- — X R | 7
3 Ay RO 3
e tan Wilg . L e A2 5

~ ASCEND |

R

N
4 -

D Qﬂﬂg\g‘s

COMMUNICATIONS AND NAVIGATION
FOR ARTEMIS AND BEYOND
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Lunar Reconnaissance
Orbiter: Continued
surface and landing
site investigation

sitils:I: Eirst Artemis II: First humans W3 Artemis llI-V: Deep space crew missions;
an spacecraft to orbit the Moon and ~ withlaunch of Power and Propulsion cislunar buildup and initial crew
to the Moon in the rendezvous in deep space Element and Habitation and ' demonstration landing with Human
21stcentury ~ inthe 21st Century Logistics Outpost *© lLanding System ~

Commercial Lunar Payload Services provlders 5

20210528



ARTEMIS | Space Communications and
Notional | Navigation Mission Segments

Notional Lunar Landing Details

. Near Space Network (NSN) . Deep Space Network (DSN)
I nsnoTE B NSNTDRS B0 bpsn/pTE ] DSN/TDRS

. Human Landing System (HLS) !

ion Peri BET N . .
. S A0 S E3 EU Trajectory to Lunar Orbit

Pre-Launch and Launch

B Boosters and Launch Abort I
2 Trans Lunar Injection -
System Separation . J . HLS Enters Low Lunar Orbit

Core Stage Separation m Outbound Trajectory . HLS Descent to Touchdown

Perigee Raise Maneuver . HLS Takeoff to Lunar Orbit Orion Return Transit

. Earth Orbit

. Trans Lunar Injection (TLI) Burn

Journey to the Moon

. Loty O 15 Vs 10) Orbit and Docking Procedure

Crew Module Separation
. Orion Undocks Gateway

and Returns to Powered
Flight

. Orion Insertion burn for
Gateway Orbit

B orion docks with EspRIT Re-Entry Interface

Orion and ESPRIT docks with
Gateway. ESPRIT Activated.

. ICPS Disposal Burn . Lunar Departure Splashdown and Recovery

I
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1
1
1
1
1
I
I
1



NASA/Commercial

Enabling Requirements for Artemis Grdund Stafions or

\ Earth Relay
NASA SCaN continues to Py, = ﬁ e :
collect lunar requirements ey
for the initial Artemis
architecture
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Lander ‘ tf.
Mobile EVA §
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Elliptical \ ((né, o
Orbit 55 & BN

Leaw
Altitude
Orbit

Example needs include:
4k video
Lunar Systems Telemedicine

Ka-band high rate unlink/downlink .
S-band uplink/downlink + tracking Remote operations

Optical high-rate uplink/downlink + tracking Tracking of the health
and safety of
astronauts

& ScienceOrbiters
ex: Trailblazer)
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NASA’s Communications Networks
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* F9 *F6 *F12
* NSN Station, SSC
North Pole, Alaska
* NSN Stations
’ -ASF, Alaska
% - NOAA, Alaska
M _*DAEP Ka-band*Upgrade
* NSN Ka-band Upgrade « GDSCC ¢ GDSCC Goldstone,
Alaska Satellite Goldstone, California
Facility California 3
NSN Station
«Table Mtn Wallops Island,
Observatory, Virginia
California

* NSN PDL/KUS
Launch Range, Florida

NSN White Sands
Complex,

New Mexico

NSN Station

White Sands,
New Mexico

« NSN Station, SSC
Hawaii

+Hawalii
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* NSN Ka-band
Commercial Upgrade
Punta Arenas, Chile

NASA Near Space Network (NSN)
' NASA Deep Space Network (DSN)

> Optical

[ Future Upgrades

' Commercial Stations Supporting NSN

"+ NSN Station, SSC
Hartebeesthoek, Africa

=« NSN Station, KSAT
TrollSat, Antarctica

< ik
- * Near Space Network S . R . &
Tracking and Data Relay = S . R G . -
Satellites (TDRS) e 3 ~—
L u
= .
F7 =] *F10 *F11
@ccccccce
* NSN Ka-band Commercial Upgrade
Svalbard, Norway, KSAF
* NSN Station, KSAT
Norway
* NSN Station, SSC
Kiruna, Sweden
: * New Partnegship e
Sardinia,taly >
« DAEP Ka-band
Upgrade
" MDSCC Madrid,
! Spain
* NSN

Guam Remote

@\ « NSN Station, KSAT Ground Terminal

Singapore

« CDSCC
Canberra,

« NSN Station, SSC Australia

Dongara Australia

cssecscses @ LN

* DAEP Ka-band
Upgrade
CDSCC Canberra,
Australia

McMurdo, Antarctica %

« NSN Station



Artemis Plan

Communications Approach

Deep Space Network
(DSN) 34-Meter Antenna
Upgrades

Lunar Exploration
Ground Sites (LEGS) —
18-meter Class Antenna
Subnet

Lunar Relay and
Interoperable Lunar
Network




eeprace Network Upgrades

e Upgrades to DSN’s 34-m subnet represent a
low-risk option to help meet Artemis
program and Lunar science needs y Atk p

* Moadifications will be made to two
antennas at each DSN complex — total of
siXx antennas

Simultaneous | s«ka-band or x+Ka-band
Ope rations Simultaneous Ka-band A ¥

LQW Late N Cy data processing >150Mbps

G Ka-band X-band
HI HER >100Mbps ¥  >2Mbps ¥

DATA RATES |>20Mbes4  >5\ibps A




unar Exploration Ground Sites Overview

* Lunar Exploration Ground Sites (LEGS) will provide Direct to Earth (DTE) RF comms to users ranging from Earth GEO
orbit cis-Lunar space and to Sun-Earth-Lagrange orbits

* Minimum of three sites located around the Earth to provide continuous coverage

* Ability to add further assets as demand grows S

Future Non-Lunar Missions
2,000,000km

Lunar _ i
Surface Sy gﬁ’
| Mission Orion/EUS
>,
NRHO B %, RFLinks —S-, X-,
Jidls M., L, < e LEGS support from 36K to 2M km
Missions [ ot . . i

36,000km

- DSN.Goldstone

DSN Canberra LEGS 3
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Critical Need For Lunar Relay and An Interoperable Lunar
Network — LunaNet

“LunaNet” is a scalable, extensible, and reusable
network architecture framework

* Initial focus on lunar vicinity comms
* Framework is extensible to Mars and beyond

ARTEIS &
ELEMENTS &,
& SYSTEMS tuing,
- W -
Lunar Relay services needed as early as 2024 to ge

support key missions and spacecraft

e Solves mission communications for scenarios with limited -
Missions DTE visibility

* Missions without line-of-sight visibility issues also benefit
from relay




Other Core Capabilities

\Naypoing

Delay/Disruption Tolerant Networking:
» DTN protocol enables efficient data transmissions

* Reusable interoperable solutions

Multiple Spacecraft Per Aperture: Simultaneous Frequency
¢ MPSA antenna receives data simultaneously from Communications:
multiple spacecraft = * DSN dichroic mirrors / mirror

configuration updated for
simultaneous comm. in multiple

bands

SPA Regions @ 27.000 GHz
dB from antenna peak 3.0/dB fro
s K

MSPA Regions @ 27.000 GHz
-3.0 dB from Peak Gain

Beam
Diameter | =
@ Moon !

-0.06 -0.04 - 4 0.04 0.06
Angular '

Sg?:,g; | : Beamwidth
—— @ Mars ’
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" Timeline and Evolution
Now to 2024

Deep Space Network Upgrades
First upgrades in 2022 completed in 2024

LEGS 1

First Lunar Exploration

Ground

Lunar Relay

One or more Relays
Developed by 2024

* LunaNet Compatibility

Site 2024

2o

\,

> 2024 t0 2028

LEGS2 & 3

Expansion of Lunar Exp]oration
Ground Sites by 2026

2028 and Beyond

Lunar Relay ’
Comprehensive relay ‘

network

Evolution Infrastructure
Infusion of New Technology
Surface Comm & Nav Assets
Full LunaNet Services



Technology Enabling C&N
Capability at the Moon and
Beyond

Dr. Jason Mitchell
Director, Advanced
Communications and Navigation
Technology, , SCaN Program, NASA



Autonomy Drives Technology Needs

The new era of lunar exploration is a departure from Apollo Elements of our Technology Portfolio:
* Volume of missions and assets — complexity of ops t * Lunar Global Navigation Satellite

* Greater precision for science and ops System (GNSS) capability

* Greater autonomy required to perform, and prep for Mars * Deep Space Atomic Clocks

* High-rate data aggregation to reduce user burden * Autonomous Navigation

e Optical trunk links supporting LunaNet
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Global Navigation Satellite System
- (GNSS) reception in cislunar

GNSS at the Moon and High-Rate
-
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Cislunar GNSS Si

environment dramatically reduces
network burden and enables
autonomous operations

NavCube3-mini (NC3m) multi- LED T
GNSS receiver
*<2U, 2 kg, V12 W

* Onboard navigation filter
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Deep Space Atomic Clock (DSAC)

DSAC is a mercury ion (Hg+) atomic clock
demonstration that recently set the record
for long-term stability in space

-"j: - .f' ] ‘A"_A ‘ =2
t iJ

Provides more than 50X IS (4J
better long-term stability over Ultra-Stable i
current atomic frequency Oscillator (USO) DSAC Allen Deviation
standards
DRIFT = 3e-16/day o S
s o Tb DSt

Enhances autonomous P 1/5355 JIJJr

navigation performance
DSAC2 is smaller and requires
less power— will fly on
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S
Autonomous Navigation

(g SE e Example Optical Triangulation in
Approach: Combine _ R e been

) ) = Cruise: Target body,
Celestial and Terrain- ’ R
Relative Navigation

Fusion of a diverse set of
measurements will enable
spacecraft autonomy

INTERFACES:

iy FLIGHT SOFTWARE . Approach
Velocity, Flight %g;‘:g: -

Time, Computer

Attitude,
< S Radio

E/Iane;‘m\//er,t o Sensor Maneuver

poch, vVector Storage

and Duration, - i Computed
Commands, Or In-Situ On Spacecraft
Telemetry,

Power







What Could CommerC|aI SerV|ce at t

Missions ° GaIIerie_.s NASATV | Follow NASA Down]oads» About | NASA Audiences LSIT NokialunaN Q&

History | BenefitstoYou

Mz

NASA Events
Tues., Nov. 9, 9:30 p.m. EST: Crew-3 pre-launch news
e ‘ teleconference
L Wed,, Nov. 10, 4:45 p.m. EST: Coverage of the launch
’\' (at 9:03 p.m. EST) of NASA's SpaceX Crew-3 mission
i Thurs., Nov. 11, 7:10 p.m. EST: Docking of NASA's
SpaceX Crew-3 pace station

L ) 1 Thurs, Nov. 11, 8:45 p.m. EST: Hatch opening of the
Crew-3 Crew Dragon "Endurance”

1]1
| Mo, Nov. 14,515 am. EST: NASA/SpaceX Crew-2
[ AAEMIS

/ ‘n,;vg\ | video:people o premis |

HumansinSpace | MoontoMars | Earth | SpaceTech | Flight | SolarSystemandBeyond | STEM Engagement

| NASAhas awarded Nokia $14.1 illio to develop lunar 46 LTE network
for astronauts. The grant is part of NASA's Tipping Point Iniiative
to develop new technologies that support space exploration.

he Moon Look lee?
r) ' : .

* Bringing near-Earth commercial capability to
the lunar environment , ;

* Lunar surface use cases are analogous to
terrestrial use cases that are supported by

4G/LTE standards
* First steps,-—N ,SA—awarded a Lunar Surface

3_5 ~ Demonstfat Nokia, partnering with
3 ’ o;demonstrate a 4G/LTE
2r radio on the moon

<
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ization Underway

N ‘. . : : Science Missions
NASA is already working to e SR
commercialize our near-Earth , '- 0 o % i
services... extend to lunar Eip s R o , @
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How We Get There

Cat

54

Vision for Satellite (“Non-Terrestrial Network” (NTN))

* SDN/NFV based NTN

* Network slicing in NTN

* Edge computing-based NTN
* NOMA based terrestrial-NTN

REMOTE ISOLATED
gl | —
i ..

* Integrated/hybrid terrestrial NTN
* Multi-beam

* Internet of Space Things

* Cognitive terrestrial-NTN
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Can space missions
be a 5G NTN user in

Near Earth? i
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And...then can we

* Orbital users— * Fixed and mobile * Connectivity alternative || . Highly distributed * Aeronautical broadband
eXten(_j _these el IS connecting MOCs and backhaul alternative * Mobile network Aot arks S Masiinahroadband
Ca pabllltles and spacecraft * Professional mobile bi;ickhaul ' « Isolated connectivity - Mafitime safecy
standards to the G e * Automotive * Disaster relief * Emergency and safety

* Science data transfer

. N é
o 4
&8

* eHealth

moon?
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NASA'is actively encouraging the commercial indUst“ry to participate in
lunar efforts for communication and navigation on LEGS and Relay services

Outreach beginning in the summer of 2020 has led to a recent Source
Sought Notice (September 2021). Planned Requests for Proposals (RFPs) in
2022 will span services:

e DTE for near-earth

* Lunar DTE communications

* Lunar relay communications and navigation
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