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OAR MOBILE S-BAND EMULATION

Robert O. Briskman
CD Radio Inc., Washington, D.C.

ABSTRACT
A precise emulation of a new satellite radio direct broadcas:

service to subscriber automobiles has been performed. It ut~lized

for ~he first time S-band frequencies, simulation of satellite
transmission spatial, frequency and time diversity, and
psychoacoustic compression of the CD stereo music by a factor of
over eleven. The demonstration automobile was equipped with a
micrc-sized antenna for receiving 30 music channels. Measurement
results showed the system avoids service outages from transmission
path physical blockages and significantly reduces multipath
fading.

INTRODUCTION

A geosynchronous ,satellite ~ystem capable o"f providing maroj
channels of Digital Audio Radio Service (OARS) to mobile plat:crms
wi chin the contiguous United States using S-band radio freque~c:es

is be~ng implemented. The system is designed uniquely to mi::gate
both ~ultipath fading and outages from physical blockage in :he
trans~ission path by use of satellite spatial diversity in
comb~nation with radio frequency and time diversity. Figure 1
shows the generalized system configuration. The system also
employs a satellite orbital geometry wherein all mobile platfor~s

in the contiguous United States have elevation angles greater t~an

20° to both of the diversity satellites. Since implementation c:
the satellite system will require three years, an emulation has
been ?erformed using terrestrial fac:lities in order to a::ow
evaluation of OARS capabilities in advance of satellite syste~

o~era:ions. The major objective of the emulation was to prove :~e

:easicilicy of broadcasting from satellites 30 channels of CD
quality ~rogramming using S-band frequencies to an automobile
equi~?ed with a small disk antenna. The paper describes the DA2S
satellite system, the emulation configuration and emulation
perfor~ance results.
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DARS SATELLITE SYSTEM

7he satelli~e system consists of two geosynchronous
satellites, one located ove~ the east coast of the United States
~t 80 0 West Loncit~de and the second over the west coast of t~e

1nited States at ::0 0 West Longitude. The satellites receive in
the ~720 MHz band and transmit in two 8 ~Hz segments of the 2310
2360 ~H: band. 7~e satellites each receive the same transmission
:rs~ the syste~'s ~p-link/programming center essentially
si~ultaneously and retransmit the signal thr8ugh an antenna beam
covering the contiguous United States. Figure 2 shows the block
diagram of the satellite's transmission payload. The
retransmission frequencies of the two satellites are separated by
28 ~Hz and the beam edge SIRP is 57 dBW. The high EIRP is
~equired due tc =~e low gain of the mobile platform antenna. The
tr~nsmission consists of 30 stereo CD music channels, a 128 kb/s
service channel and several information channels. The CD stereo
~usic channels are compressed prior to transmission using a join:
encodi:.g algori:~m based on perceptual audio coding so only a 128
~b!s output data rate is required for each. The channels are
digitally mul:ip~e:~ed together (i.e., TDM-time division multiplex)
~~ith interleavi~g i~ ti~e, resulting in a 4 ~/s output signal.
:~e output signal is convol~tionally encoded, a Reed-Solomon code
added and then transmitted to the satellites using offset
quadraphase shift keying.

The satellite retransmissions are received by the mobile
platforms, particularly passenger automobiles. The mobile
platform G/T at worst operational aspect angle-is -19 dB/K. The
antenna is designed to provide 3 dBi gain within a 20 0 -60 0

elevation angie range a: all azimuths. The antenna is physically
:.= C~ in radi~s =nd J.~ :~ thick, designed for embedment in
~~=:~cbi:e ~::~~:~s. A ~~~~cgraph 8f ~he a~tenna is shown in
:~~~~~~. ~::e~ ~~~:: :~eq~e~cy recep~~cn, amplification and do~~

==~~e~si=~, ~~e :=a~sm~ssion ~rom each satellite is individua::y
ie~c=~~~=ed. :~e ~~c s~~~als are :ime phased together using a
~a::~~a~ rat~: cc~~i~er a~d then de-~ultiplexed. The user selec~s

:~e s~ec~:~c mus~c c~annel desired Hhich is then routed to the
~e=o~~ressor, :~e digital-tc-analog converter and the audio
a~plifier-loud speaker s~bsystem. Figure 4 shows a block diagra~

~: :~e ~c~i:e platfor~ receiver. The mobile platform receiver
:~st ~escri~ed e:.~oys great resistance to multipath fading and
2~:=~a~e s~~ce ~:s mec~a:.~:at~on takes advantage of satellite
S~~::3_, ~~e~~;e~=~· a~d :~~e jiversi~y as depic~ed in Figure 5.

EMULATION OBJECTIVES

There Here ~any objectives of the emulation which was
can: gured to simulate closely the previously described OARS
sate lite system. Among the more important ones were to:
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s~ow that satellite spatial diversity significan~~y

reduces transmission outages from blockages

Measure the reduction in multipath fading provided
by satellite spatial and frequency diversity

Evaluate the mobile user environment including
i~tegration of the automobile receiver operation and
display

Assess received music quality after psychoacoustic
compression with a 128 kb/s output transmission rate

Search for interference sources in the 2310-2360 ~Hz

band

EMULATION IMPLEMENTATION

It is difficult to emulate the capabilities of the previously
described DARS satellite system using terrestrial facilities to
simulate the satellites. This is because achieving a 20°
elevation angle to the mobile platform from the terrestrial
transmitter simulating the satellite over a reasonably large area
requires buildings or towers of great height. Also, the
demonstration of spatial diversity requires two transmitters
covering the same ge9graphical ~rea resulting in the need for
several tra~smitters. A satellite system emulation range was
constructed in Northern Virginia close to Washington D.C. Figure
6 is a roa~~ap of the range. Five high-rise building tops were
used as transmit locations to a vehicle driving a route through
the area configured so that two transmit locations are always at
10° or more elevation angle from the vehicle, and only one
~ransmit path at a time experiences physical blockage. The
?arti~ular ~riving route included areas representing both ~rban

a~d s~burba~ environments as well as areas with trees and a
roadway overpass.

The 30 CD music channels and service channel were generated
at a progra~ming/up-link earth station in Washington, D.C. using
the compression, multiplexing and modulation described earlier.
7he uplink s~ation transmitted the signal at Ku-band to the SBS-6
satellite which relayed the signal to standard VSATs on the high
rise buildir.g roofs. The VSAT received signal was translated by a
stable frequency converter to the 2310-2360 MHz band and was then
re-radiated using a small S-band transmitter and omni-directional
antenna. The S-band EIRP was adjusted to equal that which would
have been received at the mobile platforms ffom the previously
described geosynchronous satellites over the nominal vehicle
route. The standard passenger vehicle used for the emulation was
outfitted with a prototype receiver electronically identical to
those that would be used in the operational satellite system. A
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3~all dep~ession Nas ~ade in the car roof, the antenna i~se~ted

~~d t~e ~oof area ~epa~~ted to make the antenna invisible. ~he

~'~:~mcbi:e radio Nas ~s~ified Nith a single button to select
Satellite Radio in adci:ion to AM and ~M, a~d an expanded displa:'
nas ~sed to show the d~i'ler the music compcsition name aGe
=Cffiooser being played ~n the CO channel selected. A photcg~aph of
:~e· display is shown i~ Figure 7.

EMULATION OPERATIONS

An application was sub~itted to the ~C: in Oecembe~ 1992 :~~

a~ Experime~tal LicensE :0 conduct the previously described
~~~lation ~sing roo~tc~ mounted transmitters in the 2310-2360 M~=

~adio f~equency band. ~he license was granted on Februar'l 25,
:993 a~d the measu~eme~:s subsequently cited were performed
~~:marily from Ap~il 1993 t~rough early January 1994.

A simplified block diagram of the syste~ used for the
emulation is shown in Figure 8. Note that the automobile used a
four channel receiver, rathe~ than the two to be used in the
actual OARS satellite system, to avoid self interference from the
~elatively closely spaced rooftop antennas and that the 30 music
channels were compressed individually and then multiplexed.
Twenty minute music segments were then placed on the computer dis~

at the up-link earth station for transmission during the
demonstration. The music segments would repeat automatically at
the end of the twenty minutes.

MEASUREMENT RESULTS

Some selected measurements of interest are presented.
::gures 9, 10 and 11 show t~at no blockage occurred at measuring
?c:nts around the drivi~g range. At least one receiver channel
a~ways had a signal above threshold. Observation of multipath
~~dicated that greater than :0 dB improvement was obtained from
diversity and par~icular note is made of the 20 dB of frequency
selective fading avoidance by diversity shown in Figure 12. A
special test of blockage avoidance was made on one of the largest
freeway overpasses in the Washington, OC area, and the
~easurements are summarized in Figure 13. The measurements show
that no blockage outage would occur in vehicles passing under the
overpass with the diversity satellite OARS system for the geometry
ut:lized but would always occur for a single satellite OARS
system.

Measurements of ex:ernal radio interference in the 2310-2360
~Hz ~requency band showed no interference for the observing times
and locations monitored. The music compression subsystem used was
ouil: by AT&T employing ~erceptual transform coding operating with
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3n OU~?u~ data rate of 128 kb/s. CD quality of the music was
ac~ieved as measured in AT&T laboratC=i ~ests; the music quali~i

~e~su=erne~~s in the automobile were sUbjective with obse=ve=s
=ating t~~ quality as excellent. The automobile used fo= the
-=;::u:'at:'cn ".oJ3.S a Lincoln Mark VII. The radio was modified \01:'::-, _,,_
assistance of the Ford ~lectronics Di'lision to have the
=3~aDi::'cies shown in Figure 4 and to be operated by the dri.~e=
~i~~ a si~;le button control and with an extended display as S~C~~

~r. Fig~=e i. Post operations reviews indicated drivers hiq~~y

=a~ec t~e =on~=ol simplicity and the display which showed va=:'c~s

ir.fo=~a~i~n on the music being played. Over two hundred
~~g~~ee~i~g/ope=ation ~uns have been ?erformed to date wit~ c~e

~~a~:e~ 0: ~~e runs ca=~ying evaluation participan~s.

SUMMARY

~~e s~ula~ion has accomplished its p=eviously desc=ibec
:c~-=c~ives. From an ope=ational viewpoint, emulation partici~~r.:s

~=a:sed :~s transmission quality, the ease of vehicle radio
ope=ac:'cn and the equipment design. From an engineering
'/iewpoint, considerable data were obtained on equipment and
~=ansmission performance. The transmission data showed that the
co~bined spatial, frequency and time diversity provided large
mitigation against multipath (greater than 10 dB) and avoidance 0:
outages f=om blockage for the test range utilized.
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Figure -- The CD Radio System
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Figure ~ -- CD Radio Antenna

Figure 4 - Vehicle Receiver.
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Figure 5 -- ReductIOn of Blockage Outages"
By Use of Two Radio Broadcast Satellites
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Figure 7 -- Car Radio Display

Figure 8 -- CD Radio Test System - Block Diagram
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I Figure 9 ~- Test Range 0Ileasurement Points
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Figure 10 -- T~st Range AGe Measurements - Sheet 1 of 2
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Figure 11 - Test Range AGe Measurements - ?heet 2 of 2
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Figure 12 -- Test Range Spectrum i'lot
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Figure 13 -- Highway Overpass, Test Results Summary
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