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CDVA CELLULAR COVMMUNI CATI ONS W TH MULTI CARRI ER S| GNAL PROCESSI NG Fi el d of
the Invention'The present invention relates to CDVA cellular communi cations
nmethods. and apparatus and, nore particularly, CDVA cellular comrunications
systens enploying nulticarri-er signal processing to reduce or elimnate
carrier signals which are not spread-spectrabnnodul ated. Background of the
I nvention I'n radio transm ssion and reception systems a radi o receiver i
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the different | ogigid Meflﬁ%ﬁtmi ch they are broadcast, respective carrier
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signals which are not spread-spectrum-modulated.
Background of the Invention
_ In radio transmission and reception systems, a radio receiver is typically
confronted with a multicarrier signal, i.e., a signal comprising a plurality of carrier
signals having differing signal characteristics, such as different frequencies. Due to ~
variations in broadcast strength and the different locations from which they are
broadcast, respective carrier signals of a multicarrier signal arrive at a particular
radio receiver have varying strengths. The difference in strength between the highest
and lowest constituent carrier signals defines the dynamic range of the multicarrier - -
signal.

FIG. 1 depicts a schematic diagram of the front-end of a conventional
radio receiver. Receiver 100 receives the broadband signal via antenna 101.

" Bandpass filter 105 takes the received broadband signal and passes only the
multicarrier signal, eliminating signals whose frequencies are outside the
multicarrier range defined by the filter. The multicarrier signal is mixed down by
mixer 117 cooperating with local oscillator 125 and sent to a second bandpass filter
119. Bandpass filter 119 selects the particular frequency band or bands of interest
which form the output signal. Typically, the utility of a radio receiver is limited by

- the dynamic range of the receiver components that process the signals of interest.
More specifically, the dynamic range which the radio receiver can satisfactorily
process is usually limited, at one extreme, by noise, and at the other extreme, by the
inherent physical characteristics of mixer 117. If the dynamic range of mixer 117 is
too low, the mixing of a multicarrier signal with a wide dynamic range can introduce
: undesirable intermodulation products into the output signal. When the radio receiver
‘ forms a portion of a cellular communications system, the wide variation in signal
power levels creates particular signal processing problems. Therefore, there is a need
in the art for signal processing elements which can process multicarrier signals with
wide dynamic ranges without introducing distortion in the resultant output signal.
—»= Such signal processors could advantageously be emplb);ed in radio receivers and
cellular communications systems to reduce the dynamic range of multicarrier
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radi o receiver. Receiver 100 receives the broadband signal via antenna 101.
Bandpass filter 105 takes the received broadband signal and passes only the
mulFticarrier signal, elimnating signals whose frequencies are outside the
multicarrier range defined by the filter. The nmulticarrier signal is mxed
down by mixer 117 cooperating with | ocal ose2l-l ator 125 and sent to a
second bandpass filter 119. Bandpass filter 119 selects the particul ar
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Brief Description of the Drawing
FIG. 1 depicts a schematic diagram of a conventional radio receiver

front-end.

FIG. 2 depicts an illustrative radio receiver according to the present
invention. ' : -
FIG. 3 depicts a block diagram of an illustrative embodiment of the
present invention. _

FIG. 4 is a block diagram of the individual signal modifier of FIG. 3.

FIG. 5 is a block diagram of an illustrative controller as shown in FIG.

FIG. 6 is a block diagram of another illustrative controller as shown in
FIG.3. |

FIG. 7 depicts the spectral content of an exemplary multicarrier signal.

FIG. 8 depicts the spectral content of the multicarrier signal of FIG. 7
after it has been altered according to the present invention.
_ FIG. 9 is a schematic illustration of a CDMA cellular communications
system which incorporates the multicarrier signal processor of the present invention.

FIG. 10 depicts the spectral content of a spread-spectrum signal and a
non-spread-spectrum signal in the same frequency band.
Detailed Description o

Turning now to the drawings in detail in which like numerals indicate
the same or similar elements, FIG. 2 depicts a schematic diagram of a multicarrier
signal processor 201 employed in CDMA communications systems according to the
'prese,nt invention. Illustratively, signal processor 201 is described as part of radio
receiver front-end 100. However, it will be appreciated by those skilled in the art that
.siglial processor 201 is used to process multicarrier signals in a wide variety of
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Such signal processors could advantageously be enployed in radio receivers
and cel lul ar communi cations systens to reduce the dynam c range of
mul*ti carrier - 2- signals. In particular, such signal processors could
be enpl oyed in CDVA cel | ul ar conmuni cati ons systens to substantially reduce
or elimnate signals which are not spread-spetrum nodul ated. Summary of
the I nvention According to the present invention, an inproved CDMVA receiver
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t he Drawi ng be employed, including those frequency bands having varying widths and non-
contiguous frequency bands. The grouping of frequency bands defines a frequency
range R. For CDMA applications, the carrier signals of interest are low-power

signals which are spread over a wide frequency range.

FIG. 7 schematically depicts the spectral content of a typical
multicarrier signal having no spread-spectrum-modulated sighals. The multicarrier
signal comprises nine constituent carrier signals, labeled S1 to S9, each of which is
situated in a distinct frequency band. The dynamic range of the multicarrier signal is
70 dB (the difference in magnitude between the strongest constituent carrier signal,
S 3, and the weakest constituent carrier signal, S 5). Using the multicarrier signal
processor of the present invention, the dynamic range of the multicarrier signal in - -
FIG. 7 is reducible by 40 dB, as shown in FIG. 8, by attenuating the power of signals
S3 and S by 20 dB and boosting the power of signal S5 by 20 dB. As a result, the
dynamic range of the processed signal of FIG 8 is 30 dB.

: Multicarrier signal processor 201 is typically employed in radio
receiver front-end 100 to reduce the dynamic range of a group of P carrier signals of
a multicarrier signal. For CDMA applications, multicarrier signal processor 201 is
employed in a CDMA receiver to substantially reduce or eliminate signals which are
not Spread-spectruni-modulated. The radio receiver front-end generally comprises -
antenna 101, bandpass filter 105, multicarrier signal processor 201, amplifier 107,
mixer 117, and local oscillator 125. The radio receiver front-end components are
selected from any components or group of components which perform the stated
functions, and will not be described in detail. Further description of radio
components such as;those used in receiver front-end 100 is found in Hickman,
Newnes Practical RF Handbook, (Newnes, Oxford), c. 1993, the disclosure of which
is incorporated by reference herein.

CDMA cellular communications systems employ CDMA radio
receivers incorporating radio receiver front end 100 at several positions within a
system. FIG. 9 depicts cellular communications system 800, partitioned into a
‘number of geographically distinct areas called cells. In an exemplary embodiment,
the CDMA cellular communication system is a direct sequence CDMA system. Cell
810 is schematically depicted as a hexagon, however, in practice a cell typically has
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FIG 1 depicts a schematic diagramof a conventional radio receiver
front-end. FIG 2 depicts an illustrative radio receiver according to the
présent invention. FIG 3 depicts a block diagramof an illustrative
enbodi nent of the present invention. FIG 4 is a block diagramof the

I ndi vidual signal nodifier of FIG 3. FIG 54s a block diagramof an
illustrative controller as shown in FIG 3. FIG 6 is a bl ock diagram of
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expression "wireless terminals” refers to any communications device which receives
or transmits an electromagnetic signal through the atmosphere including, but not
limited to, mobile telephones, pagers, and personal communicators.

Cell site 820 optionally communicates with a mobile
telecommunications switching office (MTSO) 850, also known as a mobile
switching center (MSC). The MTSO typically comprises a large switch (e.g., the
5ESS ® switch available from AT&T Corp.) that routes call to and from wireless
terminals in the cellular system and, if necessary, to and from the public switched
telephone network (PTSN) via a local office switch 860. Local office switch connects
to the toll office, as shown. Detailed descriptions of cellular communications
systenis are found in Lee, Mobile Cellular Telecommunications Systems, (McGraw-
Hill, N.Y.), c. 1989, Lee, Mobile Communications Design Fundamentals, (Wiley-
Interscience), ¢. 1993, Transmission Systems For Communications, (Bell Telephone

‘Laboratories, NJ), c. 1982, Rey, Ed. Engineering and Operations in the Bell System,
(AT&T Bell Laboratories, Murray Hill, N.J.), c. 1983, and Young, Wireless Basics,
(Intertec, Chicago), c. 1992 the disclosures of which are incorporated herein by
reference.

In the frequency range of interest, R, a multicarrier signal typically
comprises a plurality of carrier signals with greatly disparate relative powers, i.e., a
signal with a large dynamic range. Large dynamic range multicarrier signals
negatively impact the performance of numerous system components with limited
dynamic ranges such as mixers, amplifiers, and analog-to-digital converters. For
example, when the physical dynamic range of mixer 117 is less than the dynamic
range of the multicarrier signal, mixer 117 can introduce intermodulation products
into the multicarrier signal. The intermodulation products combine with the carrier
signals, creating a distorted output. Multicarrier signal processor 201 mitigates such
problems in an exemplary embodiment by analyzing the multicarrier signal to
determine the relative power of each of the constituent carrier signals. Based on the
analysis, the multicarrier signal processor targets one or more of the constituent
carrier signals whose power is bey'ohd a particular range, the range being preset or
determined from the multicarrier signal analysis. The multicarrier signal processor



non- spread-spectrum signal in the sane frequency band. Detail ed Description
Turning now to the drawings in detail in which |ike nunerals indicate the
sarke or simlar elenents, FIG 2 depicts a schematic diagramof a

mul ticarrier signal processor 201 enployed in CDVA comruni cati ons systens
according to the present invention. Illustragively, signal processor 201 is
descri bed as part of radio receiver front-end 100. However, it wll be
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corresponding unmodified constituent carrier signal to reduce the overall dynamic
range of the multicarrier signal.

Multicarrier signal processor 201 reduces the dynamic range of a
multicarrier signal in an exemplary embodiment depicted in FIG. 3. FIG. 3 depicts a
block diagram of the pmcessoi' 201, which comprises amplifier 390, signal divider
301, signal combiner 303, delay 305, controller 307, and one or more individual
signal modifiers, represented by 35N. As used herein, N represents the number of
individual signal modifiers in a given embodiment. While there can be any number,
N, of individual signal modifiers for a particular application, N is typically less than- -
P. Furthermore, while the number of individual signal modifiers used in an
embodiment is selected based on system considerations, larger numbers of
individual signal modifiers generally increase the ability of the multicarrier signal

" processor to reduce the dynamic range of a multicarrier signal. Alternatively, the
individual signal modifiers of the present invention can be coupled in series such that
a multicarrier signal is sequentially processed by the individual signal modifiers.

As depicted in FIG. 3, the incoming multicarrier signal is processed by
signal divider 301. Signal divider 301 receives the multicarrier signal and takes N+2
samples of it, each of which is typically an analog representation of the multicarrier
signal. Signal divider 301 places one sample of the multicarrier signal onto each of
signal paths 311, 315, 371, ..., 37N-1 and 37N. Preferably, signal divider 301 is
fabricated so that the majority of the power of the multicarrier signal is put onto
signal path 311. Signal divider 301 is advantageously selected from compound
splitters, which generally comprise a combination of 1:2 or 1:3 Wilkinson or hybrid

- couplers. However, any element which takes an-incoming signal and provides plural
outputs can be used as signal divider 301. ' _

One of the sampled signals is placed on.signal path 315 and fed to
‘controller 307. Controller 307 receives this multicarrier signal sample and performs
several functions. First, the controller analyzes the multicarrier signal to determine
the relative power of each of the carrier signals. This may be done on all of the
carrier signals simultaneously (e.g., with a fast fourier transform) or serially by
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contiguous frequency bands. The grouping of frequency bands defines a
frequency range R For CDMA applications, the carrier signals of interest
are | ow power signals which are spread over a wide frequency range. FIG 7
schematically depicts the spectral content of a typical nulticarrier signa
havi ng no spread-spectrum nodul ated signals._glhe nulticarrier signal
conprises nine constituent carrier signals, labeled S1 to S9, each of which
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el i minate signals which ;ﬁq CDMA applications the multicarrier signal processor insures that
the CDMA equipment is not overwhelmed by signals which are not spread-
spectrum-modulated. In this embodiment, the multicarrier signal comprises both
CDMA signals, i.e., spread-spectrum-modulated signals, and higher-powered analog
signals, e.g., amplitude-modulated and frequency-modulated signals. FIG. 10
illustrates a spread-spectrum-modulated signal 910 with an interfering carrier signal
920. Controller 307 is preset with an upper threshold T which is set slightly above - -
the expected maximum amplitude of a spread-spectrum modulated signal. The
controller instructs the individual signal modifiers to attenuate carrier signal 920
such that the modified signal, when combined with the unmodified multicarrier
"signal, substantially reduces or eliminates the interfering signal. While attenuation of
carrier signal 920 eliminates a small portion of spread-spectrum-modulated signal
910, the elimination has a negligible impact on information carried by the spread-
spectrum-modulated signal. In a CDMA system, the controller is typically positioned
in the CDMA receiver front-end after the bandpass filter, such that performance of
the mixer, amplifier, A/D converter and other dynamic-range-sensitive components
is not deleteriously impacted by the higher-powered signals. As a result, a CDMA
receiver is produced which attenuates signals which are not spread-spectrum-
modulated, substantially isolating signals which are spread-spectrum-modulated.

. After analyzing the incoming multicarrier signal, controller 307 directs
individual signal modifiers 351,...35N-1, 35N via pathways 341...34N-1, 34N to
isolate and modify a particular constituent carrier signal from the multicarrier signal.
Each individual signal modifier, 351...35N-1, 35N,'1espectively receives an
unmodified multicarrier signal sample from signal divider 301 through paths

'371...37N-1, 37N. The individual signal modifier isolates its targeted constituent
carrier signal or block of carrier signals as directed by controller 307, and modifies
it. In an exemplary embodiment, the phase and/or amplitude of the targeted signal
is/are changed in preparation for injection back into the unmodified multicarrier
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not spread-spectrum nodul ated. The radio receiver front-end generally
conpri ses antenna 101, bandpass filter 105, nulticarrier signal processor
20, anplifier 107, m xer 117, and |l ocal oscillator 125. The radi o receiver
front-end conponents are selected from any conponents or group of
conponents which performthe stated functiong,.. and will not be described in
detail. Further description of radi o conponents such as those used in
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' modified constituent carrier signals are output through signal pathways 381, 38N-1,
38N to signal combiner 303 for combination with the unmodified multicarrier signal.
| Signal combiner 303 receives N+1 signals: one from signal path 311 and
one from each of the N individual signal modifiers through pathways 381...38N-1,
38N, and injects the modified isolated signals back into the unmodified multicarrier
signal. Typically, combiner 303 creates an output signal that is the vector sum of all
N+1 signals. Signal combiner 303 is generally selected from any compound splitter,
particularly, compound splitters which comprise a combination of.1:2 or 1:3 -
Wilkinson or hybrid couplers. However, any component which combines signals
received from plural pathways can be employed as signal combiner 303. -
~ The signal sample received from path 311 is a delayed, unmodified
multicarrier signal. Delay 305 in signal path 311 is preferably set so that the delay
“through signal path 311 is equal to the delay through signal paths 37N, individual
signal modifiers 35N and signal paths 38N. Delay elements impart a negative phase
slope to the signal upon which they act. Delay 305 and the phase shift imparted by
each individual signal modifier must be carefully coordinated so that signal
combiner 303 effectively performs a vector addition of all of the signals which enter
it. In other words, if individual signal modifier 35N is to attenuate a given carrier
signal, delay 305 must be set so that the multicarrier signal 'through signal path 311
and the isolated and modified signal through individual signal modifier 35N arrive at
signal combiner 303 at the same time. In the case of signal attenuation, the phase of
the output signal from the individual signal modifier is shifted 180° relative to the
phase of the unmodified carrier signal, so that the two signals destructively interfere.
Altematively, delay 305 is eliminated from signal path 311 and a '
negative delay element is inserted in signal paths 381, 38N-1, 38N. Negative delay
elements, such as negative group delays, create signals which appear to have
_propagated a shorter distance than the actual path length by imparting a positive
phase slope to the signal. The use of negative delay elements in signal paths 381,
38N-1, 38N, reduces the loss of the unmodified multicarrier signal in signal path
311. Since, in an exemplary embodiment, the majority of the signal strength



-4~ an irregul ar shape dependi ng upon the topography of the terrain
serviced by the cellular system Wthin the cell 810 is provided a cel
site 820 which generally includes a base station 822 cooperating with an
antenna 824. Radio receiver front end 100 is typically incorporated wthin
the base station of cell site 820. Wreless _tggrnmnals 840 comunicate with
cell site 820 via radio links. As used herein, the expression "wreless
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constructively added.

Individual components of multicarrier signal processor 201 will now be
described with reference to FIGS. 4-6. FIG. 4 schematically depicts an individual
signal modifier 35N for use in the multicarrier signal processor. Each individual
signal modifier, i.¢., individual signal modifier 351, 35N-1, and 35N, isolates a
targeted carrier signal and modifies its phase and/or amplitude in preparation for
being injected back into the unmodified multicarrier signal. The individual signal --
modifier of FIG. 4 comprises mixer 401, bandpass filter 403, phase-shifter 405,
amplitude modifier 407, mixer 409, amplifier 411 and programmable synthesizer
413.

' A sample of the multicarrier signal enters mixer 401 from signal path
37N. Mixer 401 mixes down the multicarrier signal, so that bandpass filter 403 can
isolate the constituent carrier signal targeted for modification by controller 307.
Programmable synthesizer 413 directs mixer 401 to shift the incoming multicarrier
signal such that the targeted carrier signal is positioned at the pass frequency of
bandpass filter 403. In this manner, the carrier signal targeted by controller 307 is
isolated from the multicarrier signal by bandpass filter 403. The carrier signal that is
isolated by bandpass filter 403 will be referred to as an isolated carrier signal.
Bandpass filter 403 is typically a high Q bandpass filter with a passband equal to the
frequency bandwidth of the targeted signal or block of signals.

The isolated carrier signal exits the bandpass filter and is fed to phase
shifter 405. Phase-shifter 405 selectively changes the phase of the isolated carrier
signal by a given number of degrees. For example, by shifting the phase of the signal
such that the signal is 180° out of phase with the unmodified carrier signal, the
‘modified carrier signal destructively interferes with the unmodified carrier signal.
When the modified signal is to constructively add with the unmodified carrier signal,
the phase shifter is set such that the modified and unmodified carrier signals are in
phase with one another. In this manner, the modified isolated carrier signal from the
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: amplitude modifier 407. While amplitude modifier 407 is illustratively depicted as
an attenuator, the modifier is selected from elements which can amplify, attenuate, or
alternatively amplify or attenuate an incoming signal, e.g., amplifiers which are
capable of both attenuating and amplifying. The amount by which signal modifier
407 either amplifies or attenuates the isolated carrier signal is selected to be either
fixed or variable, depending upon system considerations. When the amount is
variable, controller 307 directs the amount of attenuation or amplification to be
produced by amplitude modifier 407.
While each individual signal modifier can either attenuate or amplify the

.isolated carrier signal; in an exemplary embodiment signals are only attenuated.
Attenuation of signals tends to result in an overall better noise figure for the
multicarrier signal processor. In this embodiment, amplitude modifier 407 is selected
to be an attenuator. Typically, the attenuator attenuates the isolated carrier signal by
approximately 20 to 30 dB. |

Following signal modification, the modified isolated carrier signal enters
mixer 409. Mixer 409 mixes up the modified isolated carrier signal, as directed by
programmable synthesizer 413, to the frequency band in which the carrier signal
resided prior to mixing down by mixer 401. The modified isolated carrier signal is
amplified by amplifier 411, then output to signal combiner 303 via path 38N.

Following vector combination in signal combiner 303, the modified
multicarrier signal is optionally input to another multicarrier signal processor serially
connected to the previous multicarrier signal processor. This arrangement provides
further reduction in the dynamic range of a multicarrier signal.

FIG. 5 depicts a block diagram of an illustrative embodiment of
controller 307, in which the multicarrier signél is analyzed with a fast fourier
transform. In this embodiment, controller 307 comprises mixer 501, local oscillator
511, bandpass filter 503, analog-to-digital converter 505, fast-fourier transform



anal ysis, the nulticarrier signal processor targets one or

nore of the

constituent carrier signals whose power is beyond a particular range, the
range being preset or determned fromthe nulticarrier signal analysis. The

mul ticarrier signal processor -5- sanples the multicarr
sends at |east one sanpled nulticarrier sight to a signal
changes the phase and/or anplitude of the targeted constit

i er signal and
nodi fi er which
uent carrier

Freduency band L R e O e e e Syar o o

§ . R " u system needs.
The nodified si @ggglqxgldpﬁ,’;@cwgalggm@ﬂhfﬁxst%e@ﬁﬁm- y R e
signal in a feedgftenyslisle freqhdntpdnhwetl-krowi faslioneMixet 501 fseonwolléd ylosalgnal

interacts with the, cor ndi.n nnodi fied.consty t

reduce the over&Fq‘uWﬁéﬁﬁFﬂégd WE e f‘f@éﬁ?‘é‘%@#ﬁ
si gnal processot503ixiprefedably s highcQ fijtenwith apasshand width aqual ta
an exenpl ary en‘kgg'rmst.depi cted in FIG 3. FIG 3 depicts

B SO, ek

thefrequensygaege. i n

a

The filtered multicarrier signal is passed to analog-to-digital converter
505. Analog-to-digital converter 505 converts the analog output of bandpass filter
503 to a digital format for analysis by fast-fourier transformer 507. Fast-fourier
transformer 507 takes the multicarrier signal and produces its spectral content, as
illustrated in FIGS. 7 and 8. Digital signal processor 509 takes the output of fast-
fourier transformer 507, and analyzes the dynamic range, determining which carrier
signals should be targeted for attenuation (or amplification) and, optionally, the
amount of attenuation or amplification. In one embodiment, digital signal processor

509 also determines the amount of phase shift for each targeted

carrier signal or

block of carrier signals. Additionally, digital signal processor 509 sends a signal to
each individual signal modifier indicating which targeted carrier signal the individual

signal modifier is to isolate for attenuation or amplification.

FIG. 6 depicts a block diagram of an alternate embodiment of controller
307, which analyzes the multicarrier signal by scanning across it for individual
carrier signals in sequential fashion. In this embodiment, controller 307 comprises

mixer 601, programmable synthesizer 611, bandpass filter 603,

amplitude detector

605, analog-to-digital converter 607 and digital signal processor 609. Mixer 601
mixes down the multicarrier signal from signal path 315 to an intermediate
frequency, as directed by wrogrammable synthesizer 611. The mixed-down signal is
sent to bandpass filter 603. Bandpass filter 603 is typically a high Q filter with a
passband width equal to the frequency range of interest. Amplitude detector 605

takes the filtered multicarrier signal and determines the average
individual scanned signal, in well-known fashion.

power of the

Analog-to-digital converter 607 converts the analog output of amplitude
detector 605 to a digital format for use by digital signal processor 609. Digital signal
processor 609 determines the amplitude of the carricr signal being analyzed, and
directs programmable synthesizer 611 to serially tune to a different carrier signal
until all of the carrier signals in the multicarrier signal have been analyzed.
Additionally, digital signal processor 609 determines which carrier signals should be
targeted for attenuation or amplification. The digital signal processor directs each



bl ock di agram of the processor 201, which conprises anplifier 390, signal
di.vi der 301, signal conbiner 303, delay 305, controller 307, and one or
more individual signal nodifiers, represented by 35N. As used herein, N.
represents the nunber of individual signal nodifiers in a given enbodi-nent.
Wil e there can be any nunber, N, of indiyvjdual signal nodifiers for a
particul ar application, Nis typically less than P. Furthernore, while the

nunber of i ndiyi | ,siagnal difiers.used in an enbodinent is_ selected
based on syst e‘\féﬂd@g‘ﬂ‘y aféﬁgltff‘%‘ﬁg?f by, $eqding a signal indigating avhichgasviersignak that
modi fiers gen egﬁiﬂl@ual signalmedifibris amisblatgf/axmf attelhﬁl_itﬁ'df imphify'and] Oﬁlﬂdiﬁﬂil, the
processor to r Srridy . icarrier signa
Al ternatively, tﬂ@ﬁPEE|V|d§gﬁh§P{na ﬁ%%ﬂ?ﬁfgyghgﬁ‘the present invention can
be coupled in series s iXimerens adyaptagesi areirealized thrapgh the useof thecmultichirier
processed by {dignal iticéss8HPbf the Brtiknt TiVniiof! For eimpIR PicklvEftiduill Hsfime’, 1 e
I ncom ng nulticggr er stgﬁa#pﬁé@ﬂg§cessed g?fslgnﬂﬁﬂﬁﬁéﬁﬁgkﬁég%. I gnal
di vi der 301 r ¥BICBEY. empioyif dilters injthe-positionpfifilier 10X whichaspexpensive j ¢ |
each Iof whi ¢ hI toproduse and bylkgno insedllg céHfﬁit&iSSﬂél?ﬁl'tdﬁélaﬂfnleédﬁ il¢bhjufiéticn €'
signal. Signa ) Y . 0 e nulticarrigr sign
onto each of s%g?%gPﬁ@%%ﬁg%%iﬁmm% resh e bands 9&#& g’ﬁfb ,
signal di vi dercaguers withimaeelimaranarkes. Thepresens imvention permifs théresepafisenaller, t he
nul ticarrier Yegexpehsivefilter® i e receiver since the multicarrier signal processor

essentially creates the effect of an ideal filter. Exemplary filters for use with the

present invention are barium titanate duplex filters. Barium titanate duplex filters are

described in U.S. Patent No. 3,938,064, the disclosure of which is incorporated

‘herein by reference. _

While the foregoing invention has been described in terms of the
exemplary embodiments, it will be readily apparent that numerous changes and -
modifications can be made. Accordingly, modifications such as those suggested
above, but not limited thereto, are considered to be within the scope of the claimed
invention. '



si gnal path 311. Si gnal d| Vi der 301 I s advant ageously sel ected from

conpound splitters, olpeen k edconpri se a comnbi nation of 1:2 or
W | ki nson or hybri d ;
si gnal and provides ‘

er, any el ement {{f] ' ng
can be used as si g é‘g m@%%ﬁ e
of the sanpl ed signals IS placed on signak 1Bath 315 er
307. Controller 307 receives'this multicarrier signal sanple and perfor ne

several functi @aimg:i rst. the controller analyzes the multicarrier signal

to determine the rel at g}g r of each_of the carrier signals. This may be
done on all of the carM™ |TecedYsHof thetxpg, rgﬁgp@dgorecmvswp@adast

fourier transf apegtrum- modulatkd yighals, the uﬁprosemamdampi@fn i ndi vi dual carrier

signal s, one 2 A 1o o B5idiaRd Ak SOUSHRID O Skl SRoSIB AR, o

typically a rarfgeamé{wtgmncemhlgtmdncmyr sigmed and aclesst oae sigral modjfied (3ENYi ng

%P?Yg bel ow ehnuMicting vt heonthdiiZt, \thé SorftfiRet Edritidufado ARt TR i 1bdsy SR
signal modifier to attenuate at least one carrier signal which is not spread-spectrum-
modulated.

2. A method for attenuating carrier signals in a multicarrier signal
comprising at least one spread-spectrum-modulated signal and other carrier signals,
the method comprising:

receiving a multicarrier signal comprising at least one spread-spectrum-
modulated signal and other carrier signals; .

' sending the multicarrier signal to a multicarrier signal processor, the
multicarrier signal processor being provided with a threshold limit such that carrier
signals with power levels above the threshold limit are selected for attenuation;

selecting carrier signals with power levels above the threshold limit;
modifying the carrier signals with power levels above the threshold
limit, and
' combining the modified carrier signals w1th the unmodified multicarrier
SIgnal such that the carrier signal is attenuated.

3. An apparatus for attenuating carrier signals in a multicarrier signal
comprising at least one spread-spectrum-modulated signal and other carrier signals,
comprising:

a receiver (200) for receiving a multicarrier signal comprising at least
one spread-spectrum-modulated signal and other carrier signals;

a multicarrier signal processor (201) communicating with the receiver,
the multicarrier signal processor, the multicarrier signal processor having a control
portion with a threshold limit set for power levels beyond those of spread-spectrum-

‘modulated signals; .

_ at least one signal modifier (35N) commumcatmg with the controller,
for modifying at least one carrier signal with a power level above the threshold limit;
and

e

T
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Li-mt is attenuated

bower aboy er. _
9ver | evel s t hat rﬂ-ﬂ@@?&ﬁ"ﬂ(ﬁéE@N th or

signal having a power above up

jndividual carri errsis

"excessively |ow rel } t_her carrier signgls arg EPLASEDB!T | caI y
at't enuat ed or aut of Wplified. This thileshets—presraneing may
be perforned in any nown manner. For CDMA3applications the multicarrier
signal processor insures that the CDVA equi pnent is not overwhel ned by
signal s which are not i i t he
mul ticarrier signal cor%%{ gg%@ﬁ%%ém%ﬁ%mg with fh@ a?leﬁﬁtb?lg stEQf

spr ead- spect r uiPdifigufoxicembiningthe odified mﬁemgq@bwyhébp vnmedified mylticamiere g, |
anpl i t ude- modudigd ﬂgucﬁilﬂaf:{tfléﬂd?&@cam&%i?ﬁ?mtﬁ laGioWeP levEl 4Bovd the! thiedRdigat es a
spr ead- spect rum mpdul at ed ,si gnal 910 w an interfering carrier signal
920. Control | Zi‘mstes/aﬁf@“a fedset with an upper threshold T which is set
slightly above - the expect ed maxi mum anplitude of a spread-spectrum

nodul at ed si gnal . The [:Irlﬂsk lga{ ghaég. I ers
to attenuate carrier SI gna 8;0"{ é#ﬁ’%‘étv‘% ‘g’ %Jﬁgl%%gﬁ%ﬂﬁépﬂhﬁl
conbi ned with ¥he unnodified nulticarrier signal, substantially reduces or
elimnates the interfering signal. Wiile attenuation of carrier si gnal 920
elimnates a small portio f spread-spectrum npdul ated sjgnal 910, _the
elinination has a neglsrgﬁgpgwﬁ HURUCALORs W%FW%%&S,WWBS%WM-

claim 3.
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sp.ectrum rodulat ed si gna¥.=1n-a- sys‘t*e-m**?;«-..- et '
positioned in the CDVA receiver front end after the bandpass fi
that performance of the m xer, anplifier, A/D converter and other.

dynam c-range-sensitive corrponents IS not del eteriously inpacted by the

hi gher - powered signals. As a result, a CDVA recei-ver is produced which:
attenuat es signals which are not spread spectrum nodul ated,. substantially
i sol ating signals which are spread-spectrum nodul at ed. - After anal yzing . the
' ng_O]["_ ng ng!:SELI car g:S(éI\PIIM BQ%LUBAR CGMMUSIUA’QI@NSWHI;%YJMHQAIFREN g
nodi fiers : via pa , to isolate an
nodi fy a particular constituent caﬁ%?ﬁ%ﬁE%Wt he nmulticarrier :
signal . Each i ndAbsttael si gnal nodifier, 351...35N-1, 35N respecti vel y

recei ves an unnodifi ed M&bﬁﬁﬁl{ﬁhﬁgkgaﬁlmv%ﬁm emf1 %é’ peer 01

t hrough paths 371 .., 37N ivid er |sol at es
its targeted congetcP‘t"HlﬁrﬁP"??&rsrPF‘éF‘“& Jatest signalyis Pé‘?"l@%* III@F@P@Y gecgiver,

directed by cont aﬁidlﬁcfarﬁﬁ-?stgrﬁnﬁroﬁ@ﬂblf (203) istpositibn&l) THE aitidicaiierigMATprotessor

the phase and/ or m% %udgﬁ%&wﬁ g ra%glt ed Si nal is/lare chané_&' e

preparation for ? 6B P £95 ?‘f"é’& garuincanyers ast
one signal modifier (35N) communicates w1th the controller, such that the c_:onu'oller
directs the signal modifier to attenuate at least one carrier signal which is not
spread-spectrum-modulated.

Fig. 3
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-7 --signal. For a constituent carrier signal having a | arge anplitude, the
anplitude can be decreased by the signal nodifier. Aternatively
constituent carrier signal can be created having th .ﬁﬂ@%ﬁggﬂggggggm
180[err] out of phase with the correspondi ng unnodi fii e CRESLAGE®Nt C
signal . For either nodification technique, the stre ¥

carrier signal within the nmulticarrier signal is reduced—upUN‘CUWﬁTﬁéf‘on
with the corresponding unnodified constituent carrier Slﬁ % fied
‘ 38N 1

constituent carrier signals are output through S|gnal'r ‘

38N to signal conbiner 303 for conbination with the. un ' Hfarrier
signal. Signal conbiner 303 receives N+1 signals: one ' h 311
and one fromeach of the N individual signal nodifiers through pathmays 381
... 38N 1, BQRW?andflnjects the nodified isolated signals back into the
unnodi fi ed icarrier signal. Typically, combiner 303 creates an output
signal that is the vector sumof all N+1 signals. Signal conbiner 303 is
generally selected from an npound splitter, particularly, conpound

splitters which conpris conbination of 1:2 or 1:3 WI kinson or hybrid
coupl ers. However, any c npomﬂusvwnch conbi nes signalsng
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recei ved from plural pathways can be enpl oyed as signal conbi ner 303 The
si gnal samrpte—teceived—frompath 311 is a del ayed, ufFee
signal . Dela 305 in si naI path 311 is preferably- stT*‘HSSﬂ"héf”‘tf’i%B%@'
si qﬂﬁﬁp’ﬁ’ﬁﬁ% 37N,

t hrough si Sh *dqual to the delay throug

I ndi vi dual . m 5 35N and si gnalz pat hs 38N: enents | npart
a negative p the si gnal upon which they m’s-ahﬂ—t he
phase shift inparted by each individual signal nodifier nust be carefully
coordi nated so that signal conbiner 303 effectively perfofms a vector
addition of all of the signals which enté&g i&. In other words, if

I ndi vidual signal nodifier 35N is to att e a given carrier signal,

del ay 305 nust be set so that the nul ti g@&er si gnal through signal path
311 and the isolated and nodified signafftRkrough individual signal nodifier
35N arrive a'r's'r'gnm-wrrb-i-net—ws-a( t he sar%-t-i-ne.—i-n—th-e—eas-e-ef-s-i-g-na-lj
attenuation, the phase of the output sidnal fromthe: individual signal
nmodifier isshifted 180[err] relative td the phase of the unnodified :

carrier signal, o that the two signals destructively interfere.
Al ternatively, lay 305 is elimnated fromsignal path 311 and a negaiiveI
del ay el ement I inserted in signal pab 381, 38N-1, 38N. Negative delay |
el enent s, SLlch negati ve group del aé,gcreate signal s which appear t¢ :
have ' =
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propagated a shorter distance than the actual path Iength by inparting a
positive phase slope to the signal. The use of negative delay elenents in
signal paths 381, 38N-1, 38N, reduces the | oss of the unnDdlfled_

multicarrier signal in signal path 311. Since, in anrzv ------ enbeciyaint |
the majority of the signal strength -8 - traversef BHG A ! he
overall loss in the nulticarrier signal processor is reduc%ﬁ '_'- ........ p
use of negative group delays. Exenplary negative group—dera are—descri bed

in US. Patent 5,291,156, the disclosure of which is |ncorporated bl
referencepﬁi ei n For the case of carrier signal anpl it im*‘\ -Eﬁﬁﬁ:@?ay
305 is id cal since the tine through the signal pat H i
However, the phase of the nodified carrier signal frqm :
signal nodifier is adjusted, relative to the phase of the respective

unnodi fied carrier signal, so that the two signals are constructively
added. .
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| ndi vi dual conmponent s of rrulmissﬁaerﬂasBmlﬂt‘“T processor 201 will now be
h

described with reference to 4 schematically depicts an
i ndi vi dual signal nodifier 35 e mJI'S| gnal
processor. Each individual signa ITDdI fier, i.e. [f ThdioihJUIT=Srgual,

modi fier 351, 35N-1, and 35N, isolates a target efl_car rpgh, oL
nodi fies its phase and/or anplitude in prdbarati on Forhell B d back
into the Wlfl d multicarrier signal. The individual signal—mogHfi
FIG 4 co ‘es 1 xer 401, bandpass filter 403, phase-shifter 405;
anplitude nodifier 407, m xer 409, anplifier 411 and programrabl e

synt hesi zer 413 fe SAMpic=0fs 4=lte NI = CO It e S Ge =0l =@ =6 =il X 84 wnllOn]mf o)
signal path 37N CONTROLLERON mi xes down the nulticarrier signal, so that
bandpass filter! 403 can isolate the constituent carrier signal targeted for
nodi fication by| controller 307. Programmabl e synthesizer 413 directs m xer
401 to shift thle incoming nulticarrier signal such that the targeted
carrier signal lis positioned at the pass frequency of bandpass filter 403.
In this manner,| the carri si gnal %get ed by co ol I er ﬁ,ls I sol at egcg

fromthe nﬂ The I er signal
that is is

2 :
carrier sig —_— bgﬁ)a
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Bandpass filter 403 is typically a high Q bandpass filter with a passband
equal to the frequency bandw dth of the targeted stgﬂaj .Qr bIock of

signal s. . The isolated carrier signal exits the bajpdpas -
to phase shifter 405. Phase-shifter 405 selectiveg y
the isolated carrier signal by a given nugber of
shifting the phase of the signal such that the signa

phase with the unnodified carrier signal, the nodified carrier nal
destructively interferes with the unnodi fi ed carrﬁb?s"? P! SRSt he
nodi fied signal is to constructively add with the yiag “‘J ier
signal, the phase shifter is set such that the nodi di fied

carrier signals are in phase with one another._In this nmanner, the nodi fi ed
i solated carrier signal fromthe -9 - individual signal nodifier, when
injected back into the multicarrier signal by signal conbiner 303,

I nteracts with the correspondi ng unno jed carrier signal by destructively
interfering or constructivelly adgi h the ynnodified carrier signal

—

~

9

FIG.



to reduce the overall dynam c range of the nulticarrier signal
Phase-shifter 405 is provided with either a fixed phase shift, i.e., a
phiase shift preset for a given nunber of degrees, or it is provid sch h a
vari able capability that is controlled by controll eff:
jenbodi nent, phase shifter 407 is progra bl e such t 3
phase of the signal according to its frggﬁency Fol |jowing—pha s
405, the isolated carrier signal next enters anplitude nDd|f|er 407 mhile
anplitude nodifier 407 is illustratively depicted as an attenuator, the
modi fier is selected fromelenents which can anplify, mgsmmmmenne laced:
alternatively anplify or attenuate an i ncom ng S|gnal -
whi ch are capabl e of both attenuating and anpllfylng

signal nodifier 407 either anplifies or attenuates the i carrler
signal is selected to be either fixed or variable, dependlng upon system
consi derations. Wien the anount is variable, controller 307 directs the
anount of atp?ﬁuatqgn or anplification to be produced by anplitude nodifier
407. Wil e each individual signal nodifier can either attenuate or anplify
the isolated carrier signal, in an exenplary enbodi nent signals are only
attenuat ed. Attenuation of signals tends to result in an overall better

noi se figure for the '

dB




¥
mul ticarrier .signal processor. In this enbodi nent, anplitude nDdlfler 407
is selected to be an attenuator. Typically, the attenuator H
i sdl ated carrier signal by approxinmately 20 to 30 dB. FoIIof"'uN
modi fi cati-on, the nodified isolated carrier gignal enters
409 mi xes up the nodified isolated carrier signal, as direcllegath
progr anmabl e synt hesi zer 413, -to the frequency band i n whi clit=the
signal resided prior to mxing down by m xer 401. The nodified |solated
carrier signal is amplified by anplifier 411, then output to signal
conbi ner. 303 via path 38N. Fol |l owi ng vect or conblnatlon in signal conbiner
303, the nodified multicarrier signal is optionally input to another
mul ticarrier siBf§] pfocessor serially connected to the previous
mul ticarrier signal processor. This arrangenent provides further reduction
in the dynamic range of a.nultlﬁggﬁler signal . FIG 5 depicts a block
diagramof an illustrative nt of controller 307, in which the
mul ticarrier signal is anal d with a fast fourier transform In this
enbodi ment, controller 307 onprlgﬁf m xer 501, | ocal: OSCI|¢ or 511,

bandpass fllter 503, analo -§t O- al &fnver ¢7 505, fas rier
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- 10- anal yzer 507 and digital signal processor 509. The nulffcarrier si gnal
received fromsignal divider 301 via signal path 315 is m :;*a“’r:‘:‘e-“rv"-M*' ==
50% to an'internediate frequency, in well-known fashion. M eﬁF‘?JQ"Q.CEi‘éENTSHEET 1
bandpass filter 503. Bandpass filter 503 i% preferably a hi ¢hD@Bf-i-dt-e- ikt

a passband width equal to the frequency range, R, of interest. The frite

Anal og-to-digital convertér 505 converts iheyanal og out put of bandpaSs

filter 503 to a digital format for analysE% y fast-fourier transfornmer

controlled by local oscillator 511. The rriéed-down si gnal i i i nput? SoMAR ]9%6 i
_ . '
multicarrier signal is passed to anal og-to-digital converter. 505.

507.. Fast-fourier transformer 507 takes (Ee&Rulticarrier signal and _
produces its spectral content, as ill s.t.L?Ke in FIGS: 7 and 8. Digital
si gnal pr nganr-WQ'. Lakes Lhe Quipw” of | fask. faurier transformer 507, _and
anal yzes the dynanic range, determ ning hich carrier signals should be~ |
targeted forl attenuation (or anplificatipn) and, optionally, the amount of |
attenuati on :or- a[prriTTar o 1T one enpodt ment, - urgrtat—srygrat—procesyor |
_ . : I
' - |
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¥ L N |
. - _ Ry I
) S = . = |
: - ~N N N |
' | A : . !
- 3 8 1 8 |
' S . -] N T N =]
I \ T : = |
| ' o : —las
| =1 22 25 ==
. . =23 > S I
I | =] 28|...]28 128 |
bl a =l = S8 2= |
| m— \ S 53 = —3 |
| § ' : S 3 S |
I I .% A |
I _
L [V o ) I
5 = N < :
| I~ ) | L ey
A _ o > |
A — - . . l
'S 1 3 | |
| a2 N : |
| & S 5 = |
i~ = | - !
| = < |
I = L A '_
I |
L_:
) R
. - [
s S3
= Z3



4

509 al so deternines the amount of phase shift for each target ed carri er .
signal or block of carrier signal s.- Addrtronally di gi tal Frorer—pF P
509 sends a signal to each individual signd nodifier indi SLYs
targeted. carrier signal the indivi dual signal nodifier is ffo i SOZ
attenuati.on or anplification. FIG 6 depicts a block di agr[rﬂaéﬁ---
al ternate enbodi nent of. controller 307, which anal yzes the murtrcan RECES
signhal by s inggacross.it for individual carrier signals in sequential
fashion. | nét4d*s ehbodi ment, controller 307 .conprises m xer 601,

progr ammabl e synt hesizer 611 bandpass filter. 603, anplitude det ect or 605 _
anal og-to-digital converter 607 and digital signal processor 609. M xer 601
m xes down the nulticarrier srgnal fromsignal path 315 to an i nt er medi ate
frequency, as directed. by wrogrammabl e synt hesi zer 611. The m xed-down :
signal is sent to bandpass filter 603. Bandpass filter 603 is t. caIIy a
high Qfilter vmthapassband width equal to the frequency ra ' -
interest.. Anpli tqlde-dﬂecm-%?aksﬁhe-fﬁfemmm r-srg'nat%tnd
det er i nes t he aé BYiDUAWwer of the individual scanned signal, in

wel | - known f ashi ycmalmng%%pr tal. cpdQPrter 607 converts the anal og I

output of anplit di gi tal format for use b mgrt
si gnal Procemger _

ector t 0 a

609. Digital
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processor 609 deternines the anplitude of the carrier signal_heing .
analyzed, and directs programmabl e synthesizer 611 to seria |%?M&nﬁ9\l’ﬂSHEET !
di kferent carrier 'signal until all of the carrier signals i§ the g5MAR 1996
mul ticarrier signal have been anal yzed. Additionally, digi tﬁl psbanal o

ot aod f ~r
et —1—0r
~J :

pr.ocessor. 609 deternines which carrier signdl s shoul d be ta
attenuation or I is ication. The digital signal processor -directs each
i ndi vi dual si f * modi fi er by sending a signal indicating which carrier
signal that individual signal nodifier is-to isolate and attenuate or :
ampl i fy. and, op_tiq'n%rl'l' 1Y, = Che™ anout=cT <Tar rt er=sTgnat —anp Fecari-orm e = — —
attenuation. Nurrer(WNT&liB?\tNages are realized through the use of the B

mul ticarrier signgl processors of the present invention. For exanple, |
conventional systens typically enploy interdigital filters in the position |
of filter 105 whi¢h are expensive to produce and bulky to install at cell |
sites. Such filtens are needed in conjunction wth conventional receivers b
to prevent interfdrence be §8En the bgd8is of the A58 B capgQprs within 69!
cel lular marK¥Sy The pregdnt | puaniifon pammidecild USows A | e !
- , '  AMPLITUE f== |
, DETECTOR .
| Y - : I
| - _ _ISH |
| | PROGRAMMABLE v [
|| SYNTHESIZER - |
L-——-—---5.—-—-—.-——-.——-—-—-.--—*—<-——-»;—‘
| | sm}sf / )
. ~ 3uN-1
- co ' . .
e T .
© 90
80 1 |
70 - -
| gg DYNAMIC RANGE
0 70 d8
30
20
Rl |
R 5125545557585
- FIG. 8 |
B
90
- 80 o
10 , ' .
8 1 1 11 DYNAMIC RANGE
) - - | ' )
04 |
10

S 5554 55565788 Sg



Iess expensi ve fllters n the receiver sinee the nulticarrier gsi :
processor essentially creates the effect of an .ideal filter. ﬁﬁpLﬁ@gMENTSHEET
filters for use with the present i nvention are ‘bari umtitanat dupl ei MA ]995
filters. Bariumtitanate duplex filters are described in U S.. PgmgnL“§L _____ B ____________
3,938,064, the disclosure of which is incororated herein by

Whil e the foregoing invention has been described in ternms of the exenplary
enbodi nents, it will be readily apparent that nunmerous changes and -

nodi fications can be nmade. Accordingly, nodifications such as those :
suggest ed above, but not limted thereto, are considered to be within the -
scope of the claimed invention. -"12 - Cains 1. CDVA receiver for

receiving a nmulticarrier signal, said CDVA receiver conprising:

FIC. 9



(|§ a signal divider for creating at least a first signal, a second si gna

and 5 a third signal based on said nulticarrier signal, anccéaiﬁr“**i“"

safd first signal onto a-first signal path, said second sigrhREPOACERENT SHEET
second signal path, and said third signal onto a third signd|  path; sggnggs
signal conbiner for receiving at |east saigd first .signal fronuﬁyciz ..............

signal path and a nodified third signal fromsaid first signa——pastir—ord
for 10 <creating an output signal by injecting said nodified third signal
into said first signal in a feedforward architecture: (iii) an individual
signal nodifier in said third signal path for isolating fromsaid third
signal a carrier signal, and for nDdlfylng sai d phase of said carrier
signal to create a nDdlfled third signal; and 15 : (vi) a.
controller for receiving said second S|gnal from said second path for

anal yzi ng sai d second signal to identify at |east one carrier signal that
is not spread-s ectr m nmodul at ed, and for providing.to said individual

si gnal modi f i #d i ¢i um of sald carrier signal that is not

spread- spectrun1nndu|ated. 2. A nethod for attenuating at |east one

non- spread-spectrumcarrier 20 -signal in a nulticarrier signal conprising
at | east one spread-spectrum nodul at ed ' . ' :

B}




-

carrier signal and at |east one non-spféad-spectru_m nodul ated carrie o
signal, said nethod conprising: receiving a nulticar éi erg z; g[al;,z: dplbBénent pa

at | east one spread-spectrum nmodul ated carrier €ilgrddl

_ one
non- spread-spectrum nodul ated carrier 25 signal; éigEngEml icarrier
signal to a nulticarrier signal processoi said rﬁ@ﬁ}éﬁarrl er signa
processor being provided with threshold Iimt sgch thef gt Hdkeldd0., -

non- spread-spectrum carrier signals with power | -’ = reshol d

limt are sel

for attention. 30 : ~ isolating sai d

non- spr ead- spect r um CARr CDMA $¢@RRF for\edeivin®¥atulticiredrSsigan ¥ad CDMA hr eshol d
limt fromsaid nulticarrier signal; nodifying the phase of said isolated . ..

non- spr ead- s pSEENGRFYRPPHBE signals to format |east one nodified
non- spread- spect r um cdiya signal diyiddr foraorebting at kedst a first signal, a second signal and

5

10

15

20

25

30

a third signal based on said multicarrier signal, and for putting said first signal onto a
first signal path, said second signal onto a second signal path, and said third signal
onto a third signal path; _

(ii) a signal combiner for receiving at least said first signal from said
first signal path and a modified third signal from said first signal path, and for
creating an output signal by injecting said modified third signal into said first signal
in a feedforward architecture:

(i1i) an individual signal modifier in said third signal path for isolating
from said third signal a carrier signal, and for modifying said phase of said carrier
signal to create a modified third signal; and

(vi) a controller for receiving said second signal from said second path
for analyzing said second signal to identify at least one carrier signal that is not
spread-spectrum modulated, and for providing to said individual signal modifier an
indicium of said carrier signal that is not spread-spectrum modulated.

2. A method for attenuating at least one non-spread-spectrum carrier
signal in a multicarrier signal comprising at least one spread-spectrum modulated
carrier signal and at least one non-spread-spectrum modulated carrier signal, said
method comprising:
| receiving a multicarrier signal comprising at least one spread-spectrum-
modulated carrier signal and at least one non-spread-spectrum modulated carrier
signal; -

sending said multicarrier signal to a multicarrier signal processor, said
multicarrier signal processor being provided with threshold limit such that those
non-spread-spectrum carrier signals with power levels above said threshold limit are
selected for attention.

isolating said non-spread-spectrum carrier signals with power levels
above said threshold limit from said multicarrier signal;

modifying the phase of said isolated non-spread-spectrum carrier signals
to form at least one modified non-spread-spectrum carrier signal; and

- * c L M S *



i njecting said nodified non-spread-spectrum carrier signals into said
mul t'icarrier signal in a feedforward architect
non- spread-spectrum carrier si gnal s with power
limt are attenuated.

-13 -

injecting said modified non-spread-spectrufti carrier signals into said
multicarrier signal in a feedforward architecture such that said non-spread-spectrum
carrier signals with power levels above said threshold limit are attenuated.

T



