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METHOD AND SYSTEM FOR TEMPORAL
AUTOCORRELATION FILTERING

FIELD OF THE INVENTION

The field of the present invention pertains to filtering
techniques to reduce distortion effects in signal transmission
and reception. More particularly, the present invention
relates to using a temporal autocorrelation filter to remove
phase distortion from spread spectrum signals.

BACKGROUND ART

Data communications represents one of the most rapidly
evolving technologies in widespread use today. Data com-
munications and data processing has become important to
virtually every segment of the nation’s economy. The
demand for efficient and reliable data transmission systems
has increased the requirement for the control of errors to
enable the reliable reproduction of data.

Information needs to be reliably transmitted and received.
This holds true for data communications as well as voice
communications. Wireless transmission systems transmit
data from a transmitter to a receiver through a communica-
tions channel. The communications channel is typically an
over the air, RF transmission. Examples include cellular
telephony applications, two way radio communications,
wireless Ethernet, and the like. Transmission conditions, that
is, the degree to which RF signals are distorted by various
conditions of the communications channel (e.g., weather,
multi-path interference, multiple transmitter interference,
etc.) are often problematic. A primary measure of the
effectiveness of a wireless communications system is its
reliability and performance irrespective of transmission con-
ditions. Reliable transmission should be ensured even in the
presence of significant interference, noise, distortion, or
other problems with the communications channel.

One method for ensuring reliable transmission is to utilize
efficient error control and correction techniques (ECC).
Modern ECC processes are primarily implemented through
error correction code schemes. Error control coding as
implemented between a transmitting device and a receiving
device incorporates information into a transmitted digital
data stream (e.g., a signal) that allows the receiver to find
and correct errors occurring in transmission and/or storage.
Since such coding detects or corrects errors incurred in the
communication, it is often referred to as channel coding. The
transmitting side of the error-control coding adds redundant
bits or symbols to the original signal sequence and the
receiving side uses these bits or symbols to detect and/or
correct any errors that occurred during transmission. In
general the more redundant bits added to the transmitted
sequence the more errors that can be detected and more
redundancy is required for detection and correction than for
detection alone. However, there exists several practical
limits to the degree to which an efficient ECC scheme can
compensate for problems with the communications channel.

Another method for ensuring reliable transmission is the
use of sophisticated noise cancellation and/or filtering pro-
cesses. Many of these processes utilize sophisticated encod-
ing schemes to enhance the receiver’s ability to filter out the
effects of noise within the communications channel. One
increasingly popular such process is CDMA, or Code Divi-
sion Multiple Access. CDMA (or spread spectrum) is the
general description for several digital wireless transmission
methods in which signals are encoded using a pseudo-
random sequence prior to transmission through the channel
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by the transmitter. This pseudo-random sequence is also
known to the receiver. The receiver uses the pseudo random
sequence to decode the received signal. The pseudo-random
sequence encoding has the effect of spreading signal energy
across a frequency spectrum of the communications chan-
nel. CDMA is one of several such “spread spectrum” tech-
niques. CDMA uses unique spreading codes (e.g., the
pseudo random sequences) to spread the base-band data
before transmission. The receiver then uses a correlator to
de-spread the desired signal, which is passed through a
narrow band pass filter. Unwanted signals, e.g., noise, will
not be de-spread and will not pass through the filter, thus
canceling their effects.

Because of its resistance to noise and other types of
unwanted signals, prior art CDMA communications tech-
nologies have become widely used in cellular telephone
applications. CDMA based cellular transmission covers a
series of “cells” provided to a communications to subscrib-
ing users. A cell is the geographic area encompassing the
signal range from one base station (a site containing a radio
transmitter/receiver and network communication equip-
ment). Wireless transmission networks are comprised of
many overlapping cell sites to efficiently use radio spectrum
for wireless transmissions.

However, even the more sophisticated prior art CDMA
based cellular telephone systems are susceptible to signal
noise and other forms of unwanted interference. For
example, although the prior art CDMA strategy of spreading
signal energy across a frequency band can effectively sup-
press many types of noise and interference, spreading signal
energy across a wide frequency spectrum subjects that signal
to a greater degree of interference from sources found within
that spectrum. This problem is even more pronounced in
those cases where the interference sources transmit a much
greater amount of energy into a frequency spectrum in
comparison to the desired signal.

One solution to this problem involves the use of notch
filters to cancel out the known sources of interference (e.g.,
radio stations, telephone transmitters, etc.) within a given
frequency band. Unfortunately, the major drawback to the
solution is the fact that it can be virtually impossible to
accurately assess and quantify the many different sources of
interference within a crowded frequency band. The charac-
teristics of the interfering signals vary significantly with the
transmission conditions (e.g., transmitter power, multipath
effects, fading, atmospheric bouncing, etc.), and the aggre-
gate effect of the interference sources results in a signifi-
cantly decreased transmission range and/or transmission
data rate. Thus, even with a very robust and advanced ECC
technique, noise, distortion, and interference within the
communications channel can significantly impair even very
sophisticated spread spectrum types of communications
systems.

Thus what is required is a solution for implementing
reliable and robust wireless communication in the presence
of noise, distortion, and interference. What is required is a
solution that can effectively cancel the effects of noise,
distortion, and interference within a communications chan-
nel, and thereby increase the effective transmission range
and transmission data rate of a wireless communication
system. The present invention provides a novel solution to
the above requirements.

SUMMARY OF THE INVENTION

The present invention provides a method and system for
temporal autocorrelation filtering for implementing reliable
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and robust wireless communication in the presence of dis-
tortion. The filtering system of the present invention can
effectively cancel the effects of distortion within a commu-
nications channel, and thereby increase the effective trans-
mission range and transmission data rate of a wireless
communication system.

In one embodiment, the present invention is implemented
as an autocorrelation filter for use with a spread spectrum
receiver. The autocorrelation filter can be used as a prefilter
stage to reduce phase distortion present in a spread spectrum
signal prior to decoding the signal in a decoding stage of the
receiver. The autocorrelation filter is used to process either
the received input signal directly, or an output signal from a
lattice filter, and perform an autocorrelation on said signal.
The lattice filter can optionally be included to also remove
magnitude distortion from the spread spectrum signal,
though this is not necessary to get the effect of reduced phase
distortion. The autocorrelation filter first performs a corre-
lation process on its input signal. The results of the corre-
lation process are integrated over a period of time using an
integration stage to generate a running impulse response
characterizing the phase distortion of the spread spectrum
signal. This running impulse response is then used as the tap
weights (or coefficients) of a FIR filter applied to the input
signal (possibly from the lattice filter). The spread spectrum
signal emerges from the FIR stage with the phase distortion
removed.

In this manner, optionally, the lattice filter removes the
magnitude distortion present in the spread spectrum signal
while leaving the phase distortion. Subsequent processing in
the autocorrelation filter removes the remaining phase dis-
tortion present in signal. The output of the autocorrelation
filter can then be processed in a subsequent decoding stage
free of errors induced by distortion. Because magnitude
distortion and phase distortion have been removed, the
effective transmission range and transmission data rate of
the wireless communication system is greatly increased. But
even without the removal of magnitude distortion by the
lattice filter, the autocorrelation filter alone offers significant
improvement in effective range and/or data rate.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example
and not by way of limitation, in the figures of the accom-
panying drawings and in which like reference numerals refer
to similar elements and in which:

FIG. 1 shows an exemplary baseband direct sequence,
spread spectrum CDMA receiver upon which the present
invention may be practiced.

FIG. 2 shows a diagram depicting the internal compo-
nents of an autocorrelation filter in accordance with one
embodiment of the present invention.

FIG. 3 shows a diagram of the internal components of a
correlator array in accordance with one embodiment of the
present invention.

FIG. 4 shows a diagram of the internal components of an
integrator in accordance with one embodiment of the present
invention.

FIG. 5 shows a flowchart of the steps of a magnitude
distortion and phase distortion filtering process in accor-
dance with one embodiment of the present invention.

FIG. 6 shows a more detailed diagram of the components
of an autocorrelation filter in accordance with one embodi-
ment of the present invention.
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FIG. 7 shows a diagram depicting the internal compo-
nents of one of the correlators of the autocorrelation filter of
FIG. 6 in accordance with one embodiment of the present
invention.

FIG. 8 shows an alternate embodiment of FIG. 7 capable
of processing unknown transmitted symbols.

FIG. 9 shows a phase-locked loop implementation for
synchronizing the receiver to the transmitted signal taking
advantage of special properties of the output of the auto-
correlation filter.

DETAILED DESCRIPTION OF THE
INVENTION

Reference will now be made in detail to the embodiments
of the invention, examples of which are illustrated in the
accompanying drawings. While the invention will be
described in conjunction with the preferred embodiments, it
will be understood that they are not intended to limit the
invention to these embodiments. On the contrary, the inven-
tion is intended to cover alternatives, modifications and
equivalents, which may be included within the spirit and
scope of the invention as defined by the appended claims.
Furthermore, in the following detailed description of the
present invention, numerous specific details are set forth in
order to provide a thorough understanding of the present
invention. However, it will be obvious to one of ordinary
skill in the art that the present invention may be practiced
without these specific details. In other instances, well known
methods, procedures, components, and circuits have not
been described in detail as not to unnecessarily obscure
aspects of the present invention.

Embodiments of the present invention are directed to a
method and system for temporal autocorrelation filtering for
implementing reliable and robust wireless communication in
the presence of distortion. The filtering system of the present
invention can effectively cancel the effects of distortion
within a communications channel, and thereby increase the
effective transmission range and transmission data rate of a
wireless communication system. The present invention and
its benefits are further described below.

FIG. 1 shows an exemplary baseband direct sequence,
spread spectrum CDMA receiver 100 upon which the
present invention may be practiced. The CDMA receiver
100 uses Walsh functions and a separate pseudo-random
code. The RF signal (e.g., the spread spectrum signal) is
received over antenna 101. The signal is then amplified by
an amplifier 102. In the present embodiment, amplifier 102
is comprised of two or more baseband video amplifiers
coupled in series. This can provide a gain bandwidth product
in the Terahertz range. Next, the analog spread spectrum
signal is converted into an equivalent digital signal by an
analog-to-digital converter 103. A lattice filter 104 is then
used to filter out the periodic and quasi-periodic interference
in the spectrum of interest. The lattice filter 104 also has the
effect of filtering out magnitude distortion within the signal.
(In alternate embodiments of the invention, the lattice filter
may be omitted.) The output of the lattice filter 104 is then
fed into an autocorrelation filter 105. The autocorrelation
filter 105 performs an autocorrelation process on the output
of the lattice filter 104. This autocorrelation process has the
effect of filtering out phase distortion within the signal.
Thus, when the signal emerges from the autocorrelation
filter 105, the signal is free of magnitude distortion and
phase distortion.

Subsequently, the signal is demodulated by multiplying it
with the synchronized pseudo-random sequence 106. This is
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the same pseudo-random sequence associated with the trans-
mitting base station. The signal is multiplied by a synchro-
nized Walsh function 107 in order to eliminate interference
due to other users’ transmission within that cell. An inte-
gration 108 is followed by a sample and hold 109 function.
Optionally, a bandpass filter is used to filter out the AM radio
signals (e.g., 0.5 MHz to 1.5 MHz). Additionally, a high pass
filter may be used to filter out the higher frequencies (e.g.,
above 30 MHz). Alternatively, notch filter(s) may be used to
filter out the known interference signal(s) in the restricted
bands.

It should be appreciated that although embodiments of the
present invention are described in the context of a baseband
direct sequence, spread spectrum CDMA communications
system, embodiments of the present invention are capable of
functioning with any type of spread spectrum technique and
at any frequency. For example, embodiments of the present
invention can be configured for functioning with other types
of cellular telephone voice communications systems, data
transfers, peer-to-peer communications, satellite, military,
commercial, civilian, IEEE 802.11(b), Bluetooth, as well as
a wide range of different wireless transmissions schemes,
formats, and medium. One such spread spectrum system is
described in detail in the patent application entitled, “A
Baseband Direct Sequence Spread Spectrum Transceiver,”
filed Jan. 26, 2001, Ser. No. 09/772,110 and which is
incorporated by reference in its entirety herein. Another
spread spectrum system is described in the patent applica-
tion entitled, “Application of a Pseudo-Randomly Shuffled
Hadamard Function In A Wireless CDMA System,” filed
Dec. 5, 2000, Ser. No. 09/730,697 and which is incorporated
by reference in its entirety herein.

Referring still to FIG. 1, the lattice filter 104 is configured
to filter out periodic and quasi-periodic interference in the
band of interest. In performing its function, the lattice filter
104 also filters out magnitude distortion present in the
signal. Lattice filters, at times referred to as linear predictive
coding (LPC) filters, are well known in the art (See, for
example, L. R. Rabiner and R. W. Schafer, Digital Process-
ing of Speech Signals). Additional descriptions of the opera-
tion of LPC filters and lattice filters can be found in the
patent application entitled “AN LPC FILTER FOR
REMOVING PERIODIC AND QUASI-PERIODIC
INTERFERENCE FROM SPREAD SPECTRUM SIG-
NALS” filed on Dec. 11, 2001, Ser. No. 10/015,013, which
is incorporated herein by reference in its entirety.

The output of the lattice filter 104 is received by the
autocorrelation filter 105. As described above, the lattice
filter 104 functions in part to removing magnitude distortion
from the signal. However, phase distortion remains. The
autocorrelation filter 105 removes the remaining phase dis-
tortion. Subsequently, a comparatively clean signal is passed
to the decoding stages of the receiver 100 (e.g., components
106-109).

FIG. 2 shows a diagram depicting the internal compo-
nents of the autocorrelation filter 105 in accordance with one
embodiment of the present invention. As depicted in FIG. 2,
the autocorrelation filter 105 includes a delay unit 201
coupled to a correlator array 202. The output of the corr-
elator array 202 is subsequently coupled to an integrator
array 203. The outputs of the integrator array 203 are the tap
weights applied to the input signal by the FIR filter 204.

In the present embodiment, the correlator array 202
implements an autocorrelation stage within the receiver 100.
The integrator array 203 implements an integration stage
within the receiver 100. The delay unit 201 functions by
receiving the output of the lattice filter 104 and generating
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there from “X” number of delayed versions of the signal
(e.g., 32 versions, 64 versions, 128 versions, or the like).
Each of the X number of delayed versions of the signal, or
samples, has an added incremental amount of delay and is
coupled to the correlator array 202 via a respective tap.
Thus, a first tap would comprise an earliest version of the
signal whereas the last tap would comprise the latest, or
most delayed, version of the signal. Thus for X number of
delayed versions, there are X taps.

The X taps are respectively coupled to the correlator array
202 where the autocorrelation process is performed. The
outputs of the correlator array 202 are subsequently coupled
to the integrator array 203, which in turn provides the tap
weights to the FIR filter 204. This arrangement is shown in
greater detail in FIG. 3 below.

FIG. 3 shows a diagram of the internal components of the
correlator array 202 and integrator array 203 in accordance
with one embodiment of the present invention. As depicted
in FIG. 3, the correlator array 202 includes X number of
input delay lines 301-310 (e.g., shown here as input delay
+0, input delay +1, and so on). The X number of input delay
lines couple to the corresponding X number of taps from
delay unit 201. Each of the input delay lines 301-310
couples to its respective correlator 321-330 (e.g., shown
here as correlator 0, correlator 1, correlator 2, and so on).

The correlators 321-330 perform respective correlation
processes on each of the respective samples. In one embodi-
ment, 32 samples are used with 32 correlators. This yields 32
correlation outputs, with each of the outputs having an added
incremental time delay. Each of the outputs is then fed to the
integrator array 331-340 as shown. This results in the
integrator array 331-340 accumulating an average impulse
response that spans the time span from the earliest of the 32
samples to the latest (e.g., wherein the samples continually
arrive at a rate of 50 MHz in a typical implementation).

Thus, as samples of the signal are continuously received,
the correlator array 202 and the integrator array 203 produce
a running impulse response using the most recent 32
samples of the signal. This running impulse response
describes the phase distortion impulse response character-
istics of the communications channel. In accordance with
the present invention, this running impulse response is used
to perform an autocorrelation against the incoming data
using the FIR filter 204, which has the effect of canceling out
the phase distortion in the signal. As described above, the
lattice filter 104 removes magnitude distortion from the
signal. Once processed by the correlator array 202 and the
integrator array 203, phase distortion is also removed from
the signal by the FIR filter 204.

As used herein, temporal autocorrelation as implemented
by the autocorrelation filter 105 functions by processing the
temporal dependence evident between successive samples.
Generally, as known by those skilled in the art, temporal
autocorrelation analyzes dependence across samples sepa-
rated in time (e.g., by the added time increments of the X
number of taps).

Referring now to FIG. 4, a diagram showing the internal
components of one element of the integrator array 203 in
accordance with one embodiment of the present invention is
shown. As depicted in FIG. 4, the integrator array 203 is
implemented as a “leaky” integrator, wherein the integrator
array 203 integrates its input over time (e.g., successive
samples) while decaying, or leaking, at a rate proportional
its activity.

In the present embodiment, each leaky integrator in the
integrator array 203 includes an accumulator 403 coupled to
a positive feedback node 402 and a negative feedback node
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401. The positive feedback node 402 provides the accumu-
lation function, wherein the value of successive samples is
added to the accumulator. The scaled down (typically by
right shifting, though multiplying can be substituted if more
precision is needed in the decay rate) negative feedback
node 401 provides the decay rate, or leakage rate. Thus, in
the example where X incremental samples are received from
the correlator array 202, the output of the integrator array
203 will be a running impulse response spanning the time
period of the X number of samples.

FIG. 5 shows a flowchart of the steps of a process 500 in
accordance with one embodiment of the present invention.
As depicted in FIG. 5, process 500 shows the operating steps
of a receiver (e.g., receiver 100 of FIG. 1) performing
magnitude distortion filtering and phase distortion filtering
in accordance with one embodiment of the present inven-
tion.

Process 500 begins in step 501, where the receiver
receives the spread spectrum signal from the communica-
tions channel (e.g., the airwaves) via an antenna (e.g.,
antenna 101). In step 502, the received spread spectrum
signal is digitized using an analog to digital converter (e.g.,
analog to digital converter 103). In step 503, the digitized
spread spectrum signal is processed using a lattice filter to
remove magnitude distortion. As described above, the lattice
filter (e.g., lattice filter 104) is configured to filter out
periodic and quasi-periodic signals in the band of interest. In
performing this function, the lattice filter 104 also filters out
magnitude distortion present in the signal. In step 504, a
correlation process is performed on the signal using a
correlation array (e.g., correlator array 202 of FIG. 2).

Referring still to process 500 of FIG. 5, as described
above, the correlation process functions in part by process-
ing the temporal dependence evident between successive
samples. In step 505, the results of the correlation process
are integrated using a leaky integrator (e.g., integrator array
203). As described above, the integrator array 203 integrates
its input over time (e.g., successive samples) while decay-
ing, or leaking, at a rate proportional its activity. Thus, in a
case where X incremental samples are received from the
correlator array 202, the output of the integrator array 203
will be a running impulse response spanning the time period
of the X number of samples. Subsequently, in step 506, this
running impulse response becomes the tap weights for an
FIR filter applied to the input signal. The processed signal at
step 507 is now free of magnitude distortion and phase
distortion.

FIG. 6 shows a more detailed diagram of the components
of an autocorrelation filter 600 in accordance with one
embodiment of the present invention. As depicted in FIG. 6,
the more detailed diagram of the autocorrelation filter 600
shows a delay unit 601 coupled to a correlator array com-
prising a plurality of correlators 602—604. The outputs of the
correlators 602-604 are integrated by a finite impulse
response filter 610 into an output 640 as shown.

The autocorrelation filter 600 embodiment shows a delay
unit 601 that functions by producing a number of delayed
versions of the signal (e.g., “n” number of delay versions)
and respectively coupling the delayed versions to the corr-
elators 602-604 in substantially the same manner as the
delay unit 201 of FIG. 2. As shown in FIG. 6, correlator 0
(e.g., correlator 602) receives the least delayed version of the
signal, while correlator n-1 (e.g., correlator 604) receives
the most delayed version of the signal, with each of the
delayed versions having an added incremental amount of
delay.
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The correlators 602—-604 produce respective correlator
outputs which are coupled to respective multipliers
622-624. The multipliers 622-624 function by multiplying
the correlator outputs with the respective delayed versions of
the signal from the delay unit 601 as shown. The outputs of
the multipliers 622—624 are then combined using a summa-
tion unit 630, which then produces the finite impulse
response (FIR) filter output 640.

FIG. 7 shows a diagram depicting the internal compo-
nents of one of the correlators (e.g., correlator 602) of the
autocorrelation filter 600 in accordance with one embodi-
ment of the present invention. As shown in FIG. 7, in the
present embodiment, the correlator comprises a bit-time
correlator 701 coupled to a leaky integrator 702. The bit-
time correlator 701 and the leaky integrator 702 perform a
correlation, wherein the incoming delayed signal (e.g.,
delayed 1) is multiplied by the expected signal and summed.

FIG. 8 shows an alternate embodiment of FIG. 7, for the
case where we don’t know in advance the symbol actually
sent by the transmitter until after it is fully decoded. For this
case, a plurality of bit time correlators 801-803 are used,
each assuming one of the N possible transmitted symbols.
Once the decoder has decided which symbol was sent,
multiplexer 804 selects which bit time correlator output to
use as input to leaky integrator 805.

In this manner, diagram 800 shows a method in accor-
dance with one embodiment of the present invention of
handling the case where the expected signal is being
received while its actual value is not yet known. To handle
this situation, in the present embodiment, for each delay
amount (e.g., delay i), the data receive accumulators are
duplicated (e.g., accumulator array 801-803). The present
embodiment takes advantage of the fact that the decoded
data received using the FIR output 640 are more reliable
than the “answer” at each delay amount (e.g., delay i)
because they use phase-distortion corrected inputs. In other
words, all the energy that is spread out in time is re-
concentrated and used by the data decoder fed from FIR
output 640, including any ECC applied by the decoder.

It should be noted that although the bit-time correlator
embodiment depicted in FIG. 8 includes a full copy of the
data receive accumulators (e.g., accumulator array 801-803)
for each delay i, more simplified implementations are pos-
sible. For example, particular embodiments could use vari-
ous multiplexing schemes to reduce hardware redundancy.
For example, there could be fewer (e.g. only one) bit-time
correlators than delay amounts and/or each bit-time correla-
tor could assume that particular subset of data values was
being transmitted with no modification to the leakily inte-
grated value being computed if that assumption is incorrect.
Additionally, it should be noted that if there is a full copy of
the accumulators at each delay i tap, there would conse-
quently be no need for the FIR filter (e.g., FIR filter 610),
thereby providing a less expensive implementation. In such
an implementation, the same computation could be done
using the bit-time correlators at the delay taps of the delay
unit (e.g., delay unit 601).

FIG. 9 shows a well known method for synchronizing the
receiver’s digital clock to the transmitted signal. The
received signal is fed into a three-tap delay line 901, with the
two side taps sent to correlators 902 and 903. The magni-
tudes of these correlations on either side of where the
correlation peak is expected are compared by comparator
904. This determines whether the correlation peak is too far
to one side or the other. After analog filtering 905, a control
voltage is applied to a voltage controlled oscillator 906,
producing a clock.
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In the absence of the autocorrelation filtering of the
present invention, the above synchronization method will
typically be unstable, and thus, not function properly. This is
because there is typically too much delay in the correlators
902 and 903. However, if the input to delay 901 comes from
the signal processed by the autocorrelation filter 105, rather
than the unprocessed received signal, the overall system
becomes stable. This is because the phase correction process
of the autocorrelation filter partially undoes the phase error,
but with a slight lag (due to the leaky integrators 332-340).
Thus, rather than being a phase locked loop, this becomes a
frequency locked loop, which allows the phase to slip
(slowly). This phase slip can then be corrected by digitally
shifting the samples by integer amounts, as needed to center
the autocorrelation window at delay 201. Frequency locked
loops are generally much more stable than phase locked
loops, even in the face of the significant delay due to
correlators 902 and 903. Improving the quality of the clock
synchronization greatly increases the quality of the decoded
received signal.

Thus, embodiments of the present invention are directed
to a method and system for temporal autocorrelation filtering
for implementing reliable and robust wireless communica-
tion in the presence of distortion. The filtering system of the
present invention can effectively cancel the effects of inter-
ference and distortion within a communications channel,
and thereby increase the effective transmission range and
transmission data rate of a wireless communication system.

The foregoing descriptions of specific embodiments of the
present invention have been presented for purposes of
illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teaching. The embodiments
were chosen and described in order best to explain the
principles of the invention and its practical application,
thereby to enable others skilled in the art best to utilize the
invention and various embodiments with various modifica-
tions as are suited to the particular use contemplated. It is
intended that the scope of the invention be defined by the
Claims appended hereto and their equivalents.

What is claimed is:

1. A spread spectrum receiver, comprising:

an antenna for receiving a spread spectrum signal;

a lattice filter coupled to the antenna, wherein the lattice
filter is configured to remove magnitude distortion from
the spread spectrum signal to produce a lattice filter
output;

an autocorrelation filter coupled to receive the lattice filter
output, wherein the autocorrelation filter is configured
to remove phase distortion from the lattice filter output;

a correlation stage included in the autocorrelation filter to
receive the lattice filter output and perform a set of
time-shifted correlations on the lattice filter output;

an array of correlators included in the correlation stage,
each of the correlators coupled to receive delayed
versions of the lattice filter output and generate a
respective correlation output; and

an integration stage coupled to the correlation stage to
integrate each output of the correlation stage, wherein
the integrating of each output of the correlation stage
over the period of time generates a running impulse
response characterizing the phase distortion of the
spread spectrum signal.
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2. The spread spectrum receiver of claim 1 further com-
prising:

an analog to digital converter coupled to the antenna for
converting the spread spectrum signal to a digital signal
and providing the digital signal to the lattice filter.

3. The spread spectrum receiver of claim 1 wherein the
integration stage includes a leaky integrator for integrating
the output of the correlation stage.

4. The spread spectrum receiver of claim 1 further com-
prising:

an FIR filter using outputs of the integration stage as tap
weights.

5. A spread spectrum receiver, comprising:

an antenna for receiving a spread spectrum signal;

an autocorrelation filter coupled to the antenna, wherein
the autocorrelation filter is configured to remove phase
distortion from the spread spectrum signal received by
the antenna;

an analog to digital converter coupled to the antenna for
converting the spread spectrum signal to a digital signal
and providing the digital signal to the autocorrelation
filter;

a correlation stage included in the autocorrelation filter to
receive the spread spectrum signal from the antenna
and perform a set of time-shifted correlations on the
spread spectrum signal;

an array of correlators included in the correlation stage,
each of the correlators coupled to receive delayed
versions of the spread spectrum signal received by the
antenna and generate a respective correlation output;
and

an integration stage coupled to the correlation stage to
integrate each output of the correlation stage, wherein
the integrating of each output of the correlation stage
over the period of time generates a running impulse
response characterizing the phase distortion of the
spread spectrum signal.

6. The spread spectrum receiver of claim 5 wherein the
integration stage includes a leaky integrator for integrating
the output of the correlation stage.

7. The spread spectrum receiver of claim 5 further com-
prising:

an FIR filter using the outputs of the integration stage as
tap weights.

8. An autocorrelation filter for removing phase distortion
from a spread spectrum signal, wherein the autocorrelation
filter is configured to function with a digitized spread
spectrum signal, comprising:

a correlation stage included in the autocorrelation filter to
receive the spread spectrum signal and perform a
correlation on the spread spectrum signal;

an array of correlators included in the correlation stage,
each of the correlators coupled to receive the spread
spectrum signal and generate a respective correlation
output;

an integration stage coupled to the correlation stage for
integrating the outputs of the correlation stage;

an array of correlators included in the correlation stage,
each of the correlators coupled to receive the spread
spectrum signal and generate respective correlation
outputs; and

a leaky integrator included in the integration stage, the
leaky integrator coupled to receive the respective cor-
relation outputs and integrate the respective correlation
outputs over a time period, wherein the integrating of
the output of the correlation stage over the period of
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time generates a running impulse response character-
izing the phase distortion of the spread spectrum signal.

9. The autocorrelation filter of claim 8 wherein the
integration stage includes a leaky integrator for integrating
the outputs of the correlation stage.

10. The autocorrelation filter of claim 8 further compris-
ing:

an FIR filter taking the outputs of the integration stage as

tap weights to remove phase from the spread spectrum
signal.

11. The autocorrelation filter of claim 8 further compris-
ing:

an FIR filter taking the outputs of the integration stage as

tap weights to remove phase from the spread spectrum
signal.

12. The autocorrelation filter of claim 8 wherein a spread
spectrum signal is received from a lattice filter coupled to the
autocorrelation filter.

13. A method for filtering out phase distortion from a
spread spectrum receiver, comprising:

receiving a spread spectrum signal;

digitizing the spread spectrum signal;

removing magnitude distortion from the spread spectrum

signal by using a lattice filter;

removing phase distortion from the spread spectrum sig-

nal by using an autocorrelation filter;

generating a plurality of correlation outputs by using an

array of correlators, each of the correlators coupled to
receive an output of the lattice filter; and

integrating the plurality of correlation outputs by using an

integration stage coupled to receive the plurality of
correlation outputs, wherein the integrating of the plu-
rality of correlation outputs over the period of time
generates a running impulse response characterizing
the phase distortion of the spread spectrum signal.
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14. The method of claim 13 further comprising:

performing an autocorrelation on an output of the lattice
filter by using a correlation stage.

15. The method of claim 13 wherein the integration stage
includes a leaky integrator for integrating the plurality of
correlation outputs over a period of time.

16. The method of claim 13 further comprising:

FIR filtering the spread spectrum signal using the running
impulse response to remove phase distortion from the
spread spectrum signal.

17. A method for filtering out phase distortion from a

spread spectrum receiver, comprising:

receiving a spread spectrum signal;

digitizing the spread spectrum signal;

removing phase distortion from the spread spectrum sig-
nal by using an autocorrelation filter;

generating a plurality of correlation outputs by using an
array of correlators, each of the correlators coupled to
receive a digitized spread spectrum signal; and

integrating the plurality of correlation outputs by using an
integration stage coupled to receive the plurality of
correlation outputs, wherein the integrating of the plu-
rality of correlation outputs over the period of time
generates a running impulse response characterizing
the phase distortion of the spread spectrum signal.

18. The method of claim 17 further comprising:

performing an autocorrelation on a digitized spread spec-
trum signal by using a correlation stage.

19. The method of claim 17 wherein the integration stage
includes a leaky integrator for integrating the plurality of
correlation outputs over a period of time.

20. The method of claim 17 further comprising:

FIR filtering the spread spectrum signal using the running

impulse response to remove phase distortion from the
spread spectrum signal.
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