(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/207755 Al

29 December 2016 (29.12.2016) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HO3F 1/02 (2006.01) HO3F 3/19 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) Tat tional Application Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: PCT/IB016/053355 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, KZ,
8 June 2016 (08.06.2016) LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK,
- . MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
(25) Filing Language: English PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:
1020151102382 25 June 2015 (25062015) DE (84) Designated States (unless otherwise indicated, fO}" every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: INTEL IP CORPORATION [US/US]; 2200 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Mission College Boulevard, Santa Clara, California 95054 TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(US). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Tnventors: LANGER, Andreas; Finkenweg 14, 85716 Lo- DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
hhof (DE). HEPP, Christoph; Am Campeon 10-12, 85579 LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Neubiberg (DE) ’ ’ ? SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
& ’ GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agent: MOORE, Sarah; 2SPL Patentanwélte PartG mbB, Published:

Postfach 15 17 23, 80050 Miinchen (DE).

with international search report (Art. 21(3))

20167207755 AT | 00 OO0 N RO OO0 00

(54) Title: A CIRCUIT AND A METHOD FOR GENERATING A RADIO FREQUENCY SIGNAL

150
140 é
—— 110 120
100
~160
140 » 130 —» 170
Fig. 1

(57) Abstract: A circuit for generating a radio frequency signal is provided. The circuit includes an amplifier configured to generate
a radio frequency signal based on a baseband signal. Further, the circuit includes a power supply configured to generate a variable
supply voltage based on a control signal indicating a desired supply voltage, and to supply the variable supply voltage to the amplifi-

er. The circuit further includes an envelope tracking circuit configured to generate the control signal based on a bandwidth of the
g baseband signal, and to supply the control signal to the power supply.
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A CIRCUIT AND A METHOD FOR GENERATING
A RADIO FREQUENCY SIGNAL

Field

Examples relate to envelope tracking controlled operation of amplifiers. In particular, some
examples relate to a circuit and a method for generating a radio frequency signal. Some ex-
amples relate to control circuit and a method for controlling a power supply providing a var-

iable supply voltage to an amplifier.

Background

In a transmitter using envelope tracking, a supply voltage for an amplifier (e.g. a power am-
plifier) of the transmitter is adjusted depending on an instantaneous power of an input signal
for the transmitter. Envelope tracking allows to efficiently operate the amplifier since the
supply voltage is adjusted based on the instantaneous power demand of the amplifier. Hence,

the amplifier may be deliberately operated in saturation.

A relation between the supply voltage for the amplifier and the power of the input signal is
commonly determined by a specific function (e.g. called shaping function). In particular, the
function may be chosen such that a gain of the amplifier follows a specific trajectory over a
wide input power level. For example, the function may be chosen such that the gain of the
amplifier is constant over a wide input power level. This is known as iso-gain operation of

the amplifier.

However, power supplies (e.g. a DC-to-DC converter) used for providing the supply voltage
to the amplifier based on the instantaneous power of the input power signal show a depend-
ency on signal characteristics of the input signal. For example, a gain of a DC-to-DC converter
(e.g. a ratio of an output voltage to an input voltage of the DC-to-DC converter) decreases
with an increasing bandwidth of the input signal for the transmitter. Accordingly, a supply
voltage lower than a desired supply voltage is provided to the amplifier, so that the gain of
the amplifier deviates from a desired gain according to the selected trajectory. For example,

for an amplifier operated in iso-gain mode, the supply voltage may be too low, so that the
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amplifier provides a gain that is lower than a desired gain. Deviations from the desired gain
trajectory for the amplifier may, e.g., increase an Adjacent Channel Leakage Rate (ACLR) of
the transmitter. Hence, there may be a desire for an improved envelope tracking controlled

operation of an amplifier.

Brief description of the Figures

Some examples of apparatuses and/or methods will be described in the following by way of

example only, and with reference to the accompanying figures, in which

Fig. 1illustrates an example of a circuit for generating a radio frequency signal,

Fig. 2 illustrates another example of a circuit for generating a radio frequency signal;

Fig. 3 illustrates an example of an amplification circuit comprising a control circuit for con-

trolling a power supply providing a variable supply voltage to an amplifier;

Fig. 4 illustrates an example of a relation between an average amplifier gain and an output
power of the amplifier according to an example described herein and a relation between an
average amplifier gain and an output power of the amplifier according to a conventional so-

lution;
Fig. 5 illustrates an example of a mobile communications device comprising an example of a
circuit for generating a radio frequency signal and / or an example of a control circuit for

controlling a power supply providing a variable supply voltage to an amplifier;

Fig. 6 illustrates a flowchart of an example of a method for generating a radio frequency

signal; and

Fig. 7 illustrates a flowchart of an example of a method for controlling a power supply.

Detailed Description
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Various examples will now be described more fully with reference to the accompanying draw-
ings in which some examples are illustrated. In the figures, the thicknesses of lines, layers

and/or regions may be exaggerated for clarity.

Accordingly, while further examples are capable of various modifications and alternative
forms, some examples thereof are shown by way of example in the figures and will herein be
described in detail. It should be understood, however, that there is no intent to limit examples
to the particular forms disclosed, but on the contrary, examples are to cover all modifications,
equivalents, and alternatives falling within the scope of the disclosure. Like numbers refer to

like or similar elements throughout the description of the figures.

It will be understood that when an element is referred to as being “connected” or “coupled”
to another element, it can be directly connected or coupled to the other element or intervening
elements may be present. In contrast, when an element is referred to as being “directly con-
nected” or “directly coupled” to another element, there are no intervening elements present.
Other words used to describe the relationship between elements should be interpreted in a like

<«

fashion (e.g., “between” versus “directly between,” “adjacent” versus “directly adjacent,”

etc.).

The terminology used herein is for the purpose of describing particular examples only and is

not intended to be limiting of further examples. As used herein, the singular forms “a,” “an”

and “the” are intended to include the plural forms as well, unless the context clearly indicates

2 < 2> ¢

otherwise. It will be further understood that the terms “comprises,” “comprising,” “includes”
and/or “including,” when used herein, specify the presence of stated features, integers, steps,
operations, elements and/or components, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements, components and/or groups

thereof,

Unless otherwise defined, all terms (including technical and scientific terms) used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which exam-
ples belong. It will be further understood that terms, e.g., those defined in commonly used
dictionaries, should be interpreted as having a meaning that is consistent with their meaning

in the context of the relevant art, unless expressly defined otherwise herein.
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In the following, various examples relate to devices (e.g. cell phone, base station) or compo-
nents (e.g. transmitter, transceiver) of devices used in wireless or mobile communications
systems. A mobile communication system may, for example, correspond to one of the mobile
communication systems standardized by the 3rd Generation Partnership Project (3GPP), e.g.
Global System for Mobile Communications (GSM), Enhanced Data rates for GSM Evolution
(EDGE), GSM EDGE Radio Access Network (GERAN), High Speed Packet Access (HSPA),
Universal Terrestrial Radio Access Network (UTRAN) or Evolved UTRAN (E-UTRAN),
Long Term Evolution (LTE) or LTE-Advanced (LTE-A), or mobile communication systems
with different standards, e.g. Worldwide Interoperability for Microwave Access (WIMAX)
IEEE 802.16 or Wireless Local Area Network (WLAN) IEEE 802.11, generally any system
based on Time Division Multiple Access (TDMA), Frequency Division Multiple Access
(FDMA), Orthogonal Frequency Division Multiple Access (OFDMA), Code Division Multi-
ple Access (CDMA), etc. The terms mobile communication system and mobile communica-

tion network may be used synonymously.

The mobile communication system may comprise a plurality of transmission points or base
station transceivers operable to communicate radio signals with a mobile transceiver. In these
examples, the mobile communication system may comprise mobile transceivers, relay station
transceivers and base station transceivers. The relay station transceivers and base station

transceivers can be composed of one or more central units and one or more remote units.

A mobile transceiver or mobile device may correspond to a smartphone, a cell phone, User
Equipment (UE), a laptop, a notebook, a personal computer, a Personal Digital Assistant
(PDA), a Universal Serial Bus (USB) -stick, a tablet computer, a car, etc. A mobile transceiver
or terminal may also be referred to as UE or user in line with the 3GPP terminology. A base
station transceiver can be located in the fixed or stationary part of the network or system. A
base station transceiver may correspond to a remote radio head, a transmission point, an ac-
cess point, a macro cell, a small cell, a micro cell, a pico cell, a femto cell, a metro cell etc.
The term small cell may refer to any cell smaller than a macro cell, i.e. a micro cell, a pico
cell, a femto cell, or a metro cell. Moreover, a femto cell is considered smaller than a pico
cell, which is considered smaller than a micro cell. A base station transceiver can be a wireless
interface of a wired network, which enables transmission and reception of radio signals to a
UE, mobile transceiver or relay transceiver. Such a radio signal may comply with radio signals

as, for example, standardized by 3GPP or, generally, in line with one or more of the above
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listed systems. Thus, a base station transceiver may correspond to a NodeB, an eNodeB, a
BTS, an access point, etc. A relay station transceiver may correspond to an intermediate net-
work node in the communication path between a base station transceiver and a mobile station
transceiver. A relay station transceiver may forward a signal received from a mobile trans-
ceiver to a base station transceiver, signals received from the base station transceiver to the

mobile station transceiver, respectively.

The mobile communication system may be cellular. The term cell refers to a coverage area of
radio services provided by a transmission point, a remote unit, a remote head, a remote radio
head, a base station transceiver, relay transceiver or a NodeB, an eNodeB, respectively. The
terms cell and base station transceiver may be used synonymously. In some examples a cell
may correspond to a sector. For example, sectors can be achieved using sector antennas, which
provide a characteristic for covering an angular section around a base station transceiver or
remote unit. In some examples, a base station transceiver or remote unit may, for example,
operate three or six cells covering sectors of 120° (in case of three cells), 60° (in case of six
cells) respectively. Likewise a relay transceiver may establish one or more cells in its cover-
age area. A mobile transceiver can be registered or associated with at least one cell, i.e. it can
be associated to a cell such that data can be exchanged between the network and the mobile
in the coverage area of the associated cell using a dedicated channel, link or connection. A
mobile transceiver may hence register or be associated with a relay station or base station
transceiver directly or indirectly, where an indirect registration or association may be through

one or more relay transceivers.

Fig. 1 schematically illustrates an example of a circuit 100 for generating a radio frequency

(RF) signal 170.

The circuit 100 comprises an amplifier 130 to generate (provide) the radio frequency signal
170. The radio frequency signal 170 is based on a baseband signal 140. In some examples,
the amplifier 130 may receive the baseband signal 140 and generate the radio frequency signal
170. Alternatively, the amplifier 130 may receive an intermediate radio frequency signal,
which is based on the baseband signal 140, and generate the radio frequency signal 170 based
on the intermediate radio frequency signal. For example, the radio frequency signal 170 may

be provided to antenna element (not illustrated) for radiation to the environment.
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The circuit 100 further comprises a power supply 120 configured to generate a variable supply
voltage 160 based on a control signal 150. The power supply 120 is further configured to
supply the variable supply voltage 160 to the amplifier 130. The control signal 150 indicates
a desired supply voltage for the amplifier 130. The power supply 120 allows to provide the
supply voltage 160 such that the amplifier 130 may be operated in various modes. For exam-
ple, the amplifier 130 may be operated in a compression mode over a wide range of power
levels of the input baseband signal 140. Accordingly, the amplifier may be operated with high

efficiency.

In some examples, the power supply 120 may be implemented as a DC-to-DC converter and
the control signal 150 may be an input voltage for the DC-to-DC converter. A height of the
input voltage may indicate the desired supply voltage for the amplifier 130. In some examples,
the power supply 120 may be implemented by a digitally controller power supply, wherein
an output power of the digitally controlled power supply is based on the control signal 150.
The control signal 150 may thus be a digital signal indicating a desired output voltage of the
digitally controlled power supply.

The circuit 100 comprises an envelope tracking circuit 110 to generate the control signal 150
and to supply it to the power supply 120. According to the examples described herein, the
envelope tracking circuit 110 generates the control signal 150 based on a bandwidth of the
baseband signal 140. For example, the bandwidth of the baseband signal 140 may be calcu-
lated (determined) by a number of allocated resource blocks for a baseband signal in a LTE
system, a spectrum characteristic of the baseband signal 140, a contiguity of the spectrum
characteristic, a number of spectral clusters of the baseband signal 140, or a distance between
non-contiguous spectral clusters of the baseband signal 140. The control signal may, in some
examples, depend on further characteristics of the baseband signal 140 (e.g. a power of the

baseband signal 140).

Generating the control signal 150 based on the bandwidth of the baseband signal 140 may
allow to compensate for bandwidth related variations of the supply voltage 160 provided by
the power supply 120. For example, the output voltage of the power supply 120 may vary due
to its non-zero output impedance. Accordingly, the output voltage of the power supply 120
may depend on the impedance of an external load connected to the power supply 120. In the

example illustrated in Fig. 1, an impedance of the power supply 120 (e.g. implemented as
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DC-to-DC converter) may be non-zero, so that the supply voltage 160 may depend on the
impedance presented to the power supply 120 by the amplifier 130. The impedance presented
to the output of the power supply 120 may depend on the bandwidth of the baseband signal
140, in turn causing a dependency of the supply voltage 160 on the bandwidth of the baseband
signal 140.

For example, if the power supply 120 is implemented by a DC-to-DC converter, a gain of the
DC-to-DC converter may depend on the bandwidth of the baseband signal 140. For example,
an output voltage of the DC-to-DC converter may be lower for a higher bandwidth compared
to a lower bandwidth, if the same input voltage is provided to the DC-to-DC converter. In
order to compensate for the bandwidth dependent gain of the DC-to-DC converter, the enve-
lope tracking circuit 110 may provide an input voltage (as the control signal 150) to the DC-
to-DC converter which is selected based on the bandwidth of the baseband signal 140. In
some examples, the envelope tracking circuit 110 may comprise a one-dimensional look-up
table storing a compensation factor for a given bandwidth of the baseband signal 140. In some
examples, the envelope tracking circuit 100 may comprise a two-dimensional look-up table
storing a compensation factor and a desired supply voltage for a given bandwidth of the base-

band signal 140.

By compensating bandwidth related variations of the supply voltage 160 for the amplifier
130, the circuit 100 may allow to operate the amplifier 130 at a desired gain trajectory inde-
pendent of the bandwidth of the baseband signal 140. For example, the circuit 100 may allow
to operate the amplifier 130 in iso-gain mode independent of the bandwidth of the baseband
signal 140. Accordingly, a constant signal gain of the amplifier 130 over a wide range of
power levels of the baseband signal 140 (and accordingly the radio frequency signal 170) may

be achieved.

For example, the envelope tracking circuit 110 may generate a first control signal for a first
bandwidth of the baseband signal 140 and supply the first control signal to the power supply
120. The envelope tracking circuit may further generate a second control signal for a higher
second bandwidth of the baseband signal 140 and supply the second control signal to the
power supply 120. The second control signal may indicate a higher desired supply voltage
than the first control signal although the desired output power of the amplifier 130 is identical.
Accordingly, a decrease of output power of the power supply 120 for a higher bandwidth of
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the baseband signal 140 may be compensated by the second control signal. For example, if
the power supply 120 is implemented as a DC-to-DC converter, an output voltage of the DC-
to-DC converter may be lower for a higher (second) bandwidth compared to a lower (first)
bandwidth, if a same input voltage (as control signal) is provided to the DC-to-DC converter.
Accordingly, providing a higher input voltage to the DC-to-DC converter for the second band-
width may compensate for the lower gain of the DC-to-DC converter at the second bandwidth.
Hence, a constant output voltage of the DC-to-DC converter may be provided for the two
different bandwidths. Accordingly, the amplifier 130 may be provided with a sufficient sup-
ply voltage 160, so that the amplifier 130 may be operated according to a desired trajectory
for the amplifier gain. For example, an iso-gain operation of the amplifier independent of the
bandwidth of the baseband signal 140 may be achieved, so that an ACLR of a transmitter

using the circuit 100 may be reduced compared to conventional approaches.

The control signal 150 may, in some examples, depend on further characteristics of the base-

band signal 140 (e.g. a power of the baseband signal 140).

The circuit 100 may comprise one or more additional optional features corresponding to one

or more aspects of the proposed concept or one or more examples described below.

Generally speaking, some examples relate to a means for providing a radio frequency signal.
The means for generating a radio frequency signal comprises a means for generating a radio
frequency signal based on a baseband signal. Further, the means comprises a means for gen-
erating a variable supply voltage based on a control signal indicating a desired supply voltage
and supplying the variable supply voltage to the means for generating a radio frequency sig-
nal. The means further comprises a means for generating the control signal based on a band-
width of the baseband signal and supplying the control signal to the means for generating a
variable supply voltage. The means for providing a radio frequency signal may be imple-
mented by a circuit for generating a radio frequency signal described above or below (e.g.
Fig. 1). The means for generating a radio frequency signal may be implemented by an ampli-
fier described above or below (e.g. Fig. 1). The means for generating a variable supply voltage
may be implemented by a power supply described above or below (e.g. Fig. 1). The means
for generating the control signal may be implemented by an envelope tracking circuit de-

scribed above or below (e.g. Fig. 1).
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Fig. 2 illustrates another example of a circuit 200 for generating a radio frequency signal 170.

The circuit 200 comprises an amplifier 130 (e.g. a power amplifier, PA) for generating the
radio frequency signal 170. The amplifier 130 is provided with an input signal 299 based on
a baseband signal 140 to provide the radio frequency signal 170. Further, the amplifier is
provided with a supply voltage 160 (V) by a power supply 120. The power supply 120 pro-
vides the supply voltage 160 based on a control signal 150 (V¢ o). For example, the power
supply 120 may be a DC-to-DC-converter. The control signal 150 is provided by an envelope

tracking circuit 210.

In the example illustrated in Fig. 2, the baseband signal 140 is represented in a Cartesian
representation. The baseband signal 140 comprises an in-phase component I and a quadrature
component Q. Alternatively, the baseband signal 140 may be represented in a polar represen-
tation having a radius component r and a phase component ¢, or any other suitable represen-

tation.

The envelope tracking circuit 210 comprises a first processing unit 211. The first processing
unit 211 provides a signal 212 related to the baseband signal 140. The first processing unit

211 determines a magnitude (envelope) of the baseband signal 140. For example, the magni-

tude of the baseband signal 140 may be determined by evaluating m = /1% + Q2. For exam-
ple, the first processing unit 211 may execute a CORDIC algorithm (COordinate Rotation
DIgital Computer) in order to determine the magnitude of the baseband signal 140. Accord-
ingly, the signal 212 related to the baseband signal 140 may comprise information on the

magnitude of the baseband signal 140.

The signal 212 is provided to a delay element 213 in order to delay the signal 212. The delay
element may compensate for different runtimes of the baseband signal 140 in envelope path
210-1 and signal provision path 210-2. A delay time of the delay element 213 may be adjust-
able.

The delayed signal is provided to a first part of a gain unit 214-1. The first part of the gain
unit 214-1 generates an amplified signal 215 by modifying an amplitude of the signal 212
related to the baseband signal 140 by a variable gain factor ker. The gain factor kgr may

compensate a gain imbalance between the envelope path 210-1 and the signal provision path
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210-2. For example, a gain imbalance may occur due to an antenna mismatch (e.g. an imped-
ance of an antenna connected to the amplifier 130 changes during operation or differs from
an expected impedance value, e.g., 50 Ohm). An antenna mismatch results in reduced radiated
power at a given electrical output power of the amplifier 130, which may be compensated by

the variable gain factor ker.

The envelope tracking circuit 210 of Fig. 2 comprises a shaping unit 216. The shaping unit
216 receives the amplified signal 215 and modifies an amplitude of the amplified signal 215.
A transfer function of the shaping unit 216 (e.g. a relation between an input signal and an
output signal of the shaping unit 216) may be selected according to a desired gain trajectory
of the amplifier 130. For example, the transfer function of the shaping unit 216 may be se-
lected such that the amplifier 130 is operated in iso-gain mode. The shaping unit 216 provides
a shaped signal 217 indicating a desired supply voltage of the power supply 120.

A Digital-to-Analog converter (DAC) 218 receives the shaped signal 217 and generates an
analog control signal 150 based on the shaped signal 217. In some examples, the envelope
tracking circuit may not comprise the shaping unit 216, so that the amplified signal 215 is
provided to the DAC 218. Accordingly, the DAC may generate the control signal 150 for the
power supply 120 based on the amplified signal 115.

The envelope tracking circuit 210 further comprises a signal analysis unit 221 configured to
determine the bandwidth of the baseband signal 140. For example, if the radio frequency
signal 170 is a radio frequency signal for LTE communications comprising a number of allo-
cated resource blocks, the signal analysis unit 221 may determine the bandwidth of the base-
band signal 140 based on the number of allocated resource blocks. A resource block may be
an aggregation of twelve 15kHz wide resource elements (subcarrier) during a timeslot of
0.5ms in LTE communications. For example, the signal analysis unit 221 may determine the
number of adjoined allocated resource blocks. Using the number of allocated resource blocks
may be an energy and time efficient implementation for determining the bandwidth of a base-
band signal in LTE communications. In some examples, the signal analysis unit may deter-
mine a width and / or a center frequency of a frequency range containing non-adjoined allo-
cated resource blocks. In other examples, the signal analysis unit 221 may determine the band-
width of the baseband signal 140 based on, e.g., a spectrum characteristic of the baseband

signal 140, a contiguity of the spectrum characteristic, a number of spectral clusters of the
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baseband signal 140, or a distance between non-contiguous spectral clusters of the baseband

signal 140.

A second part of the gain unit 214-2 uses the determined bandwidth of the baseband signal
140 for adjusting the gain factor ker. For example, a look-up table (LUT) 222 may be pro-
vided. The look-up table 222 may provide gain correction values for the gain factor ker de-
pending on the bandwidth of the baseband signal 140. The gain correction values may, e.g.,
be provided by a manufacturer of the circuit 200. For example, the gain correction values may
be determined by factory or lab calibration. Alternatively, a second processing unit may be
provided instead of the look-up table 222 in order to calculate the gain correction values based
on the determined bandwidth of the baseband signal 140. Hence, (the first and the second part
of) the gain unit may adjust the gain factor ker based on the signal bandwidth of the input
signal 140, using an already existing first part of the gain unit 214-1 for compensating effects

caused by the variable bandwidth.

Alternatively or additionally, the second part of the gain unit 214-2 may further modify the
transfer function of the (optional) shaping unit 217. For example, the gain unit 214-2 may

modify, add, remove or replace coefficients of the transfer function of the shaping unit 217.

Adjusting the gain factor ket may allow to adjust the control signal 150 provided by the DAC
217 based on the bandwidth of the baseband signal 140. The adjusted control signal 150 may
be used to compensate for bandwidth related variations of the supply voltage 160 provided
by the power supply 120. For example, if the power supply 120 is implemented as a DC-to-
DC converter, a gain of the DC-to-DC converter may be lower for a higher (second) band-
width of the baseband signal 140 compared to a lower (first) bandwidth of the baseband signal
140. Accordingly, the supply voltage 160 for the amplifier 130 may be lower for the higher
bandwidth compared to the lower bandwidth, if the control signal 150 was the same for the
higher bandwidth and the lower bandwidth of the baseband signal 140. For example, by
providing a higher supply voltage to the DC-to-DC converter (i.e. a control signal 150 that
indicates a higher desired supply voltage) for the higher bandwidth, the lower gain of the DC-
to-DC converter may be compensated. Accordingly, a constant supply voltage 160 may be

supplied to the amplifier 130 — independent of the bandwidth of the baseband signal 140.
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For example, the second part of the gain unit 214-2 may increase the gain factor kgr for a
higher bandwidth of the baseband signal. For example, the look-up table 222 may provide a
specific gain correction value or factor for the determined bandwidth of the baseband signal
140 to the second part of the gain unit 214-2. The second part of the gain unit 214-2 may
modify (e.g. add or multiply) a standard gain factor ker’, which may compensate a gain im-
balance between the envelope path 210-1 and the signal provision path 210-2 without consid-
ering any bandwidth related effects, by the gain correction value in order to provide the gain
factor ket, which takes into account bandwidth related effects. For example, the second part
of the gain unit 214-2 may add or subtract the gain compensation value to / from the standard
gain factor kgt’, or the second part of the gain unit 214-2 may scale the standard gain factor

ker’ by the gain compensation value.

By modifying the gain factor ker based on the bandwidth of the baseband signal 140, a total
gain of the envelope path 210-1 and the power supply 120 may be kept constant, since a gain
variation of the power supply 120 (e.g. a DC-to-DC converter) may be compensated by an
according gain variation of the envelope path 210-1. Accordingly, the supply voltage 160
provided to the amplifier 130 may be kept constant, so that the amplifier 130 may operate on
a desired gain trajectory (e.g. iso-gain). Accordingly, an ACLR of a transmitter using the

circuit 200 may be reduced compared to conventional solutions.

The impact of a variation of the supply voltage 160 for different bandwidths of the baseband
signal 140 may further depend on device characteristics of the amplifier 130. Hence, the en-
velope tracking circuit 210 may further generate the control signal 150 based on at least one

device characteristic of the amplifier 130.

For example, a gain dispersion characteristic of the amplifier 130 may influence the impact
of the supply voltage variation. The gain dispersion may describe how a gain of the amplifier
130 depends on the supply voltage 160 for a low power of the output signal 170 (e.g. 0 Dec-
ibel-milliwatt (dBm)). The higher the gain dispersion of the amplifier 130, the higher a gain
change of the amplifier 130 for a change of the supply voltage 160 may be. Accordingly, an
amplifier having a higher gain dispersion may be more sensitive to changes of its supply
voltage. For example, for iso-gain operation of the amplifier, a higher gain dispersion may

cause a higher deviation from a desired constant gain trajectory of the amplifier for an incor-
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rect supply voltage. For iso-gain operation, a desired gain trajectory (e.g. indicating an aver-
age gain) may be a straight line at a substantially constant gain value for a given range of the
amplifier’s output power, 1.e., a straight having substantially no slope. For an incorrect supply
voltage, the straight line may have a slope for the given range of the amplifier’s output power,
i.e., it may deviate from the desired constant gain trajectory. A value of the straight line’s
slope may be an indicator for the imperfection of the supply voltage for the amplifier, i.e., an
indicator for the gain variation within the given range of the amplifier’s output power. An
increased slope may indicate a higher level of imperfection of the supply voltage, i.e., an

increased gain variation within the given range of the amplifier’s output power.

For example, a load-line characteristic of the amplifier 130 may influence the impact of the
supply voltage variation. The load-line of an amplifier may describe the required supply volt-
age for achieving a desired output power of the amplifier. For example, an amplifier having
a high load-line may require a higher supply voltage for achieving a desired output power
compare to an amplifier having a lower load-line. An amplifier with a higher load-line may
cause a smaller change of the gain of the power supply for different bandwidths of the base-
band signal. For example, for iso-gain operation of the amplifier, a higher load-line may cause
a smaller deviation (slope) from a desired constant gain trajectory of the amplifier for an in-

correct supply voltage.

Accordingly, the envelope tracking circuit 210 may further generate the control signal 150
based on at least one of a gain dispersion of the amplifier 130 and a load-line of the amplifier
130. For example, the look-up table 222 may contain gain correction values which are adapted
to the specific gain dispersion of the amplifier 130 and / or the load-line of the amplifier 130.
For example, the look-up table 222 may store increased gain correction values for an amplifier
130 having a higher gain dispersion compared to gain correction values for an amplifier 130
having a lower gain dispersion. For example, the look-up table 222 may store increased gain
correction values for an amplifier 130 having a lower load-line compared to gain correction
values for an amplifier 130 having a higher load-line. The look-up table 222 may further store
gain correction values taking into account both device characteristics. Additionally, the gain
correction values may be adapted to further device characteristics of the amplifier 130 influ-

encing its gain characteristics.
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The characteristics of the amplifier 130 may further depend on a frequency of the radio fre-
quency signal 170. Hence, the envelope tracking circuit 210 may further generate the control
signal 150 based on a frequency of the radio frequency signal 170. For example, the look-up
table 222 may store a specific set of gain correction values for a specific frequency of the
radio frequency signal 170. For example, the look-up table 222 may store a specific set of
gain correction values for each sub-band of a transmit band used within mobile communica-
tions. For example, the look-up table 222 may store a specific set of gain correction values
for each channel of a transmission band. Accordingly, the different sets of gain correction
values may enable a constant gain trajectory of the amplifier for different frequencies of the

radio frequency signal 170.

For example, for the radio frequency signal 170 being a radio frequency signal for LTE com-
munications comprising a plurality of allocated resource blocks at different frequencies of the
radio frequency signal 170, the envelope tracking circuit 210 may generate the control signal
150 based on a frequency related to the different frequencies of the plurality of allocated re-
source blocks. For example, the frequency related to the different frequencies of the plurality
of allocated resource blocks may be a center frequency of the different frequencies of the
plurality of allocated resource blocks. The second part of the gain unit 214-2 may select a
gain correction value for a frequency which is closest to the determined center frequency
(further taking into account the bandwidth of the baseband signal 140), for example. In some
examples, the second part of the gain unit 214-2 may determine a gain correction value for
the center frequency by combining a gain correction value for a lower frequency (being stored
in the look-up table 222) being closest to the determined center frequency and a gain correc-
tion value a higher frequency (being stored in the look-up table 222) being closest to the
determined center frequency. For example, the second part of the gain unit 214-2 may perform
an interpolation taking into account a distance between the determined center frequency and

the closest higher or lower frequencies stored in the look-up table 222,

By additionally generating the control signal 150 depending on the frequency of the radio
frequency signal 170, frequency related characteristics of the amplifier 130 may be taken into

account. Accordingly, an efficiency of the amplifier 130 may be increased.

The envelope tracking circuit 210 may further provide the control signal 150 based on an

average value of the supply voltage 160 during a predefined time interval. For example, the
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predefined time interval may on average be at least one subframe (1 millisecond) long for
LTE communications. In some examples, the predefined time interval may on average be
plural subframes (e.g. 2, 3, 4, 5 or 10 subframes) long in order to reduce measurement uncer-
tainties or other impairments. The average value of the supply voltage 160 may indicate an
impedance of a load (e.g. the amplifier 130) connected to the output of the power supply 120.
As discussed above, a higher impedance may cause a higher supply voltage 160 (e.g. a higher
gain of a DC-to-DC converter used as power supply). Accordingly, the control signal 150 for
the power supply may be adjusted to provide a constant supply voltage 160.

In some examples, the envelope tracking circuit 210 may generate a control signal 150 indi-
cating a lower desired supply voltage than the instantaneous control signal 150, if the average
value of the supply voltage 160 is higher than a reference value for the supply voltage 160.
The reference value for the supply voltage may be different for different output power levels
of the amplifier 130. For example, a reference value for the supply voltage 160 may be deter-
mined for different output power levels assuming that an antenna having an impedance of 50

Ohm is connected to the output of the amplifier 130, respectively.

By comparing the average value of the supply voltage 160 to the reference value, the envelope
tracking circuit 210 may determine that an output impedance of the power supply is increased,
so that an increased supply voltage 160 is provided to the amplifier 130. Accordingly, the
envelope tracking circuit 210 may provide a control signal 150 to the power supply 120 indi-
cating a lower desired supply voltage for the amplifier 130. Accordingly, the supply voltage
160 may lowered. For example, the average value of the supply voltage 160 may be provided
to the second part of the gain unit 214-2 or the second part of the gain unit 214-2 may deter-
mine the average value of the supply voltage 160. The look-up table 222 may store the refer-
ence value for the specific output power of the amplifier 130. The second part of the gain unit
214-2 may compare the determined average value to the reference value for the supply voltage
160. Based on the comparison, the second part of the gain unit 214-2 may adjust the gain
factor ket. For example, the look-up table 222 may store gain correction values for the specific
output power level of the amplifier 130 in order to enable the second part of the gain unit 214-

2 to properly provide the gain factor ker.

The bandwidth dependent provision of the supply voltage 160 by the power supply 120 may
further be compensated by providing a modified input signal 299 to the amplifier 130.
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In some examples, the input signal 299 for the amplifier may be the baseband signal 140. For
example, the input signal 299 may be an amplitude modulated (AM) signal. In some exam-
ples, the envelope tracking circuit may comprise a pre-distortion circuit configured to supply,
to the amplifier 130, a modified baseband signal based on a further control signal. The further
control signal is based on the bandwidth of the baseband signal 140. By controlling the oper-
ation mode of the pre-distortion circuit depending on the bandwidth of the baseband signal
140, a mismatch of a desired gain of the amplifier 130 and a presently achievable gain of the
amplifier 130, which depends on the supply voltage 160 presently provided by the power
supply 120, can be anticipated and appropriately considered within the pre-distortion circuit,
so that distortions of the radio frequency signal 170 related the gain mismatch of the amplifier
130 may be reduced or even completely suppressed. The further control signal may control
an amount of the modification by the pre-distortion circuit. The modification may be used to
compensate for amplification gain variations of the amplifier 130 which result from using a
supply voltage different from a desired supply voltage. For example, the pre-distortion circuit
may have a transfer function which is substantially inverse to a transfer function of the am-
plifier 130, so that an overall response of the system comprising the pre-distortion circuit and

the amplifier 130 is linear.

Fig. 2 illustrates another example using pre-distortion. A radio frequency signal generator 224
generates an intermediate radio frequency signal 226 based on the baseband signal 140. The
intermediate radio frequency signal 226 is provided to pre-distortion circuit 225. The pre-
distortion circuit 225 provides a modified intermediate radio frequency signal as input signal
299 to the amplifier 130. The pre-distortion circuit 225 is controlled based on a further control
signal. The further control signal depends on the bandwidth of the baseband signal 140. For
example, a pre-distortion adjustment unit 223 may adjust a transfer characteristic of the pre-
distortion circuit 225 (e.g. a concrete function describing the modification of a signal input to
the pre-distortion circuit 225). For example, the pre-distortion adjustment unit 223 may adjust
the transfer characteristic based on information given in the look-up table 222 for the deter-
mined bandwidth of the baseband signal 140. For example, the pre-distortion adjustment unit
223 may add, modify, remove or replace coefficients of the transfer characteristic of the pre-

distortion circuit 225. For iso-gain operation of the amplifier 130, pre-distortion may allow to
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mitigate a deviation (slope) from a desired constant gain trajectory of the amplifier, for ex-
ample. Accordingly, an ACLR of a transmitter using the circuit 200 may be reduced compared

to conventional approaches.

In some examples, a supply voltage V. of a power amplifier (PA) may depend on an instan-
taneous envelope of a (amplitude) modulated baseband (BB) signal m(I1,Q). The envelope of
the modulated BB signal may be calculated by means of CORDIC algorithm, followed by a
delay adjustment to compensate a different delay in a main signal path (RF signal generation
path) and the envelope tracking (ET) path. A variable gain block may set a gain of the ET
path to compensate a gain imbalance between the ET path and the main signal path during
operation (e.g. in case of antenna mismatch). The envelope signal may be shaped (e.g. to
achieve a desired iso-gain operation). A digital-to-analog converter may generate an input
voltage Ve «ul for a tracker (power supply, e g., a DC-to-DC converter). This signal may be
applied to the tracker that generates a variable PA supply voltage V..

A transmit bandwidth dependent tracker gain may cause an unwanted slope in an Amplitude
Modulated / Amplitude Modulated (AMAM) transfer characteristic of the PA and a subse-
quent degradation of the ET performance (e.g. indicated by a worse ACLR). This may be
caused by a frequency dependent output impedance of the tracker. The total gain of the ET
path may be given by the variable gain block ket and by the gain of the tracker. If the gain of
the ET path changes, the instantancous supply voltage V¢ may match not any more to the
instantaneous envelope of the RF signal. As a result, the shaping operation may not provide
any more a desired gain trajectory (e.g. iso-gain trajectory). Different transmit bandwidths
may result in a different tracker gain changing the total gain of the ET path and violate, e.g.,
a desired iso-gain trajectory of the PA gain (e.g. a (AMAM) slope instead of a constant gain
trajectory may be caused). Therefore, the transmit signal may be analyzed in order to at least

determine the bandwidth of the signal.

To compensate the unwanted AMAM slope, the gain in the ET path may be changed in order
to recover the total gain of ET path which was set during ET calibration when the shaping
function was determined. Further, AMAM pre-distortion of the RF input signal may be ap-
plied in order to account for the AMAM slope of the PA. For recovering the gain in the ET
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path, a gain correction may be applied depending on the transmit bandwidth. The gain cor-
rection may be stored in a look-up table (LUT). The LUT may include the gain correction
depending on the transmit bandwidth.

However the AMAM slope occurring in response to a gain change of the tracker may further
depend on PA characteristics. The PA characteristic may for instance be given by PA a gain
dispersion and a PA load-line. The gain dispersion may describe how the PA gain depends on
V¢ at low power (e.g. 0dBm). The higher the gain dispersion is the higher the gain change at
low power may be, when the PA supply voltage V¢ changes. PAs with high gain dispersion
may show more AMAM sloping compared to PAs with low dispersion for a same gain change
of the tracker. The PA load-line may determines the V. level required to achieve a target
output power during ET operation. PAs with higher load-line may require a higher voltage
compared to PAs with lower load-line. PAs with high load-line may cause less change of
tracker gain vs. transmission bandwidth and subsequently less AMAM sloping may occur. As
described above, the tracker gain change may be caused by the non-zero and frequency de-
pendent output impedance of the tracker. For PAs with higher load-line, the output impedance

of tracker may have less impact on the voltage ratio (“voltage divider”).

As s aresult of the various dependencies, the gain correction may depend on a transmit band
and a transmit channel within the band. Each transmit band may be divided into sub-bands
(c.g. 5-10MHz wide) and a different gain correction may be applied for each sub-band ac-
counting for changes of PA characteristic versus frequency. The sub-band wise correction is
a usual procedure for ET. To improve performance in ET mode each transmit band may be
divided into sub-bands. For each sub-band there may be a dedicated shaping function and
dedicated ET delay calibration. One may use the already existing sub-bands as frequency grid
for the tracker gain correction. The LUT may include a gain correction value for each sub-
band. The gain correction vs. transmit bandwidth may either be a table or a function which
for instance calculates the gain correction depending on number of resource blocks (RB) in a
particular sub-band. Since the gain correction may be applied in a feedforward way, the cor-
rection values should be pre-determined (e.g. during factory calibration or during lab optimi-

zation).
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If AMAM pre-distortion is used, the compensation may work in a similar or same way. The
LUT may include AMAM coefficients for each sub-band to generate a pre- distortion char-

acteristic.

Further, the gain correction may be applied depending on the average V.. which occurs during
ET operation. This may improve the performance for an antenna mismatch since the antenna
mismatch may change the PA load-line and thus the average V. to achieve a target power. A
higher average V.. may indicate that a load of the tracker (impedance) is higher. This may
causes less voltage drop across the tracker output impedance and subsequently a higher gain.
If the average voltage V.. increases (e.g. due to an antenna mismatch), it may be concluded
that the tracker gain increases and less gain correction should be applied. For example, the
LUT may contain average V¢ vs. output power at S0 Ohm antenna condition. The LUT may
be generated during factory calibration. During operation at a certain output power, the meas-
ured V. at the certain output power level may be compared with the V¢ value from the LUT
for a same power, for example. If for the same power the measured voltage is higher, the gain

correction value may be reduced (assuming a higher tracker gain).

More general, one or more stimuli of the ET system may be adjusted depending on one or
more characteristics of the transmit signal. A first characteristic may be at least the transmis-
sion bandwidth of the transmit signal. In case of a LTE signal, the transmission bandwidth
may be given by the number of allocated resource blocks. The one or more stimuli of the ET
system may comprise the RF input signal applied to the PA or the input voltage envelope
applied to the tracker or both in combination. The PA input signal as a first stimuli may be
adjusted to compensate the AMAM slope of the PA by adding an inverse slope using pre-
distortion. The applied inverse slope may at least depend on the transmission bandwidth of
the transmit signal. The voltage envelope as a second stimuli may be adjusted by at least
changing the gain of the transceiver-internal ET path. The gain may be changed depending
on the transmission bandwidth of the transmit signal. Hence, some examples relate to the

compensation of an unwanted AMAM slope in an ET system.

The circuit 200 may comprise one or more additional optional features corresponding to one

or more aspects of the proposed concept or one or more examples described above or below

(e.g. Fig. 1).
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Fig. 3 illustrates an example of an amplification circuit 300. The amplification circuit 300
comprises a control circuit 310 for controlling a power supply 120 supplying a variable supply

voltage 160 to an amplifier 130.

The amplifier 130 generates a radio frequency signal 170 based on a baseband signal 140.
The control circuit 310 mitigates a gain variation of the power supply 120 by generating a
control signal 350 based on a bandwidth of the baseband signal 140 and supplying the control
signal 350 to the power supply 120.

As discussed above (e.g. in connection with Figs. 1 and 2), the output voltage of a power
supply may vary due to its non-zero output impedance. Accordingly, the output voltage of the
power supply may depend on the impedance of an external load connected to the power sup-
ply. In the example illustrated in Fig. 3, an impedance of the power supply 120 (e.g. imple-
mented as DC-to-DC converter) may be non-zero, so that the supply voltage 160 may depend
on the impedance presented to the power supply 120 by the amplifier 130. The impedance
presented to the output of the power supply 120 may depend on the bandwidth of the baseband
signal 140. Accordingly, providing the control signal 350 for the power supply 120 based on
the bandwidth of the baseband signal 140 may allow to at least mitigate (or compensate) the
bandwidth dependent output of the power supply 120. Hence, a constant supply voltage 160
may be provided to the amplifier 130 for different bandwidths of the baseband signal 140.
Accordingly, the amplifier 130 may be operated on a desired gain trajectory. A transmitter
using the amplification circuit 300 may thus achieve an improved ACLR compared to con-

ventional approaches.

The control circuit 310 may comprise one or more additional optional features corresponding
to one or more aspects of the proposed concept or one or more examples described above or

below.

Generally speaking, some examples relate to a means for controlling a power supply provid-
ing a variable supply voltage to an amplifier. The amplifier provides a radio frequency signal
based on a baseband signal. The means for controlling is configured to mitigate a gain varia-
tion of the power supply by providing, to the power supply, a control signal based on a band-
width of the baseband signal. The means for controlling may be implemented by a control

circuit described above or below (e.g. Fig. 3).
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An example of a relation 410 between an average amplifier gain and an output power of the
amplifier for an amplifier operation according to one or more aspects of the proposed concept
or one or more examples described above is illustrated in Fig. 4. As a reference, a relation
420 between an average amplifier gain and an output power of the amplifier for an amplifier
operation according to a conventional solution is illustrated. The abscissa of Fig. 4 denotes an
output power of the amplifier in dBm. The ordinate denotes an amplifier gain. Fig. 4 illustrates

a situation where the amplifier is operated in iso-gain mode.

It is evident that for reference relation 420 the average gain of the amplifier is not constant
(the clouded distribution of the gain values may be neglected since they are related to other
effects). The gain trajectory (straight line) of relation 420 shows a slope. The higher a band-
width of a baseband signal for the amplifier, the more dominant the slope may be. On the
contrary, the example of a relation 420 for an amplifier operation according to one or more
aspects of the proposed concept or one or more examples described above shows a substan-
tially constant average amplifier gain. The average gain may be independent of the bandwidth
of the baseband for an amplifier operation according to one or more aspects of the proposed
concept or one or more examples described above. Accordingly, an amplifier operation ac-
cording to one or more aspects of the proposed concept or one or more examples described
above may allow to operate an amplifier on a desired gain trajectory (e.g. iso-gain) independ-

ent of a bandwidth of the baseband signal.

Fig. S schematically illustrates an example of a mobile communications device or mobile
phone or user equipment 800 comprising an apparatus 100 for generating a radio frequency
signal depending on a baseband signal according to an example described herein and /or a
control circuit 310 for controlling a power supply providing a variable supply voltage to an
amplifier according to an example described herein. The apparatus 100 and / or the control
circuit 310 may be comprised in a transmitter 520. An antenna element 510 of the mobile
communications device S00 may be coupled to the transmitter 520 to radiate a signal into the
environment and to wirelessly transmit the signal. To this end, mobile communications de-
vices may be provided having an envelope tracking system with improved ACLR and lower

current consumption.
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An example of a method 600 for generating a radio frequency signal depending on a baseband
signal using an amplifier is illustrated by means of a flowchart in Fig. 6. The method com-
prises generating 602 a control signal for a power supply based on a bandwidth of the base-
band signal. The method further comprises supplying 604 the control signal to the power
supply. Further, the method comprises generating 606 a variable supply voltage based on the
control signal using the power supply. The control signal indicates a desired supply voltage.

The method further comprises supplying 608 the variable supply voltage to the amplifier.

More details and aspects of the method are mentioned in connection with the proposed con-
cept or one or more examples described above or below (e.g. Figs. 1-5). The method may
comprise one or more additional optional features corresponding to one or more aspects of

the proposed concept or one or more examples described above or below.

An example of a method 700 for controlling a power supply supplying a variable supply volt-
age to an amplifier is illustrated by means of a flowchart in Fig. 7. The amplifier generates a
radio frequency signal based on a baseband signal. The method comprises mitigating 702 a
gain variation of the power supply by generating a control signal based on a bandwidth of the

baseband signal and supplying the control signal to the power supply.

More details and aspects of the method are mentioned in connection with the proposed con-
cept or one or more examples described above (e.g. Figs. 1-5). The method may comprise one
or more additional optional features corresponding to one or more aspects of the proposed

concept or one or more examples described above.

The examples as described herein may be summarized as follows:

Example 1 is a circuit for generating a radio frequency signal, comprising: an amplifier con-
figured to generate the radio frequency signal based on a baseband signal; a power supply
configured to generate a variable supply voltage based on a control signal indicating a desired
supply voltage, and to supply the variable supply voltage to the amplifier; and an envelope
tracking circuit configured to generate the control signal based on a bandwidth of the base-

band signal, and to supply the control signal to the power supply.
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In example 2, the envelope tracking circuit of the circuit of example 1 is further configured

to generate the control signal based on a power of the baseband signal.

In example 3, the envelope tracking circuit of the circuit of example 1 or example 2 is con-
figured to: generate a first control signal for a first bandwidth of the baseband signal, and
supply the first control signal to the power supply; and generate a second control signal for a
higher second bandwidth of the baseband signal, and supply the second control signal to the
power supply, the second control signal indicating a higher desired supply voltage than the

first control signal.

In example 4, the envelope tracking circuit of the circuit of example 1, example 2 or example
3 comprises a signal analysis unit configured to calculate the bandwidth of the baseband sig-

nal.

In example 5, the radio frequency signal is a radio frequency signal for Long Term Evolution
communications comprising a number of allocated resource blocks, and the signal analysis
unit of the circuit of example 4 is configured to calculate the bandwidth of the baseband signal

based on the number of allocated resource blocks.

In example 6, the envelope tracking circuit of the circuit of example 4 or example 5 further
comprises: a gain unit configured to generate an amplified signal by modifying an amplitude
of a signal related to the baseband signal by a gain factor; and a digital-to-analog conversion
unit configured to generate the control signal for the power supply based on the amplified
signal, wherein the gain unit is configured to adjust the gain factor based on the signal band-

width of the baseband signal.

In example 7, the signal related to the baseband signal in the circuit of example 6 comprises

information on a magnitude of the baseband signal.

In example 8, the envelope tracking circuit of the circuit of any of the preceding examples is
further configured to generate the control signal based on a frequency of the radio frequency

signal.
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In example 9, the radio frequency signal is a radio frequency signal for Long Term Evolution
communications comprising a plurality of allocated resource blocks at different frequencies
of the radio frequency signal, and the envelope tracking circuit of the circuit of example 8 is
configured to generate the control signal based on a frequency related to the different frequen-

cies of the plurality of allocated resource blocks.

In example 10, the frequency related to the different frequencies of the plurality of allocated
resource blocks in the circuit of example 9 is a center frequency of the different frequencies

of the plurality of allocated resource blocks.

In example 11, the envelope tracking circuit of the circuit of any of the preceding examples
is further configured to generate the control signal based on an average value of the supply

voltage during a predefined time interval.

In examplel2, the envelope tracking circuit of the circuit of example 11 is configured to gen-
erate a control signal indicating a lower desired supply voltage than the instantaneous control
signal, if the average value of the supply voltage is higher than a reference value for the supply

voltage.

In example 13, the reference value for the supply voltage in the circuit of example 12 is dif-

ferent for different output power levels of the amplifier.

In example 14, the envelope tracking circuit of the circuit of any of the preceding examples
is further configured to generate the control signal based on a device characteristic of the

amplifier.

Inexample 15, the device characteristic of the amplifier in the circuit of example 14 comprises

at least one of a gain dispersion of the amplifier and a load-line of the amplifier.

In example 16, the envelope tracking circuit of the circuit of any of the preceding examples
is configured to generate a further control signal based on the bandwidth of the baseband
signal, and the circuit further comprises a pre-distortion circuit configured to supply, to the

amplifier, a modified baseband signal based on the further control signal.
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Example 17 is a control circuit for controlling a power supply supplying a variable supply
voltage to an amplifier, the amplifier generating a radio frequency signal based on a baseband
signal, wherein the control circuit is configured to mitigate a gain variation of the power sup-
ply by generating a control signal based on a bandwidth of the baseband signal and supplying

the control signal to the power supply.

Example 18 is a transmitter comprising a circuit for generating a radio frequency signal ac-
cording to any of examples 1 to 16 or a control circuit for controlling an amplifier according

to example 17.

Example 19 is a mobile communications device comprising a transmitter according to exam-

ple 18.

In example 20, the mobile communications device of example 19 further comprises at least

one antenna coupled to the transmitter.

Example 21 is a means for providing a radio frequency signal, comprising: a means for gen-
erating a radio frequency signal based on a baseband signal; means for generating a variable
supply voltage based on a control signal indicating a desired supply voltage and supplying
the variable supply voltage to the means for generating a radio frequency signal; and a means
for generating the control signal based on a bandwidth of the baseband signal and supplying

the control signal to means for generating a variable supply voltage.

In example 22, the means for providing the control signal of the means of example 21 is
configured to: generate a first control signal for a first bandwidth of the baseband signal, and
supply the first control signal to the means for providing a variable supply voltage; and gen-
erate a second control signal for a higher second bandwidth of the baseband signal, and supply
the second control signal to the means for providing a variable supply voltage, the second

control signal indicating a higher desired supply voltage than the first control signal.

Example 23 is a means for controlling a power supply supplying a variable supply voltage to

an amplifier, the amplifier generating a radio frequency signal based on a baseband signal,
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wherein the means for controlling is configured to mitigate a gain variation of the power sup-
ply by generating a control signal based on a bandwidth of the baseband signal and supplying

the control signal to the power supply.

Example 24 is a method for generating a radio frequency signal depending on a baseband
signal using an amplifier, comprising: generating a control signal for a power supply based
on a bandwidth of the baseband signal; supplying the control signal to the power supply;
generating a variable supply voltage based on the control signal using the power supply; and
supplying the variable supply voltage to the amplifier, wherein the control signal indicates a

desired supply voltage.

In example 25, generating the control signal in the method of example 24 is further based on

a power of the baseband signal.

In example 26 generating the control signal for the power supply and supplying the control
signal to the power supply in the method of example 24 or example 25 comprises: generating
a first control signal for the power supply for a first bandwidth of the baseband signal; sup-
plying the first control signal to the power supply, providing a second control signal for the
power supply for a higher second bandwidth of the baseband signal, the second control signal
indicating a higher desired supply voltage than the first control signal;, and supplying the sec-

ond control signal to the power supply.

In example 27, the method of example 24, example 25 or example 26 further comprises cal-

culating the bandwidth of the baseband signal.

In example 28, the radio frequency signal is a radio frequency signal for Long Term Evolution
communications comprising a number of allocated resource blocks, and calculating the band-
width of the baseband signal in the method of example 27 comprises calculating the band-

width of the baseband signal based on the number of allocated resource blocks.

In example 29, generating the control signal in the method of any of the preceding examples
further comprises generating the control signal based on a frequency of the radio frequency

signal.
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In example 30 the radio frequency signal is a radio frequency signal for Long Term Evolution
communications comprising a plurality of allocated resource blocks at different frequencies
of the radio frequency signal, and generating the control signal in the method of example 29
further comprises generating the control signal based on a frequency related to the different

frequencies of the plurality of allocated resource blocks.

In example 31, the frequency related to the different frequencies of the plurality of allocated
resource blocks is a center frequency of the different frequencies of the plurality of allocated

resource blocks in the method of example 30.

In example 32, providing the control signal further in the method of any of the preceding
examples comprises generate the control signal based on an average value of the supply volt-

age during a predefined time interval.

In example 33, generating the control signal based on the average value of the supply voltage
in the method of example 32 comprises generating a control signal indicating a lower desired
supply voltage than the instantaneous control signal, if the average value of the supply voltage

is higher than a reference value for the supply voltage.

In example 34, the reference value for the supply voltage is different for different output

power levels of the amplifier in the method of example 33.

In example 35, generating the control signal in the method of any of the preceding examples
further comprises generating the control signal based on a device characteristic of the ampli-

fier.

In example 36, the device characteristic of the amplifier in the method of example 35 com-

prises at least one of a gain dispersion of the amplifier and a load-line of the amplifier.

In example 37, the method of any of the preceding examples further comprises: generating a
further control signal for a pre-distortion circuit based on the bandwidth of the baseband sig-
nal; and supplying, to the amplifier, a modified baseband signal based on the further control

signal using the pre-distortion circuit.
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Example 38 is a method for controlling a power supply supplying a variable supply voltage
to an amplifier, the amplifier generating a radio frequency signal based on a baseband signal,
wherein the method comprises mitigating a gain variation of the power supply by generating
a control signal based on a bandwidth of the baseband signal and supplying the control signal

to the power supply.

Example 39 is a computer readable storage medium having stored thereon a program having
a program code for performing the method of any of examples 24 to 38, when the program is

executed on a computer or processor.

Example 40 is a computer program having a program code configured to perform the method
of any of examples 24 to 38, when the computer program is executed on a computer or pro-

CESssor.

Examples may further provide a computer program having a program code for performing
one of the above methods, when the computer program is executed on a computer or proces-
sor. A person of skill in the art would readily recognize that steps of various above-described
methods may be performed by programmed computers. Herein, some examples are also in-
tended to cover program storage devices, e.g., digital data storage media, which are machine
or computer readable and encode machine-executable or computer-executable programs of
instructions, wherein the instructions perform some or all of the acts of the above-described
methods. The program storage devices may be, e.g., digital memories, magnetic storage me-
dia such as magnetic disks and magnetic tapes, hard drives, or optically readable digital data
storage media. Further examples are also intended to cover computers programmed to per-
form the acts of the above-described methods or (field) programmable logic arrays ((F)PLAs)
or (field) programmable gate arrays ((F)PGAs), programmed to perform the acts of the above-

described methods.

The description and drawings merely illustrate the principles of the disclosure. It will thus be
appreciated that those skilled in the art will be able to devise various arrangements that, alt-
hough not explicitly described or shown herein, embody the principles of the disclosure and
are included within its spirit and scope. Furthermore, all examples recited herein are princi-
pally intended expressly to be only for pedagogical purposes to aid the reader in understanding

the principles of the disclosure and the concepts contributed by the inventor(s) to furthering
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the art, and are to be construed as being without limitation to such specifically recited exam-
ples and conditions. Moreover, all statements herein reciting principles, aspects, and examples
of the disclosure, as well as specific examples thereof, are intended to encompass equivalents

thereof’

Functional blocks denoted as “means for ...” (performing a certain function) shall be under-
stood as functional blocks comprising circuitry that is configured to perform a certain func-
tion, respectively. Hence, a “means for s.th.” may as well be understood as a “means config-
ured to or suited for s.th.”. A means configured to perform a certain function does, hence, not

imply that such means necessarily is performing the function (at a given time instant).

Functions of various elements shown in the figures, including any functional blocks labeled

R4
’

as “means”, “means for providing a sensor signal”, “means for generating a transmit signal.”,

LE T3
2

etc., may be provided through the use of dedicated hardware, such as “a signal provider”, “a

2 L 2

signal processing unit”, “a processor”, “a controller”, etc. as well as hardware capable of ex-

ecuting software in association with appropriate software. Moreover, any entity described

2
b

herein as “means”, may correspond to or be implemented as “one or more modules”, “one or

more devices”, “one or more units”, etc. When provided by a processor, the functions may be
provided by a single dedicated processor, by a single shared processor, or by a plurality of
individual processors, some of which may be shared. Moreover, explicit use of the term “pro-
cessor” or “controller” should not be construed to refer exclusively to hardware capable of
executing software, and may implicitly include, without limitation, digital signal processor
(DSP) hardware, network processor, application specific integrated circuit (ASIC), field pro-
grammable gate array (FPGA), read only memory (ROM) for storing software, random access

memory (RAM), and non-volatile storage. Other hardware, conventional and/or custom, may

also be included.

It should be appreciated by those skilled in the art that any block diagrams herein represent
conceptual views of illustrative circuitry embodying the principles of the disclosure. Simi-
larly, it will be appreciated that any flow charts, flow diagrams, state transition diagrams,
pseudo code, and the like represent various processes which may be substantially represented
in computer readable medium and so executed by a computer or processor, whether or not

such computer or processor is explicitly shown.
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Furthermore, the following claims are hereby incorporated into the detailed description,
where each claim may stand on its own as a separate example. While each claim may stand
on its own as a separate example, it is to be noted that - although a dependent claim may refer
in the claims to a specific combination with one or more other claims - other examples may
also include a combination of the dependent claim with the subject matter of each other de-
pendent or independent claim. Such combinations are proposed herein unless it is stated that
a specific combination is not intended. Furthermore, it is intended to include also features of
a claim to any other independent claim even if this claim is not directly made dependent to

the independent claim.

It is further to be noted that methods disclosed in the specification or in the claims may be
implemented by a device having means for performing each of the respective acts of these

methods.

Further, it is to be understood that the disclosure of multiple acts or functions disclosed in the
specification or claims may not be construed as to be within the specific order. Therefore, the
disclosure of multiple acts or functions will not limit these to a particular order unless such
acts or functions are not interchangeable for technical reasons. Furthermore, in some exam-
ples a single act may include or may be broken into multiple sub acts. Such sub acts may be

included and part of the disclosure of this single act unless explicitly excluded.
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Claims

What is claimed is:

1. A circuit (100) for generating a radio frequency signal (170), comprising:

an amplifier (130) configured to generate the radio frequency signal (170) based on a base-
band signal (140);

a power supply (120) configured to generate a variable supply voltage (160) based on a con-
trol signal (150) indicating a desired supply voltage, and to supply the variable supply voltage
(160) to the amplifier (130); and

an envelope tracking circuit (110) configured to generate the control signal (150) based on a

bandwidth of the baseband signal (140), and to supply the control signal (150) to the power
supply (120).

2. The circuit of claim 1, wherein the envelope tracking circuit (110) is further configured

to generate the control signal (150) based on a power of the baseband signal (140).

3. The circuit of claim 1 or claim 2, wherein the envelope tracking circuit (110) is con-

figured to:

generate a first control signal for a first bandwidth of the baseband signal (140), and supply

the first control signal to the power supply; and

generate a second control signal for a higher second bandwidth of the baseband signal (140),
and supply the second control signal to the power supply, the second control signal indicating

a higher desired supply voltage than the first control signal.

4. The circuit of claim 1, wherein the envelope tracking circuit (110) comprises a signal

analysis unit (221) configured to calculate the bandwidth of the baseband signal (140).

5. The circuit of claim 4, wherein the radio frequency signal (170) is a radio frequency
signal for Long Term Evolution communications comprising a number of allocated resource
blocks, and wherein the signal analysis unit (221) is configured to calculate the bandwidth of

the baseband signal (140) based on the number of allocated resource blocks.
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6. The circuit of claim 4 or claim 5, wherein the envelope tracking circuit (110) further

comprises:

a gain unit (214-1, 214-2) configured to generate an amplified signal by modifying an ampli-
tude of a signal related to the baseband signal (140) by a gain factor; and

a digital-to-analog conversion unit (218) configured to generate the control signal (150) for

the power supply (120) based on the amplified signal,

wherein the gain unit (214-1, 214-2) is configured to adjust the gain factor based on the signal
bandwidth of the baseband signal (140).

7. The circuit of claim 6, wherein the signal related to the baseband signal (140) com-

prises information on a magnitude of the baseband signal (140).

8. The circuit of any of the preceding claims, wherein the envelope tracking circuit (110)
is further configured to generate the control signal (150) based on a frequency of the radio

frequency signal (170).

9. The circuit of claim 8, wherein the radio frequency signal (170) is a radio frequency
signal for Long Term Evolution communications comprising a plurality of allocated resource
blocks at different frequencies of the radio frequency signal (170), and wherein the envelope
tracking circuit (110) is configured to generate the control signal (150) based on a frequency

related to the different frequencies of the plurality of allocated resource blocks.

10.  The circuit of claim 9, wherein the frequency related to the different frequencies of
the plurality of allocated resource blocks is a center frequency of the different frequencies of

the plurality of allocated resource blocks.

11.  The circuit of any of the preceding claims, wherein the envelope tracking circuit is
further configured to generate the control signal (150) based on an average value of the supply

voltage during a predefined time interval.

12.  The circuit of claim 11, wherein the envelope tracking circuit (110) is configured to
generate a control signal (150) indicating a lower desired supply voltage than the instantane-
ous control signal (150), if the average value of the supply voltage (160) is higher than a
reference value for the supply voltage (160).
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13.  The circuit of claim 12, wherein the reference value for the supply voltage (160) is

different for different output power levels of the amplifier (130).

14.  The circuit of any of the preceding claims, wherein the envelope tracking circuit (110)
is further configured to generate the control signal (150) based on a device characteristic of

the amplifier (130).

15.  The circuit of claim 13, wherein the device characteristic of the amplifier (130) com-
prises at least one of a gain dispersion of the amplifier (130) and a load-line of the amplifier

(130).

16.  The circuit of any of the preceding claims, wherein the envelope tracking circuit (110)
is configured to generate a further control signal based on the bandwidth of the baseband
signal (130), and wherein the circuit further comprises a pre-distortion circuit configured to

supply, to the amplifier (130), a modified baseband signal based on the further control signal.

17. A control circuit (310) for controlling a power supply (120) supplying a variable sup-
ply voltage (160) to an amplifier (130), the amplifier (130) generating a radio frequency signal
(170) based on a baseband signal (140), wherein the control circuit (310) is configured to
mitigate a gain variation of the power supply (120) by generating a control signal (350) based
on a bandwidth of the baseband signal (140) and supplying the control signal (350) to the
power supply (120).

18. A transmitter (520) comprising a circuit (100) for generating a radio frequency signal
according to any of claims 1 to 16 or a control circuit (310) for controlling an amplifier ac-

cording to claim 17.

19. A mobile communications device (500) comprising a transmitter (520) according to

claim 18.

20. A method (600) for generating a radio frequency signal depending on a baseband sig-

nal using an amplifier, comprising:

generating (602) a control signal for a power supply based on a bandwidth of the baseband

signal;

supplying (604) the control signal to the power supply;
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generating (606) a variable supply voltage based on the control signal using the power supply;

and
supplying (608) the variable supply voltage to the amplifier,
wherein the control signal indicates a desired supply voltage.

21.  The method of claim 20, wherein generating (602) the control signal is further based

on a power of the baseband signal.

22.  The method of claim 20 or claim 21, wherein generating (604) the control signal for

the power supply and supplying (604) the control signal to the power supply comprises:

generating a first control signal for the power supply for a first bandwidth of the baseband

signal;
supplying the first control signal to the power supply;

providing a second control signal for the power supply for a higher second bandwidth of the
baseband signal, the second control signal indicating a higher desired supply voltage than the

first control signal; and
supplying the second control signal to the power supply.

23.  The method of claim 20, wherein the method further comprises calculating the band-
width of the baseband signal.

24. A method (700) for controlling a power supply supplying a variable supply voltage to
an amplifier, the amplifier generating a radio frequency signal based on a baseband signal,
wherein the method comprises mitigating (702) a gain variation of the power supply by gen-
erating a control signal based on a bandwidth of the baseband signal and supplying the control

signal to the power supply.

25. A computer readable storage medium having stored thereon a program having a pro-
gram code for performing the method of any of claims 20 to 24, when the program is executed

on a computer or processor.
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