d ai s 3 AT mul ticarrier signal processor for processing a multicarri er
si grfal where each carrier of the multicarrier signal has a power |evel,
said nulticarrier processor CHARACTERI ZED BY: 5 _ a controller
(307) configured to receive at |least a portion of the mulicarrer signal,
the controller analyzing the signal to deterfine a range for t he power

| evel s of the nmulticarrier signal and to |dent|fy at | east one carrier
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processor of clarm1 furtirer corrprl sing a signal divider (301) for
receiving an inc Rand placing at |east a

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 diagrani 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 employed in radio receivers and
cellular communications systems to reduce the dyna:mc range of multicarrier

- sxgnals
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portion- of the multicarrier signal on plural output paths. 3. The

mul t'i carrier signal processor of claiml wherein the at |east one signal
nodi fier nodifies the carrier signal by altering the phase and/or anplitude
of 20 the carrier signal. 4. The nulticarrier signal processor of claim1l
wherein the signal nodifier includes a progr%nnable synt hesi zer (413)

(413) comunicating with the controller nmet hod for procesing a

mul ticarrier signal, the method conprising: 25 recei ving at

| east a portion magy of thelweBtioR | gnal in a controller; analyzing the

nul ti Ica{ ri Er si gn?I I n.tirge 91%3&:[@“&&0& grdvitwstal ﬁ:wuaimbtetﬁgﬁam@ceﬁafrrcaﬁble
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the multicarrier signal processor includes a controller configured to receive at least a
portion of a multicarrier signal, the controller analyzing the signal to identify at least
one carrier signal of the multicarrier signal to be modified. At least one signal
modifier communicates with the controller, the signal modifier receiving at least a
portion of a multicarrier signal. The signal modifier isolates a carrier signal to be
modified as directed by the controller, and modifies the isolated carrier signal. A
signal combiner receives the modified carrier signal and combines it with an
unmodified multicarrier signal. Preferably, the multicarrier signal processor is used
to reduce the dynamic range of a multicarrier signal.

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 dlagram of an illustrative embodiment of the
"present invention.
FIG. 4 is a block diagram of the individual signal modifier of FIG. 3.
FIG. § 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 s1gnal of FIG. 7
after it has been altered according to the present invention.

FIG. 9 is a schematic illustration of a cellular communications system
which incorporates the multicarrier signal processor of the present invention.
Detailed Description

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 according to the present 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 signal processor 201 is used to process
multicarrier signals in a wide variety of systems and devices including, but not




for isolating the carrier signal to be nodified and changing at |east one
carrier signal characteristic: directing the signal nodifier to isolate the
carrier signal identified by the 5 controller; nodifying at | east one
characteristic of the isolated carrier signal; and sending the nodified
carrier signal to an output port for conbinagion with the unnodified
multicarrier signal. 6. The nethod of clai m 5 wherein the unnodified
multicarrier signal has 10 associated therewith a dynanmi c range, and said
step of conbi ni t%mmqsyémmma@@wmm.r&agmm,ammmmaadxbumtwer
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the third si gnalgrouping of frequency bands defines a frequency range R. -
FIG. 7 schematically depicts the spectral content of a typical
multicarrier signal comprising 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 ).
According to 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. 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
coniponents 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. a

Cellular communications systems employ 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. Cell 810 is schematically depicted as a hexagon, however,
in practice a cell typically has an irregular shape depending ui:on the topography of
the terrain serviced by the cellular system. Within the cell 810 is provided a cell site
820 which generally includes a base station 822 cooperating with an antenna 824.

‘Radio receiver front end 100 is typically incorporated within the base station of cell
site 820. Wireless terminals 840 communicate with cell site 820 via radio links. As
used herein, the expression "wireless terminals" refers to any communications device
which receives or transmits an electromagnetic signal through the atmosphere
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onto a third signal path; a signal conbiner (303) for receiving the first
signal fromsaid first 20 signal path, and a nodified third signal from
the third signal path, the signal conbiner creating an output signal based
on the sumof the first signal and the nodified third signal: an individual
signal modifier (35N) in the third signal pagh for isolating, fromsaid '
third signal, a carrier signal and for nodifying the phase and/or anplitude
25 of the carrier signal to create the nodified third signal; a controller
(307) for recei Vvingldinge butenas ignitedgp.mobilestelephenescpagers, andjpersonaht h, t he
control |l er anal yé&muhidgtogsecond signal to determine the relative power of
the carrier signals whi c%gontgr-iz es .the second ,signal,6 t h%cont roll er
i dentifying at |east one<edsite 820 ophonally.compunicates-withya mpdilte | ndi vi dual
si gnal nodifi er.teRGommunications switchigeoffipe® VTS 850, atsockrowh dsu thbbile
conprising a del gy i ' | h.for Kin del
t hrough said fi r@%‘cﬁﬁ%ﬁ%éﬁ@m# chgh%%g& @&PP%est%lgPﬁdP‘fgi‘ﬁéﬁ%ﬁy‘t hird
signal in the thESS @ gyvitch availahle fromTAT &I Gonpaithas rotes tall w and\fram wiirelashie
I'ndi vi dual  si gnalerfiidis§ih ¥e cellular system and, if necessary, to and from the public switched
telephone network (PTSN) via a lo_cal office switch 860. Detailed descriptions of
cellular communications systems are found in Lee, Mobile Cellular
Telecommunications Systems, (McGraw-Hill, N.Y.), c. 1989, Lee, Mobile
Communications Design Fundamentals, (Wiley-Interscience), c. 1993, Transmission
Systems For Communications, (Bell Telephone Laboratories, NJ), ¢. 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.c., 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 beyond a particular range, the range being preset or
“determined from the multicarrier signal analysis. The multicarrier signal processor
* samples the multicarrier signal and sends at least one sampled multicarrier signal to
a signal modifier which changes the phase and/or amplitude of the targeted
constituent carrier signal. The targeted constituent signal is selected from an
_individual frequency band or a block or frequency bands, depending upon system
needs. The modified signal is injected back into the unmodified multicarrier signal in
a feedforward architecture. In this manner, the modified signal interacts with the
corresponding unmodified constituent carrier signal to reduce the overall dynamic
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-3- conprises: a mxer (401) for mxing down said third signal; a bandpass
filter (403) for isolating a carrier signal fromsaid third signal: 5

an anplitude nodifier (407) for nodifying the anplitude of said first

i'sol ated signal; a phase-shifter (409) for nodifying the phase of the

ilsol ated signal; and a second mi xer for m xi_gg, up the isolated signal to
create said nodified third signal. 10 10. The apparatus of claim

7 wherein: the indi vdga.ll signal; nodifier isolates a carrier signal based on
a first band desf3ig§o5fe mu icarrier 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 processor 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 proéessed 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 elemént 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
scanning for individual carrier signals, one at a time, across the frequency range, R.

In an exemplary embodiment, controller 307 is programmed with a
threshold. The threshold is typically a range selected:such that any constituent carrier

_signal having a power below the threshold lower limit is amplified and any
constituent carrier signal having a power above upper limit is attenuated. In this
manner, individual carrier signals with power levels that are excessively high or
excessively low relative to the other carrier signals are automatically attenuated or



the controller generates said first band designator. 11. A nethod for
processing a nulticarrier signal conprising a plurality 15 of carrier
signals, conprising: creating based on the nulticarrier signal, at |east a
first signal, a second signal and a third. signal such that the first
signal, the second signal, the third signal, .are anal og representations of
the multicarrier signal; analyzing the second signal to determ ne the

rel ati ve power of each of 20 the carrier signals which conprise the

nul ticarrier sigiomatically amplified.nIhis tireshiold programming imay, betpesformed insanyd
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Bs%@n@?ﬂ ﬁ‘fseeqnbodiment, 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. Controller 307 is preset with
a upper threshold which eliminates the substantially higher-powered analog signals.
In this embodiment, the controller instructs the individual signal modifiers to modify
the large carrier signal such that the modified signal, when combined with the
unmodified multicarrier signal, substantially eliminates the large carrier signal. In a
CDMA system, the controller is typically positioned in the CDMA receiver after the
bandpass filter, such that the mixer and other dynamic-range-sensitive components
are not influenced by the higher-powered analog signals.

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, respectively 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
signal. For a constituent carrier signal having a large amplitude, the amplitude can be
decreased by the signal modifier. Alternatively, a constituent carrier signal can be
created having the same amplitude but 180° out of phase with the corresponding
unmodified constituent carrier signal. For either modification technique, the strength
of the constituent carrier signal within the multicarrier signal is reduced upon
combination with the corresponding unmodified constituent carrier signal. The
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,
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1

-4- including, but not limted to, nobile tel ephones, pagers, and personal
conmuni cators. Cell site 820 optionally conmunicates with a nobile

t el’econmuni cations switching office (MISO 850, also known as a mobile
switching center (MSC). The MISO typically conprises a large switch (e.g

the 5ESS [err] switch avail able from AT&T p.) that routes call to and
fromwireless termnals in the cellular system and, if necessary, to and
fromthe public switched tel ephone network (PTSN) via a local office swtch

860. Detailed ddartiquiarly, sempeunsesplittersrwhichaemprisetd combingtionenfsl: Aoelﬁound in
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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.

Alternatively, 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 traverses
signal path 311, the overall loss in the multicarrier signal processor is reduced
through the use of negative group delays. Exemplary negative group delays are
described in U.S. Patent 5,291,156, the disclosure of which is incorporated by
reference herein.
For the case of carrier signal amplification, the delay 305 is identical,
since the time through the signal paths is the same. However, the phase of the
~ modified carrier signal from the individual signal modifier is adjusted, relative to the
phase of the respective unmodified carrier signal, so that the two signals are
constructively added. g
_ Individual components of multicarrier slgna.l 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.e., individual signal modifier 351, 35N-1, and 35N, isolates a



di scl osures of which are incorporated herein by reference. In the frequency
range of interest, R a multicarrier signal typically conprises a plurality
of carrier S|gnals with greatly disparate relative powers, i.e., a signa
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Programmable synthesizer 413 directs mixer 401 to shxft 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. o

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
individual signal modifier, when injected back into the multicarrier signal by signal
combiner 303, interacts with the corresponding unmodified carrier signal by
destructively interfering or constructively adding with the unmodified carrier signal
to reduce the overall dynamic range of the multicarrier signal. Phase-shifter 405 is
provided with either a fixed phase shift, i.e., a phase shift preset for a given number
of degrees, or it is provided with a variable capability that is controlled by controller
307. In an exemplary embodiment, phase shifter 407 is programmable such that it
adjusts the phase of the signal according to its frequency.

Following phase shifter 405, the isolated carrier signal next enters
_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
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a signal" nodifier which changes the phase and/or anplitude of the targeted
constituent carrier signal. The targeted constituent signal is selected
firom an individual frequency band or a block or frequency bands, depending
upon system needs. The nodified signal is injected back into the unnodified
mul ticarrier signal in a feedforward architggture. In this manner, the
nodi fied signal interacts wth the correspondi ng unnodi fied constituent
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3. FIG 3 depicts a ploc 'ag of . phe processor 201, whi ch conprises
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controll er 307, produceddyamplitude modifier 4071 signal nodifiers, represented by

35N. As used herein, N I ¢pifeiéch indiViGud) $gHal mBlifier 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 signal 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
analyzer 507 and digital signal processor 509. The multicarrier signal received from
signal divider 301 via signal path 315 is mixed down by mixer 501 to an
intermediate frequency, in well-known fashion. Mixer 501 is controlled by local
oscillator S11. The mixed-down signal is input to bandpass filter 503. Bandpass filter
503 is preferably a high Q filter with a passband width equal to the frequency range,
R, of interest.

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
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pl aces one sanpl g%& ﬁ(ﬁﬁg{lﬁswgﬂg%@a& §P“8F.g‘8 Qﬁiﬂﬁ gf si gnal paths 311,
315, 371, ..., 37N-1 and Hﬁ\lﬁtbp'mserdbtlydlaaragmﬂamhlmMerﬂbddmnfmmm
so that the majo | to
signal path 311. 3¢ |é¥1‘gf: %le \rfﬁ%lggichﬂ%{i%h%ﬁ* 'ﬁ{l/gﬁhﬁect gdcﬁ?&%duw
conpound spl i tt eFHTIERHE sﬂb??ﬂ?%ﬂqa}' ashiop mbodiment: cantroller 307 camprises

W I ki nson or hybfriiger 601, programmable synthes1zer 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 programmable 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 power of the
individual scanned signal, in well-known fashion.

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 carrier 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
individual signal modifier by sending a signal indicating which carrier signal that
individual signal modifier is to isolate and attenuate or amplify and, optionally, the
amount of carrier signal amplification or attenuation. |
_ Numerous advantages are realized through the use of the multicarrier

signal processors of the present invention. For example, conventional systems
typically employ interdigital filters in the position of filter 105 which are expensive
to produce and bulky to install at cell sites. Such filters are needed in conjunction
with conventional receivers to prevent interference between the bands of the A and B
carriers within a cellular market. The present invention permits the use of smaller,
less expensive filters in the 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



coupl ers. However, any el enent which takes an incom ng signal and provides
pl ural outputs can be used as signal divider 301. One of the sanpled
signals is placed on signal path 315 and f.ed to controller 307. Controller
307 receives this multicarrier signal sanple and perforns several
functions. First, the controller analyzes ?e mul ticarrier signal to
determ ne the relative power of each of the“Carrier signals. This may be
done on all of the carrier signals sinmultaneously (e.g., with a fast
fourier transf gefdin by referencd.| y by scanning for individual carrier signals,

Cont rol Ler 307 s pr ogr MG pfveltof B Enmdsotl Ay (es P b st §“§*‘?g cal 1y a
range sel ect ed nmlticartiemsigaal ymtlmtselunmamg carrier signals andothe informafion ‘H
bel ow the threﬁ adsé mdmhﬁ i gﬁﬂlsﬁftdm eftly Sifnthted of B Iiﬂéd,' er

signal having a ove upper n thls nanner
i ndi vi dual car %FP!F WSWSWW&%P@"F%%‘SE“?J gh or
excessively | O\ﬁdlﬂéﬁ&ylw‘ﬁ of thB enltiCetiercsignialer signal.s are automatically

attenuated or 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.



-6-, automati cal | y afphi-fied—his—threshold programm ng may be performed in
any’ known nmanner. |n enhodi nent, the nmulticarrier signal

processor operates lacefl\/i sj on mul ti pl e acc
comuni cati ons syste I1e CDMVA equi prrent i s ngt W§§WIH@BB&\1
Licar riEPtAtRMal

signals fromanal og s i s enbodi ggnt, the nul

conpri ses both CDMA si gnal s, i.e., spread-spectrum nodul ated signa
hi gher - power ed anql 0og si gnal s, e.g., anplitude-nodul ated and

f r equency- nodul 448Sj gnal s. Control ler 307 is preset with a upper

mr ters] hol d nglhlj ch eltl m nal.ea mhlﬁlc*‘a‘miaﬁﬁlgﬁillpi‘bdéﬁsdilfd‘prbe@@ingraaﬂulanﬂ’mgsxgndnal S.
i s embodi nen e control |l er di vi dual si gnal
hodifiers to m)aﬁufl ‘E‘H&W WﬁW%M%ﬁhﬁ?hat the nodified signal,
wlhen combi ned with the mcmnhcﬂlee@oﬂimnﬁmedtemmlleassmmanpfmel y
elimnates the Sitboll g@/& Q¥arri
typically positi one%rﬁé{{l%'ﬁi% recglk\g?a?ya ereSSY E)Balr?%‘gtggsqgﬁlgﬁjf sue?ih
that the m xer signabefithe multicamier-signalio bem é‘inponent s are not
i nfluenced by the hi ghergnewesmssigha nlifidrdB5N); the signal modifier receiving at least a
portion of the multicarrier signal, isolating a carrier signal to be modified as directed
by the controller, and modifying the isolated carrier signal to interact with a
corresponding unmodified carrier signal.

2. The multicarrier signal processor of claim 1 further comprising a
signal divider (301) for receiving an incoming carrier signal and placing at least a
portion of the multicarrier signal on plural output paths.

3. The multicarrier signal processor of claim 1 wherein the at least one
signal modifier modifies the carrier signal by altering the phase and/or amplitude of
the carrier signal.

4. The multicarrier signal processor of claim 1 wherein the signal
modifier includes a programmable synthesizer (413) communicating with the
controller. .

5. A method for processing a multicarrier signal, the method comprising:
receiving at least a portion of a multicarrier signal in a controller;
analyzing the multicarrier signal in the controller to identify at least one
carrier signal to be modified;

receiving at least a portion of the multicarrier signal in a signal modifier
for isolating the carrier signal to be modified and changing at least one carrier signal
characteristic such that the modified carrier signal interacts with the unmodified
multicarrier signal;

directing the s1gnal modifier to isolate the carrier signal identified by the
“controller;

modifying the carrier signal; and

e
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After analyzing the incom ng mul ticarrier signal, contrgke£=307 directs

i ndi'vi dual si gn,asls}lea)ﬂasflaeelr&ﬁp &d .. 35N-1, 35N via pat hvxﬂy%ﬁ;&@—-ﬁ4ﬁr-- o “&A?
to i sol ate and %E“L uI ar constituent carrier Lgnalﬁ,éﬁp‘p ShBEEN

multicarrier si VI dual signal nodifier, 35‘1%&1:;1@:* N, '_f
respectively re S an unrmdl fied multicansier si gnal sanpl e from SI grar
di vider 301 through paths 371. 37N— 1, 37N. The individual signal nodifier

i solates its targeted constjtu ‘ﬁ é%{jmer si gn or bl ock of carrj.er

signals as directed by ct?di8 CAET 5 ?égquwutpﬁﬂé'ﬂ’m%
enbodi ment, t he withethe uandbdifiedanylticarvidesigihalt he targeted signal is/are
changed in preparation for injection back into the unnodified nulticarrier

signal . For a constituent carrier signal having a | arge anplitude, the
anpl i tude can be decr eabe@hemethod oficlgiml 5 fmdllefcmnpnshhgmbmmgehqmodlﬁed

constituent car Ibhﬁ{erygﬁwnﬁa{é‘ﬁﬁn&ﬁﬁﬁfﬁglda%epﬁ e sane anplitude but

[err] out of phase with the corresponding unnodi ed constituent carrier
signal. For either nodification technique, the strength of the constituent

carrier signal within tnemiﬁemrdﬂcMmel @ﬂﬁ’euﬂ tﬁebﬂﬂlﬂdﬁ@d%ﬁﬂﬁc&ﬂéﬁx &l hay
with the correspondl n nnodi flgd constitue %a si,gnal The t=‘glfled
constituent car APEF e AR RS R A0 SRS Bﬁ’?‘ﬂ%i’? modified g 1
multicarrier signal w1th an unmodified carrier s1gnal reduces the dynamic range of
the multicarrier signal.

8. :‘An apparatus for processing a multicarrier signal comprising a
plurality of carrier signals, the apparatus comprising:

a signal divider (301) for creating at least a first signal, a second signal,
and a third signal based on the multicarrier signal and for putting the first signal onto"
a first signal path, the second signal onto a second signal path, and the third signal
onto a third signal path; |

- - a signal combiner (303) for receiving the first signal from said first
"signal path, and a modified third signal from the third signal path, the signal
combiner creating an output signal based on the sum of the first signal and the
modified third signal;

an individual signal modifier (35N) in the third s1gnal path for isolating,
from said third signal, a carrier signal and for modifying the phase and/or amplitude
of the carrier signal to create the modified third signal;

a controller (307) for receiving the second signal from the second signal
path, the controller analyzing the second signal to determine the relative power of
the carrier signals which comprise the second signal, the controller identifying at
least one carrier signal to be isolated by the individual signal modifier.

9. The apparatus of claim 8 further comprising a delay element in the
first signal path for making a delay through said first signal path substantially equal
to the duration of third signal in the third signal path; .

_ 10. The apparatus of claim 8 wherein the individual signal modifier
comprises:

T L
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38N to signal conbi r% r _go_ éxﬁ{e gREbination with the unnodified multicarrier
si.gnal . Signal c ' Ives N+1 signals: one from—,sj;gﬁa,_L_.__:___ng___hh____3_1_}«
and one from eaCm&w&&ﬁﬂmdual signal nodifiers thr dugmopathmyg"gg .l
... 38N-1, 38N, and dified isolated signals back i nrtﬂn,tﬂem SEEN "
unnodi fied multicarrier signal. Typically, conbiner 303 créeates=am-0ui:-pui_.. !
signal that is the vector sumof all N+1 Signals. Signal conbiner 303 is

general Iy selected from any conpound splitter, -7- particularly,
conpound splitters whi chaouxg(#eD far mixibg dawnsaidahird signads 1: 3 W | ki nson or

hybrid coupl ers. Homeverabg.[%%%loﬁg%gm) fmgglgfiﬁgg‘eﬁi?iﬁg%ga@ﬁﬁgwed

fromplural pathways can b as signa e signal
sanpl e recei ved $t88M path 311 is a del ayed, unnodified nulticarrier signal.

Del ay 305 in signal pathaBdmplitadehidifier 0407) 361 medifying thel dhplHEALOT saldf Ay h

signal path 31li§o§a &“é'x‘%halt'o t he del ay t hrough signal paths 37N, individual
a phase-shifter (409) for modifying the phase of the isolated signal; and
a second mixer mixing up the isolated signal to create said modified

third signal.

11. The apparatus of claim 8 wherein:
the individual signal modifier isolates a carrier signal based on a first
band designator; and '
the controller generates said first band designator and said second band
designator. | ;

12. A method for processing a multicarrier signal comprising a plurality
of ‘carrier signals, comprising:
" creating, based on the multicarrier signal, at least a first signal, a second
"signal, and a third signal such that the first signal, the second signal, the third signal
and the fourth signal are analog representations of the multicarrier signal;
' analyzing the second signal to determine the relative power of each of
the carrier signals which comprise the multicarrier signal to produce an analysis;
identifying, based on said analysis, at least one of the carrier signals to
be modified;
. isolating the at least one carrier signal to be modified and modifying the
phase and/or amplitude of the isolated carrier signal to create a modified third signal;
combining the first signal and the modified third signal.

A



signal nodifiers 35N and signal paths 38N. Delay el enents inpart a negative
phase slope to the signal upon which they act. Delay 305 ang PO 90 -
shift inparted by each individual signal nodifier nust be CpF ?Vy?iﬁ?%BE EN
coordi nated so that signal conbiner 303 effectively perforﬂt.a.uer?nr
addition of all of the signals which enter it. In other words, if

i ndi vidual signal nodifier 35Nis to attendate a given carrier signal,

del ay 305 nust be set so that the nulticarrier signal through signal path
311 and the isolated and nodified signal through individual signal nodifier
35N arrive at signal conmbiner 303 at the sane tine. In the case of signal
attenuation, the phase of the output signal fromthe individual signa
nodifier is shifted [err] relative to the phase of the unnodified carrier
signal, so thgJ@ he fwo signals destructively interfere. Aternatively,

del ay 305 is elimnated fromsignal path 311 and a negative del ay el enent

is inserted in signal paths 3 b 38N-1, 38N. Negative delay el enents, such
as negative group del ays, _cr ¢ signal s which appear to have propagated a
shorter distance than the\gCtual path Iength by inparting a positive phase
slope to the signal. The upe of gggatlve del ay el enments in signal paths

381, 38N 1,38N, reduces the | 055t ¢ he unryggi fied nult/ tWrier signal in

signal path 311
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Since, tn an exenplary enbodi nent,

the majority of the sig _strength

loss in the multicar|fr

traverses signal path 311, the overal
processor is reduced through the use of negative group del
negative group del ays are-described in U S. Patent 5,6291,1
di scl osure of which is incorporated by reference herein.
carrier signal anplification, the delay 385 is I denti cal ,
through the signal paths is the sanme. However,

carrier signal fromthe individual

W%r“ﬁér 1--

For the case o
since the time
t he phase of the nodified
I s adj usted,
so that the two

rmdifier relative to

t he phase of the respective unnodified pdE?

signals are constructivel y added.

=#r signal,
conponents of nulticarrier
@ Usth reference to FIGS. 4-6.

signal processor 201 will now be descrily
FIG 4 schematically depicts an indi wdUyat~si gnal

the nul ti carrirer=st gnat —processors

nodi fi er 35N for
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- 8- targeted carrier signal and nodifies its phase and/or anplitude in

preparation for being injected back into the unnodified nultlﬁ““‘
signal. The individual signal nodifier of FIG 4 conprises m! ﬂé&EfrH“SBEEN
bandpass filter 403, phase-shifter 405, anplitude nodifier 407 n.XE -AED

anplifier 411 and programabl e synthesizery 413. A sanple of ‘the
mul ticarrier signal enters m xer 401 from'signal path 37N thgQEQQﬁsnkﬁg,lmxd
down the nulticarrier signal, so that bandpass filter 403 can

constituent carrier signal targeted for nodification by contr mmlmﬁ II
Progrannabg? éyntae5|zer 413 directs mxer 401 to shift the

mul ticarri I t gn such that the targeted carrier signal is positioned at
the pass frequency of bandpass filter 403. In this manner, the carrier

5i gnal targeted by controller 307 is isolated fromthe mul ticarrier si gnal

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 passb Nequal to

t he '

D
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403
@
A > —
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frequenty bandwi dth of the targeted signal or block of signal

T-I_b—_e T
isolated carrier signal exits the bandpass filter and is fed'

THIASEET 4 BEEN

shifter 405. Phase-shifter 405 selectively changes the phaseigf t h@&yem acEn
i solated carrier signal by a given nunber of degrees. For exar =y,

shifting the phase of the signal such that the signal is [err] out of phase
with the unnmodified carrier signal, the nfdified carrier signal

destructiv . Nterferes with the unnodified carrier signal. Wen the
nodified signal is to constructively add with the unnodified carrier

signal, the phase shifter is set such that the nodified and unnodified
carrier signal q‘@?‘halih_s-ew th one another. In thi s manner, the nodiTied]
i sol at ed carrieyc 8 3 f¥om t he individual signal nodifier, when injected {
back into the_qulticarrier signal by signal conbiner 303, interacts with

t he correspondung unnodi fied carrier signal by destructively interfering or
constructively ladding wwth the unnodified carrier signal to reduce the {
overal | dynanid range of the nulticarrier signal. Phase-shifter 405 is

provided with dither a i§8¢d phase, 603 805ase shibQ7 preset fo 669 !
. Phe ot CApabiLs g X
- ) bhase§hi f t gr

gi ven nunty ISKfl r
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adj usts* the phase of the signal according to its frequency. Follow ng phase
shifter 405, the isolated carrier signal next enters anplltude ﬂnﬂﬂfhef Sy
407. While anplitude nodifier 407 is illustratively deplcned ST Fi6S BEEN |
attenuator, the modifier is selected from el ements which qan anﬁLPﬁg@tu u
attenuate, or alternatively anplify or atienuate an incom-fng—stognar,—e-g.——
anplifiers which are capable of both attehuating and anplifying. The anpunt
by which signal nodifier -9 - 407 either anplifies or attenuates the

i solated carrier signal is selected to be either fixed or variable,

dependi ng upon system consi derations. Wen the anmount is variable,

controller 307 directs the anmount of attenuation or anplification to be
produced by anplitude nodifier 407. Wile each individual signal nodifier

can either attenuate or anplify the isolated carrier signal, in an

exenpl ary enbodi ment signals are only attenuated.

-
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Attenuation of signals tends to result in an overall better noise figure
for 'the nmulticarrier signal processor. In this enbodi nent, anplitude

nodi fier 407 is selected to be an attenuator. Typically, the attenuator
attenuates the isolated carrier signal by approxinmately 20 to 30 dB.

Fol l ow ng signal nodification, the nodified isolated carrier si naI enters

m xer 409. M xMETHOB AMD APPARATRS FORPROCESSING MULFICARRIER SIGNALS

di rected by Pr Oy, bl e synthesizer 413, to the frequency band in whi ch
the carrier &gn%jﬂre&&ded prior, to mxing down by m xer 401. The nodified
i solated carrier signal The presgnt mvmq@wrawéﬁ # multicarnier signal psRRESSAr t o

Conbi ner 303, RIS K fedd ﬁ*‘%‘ﬁ Pyodefic tye UF o icBfiel BRA T A exchptagne

arrle naI ,|s optlonall
anot her rrultlcmh@msmgﬂ’&lm &'el?fpg‘f ludes 2 contro Y‘F’K@%Fé’ﬂg&fg‘i

mul ticarrier S'te?e'éewermea%sa &mﬁm&mmgnarwaﬁmouuf gehectlon
in the dynamc [

an ticarrier, si, Fl G depi ct s bl oc
di-agram of an |s}37@gf°r‘z9f’qué' %AWHPPFEWS‘FS‘%#m@ luggen éf- %’c
mul ticarrier siArlsistione sipgnalmedifier (35N) donmhurioates. wﬁthtthemuritmllu' the signals

embodi ment,, - conty ocghtlzrerreccgzi(\)nyngca T8ast i%ﬁm@n’%?ra mitticatri2f ?igngls Ci"hUs?érBf modifier
isolates a carrier signal to be modified as directed by the controller, and modifies the
isolated carrier signal. A signal combiner (303) receives the modifier carrier signal
and combines it with an unmodified multicarrier signal. Preferably, the multicarrier
signal processor-is used to reduce the dynamic range of a multicarrier signal.

Fig. 3



t prete R
511, bandpass filter 503, anal og-to- digital converter 505, fastEif.6ufi- éf"' =1
transform anal yzer 507 and digital signal processor 509.. The jful ti cgg %R 1995
si ghal received from signal divider 301 via signal path 315 i ? OWN-
by m xer- 501 to an intermedi ate frequency, in well-known fashi Xer-50T
is controlled by |local oscillator 511. Theg m xed-down signal is |nput to
bandpass filter 503. Bandpass filter 503 i's preferably a high Qfilter with.

a passband wi dth equal to the frequency range; R of interest. The filtered
mul ticarrier-signal is passed to. anal og-to-digital converter 505.

Anal og-to-digital converter 505 converts the anal og out put of bandpass
filter 503 to a digital format for analysis by fast-fourier transforner .
507. Fast-fourier transformer 507 takes the multicarrier signal and
produces its Bfrctrll content, as illustrated in FIGS. 7 and 8. Digital
si-gnal processor 509 takes the out put of fast- fourier transforner 507, and
anal yzes the dynam c range, d@ erm ni ng which carrier signals should be
targeted for attenuation lificati-on) and, optionally, the '
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- 10- anount of attenuation or anplification. In one enbodi rreln;,mﬂggm@{ww —
si gnal processor 509 al so determines the ampunt of phase shi fit "for each 1
targeted carrier signal or block of carrier signals. Additio al Lg dﬂAPaIigg@ |
si gnal - processor 509 sends a signal to each individual si gnarf B
i ndi cating which targeted carrier signal the individual signal rmdl f ler is

to isolate for attenuation or arrpllflcatlon FIG 6 depicts a bl ock di agram

of an alternate enbodi ment of controller 307, which analyzes the

mul ticarrier signal by scanning across i t,_f or individual carrier signals i n
sequential fashion. In this enbodi nent, @gol | er 307 conprises m xer 601,
programabl e synthesi zer 611, bandpass fi8g & 603, anplitude detector 605,

anal og-to-digital -converter 607 and - di git®® “3i gnal processor 609. M xer 601

m xes down the multicarrier_signal-f frompi I path 315 to an-internediate
frequency, dsTditected By programrabl e synt hesizer 61~ ThE M Xed-ToWT — 7
signal is sdnt to bandpass filter 603. ndpass filter 603 is typlcally a |
high Qfiltdr wi _
interest. Arplitjude detector 605
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takes the filtered nulticarrier signal ahd determ nes the aver lge 6*0[ =FMBNT SHEE
the individual scanned signal, in well-knowy fashion. Anal og- t% @égl 5 MAR 1396
converter 607 converts .the anal og output of anplitude detector (GOS0 @ e .
digital format-for use by digital signal processor 609. Digital si gn“T*“"‘"‘—-—‘?-—
pr ocessor 609 determ nes the anplitude of the carrier si gnal being

anal yzed, a ?.m ?s programmabl e synt hesi zer 611 to serially tune to a
di.fferent er Signal until all of the carrier signals in the - _
nul ticarrier signal have been analyzed. Additionally, digital signal
processor 609 determ nes which carrier signals should be targeted for .
attenuation or anplification. The digital 'signal- processor directs each

i ndi vi dual - si gnal- nodifier by sending a signal indicating which carrier
signal that indivi dual signal nodifier is to isolate and attenuate or
amplify.and, optionally, the ampbunt of carrier signal anplific &ﬁﬁ n or
attenuation. Nune ms--a.d&a.nt-agas—a&e—&edhzed-thr-eugh-me-use- ,-th.e___."
multicarrier si gn%l\N[ﬂvwgssors of the present invention. For exanple, R
conventi onal - syst

| | il h h
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with conventional receivers to prevent interference be | herbaRd® e crirrr
the A and B carriers within a cellular mafkglg sHeerTpwgsseeN ijnvention . -

perfmits the use of smaller, |ess expensivi fil tges AgEs he r '@%&g[lﬁﬁﬁ%ﬁnﬁgﬁ
the mul ticargjer sjgnal processor essenti rate s &hf ect ~of Ao
| deal filteJhMExe&%lary filters for use with the present invention are -
bariumtitanate duplex filters. Bariumtitanate duplex filters are
described in U S_ BPatens No...3.938.Q004. Lbe disclaswe of _whigh is__ o _
I ncorporated lnﬁ@ﬁkgugg Beference; The present invention advantageously L
reduces the dyngm f a multicarrier signal wthout elimnating - |
carrier signalsjand the information which they carry. Because indivi-dual |
carri-er signals jare nerely attenuated or anplified, only the dynam c range
I s reduced mﬁthqut excl uding the information-carrying frequency bands of i
|
|

the multicarrier, signal. Wile the foregoing invention has been described
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exenpl ary enbodi nents,. it wll be readi I'y apparent 't hat nu
and nodi fications can be nmade. . Accordingly, nodifications su ms&gAsﬁ
suggest ed above, but not limited t heret o, are considered to‘
scope of the clainmed invention. Claims 1. A nmulticarrier EH@W&H ------------------- R
processor for . processing a nmulticarrier sigpal where each caFFfer—"of the
multicarrier signal has a-power |evel said nulticanier processor : '
CHARACTERI ZED BY: 5 = . a controller (307) configured.to receive at

| east a portion of the nulticarrier signal the controller analyzing the

signal to determne a range for the power levels of the multicarrier signa

and to identify at |east one carrier signal of the nulticarrier signal-to

be nodified; at |east one signal nodifier (35N). the signal nodifier

receiving at |least a _

840

L.0.

9
860

FIG.




10 “ porti,on of the multicarrier signal, isolating a carrier| RemalceieENIesKerT
nodi fied as directed by the controller, and nodifying the igol ate? carrier
signal: and a signal conbiner (303), the signal conbiner co alfteston PRIQQQ H
nodi fied isolated carrier signal with a correspondi ng unnod&ss ' iz
signal such that the range of the nulticarriger signal is altered. 15

2. The nulti ca{-’;{ er §ignal processor of claiml further conprising a signal

di vider (301) for receiving an incomng carrier signal and placing at |east

a portion of the multicarrier signal on plural output paths. 3. The

nul ticarrier si gna%&'gé‘eﬁid?‘bf‘aﬁﬁﬁ-\R/ﬁ'ér"el-n"t'ﬁe"at‘-rﬁﬁt—dm?}ﬁ‘gn'al-—
nodi fier nodifies TREKLER N signal by altering the phase and/or anplitude |
of 20 the carrierysignal. 4. The nulticarrier signal processor of claim1l |
wherein the si gnall nodi fier includes a progranmabl e synt hesi zer (413) |
communi cating with, the controller. 5. A nethod for processing a

mul ticarrier signa] where each carrier of the 25 nulticarrier signal has a '
power |evel, the nethod copff]sing: ,603 605 607 /509 '
35y 1 S y g |
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WU\UtMENT SHl:I:i
receiving at least a portion of a mul ier gnal in a controllef—anakyz: ng
the nulticarrier signal in the contr ol er=to—detesmre=a=] ange f of. .t e "‘“T
~power levels of the nulticarrier si gnall B SHESTH¢AR BEFNat | east ﬂ)ﬁeNOV 1995
carrier signal to be nodified; -13- ,.recel_vrﬁ{g‘\'aiﬁl east|i a ‘portion of..the
multicarrier signal in a si gnal nmodi fi erfor-Tsorating the carrier - signal”
to be.nodified and changing at | east one carrier signal directing the
signal nodifier to isolate the carrier signal identified by the nodifying

at least one characterisitc of the isolated «carrier Signal and sending —

the nodified carrier sigal to an output pork- f or conbi Natik
unnodi fied multicarrier signal. 6. The nethod of claimb \Iﬁﬁ]t\ﬁigﬁm laced

unnodi fied nmulticarrier signal has .10 associated there
range and said step of conbining the nodi fi ed

Claims :

' 1. A multicarrier signal processor for processing a multicarrier signal
wheire each carrier of the multicarrier signal has a power level, said multiicarrier
processor CHARACTERIZED BY:

5 a controller (307) configured t0 receive at least a portion of the
multicarrier signal, the controller analyzing the signal to determine a range for the
power levels of the multicartier signal and to identify at least one carrier signal of
the multicarrier signal to be modified;

at least one sighal modifier (35N), the signal modifier receiving atleast a

10 pomonofmemumcmmmgnamsohdngacamcrsignalwbcmodiﬁodasdmcted

by the controller, and modifying the isolated carrier signal: and

a signal combiner (303), the signal combiner combines the modificd
isolated carrier signal with a conesponding unmodified carrier signal such that the '
rangé of the multicarrier signal Is altered, '

15 2. ‘The multicarrier signal processor of claim 1 further comprising a
signal divider (301) for reeiving an incoming casrier signal and placing atleasta
portion of the multicarder signal on plural output peths.

3. The muldcarrier signal processor of claim 1 wherein the at least one
signal modifier modifies the carrier signal by altering the phase and/or amplituds of

20 the carrier signal.

4. The multicarricr signal processor of claim 1 whercin the xxgnal
modifier includes a programmable synthesizer (413) eommunicanng with the
controller.

5. A method for processing a multicarrier signal, the method comprising:

25 receiving at least a portion of a multicarrier signal in a controller;

analymnghmulticuﬁernmallnﬂ:econmncrtmdenufyatlemone
carrier signal to be modified;

N R



mulitcarrier signal with an unnodified CE{TTT@WUC% the dynam c ,
range of the nulticarrier signal. 7. An. appabatius: i‘grgﬁgf\p dislgng., Aris ;m, o H
mul ticarrier SWMIuraltty of =BaAcker S|gd / |
apparatus conpri sing: 15 a si gnal TdrvTgerE= N for. creatl ng ‘gg@ '
| east a first si eetl-hsB&ﬁB. c¢&d gnal, and a third signal based QR the

mul ticarrier sigl ting the first signal onto a first S|gnal

pat h, the second second signalgpath, and the third signal

onto a third signal pat conbi ner (303) for receiving the first
signal fromsaid first 20 5|gnal path and a nodifed third signal fromthe
third signal path, the signal conbiner creating an output signal based on

the sumof the first signal and the nodi fied third si gnal an indi vi dual

signal nodifier (35N) in }&g | m E,ﬁm!

third signal a ca r| er ?ﬁa Eg(?n%?ﬂr%gﬁf e ané/ 3@ %ude
25 .of the carrief" m% t"h WB@%“F %'i @‘i&?’“%ﬂ’ﬂ*@l | er
(307) for receivi cgradterisiesccond signal fromthe second signal

' directing the signal modifier to isolate the carrier signal identified by the

S controller;

modifying at least one characteristic of the isolated carrier signal; and

sending the modified carrier signal to an output port for combination
with the unmodified multicarrier signal.

6. The method of claim 5 wherein the unmodified multicatrier signal has

10 associated therewith 8 dynamic range, and said step of combining the modified
multicarrier signal with an unmodified carrier signal reduces the dynamic range of
the multicarrier signal.

7. An apparatus for processing a multicarrier signal comprising a
plurality of carrier signals, the apparatus comprising:

15 4 signal divider (301) for creating at least a first signal, a second signal,
and.a third signal based on the multicaxrier signal and for putting the first signal onto
a first signal path, the second signal ontoa second signal path, and the third signal
ontg & third signal path;

a signal combiner (303) for receiving the first signal from said first

20 signal path, and 2 madified third signal from the third signal path, the signal
combmercxearinganoutput mgnalbasedonthemofmeﬁrstsxgnalandthe
modified third signal;

an individual signal modifier (35N) in the third signal path for isolating,
from said third signal, a carrier signal and for modifying the phase and/or amplitude

25 of the camier signal to create the modified third signal; '

a controller (307) for receiving the second signal from the second signal
path, the controller analyzing the second signal to determine the relative power of
the carrier signals which comprise the second signal, the conmroller identifying at
‘least: one carrier signal to be isolated by the individual signal modifier.

30 8. The apparatus of claim 7 further comprising a delay clement in the
first signal path for making a delay through said first signal path substantially equal
to the duration of third signal in the third signal path.

9. The upparatus of claim 7 wherein the individual signal modifier

| ORET O 00D



pat h,the controller analyzing the seco
power of thecarrier. signals which conj

controller, i denti
i ndi vi dual signal

further- conprising a delay elenent in the first signal path for “aki ng- a- i

rhigas 3 hé'sé@o%ﬁm
fying at |east one cafr.- _SJ_Qné} ‘be‘e i sol
nmodi fier. 30 8. The ap‘pa‘r
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del ay through said first signal path substantially equal to the duration of

third signal

t he individual si

said third signal;
fromsaid third 5

si gnal

to create

10

15

in the third signal

gnal nodifier - 14 - a mxer =(401) for m xing down
a bandpass filter (403) for isolating a carrier signal

an anplitude nodifier (407) for nodifying the
anplitude of said isolated a phase-shifter (409) for nodifying the phase
of the isolated si

ag_aﬁimc,and a second mxer for mxing up the isolated
sai dified
mixer (401) for mixing down said third signal;
a bandpass filter (403) for isolating a carrier signal from said third
signal;
' an amplitude modifier (407) for modifying the amplituds of said first
isolated signal;
a phase-shifter (409) for modifying the phase of the isolated signal; and
a sccond mixer for mixing up the isolated signal to create said modified
third signal, '
10. The apparatus of claim 7 wherein:
the individual signal modifier isolates a carrier signal based on a first
band designator;
the controller generates said first band designator.
11. A method for processing a multicarrier signal comprising a plurality
of carrier signals, comprising: _
creating, based on the multicarrier signal, at least a first signal, a second

signal, and a third signal such that the first signal, the second signal, the third signal,

aro analog representations of the multicarrier signal;
analyzing the second signal to determine the relative power of cach of
the carrier signals which comprise the multicarrier signat 10 produce an analysis;
identifying, based on said analysis, at least one of the carrier signals to
be modified;
isolating the at least one carrier signal to be modified and modifying the
phase and/or amplitude of the isolated carrier signal to create a modified third signal;
combining the first signal and the modified third signal.
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thiyd stgnal. 10 10. The apparatus of claim?7 mhereln R
i ndi vi dual signal nodifier isolates a carrier signal based onla §iusgt: band
designator. the controller generates said first band designatar. 112 ADEC 1997
met hod for processing a nulticarrier signal conprising a plurglity:.15 of

carrier signals, conprising: creating hasgg on the nulticarriersignal :
| east.a first signal, a second signal, and a third signal suchﬂ?ﬁ&{}t 2/ 2

first signal, the second signal, the third signal , are anal og
representations of the mul ticarrier si gnal ; analy2|ng t he second signal to
determ ne the rel ative power of each of 20 the carrier signal which
conprise the nulticarrier signal to produce an analysis; identifying based
on said anal ysi,s, at |east one of the carrier signals to be nodified;

i sol ating trﬁgaﬂﬁﬂ east one carrier signal t be nodified and nodifying the

'ﬁﬂf‘fﬁ glngﬁ] of Al tude ARmiikitadrad!stinfll pracdsshr k' ptoabssin £ nitiBadicF bl
where each carrier of the multicarricr signal has a power level, said multicarrier
processor CHARACTERIZED BY:

5 a controller (307) configured to reccive at least a portion of the
multicarrier signal, the controller analyzing the signal to determine a range for the
power levels of the multicarrier signal and to identify at least one carricr signal of
the multicarrier signal to be modified;

' at least one signal modifier (35N), the signal modifier receiving at least a

10 portion of the multicarricr signal, isolating a carrier signal to be modified as directed
by the controller, and modifying the isolated carrier signal: and

a signal combiner (303), the signal combiner combines the modified
isolated carrier signal with a corresponding unmodified carrier signal such that the
range of the multicarrier signal is alicred.

15 2, The multicarrier signal processar. of claim 1 further comprising a
signal divider (301) for receiving an mcommg carrier signal and placing at least a
pottion of the multicarrier signal on plural output paths.

. 3. The multicarrier signal processor of claim 1 wherein the at least onc
. signal modifier modifies the carricr signal by altering the phase and/or amplitude of
20 the carrier signal. |
4. The multicamier signal processor of claim 1 wherein the signal
modifier includes a programmable synthesizer (413) communicating with the
coatroller, |
5. A method for pracesging 2 multicarrier signal where each carrier of the
25 multicarrier signal has a power level, the method comprising:
receiving at Jeast a portion of a multicarrier signal in a controlicr;
analyzing the multicarrier gignal in the controller to determine a range
for the power levels of the multicarrier signal and to identify at least one catrier
signal to be modified; | |
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conbining the first signal and the nodified tr{f'd q} «Law 2’*2'
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receiving at least a postion of the multicarrier signal in 4 signal modifier
for isolating the carrier signal 10 be modified and changing at least one carrier signal
characteristic; '

directing the signal modifier to isolate the carrler signal identifiad by the
modifying at lcast one characteristic of the isolated carrier signal; and
sending the modified carrier signal to an output port for combination
with the unmodified multicarrier signal.

6. The method of claim 5 wherein the unmodified multicarrier signal has
associated therewith a dynamic range, and said step of combining the modified
multicarrier signal with an unmodified carrier signal reduces the dynamic range of
the multicarrier signal.

7. An apparatus for processing a multicarrier signal comprising a
plurality of carrier signals, the apparatus comprising:

angnaldmdu(SOl)forcreaﬂngatleutaﬁrstmgmLaswondsxgnal,
mdadmdsxgmlbasedonﬂwmnlncamusigmlmdfmpumngtheﬁrstmgmlmw
aﬁmugnalpa:h,ﬂwsecmdugmlonmasewndsxgnalpath,andmemhdsignﬂ
onto a third signal path;

a signal combiner (303) for receiving ths first signal from said first
signal path, and a modified third signal from the third signal path, the signal
combiner creating an output signal based on the sum of the first signal and the
madified third signal;

an individual signal modificr (35N) in the third signal path for isolating,
ﬁnmsaidthudmgnnLacmuugnalandformodlfymgthephawand/mamplimde
of the carrier signal to create the modified third signal;

a controller (307) for receiving the second signal from the second signal
path, the coatroller analyzing the second signal to determine the relative power of
the carrier signals which comprise the second signal, the controller identifying at
least one carrier signal to be isolated by the individual signal modifier.

o 8. The apparatus of claim 7 further comprising a delay clement in the
first signal path for making a delay through said first signal path substantially equal
to the duration of third signal in the third signal path.

9. The apparatus of claim 7 wherein the individual signal modificr
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a mixer (401) for mixing downa said third signal;
a bandpass filter (403) for izolating a carricr signal from said thind

signal;

an amplitude modifier (407) for modifying the amplitude of said isolated
signal. ) . ’

a phase-shifter (409) for modifying the phase of the isolated signal; and

a second mixer for mixing up the isolated signal to create said modified
third signal, '

10. The apparatus of claim 7 wherein;
. the individual signal modifier isolates a carrier signal based on a first
band designator;
the controller generates said first band designator.
11. A method t‘orpmoessing a multicarrier 5ignal comprising a plurality
ofcmagnah,compﬂsmz .
manng.basedonthemulncmwrmgnnLatlcastaﬁrstmgnaLamnd
signal, and a third signal such that the first signal, the second signal, the third signal,
arc analog reprosentations of the multicarrier signal;
analyzing the second signal t0 determine the relative power of cach of
the carrier signals which comprise the multicarrier signal to produce an analysis;
: . ideatifying, bascdonsatdanalym.atleastoneofﬂlecamcrugnﬂsm
be modificd;
: isolating the at least one carrier signal 1o be modified and modifying the
Phase and/or amplitude of the isolated carrier signal to create & modified thisd signal;
combining the first signal and the modified third signal.
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