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LIXA  LEO satellites for enhanced, resilient PNT -

~ multi-hour pass ~ 20 ooo km

DY RR—RIBEANEL
. m”:&';&(‘fﬁ“llis om) ' ‘
9 ﬂ/ﬂiiﬁw)%ﬁ% :F‘H ﬂﬁh\ J'"L\'Fﬁ'iﬁ'iﬂlm

"-O-l ‘F‘req.ueﬁcy‘/ diversity : e | ! . | : : | FSL @ |_1 |
— : S ~ 182-185 dB

« PPPD UK BFE AR LY
Bz 5 —E R D W D iSRRI E
TILFINNARBEDHAEIL

- -U- -Measurement diversity

N e - 0 —
o o 1 — O
e 1y Y D .
5 ° — =0 : ]
[ ] = .
- *F3S
= O $ .~ 1y
(]

BN/ R—=23 841491
« [EOXb

| Est @l |
~ 7.4 km/s | ~ 156-168 dB
10/20 minute pass |
ﬁ ---------- i W o G

\



LKA JAXA Views on Multi-Layer PNT

RNSS
’(GE0/QZ0)

QZSS:
 * GPS augmentation

-> Standalone PVT
8« Regional coverage
8 Wide service portfolio

O PNT:
Global coverage
Faster geometry change

|

* New frequency bands :
* Alternative/back-up to GNSS
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Rlsmg mterest in LEO PNT across the research
“community, mcIudmg academla mdustry, and

"LEO/LEO PNT“ key words in recent Institute of
Navigation (ION) meetlngs programs
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NAVIGATION AND TIMING (LEO PNT) . State of the Market Report 3

& | LEO PNT

Publlshed since 2024 by FrontierSl (Australia)

202.4editien : \ '2025 edition

more

(published January 2025) ——— (published March 2026) —— continue to
e it Sl emerge

9 service providers : 14 service providers

https://frontiersi.com.au/wo—‘content/upIoads/2026/03/FronﬁerSI—State—of—l\/larket—ReDort—LEO—PNT—2025—Edition—v1 .0-3.pdf
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Rocket Lab to acquite Il'idim forss § : ESAIaunches first Celeste stellites to test omplementary

billion, expanding alternative PNT LEO na"ig_’a'fmn i
capabilities

Sea Launch Delivers Second Group of Ten
: _ Navigation Satellites [Jielong-3 Y10]

GMV’S celeste |OD-1 Transm“s First NaVigation China Rocket's Jielong-3 has now flown from the sea for the tenth time, all
Sig"al from LEO successfully so far
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Furuno, Xona Sign MoU to Bring LEO PNT into
Timing Portfolio
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ArkEdge Space study examines system for
non-GNSS LEO PNT

TrustPoint demonstrates non-GPS navigation for LEO
i satellites
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Current status of demonstratlon and operatlonal LEO satellltes prowdlng PNT serwces

LEO PNT SateIhtes Launched

" 350

168 China SatNet LEO
SlE ‘ : _ 2 _ “launched 170+ satellites in
el <y " _ . = TR el ' - 1.5 years
250 .
‘ ‘ m ESA
200 lXona
M Trustpoint
: e CSCN
Iridium NEXT constellation 150 7

" ¥ m Centi :
~ replenishment between entispace

' 20'17 and 2023

M Iridium

Centispace-1 and
Centispace-2

2023/7/1 10-satellite Iaunches

2023/1/1 2024/1/1 2024/7/1 2026/1/1 2026/7/1

 2025/1/1

' : Xona’s Pulsar-0 :
int’ ite ESA’s Celeste #1 and #2
TrustPoint’s satellite #1 and #2 | _ TrustPointis satellite #3 'S eleste #1 an
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Iridium - A,

Constellation

oo Curre_nt in-orbit satellites: ~
1. 66 operational @ 780 km; 86.4 °
2. 9spares @ 750~770km

-Signals

i Frequéncy: L-band

|+ STL:1616-1626 MHz
Modulation type: QPSK

Services
e Dual-mission SATCOM + PNT -
| *  Global coverage '

https://iridiumwhere.com/about/ .
https://www.space-track.org/#/catalog

Xona
Constellation
s .Cur'renAt satell-ités: 1
e 520km, 97° :
*  Planned satellites: 258
' - 66 sats @ 1080km, 53°
+ 192 sats @ 1080km, 97°

Signals
Frequency: L-band
.°' X1:1593.3225 MHz, X5: 1190.51625 MHz:
Modulation type: EFQPSK

System Concept

« Timescale: GNSS + ground stations
. Nominal operationé: uses GNSS

* Can operate without GNSS

Services
* . PNT service, GNSS corrections, integrity service
« Heavy industry, critical infra., transportation ...

TrustPoint

*  Current satellites: 1

.- Planned satellites: 300+

Constellation
*  520km, 97°

«  Shell 1: 550km, 97.6°
Shell 2: 650km, 53 °

Signals
Frequency: C-band,
- C1: 5020 MHz
Modulation type: BPSK

System Concept
* Timescale: ground stations
*  LEONS-based GNSS-independent

Services
* PNT service, GNSS corrections, integrity service
* Defence, air, road, agriculture, construction ...

https://frontiersi.com.au/wp-content/uploads/2026/03/FrontierSI-State-of-Market-Report-LEO-PNT-2025-Edition-v1.0-3. pdf#Daqe=93&zobm=1 00;0,0
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CENTISPACE
Constellation
»  Current satellites: 25"
Lo Planned satellltes 190
G | 975km WALKER 55 120/12/1
2. 1100km WALKER 87.4° 30/3/1
- 3. 1100km, WALKER 30° 40/4/1 |
Signals
. Frequency: L-band
. — CL11569-1581MHz
_ — (CL21180-1182 MHz
*  Modulation type: BPSK

H
'

Services
*  Global High Accuracy Service

*  Global Integrity augmentation Service
*  Global GNSS monitoring Service

|China SatNet LEO*

‘Constellation

«  Current satellites: 170+

* Planned satellites: 504 -
1. ~1170 km, 86.5°
2. ~1150km, 50°

China SatNet LEO Satellites Launched** °
200

180

160

140

120

100

80

o : 60
Signals =

Frequency: L-band 23

2024/12/1 2025/6/1 2025/12/1 2026/6/1

Services

* . Global broadband connectivity
+  Global PNT service (selective payloads)

*State-owned entity responsible for the Guowang broadband mega constellation

https://www.unoosa.org/oosa/en/ourwork/icg/working-groups/s/wg-s-workshop-leo-pnt-2023.html

https://www.space-track.org/#/catalog

https://frontiersi.com.au/wp-content/uploads/2026/03/FrontierS|-State-of-Market-Report-LEOQ-PNT-2025-Edition-v1.0-3.pdf#page= 93&zoom 100 0.0
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Integrated ESA/ European Commlssmn Roadmap for LEO PNT

10 satellltes

- In-orbit technology demonstratlon
- - UHF/L/S/C-band. signals transmission
- .on-board orbit determination / time ~ ~
“synchronization =
_ advanced small satellite platforms In ‘Orblt

- Services demonstration T
- Experiments with 1 satellite in view Tens of satellites (expected)

- Signal Tx/Rx . - - \Validation of pre-operational technologies

- ODTS and ranging accuracy - Industrialisation
. Experiments with 4.satellites in view ] '

- PVT/PPP performance

‘Scenarios under definition

https: //Ieosats ieee.org/wp- content/uploads/2025/09/2 sarnadas-2025-05-05-esas-leo-pnt-in-orbit- dem, pdf
https://frontiersi.com.au/wp-content/uploads/2026/03/FrontierS|-State-of-Market-Report-LEO-PNT-2025-Edition-v1.0-3.pdf#page=93&z00om=100,0,0
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Integrated ESA/ European Commlssmn Roadmap for LEO PNT e -l
IOD1-2 satellltes launched on March 28 2026
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In Orbit Demon:

10 satellltes

= = N
In Orblt teChnOIOgy demonStratlon . 2 paraliel conhacts l ﬂbl -2: initial demo Sﬂfe"ifh 63-1 0: 2x4 advanced demo satellites \
- - UHF/L/S/C-band. signals transmission Each including: IOD11 and 12(spare)
: Y < . . . : stem an ace segmen vaskbolar orbit at ~ m QAR ready for launch by early 2027
- . on-board orbit determination / time AL T e R s g s 5o i
. Syn Ch ronlzatlon ; { Ground segment & operations De-risking and single SV experiments PNT signalsin L, S, C, UHF + 2-way
Test User segment ITU L-band filing and Res.609 Service demonstration (4-SV experiments)
2 advanced Sma” Satel I |te p|atf0 I’mS KExperimentoﬁon and Service demonstration 10D11: miniaturised atomic clock and other techno
~ Services demonstration - e —
- Experiments with 1 satellite in view ' I . ‘OHB
: = Slgnal TX / RX ) : 4 Payload by GMV 100 kg microsat
- ODTS and ranging accuracy 4 : bl S
Experiments with 4 satellites in view 4

: 16U Cubesat ~70 kg microsat
l - PVT/PPP performance ] : : ThalesAlertia Platform by GOS TAS Sat / PL Prime
‘," ; 3 S!m!(j Payload by TAS Platform by Deimos
\SUpported by a pan-European consortium \
R _aid , — O

https: //Ieosats ieee.org/wp- content/uploads/2025/09/2 sarnadas-2025-05-05-esas-leo-pnt-in-orbit- dem. pdf
https://frontiersi.com.au/wp-content/uploads/2026/03/FrontierS|-State-of-Market-Report-LEQ-PNT-2025-Edition-v1.0-3.pdf#fpage=93&z00m=100,0,0
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Explore to Realize

'ICG‘:EB [7BLEO PNTOERDH

Internatlonal Commlttee on GNSS (ICG): under the umbrella of the Unlted Natlons promotes coordlnatlon
among GNSS/RNSS/SBAS prowders to ensure greater compatibility, interoperability, and transparency

WL | LEO- PNTG)E?@&IEHEE E%Ii(i ICGD Y AT Ls- 1.:.15 H—E RELEA (WG-S) DT EEE 5
EP&&')'CL\%S S

. Incorporation bf LEO-PNT into WG-S Work Plan at ICG-18 (2024)

* ‘Annual LEO-PNT workshops on LEO PNT Systems
— 9June 2023 (1 day), Vienna, Austria

— 26-27 June 2024 (2 days), Vienna, Austria

) — 25-27 June 2025 (3 days), Vienna, Austria
I;m,qf;fibf?:f‘f Posionve, oguion, and Tinig (LEO PNT) Conpartiy — 17-19 June 2026 (3 days), Vienna, Austria

nd Timing (PNT) compatibility (with Global
Navigation Satell gional Navigation Satellite Systems (RNSS))

Recommendation of Commirttee Action:

The Working Group on System.
Internationa

«  Establishment of LEO-PNT Task Force at ICG-19 (2025) Rerommentatn of Commiee Ao

' g The Working Group on Systems, Signals and Services (WG-S) will establish a Task Force (TF) on

— ICG-19M AR H | LEO PNTIZERYHL F=sh D #i L,L\97<777r—7< VAN YR Y AW .. . ... ..o T Foree will bo providod by Chine, ESAED, and the 015

Specifically. sk Force will:
o 18 24 OCtO b er 2025 B usa n SO Uth KO rea -  prepar cal p:j';;z o s on topics related to LEO-PNT compatibility and Interopera

: natred with th and Spectrum” and “‘Interoperability and Se
2025 : Ste ubgroups as 5 up D.

10 C 2 PN shops AUrii fersession time
h Co “LEO-PNT Systems Compatibility
.o L ¢ ( cument”), i d' :
KOREA " o g I hops, including from LEQ PNT systems or

e drafting process and coordinating with the ICG Secrerariat for its

A will lead this task, with input from all members of the Task Force
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ThIS year the 4th workshop edltlon ER heId in Vienna -
0] “For the first time, part|C|pat|on from both system prowders and user segment
o Agenda of the workshop 2026 edltlon |

Doyt f‘f» " | [pay2
: Svstem Providers Session |

I FRSM NSSTC

‘LEO-PNT Systems Compatibility and \ ,
Interoperability Document” sessions MM i i

Gesa

Ny T | . | mxw :ll\ﬂl!i .
= o Sy | Document currently being collaboratively : _'
[En%A%\%ugNﬁﬁxgﬁwE%F T El % . | developed by the LEO PNT task force members.. l
- . Applicable: :
|1 érkEl:lEE ; j? - between GNSS and LEO-PNT systems
. TR TE N 33(0(99% - among LEO-PNT systems
S ' Day 3
SIS R e ‘ > Presentation of document draft and
-User Segment Session o - progress > Conclusions
‘ » Technical presentatlons on compatlblllty > Feedback
> Presentations from Rx manufacturers | | and interoperability > Future steps
> Expectations related to GNSS / LEO- > Task Force working SeSS'O”
PNT compatibility and interoperability
» Outcomes of pre-circulated survey
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Thank you!
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Elena Galletti
Japan Aerospace eXploration Agency
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