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introduction

* New types of global commercial satellite systems
are currently under development and expected to
start providing service in 1998

— Global communication coverage
— Mobile communication capability
~ High speed networking

* NASA GSFC is investigating the feasibility of using
emerging commercial satellite systems to support
NASA LEO missions

— Reduce mission cost
— Enhance or maintain level of service provided by TDRSS and GN
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NASA Study

* Examines technical and operational issues related
to supporting a NASA LEO satellite with
commercial satellite systems

* Four commercial satellite systems are addressed
in this presentation
— Mobile Satellite Service (MSS): IRIDIUM, ICO (1st gen)
— Fixed Satellite Service (FSS): Spaceway, Teledesic

Evaluation Approach

* Communications Coverage: Geometric coverage
time minus system acquisition and service
acquisition time.

— Accounts for time required for handoff
— Accounts for dropped calis due to handoff failure

* NASA user terminal assessment including

spacecraft G/T, EIRP and operational constraints

relating to system acquisition, service acquisition
and handoff

* Regulatory assessment
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Assumptions

* No modifications will be made to commercial
satellite systems to support NASA missions.
— NASA LEO satellite will emulate a ground-based user

* User spacecraft tracking will not be performed by
the commercial satellite systems.
— Future NASA missions will incorporate on-board GPS
equipment
* All evaluations of the commercial satellite
systems are based on public information obtained
from FCC filings

NASA LEO
Missions Overview

* NASA missions operate in a number of different
orbits that depend on the mission type
— Launch vehicles at approximate altitudes of up to 350 km
— Suborbital npissions at altitudes less than 40 km

— Manned space flight at altitudes of 300 - 600 km altitude and
inclinations of 28°- 57°

~ Astrophysics missions at aititudes of 400 - 600 km altitude and
inclinations of 23°- 35°

— Earth science missions at altitudes of 350 - 1,350 km and
inclinations of 35°- 99°

* Considered missions scheduled through 2014
* Data requirements range from 1 kbps to 600 Mbps

— Telemetry and Command: 1 kbps to 2 Mbps
— Payload data: 1 kbps to 600 Mbps
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NASA LEO
Missions Overview

Orbital Characteristics
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Syslem OBl | BER | Service Frequency | Sarvice Dals Rite ST aramelers
Type/ {MHz) (kbps) Frequancy
Service (GHz)
type
Forward | Refum | Forward | Wetam eTitas | Afliude | Incknabion
. (km)
Iridium? LEO 10° | 1816 | 1616- 24 24 23.18- 66 780 85.4°
MSS 1626.5 | 1826.5 2238
ICO MEO | 10° [ 2,170- | 1,985 384 384 NA 10-12 10,355 45°
Mss 2,200 | 2,015
Teledasic’ LEO 10° 17.8- 286- | n*16 (n= | n*16 (n= 85-71 288 1350 87
FSs 186and| 201 11,..128) | 1,.,128)
18.8- and
19.3 276-
284
Spaceway' [ GEO [10 | 17.7. | 275. | 92,000 | 3846.000 | 2265 20 35,786 0°
FSS 20.2 30.0 23.55
32.33
54.25-
58.20
58-64
NOIQ‘Z
1. Systems use intersatelkte links and onboard data processing.
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Simulation Assumptions

* Geometrical coverage determined through
Communications Analysis Graphical Environment
(CAGE) simulation

— Ten day orbit simulation
- Con_lmercial satellite user antenna beam modeled as a single
conic

« Communications coverage determined through
CAGE simulation

— 30 random user satellite orbit periods

— User satellite is positioned at a randomly selected accession
angle prior to each simulation pass

— User antenna beam modeled at sub-beam level
— System acquisition time based on 1S95 specification {16.3 sec)
- Service acquisition time based on 1S95 specification (20.0 sec)

- Handoff time based on existing ground based celluiar system
performance (12 s)

Simulation Results

d Emergmg commerciai satellite sysfems are He3|gnea for users at

or near ground level. Communications coverage at LEO altitudes
is constrained.

~ Reduced communications coverage exist at LEO altitude due to the conic shape
of the radiating antenna

- Beam-to-beam handoff for a LEO spacecraft will experience a higher call drop
probability than a tefrestrial user due to user spacecraft velocity (12 km/sec)

* None of the evaluated systems is capable of supporting the real
time communications coverage requirements of manned space
flight missions and launch vehicies

* IRIDIUM and Teledesic provide the least communications coverage

~ Orbits similar to NASA LEO spacecraft
- Less than 1% communications coverage for user altitudes > 500 km

* ICO provides higher communications service duration and data

throughput
= Service avallability 20% - 40% for user altitudes > 500 km

* Spaceway (GEO) provides highest communications service

duration and data throughput .
= Service availability is greater then 35% for user altitudes > 500 km
— NASA LEO satellite must support beam-to-beam handoff (not available on FSS)
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Communications Coverage -
IRIDIUM

IRIDIUM Service Availability Analysis Res ults »»

TASEY TASEY TASEY TASET
Parameter 300 km, 500 km, 708 km, 500 km, 700 km,
28.8 deg 388 dey 8.5 deg 57.0 deg 8.2 deg
FOVToversge (%) 07 (2] T3 T3 LS
ervice Ave %7 LAY LA T O T
crvice Ave aToR (minuica) 3T TS
[Avenge Service Darbon (mmotes) Ty LK}
[Avorage Nl Duntios (miouics) \LB] T8
[ MaXimum Null Durstion o0y ELE]
[Toatact per User Perod (avg) 37 7
N Droppics Probabdy (%) 7 5T
NOTES:

1. The eatimercd mean sub-beam FOV time (vec) for Casos | through 5 a3 Blows: 1)21.9 seconds, 2) i1.4
secords, 3)3.0 secoads, 4) 1 1.4 seconds, 5)3.0 seconds.

2. The estnsted mean aub-beam overlap time (sec) for Cases [ through S o5 Dlows: 1) 3.9 seconds, 231
aeconds, 3)0.8 xeconds, 4)3.1 seconds, $) 0.8 seconds.

3. 48 spotbesms per RIDIUM satclite
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IRIDIUM FOV COVERAGE AT 300 Km ALTITUDE IRIDIUM FOV COVERAGE AT 700 Km ALTITUDE

N&!\%A Communications Coverage - ICO AY

ICO Service Availability Analysis Results*?

"mrr—mn-rmz T CASES]
Parumeter 300 kw, 560 km, 700 km, 500 km, 780 km,
28.8deg | 385deg | 20.5deg | $7.0dey | 95.2deg
[FOVcoverge %) LL2Y T LV B 1% TS
[ Seivice avalabily (%e) SI% 93 LI R IS prai
[ Servicc avasabuy/orpl (Mnutes) 5.7 LX) LI LXR] ram
"AVeTagc sevie dunon (maulkes) LE 37 30U LE3 g
[Avenige nul diraton (MATEs) 7Y T3 T Y3 ER
"MExanum Auldurton 2075 U8 0.7 0% 3
| Contcl per user penod (avg) 137 LLE) 137 IR yagts
[CiTdmoppig probabisty (%) Li2T 7S 7S 5.7

'ROTES:

1. 'l'he. estimatcd mean sub-beam FOV time (sec) for Cases 1 through S as SoSows: 1)63.7 seconds, 2) 57.8
scconds, 3) $3.0 seconds, 4) 7.8 seconds, 5) 53.2 seconds.

seconds, 3) 14.4 xeconds, 4) 15.6 scconds, 5) 14.4 seconds.
3. 163 spotbeams per ICO satelite

2. The estimated mean sub-beam overiap time (sec) for Cases 1 through S as Polows: 1) 17.2 seconds, 2)15.6

ICO FOV COVERAGE AT 300 km

ICO FOV COVERAGE AT 700 km
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Teledesic

Communications Coverage -

Teledesic Service Availabllity Analysis Results™?

CASET [ CASEY T UASET T CASET T UXSES
Parameter 300 kan, | 500 am, | 700 km, | 500 ko, | 700 km,
28.5deg | 28.5deg | 28.5deg | 57.0 deg | 98.2deg
FFOVcoverage (%) L ZA 3 X KL X3 TSS| S0S ]
[ Service Avalabilty (%) T3 T3 LX § T.T
[ Service Avala by orol (mimales) 30 T2 U3 TT 3
[Average Service Duraton (omales) LY LIR-) L1 LIX § T,
[Average Nul Duration (mmules) 1Y 723 953 309 9%
[ Maxamum Nol DurGon 90S VLX) b2 & LLE) V%
[Contacts per User Perod (Avg) Ty T3 TO T¥ ]
Cal Dropping Probabilly (%) 51 "z TR T3 XL
[NOTES™T —

1. The cstimated mean sub-beam FOV time (sec) for Cases 1 throu,
2) 5.2 seconds, 3) 3.8 seconds, 4) 5.2 seconds. 5) 3.8 seconds.
2. The estimated mean sub-beam overlap time (sec) for Cases 1 through $ as follows: 1) 1.8 sec-
onds, 2) 1.4 seconds, 3) 1.0 seconds, 4) 1.4 scconds, 5) 1.0 seconds.
3. 64 spotbeams per Teledesic satelite
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Spaceway

Communications Coverage -

Spaceway Service Availability Analysis Results*

rmn——mn——mn-r-mn—
Parsmeter 300 ks, 500 ke, 700 km, SH km, 700 km,
28.5 deg 28.5 deg 28.5 deg 57.0 deg 98.2 deg
| FOVCovernge 1) 37 TS 30T LYs ] 5
[ Scrvice avalabilly (%) 3T STX 7Y A5y I35
SevEe ivaTabiRy/oTo R (MATles) L1%1] L% I65 LLE ) B
[ Avefigc service qurilon (Maules) 57 52 3 5% L4
["AVerge null duration (mnoWs) LX) Y 53 LA
| MSamim nul dombon TS 37 377 LIRS 2
TORWCT per User perd (avg.) T ¥ L] L3 LE
[ Cavaropprg probabily (%) Ty 3T 763 795 LLA)
RUTES:
1. The estimated mean sub-beam FOV time (scc) for Cases 1 through § as folbws: 1) 134.0 seconds, 2) 149.0
seconds, 3} 144.0 seconds, 4) 149.0 seconds, 5) 144.0 seconds.
2. The estimated mean sub-beam overdap time (sec) for Cases 1 through S az flows: 1) 41.6 seconds, 2)40.)
seconds, 3) 38.7 seconds, 4) 40.1 seconds, $)38.7 seconds.
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Spaceway FOV Coverage at 300 km altitude

Spaceway FOV Coverage at 700 km altitude
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User Terminal Assessment

* NASA LEO spacecraft will require a smaller
terminal than TDRSS, for MSS, systems due to
MSS LEO and MEO consteilations

* FSS systems do not provide NASA LEO
spacecraft any substantial terminal size
advantage over TDRSS

— GEO systems are designed to support ground users and
require a high G/T and EIRP to support high burst rate TDMA

* Large number of satellites in commercial
constellations will increase NASA spacecraft
memory and processing burden

— Need to determine when and where data can be transmitted

* Additional processing burden for NASA satellites

— Doppler correction, power management, burst transmission
management (TDMA), and beam-to-beam handoff

Regulatory Considerations

* Services provided by commercial satellite
systems are governed by International Radio
Regulations and U.S. statutes

* Definitions of MSS and FSS do not provide for
space-to-space links required for NASA support

* NASA service support scenarios would require
regulatory amendments
— Feasibility studies
— Marketing efforts
— 4 to 14 year estimated implementation time
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