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METHOD FOR ENVELOPE TRACKING MULTIPLE TRANSMISSIONS THROUGH A SINGLE
POWER AMPLIFIER

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to envelope tracking in
communication devices and more particularly to envelope tracking of multiple

transmit signals through a power amplifier.
BACKGROUND

[0002] Next generation wireless systems use a wideband technology that allows for
simultaneously transmitting multiple transmit signals, corresponding to different
baseband signals, to one or more base stations over a plurality of channels. In some
mobile communication devices, this requires transmitting the multiple transmit signals
using a single power amplifier. Envelope tracking technology exists to enable the
power amplifier to more efficiently transmit a single radio frequency (RF) transmit
signal. This efficiency is had by generating a power supply voltage to the power
amplifier that tracks the envelope of the single transmit signal. However, the current
envelope tracking schemes prove insufficient where a single power amplifier is used

to transmit multiple transmit signals.

BRIEF DESCRIPTION OF THE FIGURES

[0003] The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views, together with the detailed
description below, are incorporated in and form part of the specification, and serve to
further illustrate embodiments of concepts that include the claimed invention, and

explain various principles and advantages of those embodiments.

[0004] FIG. 1 is a block diagram illustrating one example of a wireless network in
which embodiments of the present teaching operate.
[0005] FIG. 2 is an example of a communication device in accordance with the

present teachings.

[0006] FIG. 3 is an example of a communication device in accordance with the

present teachings.
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[0007] FIG. 4 is a logical flow chart illustrating one example of a method of
generating a composite envelope reference voltage in accordance with the present
teachings.

[0008] FIG. 5. is a logical flow chart illustrating a method for calculating the

composite envelope signal in accordance with the present teachings.

[0009] FIG. 6 is a block diagram illustrating synthesizers in accordance with the
present teachings.

[0010] FIG. 7 illustrates one example of an envelope tracking controller in
accordance with the present teachings.

[0011] FIG. 8 illustrates one example of an envelope tracking controller and complex
mixer and synthesizer in accordance with the present teachings.

[0012] FIG. 9 is a logical flow chart illustrating a method for calculating the
composite envelope signal in accordance with the present teachings.

[0013] FIG. 10 is a block diagram illustrating one example of an envelope tracking
controller in accordance with the present teachings.

[0014] FIG. 11 is a block diagram illustrating one example of an envelope tracking
controller and complex mixer and synthesizer in accordance with the present
teachings.

[0015] FIG. 12 is a logical flow chart illustrating a method for calculating the
composite envelope signal in accordance with the present teachings.

[0016] FIG. 13 is a block diagram illustrating one example of an envelope tracking
controller in accordance with the present teachings.

[0017] FIG. 14 is a block diagram illustrating one example of an envelope tracking
controller and complex mixer and synthesizer in accordance with the present
teachings.

[0018] FIG. 15 is a logical flow chart illustrating a method for calculating the
composite envelope signal in accordance with the present teachings.

[0019] FIG. 16 is a block diagram illustrating a method for calculating the composite

envelope signal in accordance with the present teachings.
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[0020] FIG. 17 is an example of a communication device in accordance with the

present teachings.

[0021] FIG. 18 is a block diagram illustrating one example of an envelope tracking
controller, complex mixer and synthesizer, and a gain-delay adjust and summer in

accordance with the present teachings.

[0022] FIG. 19 is a block diagram illustrating one example of an envelope tracking
controller, complex mixer and synthesizer, and a gain-delay adjust and summer in

accordance with the present teachings.

[0023] FIG. 20 is a block diagram illustrating one example of an envelope tracking
controller, complex mixer and synthesizer, and a gain-delay adjust and summer in

accordance with the present teachings.

[0024] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of embodiments of the present
invention. In addition, the description and drawings do not necessarily require the
order illustrated. It will be further appreciated that certain actions and/or steps may be
described or depicted in a particular order of occurrence while those skilled in the art

will understand that such specificity with respect to sequence is not actually required.

[0025] The apparatus and method components have been represented where
appropriate by conventional symbols in the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present invention so
as not to obscure the disclosure with details that will be readily apparent to those of

ordinary skill in the art having the benefit of the description herein.

DETAILED DESCRIPTION
[0026] Generally speaking, pursuant to the various embodiments, the present
disclosure provides a method and apparatus for generating a composite envelope
reference voltage for a plurality of transmit signals. The method comprises:
generating a composite baseband signal from a plurality of baseband signals, wherein

the plurality of baseband signals represent a corresponding plurality of different
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transmit signals. The method further includes: calculating a composite envelope
signal for the composite baseband signal; and generating a composite envelope
reference voltage from the composite envelope signal for use in powering a single
power amplifier as the power amplifier transmits the plurality of different transmit
signals. Driving the power amplifier using a composite envelope reference voltage
derived from the composite envelope signal for the multiple transmit signals enables
the power amplifier to simultancously transmit the multiple transmit signals over
different carrier frequencies with improved efficiency and reduced power

consumption.

[0027] Referring to the drawings, and in particular to FIG. 1, a system implementing
embodiments in accordance with the present teaching is shown and indicated
generally at 100. The system 100 includes, in one example: a wireless
communication device 102 that includes a baseband integrated circuit (IC) 104, a
radio frequency integrated circuit (RFIC) 106, and an antenna 114; and base stations

108, 110.

[0028] In one embodiment, the baseband integrated circuit 104 is configured to
manage a number of functions to assist the communication device 102 in participating
in communication sessions with other wired or wireless devices (not shown) through
transmitting and/or receiving, over one or more channels, signals carrying information.
In one example, the baseband IC 104 is configured to provide one or more baseband
signals to the RFIC 106 using signal lines 116. The RFIC 106 uses each baseband
signal to modulate a higher frequency carrier signal to generate a corresponding radio
frequency signal 112, each also referred to herein as a transmit signal. The
communication device 102 transmits the one or more RF signals 112 to one or both of

the base stations 108, 110 using the antenna 114.

[0029] In some instances, the communication device 102 simultaneously transmits
information within multiple RF signals 112 over multiple channels using a single
power amplifier. The present teachings, as described by reference to the remaining
figures, illustrate embodiments for determining a composite envelope signal

corresponding to multiple transmit signals and to generate, therefrom, a composite
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envelope reference voltage used to efficiently power or drive the single power

amplifier as it transmits the multiple transmit signals.

[0030] As used herein, a transmit signal is information that will be transmitted as an
RF signal by a power amplifier and antenna and is characterized by a corresponding
baseband signal. The baseband signal is a signal used to modulate a carrier wave and
is defined by an in-phase (I) component and a quadrature (Q) component. The 1
component is a zero phase cosine component, and the Q component is a phase I1/2
sine component. Signals having different I and/or Q components are considered as
different transmit signals. A channel is a logical representation of a path over which a
transmit signal is sent from one device to another device and is characterized by
physical resources within a communication system as identified by at least one of a

carrier frequency and/or channel identifier.

[0031] Where the single power amplifier is used to transmit multiple transmit signals,
the multiple transmit signals can have corresponding baseband signals that are

correlated or uncorrelated. Correlated baseband signals are signals in which the phase
of the signals has a zero or constant offset versus time. Uncorrelated baseband signals

are signals in which the phase of the two signals has a varying offset versus time.

[0032] FIG. 2 is a block diagram illustrating an example communication device, e.g.,
the communication device 102 of FIG. 1, configured for implementing one
embodiment of the present teachings. Elements of the present teachings are
implemented, for example, in the RFIC 106 of the communication device 102.
Besides the RFIC 106, the communication device 102 includes an envelope tracking

converter (ETC) 202 and a power amplifier (PA) 204.

[0033] In one embodiment, the RFIC 106 includes: at least two digital modulators,
e.g., a first digital modulator 210 and a second digital modulator 212, an envelope
tracking path, and first and second transmission line-ups 214 and 216, respectively.
Only two transmission line-ups, corresponding to two transmit signals, sharing a
single power amplifier 204 and corresponding single envelope tracking path are
shown for ease of description. However, the present teachings can be extended to

alternative embodiments wherein the communication device 102 simultaneously
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transmits more than two transmit signals, using more than two transmission line-ups
that share the single power amplifier 204 and corresponding single envelope tracking

path.

[0034] The envelope tracking path comprises an Electrically Erasable Programmable
Read-Only Memory look-up table (EEPROM LUT) 206, an ET controller 208, and
circuit elements 218. The ET controller 208, in this example implementation, includes
a complex mixer and synthesizer 232, a summer 234, and a magnitude-phase
coordinate rotation digital computer (cordic) 236. The circuit elements 218 include a
delay element 238 also simply referred to as a “delay”, a digital-to-analog converter

(DAC) 240, and a filter 242.

[0035] Each of the transmission line-ups 214, 216 includes two delay elements or
“delays” 220, two DACs 222, two filters 224, two multipliers 226, and two pre-
amplifiers 228 for independently operating on I and Q components of a baseband
signal. Each transmission line-up further includes one RF combiner, combiner, or
balun 230. In one embodiment, an amplitude modulation pre-distorter 252 is coupled
between the digital modulator 210 and the transmission line-up 214 and between the
digital modulator 212 and the transmission line-up 216. One pre-distorter 252
provides pre-distorted I and Q components, e.g., I1 and Q1, of one baseband signal to
the transmission line-up 214. The other pre-distorter 252 provides pre-distorted I and
Q components, e.g., I2 and Q2, of a different baseband signal to the transmit lineup

216.

[0036] The ET controller 208 is coupled to at least one output of each of the digital
modulators 210, 212 to sample I and Q components, e.g., [1, Q1, 12, Q2, that the
digital modulators 210, 212 provide. The LUT 206 that is coupled to the ET controller
208 facilitates PA supply voltage shaping. In another embodiment, the LUT 206 is
coupled to each of the two AM pre-distorters 252 to facilitate amplitude modulation
(AM) pre-distortion. The digital modulators 210, 212 are configured to receive two
different baseband signals from the baseband IC and convert each signal into,
respective, digital I and Q signal components or coordinates, which collectively

provide a rectangular coordinate representation of the baseband signal.
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[0037] The ET controller 208 receives the I and Q signal components of the two
baseband signals, and, in a manner explained later, uses the complex mixer and
synthesizer 232, summer 234 and magnitude-phase cordic 236 to incorporate, into the
first and second baseband signals, a plurality of offset components that are based on at
least one offset characteristic between the two baseband signals. In one illustrative
implementation, the at least one offset characteristics used to generate the offset
components includes one or more or a combination of one or more frequency (®)
offsets, phase (0) offsets, amplitude offsets, or automatic frequency control (AFC)
offsets. In one example, the ET controller 208 incorporates, into the baseband signals,
offset components that are based on frequency offsets dw1+AFC1 and phase offset
001 and frequency offsets 0w2+AFC2 and phase offset 602.

[0038] As used herein, an offset component is, in one embodiment, a value based on
the result of applying a sinusoidal function to an offset characteristic. An offset in-
phase component is, in one embodiment, a baseband in-phase component including
one or more offsets generated through the application of a sinusoidal function. An
offset quadrature component is, in one embodiment, a baseband quadrature
component including one or more offsets generated through the application of a
sinusoidal function. A partial composite quadrature component is a sum of a subset of
quadrature offset components. A partial composite in-phase component is, in one
embodiment, a sum of a subset of in-phase offset components. A composite in-phase
component is, in one embodiment, a sum of the offset in-phase components
comprising one or more baseband signals. A composite quadrature component is, in
one embodiment, a sum of the offset quadrature components comprising one or more
baseband signals. A composite sum is, in one embodiment, a sum of a square of the
composite in-phase component and a square of the composite quadrature component.
A composite baseband signal is, in one embodiment, a sum of the composite in-phase
components and composite quadrature components of one or more baseband signals.
A composite envelope signal, in one embodiment, is the square root of the square of
the sum of the composite in-phase components of one or more baseband signals plus

the square of the sum of the quadrature components of one or more baseband signals.
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A composite envelope reference voltage is a power supply voltage that the ET

converter 202 supplies to the power amplifier 204.

[0039] The ET controller 208, in one example, retrieves appropriate pre-distortion
values from LUT 206 to perform AM pre-distortion on the composite envelope signal.
In one embodiment, the ET controller 208 applies an envelope pre-distortion using the
AM pre-distorter 252 to compensate for distortion that is expected at an output of the
power amplifier 204. For example, the AM pre-distortion is performed to compensate
for amplifier gain, signal offset, RF signal delay, power amplifier temperature

variances and/or associated RFIC 106 component temperatures.

[0040] After the ET controller 208 performs AM pre-distortion, the composite
envelope signal is propagated through the circuit elements 218. In the circuit elements
218, the delay 238 compensates for temperature state of the RFIC 106, component
induced delays, RFIC 106 temperatures, and/or the delay 238 is set in accordance
with a timing advance or delays that a base station requests. The DAC 240 performs
digital-to-analog conversion on the composite envelope signal, and the filter 242
removes distortions and alias components from the signal. The circuit elements 218
provide Vref as an output voltage to the ET converter 202, where Vref represents the

composite envelope signal.

[0041] Source VBATT 248 provides a reference voltage Vce to the ET converter 202.
ET converter 202 modulates Vee in accordance with amplitude values corresponding
to the composite envelope signal Vref to generate the composite envelope reference
voltage Vgr, also commonly known as a power supply voltage, from the composite

envelope signal.

[0042] The digital modulators 210, 212 provide the I and Q components of two
baseband signals represented by 11, Q1, 12, Q2 to the AM pre-distorters 252. The AM
pre-distorters 252 introduce pre-distortion into the 11, Q1, 12, Q2 signal components

to compensate for distortion that is expected at the output of the power amplifier 204.

[0043] In the example depicted, the I and Q components of a first baseband signal 11,
Q1 are provided to the first transmission line-up 214, and the I and Q components of a

second baseband signal 12, Q2 are provided to the second transmission line-up 216.
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The I and Q components of the first and second baseband signals are propagated to
the, respective, delay elements 220, DACs 222, filters 224, multipliers 226, pre-
amplifiers 228 and the combiners 230.

[0044] The delay elements 220 introduce a delay, for example, to compensate for a
temperature state of the RFIC 106, which compensates for delays introduced when
propagating the first and second baseband signals through the RFIC 106, and/or in
accordance with a timing advance or delay that a base station requests. The DACs
222 convert the baseband signals from digital to analog form. The filters 224 remove
harmonic distortions and alias components in the baseband signals. The multipliers
226, also referred to in the art as frequency mixers, mix the baseband signals with in-
phase and quadrature carrier signals (not shown) of a carrier signal having a carrier
frequency constructed using local oscillator (LO) signals LO1 or LO2 (as shown) to
up-convert the baseband signal to a higher frequency modulated RF signal in
differential form. As seen in FIGs. 2 and 3, LOI1 is substantially equivalent to
dw1+AFC1 and LO2 is substantially equivalent to dw2+AFC2. The pre-amplifiers
provide an additional power gain stage to form an amplified modulated RF signal in
differential form. The combiners 230 convert the signal from differential to single

ended form.

[0045] The first and second RF signals are propagated from the combiners 230 of the
two transmission line-up 214, 216 to a combiner 246 which combines the signals and
passes the combined signal to the power amplifier 204 for amplification before
transmission by the antenna 114. The power amplifier 204 receives the composite
envelope reference voltage Vit synchronously with the combined RF signal that it is

amplifying to generate the amplified combined RF signal.

[0046] Accordingly, the RFIC 106 is configured to receive a plurality of baseband
signals. The ET controller 208 receives the I and Q components that the digital
modulators 210, 212 communicate. The ET controller 208 is configured to calculate a
composite envelope signal based on combined I and Q components of the at least two
baseband signals. Further, the ET controller 208 is configured to pre-distort the
composite envelope signal which is based on the plurality of transmit signals, such

that amplitudes of the transmit signals result in decreasing RF signal gain at high
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RFIC 106 drive levels. The ET controller 208 also shapes the composite envelope
signal associated with the plurality of transmit signals to provide increasing power

amplifier gains at high drive levels.

[0047] Through the use of delays, including delays 220 and 238, the composite
envelope reference voltage Vit generated from a sampling of the plurality of transmit
signals at a time t, is synchronously received at the power amplifier 204 at the same
time as the combined RF signal that was created from the plurality of transmit signals
sampled at time t. This enables the power amplifier 204 to amplify the combined RF
signal with increased gains at higher signal drive levels, and lower constant gain at
lower signal drive levels, which leads to an increased amplifier efficiency without

causing a gain reduction in the power amplifier 204.

[0048] Turning now to FIG. 3, which depicts one embodiment of a communication
device, e.g., the communication device 102 of FIG. 1, in accordance with the current
teachings. The embodiment depicted in FIG. 3 includes many of the same
components configured in a substantially similar manner as components of FIG. 2.
Thus, a redundant description of similar components is not presented. A difference
between the two figures, however, is the configuration and functionality of the
complex mixer(s), which is shown as being included within the ET controller 208 in

FIG. 2, and appears outside of the ET controller 308 in FIG. 3.

[0049] More particularly, the embodiment depicted in FIG. 3 shows a first complex
mixer and synthesizer 302 as a dashed block coupled to the digital modulator 210 and
a second complex mixer and synthesizer 304 coupled to the digital modulator 212.
This is because, as is explained in detail later, some embodiments use a single
complex mixer and synthesizer coupled to only one of the digital modulators. While
other embodiments includes multiple complex mixers and synthesizers. Also, in the
embodiment depicted in FIG. 3, the multipliers 226 up-convert both baseband signals
to respective RF signals using the same carrier frequency, represented as LO1.
Whereas, in the embodiment depicted in FIG. 2, the multipliers 226 up-convert the
baseband signals to respective RF signals using different carrier frequencies,

represented as LO1 and LO2.

10
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[0050] In one embodiment, the first complex mixer and synthesizer 302 is
configured to incorporate frequency and phase offsets, shown as dw1+AFC1 and 661,
into I and Q components of the first baseband signal. The second complex mixer and
synthesizer 304 is configured to incorporate frequency and phase offset, shown as
0w2+AFC2 and 802, into I and Q components of the second baseband signal. The
ET controller 308 receives the I and Q components of the plurality of baseband
signals after the frequency and phase offsets are incorporated into the baseband

signals.

[0051] In general, both the embodiment depicted in FIG. 2 or the embodiment
depicted in FIG. 3 includes an integrated circuit, such as RFIC 106, configured to
perform a method for generating a composite envelope reference voltage Vgr for a
plurality of transmit signals. One such method is demonstrated by reference to a
method 400 shown in FIG. 4. At 402, the integrated circuit generates a composite
baseband signal from a plurality of baseband signals that represent a plurality of
different transmit signals. In one example, the ET controller 208, 308 and the
complex mixers and synthesizers 232, 302 and 304 are configured to generate a
composite baseband signal from the 11, Q1, 12, and Q2 components received from the
digital modulators 210, 212, wherein the 11, Q1, 12, and Q2 components represent two
different transmit signals. The composite baseband signal is characterized by a
composite in-phase component Ic and a composite quadrature component Qc. In one
embodiment, the baseband signals within the plurality of baseband signals are
correlated. In another embodiment the baseband signals within the plurality of
baseband signals are uncorrelated. Where the baseband signals used to generate the
composite baseband signal are uncorrelated, the composite baseband signal can be
generated using a number of different embodiments of hardware and corresponding
functionality as illustrated, for example, by reference to the hardware and

functionality described later with respect to FIGs. 5-15.

[0052] At 404, the integrated circuit calculates a composite envelope signal for the
composite baseband signal. In an embodiment, calculating the composite envelope
signal, Vref, for the composite baseband signal comprises the magnitude-phase cordic

236: summing a square of the composite in-phase component Ic with a square of the

11
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composite quadrature component to generate a composite sum; and calculating a
square root of the composite sum. The magnitude-phase cordics 236 shown in the
FIGs. 7,8, 10, 11, 13, and 14 are configured to facilitate calculating the composite
envelope signal in this manner. The output of cordic 236 is processed by the circuit

elements 218 to generate the composite envelope signal Vref.

[0053] At 406, a composite envelope reference voltage Vgr is generated from the
composite envelope signal Vref. In one example, the ET converter 202 generates the
composite envelope reference voltage Ver. At 408, the power amplifier 204 transmits
the plurality of transmit signals, as a combined RF signal, using or as driven or
powered by the composite envelope reference voltage Ver. For example, the plurality
of transmit signals, are received by the transmission line-up 214, 216 from the digital
modulators 210, 212. The transmission line-ups 214 and 216 generate the combined
RF signal that the power amplifier 204 transmits using the composite envelope

reference voltage Vgr.

[0054] Turning now to FIG. 5, which shows a logical flow chart illustrating a method
500 for calculating the composite envelope signal for the composite baseband signals.
The method 500 is performed, in one example, on an integrated circuit, such as RFIC
106. More specifically, in one example ET controller 208 comprising the complex
mixer and synthesizer 232 of FIG. 2 performs the method 500, and in another
example the complex mixers and synthesizer 302, 304 in conjunction with the ET
controller 308 of FIG. 3 performs the method 500. At 502, the plurality of baseband
signals each characterized by an in-phase component and a quadrature component are
received. In one example the ET controller 208 receives the baseband signals, in
another example the complex mixers and synthesizer 302, 304 receive the baseband
signals. At 504, a plurality of offset components based on at least one offset
characteristic are generated by applying a sinusoidal function to at least one baseband
signal within the plurality of baseband signals. In one example, the ET controller 208
generates the plurality of offset components, in another example the complex mixers
and synthesizers 302, 304 generate the plurality of offset components. At 506, a first
subset of the plurality of offset components are combined within a sum of the in-

phase components of the plurality of baseband signals to generate a composite in-

12
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phase component characterizing a composite base-band signal. At 508, a second
subset of the plurality of offset components are combined within a sum of the
quadrature components of the plurality of baseband signals to generate a composite
quadrature component characterizing the composite base-band signal. In one
embodiment, ET controller 208 combines the plurality of offset components within
the plurality of baseband signals. In another embodiment, the complex mixers and
synthesizers 302, 304 in conjunction with the ET controller 308 does this combining.
At 510, the ET controller 208 or 308 calculates the composite envelope signal for the
composite baseband signal, for instance as described above by reference to block 404

of FIG. 4.

[0055] Turning now to FIG. 6, which shows a plurality of different synthesizers
configured for combining offsets into baseband components. The different
synthesizers generate a plurality of offset components by applying a sinusoidal
function to at least one baseband signal within a plurality of baseband signals. Each
of the synthesizers 602, 604, 606, 608 is implemented as either a plurality of cordics
or a digital signal processor. Also, cach of the synthesizers is configured to receive
one or more offsets, for example, the frequency offset ® and/or the phase offset 0, and
combine the offsets into a component of a baseband signal, such as an in-phase or
quadrature component of the baseband signal. FIG. 6 illustrates synthesizers which
incorporate the offsets ® and 0 using sine and cosine cordics. FIG. 6d illustrates a
DSP which is also configured to receive phase and frequency offsets  and 0 and use
sine and cosine functions to combine the offsets into a component of a baseband
signal. Although only one DSP implementation is shown 6d, in other example
embodiments, DSP implementations are used to perform the functions of the

synthesizers shown in figure 6.

[0056] Turning now to FIG. 7, shown therein is one example of an ET controller
with an internal complex mixer and synthesizer, for example ET controller 208, for
generating a composite envelope signal in accordance with the present teachings. The
ET controller 208, in one embodiment includes: first delays 702; first gains 704;
second delays 706; second gains 708; the complex mixer and synthesizer 232

comprising a plurality of multipliers 740, 742, 744, and 746 and the synthesizer 602;

13
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the summer 234 comprising adders 710 and 712; and the magnitude-phase cordic 236.
The multipliers 740, 742, 744, and 746 implement a complex mixer 734.

[0057] In one embodiment, the ET controller 208 is configured to receive baseband
signal components 11, Q1, 12, and Q2 which are the I and Q components of a first and
second baseband signal, respectively. The delays 702, 706, in one example,
compensate for amplifier gain, signal offset, RF signal delay, power amplifier
characteristics, base station requested timing advances or delay, and/or associated
RFIC 106 component temperatures. The ET controller 208 adjusts the gains 704, 708

to compensate for signal drive levels.

[0058] The following equation (1) is one mathematical representation of an
implementation of the ET controller 208, which is shown in FIG. 7.
Env=[(I] +I2 «cos(dw «t + 00) - Q2 « sin(dw «t + 50))° +
(01 + Q2 «cos(dw t + 80) + I2 ssin(dw «t + 50’17 (1)

[0059] In one example embodiment, the synthesizer 602 is configured to receive at
least one offset characteristic comprised of at least one of a phase offset and a
frequency offset, respectively, represented by the symbols dw and 66 in FIG. 7. The
synthesizer 602 operates with the multipliers 740, 742, 744, and 746 to combine the
offset characteristics into the in-phase and quadrature components of one or more
baseband signals to generate the plurality of offset components comprising the offset
in-phase components and the offset quadrature components. The phase offset, in one
example implementation, is a phase offset difference between the first and second
baseband signals; and the frequency offset comprises a difference in carrier frequency

between the carrier signals onto which the baseband signals are modulated.

[0060] In at least one implementation scenario, at least one offset component
comprises a first frequency offset component caused by transmitting a first transmit
signal of the plurality of transmit signals to a first base station, e.g., 108, and
transmitting a second transmit signal of the plurality of transmit signals to a second
base station, ¢.g., 110. In such a case, the at least one offset characteristic further
comprises an AFC offset, and the frequency offset further incorporates one or more
AFC offsets, such as the AFC1 and the AFC 2. In cases where the first and second

baseband signals are transmitted to different base stations, the AFC offset is used in
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facilitating fidelity of the two signals that are transmitted to the two different base

stations.

[0061] The adder 712 combines a first subset of the plurality offset components
within a sum of the in-phase components of the plurality of baseband signals to
generate a composite in-phase component Ic. The adder 710 combines a second

subset of the plurality offset components within a sum of the quadrature components
of the plurality of baseband signals to generate a composite quadrature component Qc.
The magnitude-phase cordic 236 uses Ic and Qc to generate the composite envelope

signal.

[0062] Turning now to FIG. 8, shown therein is one example of an ET controller, for
example ET controller 308, for generating a composite envelope signal in accordance
with the present teachings. The ET controller 308, in one embodiment includes: first
delays 802; first gains 804; second delays 806; second gains 808; the complex mixer
and synthesizer 304 comprising a plurality of multipliers 840, 842, 844, and 846 and
the synthesizer 602; the summer 234 comprising adders 814, and 816; and the
magnitude-phase cordic 236. The multipliers 840, 842, 844, and 846 implement a

complex mixer 834.

[0063] The complex mixer and synthesizer 304, in one embodiment, is coupled to
outputs of the second digital modulator 212. In one example embodiment, complex
mixer and synthesizer 304 is configured to receive baseband signal components 12,
and Q2 which are the I and Q components of the second baseband signal. In one
embodiment, the RFIC 106 includes a second complex mixer and synthesizer 302
coupled to an output of the first digital modulator, and the second complex mixer and
synthesizer 302 passes through the I and Q signals of the first digital modulator to the
ET controller 308. In another embodiment, the ET controller 308 samples I and Q
signals from signal lines coupled to the first digital modulator 210 without an
intervening complex mixer and synthesizer coupled to the first digital modulator 210.
In one embodiment, the ET controller 308 is configured to receive 11, Q1 baseband

signal components.

[0064] The delays 802, 806, in one example, compensate for amplifier gain, signal

offset, RF signal delay, power amplifier characteristics, base station requested timing
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advances or delay, and/or associated RFIC 106 component temperatures. The ET

controller 208 adjusts the gains 804, 808 to compensate for signal drive levels.

[0065] In one example embodiment, the synthesizer 602 is configured to receive at
least one offset characteristic comprised of at least one of a phase offset and a
frequency offset, respectively, represented by the symbols dw and 66 in FIG. 8. The
synthesizer 602 operates with the multipliers 840, 842, 844, and 846 to combine offset
characteristics into the in-phase and quadrature components of one or more baseband
signals to generate the plurality of partial offset components comprising the partial
offset in-phase components and the partial offset quadrature components. The phase
offset, in one example implementation, is a phase offset difference between the first
and second baseband signals; and the frequency offset comprises a difference in
carrier frequency between the carrier signals onto which the baseband signals are

modulated.

[0066] In at least one implementation scenario, at least one offset component
comprises a first frequency offset component caused by transmitting a first transmit
signal of the plurality of transmit signals to a first base station, e.g., 108, and
transmitting a second transmit signal of the plurality of transmit signals to a second
base station, ¢.g., 110. In such a case, the at least one offset characteristic further
comprises an AFC offset, and the frequency offset further incorporates one of more
AFC offsets, such as the AFC1 and the AFC 2. In cases where the first and second
baseband signals are transmitted to different base stations, the AFC offset is used in
facilitating fidelity of the two signals that are transmitted to the two different base

stations.

[0067] The adder 814 combines a partial composite in-phase component within a sum
of the in-phase components of the plurality of baseband signals to generate a
composite in-phase component Ic. The adder 816 combines a partial composite
quadrature component within a sum of the quadrature components of the plurality of
baseband signals to generate a composite quadrature component Qc. The magnitude-

phase cordic 236 uses Ic and Qc to generate the composite envelope signal.
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[0068] Turning now to FIG. 9, which shows a logical flow chart illustrating a method
900 for generating a composite envelope signal. The method 900 is described in

conjunction with the circuits shown in FIG. 7 and FIG. 8.

[0069] The method 900 includes applying a sinusoidal function to the at least one
baseband signal within the plurality of baseband signals, which comprises, at 902, a
first baseband signal characterized by a first in-phase component I1 and a first
quadrature component Q1 and a second baseband signal characterized by a second in-
phase component 12 and a second quadrature component Q2 is received. In FIG. 7,
the delay and gains 702, 704, and 706, 708, receive and process the 11, Q1, and 12, Q2
components, respectively. In FIG. 8, the delay and gains 802, 804, and 806, 808

receive and process the 11, Q1, and the 12a, Q2a components, respectively.

[0070] At 904, a cosine function generated using the cosine cordic 610 of synthesizer
602 1s applied to the second in-phase component 12 using the multiplier 742 in FIG. 7
or the multiplier 842 in FIG. 8 to generate a first offset in-phase component, e.g., 12 «
cos(dw =t + 06) of equation (1). At 906, a sine function generated using the sine
cordic 612 of synthesizer 602 is applied to the second quadrature component Q2 using
the multiplier 744 in FIG. 7 or the multiplier 844 in FIG. 8 to generate a first offset
quadrature component Q2 « sin(dw =t + 60) of equation (1). At 908, the cosine
function generated using the cosine cordic 610 is applied to the second quadrature
component Q2 using the multiplier 746 in FIG. 7 and or multiplier 846 in FIG. 8 to
generate a second offset quadrature component, e.g., Q2 « cos(ow =t + 66) of equation
(1). At 910, a sine function generated using the sine cordic 612 of synthesizer 602 is
applied to the second in-phase component 12 using the multiplier 740 in FIG. 7 or the
multiplier 840 in FIG. 8 to generate a second offset in-phase component, e.g., 12 =
sin(ow =t + 60) of equation (1).

[0071] At 912, the adder 712 of FIG. 7 or 810 and 814 of FIG. 8 sum the first in-
phase component I1, the first offset in-phase component 72 = cos(dw +t + 30), and the
first offset quadrature component, e.g., Q2 = sin(dw =t + 30) to generate the composite
in-phase component Ic of the composite baseband signal. More particularly, with

respect to FIG. 8, the adder 810, receives terms 12 = cos(dw «t + 66), Q2 = sin(ow «t +
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06) and outputs partial composite in-phase component 12a which is combined with 11

at adder 814 to generate the composite in-phase component.

[0072] At 914, the adder 710 of FIG. 7 or 812 and 816 of FIG. 8 sum the first
quadrature component Q1, the second offset quadrature component Q2 = cos(dw =t +
06), and the second offset in-phase component, 12 «sin(dw =t + 66) to generate the
composite quadrature component Qc of the composite baseband signal. More
particularly, with respect to FIG. 8, the adder 810, receives terms Q2 = cos(dw =t +
00), 12 «sin(dw =t + 60) and outputs partial composite quadrature component Q2a
which is combined with Q1 at adder 816 to generate the composite quadrature
component. At 916, magnitude-phase cordic 236 receives the composite in-phase
component Ic and the composite quadrature component Qc and generates the
composite envelope signal, for example, as described above by reference to 404 of

FIG. 4.

[0073] As previously described, each baseband signal in the plurality of baseband
signals is characterized by an in-phase component and a quadrature component.
Further, generating the composite baseband signal from the plurality of baseband
signals comprises: summing the in-phase components of the plurality of baseband
signals to generate a composite in-phase component; and summing the quadrature
components of the plurality of baseband signals to generate a composite quadrature
component. Further, calculating the composite envelope signal for the composite
baseband signal comprises: summing a square of the composite in-phase component
with a square of the composite quadrature component to generate a composite sum;
and calculating a square root of the composite sum. In other words, a square of the
composite in-phase component is added with a square of the composite quadrature
component to generate a composite sum, and at 916 the square root of the composite
sum is calculated to calculate the composite envelope signal for the composite
baseband signal. In one embodiment, the magnitude-phase cordic 236 receives the
composite in-phase component Ic and composite quadrature component Qc and
performs step 916 to calculate the composite envelope signal, for instance as

described above by reference to block 404 of FIG. 4.
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[0074] Turning now to FIG. 10, shown therein is one example of an ET controller
with an internal complex mixer and synthesizer, for example ET controller 208, for
generating a composite envelope signal in accordance with the present teachings. The
ET controller 208 depicted in FIG. 10 includes: first delays 1002; first gains 1004;
second delays 1006; second gains 1008; the complex mixer and synthesizer 232
comprising a plurality of multipliers 1040, 1042, 1044, 1046, 1048, 1050, 1052, and
1054, and the synthesizer 604; the summer 234 comprising adders 1014 and 1016;
and the magnitude-phase cordic 236. The multipliers 1040, 1042, 1044, 1046, 1048,
1050, 1052, and 1054, implement the complex mixers 1034, 1038.

[0075] The following equation (2) is one mathematical representation an
implementation of the ET controller 208, which is shown in FIG. 10.

Env = [(I]+cos(01) - QI «sin@1) + 12 «cos(82) - O2 +sin(02))° +

(11+sin(01) + QI «cos(01) + 12 «sin(02) + Q2 «cos(92))°]"” (2)
[0076] In one example embodiment, the synthesizer 604 is configured to receive at
least one offset characteristic comprised of at least one of a phase offset and a
frequency offset, respectively, represented by the symbols dw I, dw2, 601, and 662, in
FIG. 10.

[0077] The synthesizer 604 operates with the multipliers 1040, 1042, 1044, 1046,
1048, 1050, 1052, and 1054 to combine the offset characteristics into the in-phase and
quadrature components of one or more baseband signals to generate the plurality of
offset components comprising the offset in-phase components and the offset
quadrature components. The phase offset, in one example implementation, is a phase
offset difference between the first and second baseband signals; and the frequency
offset comprises a difference in carrier frequency between the carrier signals onto

which the baseband signals are modulated.

[0078] In at least one implementation scenario, at least one offset component
comprises a first frequency offset component caused by transmitting a first transmit
signal of the plurality of transmit signals to a first base station, e.g., 108, and
transmitting a second transmit signal of the plurality of transmit signals to a second
base station, ¢.g., 110. In such a case, the at least one offset characteristic further

comprises an AFC offset, and the frequency offset further incorporates one of more
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AFC offsets, such as the AFC1 and the AFC 2. In cases where the first and second
baseband signals are transmitted to different base stations, the AFC offset is used in
facilitating fidelity of the two signals that are transmitted to the two different base

stations.

[0079] The summer 1014 combines a first subset of the plurality offset components
within a second subset of in-phase components of the plurality of baseband signals to
generate a composite in-phase component Ic. The summer 1016 combines a third
subset of the plurality offset components within a fourth subset of quadrature
components of the plurality of baseband signals to generate a composite quadrature
component Qc. The magnitude-phase cordic 236 uses Ic and Qc to generate the

composite envelope signal.

[0080] Turning now to FIG. 11, shown therein is one example of an ET controller, for
example ET controller 308, for generating a composite envelope signal in accordance
with the present teachings. The ET controller 308, in one embodiment includes: first
delays 1102; first gains 1104; second delays 1106; second gains 1108; the complex
mixer and synthesizers 302, 304. Complex mixer and synthesizer 304 comprising a
plurality of multipliers 1140, 1142, 1144, and 1146. Complex mixer and synthesizer
302 comprising a plurality of multipliers 1148, 1150, 1152, and 1154. Further, each
of the complex mixer and synthesizers 302, 304 includes the synthesizer 604. The ET
controller 308 includes the summer 234 comprising adders 1118, and 1120; and the
magnitude-phase cordic 236. The multipliers 1140, 1142, 1144, and 1146 implement
the complex mixer 1138 of the complex mixer and synthesizer 304. The multipliers
1148, 1150, 1152, and 1154 implement the complex mixer 1132 of the complex mixer
and synthesizer 302.

[0081] The complex mixer and synthesizer 304, in one embodiment, is coupled to
outputs of the second digital modulator 212. Complex mixer and synthesizer 304 is
configured to receive the in-phase and quadrature components of a baseband signal.
The complex mixer and synthesizer 302, in one embodiment, is coupled to outputs of
the first digital modulator 210. Complex mixer and synthesizer 302 is configured to

receive the in-phase and quadrature components of a baseband signal.
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[0082] In one embodiment, the ET controller 308 is configured to receive first and
second partial composite in-phase and quadrature baseband signal components 11a,
Qla, 12a, Q2a. The delays 1102, 1106, in one example, compensate for amplifier gain,
signal offset, RF signal delay, power amplifier characteristics, base station requested
timing advances or delay, and/or associated RFIC 106 component temperatures. The

ET controller 308 adjusts the gains 1104, 1108 to compensate for signal drive levels.

[0083] In one example embodiment, the synthesizer 604 is configured to receive at
least one offset characteristic comprised of at least one of a phase offset and a
frequency offset, respectively, represented by the symbols dw and 6 in FIG. 11. The
synthesizers 604 operates with the multipliers 1140, 1142, 1144, 1146, 1148, 1150,
1152, and 1154 to combine offset characteristics into the in-phase and quadrature
components of one or more baseband signals to generate the plurality of partial offset
components comprising the partial offset in-phase components and the partial offset
quadrature components. The phase offset, in one example implementation, is a phase
offset difference between the first and second baseband signals; and the frequency
offset comprises a difference in carrier frequency between the carrier signals onto

which the baseband signals are modulated.

[0084] In at least one implementation scenario, at least one offset component
comprises a first frequency offset component caused by transmitting a first transmit
signal of the plurality of transmit signals to a first base station, e.g., 108, and
transmitting a second transmit signal of the plurality of transmit signals to a second
base station, ¢.g., 110. In such a case, the at least one offset characteristic further
comprises an AFC offset, and the frequency offset further incorporates one or more
AFC offsets, such as the AFC1 and the AFC 2. In cases where the first and second
baseband signals are transmitted to different base stations, the AFC offset is used in
facilitating fidelity of the two signals that are transmitted to the two different base

stations.

[0085] The summer 1118 combines a first partial composite in-phase component and
a second partial composite in-phase component to generate a composite in-phase
component Ic. The summer 1120 combines a first partial composite quadrature

component and a second partial composite quadrature component to generate a
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composite quadrature component Qc. The magnitude-phase cordic 236 uses Ic and Qc

to generate the composite envelope signal.

[0086] Turning now to FIG. 12, which shows a logical flow chart illustrating a
method 1200 for generating a composite envelope signal. The method 1200 is

described in conjunction with the circuits shown in FIG. 10 and FIG. 11.

[0087] At 1202, a first baseband signal characterized by a first in-phase component 11
and a first quadrature component Q1 and a second baseband signal characterized by a
second in-phase component 12 and a second quadrature component Q2 is received. In
FIG. 10, the first delay and gains 1002, 1004, receive and process the components 11,
Q1, and the second delay and gains 1006, 1008, receive and process the components
12, Q2. In FIG. 11, the first delay and gains 1102, 1104, receive and process the
partial components I1a, Q1la, and the second delay and gains 1106, 1108, receive and

process the partial components 12a, Q2a.

[0088] At 1204, a first cosine function generated using the cosine cordic 622 of
synthesizer 604 is applied to the first in-phase component 11 using the multiplier 1048
in FIG. 10 or the multiplier 1148 in FIG. 11 to generate a first offset in-phase
component, e.g., [/ cos(01) of equation (2). At 1206, a first sine function generated
using the sine cordic 620 of synthesizer 604 is applied to the first quadrature
component Q1 using the multiplier 1054 in FIG. 10 or the multiplier 1154 in FIG. 11
to generate a first offset quadrature component Q/ =sin(01) of equation (2). At 1208,
a second cosine function generated using the cosine cordic 622 is applied to the
second in-phase component 12 using the multiplier 1040 in FIG. 10 and or multiplier
1140 in FIG. 11 to generate a second offset in-phase component, e.g., 12 «cos(62) of
equation (3). At 1210, a second sine function generated using the sine cordic 620 of
synthesizer 604 is applied to the second quadrature component Q2 using the
multiplier 1046 in FIG. 10 or the multiplier 1146 in FIG. 11 to generate a second
offset quadrature component, e.g., Q2 «sin(62) of equation (2).

[0089] At 1212, the first sine function generated using the sine cordic 620 of
synthesizer 604 is applied to the first in-phase component I1 using the multiplier 1050
in FIG. 10 or the multiplier 1150 in FIG. 11 to generate a third offset in-phase

component, e.g., [/+ sin(@1) of equation (2). At 1214, first cosine function generated
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using the cosine cordic 622 of synthesizer 604 is applied to the first quadrature
component Q1 using the multiplier 1052 in FIG. 10 or the multiplier 1152 in FIG. 11
to generate a third offset quadrature component e.g., Q1 =cos(01) of equation (2). At
1216, the second sine function generated using the sine cordic 620 is applied to the
second in-phase component 12 using the multiplier 1042 in FIG. 10 or multiplier 1142
in FIG. 11 to generate a fourth offset in-phase component, e.g., 12 «sin(62) of
equation (2). At 1218, the second cosine function generated using the cosine cordic
622 of synthesizer 604 is applied to the second quadrature component Q2 using the
multiplier 1044 in FIG. 10 or the multiplier 1144 in FIG. 11 to generate a fourth offset
quadrature component, ¢.g., 02 +cos(62) of equation (2).

[0090] At 1220, adders 1010, 1014 of FIG. 10 or 1110, 1114, and 1118 of FIG. 11
sum the first offset in-phase component /7« cos(61), the first offset quadrature
component Q1 «sin(@1), the second offset in-phase component 12 «cos(62), and the
second offset quadrature component Q2 «sin(62), to generate the composite in-phase
component Ic of the composite baseband signal. More particularly, with respect to
FIG. 10, the adder 1010, receives terms 7/« cos(81), Q1 +sin(61) and outputs the result
to adder 1014, which sums the result with the terms 12 «cos(62), Q2 «sin(62), which
generates the composite in-phase component Ic. With respect to FIG. 11, the adder
1110 receives the terms 17+ cos(01), Q1 «sin(01) and outputs first partial composite
in-phase component [1a. The adder 1114 receives the terms 12 «cos(62), Q2 «sin(62)
and outputs second partial composite in-phase component 12a. The adder 118 sums
the first partial composite in-phase component I1a and second partial composite in-

phase component Ia2 to generate the in-phase composite component Ic.

[0091] At 1222, adders 1012, 1016 of FIG. 10 or 1112, 1116 and 1120 of FIG. 11
sum the third offset in-phase component 7/« sin(81), the third offset quadrature
component Q1 =cos(01), the fourth offset in-phase component /2 «sin(62), and the
fourth offset quadrature component Q2 «cos(02), to generate the composite
quadrature component Qc of the composite baseband signal. More particularly, with
respect to FIG. 10, the adder 1012, receives terms /1« sin(@1), Q1 «cos(01) and
outputs the result to adder 1016, which sums the result with the terms 12 «sin(62), Q2

xcos(62), which generates the composite quadrature component Qc. With respect to
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FIG. 11, the adder 1112 receives the terms /= sin(81), Q1 «cos(81) and outputs first
partial composite quadrature component Qla. The adder 1116 receives the terms 12 «
sin(62) ,02 « cos(62) and outputs second partial composite quadrature component Q2a.
The adder 1120 sums the first partial composite quadrature component Q1la and
second partial composite quadrature component Qa2 to generate the composite

quadrature component Qc.

[0092] At 1224, magnitude-phase cordic 236 receives the composite in-phase
component Ic and the composite quadrature component Qc and generates the
composite envelope signal, for example, as described above by reference to 404 of

FIG. 4.

[0093] Turning now to FIG. 13, shown therein is one example of an ET controller
with an internal complex mixer and synthesizer, for example ET controller 208, for
generating a composite envelope signal in accordance with the present teachings. The
ET controller 208, in one embodiment includes: first delays 1302; first gains 1304;
second delays 1306; second gains 1308; the complex mixer and synthesizer 232
comprising a plurality of multipliers 1340, 1342, 1344, and 1346 and the synthesizer
606; the summer 234 comprising summers 1310 and 1312; and the magnitude-phase
cordic 236. The multipliers 1340, 1342, 1344, and 1346 implement the complex mixer
1334.

[0094] The following equation (3) is one mathematical representation of an
implementation of the ET controller 208, which is shown in FIG. 13.

Env =[(I] +I2 «cos(dw «t + 00) - Q2 «cos(dw «t + 00-T)/2))° +

(O1 + Q2 «cos(dw «t + 80) + I2 « cos(dew « t + 50 -T1/2 )] (3)

[0095] In one example embodiment, the synthesizer 606 is configured to receive at
least one offset characteristic comprised of at least one of a phase offset and a
frequency offset, respectively, represented by the symbols dw and 60 in FIG. 13. The
synthesizer 606 operates with the multipliers 1340, 1342, 1344, and 1346 to combine
the offset characteristics into the in-phase and quadrature components of one or more
baseband signals to generate the plurality of offset components comprising the offset
in-phase components and the offset quadrature components. The phase offset, in one

example implementation, is a phase offset difference between the first and second
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baseband signals; and the frequency offset comprises a difference in carrier frequency

between the carrier signals onto which the baseband signals are modulated.

[0096] In at least one implementation scenario, at least one offset component
comprises a first frequency offset component caused by transmitting a first transmit
signal of the plurality of transmit signals to a first base station, e.g., 108, and
transmitting a second transmit signal of the plurality of transmit signals to a second
base station, ¢.g., 110. In such a case, the at least one offset characteristic further
comprises an AFC offset, and the frequency offset further incorporates one of more
AFC offsets, such as the AFC1 and the AFC 2. In cases where the first and second
baseband signals are transmitted to different base stations, the AFC offset is used in
facilitating fidelity of the two signals that are transmitted to the two different base

stations.

[0097] The adder 1312 combines a first subset of the plurality offset components
within a sum of the in-phase components of the plurality of baseband signals to
generate a composite in-phase component Ic. The summer 1310 combines a second
subset of the plurality offset components within a sum of the quadrature components
of the plurality of baseband signals to generate a composite quadrature component Qc.
The magnitude-phase cordic 236 uses Ic and Qc to generate the composite envelope

signal.

[0098] Turning now to FIG. 14, shown therein is one example of an ET controller, for
example ET controller 308, for generating a composite envelope signal in accordance
with the present teachings. The ET controller 308, in one embodiment includes: first
delays 1402; first gains 1404; second delays 1406; second gains 1408; the complex
mixer and synthesizer 304 comprising a plurality of multipliers 1440, 1442, 1444, and
1446 and the synthesizer 606; the summer 234 comprising adders 1414 and 1416; and
the magnitude-phase cordic 236. The multipliers 1440, 1442, 1444, and 1446

implement the complex mixer 1434.

[0099] The complex mixer and synthesizer 304, in one embodiment, is coupled to
outputs of the second digital modulator 212. In one example embodiment, complex
mixer and synthesizer 304 is configured to receive baseband signal components 12

and Q2 which are the I and Q components of the second baseband signal. In one
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embodiment, the RFIC 106 includes complex mixer and synthesizer 302 coupled to
an output of the first digital modulator. Complex mixer and synthesizer 302 passes
through the I and Q signals of the first digital modulator 210 to the ET controller 308.
In another embodiment, the ET controller 308 samples I and Q signals from signal
lines coupled to the first digital modulator 210 without an intervening complex mixer

and synthesizer coupled to the first digital modulator 210.

[00100] In one embodiment, the ET controller 308 is configured to receive 11,
Q1 baseband signal components and complex mixer and synthesizer 304 is configured
to receive 12 and Q2 baseband signal components. The delays 1402, 1406, in one
example, compensate for amplifier gain, signal offset, RF signal delay, power
amplifier characteristics, base station requested timing advances or delay, and/or
associated RFIC 106 component temperatures. The ET controller 308 adjusts the

gains 1404, 1408 to compensate for signal drive levels.

[00101] In one example embodiment, the synthesizer 606 is configured to
receive at least one offset characteristic comprised of at least one of a phase offset and
a frequency offset, respectively, represented by the symbols dw and 66 in FIG. 14.
The synthesizer 606 operates with the multipliers 1440, 1442, 1444, and 1446 to
combine offset characteristics into the in-phase and quadrature components of one or
more baseband signals to generate the plurality of partial offset components
comprising the partial offset in-phase components and the partial offset quadrature
components. The phase offset, in one example implementation, is a phase offset
difference between the first and second baseband signals; and the frequency offset
comprises a difference in carrier frequency between the carrier signals onto which the

baseband signals are modulated.

[00102] In at least one implementation scenario, at least one offset component
comprises a first frequency offset component caused by transmitting a first transmit
signal of the plurality of transmit signals to a first base station, e.g., 108, and
transmitting a second transmit signal of the plurality of transmit signals to a second
base station, ¢.g., 110. In such a case, the at least one offset characteristic further
comprises an AFC offset, and the frequency offset further incorporates one of more

AFC offsets, such as the AFC1 and the AFC 2. In cases where the first and second
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baseband signals are transmitted to different base stations, the AFC offset is used in
facilitating fidelity of the two signals that are transmitted to the two different base

stations.

[00103] The adder 1414 combines a first partial composite in-phase component
within a sum of the in-phase components of the plurality of baseband signals to
generate a composite in-phase component Ic. The summer 1416 combines a partial
composite quadrature component within a sum of the quadrature components of the
plurality of baseband signals to generate a composite quadrature component Qc. The

magnitude-phase cordic 236 uses Ic and Qc to generate the composite envelope signal.

[00104] Turning now to FIG. 15, which shows a logical flow chart illustrating a
method 1500 for generating a composite envelope signal. The method 1500 is

described in conjunction with the circuits shown in FIG. 13 and FIG. 14.

[00105] The method 1500 includes applying a sinusoidal function to the at least
one baseband signal within the plurality of baseband signals, which comprises, at
1502, a first baseband signal characterized by a first in-phase component 11 and a first
quadrature component Q1 and a second baseband signal characterized by a second in-
phase component 12 and a second quadrature component Q2 is received. In FIG. 13,
the delay and gains 1302, 1304, receive and process 11, Q1, and the delay and gains
1306, 1308, receive and process 12, Q2. In FIG.14, the delay and gains 1402, 1404,
receive and process 11, Q1, and the delay and gains 1406, 1408, receive and process

12, Q2.

[00106] At 1504, a cosine function generated using the cosine cordic 632 of
synthesizer 606 is applied to the second in-phase component 12 using the multiplier
1340 in FIG. 13 or the multiplier 1440 in FIG. 14 to generate a first offset in-phase
component, e.g., I2 = cos(dw «t + 06) of equation (3). At 1506, a cosine function
generated using the cosine cordic 630 of synthesizer 606 is applied to the second
quadrature component Q2 using the multiplier 1342 in FIG. 13 or the multiplier 1442
in FIG. 14 to generate a first offset quadrature component Q2 = cos(dw =t + 60-T1/2)
of equation (3). At 1508, the cosine function generated using the cosine cordic 632 is
applied to the second quadrature component Q2 using the multiplier 1344 in FIG. 13

and or multiplier 1444 in FIG. 14 to generate a second offset quadrature component,
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e.g., Q2 «cos(ow =t + 60) of equation (3). At 1510, a cosine function generated using
the cosine cordic 630 of synthesizer 606 is applied to the second in-phase component
12 using the multiplier 1342 in FIG. 13 or the multiplier 1442 in FIG. 14 to generate a
second offset in-phase component, e.g., 12 « cos(dw =t + 60 -[1/2 ) of equation (3).

[00107] At 1512, the adder 1312 of FIG. 13 or 1410 and 1414 of FIG. 8 sum
the first in-phase component 11, the first offset in-phase component 12 « cos(dw « ¢ +
00), and the first offset quadrature component, Q2 = cos(dw =t + 60-[]/2) to generate
the composite in-phase component Ic of the composite baseband signal. More
particularly, with respect to FIG. 14, the adder 1410, receives terms 12 = cos(dw =t +
00), Q2 «cos(dw =t + 60-[}/2) and outputs partial composite in-phase component 12a
which is combined with 11 at adder 1414 to generate the composite in-phase

component.

[00108] At 1514, the adder 1310 of FIG. 13 or 1412 and 1416 of FIG. 14 sum
the first quadrature component Q1, the second offset quadrature component Q2 «
cos(dw +t + 06), and the second offset in-phase component, 12 + cos(dw « t + 60 -

[1V2 ) to generate the composite quadrature component Qc of the composite baseband
signal. More particularly, with respect to FIG. 14, the adder 1412, receives terms Q2
xcos(0w =t + 00), I2 « cos(ow =t + 00 -[]/2 ) and outputs partial composite quadrature
component Q2a which is combined with the first quadrature component Q1 at adder

1416 to generate the composite in-phase component.

[00109] At 1516, magnitude-phase cordic 236 receives the composite in-phase
component Ic and the composite quadrature component Ic and generates the
composite envelope signal, for example, as described above by reference to 404 of

FIG. 4.

[00110] Turning now to FIG. 16, which depicts one example of a method 1600
for generating a composite envelope signal in accordance with the present teachings.
The RFIC 106, in one example performs the method 1600.

[00111] At 1602, a plurality of baseband signals each characterized by an in-
phase component and a quadrature component are received. In one example the

complex mixer and synthesizer 232 of FIG. 2 receives the in-phase and quadrature
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components. In another example, the complex mixer and synthesizers 302, 304

receives the components.

[00112] At 1604, the in-phase components of the plurality of baseband signals
are summed to generate a composite in-phase component. At 1606, the quadrature
components of the plurality of baseband signals are summed to generate a composite
quadrature component. In one example, the complex mixer and synthesizer 232 and
summer 234 performs the summing of steps 1602, 1604. In another example, the
complex mixer and synthesizers 302, 304 and summer 234 performs the summing of

steps 1602, 1604.

[00113] At 1608, in one example, the magnitude-phase cordic 236 sums a
square of the composite in-phase component Ic with a square of the composite
quadrature component Qc to generate a composite sum. At 1610, in one example, the
magnitude-phase cordic 236 calculates a square root of the composite sum to calculate
the composite envelope signal for the composite baseband signal, for instance as

described above by reference to block 404 of FIG. 4.

[00114] Turning now to FIG. 17, which depicts one embodiment of a
communication device, e.g., the communication device 102 of FIG. 1, in accordance
with the current teachings. The embodiment depicted in FIG. 17 includes many of the
same components configured in a substantially similar manner as components of FIG.
2 and FIG. 3. Thus, a redundant description of similar components is not presented.
Some differences between FIG. 17 and FIGs. 2 and 3 include that, in one embodiment,
the baseband IC 104 of FIG. 17 includes the first and second digital modulators 210,
212, and the complex mixers and synthesizers 302, 304. Further, the baseband IC 104
includes a gain-delay adjust and summer (GDAS) 1710. The GDAS 1710 further
includes a summer 1734. The first and second complex mixers and synthesizers 302,
304 are configured and operate in a substantially similar manner to the first and

second complex mixers and synthesizers 302, 304 illustrated in FIGs. 2 and 3.

[00115] Turning now to FIG. 18, shown therein is one example of an ET
controller, complex mixer and synthesizer, and GDAS, configured to generate a
composite envelope signal in accordance with the present teachings. FIG. 18, for

example, shows ET controller 1708, complex mixer and synthesizer 304 and GDAS
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1710, configured to generate a composite envelope signal. The complex mixer and
synthesizer 304 of FIG. 18 is configured and functions in a substantially similar
manner to the complex mixer and synthesizer 304 of FIG. 8, thus redundant
descriptions are omitted. The complex mixer and synthesizer 304 of FIG. 18 receives
baseband components 12 and Q2, and outputs corresponding partial composite in-
phase and quadrature components 12a, Q2a in a substantially similar manner as the
complex mixer and synthesizer 304 of FIG. 8. The GDAS 1710 of FIG. 18 receives
baseband components 11 and Q1, and the partial composite in-phase and partial
composite quadrature components 12a, Q2a. The GDAS 1710 operates in a manner
similar to the ET controller 308 depicted in FIG. 8, however, the GDAS 1710 does
not include the cordic 236. First delays 1802 and first gains 1804 process the
baseband components 11 and Q1 in a substantially similar manner to the first delays
802 and first gains 804 of FIG. 8. Further, the second delays 1806 and second gains
1808 process the partial composite in-phase and quadrature components 12a, Q2a in a
substantially similar manner to the second delays 806 and second gains 806 of FIG. 8.
Further, the adders 1814 and 1816 of the summer 1734 of FIG. 18 operate in a
substantially similar manner to the adders 814 and 816 of the summer 234 of FIG. 8.
Thus, the summer 1734 outputs composite in-phase component Ic and composite
quadrature component Qc corresponding to the result of combining the in-phase
component I1 and the partial composite in-phase component I1a, and the quadrature
component Q1 and the partial composite quadrature component Q2a. The cordic 236
of the ET controller 1708 generates the composite envelope signal from the composite

in-phase component I¢c and the composite quadrature component Qc.

[00116] Turning now to FIG. 19, shown therein is one example of an ET
controller, a complex mixer and a GDAS, for generating a composite envelope signal
in accordance with the present teachings. FIG. 19, for example, depicts ET controller
1708, complex mixer and synthesizers 302, 304 and GDAS 1710, for generating a
composite envelope signal. The complex mixer and synthesizers 302, 304 of FIG. 19
are configured and function in a substantially similar manner to the complex mixer
and synthesizers 302 and 304 of FIG. 11, thus redundant descriptions are omitted. The

complex mixer and synthesizer 302 of FIG. 19 receives baseband components 11 and
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Q1, and outputs corresponding partial composite in-phase and quadrature components
I1a, Qla in a substantially similar manner as the complex mixer and sythesizer 302 of
FIG. 11. The complex mixer and synthesizer 304 of FIG. 19 receives baseband
components 12 and Q2, and outputs corresponding partial composite in-phase and
quadrature components 12a, Q2a in a substantially similar manner as the complex
mixer and synthesizer 304 of FIG. 11. The GDAS 1710 of FIG. 19 receives partial
composite in-phase and quadrature components I1a, Qla, 12a, Q2a. The GDAS 1710
operates in a manner similar to the ET controller 308 depicted in FIG. 11, however,
the GDAS 1710 does not include the cordic 236. Thus, first delays 1902 and first
gains 1904 process the partial composite in-phase component I1a and the partial
composite quadrature component Qla in a substantially similar manner to the first
delays 1102 and first gains 1104 of FIG. 11. Further, the second delays 1906 and
second gains 1908 process the partial composite in-phase component 12a and partial
composite quadrature component Q2a in a substantially similar manner as the second
delays 1106 and second gains 1108 of FIG. 11. Further, the adders 1918 and 1920 of
the summer 1734 of FIG. 19 operates in a substantially similar manner to the adders
1118 and 1120 of the summer 234 of FIG. 11. Thus, the summer 1734 outputs
composite in-phase component Ic and composite quadrature component Qc
corresponding to the result of combining the partial composite in-phase component
I1a and the partial composite in-phase component 12a, and the partial composite
quadrature component Q1la and the partial composite quadrature component Q2a.
The cordic 236 of the ET controller 1708 generates the composite envelope signal

from the composite in-phase component Ic and the composite quadrature component
Qc.

[00117] Turning now to FIG. 20, shown therein is one example of an ET
controller, a complex mixer and synthesizer, and a GDAS, for generating a composite
envelope signal in accordance with the present teachings. FIG. 20, for example,
depicts ET controller 1708, complex mixer and synthesizer 304 and GDAS 1710, for
generating a composite envelope signal. The complex mixer and synthesizer 304 of
FIG. 20 is configured and functions in a substantially similar manner to the complex

mixer and synthesizer 304 of FIG. 14, thus redundant descriptions are omitted. The
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complex mixer and sythesizer 304 of FIG. 20 receives baseband components 12 and
Q2, and outputs corresponding partial composite in-phase and quadrature components
12a, Q2a in a substantially similar manner as the complex mixer and sythesizer 304 of
FIG. 14. The GDAS 1710 of FIG. 20 receives baseband components 11 and Q1, and
the partial composite in-phase and quadrature components 12a, Q2a. The GDAS 1710
operates in a manner similar to the ET controller 308 depicted in FIG. 14, however,
the GDAS 1710 does not include the cordic 236. Thus, first delays 2002 and first
gains 2004 process the baseband components I1 and Q1 in a substantially similar
manner to the first delays 1402 and first gains 1404 of FIG. 14. Further, the second
delays 2006 and second gains 2008 process the partial composite in-phase and
quadrature components 12a, Q2a in a substantially similar manner as the second
delays 1406 and second gains 1408 of FIG. 14. Further, the adders 2014 and 2016 of
the summer 1734 of FIG. 20 operates in a substantially similar manner to the adders
1414 and 1416 of the summer 234 of FIG. 14. Thus, the summer 1734 outputs
composite in-phase component Ic and composite quadrature component Qc
corresponding to the result of combining the first in-phase component 11 and the
partial composite in-phase component I1a, and the first quadrature component Q1 and
the partial composite quadrature component Q2a. The cordic 236 of the ET controller
1708 generates the composite envelope signal from the composite in-phase

component Ic and the composite quadrature component Qc.

[00118] Disclosed in one embodiment is an apparatus for generating a
composite envelope signal for a plurality of transmit signals, the apparatus
comprising: at least one complex mixer and synthesizer configured to generate a
plurality of offset components based on at least one offset characteristic between
baseband signals in a plurality of baseband signals that represent a corresponding
plurality of different transmit signals, wherein the at least one offset characteristic
comprises at least one of a frequency offset, a phase offset or an amplitude offset; a
set of summer circuits coupled to the at least one complex mixer and synthesizer. The
set of summer circuit are configured, in one embodiment, to combine a first subset of
the plurality of offset components within a sum of the in-phase components of the

plurality of baseband signals to generate a composite in-phase component, combine a
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second subset of the plurality of offset components within a sum of the quadrature
components of the plurality of baseband signals to generate a composite quadrature
component. The apparatus also comprises an envelope tracking controller coupled to
the set of summer circuits and configured to calculate a composite envelope signal for
the composite baseband signal, wherein the composite envelope signal is used to
generate a composite envelope reference voltage for powering a single power

amplifier as the power amplifier transmits the plurality of different transmit signals.

[00119] The envelope tracking controller, in one embodiment, is included on a
radio frequency integrated circuit, wherein at least a first summer circuit in the set of

summer circuits is included within the envelope tracking controller.

[00120] The at least one complex mixer and synthesizer and the set of summer

circuits is, in one embodiment, included within the envelope tracking controller.

[00121] The envelope tracking controller, in one embodiment, is included on a
radio frequency integrated circuit, wherein the at least one complex mixer and
synthesizer is included on the radio frequency integrated circuit external to the

envelope tracking controller.

[00122] The envelope tracking controller, in one embodiment, is included on a
radio frequency integrated circuit, wherein the at least one complex mixer and
synthesizer is included on a second integrated circuit that is external to the radio

frequency integrated circuit.

[00123] The at least one complex mixer and synthesizer, in one embodiment,
comprises: a synthesizer circuit configured to generate a sinusoidal function; and a
plurality of combiners coupled to the synthesizer circuit to apply the sinusoidal
function to at least one baseband signal within the plurality of baseband signals to

generate the plurality of offset components.

[00124] The synthesizer circuit, in one embodiment, comprises at least one
plurality of cordics comprising at least one of a cosine cordic or a sine cordic of; or a

digital signal processor.

[00125] In the foregoing specification, specific embodiments have been

described. However, one of ordinary skill in the art appreciates that various
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modifications and changes can be made without departing from the scope of the
invention as set forth in the claims below. Accordingly, the specification and figures
are to be regarded in an illustrative rather than a restrictive sense, and all such

modifications are intended to be included within the scope of present teachings.

[00126] The benefits, advantages, solutions to problems, and any element(s)
that may cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential features or
clements of any or all the claims. The invention is defined solely by the appended
claims including any amendments made during the pendency of this application and

all equivalents of those claims as issued.

[00127] Morcover in this document, relational terms such as first and second,
top and bottom, and the like may be used solely to distinguish one entity or action
from another entity or action without necessarily requiring or implying any actual
such relationship or order between such entities or actions. The terms “comprises,”

99 ¢cs 99 ¢cs

“comprising,” “has,” “having,” “includes,” “including,

2% ¢ 2% ¢

contains,” “containing” or
any other variation thereof, are intended to cover a non-exclusive inclusion, such that
a process, method, article, or apparatus that comprises, has, includes, contains a list of
elements does not include only those elements but may include other elements not
expressly listed or inherent to such process, method, article, or apparatus. An element

EE Y

proceeded by “comprises ... a,” “has ... a,” “includes ... a,” or “contains ... a” does
not, without more constraints, preclude the existence of additional identical elements
in the process, method, article, or apparatus that comprises, has, includes, contains the

element. The terms “a” and “an” are defined as one or more unless explicitly stated

EE Y 2% ¢ 2% ¢

otherwise herein. The terms “substantially,” “essentially,” “approximately,” “about”
or any other version thereof, are defined as being close to as understood by one of
ordinary skill in the art, and in one non-limiting embodiment the term is defined to be
within 10%, in another embodiment within 5%, in another embodiment within 1%
and in another embodiment within 0.5%. The term “coupled” as used herein is
defined as connected, although not necessarily directly and not necessarily
mechanically. A device or structure that is “configured” in a certain way is

configured in at least that way, but may also be configured in ways that are not listed.
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[00128] It will be appreciated that some embodiments may be comprised of one
or more generic or specialized processors (or “processing devices™) such as
microprocessors, digital signal processors, customized processors and field
programmable gate arrays (FPGAs) and unique stored program instructions (including
both software and firmware) that control the one or more processors to implement, in
conjunction with certain non-processor circuits, some, most, or all of the functions of
the method and/or apparatus described herein. Alternatively, some or all functions
could be implemented by a state machine that has no stored program instructions, or
in one or more application specific integrated circuits (ASICs), in which each function
or some combinations of certain of the functions are implemented as custom logic.

Of course, a combination of the two approaches could be used.

[00129] Moreover, an embodiment can be implemented as a computer-readable
storage medium having computer readable code stored thereon for programming a
computer (e.g., comprising a processor) to perform a method as described and
claimed herein. Examples of such computer-readable storage mediums include, but
are not limited to, a hard disk, a CD-ROM, an optical storage device, a magnetic
storage device, a ROM (Read Only Memory), a PROM (Programmable Read Only
Memory), an EPROM (Erasable Programmable Read Only Memory), an EEPROM
(Electrically Erasable Programmable Read Only Memory) and a Flash memory.
Further, it is expected that one of ordinary skill, notwithstanding possibly significant
effort and many design choices motivated by, for example, available time, current
technology, and economic considerations, when guided by the concepts and principles
disclosed herein will be readily capable of generating such software instructions and

programs and ICs with minimal experimentation.

[00130] The Abstract of the Disclosure is provided to allow the reader to
quickly ascertain the nature of the technical disclosure. It is submitted with the
understanding that it will not be used to interpret or limit the scope or meaning of the
claims. In addition, in the foregoing Detailed Description, it can be seen that various
features are grouped together in various embodiments for the purpose of streamlining
the disclosure. This method of disclosure is not to be interpreted as reflecting an

intention that the claimed embodiments require more features than are expressly
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recited in each claim. Rather, as the following claims reflect, inventive subject matter
lies in less than all features of a single disclosed embodiment. Thus the following
claims are hereby incorporated into the Detailed Description, with each claim

standing on its own as a separately claimed subject matter.
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CLAIMS

We claim:

1. A method, performed on an integrated circuit, for generating a composite envelope
reference voltage for a plurality of transmit signals, the method comprising:

generating a composite baseband signal from a plurality of baseband signals that
represent a corresponding plurality of different transmit signals;

calculating a composite envelope signal for the composite baseband signal; and
generating a composite envelope reference voltage from the composite envelope
signal for use in powering a single power amplifier as the power amplifier transmits the

plurality of different transmit signals.

2. The method of claim 1, wherein the baseband signals in the plurality of baseband

signals are correlated.

3. The method of claim 2, wherein each baseband signal in the plurality of baseband
signals is characterized by an in-phase component and a quadrature component, wherein

generating the composite baseband signal from the plurality of baseband signals comprises:

summing the in-phase components of the plurality of baseband signals to generate a

composite in-phase component; and

summing the quadrature components of the plurality of baseband signals to generate a

composite quadrature component.

4. The method of claim 3, wherein calculating the composite envelope signal for the

composite baseband signal comprises:

summing a square of the composite in-phase component with a square of the

composite quadrature component to generate a composite sum; and
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calculating a square root of the composite sum.

5. The method of claim 1, wherein each baseband signal in the plurality of baseband
signals is characterized by an in-phase component and a quadrature component, wherein

generating the composite baseband signal from the plurality of baseband signals comprises:

generating a plurality of offset components based on at least one offset characteristic
between the baseband signals in the plurality of baseband signals, wherein the at least one
offset characteristic comprises at least one of a frequency offset, a phase offset or an

amplitude offset;

combining a first subset of the plurality of offset components within a sum of the in-
phase components of the plurality of baseband signals to generate a composite in-phase
component;

combining a second subset of the plurality of offset components within a sum of the
quadrature components of the plurality of baseband signals to generate a composite

quadrature component.

6. The method of claim 5, wherein the baseband signals within the plurality of baseband

signals are uncorrelated.

7. The method of claim 5, wherein calculating the composite envelope signal for the

composite baseband signal comprises:

summing a square of the composite in-phase component with a square of the

composite quadrature component to generate a composite sum; and

calculating a square root of the composite sum.

8. The method of claim of claim 5, wherein the at least one offset characteristic further

comprises an automatic frequency control offset.
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9. The method of claim 5, wherein the at least one offset component comprises a first
frequency offset component caused by transmitting a first transmit signal of the plurality of
transmit signals to a first base station and transmitting a second transmit signal of the

plurality of transmit signals to a second base station.

10.  The method of claim 5, wherein generating the plurality of offset components
comprises applying a sinusoidal function to at least one baseband signal within the plurality

of baseband signals.

11.  The method of claim 10, wherein the plurality of baseband signals comprises a first
baseband signal characterized by a first in-phase component and a first quadrature component
and a second baseband signal characterized by a second in-phase component and a second

quadrature component, wherein:
applying the sinusoidal function to the at least one baseband signal within the
plurality of baseband signals comprising:
applying a cosine function to the second in-phase component to generate a
first offset in-phase component;

applying a sine function to the second quadrature component to generate a first

offset quadrature component;

applying the cosine function to the second quadrature component to generate a

second offset quadrature component;
applying the sine function to the second in-phase component to generate a
second offset in-phase component;

combining the first subset of the plurality of offset components within the sum of the
in-phase components of the plurality of baseband signals to generate the composite in-phase
component comprises summing the first in-phase component, the first offset in-phase

component, and the first offset quadrature component;

combining the second subset of the plurality of offset components within the sum of

the quadrature components of the plurality of baseband signals to generate the composite
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quadrature component comprises summing the first quadrature component, the second offset

quadrature component, and the second offset in-phase component.

12.  The method of claim 10, wherein the plurality of baseband signals comprises a first
baseband signal characterized by a first in-phase component and a first quadrature component
and a second baseband signal characterized by a second in-phase component and a second

quadrature component, wherein:

applying the sinusoidal function to the at least one baseband signal within the
plurality of baseband signals comprising:
applying a first cosine function to the first in-phase component to generate a

first offset in-phase component;

applying a first sine function to the first quadrature component to generate a

first offset quadrature component;

applying a second cosine function to the second in-phase component to

generate a second offset in-phase component;

applying the second sine function to the second quadrature component to

generate a second offset quadrature component;

applying the first sine function to the first in-phase component to generate a
third offset in-phase component;
applying the first cosine to the first quadrature component to generate a third

offset quadrature component;

applying the second sine function to the second in-phase component to

generate a fourth offset in-phase component;

applying the second cosine function to the second quadrature component to

generate a fourth offset quadrature component;

combining the first subset of the plurality of offset components within the sum of the
in-phase components of the plurality of baseband signals to generate the composite in-phase

component comprises summing the first offset in-phase component, the first offset quadrature
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component, the second offset in-phase component, and the second offset quadrature

component;

combining the second subset of the plurality of offset components within the sum of
the quadrature components of the plurality of baseband signals to generate the composite
quadrature component comprises summing the third offset in-phase component, the third
offset quadrature component, the fourth offset in-phase component, and the fourth offset

quadrature component.

13.  The method of claim 10, wherein the plurality of baseband signals comprises a first
baseband signal characterized by a first in-phase component and a first quadrature component
and a second baseband signal characterized by a second in-phase component and a second
quadrature component, wherein:
applying the sinusoidal function to the at least one baseband signal within the
plurality of baseband signals comprising:
applying a first cosine function to the second in-phase component to generate

a first offset in-phase component;

applying a second cosine function to the second quadrature component to

generate a first offset quadrature component;

applying the first cosine function to the second quadrature component to

generate a second offset quadrature component;

applying the second cosine function to the second in-phase component to

generate a second offset in-phase component;

combining the first subset of the plurality of offset components within the sum of the
in-phase components of the plurality of baseband signals to generate the composite in-phase
component comprises summing the first in-phase component, the first offset in-phase

component, and the first offset quadrature component;

combining the second subset of the plurality of offset components within the sum of

the quadrature components of the plurality of baseband signals to generate the composite
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quadrature component comprises summing the first quadrature component, the second offset

quadrature component, and the second offset in-phase component.

14.  An apparatus for generating a composite envelope signal for a plurality of transmit

signals, the apparatus comprising:

at least one complex mixer and synthesizer configured to generate a plurality of offset
components based on at least one offset characteristic between baseband signals in a plurality
of baseband signals that represent a corresponding plurality of different transmit signals,
wherein the at least one offset characteristic comprises at least one of a frequency offset, a

phase offset or an amplitude offset;

a set of summer circuits coupled to the at least one complex mixer and synthesizer

and configured to:

combine a first subset of the plurality of offset components within a sum of the
in-phase components of the plurality of baseband signals to generate a composite in-

phase component;

combine a second subset of the plurality of offset components within a sum of
the quadrature components of the plurality of baseband signals to generate a

composite quadrature component;

an envelope tracking controller coupled to the set of summer circuits and configured
to calculate a composite envelope signal for the composite baseband signal, wherein the
composite envelope signal is used to generate a composite envelope reference voltage for
powering a single power amplifier as the power amplifier transmits the plurality of different

transmit signals.

15.  The apparatus of claim 14, wherein the envelope tracking controller is included on a
radio frequency integrated circuit, wherein at least a first summer circuit in the set of summer

circuits is included within the envelope tracking controller.

42



10

15

20

WO 2014/149452 PCT/US2014/018536

16.  The apparatus of claim 15, wherein the at least one complex mixer and synthesizer

and the set of summer circuits is included within the envelope tracking controller.

17.  The apparatus of claim 14, wherein the envelope tracking controller is included on a
radio frequency integrated circuit, wherein the at least one complex mixer and synthesizer is

included on the radio frequency integrated circuit external to the envelope tracking controller.

18.  The apparatus of claim 14, wherein the envelope tracking controller is included on a
radio frequency integrated circuit, wherein the at least one complex mixer and synthesizer is
included on a second integrated circuit that is external to the radio frequency integrated

circuit.

19.  The apparatus of claim 14, wherein the at least one complex mixer and synthesizer

comprises:
a synthesizer circuit configured to generate a sinusoidal function; and

a plurality of combiners coupled to the synthesizer circuit to apply the sinusoidal
function to at least one baseband signal within the plurality of baseband signals to generate

the plurality of offset components.
20.  The apparatus of claim 19, wherein the synthesizer circuit comprises at least one of:

a plurality of cordics comprising at least one of a cosine cordic or a sine cordic; or

a digital signal processor.
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Generate a composite baseband signal from a
402~ plurality of baseband signals which represent a
plurality of different transmit signals

'

4p4~] Calculate a composite envelope signal for the
composite baseband signal

'

406~ Generate a composite envelope reference
voltage from the composite envelope signal

'

Transmit the plurality of transmit signals by a
408~  single power amplifier using the composite
envelope reference voltage

FI1G. 4



WO 2014/149452 PCT/US2014/018536

5/20

Receive a plurality of baseband signals each
502~ characterized by an in-phase component and a
quadrature component

'

Generate a plurality of offset components based

504-] OP at least one offset characteristic by applying a
sinusoidal function to at least one baseband

signal within the plurality of baseband signals

'

Combine a first subset of the plurality of offset
components within a sum of the in-phase
906~ components of the plurality of baseband signals
to generate a composite in-phase component
characterizing a composite baseband signal

'

Combine a second subset of the plurality of offset
components within a sum of the quadrature
508~ components of the plurality of baseband signals
to generate a composite quadrature component
characterizing the composite baseband signal

'

510~  Calculate a composite envelope signal for the
composite baseband signal

FIG. 5
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Receive a first baseband signal characterized by a first
909~/ in-phase component and a first quadrature component and a
second baseband signal characterized by a second in-phase
component and a second quadrature component

!

904~ Apply a cosine function to a second in-phase component to
generate a first offset in-phase component

!

906~ Apply a sine function to a second quadrature component to
generate a first offset quadrature component

'

908~ Apply the cosine function to the second quadrature component
to generate a second offset quadrature component

!

910~ Apply the sine function to the second in-phase component to
generate a second offset in-phase component

!

Sum the first in-phase component, the first offset in-phase
919~  component, and the first offset quadrature component to
generate a composite in-phase component of a composite
baseband signal

!

Sum the first quadrature component, the second offset
974~ quadrature component, and the second offset in-phase
component to generate a composite quadrature component
of the composite baseband signal

Y

916~ Calculate a composite envelope signal for the composite
baseband signal

FI1G. 9
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Receive a first baseband signal characterized by a first in-phase component and a
first quadrature component and a second baseband signal characterized by a
second in-phase component and a second quadrature component

Y

1204~

Apply a first cosine function to a first in-phase component to generate a first offset
in-phase component

Y

1206~

Apply a first sine function to a first quadrature component to generate a first offset
quadrature component

Y

1208~

Apply a second cosine function o a second in-phase component to generate a
second offset in-phase component

Y

1210~

Apply a second sine function to a second quadrature component to generate a
second offset quadrature component

Y

1212~

Apply the first sine function to the first in-phase component to generate a third offset
in-phase component

Y

1214~

Apply the first cosine function to the first quadrature component to generate a third
offset quadrature component

Y

1216~

Apply the second sine function to the second in-phase component to generate a
fourth offset in-phase component

Y

1218~

Apply the second cosine function to the second quadrature component to generate
a fourth offset quadrature component

Y

1220~

Sum the first offset in-phase component, the first offset quadrature component, the
second offset in-phase component, and the second offset quadrature component to
generate a composite in-phase component of a composite baseband signal

Y

1222~

Sum the third offset in-phase component, the third offset quadrature component, the
fourth offset in-phase component, and the fourth offset quadrature component to
generate a composite quadrature component of the composite baseband signal

Y

1224~

Calculate a composite envelope signal for the composite baseband signal

FIG. 12
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1500

Receive a first baseband signal characterized by a first
1502~ in-phase component and a first quadrature component and a
second baseband signal characterized by a second in-phase
component and a second quadrature component

'

1504~ Apply a first cosine function to the second in-phase
component to generate a first offset in-phase component

!

1506~ Apply a second cosine function to a second quadrature
component to generate a first offset quadrature component

!

1508~ Apply the first cosine function to the second quadrature
component to generate a second offset quadrature component

!

1510~ Apply the second cosine function to the second in-phase
component to generate a second offset in-phase component

!

Sum the first in-phase component, the first offset in-phase
1512~  component, and the first offset quadrature component to
generate a composite in-phase component

'

Sum the first quadrature component, the second offset
1514~ quadrature component, and the second offset in-phase
component to generate a composite quadrature component

!

1516~ Calculate a composite envelope signal for the composite
baseband signal

FI1G. 15
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1602~

Receive a plurality of baseband signals each
characterized by an in-phase component and a
quadrature component

'

1604~

Sum the in-phase components of the plurality of
baseband signals to generate a composite
in-phase component

'

1606~

Sum the quadrature components of the plurality
of baseband signals to generate a composite
quadrature component

'

1608~

Sum a square of the composite in-phase
component with a square of the composite
quadrature component to generate a composite
sum

'

1610~

Calculate a square root of the composite sum to
calculate the composite envelope signal for the
composite baseband signal

FIG. 16
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