm, Ceistra Telkomsel

smartfren. == TIM tl@ cisst Jl) §Pciove ZQIN SCC

Satellite Communications

Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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https://www.youtube.com/watch?v=uUBiGseRDw4&t=107s
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AST Mobile

Differentiated approach compared to existing space-based communications

End Users

N Market Size !

First & Only
Broadband Direct
To Mobile Phones

[RAST

SpaceMobile

Any standard mobile phone

Mass market mobility
and the unconnected

> $1 trillion

Direct via
Proprietary
Mobile Phones

Provider-specific satphones (~51K)

Marrowband service on satphones

< 52 billion

Indirect via
Complex, Expensive
ETGITET S

Provider-specific antennas mounted
on planes, ships, vehicles, buildings
(~51K-5200K+)

Enterprise, Maritime, Aviation,
Government, Residential

< $20 billion




Satellite Communications

AST Mobile

When operational, SpaceMobile service will be available to our MNO customers, a
growing list of leading companies that have over 1.8 billion existing subscribers !

Potential Coverage

Leverages existing 5.3 billion
mobile phones and devices

Strategic relationship
with Vodafone

Super-wholesale
revenue share model

Drives new MNO revenue
and reduced churn

Direct-to-phone
native cellular architecture

Easy sign-up for cellular
subscribers

Gaudenzi
ons: Mobile
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AST Mobile
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AST Mobile

AST production facilities:

Two locations in Texas with combined 185,000 sq ft and potential capacity
to produce up to 6 satellites per month using automated processes

Headquarters
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AST Mobile
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AST Mobile

Blue Walker 3 testing milestones:

April 2023
History made:
First-ever space-
based voice calls
using everyday
smartphones

June 2023

History made, again:
First-ever 4G LTE to
everyday
smartphones
directly from space

Using AT&T cellular spectrum, we connected

everyday smartphones to our BlueWalker 3

test satellite and recorded 4G LTE download
speeds (with 5MHz carrier) of

>10 Mbps

The first voice call was made from the
Midland, Texas area to Rakuten in Japan
over AT&T spectrum using a Samsung
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e On September 12, 2024, 5 AST Mobile Blue
Birds satellites have been launched by
Space X — 64 m? deployable phased-array

e They are the first generation of
operational of the constellation of 200+
satellites

e Next generation will adopt a larger
phased-array antenna

B

T+00:00:02

Satellite Communications

. . .
D&"" < Dip. Ingegneria dell’'Informazione Riccardo De Gaudenzi
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NGSO Mobile: Starlink/T-Mobile and Apple/Globalstar

Starlink 2G and T-Mobile Apple iPhone 14 and Globalstar
Will work on Starlink 2G satellites proprietary PHY Refurbished GS - proprietary PHY
with a 25 sgqm S-band (?) phased array 200 (GS) + 300 (SSEG) MEURO investment

Keep Pointing at
Satellite

That connection should be enough to let you text, send MMS messages. WASHINGTON — Apple formally announced its long-anticipated partnership with Globalstar Sept. 7 to

and even use “select messaging apps” whenever you have a clear view of provide satellite messaging services for new iPhones and becoming Globalstar’s biggest customer.
5 ; 5 ; er v e ;

the sky, even if there’s no traditional service available. According to a At an event to unveil new iPhone and other products, Apple said the new iPhone 14 series will include

press release from T-Mobile, the “satellite-to-cellular service” will be an “Emergency SOS” feature that will allow users to send emergency messages via satellite when out of
- - il - - ol ¢

available “everywhere in the continental US, Hawaii, parts of Alaska,
Puerto Rico and territorial waters.” The service is scheduled to launch
in beta by the end of next yvear in “select areas.” and Sievert says he

terrestrial network coverage. Those services will start in November and will be available initially in the
United States and Canada. Those services will be free for at least the first two years.

In the presentation, Apple emphasized the difficulty of providing connectivity via satellite for its
phones. “The bandwidth is so limited that even sending a text message is a technical challenge,” said
hopes it will someday include data. Ashley Williams, manager of satellite modeling and simulation at Apple.

Welcome to the 1.5G era for satcom direct access to the mobile end user!
Small user HH phone antenna gain => low data rates for mass-market

S
Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
University of Pisa, Italy 14. SatCom Services and Constellations: Mobile
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Apple Direct to Hand-Held Mobile Service

e Appleinvested 450 MS to initiate this new service
largely in the Globalstar ground infrastructure

e Full reuse of the existing Globalstar space segment
with proprietary ad-hoc narrowband physical and
upper layers — Qualcomm Snapdragon X65 chip

e The service exploits the Globalstar L (Tx) and S (Rx)
bands for direct-to-hand-held communications with
iPhones 14 & 15

Emergency SOS
EREICING
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Apple Direct to Hand-Held Mobile Service

e New more powerful C-band gateways ground antennas

e New ground stations in Nevada and Hawaii, as well as existing facilities in Texas, Alaska,
Florida, and Puerto Rico

e 17 new satellites planned to be launched by SpaceX paid by Apple in return of 85% Globalstar
capacity exploitation

Satellite Communications

Riccardo De Gaudenzi
14. SatCom Services and Constellations: Mobile




Starlink Direct to Cell Mobile Service

e Some Starlink v2 Mini satellites support :
the mobile HH frequency band on top of R4l
Ku-band payload :

e DTC service will use 1910-1915 and
1990-1995MHz radio bands (PCS “G
block”)

e No detailed technical information
available on the space segment that is
being used

e From pictures released the S-band
phased array is occupying a large part
of the satellite real estate (probably in
the order of 1.2 x 1.2 m)

e Most likely future Starlink satellites
launched by Starship will carry larger S-
band phased arrays

e 227 satellites launched so far (October
2024)
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https://www.pcmag.com/news/spacex-to-fcc-heres-why-cellular-starlink-system-wont-cause-interference
https://www.pcmag.com/news/spacex-to-fcc-heres-why-cellular-starlink-system-wont-cause-interference

Iridium Direct to Hand-Held Mobile Service

e Iridium announced in January 2024 that is planning to
support direct to HH messaging and SoS services using
3GPP NB-1oT NTN solution

e Iridium frequency resources that can be dedicated to
this new services are likely to be limited due to the
large use by customers like US DoD

-» . A .
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: sl oh by Ul
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€
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(] »
'g D IRID . |\ CELLULAR IRIDIUM
= ONNECTE MOBILE
9 PRODU INTERNET NETWORK GATEWAY
3
E—— ]
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Chinese Beidou 3 and Huawei

e Huawei Q3 2022 announced that the new Mate 50 mobile phone will support geo-localised SMS
messaging via Beidou GNSS 24 MEO and 3 IGSO satellites

e 3W user equipment transmit RF power required

e A dedicated LEO Chinese telecom constellation is currently planned - 300 satellites in 2030 with a
possible growth to almost 13000 satellites

y %
’ Crosslmkm

—7 @
. ?s

Uplink:
14 MEO Downlink:
2 3 IGSO+ 24 MEO
o
B S
e m
'c
g
S
o
U
[
= - ﬂ\
= \s : =__-¢=H4il P
5 Global Users BOCC Service Center
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More Direct to Hand-Held Mobile Service

e STARLINK direct to mobile service
announced to start the new service in 2024

e No technical information available on the
space segment that will be used

e  Most likely Starlink Gen2 satellites support
. Seamless access to text, voice, and data for LTE phones across the globe
the mobile hand-held frequency band p

e More terrestrial operators are joining T- m
mobile to offer this new service

e Iridiumis planning to support direct to
hand-held services in cooperation with
Qualcomm and Garmin

e Snapdragon® Satellite offers truly global 9 Snapdragey

2 coverage from pole to po.le afnd can Snapdidi

2 support two-way messaging for emergency Satellite

2 use, SMS texting, and other messaging

g applications User

£ experience

S ¢ lIridium frequency resources that can be pantegdescotosy

(] . . . .

£ dedicated to this new services are likely to

() . .

5 be limited due to the large use by

customers like US DoD
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More Direct to Hand-Held Mobile Service

e Lynk has the license from FCC to operate in the
UHF 4G/5G bands

e Two experimental satellites launched in 2020

e One more satellite launched in 2021 planning t
to have 5000 if funding found

e Agreement with 25 operators for providing
direct to hand-held service

{im

T

e Initial service limited to messaging then voice
and broadband

e Unclear funding situation and effective service

start date
Map of a World First...
® V|de0: ; $ ) $400 Billion
https://www.youtube.com/watch?v=nkH6VnxW | : '
5U8 : 1) 3+ Billion

samsune @  @motorola @LG
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https://www.youtube.com/watch?v=nkH6VnxW5u8
https://www.youtube.com/watch?v=nkH6VnxW5u8
https://www.youtube.com/watch?v=nkH6VnxW5u8

PART 2 - GEOSTATIONARY MOBILE NETWORKS

Satellite Communications
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GSO Mobile INMARSAT Constellation

INMARSAT is the first satellite GSO mobile operator, est. 1979!

Initially maritime/aeronautical service provision, Later BGAN for laptop 3G services & hand-
held - 2022 1.4 BS revenues and 316 MEURO CAPEX (L and Ka-band services)

The INMARSAT (London-based) L-band MSS system architecture:
e GSO constellation composed of 3 I-4, 1 Alphasat satellites, 2 1-6 and 4 legacy I-3 satellites

UMTS (3G) type of services to mobile terminals
— Circuit-mode services up to 64 kbps (voice, video, FAX, messaging, data)
— Packet mode services (up to 492 kbps)
e GSO orbit inclination allowed up to +/- 3 degrees to save station keeping fuel
e Regional and spot beams

e Three gateways
(Hawaii, Netherlands, Italy)
and four TT&C stations
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GSO Mobile INMARSAT Constellation

User 4, 14 Satelite 14 Satellite Sy,

Torminals T A F2~53w) (FI~8E) =BG~ Terminals

Site Site E

Core Network _ﬁ DCN Ij- Core Network

PSTN/ISDN @] PSTN/ISDN
Interconnect Interconnect

bgan \ inmarsat

Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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GSO Mobile INMARSAT Constellation

ELERA (L-band?)

14 F1 @rsre
(@ rar @rer2
14 F3

ALPHASAT -4 F4

: —  (2)i3R
Ny O
O
(8)rars

-~
&

INMARSAT is
keeping

legacy I-3
satellites

on top of the I-4,
I-5 and I-6

L2 T T T T T T
- wor ue* 2o oo &0*

&0
D I-4 Americas D Alphasct

Combined |-4 ond
Aphasat coveroge

ip. Ingegneria dell’Informazione
niversity of Pisa, Italy

L) L L] ] L) L] L] T L) L] L] .
a0’ 0 - g b < 60 80* ioo* R0 e 160° '
D -4 MEAS D |-4 Asia-Pacific This Mop SRgicEs INMOraot's Seciasons of covnage olowng he commentsdl
eroducnon of Imasar’s ourth L-bong region scheduled 'or e end of 2015 1 does
O RRAENt & Guaniee Of Sevice. Tha awallcility of %rvice at the eage of ¢
Qs PUCU0tes CRpeNncing 0N vrows CONTons. Aphasct and -4 Cownage lune 200

—
Riccardo De Gaudenzi
14. SatCom Services and Constellations: Mobile



GSO Mobile INMARSAT Constellation

The INMARSAT 4 spacecraft (made by Airbus with ESA support):

e |-band 9 m deployable antenna fed reflector (AFR) with digital transparent
payload and DBFN

e (C-band gateway feeder
antennas

e Digital processor allows
flexible frequency plan

(7]

c

o

=}

©

9

c

S

=

£

o

o

(]

=

o

)

©

n

P . .
!C‘g Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
AL 5 University of Pisa, Italy 14. SatCom Services and Constellations: Mobile



58

GSO Mobile INMARSAT Constellation

The INMARSAT IV payload:

14 Payload Block Diagram

Automatic Level Control

CtolL
To C-Band Integrity

« Checking
Downlink section I—

Feeder
t
C-Band Mobile ‘ —

Rx Horn ~

Ry C-Band C-Band \ Forward Postprocessor 120

Payload
2 3 4 Down- & L-Band
T e b o Pavosd [
Transmit
Section

2 Mobile Centralised
<7 o Frequency

Mobile Generator

C-Band ¥ Los

Tx B C-Band 4 Eﬁpmc&ssor | 120
E‘:]j# Payload [-Band_| g N
Payload

Transmit
Section

1A VA VAV AVAPAVA

\ Recewve
Return \ [Section |
Processor by
Mobile t
DSP to

Feeder

Pilot Tone
Injection

Unit
L1
Navigational Mav L-Band
Payload Tx Antennas
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GSO Mobile INMARSAT Constellation

The INMARSAT IV L-band antenna pattern:
e Up to 256 re-configurable beams, 200 implemented by the ground segment
e 7 or4colours for frequency reuse configurable by the digital processor

e W8, 57
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GSO Mobile INMARSAT Constellation

The INMARSAT ground segment (user terminal and gateways)

User terminals
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GSO Mobile INMARSAT Constellation

AMER Datas

5 Virtual Clrcuite
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GSO Mobile INMARSAT Constellation

The INMARSAT L-band air interface follows a sub-set of the IAI-2 proprietary air interface

ip. Ingegneria dell’Informazione
niversity of Pisa, Italy 14. SatCom Services and Constellations: Mobile

MF-TDMA uplink/FDM-TDM downlink

FWD: Up to 630 (200 kHz) carriers, data rates up to 512 kbps, 80 ms frame

RTN: 25, 50, 100 or 200 kHz carriers, data rates up to 492.8 kbps, 5 or 20 ms frame
Downlink QPSK and 16QAM, uplink t/4-QPSK and 16QAM [32QAM for HDR in Alphasat]
Turbo code FEC with code rates 1/3 to 9/10
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Satellite Communications
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GSO Thuraya Regional Mobile System

Thuraya (United Arab Emirates) L-band MSS regional system architecture

e GSO constellation composed of two satellites covering eastern hemisphere (2
more ordered)

e UMTS (3G) type of services to mobile terminals

— Circuit-mode GSM-type voice services (up to 9.6 kbps)

— Packet mode services (up to 444 kbps)

— Streaming with up to 384 kbps
e GSO orbit inclination allowed up to +/- 6 degrees to save station keeping fuel
e Three gateways

|
Riccardo De Gaudenzi
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GSO Thuraya Regional Mobile System

THURAYA SATELLITE TELCOMMUNICATIONS COMPANY

System Architecture ‘

USER SEGMENT

| -l
THURAYA,

Hand-held

50C = Satelite Operations

Centre m Vehicular
OG- = %gffgﬁ?l;sCentre \'x\' Lm
035 = Operational Support Semi-fixed
System
MSC = Mobile Switching
Gen_lr&
UES = glpgllil_lu-lrﬁ BE..ac.un SPACE SEGMENT Lon Public Calling
N R N =
PLMM = Public Land Mobile o 2
Meteaork ' \‘-r-""-'_.- E ThurayaDSL
" Pri a}p{ Gateway ”
(= :
9 TTaC FEEDER uasrm
® h LINK GATEWAY
g . S “AN Thuraya est. 2000
=]
SOC 1 1
S Atortaes CPSTN D 432 MS revenues in 2022
(]
= - 114 MS profit in 2022
T » prof
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GSO Thuraya Regional Mobile System

The Thuraya L-band GSO fleet current coverage

Thuraya
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Coverage
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GSO Thuraya Regional Mobile System

The Thuraya spacecraft

e |-band 12.25 m antenna fed reflector (AFR) with digital transparent payload
(channelization and DBFN)

e (C-band feeder link antennas
e Offset-fed phased-array of 128 elements
e Multi-matrix amplifiers

Satellite Communications

Thuraya 2/3 Thuraya 4/5
T —
Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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GSO Thuraya Regional Mobile System

Thuraya processor
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GSO Thuraya Regional Mobile System

Thuraya 2/3
antenna pattern

Up to 344 re-
configurable
beams (TBC)
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GSO Thuraya Regional Mobile System

The Thuraya ground segment (user terminal and gateways)

L
Nl

Strategic C-Band
Only Thuraya
Monitoring
System

, Gateway
User terminals
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GSO Thuraya Regional Mobile System

The Thuraya L-band air interface follows the ETSI GMR-1, release 2 public air interface
e  MF-TDMA uplink/FDM-TDM downlink

e Upto 3140 (27.7 kHz) carriers, data rates up to 9.6 kbps, 40 ms frame

e Coherent n/4-QPSK

e Convolutional code FEC with code rate %

e Localization with GPS in the UE

o bif CRC mcnn ational] © “
volutiona .
o " Interleaving |—» Scrambling
(note 1) [ Coding [™ —1
(B}
ﬁ.flscc‘i (5) (6) ) Multiplexing 1w Encryption
i
incte 2) CRC _.Goncvggji:.lgnal_. Interleaving ¥
Status bits
*  Encodin )
° 05.003 )
(10 l
o oo 2 AV nce
. L1
Multiplexing [f| Formatting [T™ Modulation antenna [
Receiver
Y 05002 |12 05004
(1) Info bits + parity bits 05,005

{9) Encrypled Dis
{10) Coded Status bits
{11) Multiplexed info, SACCH and Status bits

{12) Burst formatted bits, including uW
(5) SACCH bits + parity bits {13) Modulated symibols

(8] Coded SACCH bits Mote 1: notall channels use CRC

E;:]I LI:T:I:II;IEM ﬁﬁ?:fnl-émSiCGH bits Note 2 : not all ehannals multiplex SACCH

(2) Coded bits
(3)  Interleaved bits
(4) Scrambiled bits
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S-band Solaris Satellite / Terrestrial Hybrid Network

e Joint Eutelsat/SES Solaris joint-venture to provide broadcasting/interactive services to mobile
(vehicular) users using S-band

e EC dedicated frequency allocation next to terrestrial 3G networks at 2.2 and 2.0 GHz

e Prototypes and large experimentation performed in Europe

S-band GEO satellite

Terrestrial transmitters
and collectors

‘f
D
Teleport g

fhub —

EEEE s EE s ..

Content and
4 communications

managementy . ; —_—— !
g E:}ll D]}E. /,_.’Lﬂ |
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A Smartphones, PDAs, vehicles and fixed terminals
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Field trials in Pisa

Riccardo De Gaudenzi
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S-band Solaris Satellite / Terrestrial Hybrid Network

e Bent-pipe payload with linguistic beams over Europe launched in 2009 (12 m reflector)
e  ETSI DVB-SH/S-MIM open air interface
— DVB-SH is FDM/TDM standard optimized for mobile broadcasting and interactive service
— S-MIM complements DVB-SH for high efficiency bursty return link (1000 times more efficient than ALOHA)

using an adaptation of 3GPP W-CDMA with Successive Interference Cancellation for packet collision
resolution

e The partly unsuccessful large reflector deployment led to the commercial project failure
= 3

I

-

SPACENEWS o,

Eutelsat W2A's S-band Antenna Malfunctions

by Peter B. de Selding — May 14, 2009

KOUROU, French Guiana — The 12-meter-diameter S-band antenna aboard the Eutelsat W2A satellite
launched April 4 has suffered an anomaly that may reduce its ability to provide service across Europe as
required by its regulatory license, one of two granted May 14, according to industry officials.

The antenna, built by Harris Corp. of Melbourne, Fla., was successfully deployed in orbit April 9. But
in-orbit tests in the last four weeks have turned up a hardware glitch whose consequences are not yet
known, according to Solaris Mobile, a joint venture that was formed to sell S-band satellite services to

government and commercial users in Europe.

e  Frequency sold to Echostar and Solaris company terminated

(%)
c
o
=
©
=
c
>
S
£
o
o
[
=
©
e
©
wv

ip. Ingegneria dell’Informazione Riccardo De Gaudenzi
niversity of Pisa, Italy 14. SatCom Services and Constellations: Mobile




GSO Terrestar/Echostar Regional Mobile System

e US company founded in 2002 planning an hybrid satellite/terrestrial (ATC-CGC) network development over US
operating at S-band

e  Company went bankrupt in 2010, bought by EchoStar Mobile who launched EchoStar 21 in 2017 planning EU
coverage (with the former Solaris (Eutelsat/SES) mobile CGC EU license)

e Planned services: 3G like IP-based voice, data and video
e  Extensive terrestrial Ancillary Terrestrial Communication (ATC) network as per FCC license
e Dual-mode satellite/terrestrial phones with terrestrial size/look
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.'g “-| tions
2 P Cloud/ standard Communication Netiorl
3 PSTN —
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GSO Terrestar/Echostar Regional Mobile System

% TerreStar-1 Coverage i e 3
Primary ’ \\ N "") s -ﬁ\,.om

Secondary

,\ /‘Q{WSOURCE TERRESTAR‘

EchoStar 21 moved to Europe reusing the Solaris (Eutelsat/SES)
S-band license given by the EU for Satellite /terrestrial ATC network
The Solaris joint venture failed after partially unsuccessful
S-band antenna deployment

Not much commercial use reported to date
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GSO Terrestar/Echostar Regional Mobile System

The Terrestar 1/Echostar 21 spacecraft:

e S-band 18 m antenna fed reflector (AFR) with digital transparent payload (channelization and DBFN)
e Ku-band feeder link antenna with on-ground beam forming (OGBFN)

e Inclination allowed up to +/- 6 degrees, 20 ground beacons for spacecraft pointing using the OGBFN

Satellite Communications

Riccardo De Gaudenzi
niversity of Pisa, Italy 14. SatCom Services and Constellations: Mobile
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GSO Terrestar/Echostar Regional Mobile System

The Terrestar payload and OGBFN:
e One 18 m reflector fed by three distinct arrays of 78 elements (1) and 8 elements (2)
e Simple bent-pipe payload architecture thanks to the OGBFN approach

e Larger feeder link bandwidth required — calibration of the RF chains from antenna feeds to the
gateway required

e TWTAs for the HPAs (instead of SSPAs)

| I Feed I User
Feed Signal Space Frequency/Polarisation Multiplex of the Feed Signal Space Signal

¢ e ks“"”%s”“

| |
Lo O
O>_'@_>‘L§_ i Vi e o —@JQ .

{ | > H—(
>—8=p+e=

D
D

Fine-Frequancy Demultiplexing
Beamforming

b

Satellite ) ' Ground

Satellite Communications
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GSO Terrestar/Echostar Regional Mobile System

The Terrestar ground segment (user terminal and gateways)
JUIESR Y

Terre{Star

calendar

@ Connected to satellite

favorites

User terminal
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GSO Terrestar/Echostar Regional Mobile System

The Terrestar S-band air interface follows the ETSI GMR-1, release 3 public air interface
e  MF-TDMA uplink/FDM-TDM downlink
e W-CDMA (3G) for the ATC/CGC

{B)  Multiplexed Info and SACCH bits

nfo i CRC “}Gnn ational| o @
N volutiona .
(note 1) — Coding - Interlzaving (—w Scrambling —l
B
SACCH (5) (6) ) Multiplexing s Encryption
bits
moez || CRC _.Gnncvg:;::‘lgnal L Interleaving ¥
Status bils
* Encodin 4
° 05.003 =
(10| l
: ﬁ * Transmitter Air interface
Burst Burst Modulati - ™
Multiplexing [| Formatting uiation , antenna  [*
* Receiver
g Y 05.002 |2 05004
=] (1) Info bits + parity bits o 05.005
S {9) Enerypled Dis
= (2) Coded bits 10) Coded Status bits
'c (3) Interleaved bits (10) s
=] (4) Scrambled bits {11) Multiplexed info, SACCH and Stalus bits
€ (5) SACCH bits + parity bits {12} Burst formatted bits, including uW
€ {6) Coded SACCH bits {13) Modulated symbols
(<) Maote 1 : not all channels use CRC
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GSO INMARSAT Global Xpress Mobile Broadband Constellation

The INMARSAT (London-based) Global Xpress Ka-band system:

e GSO constellation composed of 4 INMARSAT-5 satellites (2 extra HEO satellites
planned)

e Broadband VSAT type of services to fixed and mobile terminals

Voice over Internet Protocol (VolP) support and managed VolP service
Video teleconferencing

Branch office applications (e.g. VPN access, SAP, Citrix, email)
Real-time video and audio streaming

Real-time interactive collaboration and situational awareness
High-speed broadband for internet access

High-speed file transfer

Video surveillance

e 89 spot beams/satellite (72 active max), six steerable high-capacity beams

e Two steerable gateway beams (smaller size)
e 2 diversity GW/SAT (ltaly, Greece, USA, Canada, New Zealand), 4 TT&C stations

Dip. Ingegneria dell’Informazione
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A

6 steerable high
Fully operational in 2014

GX SAS Sites

X
gy E l N8 q, '
, | Americas TS

- {
* 6 SAS sites supporting global coverage and -9
site diveresity :

DVB-S2, multi-carrier MF-TDMA system Government
QoS, multicast, IPv4/v6, dynamic routing, -

web acceleration, beam switching
Security via AES-256, FIPS 140-2

iInmarsat
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GSO Global Xpress Mobile Broadband Constellation

INMARSAT Global Xpress GSO fleet current coverage

Global Xpress netwaork available Extendable Global Xpress |:| Gx1 GY2 D GX3 |:| GX4 |:| GX5
aver at least 9% of this area coverage via steerable beams

1a0® 1w 140® 120" 100° B0* &0° 400 200 o o 40° &0° ao® w0o* 120° 140° 160* 18o0°
‘Thits map ks for general infnIma tion paerposes only and No guarantass is given of & curacy o fitnass for 3 particular use. Cowsage is subject 1o change at any time. Global Xpresscoverage May 2000,
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GSO Global Xpress Mobile Broadband Constellation

The INMARSAT 5 spacecraft

Six larger reflectors for
HCP spot

e Two Ka-band feeder
link antennas small
reflectors

* Three + three side
reflector for user link
(2 Tx, 4 Rx)
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GSO Global Xpress Mobile Broadband Constellation

The INMARSAT 5 payload: Bent pipe with single feed-per-beam antenna
e 61 TWTAs forward link, 6 TWTASs in the return link

Global payload

User Uplink: 29.5 -30.0 GHz

User Downlink: 19.7 - 20.2 GHz

Feeder Uplink: 28.0 - 29.5 GHz
e Feeder Downlink: 18.2 - 19.7 GHz

"
—

1’:’5 Capacity Payload

User Uplink: 29.0 - 29.5 GHz

R User Downlink: 19.2 - 19.7 GHz
s Feeder Uplink: 27.5 - 28.0 GHz
Feeder Downlink: 17.7 - 18.2 GHz
g s ——
g ﬁ Why Ka-band? |
g > 2.5 GHz of available spectrum 3
§ > Includes 2x500 MHz of spectrum exclusive to satellite
% 2 > Fewer operational satellites — simplify coordination ¢
& > L-band can be used to improve availability
S, Riccardo De Gaudenzi
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GSO Global Xpress Mobile Broadband Constellation

INMARSAT Global Xpress GSO fleet current coverage

ST T e T ome
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'g * = 2 | Unique global broadband access

é = 50/5Mbps typical user throughput

£ L = Up to 72 active beams per satellite 3

; Seamless broadband mobile roaming

% _ | Open standards equipment, seamless handover wﬂ%

© = == I . _— ape

a = Performance automatically optimizes to é:ondltlons &_
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GSO Global Xpress Mobile Broadband Constellation

The INMARSAT Global Xpress ground segment (user terminal and gateways)

I

User terminals

- s——
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GSO Global Xpress Mobile Broadband Constellation

The INMARSAT Global Xpress air interface follows the DVB-S2(X) air
interface in the forward link and a proprietary iDirect MF-TDMA return link
air interface similar to DVB-RCS2

e FDM/TDM downlink with ACM 32/40 MHz channels, QPSK, 8PSK,
16APSK

e MF-TDMA uplink with ACM 32/50 MHz, BPSK, QPSK, 8PSK

e Feeder uplink fading counteracted with power control and spatial
diversity

e User forward link fading mitigation based on DVB-S2 ACM (15 dB range)

e User return link fading mitigation: moderate uplink power control,
ACM, baud rate reduction

Satellite Communications

T
s,;-: Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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Satellite Communications
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Mobile Systems Takeaways 1/2

e GSO and NGSO Mobile Satellite Networks are trying to complement
terrestrial networks

— Satellite wide coverage is an asset to complement terrestrial coverage cost
— Unique role for military, exploration and emergency situation
— Current capabilities more suitable for niche professional applications

— New initiatives like AST Mobile, Apple/Globalstar, T-Mobile/Starlink,
Iridium/Qualcomm may drastically change the picture

Satellite Communications

Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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Mobile Systems Takeaways 2/2

e Key challenges:
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Satellite is struggling to provide satisfactory Q.0.S. and data rates in
mobile conditions

Standard terrestrial user terminal has major link budget limitations due to
the mobile antenna low-gain (in particular for hand-held)

Large satellite antenna aperture may compensate for the poor user
terminal performance but making space segment bulkier and more
expensive

PFD limitations in satellite frequency band are no allowing to increase the
data rates unless reuse of terrestrial bands

Complex national licensing and frequency coordination processes
Radio resource management challenging considering the uneven traffic

Conventional business case difficult to close for both GSO and NGSO but in
particular for the latter — new entrants cooperating with MINOs may have
better success

. Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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