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METHOD AND APPARATUS FOR
SYNCHRONIZING COMMUNICATIONS IN A
SATELLITE BASED
TELECOMMUNICATIONS SYSTEM

FIELD OF THE INVENTION

The present invention generally relates to a satellite based
telecommunication system. More specifically, the present
invention relates to synchronization of forward and return
communications links between user terminals and earth
stations.

BACKGROUND OF THE INVENTION

Satellite based telecommunications systems have been
proposed for enabling user terminals to communicate with
one another and with an existing public telephone switching
network (PSTN). The user terminals interconnect with one
another and with the public telephone network through earth
stations strategically located at predefined geographic posi-
tions about the earth.

The proposed systems utilize a constellation of telecom-
munications satellites for relaying communications signals
between the user terminals and earth stations. These com-
munications signals pass along predefined channels
uniquely assigned to each user terminal Each channel
includes a forward link along which an earth station trans-
mits RF signals to a mobile terminal and a return link along
which the user terminal transmits RF signals to the earth
station. Each communications link passes through a corre-
sponding satellite which functions as a “bent pipe” and
retransmits all received communications to the correspond-
ing earth station or user terminal.

Typically, satellite based telecommunications systems uti-
lize one or more coding techniques to enhance the system
capacity. For instance, the system may employ frequency
division multiple access (FDMA) coding, time division
multiple access (TDMA) coding, code division multiple
access (CDMA) coding, or any combination of FDMA,
TDMA, and CDMA coding. In general, to maximize system
capacity, the earth station synchronizes in frequency and
timing each return link assigned thereto in order to prevent
interference between transmissions emitted from different
user terminals. To maintain synchronization, the transmis-
sions from multiple user terminals must be emitted at
predefined times to ensure that the transmissions are
received by a common earth station simultaneously Varia-
tions in timing result as the distance varies between a
coverage satellite and a transmitting user terminal. By way
of example, as the distance increases between a satellite and
transmitting user terminal, the transmission arrives later in
time at the earth station. Divergently, as the distance
decreases between a satellite and transmitting user terminal,
the transmission arrives earlier in time. To account for such
range variations, the user terminals are controlled to retard
and advance the starting times for data transmissions (i.e,
frames of communications data) to ensure that frames from
multiple user terminals assigned to a common earth station
arrive at the earth station simultaneously.

In addition, each earth station controls user terminals
assigned thereto in order to ensure that the return link
remains centered about an assigned carrier frequency (i.e.,
sub-band) as received at the earth station. The center fre-
quency of each transmission from a user terminal experi-
ences frequency changes due to the Doppler effect. The
Doppler effect occurs due to the fact that a satellite continu-
ously moves relative to a transmitting user terminal. The
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perceived carrier frequency of the receiver increases as the
satellite moves toward a user terminal and decreases as the
satellite moves away from the user terminal. If not corrected,
Doppler induced frequency shifts and timing misalignment
create co-channel interference between transmissions
received from multiple user terminals. Thus, the user termi-
nals continuously adjust the carrier frequency and timing of
outgoing transmissions to ensure that the perceived carrier
frequency and timing at the assigned earth station receiver
equals the assigned carrier frequency and timing for the user
terminal. A need remains for accurately maintaining the
forward and. return links between an earth station and user
terminal.

Moreover, a need remains to facilitate handovers.
Throughout transmission, satellites continuously orbit the
earth. The user terminals may also move. Consequently, a
communications link with a user terminal may need to be
transferred or handed over from one earth station to another
earth station. When a handover occurs, the user terminal
must be changed to a new channel in which it establishes
new forward and return links between the user terminal and
the new earth station. This adjustment includes changing the
timing of the user terminal to align with the new earth
station’s reference time. The user terminal transmitter must
also shift to a new carrier frequency. A need exists to
facilitate quick and reliable handovers by minimizing the
time needed to achieve synchronized forward and return
links with the new earth station.

Moreover, past systems have been unable to provide earth
station sharing wherein multiple earth stations communicate
with a user terminal at the same time through a common
satellite. Earth station sharing requires timing and frequency
alignment at the common user terminal of RF signals from
both earth stations. Such alignment is complicated due to the
presence of differing earth station to satellite path links and
Doppler variations. Also, existing systems have been unable
to provide return link synchronization with earth station
sharing in which user terminals commmunicate in a com-
mon subband through a common satellite to multiple earth
stations. To do so, the received communications signals
must be aligned in time and frequency at any earth station
receiving such signals.

A need remains within the industry for an improved
telecommunications system capable of maintaining synchro-
nization between multiple user terminals and sharing earth
stations. It is an object of the present invention to meet this
need.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide return
link synchronization to accurately align multiple user ter-
minals in time and frequency, at a common earth station
notwithstanding the differing user to satellite ranges and
Doppler shifts.

It is another object of the present invention to provide
forward link synchronization with earth station sharing
between multiple earth stations which transmit communica-
tions to a common user terminal at the same frequency.

It is a corollary object of the present invention to provide
forward link synchronization at a single user terminal which
receives transmissions from multiple earth stations through
a common satellite notwithstanding differences in the earth
station to satellite range and Doppler effect.

It is yet a further object of the present-invention to provide
return link synchronization between a user terminal and
multiple shared earth stations.
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It is a corollary object of the present invention to align, in
timing and frequency, at each of a plurality of earth stations
transmissions from a user terminal transmitted at a common
frequency through a common satellite to the plurality of
earth stations.

These and other objects are provided by a method and
apparatus for maintaining synchronous return and forward
communications links between a set of user terminals and at
least two earth stations communicating with the user termi-
nals via a common satellite in a satellite based telecommu-
nications system. Each user terminal maintains a closed
synchronization loop with its assigned earth station. The
user terminals update their internal timing and frequency
based on the received error offset signals in order to maintain
a synchronous return link with the associated earth station.
In an alternative embodiment, one of the earth stations is
designated as a master earth station while the remaining
stations are designated as slave earth stations. The slave
earth stations monitor at least one user terminal assigned to
the master earth station. Based upon a timing and frequency
of the monitored return link, the slave earth stations update
their internal reference timing and frequency, in order to
remain synchronous with the return link between the moni-
tored user terminal and the master earth station. The slave
earth stations maintain synchronous forward links by
requesting synchronization update information from the
monitored user terminal. Upon receiving a request, the
monitored user terminal calculates a difference in timing and
frequency between RF signals received from the requesting
slave and RF signals from the master earth station. The user
terminal transmits this difference along its return link. The
slave earth station, while monitoring the return link, updates
its forward timing and frequency generators to maintain its
forward links synchronous with those of the master earth
station.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 generally illustrates a satellite subsystem having
two earth stations communicating with separate user termi-
nals.

FIG. 2 illustrates an exemplary data structure for a frame
of communications data, along with an exemplary synchro-
nization waveform for use therein.

FIG. 3 illustrates a block diagram of the components of a
user terminal and earth station utilized in connection with
return link synchronization.

FIG. 4 illustrates an alternative embodiment for main-
taining return link synchronization between multiple earth
stations with respect to a common user terminal.

FIG. 5 illustrates a block diagram of a timing and fre-
quency control subsection of the slave earth station illus-
trated in FIG. 4.

FIG. 6 illustrates a flow process carried out when achiev-
ing return link synchronization.

FIG. 7 illustrates an alternative embodiment in which
synchronization is maintained within forward links between
a common user terminal and master and slave earth stations.

FIG. 8 illustrates the process carried out during forward
link synchronization according to the embodiment of FIG. 7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 generally illustrates a sub-section of a satellite
based telecommunications system including a satellite 10,
earth stations 12 and 14 and user terminals 15 and 18. Earth
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stations 12 and 14, include antennas 20 and 22 for tracking
the satellite 10. Additional antennas 24 and 26 are provided
for tracking a second satellite 28. Earth station 12 commu-
nicates with user terminal 16 via a forward link 30 and a
return link 32. The forward and return links 30 and 32 pass
through the satellite la which functions as a bent pipe to
retransmit all communications received. Earth station 14
communicates with user terminal 18 via forward and return
links 34 and 36, respectively The earth stations and user
terminals pass communications data and command informa-
tion along the forward and return links in sequential discrete
frames.

FIG. 2 illustrates an exemplary format for a communica-
tions frame 38. The frame 38 may include a header section
40 followed by a data section 42. The data section 42 may
include telecommunications data and/or commands, while
the header section 40 may include a synchronization field
having synchronization information necessary to maintain
synchronous communications along the forward and return
links 30-36. The header and data sections 40 and 42 may be
configured in a variety of formats. For instance, the data
section may include one or more PN codes, CDKA codes
and similar signature waveforms which uniquely identify
user terminals to which or from which the data is directed
Communications data may be modulated with the signature
waveform of the user terminal transmitting or intended to
receive the data. A frame 3S transmitted from a user terminal
16 only contains communications data related to that user
terminal and accordingly, the data section 42 includes data
modulated with the single corresponding signature wave-
form. A frame 38 transmitted by an earth station may include
communications data sets directed to multiple user termi-
nals. If so, the data section 42 is assembled by superimpos-
ing multiple data signals upon one another. Each data signal
is modulated with a corresponding unique user terminal
signature waveform to provide a composite communications
data signal.

The header section 40 may include a sync field 44
configured to hold one or more synchronization waveforms.
As explained above for the data section 42, frames trans-
mitted by a user terminal include a single unique synchro-
nization waveform Frames transmitted from earth stations
may include multiple synchronization waveforms superim-
posed upon one another within the Ls sync field 42 Each
synchronization waveform corresponds to a signature wave-
form and communications data set in the data section 44.

The preferred embodiment of the present invention uti-
lizes synchronous communications links in the forward and
return directions Communications signals are considered
“synchronous” when the transmitter is controlled to ensure
that a frame of communications data is received at a pre-
defined point in time and at the nominal carrier frequency.
With reference to FIG. 1, the forward link 30 from earth
station 12 is considered to be synchronous since the earth
station 12 transmits superimposed communications data for
multiple user terminals 16 and 18 in a single frame. The
overlapping data is aligned or “synchronized” within the
communications data section 42. The return links 32 and 36
are considered synchronous when multiple user terminals,
such as terminals 16 and 18, are controlled to transmit
frames of communications data such that both frames are
received simultaneously by the earth station 12 and syn-
chronous with respect to a reference time and frequency.

Returning to FIG. 1, the earth stations 12 and 14 include
modulator and demodulator banks 50 and 52 respectively.
The demodulators in bank 52 operate to separate commu-
nications data for each desired user terminal from the
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