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(54) DISCRETE LEVELS ENVELOPE TRACKING

(57) An envelope tracking arrangement is disclosed
and includes a level select component, a chunk supply
component and a power amplifier. The level select com-
ponent is configured to segment an input signal into
chunks based on time and to select a chunk level for
each chunk based on information or envelope informa-

tion. The chunk supply component is configured to se-
lectively provide a discrete supply voltage according to
the selected chunk level. The power amplifier is config-
ured to generate a radio frequency (RF) output signal
based on the input signal and utilizing the discrete supply
voltage.
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Description

BACKGROUND

[0001] A fixed supply radio frequency (RF) power am-
plifier (PA) operates with a fixed supply voltage and am-
plifies an input or transmit signal for RF transmission.
The fixed supply PA may operate efficiently for higher
valued signals. However, the fixed supply PA typically
operates inefficiently at lower values.
[0002] Furthermore, the fixed supply PA may be effi-
cient for higher input values or ranges, but these high
values can lead to compression and introduce nonline-
arities into an amplified output signal. Thus, when the
fixed supply PA can operate more efficiently, nonlinear-
ities are introduced into its output.
[0003] Envelope tracking is an alternative approach
that utilizes a non-fixed supply PA. Envelope tracking
may provide more power efficiency at lower signal levels
as compared with fixed supply PAs. However, envelope
tracking across large channel widths and/or certain fre-
quencies can be problematic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

Fig. 1 is a diagram illustrating a level based envelope
tracking (ET) power amplifier (PA) arrangement.
Fig. 2 is a diagram illustrating an envelope tracking
(ET) power amplifier (PA) arrangement.
Fig. 3 is a graph illustrating utilizing varied supply
levels for a supply voltage.
Fig. 4 is a diagram illustrating identifying chunks of
an input signal using symbols.
Fig. 5 is a diagram illustrating an exemplary user
equipment or mobile communication device.
Fig. 6 is a flow diagram illustrating a method of op-
erating an envelope tracking arrangement.

DETAILED DESCRIPTION

[0005] The systems and methods of this disclosure are
described with reference to the attached drawing figures,
wherein like reference numerals are used to refer to like
elements throughout, and wherein the illustrated struc-
tures and devices are not necessarily drawn to scale.
[0006] The present disclosure will now be described
with reference to the attached drawing figures, wherein
like reference numerals are used to refer to like elements
throughout, and wherein the illustrated structures and
devices are not necessarily drawn to scale. As utilized
herein, terms "component," "system," "interface," and the
like are intended to refer to a computer-related entity,
hardware, software (e.g., in execution), and/or firmware.
For example, a component can be a processor (e.g., a
microprocessor, a controller, or other processing device),
a process running on a processor, a controller, an object,

an executable, a program, a storage device, a computer,
a tablet PC, an electronic circuit and/or a mobile phone
with a processing device. By way of illustration, an ap-
plication running on a server and the server can also be
a component. One or more components can reside within
a process, and a component can be localized on one
computer and/or distributed between two or more com-
puters. A set of elements or a set of other components
can be described herein, in which the term "set" can be
interpreted as "one or more."
[0007] Further, these components can execute from
various computer readable storage media having various
data structures stored thereon such as with a module,
for example. The components can communicate via local
and/or remote processes such as in accordance with a
signal having one or more data packets (e.g., data from
one component interacting with another component in a
local system, distributed system, and/or across a net-
work, such as, the Internet, a local area network, a wide
area network, or similar network with other systems via
the signal).
[0008] As another example, a component can be an
apparatus with specific functionality provided by me-
chanical parts operated by electric or electronic circuitry,
in which the electric or electronic circuitry can be operated
by a software application or a firmware application exe-
cuted by one or more processors. The one or more proc-
essors can be internal or external to the apparatus and
can execute at least a part of the software or firmware
application. As yet another example, a component can
be an apparatus that provides specific functionality
through electronic components without mechanical
parts; the electronic components can include one or more
processors therein to execute software and/or firmware
that confer(s), at least in part, the functionality of the elec-
tronic components.
[0009] Use of the word exemplary is intended to
present concepts in a concrete fashion. As used in this
application, the term "or" is intended to mean an inclusive
"or" rather than an exclusive "or". That is, unless specified
otherwise, or clear from context, "X employs A or B" is
intended to mean any of the natural inclusive permuta-
tions. That is, if X employs A; X employs B; or X employs
both A and B, then "X employs A or B" is satisfied under
any of the foregoing instances. In addition, the articles
"a" and "an" as used in this application and the appended
claims should generally be construed to mean "one or
more" unless specified otherwise or clear from context
to be directed to a singular form. Furthermore, to the ex-
tent that the terms "including", "includes", "having", "has",
"with", or variants thereof are used in either the detailed
description and the claims, such terms are intended to
be inclusive in a manner similar to the term "comprising".
[0010] As used herein, the term "circuitry" may refer
to, be part of, or include an Application Specific Integrated
Circuit (ASIC), an electronic circuit, a processor (shared,
dedicated, or group), and/or memory (shared, dedicated,
or group) that execute one or more software or firmware
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programs, a combinational logic circuit, and/or other suit-
able hardware components that provide the described
functionality. In some embodiments, the circuitry may be
implemented in, or functions associated with the circuitry
may be implemented by, one or more software or
firmware modules. In some embodiments, circuitry may
include logic, at least partially operable in hardware.
[0011] Envelope tracking (ET) is an approach to radio
frequency (RF) power amplifier (PA) design in which a
power supply voltage applied to a PA is adjusted to en-
hance or improve power efficiency during a transmission.
Thus, the power efficiency of ET power amplifiers is im-
proved compared to fixed supply power amplifiers. ET
can be utilized in RF front ends for communication sys-
tems to perform amplitude modulation (AM).
[0012] Typically, ET determines instantaneous ampli-
tude information for an input signal. This instantaneous
amplitude information is referred to as an envelope or
envelope tracking information. The envelope information
is then used to adjust a supply voltage to a PA. Thus, the
supply voltage tracks the envelope of the input signal and
efficiency of the PA is facilitated.
[0013] ET does facilitate PA efficiency for applications
such as amplitude modulation. However, ET is limited by
channel width. For example, ET tracking the amplitude
becomes increasingly more difficult as channel widths
increases, particularly with channels wider than 20-40
mega Hertz (MHz). As a result, the above approaches
to ET may not be suitable for some applications that use
other frequencies and/or channel widths.
[0014] Embodiments disclosed here utilize enhanced
levels envelope tracking (ET). The enhanced ET incor-
porates two or more non-causal levels based envelope
tracking. The two or more levels are supply voltages or
voltage levels and are used with the PA and for digital
pre-distortion (DPD). As a result, wider channels are sup-
ported including, but not limited to, WiFi 802.11ac (chan-
nels up to 160 MHz), Long Term Evolution (LTE) Ad-
vanced (channels up to 100 MHz), ultra wideband appli-
cations, and the like.
[0015] Fig. 1 is a diagram illustrating a level based en-
velope tracking (ET) power amplifier (PA) arrangement
100. The arrangement 100 utilizes enhanced levels en-
velope tracking (ET). The enhanced ET uses two or more
levels or discrete levels for ET and digital pre-distortion
(DPD).
[0016] The arrangement 100 includes a power ampli-
fier (PA) 102, a chunk supply 104, radio frequency (RF)
blocks 106 and an ET and DPD level select component
108 or ET and DPD component 108. The arrangement
100 can be used with and/or part of a transmission (TX)
chain.
[0017] The ET and DPD component 108 receives a
baseband signal or input signal 110 and provides a pre-
distorted signal to RF blocks 106. The ET and DPD com-
ponent 108 is configured to segment the signal 110 into
chunks based on time. The chunk time can be, for ex-
ample, 20-4000 nano-seconds (ns), in one example. An

orthogonality time of OFDM in WiFi is 3200 ns and 4000
ns is a symbol duration, including a guard interval (GI).
Other chunk times are contemplated.
[0018] The component 108 is also configured to deter-
mine or select a chunk level for each chunk, where the
chunk level is one of two or more possible levels of supply
voltage (e.g., 1.5 volts, 3 volts and the like) or VCC levels.
The chunk level is determined based on the input signal
110, an allowed distortion and a selected reduced power
consumption. In one example, the chunk level is based
on envelope tracking information of the input signal 110.
In another example, the chunk level is determined ac-
cording to an actual signal peak value for the chunk,
where the envelope tracking information includes the ac-
tual signal peak value. Other suitable techniques can be
used to determine the chunk levels. The chunk levels are
provided as a chunk level signal 112.
[0019] The component 108 is further configured to set
a duration or switching time for switching the power sup-
ply 104 from one level to another. The supply 104 may
require a period of time to switch from one voltage level
to another. The component 108 sets the switching time
based on this required switching time and other factors.
The other factors can include symbols, symbol length,
amplitude variations and the like of the input signal 110.
[0020] The component 108 is also configured to gen-
erate pre-distortions for each chunk based on the deter-
mined chunk level and to apply the pre-distortions to each
chunk of the input signal 110.
[0021] The RF block 106 is shown after the component
108 for simplicity, however it is appreciated that the RF
blocks 106 can be located before and after the compo-
nent 108. The RF blocks include, for example, a base-
band processor, digital to analog converter (DAC), an IQ
mixer and the like. Alternately, the RF blocks 106 can
include a polar modulator instead of the IQ mixer.
[0022] The input signal 110 can represent information
with a modulation based on amplitude, phase, frequency
and/or combinations thereof.
[0023] The RF block 106 is configured to generate an
RF signal based on the input signal 110 and provide the
generated RF signal to the PA 102.
[0024] The ET supply 104 is configured to selectively
apply a supply voltage 114 to the PA 102. The supply
voltage is applied at a chunk level associated with a
chunk of the RF signal. The PA 102 operates at a mode
according to or associated with the chunk level for the
RF signal chunk.
[0025] Thus, the ET component 108 is configured to
supply chunk levels as the supply voltage for a plurality
of chunks to the ET supply 104. The ET supply 104 can
be configured to apply a path delay so that the correct
chunk level is applied to the RF signal. In one example,
the path delay correlates to a path delay from the ET
component to an input of the PA 102.
[0026] The PA 102 operates in a mode based on the
chunk level and is configured to generate an output RF
signal 116 based on the input signal or RF signal from
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the RF block 106. The PA 102 is powered by the supply
voltage from the chunk supply 104.
[0027] The RF signal 116 can be transmitted using one
or more antenna, which are not shown.
[0028] The arrangement 100 and the generated RF
signal 116 can be generated for wide channels, including
channels wider than 20-40 MHz. The wide channels can
also include WiFi 802.11ac (channels up to 160 MHz),
Long Term Evolution (LTE) Advanced (channels up to
100 MHz), ultra wideband applications, and the like.
[0029] Fig. 2 is a diagram illustrating an envelope track-
ing (ET) power amplifier (PA) arrangement 200. The ar-
rangement 200 is similar to the arrangement 100. How-
ever, the arrangement 200 is provide with additional de-
tails. The arrangement 200 utilizes two or more levels for
a supply voltage used to power a power amplifier. The
levels are selected based on envelope information of an
input signal.
[0030] The arrangement 200 is described with two sup-
ply voltage levels or chunk levels, VCC1 and VCC2 for
illustrative purposes. However it is appreciated that the
arrangement 200 can utilize additional supply voltage
levels.
[0031] The arrangement 200 includes an IFFT compo-
nent 216, a buffer 218, a first multiplexer 220, digital pre-
distortion (DPD) components 222, a second multiplexer
224, an I/Q DAC 226, a mixer 228, a power amplifier 102,
an envelope tracking (ET) level select component 230,
a delay component 232 and an ET supply 104.
[0032] The IFFT (inverse fast Fourier transform) com-
ponent 216 is configured to convert symbols of the input
signal 110 from a frequency domain to a time domain.
The IFFT component 216 is utilized for orthogonal fre-
quency division multiplexing (OFDM) modulation. It is ap-
preciated that alternative components can be utilized for
other types of modulation.
[0033] The buffer 218 at least temporarily stores or
maintains symbols to be transmitted of the input signal
110. The buffer 218 is configured to provide the symbols
to the first multiplexer 220 and the level select component
230. The buffer 218 can isolate components, including
the level select component 230 from the input signal and
mitigate its impact on the input signal. The output of the
buffer 218 can be driven higher.
[0034] The level select component 230 is configured
to select a chunk length, select a chunk level for each
chunk, and to determine a switching time between
chunks. The level select component 230 is configured to
segment the signal 110 and the symbols into chunks
based on time, the selected chunk length. The chunk
length can be, for example, 20-200 nano-seconds (ns),
in one example. Other chunk times or lengths are con-
templated. It is also noted that the chunk length can be
constant over a number of chunks and/or varied so that
different chucks can have different chunk lengths or
times.
[0035] As stated above, the component 230 is config-
ured to determine a chunk level for each chunk. In this

example, the chunk level is one of VCC1 or VCC2. In
one example, VCC1 is at a higher voltage, such as 3
Volts and VCC2 is at a lower voltage, such as 1.5 Volts.
In another example, VCC1 is at 1.8 Volts and VCC2 is
at 0.9 Volts. The chunk level is determined based on the
input signal 110 and is substantially constant per chunk
and over the chunk length. In one example, the chunk
level is based on envelope tracking information of the
input signal 110. In another example, the chunk level is
determined according to an actual signal peak value for
the chunk, where the envelope tracking information in-
cludes the actual signal peak value. Other suitable tech-
niques can be used to determine the chunk level. The
chunk levels are provided as a levels signal 112.
[0036] One example technique for selecting a chunk
level is by finding a peak amplitude value for each chunk
and selecting the chunk level by comparing the peak am-
plitude to a threshold value. An example of doing so is
described below with regard to Fig. 3. For more than two
chunk levels, a plurality of threshold values can be used.
It is noted that the threshold values can be adjusted dy-
namically by the component 230 during operation to fa-
cilitate power savings. In another example, the threshold
values are predetermined.
[0037] Another technique for selecting a chunk level is
to determine a chunk level that satisfies an allowed dis-
tortion or distortion level for the chunk of the input signal
110. The allowed distortion can be based on a mask dis-
tortion; an error, vector, magnitude (EVM) and the like.
[0038] The component 230 is configured to select the
switching interval between chunks based on the input
signal 110. In one example, the switching interval is se-
lected based on samples having an amplitude below a
threshold value for a duration longer than a switching
threshold. In one example, the switching threshold is an
amount of time for the supply 104 to switch from one
chunk level to another.
[0039] The DPD components 222 generate and apply
pre-distortions to the symbols or signal from the buffer
218. The pre-distortions are at least partially based on
the chunk levels of the levels signal 112. The first multi-
plexer 220 receives the signal 110 and selects a path to
DPD 1 or DPD 2 based on the levels signal 112. The
DPD 1 is a DPD using VCC1 and the DPD 2 is a DPD
using VCC2. It is appreciated that additional DPDs can
be used for additional supply voltage levels.
[0040] The DPD 1 or DPD 2 apply a pre-distortion to
the buffered input signal/symbols to generate a pre-dis-
torted signal. The pre-distorted signal is directed to the
I/Q DAC 226 by the second multiplexer 224. The second
multiplexer 224 is configured to select a path from DPD
1 or DPD 2 based on the levels signal 112.
[0041] The DPD components 222, which include DPD
1 and DPD 2, are specific to a discrete level or chunk
level. The DPDs 222 can include lookup table(s) (not
shown) to identify distortions. The lookup tables are spe-
cific to an associated level, such as VCC1 or VCC2. In
one example, a single lookup table is used by the DPDs
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where entries are at least partially based or indexed on
the chunk levels. The DPD components 222 are shown
with DPD 1 and DPD 2 in this example. However, it is
appreciated that varied numbers of DPD components
and/or alternate techniques of generating and applying
pre-distortions based on the chunk levels can be utilized.
[0042] The I/Q DAC 226 includes one or more blocks
for processing the pre-distorted signal including, but not
limited to a digital to analog converter (DAC), an in phase
(I) quadrature (Q) mixer, baseband filter and the like. The
DAC 226 is configured to process the pre-distorted signal
and provide the signal to a mixer 228.
[0043] The mixer 228 is configured to mix the analog
signal from the DAC at a selected frequency. The mixed
signal is provided to the PA 102 for amplification.
[0044] The delay component 232 is configured to delay
the levels signal 112 by a path delay. The delayed signal
is provided to the supply 104. The path delay is associ-
ated with a path delay from the buffer component 218
through the DPDs 222 to an input of the PA 102.
[0045] The supply 104 is configured to selectively ap-
ply a supply voltage 114 to the PA 102 according to the
delayed levels signal from the delay component 230. The
supply voltage 114 is applied at a chunk level, VCC1 or
VCC2, associated with a chunk of the RF signal. The PA
102 operates at a mode according to or associated with
the chunk level for the RF signal chunk.
[0046] The supply 104, in this example, is configured
to generate VCC1 and VCC2. The supply 104 includes
a supply multiplexer configured to provide one of the
VCC1 and VCC2 as the supply voltage 114 to the PA
102. The supply 104 can include one or more direct cur-
rent (DC) to DC converters, voltage regulators, low drop-
out (LDO) voltage regulators and the like.
[0047] The supply 104 can include multiple supplies
configured to provide voltages at the chunk levels and
the, one of the multiple supplies is selected based on the
current chunk level using a switch or array of switches.
In another example, the supply 104 includes a single sup-
ply configured to provide a plurality of voltage levels as-
sociated with the chunk levels.
[0048] The PA 102 operates in a mode based on the
chunk level and is configured to generate an output RF
signal 116 based on the input signal or RF signal from
the RF block 106. The PA 102 is powered by the supply
voltage from the chunk supply 104.
[0049] The level select component 230 is configured
to determine or select a switching time from one voltage
level of the supply 104 to another voltage level. The
switching time includes a period of time or interval be-
tween switching the supply voltage 114 from one chunk
level to another chunk level. This switching generally oc-
curs at a low level of the input signal. The interval is typ-
ically less than the period of time for a chunk of the input
signal. The addition of noise due to switching the supply
voltage 114 is mitigated because the switching occurs at
relatively low amplitudes. Thus, the impact of the switch-
ing on the EVM, mask, spurs and the like is mitigated.

[0050] The RF signal 116 can be transmitted using one
or more antenna, which are not shown. It is also appre-
ciated that filtering and/or other processing can be per-
formed on the RF signal 116.
[0051] The arrangement 200 and the generated RF
signal 116 can be generated for wide channels, including
channels wider than 20-40 MHz. The wide channels can
also WiFi 802.11ac (channels up to 160 MHz), Long Term
Evolution (LTE) Advanced (channels up to 100 MHz),
ultra wideband applications, and the like.
[0052] Fig. 3 is a graph 300 illustrating utilizing varied
supply levels for a supply voltage. The varied levels or
chunk levels are used as a supply voltage for a power
amplifier, typically as part of a transmission chain. The
levels and values shown are for illustrative purposes and
it is appreciated that other values are contemplated.
[0053] The graph 300 depicts an input signal over time
along an x-axis and amplitude in volts along a y-axis. The
time is in nano seconds. The graph 300 can be derived
using the arrangement 100, 200 and/or variations there-
of. The component 230 or component 108 can be utilized
to analyze the input signal, segment the signal into
chunks and assign chunk levels.
[0054] This example is shown with two chunk levels,
VCC1 and VCC2. VCC1 is greater than VCC2. It is ap-
preciated that additional chunk levels can be utilized. The
input signal is segmented into chunks with supply inter-
vals between the chunks.
[0055] The graph 300 shows threshold levels for de-
termining a chunk level as horizontal dashed lines. A first
level, shown as VCC2 amplitude, is a level at and below
that the VCC2 is sufficient or suitable for the chunk.
Above, the VCC2 amplitude level, VCC1 is selected as
the chunk level. Thus, if a peak value within the chunk is
greater than the first level (VCC2 amplitude), the VCC1
is used. Otherwise, VCC2 is used. Switching intervals
(SI) are shown between chunk levels or chunks wherein
the supply for the PA is switching from one level to a next
level, such as from VCC1 to VCC2 or VCC2 to VCC1.
The switching intervals generally have low amplitudes
for the duration of the SI, thus the SI can mitigate out of
channel distortions, such as mask distortions and the like.
[0056] A second level designated as SWITCHING in-
dicates suitable times or intervals to switch between
chunks. The second level is also referred to as a switch-
ing level. In one example, the component 230 is config-
ured to segment chunks based on the input signal falling
below the second level.
[0057] A first chunk of the input signal has a single
peak that is below the first level. Thus, the VCC2 is suit-
able to support this chunk. A first switching interval (SI)
is identified where the input signal falls below the second
level.
[0058] A second chunk of the input signal has second
and third peaks that are above the first level threshold
value. As a result, VCC2 is insufficient for this chunk.
Thus, VCC1 is assigned as the chunk level. A second SI
is identified after the input signal again falls below the
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second level.
[0059] A third chunk of the input signal has a single
peak that is below the first level. As a result, the VCC2
is assigned as the chunk level for the third chunk. A third
SI is identified as the input signal falls below the second
level.
[0060] A fourth chunk has three peaks that rise above
the first level. Thus, the VCC1 is assigned as the chunk
level.
[0061] In this example, chunks of the signal are deter-
mined by identifying switching intervals. Then, each
chunk is assigned a chunk level based on its highest
peak. Chunks may vary in time duration.
[0062] Fig. 4 is a diagram illustrating identifying chunks
of an input signal using symbols. The diagram is provided
for illustrative purposes and it is appreciated that other
symbols and variations thereof are contemplated.
[0063] The diagram is described in conjunction with
the arrangements 100 and 200, described above.
[0064] In this example, chunk lengths are based on
symbol duration, such as orthogonal frequency division
multiplexing (OFDM) symbol duration. The chunk length
can be an orthogonality time of OFDM modulation used
for the OFDM symbol. A modified windowing can be used
to get a low amplitude for a duration of a selected switch-
ing time.
[0065] A first example 401 depicts a first symbol S1
followed by a second symbol S2, both of an input signal.
The symbols S1 and S2 overlap slightly. Guard intervals
(GIs) are shown that account for possible overlap. In this
example, each symbol is defined as a chunk of the input
signal. A switching interval (SI) is determined using the
GIs. The SI, in this example, is at least a portion of the
GI. A chunk level for the S1 can be determined by iden-
tifying peaks for the S1 and comparing the peaks with
threshold values. Similarly, a chunk level for the S2 can
be determined by identifying peaks for the S2 and com-
paring the peaks with threshold values.
[0066] A second example 402 depicts a first symbol
S1 followed by a second symbol S2, both of an input
signal with a modified windowing that is used to get a low
amplitude for a duration of a selected switching time. The
symbols S1 and S2 have a gap there between. Guard
intervals (GIs) are shown that account for possible over-
lap. In this example, each symbol is defined as a chunk
of the input signal. A switching interval (SI) is determined
using the GIs. The SI, in this example, is at least a portion
of the GI. It is noted that the low amplitude for the duration
of the switching interval can mitigate out of channel dis-
tortions, such as mask distortions and the like.
[0067] It is appreciated that other suitable techniques
for identifying chunks and assigning chunk levels for the
chunks are contemplated.
[0068] Fig. 5 is a diagram illustrating an exemplary user
equipment, vehicle user equipment or mobile communi-
cation device 500 that can be utilized with one or more
aspects, arrangements and/or embodiments described
above.

[0069] The mobile communication device 500, for ex-
ample, comprises a digital baseband processor 502 that
can be coupled to a data store or memory 503, a front
end 504 (e.g., an RF front end, an acoustic front end, or
the other like front end) and a plurality of antenna ports
507 for connecting to a plurality of antennas 5061 to 506k
(k being a positive integer). The antennas 5061 to 506k
can receive and transmit signals to and from one or more
wireless devices such as access points, access termi-
nals, wireless ports, routers and the like, which can op-
erate within a radio access network or other communi-
cation network generated via a network device. The user
equipment 500 can be a radio frequency (RF) device for
communicating RF signals, an acoustic device for com-
municating acoustic signals, or any other signal commu-
nication device, such as a computer, a personal digital
assistant, a mobile phone or smart phone, a tablet PC,
a modem, a notebook, a router, a switch, a repeater, a
PC, network device, TV broadcast stations, radio broad-
cast stations, satellite communication, backbone RF
transmitters, wearable device, base station or a like de-
vice that can operate to communicate with a network or
other device according to one or more different commu-
nication protocols or standards.
[0070] The front end 504 can include a communication
platform, which comprises electronic components and
associated circuitry that provide for processing, manip-
ulation or shaping of the received or transmitted signals
via one or more receivers or transmitters 508, a mux/de-
mux component 512, and a mod/demod component 514.
The one or more transmitters 508 are configure to use
PLL arrangement, which facilitates generation of the
transmitted signals.
[0071] The front end 504, for example, is coupled to
the digital baseband processor 502 and the set of anten-
na ports 507, in which the set of antennas 5061 to 506k
can be part of the front end.
[0072] The user equipment device 500 can also in-
clude a processor 502 or a controller that can operate to
provide or control one or more components of the mobile
device 500. For example, the processor 502 can confer
functionality, at least in part, to substantially any elec-
tronic component within the mobile communication de-
vice 500, in accordance with aspects of the disclosure.
[0073] The processor 502 can operate to enable the
mobile communication device 500 to process data (e.g.,
symbols, bits, or chips) for multiplexing/demultiplexing
with the mux/demux component 512, or modulation/de-
modulation via the mod/demod component 514, such as
implementing direct and inverse fast Fourier transforms,
selection of modulation rates, selection of data packet
formats, inter-packet times, etc. Memory 503 can store
data structures (e.g., metadata), code structure(s) (e.g.,
modules, objects, classes, procedures, or the like) or in-
structions, network or device information such as policies
and specifications, attachment protocols, code sequenc-
es for scrambling, spreading and pilot (e.g., reference
signal(s)) transmission, frequency offsets, cell IDs, and
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other data for detecting and identifying various charac-
teristics related to RF input signals, a power output or
other signal components during power generation.
[0074] The processor 502 is functionally and/or com-
municatively coupled (e.g., through a memory bus) to
memory 503 in order to store or retrieve information nec-
essary to operate and confer functionality, at least in part,
to communication platform or front end 504, the power
amplifier (PA) system 510 and substantially any other
operational aspects of the PA system 510.
[0075] It is noted that the claimed subject matter may
be implemented as a method, apparatus, or article of
manufacture using standard programming and/or engi-
neering techniques to produce software, firmware, hard-
ware, or any combination thereof to control a computer
to implement the disclosed subject matter (e.g., the sys-
tems shown above, are non-limiting examples of circuits
that may be used to implement disclosed methods and/or
variations thereof). The term "article of manufacture" as
used herein is intended to encompass a computer pro-
gram accessible from any computer-readable device,
carrier, or media. Those skilled in the art will recognize
many modifications may be made to this configuration
without departing from the scope or spirit of the disclosed
subject matter.
[0076] Examples may include subject matter such as
a method, means for performing acts or blocks of the
method, at least one machine-readable medium includ-
ing instructions that, when performed by a machine
cause the machine to perform acts of the method or of
an apparatus or system for concurrent communication
using multiple communication technologies according to
embodiments and examples described herein.
[0077] Example 1 is an envelope tracking arrange-
ment. The arrangement includes a level select compo-
nent, a chunk supply component and a power amplifier.
The level select component is configured to segment an
input signal into chunks based on time, select a chunk
level for each chunk based on information or envelope
information and select a switching interval. The chunk
supply component is configured to selectively provide a
discrete supply voltage according to the selected chunk
level. The power amplifier is configured to generate a
radio frequency (RF) output signal based on the input
signal and utilizing the discrete supply voltage.
[0078] Example 2 includes the subject matter of Ex-
ample 1, including or omitting optional elements, where
the arrangement further includes an RF block configured
to process the input signal.
[0079] Although the invention has been illustrated and
described with respect to one or more implementations,
alterations and/or modifications may be made to the il-
lustrated examples without departing from the spirit and
scope of the appended claims. For example, although a
transmission circuit/system described herein may have
been illustrated as a transmitter circuit, one of ordinary
skill in the art will appreciate that the invention provided
herein may be applied to transceiver circuits as well.

[0080] Furthermore, in particular regard to the various
functions performed by the above described components
or structures (assemblies, devices, circuits, systems,
etc.), the terms (including a reference to a "means") used
to describe such components are intended to corre-
spond, unless otherwise indicated, to any component or
structure which performs the specified function of the de-
scribed component (e.g., that is functionally equivalent),
even though not structurally equivalent to the disclosed
structure which performs the function in the herein illus-
trated exemplary implementations of the invention. The
component or structure includes a processer executing
instructions in order to perform at least portions of the
various functions. In addition, while a particular feature
of the invention may have been disclosed with respect
to only one of several implementations, such feature may
be combined with one or more other features of the other
implementations as may be desired and advantageous
for any given or particular application.
[0081] Furthermore, to the extent that the terms "in-
cluding", "includes", "having", "has", "with", or variants
thereof are used in either the detailed description and
the claims, such terms are intended to be inclusive in a
manner similar to the term "comprising".

Claims

1. An envelope tracking arrangement comprising:

a level select component configured to segment
an input signal into chunks based on time, select
a chunk level for each chunk based on envelope
information and select a switching interval;
a chunk supply component configured to selec-
tively provide a discrete supply voltage accord-
ing to the selected chunk level and the selected
switching interval; and
a power amplifier configured to generate a radio
frequency (RF) output signal based on the input
signal and utilizing the discrete supply voltage.

2. The arrangement of claim 1, wherein the level select
component is configured to select the switching in-
terval based on the input signal and properties of the
chunk supply component.

3. The arrangement of claim 1, wherein the level select
component is configured to select a chunk length
based on an orthogonal frequency division multiplex-
ing (OFDM) symbol, where the chunk length is an
orthogonality time of OFDM modulation used for the
OFDM symbol and the switching time occurs within
guard intervals.

4. The arrangement of any one of claims 1-3, wherein
the level select component is configured to select
the chunk level by comparing peak amplitude infor-
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mation with one or more threshold values.

5. The arrangement of any one of claims 1-3, wherein
the level select component is configured to select
the chunk level based on a noise threshold.

6. The arrangement of any one of claims 1-3, further
comprising a digital pre-distortion (DPD) component
configured to apply a predistortion to the input signal
using the selected chunk level.

7. An envelope tracking arrangement comprising:

a level select component configured to select a
chunk length and a chunk level for a chunk of
an input signal;
a digital pre-distortion (DPD) component config-
ured to apply a distortion to the input signal from
the buffer using the selected chunk level to gen-
erate a pre-distorted signal;
a mixer configured to mix the pre-distorted signal
at a selected frequency to generate a mixed sig-
nal; and
a power amplifier configured to generate a radio
frequency (RF) output signal based on the mixed
signal using a supply voltage at the selected
chunk level for a discrete period of time, wherein
the discrete period of time is the selected chunk
length.

8. The arrangement of claim 7, further comprising a
supply component configured to provide the supply
voltage at the selected chunk level.

9. The arrangement of claim 7, further comprising a
delay element configured to delay communication of
the selected chunk level to the supply component by
a path delay.

10. The arrangement of any one of claims 7-9, wherein
the DPD component includes a plurality of digital pre-
distorters associated with varied voltages.

11. The arrangement of any one of claims 7-9, wherein
the selected chunk level is one of a plurality of chunk
levels.

12. A method of performing envelope tracking, the meth-
od comprising:

selecting a chunk level and a chunk length
based on an input signal by a level select com-
ponent;
generating a supply voltage at the selected
chunk level for duration specified by the chunk
length; and
generating a radio frequency (RF) output signal
based on the input signal using the supply volt-

age.

13. The method of claim 12, further comprising applying
a pre-distortion to the input signal by a digital pre-
distortion (DPD) component using the selected
chunk level.

14. The method of any one of claims 12-13, wherein se-
lecting the chunk level comprises comparing peak
amplitude values with one or more threshold values.

15. An envelope tracking arrangement comprising:

a means to select a chunk level and a chunk
length based on an input signal;
a means to generate a supply voltage at the se-
lected chunk level for duration specified by the
chunk length;
a means to generate a radio frequency (RF) out-
put signal based on the input signal using the
supply voltage; and
a means to apply a pre-distortion to the input
signal by a digital pre-distortion (DPD) compo-
nent using the selected chunk level.
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