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RPO (Rendezvous and Proximity Operation)
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& KT 2 5r—A(LunaNet, Moonlight) D4F#E(F—T—R:BAIL 1T —. GNSSEESFIA)
[LunaNet] - [Moonlight]

32t (Nl?fln 105 with Crew or Other Vehicles)

JIGIHES : MESGNSSE=SDUL—AT > TelespaznqurL-\@:I/‘J—ﬂA

> SR BT TN S HY —F 2t GNSS%zH TIEH 9 3l DB ZEiE
| » SSTLHROL@OIYY—-S7 A
*Network of Network® B8 d
> A=T> CLMSS(_P-;'{FHH 2V aAZIEY—ER)
BBl HE R EAE (Like Internet) 20254 (CEEHEF] £ 7E (Pathfinder)
> 25=5T I : BAFRINR, IERILIR = Hosted A0~ [ GNSSEISHIET

—
A 5 T —_— E *1)Commercial Lunar Mission Support Service

HiFlT) https://www.nasa.gov/sites/default/files/atoms/files/lunanet_overview_to_nesc_lunar_science_workshop_2022-6-7.pdf 28
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nJ

& RBICATTEF 20T : GNSSIES 7> 77 /3248 RNSS32{EH. LNSSHi#(EIRFHE)

O LunaNetD>ATAIBRK

RNSS

(Radio Navigation Satellite Service)

> HIEKDNSDGNSSIESZXE(UL—EE)
*EAE ) — RELY SV TRET I AREDIBEIREHD

> JO0A I THEEROBIE-FvUIL—23>

> UU—BEMUEESZI0—RErI N

= 1-HIGPSOLOICREMEZRWTALE/
REZIRTE

> FIHAD 1 —X(IEE I R BT
=PSRN - SEFTNPNTZIEN]

> LUGRE(NASA/ISA) : M58GNSS{E5(GPS, Galileo)D4FiE: iz EHIEY (20234F)

22-004-R-009

nJ

LunaNet Node 2

Rl NG —BRPNTRYARYYY
“3(:\ == \—-»"““——«\‘, /\ LunaNet
\\v Node n

LunaNet GNSS{%%"I%%{E £

AL ER{E D B IEE(2.56Hz)

+  Rover /Surface User
* (Notin L0S with Crew or Other Vehicles)

- - ]
- - " ©ON. =
—— At sian T

*CLPS(BZEARIO—- M —ER)ZFIAUTHEARAO— Rz X

 (RSsEEh)

> BEY-EAREYIO-FzEEmTP (NASALESARITIELunar PathfinderD{EFEE2H)Z H#HE)
3 BERNE. ERMIEERECHEB TPNTERE (12, BEEIL—-A. 5§UitE°Eﬁ=E5:)b)’éE?5

~

NANST=LCL

Hi Fr) https://www.nasa.gov/sites/default/files/atoms/files/lunanet_overview_to_nesc_luna

r_science_workshop_2022-6-7.pdf 29
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~ SRV EDIC B B BN 2T AD BB~ 22-004-R-009

> SZAFPARICHBIFZRIMIS AT AOENEEL T, Lunanet, MoonlightzHLI(GRE . ER%Z1To1k.

> Lunanet(NASA)ICBWTI(E. GNSSOMESESZFI AU PHEIDANIS AT AZEELTHD.
BRAILVAY—-DEENER - iE&AH(Moonlightt i@ ) hFE. (Moonlight(ESA)(ELunar
Pathfinder®/RAMMAO—RELT. ERROEFEADESEZ FIE)

> LEZIBFEX. BIMCHIFIAREHRB > ROPICHEITDERFT—EZR(GNSSEE BRI RITER )2
TR,

<GNSStDEft>
1. GNSS7>7FOEREAL - INF T FILA I
2. GNSSELNSS I OBFAIRIEAS AT A(FHLEF AR SO)

<RNSSOF LA >
3. BRAILIV7-0BMK. ERELOHEIL
4. RNSSORUEXYE—JARIBOER

5. AHIRAO-FO/NEAE(ENXTR MOIRREED)

/

ANST =L *1: LNSS : Lunar Navigation Satellite System
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4.4. FhAEICHITSBEREN ] 22-004-R-009

(GREER)

(1) REAGNSSOERAIEIMIERMN . KE. 1> RESHBE)DFENEDICOVWTIRABRT L.
HE T, KEARGNSSEEIR I BZHDRAO— REHFTICOVWTRBLURESDHBTE,
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ST AT LDARRZRABL. TEHBIE,

(5) (4)DOHFABCHVT. BERDEH - 55HZ273TL. £EHBE,

(6) RAIEHECHIZZEDOBEREIMICOVTHREL. FEHDIE FIRKICH TS HBULIOELEC
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EMEGEFBOAYY NIZMEND DB, BHEGNSSADIKIFE BT

¢ EEHEDFIA #Future Nav Program(ESA)

¢ XONA Space Systems/PULSAR %8 : GalileomIATE(EFTER.
158 : HEXAGONEIRIELTA—M/S—henmm  ||BERREPLIVIZARLILES
1-Y&5-5y MERNICIERERAD) GNSSADIKT :
GNSSADIKTE : LEOBRIE D IS IGER. AIERE
BE EREED 51842 ICGNSSIREFEZ{ET (cFIH
(BALHICIZGNSSH ST E RGPS EEIES) *FRE SEHERO I8 5D
*PUEIRTE - B2 27 Wb F— (Centispace-1)

L g5
- Geespace(H)
- STL*1(3K)
- APS*2(3)

*1 : Satellite Time and Location
*2 : Assured Positioning System

ERMLEO PNTI>ET'M

-~ ~. P ) https://gogeomatics.ca/leo-pnt-xona/
A 5 I j— | https://www.esa.int/Applications/Navigation/New_navigation_missions_for_enhanced_satnav_and_Earth_mapping
— https://navisp.esa.int/uploads/files/project_documents/NAVISP1-001%20SSTL_Complementary%20PNT%20Infrastructure%20in%20LEO_FinalPresentation_December2020.pdf?v=255662

https://www.unoosa.org/documents/pdf/icg/2019/icg14/WGB/icg14_wgb_S5_4.pdf



https://www.esa.int/Applications/Navigation/New_navigation_missions_for_enhanced_satnav_and_Earth_mapping
https://www.unoosa.org/documents/pdf/icg/2019/icg14/WGB/icg14_wgb_S5_4.pdf
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> DIIAFCHEIFIBGCPSIHE - FHOEHEHD., [EEFFIOEZENFELZIBNMLTVS, ZOFRN
BdHD RIEAGNSSEFAMER LN 1 DDORL > REBITWVS, E5(C. GNSSHMEIEMICE IS
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IEN%. ERIBEFE. BENERR-A— N Z-REEEZ-X(TEABEITEH D,
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BESEIIAB LMD, 2030F

*Zﬁ' —57“)11

=

1LREPEEEERIE(E

SATLADFAE
~LunaNet~
hSXBEEHELRZTFHI(FHITI—XERF)

22-004-R-009

%X(IEE'E/J\BE\ WE (U TR LR

Lunar Demand Evolution

2023 2028 2025 0% 2027
Artemas LN

Artemis Il

HBIEOBELE
I Optlcal Comm Needed ’

Artemis V Artemis VI  Artemis VIl

Artemis IV Artemis XI

Artemis VIll Artemis IX Artemis X

] Human Crewed

@ Baseline

Fiscal Year

72032 2033 2034 2035

Artemis XII

N\ Surface and Orbital

| : : Semr; 7 Hobitat Science Activity
‘ I 900 Mbps
: : 725 Mbps
e o bty 11.5 Tb/day
" H5 T o Robotic Surface Activity Increased
I hase A 650 Mbps 9.2 Tb/day Surface Activity
(Robotic +
! ] Crewed) Increased
i i HMP Crewed + Foundational 850 Mbps Activity
1TV = Roboti L1y, Cre:wed 5 Robotic Ops Surface Habitat 10 Th/day_ Towards
+Hobotic Robotic Ops
;2 500 Mbps 625 Mbps i Mars
] Surface Activity 450 Mbps 8.7 Th/da 9 Tb/d i Missions
First Crewed Landing 420 Mbps 8.4 Th/d . Y ay !
Gateway Full -4 Th/day g 950 Mbps
4 + Secondary Payloads 8.3 Th/day :
Addition of Capacity 200 Mbps ; : - i 12 Th/day
Gateway 375Mbps 8.3 Tb/day i
210 Mbps 8.2 Tb/day 7
4.6 Tb/day NASA Gateway CLPS
Drivi Orion Lunar Terrain Vehicle (LTV)
Baseline rivin g

Data Rate: 110 Mbps
Data Volume: 600 Gb/day

Missions

Human Landing System (HLS)
Space Launch System (SLS)

Habitable Mobility Platform (HMP)
Foundational Surface Habitat (FSH)

ubeSats/S

LRO, ThemisB&C #

Lunar TrailBlazef *>

*

| V.|

Baseline

Surface Power y
Surface !’ayloads >
CLPS Ngar Side

==t

| Fission Surface Power 4

LR S

*

IR

.
CLPS Far Side

* * ¢ *

e

*

. .

* * * * * *

S

HFT) http's://www.nasa.gov/sites/defauit/files/atoms/files/lunanet_oVerview_to_nesc_Iunaf_science_workshop_2022—6—7,pdf 3 9




E=EEREEEREIES AT LAORE
~LunaNet~ 22-004-R-009
¢ ABERANDOEREEH

> BEY—EX : IP1EULLE DTN BP *22R—-2¢9 3118 (Network of NetwrokDBABHEK)
> 1.55pmEBOREE : HER-5. SLCFEATHBRFEMA) oo |
‘Ei&ﬁT_q:j—_a;v *2 : Delay/Disruption Tolerant Networking Band Protocol

Spectrum Architecture for Lunar Region Communications & Navigation
Radio Frequency and Optical

Lo RNSS~to~LLO‘j. iwEk—AxERmoEE = @ 30 T

>24835-2500MHz . __ . _=270GHz ____.- e -
LO RNSS-to-1S xely : .

> 2483.5— 2500 MHz
> [5010-5030 MHzZ, regulatory’ 2 s
action not required] S - consiiil Y

ey
1S-to-LO
P > [406-406.1, emergency only]
g & g > 435 — 450 MHz
Lunar Surface Communications & " i : ;g?—_zzfzoGh}:sz
Wireless Network T p " 2
> 410-—420 MHz
2.4-2.48GHz
2.5035 — 2.620 GHz d L 5
5.15—5.835 GHz ; * LO —Lunar Orbit
25.25—25.50 GHz e - * LS— Lunar Surface

27.225-27.5 GHz 1O-to1S ; * GNSS — Global Navigation-Satellite System

[TBD bands for 3GPP stapdard — o 1 >390—-405MHz @ .4 i‘mi'k H J—_I IE'O) {I:l = RNSS — Radio Navigation-Satellite Service
regulatory action required] s, > 2025 —2110 MHz * [Frequency Range] — Under Study

>23.15—-23.55 GHz
>
Notes:
- 1. Consistent with the IOAG Architecture, NASA-SCaN Lunar Architecture, ICSIS and SFCG REC 32-2R3
O 3 ) enarate freatency bands fromfto user spacecrafi) for LO = Earth kinar relay backi 3
S A% \ LO- to-LO (Relay Cross Link): SERORRE JroRom
\ >13.75-14.0 GHz
LO-to-10
> 2025-2110 MHz > 14.5—-15.35GHz
> 23.15—-23.55 GHz
> 2200-2290 MHz Frsasne,
> 23.15-23.55 GHz - . rd

A > 27.0-27.5 GHz 4

Consistent with ITU-T Rec. G.694.1

Hi Fr) https://www.nasa.gov/sites/default/files/atoms/files/lunanet_overview_to_nesc_lunar_science_workshop_2022-6-7.pdf 40
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~MoonLight~ 22-004-R-009

¢ CLMSS(Commercial Lunar Mission Support Service)/Lunar Pathfinder
hind I MeRL, RIT - RI T3 15Z2IRMIFCE TR EZRIEIZCENBEND1D

> BICHITHiEE ﬁa%E%;ﬂ'J
2030FAICMI TTEMEANDFZETILENDIN 2030 FER U RZE LIV A (BT - 15 H509T5ME ) (C
J:Dﬁa%(atﬁﬁﬂﬁlgimbﬂ(LunaNettﬂ’FEOD%/ﬂlJ)

NUMBER OF ACTIVE MISSIONS PER YEAR (PREDICTED) LAAPAAL RATA TUBALIALID AR UPAD (ADTEABS ERIATERS
v VL R OF ACTIVE MISSIONS PER YEAR eDICTED) VIEAN DATA THROUGHPUT PER YEAR (GBYTE)(PREDICTED)
TOTAL MARKET NO SPUIT TAl AMADYET NI .
OTAL MARKET NO SPLIT TOTAL MARKET NO SPLIT

2030 FEENSEEHLE
{E1BINE R

(BEZE - FHRng
IviavhRiAEN

> ESAD 7> Hh—TFobeRD., SSTLAAD AB{EY —EAZEE - 124£(2021.9)
— EFEFROVIEAREURAIZERE . BAMIZILAOSZEIH (NASANLunar PathfinderzFIF 93 &%Z5F0])
— Lunar PathfinderT(d. BEE(BED1>2RD)/ AT 1-) /B2 -E A% 1HE
(#8R%) S/UHF(0.5~2Mbps) CAENEEEZI1TL. XU RIBE(SMbpsA T ) TIHIEKAT —5ZARIX T3
A4 L5 3B 1-YFHEEN S\ [Store&Forward AN THiE, FIMEENCT—H(E—ERFIND
e
AST=C

H P )https: //digitalcommons.usu.edu/smallsat/2022/all2022/146/ 4 1
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5. 9957479V

~EIEEEEIREES AT LADRE~ 22-004-R-009

~

>

[TO€IHF1THIV]

~
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