Space Communications and Navigation _ 7" "7"""i-=—w.!  National Aeronautics and

Science & Exploration, enabled. : o . L, Lo - Space Administration
" x : \“-.\I
L . - I." - ..'i
b} \"

g

Presented To: - S R MR
National Academy of Sciences

Committee on Astroné and Astrophysics (CAA)

Fall 2024 Meeting

8 )

TR NN g »
Y 5, :

&\ L] o

\; =

- O — -
SRR ERLLE L P ) N mi

v ’
il ¢
i G
T S

Presented By: : "
Greg Heckler y &= it sk

Deputy Program Manager for Capability Development Y/ / m— | November 8, 2024
Space Communications and Navigation e

Space Operations Mission Directorate el e W

National Aeronautics and Space Administration



Science and
B SCaN is the essential connection to our
EXploratlon human explorers, our science missions,

Enabled' and our partners
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Navigation (SCaN) Serves as the Focal Points for Change: Strategic Evolution
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the Future

00+ Missions currently enabled by SCaN
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Architecture Is Evelving

@ NASA Near Space Network (NSN) - .

D T — to Meet Stakeholder Needs

@ Commercial Stations Supporting NSN

Lunar Exploration Ground Sites (LEGS

o : p ( ) Near Space Network

. Optical 2 " Track"“g and Data Relay Sa!:e"ites (TDRS) e 1 L&\
@ Future Upgrades N 4 & o And Future Commercial Relay \%@%@

«Commercial ” .Commercial “§¥Y
. Relay B - Relay C *Commercial
7" «Commercial // Ka-band upgrade B Relay D
RelayA Svalbard, Norway o
— @ e \7\'\\\
W g KSAT, Norways==—=
l SSCKinlina, Sweden
‘TDRSF6 Madrid, Spain 7 ardinia, Italy
- ! .
A DAEP Ka-band Upgrade / o
y S-band Upgrade
//'
e

_~ ASF, Alaska
/ NOAA, Alaska

North Pole, ‘ -

Alaska

& KSAT ~

Goldstone, California - i Singapbre
Ka-band Upgrade White Sands, Is

&l NN tation, SSC \ ) i
E Hartebeesthoek, ‘ - E
T i

S-band Upgrade New Mexico :
_ o Table Mtn, California LEGS 2, MaTontein, South Africa v EI
Ka-band Upgrade. ) South Africa LEGS 3, Dongara, _ Guam Remnca
Alasie Ka-band 2 Australia_ - . ]

Commercial Upgrade Terminal

Punta Arenas, Chile SsC

Dongara, Canberra, Australia
Australia DAEP Ka-band Upgrade
S-band Upgrade
L y
KSAT McMurdo, .,*
TrollSat, Antarctica @

Antarctica @ I | i




Near Space Network — Direct to Earth

The Near Space Network (NS) provides NASA
missions with communications and navigation
services from LEO out to two million kilometers

The network serves missions throughout their
entire lifecycle, providing requirements
analysis, spectrum management,
communications analysis, service agreements,
mission design, mission planning, launch,
operations, and post-mission support activities

When missions use the NSN for Direct-to-Earth
(DTE), SCaN acts as the intermediary with
industry partners (e.g., SSC, KSAT) whose
networks carry most of the data

SCaN Services and Scheduling - NASA

The NSN provides four main
services to mission customers:

Mission Integration: development of service
agreements, interfaces, documentation, support
of reviews, etc.

Mission Planning and Scheduling: performing
link and loading analyses, supporting service
requests, and generating and implementing
operational schedules

Position, Navigation, and Timing (PNT):
navigation information, tracking data
measurements, and messages

User Mission Data Transfer: spacecraft forward
command and return telemetry data

NSN Services Brochure 1.2 DIG (nasa.gov)



https://www.nasa.gov/directorates/space-operations/space-communications-and-navigation-scan-program/scan-services-and-scheduling/
https://esc.gsfc.nasa.gov/static-files/NSN%20Services%20Brochure.pdf

A new NSN Capability

Lunar Exploration Ground Segment

Lunar Exploration Ground Segment (LEGS)
will provide NSN capacity for users out to
L1/L2, alleviating DSN demand

NASA is building “18-m class” LEGS
antennas at sites #1-3 in the US, Australia
and South Africa to be government owned
and commercially operated

» LEGS 1-3 will be operational in time for the
Artemis IV launch

= LEGS 1 is in White Sands, NM

= Agreement with SANSA for LEGS 2 site in
Matjiesfontein, South Africa signed in |
September 2024 |

» LEGS 3 site finalized for Dongara, Australia
in October 2024
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DTE: Investments in Capacity and Commercial Opportunity

 Lunar Exploration Ground Segment (LEGS) _sii!bs 1-3 are GOCO but will bé‘_él]g'rﬁeﬁted b%ommercial services
* Providers, including KSAT, aré“aireadyany‘é_s_t'ﬂ%@jo offer interoperable services using LEGS service architecture
+ LEGS is NASA’s long-term vision for DTE silanj_ort out to L1/L2

' .
‘ Representative/Potential Commercial Locations ] /}



Near Earth Users Should Opt for Non-DSN Services

= JWST is a “top ten” user of Hours (Per 28-day Interval) Equivalent Antennas

DSN CapaCi.ty ‘ o Demand Hours ) Updated
= Each Artemis launch leads to 18,000 ; k assumptions 335
. IS D
a short demand spike 16,000 s e |_ will change 2030+ 29.8
= Assumptions regarding 2000 Capacity of the DSN projections o
Artemis utilization of DSN ' 1 '
continue to be updated and 12,000 ( | 23

analyzed through a formal 10,000 18.6
loading study process ; |

= ESDMD defining new
operational approaches to

8,000 14.9

6,000 11.2

reduce operational churn on 4,000 74
DSN community 2,000 3.7

= SOMD, SMD, and ESDMD i M ”
are all engaged and working 2010 2015 2020 2025 2030 2035 2040

together

NASA Office of the Inspector General, 7/12/23



Space Relay Continuity: Phasing out TDRS

* The NASA Tracking and Data Relay Satellite
(TDRS) system is in decline

= To preserve capacity for existing users and
avoid introducing new risks, NASA has
decided to stop accepting new users on the
TDRS network

» O&M of the fleet to focus on retaining global
coverage for legacy users into the 2030s

» [Incumbent astronomy & astrophysics
missions (e.qg., COSI, Hubble, Fermi, Swift)
will continue to be supported

» NASA is assessing whether TDRS backwards

compatible services are required for legacy
missions and potential budget impacts

NASA Decision

« Effective as of August 8, 2024, NASA will
suspend acceptance of new mission
commitments for TDRS support with the
Intent to remove TDRS services from the
NSN catalog of available service offerings by
November 8, 2024.
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Space Relay Continuity: Today to 2031

There are multiple emergent vendors
of near-Earth proximity relay services

Many already work with commercial
customers and would be capable of
supporting NASA missions today

SCaN and CSP will work with
missions that require SR support to
help them contract directly with these
providers; some missions already do
this for commercial DTE

SCaN can provide expertise and
support

Commercial Service ECOSYSTEM*

Emergent Space Relay Suppliers

amazon | project kuiper

sPACEX

Viasat*

+Inmarsat

“KeEpPLER

GlobalStart

INTELSAT

SES*

TELESAT

*Representative, not all
inclusive

Current Space Relay CSP
FSAA Partners 9
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Space Relay Continuity: Momentum is Building

SES’s Ka-band testing with mPOWER
and Planet spacecraft a success

Amazon Kuiper prototype satellites
launched and tested

Starlink optical connectivity with
crewed Dragon spacecraft
demonstrated

Viasat and Rocket Lab partnered to
demonstrate data relay services

Inmarsat demo with Blue Origin New
Glenn launch is on track for March
2025

Image Credit: Space X Image Credit: Space X

prototype Sate,,.
0" it

Polylingual Experimental Terminal
(PEXT) set for 2025 launch and demo
of services with multiple vendors

ima it. Amazo”
"mage Credit: 3V AP ge Credi
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Space Relay Continuity: 2031 and Beyond

In 2020, SCaN defined a strategy to seace> SES' VIsat™ reiEsaT amsn proec iper
transition NASA's Low Earth Orbit
missions seeking to use the NSN to
commercial SR services

h2r

The NSN will maintain critical space e
relay capabilities including global S ) TR
coverage for TT&C A T G

SCaN'’s Communications Services
Project (CSP) awarded funded space
act agreements (FSAAs) in 2022 to

.
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demonstrate how commercial
satellites can support NASA missions

Validated SR services will be available
through NSN in 2031



CSP’s Six FSAA Partners are Demonstrating Services for
Relevant NASA Use Cases

" NASA awarded Six Partners service Type Use Case Frequenc Architecture
Funded Spac_e ACt_ Demonstration g y
Agreements in April
2022 amazon | project kuiper File Delivery Science data Optical LEO

- I-LO\;[Slstl\rlﬂAéSﬂ? $278 5\ SPACEX File Delivery Mission data Optical LEO

» Commercial W File Delivery Science data Ka-Band GEO
investment matching / Viasat
exceeding the awards +Inmarsat Direct Access LEOP and TT&C L-Band GEO
— totals ~$1.5B over 5
years A File Delivery Science data Ka-Band MEO

= Vendors are SES Direct Access LEOP and TT&C C-Band GEO
progressing through
’[h?ll’ ’[agreeq[h n File Delivery Science data Ka-Band LEO
milestones throu
mid-2027 7 TELESAT .

Direct Access LEOP and TT&C C-Band GEO

12



Space Relay Continuity: CSP will Deliver Services by 2031

Demonstrations Continue

= Flight demos between
2024 - 2027

= Current partners
expected to have
operational services
as early as 2025

2

Requirements
Development

= Continue to collaborate
with the mission
community to finalize
Service Requirements

= |dentify need for
backward compatible
services and cost to
deliver

Pursue acquisition
and prepare for
transition
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L-band High Rate Low Latency
TT&C Optical Fwd/Rtn
Launch Always on Ka-band
Service connectivity HDR
Wide Field
of View

Verification & Validation

= All services are
verified & validated
before being added
to the Catalog and
made available to
Missions

5,

Target: Portfolio of Services

= Managed by the
Near Space
Network

= Portfolio approach
provides diversity

= NASA as one of
many users / buyers



Join Us as We Take This Opportunity to Enable New Missions

Legacy Architecture and
Services
(Switchboard in the Sky)

Costly

Limited capacity

High effort to schedule
Closed ecosystem
Complex mission
integration

Technology and Service
Evolution

Diverse service offerings
Tens of thousands of users
served simultaneously
On-demand capabilities
akin to cellular
Large industrial base and
market
Promotes mission autonomy

WM Starlink optical
8 connectivity

https://x.com/Starlink/status/170
6718537711337650/photo/1

Kuiper
prototype
testing

ews/innovation-at-
amazon/amazon-project-kuiper-
deorbit-satellites

O3b mPower
g
- MEO satellite

L

i https://spacenews.com/boeing-
o :‘f preparing-to-ship-milestone-o3b-
mpower-satellites-for-launch/

. 14



NASA is Committed to Open Communication and Partnership

TDRS Flyout and Commercial Relay Path Forward
LEGS Rollout Learn more at:

= Look for planned periodic updates https://www.nasa.gov/communications-services-project/

from SCaN on the status of the Questions regarding CSP’s commercialization strategy and
flyout and progress on LEGS timeline? Contact the CSP Project Manager —

GOCO Dr. Peter Schemmel at peter.j.schemmel@nasa.gov

Please contact the DPM for _ )

Mission and Stakeholder Want to understand how commercial services can meet your
Engagement and mission needs? Contact the CSP Mission Support Sub-Project
the DPM for ’Capability ’ Manager — Ryan Richards at ryan.m.richards@nasa.gov

Development, , at

Want to talk to a CSP FSAA partner? Contact the CSP Capability
Development and Demonstration Sub-Project Manager —
Aaron Yingling at aaron.j.yingling@nasa.gov

Interested in support service requirements development?
Contact the CSP Service Infusion Sub-Project Manger —

Jennifer Rock at jennifer.l.rock@nasa.gov
15
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