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provides better call reliability.
Normallya user is covered by more
than one satellite.If the user moves
into an area that shadowsor blocks
access to one satellite, the space
diversitylinkthrougha satellitethat
is not blocked maintains
uninterruptedusercommunications.

Gateways are illuminated by an
earth coverage beam. The Gateway
connects the user telephone to the
terrestrialnetworkthroughan earth
terminal that acts as the gateway
between the Globalstat system and
the terrestrialnetwork.

UserTelephoneEquipment

The user telephonescome in several
varieties - hand held units, mobile
units and fixed station units. The
candidateuser telephonesare listed
in table1.

units typically have a higher gain
antenna,a lower noise receiver,and
a higher RF power output that is
providedby the adapterkit.

Fixed. Fixed station terminals are
Globalstar only. The fixed user
terminals have multiple antennas
pointed at different portions of the
sky. Each antenna element has
highergainthanmobileorhandheld
units and one antenna is used at a
time. This permits lower satellite
power in the forward direction and
lower interference in the reverse
direction.

Gutewoy

The Gateways are geographically
distributedby the serviceproviders
to serve their customer base.
Gateways are designed for
unmannedoperation. The Gateway
consists of up to four identical

Table 1 Pre-ProductionUser Telephones

I Fixed Tennina/ I Mobile and Hand Held I
IGlobalStarOnly IGlobalstarOnly I

I IDual ModeGlobalstar& GSM I

I Tri Mode Globalstar& TerrestrialCDMA&AMPS

The radiatingelementof
the antenna is positioned above the
head of the user. The antenna is
positioned vertically to effectively
utilize the symmetrical radiation
patternof the handheld antenna.

parabolic dish antennas, drive
mechanisms for positioning the
antenna,the Code DivisionMultiple
Access (CDMA) equipment, PSTN
interface equipmentthat interfaces
with the terrestrial telephone
networkand computerequipmentto

Md2ik memobileunitsconsistof a operate the Gateway and collect
hand held unit inserted in an statusandperformancedata.
adapter in the vehicle. The mobile
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The Gateway connects the
Globalstar space segment to
terrestrialswitchingequipment.The
Gateway receives telephone calls
from the terrestrial switching
equipment and generates Code
Division Multiple Access (CDMA)
carriers to transmit through the
satellite. The satellite then re-
transmits the signal to the user
telephones. These user telephones
may be either hand held, fixed or
mobile and located anpvhere within
the satelliteantennafootprint.

In the return direction,the Gateway
receivestransmissionsfromanyuser

.-

telephone and connects the call to “
terrestrialswitchingequipmentthat
can then connect to any subscriber
using the standard telephone
system. Connections can also be
made to terrestrial cellular
subscribers or to other Globalstar
usertelephones.

GlobakturSatellite

The Globalstarsatellite is a simple
low cost satellite designed to
minimize both satellite costs and
launch costs. A pictorial of the
satellite and some of the major
characteristicsare shownin figure3.

SatelliteDepth=68.6cm
(Earthto Anti-EarthPanel)

4
1473 cm

x
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A user telephone transmits to the
satellite by L-Band. The signal
enters the satellite through the L-
Band low noise amplifier. It is
amplifiedand then convertedinto a
C-Band signal. This is radiated to
the Gateway.The Gatewayreceives
the signal and downconverts to an
intermediate frequency. The
communicationstraffic is presented
to the CDMA equipment for
demodulation.

In the transmit direction, the
Gateway combines the up link
CDMA signals with the signal horn
the command transmitter and
radiates it at C-Band up to the
satellite. The satellite then
downconverts the signal and
radiatesan S-Banddownlink signal
to the usertelephones.

Gmurd o~rutions contro/
CefMer/Sutdlife
OperationsControl
Cenfer

Ground Operations Control Center
is responsible for planning and
managementof the communications
resourcesof the Globalstarsatellite
constellation. This is coordinated
withthe SatelliteOperationsControl
Center that manages the satellites,
controls the orbits and provides
Telemetry and Command services
for the satelliteconstellation.

ChannelPropagation
Considerations

The channelpropagationmodelingis
of paramount importance in
developinga communicationsystem

for both performancepredictionmid
system design. For the terrestrial
cellular telephone system, the
propagationchannel has been well
studied.However,in the Globalstar
environment further work is
requiredto developa comprehensive
model. For the terrestrial system,
typically the user equipment does
not receive a direct line of sight
signalcomponent.Instead,the signal
is composedof the reflections born
many diffuse scatterers. In
terrestrialCDMA,we employa Rake
receiver design to combine energies
ilom differentpathsto offsetsomeof
the signalfading.For the Globalstar
system, the typical scenario will
enable the user telephone to
maintain a direct line of sight
component with the satellites in
view. For the Globalstar system
locatedin rurallocations,mostof the
obstructionsof thedirectline of sight
componentwill be due to vegetative
shadowingthat does not completely
block the direct line of sight
component, but rather simply
attenuates it. Therefore, the
Globalstar channel is significantly
better than the terrestrial channel
horna signalfadingperspective.

Significantimprovementin channel
propagationcomes from the use of
continuous multiple satellite
diversityemployed in the design of
the Globalstar system. The use of
satellitediversitywill help mitigate
signalfadingand greatlyreduce the
powerrequirementsto originateand
maintaincalls relativeto operations
with a single satellite. Given two
satellitesin view at the same time,
the probabilityof signal blockage
shadowing to both satellites

or
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significantly less than the
probability of blockage to a single
satellite.

Another difference with terrestrial
system is vastly different forward
and reverse link frequencies. The
correlationbetween signal fades on
the forward and reverse link
frequencies will be used in
developing strategies for power
control. One of the major problems
associated with the land mobile
satellite channel is the long delays
associatedwith the transit times to
and born the Gatewaysthroughthe
satellite.This satellite link delay is
tensof millisecondslongcomparedto
less than a couple of millisecondsin
the terrestrialcase.

Signal Components

The signal received at a user phone
is composed of three components:
direct line-of-sight, specular
reflectionand difise reflection.The
diffise componentis composed of a
sum of a large numberof individual
terrain scatterers horn outside the
firstFresnelzoneof thevehicle.This
diffise component is characterized
by phase incoherentmultipathwith
a uniform phase distributionand a
Rayleigh amplitude distribution
(hence known as Rayleigh fading).
Thesignalfadingassociatedwiththe
difise component combining with
the direct component produces the
fast-fading characteristics of the
propagationchannel.

The direct signal component is
subjectto shadowingby obstaclesin
the local environmentsuch as trees
and buildings. This form of fading

has fade rates that are significantly
less than the Rayleigh component
andis primarilydue to the motionof
the mobile unit with respect to the
geometry of the object causing the
shadowing. In the presence of
vegetative shadowing,a direct line-
of-sight signal is subject to
attenuation by the surrounding
vegetation. The direct line-of-sight
signal has an amplitude
characteristic that can best be
described as being log-normally
distributed [2]. This direct line-of-
sight signal combined with the
Rayleigh distributed multipath
signal from the diffime scatterers
provides a composite Rician
distribution with a line of sight
signal amplitudevariability defined
by the log normaldistribution.

In the case of travel through a city,
the most significantcharacterization
is the percentageof time the direct
signal path is blocked due to the
geometryof the local buildingswith
respect to the signal line-of-sight.It
has been found that the description
of the distribution fhnction during
times of direct line-of-sight signal
blockage is best described by a
Rayleigh distribution whose mean
receivedpoweris describedby a log-
normal distributed variable. In
instances where there is no signal
blockage, the distribution is best
describedby a Riciandistribution.

ChannelModeling

Giventhe limitedsatelliteresources,
estimationof systemperfoxmmnceis
criticallydependentupon the signal
propagation losses. The purpose of
the channel modeling activity is to
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accurately characterize the signal
propagationfrom (or to) the satellite
when communicating with a GS
telephone user. Signal propagation
characteristics are strongly
dependent on the environment
surroundingthe usertelephonesuch
as the height and density of
vegetation,the locationof manmade
structures, nearby hills, etc.
Therefore, the sign al
characterization must account for
the type of terrain one expects to
encounterandthe locationof objects
in the environmentthat impedethe
direct line of sight between the
satelliteandusertelephone.

At different locations and terrain
types, we are concerned with
determining the following signal
characterizations for each of the
statesidentifiedabove:

1.

2.

3.

4.

5.

6.

7.

The signalfadepowerprobability
distributioniimctions,

Characterizationof the modeling
parameters of the magnitude
function for the direct line of
sight componentand the difise
component

Temporalcharacterizationof the
diifbsesignalcomponent

Average fade and non-fade
durations

Probability distributionsof fade
(and non fade) durations below
(above) a series of signal
thresholds

Timedelayspread

Cross correlation of signal
magnitudefunctionsbetween L-
bandandS-bandsignals

This signal characterizationat each
location is dependent upon the
geometry between the satellite and
the user telephone (primarily
satelliteelevationangle and the line
of sight vector between the satellite
and the user telephone), motion of
the user telephone, and the user
telephoneantennacharacteristics.

Characterization of the
environments to be encountered is
also a big factor to be considered.
This characterization involves
determiningthe percentage of time
one would anticipate encountering
the various terrain types in a given
locale.

S yDesign
Considerations

The sections below provide an
overviewof someof the designissues
in the Globalstar system with
channelpropagationconsiderations.

Contfo/

To achievethe high capacity,quality
and other benefits inherent in the
CDMA waveform design, the
Globalstarsystemwill employpower
control on both the forward link
(Gateway to user telephone) and
reverse link (user telephone to
Gateway) communications. On the
reverse link, the objective of the
power control process is to produce
the same nominal received signal
power from each transmitting user
telephone. On the forward link, the
objectiveof the powercontrolprocess
is to provide a minimum power at
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achievethe desiredqualityof service
for eachusertelephone.

The principal problem facing the
designer of the Globalstar power
control is the large round trip
propagation delay that reduces the
tracking capability of closed loop
power control. Fortunately, the
satellitechannelis inherentlyRician
due to the strong line-of-sight
component, as opposed to the
Rayleigh channel prevalent in
terrestrialcellularsystems.Thishas
the implication of reducing the
tracking requirement for power
control, which now has to contend
only with the effects of shadowing
and/or blocking by trees and
buildings. These effects have
different dynamics than diffuse
multipath fading effects. The
Globalstar system design also
provides for multiple satellite
diversityfor mostusers.Thishasthe
effectof reducingthe fluctuationsin
signal level. Due to the large round
trip delay, the bandwidth of the
fading processes that can be
compensatedfor with power control
is limitedand must be compensated
using a combinationof interleaving,
codingandopenlooppowercontrol.

To compensatefor the sluggishness
in the closed loop power control,
investigations of open loop power
control strategies are being
considered. In the open loop power
control, the user telephone (or
Gateway) measures the received
forward (or reverse) link signal and
adjusts the power of his transmit
reverse(or forward)link signal.The -
open loop power control can be
operated at higher operational

bandwidths and can thereforereact
more quickly to its environment.
Essential to the development of
closed loop power control strategies
is a betterunderstandingof the cross
correlation between L-band and S-
band signaling.

SystemCapacity

Computation of the capacity of the
Globalstar system is a complex
problem. However, one of the
overridingfactorsin the computation
of the channel capacity is the
inclusion of channel propagation
characteristics. Satellite resources
are finite and must be carefully
controlled.The channelpropagation
characteristics coupled with the
power control process dictates the
amount of diversity gain to be
achieved by employing multiple
satellites, the peak power required
by a satellite and the total power
consumed by the satellite. Of
paramount interest is the
determination of propagation state
probabilitiesas a fhnctionof satellite
to user telephone geometry in a
varietyof differentlocations.

low LewdDesign

The low level design of the
Globalstarsystemis dependentupon
the characteristics of the received
signal after the application of the
power control process. The residual
channel characteristicsare used for
the design of plethora of different
issues. In our application, the
channelcharacteristicsareprimarily
superiorto those encounteredin the
cellularsystem.
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Sufnmary

In this paper, an overview of the
Globalstarsystemwas providedwith
emphasison designissuesassociated
with the channel propagation
characteristics of the land mobile
satellite channel. Based upon a
comparisonof the terrestrialcellular
propagationchannel,the landmobile
satellite channel provides many
advantages.However, fhrther work
is required to completelydefine the
propagation channel for the
Globalstardevelopmenteffort.
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