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The present invention relates generally to radiocommunication systems

and, more particularly, to signal processing techniques in spread spectrum
5  radiocommunication systems. ' |

CDMA and spread spectrum communications have been around since the
days of World War II. Early applications were predominantly military oriented.
However, today there has been an increasing interest in using spread spectrum
systems in commercial applications, including digital cellular radio, land mobile

10 radio, and indoor and outdoor personal communication networks.

The cellular tclephohe industry has made phenomenal strides in
commercial operations in the United States as well as the rest of the world.
Growth in major metropolitan areas has far exceeded expectaiions and is
outstripping system capacity. If this trend continues, the effects of rapid growth

15  will soon reach even the smallest markets. Innovative solutions are required to
‘meet these increasing capacity needs as well as maintain high quality service and

. avoid rising prices.

" Throughout the world, one important step in cellular systems is to change

from analog to digital transmission. Equally important is the choice of an

20  effective digital transmission scheme for implementing the next generation
cellular technology. Furthermore, it is widely believed that the first generation
of Personal Communication Networks (PCNs), employing low cost, pocket-size,
cordless telephones that can be carried comfortably and used to make or receive
calls in the home, office, street, car, etc., will be provided by cellular carriers

25  using the next generation digital cellular system infrastructure. The key feature
demanded in these new systems is increased traffic capacity.

Currently, channel access is achieved using Frequency Division Multiple
Access (FDMA) and Time Division Multiple Access (TDMA) methods. In

FDMA, a communication channel is a single radio frequency band into which a
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Thr oughout the world, one inportant step in cellular systens is to change
fromanalog to digital transm ssion. Equally inportant is the choice of an
20 effective digital transm ssion schenme for inplenenting the next
generation cellular technology. Furthernore, it is widely believed that the
first generation of Personal Comunication Networks (PCNs), enploying | ow
cost, pock®O®i22885 cordl ess tel ephones that can be carri edPEGUSH20033 y and
used to nmake or receive calls in the hone, office, street, car, etc., wll
be provided by cellular carriers 25 usi ng the next generation digital
cellular systeminfrastructure. The key feature demanded in these new
systens is increased traffic capacity. Currently, channel access is

achi eved using Frequency Division Miltiphe Access (FDVA) and Tine Division
Mul tiple Access (TDVA) nethods. In FDVA, a conmunication channel is a

si ngl e radi 0 sighgice @amsmisNicIOpowérds \tohcetrited. SYElef dapacifSis limited by the
PCT/ U$96/ 20023 2 Si fqnal s transm ssion power (i s concentrated. System
capacity is Avaijableg TERLENGiES as well as by limitations imposed by channel reuse. In
TDMA systems, a channel consists of a time slot in a periodic train of time
intervals over the same frequency. System cipacity is limited by the available
5 - time slots as well as by limitations imposed on channel reuse.

.With FDMA or TDMA or hybrid FDMA/TDMA systems, the goal is to
ensure that two potentially interfering signals do not occupy the same frequency
at the same time. In contrast, Code Division Multiple Access (CDMA) allows
signals to overlap in both time and frequency. Thus, all CDMA signals share

10 the same frequency spectrum. In the frequency or the time domain, the multiple
access signals appear to overlap one another,

There are a number of advantages associated with CDMA communication
techniques. The capacity limits of CDMA-based cellular systems are projected
to be up to twenty times that of existing analog technology as a result of the

15 properties of a wide band CDMA system, such as improved coding
gain/modulation density, voice activity gating, sectorization and reuse of the
same spectrum in every cell. CDMA transmission of voice by a high bit rate

. decoder ensures superior, realistic voice quality. CDMA also provides for
variable data rates allowing many different grades of voice quality to be offered.

20  The scrambied signal format of CDMA completely eliminates cross talk and
makes it very difficult and costly to eavesdrop or track calls, ensuring greater
privacy for callers and greater immunity ffom air time fraud.

In a "traditional” direct-sequence CDMA system, the informational data
stream to be transmitted is impressed upon a much higher rate data stream

25 known as a signature sequence to generate a transmitted sequence. The
informational data stream and the high bit rate signature sequence stream are
combined by effectively multiplying the two bit streams together, assuming the
binary values of the two bit streafns are represented by +1 or -1. The
informational data stream may consist of M'ary complex symbol values instead

30  of binary +1 or -1 values. This combination of the higher bit rate signal with
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offered. 5  bits referred to as "chips.” One way to generate this signature sequence is with

a pseudo-noise (PN) process that appears random, but can be replicated by an
authorized receiver. It is common for the period of the signature sequence to
occupy one data symbol period, so that each data symbol is spread by the same
Nc-chip signature sequence. A randomizing code sequence with a very long

10  pertod may be added on top of this. In general, this signature sequence may be
represented by real and imaginary numbers, corresponding to sending a chip
value on the carrier frequency (I channel) or on a. 90-degree shifted version of
the carrier frequency (Q channel). Also, the signature sequence may be a
composite of two sequences, where one of these sequences is a Walsh-Hadamard

15 code word.
Typically the data symbols are binary. Thus, transmission of the

signature sequence or its inverse represents one bit of information. In general. 10

send information symbol b using signature sequence s(n), one transmits
tn) = b s(n) M

20  The receiver correlates the received signal with the known signature sequence to
produce a detection statistic, which is used to detect b. For binary information
symbols, when a large positive correlation results, a "0" is detected; when a
large negative correlation results, a "1" is detected. |

A plurality of coded information signals modulate a radio frequency

25  carrier, for example by phase shift keying (PSK), and are jointly received as a
composite signal at the receiver. .Each of the spread signals overlaps all of the
other spread signals, as well as noise-related signais, in both frequency and time.

If the receiver is authorized, then the composite signal is correlaied with one of
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20 The scranbl ed signal format of CDVA conpletely elimnates cross talk
and nmakes it very difficult and costly to eavesdrop or track calls,
ensuring greater privacy for callers and greater imunity fromair tine
fraud. In a "traditional” direct-sequence CDVA system the informational
data streamto be transmitted is inpressed upon a nmuch higher rate data
stream 25 wobmzrass as a signature sequence to generate a tpranUSIcrAed
sequence. The informational data streamand the high bit rate signature
sequence stream are conbined by effectively multiplying the two bit streans
toget her, assum ng the binary values of the two bit streans are represented
by + 1 or - 1. The informational data stream nmay consi st of Mary conpl ex
synbol val ues instead 30 of binary + 140r -1 values. This conbination of
the higher bit rate signal with WD 97/ 22185
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spreadi ng the infornmati onal ata stream si gnal ach i nformat i onal data

stream or chaipiued aad deqodedt ed a uni que
In the above example, a data symbol b directly modulates a signature

sequence s(n), which is commonly referred to as coherent modulation. The data
5  symbol can be binary (+1 or -1), quaternary (+1, +j, -1, -j), or, in general,
M'ary, taking on any of M possible values. This allows log,(M) information bits
to be represented by one information symbol b. In another traditionat COMA
modulation scheme, the information is contained in how b changes from one
symbol to the next, this being referred to as differentially coherent modulation.

10 In this case, the true information is usually given by b(t) b*(i-Ts), where *
denotes complex conjugation, t is a time index,'a'nd Ts is the information symbol
period. In yet another traditional CDMA modulation scheme, sometimes
referred to as noncoherent modulation, an M'ary information symbol is conveyed
by transmitting one of M different signature sequences.

15 Another CDMA technique, called "enhanced CDMA", also allows each
transmitted sequence to represent more than one bit of information. A set of
code words, typically orthogonal code words or bi-orthogonal code words. is
used to code a group of information bits into a much longer code sequence or
code symbol. A signature sequence is used to scramble the binary code sequence

20  before transmission. This can be done by modulo-2 addition of the two binary

| _sequences. At the receiver, the known scramble mask is used to descramble the
received signal, which is then correlated to all possible code words. The code
word with the largest correlation value indicates which code word was most
likely sent, indiéating which information bits were most likely sent. One

25  common orthogonal code is the Walsh-Hadamard (WH) code. Enhanced CDMA
can be viewed as a special case of noncoherent modulation.

In both traditional And enhanced CDMA, the "information bits" or
"information symbols” referred to above can also be coded bits or symbols,
where the code used is a block or convolutional code. One or more information

30 Dbits can form a data symbol. Also, the signature sequence or scramble mask can
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si gnature sequence. Typically, the signature sequence data are binary,
.giving rise to streamof 5 bits referred to as "chips.” One way to
generate this signature sequence is with a pseudo-noi se (PN) process that
appears random but can be replicated by an authorized receiver. It is
common for the geriod of the signature sequence to occupy on?8%§%a synbol
period, so t MRYEHE data synbol is spread by the same Nc-ch re
sequence. A random zi ng code sequence with a very |ong 10 period nmay be
added on top of this. In general, this signature sequence nay be
represented by real and inmaginary nunbers, corresponding to sending a chip
val ue on the carrier frequency (I channel) or on a 90-degree shifted
version of the carrier frequency (Q channebk). Al so, the signature sequence
may be a conposite of two sequences, where one of these sequences is a
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information. Ingeneral® to Sen ormat’i on sy usFrng signature
sequence s(n), one tinamay fadiotdofymunidatiof Bystems, the received signal includes two
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S  results because the transmitted signal has two components, and/or the intervening
channel or lack of coherent carrier reference causes the transmitted signat to be
divided into 1 and Q components. In a typical receiver using digital signal
processing, the received I and Q component signals are sampled every Tc
seconds, where Tc is the duration of a chip, and stored.

10 U.S. Patents Nos. 5,151,919 and 5,218,619 to Paul W. Dent describe a
CDMA system which allows several subscribers to communicate on the same
radio frequency with a base station, which patents are incorporated here by
reference. Unlike more traditional CDMA systems, interference is prevented in
these patented systems by, for example, decoding signals successively in strength

15 order from strongest to weakest, and subtracting the decoded signals from the
received composite signal after decoding.

The exemplary implementations described in the foregoing incorporated
patents use digital signal processing for descrambling a signal by use of its
known scrambling code, iransforming the signal to the spectral domain, and then

20  notching out the spectral component associated with that signal. After notching,
the remaining, non-zero components represent the transform of the other signals
which have been descrambled with the first signal’s code. The remainder is then
transformed back to the waveform domain and the descrambling code re-applied
to restore the signals to their original domain with one of them now subtracted.

25 In U.S. Patent No. 5,218,619, it is disclosed that imperfect signal
subtraction caused by errors in the amount of signal subtracted due o
interference from other, weaker, overlapping signals may be eliminated by
subtracting an already subtracted signal again in suitable amount, after having
subtracted some of said other signals. This resubtraction process, ref_erréd to as

30 reorthogonalization, can be performed by digital signal processors. However,
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data synbol b directly nodul ates a signature sequence s(n), which is
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SUMMARY
5 A different method and receiver which provide, among other features, for

resubtraction of an already subtracted signal in order to eliminatc subtraction
errors, termed re-orthogonalization, and which can be optimized for wideband
operations, are described herein. According to exemplary embodiments,
pairwise combinations of spreading codes are used to despread received

10  composite signals. For example, these pairwise combinations can include a first
spreading code associated with a signal that has already been subtracted and a
second spreading code associated with a signal which is weaker than that
associated with the first spreading code. In this way both resubtraction and
subtraction are performed at the same time. According to another exemplary

15 embodiment, signal echos can also be subtracted by despreading using a time
shifted version of the spreading code.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing, and other, objects, ‘features and advantages of the present
invention will be more readily understood upon reading the following detailed
20  description in conjunction with the drawings in which:
Figure 1 is a block diagram illustrating a CDMA receiver according to an
exemplary embodiment of the present invention; |
Figure 2a is a block diagram illustrating re-orthogonalization at an
intermediate frequency according to an exemplary embodiment of the present
25  invention; |
Figure 2b is a block diagram illustrating re-orthogonalization at an
intermediate frequency according to another exemplary embodiment of the

present invention;



M ary, taking on any of M possible values. This allows |0g2(M information
bits to be represented by one information synbol b. In another traditional
CDVA nmodul ati on schenme, the information is contained in how b changes from
one synbol to the next, this being referred to as differentially coherent

nmodul ation. 10 In this case, the true information is usual ' y
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si gnature sequences. 15 Anot her CDMA t echnique, called "enhanced
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according to another exemplary embodiment of the present invention.

'~ DETAILED DESCRIPTION

Figure 1 shows a block diagram of a subtractive CDMA receiver
according to an exemplary embodiment of the present irivention. An antenna 10
10  receives a composite of overlapping CDMA communications signals using the
same radio frequency. The composite signal is filtered in filter 11 to remove
out-of-band interference, amplified by low noise amplifier 12 and then filtered
again using filter 13 to remove image noise. The resultant signal can then be
. converted to a suitable intermediate fréquency by heterodyne mixing in mixer 14
15 with a signal from local oscillator signal 15, which can be a programmable
frequency synthesizer, to select any of several CDMA channels. The
intermediate frequency signal is further filtered in IF filters 16 and 18 and
amplified in amplifiers 17 and 19 in order to remove signals at other CDMA
channel frequencies and to raise the signal to a convenient level. [t will be
20  appreciated by those skilled in the art that the foregoing description is that of a
single superhetcrddyne receiver. However, it should be recognized that this type
of receiver is used purely as an illustration. For example, a double
superheterodyne receiver employing two frequency downconversions to the final
intermediate frequency could equally be used or as will be further described, a
25  so-called homodyne receiver can be employéd in which a direct conversion from
the received frequency at the antenna to a baseband frequency quadrature signal
takes place. '
In Figure 1, the last stage of conversion using quadrature local oscitlator

22, quadrature mixers 20,21 and optional low-pass filters 23,24 is a homodyne
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i kely sent, indicating which information bits were nost |likely sent. One
25 common orthogonal code is the WAl sh-Hadamard (WH) code. Enhanced CDVA
can be viewed as a special case of noncoherent nodul ation. In both

tradi tional and enhanced CDVA, the "information bits" or "information
synbol s" referred to above can al so be coded bits or synbols, where the
code used iwoaTR28sk or convol utional code. One or nore infRETHESI6EM230
bits can forma data synbol. Also, the signature sequence or scranble mask
can WO 97/ 22185 ' _

PCT/ US96/ 20023 5 be 'nuch | onger than a single code sequence, in which case
a subsequence of the signature sequence or scranble nask is added to the
‘code sequence. |n many radi o conmuni cati systens, the received signa

i ncl udes two conponents: an | (in-phase) conmponent and a Q (quadrature)

conponent. Thégnversion] essulting iR TIBMIEsiphds 1 kAN EYT Thed ahid QHkndlS fepréden:
conmponents, and/ o_r.tf'ne I nt erveni ng channel or |ack of coherent carrier
reference cautheonegmal fompasiesiangl Bitdrequency-gansiated down to around DC or

zero frequency.
A common problem with homodyhe receivers is that spurious DC offset
5 components from the quadrature mixers 20 and 21 can be much stronger thén the
wanted signal, hindering detection of that signal. This problem is addressed in
U.S. Patent No. 5,241,702 entitled "DC Offset Compensation” to Paul W. Dent
which disclosure is incorporated here by reference. This patent utilizes |
differentiation of the 1,Q signals to remove unwanted DC components, but may
10  also remove wanted DC or low-frequency components of the signal. By utilizing
known characteristics of what the total wanted signal waveform should look like
however, the wanted components which have been unintentionally removed can
be restored. This principle can be adapted to the subtractive CDMA receiver of
Figure 1 to obtain advantageous characteristics. The I,Q components of the
15 strongest signal in the composite signal are first descrambled using the a priori
information of that signal’s scrambling (i.e., sprcading) code. For example, this
a priori information can be used to program code génerator 33 1o generate a
. replica C1 of the spreading code associated with the strongest signal. This code
replica is applied 1o balanced mixers 25 and 26 to produce despread 1,Q signals
20  at their outputs. Spurious DC offset from homodyne downconvertors 20 and 21
now appears as a component that is spread using the strongest signal’s spreading
code. It will be recognized by those skilled in the art that mixers 25 and 26 can
be implemented in a number of ways including, for example, diode ring mixers.
transistor Gilbert cells, phase reversing switches and the like. '
25 The DC offset from homodyne downconvertors 20 and 21 can also be
prevented from broducing a spurious code component from [,Q despreaders 25
and 26 by including a high pass filter element in filters 23 and 24. The high
pass filter removes DC offset components but only insignificantly affects the

wideband composite CDMA signal reaching despreaders 25 and 26.



divided into I and Q conponents. In a typical receiver using digital signal
processing, the received I and Q conponent signals are sanpled every Tc
seconds, where Tc is the duration of a chip, and stored. 10 U. S.
Patents Nos. 5,151,919 and 5,218,619 to Paul W Dent describe a CDVA system
whi ch all ows several subscribers to communicate on the sane r 1930 freguency
with a base ¥QI¥B#85 which patents are incorporated here by YeFH SRS
Unlike nore traditional CDVA systens, interference is prevented in these
pat ented systens by, for exanple, decoding signals successively in strength
15 order from strongest to weakest, and subtracting the decoded signals
fromthe received conposite signal after decodi ng. The exenpl ary

i npl ement ations described in the foregoingincorporated patents use digital
signal processing for descranbling a signal by use of its known scranbling
code, transform ng flhe signghdaspread with ende £11reompgisesad AATTOM GPeditah component
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modulo-2 combination of C1 and C2.

The first despread signal can now be extracted from the outputs of -
despreaders 25 and 26 and further processed to extract information. This
extracted information could, for example, take the form of digital data, digitized

10 speech, analog FM or single-sideband speech modulation. Digital signals are
preferred, as they lend themselves to other advantageous processing such as error
correction coding and enciphering. Single-sideband. however, has the advantage
that a significant self-interference reduction is realized due to the mean power in
a speech signal being much less than its peak power. In a digital speech system,

15  this advantage is limited to a factor of about two, which is obtained by turning
off the transmission of the temporarily quiet party in a two-way conversation.

The first despread signal is then removed from the outputs of despreaders
25 and 26 by high-pass filters 27 and 28. The high pass filters are tailored to
suppress the narrowband despread signal in the same way as filters 23 and 24

20  can be tailored to suppress the homodyne offset, while leaving the remaining,
non-despread signals largely unaffected. The 1,Q remainder signals from filters
27 and 28 can now be respread with the code Cl prior to despreading with the
code C2. Moreover, these two steps can be performed at the same time by
despreading the remainder with C1+C2, which is generated by the code

25  generator 33 using a-priori knowledge of the codes of both the first (strongest)
and second (second strongest) signals as well as their relative timing.
Despreading with C1+C2, where the symbol " here means modulo-2
(bitwise) addition, results in the second signal appearing in narrowband, despread
form at the output of despreaders 29 and 30. This narrowband signal can be

30  extracted for 1,Q processing to demodulate and decode information, and can also



.

25 _ In U S. Patent No. 5,218,619, it is disclosed that inperfect
signal subtraction caused by errors in-the anount of signal subtracted due
to interference fromother, weaker, overlapping signals nmay be elin nated
by subtracting an already subtracted signal again in suitable anmount, after
havi ng subtracted sone of said other signals. This resubtraction process,
referred t Wa9722185 reorthogonalization, can be perfornmed BETHSHIN3 si gnal
processors. However, WO 97/ 22185

PCT/ US96/ 20023 6 this techni que has the characteristic that the anount of
processing increases with at |east the fourth power of the spectrum

bandwi dt h, making this technique costly for w deband signals. SUMVARY 5

A different nmethod and receiver- which prgvide, anong other features, for
resubtraction of an already subtracted signal in order to elimnate
subtraction derremoyved by high-pass fiteds @Jcand| 32zprioran despreadidgi with €27 GBeampt i mi zed

for wi deband so forth until either ali signals have been decoded or until a desired signal has
been reached and decoded. In this way, a desired signal can lie well under the
signal strength of the strongest signal and still be readable.

5 Two sources of subtraction imperfections can limit how far below the
strongest signal a desired signal can still be read. Firstly, time-dispersion, that is
delayed echos of a signal, add components that do not become despread using
codes such as C1 or C2, because the echos are shifted one or more chips in time
and then do not correlate perfectly their associated spreading code. The echos

10 are then unsubtracted. To compensate for unsubtracted echos, the second stage
of subtraction using code C2 can be carried -out using a C2 code that is a time-
shifted version of the Cl code, according to fhe echo delay. The second stage
despreading code then appears to be C1 modulo-2 added to a delayed version of
C1, namely C1(t).C1(t-T), where the symbol "." represents multiplication if

15 chips of C1 are given the arithmétic values +1 or module-2 addition if chips are
given the Boolean values 1 or 0. To implement this exemplary embodiment, the
first two stages of subtraction illustrated in Figure 1 can be used to remove the
first signal and its echos. The second signal would then be despread and
subtracted in. subsequent, similar stages.

20 _ To further process a signal despread in this way, the narrowband 1,Q
outputs from despreaders 25, 26, 29 and 30 can be fed to further processing
circuitry (not shown) known as a RAKE combiner, where complex weighted
sums are formed to decode the signal making maximum use of all the signal
energy in both the direct wave and the echo. This RAKE cdmbining process

25  may be extended to include any number of significant delayed echoes. It is also
sometimes desirable, e.g., in CDMA cellular downlink processing, to include
weighted sums of despread echo components that do not exist, which of course
one would not then attempt to subtract. Despreading non-existent echos with
shifted codes for this purpose can be accomplished by despreader pairs (not

30  shown) running side-by-side with a despreader pair such as pair 25 and 26 that is
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operations, are described herein. According to exenplary enbodi nents,

pai rwi se conbi nati ons of spreadi ng codes are used to despread received 10
conposite signals. For exanple, these pairw se conbinations can include a
first spreading code associated with a signal that has already been
subtracted and a second spreadi ng code associated with a signal which is
weaker than WRS7ZWSociated with.the first spreading code. |FCVHP%2 pot h
resubtracti on and subtraction are perforned at the sane tinme. According to
anot her exenplary 15 enbodi nent, signal echos can al so be subtracted by
despreading using a time shifted version of the spreading code. BRI EF
DESCRI PTI ON OF THE DRAW NGS The foregoi ng, and ot her, objects, features and
advant ages of the present invention will hé nore readily understood upon
reading the followng detailed 20 description in conjunction with the
drawi ngs i n whidespreaging ancechoihgvingsignificant engrgym Homguen, anlyrdespregtmpairecei ver

o " o, ST PO RGN, O Ml ST STl oA 20 1
frequency accofiltersgutio as filterseXVpanar 28, avitilectherparalleif despreader gmirs {ndt Shown)
' nvention; that are operating on non-existent echos pass signals on only to further
5  processing such as the RAKE combiner described above. In addition to
traditional RAK'E combiners, a RAKE combiner modified according to the
inventive principles of U.S. Patent Application Serial No. 08/187,062 entitled
- "Method for Demodulation of Downlink CDMA Signals” can also be employed,
which patent application is incorporated here by reference. This modification of
10  the RAKE combining technique is appropriate for a CDMA mobile phone system
application in the direction of transmission from base-to-maobile, i.e. for the
mobile receiver, while conventional RAKE techniques are appropriate for the
mobile-to-base direction, i.e. the base station receiver.
A second cause of imperfect subtraction is that an amount not only of the
15  despread signal is removed, but also low frequehcy components of other signals,
spread with, for example, C1+C2, C1+C3 ... etc. at the output of the first
despreader pair, e.g., despreaders 25 and 26. If all codes C1,C2,C3 etc. belong
to a set closed with respect to the property that the modulo-2 sum of any pair
comprises an equal number of 1’s and 0’s, then this cause of imperfect
20  subtraction may be reduced. For example, if all codes C1.C2,C3... belong to a
closed set with respect to mbdulo—2 addition and all have equai numbers of 1°s
and 0’s, the requirement is fulfilied. The Walsh-Hadamard orthogonal code set
is such a set but has a limited number of members. An alternative expanded set
was developed by Bottomley and Dent and is disclosed in U.S. Patent No.
25 5,353,352 entitled "Multiple Access Coding for Mobile Radio Communications”
which patent is incorpoi'ated here by reference.
With any form of coding however, residuals of imperfect subtraction at an
earlier stage may be further reduced at a later stage by re-subtraction in a
manner similar to that described in U.S. Patent No. 5,218,619. To accomplish

30 this resubtraction in the context of the exemplary circuitry of Figure I, code Cl
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Figure 2b is a block diagramillustrating re-orthogonalization at an

I nternmedi ate frequency according to anot her exenplary enbodi nent of the

present invention; WO 97/ 22185

PCT/ US96/ 20023 7 Figure 3 is a block diagram of an exenpl ary hi gh-pass

filtering enbodi ment according to the present invention; Figure 4 is a

bl ock di agrwa47rRisstrati ng renoval of del ayed signal s rays MI&ANER2MI3t 0 an

exenpl ary enbodi nent of the present invention: and 5 Figure 5is a

bl ock diagramillustrating nonitoring and processing of rays according to

anot her exenpl ary enbodi nent of the present invention. DETAI LED DESCRI PTI ON

Figure 1 shows a bl ock diagramof a subtractive CDMVA receiver according to

an exenpl ary enbodi nent of the present igyention. An antenna 10 10

recei ves a conposite of overlapping COMA comruni cations signals using the
can be used again at a later despreading stage, e.g., beyond despreaders 29 and

30 and before despreading signal n with code Cn. This re-subtraction stage
would actually use a despreading code C,,.Cl according to the aforementioned
principle of combining reSpreading with a previous code C,, and despreading by
5  the next code. Resubtraction of signal 2 may thus be accomplished using code
C2 again in the stage before using C(n+1) and the despreading code would be
Cn.C2, and so on. Resubtraction of strong multipath echoes may also need to be
performed in a similar manner. '
' The code generator 33 can be programmed with knowledge of timing

10 from a synchronization cdntroller (not shown) and a signal strength tracker and
sorter (not shown) which are howeyer described in the above-incorporated U.S.
Patent No. 5,218,619. It will also be appreciated that despreading a homodyne
converted signal to obtain a narrowband signal around DC, which is then

 subtracted from the spread spectrum compoéite using a high pass filter is

15 equivalent to low-pass filtering the despread result and then subtracting that

result. Another analogous technique would be to despread a signal at a non-zero

intermediate frequency to obtain a narrowband signal around that intermediate

frequency and then to notch out the narrowband signal using a bandstop filter.
Figure 2 illustrates the aforedescribed re-orthogonalization principle

20  applied by way of spectral nulling. A receiver 100 downconverts the received
signal, if necessary, to a suitable intermediate frequency. The intermediate
frequency is then despread using the code C1 of the strongest signal in
despreader 101. The narrowband, despread signal is then nulled out in the
spectral domain by nulling filter 102. The residual signal is then respread with

25  code Cl in respreader 103 prior to being despread in 104 with code C2, nuiling
out signal 2 in filter 105 and respreading with C2 in block 106. According 10
this exemplary embodiment, rc;orthogonalization of the signal with respect to
C1, i.e. by subtracting out again a component that correlates with C1 after
having subtracted or nulled out other signals, is shown as second C1 despreader

30 107, second nulling filter for Cl-correlated components 108 and second C1



sane radi o frequency. The conposite signal is filtered in filter 11 to
renove out-of-band interference, anplified by |ow noise anplifier 12 and
then filtered again using filter 13 to renove i mage noi se. The resultant
signal can then be converted to a suitable internediate frequency by
het erodyne m xing in m xer 14 15 with a signal froml ocal Il r
signal 15, w¥Q 183 be a programmbl e frequency synt hesi zer",%’%@éct any
of several CDVA channels. The internediate frequency signal is further
filtered in IF filters 16 and 18 and anplified in anplifiers 17 and 19 in
order to renove signals at other CDVMA channel frequencies and to raise the
signal to a convenient level. It wll be 20 appreci ated by those skilled
in the art that the foregoing description i3 that of a single

super het erodyne recei ver. However, it should be recognized that this type
of receiver is Tg&¥epdsy @Y.y Adter she resuhizaction stage reprssented; iy plocksy 107, BB @nd

super het er odyneldgeﬁﬁ,\eégauﬁ oy k%}gbée i(’qMSgH @%E@s%a/ to W&O&K&rsﬁn‘%!}z ap® the

final internediaté guency” cou e used or as w further
descri bed, a 2Hater sesubtzdction ofi §i2oahde! fercethindrtiroen lrsieed: resibssaction af ek oh a

HEEARAIT (2 X T R D T RN
conver si on 8isi nmbtractidn dimpededtions thao hitidesd the @decoding of weak signals. :
Figure 2b shows that, according to another exempiary embodiment, the
respreading stage 103 and despreading stage 104 of Figure 2a can be combined
into a single despreader 203 using a code waveform that is an arithmetic product
(or a modulo-2 sum, for binary codes) of code waveforms Cl and C2. The
10 despreaders of the resubtraction stage 205 and 206, when this combinaﬁon is
" made, use code C1 combined with the immediately preceding code denoted by
C(n-1) and C1 combined with the immediately following code, denoted by Cn.
respectively. '
Figure 3 shows an exemplary embodiment wherein the inventive
15 resubtraction techniques are implemented using high-pass filtering of despread
1,Q signals. A low noise amplifier 41 and filters 40 and 42 select and amplify
the desired frequency band and apply a signal to homodyne downconvertor 50.
It will be realized by persons skilled in the art that further stages of
amplification, filtering and downconversion to an intermediate frequency can
20  optionally precede the homodyne downconvertor 50. Homodyne downconvertor
50 includes quadrature mixers 51 and 52 driven by cosine and sine local
oscillator waves that mix with the signal to produce complex 1,Q baseband output
signals. The local oscillator frequency w, is centered on the desired channel to
be processed sc that the signal is converted into I,Q baseband frequencies
25  centered on DC. DC offset from hardware imperfections can thus interfere with
wanted signal processing and is preferably removed by high pass filters 60. The
high pass filters have low attenuation over most of the wide spread-spectrum
signal bandwidth and this does not substantially reduce wanted signal energy.
First despreader 70 includes mixers or phase reversing switches 71 and 72

30  and operates to despread a first signal using code C1. The first signal despread
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22, quadrature mxers 20,21 and optional |lowpass filters 23,24 is a
honodyne WO 97/ 22185 .

PCT/ US96/ 20023 8 conversion, resulting in CDVA signals | and Q The I and Q
signals represent the original conposite signal but frequency-transl ated
down to around DC or zero frequency. A common problemw th honodyne
receivers iwOMNa2188puri ous DC of fset 5 conponents from t RETHIHE2WELr e

m xers 20 and 21 can be nuch stronger than the wanted signal, hindering
detection of that signal. This problemis addressed in U S. Patent No.
5,241,702 entitled "DC O fset Conpensation” to Paul W Dent which

di scl osure is incorporated here by reference. This patent utilizes

differentiation of the |I,Q signals to regpgpve unwanted DC conponents, but
may 10 al so renmove wanted DC or | ow frequency conponents of the signal.

By utilizing ikpesferablyasthaatrengess sigmal OfThetuebpredd sipdl @omponént és Somppredsedvavef or m
shoul d | ook |i ke howeyer, the wa teg cqn;?onents whi ¢h have been
uni nt ent i onal Py paémég\tg\aﬁth around DC which 1s removed by high-pass filters 81 and

82 in signal remover 80. Other signals that are not despread by code C1 are left
'substamially unattenuated by signal remover 80. High pass filters 81 and 82 are

5  used in signal remover 80 when it is desired to remove a signal centered on zero,
i.e., DC. In the event that some signal to be removed has a frequency offset
relative to wy, it will appear after despreading as narrowband I,Q signals centered
on a frequency other than DC and then filters 81 and 82 can be notch or
bandstop filters.

10 After removal of the first signal in filter 80, the residual is respread using
code C1 and despread using the code C2 of the next signal 10 be extracted. This
can be accomplished in block 83 using structure which is similar to that of first
despreader 70 but using a modulo-2 combination C1*C2 of codes C1 and C2,
where the operator "*" signifies a bitwise exclusive-OR operation. Block 83 is

15  also understood to contain filters to remove the despread C2 signal component
before passing the new residual to the next stage, and so forth to final stage 84.
If only a single signal is to be decoded, the cascade of stages terminates when the
output signal is the desired signal with stronger interfering signals having been
removed in previous stages. Each stage may optionally, however, output its

20  despread signal component before removal', the output components being used to
decode other signals such as in a cellular base station when all signals from
mobile stations are desired to be decoded.

When the signal strength difference is large between the strongest signal
S1 removed using code C1 and the final signal to be despread and decoded using

25 Cnin a stage (not shown) following stage 84, residual errors caused by imperfect
signal removal due to noise and multiple-user interference effects can remain, but
as described in the above-incorporated U.S. Patent No. 5,218,619, the inventor
showed that residual subtraction errors from a stage using code C1 would still be
correlated with the code C1 and could be more accurately identified after first

30 subtracting other signals. Thus. according to an aspect of the present invention,



be restored. This principle can be adapted to the subtractive CDVA receiver
of Figure 1 to obtain advantageous characteristics. The |, Q conponents of

t he 15 strongest signal in the conposite signal are first descranbl ed.
using the a priori information of that signal's scranmbling (i.e.,

~ spreadi'ng) code For exanple, this a priori information can $9re?§
program code¥ W@Féﬁsor 33 to generate a replica G of the spf“erég 0‘;t:;'gde

associated with the strongest signal. This code replica is applied to
bal anced m xers 25 and 26 to produce despread |,Q signals 20 at their
out puts. Spurious DC offset from honodyne downconvertors 20 and 21 now
appears as a conponent that is spread using the strongest signal's
spreading code. It will be recognized by tlsose skilled in. the art that
m xers 25 and 26 can be_ inplenmented in a nunber of mays |nclud|ng, for

exanpl e, di ode the FaBSficsianated by retarencs numeral 8y wihigh couldin fae hecay
swi tches and t '?@mbirif%taggifter 50, inclu &rﬁm%&aﬁ fesp feQ&‘ih%%det‘ﬁE%cs rmdmg

downconvertors 20 and Z1 can al so be prevente from produci ng a ‘spurious
code conponent codoR,.| plhedmmediately prezsding dtage chmpbined Mmadi degpraammg AgPBS S

(e o STEn il LSESCP B0 S BP S e < HIRE 50 >
si gnal reachi ngotielpdositie C4 that wrd nob perfectly removed in stage 50. Likewise, an_\,
| residual component correlated with C2 that was not removed in stage 83 can be
further reduced by including similar re-removal stages at aﬁy point in the chain
after stage 83, preferably after removing further signals to allow better
identification of the small residual error. |
10 Figure 4 illustrates that some of the signal removal stages can be used for
removal of differently-delayed rays of the same signal by using a delayed version
Cl,y of the code sequence C1,. Rays are preferably removed in descending
signal strength order. For example, assuming ray 1 of signal 1 is the strongest
received ray of all; then it is despread in a first stage 91 using code Cl,. The
15 despread components of the rays of the same signal (e.g., signal 1 ray 1, signal 1
ray 2, etc.) may be fed to combiner 95 which may be, for example, 2a RAKE
combiner, that tracks the phase and amplitude of every ray and performs
coherent combination with the aid of complex weights to enhance the signal for
decoding in decoder 96. Block 95 can alternatively be a selection combiner for
20  selecting for decoding always the strongest ray of signal 1, which, however,
should always be arranged to be that removed in stagé 91 by using the
appropriate code delay C1,, Cl,,, etc. in stage 1. Block 92 illustrates that rays
of other signals may be despread and removed before a second ray of signal 1 is
despread, which is desirable if the other signal rays are stronger than signal 1 ray
25 2.
Signal 1 ray 2 is despread in stage 93 by using code C1 delayed by T,
i.e., the code sequence C1, . where T is chosen to correspond as closely as
possible to the delay of the second strongest ray of signal 1 relative to the
strongest ray of signal 1. The despread ray 2 component is fed to combiner 95

30 before being filtered out from the signal passed to subsequent stages represented
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PCT/ US96/ 20023 9 The signal despread with code C conprises a narrow
spectral component (i.e., despread signal number 1) plus the rest of the
conposite signal still in w deband spread form The other signals in the
conposite remain spread since code Cl1 is not correlated to their spreading
codes. In fM’Wé&second strongest 5 signal, which was ’Eﬁ"i"'fpﬁ%&z?/
spread with code C2, is at this point spread with a nodul o-2 conbi nati on of
Cl and C2. The first despread signal can now be extracted fromthe outputs
of despreaders 25 and 26 and further processed to extract information. This
extracted information could, for exanple, take the formof digital data,
digitized 10 -speech, analog FM or singlig-si deband speech nodul ati on.
Digital signals are preferred, as they |lend thensel ves to other

advant ageous pVMS%ngBlmlsma!an@rmXMmM@ndmr!dmg)th'aymﬂ gigrel i ng.

el £~ nt erf or an Py R QYR sghils, bF o ANBRAAEmpltny Pl L Dby of s0de e
si gnal being dlgleode €, { tnany dtherpeali: opdelayed ¢oteaused grevivlusly e as badigst em
signal removal stage. As shown in U.S. Patent Application Serial No.
5  08/187,062, to Paul Dent et al., which has been incorporated by reference
above, it can be desirable to form combinations in combiner 95 including signal
rays that are not received. This phenomenon arises in a mobile receiver for
decoding a CDMA signal from a base station in the presence of multiple-user
noise originating in the same base station. Those phantom rays that have a
10 negative delay relative to the strongest ray or direct ray are used when the
optimum receiver is a so-called "inverse channel filter approximation” and not a
RAKE receiver, or a hybrid of the two when both same-base and other-base
noise is to be combatied. Phantom rays do not, however, have to be subtracted
as they do not constitute real interference to other signals.
15 Figure 5 shows an exemplary system for despreading of phantom rays in
despreaders 191, 291, 197, 297, 98 and 198 that do not produce a cascade output
signal because they do not perform a signal removal function, only a despreading
_function. Despreaders 91, 97 and 298 that despread real rays, however, include
removal of the despread energy and gencratioﬁ of a cascade for connection to the
20 next stage. Combiner 95 combines all despread rays, real or phantom,
corresponding to the same signal, for example, signal 1, to produce an enhanced
ratio of wanted signal to noise-plus-interference for information decoder 96.
Figure S thus illustrates both parallel connected despreaders and cascade
connected despreaders, those that produce the cascading signal as an output

25  incorporating removal of despread signal energy by high-pass 1,Q filtering or
notch filtering at an intermediate frequency, while those that do not produce a
cascade output are used to despread phantom rays or rays that are not presently
sufficiently strong to warrant their removal, but which are being monitored in
case they become so. It is to be understood that any signal removal stage can

30  also constitute a re-subtraction stage for reducing residual errors left from a



15 this advantage is linmted to a factor of about two, which is obtained
by turning off the transmi ssion of the tenporarily quiet party in a two-way
conversation. The first despread signal is then renoved fromthe outputs of
despreaders 25 and 26 by high-pass filters 27 and 28. The high pass filters

are tail oredwtépy?ig%r ess the narrowband despread signal in tperB0EBeN3Y as
filters 23 and can be tailored to suppress the honodyne offset,

whil e | eaving the remaining, non-despread signals largely unaffected. The
|, Qrenuminder signals fromfilters 27 and 28 can now be respread with the
code Cl1 prior to despreading with the code C2. Mreover, these two steps
can be perfornmed at the sane tine by despreading the remainder with C1 +C2,
which is generated by the code 25 generldt or 33 using a-priori know edge

of the codes of both the first (stronges and second econd strongest)
signals as wel Ipr%f’émlshsélpva‘f‘"@f‘é’[f ia\/%g'ﬁ?ﬁgﬁg&gqﬁgﬁr“é’g& H& téﬁ tcﬂseccé’e&fi?"eaﬁer e
the synbol " + signhPfromerissbtiRton Stage (sondt\bbMmBined @l tel (Winbie? 95! fob then t he

second signal appeari r(;g i n narrowband desgréead format the output of
despreaders 29 Signal degoding; which cap he £higcted oiosexamplepky sither nopgannsetingd f or

I, Q processi ng ft QnHSARM We® 1A BESMBIRER YR drNhREARIVeR)] giARE! tHef dedprefd
5 output signals zero weight in combiner 95.

Configuring the implementations of Figures 3, 4 or 5 such that signals or
rays are subtracted in the desired signal-strength dependent order may be
conveniently effected by selection of the code sequences delivered from code
generator 35 to each despreading stage to correspond to the signal or ray that

10 stage must deal with. The programming of the code generator to output different
codes to different stages at different times may be accomplished by tracking the
changing amplitudes of different signals and rays in combiner 95. After sorting
into signal and ray-strength order, control signals can be fed from combiner 95
to adapt the code generator so that the code delivered to stage 1 (i.e., Fig. 3,

15 block 70 or Figs. 4 and 5, block 91) corresponds to the strongest ray and the
codes delivered to following stages correspond to successively diminishing signal
or ray strengths. Thus, no actual switching of signal pa_.ths is required to
dynamically adapt the inventive receiver to dynamically changing signal strength
conditions. The code generator 33 can be implemented using any conventional

20 method for initially synchronizing its codes Ct,C2,C3... with the timing of
corresponding received signals $1,82,83... and maintaining that synchronization.
Dynamically selecting the code and code delay of the code sequence delivered to
each despreading stage largely accomplishes the sync maintenance operation
automatically, however. _

25 The above-described exemplary embodiments are intended to be
illustrative in all respects, rather than restrictive, of the present invention. Thus
the present invention is capable of many variations in detailed implementation
that can be derived from the description contained herein by a person skilled in
the art. All such variations and modifications are considered to be within the

30  scope and spirit of the present invention as defined by the following claims.
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PCT/ U8961 mmwu‘ived by high-pass filters 31 and 32 prior to
despreadl"ﬂﬁmﬂi Hhd so forth until either all signals have been
decoded ors untit a" déesired signal has been reached and decoded. In this
way, a desired signal can |lie well under the signal strength of the

strongest SYQAHR218hd still be readable. 5 Two souPEEdS3§20023
subtraction inperfections can limt how far bel ow the strongest signal a
desired signal can still be read. Firstly, tine-dispersion, that is del ayed

echos of a signal, add conponents that do not becone despread using codes
such as Cl' or C2, because the echos are shifted one or nore chips in tine
and then do not correlate perfectly thei)8 associ ated spreadi ng code. The
echos 10 are then unsubtracted. To conpensate for unsubtracted echos, the
second st age @EABMBY racti on using code C2 can be carried out using a C2

code that is a tinme- shy ' 0f .t ' o the echo
del ay. The secondnils?t aggigéecgg'rc}e/gé({isijﬁg&\gg%g rﬁﬁgﬁ“g%ea‘?vseﬁgéﬁégls%%aﬁodul 0-2
added to a dedpestann siznals and décoding atdeast gnésaf $aid Glériapping sphead aptdminsy nbol

"." represents ltiplication if 15 chips of O are given the arithnetic
val ues [err] S8 5996&5}85’32 addition if chips are

5 receiving means for producing I and Q quadrature baseband
signals;
_ code generator means for providing replicas of spreading codes
used by said overlapping signals;
I and Q signal despreading means for combining said I and Q
10 .quadrature baseband signals with a first of said spreading code replicas to
generate 1 and Q despread signals; and
~ filtering means for removing signal energy of a first of said
overlapping spread-spectrum signals spread with said first spreading code replica
from said 1 and Q despread signals to leave first residual 1 and Q signals in
15  which a total energy associated with others of said overlapping spread-spectrum
signals remains substantially unaffected.

2. The receiver according to claim | further comprising: |
means for despreading and removing a second of said overlapping
spread spectrum signals from said first I and Q residual signals to leave second
20  residual I and Q signals.

3. The receiver according to claim 2 wherein:
said means for despreading and removing uses a combination of"
said first spreading code replica and a second spreading code replica generated

by said code generator means.

25 4. The receiver according to claim 1 in which said first spreading
code replica is associated with a strongest one of said overlapping spread-

spectrum signals.

This Sheet Has Been
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gi ven the Boolean values | or 0. To inplenent this exenplary enbodi nent,
the first m“mng“mu btraction illustrated in Figure 1 can be used to
renove thu“m‘ d its echos. The second si gnal vvoul d then be
despread and Subtrdct &d in subsequent, simlar stages.

further process a signal despread in this way, the narrowba uts
from desprea(%‘? 5926 29 and 30 can be fed to further pror}g%@gﬁ'ngg
circuitry (not shovvn) known as a RAKE conbi ner, where conpl ex wei ghted suns
are formed to decode the signal maki ng maxi mum use of all the signal energy

in both the direct wave and the echo. This RAKE conbi ni ng process 25 may
be extended to include any nunber of significant del ayed echoes. It is also

sonetinmes desirable, e.g., in CDVA ceI | ul &P downl i nk processing, to include
wei ght ed suns of de rea% echo, co ts that do not exjst, which qf
course one woul d not-t herf ETERERYST 2 Et“? glaim 4%%1@\'%8?413’9"855‘@% ent

echos wi th shi fshﬁdmfem@% rewgp%cm&msqe BndS{ 25BN chuttip despr eader

pairs (not 30 shown nni ng_si de-by-side wth reader pair such as
pair 25 and 26 cﬁ\mel signal or a signalling channel signal.

6. The receiver according to claim 2 in which said first and second of

5 said overlapping signals are despread and removed in signal strength order.

7. The receiver according to claim 1 in which said filtering means is
a high-pass filter.

8. A receiver for receiving a multiplicity of overlapping spread-
spectrum signals and decoding at least one of said overlapping spread-spectrum
10 signals comprising:

receiving means for producing 1 and Q quadrature baseband
signals; _

high-pass ﬁlteﬁng means for removing unwanted DC offsets from
said 1 and Q quadrature baseband signals; |

15 code generator means to provide replicas of spreading codes used
by said overlapping signals; | '

1 and Q signal despreading means for combining said quadrature
baseband signals with a first of said spreading code replicas to obtain despread |
and Q signals; and |

20 filtering means for removing signal energy associated with a first
of said overlapping spread-spectrum signals spread with a first spreading codc
from said despread signals to leave first residual I and Q signals in which a total -
energy associated with others of said overlapping spread-spectrum signals

remains substantially unaffected.

25 9. The receiver according to claim 8 further comprising:.

i
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11 despr’_mm : ving significant energy. However, only despreader
pair 25 Mﬂ""mm Kﬂ rdespreaders t hat despread real echos pass signals
on to fil'tefs such as & lters 27 and 28, while the parallel despreader
pairs (not shown) that are operating on non-existent echos pass signals on
only to furWVR?2285 processing such as the RAKE conbiner d Qf‘i’ﬁ?é@g’%ove.
In addition to traditional RAKE combiners, a RAKE conbi ner nodified
according to the inventive principles of U S. Patent Application Serial No.
08/ 187,062 entitled "Method for Denodul ati on of Downlink CDVA Signal s" can
al so be enpl oyed, which patent application is incorporated here by
reference. This nodification of 10 t he2RAKE comnbi ni ng techni que is
appropriate for a CDVA nobil e phone system application in the direction of
transni ssi on from base-meangden daspreadiag and remoningratse¢ond rof seidvaverlapping e

ssi o _ _ pirch s erla
i oot on, i bR R, T Ra0R BB rildial Thad (BRI 07100 oc

subtraction is that an amount not only of the 15 despread signal is

renoved, but al so | ow frequency components.of other. signals, .spread wth,
for exanple, Cl +dI£' Cl’fhf%??“.'%/r ding, to,claim 3,y i ‘Csta’gl‘fBeaI"th
' despreading and removing uses a combination of said first code replica and a

5 second code replica generated by said code generator means.

11.  The receiver according to claim 8 in which said first spreading
code replica is associated with a strongest of said overlapping spread spectrum

signals.

12.  The receiver according to claim 11 in which said strongesi signal

10  is one of a pilot signal, a calling channel signal or a signalling channel signal.

13. A receiver according to claim 9 in which said first and second of

said overlapping signals are despread and removed in signal strength order.

14. A receiver according to claim 8 in which said filtering means is a

high-pass filter.

15 .15 . A receiver for receiving a multiplicity of overlapping spread-
spectrum signals and decoding at least one of said overlapping spread spectrum
signals comprising: _

receiving means for producing an intermediate frequency signal; -
code generator means to provide replicas of despreading. codes

20  associated with said overlapping signals and combinations thereof:

first despreading means for despreading said intcrmediate
frequency signal with a first of said despreading code replicas to obtain a

despread signa];
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despreader pair, e.g., despreaders 25 and 26. If all codes d,C2,C3 etc.

bel ong t elm h respect to the property that the nodul o-2 sum -

of any pg}lnlﬂﬁmnﬂﬂﬂ uqual nunber of 1's and 0's, then this cause of

i nperfect 20 ¢ dubfradtibn may be reduced. For exanple, if all codes

C1, C2, C3. .. belo ﬂ to a closed set wwth respect to nodul o-2 g‘ﬁi}uﬁbszﬂo%d
Fred. e

al | have equzﬂ ¥s of 1's and 0's , the requirenent is fu

Wal sh- Hadanmard ort hogonal code set is such a set but has a |imted nunber
of nmenbers. An alternative expanded set was devel oped by Botton ey and Dent
and is disclosed in U S. Patent No. 25 5,353,352 entitled "Miultiple
Access Coding for Mbile Radi o Comruni cati ons"” which patent is incorporated
here by reference. Wth any form of codi n@lhowever, residual s of inperfect

subtraction at an earlier_ st may be _further reduced at ter stage by
re-subtraction in a manndfst sﬂ%“ﬂ&r'x s {91 FemQXWIg, SigatenerBY o5t Oé

5,218,619. To aReARpPing réQz- pebtRird s%ﬁ&!d@bfé&tdqﬁﬂsahd‘ r}éaaefp?&ﬁﬁegt cdak ﬁr&?ﬁ
exenplary circuitry of” Figure 1,
PCT/ US96/ 20023 said despread signals to lmve a residual signal in whlch a !otal energy assoczated

with other signais remains substantially unaffected; and
5 second despreading means for despreading said residual signal
using a combination of said first despreading code replica and a second

despreading code replica to obtain an output signal.

16.  The receiver according to claim 15 in which said output signal is

further processed to extract desired information.

10 17.  The receiver according to claim 16 in which said desired

information is a telephone speech signal.

18.  The receiver according to claim 15 in which said output signal is
further filtered to remove signal energy associated with said second despreading

code replica.

15 19. A receiver for receiving a multiplicity of overlapping spread-
spectrum signals and decoding at least one of said overlapping spf&d-spectrum
signals comprising:

receiving means for producing an intermediate frequency signal;
code generator means for providing replicas of spreading codes

20  used by said overlapping signals;

despreading means for despreading said intermediate frequency
signal with a first of said spreading code replicas to obtain a despread signal;

filtering means for removing signal energy of a first of said
overlapping spread-spectrum signals spread with said first spreading code from

25 said despread signals to leave a first residual signal in which a total energy

heet Has Been Re 1aced .
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12 can be used agaln at _a |ater despreadi ng stage, e.g., beyond despreaders
- 29 andwﬂl mmlwmﬂ mw preadl ng signal n with code Cn. This re-subtraction
st age | a despreading code Clerr].Cl according to the
af or ement* ofied* pr| nc pl e of conbining respreading with a previous code
Cerr] and despreading by 5 t he next code. Resubtraction of signal 2 may
t hus be accwa®#722188d usi ng code C2 again in the stage bef orRETVEEMRPOZY n + 1)
and the despreadi ng code would be Cn.C2, and so on. Resubtraction of strong
mul ti path echoes may al so need to be perfornmed in a simlar manner. The
code generator 33 can be programmed with know edge of timng 10 froma
synchroni zation controller (not shown) and a signal strength tracker and
sorter (not shown) which are however desgsibed in the above-incorporated
U S. Patent No. 5,218,619. It will also be appreciated that despreading a
homodyne convassbeidtedivwjtiabthés of 3hidi oveflapping spréadinspestingii dignails eemaindC, which is
then subtracteq framthe .spread spectrum conposite using a high pass filter
is 15  equi vi¥osiao %F%ﬁeﬁﬁgs filtering the despread result and then

subtracting that resul t resfiRadiigmaRin deieaiBE XA VKA Ggnd Qsifipspr ead a

signal at a non-zero internedi ate frequency to obtain a narrowband signal
around t hat i said firstipegading code-replica to obtain a first respread signal;

S additional despreading, filtering and respreading means using other
of said code replicas for removing ehergy associated with other signals from said
first residual signal to obtain a second residual signal; and

resubtraction means comprising despreading, filtering and
respreading means using said first spreading code réplica to remove from said
10 second residual signal energy associated with said first signal to produce an
output:signal.

20. A receiver for receiving a multiplicity of overlapping spread-
spectrum signals and decoding at least one of said overlapping spread-spectrum
- signals comprising:
15 receiving means for producing an intermediate frequency signal;
code generator means for providing replicas of spreading codes
used by said overlapping signals and pairwise combinations thereof;
despreading means for despreading said intermediate frequency
signal with a first of said spreading code replicas to obtain a despread signal;
20 t';ltering means for removing signal energy of a signal spread with
said first despreading code from said despread signals to leave a first residual
signal in which a total energy associated with other signals remains substantially
unaffected; |
additional despreading and filtering means using said pairwise code
25  combinations for removing energy associated with other signals from said first
residual signal to obtain a second residual signal; and
resubtraction means comprising despreading and filtering means

using pairwise code combinations including said first despreading code to remove
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frequency and then : out the narrowband signal using a bandstop
filter. Fi gm\mﬂu “\ m s the aforedescribed re-orthogonalization
principle A «way of spectral nulling. A receiver 100

downconverts the received signal, if necessary, to a suitable internediate
frequency. The | rmedi ate frequency is then despread usin Cl of
t he stkonges‘?’sss’l-'g%éf I n despreader 101. The narrowband, des%@%’%ﬁm S
then nulled out in the spectral donmain by nulling filter 102. The residual
signal is then respread with 25 code Cl1 in respreader 103 prior to being
despread in 104 with code C2, nulling out signal 2 in filter 105 and
respreading with C2 in block 106. According to this exenplary enbodi nent,
re-orthogonalization of the signal with regpect to Cl, i.e. by subtracting
out again a copponent that correlates with Cl, after haying subtracted or
nul I ed out ot hEPMsKhsfcend r@dynbwai@%rsxmc’e@d&yp% @?S@a’ o 107,
second nul'l'i ngpdoighdeldn bftpuiQighaPr r el at ed conponents 108 and second d VO
97/ 22185 _ . PCT/ US96/ 20023 13

21.  The receiver according to claim 19 in which said output signal is

further processed to remove signal energy associated with other spreading codes

W

to produce a final output signal.

22,  The receiver according to claim 21 in which said output signal is
further processed to extract desired information.

23.  The receiver according to claim 22 in which said desired

information is a telephone speech signal.

10 24.  The receiver according lo claim 22 in which said processing
comprises demodulation or error-correction decoding and speech decoding from a

low-bitrate form to a PCM form.

25.  The receiver according to claim 24 in which said PCM form is

transmitted to a telephone switching system over trunk lines.

15 26.  The receiver according to claim 24 in which said PCM form is

further processed using a digital-to-analog convertor to drive a telephone

earpiece,

27.  The receiver according to claim 20 in which said output signal is
further processed to remove signal energy associated with other spreading codes

20  to produce a final output signal.

28.  The receiver according to claim 27 in which said output signal is

further processed to extract desired information.
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respreader 109. After the resubtraction stage represented by bl ocks 107,
108 and lmuﬂmmﬁmlm signal can be further processed to extract other
signal s5,!% raction of C2 and C1 for a third tine. |ndeed
resubtracti on &f &nySor*all of previously subtracted signals may be
performed to prevent accunul ation of 5 subtraction inperfections that

hi nder the Woosarisy of weak signals. Figure 2b shows that, BEH/USE20033t 0
anot her ‘exenpl ary enbodi nent, the respreadi ng stage 103 and despreadi ng
stage 104 of Figure 2a can be conbined into a single despreader 203 using a
code waveformthat is an arithnetic product (or a nodulo-2 sum for binary
codes) of code waveforns Cl and C2. The 10 despreaders of the
resubtraction stage 205 and 206, when thyg conbination is nade, use code Cl
conbined with the i mmedi ately precedi ng code denoted by C(n-1) and Cl

conbi ned with the 29mediia etsivéradccordingotocsddim 281 anwhieH shid detired especti vel y.
Figure 3 shows_an exenppl ary. enbodi nent erein the inventive 15
resubtractioﬁnﬁggﬁﬂ?ﬁﬁﬁ%“ﬁ%@°“ﬁﬁFE?%ﬁ¥ - usi ng hi gh-pass filtering of
despread |I,Q signals. A low noise anplifier 41 and filters 40 and 42 sel ect
and anplify the desired frequency band and apply a signal to honpbdyne
downconvertor 50. 3& wiThe nséexvearaach@mgo@qb@m&m which|said pracessisg art t hat

further stagegnfirises demodulation or error-correction decoding and speech decoding from a
S low-bitrate form to a PCM form.

31.  The receiver according to claim 30 in which said PCM form is

transmitted to a telephone switching system over trunk lines.

32. A receiver according 1o claim 30 in which said PCM form is
further processed using a digital-to-analog convertor to drive a telephone

10 earpiece.

33.  The receiver according to claim 2 in which said second residual
signal is further processed to remove signal energy associated with other

spreading codes to produce a final output signal.

34.  The receiver according to claim 2 in which said second residual is

15  further processed to extract desired information.

35. The receiver according to claim 34 in which said desired

information is a telephone speech signal.

36.  The receiver accdrding to claim 34 in which said processing
comprises demodulation or error-correction decoding and speech decoding from a

20 low-bitrate form to a PCM form.

37.  The receiver according to claim 36 in which said PCM form is

transmitted to a telephone switching system over trunk lines.
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anplification, filtering and downconversion to an internedi ate frequency
can 20 m“fmm“m”ﬂHnie t he honbdyne downconvertor 50. Honodyne
dovvnconveﬁ ' guadrature m xers 51 and 52 driven by cosine and
sine | ocal *osti |4 at®or *waVes that mix with the signal to produce conplex I,Q

baseband out ' | s. The |l ocal oscillator frequency [err].i red
o eTAARE, PehEohh

on the desir to be processed so that the signal is converted into
|, Q baseband frequencies 25 centered on DC. DC offset from hardware

i mperfections can thus interfere with wanted signal processing and is
preferably renmoved by high pass filters 60. The high pass filters have | ow
attenuation over nost of the w de spread-spectrum signal bandw dth and this
does not substantially reduce wanted signad5 energy. First despreader 70

i ncludes m xers or phase reversing sw.tches 71§%nd 72 30, _and operates to

despread a first sigial uHin§eayticceqrdingg claim 30 18;wich sgdbBGM ferm 1s o

97/ 22185 further processed using a digital-to-analog convertor to drive a télephoRe96/ 20023 14
is preferably the strongest signal. The despread signal conponent is

conpr essed carpiece.

39. A receiver for receiving a multiplicity of overlapping spread-
5 spectrum signals and decoding at least one of said signals, comprising:
receiving means for receiving said overlapping signals and
quadrature downconverting said overlapping signals to produce complex baseband
I and Q signals;
code generator means for producing replicas of spreading codes
10 used by said overlapping signals; '
I and Q despreading means for despreading I and Q signals using a
replica of a first spreading code to produce first despread 1 and Q signals;
first filtering means for removing energy from said first despread I
and Q signals associated with a first signal using said first spreading code whilé
15 leaving substantially unaltered energy associated with other codes to produce first
residual I and Q signals; '
respreading and despreading means for respreading said first
residual signals using said first spreading code replica and for despreading said
first residual signals using a second code replica to produce second despread |
20  and Q signals; | ' |
second filtering means for removing from said second despread I
and Q signals energy associated with a signal using said second spreading code (o
leave second residual I and Q signals;
signal removal means for femoving from said second residual
25  signals energy associated with signals using spreading codes other than said
second spreading code to produce third residual | and Q signals; and
resubtraction means for removing from said third residual signals

remaining energy associated with said first signal using said first spreading code.
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to a narrow bandwi dth around DC which is renoved by high-pass filters 81
and 82 80. OQther signals that are not despread by code Cl
are Ief“mmmlﬂ" ﬂﬂnmnattenuat ed by signal renover 80. High pass filters
81 and 82 ate 5 wsed in signal renover 80 when it is desired to renove a
signal centered.on zero, i.e DC. In the event that sonme signal to be
renoved hasw® ¥m2etffency offset relative to [err] it will ap$3arsosraody
despreadi ng as narrowband |, Q signals centered on a frequency other than DC
and then filters 81 and 82 can be notch or bandstop filters. 10

After renoval of the first signal in filter 80, the residual is respread
using code Cl and despread using the code C2 of the next signal to be
extracted. This can be acconplished in bhgck 83 using structure which is
simlar to that of first despreader 70 but using a nodul o-2 conbi nation
C1*C2 of codes Cl abd CIhe vdeeiver hdverding todlaim 39 in whighishidergcdivibg mase

excl usi ve- OR Rg_ageat i on. ogfk 83 is 15 al sg:r under,stg}od }o contain filters
to renove the hcempriges offsgl ,compensaAtion dngans, iar Jemoying 1, gifsst dram weid esi dual
to the next sgafiflex daskbati [ Bhd O dighald.nal stage 84. If only a single signal
Is to be decoded, the cascade of stages term nates when the output signal

Is the desired S|gnal with stronger interfering signals having been renoved

in previous stagesg) Fach,s{QeRelBY ciafth 467 Which SRVEYE! corﬂb&mﬁohirﬁe%ns
5 is a high-pass filter.

42.  The receiver of claim 39 in which said first filtering means is a
high-pass filter.

43.  The receiver of claim 39 in which said second filtering means is a
high-pass filter.

10 44.  The receiver according to claim 39 in which said respreading and
despreading means comprises circuitry for forming a modulo-2 sum of said first
and second spreading code replicas in said code generator to form a combined
code and mixing said combined code with said first 1 and Q remdual signals

using an I-mixer and a Q—mlxer

15 45.  The receiver of claim 39 ih which said resubtraction means
comprises:
second respreading and despreading means for respreading said
third residual I and Q signal using a replica of a code used by a signal last
removed in said signal removal means and for despreading said third residual
20  signals using said first spreading code repiica to produce fourth residual 1 and Q
signals; and
third filtering means to remove from said fourth residual 1 and Q
signals remaining energy associated with the first signal using said first spreading

code to produce fifth residual I and Q signals.

“‘i il



20 desaread’g‘iMnent before renoval, the output conponents being

used to decode o | s such as in a cellular base station when all
signal s f “‘\ia Ens are desired to be decoded. Wen the signal
strength s |'arge between the strongest signal Sl renpved using

code C1 and t°he final signal to be despread and decoded using 25 Cnin a
stage (not sh¥@#2#8F| owi ng stage 84, residual errors causedqW"i'mW"éct
signal renmoval due to noise and nultiple-user interference effects can
remai n, but as described in the above-incorporated U S. Patent No.
5,218,619, the inventor showed that residual subtraction errors froma

stage using code C would still be correlated with the code Cl1 and coul d be
nore accurately identified after first 30 27subtracting ot her signals.
Thus, according to an aspect of the present invention, WO 97/ 22185

PCT/ US96/ 20023 15 t h#b.st agke chesivemancerdling tor iy 3% i wihicheseidl figudespraadt coul d -

[0 Tact be any BhOPALLIBN il $6ecdldih ellact A orhlaibh | aneous! y

respreading wt

47.  The receiver of claim 46 in which said desired information is a
phase reference signal and said first despreading code is used by a pilot or phase
5  reference signal.

48.  The receiver of claim 46 in which said desired information is

" broadcast information.

49, -'rhe receiver of claim 46 in which said desired information is call

alert information addressed to a mobile telephone number.

10 - 50.  The receiver according to claim 39 in which said first despread |
and Q signals are further processed to extract desired information carried by a
first spread spectrum signal and said second despread I and Q signals are
processed to extract desired information carried b).; a second spread spectrum

. - signal and any subsequent despread l,Q signals obtained during operation of said

15  signal removal means or after operation of said resubtraction means are
processed to extract other desired information carried by other spread spectrum
signals.

51. A receiver for receiving a multiplicity of overlapping spread-
spectrum signals and decoding at least one of said signals, comprising:
20 receiving means for receiving said overlapping signals and
quadrature downconverting said overlapping signals 10 produce complex baseband
I and Q signals; ' '
code generator means for producing replicas of the spreading
codes used by said overlapping signals and time-shifted replicas of said spreading
25 codes;
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code Cierr] of the imedi ately precedi ng stage conbi ned wi th despreadi ng

agai n usi m n order to despread and filter out residual
conpon:e(jam[“‘ﬂ‘mmn? d with C1 that were not perfectly renoved in stage
50. Liken nywr e8i dual conmponent correlated with C2 that was not
renoved in stage 83 can be further reduced by including simlar re-renoval
stages at amO9YeE2MWBS in the chain after stage 83, preferabl yPGFUS62pR3DVi Ng
further signals to allow better identification of the small residual error.
10 Figure 4 illustrates that sonme of the signal renoval stages can
be used for renoval of differently-del ayed rays of the sanme signal by using
a -del ayed version Cl[err] of the code sequence Cl[err]. Rays are preferably
renoved in descending signal strength orger. For exanple, assuming ray 1 of
signal 1 is the strongest received ray of all; then it is despread in a

first stage 91 using cobanddQ[despreadifigenedsts for delspegadingol amihQasignatssusiig 4 he '
rays of the sa signal (e.g., signal 1 ray_1 .signal 1 ray 2, etc.) may be
fed to conbi n’éﬁgﬁ%_"ﬁﬁ%ﬁ SRE%"&&F BF° BS?HH?%%’,“ ges%g%l(’aaﬂtﬁ\ﬁ/@pgls? hat tracks
the phase and anplitudefff fifteGhg meas RBR enBVitgOédthey: AORT Qi fis@Meigiadd PN Wi th
the aid of conplex weights to enhance the signal for decoding in decoder

96. Block 95 ¥hQagnalsmsseciated wib afizsk sigaal iusing savpirakspreadingeode whilg ect i ng
for decodsng phyay Subdkmtaily QRARSLA EfdYpyPhssadiftBf With othdH St laid \PHEMET

codes to produce first residual 1 and Q signals; '
first respreading and despreading means for respreading said first
residual signals using said first spreading code replica and for despreading said
first residual signals using a timeshifted replica of said first spreading code to
10 produce second despread 1 and Q signals;
second ﬁltering means for removing from said second despread
1,Q signals energy associated with an echo of said first signal to produce second
residual I and Q signals; '
second respreading and despreading means for respreading said
15  second residual signals using said timeshifted replica of said first code and for
despreading said second residual Signals using a second code replica to produce
third despread 1 and Q signals; and
. processing means for processing said third despread signals to

extract desired information carried by a signal using said second spreading code.

20 52. A receiver for receiving a multiplicity of overlapping spread-
spectrum signals and decoding at least one of said signals, comprising:
receiving means for receiving said overlapping signals and
converting to an intermediate frequency signal;
code genefator means for producing replicas of spreading codcs
25  used by said overlapping signals and time-shifted replicas of said spreading
codes; | | .
despreading means for despreading said intermediate frequency

signal using a replica of a first spreading code to produce a first despread signal;
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shoul d al ways be arran ed to be that renoved in stage 91 by using the
approprlalmmmu“mv err], Cl[err], etc. in stage 1. Block 92

i llustrat her signals may be despread and renoved before a
second ray ‘of “si gna is despread, which is desirable if the other signal

rays are stronger than signal | ray 25 2. Signal 1 ray 2 din
stage 93 by é’ 2WMde Cl delayed by T, i.e., the code sequenc“?sgi'?({é’rg?]

where T is chosen to correspond as closely as possible to the delay of the
second strongest ray of signal 1 relative to the strongest ray of signal 1.
The despread ray 2 conponent is fed to conbiner 95 30 bef ore being
filtered out fromthe signal passed to subsequent stages represented WO
97/ 22185 29 PCT/ US96/ 20023 16
by bl ock 94. Bl ock 94 can proceed to.despread and renmpve ot her rays of
signal 1, rays of other 8pghAleringmeans fog ramoxing, energy, B Erst dpspEadt ed -

wi th any of Cogi%nﬁjz{s%cﬂﬂted SAHS firkl ﬁﬁﬁdl uSing 3554 RS Grealdig bl WAL F4SthgCOde -

used previouslyIn an earlier
substantially unaltered energy associated with other codes to produce a first

residual signal; _

S first respreading and despreading means for respreading said first
residual signal using said first spreading code replica and to despread using a
timeshifted replica of said first spreading code to produce a second despread |
signal;

second filtering means to remove from said second despread signal
10  encrgy associated with a delayed echo of said first signal to leave a second
residual §igna1; |
second respreading and despreading means to respread said second
residual signal suing said timeshifted replica of said first code and to despread
using a second code replica to produce a third despread signal; and
15 processing means to proces$ said third despread signal to extract

desired information carried by a second signal using said second spreading code.

S3.. A receiver according to claim S1 in which said first despread
signal and said second despread signals are jointly processed to extract desired

information carried by said first signal using said first spreading code.

20 54. A receiver according to claim 52 in which said first despread
signal and said second despread signal are jointly processed to extract desired

information carried by said first signal using said first spreading code.
55. A receiver according 1o claim 51 in which said processing means

includes despreading and processing delayed echos of said second signal using

25  said timeshifted replicas of said second code.
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gnal rermval sta shown in US. Patent Application Serial No. 5
08/ 187, 06 ul'm mﬁ ﬁﬂlﬂl , Which has been incorporated by reference
above, to f or m conbi nations in conbi ner 95 incl udi ng
si gnal rays t fat " are not received. This phenomenon arises in a nobile
recei ver for decoding a CDVA si gnal froma base station in the presence of
mul ti pl e- us&YOBYI2485 ori gi nating in the sane base station. TRETASHRM3IOM
rays that have a 10 negative delay relative to the strongest ray or
direct ray are used when the optinmumreceiver is a so-called "inverse
channel filter approximation" and not a RAKE receiver, or a hybrid of the
two when both same-base and ot her-base noise is to be conbatted. Phantom

rays do not, however, have to be subtractypd as they do not constitute real
interference to other signals. 15 Figure 5 shows an exenpl ary

system for despreadéng (ﬁrqnhl&at mﬂreee;ﬁngamiﬁﬁplﬁc&@dﬂ(ﬁreﬂl&ﬂpmgﬂieadw? 297,
98 and 198 that do th rgﬁ(ﬁ@ og casaade out put Sll? because they do not
performa si grigf¢ £5ogHn8 35irast oneiciRdsig aﬂb OPRESIGL.  Despreaders

91, 97 and 298 that desr»édaadngﬂ@hnsr@ﬁecehwgemovér&ﬁbmg%xgﬁmal of the
despread energy and generation of a cascade for connection to the 20 next

'stage. Conbi n&MadBNED ABYVRESVEILNE Jaid AVEHAPRInG Sgnalb i ProFuGs RaMRIeY bascband

correspondj ng Itagdt@glgﬁﬁgze Si gnal for exanple, signal 1, to produce an
enhanced

code generator means for producing time-shifted replicas of the
spreading codes used by said overlapping signals;

first I and Q despreading means for despreading [ and Q signals
using a first time-shifted replica of a first spreading code to produce first

10 despread I and Q signals; _

second I and Q despreading means for despreading 1 and Q signals
using a second time-shifted replica of said first spreading code to produce second
despread I and Q signals;
processing means to jointly process said first and second despread
15 signals to extract desired information;
filtering means to remove energy from said first despread 1 and Q
signals associated with a first signal using said first spreading code while leaving
substantially unaltered energy associated with other codes to produce first
residual I,Q signals;

20 respreading and despreading means for respreading said first
residual signals using said first time-shifted replica of said first code and for
despreading said first residuals using a replica of a second code to produce third
despread I and Q signals; and

processing means to process said third despread signals to extract

25  desired information carried by a signal using said second spreading code.

57. A receiver for receiving a multiplicity of overlapping spread-
spectrum signals and decoding at least one of said signals, comprising:
receiving means for receiving said overlapping signals and

converting said overlapping signals to an intermediate frequency signal;
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rati o of noi se-plus-interference for information decoder
96. Figu |m LBI"EMJH! at es both parallel connected despreaders and
cascade ders, those that produce the cascading signal as
an out put 25 I ncor porating reanaI of despread signal energy by high-pass
I,Qfiltering or notch filtering at an internedi ate frequenc %ﬁ# hose
that do not 84183 cascade out put are used to despread phgﬁ? +§W

rays that are not presently sufficiently strong to warrant their reanaI

but which are being nonitored in case they becone so. It is to be
understood that any signal renoval stage can 30 al so constitute a

re-subtraction stage for reducing residual errors left froma WO
97/ 22185 .31 PCT/ US96/ 20023
17 previous subtraction of a signal using the sane code. In that case, the

despread signal from a r&9G®EEREENPHMENSIGE Produping tismsne fipdoreplicasiaf tBonbi ner
95 for the si grk?’esu Oéydggus d:@&rgﬁp,négﬁg&gd for exanple, by either

not connecting raction stages to co ers 95 or, alternatively,
giving their despread first despreading means for despreading said intermediate

frequency signal using a first time-shifted replica of a first spreading code to
5 produce a first despread signal; _
second despreading means for despreading said intermediate
frequency signal using a second time-shifted replica of said first spreading code
to produce a second despread signal;
processing means to jointly process said first and second despread
10 signal to extract desired information;
filtering means for removing energy from said first despread signal
associated with a first slgna] using said first spreading code while leavmg
substantially unaltered energy associated with other codes to produce a first
residual signal;

15 respreading and despreading means for respreading said first
residual signal using said first time-shifted replica of said first code and for
respreading using a replica of a second code to produce a third despread signal;
and

processing means to process said third despread signal to extract

20 desired information carried by a signal using said second spreading code.

58.  The receiver of claim 56 in which said first I and Q despreading

means despreads the strongest ray of said first signal.

59.  The receiver of claim 57 in which said first despreading means
despreads the strongest ray of said first signal.

25 60.  The receiver of claim 39 in which said first signal is the strongesl
of said overlapping signals and subsequently despread and removed signals are

processed in descending order of signal strength.
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5 output signals zero weight in conbiner 95. Configuring the

I mpl enment at | ' 3, 4 or 5 such that signals or rays are
subt ract %Emﬁﬂﬂ ﬁfﬂﬂi[m ghal -strengt h dependent order may be
conveni entiFye el ection of the code sequences delivered from

code generator 35 to each despreading stage to correspond to the signal or
ray that 10wO9u2208 nust deal with. The programm ng of the RCUUSH0038 at or
to output different codes to different stages at different tines nay be
acconpl i shed by tracking the changi ng anplitudes of different signals and
rays in conmbiner 95. After sorting into signal and ray-strength order
control signals can be fed from conbiner 95 to adapt the code generator so
that the code delivered to stage 1 (i.e. 3Fig. 3, 15 bl ock 70 or Figs. 4
and 5, block 91) corresponds to the strongest ray and the codes delivered

to foll owi ng stagesicor erpeiver for réceiving a invitiplicity 1f 'oveappingSipagaal or ray
strengths. Thus, no actql:‘al ﬁf&%‘t@ﬁhi n lof Si gnfal .paths is required to
dynami cal | y adBpt™haepay ant P8 isAst oneP &fﬁﬁ%’@éﬁvl?"’@ﬁ&ﬂ%ﬁ ng .si gnal
strength conditions. Thee@RAif AR B MceveCalt HferiabPihg AL nd'Si Ng_any
conventional 20 .method for initially synchronizing rts codes C1, C2,C3...
with the tini ijoYcings fawaronverieg signab farqoessyegil s S1, S2, S3... and
mai nt ai ni that synchr Qi<Zady L : 1 o nd code
del ay of [?e code sequence %eﬁ%rr%o ﬁ)ohﬂclﬁfl‘éf)%ésn& épp&d&,%d@s
used by said overlapping signals and time-shifted replicas of said spreading codes
which are delayed by one or more code symbol periods;
despreading means for despreading said downconverted signal
using different time-shifted replicas of a first spreading code and producing
10, corresponding first despread signals at least one of which forms a cascade signal
output to a second despreading means; and
at least one processing means connected to jointly process said first
despread signals that have been despread using timeshifted replicas of the first
spreading code in order to extract desired information carried by a first signal

15 using that spreading code.

62.  The receiver of claim 61, wherein said despreading means i.ncludes
respreading means to produce a cascade output for cascade connection and
wherein said receiver further comprises:

additional despreading stages each stage being cascade connected
20 o a cascade output of an immediately precéding stage to produce successive
multiple despread signals from each cascaded stage using time-shifted replicas of
spreading codes, each cascaded stage including filtering means for removing
‘energy associated with a despread signal ray and respreading means to produce

the cascade output for input to the next stage.

25 63.  The receiver of claim 62 in which said cascade-connected stages
remove signal energy associated with received signal rays in descending order of

received signal ray strength.
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each [ | argel y acconplishes the sync nmai nt enance operation
autonqmﬂ!ﬂmlmagl 25 " The above-descri bed exenpl ary

enbodi nentes aresinterrded to be illustrative in all respects, rather than
restrictive, of the present invention. Thus the present invention is
capabl e of many _variations in detailed inplenmentation that (]‘%gg‘ﬁﬁ ved
fromthe des¥ |9§W‘(§ﬁ contai ned herein by a person skilled iﬁ:@-{} e art. Al
such variations and nodifications are considered to be within the 30
scope and spirit of the present invention as defined by the foll ow ng

cl ai ms. CLAI MS: 1. A receiver for receiving a nultiplicity of
over | appi ng spread- spectrum signals and decoding at | east one of said
over | appi ng spread-spectrum5 signal s 3dnprising: receiving neans for

produci ng I and Q quadrature baseband siggnal s;. code generator means for

provi di ng replicas €t spFentsceiyercefodaim §bdwhsreigsaid dsSereading meanssiughel s
comprises: '
filtering means to remove energy from one of said first despread
signals corresponding to a received ray of a signal spread using said first
5 spreading code while leaving energy corresponding to other signals or rays
substantially unaltered.

65. Thé receiver of claim 62 in which said additional despreading
means for despreading signals corresponding to echos which are being received
at less than a predetermined strength to monitor for echos having significant

10 strength.

66.  The receiver of claim 62 in which said additional despreading
means includes means for despreading signals corresponding to echos which are
being received at less than a predetermined strength in order to provide despread
signals to said at least one processing means for compensation of correlated

15 interference on echos of said desired. signal.

67.  The receiver of claim 62 in which at least one of said cascade-
connected despreading means removes residual energy associated with a signal
ray using the same time-shift of the same spreading code as used in a preceding
stage.

20 68. A receiver for receiving a multiplicity of overlapping spread- .
spectrum signals and decoding at least onc of said overlapping spread-spectrum
signals comprising:

receiving means for producing I and Q quadrature baseband
signals;

25 high-pass filtering means for removing unwanted DC offsets from

said I and Q quadrature baseband signals;
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| and Q si gnal despreadl ng nmeans for conmbining said | and Q quadrature 10
baseb “lmmlui‘“‘a first of said spreading code replicas to generate |
and ﬂl m“um and filtering neans for renoving signal energy of a

first of sait oVerl appl ng spread-spectrumsignals spread with said first
spreading code replica fromsaid | and Q despread signals to | eave first
resi dual | wo®Mgi8$ gnals in which a total 15 ener gy assJGTAR62%A
ot hers of said overl appi ng spread-spectrum signals renmai ns substantially
unaffected; wherein said filtering neans is a high-pass filter. 2. The
recei ver according to.claim1 further conprising: nmeans for despreading and
renovi ng a second of said overl apping 20 spread spectrumsignals from
said first | and Q residual signals to |®pave second residual | and Q
signals. 3. The receiver according to claim2 wherein: 19

code generator means to provide replicas of spreading codes used

by said overlapping signals;
I and Q signal despreading means for combining said quadrature
baseband signals with a first of said spreading code réplicas to obtain despread |
5 and Q signals; and
processing means for jointly processing said I and Q signais t0

extract desired information.



said nmeans for despreading and renoving uses a conbination of said first
spreadi ng code replica and a second spreadi ng code replica generated by
sai d code generator neans. 4. The receiver according to claim1 in which
said first spreading code 5 replica is associated with a strongest one
of said overl appi ng spread-spectrum signals. 5. The recepgpusswposdi ng
to cIain14'ﬂM0ﬂﬁ¢Hgssaid strongest one of said overl appi ng spread spectrum
signals is one of a pilot signal, a calli channel signal or a signalling
channel signal. 10 6. The reéZﬁver according to claim2 in
which said first and secondy of said overl apgpi ng signals are despread and
renoved in signal stkeng Dr der . 7. D receg{ver according to claim?2
in which said second res signal is y 5T "Brocessed to renove signal
energy associated with o{ligr~spreadi ng cdEls to produce a final output

signal . 8. The recei ver=g 2 in which said second
residual is further processg nformati on. 9. The
recei ver according to clai a i pation is a

t el ephone speech signal.
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20 10. The receiver according to claim8 in which said processing
conpri ses denodul ation or error-correction decodi ng and speech decodi ng

froma lowbitrate formto a PCMform 11. The receiver according to
claim10 in which said PCMformis 5 transmtted to a tel ephone

swi tching sy trunk |lines. 12. The receiver accor dj im10
in which sai ?‘g%ﬁggr mis further processed using a digital -?gﬂgﬁgf’ggﬁ
convertor to drive a tel ephone earpiece. 13. A receiver for receiving a
multiplicity of overlapping spread- spec@fém signals and decodi ng at | east
one of said overl appi ng spread-spectrum 10 signals conprising: receiving

means for producing | and Q quadrature bdseband signal s; high- pass

filtering neans for renoving unwanted DC,of fsets fromsaid | and Q
guadr at ure baseband signal s; code gquLqigp.neans to provide replicas of

spreadi ng codes used by said §
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15 overl apping signals; | and Q signal despreadi ng neans for conbining
sai d quadrature baseband signals wth a first of said spreadi ng code
replicas to obtain despread | and Q signals; and filtering nmeans for

removi ng signal energy associated with a first of said 20 over | appi ng
spread- spectrum si gsnal s spread with a first spreading code fecarosserod2a
despread si gMQP%23185 | eave first residual | and Q signals in which a tota

energy associated with others of said overl appi ng spread-spectrum signal s
remai ns substantially unaffected; wherein said filtering nmeans is a

hi gh-pass filter. 21 14. The recei ygg according to claim13 further
conprising: neans for despreading and renpoving a second of said overl apping
spread- spectrum signals to | eave second residual | and Q signals. 15. The

receiver according to claim14 in which said neans for
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5 despreadi ng and renovi ng uses a conbi nation of said first code replica
and a second code replica generated by said code generator neans. 16. The
recei ver according to claim13 in which said first spreading code replica

Is associated with a strongest of said overl apping spread spectrum signals.

10 : e receiver according to claim16 in whi
strongest si g‘&él”lps';%ne of a pilot signal, a calling channel %@ﬁg@ogp a

signal ling channel signal. 18. A receigygr according to claim14 in which
said first and second of said overl appi n§§| ghal s are despread and renoved
in signal strength order. 19. . A receiy r receiving a mul §I|C|ty of

overl appi ng spread- 15 spectrum si gn@‘s‘t@d decoding at le Q.QWe of
sai d overl apping spread spectrum si gnal si:%@rl sing: receivi ng&ﬁﬁls for

producing an internediate frequency si gnag"gode generator ne provi de
replicas of despreadi ng codes as over | appi ng&‘ﬁgal s and
conbi nati ons ther eof first despreadijpg neans f readi ng

said internediate f&quency signal_with a first ofl said de
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22 first filtering nmeans for renoving signal energy of a first of said
over | appi ng spread-spectrumsignals spread with said first despreadi ng code
fromsaid despread signals to | eave a residual signal in which a total
energy associated with other signals remains substantially unaffected; and
5 S@fPRR,fiespr eadi ng neans for despreadi ng sai d resctsoc/2dogsal
using a conbination of said first despreading code replica and a second
despreadi ng code replica to obtain an out?ut signal . 20. The receiver
according to claim19 in which said outp S|gnal is further processed to
extract desired information. A0 The receiver according to
claim20 in whigh said deS|red.|nfornat|on |s a tel ephone speech signal.

22. The recei @&r gccordi ng ta claim 19 in which said output signal is
further filter e@m@m)vg'srghal Bner gy g@om ated with said second

despr eadi ng codgt@ﬁ ca. 15 L-33wS Areceiver for receiving a
mul tiplicity of g)ﬁe‘éga-ppljlg spgead-! §$
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spectrum signal s and decodi ng at | east one of said overl apping
spread-spectrum signal s conprising: receiving nmeans for produci ng an
i ntermedi ate frequency signal; code generator neans for providing replicas

of spreading codes used by said 20 over |l appi ng signals; despreading
means for deggyeagissg said internedi ate frequency signal w tHCTaIS962@23 Of
sai d spreading code replicas to obtain a despread signal; 23 filtering

means for renoving signal energy of a fdJ%St of said overl appi ng

spread- spectrum signals spread with said first spreading codd§fromsaid
despread signals to leave a first residual signal in which asotal energy
associated with others of said overlapping spread-spectrum @¥nals gemains

substantially unaffefted; 5 respreadi ng nmeafs fora@spr‘eazi ng

said first residual pignal using saiq first spreading] code-rg£pl

obtain a first r agpr bad signal ; addit|ional despreadinpg, filterijpg g@
respr eadi ng means:§§iL ng ot her of sai ) xS
S 4 I HS xS
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code replicas fér renovi ng energy associated with other signals fromsaid

first residual signal to obtain a second residual signal; and 10

resubtracti on means conprising despreading, filtering and respreadi ng neans
e, r esi dual

signal energy associated with said first signal to produce an {ei
signal. 24.  TIRC'Ecei ver a¥orpeNTAGETUALROEERTVABCANIZATAN ch sai d e D ut
signal is further processed to renove Signal ener associated w th other
spr eadj ngNIERNATIQNAIL APPLICA TION RUBLISHED, [ NG EA TGN | COORERATION) IR

accor df (5w Intetnationad iParen CGlassiicatdnioch sai d jout ikl hergintdhat Publichioh Nafter: Pr 0C e VO 7122185
extract depis ¢407, Haay 18/0b.013/0426. Thazfecei ver according to claim25 in

whi ch kaid desired information is a el eyﬁun'ems*ﬁ@éw@fog??&fa 20 19 Junc 1997 (19.06.97)
27. € Tecel v.er acicor ding to claim25 |n which sald processi p](g conpr %(s}el;sk‘
denpdul @R Insrraisms! ppligvion mbee | rPAREYHMRY| Eh Sesmind Saien Al AT AL A B4, 58, 5,

) . FI. GB, GE,
| oW bi (g5 infervafinkfifly BheeP CM 1b BEckhber 1996 (10.1296)

HU, 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, TJ, TM, TR, TT, UA,
(30) Priority Data: : UG, UZ, VN, ARIPO patent (KE, LS, MW, SD, SZ, UG),
08/570,431 11 December 1995 (11.1295) US Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, T™M).
European patent (AT, BE, CH, DE, DK, ES, FI, FR, GB,

GR, IE, IT, LU, MC, NL. PT. SE), OAP] patent (BF, BJ,
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(54) Title: RE-ORTHOGONALIZATION OF WIDEBAND CDMA SIGNALS
(57) Abstract '

A method and receiver which provides, among other features, for resubtraction of an aiready subtracted signal in order to eliminate
subtraction errors, termed re-orthogonalization, is described herein. According to exemplary embodiments, pairwisc combinations of
spreading codes are used to despread received composite signals. For example, these pairwise combinations cap include a first spreading
code.associated with a signal that has already been subtracted and a second spreading code associated with a signal which is weaker than
that associated with the first spreading code. In this way both resubtraction and subtraction are performed at the same time.
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24 28. ,The recei ver accor di ng to claim27 in which.said PCMformis

transrrrt-t—ed—t‘cr_a—rel—ép‘h'cn'e swi tching system over i r urBERLACEMEND SHERRS  sG
to. claim27 in which said PCMf & Bekaigiont: l@gge{p._r.gg@ﬁg‘gj

recei ver accordin

usi ng a j ﬂ ﬂllﬂg convertor to drive a teg @ﬁmm@garp 33
30. A | I@J " iving a multiplicity of O‘{]E[‘J;@,,ﬁﬂg@g bgfglgsto paged ==
spectrum si gnal S and decoding at |east one_of saildrpugsd-RPPI nga ed .. to
spread- spectrum si gnal s conprising: recei vmg medns for produ %g paged """

i nternmedi ate frequency signal; code generator maami) e Cﬁ5 Vi d| ne %
of spreadi ng codes used by said 10 over | appi ng tal [ A4 se ....... 99

IT

conbi nati ons t hereof; despreading neans for despreadl ng said i nterrredl ate
- frequency signal with a first.of said spreadi ng code replicas to obtain a
despread signal; filtering neans for renoving signal energy of a signal
spread with salm despreadi ng code from said despread signals to |eave
a first residual signal in 15 which a total energy associated with other

signal s remains subsk.ant i Airécpiven forfreceiviog aaueitiplicity0f evstippping ISPGadﬂd
associ at od w1 RPRRTIER sErghapd e T SHCot B RRBop Bl iR petnt ™
5 signals comprising: . ,
receiving means for producing I and Q quadrature baseband signals; code
generator means for providixig replicas of spreading codes used by said
overlapping signals;
I and Q signal dcspréading means for combining said I and Q quadrature
10 baseband signals with a first of said spreading code replicas to generaxc ITand Q
despread signals; and .
filtering means for removing signal energy of a first of said ovéﬂapping
spread-spectrum signals spread with said first spreading code replica from said I
~ and Q despread signals to leave first residual I-and Q signals in which a total
15 energy associated with others of said overlapping' spread-spectrum signals remains
substantially unaffected;
wherein said filtering means is a high-pass filter.

2. The receiver according to claim 1 further comprisiﬁg:
means for despreading and removing a second of said overlapping
20  spread spectrum signals from said first I and Q residual signals to leave second
residual I and Q signals.

3. The receiver according to claim 2 wherein:




obtai n_a second residual signal; and resubtraction nmeans conprising

desp‘r eadlm‘ﬁg*neans using said 20 pai rwi se code conbi nati ons
i ncl udi despreadi ng code to renove from said second residual

si gnal amgm#m; ﬂﬂm W|th said first signal to produce an out put

si gnal . r according to claim30 in which said output

signal is 25 further processed to renmove signal energy associated with

ot her spreadi ng codes to produce a final opg put signal . 32. The receiver
according to claim31 in which said output signal is further processed to

extract desired information. 5 33 The receiver accord| ng to
cIa|m32|n\/\h|chsa6ﬁde5|red|nf nlsatelehoeseec '
34. The receiver acé {for dasp: TSRO BRE Us§s W@E@%‘&Wﬂi ses
denodul ati on ogp&mg&aéf@ﬁ&mdeeaﬂa Sfkcadifly TBECFPLIES pakRAted by MidPcode

generator means.

4. The receiver according to claim 1 in which said first spreading code
5  replica is associated with a strongest one of said overlapping spread-spectrum
signals.

S. The receiver according to claim 4 in which said strongest one of
said overlapping spread spectrum signals is one of a pilot signal, a calling channel
signal or a sigoalling channel signal.

10 6.  The receiver according to claim 2 in which s_aid.ﬁrs_t and second of
said overlapping signals are despread and removed in signal strength order:

7. The receiver according to claim 2 in which said second residual
signal is further processed to remove signal energy associated with other spreading
-codes to produce a final output signal.

15 8. . The receiver acé.ording to claim 2 in which said second residual is
further processed to extract desired information.

9. The receiver according to claim 8 in which said desired information
is a telephone speech s1gnal

rerrres
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Iow bmmrm 10 35. The receiver according to
ch said PCMformls transmtted to a tel ephone sw tching
syste m’m m‘ ”l'”ﬂﬂ The receiver according to claim34 in which
said P r processed using a digital-to-anal og convertor to
drive a tel ephone earp| ece. 37. Areceiver for receiving a nultiplicity of
over | appi ng spread-spectum 15 signal s and decodi ng at | east one of said
signals, conprising: receiving nmeans for r@&@eiving said overl appi ng signals
and quadrature downconverting said. overlapping signals to produce conpl ex
baseband | and Q signals; code generator means for producing replicas of
spreadi ng codes usedl®y ZDhe receiweriacvuriingtondlaim 8 imwhich;said pracessingnd Q
despreadi ng said neans for despreading | and Q signals .using a replica of a

first spreadi nfomRIBes demppdiiaion or qrEqr-coEEehion.decpdiag and) speegh lesoding from a
low-bitrate form to a PCM form. |

11.  The receiver according to claim 10 in which said PCM form is
S transmitted to a telephone switching_system over trunk lines.

12.  The receiver according to claim 10 in which said PCM form is
further processed using a digital-to-analog convertor to drive a telephone earpiece.

13. A receiver for receiving 2 multiplicity of overlapping spread-
spectrum signals and decoding at least one of said overlapping spread-spectrum
10 signals compnsmg
receiving ‘means for producing I and Q quadrature bascband signals; high-
pass filtering means for removmg unwanted DC offsets from said I'and Q
qQuadrature b_aseband signals;. |
code generator means to provide replicas of spreading codes used by said
15 overlapping signals;
I and Q signal despreading means for combining said quadrature baseband
signals with a first of said spreading code replicas to obtain despread I and Q
signals; and
filtering means for removing signal energy associated with a first of said
20 overlapping spread-spectrum signals spread with a first spreading code from said
despread signals to leave first residual I and Q signals in which a total energy
associated with others of said overlapping spread-spectrum signals remains
substantially unaffected;
wherein said filtering means is a high-pass filter.




first filtering means for renoving energy fromsaid first despread | and Q

signal s as ' o IRV I rst signal using said first ‘spreadi ng code
while | eaﬁ m mgﬂ ﬂl ially unaltered energy associated with other
codes to LTSt dual I and Q signals; respreading and

despreadi ng neans for respreading said first residual signals using said
first spreading code replica and for despreading said first residual
signals using a second code replica to pro@lce second despread | and Q 10
signals; second filtering neans for renoving fromsaid second despread |
and Q signals energy associated with a.said signal using said second

spreadi ng code to | epye SPROReiveSicttriing toPdlain{d S iRl Bomprisig! renoval
means for renoving from said second residual signals 15 ener gy

associ at ed wi t imeangifor despesadingand gemipvige asecandmfisaid qvedlappingd second
spreadi ng code to produce:third residual | anﬁﬂ&ﬁg i l.s: .and resubtraction
neans for remﬁpﬁﬁar%Mis&P?ﬁi‘P@%émﬁF% W%ﬁ*ng ener gy
associated with said first signal using said first spreading code. 38. The

receiver according to claim37 in which said receiving neans 20 further
conprises of fset conifensalhorecewenaccomnting tnclaitmbt IOvbichseid meannferi d :

5 despreading and removing uses a combination of said first code replica and a
second code replica generated by said code generator means.

16.  The receiver according to claim 13 in which said first spreading
code replica is associated with a strongest. of said overlapping spread spectrum
signals.

10 17.  The receiver according to claim 16 in which said strongest signal is
one of a pilot signal, a calling channel signal or a signalling channel signal.

18. A receiver according to claim 14 in which said first and second of
said overlapping signals are despread and removed in signal strength order.

19:. A receiver for receiving a multiplicity of overlapping spread-
15 spectrum signals and decoding at least one of said overlapping spread sﬁectrum
signals comprising:
receiving means for producing an intermediate frequency signal;
code generator means to provide replicas of despreading codes
associated with said overlapping signals and combinations thereof;
20 first despreading means for despreading said intermediate frequency signal
with a first of said despreading code replicas to obtain a despread signal,;
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corrpl ex b—e‘bmﬁzm"ra—’@—si'——gnal s. 39. The receiver of claim38 in which

said’ offset canpensation neans i s a hi gh pass filter. 27 40. The
receiver "m%lmm]'uml ch said first filtering means is a hi gh-pass
filter. of claim37 in which said second filtering neans
s a hi gh pass fil t er. 42. The receiver according to claim 37

I n which said respreadlng and despreadi ng neans conprises circuitry for
formng a nodul 0-2 sumof said first and s@22ond spreadi ng code replicas in
said code generator to forma conbi ned code and m xi ng sai d conbi ned code
with said first | and Qresidual signals using an I- m xer and a Q m xer

10 43.  Therst ARGINEMess fof Aniovidg $ignafenedgy v adirsesfaid act i on
Teans compri s esoverlappmg spread-spectrum signals spread with said first despreading code from
said despread signals to leave 2 residual signal in which a total energy associated
with other signals remains substantially unaffected; and
s _ second despreadmg means for despreading said residual slgnal using a
combination of said first despreading code replica and a second despreading code

replica t_o_' obtain an output signal.

20.  The receiver-according to claim 19 in which said output signal is
further processed to extract desired information.

10 21.  The receiver according to claim 20 in which said desired
| information is a telephone speech signal.

22.  The receiver according to claim 19 in which said output signal is
further filtered to remove signal energy associated with said second despreading
code replica.

15 23. A receiver for receiving a multiplicity of overlapping spread-
spectrum signals and decoding at least one of said overlapping spread-spectrum
signals comprising: |

receiving means for producing an intermediate frequency signal; code
generator means for providing replicas of spreading codes used by said

20 overlapping signals; |

despreading means for despreading said intermediate frequency signal with
a first of said spreading code replicas to obtain a despread signal;




second resp+ead1—ﬁg—antl——des1md| ng neans for respreading said third

residual | and Q signal using'a replica of a code used by a signal |ast
renoved in E al. nmeans and for despreading said third

resi dual si ﬂ““ﬂ“ﬂmw m said first spreading code replica to produce
fourth residdal I énd Q%ignals; and third filtering means to renmove from
said fourth residual and Q signals renmai ning energy associated with the
first signal using sald first spreading c@3e to produce fifth residual |

and Q signals. 44. The receiver according to claim37 in which said first
despread | 20 and Q signals are further processed to extract desi red

I nformati on.
information is a phgis}gn?%%ce SI gna#)&gﬁ% sg lap%#gggs%égg%l ode is -
used by a pil ospread-sﬂw&unrﬁgmlﬂmadawmmd fit€t spreading code éronesaid desproadn 44
in which said desired informatiqgn is br.oadcast- |nformat|gg '
signals to leave a first resldual slgnal in which a total energy associated with others
of said overlappmg sprcad-specmxm sxgnals remams substantlally unaffected;
5 R respreading means for respreading said first residual sxgnal using said first
spreading code-replica to obtain a first respread signal;
additional déspreading, filtering and respreading means using other of said
code replicas for removing energy associated with other signals from said first
residual signal to obtain a second residual signal; and
10 resubtraction means comprising despreading, filtering and respreading
means using said first spreading code replica to remove from said second residual

signal energy associated with said first signal to produce an output signal.

24.  The receiver according to claim 23 in which said output signal is
further processed to remove signal energy associated with other spreading codes to
15  produce a final output signal.

25. The 're_:cciv'cr according to claim 24 in which said output signal is
further processed to extract desired information.

26.  The receiver according to claim 25 in which said desired
information is a telephone speech' signal.

20 27.  The receiver according to claim 25 in which said processing
comprises demodulation or error-correction decoding and speech decoding from a
fow-bitrate form to a PCM form.
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47.  The receiver _of—ctatrm 44 in which said desired information is call
alert immﬁ to a nobile tel ephone nunber. 48. The
receiver ac m 37 in which said first despread | and Q signals
are furth ﬂﬂ“@!&n xtract desired information carried by a first 10
spread sp als and said second despread | and Q signals are
processed to extract desired information carried by a second spread
spectrum signal and any subsequent despreag4!, Q signals obtained during

operation of said signal renpoval neans or after operation of said
resubtracti on neans are processed to extract ot her desired information

carried by other sprgad ol %lﬁ|:9%§t§ Gei ver of
claim 37 in which saflsa d first srgnal 1S e ozrt’glgst %éég, (?mve appi ng
si gnal s and suhmﬁmwcilwaote&pmmckm esymmcbmuunkknese processed in

descendi ng order of signal strength. : A receiver for receiving a
mul tiplicity of overlapping spread- spectrum signal s and decodl ng at | east

one of said signals, r?g?)gpéﬁgéeg@r gc% mzﬁ?&@ﬂdﬂ%&?g £ ede rﬁ&ﬁ&yl ng

sai d overl apping sid domnconvertlng sal appi ng

signals to progiscesssinXa b@mrﬁﬂogmv@taltg deilve a telephone earpiece.

5 30. A recciver for receiving a multiplicity of overlapping spread-
spectrum signals and decoding at least one of said overlapping spread-spectrum
signals comprising:

receiving means for producmg an intermediate- ﬁ'equcncy signal; code
generator means for provxdmg replicas of spreading codes used by said
10 overlapping signals and pairwise combinations thereof;
dcspreadmg means for despreading said intermediate frequency signal with
a fitst of said spreading code rephcas to obtain a despmd signal;
filtering means for removmg signal energy ofa signal spread with said first
despreading code from said despread signals to leave a first residual signal in
15 which a total energy associated with other éignals remains substantially unaffected;
additional despreading and filtering meaus using said pairwise code combinations
for removing energy associated with other signals from said first residual signal to
obtain a second residual signal; and
resubtraction means comprising d&spreadiﬁg and filtering means using said
20 pairwise code combinations including said first despreading code to remove from
said second residual signal energy associated with said first signal to produce an

output signal.

31.  The receiver according to claim 30 in which said output signal is




29 codmr producing replicas of the spreading codes used

by sai Hmuﬁm, I ignal s and tine-shifted replicas of said spreading

codes; muuu ing nmeans for despreading said | and Q signals usin
g p g g g

a replita ‘of *a first spreading code to produce first despread | and Q

signals; 5 first fikttering means for renoving energy fromsaid
first despread | and Q signals associ ated $$th a first signal using said
first spreading code while | eaving substantfally unaltered energy
associated wth other of said spreading codes to produce first residual |
and Q signals; first respreading and despreadi ng neans for respreadi ng said

first resi dual fursher propegsed t remone signal energysassagiated ith pthes spreading eades ey
for despreadin | d f&Lst L.qual signals using a tine-shifted replica of
said first sprg’éﬁﬂ-ﬂ%‘%"c@-"%‘@ﬁg# te second despread | and Q signals;
second filtering neans for renoving, -fromsaid second despread | and Q
signal s energy associated with an echo of said first signal to produce

second 15 resi dusd2.| aFhe recgivefrageerding to claim 31 in which said output signal is
further processed to extract desired. information. '

S 33.  The receiver according to claim 32 in which said desired
information is a telephone spéech signal.

34.  The receiver according to claim 32 in which said processing
comprises demodulation ot error-correction decoding and speech decoding from a
low-bitrate form to a PCM form.

10 | 35 The receiver according fo claim 34 in which said PCM form is
transmitted 10 a telephone switching system over trunk lines.

36. The receiver according to claim 34 in which said PCM form is
further processed using a digital-to-analog convertor to drive a telephone earpiece.

37. A recciver for receiving a multiplicity of overlappingﬂ spread-spectrum
15 signals and decoding at least one of said signals, comprising:
receiving means for receiving said overlapping signals and quadratufe
downconverting said overlapping signals to produce complex baseband I and Q
signals;
code generator means for producing replicas of spreading codes used by
20 said overlapping signals;
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second r espreadtrg—awd—despreadi ng nmeans for respreading said second

r esi dual SI u3|ng said tine-shifted replica of said first code and for
despreadin mz, M'” i dual * signals using a second code replica to
produce thik ﬂ" Q signals; and 20 processi ng nmeans
for processing sald hi’rd* despread signals to extract desired information
carried by a second signal using said second spreadi ng code. 51. A

recei ver according to claim50 in which sa&& first despread signal and said
second despread signal are jointly processed to extract desired information
carried by said first signal using said first spreadi ng code. 30 52. A

recei ver according l&&@d@é@dﬁ@sﬁﬂ'%%ﬁ&ﬁﬁﬁﬁﬁﬁl&ﬂd@ﬁgﬁa&El§ingckes .
despreadi ng and processi-ng del ayed echos of said second S|gnal using said

time-shifted rsphc&aﬁaﬁrs@prﬁdmg@oddtmmducﬁﬁrst despr signels ecei ving a
Bl CiLy of ovep) Sup SRSl o RS A e A2
Q signals associated with a first .slgnal us_mg Sald ﬁr_st spreading code while leaving
S substantially unaltered energy associated with other codes to produce first residual
I and Q signals;
respreading and despreading means for respreadmg said first residual
signals using said first spreading code replica and for despreading said first
residual signals using a second code replica to produce second despread I and Q
10 signals;. o
second filtering means for removing from said second despread I and Q
signals energy associated with a said signal using said second spreading code to
leave secand residual I and Q signals;
signal removal means for removing from said second residual signals
15 - energy associated with signals using spreading codes other than said second
spreading code to produce third residual I and Q signals; and
resubtraction means for removing from said third residual signals
remaining energy associated with said first signal using said first spreading code.

38. The receiver according to claim 37 in which said receiving means
20 further comprises offset compensation means for removing DC offset from said
complex baseband I and Q signals.

39.  The receiver of claim 38 in which said offset compensation means is
a high-pass filter.

i3
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recei-virng—heans for receiving said overlapping signals and converting to an
I nter- nedrate frequency signal; code generator means for producing replicas
of s uﬂmmmjmnmuﬂﬂed by sai d over| appi ng signals and tine-shifted

repl adi ng codes; 10 despreadi ng neans for
despreadrng sal d %i ntf'er medi at e frequency signal using a replica of a first
spreadi ng code to produce a first despread signal; notch filtering neans
for renoving energy fromsaid first despregg signal associated with a first

signal using said first spreading code while | eaving substantially
unal tered energy associated wth ot her codes to produce a first 15

o Tirst fo dunl 91 gnate ey 8Pt 73R AN A RERMLDRE sERRIFET "0

despread usi ngh%h;p 438 fikep.ft ed replica of said first spreading code to
produce a secon espread signal; second filtering means to renove from

sai d second despread signal energy 20 associated with a del ayed echo of
said first signal t I eawe a_secaon si.dual r eadi g and
despreadi ng rreans t 'resé?"é’ﬁ"%‘ﬁ&%%ﬁﬁg g@?‘%ﬁ%ﬁﬁ%ﬁé%ﬂﬁi%
time-shifted r Lysegs Giltesai d first code and to despread using a second code

replica to produce a third despread. signal; and

5 42.  The receiver according to claim 37 in which said respreading and
despreading means comprises circuitry for forming a modylo-2 sum of said first
and second spreading code replicas in said code generator to form a combined code
and mixing said combined code with said first I and Q residual signals using an I-

mixer and a Q-mixer

10 43.  The receiver of claim 37 in which said resubtraction means
comprises: _ _
second resprmiing and despreadihg means for respreading said third
residual I and Q signal using a replica of a code used by a signal last removed in
said signal removal means and for despreading said third residual signals using
15 said first spreading code replica to produce fourth residual I and Q signals; and
third filtering means to remove from said fourth residual I and Q signals
remaining energy associated with the first signal using said first spreading code to
produce fifth residual I and Q signals.

44.  The receiver according to claim 37 in which said first despread I
20 and Q signals are further processed to extract desired information.
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processfm said third despread signal to extract desired

' arried by a second signal using said second spreading
code Igwﬁg[’i B'l&m ver according to claim53 in which said first
despr ead second despread signals are jointly processed to

extract desired |nfornat|on carried by said first signal using said first
spreadi ng code. A receiver for receiving a multiplicity of

over | appi ng spread 5 spectrum si gnal s 26\d decodi ng at | east one of said
signals, conprising: receiving means for receiving said overl appi ng signals
and quadrature downconverting said overlapping signals to produce conpl ex
baseband | and Q si ggal s:THGEGi RV CREMAd4TRWHCH Siid B GhRdgmbtioRisshi f t ed

replicas of the spreading 10 codes used by said overl appi si gnal s;
first | and Q Mrneﬁajemgsmhand‘mdﬂmpem@dﬁdsusedrb}’@lgﬁtgnahasma ng
a first tine- srngted rﬁgﬁfca of a first spreading code to produce first
despread | and¥€

| 46.  The receiver of claim 44 in which said desired informarion is
5 broadcast information.

47.  The receiver of claim 44 in which said desired information is call
alert information addressed to a mobile telephone number.

48.  The receiver according to claim 37 in whigh‘ said first despread I
and Q signals are further processed to extract desired information carried by a first
10 spread spectrum signal and said second despread I and Q signals are processed to
extract desired information carried by a second spread spectrum signal and | any
subsequent despread 1,Q signals obtamed dunng operation of said signal removal
means or after operation of said resubtracuon means are processed to extract other
desired information carried by other spread spectrum mgnals

15 49.  The receiver of claim 37 in which said first signal is the strongest of
said overlapping signals and subsequently despread and removed signals are
processed in descending order of signal strength.

50. A receiver for receiving a multiplicity of overlapping spread-
spectrum signals and decoding at lcast one of said signals, comprising:
20 recewmg means for receiving saxd overlappmg signals and quadrature
downconverting said overlapping signals to produce complex baseband I and Q
signals;
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Q 5| gnal s seconrd—t—anrd-—Q-despreadi ng neans for despreading | and Q signals

second tinme-shifted replica of said first spreadi ng code to
produce ﬂm ” mmmﬁmmcand Q signal s; processing neans to jointly
process - ond despread signals to extract desired

I nformati on; terlng feans to renove energy fromsaid first despread |

and QS|gnaIs 20 associated with a first signal using said first
spreadi ng code-while |eaving substantially2%altered energy associated with
ot her codes to produce first residual 1,Q signals; respreading and

despreadi ng neans. for respreading said first residual signals using said

first time-shifted rapid @icatoryatas for prodasapreplicad f thd spreadiagicndesifed by

said first residuals using a replica of .a second code to produce third
despread | and ®idoyeriappingsignals md@mggbfted replicas of said spreadmg codes;

Tand Q despreadmg means for despreadmg said I and Q sxgna]s using a
replica of a first spreading code to produce first .despread Iand Q slgnals,

5 first filtering : means for removing energy frOm'said first despread I and Q
signals associated with a first sigoal using said ﬁrst spreading code while leaving
substantially unaitered energy associated with- other of said spreading codes to
produce first residual I and Q signals;

first respreading and despreading means for respreading said first residual
10 signals using said first spreading code replica and for despreading said first
residual signals using a time-shifted replica of said first spreading code to produce
second despread I and Q signals;
| second filtering means for removing,-from said second despread I and Q
signals energy associated with an echo of said first signal to produce second
15 residual I and Q signals;
second respreadmg and despreadmg means for respreading said second
residual signals using said time-shifted replica of said first code and for
despreading said second residual signals using a second code replica to produce
third despread Tand Q signals; and
20 processing means for processing said third despread sxgnals to extract
desired information carried by a second signal using said second spreading code.

51. A receiver according to claim 50 in which said first despread signal
and said second despread signal are jointly processed to extract desired information
carried by said first signal using said first spreading code.
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32 processing neans to process said third despread signals to extract

desired gcd by a signal using said second spreadi ng code.
56. (Hlllnmunm uﬁﬂ” m 55 in which said first | and Q despreadi ng
means despreadstth'e strongest ray of said first signal. 5 A
~receiver for receiving a nmultiplicitor of overlapping spread- spectrum
signal s and decodi ng at |east one of said signals, conprising: receiving

means for receiving said overl appi ng signal3 and converting said
overl apping signals to an intermedi ate frequency signal; code generator

means for producing tine-shifted replicas of the spreading 10 codes used
by said overlapping §2 9nahsrecdivérdccstd ﬁa?rtﬁ%lﬂnﬂ%’m&ﬂﬁcﬁ stglhieans al d
i ntermedi ate frequency signal using a

irst.tine shlftegmroggllca of a first
spreadi ng code moluﬂeswdb;paadmgmdtpm#;ngddaﬁd@hos oksaid signal-usingysaidans
for despreadin terned te.fre signal using a second
time-shifted rngP?'égl rg@}c&s Faéil ?ﬁﬂgﬁﬁ%g code to produce a second
despread signal;. processing neans to j oi ntl'y process said first and second

despread signal_to : .
33.  Areceiver for receiving a multiplicity of overlapping spread-

S spectrum signals and decoding at least one of said signals, comprising:
 receiving means for receiving said overlappmg signals and converting to an
umxunahmbﬁamxmqrﬂgmﬂ
cmdegemumnrnmwpsﬁulummmhgthkzsofqneaﬁngcmkmtmedby
said overlapping signals and time-shifted replicas of said spreading codes;
10 despreadmg means for despreading said intermediate frequency signal using
a replica of a first spreadmg code to produce 2 first despread signal;
notch ﬁltermg means for removmg energy. from said first despread signal
assoclated with a first signal using said first spreading code while leaving
_ ﬂﬂmnummﬂyunﬂhuedcmugyaﬁmummdeﬂ1o&wrcmmsln;nndua:afhst
15 nﬁuhmlmgmu,
first respreading and despreading means for respreading said first residual
signal using said first spieading code replica and to déspread using a time-shifted
replica of said first spreadmg code to produce a second despread signal;
second filtering means to remove from said second despread signal energy
20 associated with a delayed echo of said first signal to leave a second residuél signal;
second respreading and despreading means to respread said second residual
signal suing said time-shifted replica of said first code and to despread using a
second code replica to produce a third despread signal; and
processing means to process said third despread signal to extract desired
25 information carried by a second signal.using said second spreading code.
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extract desired information; filteri-ng neans for renoving energy fromsaid
first. If i lawgO - associated with a first signal using said first
sprea4mgmmglmﬂgmllﬁaw ng substantially unaltered energy associated with
ot her 'codas wo prosiuce a first residual signal; respreading and despreading

means for respreading said first residual signal using said first
time-shifted replica of said first code and for respreadi ng using a 25

replica of a second code to produce a thi r3l despread signal; and 33
processing neans to process said third despread signal to extract desired
information carried by a signal using said second spreading code. 58. The

recei ver of claim534in whireakivenadtofding to ¢leinp 52 iniwhirhrsaid firstidespreadotignal e

st rongest ray ngSsaaiId%e&nrds e-sgrlegc{'gmuejoinﬂypmcessedmcx&actdesimd

information carried by said first signal using said first spreading code.

55. A receiver for receiving a multiplicity of overlapping spread-
5  spectrum signals and decodmg at least one of said signals, comprising: |
receiving means for rccexvmg said Qverlépping signals and quadrature
downconverting. said overiapping signals to produce complex baseband I and Q
signals; | |
code generator means for producing time-shifted replicas of the spreading
10  codes used by said overlapping signals;
first I and Q despreading means for despreading said I and Q signals using
a first time-shifted :réplica of a first spreading code to produce first despread I and
Q signals; | -
second I and Q despreading means for despreading I and Q signals using a
15 second time-shifted replica of said first spreading code to produce second despread

‘T and Q signals;
processing means to jointly process said first and second despread signals
to extract desired information;

filtering means to remove energy from said first despread I and Q signals
20  associated with a first signal using said first spreading code-while leaving
substantially unaltered energy associated with other codes to produce first residual
1,Q signals;
respreading and despreading means for respreading said first residual
signals using said first time-shifted replica of said first code and for despreading
25 said first residuals using a replica of a second code to produce third despread I and
Q signals;.and
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PCTfU " generator means to provide replicas of spreadi ng
codes ﬂﬂmﬂmnﬂ l'apping signals; | and Q signal despreadi ng’neans
for conbirfi ng sdli dsquadrature baseband signals with a first of said
spreading code replicas to obtain despread | 5 and Q signals; and

processing neans for jointly processing said | and Q signals to extract
desired information.

processing means o procéss said third despread signals to extract desired
information carried bya signal using said second spreading code.

56. 'I'he recewer of claim 55 in which said ﬁrst Tand Q despreading
means despreads the strongest ray of said first sxgnal

5 §57. A reoei\./ex for receiving a multiplicity of overlapping spread-
spectrum signals and decoding at least one of said signals, comprising:
| receiving means for -_receiving said overlapping signals-and. converting said
overlapping signals to an-inténnediate frequency signal;
code generator means for producing time-shifted replicas of the spreading
10 codes used by said overlapping signals;
first despreading means for despreading said intermediate frequency signal
using a first time-shifted replica of a first spreading code to produce a first
despread signal; - |
second despreading means for despreading said intermediate frequency
15  signal using a second time-shifted replica of said first spreadmg code to produce a
second despread Stgnal
processing means to jointly process said first and second despread signal to
extract desired information; |
filtering means for removing energy from said first despread signal
20 associated with a first signal using said first spreading code while leaving
substantially unaltered energy associated with other codes to produce a first
residual signal; | |
réspreading and despreading means for respreading said first residual signal
using said first time-shifted replica of said first code and for respreading using a
25 replica of a second code to produce a third despread signal; and
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. processing means to process-said third despread signal to extract desired
information carried by a signal using said second spreading code.

58.  The receiver of claxm 57 in which said first despreading means
despreads the strongest ray of said first signal. '
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