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(Precise Point Positioning)
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Preliminary Study on JAXA LEO PNT System

Masaya Murata (JAXA) 
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GNSS (MEO)

LEO PNT

Earth users

 LEO PNT augmentation for 

the existing GNSS

 Provision of an alternative 

PNT service to the GNSS

 Highly autonomous LEO PNT 

system driven by onboard 

GNSS navigation for LEO sats

 Enabling the ultra-rapid 

precise point positioning 

(PPP) convergence service for 

Earth users

Our LEO PNT Concept



Acceleration of PPP Convergence by LEO PNT

・Much faster satellite movement than GNSS, 

yielding temporally diversified measurements

GNSS

LEO

GNSS

LEO 

・Much larger number of satellites than GNSS,

yielding spatially diversified measurements

・Precise orbit and clock estimation for LEO 

sats by using precise GNSS measurements

LEO 

1.

2. 3.



Overall Results on PPP Convergence Time
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 Effect of the number of LEO sats and SISE values on the PPP 
convergence time. 〇 and 〇〇 show the confirmed convergence 

times less than three minutes and one minute, respectively 

Selected as our phase I 

LEO PNT system using 

240 sats with SISE of 

20cm (RMS)

Selected as our phase II 

LEO PNT system using 

480 sats with SISE of 

10cm (RMS) PPP convergence time by 

GPS was about 25-30 minutes

3 mins PPP

1 min PPP

Reference:



Our LEO PNT Constellation Plan Using 240 Satellites
Phase I (2030)

Walker 55°:240/24/1 (Altitude = 975km) SISE of 20cm (RMS) 

by GNSS onboard navigation 

for LEO sats

10cm-level horizontal 

PPP convergence less 

than three minutesLEO PNT navigation 

signal in C-band 

(5030-5250 MHz) 



Walker 55°:480/48/1 (Altitude = 975km) SISE of 10cm (RMS) 

by GNSS onboard navigation 

plus on-ground POD (Precise 

Orbit Determination)

10cm-level horizontal 

PPP convergence less 

than one minute

Phase II (2035)
Our LEO PNT Constellation Plan Using 480 Satellites

LEO PNT navigation 

signal in C-band 

(5030-5250 MHz) 
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GNSS (MEO)

LEO PNT

Network of LEO PNT-dedicated Earth stations

On-Ground POD to achieve SISE level of 10cm 

The number of necessary 

stations and their optimal 

distribution are under study

Receiving LEO PNT navigation 

signals on-ground enables in-

depth analysis of these signals

Phase II (2035)

On-ground POD result 

propagation via inter-

satellite links



 JAXA started the design of the LEO PNT system and our initial 

design results were shown in this talk

 Our phase I LEO PNT system aims to provide the ultra-rapid 

PPP convergence service less than three minutes by the 

onboard GNSS navigation for the LEO satellites 

 At phase II, we aim to provide the PPP convergence service 

less than one minute by also using the LEO PNT-dedicated 

ground stations and the on-ground POD results

 We design our system to be interoperable and compatible 

with the other LEO PNT systems under development. We are 

happy to join such international interoperability discussion! 41

Takeaways
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