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Pres_?n]cation Lunar Spectrum Activities - An Overview
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The last few years have seen asharpincreasein lunar activities, including NASA’s upcoming Artemis missions, and
‘ Abstract plans from other space agencies and commercial entities. All these activitiesrequire spectrum, both for

spacecraftand for Moon surface activities.

Higgins supports NASA in its spectrum management programs both domestically (in the USA) and internationally
‘ Bio data (atthelTU) in hisrole at ASRC Federal ADS. He previously worked for the US Federal Communications Commission

for 37 yearsin satellite and terrestrial monitoring, interference investigations, radio inspections and special
development projects. He is a graduate of the University of Massachusetts - Lowell with a Bachelor of Sciencein

Electrical Engineering.
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http://www.nasa.gov/
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Fun Facts about the Moon
Entities active around the Moon

Lunar Spectrum Manager
(LSM) Overview

Lunar Spectrum Architecture
and Interference Considerations

ITU and Space Frequency Coordination
Group (SFCG) activities

Relevant Documentation
and Recommend ations

Artemis Accords
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Fun Facts about the Moon

The distance between Moon and Earth varies between
~363,000 km and ~406,000 km
" Still within the 2 million km distance from Earth that

marks the beginning of the deep space regime as defined

|
by the ITU! Inclination
o
The Moon is rotating at the same rate that it revolves Earth Orbit 3 514
: 6 : B ——
around Earth (called synchronous rotation), so the same Y
hemisphere faces Earth all the time* 1.738 km
*Pink Floyd’s “Dark Side of the Moon” is a bit of a I g—p 4641 km .
o Barycenter Axial tiltto
misnomer, but “The Far Side of the Moon” probably AX'?' tilt tOO 6,378 km orbit 6.68°
didn’t sound asenigmatic! orbit 23.44 Radius
The Moon’s inclination in relation to the Earth’s equator < >
384,405 km

varies between 18.3° and 28.6° over an 18.6-year cycle
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Some Organizations recently
involved in Lunar Activities

eLaall O yle Wi AlIS

UAE SPACE AGENCY

o g NO<ILA National
BELL
INTU!:[!:XH% B Spectrum il
Regulators
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Why do we need a Lunar
Spectrum Manager?

" More National Space Agencies have accomplished or Lunar' Spectrum

have planned Lunar space activities in recent years

" More commercial entities are getting involved in Lunar Coordination
activities

® Coordination among all these new users across the
globe is a “must” to ensure compatibility and avoid
interference

" The ITU and the Space Frequency Coordination Group
(SFCG) play key roles in Lunar Spectrum Management

NASA has offered, in the SFCG, to assist both
SFCG Member and non-Member Agencies, at
their request, with frequency assignments
and related matters for lunar mission
activities. (See Resolution SFCG A40-1)
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The ITU is the primary
specialized agency of the
United Nations
Organization for managing
the international use of
radio frequency bands in
order to avoid harmful
interference between
radiocommunications users,

both Earth and space.

ITU Treaties as legal framework

[TU CONSTITUTION
(Article 1 -2 3))

[TU shall effect allocation of bands
of the radio-frequency spectrum, the
allotment of radio frequoncies and
the registration of radiofrequency
assignments and, for space services,
of any associated orbital position n

the geostationary-satellite orbit or of
any associsted  characteristics  of

satellites in other orbits, in order to
avoid harmful interference
between radio stations of different
countries

25t [SRMM — Doha, Qatar

U Constitution (Article 44)

Radio Regulations

Radio frequencies & associated satellite
orbits are limited natural resources

International Spectrum
Regulations for Lunar Uses

RADIO
REGULATIONS

+ Evolutive Administrative
Treaty (40+ >1906)

Decisions made by
gonsensus without votes

It defines the rights and
obligatlons of Member
States

Itis @ combination of
technical and regulatory
mechanisms to coordinate
satellite projects

* Recording the satellite
networks in the Master
nternational Frequency
Register (MIFR) provides
international recognition of
operation free of signal
Interference

11



Serves as the
Central Focal Point
to facilitate a
comprehensive and
efficient spectrum pre-
coordination between lunar
and near-Earth missions
among all users of
spectrum around the Moor77




As Lunar region NASALunar Spectrum Manager
EETe e (LSM) Role &Responsibilities

NASA’s Lunar & Human

Spaceflight Spectrum

Manager (Cathy Sham): NASA, Department of Defense
(DoD), and Department of

Commerce (DoC) (NDD)Working

Group supportspre-coordination
across USspace programs

Serves as the to facilitate
comprehensive and efficient spectrum pre-
coordination between lunar and near-Earth

missions for U.S. & Other International Civil

Space Agencies through participation in the

US Domestic and International groups. NTIA IRAC SPS Working Group:

reviews certification requests for
‘; federal Lunar Missions &US
commercial missions via FCC
liaison

Provides on available spectrum and
applicable spectrumuse and
pertinent to lunar region missions

Provides (if requested) and . :
to support coordination and develops viable G T WKk 5. International Telecommunications
mitigation approaches while to Bl gl . R y Union (ITU) Working Party 7B-
involved lunar missions (U.S. missions, foreign space » o Nt . W’ Space Radiocommunications
agencies, commercial missions)  :'. ' g Applications

Leverages knowledge of current and future spectrum ' Space Frequency Coordination

usageto enable | Group (SFCG) Lunar Martian
' Spectrum Group (LMSG)
Cathy Sham also Chairs the Lunar

Martian Spectrum Group
(LMSG) in the SFCG 25t SRMM — Doha, Qatar N



Lunar Vicinity Electromagnetic Spectrum Architecture

Radio
Frequency!?
and
Optical?

Lunar Surface
Communications &
Wireless Network:
> 390 —405 MHz3
410 —420 MHz?
435 —450 MHz3
2.4 -2.48 GHz
2.5035 —2.655 GHz
3.5—-3.8 GHz
5.15—-5.835 GHz
5.855 —-5.925 GHz
25.25-25.50 GHz
27.225 -27.5GHz
27.5—-28.35GHz
[67 —70 GHz]

\

V V.V V V V V V V V V

LO-to-LO :

> 2025 —2110MHz &7
> 2200-2290 MHz &7
> 23.15-23.55GHz ©
> 27.0-27.5GHz*®

~
/-F\ ~
LO-to-LS PNT: \ iy,
> 2483.5 -2500 MHz
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LO-to-LLO PNT:
/ > 2483.5 —2500 MHz

\ A

LS-to-LO :
> 435 —450 MHz?3
> 2200 —2290 MHz67
>27.0—-27.5GHz ¢

> Optical 4 :1550nm
(Proximity Link)

- X

Lunar SAR:
> 406 —406.1 MH2zE&
> 2299.0 MHz

~ 4
LO-to-LS: wa ik
>390 -405 MHz3?
> 2025 — 2110 MHz &7
> 23.15—-23.55 GHz ©
> Optical 4 :1550nm
(Proximity Link)

— -
- T ¢
-to-L elay Cross Link) :
\"\ ﬂ‘ LO O (Relay C Link)
\\ // > 13.75-14.0GHz
- > 145-1535GHz

> 23.15-23.55 GHz ¢

> 27.0-27.5GHz*®

> Optical? :1550 nm
(Cross Link)

Notes:

1. Consistent with the IOAG Architecture,
NASA-SCaN Lunar Architecture, ICSIS
and SFCG REC 32-2R5

2. SFCG REC 32-2R5 also contains amateur
radio frequency allocations between the
Earth and the Lunarregion

3. Limited to outside of the Shielded Zone of the
Moon (SZM)

4. Optical links are consistent with ITU-T Rec.
G.694.1, and will complement, rather than
replace, RF capabilities

5. 410-420 MHz spectrum used for EVAcomm
may occur in LO (e.g., from a spacecraft such
as Orion or Gateway)

6. Per SFCG REC 41-1, lunar region links with
occupied bandwidth <6 MHz may use S-, X-,
or Ka- band, while lunar region links with
occupied bandwidth >6 MHz should use Ka-
band only

7. Refer to SFCG REC 42-1 for specific frequency
ranges to be used for LO-to-LO and LO-LS
links

Legend:

* LO —Lunar Orbit

* LS —Lunar Surface

GNSS —Global Navigation-Satellite

System

* PNT —Positioning, Navigation, and Timing

* SAR —Search andRescue

* [Frequency Range] —Under further SFCG member
agencies investigation


https://www.nasa.gov/directorates/somd/space-communications-navigation-program/lunanet-interoperability-specification/#%3A~%3Atext%3DThe%20purpose%20of%20the%20LunaNet%2Con%20and%20around%20the%20Moon
https://www.nasa.gov/directorates/somd/space-communications-navigation-program/lunanet-interoperability-specification/#%3A~%3Atext%3DThe%20purpose%20of%20the%20LunaNet%2Con%20and%20around%20the%20Moon
https://www.nasa.gov/directorates/somd/space-communications-navigation-program/lunanet-interoperability-specification/#%3A~%3Atext%3DThe%20purpose%20of%20the%20LunaNet%2Con%20and%20around%20the%20Moon

Lunar Exploration Electromagnetic SpectrumArchitecture

Radio Frequencyl and Optical?

”"‘/'$
LO-to-LLO PNT: 55— q0CHZ”_ _——— e
|~ >2483.5-2500 MHz 500 "‘Zi—'”;;ﬁ 28 :
' garth: 88— e 22557 2o iz e A
~ LS-to-Eg 235 N = 15 91610 === gz
LO-to-LS PN]« y Wi ™ _—”” . 7 0,/” '\30 M\'E”’ L 2
> 2483.5 -2500 MHz \ - - garth-to-2 e pz 2= v ol -~
\ m— N6k - 10N = r ™
e Sg—to‘\—s;—’, o gt _a
garth N e _- -~
Lunar Surface g i - YA //‘J\\'\'L/
"):]-OG//\)‘-LE’ - '\6\0//
— - -\~ _~
Communications & . "),5-3// ‘_\50//1 '\‘539/
Wireless Network: LS-to-LO : v - _— Y ~T W
_ 3 5 ) _ 3 QVAY\ - 1156/ /300>A /\k\’\(\
> 390 —405 MHz W > 435 —-450 MHz 850 o B Ol (0(\
> 410 -420 MHz 5 - T > 2200 —2290 MHz67 stol///s“!«\l// \’L\‘) -~ ¢
> 435 -450 MHz?3 >27.0 -27.5 GHz 6 . & =2~ WX 0™ Legend: .
> 2.4 -2.48 GHz > Optical 4:1550nm PR\ S v) < + LO —Lunar Orbit
T 2= ok A" * LS —Lunar Surface
> 2.5035 —2.655 GHz (Proximity Link) X0 LR\ N
S EIC e e \40// ‘0'\"/0/ ’\‘O"/ OQ‘— * GNSS —Global Navigation-
g Pl Lunar SAR: ‘ ///Aa(‘\ N o Satellite System
5.15-5.835 GHz : e S < A _—
> 406 —-406.1MHz ~ V2 R * PNT —Positioning, Navigation,
> 5.855-5.925GHz 55l MY //ea‘x‘(\/ X0 d Timi
> 25.25-25.50 GHz ; < & S |\O and Timing
> 27.225-27.5GHz LO-to-LS: = ' A0 * SAR —Search andRescue
> 27.5-2835GHz >390 —405 MHz3 > -~ P * [Frequency Range] —Under Study
> [67—70 GHZ] > 2025 —-2110 MHz 6,7
> 23.15-23.55 GHz & Notes:
LY > Optical 4:1550nm 1 Consistent with the IOAG Architecture, NASA-SCaN Lunar Architecture, ICSIS and SFCG REC
(Proximity Link) 32-2R5
2. SFCG REC 32-2R5 also contains amateur radio frequency allocations between the Earth and
i “ the Lunarregion
LO-to-LO : ] "
> 2025 —2110MHz 67 .‘ S - xt ‘ 3. Limited to outside of the Shielded Zone of the Moon (SZM)
> 2200-2290 MHz 67 : ‘ ’ ¢ . 4 Optical links are consistent with ITU-T Rec. G.694.1, and will complement, rather than replace,
> 23.15-23.55 GHz 6 § N\ LO-to-LO (Relay Cross Link) : RF capabilities
6 ", > 13.75-14.0GHz
> 27.0 -27.5 GHz = > 14.5-1535GHz 5. 410-420 MHz spectrum used for EVA comm may occur in LO (e.g., from a spacecraft such as
> 23.15-23.55GHz 6 Orion or Gateway)
>27.0-27.5GHz* 6. Per SFCG REC 41-1, lunar region links with occupied bandwidth <6 MHz may use S-, X-, or Ka-
> Optical4 :1550 nm

(Cross Link)
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band, while lunar region links with occupied bandwidth >6 MHz should use Ka-band only
Refer to SFCG REC 42-1for specific frequency ranges to be used for LO-to-LO and LO-LS links


https://www.nasa.gov/directorates/somd/space-communications-navigation-program/lunanet-interoperability-specification/#%3A~%3Atext%3DThe%20purpose%20of%20the%20LunaNet%2Con%20and%20around%20the%20Moon

Lunar Electromagnetic SpectrumArchitecture
Considerations for Lunar PNT & SAR Services

LO-to-LLO PNT:
> 2483.5 -2500 MHz

LO-to-LS PNT: \
> 2483.5 —-2500 MHz X

U .

Lunar SAR:
> 406 —406.1MHz
> 2299.0 MHz

Legend:

LO —Lunar Orbit

LLO- Low Lunar Orbit

LS —Lunar Surface

GNSS —Global Navigation-Satellite System
PNT —Positioning, Navigation, and Timing
SAR —Search andRescue

25t [ISRMM — Doha, Qatar

Options for lunar position, navigation, and timing (PNT) services:

2483.5-2500 MHz (S-Band) frequency band for in-situ lunar PNT services
iscompatible with ITU Radio Regulations provisions on protection of SZM
(currently does not include implementation of PNT nodes in this
frequency range on the lunar surface — further studies in work)
Lunar surface and orbit systems can also utilize PNT services from
Earth-based GNSS 1164-1215 MHz, 1215-1300 MHz, and 1559-
1610 MHz frequencybands (does not include implementation of
these frequencies in the lunar environment)

Options of lunar search-and-rescue (LunaSAR) services:

Frequencies for LunaSAR services at 406-406.1 MHz enable the use

of existing terrestrial services, but would be limited to use outside the SZM
SFCG has agreed services at 2299 MHz to support emergency services
anywhere aroundthe Moon.

S-band lunar PNT and LunaSAR bands added to REC SFCG 32-2R5




Interference issues on the Moon: Shielded Zone of the Moon

are equivalent to those on Earth

in band interference (if systems not coordinated) .
- aMoon

adjacent band interference from nearby systems

protection of RAS in Shielded Zone of the Moon (SZM)

The goal of the Lunar spectrum management
coordination process for frequency, power, and related parameters is to avoid

interference around the Moon and from Moon activities to Earth systems.

For interference associated with Earth-Moon links, the considerations are

mostly related to Earth spectrum activities

25t [SRMM — Doha, Qatar
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As agreed at World Radio Conference 2023
(WRC-23) which concluded on 15December 2023

WRC-27 Agenda Item 1.15:

To consider studies on frequency-related matters, including possible
new or modified space research service (space-to-space) allocations,
for future development of communications on the lunar surface and
between lunar orbit and the lunar surface and between lunar orbit

and the lunar surface, in accordance with Resolution 680 (WRC-23)

Studies will be led by International Telecommunications Union (ITU) Working

Party 7B in frequency ranges specified by Resolution 680 (WRC-23)

* Technical and operational characteristics for lunar space research service
systems are under development in WP 7B (update in just-concluded
March 2024)

* Preliminary sharing studies anticipated to begin through contributions to
the September 2024 WP 7B meeting, per agreed work plan (7B/35 Annex 1)

ITUPublications International Telecommunication Union
Radiocommunication Sector

World Radiocommunication
Conference 2023
(WRC-23)

Provisional Final Acts

www.itu.int/wrc-23/

25t ISRMM — Doha, Qatar
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http://www.itu.int/wrc-23/
https://www.itu.int/dms_ties/itu-r/md/23/wp7b/c/R23-WP7B-C-0035!N01!MSW-E.docx

Recent SFCG Lunar/Martlan Sbectru.

Group (LMSG) Outputs of Interest(@of2)}

https:

www.sfcqonline.or

Resources/default.aspx

Space Frequency
Coordination Group

Resolution SFCG A40-1

ASSISTANCE IN THE ASSIGNMENT OF
FREQUENCIES TO MISSIONS IN THE LUNAR REGION

g SFC

SFCG RES A 40-1,"Assistance in
the Assignment of
Frequencies to Missions in the
Lunar Region™:

Process to provide assistance
with the selection of frequency
assignments to SFCG Member
Agencies and non-SFCG
organizations for lunar missions.

25th ISRMM — Doha, Qatar

Space Frequency
Coordination Group

ey

COMMUNICATION AND POSITIONING, NAVIGATION, AND
TIMING FREQUENCY ALLOCATIONS AND SHARING IN THE
LUNAR REGION

Recommendation SFCG 32-2RS

THE SFCG

SFCG REC 32-2R5,"Communications
and Positioning, Navigation, and
Timing Frequency Allocations and
Sharing in the Lunar Region”

Regularly updated to reflect ongoing
assessments considering
recommended frequencies for lunar
vicinityapplications.

Addresses various services including
communications (between Earth and
lunar vicinity and local lunar links), PNT,
and lunar search-and-rescue (LunaSAR)

Space Frequency
Coordination Group

3

PROTECTION OF RADIO ASTRONOMY OBSERVATIONS
IN THE SHIELDED ZONE OF THE MOON

Resolution SFCG 23-5 R1

The SFCG,

CONSIDERING

SFCG RES 23-5,"Protection of Radio
Astronomy Observations in the
Shielded Zone on the Moon”:

SFCGC members will limit uses of active
systems in the SZM as described by ITU
RR Article 22, Nos. 2222 through 22.25.
SFCG members will coordinate the
envisioned uses of active systems in the
SZM with the Scientific Committee on
Frequency Allocations for Radio
Astronomy and Space Science (IUCAF)
through theSFCG.


https://www.sfcgonline.org/Resources/default.aspx/

Space Frequency
Coordination Group

Recommendation SFCG 41-1

EFFICIENT SPECTRUM UTILIZATION FOR SPACE RESEARCH
SYSTEMS IN THE LUNAR REGION

The SFCG,

T T,

SFCG REC 41-1, "Efficient Spectrum
Utilization for Space Research

Systems in the Lunar Region”:
Technical conditions for Earth-to-space
and space-to-Earth links, as well as in-situ
lunar links (space-to-space) and relay
links

https:

Resources/default.aspx

ey

FREQUENCY CHANNEL PLAN FOR IN-SITU LUNAR DATA RELAY
SATELLITES

www.sfcqonline.or

Space Frequency
Coordination Group

Provisional Recommendation SFCG 42-1

The SFCG,

CONSIDERING

thas ¢ need rt the increass : ‘ " i

SFCG REC 42-1, "Frequency Channel Plan for
In-situ Lunar Data Relay Satellites”:

Support interoperability by defining dedicated
frequencies in S-band for single access and multiple
access services, and also S-band Prox-1 channels
Definition of Ka-band channels for in-situ lunar relay
services is under study

SFCG Prov. REC 43-1, "PROTECTION OF IN-SITU LUNAR REGION POSITIONING, NAVIGATION, AND
TIMING (PNT) SERVICES IN THE 2 483.5 - 2 500 HZ FREQUENCY BAND FROM UNWANTED EMISSIONS
FROM LUNAR SURFACE COMMUNICATIONS SYSTEMS”

Recommends emitter and receiver design considerations to protect in-situ S-band links

| 2)'1_

Space Frequency
Coordination Group

ey

FREQUENCY ASSIGNMENT GUIDELINES FOR ACTIVE REMOTE
SENSING IN THE LUNAR REGION

Recommendation SFCG 29-2

The SFCG,

SFCG REC 29-2, "Frequency Assignment
Guidelines for Active Remote Sensing

in the Lunar Region™:
Current in-force recommendation includes
science-focused frequencies for lunar
exploration.
Work in progress to evaluate existing &
proposed active remote sensing
frequencies including compatibility with
passive missions, including radio astronomy
observations in the SZM.
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https://www.sfcgonline.org/Resources/default.aspx/
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':206- Active Cislunar Systems
2025 CLPS Draper Iander 2 . LRO * EQUULEUS/EML2 (JAXA)
FSS (jPL) . CAPSTONE L Queqiao2, Chang’e 4
TSUKIMI (JAXA - LunR Fim e S
Beresheet2 (Israel / Spacell) ¢ R L el
Gateway PPE,HLCS + ARSI *  BioSentinal - SLIM (JAXA)
e CLrS B SRS
ight
Blue Moon Mark | (Blu it (NASADOE),
Origin) (SSTL /JUKSA)
CLPS IM3 (Intuitive Machines):
LunarVISE, Lunar Vertex A;IE_)) Chang'e7 (CNSA)
2027 .
LUPEX (ISRO/JAXA e ik~
Aais SPIDER (ASAFleet ' % s
ee elie
e HTVX for Lunar Gateway (JAX Spacey* Gatewa.y Logistics @
Blue Ghost | Parsec (Crescent Seali= (Slyy Chang'e8 (CNSA =
Space) iSpace Mission 3 lunar relay i
2l ARTEMIS Il (crewed) Tl (crewed) 0 ARTEMISIV (crewed ARTEMIS V
(Astrobotic): VIPER SLS: Orion SLS, Orion, Starship HLS - .+ " SLS, Orion, Starship H SLS, Orion, Blue Moo
(Space ; r.#:. - (SpaceX » Markll HLS (Blue Origin
Mo ELPS IM2 (Intuitive Sept 2025 , - ra " () i
achines). giNova rover Se ~
Nokia LTE demo, Lunar TR (RESEOSMO - i S . §ept 2029

Trailblazer,Khon|

>

Hakuto-2 (iSpace)*

Late 2024 .
https://www,eoportal.org/satelIite-missions?Mission+type=Non-EO

>

CLPS missions) Other Lunar Activities (e.g. International Space Agencies, Commerual Ventures)

[ | NAS&@ NASA-Partner Lunar A |V|t|e%|ydmg
/
* Lunar missions known only to NASA Lunar Spectrum from populytnedla as of June 2024; may not recen?nssmn technical data for frequency pre Icoordlnatlon on all missions shown
g
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https://nssdc.gsfc.nasa.gov/nmc/SpacecraftQuery.jsp
https://www.eoportal.org/satellite-missions?Mission+type=Non-EO

Effective Collaboration : The Way Forward

Y - - -

Sharing and compatibility studies by stakeholders in
R SFCG, ITU-R and other Fora
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Bulgaria 1NEG—_—_—_—

Greece E
Luxembourg
Republic of
Korea

Spain

Uruguay

ARTEMIS ACCORDS
Q Argentina - Armenia sy Australia ;ié. :'. Bahrain E

Canada n Colombia - s Cz%clgh ‘ Ecuador “
epublic 4

Iceland _l India Israe| S Italy l
®
==

Mexico Netherlands New D& . Nigeria
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Romania l i ™ Saudi Singapore C:
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Sweden Switzerland Ukraine United Arab
+ - Emirates

https://www.state.gov/artemis-accords/

https://www.nasa.gov/artemis-accords/

United for Peaceful Exploration of Deep Space

Belgium .
France l
-4 n

Peru Poland

Slovakia F

of A

United X\ L Umted'__;
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https://www.state.gov/artemis-accords/
https://www.nasa.gov/artemis-accords/

National Aeronautics and Space Administration.

Thanks to the NASA iuﬁr‘;*m'ﬁ'—%ﬂﬂﬂ‘ﬁ"'“f"“ m and Cathy Sham,
NASA and SFCG Lun ;,m ----n-‘r‘m-m
Manager, who prgvf& od materi:
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