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Session 1: Overview of Lunar PNT Frameworks & Systems
Summary note
Prepared by the co-chairs: Ashish SHUKLA (ISRO), Matt COSBY (UKSA)
Overview:
[bookmark: _Hlk203277982]The ICG-IOAG Multilateral Cislunar PNT Workshop provided a unique opportunity to the members & participating countries to represent their work on a global forum and to help understand the latest developments on lunar PNT systems. Session 1 of the workshop focused on current concepts and frameworks for providing PNT services at the Moon. Discussions highlighted both the diversity of approaches and emerging areas of consensus among participating space agencies and stakeholders.
Key Takeaways & Themes:
1. Diverse Agency Proposals:
· Multiple international space agencies presented distinct concepts and potential architectures for lunar PNT systems. This indicates broad interest and active development in establishing lunar navigation capabilities.
2. Fundamental Definitions:
· Establishment of a common reference time scale across systems. There is a need for improved coordination between stakeholder space agencies and international organizations such as ICG WG-L, IAU, BIPM, IAG, etc.
· Development and adaptation of specific lunar PNT reference frames (inertial and body-fixed) by the suitable bodies assigned with the task of definition and management. 
3. Convergence on Foundational Elements:
· Despite different overall frameworks, common technical approaches were identified:
· Leveraging Earth-based measurements (e.g., Deep Space Network ranging/Doppler, VLBI).
· Utilizing weak GNSS signals present in cislunar space and around the Moon.
· Recognizing the necessity of deploying dedicated lunar networks (surface or orbital assets) to ensure adequate coverage and performance, emphasizing standardized protocols for communication and data exchange.
· The need to ensure that the frequency, bandwidth, and power requirement definitions for lunar PNT systems are managed across the different stakeholders and deployments. 
4. Strategic Scientific Focus on the Lunar South Pole:
· The lunar South Pole emerged as a primary area of interest.
· This focus is driven by significant scientific opportunities (e.g., potential water ice).
· Crucially, reliable PNT in this region is deemed human safety-critical for planned crewed missions.
5. Interoperability is Paramount:
· A strong consensus exists across all proposed frameworks on the critical need for interoperability and not just compatibility.
· Agencies explicitly stated their desire and intention to collaborate to ensure future systems can work together, benefiting all users.
6. Call for Broader Collaboration:
· Successful development and implementation of robust lunar PNT requires expertise and resources beyond the space agencies.
· There is a recognized need for increased involvement from industry partners, academia, and other non-space agency stakeholders to foster innovation and build capacity.
· Combining the two communities of ICG & IOAG created a workshop that brought together more stakeholders than would have been possible without the two organizations working together.  
7. Recommended Areas for Future:
· Time traceability scheme among all the lunar PNT systems to be worked out with the support from ICG WG-L, IAU & BIPM.
· Lunar PNT reference frame development & adaptation (ICG WG-L, IGS).
· Standardization of system design & deployment as well as interoperable parameters for lunar surface navigation systems such as pseudolites and systems like AFS, etc.
· Frequency, bandwidth, and power requirement definitions and allotment for lunar PNT systems (with support from ICG WG-L, SFCG & ITU or other agencies).
· Standardization of the process for establishment of lunar reference stations for differential positioning and other applications. This may include reference station architecture, data format and compatibility.
· Interoperability, compatibility and sustainability aspects for lunar PNT.

Conclusion:
The session 1 on Overview of Lunar PNT Frameworks & Systems was focused on the development of satellite & surface lunar PNT systems and use of the existing Earth GNSS infrastructure.  The initial session revealed a vibrant international effort towards establishing a lunar PNT framework. While diverse approaches are being explored, common technical foundations and a shared commitment to interoperability, compatibility & availability aspects and collaborations provide a strong basis for future development. The focus on the challenging lunar South Pole environment underscores the need for robust, reliable, and cooperative solutions involving a wide range of stakeholders.
The workshop format of bring the two communities of ICG & IOAG together increased the participation of the meeting, which created an ideal forum for future Lunar PNT discussions and agreements. The technical and scientific exchanges during the meeting will help plan and implement lunar navigation systems in line with the global collaborations under UNOOSA.
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