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channels. A syndrome signal 1s generated from an error rate of
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VARIABLE THROUGHPUT REDUCTION
COMMUNICATIONS SYSTEM AND METHOD

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

RELATED PATENTS

This patent stems from a continuation application of U.S.
patent application Ser. No. 09/946,841, and filing date of Sep.
6, 2001 now U.S. Pat. No. 6,895,037, entitled VARIABLE
THROUGHPUT REDUCTION SPREAD-SPECTRUM
COMMUNICATIONS by mventor, JOSEPH GAROD-
NICK, which 1ssued on May 17, 2005 as U.S. Pat. No. 6,895,
037 and which stems from a continuation application of U.S.
patent application Ser. No. 09/594,440, and filing date of Jun.
14, 2000, entitled SPREAD-SPECTRUM COMMUNICA -
TIONS UTILIZING VARIABLE THROUGHPUT REDUC-
TION by mnventor, JOSEPH GARODNICK, which 1ssued on
Sep. 11, 2001, as U.S. Pat. No. 6,289,039. The benefit of the
carlier filing date of the parent patent application i1s claimed
for common subject matter pursuant to 35 U.S.C. § 120.

BACKGROUND OF THE INVENTION

This mvention relates to spread-spectrum communica-
tions, and more particularly to spread-spectrum communica-
tions using parallel channels, preferably employing orthogo-
nal chip-sequence signals, with error rate and data rate

feedback.

DESCRIPTION OF THE RELEVANT ART

In a packet-communications spread-spectrum multi-cell
system, high-speed data can be implemented with the prior art
method of parallel channels, using parallel chip-sequence
signals. By using multiple correlators or matched filters, mul-
tiple-orthogonal chip-sequence signals can be sent simulta-
neously thereby increasing the data rate while still enjoying
the advantage of a high processing gain. The multiple chip-
sequence signals behave as multiple users 1n a single location.
Multipath 1s ameliorated by a RAKE receiver, and the inter-
ference to be overcome by the processing gain 1s that gener-
ated by other users, in the same or adjacent cells. When such
interference occurs, it 1s called a collision.

Normally, when a remote station 1s within a cell or cell
sector, as 1llustrated 1n FIG. 1, the path differences from base
stations located 1n the adjacent cells ensure that the interfer-
ence 1s small enough so as not to cause the error rate of the
wanted signal to deteriorate below a usable level. When the
remote station 1s near the edge of the cell, however, the inter-
ference can be substantial as the interference can result from
two adjacent cells.

One method that has been used to overcome this problem in
a conventional spread-spectrum system 1s to increase the
processing gain in order to increase the immunity from inter-
terence. To do this, 1 a fixed bandwidth system, the data rate
1s reduced, and the integration time of the correlator or the
length of the matched filter 1s increased accordingly. This
method, however, changes the length of the correlator
sequence, or changes the size of the matched filter; both of
which impact the architecture of the recerver. In addition,
with increased integration times, the chip-tracking loop and
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2

phase-tracking loop have to function flawlessly and the
allowable frequency offset must be reduced, requiring at least

a frequency locked loop.

Another method 1n the prior art 1s to repeat the symbols
sequentially and add the result of the mndividually received
symbols. This method changes the timing of the recerver and
the framing of the data at the transmutter.

SUMMARY OF THE INVENTION

A general object of the invention is to vary the throughput
of a transmitted spread-spectrum signal.

Another object of the 1nvention 1s to set the throughput of a
transmitted spread-spectrum signal based on a required error
rate at a spread-spectrum receiver.

An additional object of the invention 1s to control a datarate
of a spread-spectrum transmitter from a spread-spectrum
receiver, using a closed loop method.

According to the present invention, as embodied and
broadly described herein, a spread-spectrum system 1s pro-
vided comprising, at a spread-spectrum transmitter, a demul-
tiplexer, a plurality of forward-error-correction (FEC) encod-
ers and interleavers, a plurality of spread-spectrum
processors, a combiner, and a modulator. At a spread-spec-
trum recerver, the system comprises a demodulator, a plural-
ity of spread-spectrum despreaders, a multiplicity of adders,
a multiplicity of FEC decoders and de-interleavers, a com-
mand processor, and a multiplexer.

The demultiplexer demultiplexes input data into a plurality
of data channels. The plurality of forward-error-correction
encoders and interleavers FEC encodes and interleaves the
plurality of data channels, as a plurality of FEC encoded and
interleaved channels, respectively.

The plurality of spread-spectrum processors spread-spec-
trum processes the plurality of FEC encoded and interleaved
channels as a plurality of spread-spectrum channels. The
plurality of spread-spectrum channels uses a plurality of chip-
sequence signals to define a particular spread-spectrum chan-
nel. Preferably, the plurality of chip-sequence signals 1s a
plurality of orthogonal chip-sequence signals, however, a
plurality of quasi-orthogonal chip-sequence signals may be
used.

The combiner combines the plurality of spread-spectrum
channels as a code-division-multiplexed signal. The modula-
tor transmits the code-division-multiplexed signal with the
plurality of spread-spectrum channels, over a communica-
tions channel.

At the recerver, the demodulator translates the code-divi-
sion-multiplexed signal to a processing frequency, and the
plurality of spread-spectrum despreaders despreads the code-
division-multiplexed signal into a plurality of despread chan-
nels, respectively.

The multiplicity of adders 1s electronically controlled by an
adder-control signal. The multiplicity of adders adds at least
two despread channels to generate a multiplicity of added
channels.

The multiplicity of FEC decoder and de-interleavers gen-
erates a syndrome signal from an error rate of the multiplicity
of added channels. The multiplicity of FEC decoders and
de-interleavers, FEC decodes and de-interleaves the multi-
plicity of added channels, as a multiplicity of decoded chan-
nels.

In response to the syndrome signal, the command proces-
sor determines a desired-data rate, and generates a data-rate
command signal having the desired data rate for the spread-
spectrum transmitter. The command processor also generates
the adder-control signal for adding together a number of
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despread channels of the plurality of despread channels, and
generates a multiplexer signal having a number of decoded
channels to multiplex together. The multiplexer multiplexes
the multiplicity of decoded channels to generate an estimate
of the mput data.

The data-rate command signal 1s sent to the spread-spec-
trum transmitter. The data-rate command signal controls into
how many data channels the demultiplexer demultiplexes the
mput data. Assume the demultiplexer, by way of example,
demultiplexes input data into 16 parallel channels. IT the
processor 1n the receiver determines, as a response to the
syndrome, that the input data are to be sent at twice the power
of a single data channel of the plurality of data channels, then
pairs of data channels 1n the plurality of data channels have
identical data, with a resulting eight sets of data having dii-
terent data per set. Each set of data comprises two data chan-
nels with identical data.

Additional objects and advantages of the invention are set
forth 1n part 1n the description which follows, and in part are
obvious from the description, or may be learned by practice of
the mvention. The objects and advantages of the invention
also may be realized and attained by means of the instrumen-
talities and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate preferred
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FI1G. 1 illustrates a cellular architecture depicting a prob-
lem area from a remote station near a boundary;

FI1G. 2 1s a block diagram of a spread-spectrum transmaitter
using parallel channels;

FIG. 3 1s a block diagram of a spread-spectrum receiver for
receiving parallel channels;

FI1G. 4 1s a block diagram of a spread-spectrum transmitter
having a data buffer, and a demultiplexer controlled by a
data-rate command signal, and using parallel channels;

FIG. 51s a block diagram of a spread-spectrum receiver for
receiving parallel channels, with an error rate and a data rate
command processor;

FIG. 6 1s a block diagram of a spread-spectrum receiver for
receiving parallel channels, using matched filter or SAW
technology, with an error rate and a data rate command pro-
cessor; and

FI1G. 7 1s a tlow chart of controlling data rate of a spread-
spectrum transmitter, based on error rate at a spread-spectrum
receiver.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference now 1s made 1n detail to the present preferred
embodiments of the mnvention, examples of which are 1llus-
trated 1n the accompanying drawings, wherein like reference
numerals indicate like elements throughout the several views.

The present invention employs a command processor with
a parallel spread-spectrum system, for determining from an
error rate, a desired-data rate. In a preferred embodiment, the
desired-data rate meets an error rate criterion, such as fewer
errors than a desired error rate. The error rate 1s from a
syndrome, generated 1n a forward-error-correction decoder.

A spread-spectrum signal, as used herein, typically
includes a data signal, multiplied by a chip-sequence signal,
and multiplied by a carrier signal. The data signal represents
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a sequence of data bits. The chip-sequence signal represents a
sequence ol chips, as normally used 1n a direct sequence,
spread-spectrum signal. The carrier signal 1s at a carrier fre-
quency, and raises the product of the data signal and the
chip-sequence signal, to the carrier frequency.

For synchromization, the data signal typically 1s a constant
value, for example, a series of one bits, or some sequence
known a priori, or has very slowly time-varying data. The
spread-spectrum signal may be a packet, with a header fol-
lowed by data, or a plurality of spread-spectrum channels,
with one of the spread-spectrum channels used for synchro-
nization. A particular spread-spectrum channel 1s defined by
a particular chip-sequence signal, as 1s well known 1n the art.
For the case of the packet, synchronization i1s performed on
the header, as 1s well-known 1n the art. For a dedicated spread-
spectrum channel, synchronization 1s performed from the
dedicated channel.

At a spread-spectrum transmitter, the spread-spectrum sys-
tem includes demultiplexer means, encoder means, spreader
means, combiner means, and modulator means. The encoder
means 1n coupled between the demultiplexer means and the
spreader means, and the combiner means 1s coupled between
the spreader means and the modulator means. The input data
enters the demultiplexer means.

The demultiplexer means demultiplexes mput data into a
plurality of data channels. The encoder means FEC encodes
and interleaves the plurality of data channels as a plurality of
FEC encoded and interleaved channels, respectively. The
spreader means spread-spectrum processes the plurality of
FEC encoded and interleaved channels as a plurality of
spread-spectrum channels. The plurality of spread-spectrum
channels has a plurality of chip-sequence signals, respec-
tively. A particular chip-sequence signal defines a particular
spread-spectrum channel, as 1s well-known 1n the art.

The combiner means combines the plurality of spread-
spectrum channels as a spread-spectrum signal. The modula-
tor means transmits the spread-spectrum signal having the
plurality of spread-spectrum channels, over a communica-
tions channel. A spread-spectrum signal 1s transmitted over a
communications channel by the modulator means.

At a spread-spectrum receiver, the system i1ncludes
demodulator means, despreader means, adder means,
decoder means, command means, and multiplexer means.
The despreader means 1s coupled between the demodulator
means and the adder means. The decoder means 1s coupled
between the adder means and the multiplexer means. The
command means 1s coupled to the adder means, decoder
means and demultiplexer means. The command means fur-
ther provides data to a communications link to the spread-
spectrum transmitter, and to the demultiplexer means.

The demodulator means translates the code-division-mul-
tiplexed signal to a processing frequency. The despreader
means despreads the code-division-multiplexed signal into a
plurality of despread channels, respectively.

The adder means electronically 1s controlled by an adder-
control signal. The adder means adds none or at least two
despread channels to generate a multiplicity of added chan-
nels. The decoder means generates a syndrome signal from an
error rate of the multiplicity of added channels. The decoder
means also FEC decodes and de-interleaves the multiplicity
of added channels, and a multiplicity of decoded channels.

In response to the syndrome signal, the command means
determines a desired-data rate, and generates a data-rate com-
mand signal having the desired data rate. The command
means also generates the adder-control signal for controlling
the adder means, for adding together a number of despread
channels of the plurality of despread channels. The command
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means generates a multiplexer signal for controlling the mul-
tiplexer means. The multiplexer means has a number of
decoded channels to multiplex together.

The data-rate command signal 1s sent to the spread-spec-
trum transmitter. The data-rate command signal controls the
demultiplexer means. The data-rate command signal deter-
mines the number of data channels into which input data are
demultiplexed. Assume the demultiplexer means can demul-
tiplex input data into a maximum of M data channels, where
M 1s the number of data channels. If the processor means
determined from the syndrome, that twice the power were
required from the transmitter to maintain or reduce an error
rate, then the data-rate command signal controls the multi-
plexer means to send the input data as two 1dentical sets of
M/2 data channels. In general, if the processor means deter-
mines from the syndrome, that N times the power 1s required,
then the data-rate command signal controls the multiplexer
means to send the input data as N 1dentical sets of M/2 data
channels.

The multiplexer means multiplexes the multiplicity of
decoded channels and generates an estimate of the input data.

As 1llustratively shown in FIG. 2, the demultiplexer means
1s embodied as a demultiplexer 31, the encoder means 1n
embodied as a plurality of FEC encoders and interleavers 32,
and the spreader means 1s embodied as a plurality of spreaders
33. The combiner means 1s embodied as a combiner 36, and
the modulator means 1s embodied as a modulator 37. A trans-
mitter antenna 1s coupled to the modulator 37.

The demultiplexer recetves input data. The plurality of
FEC encoders and interleavers 32 1s coupled between the
plurality of outputs from the demultlplexer 31, and the plu-
rality of spreaders 33. The combiner 36 1s coupled between
the plurality of spreaders 33 and the modulator 37. The plu-
rality of spreaders 33 may include a chip-sequence generator
39 for generating the plurality of orthogonal chip-sequence
signals or a plurality of quasi-orthogonal chip-sequence sig-
nals, and a plurality of product devices 40, coupled to the
chip-sequence generator 39. The plurality of product devices
40 spread-spectrum processes the plurality of encoded chan-
nels as the plurality of spread-spectrum channels. The plural-
ity of spreaders, as 1s well-known 1n the art, alternatively may
be embodied as a plurality of matched filters having a plural-
ity of impulse responses matched to the plurality of chip-
sequence signals, or amemory device for storing the plurality
of chip-sequence signals.

The demultiplexer 31 demultiplexes input data 1nto a plu-
rality of data channels. The plurality of forward-error-correc-
tion encoders and interleavers 32, FEC encode and interleave
the plurality of data channels as a plurality of FEC encoded
and 1interleaved channels, respectively. The plurality of
spreaders 33 spread-spectrum processes the plurality of FEC
encoded and iterleaved channels with as a plurality of
spread-spectrum channels. The plurality of spread-spectrum
channels 1s defined by a plurality of chip-sequence signals, as
1s well-known 1n the art.

The combiner 36 combines the plurality of spread-spec-
trum channels as a code-division-multiplexed signal, and the
modulator 37 transmits, through the transmitter antenna 38,
the code-division-multiplexed signal with the plurality of
spread-spectrum channels, over a communications channel.

In the exemplary arrangement shown in FIG. 3, the
demodulator means 1s embodied as a demodulator 51, and the
despreader means 1s embodied as a plurality of despreaders
52. The adder means 1s embodied as a multiplicity of adders
53. The decoder means 1s embodied as a plurality of FEC
decoders and de-interleavers 56, and the demultiplexer means
1s embodied as a demultiplexer 31.
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The demodulator 51 1s coupled to the communications
channel through antenna 48. The plurality of despreaders 52
1s coupled between the demodulator 51 and the plurality of
FEC decoders and de-interleavers 56. The plurality of FEC
decoders and de-interleavers 56 1s coupled between the mul-
tiplicity of adders 53 and the multiplexer 57.

The demodulator 51 translates the code-division-multi-
plexed signal to a processing frequency. The plurality of
despreaders 52 despreads the code-division-multiplexed sig-
nal ito a plurality of despread channels, respectively. The
plurality of despreaders 52 may be embodied, as 1s well-
known 1n the art, as a plurality of matched filters or a plurality
of correlators.

The multiplicity of FEC decoder and de-interleavers 56
generates a syndrome signal from an error rate of the multi-
plicity of added channels, and FEC decodes and de-inter-
leaves the multiplicity of added channels, as a multiplicity of
decoded channels. The multiplexer 37 multiplexes the multi-
plicity of decoded channels and generates an estimate of the
input data.

The prior art spread-spectrum transmitter and receiver, as
shown 1 FIGS. 2 and 3, use parallel chip-sequence signals.
The data to be transmitted are first de-multiplexed by a
demultiplexer 31 to produce a plurality of uncorrelated data
channels. Each uncorrelated data channel has at a lower data
rate than the original data rate of data entering the demulti-
plexer 31. For example, if the incoming data rate were 16
megabits per second (Mbps), and the mmcoming data were
de-multiplexed to 16 data channels, with each data channel at
one Mbps.

The plurality of data channels 1s forward error correction
(FEC) encoded and interleaved by a plurality of FEC encod-
ers and interleavers 32, respectively, to generate a plurality of
FEC encoded and interleaved data channels. FEC encoders
and interleavers are well-known to the ordinary skilled arti-
san, and found 1 many technical journal articles and text-
books.

A plurality of spreaders 33 spread-spectrum processes the
plurality of FEC encoded and interleaved data channels, as a
plurality of spread-spectrum channels. A spreader typically 1s
a product device for multiplying a data-sequence signal by a
chip-sequence signal. A de-spreader equivalently may be
realized from a matched filer or SAW device, as 1s well-
known 1n that art.

In FIG. 2, the plurality of spreaders 33 includes a chip-
sequence generator 34 for generating a plurality of chip-
sequence signals and a plurality of product devices 35. In a
preferred embodiment, the plurality of chip-sequence signals
1s a plurality of orthogonal chip-sequence signals, although a
plurality of quasi-orthogonal chip-signal sequence signals
also could be used. By quasi-orthogonal chip-sequence sig-
nals 1s meant chip-sequence signals which are nearly
orthogonal or which are not orthogonal but have orthogonal
type qualities.

The plurality of product devices 35 1s coupled to the chip-
sequence generator 34, and to the plurality of encoders and
interleavers 32, respectively. The plurality of product devices
33 spread-spectrum processes the plurality of FEC encoded
and interleaved data channels, as a plurality of spread-spec-
trum channels. A product device my be embodied as an AND
gate, or equivalently from one or more combinations of AND
gates, NAND gates, NOR gates, gates or EXCLUSIVE-OR
(XOR) gates. An alternative for the plurality of spreaders 33
1s a plurality of matched filters or a plurality of surface acous-
tic wave devices, each having an impulse response matched to
one of the chip-sequence signals 1n the plurality of chip-
sequence signals.
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The outputs of the plurality of spreaders 33 are combined
by a combiner 36 and sent to the modulator 37 and transmitted
over a communications channel. The combiner 36 preferably
linearly combines the plurality of spread-spectrum channels,
as a code-division-multiplexed signal having a multiplicity of
channels. The combiner 36 alternatively may non-linearly
combine the plurality of spread-spectrum channels, 1n some
applications. The multiplicity of channels 1s defined by a
respective chip-sequence signal, used for a spread-spectrum
channel in the plurality of spread-spectrum channels, as 1s
well-known 1n the art. The spreaders can operate at a chip rate
depending on the desired processing gain.

In the spread-spectrum receiver, the process 1s reversed.
Imtially, a received code-division-multiplexed signal 1is
amplified, filtered and shifted to baseband frequence by a
demodulator 51. The received code-division-multiplexed sig-
nal 1s then despread by a plurality of de-spreaders 52. The
plurality of despreaders 52 may be embodied as a plurality of
correlators or a plurality of matched filters. A plurality of
surface acoustic wave (SAW) devices alternatively may be
used. The outputs of the plurality of de-spreaders are decoded
and de-interleaved by a plurality of FEC decoders and de-
interleavers 56, to produce a plurality of sub-channels of data.
The plurality of sub-channels of data 1s multiplexed by a
multiplexer 57 to generate a replica of the mput data.

The modification to FIG. 2, shown in FIG. 4, includes
having a data-rate command signal control the demultiplexer
31. Input data to the demultiplexer 31, mitially may pass
through a buffer 29. The data-rate command signal controls
the data rate of data from the demultiplexer 31. More particu-
larly, the data-rate command signal determines the number of
data channels having 1dentical data and different data, 1n the
plurality of data channels from demultiplexer 31.

In the exemplary arrangement shown 1n FIG. 5, the com-
mand means, embodied as a command processor 59, and
adder means embodied as a multiplicity of adders 53, 1s added
to the embodiment shown in FIG. 3. The multiplicity of
adders 33 1s coupled between the plurality of despreaders 52
and the plurality of FEC decoders and de-interleavers 56,
respectively. The command processor 59 1s coupled to the
plurality of FEC decoders and de-interleavers 56, the multi-
plexer 57, and the multiplicity of adders 33. The command
processor 59 has a communications link to the spread-spec-
trum tragnsmuitter, for sending the data-rate command signal
to the spread-spectrum transmitter.

The multiplicity of FEC decoders generates a syndrome
signal from an error rate o the multiplicity of added channels.
In response to the syndrome signal, the command processor
59 determines a desired-data rate, and generates a data-rate
command signal having the desired data rate. The command
processor 59 also generates the adder-control signal, used by
the multiplicity of adders 53, for adding together a number of
despread channels of the plurality of despread channels. The
command processor 39 generates a multiplexer signal having
a number of decoded channels to multiplex together. The
multiplexer 57, in response to the multiplexer signal, sets the
number of the multiplicity of decoded channels to be multi-
plexed. The multiplexer 57 multiplexes the multiplicity of
decoded channels and generates an estimate of the input data.

As 1llustratively shown 1n FI1G. 4, the mput data rate to the
transmitter 1s reduced by a data-rate command signal, which
1s transmitted from the spread-spectrum receiver. The data
rate can be reduced by any factor of the width of the demul-
tiplexer 31. For example, 11 16 parallel chip-sequence signals
were used, then the input data rate can be reduced by a factor
between 2 and 16. In a system, a bulfer 29 and flow control
may be required. The demultiplexer 31 then outputs 1dentical
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bits to multiple lines that are fed to the encoders and inter-
leavers 32. For example, the data rate command may be to
reduce the data rate by a factor of 2. I 16 parallel chip-
sequence signals were used, two spreaders would be devoted
to each bat; that 1s, the transmitted power for each bit would be
twice the power than 1n the maximum data rate situation.

In the exemplary arrangement shown in FIG. 5, the remote
receiver Turther includes command processor 59. The error-
rate and data rate command processor 59 reads or 1s fed the
syndrome from the plurality of FEC decoders and de-inter-
leavers 356. In response to the syndrome, the command pro-
cessor 59 determines a data rate. Thus, the data rate 1s depen-
dent on the error rate of data being receirved and decoded by
the plurality of FEC decoders. The command processor 59,
based on the data rate determined by the command processor
59, generates the data-rate command signal, the adder-control
signal, and the multiplexer-control signal. The command pro-
cessor 59 generates the data-rate command signal shown 1n
FIG. 4.

The receiver shown 1 FIG. 5 1s configured, by way of
example, for a data rate reduction by a factor of two. The
outputs of every two matched filters are added together before
the data sub-streams are decoded and de-interleaved. The
add-control signal 1s generated by the command processor 59.
The multiplexer 57 then selects only half the decoder outputs,
1.€., half of the plurality of decoded channels, to combine to
form the output data. By way example, the syndrome of the
FEC decoder 1s used to measure the error rate. The error rate
information 1s used to generate the data rate command, which
1s transmitted to the base station transmitter. The error rate
processor also controls the multiplexer 57 and the adders 53
as 1t determines how many of the outputs from the plurality of
despreaders 52 should be combined for the reduced error rate.

FIG. 6 shows the despreaders 52 alternatively embodied as
a plurality of matched filters 67. Equivalently, the plurality of
despreaders may be embodied as a plurality of SAW devices,
which mathematically are equivalent to a plurality of matched
filters 67.

As illustratively shown in FIG. 7, the present invention also
includes a spread-spectrum method for controlling the data
rate at a spread-spectrum transmitter. The method includes
the steps of demultiplexing 81, 1n response to a data-rate
command signal, input data into a plurality of data channels.
The number of data channels 1n the plurality of data channels
1s determined from the data rate command signal.

The method includes FEC encoding and interleaving 82
the plurality of data channels as a plurality of FEC encoded
and interleaved channels, respectively; and spread-spectrum
processing 83 the plurality of FEC encoded and interleaved
channels as a plurality of spread-spectrum channels. The
plurality of spread-spectrum channels preferably are embod-
ied with a plurality of orthogonal or quasi-orthogonal chip-
sequence signals.

The method further includes the steps of combining 84 the
plurality of spread-spectrum channels as a code-division-
multiplexed signal; and modulating 85 and transmitting the
code-division-multiplexed signal, which has the plurality of
spread-spectrum channels, over a communications channel.

At a spread-spectrum recerver, the method includes the
steps ol demodulating 85 or translating the code-division-
multiplexed signal to a processing frequency; despreading 92
the code-division-multiplexed signal ito a plurality of
despread channels, respectively; and adding 93, based on an
adder-control signal, at least two despread channels to gen-
erate a multiplicity of added channels. The method 1includes
generating 95 a syndrome signal from an error rate of the
multiplicity of added channels; FEC decoding and de-inter-
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leaving 94 the multiplicity of added channels, and a multi-
plicity of decoded channels; and, determining 90, 1n response
to the syndrome signal, a desired-data rate. The method fur-
ther includes generating 90 a data-rate command signal hav-
ing the desired data rate; generating, 1n response to the syn-
drome signal, the adder-control signal for adding together a
number of despread channels of the plurality of despread
channels; generating 90, 1n response to the syndrome signal,
a multiplexer signal having a number of decoded channels to
multiplex together; and multiplexing 96 the multiplicity of
decoded channels and an estimate of the mput data. The
data-rate command signal 1s sent over a communications
channel to the spread-spectrum transmitter.

It will be apparent to those skilled in the art that various
modifications can be made to the spread-spectrum commu-
nications, variable throughput reduction system and method
of the 1nstant invention without departing from the scope or
spirit of the mvention, and 1t 1s intended that the present
invention cover modifications and variations of the spread-
spectrum communications, variable throughput reduction
system and method provided they come within the scope of
the appended claims and their equivalents.

I claim:
1. A communications system comprising,
a transmitter, including,

a demultiplexer for demultiplexing input data into a
plurality of data channels;

a plurality of forward-error-correction encoders and
interleavers, coupled to said demultiplexer, for FEC
encoding and interleaving the plurality of data chan-
nels as a plurality of FEC encoded and interleaved
channels, respectively;

a plurality of processors coupled to said plurality of FEC
encoders and interleavers, for processing the plurality
of FEC encoded and interleaved channels as a plural-
ity ol modulated channels;

a combiner coupled to said plurality of processors, for
combining the plurality of modulated channels as a
multiplexed signal;

a recerver, including,

a plurality of demodulators for demodulating the multi-
plexed signal mto a plurality of demodulated chan-
nels, respectively;

a multiplicity of FEC decoder and de-interleavers,
coupled to said plurality of demodulators for FEC
decoding and de-interleaving the multiplicity of
demodulated channels, as a multiplicity of decoded
demodulated channels having an error rate;

a command processor responsive to the error rate for
determining a desired data rate and generating a con-
trol signal to be transmitted to the transmaitter; and

a multiplexer, coupled to said plurality of FEC decoders
and de-interleavers, for multiplexing the multiplicity
ol decoded channels

said transmitter including veceiver circuitry for receiving
the control signal transmitted by the receiver and cir-
cuitry responsive to the control signal to control the data
rate of transmitted data.

2. The communications system as set forth i claim 1,

wherein

said multiplicity of FEC decoders generates a plurality of
syndrome signals; and

said command processor 1s responsive to the plurality of
syndrome signals, for determining which channels 1n the
plurality of modulated channels to delete from transmis-
s1on over the communications channel.
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3. The communications system as set forth i claim 1,
wherein

said multiplicity of FEC decoders generates a plurality of

syndrome signals; and

a said command processor 1s responsive to the plurality of

syndrome signals, for employing erasure decoding for
correcting errors.

4. The communications system as set forth in claims 1
wherein said command processor 1s responsive to the a plu-
rality of syndrome signals for sending a data-rate command
signal to the transmutter.

5. A communications system comprising:

a transmitter, including,

demultiplexer means for demultiplexing imnput data into
a plurality of data channels;

encoder means far FEC encoding and interleaving the
plurality of data channels as a plurality of FEC
encoded and interleaved channels, respectively;

processor means for processing the plurality of FEC
encoded and interleaved channels as a plurality of
modulated channels;

combiner means for combining the plurality of modu-
lated channels as a multiplexed signal;

a recerver, ncluding,

demodulator means for demodulating the multiplexed
signal into a plurality of demodulated channels,
respectively;

decoder means for FEC decoding and de-interleaving,
the multiplicity of demodulated channels, as a multi-
plicity of decoded channels having an error rate;

command processor means responsive to the error rate
for generating a signal indicating a desired data rate to
be sent to said transmitter; and

multiplexer means for multiplexing the multiplicity of
decoded channels

said transmitter including veceiver civcuitry for receiving

the control signal transmitted by the receiver and cir-
cuitry responsive to the control signal to control the data
rate of transmitted data.

6. The communications system as set forth in claim 5,
wherein

said decoder means generates a plurality of syndrome sig-

nals; and

saild command processor 1s responsive to the plurality of

syndrome signals for determining which channels 1n the
plurality of modulated channels to delete from transmis-
sion over the communications channel.

7. The communications system as set forth in claim 5,
wherein

said decoder means generates a plurality of syndrome sig-

nals; and

said command processor means 1s responsive to the plural-

ity of syndrome si1gnals, for employing erasure decoding
for correcting errors.
8. A communications method comprising the steps of:
demultiplexing input data into a plurality of data channels;
FEC encoding and interleaving the plurality of data chan-
nels as a plurality of FEC encoded and interleaved chan-
nels, respectively;

processing the plurality of FEC encoded and interleaved
channels as a plurality of modulated channels;

combining the plurality of channels as a multiplexed sig-
nal;

transmitting the multiplexed signal having the plurality of
modulated channels, over a communications channel;

demodulating the multiplexed signal into a plurality of
demodulated channels, respectively;
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FEC decoding and de-mterleaving the plurality of
demodulated channels, as a multiplicity of decoded
channels;
generating a syndrome signal from an error rate of the
multiplicity of decoded channels; 5

generating, in response to the syndrome signal, a channel
quality [indication] control signal indicating a desired
data rate;

transmitting the quality [indication] control signal to the

transmitter; [and] 10
multiplexing the multiplicity of decoded channels; and
controlling the data rate of data transmitted during said

transmitting step in vesponse to the control signal.

9. The communications method as set forth in claim 8,
turther including the steps of: 15

generating a plurality of syndrome signals; and

determining, responsive to the plurality of syndrome sig-

nals, which channels 1n the plurality of modulated chan-

nels to delete from transmission over the communica-

tions channel. 20

10. The communications method as set forth in claim 8,
turther including the steps of:

generating a plurality of syndrome signals; and

employing, responsive to the plurality of syndrome signals,

erasure decoding for correcting errors. 25

11. A receiver for rvecovering wireless data conveyed in
data symbols by a plurality of different subchannel signals
transmitted over a wireless channel, comprising:

demodulator circuitry for detecting the transmitted signals

in a plurality of demodulated channels; 30
decoder circuitry for FEC decoding and de-interleaving

the plurality of demodulated channels, providing a mul-
tiplicity of decoded channels, each having an evvor rate;
command processor circuitry vesponsive to the ervor rate

of the decoded channels for generating a data-rate con- 35

trol signal to produce a desived data rate to be sent by the
data symbol transmitter of the signals, the data rate
control signal controlling operation of circuitry at the
transmitter to produce the desired data rate to be sent by

the data symbol transmitter of the signals; 40
transmitting circuitry for conveying the error rvate depen-

dent rate control signal back to the data symbol trans-
mitter; and

multiplexer circuitry for combining the multiplicity of

decoded channels into a signal stream of veceived data. 45

12. The receiver of claim 11 wherein the decoder civcuitry
includes circuitry to decode FEC codes of different rates.

13. A method for recovering wireless data conveyed in data
symbols by a plurality of diffevent subchannel signals trans-
mitted over a wireless channel, comprising the steps of. 50

detecting the transmitted signals in a plurality of demodu-

lated channels

FEC decoding and de-interleaving the plurality of

demodulated channels, providing a multiplicity of

decoded channels, each having an error rate; 55
using command processor civcuitry responsive to the error

rate of the decoded channels to generate a data-rate
control signal to produce a desired data rate to be sent

by the data symbol transmitter of the signals,

transmitting the ervor rate dependent data-rvate control 60

signal back to the data symbol transmitter; and

multiplexing the multiplicity of decoded channels into a

single stream of received data.

14. The method of claim 13 wherein the decoding step
includes decoding FEC codes of different rates. 65
13. A transmitter for generating a wireless signal forming

transmitted signals having a data vate including

12

a demultiplexer for demultiplexing input data into a plu-
rality of independent data channels;

encoder circuitry for FEC encoding and interleaving the
plurality of data channels as a plurality of FEC encoded
and interleaved channels, respectively;

processor circuitry for processing the plurality of FEC
encoded and interleaved channels as a plurality of
modulated channels;

a receiver, located at the transmitter, for rveceiving a data-
rate control signal generated from a vemote terminal;
and

a processor responsive to the data-rate control signal for
adjusting the data vate of the transmitted signals.

16. The transmitter of claim 15 wherein the FEC encoder

circuitry is set to different code rates.

17. The transmitter of claim 16 wherein the data rate pro-
cessor changes the transmitted data rate by changing the
FEC encoding rate.

18. A method tor transmitting a wireless signal forming
transmitted signals having a data rate, including the steps of

demultiplexing input data into a plurality of independent
data channels;

FEC encoding and interleaving the plurality of data chan-
nels as a plurality of FEC encoded and interleaved
channels, vespectively;,

processing the plurality of FEC encoded and interleaved
channels as a plurality of modulated channels;

receiving an error vate dependent data vate control signal
generated from a vemote terminal; and

adjusting the data rate of the transmitted signal in accor-
dance with the data-rate control signal.

19. The method of claim 18 wherein the modulated chan-
nels are set to common symbol rates but different modulated
depths.

20. The method of claim 18 wherein the FEC encoding is
set to varying code rates.

21. The method of claim 18 wherein the data rate processor
changes the transmitted data vate by changing the FEC
encoding rate.

22. A wireless transmitter comprising:

a demultiplexer having at least one input and a plurality of
outputs, said input receiving an input data stream and
said outputs providing a first plurality of parallel output
data streams, with each output data stream including a
group of different data symbols from said input data
stream, said output data streams collectively providing a
first data rate;

a spread spectrum processov for gemnerating a separate
spread spectrum signal for each of said first plurality of
output data streams;

transmission civcuitry for simultaneously transmitting said
separate spread spectrum signals in a common channel,;
and

a controller for said demultiplexer, said controller receiv-
ing a feedback control signal from a receiver, said feed-
back control signal being an indication of the signal
quality of the data rate veceived at the receiver, whereby
in response to said feedback control signal indicating a
reduction in signal quality, said controller controls said
demultiplexer to change said outputs from output data
streams having different data symbols to output data
streams having the same data symbols, theveby provid-
ing a second data vate lower than said first data rate.

23. The wireless transmitter of claim 22 further including
FEC encoder civcuitry for FEC-encoding said first plurality

of parallel output data streams.
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24. The wireless transmitter of claim 23 further including
bit-interleaving circuitry for bit-interleaving said first plural-
ity of FEC-encoded parallel output data streams.

25. The wireless transmitter of claim 22 wherein said
demultiplexer has additional outputs which provide a second
plurality of parallel output data streams accompanying said
fivst plurality of parallel output data streams, each rvespective
one of said second plurality of output data streams including
the same data symbols as a vespective one of said first plu-
rality of parallel output data streams.

26. The transmitter of claim 22 wherein said feedback
control signal is a data rate command signal.

27. A wireless transmitter comprising:

a demultiplexer having at least one input and a plurality of

outputs, said input receiving an input data stream and
said outputs providing a first plurality of parallel output
data streams with each output data stream including a
group of different data symbols from said input data
stream, said output data streams collectively providing a
first data rate;

a spread spectrum processor for gemnervating a separate

spread spectrum signal for each of said first plurality of

output data streams;

transmission circuitry forv simultaneously transmitting said
separate spread spectrum signals in a common channel,;
and

a controller for said demultiplexer, said controller receiv-
ing a feedback control signal from a receiver, said feed-
back control signal being an indication of the signal
quality of the data received at the receiver whereby, in
response to said feedback control signal indicating a
reduction in signal quality, said controller controls said
demultiplexer to change said outputs from said first plu-
rality of output data streams having diffevent data sym-
bols to a second plurality of output data streams having
different data symbols, said second plurality being less

than said first plurality, whereby said second plurality of

output data streams collectively provides a second data
rate lower than said first data rate.

28. The wireless transmitter of claim 27 further including
FEC encoder circuitry for FEC-encoding said first and sec-
ond plurality of parallel output data streams.

29. The wireless transmitter of claim 28 further including
bit-interleaving circuitry for bit-interleaving said first and
second plurality of FEC-encoded parallel output data
streams.

30. The wireless transmitter of claim 27 wherein said
demultiplexer additionally produces a thivd plurality of par-
allel output data streams, each vespective one of said thivd
plurality of output data streams including the same data
symbols as a vespective one of said first plurality of parallel
output data streams.

31. The wireless transmitter of claim 27 wherein said
demultiplexer additionally produces a fourth plurality of par-
allel output data streams, each respective one of said fourth
plurality of output data streams including the same data
symbols as a respective one of said second plurality of par-
allel output data streams.

32. The transmitter of claim 27 wherein said feedback
control signal is a data rate command signal.

33. Awireless transmitter that transmits an input bit stream
by demultiplexing the input bit stream to form plural, parallel,
lower-rate output bit streams which, after processing are
simultaneously transmitted in separately detectible signals
within a common frequency channel, comprising:

a demultiplexer for demultiplexing said input bit stream

and producing parallel, lower-rate output bit streams,
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each lower-rate output bit stream having a group of
different symbols from said input bit stream; and

control circuitry for said demultiplexer vesponsive to a

Jeedback control signal from a receiver, said feedback
control signal being an indication of the signal quality of
data received at the veceiver, said control civcuitry caus-
ing the number of said parallel, lower-rate output bit
streams produced by said demultiplexer to increase
when said feedback control signal indicates an increase
in signal quality and to decrease when said feedback
signal indicates a decrease in signal guality.

34. The wireless transmitter of claim 33 wherein said par-
allel, lower-rate output bit streams are transmitted as signals
having constant symbol durations.

35. The wireless transmitter of claim 34 wherein said par-
allel, lower-rate output bit streams are error-encoded and
bit-interleaved before transmission.

36. The wireless transmitter of claim 33 wherein said par-
allel, lower-rate output bit streams collectively have a data
rate that increases when the number of said lower-rate output
bit streams increases and have a data vate that decreases
when the number of said lower-rate output bit streams
decreases.

37. The transmitter of claim 33 wherein said feedback
control signal is a data rate command signal.

38. A wireless receiver for simultaneously veceiving a plu-
rality of spread spectrum signals transmitted in a common

frequency channel, comprising:

rf circuitry for converting said received spread spectrum
signals to baseband;

a demodulator for separating said baseband spread spec-
trum signals and for vecovering a stream of data symbols
from each of said spread spectrum signals;

a multiplexer for multiplexing bit-streams of data derived
from said recovered streams of data symbols to form a
single stream of output data,; and

a controller for controlling the number of bit-streams that
are applied to said multiplexer, whereby the rate of said
single stream of output data is determined by the number
of bit-streams applied to said multiplexer.

39. The receiver of claim 38 further including a bit-deinter-
leaver and FEC decoder for deinterleaving and decoding
said bit-streams before they are applied to the multiplexer.

40. The receiver of claim 38 wherein said controller com-
bines bit-streams having the same bit sequences to produce
said bit-streams applied to said multiplexer.

41. The receiver of claim 38 wherein said controller gen-
erates a feedback control signal which is sent to the transmit-
ter that transmits said plurality of spread spectrum signals,
said feedback contrvol signal indicating the signal quality of
the data received at the veceiver, said feedback control signal
changing the number of transmitted spread spectrum signals
that have different bit sequences, wherveupon said controller
changes the number of bit-streams that ave applied to said
multiplexer to change the rate of said single stream of output
data.

42. The receiver of claim 41 wherein said controller
increases the number of inputs applied to said multiplexer
when said feedback control signal indicates an increase in
signal quality.

43. The receiver of claim 41 wherein said controller
decreases the number of inputs applied to said multiplexer
when said feedback signal indicates a decrease in signal
quality.

44. A receiver for simultaneously receiving a plurality of
separately-detectible signals simultaneously transmitted in a
common frequency channel, comprising:
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vf circuitry for converting said received plurality of signals
to baseband;

a demodulator for separating said plurality of baseband
signals and for recovering a stream of data symbols from
each of said signals;

a multiplexer for multiplexing bit-streams of data derived
from said recovered streams of data symbols to form a
single stream of output data,; and

a controller for controlling the number of bit-streams that
are applied to said multiplexer, whereby the rate of said
single stream of output data is determined by the number
of bit-streams applied to said multiplexer.

45. The receiver of claim 44 further including a bit-deinter-
leaver and an FEC decoder for deinterleaving and decoding
said bit-streams before they are applied to said multiplexer.

46. The receiver of claim 44 wherein said contrvoller com-
bines bit-streams having the same bit sequences to produce
said bit-streams applied to said multiplexer.
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47. The receiver of claim 44 wherein said controller gen-
erates a feedback control signal which is sent to the transmit-
ter that transmits said plurality of signals, said feedback
control signal indicating the signal quality in the channel
between the transmitter and said veceiver, said feedback con-
trol signal changing the number of transmitted separately-
detectible signals that have different bit sequences, where-
upon said controller changes the number of bit-streams that
are applied to said multiplexer to change the rate of said
single stream of output data.

48. The receiver of claim 47 wherein said controller
increases the number of inputs applied to said multiplexer

when said feedback signal indicates an increase in signal
quality.

49. The receiver of claim 47 wherein said controller
decreases the number of inputs applied to said multiplexer
when said feedback signal indicates a decrease in signal

quality.
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