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The Work of Clslunar PNT Today Can Pave the Way for a
| Solar System Internet Tomorrow

Current Efforts - - * Near-future Developments ‘
* |0AG - space communications and space "+ ITU World Radiocommunications Conference
agencies :

. Spectrum aIIocatlon for lunar comm/PNT
* ICG - global nawgatlon satelllte systems and :

their prowde’rs . D_evelopment of Iunar_tlme and geodetic

» SFCG — space spectrum among space agencies i nonrds ; |

«. National policies on'lunar time and reference = = * Joint.IOAG-ICG Workshops on Cislunar PNT -
frames .- * UNCOPUQS Action Team on Lunar Activities

*: CCSDS —.lunar interoperability forum - Consultation

* Use of Delay-Tolerant Networking and Bundle B e ILRS signatories

Protocols in space
* Internet Society Interplanetary Network
Special Interest Group (IPNSIG)

* “Internet Governance Forum

e Multistakeholder discussions for.a solar
system internet
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*Conceptual visualization. Not meant to show actual
present or future network architecture. Not to scale.
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LunaNet & DTN

Delay/Disruption Tolerant Networking (DTN} will revolutionize space communications,
extending internetlike capabilities to space and serving as the foundation for the
LunaNet architecture.

The network protocols that enables the terrestrial internet, the Internet Protocol (IP)
suite, rely on an uninterrupted connection for data transference. In space, missions
can have long delays or disruptions due to distances and orbital dynamics, and
DTN will make NASA's networks flexible enough to overcome these issues.

Each DTN node can store data if there’s no clear path to the next node. The network
also offers flexibility in terms of the route data may take, finding the optimal path to
reach its destination. Unlike the computerto-computer IP connections used in the
modern internet, DTN technologies allow for the temporary disruptions often
experienced by spacecraft far from Earth.
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Enabling Lunar PI\iT: International Cofnmittee o]p! .GNS'S”(IC.,G)—
A GNSS Interoperability Powerhouse

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

WG-D
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Artemis-Accords . s kR e

« - Section 5 of the Artemis Accords calls for interoperability across all partners. “The Signatories ..
recognize that the development of interoperable and common exploration infrastructure-and
standards, including but not limited to fuel storage and delivery systems landing structures, :
communications systems, and power systems will enhance space- based.exploration, scientific .
dlscovery, and commercial utilization. The Signatories commit to use reasonable efforts to utilize
current’interoperability standards for space based infrastructure, to establish’ such standards when
current standards do not exist or are madequate and to follow such standards.”

. NASA currently does not have one set of deflnltlons for what constltutes C|slunar space
Additionally, the defined GNSS space service volume is not tied to the cislunar term. The refatlonshlp
of interplanetary internet domains to physical domains.is a I|ker toplc for dlscu55|on among Accord
S|gnator|es starting with decisions by LunaNet.

. PIatforms in near Earth orbit may be part of the Earth domain while Lunar Gateway and lunar
surface operations are part of the Moon domain. Sub-regions of the Moon domain could mclude
shadowed craters and underground tunnels not directly acce55|ble to communlcatlons from
"Earth. ' :



Cislunar PNT foundations being built now

Quediao-1 relay satellite launched’in 2018
and operating-ioast'its initial 5 year design life.

Queqlao -2 launched in 2024 and operatlng

‘NASA to launch its first LunaNet reIay on

Intuitive Machine’s IM-2 CLPS mission th|s
month (February 2025) |

ESA to launch its first LunaNet relay in late
2025: Surrey Satellite’s Lunar Pathfinder

LunaNet should be operational in time. for
WRC-27

Studies to improve lunar RF propagation:
models on-going

Potential: Technical Cooperation [ssues fo'r'C._,ils"Iu'nar' PNT

Potential Issues |dent|f|ed by the 10AG.

. Is there a lunar SSA ‘mechanism to exchange ephe‘merldes :

and almanacs among service providers? - bt 5
Will there be arsingle interoperable servi¢e or distinct
compatible (non- |nterfer|ng) serV|ces for lunar nav
broadcasts?

Are orbits coordinated among services providers just to
ensure compatlblllty or maX|m|ze lunar PNT accuracy and .
avallablllty?

How are ITU aIIocated bands shared by separately

.authorized services to av0|d harmful RFI?

For signals using the same- frequency, how are pseudo-

randem noise (PRN) codes allocated to service providers?

For networking, are frame IDs and subframe PNT-related

fields allocated among service providers are done

separately by each provider?



International Governarice of Cislunar PNT

Current international space law and ITU _regulations-apply : L
* Cislunar PNT:i$ part of space-to-space RNSS in NGSO orbits . L
Some discussions are occurring today among natlonal space agenues and

d melh -d: of work for
sull

national spectrum adm|n|strat|ons
The Intergovernmental Agreements for the ISS (includirig Gateway) do not
extend to the-lunar surface ILRS mechanisms still in work. -
Given the_lncreasmg complexity of space Operat|0ns at'the Moon,a new
mechanism is needed for’'safe and responsible operations.

. Multilate-ral. not just bilateral or regional

V2411416 (E)

* Atthe level of sovereign states, not just space agencies -

UNITED NATIONS :
Office for Outer Space Affairs

UN COPUOS approved a draft mandate for an Action Team on Lunar | ExetSecretaﬁatto .I.nt'l.}ébl:ltlmittée.on GNSS
Activities Consultatlon (ATLAC) in June 2024 R
* Modeled on the long-standing International Commlttee on GNSS (ICG)
* Reports to parent body COPUOS, then UN 4th Commlttee e
= [GI.InOaNASS.r2‘4:}, Un:teg States r{GLI:’SSS,IaZI:I+;E, Eirr':;aer;n Union
»  Non-binding focus on improvihg technical transparency (Galileo, 24+), India (NavIC, 7), Japan (QZSS, 7)

ICG Membership

« Many potential topics beyond cislunar PNT (e.g., lunar SSA, safety

Algeria, Australia, Italy, Malaysia, New Zealand, Republic of
Korea, Tiirkiye and United Arab Emirates

frequencies, sizes of landing zones, debris mitigation, etc.)

India, Japan, Nigeria, Russian Federation, United States and
European Space Agency




Queqiao V3.0
Overall objective: Build the basic type of deep space communication and navig'at.ion system to

achieve Mars and Venus communication and navigation coverage.

O QQNet basic components
Lunar network, Mars network, Venus

network. . . Vil

Each network can be connected to the f\
Earth through interplanetary staging : 3
stations network interconnection Venus il
(including BeiDou, Star network, etc). " M

O Coverage capacity
Achieve quadruple coverage for the whole
Moon.
Achieve Mars and Venus communication
and navigation coverage.

® .

O Composition of Earth-Moon-Mars core
network

Earth main nodes: interplanetary
staging stations.
Lunar Main Node: EML Satellite.
Mars Main Node : Mars Relay Satellite.
Venus Main : Venus Relay Satellite.
Interconnection through high-speed lasers:

' g g .
Other ').‘
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Where are we going? -

Decisions on Cislunar PNT are creating the technlcal foundatlons and |denthy|ng the.
governance issues that can enablea ‘Solar System Internet (SSI) :

RF spectrum allocations, expansion of optical communications technology

ILunar and’solar system time and geodetic standards

Expanding DTN-BP use and more ‘than one lunar navigation service prowder
Multlstakeholder engagement by Industry and academia on'Internet i experlences

“New technical groups may emerge as. with the terrestrial internet

* Lunar PNT Frame IDs and sub-frame networking-with lunar communications

. * IP addresses and ASN deconfliction, off-Earth node numbers and'names
Multilateral coordination of lunar operations '

- Artemis Accords and ILRS principles, cross recognltlon agreements

SFCG, CCSDS, IOAG, ICG, UN ATLAC? '



No Single ;Int’ernational..FQ,rg_r,n'L

for Cislunar PNT

T4

Within the United Nations system :
 ITU - can handle multiple stakeholders, but has a limited space.charter
 COPUOS - broad space charter, but multilaterat focused

. Internet Governance Fornm — multi-stakeholder but np:c PNT or space (yet)' '

Project agreements are

* *The ISS IGA does does not extent to Iunar surface What should Artemls
partners and Accord signatories do?

¢ Analogles exist in other fields for specific prOJects e.g. CERN and ITER (with

mixed success)

Treaties from other domains s
e An Antarctic Treaty System for the Moon?
* AnICAO for space (sovereignty issues are different from space)‘

Potential new structures

* A Space Guard function similar to the Coast Guard for safety of navigation,
national regulatory enforcement, and rescue missions (e.g., the 1968
Agreement on Rescue and Return of Astronauts)

.........

i1

Recommendatlons

@ &

Use both ITU and COPUOS for nOW
“Provide "bottom up’ ’ technical input to

muiltilateral forums, seek consensus on

~standards and best practices, and.
~ incorporate into national law and

regulation for enforcement
For cislunar PNT; like terrestrial PNT,

. ensure compatibility ahd.seek
'i_nteroperability where possible

- Promote multi-stakeholder, voluntary
.governance for coordination and

cooperation like the internet




~ Backup



WRC-27 Agenda Iltem on
Lunar / Cis-lunar Spectrum Use

As agreed at World Radio Conference 2023 (WRC-23)
which concluded on 15 December 2023

WRC-27 Agenda Item 1.15 (ITU-R Resolution 680):

“to conduct studies on the spectrum needs and regulatory
measures for possible new allocations and/or 1dentifications, with
any needed regulatory provisions, to support communication
systems located on the lunar surface or in the lunar orbit in the
frequency bands 390-450 MHz, 2 400-2 700 MHz, 3 500-3 800
MHz, 5 150-5 925 MHz, and 25.25-28.35 GHz, and to study a
potential regulatory framework for future lunar communications”




“Coordinated Lunar Time (LTC) will act as the
established standard to enable Cislunar

operations and maintain traceability to UTC.”

“NASA, in coordination with the Departments of
Commerce, Defense, State, and Transportation, will
study, define, and implement a Coordinated Lunar
Time (LTC) to support the gradual establishment of
lunar infrastructure.”

= NASA, with support from partnering departments
and agencies, will establish the approach to LTC as
the international standard through existing
standards bodies.

= NASA will consider LTC as part of its annual Moon-

to-Mars Architecture Concept Review cycle no later
than December 31, 2024.

= NASA will provide a finalized strategy to the
Executive Office of the President to implement
lunar timing standardization no later than
December 31, 2026.

EXECUTIVE OFFICE OF THE PRESIDENT
2 OFFICE OF SCIENCE AND TECHNOLOGY POLICY
v WASHINGTON, D.C. 20502

April 2, 2024

MEMORANDUM FOR DEPARTMENTS AND AGENCIES PARTICIPATING IN THE WHITE
HOUSE CISLUNAR TECHNOLGY STRATEGY INTERAGENCY WORKING GROUP

FROM: Avrati Prabhakar, Assistant to the President for Science and Technology and
Director, Office of Science and Technology Policy

Lpa Proall——

SUBIJECT: Policy on Celestial Time Standardization in Support of the National Cislunar
Science and Technology (S&T) Strategy

https://www.whitehouse.gov/wp-content/uploads/2024/04/Celestial-Time-Standardization-Policy.pdf



" IPNSIG Report on Solar -
| R System Internet Afchitecture
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~ Solar System Internet Evolution

Phase1 Phase 2- Phase 3
Today . %, - Transitional - Mid-term (30years+)
K FoEees - o - . Gov/Space Y8 Gov/Space Gov/Space Gov/Space ¥ Academic
Agency Agency & | Agency Agency e Agency S Agency 4 _

Gov/Space Agency
Gov/Space Agency backbone
Gov/Space Agency backbone

IX

Commercial
backbone

backbone IX

Commercial
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IX

IX
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