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IOAG ROLE Members

The IOAG (Interagency Operations Advisory Group)
provides a forum for identifying common needs
across multiple international agencies for
coordinating space communications policy, high-level CENTRE NATONAL DETOLS SPATILES

\

@-esa
R

procedures, technical interfaces, and other matters
related to interoperability and space communications.
Its goals are to:

- Enable safe, secure, and efficient interoperable
mission operations;

- Enable higher rate throughput for space missions; Eptore to monice Vel UK SPACE

Interagency Operations AGENCY
Advisory Group

« Enable responsive networks around the Earth, Moon,
and Mars to enable future exploration and science
missions.

The IOAG was founded by the Interoperability Plenary S
(IOP) to: :';' .+ 12 Australian

+ Space Agency

« Understand issues related to interagency
interoperability and other space communications
matters;

« Identify common solutions complying with IOP
guidance;

« Recommend resolutions to the IOP for specific actions
created by the IOP and put to the IOAG.



https://www.ioag.org/About/IOP.aspx

WORKING GROUPS

IOAG members are divided into working groups that meet independently and

deliver reports and updates to all delegates at IOAG meetings.

Coding and
Modulation Working
Group (C&MWG)

Lunar-Mars
Working Group
(LMWG)

Mission Operations
Systems Strategy
Group (MOSSG)

Space Internetworking
Strategy Group (SISG)

Low Earth Orbit
26 GHz Group
(LEO26WG)

Mars and Beyond
Communication
Architecture Working
Group (MBC-AWG)

Optical Link Study
Group (OLSG)

Space Operations
Sustainability Working
Group (SOSWG)

Lunar
Communications
Architecture Working
Group (LCAWG)

Mission Operations
Systems
Coordination Group
(MOSCG)

Service Catalog
Working Group
(SCWG)

Spacecraft
Emergency Cross
Support Working
Group (SECSWG)

Active
Dormant
Closed

I0AG

Interagency Operations
Advisory Group



ACTIVITIES UPDATE



IOAG-25

25t JOAG annual meeting held 23-25 May 2022
— European Space Operations Center (ESOC), Darmstadt, Germany

Minutes of Meeting, actions, etc. under development

IOAG-ICG liaison briefing provided by Joel Parker/NASA and Werner
Enderle/ESA

— Overview of ICG
— Activities of ICG WG-B Space Use Subgroup
— Potential areas of coordination between ICG and IOAG

This presentation captures key content
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International Committee on GNSS (ICG)

The ICG consist of the GNSS Service Providers Forum and four
Working Groups ( WG-S, WG-B, WG-C and WG-D).

WG-S WG-B WG-C

Systems, Slgnals Enhancement of o a Information

and Services ! ... ] i inati

GNSS I Applications | Dlssemlnat.lon
Performance, [ | b ] and Capacity

: . I Subgroup | o g
Major Topics New Servicesand | Lo ___1 Building
S e Capabilities
. Interfe.rence Major Topics * Training and

detection & Sl

L « Development of eminars

mitigation it bl * Information
*  Service INteroperanle, Space Use Iy

. o multi GNSS SSV dterid

interoperability Subgroup
*  Performance *  GNSS hosted

standards & search andl 4

monitoring FESCUE PAYIBASS | The WG-B Space Use

* Space weather .
andlatmosphere Sub_group Is the body |
modelling dedicated to representing
needs of space users within
ICG.

(Subgroups of WG-S, WG-D, WG-C not shown.) Slide 6



ICG WG-B Space Use Subgroup (SUSG)
Terms of Reference
e As adopted 15 Apr 2021

Objectives of Space Use Subgroup:

— Lead evolution of the Interoperable Multi-GNSS Space Service Volume including the use of
GNSS for missions beyond the existing SSV (e.g. lunar).

— Encourage developments of space-based user equipment and emerging user community.

— Encourage coordination with Interagency Operations Advisory Group (IOAG) and International
Space Exploration Coordination Group (ISECG).

— Encourage development of new services and augmentations beneficial to space users.
— Promote space user community needs within ICG.

e The Space Use Subgroup operates within the scope of the overall ICG
Terms of Reference.

- https://www.unoosa.org/documents/pdf/icg/2021/ICG15/ICG ToR2021amended.pdf
Slide 7



https://www.unoosa.org/documents/pdf/icg/2021/ICG15/ICG_ToR2021amended.pdf

UNITED NATIONS
OFFICE FOR OUTER SPACE AFFAIRS

Space Users Subgroup (SUSG) — Accomplishments

THE INTEROPERABLE

e SSV Booklet 2" Edition el el pe
- Full revision and update of all chapters SPACE SERVICE

VOLUME

SECOND EDITION

- New content:
- GNSS constellation updates
- new Flight Experiences chapter featuring five real-world missions
- additional analysis of geometric aspects of SSV

- Published at ICG-15
- Available at: https://undocs.org/ST/SPACE/75/REV.1

e SSV Video

— Four minute video, developed as an outreach tool to:
— Explain utility and benefits of a multi-GNSS SSV
- Show how it will transform navigation use in space, and
— Describe how it will impact humanity—in space and on Earth

- Co-Sponsors: NASA and National Coordination Office N == vice Volume:
for Space-based Positioning, Navigation and Timing Earth's Next Navigation Utility

— Published at ICG-15

— Available at:

https://www.unoosa.org/oosa/en/ourwork/ica/documents/videos.html
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Space Use Subgroup Work Plan 2021-2022

Adopted 24 Sep 2021 at ICG-15

m Activity Participation

Public availability of provider antenna/signal technical data
and requisite models

2 GNSS space user mission data and profile
3 GNSS space user timing requirement analysis and space user

operations recommendations

4 Expansion of GNSS SSV to Support Lunar Operations

5 GNSS space user Standards

India

China

Europe

USA

Europe

China
Japan
Europe
USA
USA
Europe
USA
China
Japan
India
Russia
China
Japan
Europe
Russia
USA
China
India
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ICG WG-B SUSG
AREAS FOR COORDINATION
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Background

Different activities related to standards and definitions for GNSS usage for space
applications are currently ongoing within various international groups which are partially
overlapping

— Within ICG WG-B Space Use Subgroup (SUSG):

- WP3 - GNSS space user timing requirement analysis and space user operations recommendations
- WP4 — Expansion of GNSS SSV to Support Lunar Operations
- WP5 — GNSS Space User Standards

- 10AG
— Space Frequency Coordination Group

— Lunar architecture definitions:
- NASA LunaNet
- ESA Moonlight

— Others

The objectives of this presentation are to:

— To clarify the understanding of the roles of the ICG SUSG work packages and their
contributions to international team coordination

— To outline potential roles of ICG in coordination with other organizations (e.g. IOAG, SFCG)
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Need for Coordination between
IOAG and ICG-Space Use Subgroup

Technology

Drivers

Standards

Mission Needs

Int’l Mission

ISECG  programs and

IOAG Organization : (15)

26 GHz Study Group
Coding and Modulation Working Group
Consultative Committee for Space Data Standards

International Committee on Global Navigation
Satellite Systems

Lunar Communication Architecture Working Group
Lunar-Mars Working Group

Mars and Beyond Communications Architecture
Working Group

Mission Operations Systems Coordination Group
Mission Operations Systems Strategy Group
Optical Link Study Group

Service Catalogs Working Group

Space Frequency Coordination Group

Space Internetworking Strategy Group

Space Operations Sustainability Working Group

Spacecraft Emergency Cross Support Working Group
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GNSS Service Providers Forum
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for Photogrammetry and Remote Sensing
(seRS).

Observers
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Ase-Pacc  Space  Cooparation
Oranization (APSCO), the Commitiee on
Space Research (COSPAR), the Buresu
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WP 3 - GNSS Space User Timing Requirements

Activity objective:

o Perform analysis to develop a GNSS space user timing requirement analysis and develop
GNSS space user timing operational recommendations

Approach:

a) Work to collect space user requirements for timing interoperability

b) Work with WG-D and develop proposed timing interoperability solutions
c) Presentto SUSG for approval, rejection or modification

d) Socialize ideas with international providers

e) Action: Include/coordinate with other ICG time-related WGs

Activity outcome:

o Development of space user timing capabilities and requirements; space user operations
recommendations
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WP 5 - GNSS Space Use Standards

Activity objective:

Work with other organizations (e.g, IOAG/CCSDS) on space user standards that will improve GNSS SSV interoperability and
acceptance as an international standard

Approach:

Collect requirements from different space users communities

- Space agencies, Scientific, Commercial, Institutional/Governmental (none military), Mega Constellations, Universities,
Regulations for Space Debris

Review of existing standards in different domains related to GNSS space usage
- CCSDS (space agencies)
- NMEA — maritime applications
- IGS (Scientific, Institutions/Organizations/Government, Industry)
- RINEX for off-line processing
- State Space Representation (SSR) — Real Time processing (used for RT high accuracy positioning)

Develop proposals for GNSS Space User Standards

Socialize ideas with international providers

Work requisite standards organizations to determine their interest in in proposed standards;

Identify joint projects/opportunities in order to conduct tests/demonstrations in space (e.g. usage of Cubsats)

Present proposed standards to SUSG for approval, rejection or modification;

Submit formal proposal for GNSS Space User Standard to selected standardization body and support implementation of standard

Activity outcome:
Proposal for GNSS space user Standards Slide 14



WP 4 - Expansion of GNSS SSV
to Support Lunar Operations

Primary goals:

o Maximize interoperability, compatibility and availability of all internationally
developed Positioning, Navigation and Timing (PNT) resources on and in the
vicinity of the moon

o Leverage expertise of GNSS SSV space use team to research, analyze and
recommend definitions, user base, capabilities and architectures for lunar
operations

— System of systems approach needed to optimally employ Earth-centric GNSS capabilities with
an expanding, evolving lunar-centric PNT capability

— Operational use of GNSS and Lunar PNT systems during transit operations for robust PNT
continuity will require special attention

ICG Terms of Reference:

o ICG provides recommendations; other organizations (e.g., IOAG, SFCG, space
agencies) act on recommendations at their discretion.

Slide"25



Phased Expansion of Lunar PNT

GNSS-only Lunar GNSS Lunar GNSS + Lunar PNT .
Broad Infusion

demonstrations Operations Service Demos

Relative use of signal sources

Lunar PNT Services
(e.g. LunaNet)

Today

Transit use of GNSS and Lunar PNT Services

Lunar PNT Services
(e.g. LunaNet)

< Transit Distance >
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WP 4 - Expansion of GNSS SSV
to Support Lunar Operations

WP4 Activities

 Lunar PNT Frequency and Code Coordination: Work with the Space Frequency
Coordination Group (SFCG) to coordinate use of existing Earth-based GNSS L-band receive
frequencies and transmit bands/frequencies and planned signal codes for proposed Lunar-
based PNT systems, beacons and augmentations

— Lunar Use Cases: Collect international lunar PNT use cases encompassing key present and
expected future cis-lunar region missions and develop initial set of user performance needs for
lunar PNT missions

« Lunar SSV Definition: Develop a draft Lunar SSV definition and other relevant lunar PNT
definitions; coordinate effort with international standards bodies (e.g. IOAG)

 Lunar PNT flight experiments: Encourage lunar flight experiments employing Earth-based
GNSS and/or Lunar PNT capabilities to gain an understanding of the performance and
limitations of these systems; publish results and lessons learned

 Lunar PNT Architectures: Research, analyze and recommend PNT system architectures,
employing Earth-based GNSS and Lunar PNT capabilities, that are interoperable, compatible,
available and support current and future user needs; highly leverage already performed work

 Lunar reference frame: Work with international organizations to develop and coordinate
Lunar reference frames

Slide'17



|ICG WG-B SUSG Potential Areas of Coordination

Continue current activities:
— Liaison role with IOAG

— Contribute to GNSS mission tables to support understanding of Earth-based GNSS use cases and mission
applications

Establish necessary liaison roles with SFCG, ISECG, etc.

Collect and document lunar use cases
— Contribute to expanded GNSS mission tables to included proposed missions that require lunar GNSS or PNT

Encourage and consolidate results of lunar flight experiments using GNSS and lunar PNT systems

Study and make recommendations to maximize compatibility, interoperability and availability of
combined GNSS + lunar PNT “system of systems”, including:

— Coordination of frequencies and codes

— Service volume definitions

— Combined lunar PNT architectures

— Signal compatibility and interoperability

— Reference frames and timing

Slide 18
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Conclusions

e The ICG, via its WG-B Space Use Subgroup (SUSG), is working for greater
representation of space user PNT needs.

— Seeking to maximize compatibility, interoperability and availability of combined GNSS
and lunar PNT services.

e SUSG has adopted a Work Plan for 2021 onwards that features significant

efforts in areas that need coordination:

— GNSS Space User Requirements for Timing
— GNSS Space User Standards
— Expansion of GNSS SSV to Support Lunar Operations

e |ICG sees clear benefits to robust coordination with IOAG in addition to
SFCG, ISECG, etc. in multiple areas to enhance the overall lunar PNT
architecture.
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IOAG GNSS Mission Table

Aggregate Table of IOAG Missions that Rely on GNSS signals
Last updated on 2022-May-20 (I0AG-25)

Active Missions:

L1L2CiA, PTY) [Precise Orbit Daterminatin (POD) Time 2007, 2008, 2010

2019 15 SAT, 2021 2nd o 18,2012

on 2021 with a VEGA-C rocket from ESA Kourou spaceport

LALZILZC (6PS) ready forE1 (Galles) Precise Orbit Dsterminatin (POD), Time

CNES controls the in flight satellite .

CNES controls the in flight satellite

behalf of NASANOAA of EUMETSAT *

GPS on Bus + GPSP on Payload (NASA)

Launch was Nov 02, 2009 CNES . ESA operates the
mission.

Receiver: MOSAIC

EUMETSAT.* 6PS on Bus + GPSP on Payload (NASA)

One satelle to be launched in 2016
L1CIAEY [Precise Orbit Determinatin (POD), Time Resehe SKYLOC

L1CIAL2C,LS
E1,E5a

GPS L1 CIA, other
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IOAG GNSS Mission Table

15 GRS Orbit, Time. 2003 20160a-21 JF Lovesque

1 l6ps Orbi, Tima 2007 2016:0ct21 JFLovesque

" l6Ps Orbi, Tie 2013 2016:0c121 JF Levesque

18 6Ps Orbi, Time 216 201600121 JF Levesque

18 6P Orti, Time 2t 3 sateltes. 2Wis-Augt Francais Alzin

F 6P Orti, Time 1z 22058p-15 JFLevasque

2 6P orbi, Time 204 22053p-15 JFLevasque
Navigation, POD, RO, precsle relative determination 2007-06-15

7 DLR TSXA IGPS 2019001 :'w"" “"":
Navigation, POD, RO, precsle relative determination 20100621

) DLR oK1 IGPS 201800101 ::“"" """:
2016-05-26

1 DLR IBIROS lGPs GPSLICIA 2019-0ct.01 ::""" "‘":
2017-07-14.

% | UmiSwtgan [P laps GPSLICA 201806001 ::""" "“":

% LR loPs aPsLICA navigation, light dynarics 12132018 2018.00101 i P,

Teartin Pigram.

Ed LR AP 6P 2021 2018.00101 - "

E DLRMNASA  |GRACE FO |GPS GLOIGAL?) GPS L1 CIA,L1IL2 PIY), [others?) Navigation, POD, irelnav?, RO7) 5222018 Joint mission with NASA. 2180081 ::.,'“"M_"“"E

Updated I0AG-23

(DLR inputs received 2019-10-
07,
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IOAG GNSS Mission Tab

675 sl rqutecy

s Codaphase nd camephass Navigaon PVT) and Preies O Detmination (POD) L0 2 r e
|GPS dual fraquensy

P8 s o Marigaton (AT} and PracissCrt Dstarminaton PO0) &0 18 saa H205ep08
695 and GAL dus rsquency

675 and Galleo - Navigation (VT and Precise Orbi Detarmination (PO} = E sar 2020 Sep-08
698 and GAL dustsquancy

(GPS and Galfieo ’ -l Narigation (P¥T) and Precise Crbit Determination (POD) LED plir |SAR 2020 Sep-08

655 (5P dual reqamay Navigation (YT} snd Precise Orbi Dsterminaton (P0) o s g solton, mxsspectil mages 020.50p-09
ey r—

ans oy Navigaon P4T} an reiss bt Detrmination (POD) o P Highssction, mibpecal images 20 Sepa0
1698 and GAL dual oquancy.
(678 and GAL dua rquancy

%S snd Galio aPSandoAL & Mavigaion (T} and PrecissCrtt Detreination 001 ) F R T —r— e
GPS dual frequency

6ps s iy Mavigaton AT} and PracissCrt Dstareinaton POD) e 18 Medumrescluton opecal and akimety 2205ep08

s Eobrntupirped Navigation (PVT) i Precise Grbit Detarmination (PO0) T2 s [Medum resolution optcsl and altmetry 2020500
(698 and GAL dussquancy

@PSandGalleo o Lo Navigaton P¥T)and reics bt Dstarmination (POD) L o Madhum ssoluton optcal nd abmery pr—

695 and Galsso o nd OAL dus sy Navigation (T} snd Precise Orbi Determination (P00) 13 0362028 |Medum resoluton opscal and ahmetry 020-50p-09
LT —

ans oy Navigaton 4T} Lo P Aimesphari chamisr, Paoad oy 020 5ep a0
1698 and GAL dual oquancy. .

PSand Gateo 180) |2/ 20 LA Narigaton (P¥T}and Peciss Crst Detarmination (PO0) - T8E o s magig Sesciumater 20 sep08
/6P and GAL dual Wequency .

85 and Galeo (105) |75 09 BAL s Navigaton PVT} and recies bl Oetarination (POD) - TBC L0 20 Fote et and Snow Tapoggaphy e
(678 and GAL dua squancy .

GRS and Calleo 18C) | L Mavigaton [PAT}and Precisa CebtDstarination (POD) - TBE e Es Passive Mcrawave Imaging 05ept0
(695 and GAL dual equsncy. .

- Navigailon (PWT) and Precise Orbit Detsrminaiion (POD) - TBC = 2028 nper 2020 Sep08

(678 and GAL dusisquancy

S and Galteo (120) | Lo Navigaton P¥T) and recius bt Dstarminaion (POD) - THC L0 s Myparspscalimagig 020 5ep
GPS and GAL dual frequancy

GPSandGalleo 18C) | - Navigaton (P¥T}and Prsciss Crbit Ostarminaton (PODY-TBE 10 2 Land $48 H2050p08

ans (675 singleFeequency, L1 Orbi Determination. e 200 Tech Demo 217 o8
P———
GPS: L1 LED e  NASA'S SCAN’ 2020-Sep-08
GPS and Galleo
(Gaeo: E1 and S, Naigation (Y.
6P5: L andL.Ce o a2 2upacacan novsepan
675 and Gatieo Time

ors singl Frequency, L1 Navigaton BT} o E " 205ep 0
|Galllea: E1 and Efa,
GRS L1 igation LED na Clarofiie Explorer (GPS similar (o GPS & Gallleo) 2017 -Nov-08.
GPS and Galleo

s 1 Radio Dculaion L0 200 Atmosghcic Sounde 217 ovan

608 u R Occutaton = n Amosphanc Soundee 217w

GPS. i Radio Occultation. LED 8 Atmospheric Sounder 2017-Now-08.

GPS.GALGLOBDS | Single Froquancy, melbconsteliion Racever o000 &0 s - FENE0PSSAT e hug2s

695, GAL foston Woon -0t P for oo o 2020 se0n00

58, 6L Dl rguancy, mlt consteltion GPS and GAL Mose - Landing 2 Moo Landing supportad by GHSS achnology 2283008
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IOAG GNSS Mission Table

L1 Orbit time LEO 2008 Remote Sensing 2016N0w-1T s

L1 Orbit time LEO 012 Remote Sensing 2016NowAT TS

u Orbit time LEO 2017 Remots Sansing 20160017 s

L1z Procisa orbit (30<1m), Orbi, time, LEQ 2014 Remote Sansing 2016Nov1T s

L1 Orbit time LEO 018 Remote Sensing 201700125 s

L1,L2 |Orbit, time: LEO 2022 Astronomical 2020-Sep-15 Hoshino
1,12 Orbit time LEQ 2 Remote Sensing 2020-5ep15 Hoshino
L2 Orbit time LEO 202 Remote Sensing 2020.8ep15 Hoshino
11,12 Orbit time LEO 2023 Remote Sensing 2020-5ep15 Hoshino
u Orbit time HEO + GEO 022 Engineering testing 2020.50p15 Hoshino
u Orbit GEO 2020 Opical ata Rolay 2020.50p15 Hoshino
L1 Navigation, Time POD LEO 2006.07.28 020N0v-12 Sangil A
L1 Navigation, Time, POD LEO 201205.18 2020-Now-12 Sangil Ahn
LiLz Navigation, Time, POD, Radio Occultation LEO 013082 0 Now-12 Sangil Ahn
L1 Navigation, Time, POD LED 20150326 20200v-12 Sangil Abn
LiLz Navigation, Time, POD LED 20 2020N0v-12 Sangil Any
Lz Navigation, Time, POD LED 202 20200012 Sangil Abn
LiLz Navigation, Tims, POD LEO w2 2020N0v-12 Sangil Ay
LiLz Navigation, Time. POD LEO 0 20200012 Sangil A
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IOAG GNSS Mission Table

ops LA Attude Dynamics Leo Since1938  |Honeywel SIireceiver P 20ler
ops Lioa obit Leo 21 (60 Vicaroy recaiver P 1 Miler
ops Lica |orbi 155 rendezvous Leo T P 0 Mler
ops LA orbit 1SS rendezvous Leo 213 P 0er
ops Loa orbi, time Leo 21 Navigator receiver 21404 1 Miler
ops Lica Orbit navigation Leo 2014-Eath OI2021 |y oneywel Asrospace Wercury SPS GPS receiver with GSFC Navigator” software. 22080911 T Freestone
s, L1 CiA, L, 5 Occutation LEO 252019 BRE lapus - % 20183130 G.Purcall
(6PS, GLONASS FOMA (L1 CIA,L2C, semicodeless P2,LS Time transer Lo 252019 20180030 6 Purcell
s, LoaLnz e Lo TR0I6 |IGORs (BlackJack) receiver 202050914 6 Purcell
ops Lica Rel range, orbi time pto 0 Earthrad 3132015 Navigator recetver (8 receivers) 22080914 6. Purcell
ops LA orbit 6E0 1192016 (General Dynamics Vicsroy-4 22080914 6. Purcell
ops Lo 152018 [RUAG Space receiver 20208ep14 6 Purcell
ops s (6PS biscatterometry Leo 12152016 |Delay Mapping Recetver (OMR), SSTL UK 220 5ep14 6. Purcell
(GPS, GLONASS FOMA (L1 C/A,L2C, semi-codeless P2, L5 Occultation,precision orba, tme Leo s222018 2019330 6. Purcell
wmm L1 CiA, LzC, s Oceutation, LEo 2020Sep-14 6. Purcell
m&m L1 oA, L, s LEo 220 TG recaiver (roposed) 2018.4uk30 6. Purcell
ops Lica orbi time Leo sva0nr MoogNavigator rcelver 2205914 6. Purcel
ops LA Navigaton Surface to LEO Since 1990 [Trimbl receiver W14Feb4 00ler
ops Loa | ntograted iners Navigation System (NS) & GPS Sufaceto LEO Sinco2010 |Orbital GPB recever W14Febs 1 Miler
ops Lica | Overlay to S for addtionsl orbt nsertion accuracy SurfacetoLEQ Since 2013 P 1 Miler
GPS L1CA Ascent 016" ‘a‘_““' operational test 2022-May-20 J.Parker
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IOAG GNSS Mission Table
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D fei d or De-S:

i Missions:

IOAG GNSS Mission Table

lodine Satellite CubeSat. 1 Year GPS=

. 2018

' et ops Lici wte e pacedues o W8 sep17 TFresstons
2 eps 55 L1cA Formation Fiying pathfinder on IS5 testbed 2018 2018 Update: De-scoped to na longer use GPS. W8 Sep17 T Fresstone
3 |GRACE (2 satelltes) 6PS L1 GiA, L11L2 semicodeless Precise Orbit Determination, Ocoultation, precision time 2002 mwuu::;ﬂ:u:mmuunmn:;ﬂ 2018:Sep-18 L Young
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[onty) Sas URL stbed

pionsering tschnology>.
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|IOAG GNSS Mission Table

Notes/Definitions:

Orbit Types: Ee = Equatorial Earth Orbiter; Ei = Inclined Earth Orbiter; Ep = Polar Earth Orbiter; Es = Sun Synchronous Earth Orbiter; G = Geostationary; H = High Elliptical Earth Orbit; R = Earth orbiter Relay; O = Other orbit type (specify in remarks)

I0AG Members:
AS Agenzia Spaziale Italiana
CNES Centre national d'études spatiales
Canadian Space Agency
DLR German Aerospace Center
ESA European Space Agency
ISRO
JAXA Japan Aerospace Exploration Agency
KARI Korean Aerospace Research Institute
NASA National Aeronautics and Space Administration
Other Organizati (joint/ ion mission with an IOAG agency)
AFRL U.S. Air Force Research Laboratory
Unistuttgart | University of Stuttgart
USAF U.S. Air Force
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