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Madrid Deep Space Communications Complex

—

Space Flight Operations Facility, Jet Propulsion Laboratory

Current state
Canberra Deep Space Communications Complex * 13 antennas (4 at Goldstone, 4 at Canberra, 6 at

Madrid)
* One 70-m, others 34-m at each site
* Operating at S, X, K (26 GHz return), Ka (32 GHz
return, 34 GHz forward)
* K-band downlink (26 GHz) currently available at
2 antennas per Complex
» Ka-band uplink (34 GHz) limited to 1 antenna at
Goldstone, mainly for radio science application
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https://lyoutu.be/Plkmm8f_4DE



Supported Missions MR e oo eoratory

Current missions being tracked by DSN

 Human and robotic space flights

* Flagship missions and cubesats

* Planetary orbiters, landers/rovers, in-situ
samplers, astrophysics observatories,
interstellar missions

“S : . *  Multi-spacecraft missions
Current and near future missions associated with JPL . Multi-frequency spacecrafts
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GDSCC - Goldstone, CA _ CDSCC - Canberra, Australia MDSCC — Madrid, Spain
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Future Mission Loading Forecast ASA Jet Propulsion Laboratory

J> California Institute of Technology

Count of Downlinks by Sponsor
(2021 Best Guess Mission Set Scenario)

Downlink Antenna Hours and Excess Demand’
(2021 Best Guess Mission Set Scenario)
Human Mars
Exploration Era

Human Lunar
Operations Era

Human Lunar
Exploration Era
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m Demand Hours Excess Demand = == Historical Excess Average

Commarcal uInternstional Historical Excess Max - == Historical Demand

» Missions increase up to x2 at the end of 2020’s
* X3.6 increase in 2030’s
« Demand on antenna tracking hours significantly higher than currently available

D. Abraham et al., NASA deep space communications: future mission trends and their implications, Spaceops 2023,
Dubai, UAE, Mar. 2023 7
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some point
« Limited availe Space agencies
» Morehead state unive \ affiliated node

» Increase antenna utilization via
» Multiple spacecraft per antenna (MSPA)
» Opportunistic MSPA (OMSPA)
« Multiple uplink per antenna (MUPA)



DSN-Affiliated Morehead State University D 1t Propuision Laboratory
G roun d St atl on ~~ 17 California Institute of Technology

New capability
» Use of 21-m ground station to help offset loading
» Standard schedule interface as with other DSN antennas
» Difference in G/T and EIRP accounted in mission planning
e X-band TTC capability
* Frequency
* Reception - Both X-band near Earth and deep space bands
e Transmission - X-band near Earth band, due to spectrum license

constraint
. EQUipment ’ :* ey, « Geographically distributed
* Mixture of DSN-deveIOped Signal a i - Common interface to missions that use DSN & MSU

processing equipment and Morehead-
developed RF signals
* Same modulation & coding for
telemetry and tracking data
» Data delivery to/from MOC
« Command - via SLE at Morehead
» Telemetry & Tracking — via SLE at JPL
Current progress
* Operational and providing support to CAPSTONE,

Lunar IceCube, HMAP, etc. Reference: B. Malphrus, Deep Space Station 17: A University-
Operated Affiliated Node On the NASA Deep Space Network for
Interplanetary Small Satellite Missions, 73@  International
Astronautical Congress, Paris, France, September 18-22, 2022
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Downlink Uplink
Multiple in-beam spacecraft transmit Only one spacecraft at a time can make use of the uplink.
down to individually assigned The more spacecraft participating in the MSPA during a pass,
receivers through the same antenna. the less time each of the spacecraft have for uplink.

;. s/l !

s/c |
s/c 2

- A 10-fo-30 minute reconfiguration period has to
occur between each swap of the uplink. To the
extent that 2-way Doppler and ranging are

1 required, the reconfiguration period will generally

_~" | be 30 minutes.

Downlinks from - I

each spacecraft

occur in parallel.

- ” '}
3 o /
-, ~ L4
S e
s/c 1 s/c 1 ~
s/c 2 sfe 2 et % T %
s/c 3 s/c 3 27 nevald o

Pass duration Pass duration

Uplinks to each
spacecraft
occur in series.

v

« Simultaneous downlinks, currently 4-MSPA, extendable to 8-MSPA
« Time-multiplexing uplink, one spacecraft at a time
« Command, 2-way Doppler and 2-way ranging data is limited to each spacecraft’s
portion of uplink

D. Abraham et al., Antenna beam sharing: Progress toward multiple uplinks per antenna, Spaceops 2023, Dubai,
UAE, Mar. 2023 10




Opportunistic Multiple Spacecraft Per Antenna [E: 54 Jet Propuision Laboratory

California Institute of Technology

New capability

oo ety % Q « Wideband record downlink signal that
~Qualienfoxlower spacte ose . y captures multiple spacecratft in the
beam

S « Extract telemetry data for 16

= Numberof supportable spacecafited by avlabe spacecraft, up to 256 kbps, within 24

e PPt mcshs spsned o gech hrs from tracking schedule

S ———"—e—"  Deliver data via same interface as with

Figure 1. Traditional MSPA. normal tracking passes
* Fully automated process for subscribed
FITI st o o dotacong e mission users
TN « DSN determines which spacecraft
_;:-m_ neord cpran is in the antenna beam per

ephemeris and process data
automatically

formally scheduled

Antenna beam associated communications link
with formally scheduled
communications link

Current progress
Figure 2. Opportunistic MSPA. Everything received through the antenna beam is digitally recorded. ¢ U nder Acceptance teStI ng * O pe ratl Onal

Smallsats transmit open loop when in a host spacecraft’s beam. Smallsat MOCs retrieve I n 2023
the relevant portion of the digital recording for subsequent demodulation and decoding.

D. Abraham et al., Opportunistic MSPA Demonstration #1: Final Report, Interplanetary Network Progress Report, Feb. 2015
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Uplink
The FCLTUs intended for each spacecraft are multiplexed onto

a single-frequency uplink, radiated to the in-beam
spacecraft, and sorted out on the basis of spacecraft ID

Spacecraft discards fransfer frames
that do not have proper SCID

Downlink

Multiple in-beam spacecraft

downlink to individually assigned

receivers through the same antenna
1

I
L]
! A (denoted by green & blue)
s/C 2
sp ft discards for frames
I'hui do not have proper SCID
(dencted by red & blue).

s/c 3
Spacecraft discards fransfer

frames that do not have proper
-~ * SCID (denoted by red & green).

ET
llel. 2-way Doppler

-
aft occurinp

- Lot =
5 Uplinks to each sp
and ranging are available to all of the spacecraft,
simultaneously, across the entire pass duration. However,

coherent turnaround involves golng l!om a :Ingle shcred
aft's ir

s/c 1

“sic ]

-
29
———
-
J

uplink frequency to each sp
downlink frequency - entailing non-standard hnncround

Downlinks from
each spacecraft
occur in parallel. - ratios.
s/c s/c ]
s/c2 - = s/c2- -
s/c3 > s/c3 >
Pass duration Pass duration
Simultaneous downlinks, currently 4-MSPA, extendable to 8-MSPA
Simultaneous uplink with multiplexed command data sent to multiple spacecraft

Each spacecraft sort out its command data
Each spacecraft accounts for uplink Doppler shift
2-way Doppler and ranging data available throughout the tracking pass
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D. Abraham et al., Antenna beam sharing: Progress toward multiple uplinks per antenna, Spaceops 2023, Dubai

UAE, Mar. 2023
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Moon to Mars Planning Manifest

2022 2024 2025 2027 2028 2029 30
. Artemis | Artemis Il Artemis lll _ Artemis IV _ Artemis V _ Artemis VI _ Artemis VI _ Artemis VIl
‘ Uncrewed i Crewed B ¢ I-Hab i ESPRIT i Airlock i P
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@ u Gateway Gateway Gateway
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- 2SMD °
- 1STMD
ESDMD-Led « 3 International SpaceX © [ [ [¢)
Crewed ﬂ TBD ﬁ TBD w TBD ﬁ TBD
@ Commercial Launch Lunar Demo ' Human ' Human ‘ Human 4 Human
) Lander i . Lander ! " Lander f " Lander
@
PPEHALO Science Payloads @ LA ® @
Launch ) HERMES — SMD Lunar Terrain F Pressurized Surface
ERSA-ESA o Vehicle ready Rover via ws Logistics
. IDA — ESA/JAXA SR (o surface Cargo Lander
\ | operations la ®
Lunar Communications Network Upgrades (SOMD) Sifate
1 i s
@ Q@ 1o} ® (5} g Habitat
| Lunar Relay (SOMD)
Artemis
LRO& 2 Surface Science §
Lunar -/ Surf ggemus Instruments
Trailblazer # ace oanca. 8
P, Instruments Insiruments m
MSR Lander:. i
HERMES ESA Lunar 4 'h Pressurized
SMD-Led Ready for ‘@ Pathfinder & Semple Febch 793 Rover
CLPS uses Integration delivered o iR i oo Instruments
i 2-M for launch T
commercial launches. v o MSR
s VIPER ‘ Gt Mars Ao .. 3
“ CLPS include / o launch
?:rl't‘lwuﬂap{;oads 2-AB PRIME-1 19C  Z0A 18D  CP-11 CP 12 CS-3 CP-21 CP-22CP-31CP-32  CT-1 |CP-41 CP-42 CP-51 CP-52 LTV cP62 CT-2
directoraes i AR ARAR AR AR AR AR AR AR A AR | A A AR AR Ax A
| | ~SPLICE-1_+ PSI Mini-Suite + Lunar Auger Dryer ISRU (LADI)
TONE CFM|TP Demos
GHhSTO + Polar Resources Ice @ @ @ « ISRU Subscale Demo
STMD-Led ining Xpacimec, = ISRU Pilot Excavator (IPE) Fission Surlace x ISRU Pilot Plant
Preliminary Nuclear I(;w;;m wa « Veertical Solar Array Technology (VSAT) denvered for A | | delivered for
All Commercial Launches Thermal puls»on * Regenerative Fuel Cell Power k launch
reactor design stuEa AT Emar Q SEP Qual - Wireless Charging for Lunar Surface kaunch
oo - Lunar Surface Scaled Construction Demo
1 Tech
LOFTID o ;
UPDATED
20220323

i is meant to represent the calendar year in \M‘nch the launch occurs.
D";%ﬁt include impact from FY22 appropn)glons

https://www.nasa.gov/sites/default/files/atoms/files/fy23 nasa_budget_request_summary.pdf
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o Multiple
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Current progress

» (Goldstone — 2 antennas cc :
» Canberra — 2 antennas completed (DSS-34, -36)
 Madrid — 2 antennas completed (DSS-54, -56)

R. Labelle, Ka-band High Rate Telemetry Upgrade for the NASA Deep Space Network,
60th International Astronautical Congress, Daejeon, South Korea, October 12-16, 2009
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* Modulation, coding and data rates are available on all frequency bands 17
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Figure 2 Future Lunar Communications Architecture (Up To ~2025) - A Conceptual View
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IOAG Lunar Communications Architecture Study Report
https://www.ioag.org/Public%20Documents/Lunar%20communications%20architecture%20study%20report%20FINAL%20v1.3.pdf

Driver

« To simplify a reliable data transfer, especially over multi-hop networks
New capability

 Initial deployment supporting KPLO mission in August 2022

» General multi-mission capability expected in next delivery, by end of 2023
Current progress

 KPLO support — demonstrated with spacecraft

* Multi-mission support — operational pending, end of 2023
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New capability
* One antenna at each Goldstone, Canberra, Madrid Complex
o Current capability (300 W) limited to 1 antenna at Goldstone, mainly for
radio science services
» Full forward service for command and ranging
» Capable of simultaneous dual uplinks at X & Ka
» Useful to remove atmospheric noise in radio science experiments
e 800 W transmitting power, 133.6 dBm EIRP
o 20 Mbps uplink max.
« LDPC & RS encoded

Current progress

» Goldstone — pending, 2028
» Canberra — pending, 2026
e Madrid — pending, 2027

* Dates may change per Veritas mission schedule

Reference: 810-005, Module 104 “34-m BWG Stations Telecommunications Interfaces”,

https://deepspace.jpl.nasa.gov/dsndocs/810-005/104/1040.pdf i
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Average Across Each Mission's Maximum Downlink Data Rate In a Given Year
(Comparison of "Best Guess" With & Without Artemis Cubesats)

Data Rate (kbps)

| S=—

Past Decade | 2020s :

2015 2020 2025 2030

Calendar Year

=2021 Best Guess ~2021 Best Guess No Artms Cubes

7-panel optical system co-located
on 34-m RF antenna

Demo with Psyche mission,
~2024

64-panel optical system co-located
on 34-m RF antenna

Future deployment, ~ end of
2020s

B. Tehrani, JPL internal report, Jan. 2023

Human and robotic users @

100x todays data rates \ ¢
from Mars — up to 1 Gbps )

Dedicated 12m
Stations
NASA + International

d RF/Optical
Antenna
Potential reuse of
existing infrastructure,
development today

Secondary Optics
Camera Box

\[X /

D. Abraham et al., Antenna beam sharing: Progress toward multlple uplinks per antenna Spaceops. 2023 Dubai, Mar. 2023
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» Science mission
» Ka-band uplink & do
* RF/Optical antenna
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