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(57) ABSTRACT

A system and method providing signal combining to support
multimode communication. Various aspects of the present
invention may provide a first input adapted to receive a first
baseband signal corresponding to a first communication
protocol. A second input may be provided, which is adapted
to receive a second baseband signal corresponding to a
second communication protocol. A spectral placement mod-
ule may, for example, be adapted to spectrally shift the first
baseband signal. For example, the spectral placement mod-
ule may be adapted to spectrally shift the first baseband
signal to one or more frequency bands substantially distinct
from one or more frequency bands associated with the
second baseband signal. The spectrally shifted first baseband
signal and the second baseband signal, which may also be
spectrally shifted, may then be combined to form a com-
posite signal.
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SYSTEM AND METHOD PROVIDING SIGNAL
COMBINING TO SUPPORT MULTIMODE
COMMUNICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

[0001] This patent application is related to and claims
priority from provisional patent application Ser. No. 60/741,
522, filed Dec. 1, 2005, entitled “SYSTEM AND METHOD
PROVIDING SIGNAL COMBINING TO SUPPORT
MULTIMODE COMMUNICATION,” the contents of
which are hereby incorporated herein by reference in their
entirety.

FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0002] [Not Applicable]

SEQUENCE LISTING
[0003] [Not Applicable]

MICROFICHE/COPYRIGHT REFERENCE
[0004] [Not Applicable]

BACKGROUND OF THE INVENTION

[0005] Communication devices (e.g., mobile communica-
tion devices) are continually increasing in popularity. Such
communication devices include, for example and without
limitation, cellular phones, paging devices, portable email
devices, and personal digital assistants. Mobile communi-
cation devices, for example, provide the user with the
capability to conduct communications while moving
through a variety of environments.

[0006] Communication devices may operate in accor-
dance with multiple communication modes. For example a
mobile communication device may be adapted to operate in
a cellular communication mode and a wireless computer
network communication mode. Such multimode communi-
cation devices may utilize respective radio configurations
for each communication mode. For example, various com-
munication modes may correspond to different respective
radios and/or different communication protocols.

[0007] Various communication modes may potentially
operate in common frequency bands. Thus, the potential
exists for transmissions (e.g., simultaneous transmissions) in
various communication modes to interfere with each other.
Further limitations and disadvantages of conventional and
traditional approaches will become apparent to one of skill
in the art, through comparison of such systems with the
present invention as set forth in the remainder of the present
application with reference to the drawings.

BRIEF SUMMARY OF THE INVENTION

[0008] Various aspects of the present invention provide a
system and method providing signal combining to support
multimode communication, substantially as shown in and/or
described in connection with at least one of the figures, as set
forth more completely in the claims. These and other advan-
tages, aspects and novel features of the present invention, as
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well as details of illustrative aspects thereof, will be more
fully understood from the following description and draw-
ings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0009] FIG. 1 is a diagram showing a portion of a first
non-limiting exemplary communication system, in accor-
dance with various aspects of the present invention.

[0010] FIG. 2 is a diagram showing a portion of a second
non-limiting exemplary communication system, in accor-
dance with various aspects of the present invention.

[0011] FIG. 3 is a diagram showing a portion of a third
non-limiting exemplary communication system, in accor-
dance with various aspects of the present invention.

[0012] FIG. 4 is a diagram showing a portion of a fourth
non-limiting exemplary communication system, in accor-
dance with various aspects of the present invention.

[0013] FIG. 5 is a diagram showing a portion of a fifth
non-limiting exemplary communication system, in accor-
dance with various aspects of the present invention.

[0014] FIG. 6 is a diagram showing a portion of a sixth
non-limiting exemplary communication system, in accor-
dance with various aspects of the present invention.

[0015] FIG. 7 is a diagram showing a portion of a seventh
non-limiting exemplary communication system, in accor-
dance with various aspects of the present invention.

[0016] FIG. 8 is a diagram illustrating a first non-limiting
exemplary method for combining signals in support of
multimode communications, in accordance with various
aspects of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0017] FIG. 1 is a diagram showing a portion of a first
non-limiting exemplary communication system 100, in
accordance with various aspects of the present invention.
The communication system (or device) may comprise char-
acteristics of any of a variety of communication systems/
devices (e.g., multimode wireless communication devices).
For example and without limitation, the communication
system may comprise characteristics of any of a variety of
mobile wireless communication devices (e.g., cellular
phones, paging devices, portable email devices, etc.). Also
for example, the communication system may comprise
characteristics of fixed communication systems or devices
(e.g., network access points, base stations, satellites, wire-
less routers, set top boxes, etc.). Further for example, the
communication system may comprise characteristics of a
variety of electronic devices with wireless communication
capability (e.g., televisions, music players, cameras, remote
controls, personal digital assistants, handheld computers,
gaming devices, etc.). Accordingly, the scope of various
aspects of the present invention should not be limited by
characteristics of particular communication systems or
devices.

[0018] The following discussion will, at times, refer to
various communication modes. A multimode communica-
tion device may, for example, be adapted to communicate in
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a plurality of such communication modes. For the following
discussion, a communication mode may generally be con-
sidered to coincide with communication utilizing a particu-
lar communication protocol or standard. A non-limiting list
of exemplary communication protocols includes various
cellular communication protocols (e.g., GSM, GPRS,
EDGE, CDMA, WCDMA, TDMA, PDC, etc.), various
wireless networking protocols or standards, including
WLAN, WMAN, WPAN and WWAN (e.g., IEEE 802.11,
Bluetooth, IEEE 802.15, UWB, IEEE 802.16, IEEE 802.20,
Zigbee, any WiFi protocol, etc.), various television commu-
nication standards, etc. The scope of various aspects of the
present invention should not be limited by characteristics of
particular communication modes or protocols, whether stan-
dard or proprietary.

[0019] The exemplary communication system 100 may
comprise at least a first input 101 adapted to receive a first
baseband signal. The first baseband signal may, for example,
correspond to a first communication protocol (e.g., any of a
variety of wireless communication protocols and/or stan-
dards). For example and without limitation, the first base-
band signal may correspond to any of the previously men-
tioned communication protocols.

[0020] The exemplary communication system 100 may
also comprise at least a second input 102 adapted to receive
a second baseband signal. The second baseband signal may,
for example, correspond to a second communication proto-
col (e.g., a second communication protocol different from
the first communication protocol discussed above). For
example and without limitation, the second baseband signal
may correspond to any of the previously mentioned com-
munication protocols.

[0021] The first baseband signal and the second baseband
signal may, for example, be generated by one or more
modules (i.e., hardware and/or software modules) of the
communication system 100. For example, such modules
may generate the first and second baseband signals inde-
pendently (e.g., corresponding to independent respective
communications). Alternatively, for example, such modules
may generate the first and second baseband signals in a
dependent manner (e.g., coordinating independent respec-
tive communications or utilizing both the first and second
baseband signals for a single communication).

[0022] The exemplary communication system 100 may
additionally comprise a spectral placement module 110 that
is adapted to spectrally shift the first baseband signal (i.e.,
shift the frequency spectrum of the first baseband signal). In
a non-limiting exemplary scenario, the spectral placement
module 110 may be adapted to spectrally shift the first
baseband signal by, at least in part, spectrally shifting the
first baseband signal to one or more frequency bands that are
substantially distinct from one or more frequency bands
associated with the second baseband signal. Occupying such
substantially distinct frequency bands, the spectrally shifted
first baseband signal may, for example, be combined with
the second baseband signal for simultaneous transmission
with no interference, relatively little interference, or an
acceptable level of interference.

[0023] In a non-limiting exemplary scenario, the spectral
placement module 110 may be adapted to implement a
frequency-hopping scheme with the first baseband signal.
For example, in a scenario, where there are one or more
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frequency bands (e.g., a second frequency space) associated
with the second baseband signal, the spectral placement
module 110 may be adapted to shift the first baseband signal
to numerous consecutive frequency spaces (or bands) that
are substantially distinct from the second frequency space.

[0024] In another non-limiting exemplary scenario, spec-
trally shifting the first baseband signal may result in the
production of a spectral image (e.g., frequency content
mirrored about a mixing frequency utilized to spectrally
shift the first baseband signal). In such a scenario, the image
may be accepted or rejected. A non-limiting example of such
an image is illustrated in FIG. 2 and will be discussed later.

[0025] 1In a scenario where an image is produced, the
spectral placement module 110 may be adapted to reject
such an image (e.g., reject an upper or lower image). The
spectral placement module 110 may be adapted to reject
such an image in any of a variety of manners. For example
and without limitation, the spectral placement module 110
may comprise an image reject mixer utilized to spectrally
shift the first baseband signal. Such an image reject mixer
generally spectrally shifts a signal and rejects an image
associated with the spectrally shifted signal. An exemplary
image reject mixer is illustrated in FIG. 3 and will be
discussed later. Also for example, the spectral placement
module 110 may utilize an image reject filter to remove an
unwanted image. The scope of various aspects of the present
invention should not be limited by the utilization of image
rejection or by any particular manner of performing such
image rejection.

[0026] The exemplary communication system 100 may
also comprise a second spectral placement module 120.
Such a second spectral placement module 120 may, for
example, share any or all characteristics with the spectral
placement module 110 discussed previously. The incorpo-
ration of such a second spectral placement module 120 may,
for example, provide spectral shifting flexibility. For
example, in such an exemplary configuration, either or both
of the first and second baseband signals may be spectrally
shifted to substantially distinct frequency spaces. Also for
example, in such an exemplary configuration, either or both
of the first and second baseband signals may be frequency
hopped. Note that though the second spectral placement
module 120 is illustrated separate from the first spectral
placement module 110, the second spectral placement mod-
ule 120 may share any or all hardware and/or software
components with the spectral placement module 110.

[0027] The exemplary communication system 100 may
further comprise a signal combiner 130 that is adapted to
generate a composite signal comprising various input signals
to the signal combiner 130. For example, the composite
signal may simultaneously (i.e., at an instant in time) com-
prise components associated with various input signals.
Note that such simultaneity need not always be present. For
example, at a first instant in time, the signal output from the
signal combiner 130 might comprise a plurality of compo-
nents associated with a plurality of respective input signals,
at a second instant in time, the signal output from the signal
combiner 130 might comprise a single component associ-
ated with a single respective input signal, and at a third
instant in time, the signal output from the signal combiner
130 might comprise no components.

[0028] In a first non-limiting exemplary scenario, the
signal combiner 130 may receive a first signal that is based
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on the first baseband signal (e.g., associated with a first
communication protocol). Also, the signal combiner 130
may receive a second signal that is based on the second
baseband signal (e.g., associated with a second communi-
cation protocol). In such a scenario, the signal combiner 130
may combine the first and second signals to generate a
composite signal, where the composite signal simulta-
neously comprises a first signal component based on the first
baseband signal and a second signal component based on the
second baseband signal. In such a scenario, for example
where the frequency spectra of the first and second baseband
signals do not overlap, the first and second baseband signals
might not be spectrally shifted prior to combining by the
signal combiner 130. In such a scenario, the spectral place-
ment module 110 (and optionally, the second spectral place-
ment module 120) may receive a control signal indicating
whether or not to perform spectral shifting and/or to what
degree spectral shifting should be implemented.

[0029] In a second non-limiting exemplary scenario, the
signal combiner 130 may receive a first signal from the
spectral placement module 110 that is based on the spec-
trally shifted first baseband signal. Also, the signal combiner
130 may receive a second signal that is based on the second
baseband signal. In such a scenario, the signal combiner 130
may combine the first and second signals to generate a
composite signal, where the composite signal simulta-
neously comprises a first signal component based on the
spectrally shifted first baseband signal and a second signal
component based on the second baseband signal (e.g., not
spectrally shifted).

[0030] In a third non-limiting exemplary scenario, the
signal combiner 130 may receive a first signal from the
spectral placement module 110 that is based on the spec-
trally shifted first baseband signal. Also, the signal combiner
130 may receive a second signal from the second spectral
placement module 120 that is based on the spectrally shifted
second baseband signal. In such a scenario, the signal
combiner 130 may combine the first and second signals to
generate a composite signal, where the composite signal
simultaneously comprises a first signal component based on
the spectrally shifted first baseband signal and a second
signal component based on the spectrally shifted second
baseband signal.

[0031] The exemplary communication system 100 may
also comprise an upconverter 140 adapted to upconvert a
signal (e.g., the composite signal from the signal combiner
130) for transmission. As a non-limiting example, the
upconverter 140 may receive a composite signal from the
signal combiner 130, where the composite signal comprises
at least one component of a baseband signal. In such an
example, the upconverter 140 may comprise upconverting
(e.g., mixing) hardware adapted to convert the received
composite signal to RF frequencies for subsequent trans-
mission. Such conversion may, for example, comprise per-
forming direct conversion or multi-stage conversion. The
upconverter 140 may, for example, comprise various mix-
ing, frequency generating and filtering components utilized
for upconverting a communication signal to an RF fre-
quency.

[0032] The exemplary communication system 100 may
further comprise a RF transmission stage 150 adapted to
transmit an RF signal. Such an RF signal may, for example,
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be associated with the composite signal output from the
signal combiner 130 and upconverted by the upconverter
140. The RF transmission stage 150 may, for example and
without limitation, comprise various power amplifier, filter-
ing and antenna components utilized for transmission of an
RF signal.

[0033] The exemplary communication system 100 (and
most other communication systems illustrated and discussed
herein) is shown with two input signals for the sake of
illustrative clarity and not limitation. For example, various
aspects of the present invention readily extend to three or
more input signals (e.g., three or more baseband signals).

[0034] The exemplary communication system 100 (and
most other communication systems illustrated and discussed
herein) generally illustrate spectrally shifting one or more
baseband signals and combining baseband signals into a
composite signal for subsequent transmission. Note that
various aspects of the present invention are readily exten-
sible to spectrally shifting IF and/or RF signals, which are
then combined into a composite signal for upconverting/
transmission or for transmission. Accordingly, the scope of
various aspects of the present invention should not be
limited by characteristics of baseband signals or the pro-
cessing thereof.

[0035] Various components of the exemplary communi-
cation system 100 (and other communication systems illus-
trated and discussed herein) may be implemented in analog
and/or digital circuitry. To illustrate this, the exemplary
communication system 100 is not shown with analog-to-
digital converters (ADCs) or digital-to-analog converters
(DACs). FIGS. 4-6, to be discussed later, show various
non-limiting exemplary configurations including such con-
verters.

[0036] FIG. 2 is a diagram showing a portion of a second
non-limiting exemplary communication system 200, in
accordance with various aspects of the present invention.
The communication system 200 may, for example and
without limitation, share any or all characteristics with the
communication system 100 illustrated in FIG. 1 and dis-
cussed previously.

[0037] The exemplary communication system 200 may
comprise at least a first input 201 adapted to receive a first
baseband signal. The first baseband signal may, for example,
correspond to a first communication protocol (e.g., any of a
variety of wireless communication protocols and/or stan-
dards). For example and without limitation, the first base-
band signal may correspond to the Bluetooth communica-
tion protocol. FIG. 2 shows an exemplary frequency
spectrum 203 associated with the first baseband signal.

[0038] The exemplary communication system 200 may
also comprise at least a second input 202 adapted to receive
a second baseband signal. The second baseband signal may,
for example, correspond to a second communication proto-
col (e.g., a second communication protocol different from
the first communication protocol discussed above). For
example and without limitation, the first baseband signal
may correspond to an IEEE 802.11 communication protocol
(e.g., IEEE 802.11(b) or IEEE 802.11(g)). FIG. 2 shows an
exemplary frequency spectrum 204 associated with the
second baseband signal.

[0039] As with the exemplary communication system 100
discussed previously, the first baseband signal and the sec-
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ond baseband signal may, for example, be generated by one
or more modules (i.e., hardware and/or software modules) of
the communication system 200. For example, such modules
may generate the first and second baseband signals inde-
pendently or in a dependent manner.

[0040] The exemplary communication system 200 may
additionally comprise a spectral placement module 210 that
is adapted to spectrally shift the first baseband signal (i.e.,
shift the frequency spectrum of the first baseband signal).
For example and without limitation, the spectral placement
module 210 may share any or all characteristics with the
spectral placement module 110 discussed previously.

[0041] In a non-limiting exemplary scenario, the spectral
placement module 210 may be adapted to spectrally shift the
first baseband signal by a frequency f,. FIG. 2 shows an
exemplary frequency spectrum 211 associated with the
spectrally shifted first baseband signal. The exemplary fre-
quency spectrum 211 shows a lower spectral image 213 and
an upper spectral image 212 associated with shifting the
spectrum of the first baseband signal. As discussed previ-
ously with regard to FIG. 1, one of the images may be
cancelled (e.g., by an image reject mixer or filter). In this
particular example, the spectral placement module 210 may
comprise an image reject mixer that rejects the lower spec-
tral image 213.

[0042] The exemplary communication system 200 may
further comprise a signal combiner 230 that is adapted to
generate a composite signal comprising various input signals
to the signal combiner 230. The signal combiner 230 may,
for example and without limitation, share any or all char-
acteristics with the signal combiner 130 discussed previ-
ously. For example, the composite signal may simulta-
neously comprise components associated with various input
signals.

[0043] In a non-limiting exemplary configuration illus-
trated in FIG. 2, the signal combiner 230 receives a first
signal from the spectral placement module 210 that is based
on the spectrally shifted first baseband signal. Also, the
signal combiner 230 receives a second signal that is based on
the second baseband signal. In such a configuration, the
signal combiner 230 combines the first and second signals to
generate a composite signal, where the composite signal
simultaneously comprises a first signal component based on
the spectrally shifted first baseband signal and a second
signal component based on the second baseband signal (e.g.,
not spectrally shifted).

[0044] FIG. 2 shows an exemplary frequency spectrum
231 associated with the composite signal formed by the
signal combiner 230. The spectrum 231 comprises a first
portion 233 corresponding to the first signal component, and
a second portion 232 corresponding to the second signal
component. Note that the first portion 233 occupies a
frequency space (e.g., one or more frequency bands) that is
distinct from the frequency space occupied by the second
portion 232.

[0045] The exemplary communication system 200 may
also comprise an upconverter 240 adapted to upconvert a
signal (e.g., the composite signal from the signal combiner
230) for transmission. The upconverter 240 may, for
example and without limitation, share any or all character-
istics with the upconverter 140 discussed previously.

11
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[0046] The upconverter 240 may, for example, comprise a
mixer 247, a local oscillator 246 and one or more filters 248.
The mixer 247 may, for example, receive the composite
signal from the signal combiner 230 and an RF mixing
signal at frequency fpz from a local oscillator 246. The
upconverter 240 may, for example, filter the upconverted
signal from the mixer 247 with one or more filters 248. The
output of the upconverter 240 may, for example, comprise a
signal indicative of the composite signal spectrally shifted to
an RF frequency.

[0047] FIG. 2 shows an exemplary frequency spectrum
241 associated with the RF signal formed by the upconverter
240. The frequency spectrum 241 comprises a first portion
243 corresponding to the first signal component and a
second portion 242 corresponding to the second signal
component. Note that the first portion 243 occupies a
frequency space (e.g., one or more frequency bands) that is
distinct from the frequency space occupied by the second
portion 242. Also note that the first portion 243 and second
portion 242 might be formed with a first mirror portion 244
and second mirror portion 245, respectively. Note that a
mirror portion may either be removed or may be kept for
later processing.

[0048] The exemplary communication system 200 may
further comprise a RF transmission stage 250 adapted to
transmit an RF signal. The RF transmission stage 250 may,
for example and without limitation, share any or all char-
acteristics with the RF transmission stage 150 discussed
previously.

[0049] Such an RF signal may, for example, be associated
with the composite signal output from the signal combiner
230 and upconverted by the upconverter 240. The RF
transmission stage 250 may, for example and without limi-
tation, comprise a power amplifier 252, antenna 254 and
other components generally associated with RF signal trans-
mission.

[0050] FIG. 3 is a diagram showing a portion of a third
non-limiting exemplary communication system 300, in
accordance with various aspects of the present invention.
The exemplary communication system 300 may, for
example and without limitation, share any or all character-
istics with the exemplary communication systems 100, 200
discussed previously.

[0051] The exemplary communication system 300 may
comprise a spectral placement module 310. The spectral
placement module 310 may, for example and without limi-
tation, share any or all characteristics with the exemplary
spectral placement modules 110, 210 discussed previously.

[0052] The spectral placement module 310 comprises an
image reject mixer. The spectral placement module 310
comprises a first mixer 311 that receives the “I” component
of the first baseband signal (BB) and the “I” component of
a mixing signal (IF). The output of the first mixer 311 may,
for example, comprise a signal that is a function of
cos(wpp)*cos(wp). The spectral placement module 310
may also comprise a second mixer 312 that receives the “Q”
component of the first baseband signal (BB) and the “Q”
component of the mixing signal (IF). The output of the
second mixer 312 may, for example, comprise a signal that
is a function of sin(wgp)*sin(w;x). The outputs of the first
mixer 311 and the second mixer 312 may then be combined
with a first summer 313.
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[0053] The spectral placement module 310 may also com-
prise a third mixer 315 that receives the “Q” component of
the first baseband signal (BB) and the “I” component of the
mixing signal (IF). The output of the third mixer 315 may,
for example, comprise a signal that is a function of
sin(wgg)*cos(mwg). The spectral placement module 310 may
also comprise a fourth mixer 316 that receives the “I”
component of the first baseband signal (BB) and the “Q”
component of the mixing signal (IF). The output of the
fourth mixer 316 may, for example, comprise a signal that is
a function of cos(wgy)*sin(w;z). The outputs of the third
mixer 315 and the fourth mixer 316 may then be combined
with a second summer 317.

[0054] Note that operation of the image reject mixer may
be adjusted to reject any image (e.g., an upper or lower
image). For example, signs of the first and/or second adders
313, 317 or of other components or signals may be modified
to reject the desired image.

[0055] The exemplary communication system 300 may
comprise a signal combiner 330. The signal combiner 330
may, for example and without limitation, share any or all
characteristics with the exemplary signal combiners 130,
230 discussed previously.

[0056] The signal combiner 330 may, for example, com-
prise a third summer 332, which sums the output signal from
the first summer 313 and the “I” component of the second
baseband signal. The signal combiner 330 may also, for
example, comprise a fourth summer 334, which sums the
output signal from the second summer 317 and the “Q”
component of the second baseband signal.

[0057] As illustrated in FIG. 3, the first baseband signal
and the second baseband signal may be separated into I and
Q components. This principal also applies to all systems and
methods discussed herein. For example, though the exem-
plary communication systems 100, 200 discussed previously
each show one respective line for each of the first and second
baseband signals and subsequent signals derived therefrom,
such signals may readily be separated into I and Q compo-
nents and processed individually.

[0058] As discussed briefly above, various portions of the
exemplary communication systems and/or methods dis-
cussed herein may be implemented in the analog and/or
digital domains. FIGS. 4-6, to be discussed next, present
non-limiting examples of a variety of potential configura-
tions.

[0059] FIG. 4 is a diagram showing a portion of a fourth
non-limiting exemplary communication system 400, in
accordance with various aspects of the present invention.
The exemplary communication system 400 may, for
example and without limitation, share any or all character-
istics with the exemplary communication systems 100-300
illustrated in FIGS. 1-3 and discussed previously.

[0060] The exemplary communication system 400 may,
for example, comprise a spectral placement module 410, an
optional second spectral placement module 420, a signal
combiner 430, an upconverter 440 and a RF transmission
stage 450 similar in various respects to like-named compo-
nents of exemplary systems 100-300 discussed previously.
The exemplary communication system 400 may also com-
prise a digital-to-analog converter 480.
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[0061] For example, the spectral placement module 410,
optional second spectral placement module 420 and signal
combiner 430 may operate in the digital domain. The
digital-to-analog converter 480 may then convert the digital
composite signal output from the signal combiner 430 to the
analog domain. The upconverter 440 and RF transmission
stage 450 may then perform their respective operations in
the analog domain.

[0062] FIG. 5 is a diagram showing a portion of a fifth
non-limiting exemplary communication system 500, in
accordance with various aspects of the present invention.
The exemplary communication system 500 may, for
example and without limitation, share any or all character-
istics with the exemplary communication systems 100-300
illustrated in FIGS. 1-3 and discussed previously.

[0063] The exemplary communication system 500 may,
for example, comprise a spectral placement module 510, an
optional second spectral placement module 520, a signal
combiner 530, an upconverter 540 and a RF transmission
stage 550 similar in various respects to like-named compo-
nents of exemplary systems 100-400 discussed previously.
The exemplary communication system 500 may also com-
prise a first digital-to-analog converter 592 and a second
digital-to-analog converter 594.

[0064] For example, the spectral placement module 510,
optional second spectral placement module 520 and signal
combiner 530 may operate in the analog domain. The first
digital-to-analog converter 592 may convert the first base-
band signal to the analog domain for processing by the
spectral placement module 510. The second digital-to-ana-
log converter 594 may convert the second baseband signal
to the analog domain for processing by the second spectral
placement module 520 or signal combiner 530. The signal
combiner 530 then combines signals in the analog domain to
generate an analog composite signal, which is then upcon-
verted and transmitted by the upconverter 540 and RF
transmission stage 550, respectively.

[0065] As mentioned previously, various signals may, in
various respective exemplary configurations, be character-
ized by baseband, IF and/or RF frequencies. FIG. 6 shows
a non-limiting exemplary configuration where signals are
converted to RF frequencies prior to the creation of the
composite signal.

[0066] FIG. 6 is a diagram showing a portion of a sixth
non-limiting exemplary communication system 600, in
accordance with various aspects of the present invention.
The exemplary communication system 600 may, for
example and without limitation, share any or all character-
istics with the exemplary communication systems 100-300
illustrated in FIGS. 1-3 and discussed previously.

[0067] The exemplary communication system 600 may,
for example, comprise a spectral placement module 610, an
optional second spectral placement module 620, a signal
combiner 630, an upconverter 640 and a RF transmission
stage 650 similar in various respects to like-named compo-
nents of exemplary systems 100-500 discussed previously.
The exemplary communication system 600 may also com-
prise a first digital-to-analog converter 692 and second
digital-to-analog converter 694.

[0068] For example, the spectral placement module 610
and optional second spectral placement module 620 may
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operate in the analog domain. The first digital-to-analog
converter 692 may convert the first spectrally shifted base-
band signal output from the spectral placement module 610
to the analog domain for processing by the combining
module 630. The second digital-to-analog converter 694
may convert the second baseband signal (or spectrally
shifted second baseband signal) to the analog domain for
processing by the signal combiner 630. The signal combiner
630 then combines signals in the analog domain to generate
an analog composite signal, which is then upconverted and
transmitted by the upconverter 640 and RF transmission
stage 650, respectively.

[0069] As mentioned previously, various signals may, in
various respective exemplary configurations, be character-
ized by baseband, IF and/or RF frequencies. FIG. 7 shows
a non-limiting exemplary configuration where signals are
converted to RF frequencies prior to the creation of the
composite signal.

[0070] FIG. 7 is a diagram showing a portion of a seventh
non-limiting exemplary communication system 700, in
accordance with various aspects of the present invention.
The exemplary communication system 700 may, for
example and without limitation, share any or all character-
istics with the exemplary systems 100-600 illustrated in
FIGS. 1-6 and discussed previously.

[0071] The exemplary communication system 700 may
comprise a first mixer 744 that receives a spectrally shifted
first baseband signal from the spectral placement module
710 and a first RF mixing signal (e.g., a 2.446 GHz signal
generally associated with the Bluetooth communication pro-
tocol) from a first local oscillator 742. The exemplary
communication system 700 may also comprise a second
mixer 748 that receives a second baseband signal (or a
spectrally shifted second baseband signal) and a second RF
mixing signal (e.g., a 2.486 GHz signal generally associated
with the IEEE 802.11(g) communication protocol) from a
second local oscillator 746.

[0072] The exemplary communication system 700 may
comprise an RF signal combiner 730 that is adapted to
combine input RF signals. The RF signal combiner 730 may,
for example, receive and combine the output signals from
the first mixer 744 and second mixer 748 to generate an RF
composite signal. The exemplary communication system
700 may also comprise a RF transmission stage 750 that
receives the RF composite signal from the RF signal com-
biner 730 and transmit the signal.

[0073] The exemplary communication systems 100-700
illustrated in FIGS. 1-7 and discussed previously provided
non-limiting exemplary illustrations of various aspects of
the present invention. Accordingly, the scope of various
aspects of the present invention should not be limited by
particular characteristics of the exemplary communication
systems 100-700.

[0074] For illustrative clarity, the exemplary systems 100-
700 illustrated in FIGS. 1-7 were presented in terms of
various functional modules. Various modules may, for
example, be implemented in hardware, software or a com-
bination thereof. Various modules may, for example, be
implemented in a single integrated circuit or a combination
of integrated circuits. Also, various modules may share
various sub-modules and/or subcomponents. For example
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and without limitation, various hardware modules may share
various electrical components, and various software mod-
ules may share various software subroutines. Accordingly,
the scope of various aspects of the present invention should
not be limited by characteristics of any particular hardware
and/or software implementation or by any arbitrary bound-
aries between various functional modules.

[0075] Also for illustrative clarity, various signals (or
associated pathways) were represented in the exemplary
systems 100-700 utilizing single lines and were generally
referred to as “signals.” It should be noted that such signals
may be complex or real, depending on the particular imple-
mentation. For example and without limitation, with refer-
ence to FIG. 2, the input signal to the upconverter 240 may
be complex, the local oscillator 246 may output a complex
signal, and the signal output from the upconverter 240 to the
RF transmission stage 250 may be real. Also for example,
the respective input signals to the upconverters illustrated in
FIGS. 2-7 may be complex, and the respective signals output
from such upconverters may be real. Further for example,
referring to FIG. 7, the input signals to the first mixer 744
and second mixer 744 (including the signals from the first
local oscillator 742 and second local oscillator 746) may be
complex. Still further for example, the output signals from
the exemplary spectral placement modules of FIGS. 1-7 may
be complex. Accordingly, the scope of various aspects of the
present invention should not be limited by real or complex
characteristics of one or more particular signals.

[0076] FIG. 8 is a diagram illustrating a first non-limiting
exemplary method 800 for combining signals in support of
multimode communications, in accordance with various
aspects of the present invention. The exemplary method 800
may share any or all functional characteristics with the
exemplary systems 100-700 illustrated in FIGS. 1-7 and
discussed previously.

[0077] The exemplary method 800 may begin executing at
step 805. The exemplary method 800 (and all methods
discussed herein) may begin executing for any of a variety
of reasons. For example and without limitation, the exem-
plary method 800 may begin executing in response to a user
input, a power-up condition or a reset condition. Also for
example, the exemplary method 800 may begin executing in
response to a detected event (e.g., a timer expiration,
detected signal, detected network access point, system com-
mand, etc.). Further for example, the exemplary method 800
may begin executing in response to a determination to
communicate in a plurality of communication modes simul-
taneously. Still further for example, the exemplary method
800 may begin executing in response to a determination to
utilize bandwidth in a plurality of communication systems
for a single communication or multiple communications.
Accordingly, the scope of various aspects of the present
invention should not be limited by characteristics of any
particular initiating cause or condition.

[0078] The exemplary method 800 may, at step 810,
comprise generating and/or receiving a first baseband signal
corresponding to a first communication protocol. Step 810
may, for example and without limitation, share any or all
functional characteristics with the first input 101 of the
exemplary system 100 illustrated in FIG. 1 and discussed
previously.

[0079] The first baseband signal may, for example, corre-
spond to a first communication protocol (e.g., any of a
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variety of wireless communication protocols and/or stan-
dards). In an exemplary scenario where step 810 comprises
receiving the first baseband signal, step 810 may comprise
receiving the first baseband signal in any manner generally
associated with receiving a baseband signal.

[0080] The first baseband signal may, for example, be
generated by one or more modules (i.e., hardware and/or
software modules) of a communication system implement-
ing the exemplary method 800. Step 810 may, for example,
comprise generating the first baseband signal independently
(e.g., corresponding to an independent communication).
Step 810 may alternatively, for example, comprise generat-
ing the first baseband signal in a dependent manner (e.g.,
coordinating independent respective communications or uti-
lizing both the first baseband signal and other baseband
signals for a single communication).

[0081] The exemplary method 800 may, at step 820,
comprise spectrally placing (or shifting) the first baseband
signal (e.g., received at step 810). Step 820 may, for example
and without limitation, share any or all functional charac-
teristics with the spectral placement modules 110-710 of the
exemplary systems 100-700 illustrated in FIGS. 1-7 and
discussed previously.

[0082] Step 820 may, for example, comprise spectrally
shifting the first baseband signal by, at least in part, spec-
trally shifting the first baseband signal to one or more
frequency bands that are substantially distinct from one or
more frequency bands associated with a second baseband
signal. Occupying such substantially distinct frequency
bands, the spectrally shifted first baseband signal may, for
example, be combined with the second baseband signal for
simultaneous transmission with no interference, relatively
little interference, or an acceptable level of interference.

[0083] Inanon-limiting exemplary scenario, step 820 may
comprise implementing a frequency-hopping scheme with
the first baseband signal. For example, in a scenario where
there are one or more frequency bands (e.g., a second
frequency space) associated with a second baseband signal,
step 820 may comprise spectrally shifting the first baseband
signal to numerous consecutive frequency spaces (or bands)
that are substantially distinct from the second frequency
space.

[0084] In another non-limiting exemplary scenario, spec-
trally shifting the first baseband signal may result in the
production of a spectral image (e.g., frequency content
mirrored about a mixing frequency utilized to spectrally
shift the first baseband signal). In such a scenario, step 820
may comprise accepting or rejecting the image.

[0085] In a scenario where an image is rejected, step 820
may comprise rejecting the image in any of a variety of
manners. For example and without limitation, step 820 may
comprise performing image reject mixing to spectrally shift
the first baseband signal. Such image reject mixing generally
comprises spectrally shifting a signal and rejecting an image
associated with the spectrally shifted signal. Also for
example, step 820 may comprise filtering out an unwanted
image. The scope of various aspects of the present invention
should not be limited by the utilization of image rejection or
by any particular manner of performing such image rejec-
tion.

[0086] The exemplary method 800 may, at step 830,
comprise generating and/or receiving a second baseband
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signal corresponding to a second communication protocol
(e.g., different from the first communication protocol). Step
830 may, for example and without limitation, share any or all
functional characteristics with the second input 102 of the
exemplary system 100 illustrated in FIG. 1 and discussed
previously.

[0087] The second baseband signal may, for example,
correspond to a second communication protocol (e.g., any of
a variety of wireless communication protocols and/or stan-
dards). In an exemplary scenario where step 830 comprises
receiving the second baseband signal, step 830 may com-
prise receiving the second baseband signal in any manner
generally associated with receiving a baseband signal.

[0088] The second baseband signal may, for example, be
generated by one or more modules (i.e., hardware and/or
software modules) of a communication system implement-
ing the exemplary method 800. Step 830 may, for example,
comprise generating the second baseband signal indepen-
dently (e.g., corresponding to a communication independent
of a communication associated with the first baseband
signal). Step 830 may alternatively, for example, comprise
generating the second baseband signal in a dependent man-
ner (e.g., coordinating independent respective communica-
tions or utilizing both the second baseband signal and the
first baseband signal for a single communication).

[0089] The exemplary method 800 may, at step 840, in
various optional exemplary scenarios, comprise spectrally
shifting the second baseband signal (e.g., at received at step
830). Step 840 may, for example and without limitation,
share any or all functional characteristics with step 820
and/or the second spectral placement modules 120-720 of
the exemplary systems 100-700 illustrated in FIGS. 1-7 and
discussed previously.

[0090] Performing step 840 may, for example, provide
spectral shifting flexibility. For example, by performing step
840, or providing the option to perform step 840, either or
both of the first and second baseband signals may be
spectrally shifted to substantially distinct frequency spaces.
Also for example, in such an exemplary scenario, either or
both of the first and second baseband signals may be
frequency hopped.

[0091] The exemplary method 800 may, at step 850,
comprise generating a composite signal comprising a first
simultaneous component based on the first baseband signal
and a second simultaneous component based on the second
baseband signal. Step 850 may, for example and without
limitation, share any or all characteristics with the exem-
plary signal combiners 130-730 of the exemplary systems
100-700 illustrated in FIGS. 1-7 and discussed previously.

[0092] In a first non-limiting exemplary scenario, steps
820 and 840 do not spectrally shift the first and second
baseband signals. In such an exemplary scenario, step 850
may comprise combining the first baseband signal received
or generated at step 810 with the second baseband signal
received or generated at step 830. Step 850 may thus
comprise generating a composite signal that simultaneously
comprises a first signal component based on the first base-
band signal and a second signal component based on the
second baseband signal. In such an exemplary scenario, for
example where the frequency spectra of the first and second
baseband signals do not overlap, the first and second base-
band signals might not be spectrally shifted prior to com-
bining at step 850.
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[0093] In a second non-limiting exemplary scenario, step
840 might not be performed. In such an exemplary scenario,
step 850 may comprise combining the first baseband signal
received or generated at step 810 and spectrally shifted at
step 820 with the second baseband signal received or
generated at step 830. Step 850 may thus comprise gener-
ating a composite signal that simultaneously comprises a
first signal component based on the spectrally shifted first
baseband signal and a second signal component based on the
second baseband signal (e.g., not spectrally shifted).

[0094] In a third non-limiting exemplary scenario, both
spectrum-shifting steps 820 and 840 might be performed. In
such an exemplary scenario, step 850 may comprise com-
bining the first baseband signal received or generated at step
810 and spectrally shifted at step 820 with the second
baseband signal received or generated at step 830 and
spectrally shifted at step 840. Step 850 may thus comprise
generating a composite signal that simultaneously comprises
a first signal component based on the spectrally shifted first
baseband signal and a second signal component based on the
spectrally shifted second baseband signal.

[0095] The exemplary method 800 may, at step 895,
comprise performing any of a large variety of continued
processing. For example and without limitation, step 895
may comprise performing various operations associated
with communicating the composite signal formed at step
850. Such operations may, for example, comprise upcon-
verting and transmitting the composite signal. Step 895 may,
for example, share various functional characteristics with
the upconverters 140-740 and RF transmission stages 150-
750 discussed previously.

[0096] Also for example, step 895 may comprise directing
execution flow of the exemplary method 800 back up to
previously discussed steps (e.g., for generating/receiving
additional signals or for performing additional spectral
placement operations). The scope of various aspects of the
present invention should not be limited by characteristics of
any particular continued processing.

[0097] The exemplary method 800 was presented with two
baseband signals for the sake of illustrative clarity and not
limitation. For example, various aspects of the present
invention readily extend to three or more input signals.
Additionally, as discussed previously with regard to the
exemplary communication systems 100-700, various
aspects of the exemplary method 800 may be implemented
in the analog and/or digital domains.

[0098] The exemplary method 800 also generally com-
prises spectrally shifting one or more baseband signals and
combining baseband signals into a composite signal for
subsequent transmission. Note that various aspects of the
present invention are readily extensible to spectrally shifting
IF and/or RF signals, which are then combined into a
composite signal for upconverting/transmission or for trans-
mission. Accordingly, the scope of various aspects of the
present invention should not be limited by characteristics of
baseband signals or the processing thereof.

[0099] The exemplary method 800 was presented to pro-
vide non-limiting examples of various aspects of the present
invention. Accordingly, the scope of various aspects of the
present invention should not be limited by specific charac-
teristics of the exemplary method 800.
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[0100] In summary, various aspects of the present inven-
tion provide a system and method providing signal combin-
ing to support multimode communication. While the inven-
tion has been described with reference to certain aspects and
embodiments, it will be understood by those skilled in the art
that various changes may be made and equivalents may be
substituted without departing from the scope of the inven-
tion. In addition, many modifications may be made to adapt
a particular situation or material to the teachings of the
invention without departing from its scope. Therefore, it is
intended that the invention not be limited to the particular
embodiment disclosed, but that the invention will include all
embodiments falling within the scope of the appended
claims.

What is claimed is:
1. A multimode communication system comprising:

at least a first module adapted to:

generate a first baseband signal corresponding to a first
communication protocol; and

generate a second baseband signal corresponding to a
second communication protocol different from the
first communication protocol; and

at least a second module adapted to:
receive the first baseband signal;
receive the second baseband signal; and

generate a composite signal comprising, at an instant in
time, a first component based on the first baseband
signal, and a second component based on the second
baseband signal.

2. The multimode communication system of claim 1,
wherein the at least a second module is further adapted to
spectrally shift the first baseband signal, and wherein the
first component is based on the spectrally-shifted first base-
band signal.

3. The multimode communication system of claim 2,
wherein the at least a second module is further adapted to
spectrally shift the second baseband signal, and wherein the
second component is based on the spectrally-shifted second
baseband signal.

4. The multimode communication system of claim 2,
wherein the at least a second module is adapted to spectrally
shift the first baseband signal by, at least in part, spectrally
shifting the first baseband signal to one or more frequency
bands substantially distinct from one or more frequency
bands associated with the second baseband signal.

5. The multimode communication system of claim 4,
wherein the at least a second module is further adapted to
spectrally shift the first baseband signal by, at least in part,
frequency hopping the first baseband signal to one or more
frequency bands substantially distinct from one or more
frequency bands associated with the second baseband signal.

6. The multimode communication system of claim 2,
wherein the at least a second module is adapted to spectrally
shift the first baseband signal by, at least in part, rejecting an
image associated with spectrally shifting the first baseband
signal.

7. The multimode communication system of claim 6,
wherein the at least a second module comprises an image-
reject mixer that is adapted to spectrally shift the first
baseband signal.
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8. The multimode communication system of claim 6,
wherein the at least a second module comprises an image-
reject filter that is adapted to remove the image associated
with spectrally shifting the first baseband signal.

9. The multimode communication system of claim 2,
wherein the first baseband signal, second baseband signal
and composite signal are digital signals.

10. The multimode communication system of claim 2,
wherein the first baseband signal, second baseband signal
and composite signal are analog signals.

11. The multimode communication system of claim 2,
wherein the first communication protocol is based on Blue-
tooth, and the second communication protocol is based on an
TEEE 802.11 standard.

12. The multimode communication system of claim 2,
wherein the composite signal comprises a baseband signal.

13. The multimode communication system of claim 2,
wherein the composite signal comprises an IF signal.

14. The multimode communication system of claim 2,
wherein the composite signal comprises an RF signal.

15. The multimode communication system of claim 14,
wherein the at least a second module is adapted to generate
the composite signal by, at least in part, upconverting to RF
a single signal comprising components associated with the
first component and the second component.

16. The multimode communication system of claim 14,
wherein the at least a second module is adapted to generate
the composite signal by, at least in part:

upconverting to RF a first signal associated with the first
component;

upconverting to RF a second signal associated with the
second component; and

combining the upconverted first and second signals.

17. In a multimode communication system, a method for
communicating in multiple communication modes simulta-
neously, the method comprising:

generating a first baseband signal corresponding to a first
communication protocol;

generating a second baseband signal corresponding to a
second communication protocol that is different from
the first communication protocol; and

generating a composite signal comprising, at an instant in
time, a first component based on the first baseband
signal and a second component based on the second
baseband signal.

18. The method of claim 17, wherein generating a com-
posite signal comprises generating the first component by, at
least in part, spectrally shifting the first baseband signal.

19. The method of claim 18, wherein generating a com-
posite signal further comprises generating the second com-
ponent by, at least in part, spectrally shifting the second
baseband signal.

20. The method of claim 18, wherein spectrally shifting
the first baseband signal comprises spectrally shifting the
first baseband signal to one or more frequency bands sub-
stantially distinct from one or more frequency bands asso-
ciated with the second baseband signal.
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21. The method of claim 20, wherein spectrally shifting
the first baseband signal comprises frequency hopping the
first baseband signal to one or more frequency bands sub-
stantially distinct from one or more frequency bands asso-
ciated with the second baseband signal.

22. The method of claim 18, wherein spectrally shifting
the first baseband signal comprises rejecting an image
associated with spectrally shifting the first baseband signal.

23. The method of claim 22, wherein rejecting an image
associated with spectrally shifting the first baseband signal
comprises utilizing an image reject mixer to spectrally shift
the first baseband signal.

24. The method of claim 22, wherein rejecting an image
associated with spectrally shifting the first baseband signal
comprises utilizing an image reject filter to remove the
image.

25. The method of claim 18, wherein the first baseband
signal, second baseband signal and composite signal are
digital signals.

26. The method of claim 18, wherein the first baseband
signal, second baseband signal and composite signal are
analog signals.

27. The method of claim 18, wherein the first communi-
cation protocol is based on Bluetooth, and the second
communication protocol is based on an IEEE 802.11 stan-
dard.

28. The method of claim 18, wherein the composite signal
comprises a baseband signal.

29. The method of claim 18, wherein the composite signal
comprises an IF signal.

30. The method of claim 18, wherein the composite signal
comprises an RF signal.

31. The method of claim 30, wherein generating a com-
posite signal comprises upconverting to RF a single signal
comprising components associated with the first component
and the second component.

32. The method of claim 30, wherein generating a com-
posite signal comprises:

upconverting to RF a first signal associated with the first
component;

upconverting to RF a second signal associated with the
second component; and

combining the upconverted first and second signals.
33. A module for utilization in a multimode communica-
tion system, wherein the module is at least adapted to:

receive a first signal associated with a first communication
protocol;

receive a second signal associated with a second commu-
nication protocol different from the first communica-
tion protocol; and

generate a composite signal comprising, at an instant in

time, a first component based on the first signal, and a
second component based on the second signal.

34. The module of claim 33, wherein the module is further

adapted to spectrally shift the first signal, and wherein the

first component is based on the spectrally shifted first signal.

#* #* #* #* #*
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