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Dear Mr. Caton:
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Pursuant to Section 5.204 of the Commission's Rules, 47 C.F.R. § 5.204 (1994),
attached is the most recent experimental repon showing the progress of CD Radio Inc. testing
and experimentation in connection with its experimental license and pending application for
pioneer's preference. The repon coven recent use of an S-Band satellite (NASA TDRS) to
characterize the satellite-to-mobile path in the digital audio radio service (DARS). In
particular, the experimentation was designed to determine the extent to which blockage,
shadowing and multipath conditions created polarization reversal in the received signal.

If there are any questions about the foregoing, please contact the undersigned.
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NASA and CD Radiols TDRSS Industrial Test Program
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James E. Hollansworth - NASA Lewis Research Center
Cleveland, OH 44135 USA

Phone: 216-433-3458 Fax: 216-433-8705

ABSTRACT

Th. Natioaal Aeroaautic. aDd Sp&Ce
AdmiDistratioD (NASA) bas embariced OD a joiDt tell

pro,ram ...ith CO Radio Inc. The proJrlDl ...ill
demoaItrate spuial divenity tecbDiquu ill IUpport of
industrial developmeal of a Dew satellite direct
bro*alt DII:ioaa1 reic service called Satellite lUdio.
Satellite Radio will operUe ill the FCC approved
frequeacy baDd 2310-2360 MHz which is clo.. to
NASA's TrackiD. aDd Data Reley System (TORS$)
satellites' hiJb power tr&DImit freque~ near 2110
MHz. n. cooperalive t..t propul ill ...hich NASA
provid.. use of a TDRSS satellite aDd CD lUdic
provid.. the meuuremea&. equipped vehicle is
described u ....U u iu current statui. Some iDftial
meuuremeal clata are presealed.

INTRODUCTION

Direct broadcast of ndio prolftllllDiD' from
satellites to liIteDen ill mobile vebicl.., primarily
aulDIDObiIeI &ad trucltI, IIId ill homes ...ill be available
before the ead of the cealUry. The lervice is called
Satellite Radio aDd' will opera&e iD the Federal
CommuDie:atiou CommiliioD's approved frequeacy
baDd 2310-2360 MHz. The service will ,,",vide
listeDen with divenity of ndio pro.nmmin.,
particularly iD naraJ area; aicbe pro.raauDJD,.
includiD. foreiplaDp.e aDd ethnic chaDDels; aDd
educatioaa1lDl1 cultural opportw:lities OD a aatioD...ide
basis. TecbDical developmeDt. tDlDUf.cturiD. aDd
indwtrial beDeflu are also foreseea. ProvidiD. biJb
quality Satellite Radio service to mobiJe vehicles
requires that service outa.... whicb are primarily
caused by multipath &ad pny.ical bloc:b.e be !DId.
extremely i.Dt'requent. CD Radio intend. to
accomplish this by use of satellite spatial diversity iD

cODjuactioD with other cuta.e mitigatioD methods.
Additi«DI tDMIUred da&a OD .atellite spatial diversity
at S-baDd f'requeae:i.. would be useful, &ad a
cooperalive "",,ram ...ith the Natioaal Aeroaautic.
IDlI S.... AdmiaiItnDoIl (NASA) ...u derived using
the 10v.nuDeDt·s TrackiD, aDd Data Relay Satellite
Sy-.m, ...hoIe Il&eI1irM CUl tr&DImlt with reuoaabl.
po....r at S-baDd (approximately 2110 MHz). The
industrial teat pro,raID is described in the foUo...in.
material.

SVS1'EM/EXPERIMENT DESCRIPTION

The Ioaa NIl" pro,ram is the accumulatioa of
data OD satellite- spatial divenity performance for
mobile fIICIlIlCiaa ill IUtOmobil.. over a wide range of
eDvirolllD8Dll aad conditiou. Thil iDcludes th.
variaua terraiDI throuJbout the couatry. operalioD in
suburbaDlurbaa ueu. effecu of elevatioo anile to
the ...wr., _ ofcn-, etc. The clata will take the
form of service outa,. oc:currenc.. aDd tbe leoath of
sucb OC:CUrreDC.. u a fuDctioD of tb. previously
meatioaed conditiou. The duralioo of the
experimeal is eltpec:ted to be leaathY for several
~. ODe of ...hich is that meuuremeDU CaD oaly
be performed wbeD the TDRSS .atellites are Dot

beiD, used for ,ov.ramea& purposes or for other
e,..... i:tI:wdiI _ u a Naetioa of tbe .atellites· orbital

loe:atiou.
The tint pbue of the .ltpenmeDt pro,ram has

beaD iDitiateci aDd ...ill be described in the foUowinl
material. The objective of tbe tint phase wu to
cbaracterize precisely the TORS·to-automobile path
ill a mobiJe eDviroameat. The lOa! i. to obtain field
.treoath lad polariz.atioD characteri.tic. of the path
over the eutem haJf of the CODtilUouS Uaited States.
This CUl be doae from the TDRS-East at elevalion
an.les of interest (i.e., 20'.35°).

Th. meuuremeal sy.tem utilize. a NASA

International Mobile Satellite Conference, Ottawa, • IMSC '95 451



uplink I/o Iuch generates aKa-band camer to the
TDRSS satellite sufficient to saturate the satellite' s S

band transmitter. NASA also positioru the satellite
antennA beam to the portion of the e.utem half of the
C.S. where measurements are to be made that day.
The S-band camer is trlJUmined from the satellite
using rigbt hand circular polarization (lUiCP). The
measurement vehicle wu developed, instNmented and
operated by CD Radio. It js a passenger automobile
with an instNment pod mounted on tbe roof
contairUng a RHCP receivinJ antenna, a LHCP
receiving antenna, and a Globa! PositionioJ System
(GPS) aruerma with the preamplifiers. detectors and a
data acquiJitioa system wide the car. FilUre 1 it a
simplified system depictioD aDli FilUre 2 showl a
typical TORS satellite dowtiliDk anteaaa coveraJe.
EsHlll&ia1ly, the amplilxie of the received riJbc and left
band po1&rized UleUite traDlmi..ioDi are measured u
a fuDctioa of the automobil. phylical locatioD and
tUne.

TOIS s.&TtLIJT1

..

Fipn 1 • System Coafttundoa

CONSTANT
SATfL~ITE

E~EVATION ,
CONTOURS/,

Fipre 1 • 5-Bud Beam from TDRS 1145
1>ep'ess West

The Imk budget IS bas~d on a sat~i:lte b~.a..~

center EIRP 0£46.4 dBW Ij.e. a tlu~ denSity of -[;6
dB Wi m:i4kHz). A nominal path lou of -1905 dB.
a receiving beam center car antenna ga111 of 3.5 dBI
and losses of 1.2 dB result 111 a received power of 
141.8 dBW. The receiver noise power in its I kHz
detection bandwidth is -176.3 dBW. Assuming good
measurement precision at a C!~ of 8 dB and
averaging over 200 samples. fading of 26 dB can be
accurately measured. The TORS anteMl's
muimum axial ratio over the 3 dB beamwidth is 1.5
dB and the automobile antennas are similarly
specified. An axial ratio of 1.5 dB reflects a cross
polatiz.llion rejectioa of21 dB. However. since most
meuuremeDU were made closer to beam center
where axial ratio. are bener, the total polarization
isolatioD is eltinwed u 25 dB ± SdB.

The foUowinJ .ectiolU deacribe in more detail
the s~ce lepneal, the meuuremeDt vehicle aDd
early me&IUremeDt relulu.

SPACE SEGMENT

The NASA/CD Radio TDRSS Indwtrial TNt
proJram is bued upon the SJ*e Act of 1958 (42
U.S.C. 2451l1iUle&.) sec:tiolU 203(c)(S)and 203(c)(6)
and u implemented by NASA Maua,emeat
Inatruccioa (NMI)10$0~9A. The pupo,e oftbe Space
Act A,reemeaI is to conduct joia& experimental
pro,raml between -NASA and U.S. Iradwtry for
public benefit, U.S. manufacaarina and obtaiDina
tecbDical daIa and development. There are two
aeaerU typlI of Sp"e Act A.reementt called for (I)
Reimbursable and (2) Non- Reimbursable.

NASA'. SpKe Act Agreement with CD Radio
il Noo-Reimbursable and calli for tbe obtaiDinJ of
techDical daIa re,ardina .atelllte receptioa of dilital
audio tldio at S-baad OD mobile platfof'llll. The
uperimealal pro,raID iDcludes tbe testiD, of
polariz.atioD iIolatioD, divenity receptioa tecbDiquea
and adVloDt:ed automobile aateaaa.a at S-baad.

The NASA lateUite cODltelJatioD tbal is beia,
used for tbe CD RMtio ladwtrial Test il the TrackinJ
and Data Relay Satellite Syltem (TDRSS) u sbawn
in Fi,.3. 1biI syatem operates at both S-baad (2025.
2300 MHz) and at Ku-baad (13.7-15.3 OHz).
SiD,l.acc... lervic.. ia the S·baDd aDli Ku-baod
tID,es we the umbreUa·shaped, steetable 4.9·meter
puwbolic: dish aa""", to c:omaamieate with ODe wer
at a time. Operatin, in the S-band aad Ku-baod
frequeac_, the TORSS c:c baudl. up to 300 mllllon
bits of informatioa each secoDd from a user, the
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equ: valent of the material in a :0 volume
encyclopedia.

Tracking and Data Relay Satellites
~ommunications is controlled from two ground
t.el"lDiDllJ loaLed at White Sands. New Me:r;ico. 1'11is
site wu chosen for its low geographic latitude within
the L"nited States. affordinJ a clear view of the satel
lites. and b~ause service interfereace caused by
weather wu miaimal. The termi!:W. are respoDlible
for maintainin. such NactioDl u transmittinJ
comm&Dcis to the spacecraft, receivina the u.er data
returned through each TDRSS. and keepina track of
system staCW.

UDder aormal openboas all up1iDk and doWDliDk
commuDicatioDl betweea • TDRSS latelli~ aDd the
Earth (White S&Dcis. NM) pus throu&b the satellite'.
2-meter parabolic disb &DteaDa Deal' the belt.,oDal
satellite body. The NASA/CD bdio T8I& ProJfUll
utiliz.eI the same Wbi~ Saads UpliDk hue us.. the 4.9
meter parabolic di.h &DteDD& to transmit diaitaJ audio
sigDAls to the test vehicle OD the ,rouad ... Fi, 1.

Fipre 3 • TraddailDd DaIa Relay s.telUte
System (TDRSS)

£ARlH SEGMENT

The IWlIDObiIe UNCI for the iDitiaJ IDMIW'eIDent

phue is .bowa in Fi,. 4 aDd iu equipmem block
diapm ill Fi,.5. The UlCP aDd RHCP uteaau .,.
quadrifilu belic... The iDltrumeat pod coataiDI
microwave S·baDd ab.orber material to preveat
reflection from the automobile rooftop from affectin.
the transmission path ebaracterizalioD. The data
acquisition computer record. the data iD bloclts. each
block bavin. a tim. stamp (6 byte.). vehicle location.
speed and compu. '*dina from the GPS (17 byte.)
and the two sipllZDplilUd. (4 bytes). AD additioDal
fielel is to be added alIowinC veb.icle operator insenion

SESSICN 11 . ::: ceC 3 ccac:as: Sa:e ~e

of terrain/environment codes. By use of :he \ ehic;e
tire rotation detector. it is poSSIble to measure CS:A

only when the vehicle is in motion. Varicus
equipment cal1bration and self·test fearures have be.e:'l
incorporated patticularly to keep the receiving syste:-:l
gain. noise temperarure and center frequency within
required tolerance.

Fipre 4 • MeavemeDt Automobile

Fipre 5· Test Recei..r
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Preliminaty f*lial analysis of the data indicates
reluively rew occuioDi that a silDifi~Ult eroS!
polarization compoDent occun uader Don
blocu,eI.bldowinl conditions of the direct signal.
Si.ftificant is meant berein u where the cross
polarized component is -12 dB or more witb respect
to the direct siJD&1. This implies that few non
bleclWl, specular reflections with polarization
reversal occur for this sateUite elevation 1A,le and
,round eDviloameDl. CODversely, most of the time
whea tbe ditect sipaJ is blocked or beavily
shadowed (atteDuated IS dB or more). the cross
polatiz.ltion component i. significant. This implies
tbat specular reflectioDi with polarization reversal
occur ill blocu,e or beavily sbaGowed conditioQS.
This it supported by the fact that tbe sipificUlC cross
polarizalioD componeDlS are ,eoerally of short
duration.

SUMMARY

Fipre 7 • Measurement Data (Urban)

At the conclwioD of cestin•• CD Radio wiU
reduce the da&a obtaiDed and issue • formal report
IUZIIDII'iziDI the results of tbe cescin,_ Copies of this
report will be made available to NASA and tbe
F.... ColDIINIIicatioDi Commitsion. This type of
cooperative .0veromeDl industry test program bas
beea iDitiII.t by NASA and CD Rldio Inc. to derive
UMNl dI&a OIl sateWee spatial divenity ill cODDectiol1
with the developmeDl of a new broldcutia, .ervice
ill the UDited Stales whicb will benefit the public.
tecbDololY development and manufacturUl',

,.,..,. ... ',..

Severtl measurement sessioIU were conducted
laLe last year. The initial one wu static for equipment
perfonnance a.ncl calibration. This wu followed by
5 hort mobile measurements both to characterize
equipment performance in the automobile and to make
routine the TDRS scbeduling by the NASA Goddard
Space Flight Center (GSFC). These tests detected
leakqe paths in tbe automobile meuuM, equipment
which were rectified by Idditional shieldin, and
chanees in cable NJ1I and minor software defects.
The scbeduq by GSFC wu bandied in IA elttremely
efficient and professioaal manner. As earlier
mentioned, besides rllldin, conveaient boles iD the
busy TORS schedule, GSFC provides the up-Ua.k
satellite sip! and frequeacy clearaACe of tbe hip
flux denlity TORS doWD fink sipsal so no ioterfereace
is cawed to olber .0venuneDl wen of thiI n1dio
frequency.

Two 100' dwwion~ null were made
on October 30 and 31, 1994 each of ,everal boun_
MIAY tAaireda of kilometen were covered iDcludiD,
area of downtoWD WubiDlt0ft. DC. suburbIA
ViraWa aDd Nral Vir,Wa. Data poi.a&l were
meaured every 1.5 meten of vehicle moVemea&. A
plot of tbe measured da&& is sbown iD Fi•. 6 for a
Nral area with DO blocu.e over a 14 minute period.
Fig. 7 is similar for IAu~ area with blocu,e Mel
shadowin.. The direct sipl at the iDput"of the
rneuuriDc device averapd -70 dBW ± 0.' dB &Dd the
cross polarized sipl avera,ed -9' dBW ± S dB.
The ere., polarized received sip CODlllta of the
compooea&l cawed by tbe lack of perfect polarizalioa
circularity (i.e.. allial ratio) of the TORS and
automobile Ultenau. specular reflectioD wbere the
polarization seDie becolDII revened IDd reeidu&l
noise £rom ditft&se sc:deriq and tile DOiH floor of tbe
automobile receiver. .

_..:. - ~ - '=:~-=-_---:_=--

Fipre 6 - MeasuremeDt Data (Rural)

.. I 1...,---..----_.--------
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