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T h e di sta nc e b e t w e e n Mo o n a n d Ea rth varies b e t w e e n

~363,000 k m a n d ~ 4 0 6 , 0 0 0 k m

▪ Still wi th in  t he  2 mil l ion k m  d i stance  f rom Ea rt h  that   

m a r k s t he b e g i n n i n g of the d e e p s p a c e re g i m e as def ined  

by  t he ITU!

T h e  Mo o n is rotat ing  at the  s a m e  rate that  it revolves  

a ro u n d Ea rth (cal led sy n c h ro n o u s rotation), so the s a m e   

h e m i s p h e r e fa c es Ea rth all the time*

* P i n k  Floyd’s “Dark  S i d e  of t h e  Moon” is a  bit  of a   

m i s n o m e r, b u t “ The Fa r S i d e of t h e Moon” p r o b a b l y   

didn’t  s o u n d  a s e n i gmat i c !

T h e Moon’s inc l ination in relation to the Earth’s equato r

varies b e t w e e n 18.3° a n d 28.6° over a n 18.6-year c yc l e

F u n F a c t s a b o u t t h e Moon

Incl ination  

5.14°

Axial  tilt to  

orbit 6.68°
Axial  tilt to  

orbit 23.44°

384,405 k m

1.738 k m

4,641 k m
Bar ycenter

6,378 k m
R a d i u s

Earth Orbit

Moon Orbit
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S o m e  O r g a n i z a t i o n s  r e c e n t l y  
i n v o l v e d  i n  L u n a r  A c t i v i t i e s  

National
Spectrum
Regulators
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W h y  d o  w e  n e e d  a  L u n a r  
S p e c t r u m  M a n a g e r ?

▪ More National Space Agencies have accomplished or 
have planned Lunar space activities in recent years

▪ More commercial entities are getting involved in Lunar 
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)

Lunar Spectrum

Coordination

25th ISRMM – Doha, Qatar
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T h e  I T U  i s  t h e  p r i m a r y  

s p e c i a l i z e d  a g e n c y  o f  t h e  

U n i t e d  N a t i o n s  

O r g a n i z a t i o n  f o r  m a n a g i n g  

t h e  i n t e r n a t i o n a l  u s e  o f  

r a d i o  f r e q u e n c y  b a n d s  i n

o r d e r  t o a v o i d  h a r m f u l  

i n t e r f e r e n c e  b e t w e e n  

r a d i o c o m m u n i c a t i o n s  u s e r s ,  

b o t h  E a r t h  a n d  s p a c e .  

International  S p e c t r u m   
R e g u l a t i o n s  for L u n a r U s e s
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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 Moon

Role of a Lunar Spectrum Manager (LSM)

Provide information on available spectrum and 

applicable spectrum use policies and constraints

pertinent to lunar region missions

Perform frequency selection (if requested) and 

sharing analyses to support coordination

Leverage knowledge of current and future spectrum 

usage to enable early technical coordination and 

develop viable mitigation approaches while minimizing 

impacts to involved lunar missions (U.S. missions, 

foreign space agencies, commercial missions)

Track status of lunar activities and prioritize spectrum pre-

coordination actions based on launch timeframe, lunar 

project maturity, etc.

Provide post-launch interference resolution 

assistance when requested
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N A S A L u n a r  S p e c t r u m  M a n a g e r   
(LSM) Role  & Responsibi l i t ies

N A S A ’s L u n a r  &  H u m a n  
S p a c e f l i g h t  S p e c t r u m  
M a n a g e r ( C a t h y S h a m ):

S p a c e  F re q u e n c y Coordinat ion  
G ro u p  (SFCG) L u n a r  Martian  
S p e c t r u m  G ro u p (LMSG)

NTIA IRAC SPS Wo r k i n g  Group:  
reviews certif ication requests for  
federal L u n a r  Missions & U S   
co m m e rc i a l  miss ions  via F C C   
l iaison

International Te l e co m m u n i cat i o n s   
U n i o n  (ITU) Wo r k i n g  Party  7 B -
S p a c e  R a d i o co m m u n i c a t i o n s   
Appl icat ions

4

NASA, D e p a r t m e n t  of Defen s e   
(DoD), a n d  D e p a r t m e n t  of  
C o m m e r c e  (DoC) (NDD) Wo r k i n g   
G ro u p  supports pre-coordinat ion  
across  U S s p a c e  p ro g ra m s

Provides  information o n  available s p e c t r u m a n d  
appl icable  s p e c t r u m use  policies a n d constraints 

pert inent to lunar reg ion miss ions

Provides  frequency selection (if requested) a n d sharing  

analyses to support coordinat ion a n d develops viable 
mi t igat ion  approach e s  whi le  minimizing impacts to 

involved lunar miss ions (U.S. missions, fore ign s p a c e
agencies,  co m m e rc i a l miss ions)

Leverage s k n o w l e d g e of current a n d future s p e c t r u m   
u s a g e to enab le  early technical coordination

As Lunar region
activities  evolve…

Serves  as  the  Centra l  F o c a l  Po i nt  to facilitate  
co m p re h e n s i ve  a n d  efficient s p e c t r u m  pre-
coordinat ion b et we e n  lunar  a n d  near-Earth   

miss ions  for U.S. & O ther  International Civil  
S p a c e   A ge n c i e s  t h ro u g h  partic ipation in the 

US Domestic  and International  groups.

Cathy Sham also Chairs the Lunar 
Martian  Spectrum Group 

(LMSG) in the SFCG 25th ISRMM – Doha, Qatar



Notes:

1 . C o n s i s t e n t  w i t h  t h e  I O A G  A r c h i t e c t u r e ,  

N A S A - S C a N  L u n a r  A r c h i t e c t u r e ,  I C S I S  

a n d  S F C G  R E C   3 2 - 2 R 5

2 . S F C G R E C 32-2R5 also contains amateur

radio frequency allocations between the

Earth a n d   the Lunar region

3. L imited to outside of the Shielded Z o n e of the
Moon (SZM)

4. Optical l inks are consistent with ITU-T Rec.

G.694.1, a n d will complement , rather than

replace,  R F capabilit ies

5. 410-420 M H z spectru m used for E V A c o m m

m a y occur in L O (e.g., from a spacecraft such

as  Orion or Gateway)

6 . Per S F C G R E C 41-1, lunar region links with

occup ied bandwidth < 6 M H z m a y use S-, X-, 

or Ka- band, while lunar region links with

occup ied bandwidth > 6 M H z should use K a -

b a n d only

7. Refer to S F C G R E C 42-1 for specific frequency
ranges to b e used for LO-to-LO a n d L O - L S
links

Legend:
• L O  – L u n a r Orbit
• L S  – L u n a r Surface
• G N S S  – Global Navigat ion-Satell ite

S y s t e m
• P N T  – Posit ioning, Navigation,  a n d T i m i n g
• S A R  – Search a n d R e s c u e
• [Frequency R a n g e] – Under further SFCG member 

agencies investigation

L u n a r V i c i n i t y E l e c t r o m a g n e t i c  S p e c t r u m  A r c h i t e c t u r e

R a dio  
Frequency 1  

a n d
Opt ica l 4

Learn more about 
LunaNet Interoperability 
Spec

Active remote sensing 
frequencies  are identified 
in SFCG REC 29-2

25th ISRMM – Doha, Qatar

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


L O - t o - L O :
> 2025 – 2110 M H z  6, 7

> 2200 – 2290 M H z 6, 7

> 23.15 – 23.55 G H z 6

> 27.0 – 27.5 G H z 6

Notes:

1. Consistent with the I O AG Architecture, N A S A - S C a N L u n a r Architecture, I C S I S a n d S F C G R E C   

32-2R5

2 . S F C G R E C 32-2R5 also conta ins a m a t e u r radio frequency al locations b e t w e e n the Earth a n d   

the L una r region

3 . L i m i t e d to outs ide of the Shie ld e d Z o n e of the Moon (SZM)

4. Opt ica l l inks are consistent with ITU-T Rec. G.694.1, a n d will c o m p l e m e n t , rather t h a n replace,  

R F capabil it ies

5. 410-420 M H z s p e c t r u m u s e d for E V A c o m m m a y occur in L O (e.g., f rom a spacecraf t s u c h as   

Or ion or Gateway)

6 . P e r S F C G R E C 41-1, lunar region l inks with o c c u p i e d b a n d w i d t h < 6 M H z m a y u s e S-, X-, or K a -

band, while lunar region l inks with o c c u p i e d b a n d w i d t h > 6 M H z should u s e K a - b a n d only

7. Refer to S F C G R E C 42-1 for specif ic f requency r a nges to b e u s e d for L O - t o - L O a n d L O - L S l inks

C o m m u n i c a t i o n s &  
Wir e less  N e t w o r k :

> 390 – 4 0 5  M H z 3

> 410 – 4 2 0  M H z 5

> 435 – 4 5 0  M H z 3

> 2.4 – 2.48 G H z
> 2.5035 – 2.655 G H z
> 3.5 – 3.8 G H z
> 5.15 – 5.835 G H z
> 5.855 – 5.925 G H z
> 25.25 – 25.50 G H z
> 27.225 – 27.5 G H z
> 27.5 – 28.35 G H z
> [67 – 70 GHz]

L e g e n d :
• L O  – L u n a r Orbit
• L S  – L u n a r Surface
• G N S S  – Globa l Navigat ion -

Satell ite S y s t e m
• P N T  – Posit ioning, Navigat ion,   

a n d T i m i n g
• S A R  – S e a r c h  a n d R e s c u e
• [Frequency R a n g e ] – U n d e r S t u d y

L S - t o - L O :
> 435 – 4 5 0  M H z 3

> 2200 – 2290 M H z 6, 7

> 27.0 – 27.5 G H z 6

> Opt ica l  4  : 1550 n m   
(Prox imity L ink)

L O - t o - L S :

> 390 – 4 0 5  M H z 3

> 2025 – 2110 M H z  6, 7

> 23.15 – 23.55 G H z 6

> Opt ica l  4  : 1550 n m   
(Prox imity L ink)

L u n a r  E x p l o r a t i o n  E l e c t r o m a g n e t i c  S p e c t r u m A r c h i t e c t u r e
R a dio  Frequency 1  a n d Opt ica l 4

L O - t o - L O (Relay C r os s L ink) :
> 13.75 – 14.0 G H z
> 14.5 – 15.35 G H z
> 23.15 – 23.55 G H z 6

> 27.0 – 27.5 G H z 6

> Opt ica l 4  : 1550 n m   
(Cross L ink)

L O - t o - L L O  P N T :
> 2483.5 – 2500 M H z

L O - t o - L S  P N T :
> 2483.5 – 2500 M H z

L u n a r Sur face

3

L u n a r SAR:
> 4 0 6  – 406.1 M H z
> 2299.0 M H z

Learn more about LunaNet Interoperability Spec

Active remote sensing frequencies  
are identified in SFCG REC 29-2

25th ISRMM – Doha, Qatar
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Opti ons for lunar position, navigation, a n d t i m i n g (PNT) services:
• 2483.5-2500 M H z  ( S -Band)  f requency  b a n d  for in-situ lunar  P N T  services  

is compat i b l e with ITU Rad io Regu lat ions provisions o n protection of S Z M
( c u r r e n t l y  d o e s  n o t  i n c l u d e  i m p l e m e n t a t i o n  o f  P N T  n o d e s  i n  t h i s  
f r e q u e n c y  r a n g e  o n  t h e  l u n a r  s u r f a c e  – f u r t h e r  s t u d i e s  i n  w o r k )

• L u n a r  surface a n d  orbit system s  c a n  also util ize P N T  services f rom  
exist ing Ear th -based G N S S 1164-1215 MHz, 1215-1300 MHz, a n d 1559-
1610  M H z  f requency b a n d s ( d o e s  n o t  i n c l u d e  i m p l e m e n t a t i o n  o f  
t h e s e  f r e q u e n c i e s  i n  t h e  l u n a r  e nv i ro n m e n t )

Opti ons of lunar search -a n d - re s c ue ( L u n a SA R ) services:
• F requenc ies for L u n a S A R services at 406-406.1 M H z enable the use

of exist ing terrestrial services, b u t would b e l imited to use outside the S Z M
• S F C G h a s agreed services at 2299 M H z to support e m e r g e n c y services  

anywhere  around the Moon.
S - b a n d lunar P N T a n d L u n a S A R b a n d s a d d e d to REC SFCG 32-2R5

L u n a r SAR:
> 4 0 6  – 406.1 M H z
> 2299.0 M H z

L u n a r  E l e c t r o m a g n e t i c  S p e c t r u m Archi tecture
Cons iderat ions for L u n a r P N T & S A R Serv ices

L O - t o - L S  P N T :
> 2483.5 – 2500 M H z

L O - t o - L L O  P N T :
> 2483.5 – 2500 M H z

L e g e n d :
• L O  – L u n a r Orbit
• LLO- Low Lunar Orbit
• L S  – L u n a r Sur f ace
• G N S S  – Global Navigat ion-Satel l ite S y s t e m
• P N T  – Positioning, Navigation,   a n d T i m i n g
• S A R  – Se ar ch  a n d R e s c u e25th ISRMM – Doha, Qatar



13

I n t e r f e r e n c e  C o n s i d e r a t i o n s  
f o r  Lunar/Cis lunar  S p e c t r u m U s e

Interference issues on the Moon:

- are  equivalent  to  those on Earth

- in  band interference ( i f  systems not  coordinated)

- adjacent  band interference from nearby systems

- protect ion of  RAS in  Shie lded Zone of  the Moon (SZM)

Fo r  i n te r fe r e n c e  a s s o c i a te d  w i t h  Ea r t h - M o o n  l i n k s ,  t h e  c o n s i d e ra t i o n s  a r e  

m o s t l y  r e l a te d  t o  Ea r t h  s p e c t r u m  a c t i v i t i e s  

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.

25th ISRMM – Doha, Qatar
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W R C - 2 7  A g e n d a  I t e m  o n   
Lunar/Cis lunar  S p e c t r u m U s e

https://www.itu.int/wrc-23/

A s  a g r e e d  at W o r l d  R adi o  C o n f e r e n c e  2023  

(WRC -23) w h i c h c o n c l u d e d o n 15 D e c e m b e r 2023

W R C - 2 7  A g e n d a  I t e m 1.15:

To cons ider studies o n frequency-related matters, i n c l u d i ng possible  

n e w or modi f ied s p a c e research service (space-to-space) allocations,  

for future d e v e l o p m e n t of c o m m u n i c a t i o n s o n t he lunar surface a n d   

b e t w e e n  lunar orbit  a n d  t he  lunar surface a n d  b e t w e e n  lunar orbit   

a n d t he lunar surface, in a c c o r d a n c e with Resolut ion 6 8 0 (WRC-23)

St ud i es  wil l  b e  led  b y  Internat ional  T e l e c o m m u n i c a t i o n s  U n i o n  (ITU)  W o r k i n g

P a rt y 7 B in f requenc y r a n g e s speci f ied b y Reso l ut i on 6 8 0 (WRC - 23)

• Techn i ca l a n d operat ional character i st ics for lunar s p a c e research service  

sy s t e m s  are u n d e r  d e v e l o p m e n t  in  W P  7 B  (update  in  just - conc l uded   

M a rch 2024)

• P re l i minar y s h a r i n g st ud ies anticipated to begin through contributions to 
the September 2024 WP 7B meeting,  per agreed work plan (7 B/35 Annex 1) 25th ISRMM – Doha, Qatar

http://www.itu.int/wrc-23/
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R e c e n t  S F C G  Lunar/Martian S p e c t r u m   
G r o u p  (LMSG) O u t p u t s  of Interest (1 of 2)

S F C G  R E S  23-5,”Protection of Radio  
Astronomy Observations in the
Shielded  Zone on the Moon”:

▪ S F C G m e m b e r s will l imit uses of active
systems  in the S Z M  as described by ITU 
R R  Article 22,  Nos. 22.22 t h roug h 22.25.

▪ S F C G m e m b e r s will coordinate the
envisioned  uses of active systems in the 
S Z M  with the  Scientific Co mmit t ee o n
Frequency Allocations  for Radio 
Astronomy a n d  S pace Science  ( IUCAF) 
t hrough the SFCG.

S F C G R E C 32-2R5, ”Communicat ions
and  Positioning, Navigation, and 
T iming  Frequency Allocations and
Shar ing in the  Lunar Region”:

▪ Regularly updat ed to reflect o n g o i n g   
assessments  considering 
r e c o m m e n d e d   frequencies for lunar 
vicinity applications.

▪ Addresses various services including  
co mmun icat io n s (between Earth an d
lunar  vicinity a n d local lunar links), PNT,
a n d lunar  search-and-rescue (LunaSAR)

S F C G R E S A 40-1,”Assistance in
the  A ss ignment  of 
Frequencies to  Missions in the 
Lunar Region”:

▪ Process to provide assistance 
with the  selection of frequency 
ass ig n men ts  to  S F C G M ember
Agencies a n d n o n - S F C G   
organizations for lunar missions.

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

25th ISRMM – Doha, Qatar
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R e c e n t  S F C G  Lunar/Martian S p e c t r u m   
G r o u p (LMSG) O u t p u t s of Interest (2 of 2)

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

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

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

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 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.

25th ISRMM – Doha, Qatar
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https://nssdc.gsfc.nasa.gov/nmc/SpacecraftQuery.jsp

https://www.eoportal.org/satellite-missions?Mission+type=Non-EO

25th ISRMM – Doha, Qatar
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Summary

• Collaboration among stakeholders to define 
a Lunar Spectrum Architecture

• Balancing the needs of Lunar surface, Lunar 
orbit. Radio Astronomy in SZM and Earth-
orbiting activities  

Sharing and compatibility studies by stakeholders in 
SFCG, ITU-R  and other Fora

• Planning for in-situ Lunar Communications 
requirements

• Identifying appropriate spectrum for in-situ 
Lunar PNT and Lunar search and rescue 
(SAR) services   

Effective Collaboration The Way Forward

25th ISRMM – Doha, Qatar



C o o p e r a t i o n  i n  S p a c e  A c t i v i t i e s  –
T h e  A r t e m i s  A c c o r d s

The Artemis Accords are a set of 
statements that set out common 
principles, guidelines, and best 
practices that apply to the safe 
exploration of the moon and 
eventually beyond as humanity 
extends the duration of space 
missions and its reach to Mars

25th ISRMM – Doha, Qatar



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

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

25th ISRMM – Doha, Qatar
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