EE"R The Eu

CubeSats to be launched with the Space Launch System
(SLS) for the Exploration Mission 1 (EM-1) scheduled for
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Near Earth Network Overview i ((((

« As shown on the following slide, the NASA Near Earth
Network (NEN) is composed of stations distributed
throughout the world

* NEN services

— NASA-owned and operated ground stations

— Partner agencies (e.g., National Oceanic and Atmospheric
Administration (NOAA) Command and Data Acquisition (CDA))

— Commercial ground station providers (e.g., Kongsberg Satellite
Services (KSAT), Swedish Space Corporation (SSC) and its
subsidiaries, Deutsches Zentrum fur Luft- und Raumfahrt (DLR))

« The NEN supports orbits in the Near Earth region from Earth
to 2 million kilometers
— Communication services are provided for various low-Earth orbits

(LEO), geosynchronous orbits (GEQO), highly elliptical orbits (HEO),
LaGrange orbits, lunar and suborbital, and launch trajectories
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THE NEAR EARTH NETWORK PROJECT

Avaska SATELLITE FACILITY NG AA: FCDAS/GILMORE KSAT: sgALBARD Sﬁm.urs Station NORA: NATIORAL OCEANIE A6 ATHORPIEIC ADUNSTRATION
WHITE SANDS COMPLEX FaRBANKS, ALASKA GILMORE CREEK, ALaska  SSC: NORTH PoOLE SATELLITE STATION VALBARD, NORWAY FCDAS: Fanaanks Comman & DATA ACQUISITION STATION
WHITE Sanps, New Mexico ASLium, A88m) GLA (13m), GLB (13m), GLC (13m) NortH PoLe, ALaska SG1(1Im), SG2(11m), SG3(15m)  SSC: ESRANGE SATELLITE STATION KSAT: Konasaero SATeLLITE Seavices
WS1 (18m), WSC VHF 1 (Quap Hewix), USAKO1 (13m), USAKO3 (5m), USAK04 (7m), IRUNA, SWEDEN DLR: DeutsCHEN ZENTRUMS FUR LUFT- UND RAUMFAHRT
'WSC VHF 2 (Quao HeLix) 2 USAKOS5 (11m) KU1S (13m), KU2S (13m) (GEeRMAN SPACE AGENCY)

SANSA: SoutH AFRICAN NATIONAL SPACE AGENCY
SSC: SwepisH SPacE CORPORATION

KSAT: SELETAR EARTH STATION
SINGAPORE
SI1 (9m)

- E

SoutH PoINT HawAIl SATELLITE STATION
SoutH PoiNT, Hawail
USHIO1 (13m), USHIO2 (13m)

SSC: AUSTRALIA SATELLITE STATION
DoNGARA, AUSTRALIA
AUWAO1 (13m), AUWAO2 (7m)

WaLLoPs GROUND STATION
WALLoPs, VIRGINIA
WG (11m), WG2 (5m), WGS VHF 1 (Quap Hews
WGS VHF 2 (Quap Heux)

{ - TIAGO SATELLITE STATION
LAuncH Comlazliglgglous STATIONS B9 S ANTAGO, GHILE

KUS (6m), PDL (6m) SA1 (9m), SA2 (13m)

SANSA: HARTEBEESTHOEK STATION
HARTEBEESTHOEK, AFRICA
HBKO02 (12m), HBKO5 (10m)

k KSAT: TroLL SATELLITE STATION
i \uﬁn . TROLL, ANTARCTICA
; ’ R2 (7m), TR3 (7m)

McMurbo STaTiON
McMuRrDO, ANTARCTICA
MG (10m)

B NASA
B covmerciaL
B Pirmer
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NEN Frequencies and Bandwidths for NTIA

Licensing
Function Frequency Band Bandwidth | Maximum
(MH2z) (MHz) Bandwidth
per
Transmitter
(MHz)

S Uplink Earth to Space 2025-2110 85 Typically <5
X Uplink Earth to Space 7190-7235 (Two NEN 10 Typically <5
sites to 7200)

S Downlink  Space to Earth 2200-2290 90 5

X Downlink  Space to Earth, 8025-8400 375 375
Earth Exploration

X Downlink  Space to Earth, 8450-8500 50 10

Space Research
Ka Downlink Space to Earth 25500 — 27000 1500 1500

EXPLORATION AND SPACE COMMUNICATIONS PROJECTS DIVISION
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Near Earth Network (NEN) Upcoming

CubeSat Support
Mission No Earlier Than
TBD
2017
2017
Jefferson High 2017
2018
2018
2018
2019
2019
2019
2019
Burst Cube 2019
2019
2020
2021
CSIM TBD

Kit Cube TBD
PIC/USIP TBD
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NEN Potential Benefits for EM CubeSats

NEN offers “as-is” and upgradable ground system solutions for lunar, L1/L2, and future

exploration CubeSat missions that could benefit the EM-1 CubeSat missions

« The NEN may benefit EM-1 CubeSat missions utilizing the IRIS radio in
the form of coverage and larger beamwidth

NEN ground systems are positioned around the globe and are able to provide
significant to full coverage, depending on sites utilized, for CubeSats in Lunar orbit
or beyond (e.g., L1/L2 missions)

NEN coverage could be utilized to provide higher data rate support to EM-1
CubeSat missions immediately following dispersal from Orion (~35,000 km through
100,000km)

Smaller NEN apertures (e.g., 11m), compared to other apertures, provide a larger
beamwidth, which can benefit CubeSat missions in the event of
navigation/ephemeris uncertainty

DSN, can provide complete coverage to lunar CubeSats; however, the NEN, if
upgraded, could provide supplemental support to close gaps and provide backup
coverage during single DSN coverage times

NEN could also be utilized during periods of time when DSN has coverage, but are
unable to support any one particular CubeSat due to other commitments (e.g., to
another of the nine EM-1 CubeSats being supported by DSN)

EXPLORATION AND SPACE COMMUNICATIONS PROJECTS DIVISION
NASA GODDARD SPACE FLIGHT CENTER



NEN Beamwidth Advantage for Lunar
EM-1 CubeSats

. The NEN’s use of small apertures provides a larger beamwidth, compared to the larger DSN N o

apertures, which can benefit Lunar CubeSats with uncertain ephemeris data §
- WG1 11m would cover 3.10x the area of a DSN 34m O
- APL 18m would cover 1.86x the area of a DSN 34m (NEN looking at obtaining services from APL) /
«  Assumptions: ot

— Frequency: 8450 MHz
- The Moon'’s angular diameter is 0.5 degrees

. 3 dB Beamwidth for Varying Antenna Diameter*
- 10m = 0.250 degrees (half of Moon angular diameter)

- 11m = 0.226 degrees

13m = 0.191 degrees

18m = 0.136 degrees

34m = 0.073 degrees

3D View

-

i) - il
e - -'-' ’: .'

* Not all antenna diameters depicted in graphic

DSN 34m APL 18m WG1 11m

EXPLORATION AND SPACE COMMUNICATIONS PROJECTS DIVISION
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NEN Achievable Data Rates with Representativ

EM CubeSat Missions (Based on Analysis)

« NEN would be in a position to * CubeSat Radio/Antenna Assumptions:
support a majority of the discrete —  Frequency: 8.45 GHz
IRIS radio downlink rates assuming —  Modulation = BPSK
the NEN implements the upgrade to — COTS CubeSat radio: PA output power of 4W
ensure IRIS downlink compatibility —  COTS antenna with 11 dBi gain @X-band
— The IRIS radio does not support a continuous — Passive loss of 1 dB

range of data rates, but rather discrete rates

(not all possible rates have been * General Assumptlons:

tested/verified) — Acheivable rates assume a 1.3 dB margin
* Notes/Considerations: — Slant range of 405,221 km (Max Lunar Distance)
— Morehead without cryogenic LNAs was not — 10 degrees elevation
shown since Morehead is planning to upgrade —  Link availability for propagation effects : 99%
the asset
e Reference | Cryogenic | G/T ! Conv. %2 Turbo 1/6 NEN Asset Capable of Supporting IRIS Discrete Data Rates (kbps)
R e e e e A N N T
30.74 18.7 50.8 v v
Yes 31.64 23.0 62.5 v v v v ‘ X X x
No 33.32 37.0 100.5 v v v v v v X X
SSC Hawaii/
13m Australia
Yes 34.22 455 123.6 v v v v v v X X
18m APL No 34.15 41.0 111.4 v v v v v v X x
Yes 35.05 50.4 137.1 v v v v v v v x
21m Morehead Mo A )
Yes 38.15 105.4 237.5 v v v v 4 v v X

lincludes a Lunar noise effect of 2.9 dB (WG1) and 3.767 dB (SSC). Morehead and APL Lunar Noise effects are approximate.
2 Capabilities are currently untested with the IRIS radio.

EXPLORATION AND SPACE COMMUNICATIONS PROJECTS DIVISION 9
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Lunar IceCube Pre-Lunar Capture/Orbit
Events

)_Ou't'b'o'-u'hd Lunar Flyby

o Earth Perigee

Pré-Outbound Lunar Flyby A e ——
g ' Deployment

" outbound Crossing Lunar
Orbit

. 128 - 256 .

Deployment 7 Oct 2 39 | 80Oct 2018 03:52 733 Kbps Wallops, Hawaii, Dongara

. Pre Outbound Lunar Flyby 9 0c 1:56 13 8?121018 5,355 2??;5’9512 ) 4 - 32 kbps Hawaii, Wallops, Dongara, Hart.
13 Oct 2018 13 Oct 2018 370,207 - -
QOutbound Lunar Flyby 05:11 m 401,505 4 - 32 kbps Dongara, Hawaii, Hart.
. 16 Oct 2018 17 Oct 2018 145,025 -
. Earth Perigee 1711 0311 “ 150,7 - Dongara, Hart., Wallops
und Crossing of Lunar 20 Oct 2 Oct 20 383,923 - "

-_ 1711 03:11 “ 416’856 43 kbps Hawa“Y Wallops’ Dongara’ art
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wallops Coverage (128 kbps)




Outbound Lunar Flyby (10 hour event)

NN

Summary: This complete event has single DSN station coverage. Dongara and Hartebeesthoek could be used
to provide support during the entire event, except during lunar occultation when Lunar IceCube will be out of
contact.

DSN/Morehead Single Coverage:

13 Oct 2018 05:11 - 13 Oct 2018 08:59 (227 mins)
13 Oct 2018 09:44 - 13 Oct 2018 11:20 (96 mins)

13 Oct 2018 11:48 - 13 Oct 2018 15:11 (203 min)

NEN
Single
1:41

/Dongara LOS

Hawaii AOS
Dongara AOS

I

No coverage during / /
lunar occultation Hart. AOS Hawaii LOS

~44 minutes
NEN . } NEN
Rx Only ’ Tx/Rx
141 818

<
<

DSN/Morehead Co;..ferage

Trajectory Right to Left

1 0 . 1 Behind Moon 1 Station

Hawail 13 Oct 2018 05:11 13 Oct 2018 06:26 400,580 - 401,505 32 kbps
Dongara Pre Lunar Occultation 13 Oct 2018 05:11 13 Oct 2018 08:58
, 381,307 - 398,211 32 kbps
Dongara Post Lunar Occultation 13 Oct 2018 09:43 13 Oct 2018 13:29
Hartebeesthoek Pre Lunar Occ. 13 Oct 2018 07:42 13 Oct 2018 08:57
370,207 - 400,463 4 kbps (6.95 kbps)
Hartebeesthoek Post Lunar Oc. 13 Oct 2018 09:42 13 Oct 2018 15:11
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CubeSat Flight Hardware Options for

Lunar and L1/L2 missions

* In addition to evaluating the NEN’s ability to
support EM-1 CubeSats that will utilize the
IRIS Radio, the NEN performed a number of
evaluations that may benefit future
CubeSats:

— Developed CubeSat radio support requirements to
achieve NEN compatibility to be provided to radio
vendors

— |dentified alternative radios that may offer benefits

— |dentified a number of potential antennas for
CubeSats to consider

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
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Potential Radios for Lunar and L1/L2
CubeSats

= = Vulcan®
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I o
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Frontier Radio Lite

Quasonix®
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Comparison of Key Differentiating

Features — Power Efficiency

Power InfOut Efficiency Power IfOut Efficiency

Transceivers wBLIlLIn Amplifiers (iop lsft is better] g Transceivers wi/no or minimal Amplifiers (top left is better)
6 T T T T T ' ' '
551 i 09r B
st = 08r B
451 . 0.7F 7

06 1

Power Out (W)
(%)
o
|

Fower Out (W)
o]
N
|

3r . 04+ 4
251 b 03t i
2r ) 7] 02r 7
- —&— Tethers Variahle
. . \f_ulcan 01r Frontier Lite
) . . ®  Jris . . . InnoFlight
10 15 20 25 a0 as 40 OO 9 4 5 g 10

Fowsrbid-1dl.Tignspend Made Fawer In (W) - Full Transpond Mode
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Comparison of Key Differentiating Featur

— Data Rate, Radiation Tolerance

MWlaximum Tx Data Rates

100 T ; . - . Radiation Tolerance of CubeSat Radios
140 T T T T
a0 =
120
80 F .
o . 100
g0+ i
g0
o
g s0r 1 =
= &
40+ a 60
L 1 40
20+ i
20
10+ i
0 : ;
RIS Vulcan  InnoFlight Frontier Quasonix  Tethers RIS InnoFlight Frontier Tethers
Note: Iris 256kbps tested; 8Mbps planned Note: Tethers 100kRad planned,
Tethers wiQPSK=100Mbps, W/3ZAPSK=300Mbps possible YileandRticsled QlasoN eslodTorL ES)
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NEN Evolution

« NENis ready today to support
CubeSats

 Planned NEN expansions provide
increased CubeSat support

e CubeSat radios and NEN receivers
achieve high data rates for CubeSat
missions over X, S and Ka-band

* NEN is capitalizing on Commercial
Service Providers (CSP)/Academic
Partnerships including small apertures,
large apertures and X-Band uplink

« NEN is investigating streamlining
mission planning and integration and
test and scheduling activities

NASA GSFC/Wallops LunarCube with

deployable X-band antenna based on

University of Colorado/Goddard X/S
band CubeSat Radio and NEN

EXPLORATION AND SPACE COMMUNICATIONS PROJECTS DIVISION
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Conclusion

« After selection, no charge for pass supports for NASA missions using
NASA-owned stations
« Mission Planning (e.g. RFICD, Coverage, Link Analysis, Loading

Analysis), no charge prior to mission commitment
Mission Planning, Integration and Test (MPI&T) services after mission commitment
are negotiable, function of risk versus cost

* Questions — contact Scott Schaire, scott.h.schaire@nasa.qgov, 757-824-
1120, NASA Goddard Space Flight Center, Near Earth Network
Wallops Manager
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