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Wh.at is ..-'LunaNe't?-

. -.LunaNet is a set of caoperatlng networks providing interoperable
rv,commu.mcatlons and,pos:t:on navigation, and timing (PNT)
- ,'_,', ;_?serwces for users in trans:t to aroun’d and on the Moon.
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e Based ona framework of mutuaIIy agreed-upon standards,
protocols frequency bands, and interface reqmrements that

~.enable |nteroperab|I|ty

* Allows many lunar mission users to engage the services of
diverse commercial and government service prowders in an

open and evolvable archltecture
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LunaNet cons:sts of Earth Ground Statlons (far Dlrect with Earth Ilnks), lunar

orbital relays (lunar proximity and Earth trunk Ilnks), and surface assets:
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FrameworksiorStandandized idnteroperableiServices,
uymbrellatunderwhichimany: grQV|dar> collectively work
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Oinars

Ground

7 G Stations o
[funan SN CUunar

Navioatao E .
/ e !\Jlﬂ‘ngf][JO!] MiISSI1oNSs
Moonlight Satalliia : it
LT, System - ' 8. ronbiting systemn
. A £ Lulidal . fa mm and o 1T
Lunar Comm. " Communication (LV\|53) . Y (?f]i!;';?,"!'[_]:‘l/? ;
‘Relayand | s and Navigation At e > S10U
Navigation " System(LCNS pl g
System ~ Groungd F- - Acanonically

LCRNS) e e _ defined set of*
‘ s components for
NASA’s instantiation of LunaNet _if = _ ation -~ Referemce consistent, a(,:cul,.ate’
Lunar Relay Services— a LunaNet | e Wy Sy-s—tém(s)r and safe navigation.
Service Provider (LNSP)" ﬁ : = C - ——“E y wl) Interoperability
1 R = of Lunar Relay = ' W . .
Sﬁffarimygféiﬁiﬁm%ﬁ Ry it = ' 1mc1111 me ‘ EGic -, 0 app loable
> . Sl SR B0 cument 5 (ADS).

W,



LunaNet Technical Baseline el esa

LunaNet Interoperability Specification (LNIS) is part
Memorandum of the LunaNet Technical Baseline set of documents.
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LunaNet Interoperability Specification @esa NASA

LunaNet Interoperability Specification (LNIS)

» A set of mutually agreed-upon specifications of
standards, protocols, and interface requirements
that enable interoperability.

» Provides a basis for operation of a network capable
of interoperating with other LNIS-compliant
networks.

» Being developed cooperatively with international
partners through the LNIS Working Group.

> Besides the main document, includes a set of

Applicable Documents:

* AD1 Volume A LunaNet Signal-In-Space Recommended Standard
(LSIS) Augmented Forward Signal (AFS)

* AD1 Volume B LunaNet Signal-In-Space Recommended Standard
(LSIS) Point-to-Point Signals

* AD2 LunaNet Measurement Schema and Parameters

* AD3 LunaNet Detailed Message Definition Document

* ADS5 Lunar Reference System and LunaNet Referénce Time
System Standard
* AD6 LunaNet Data Services Document

* ADS8 LunaNet Interoperability Security Specifications

P S
LNIS v5 AD1 Vol A, LSIS-AFS v1

LunaNet Interoperability

Specification Document

LunaNet Signal-In-Space Recommended

. Standard - Augmented Forward Signal
Version 5 (LSIS - AFS)

D VOLUME A
lxv\""o\'rC

Version 1

Noted as Applicable Document 1 [AD1 Vol-A] in LNIS V5

Augmented Forward
Signal is the broadcast
g service that offers PNT.
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LunaNet Interoperability Specification
Status

* LNIS Draft Version 5 and Applicable Document-1 Volume A, LunaNet Signal-In-
Space Recommended Standard - Augmented Forward Signal*

» Dispositioned >500 public comments from space agencies, industry, and
organizations;
Documents focus on agreed-upon near-term needs for required services,
termed LunaNet 1.0;
Matures broadcast Augmented Forward Signal (AFS) definition;
Identifies select Point-to-Point and Direct With Earth signals;
Includes Data Services and a matured Service Access;
Consistency with document that defines user side of interface.

e Publication Feb 2025.

e Future LNIS update to complete LunaNet 1.0 spegification to--cavé_‘:rfn'eafr--te,r@a
needs.

VVVYV V

LNIS version 5 and LSIS-AFS version 1 are available online.

* Technical paper and presentation-available in ION ITM 2025 proceedings:
https://www.ion.org/itm/abstracts.cfm?paperiD=15014



https://www.nasa.gov/directorates/heo/scan/engineering/lunanet_interoperability/

[unaNet Fram ework PNT Services
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Augmented Forward Signal (AFS) e
. Lunar Augmented Navigation Service (LANS)
MUItlpIe LNSP NOde Lunar Network Service Provider (LNSP)
I_N SP Messages (MSG)

Point to Point (P2P)
PseudoRandom Noise Code (PN)

Nod
—— PNT Services

LANS
(Broadcast)

P2P
(Direct Links)

Supplemental
Navigation Services

P2P-PNT Signals P2P non-PNT Signals A
AFS P2P PN P2P v
Signal Definition Ranging Non-PN Link

;

o o
2483.5-2500.0 MHz services
PNT Services rely on definition, adoption, and maintenance of common lunar geodetic reference and time systems.
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[LunaNet PNT Se__r_ylces
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LunaNet PNT services:
1. Proximity:

a. Point-to-Point navigation services
(direct link between the user and the
provider); PNT-over-Comm

b. Lunar Augmented Navigation Service
(LANS)

2. Direct With Earth

3. LunaNet Interoperability Spec responsible
for defining signal designs, Signal in Space
Error, messages for interoperable
services.

4. Reliant on definition and maintenance of
lunar reference geodetic anditime

systems.

Cesa

s

LANS characteristics:

> A lunar analog to terrestrial GPS/GNSS
associated benefits from broadca
messages. S =
» The concept is to achieve maximu n
GNSS techniques and technologie

» Defines a Lunar Service Volume (
extends beyond the local Iunar S

/) that
ace region.

» This proximity service is providec d from multlple

== -
providers node E_,||s)le users at the same
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AFS Parameters (per AD-1Vol A) @esa NASA

Carrier Center Frequency = 2492.028 MHz; Frequency Band - 2483.5 MHz to 2500.0 MHz; Polarization > RHCP.
Two channels:
1) Channel | [Data] = BPSK(1), with PN code rate at 1.023 MHz

a. Modulated with data symbols at 500 sps, supports frequent navigation data updates & other LunaNet data transmission needs;

b. Frame synchronization pattern.
c. SB1 includes Time of Interval (12 sec), Frame Identifier (FID), allowing future flexibility of data formatting

2) Channel Q [Pilot] = BPSK(5), with PN code rate at 5.115 MHz

a. Prec.isio.n trac.ki 8 Sync Word SB1, SB2, SB3, SB4 Data
b. Rapid Time Diss JulliEidlely < 5932 Symb

I s I

2046 | 2046 | --- | 2046 | 2046 | 2046 | 2046 | 2046 | 2046 |... | 2046 | 2046 | 2046 | 2046 | 2046 | 2046 | 2046 | 2046
Ca 1.023 MCPS

12 sec

Tertiary code (12 sec) 1500 symbols

Cr

#+—— Secondary code ————»
1 1 1 Ls

2ms 0 - A ‘7

Pra——y
0230 | 10230 | 10230 | 10230 | 10230 | 10230 | 10230 | 10230 | 10230 | ... | 10230 | 10230 | 1023 | 10230 | 10230 | 10230 | 10230 | 10230

P 8 ms » Cp 5115 MCPS

4 symbols
40,920 chips

(:mf = Cp EB {:}i‘ C'I't'ﬁ:l'ﬁd = Cp $ (:_‘s' $ C’f'




AFS Parameters (per AD-1Vol A) @esa NASA

The AFS Data channel leveraged the L1C

design with some significant differences:

 BPSK(1) Modulation instead of BOC(1,1);

* 2.046 Mchips/sec instead of 1.023
Mchips/sec;

* 250 bits/sec instead of 50 bits/sec;

* 50 % Power is in the data channel
instead of 25% as L1C;

* Sync word for low complexity receivers
that do not acquire and track the pilot
channel;

* LDPC decoding as described in the 5G —

NR standard. 68 Symbols Symbols 5880 Data Symbols

—

Data Frame

SB1 SB2 SB3 SB4
(9 bits) (1200 bits, including CRC) (870 bits, including CRC) (870 bits, including CRC)
LDPC % LDPC % LDPC %
2400 Symbols 1740 Symbols 1740 Symbols

Interleaving (60x98)

Frame Sync

TOI + FID
BCH (52,9)

6000 Symbols (12 sec frame at 500 sps)

F{ﬂ,-



LunaNet PNT relies on the mternal | standards sl sy
organizations, such as the Internationa .\,,.rwrurruw] Union -

(IAU), International Association of Geodesy IAG), Bur eau
International des Poids et Mesures (BIPM), and nternatior
Telecommunications Union (ITU), to identify definitions of |
these critical underpinnings through international recognition
and consensus.

BCRS
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 The Interagency G‘ perations Advisory Group initiatec mmittee t y LunalNe
Governance. B :

* Recognizing that near- drm (“JJFCJJIJJFJJIJ IS he the thi ncies participating
in LunaNet will form the | ' inistratior thers to handle

items such as: | o
* Allocation of specific |dent|f|ers ‘t 0
* Reference orbits R,
« Parameter/signal monitoring and validation




LunaNet Orb 1ta1 P INT Sc Serv1ce Prov1der
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Concluding Summary

‘HM I('._'\ CETELTE

security, and the foundational reference systems for these services in the Iu fur
environment. E

* LunaNet leverages international standards where applicable.

terrestrial GNSS concept.

* Point-to-Point signals offer additional PNT capablllty, mcludlng dellvery of. messages .
for supplemental navigation/time products

_

 NASA, ESA, and Japan instantiaf@i‘ons of LunaNet systems are underway.
; 4
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