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1-1 Age of Satellite Based Open PPP/PPP-RTK Services ELECTRIC

Changes for the Better
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B [CG: EETERERIC K DGNSSHEEEDRIEA -
B FEREICLDA—TUEPPP/PPP-RTK#EEH —E R ZZEHEER(BANLIT)
B UN-ICGORSHA CPPPOHEEERMICEAT YR ITA—XZRI5(2019-): 11HK
v 4th WorkshopZZE(2025/3 T7—vk, 91)
v IO X5 (EeEfei2E) DEXEAHE L. SRETIVEFIC DOV TER. RTCMEEE
B FENSA—FZEFEH. [ PPP/PPP-RTK Service Providers Report 1Z{Em(rev.4)
m FEA—TOT—EXDEETA—YYMNIDWLWTIFEEARFE D Compact SSR (CSSR) Gr&E
ED)TEEXYDDHD

List of Open Satellite-Based High-Accuracy GNSS Correction Service

QZSS CLAS Japan Japan PPP-RTK IGSO/GEO  Operational (2018-) 1.278GHz (L6D) 1,695bps CSSR

QZSS MADOCA-PPP BREEN Asia Pacific PPP IGSO/GEO Operational (2024-) 1.278GHz (L6E) 1,695bps CSSR

Galileo HAS EU Global PPP MEO Operational (2023-) 1.278GHz (E6b) 448bps Similar to CSSR
BeiDou PPP China China+ PPP GEO Operational (2020-) 1.207GHz (B2b) 456bps Customized CSSR
PPP via SouthPAN AU/NZ Oceania PPP GEO Early Service (2022-) 1.207GHz (E5b) 500bps? (TBD)

GLONASS PPP Russia Russia PPP MEO/IGSO  Development (2030-)  1.202GHz (L3SVI)  3,155bps CSSR

KPS POINT Korea Korea PPP-RTK IGSO/GEO  Development (2035-) 1.278GHz (L6) (TBD) Similar to CSSR
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1-4 Open format definition for QZSS CLAS: Compact SSR (CSSR)
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B [ssue: there was no open standard supporting PPP-RTK.
B Compact SSR, a flexible and efficient open format is defined for open PPP/PPP-RTK service.
B |t is compatible with RTCM 3 standard (MT4073).
B [t supports
v Atmospheric correction (ionospheric delay, tropospheric delay) oo

v Multi-GNSS, multi-signals
B Highly efficient: 0.1% of RTK, 32% of RTCM SSR

Part
Mask
Satellite

Local

(Troposphere,

lonosphere)

Service
Information

©Mitsubishi Electric Corporation

Type

Y ET ¢
Clock
Orbit
Code Bias
Phase Bias
URA
Functional
Gridded

Standalone Combined
SubType 1

SubType 3 SubType 11
SubType 2

SubType 4 SubType 6
SubType 5

SubType 7

SubType 8 SubType 12

SubType 9

SubType 10
(defined in [1])

Required data rate [bps]

100,000
10,000
1,000
100

10

1

Specification of Service Information message [1]

1

2
3
4

Service Provider Information

Service Operation Information

Grid Definition Information

Coordinate Transformation Information

0.1%

ERTK (RTCM 2.3)

ERTK (RTCM 3 MSM)
Network RTK (RTCM 3)

B PPP-RTK (Compact SSR)
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RTCM SSR Taskforce Io# 1 3 #i# o
RTCM SSR#f#g: XV hT—ORTKDO&EME UTHFAREVA, 201 TFLIRER,
TEXADIN=ICK YRR M. (TS RN 5Tk, tHELER IR Z Fta. KREFEDRISEZEETE,
PPPOAR5TPPP-RTKZEE. b—% /N T—I & UTER
REWA—N— TONNMFICKVEBRGERNTHN T S Hexagon, Geo++, Swift, Trimble
S': JUTIUOVERBILR. EEXAVE—UFEER

# _Mem | TFProposal
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Satellite Orbit, Clock As previously defined

Code Bias As previously defined

Phase bias RTCM SSR Phase Bias Message — Draft v6

lonosphere message RTCM SSR lonospheric Correction Message — Draft v2
Tropospheric Correction Message RTCM SSR Tropospheric Correction Message — Draft v3
Grid Definition Message RTCM SSR Grid Definition Message — Draft v6

Satellite Antenna Message (PCV/GDV) RTCM SSR Satellite Antenna Message — Draft v6
Metadata message RTCM SSR Metadata Message - Draft v2
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SC-104 Plenary Meeting, Sept 8, 2025

Hilton Baltimore Inner Harbor, Paca Room (hybrid)
Monday, September 8, 2025: 0900-1700 EDT 474 (H&XA: 74: CAO:2, MELCO: 3, NEC:1, TUMSAT: 1)

©Mitsubishi Electric
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Hilton Baltimore Inner Harbor, Paca Room (hybrid)
Tuesday, September 9, 2025: 0900-1700 EDT 70%

B GNSSICEITD17 7T DEEMEHNSSC-1041 508 - 1H317(2018)
B B NE IRE T T3 BIC A—RT—REDT ER
® RTCM 13400.1 ZHE 9 SN <HE{HH e s
v Minimum integrity message (health, flags for sats)
v Extended integrity message (params for PL calc)
v Augmentation System integrity flags (minimum message
for SSR)

v SE12PFCICAmERIET 2 N2 £, 1 HICCDV I
v SSRIFRTCM SSROFBEEHICHNDED & &L, SISERT D WG2 Rail

AR (KA LE ISR ) WG3 Maritime and other application
v Interop—test: CSSF“ b (g ithu b) ‘;Eﬁﬁ WG4 Harmonization of Requirements and Metrics

WG5 Open Satellite Correction Services
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QZSS Working Group Status

Dr. Rui Hirokawa (RTCM SC-104 QZSS WG Chair)

MITSUBISHI ELECTRIC CORPORATION

RTCM SC-104 plenary meeting at Baltimore, MD
Sep. 8, 2025
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Plan for new QZSS PRN assignments &a ELECTRIC
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B PRN of QZSS signals are assigned in 193-202.
B For the expanded QZSS constellation with 11 satellites, PRN range should be extended.
B Note: the plan is generally agreed with GPS and will be formally approved after ITU filing.
B Currently, there are two options regarding PRN assignment; the advantages and concerns of each option are shown
on the next page. Current range (PRN193-202)
A
— o — — o —
Option A m
C C C C
TR we  wie | . we we co cioleo co!lwe
BEEl v wel ¢ ¢ ¢ ¢ ¢ 6o GQ GQ GQ - WE WE I I wie
(W/E) wrE)l () () () () (©C (GIQ) - (WIE) (WIE) I I (W/E)
WE| C C C C C GIQ GIQ GIQ GIQ - WE WE ! | WIE
WE | C C C C C GIQ GIQ GIQ GIQ - WE WE | | WE
Option B A M
L1C/A C C C C C -
so el . we we eo eolwe we!lwe
C C C C C GIQ GIQ GIQ GIQ - WE WE Iwe we we
Il © @ (© «(© (© (G/IQ) - (WIE) (WI/E) | WE) (W/E) | (WIE)
| C C C C C GIQ GIQ GIQ GIQ - WE WE | WE  WIE | WIE
| C C C C C GIQ GIQ GIQ GIQ - WE WE WE  WIE | WIE

.>'< —-— . -
- 202 could be let go in the future when existing receivers retire, and the stakeholders agree.

- PRN >= 211 is reserved for non-standard code.
- L2C will not be available beyond 2040s.

©Mitsubishi Electric Corporation 12
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Trade-offs in PRN Assignment

Please share any feedback or suggestions on these two options.

Mapping between PRN Numbers
and SV IDs.

Period before same PRN reuse

when shifting from 7-satellite to

X: Irregular mapping due to

downward expansion of primary
PRN.

Option A

Option B

v Straightforward mapping,
although PRN191 and PRN192
will only broadcast L1 C/B.

‘ MITSUBISHI
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v': A minimum of four years can

X: Reduced to only one year.

. . . be assured .

11- satellite configuration.
Option A Option B Option A

PRN Number PRN Number PRN Code| Slot Signal 2020s 2030s 2040s
LS VD -le VAN [1C/B, L1C
L2C | L1C/A | L1C/B L2C | L1C/A | L1c/B | SVID 203 | W/E ’ 1R(only L1 C/B) 11
5 L5 ORI b Q
2 - 2 2 193 - ! 204 W/E L1C/B, L1C Q5(only L1 C/B) |« QS8R
192 - 192 20 Toa - > (L2015 only <

194 2 196 - 4

195 3 197 - 5

196 4 )

198 191 6 Obption B

197 - > 199 192 7 P

198 207 6 200 205 8 PRN Code| Slot Signal 2020s 2030s 2040s

199 208 7 201 206 9 L1 C/B, LIC

500 505 3 203 W/E (120 L5 Q1R(only L1 C/B) 010

201 206 9 203 203 11 [1C/B.L1C

~od o4 > 204 W/E (20 L5 Q5(only L1 C/B) 0S8R

203 - 203 11 207 207 15 ;
204 = 204 12 208 208 16
209 - 209 17 209 209 17 13
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2-1 QZS L1C/B operational status and interop test plan o T

Changes for the Better

B Two QZS satellites (QZS-6, QZS-1R) start to broadcast L1C/B signal, the interoperability test can be started.
B 2025-SC104-1448, the proposed interoperability test plan for L1C/B has reviewed in QZSS WG.
B Next step: vote on plenary.

B L1 C/Binterop test: Request for participation as service provider, rover user.

QZS-6

QZS-1R )“ QzS-3 1. QZSL1C/B observables decoded

" (or QZS-2, QZS-4) from MSM must correspond to
LC/Bals o original RINEX.
L1C/B+L5 +L1C L1C/A+L5 2. QZS L1C/B and L1C/A observables
+L1C +L1C
decoded from MSM must

correspond to original RINEX

Generate MSM messages Observation Data.
from RINEX or Raw messages

Zero-baseline test

©Mitsubishi Electric Corporation 14
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(f1#) ION GNSS+ 20258 MK &
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I o NE
INSTITUTE OF HAVIGATION

Institute of Navigation (ION) GNSS+ 2025

ION GNSS+ &[&?

B GNSSTHRARR (2000 N) DEFEF=

B 2025F(F3/NIVFE7 CRIfE
B vavi40, BREE 3004, v 6iT
B HR I DRSS BEHREMDER, RYNT—T4R I~

WO R
v GalileoFAFERAWBIOBFANR K
v LunaPNT: BEmCTOGNSSHEINIT—5 /AR
v LEO PNT: Z=RE[EIC XonaT 5@
v =fERIRDY—ILF v CSSRIib (FR)
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CSSR1lib: Python Toolkit for high-accuracy,
secure, and resilient positioning services

Rui Hirokawa, Mitsubishi Electric Corporation

André Hauschild, German Aerospace Center

MITSUBISHI ELECTRIC CORPORATION

ION GNSS+ 2025, Baltimore, MD
September 12, 2025
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Note for

Galileo HAS

BDS PPP
Kamakura, Japan is
currently outside
of service area !

PPP/PPP-RTK positioning result

Galileo HAS, MADOCA-PPP, BDS PPP

East [m]

North [m]
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1.0 1
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Static Case on August 23, 2025 @ Kamakura, JAPAN (7:00-8:00 UTC)
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PPP-RTK: QZSS CLAS
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2-5 PPP positioning result: PPP via SouthPAN (PVS), JPL GPSHAS RNy

Changes for the Better

Galileo HAS, PVS, GPSHAS

v" Positions with PVS show discontinuities 1.0 s s
i Note for
because of the slow update rate. _ %1 ’ ,
. . E ol Galileo HAS,
v" Despite the slow correction speed i PVS
(250bps), performance of PVS is ., Kamakura, Japan is
. . "o 10 20 30 40 50 60 .
comparable with other PPP services. Lo currently outside
. of service area !
v" JPL GPSHAS shows similar performance .
with Galileo HAS. : |
-0.5
-1.0 T
0 10 20 30 40 50 60
1.0
0.5 1 |
E
. 0.0 A
-0.5
-1.0 T T T T T T T
0 10 20 30 40 50 60
Time [min]

Static Case on August 23, 2025 @ Kamakura, JAPAN (7:00-8:00 UTC)
©Mitsubishi Electric Corporation SeptentrlO Mosa|C'X5 + JAVAD RINGANT 19
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