PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION T
International Bureau ~ -

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6.

H04B 3/46, 17/00 Al

(11) International Publication Number:

(43) International Publication Date:

WO 99/21290

29 April 1999 (29.04.99)

(21) International Application Number: PCT/US98/21637

(22) International Filing Date: 20 October 1998 (20.10.98)

(30) Priority Data:

60/062,496 20 October 1997 (20.10.97) Us
60/062,497 20 October 1997 (20.10.97) Us
60/064,673 20 October 1997 (20.10.97) us

(71) Applicant (for all designated States except US): COMSAT
CORPORATION [US/US];, 6560 Rock Spring Drive,
Bethesda, MD 20817 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): AGARWAL, Anil, K.
[US/US]; 409 Midsummer Drive, Gaithersburg, MD 20878
(US). THORNE, Charles, Richard [US/US]; P.O. Box 128,
Rohrersville, MD 21759-0128 (US).

(74) Agents: CUSHING, David, J. et al.; Sughrue, Mion, Zinn,
MacPeak & Seas, PLLC, Suite 800, 2100 Pennsylvania
Avenue, N.W., Washington, DC 20037-3202 (US).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD,
GE, GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR,
KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN,
MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK,
SL, TJ, ™™, TR, TT, UA, UG, US, UZ, VN, YU, ZW,
ARIPO patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF,
BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN,
TD, TG).

Published
With international search report.

(54) Title: METHOD FOR MEASUREMENT AND REDUCTION OF FREQUENCY OFFSETS IN DISTRIBUTED SATEL-
LITE/WIRELESS NETWORKS AND CORRESPONDING COMMUNICATIONS SYSTEM

TRANSMITTER RECEIVER
202 26
MODULATOR DEMODULATOR
04 ]
U4
ENCY
CONTROLLER FRE%JBITGKT
MEMORY
il m

(57) Abstract

——7
SATEU.(;E\W
TRANSMITTER RECEVER
" %
MODULATOR | | DEMODULATOR
] L)
il
CONTROLLER e G o
440 MEMORY
iR

A method for measurement and reduction of frequency offset in a communication network having a master reference terminal (400)
and at least one terminal (200) exchanging reference and control bursts includes steps for adjusting demodulator (208) frequency in the
terminal responsive to a first frequency error between a first nominal frequency value and a respective reference burst received by the
terminal (200), and adjusting modulator (204) frequency at the terminal (200) responsive to a second frequency error between a second
nominal frequency value and a control burst generated by the master reference terminal (400) and transmitted to the terminal (200). A

corresponding communications network is also described.
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METHOD FOR MEASUREMENT AND REDUCTION OF FREQUENCY
OFFSETS IN DISTRIBUTED SATELLITE/WIRELESS NETWORKS AND
CORRESPONDING COMMUNICATIONS SYSTEM

BACKGROUND OF THE INVENTION
The present invention relates generally to methods for minimizing the frequency
offset between satellite or wireless network components. More specifically, the present
invention relates to method for measuring and reducing frequency offsets in distributed
satellite and/or wireless networks. A corresponding system is also disclosed.

This application is based on and claims priority from provisional patent applications,
Serial Nos. 60/062,497, 60/064,673 and 60/062,496, which are incorporated herein by
reference for all purposes.

In a distributed satellite/wireless network based on Frequency/Time Division Multiple
Access (FDMA, TDMA) technology, traffic terminals transmit data to one another in short
bursts. Each terminal uses a local clock to generate carrier frequencies for transmission and
reception of bursts. Due to a number of factors, the frequency at which a terminal transmits a
signal is different than the frequency at which the signal is actually received at a destination
terminal. This difference in frequency can be as high as 20 KHz. It will be noted that this
mismatch in frequency can have a large impact on the performance and reliability of the
reception of a burst. In general, the larger the difference between the received frequency and
the expected frequency, the larger is the probability of missing the burst or of detecting the
burst but introducing bit errors in the process. Similar problems exist with respect to CDMA,
i.e., Code Division Multiple Access, systems.

More specifically, the frequency mismatch between terminals is caused by the
following factors:

(1) The up-converter equipment at the transmitter;

(2) The down-converter and up-converter equipment at the satellite;

(3) The down-converter equipment at the receiver; and

(4) The satellite Doppler caused by satellite motion.
It will be appreciated that most of these factors cause a time-varying change in frequency
offset. For example, relatively rapid changes in frequency offset can occur due to
temperature changes. Moreover, relatively slow changes in frequency offset can be attributed

to equipment, e.g., terminal, aging.
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Traditionally, this problem has been solved by designing satellite/wireless burst
demodulators that are capable of handling large frequency offsets. It will be noted that this
results in a more complex and expensive modem implementation. It should also be
mentioned that this may dictate that transmission power levels be high so as to maximize
burst recognition, which leads to further system complexities. For example, U.S. Patent No.
5,619,525 to Wiedeman et al. discloses a method of operating a satellite communication
system, which method provides adaptive closed loop power control. First, the ground station
transmits an uplink reference signal with a first frequency to the satellite. The uplink
reference signal experiences an attenuation between the ground station and the satellite due
to, for example, a rain cell. The satellite then receives the reference signal and repeats the
reference signal at a second frequency as a downlink reference signal that is transmitted from
the satellite. The second frequency is less than the first frequency and is not significantly
impaired or attenuated by the rain cell. The downlink reference signal is transmitted with a
power that is a function of the power of the received uplink reference signal. Then, the
downlink reference signal is received and used to determine the amount of attenuation that
was experienced at least by the uplink reference signal between the ground station and the
satellite. Thereafter, the transmitted power of the uplink reference signal is adjusted in
accordance with the determined amount of attenuation so as to substantially compensate for
the experienced attenuation. It would be preferable to avoid such complexities.

What is needed then is a method for minimizing frequency offsets in satellite
networks and the like. U.S. Patent No. 5,613,193 to Ishikawa et al., which is incorporated
herein by reference, discloses a system and method for frequency offset compensation in a
satellite mobile communication system. Frequency offset compensation is carried out by an
Enhanced Automatic Frequency Control (EAFC) system in which a pilot (reference) signal is
sent by a reference earth station physically separated from a land earth station. Using the pilot
control signal, the land earth station measures the frequency offset in a signal received from a
mobile earth station through a satellite due to frequency offset using a transponder in the
satellite and a local oscillator in the mobile earth station, and the frequency offset due to
Doppler shift by movement of the satellite. The land earth station then informs the mobile
earth station of the measured frequency offset for controlling the local frequency for
communication. Therefore, the Ishikawa et al. reference requires that each pair of terminals
communicate and perform frequency measurements with respect to each other. Furthermore,
not every terminal in the system proposed by the Ishikawa et al. reference measures
frequency offset, i.e., between the mobile land stations.

Thus, what is needed is a method which permits a substantial reduction in the error
between the actual received frequency and the frequency programmed at the demodulator.
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Advantageously, it would be desirable to have a method which permits a maximum error
between the actual received frequency and the frequency programmed at the demodulator of
several hundred hertz, with E100 Hz being considered a realistic maximum frequency error.
It will be appreciated that this capability is critical where obtaining adequate performance at
low signal-to-noise (SNR) levels is problematic using the conventional frequency error

correction techniques discussed above.

SUMMARY OF THE INVENTION

Based on the above and foregoing, it can be appreciated that there presently exists a
need in the art for a method for measuring and reducing frequency offset between
components of a distributed system which overcomes the above-described deficiencies. The
present invention was motivated by a desire to overcome the drawbacks and shortcomings of
the presently available technology, and thereby fulfill this need in the art.

An object according to the present invention is to provide a method for measuring and
reducing frequency offset in a distributed network, e.g., satellite network or wireless network,
which results in a higher performance system. Advantageously, the higher performance
system would be characterized by improved burst detection probability with a corresponding

lower bit error ratio.

Another object according to the present invention is to provide a method for
measuring and reducing frequency offset in a distributed network, e.g., satellite network or
wireless network, which results in a lower cost implementation of, for example, the TDMA
modem. According to one aspect of the present invention, instead of requiring frequency
measurements between every pair of terminals, the inventive method implements an
algorithm which requires measurements only between individual terminals and the reference
terminal. According to another aspect of the present invention, these measurements are
performed using reference and control bursts. It will be noted that this represents a
significant departure from conventional method of frequency offset reduction, since the
inventive method does not require that each pair of traffic terminals communicate with one

another and perform frequency measurements with respect to each other.

Advantageously, the inventive method naturally allows reception of Aloha bursts,
where a terminal can receive a burst from any transmitting terminal within a given time slot.
Moreover, the method according to the present invention naturally allows transmission of
multicast bursts, where multiple terminals can receive a burst from one or more transmitting

terminals within a given time slot.
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Yet another object according to the present invention is to provide a method for
measuring and reducing frequency offset in a distributed network, e.g., satellite network or
wireless network, which minimizes the number of parameters that each terminal has to

maintain with respect to frequency management.

Still another object according to the present invention is to provide a method for
measuring and reducing frequency offset in a distributed network, e.g., satellite network or
wireless network, which minimizes the number of bursts dedicated for frequency offset

management purposes.

These and other objects, features and advantages according to the present invention
are provided by a method for measurement and reduction of frequency offsets in a
communications network including a master reference terminal and a terminal exchanging
reference and control bursts. Preferably, the method includes steps for adjusting demodulator
frequency in the terminal responsive to a frequency error between a nominal frequency value
and a respective reference burst received by the terminal, and adjusting modulator frequency
at the terminal responsive to a frequency error between a nominal frequency value and a
control burst generated by the terminal and transmitted to the master reference terminal.

These and other objects, features and advantages according to the present invention
are provided by a method for measurement and reduction of frequency offsets in a
communications network including a master reference terminal and N terminals exchanging
reference and control bursts via a satellite, including steps for adjusting demodulator
frequency in the Nth terminal responsive to a first frequency error between a first nominal
frequency value and a respective reference burst received by the Nth terminal, determining a
second frequency error between a second nominal frequency value and a control burst, the
second frequency error being generated by the master reference terminal, and adjusting

modulator frequency at the Nth terminal responsive to the second frequency error.

These and other objects, features and advantages according to the present invention
are provided by a method for measurement and reduction of frequency offsets in a
communications network including a master reference terminal, a secondary reference
terminal, and N terminals exchanging reference and control bursts via a satellite.
Advantageously, the method includes steps for adjusting demodulator frequency in the Nth
terminal responsive to a first frequency error between a first nominal frequency value and a
respective reference burst received by the Nth terminal, determining a second frequency error
between a second nominal frequency value and a control burst, the second frequency error
being generated by one of the master reference terminal and the secondary reference terminal,
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and adjusting modulator frequency at the Nth terminal responsive to the second frequency

CITOor.

These and other objects, features and advantages according to the present invention
are provided by a communications network including a master reference terminal and a
terminal exchanging reference and control bursts via a communications channel and having
means for measuring and reducing frequency offsets in the terminal of the communications
network, wherein a demodulator frequency of the terminal is determined based on a first
frequency error between the reference burst and a nominal frequency value determined by the
terminal and a modulator frequency of the terminal is established responsive to a second

frequency error generated by the master reference terminal with respect to the control burst.

These and other objects, features and advantages of the invention are disclosed in or

will be apparent from the following description of preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

These and various other features and aspects of the present invention will be readily
understood with reference to the following detailed description taken in conjunction with the
accompanying drawings, in which like or similar numbers are used throughout, and in which:

Fig. 1 is a high level, partially block and partially representational, diagram which is
useful in understanding the basic operation of the operating method according to the present
invention;

Fig. 2 is a high level block diagram of an exemplary communication network
according to the present invention having the construction illustrated in Fig. 1;

Fig. 3 is a high level, partially block and partially representational, diagram which is
useful in understanding a more complex, aiternative operating method according to the

present invention;

Fig. 4 is a flowchart illustrating the steps associated with receiver (acquisition)
initialization according to the present invention;

Fig. 5 is a flowchart illustrating the steps associated with transmitter (acquisition)
initialization according to the present invention;

Fig. 6 is a flowchart illustrating the steps associated with receiver operation according
to the present invention;

Fig. 7 is a flowchart illustrating the steps associated with transmitter operation
according to the present invention; and

Figs. 8 and 9 are high and low level block diagrams, respectively, of conventional
frequency offset measurement circuitry which can be utilized with the various preferred

embodiments according to the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Before beginning a detailed discussion of the preferred embodiments of the present
invention, a brief discussion of the novel methods according to the present invention will be
presented while referring to Fig. 1, wherein a terminal (TT) 200 is operatively connected to a
master reference terminal (MRT) 400 via a satellite 300. It should be noted that in the
discussion which follows, the definitions listed immediately below are applicable:

f - Nominal frequency of a carrier;

ui - Frequency error introduced by transmit equipment at terminal i;
di - Frequency error introduced by receive equipment at terminal i;
Di - Frequency error due to Doppler between satellite and terminal i,
ul - Frequency error introduced by transmit equipment at the MRT;
do - Frequency error introduced by receive equipment at the MRT;
D0 - Frequency error due to Doppler between satellite and the MRT;
S - Frequency error introduced by the satellite;

RCi - Receive frequency correction factor at terminal i; and

TCi - Transmit frequency correction factor at terminal i.

In the system illustrated in Fig. 1, i.e., a distributed network, each carrier has a
nominal frequency f. [Each terminal "i”" programs its modulator (demodulator) to this
frequency fi, when transmitting (receiving) a burst on the given carrier. When the terminal
"i" programs the modulator to frequency fi, then the frequency fj "seen" by the demodulator
at terminal j is denoted by the following expression:

fj = [fi] + [ui + Di + s + dj + Dj].

It will be noted that this frequency error component, i.e., the term ui + Di + s + dj +
Dj, which can be as high as 20 kHz, plays an important role in demodulator performance.
The method according to the present invention introduces a novel approach to dynamically
measuring and reducing this frequency offset between the terminals. Preferably, the
inventive method uses continuous measurements and corrections of both transmit and receive
carrier frequencies so that the frequency offset advantageously can be reduced to 100 Hz, or
less. It will be appreciated from the discussion which follows that the method according to
the present invention imposes very low overhead on the system capacity. Moreover, the
method according to the present invention does not require that every terminal transmit data
to every other terminal capable of receiving its transmission, thus eliminating a significant
burden on system capacity in a large network. Beneficially, the method according to the
present invention naturally compensates for time-varying components of the frequency offset,
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such as those caused by satellite motion, i.e., Doppler shifts, and those caused by temperature

fluctuations and aging in satellite and ground equipment.

The method for measuring and reducing frequency offsets in a distributed network,
described in detail below, measures the error components, identified above, and compensates
for these error components by inserting a correction factor in the programmed frequency
associated with each modulator and the demodulator in such a way that the net frequency
error at the demodulator is small. Stated another way, the method for measuring and
reducing frequency offset in a distributed network according to the present invention permits
computation of error components ui, Di, s, and di for each terminal "i" in the distributed
network system. It will be appreciated that this allows each terminal "i" to modify its
respective modulator frequency for a burst by a factor of (ui + Di) and its respective
demodulator frequency for a burst by a factor of (di + Di). Thus, the frequency f "perceived"
at the satellite from any one of the terminals advantageously is equal to f+ D0+ u0, where the
suffix O refers to a Reference Terminal, e.g., the MRT 400.

It will be appreciated that the residual frequency error at each terminal "i" is a
function of both the frequency measurement accuracy and precision associated with each
terminal and any short-term variations in ui, Di, s or di. It is expected that the residual
frequency error at any point in the distributed system advantageously will be on the order of
100 Hz; preferably, the residual frequency error at any point in the distributed system will be
much less that 100 Hz.

It should be noted that the method for measuring and reducing frequency offset in a
distributed network according to the present invention assumes that the value of the
parameters ui, Di, s and di, i.e., the error components mentioned above, are constant for a
given terminal, even though it will be appreciated that these parameters may change slowly
over time. It should also be noted that the method for measuring and reducing frequency
offset in a distributed network assumes that these parameters are applicable for all carriers
within a transponder, i.e., the method for measuring and reducing frequency offset in a
distributed network works on the assumption that the values of these parameters are not a

function of the carrier frequency.

It should also be noted that the method for measuring and reducing frequency offset in
a distributed network according to the present invention requires that every terminal be able
to measure the frequency offset of a received burst, i.e., the difference between the expected
or programmed frequency value and the actual received frequency. Moreover, the method
for measuring and reducing frequency offset in a distributed network requires that reference
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stations, e.g., MRT 400, transmit a reference burst which all terminals, e.g., all terminals in a
spot beam, receive and use to measure receive frequency offsets. Furthermore, the method of
measuring and reducing frequency offset in a distributed network requires that all terminals
periodically transmit a control burst to the reference station(s), which control burst
advantageously can be employed to measure transmit frequency offsets. It will be
appreciated that such control bursts are typically used in satellite/wireless TDMA systems for
control, monitoring and timing purposes anyway; hence, the method according to the present
invention does not require any additional bursts which would degrade system availability.

Moreover, it will be appreciated that communication system components include
structure capable of performing frequency error measurements are known to one of ordinary
skill in the art. For example, U.S. Patent No. 5,640,431, which patent is incorporated herein
by reference for all purposes, discloses an offset frequency estimator, which follows a
reference information extractor for extracting reference samples from a received signal. The
offset frequency estimator includes an acquisition circuit that first filters the reference
information to thereby form a filtered reference sequence, then correlates the sequence
against a predetermined reference signal, e.g., a sequence or family of candidates in a discrete
Fourier transform (DCT) correlator. The output correlation values are then used in
determining an offset signal characteristic estimate, e.g., an offset frequency estimate. For
DFT processing, the index, e.g., a predetermined value corresponding to a time rate of phase
change measure, of the peak output, detected in a peak detector, is passed to a lowpass filter
(LPF), the output of which is an initial frequency estimate, f;, When in tracking mode, i.e.,
after the received signal has been initially acquired, the reference symbol stream is input to a
filter and the filtered sequence correlated against a prior sample to determine the phase
rotation in a predetermined time interval. The result is lowpass filtered, adjusted according to

a prior estimate, yielding a frequency estimate f.

It should be noted that many types of communication systems, e.g., personal
communication systems, trunked systems, satellite communication systems, data networks,
and the like, can be adapted and/or designed to use the principles described in U.S. Patent No.
5,640,431. It will also be noted that the circuitry disclosed in U.S. Patent No. 5,640,431 is
only one of many possible approaches to providing fixed and mobile stations which include a

frequency estimation or measurement capability.

As shown in Fig. 8, which figure was found in U.S. Patent No. 5,640,431, a coherent
receiver 100 includes a baseband converter 102, which receives a reference symbol encoded
spread spectrum signal via the antenna of the receiver 100, and which downconverts the
signal for further processing at baseband frequencies. Despreader 104 next despreads the
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signal, and the reference samples 107 are extracted from the signal by reference sample
extractor/demultiplexer 106. The reference samples 107 are then fed to frequency
estimator/AFC 110, while the data samples are appropriately delayed for phase rotation by
the frequency offset correction output from AFC 110.

During initial acquisition, the reference samples 107 are routed via switch 109 as
input 111 to acquisition frequency estimator 120. Acquisition frequency estimator 120, which
will be described more fully below, determines an initial frequency estimate f 131, which is

fed to frequency tracker 140.

It should be mentioned that the inserted reference symbols can be organized in blocks
or uniformly distributed. For a flat fading channel, it is desirable to insert reference symbols
periodically and uniformly in the data stream. For a DS-CDMA up-link with a RAKE
receiver for frontend processing, one can treat the output of each RAKE "finger" as being a
flat faded signal. Thus, the communications system will uniformly insert one reference
symbol for every Y coded data symbols. Upon acquisition, switch 109 couples reference
symbols 107 to frequency tracker 140 via input 112. Frequency tracker 140, which is also
described more fully below, determines a frequency offset estimate f 160 based on both f;
131 and reference sample input 112. The frequency offset estimate 160 is then converted in
circuit 161 and fed as frequency correction signal 162 to mixer 170. Mixer 170 serves to
adjust the phase/frequency of the data samples 108 prior to processing by
demodulator/detector 180.

Fig. 9, also extracted from the ‘431 patent, illustrates the acquisition frequency
estimator 120. The reference samples 107 are first filtered so as to effect averaging, thus
reduce aliasing in the downsampled output of filter 121, since the overall despread bandwidth
is several times wider than the reference sample bandwidth. Preferably, a boxcar filter 121
operates with a length L over the reference samples 107, although other filters may also be
employed. The output of filter 121 is fed to discrete Fourier transform (DFT) memory 122,
and then to DFT estimator 124, which together form correlator 125. DFT estimator 124
performs a partial DFT calculation on the DFT memory 122 output. After each computation
of DFT estimator 124, the output set D is fed to peak detector 126. The index m of the filter
with the peak energy value is determined, and this index m’ is filtered by filter 127 to reduce
the effects of noise.

A first preferred embodiment of the method for measuring and reducing frequency

offset in a distributed network according to the present invention will now be described while
referring to Figs. 1 and 2. It should be mentioned that the inventive method is advantageous
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for systems, i.e., a network with global beams or a network with spot beams, wherein the
Master Reference Terminal (MRT) can receive its own transmissions. Such a system is

depicted in alternative ways in Figs. 1 and 2.

Referring first to Fig. 1, the system controlled according to a first embodiment of the
novel methods of the present invention consists of a MRT 400 connected to at least one
terminal (TT) 200 via a satellite 300. As illustrated in Fig. 2, the terminal 200 preferably
includes a modulator 204 for generating a signal of frequency f, operatively coupled to a
transmitter 202, which is attached to an antenna (Fig. 1). Advantageously, terminal 200
includes a receiver 206 operatively connected to both the antenna of Fig. 1 and a demodulator
208. All of the components 202, 204, 206, and 208 are controlled by a controller 210, which
controller is connected to a memory 212 storing various data values, all of which will be
discussed in greater detail below. Preferably, the terminal 200 also includes a frequency
measurement circuit 214, the operation on which will be discussed in greater detail below.
One non-limiting, possible configuration of the frequency measurement circuit was discussed

above.

Still referring to Fig. 2, the MRT 400 advantageously can include a modulator 404 for
generating a signal at a predetermined frequency, which modulator is operatively coupled to a
transmitter 402, which is attached to the antenna of Fig.1. Advantageously, MRT 400 also
includes a receiver 406 operatively connected to both the antenna of Fig. 1 and a demodulator
408. All of the components 402, 404, 406, and 408 are controlled by a controller 410, which
controller is connected to a memory 412 storing various data values, all of which will be
discussed in greater detail below. Preferably, MRT 400 also includes a frequency
measurement circuit 414, the operation on which will also be discussed in greater detail

below.

During normal operation, the system depicted in Figs. 1 and 2 operates according to

the following rules:

(1)  The modulator (transmit) frequency of MRT 400 is set to f;

(2)  Every terminal i, including MRT 400, has its demodulator (receive) frequency
set to (f + RCi), so that the frequency error measured by the demodulator at
terminal "i" when receiving a Reference Burst is 0. As will be discussed in
greater detail below, the demodulators 208, 408 advantageously can be
employed to determine the error between the programmed frequency and the
measured frequency of the received Reference Burst and this value

beneficially can be used to adjust the value of RCi.
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(3)  Every terminal i, except the MRT 400, has its transmit frequency set to (f +
TCi), so that the frequency error measured by the demodulator at the MRT
400 is 0. It should be noted that the MRT 400 measures the frequency error
reported by its demodulator 408 for acquisition and control bursts, and sends
the error to the terminal 200, which in turn adjusts the value of TCi.

It can be shown that if all terminals follow the above procedures, then the frequency
error measured by terminal j for a burst originating at terminal "i" is substantially zero.
1. RCi = sum of frequency errors introduced by the MRT up converter, the satellite
Doppler and the down converter at terminal i
RCi=u0+D0+s+Di+di
RCO=u0+DO0+s+D0+do
2. TCi is such that the frequency seen by the MRT demodulator is equal to that
programmed in the MRT demodulator
(f+ TCi) + (ui+Di+ s + DO + d0) = f+ RCO
Substituting the value of RCO from the equation in item 1 produces the expression
(f+ TCi) + (ui + Di+ s + D0 + d0) = f+ (u0 + s + d0 + 2D0)
Simplification of the above equation results in
TCi=u0 - ui + DO - Di
3. It will be appreciated that the frequency received at the satellite from the MRT is
=f+u0+ DO
From 1 and 2, it can be seen that the frequency received at the satellite from any

terminal is
=f+ TCi+ui+Di
Substituting the value of TCi from the equation in item 2 produces the expression
f+u0 + DO,

which is identical to that received from the RT.
Hence, it follows that the frequency seen at the demodulator of any terminal "i" for a
burst originating at any terminal is
=(f+u0+D0)+s+Di+di
which is precisely the frequency programmed at the demodulator of terminal i.
Hence, it follows that if terminal "i" transmits to terminal j, the frequency error

measured at terminal j will be 0.

Fig. 3 illustrates an alternative configuration employing both a master reference
terminal (MRT) 400 and a Secondary Reference Terminal (SRT) 500. It will be appreciated
that the following set of operating procedures are applicable to that network configuration,
i.e, a network employing spot beams because the MRT 400 cannot receive its own
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transmissions but the SRT 500 advantageously can be used to receive transmission from the
MRT 400. It will be also appreciated that the MRT 400 can receive transmissions from its

corresponding SRT 500.

It should be noted that in the discussion which follows, the definitions listed

immediately below are applicable:

f

ui
di
Di
ul
do
DO
ul
dl
DI
.
RCi
TCi

Nominal frequency of a carrier.

Frequency error introduced by transmit equipment at terminal i.
Frequency error introduced by receive equipment at terminal i.
Frequency error due to Doppler between satellite and terminal i.
Frequency error introduced by transmit equipment at the MRT.
Frequency error introduced by receive equipment at the MRT.
Frequency error due to Doppler between satellite and the MRT.
Frequency error introduced by transmit equipment at the SRT.
Frequency error introduced by receive equipment at the SRT.
Frequency error due to Doppler between satellite and the SRT.
Frequency error introduced by the satellite in the MRT to SRT direction.
Receive frequency correction factor at terminal i.

Transmit frequency correction factor at terminal i.

During normal operation, the system depicted in Fig. 3 advantageously operates

according to the following rules:

(1)
2

®)

4)
©)

The modulator (transmit) frequency of the MRT 400 is set to f.

For every terminal "i" in the SRT beam, including the SRT 500, the
demodulator (receive) frequency is set to (f + RCi), so that the frequency error
measured by the demodulator at terminal "i" when receiving a reference burst
is 0.

For every terminal "i" in the MRT beam, except the MRT 400, the transmit
frequency is set to (f + TCi), so that the frequency error measured by the
demodulator at the SRT is 0. It will be appreciated that the SRT 500 measures
the frequency error reported by its demodulator for acquisition and control
bursts, and sends the error to the respective terminal 200.

The modulator (transmit) frequency of the SRT 500 is set to £.

For every terminal "i" in the SRT beam, including the MRT 400, the
demodulator (receive) frequency is set to (f + RCi), so that the frequency error
measured by the demodulator at terminal "i" when receiving a reference burst
is 0. '
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(6)  For every terminal "i" in the SRT beam, except the SRT 500, the transmit
frequency is set to (f + TCi), so that the frequency error measured by the
demodulator at the MRT 400 is 0. The MRT measures the frequency error
reported by its demodulator for acquisition and control bursts, and sends the

error to the terminal.

It can be shown that if all terminals follow the above procedures, then the frequency
error measured by terminal j in the SRT beam for a burst originating at terminal "i" in the
MRT beam is zero.

1. RCj = sum of the frequency errors introduced by the MRT up converter, Doppler,
the satellite and the down converter at terminal j

RCj=u0+DO0+ s+ Dj + dj
RC1=u0+D0+s'+DI1+dl -- RC1 is the RC at the SRT
2. TCi is such that the frequency seen by the SRT demodulator is equal to that
programmed in the SRT demodulator
(f+TCi) + (ui+Di+s'+D1+dl)=f+RCl1
Substituting the value of RCO from the equation in item 1 produces the expression
(f+TCi)+ (ui+Di+s'+Dl1+dl)=f+@u0+DO0+s'+DI1+dl)
Simplification of the above equation results in
TCi=u0 - ui+ DO - Di

3. It will be appreciated that the frequency received at the satellite from the MRT is

=f+u0+DO0

From items 1 and 2, it can be seen that the frequency received at the satellite from the
TTiis

=f+ TCi+ui+Di
Substituting the value of TCi from the equation in item 2 produces the expression
f+u0 + DO,
which is identical to that received from the MRT.

Hence, it follows that the frequency received at the satellite from any terminal in the

MRT beam is
=f+u0+ DO

Furthermore, it follows that the frequency seen at each terminal in the SRT beam is

=(f+u0+D0) +s'+Dj+dj

which is precisely the frequency programmed at the demodulator of terminal j.

Moreover, it follows that if terminal "i" transmits to terminal j, the frequency error
measured at terminal j will be 0.

4. It can be shown similarly that the frequency received at the satellite from any

terminal in the SRT beam is
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=f+ul +DI1.

The above mentioned rules will now be applied to the systems illustrated in Figs. 1
and 3 to generate the overall operating method collectively illustrated in Figs. 4 through 7.
The steps presented in Fig. 4 illustrate the initialization of the demodulator in each terminal
while the steps presented in Fig. 5 illustrate the initialization of the modulator in each
terminal. Moreover, the steps presented in Figs. 6 and 7 outline the various steps for

operating various terminals during normal operation.

As illustrated in Fig. 4, the initial receive acquisition subroutine is performed in the
following manner. During Step 1, terminal 10 initializes RCi to RCi_nominal. During Step 2,
the terminal 10 sets the demodulator (receive) frequency to (f + RCi_nominal), so that the
frequency error measured by the demodulator at terminal "i" when receiving a Reference
Burst is approximately 0, i.e., when terminal 10 starts its operation in the receive acquisition
mode to thereby search for the Reference Burst during Step 3. Advantageously, RCi_nominal
is a value saved in a local database located within terminal 10.

During Step 4, a determination is made as to whether or not the receiver has acquired
the Reference Burst. When the answer is negative, parallel processing is commenced to
actively search for the Reference Burst. For example, if receiver acquisition is not achieved,
RCi beneficially is changed by 100 Hz at every even second. In an exemplary case, RCi
advantageously can be sweep over the range between -10 KHz and +10 KHz, although other
ranges, including other frequency ranges, can be used. On every alternate attempt, i.e., at
every odd second, the value RCi_nominal shall be used for receive acquisition sampling.
Thus, during Step 5, a determination is made whether time, in seconds, is odd. When the
answer is affirmative, the receiver operates at f + RCi during Step 6; when the answer is
negative, the value f + RCi is incremented / decremented by 100 Hz during Step 7 and the
receiver operates at the new frequency value during Reference Burst acquisition testing at
Step 8. Then, a determination is made as to whether the Reference Burst has been acquired by
jumping back to Step 4. Thus, when the answer is negative, Steps 5-8 are repeated. When the

answer is affirmative, the method advances to Step 9.

During Step 9, the demodulator in terminal 10 advantageously determines the
difference between the actual frequency of the Reference Burst and the programmed
frequency, i.e., f + RCi. During Step 10, the actual value of RCi_actual for terminal "i" is
determined and, during Step 11, RCi_nominal advantageously is replaced by RCi_actual.
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As illustrated in Fig. 5, during Step 21, transmit acquisition starts by initializing the
value TCi to a value TCi_nominal. It will be appreciated that TCi_nominal preferably is a
value saved in a local database from the previous operation of the terminal 200 / 400,
although TCi_nominal advantageously can be a predetermined constant. Moreover, it will be
appreciated that for both the MRT 400 and SRT 500, the value of TCi advantageously can be

permanently set to 0.

More specifically and still referring to Fig. 5, the initial transmit acquisition
subroutine is performed in the following manner. During Step 21, terminal 20 initializes TCi
to TCi_nominal. During Step 22, the terminal 10 sets the modulator (transmit) frequency to (f
+ TCi_nominal), so that the frequency error measured by the demodulator at terminal "j"
when receiving a Control Burst is approximately 0, i.e., when terminal 200 starts its operation
in the transmit acquisition mode to thereby search for the Control Burst during Step 23.

Advantageously, TCi_nominal is a value saved in a local database located within terminal 10.

During Step 24, a determination is made as to whether or not the MRT has acquired
the Control Burst. When the answer is negative, parallel processing is commenced to actively
search for a frequency suitable for transmission to the MRT. For example, if transmit
acquisition is not achieved, TCi beneficially is changed by 100 Hz at every even second. In
an exemplary case, TCi advantageously can be sweep over the range between -10 KHz and
+10 KHz, although other ranges, including other frequency ranges, can be used. On every
alternate attempt, i.e., at every odd second, the value TCi_nominal shall be used for transmit
acquisition initialization. Thus, during Step 25, a determination is made whether time, in
seconds, is odd. When the answer is affirmative, the transmit frequency is set to operate at f +
RCi during Step 26; when the answer is negative, the value f + TCi is incremented /
decremented by 100 Hz during Step 27 and the modulator (transmitter) operates at the new
frequency value during transmit acquisition initialization at Step 28. Then, a determination is
made as to whether the Control Burst has been acquired by jumping back to Step 24. Thus,
when the answer is negative, Steps 25-28 are repeated. When the answer is affirmative, the

method advances to Step 29.

During Step 29, the modulator in terminal 100 advantageously determines the
difference between the actual frequency of the Control Burst received by MRT and fed back
to the terminal 100 and the programmed frequency, i.e., f+ TCi. During Step 20, the actual
value of TCi_actual for terminal "i" is determined and, during Step 31, TCi_nominal
advantageously is replaced by TCi_actual. It should be mentioned that although the steps of
Fig. 5 are set forth in terms of Control Bursts, other signal burst advantageously can be used
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in place of, or in addition to, Control Bursts; all such variations are considered to be within

the scope of the present invention.

Fig. 6 illustrates the steps associated with the receive operations during a normal
mode of operation. More specifically, the following procedures advantageously can be
followed by a terminal 100 while it is synchronized on its receive side.

1. For a burst at nominal frequency f, the demodulator frequency shall be
programmed to f + RCi.
2. RCi advantageously can be adjusted for every successfully received reference

burst, if the error reported by the demodulator is greater than a small
threshold, e.g., 10 Hz. It will be appreciate that other threshold values
advantageously can be employed in determining when RCi adjustment is
warranted. For example, the error advantageously can be accumulated, RCi
adjustment would not take place until an accumulated value or running
average exceeds a predetermine value, thereby limiting corrections for true
frequency drifts rather than spurious burst errors.

3. The current value of RCi shall be saved in the RCi_nominal parameter in non-

volatile memory whenever its value changes.

More specifically, during Step 40 the receiver circuitry reads a value RCi stored in
non-volatile memory and outputs a demodulator frequency f + RCi, which is applied to the
demodulator during step 41. Then, at Step 42, the demodulator determines the frequency
error and a compares the error to a predetermined value, e.g., 10 Hz, during Step 43. When
the error is greater than the predetermined value, the value RCi is corrected in response to the
error value generated by the demodulator during Step 44 and, then, stores the corrected RCi
value in memory in place of the previously stored RCi value during Step 45. The routine then
jumps to Step 40. When the error value is less than the predetermined value, the method

jumps back to repeat Step 42 and subsequent steps.

Fig. 7 illustrates the steps associated with the transmit operations during a normal
mode of operation. More specifically, the following procedures beneficially can be followed
by a terminal while it is synchronized on its transmit side.

1. For a burst a2 nominal frequency f, the modulator frequency shall be
programmed to f+ TCi.
2. Preferably, TCi advantageously can be corrected whenever a correction value

is received from the Reference Terminal, as a result of sending a Control Burst
and the correction value is larger than a small threshold, e.g., 10 Hz. It will be

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 99/21290 PCT/US98/21637
17

appreciated that other values can be employed in determining the point at
which TCi correction becomes warranted.

3. The current value of TCi shall be saved in the TCi_nominal parameter in non-
volatile memory whenever its value changes.

4. As previously mentioned, for an MRT or SRT, the value of TCi
advantageously can be permanently set to 0.

More specifically, during Step 50 the transmit circuitry reads a value TCi_nominal
stored in non-volatile memory and outputs a modulator frequency f + TCi_nominal, which is
applied to the modulator during step 51. Then, at Step 52, the demodulator in one of the MRT
or SRT determines the frequency error and transmits the frequency error back to the terminal
during Step 53. The terminal 200 a compares the error to a predetermined value, e.g., 10 Hz,
during Step 54. When the error is greater than the predetermined value, the value TCi is
corrected in response to the error value generated at Step 52 during Step 55 and, then, stores
the corrected TCi value in memory in place of the previously stored RCi value during Step
56. The routine then jumps to Step 50. When the error value is less than the predetermined
value, the method jumps back to repeat Step 52 and subsequent steps. Thus, whenever an
Acquisition or Control burst is received from a terminal 200 at MRT 400 or SRT 500, the
burst frequency error advantageously is measured and reported to the respective originating
terminal. It should also be mentioned that for each of MRT 400 or SRT 500, the value of TCi

is preferably set to O permanently.

Although the preferred embodiments according to the present invention have been
discussed with respect to a single satellite transponder, the present invention is equally
applicable to multiple satellite transponder communication systems. Thus, if multiple satellite
transponders are used, with possibly multiple up/down converters at each terminal, then the
novel method according to the present invention is executed independently for each

transponder.

It should be mentioned that although one configuration of the frequency measurement
circuit was discussed above with respect to Figs. 8 and 9, the present intention is not limited
to the circuitry discussed herein. Stated another way, all communication systems capable of
carrying out the methods and algorithms discussed above and/or claimed below are

considered to fall squarely within the scope of the present invention.
Although presently preferred embodiments of the present invention have been

described in detail hereinabove, it should be clearly understood that many variations and/or
modifications of the basic inventive concepts herein taught, which may appear to those
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skilled in the pertinent art, will still fall within the spirit and scope of the present invention, as
defined in the appended claims.

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 99/21290 PCT/US98/21637
19

WHAT IS CLAIMED IS:

1. A method for measurement and reduction of frequency offsets in a communications
network including a master reference terminal and a terminal exchanging reference and
control bursts, comprising steps for:

adjusting demodulator frequency in the terminal responsive to a first frequency error
between a first nominal frequency value and a respective reference burst received by the
terminal; and

adjusting modulator frequency at the terminal responsive to a second frequency error
between a second nominal frequency value and a control burst generated by the terminal and
transmitted to the master reference terminal.

2. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 1, wherein said step for adjusting demodulator
frequency comprises steps for:

programming the demodulator frequency to f + RC_nominal;

determining the first frequency error between the frequency of a received reference
burst and said demodulator frequency;

when the first frequency error is less than a predetermined value, repeating said
determining step using the next received reference burst;

when the first frequency error exceeds a predetermined value, ascertaining a
RC _actual value; and

replacing RC_nominal with the RC_actual value,
where

f is the nominal frequency of a carrier, and

RC is the receive frequency correction factor at the terminal.

3. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 1, wherein said step for adjusting said modulator
frequency comprises steps for:

programming the modulator frequency to f + TC_nominal;

determining the second frequency error between the frequency of a received control
burst and said demodulator frequency at the master reference terminal;

transmitting the second frequency error from the master reference terminal to the
terminal;

when the second frequency error is less than a predetermined value, repeating said

determining step using the next control burst received by the master reference terminal;
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when the second frequency error exceeds a predetermined value, ascertaining a
TC actual value; and

replacing TC_nominal with the TC_actual value,
where

f is the nominal frequency of a carrier, and

TC _nominal is the transmit frequency correction factor at the terminal.

4. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 1, wherein said step for adjusting demodulator
frequency comprises steps for:

programming the demodulator frequency to f+ RC_nominal,

determining the first frequency error between the frequency of a received reference
burst and said demodulator frequency;

when the first frequency error is less than a predetermined value, repeating said
determining step using the next received reference burst;

when the first frequency error exceeds a predetermined value, ascertaining a
correction value for RC_nominal; and

adjusting RC_nominal by said correction value,
where

f is the nominal frequency of a carrier, and

RC is the receive frequency correction factor at the terminal.

5. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 1, wherein said step for adjusting said modulator
frequency comprises steps for:

programming the modulator frequency to £+ TC nominal;

determining the second frequency error between the frequency of a received control
burst and said demodulator frequency at the master reference terminal;

transmitting the second frequency error from the master reference terminal to the
terminal; ’

when the second frequency error is less than a predetermined value, repeating said
determining step using the next control burst received by the master reference terminal;

when the second frequency error exceeds a predetermined value, ascertaining a
correction value for TC_nominal; and

adjusting TC_nominal by said correction value,
where

f is the nominal frequency of a carrier, and

TC is the transmit frequency correction factor at the terminal.
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6. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 1, wherein:

the terminal comprises N terminals, where N is an integer greater than 1; and

the communications network includes at least one satellite operatively coupling the
master reference terminal to the N terminals; and

the method comprises steps for:

adjusting the demodulator frequency in the Nth terminal responsive to a first
frequency error between a first nominal frequency value and a respective reference burst
received by the Nth terminal; and

adjusting the modulator frequency at the Nth terminal responsive to a second
frequency error between a second nominal frequency value and a control burst generated by

the Nth terminal, received at the master reference terminal and transmitted to the Nth

terminal.

7. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 1, further comprising steps for:
initialing the demodulator frequency by alternately preforming the steps of:
attempting to acquire the reference burst with the demodulator frequency set
to f+ RC_nominal; and
attempting to acquire the reference burst with the demodulator frequency set
in the frequency range of f _ M, where said frequency value is varied by R after each attempt
to acquire the reference burst,
wherein:
M and R are positive integers greater than 1,
M is much greater than R;
fis the nominal frequency of a carrier, and
RC is the receive frequency correction factor at the terminal.

8. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 7, wherein M is approximately 10,000 Hz and R

is approximately 100 Hz.

9. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 1, further comprising steps for:
initialing the modulator frequency by alternately preforming the steps of:
attempting to acquire the control burst in the master reference terminal with

the modulator frequency set to f + TC _nominal in the terminal; and
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attempting to acquire the control burst in the master reference terminal with

the modulator frequency set in a frequency range of f _ M, where said frequency value is
varied by R after each attempt to acquire the control burst,

wherein:

M and R are positive integers greater than 1;

M is much greater than R;

f is the nominal frequency of a carrier; and

TC is the transmit frequency correction factor at the terminal.

10. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 9, wherein M is approximately 10,000 Hz and R

is approximately 100 Hz.

11. A method for measurement and reduction of frequency offsets in a
communications network including a master reference terminal and N terminals exchanging
reference and control bursts via a satellite, comprising steps for:

adjusting demodulator frequency in the Nth terminal responsive to a first frequency
error between a first nominal frequency value and a respective reference burst received by the
Nth terminal,

determining a second frequency error between a second nominal frequency value and
a control burst, said second frequency error being generated by the master reference terminal;
and

adjusting modulator frequency at the Nth terminal responsive to said second

frequency error.

12. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 11, wherein said step for adjusting demodulator
frequency comprises steps for:

programming the demodulator frequency to f + RCn_nominal;

determining said first frequency error between the frequency of a received reference
burst and said demodulator frequency;

when said first frequency error is less than a predetermined value, repeating said
determining step using the next received reference burst;

when said first frequency error exceeds a predetermined value, ascertaining a
RCn_actual value; and

replacing RCn_nominal with the RCn_actual value,
where

f'is the nominal frequency of a carrier, and
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RCn denotes the receive frequency correction factor at the Nth terminal.

13. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 11, wherein said step for adjusting said
modulator frequency comprises steps for:

programming the modulator frequency to f + TCn_nominal;

determining said second frequency error between the frequency of a received control
burst and said demodulator frequency at the master reference terminal;

transmitting said second frequency error from the master reference terminal to the Nth
terminal;

when said second frequency error is less than a predetermined value, repeating said
determining step using the next control burst received by the master reference terminal;

when said second frequency error exceeds a predetermined value, ascertaining a
TCn_actual value; and

replacing TCn_nominal with the TCn_actual value,
where

f is the nominal frequency of a carrier, and

TCn denotes the transmit frequency correction factor at the Nth terminal.

14. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 11, wherein said step for adjusting demodulator
frequency comprises steps for:

programming the demodulator frequency to f + RCn_nominal;

determining said first frequency error between the frequency of a received reference
burst and said demodulator frequency;

when said first frequency error is less than a predetermined value, repeating said
determining step using the next received reference burst;

when said first frequency error exceeds a predetermined value, ascertaining a
correction value for RCn_nominal; and

adjusting RCn_nominal by said correction value,
where

f'is the nominal frequency of a carrier, and

RCn denotes the receive frequency correction factor at the Nth terminal.

15. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 11, wherein said step for adjusting said
modulator frequency comprises steps for:

programming the modulator frequency to f + TCn_nominal;
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determining said second frequency error between the frequency of a received control
burst and said demodulator frequency at the master reference terminal,

transmitting said second frequency error from the master reference terminal to the
terminal,;

when said second frequency error is less than a predetermined value, repeating said
determining step using the next control burst received by the master reference terminal;

when said second frequency error exceeds a predetermined value, ascertaining a
correction value for TCn_nominal; and

adjusting TCn_nominal by said correction value,
where

f is the nominal frequency of a carrier, and

TCn denotes the transmit frequency correction factor at the Nth terminal.

16. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 11, further comprising steps for:
initialing said demodulator frequency by alternately preforming the steps of:
attempting to acquire the reference burst with the demodulator frequency set
to f+ RCn_nominal; and
attempting to acquire the reference burst with the demodulator frequency set
in a frequency range of f _ M, where said frequency value is varied by R after each attempt
to acquire the reference burst,
wherein:
M and R are positive integers greater than 1;
M is much greater than R;
f'is the nominal frequency of a carrier, and
RCn denotes the receive frequency correction factor at the Nth terminal.

17. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 16, wherein M is approximately 10,000 Hz and
R is approximately 100 Hz.

18. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 11, further comprising steps for:
initialing the modulator frequency by alternately preforming the steps of:
attempting to acquire the control burst in the master reference terminal with

the modulator frequency set to f + TCn_nominal in the Nth terminal; and
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attempting to acquire the control burst in the master reference terminal with

the modulator frequency set in a frequency range of f _ M, where said frequency value is
varied by R after each attempt to acquire the control burst,

wherein:

M and R are positive integers greater than 1;

M is much greater than R;

f is the nominal frequency of a carrier; and

TCn denotes the transmit frequency correction factor at the Nth terminal.

19. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 18, wherein M is approximately 10,000 Hz and

R is approximately 100 Hz.

20. A method for measurement and reduction of frequency offsets in a
communications network including a master reference terminal, a secondary reference
terminal, and N terminals exchanging reference and control bursts via a satellite, comprising
steps for:

adjusting demodulator frequency in the Nth terminal responsive to a first frequency
error between a first nominal frequency value and a respective reference burst received by the
Nth terminal;

determining a second frequency error between a second nominal frequency value and
a control burst, said second frequency error being generated by one of the master reference
terminal and the secondary reference terminal; and

adjusting modulator frequency at the Nth terminal responsive to said second

frequency error.

21. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 20, wherein said step for adjusting demodulator
frequency comprises steps for:

programming the demodulator frequency to f + RCn_nominal;

determining said first frequency error between the frequency of a received reference
burst and said demodulator frequency;

when said first frequency error is less than a predetermined value, repeating said
determining step using the next received reference burst;

when said first frequency error exceeds a predetermined value, ascertaining a
RCn_actual value; and

replacing RCn_nominal with the RCn_actual value,

where
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f is the nominal frequency of a carrier, and
RCn denotes the receive frequency correction factor at the Nth terminal.

22. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 20, wherein said step for adjusting said
modulator frequency comprises steps for:

programming the modulator frequency to f + TCn_nominal,

determining said second frequency error between the frequency of a received control
burst and said demodulator frequency at one of the master reference terminal and the
secondary reference terminal,

transmitting said second frequency error to the Nth terminal;

when said second frequency error is less than a predetermined value, repeating said
determining step using the next control burst received by one of the master reference terminal
and the secondary reference terminal;

when said second frequency error exceeds a predetermined value, ascertaining a
TCn_actual value; and

replacing TCn_nominal with the TCn_actual value,
where

f is the nominal frequency of a carrier, and

TCn denotes the transmit frequency correction factor at the Nth terminal.

23. The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 20, wherein said step for adjusting demodulator
frequency comprises steps for:

programming the demodulator frequency to f + RCn_nominal;

determining said first frequency error between the frequency of a received reference
burst and said demodulator frequency;,

when said first frequency error is less than a predetermined value, repeating said
determining step using the next received reference burst;

when said first frequency error exceeds a predetermined value, ascertaining a
correction value for RCn_nominal; and

adjusting RCn_nominal by said correction value,
where

f is the nominal frequency of a carrier, and

RCn denotes the receive frequency correction factor at the Nth terminal.
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24, The method for measurement and reduction of frequency offsets in a
communications network as recited in claim 20, wherein said step for adjusting said
modulator frequency comprises steps for:

programming the modulator frequency to f + TCn_nominal;

determining said second frequency error between the frequency of a received control
burst and said demodulator frequency at one of the master reference terminal and the
secondary reference terminal;

transmitting said second frequency error to the Nth terminal;

when said second frequency error is less than a predetermined value, repeating said
determining step using the next control burst received by one of the master reference terminal
and the secondary reference terminal;

when said second frequency error exceeds a predetermined value, ascertaining a
correction value for TCn_nominal; and

adjusting TCn_nominal by said correction value,
where

f is the nominal frequency of a carrier, and

TCn denotes the transmit frequency correction factor at the Nth terminal.

25. A communications network including a master reference terminal and a terminal
exchanging reference and control bursts via a communications channel and having means for
measuring and reducing frequency offsets in said terminal of the communications network,
wherein a demodulator frequency of said terminal is determined based on a first frequency
error between the reference burst and a nominal frequency value determined by said terminal
and a modulator frequency of said terminal is established responsive to a second frequency

error generated by said master reference terminal with respect to the control burst.

26. The communications network as recited in claim 25, wherein said

communications channel comprises a satellite.
27. The communications network as recited in claim 25, wherein initial values of said

demodulator frequency and said modulator frequency of said terminal are determined by said

means by stepping through a predetermined range of offset values.
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