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I O A G  R O L E

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

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

The IOAG was founded by the Interoperability Plenary 
(IOP) to: 

• 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. 

Members

Observers

https://www.ioag.org/About/IOP.aspx
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IOAG members are divided into working groups that meet independently and 
deliver reports and updates to all delegates at IOAG meetings. 

Low Earth Orbit 
26 GHz Group 
(LEO26WG)

W O R K I N G  G R O U P S

Lunar-Mars 
Working Group 

(LMWG)

Mission Operations 
Systems Strategy 
Group (MOSSG)

Space Internetworking 
Strategy Group (SISG)

Coding and 
Modulation Working 

Group (C&MWG)

Mars and Beyond 
Communication 

Architecture Working 
Group (MBC-AWG)

Optical Link Study 
Group (OLSG)

Space Operations 
Sustainability Working 

Group (SOSWG)

Mission Operations 
Systems 

Coordination Group 
(MOSCG)

Lunar 
Communications 

Architecture Working 
Group (LCAWG)

Service Catalog 
Working Group 

(SCWG)

Spacecraft 
Emergency Cross 
Support Working 
Group (SECSWG)

Active
Dormant
Closed



ACTIVITIES UPDATE
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IOAG-25

● 25th IOAG 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
Systems, Signals 

and Services  

Major Topics
• Spectrum 

compatibility
• Interference 

detection & 
mitigation

• Service 
interoperability

• Performance 
standards & 
monitoring

WG-B
Enhancement of 

GNSS 
Performance, 

New Services and 
Capabilities 

Major Topics 
• Development of 

interoperable, 
multi GNSS SSV

• GNSS hosted 
search and 
rescue payloads

• Space weather 
and atmosphere 
modelling  

WG-D
Geodetic 

Reference, Time 
Reference and 
Applications 

Major Topics
• ITRF, geodetic 

reference frame 
• Time standards 

& multi 
constellation 
time offsets 

• High Accuracy 
applications 
(PPP) 

WG-C
Information 

Dissemination 
and Capacity 

Building 

Major Topics
• Training and 

Seminars
• Information 

MaterialSpace Use 
Subgroup

Applications 
Subgroup

The WG-B Space Use 

Subgroup is the body 

dedicated to representing 

needs of space users within 

ICG.

(Subgroups of WG-S, WG-D, WG-C not shown.)
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ICG WG-B Space Use Subgroup (SUSG)

Terms of Reference
● 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.

● 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
7

https://www.unoosa.org/documents/pdf/icg/2021/ICG15/ICG_ToR2021amended.pdf
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Space Users Subgroup (SUSG) – Accomplishments

● SSV Booklet 2nd Edition
- Full revision and update of all chapters

- 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

● 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
for Space-based Positioning, Navigation and Timing

− Published at ICG-15
− Available at: 

https://www.unoosa.org/oosa/en/ourwork/icg/documents/videos.html

https://undocs.org/ST/SPACE/75/REV.1
https://www.unoosa.org/oosa/en/ourwork/icg/documents/videos.html
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Space Use Subgroup Work Plan 2021-2022
Adopted 24 Sep 2021 at ICG-15 

WP# Activity Lead Participation

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

India China
Japan
Europe
USA

2 GNSS space user mission data and profile China USA
Europe

3 GNSS space user timing requirement analysis and space user 
operations recommendations 

Europe USA
China
Japan
India

4 Expansion of GNSS SSV to Support Lunar Operations USA Russia
China
Japan
Europe

5 GNSS space user Standards Europe Russia
USA
China
India



ICG WG-B SUSG

AREAS FOR COORDINATION
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Background
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● 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 

− IOAG

− 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 

WG-S
Systems, Signals 

and Services  

WG-B
Enhancement of 

GNSS
- Applications 

Subgroup

WG-D
Geodetic 

Reference, 
Time Reference 

and 
Applications 

WG-C
Information 

Dissemination 
and Capacity 

Building 

GNSS Service Providers Forum 

ICG Working Groups

Coordination to ensure

- Compatibility

- Interoperability

- Availability
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WP 3 - GNSS Space User Timing Requirements

Activity objective:

● 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) Present to SUSG for approval, rejection or modification

d) Socialize ideas with international providers

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

Activity outcome:

● 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 
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WP 4 - Expansion of GNSS SSV 

to Support Lunar Operations
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Primary goals:  

● Maximize interoperability, compatibility and availability of all internationally 

developed Positioning, Navigation and Timing (PNT) resources on and in the 

vicinity of the moon

● 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:

● ICG provides recommendations; other organizations (e.g., IOAG, SFCG, space 

agencies) act on recommendations at their discretion.
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GNSS-only Lunar
demonstrations

GNSS Lunar 
Operations

GNSS + Lunar PNT 
Service Demos

Broad Infusion

Phased Expansion of Lunar PNT

GNSS Use

Lunar PNT Services
(e.g. LunaNet)

Relative use of signal sources

Transit use of GNSS and Lunar PNT Services

Transit Distance

Lunar PNT Use

Commercialization
Terrestrial GNSS Lunar PNT Services

(e.g. LunaNet)

Today
Time
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WP 4 - Expansion of GNSS SSV 

to Support Lunar Operations

17

• 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
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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

18
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Conclusions 

● 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.

● 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

● 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.



BACKUP
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IOAG GNSS Mission Table  
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IOAG GNSS Mission Table  
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IOAG GNSS Mission Table  
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IOAG GNSS Mission Table  
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IOAG GNSS Mission Table  
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IOAG GNSS Mission Table  
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IOAG GNSS Mission Table  
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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)

IOAG Members:

ASI Agenzia Spaziale Italiana

CNES Centre national d'études spatiales

CSA 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 Organizations: (joint/collaboration mission with an IOAG agency)

AFRL U.S. Air Force Research Laboratory

Uni Stuttgart University of Stuttgart

USAF U.S. Air Force


