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A RADIO TRANSMITTER WITH AMPLIFIER PATHS HAVING
OUT-PHASED RADIO FREQUENCY SIGNALS

FIELD

The present invention relates to a radio transmitter and more par-
ticularly to amplifier paths having out-phased radio frequency signals.

BACKGROUND

The following description of background art may include insights,
discoveries, understandings or disclosures, or associations together with dis-
closures not known to the relevant art prior to the present invention but provid-
ed by the invention. Some such contributions of the invention may be specifi-
cally pointed out below, whereas other such contributions of the invention will
be apparent from their context.

In a modern Base Station (BS), a Radio Frequency (RF) Power
Amplifier (PA) is the biggest heat generating part. Development of the wireless
communications networks introduces smaller cell sizes that are increasingly
deployed indoor scenarios. In indoor scenarios sufficient cooling for the BSs
has to be provided to facilitate maintaining operational temperatures of the BSs
within acceptable limits. On the other hand, heat generated by the BSs in-
creases the indoor temperature. The heat radiation from the BSs may cause
the indoor temperature of a building to exceed its limits set e.g. according to
structural requirements or health requirements.

Out-phased power amplifiers have been known as a concept for a
long time as an approach for the simultaneous realization of high-efficiency
and high-linearity in amplification of radio frequency transmissions. The con-
cept has been revived recently for wireless communication applications under
the rubric of Linear amplification with Nonlinear Components (LINC).

The LINC concept takes an envelope modulated band pass wave-
form and resolves it into two out-phased constant envelope signals, which are
applied to highly efficient—and highly nonlinear—power amplifiers, whose out-
puts are summed.

One of the major disadvantages of this technique is the extremely
tight tolerance on the matching of the two amplifier paths to achieve acceptably
small out-of-band rejection. The out-of-band spectrum, created by the incom-
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plete cancellation of the quadrature signal, strongly depends upon the modula-
tion schemes.

SUMMARY

The following presents a simplified summary of the invention in or-
der to provide a basic understanding of some aspects of the invention. This
summary is not an extensive overview of the invention. It is not intended to
identify key/critical elements of the invention or to delineate the scope of the
invention. Its sole purpose is to present some concepts of the invention in a
simplified form as a prelude to a more detailed description that is presented
later.

Various embodiments comprise method(s), apparatus(es), a com-
puter program product and a system as defined in the independent claims.
Further embodiments are disclosed in the dependent claims.

According to an aspect of the invention there is provided a method
comprising receiving two out-phased radio frequency signals from correspond-
ing amplifier paths of a radio transmitter, and determining a filter for at least
one of the amplifier paths, wherein the filter is arranged to minimize a minimum
square error of the difference of the combined radio frequency signals.

According to an aspect there is provided an apparatus comprising
means configured to perform a method according to an aspect.

According to an aspect there is provided an apparatus comprising a
receiver circuitry to receive two out-phased radio frequency signals from corre-
sponding amplifier paths of a radio transmitter, and a controller to determine a
filter for at least one of the amplifier paths, wherein the filter is arranged to
minimize a minimum square error of the difference of the combined radio fre-
quency signals.

According to an aspect there is provided a computer program prod-
uct comprising executable code that when executed, cause execution of func-
tions of a method according to an aspeci.

According to an aspect there is provided a communications system
comprising one or more apparatuses according to an aspect.

According to another aspect of the invention there is provided an ar-
rangement comprising at least one processor, and at least one memory includ-
ing computer program code, the at least one memory and the computer pro-
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gram code configured to, with the at least one processor, cause the apparatus
at least to perform a method according to an aspect.

Although the various aspects, embodiments and features of the
invention are recited independently, it should be appreciated that all
combinations of the various aspects, embodiments and features of the
invention are possible and within the scope of the present invention as
claimed.

Some embodiments may provide improvements comprising aligning
outputs of non-linear power amplifiers.

Further advantages will become apparent from the accompanying
description.

BRIEF DESCRIPTION OF THE FIGURES

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the accompanying draw-
ings, in which

Figure 1 illustrates an arrangement for wireless communications ac-
cording to an embodiment;

Figure 2a illustrates a block diagram of an apparatus having two
amplifier paths including non-linear amplifiers according to an embodiment;

Figures 2b, 2c and 2d illustrate block diagrams of apparatuses for
aligning the outputs of amplifier paths according to an embodiment;

Figure 3 illustrates a process of aligning amplifier paths including
non-linear amplifiers; and

Figure 4 illustrates a process of defining a filter for an amplifier path
of two amplifier paths including non-linear amplifiers, according to an embodi-
ment.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

In the following, out-phased radio frequency signals are used to re-
fer to radio frequency signals that have constant envelopes. The out-phased
radio frequency signals have different phases. The out-phased radio frequency
signals may be generated from a received radio frequency signal. The ampli-
tude of the received radio frequency signal is used to modulate phases of the
out-phased radio frequency signals. In one example two out-phased radio fre-
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guency signals may be defined by Sq(t)=Vmexp[j{6(t) + w(1)}] and Sx(t)=Vmexp[-
i{6@) + w(i)}], where the B(t) denotes phase of the received radio frequency
signal, V, the constant amplitude and w(t) the phase modulation. The phase
modulation is applied to the out-phased signals with a different sign, whereby
the S+(t) and S(t) are out-phased.

In the following embodiments, amplifier paths may comprise non-
linear power amplifiers, e.g. in the LINC concept. Typically the power amplifiers
are of the same type and have the same operational characteristics, for exam-
ple the same frequency response.

In the following embodiments outputs of amplifier paths are aligned.
The aligning is performed using a filter that processes a radio frequency signal
an amplifier path.

Figure 1 illustrates an arrangement 100 for wireless communica-
tions according to an embodiment. In the illustration, the arrangement com-
prises a device 102 including a communications unit 104 for communicating
over a wireless medium. The communications may include wireless transmis-
sions from the device to another device, for example between a User Equip-
ment (UE) a base station and/or between two UE. Accordingly, the device is
arranged to operate as a transmitter on the wireless medium. For this purpose
the device may implement a transmitter unit that communicates data, mes-
sages and/or signalling to the wireless medium. The wireless medium may
comprise a radio frequency band, where transmissions are communicated be-
tween the transmitter and the receiver by using radio frequency signals. The
transmitter unit operations may be implemented by hardware or software or a
combination of hardware and software. The device may further comprise a re-
ceiver unit, as is conventional in many communications devices that are exam-
ples of the arrangement, including UE, a base station and a mobile phone.

The functionality of the device may be achieved by the communicat-
ing devices implementing one or more entities of a common communications
protocol. The common communications protocol may be implemented by struc-
tural parts, for example the transmitter having radio frequency parts that are
operative on the frequency band used for the communications. Examples of
the radio frequency parts include antennas, and modulation and demodulation
circuits.

A common communications protocol between the devices may be
implemented at the devices by instructions, for example a computer program
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code, that are executable by a processor so that data, messages and/or sig-
nalling can be encoded according to a communications protocol at the trans-
mitter and decoded according to the communications protocol at the receiver.
The instructions may be stored in a memory. The communications device may
include a processing unit that may execute the instructions.

Figures 2a, 2b, 2c and 2d illustrate block diagrams of apparatuses,
for example the apparatus of Figure 1, where only those parts of the apparatus
are illustrated that are necessary for understanding the embodiments.

Figure 2a illustrates a block diagram of an apparatus 200 having
two amplifier paths including non-linear amplifiers according to an embodi-
ment. The apparatus may conform to the LINC concept, for example. The ap-
paratus comprises a signal separation unit 202 and two amplifier paths 204,
206 between the signal separation unit and a combiner 208. The signal sepa-
ration receives a signal Siy(t) to be transmitted. The signal may comprise a
baseband signal, whereby the signal separation unit modulates the received
signal into a frequency band used for transmissions. The received signal may
also comprise a radio frequency signal on a transmission frequency band of
the apparatus. The signal separation unit outputs out-phased radio frequency
signals Sq(t), So(t) on the two amplifiers paths. The amplifier paths include non-
linear power amplifiers 210, 212 that amplify the out-phased radio frequency
signals received from the signal separation unit. The amplifiers output ampli-
fied radio frequency signals that are combined in the combiner, for example by
summing the radio frequency signals. The combiner outputs a combination
Sout(t) of the amplified out-phased signals for transmission on the transmission
frequency band.

Figures 2b, 2¢ and 2d illustrate block diagrams of apparatuses 220,
230, 240 for aligning the outputs of amplifier paths according to an embodi-
ment. The apparatuses may be connected to an apparatus having two ampli-
fier paths including non-linear amplifiers, for example the apparatus in Figure
2a. Connection points for connecting the apparatuses of Figures 2b, 2¢ and 2d
to the apparatus of Figure 2a are shown by corresponding reference points A,
A, B, B’, and C in the Figures.

The apparatuses described in Figures Figure 2b, 2¢ and 2d com-
prise a controller 222, 232, 242, a filter 224, 234, 244 and a switch 226, 236,
246. The apparatuses connect to the amplifier paths at the reference points
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indicated in the Figures. The switch is connected to the reference points A and
A’ in the amplifier paths.

In Figure 2b, the apparatus connects the filter 224 at the reference
point A’, that is before the power amplifier in the amplifier path. The controller
is connected to the amplifier paths at reference points B and B’, i.e. after the
power amplifiers and before the combiner.

In Figure 2c, the apparatus connects the filter 234 at the reference
point B’, that is after the power amplifier in the amplifier path and before the
combiner. The controller is connected to the amplifier paths at reference points
B and B’ after the power amplifiers and before the combiner.

In Figure 2d, the apparatus connects the filter according to the am-
plifier paths as described in Figures 2b or 2d. The controller is connected to
the reference point C that is after the combiner.

Accordingly, in Figures 2b, 2c and 2d the he controller receives an
output of the filter connected to the amplifier path and a non-filtered signal from
the amplifier paths that is not filtered by the filter. The received signals from the
two amplifier paths comprise two amplified out-phased radio frequency signals
from corresponding amplifier paths of a radio transmitter as in Figures 2b and
2c or a combination of the amplified out-phased radio frequency signals from
the combiner output C as in Figure 2d. The filtering may be performed before
or after the amplification. When the filtering is performed before amplification
the filter may be defined so that the amplification performed on the filiered sig-
nal provides an amplified signal that is aligned with the amplified signal on the
amplifier path that does not have a filter. Accordingly, by filtering before the
amplification the filtered signal may be adapted to the characteristics of the
amplifier. When the filtering is performed after the amplification, the filtering
corrects the amplified signal towards the amplified signal on the amplifier path
that does not have a filter on the amplifier path. In this way the filter adapts the
amplified signal to the signal of the other amplifier path. The controller con-
nects to the filter to control characteristics of the filter, for example coefficients
of the filter, which define the impulse response of the filter. The controlling of
the filter may comprise calculating a minimum square error of the difference of
the combined radio frequency signals.

Typically the Power Amplifiers (PAs) are analogue devices having
non-linear operational characteristics. Accordingly, the input and output t0 a
power amplifier may be analogue signals. For this purpose the controller 222,



WO 2014/202112 PCT/EP2013/062505

10

15

20

25

30

35

232, 242 may include an Analogue to Digital (A/D) conversion circuitry that
converts the analogue radio frequency signals received from the connection
points to digital form to be processed and a Digital to Analogue Conversion
(D/A) circuitry that converts digital signals to analogue form to be fed to the
amplifier paths via the switch 226.The A/D and/or D/A conversion circuitry op-
erate using a sampling rate that is preferably sufficient to include the signal
inside the frequency band of transmission, where the PAs operate.

The filter may comprise for example a digital Finite Impulse Re-
sponse (FIR) filter. Then the filter connected by the connection points before or
after the PA in an amplifier path may be equipped with an A/D circuitry at its
input and a D/A circuitry at its output.

The controller connects to the switch by a control signal and by a
test signal. The control signal switches the test signal to connect to one ampli-
fier path at a time or to both amplifier paths at a time. In this way the test signal
may be fed to the amplifier paths simultaneously or one test signal at a time.

It should be appreciated that the blocks of the apparatuses in Fig-
ures 1, 2a, 2b, 2c and 2d illustrate logical blocks and the actual physical im-
plementation may be different. The logical blocks may be implemented by
hardware, software and/or a combination of hardware and software entities.

It should be appreciated that the apparatuses illustrated in Figures
2b, 2c and 2d may be connected with a communications device, for example a
mobile phone and a base station. The apparatus may be included for example
within such a communications device and connected to a communications cir-
Cculitry therein.

Figure 3 illustrates a process of aligning amplifier paths including
non-linear amplifiers. The process may be executed by the apparatuses of
Figures 2b, 2c or 2d, when the apparatus is connected to amplifier paths of a
radio transmitter, for example a radio transmitter illustrated in Figure 2a. The
process starts 302, when the radio transmitter is switched on and generates
out-phased frequency signals to be amplified by the PAs.

In 304 amplifier paths of the radio transmitter are calibrated with
each other. In the calibration a Minimum Mean Square Error (MMSE) of the
difference of the combined radio frequency signals is minimized. A filter is con-
nected to one of the amplifier paths. The filter may comprise, for example a
digital FIR filter, that is adjusted by the calibration. The calibration may be per-
formed preceding the actual transmission of data on a radio frequency.
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In 306, the calibrated radio frequency signals are output for trans-
mission by the radio transmitter. the radio frequency signals may now include
the actual data communicated on the transmission radio frequency.

In 308, the amplifier paths are aligned and the process ends. It
should be appreciated that the above process may be repeated, so that the
amplifier paths may be kept aligned. The alignment may be changed for ex-
ample due to changes in operational temperature of the amplifiers.

In an embodiment, the calibration step 304 is repeated on the basis
of the minimum square error of the difference of the combined radio frequency
signals exceeding a threshold. Accordingly, the MMSE may be calculated dur-
ing use of the radio transmitter after the calibration process has adjusted the
FIR filter using test signals specific for the calibration. Then, when the MMSE
exceeds a threshold, the calibration process in step 304 may be performed
again to adjust the filter. In this way, the outputs of the amplifier paths may be
kept aligned after an initial calibration. In the calibration process performed
after the initial calibration, the actual transmitted data may be used for the cali-
bration. After initial calibration, the filter coefficients can be updated on the ba-
sis of the observed outputs from reference points B and B’ or C. Thereby, tests
signals are not needed after the initial calibration. In this way the initial calibra-
tion may be maintained during the actual operation of communications be-
tween the devices.

It should be appreciated that the test signals used in the initial cali-
bration may not necessarily be transmitted on the radio frequency. In this way
interference generated by the apparatus may be reduced. Accordingly, a fur-
ther switch may be arranged to the block diagrams of Figures 2b to 2d, to dis-
connect the outputs of the amplifier paths from the radio frequency band used
for transmissions for the duration of the initial calibration. This switch may be
arranged after the reference points used for the calibration and preceding an
antenna of the apparatus that acts between the amplifier paths and the radio
frequency band for transmission. After the initial calibration the outputs of the
amplifier paths may be connected for transmission on the radio frequency, i.e.
to the antenna.

Figure 4 illustrates a process of defining a filter for an amplifier path
of two amplifier paths including non-linear amplifiers, according to an embodi-
ment. The process may be used for calibrating amplifier paths in step 304 of
the Figure 3. The process starts 402, when the radio transmitter is switched on
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and generates out-phased frequency signals to be amplified by PAs on the
amplifier paths.

In 404, the out-phased radio frequency signals are received from
both of the amplifier paths. The signals may be received after the amplification
and before combining of the amplifier paths, e.g. in points B and B’ in Figure
2a or after combining in point C in Figure 2a. When the signals are received for
processing in a digital domain, analogue received signals may be converted
into digital signals by A/D converters. The received signals may comprise test
signals fed to the amplifier paths.

In an embodiment, one test signal is fed to the amplifier paths at a
time. In this way the effect of each amplifier path to the test signal may be
measured at a time. When the test signal is fed through the filter connected to
the amplifier path, a suitable time for feeding the test signal to the second am-
plifier path may be determined on the basis of the length of the impulse re-
sponse of the filter. The length of the impulse response of the filter may be de-
termined on the basis of the memory length of the filter, when a digital FIR filter
is used. In one example the filter length may be two or higher in units of a
sampling rate used in the digital filter.

In an embodiment the test signals may comprise wideband radio
frequency signals. The bandwidth of the test signal may be at least equal to
the frequency band of transmission, where the PAs operate to amplify input
signals.

In an embodiment the test signals may be orthogonal with respect to
each other. Orthogonal test signals may be fed to the amplifier paths simulta-
neously. Thereby, determining the filter may be faster than if test signals would
be fed to the amplifier paths one at a time.

In 406 a filter is determined for at least one of the amplifier paths.
The determining of the filter may comprise determining an impulse response of
the filter. The filter may be characterized by coefficients used to multiply the
received signal. The filter may include memory for storing a copy of the re-
ceived signal at a given time instant. The output of the filter may be formed of
the received signal multiplied by a coefficient. More than one copy of the re-
ceived signals may be used to form the output of the filter. Each of the copies
of the received signals may be associated with its own coefficient. The copies
of the received signals may be stored in the filter for different time lengths. The
longest duration of storing a copy of the received signal is referred to as a
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memory length of the filter. Memory length of digital filters may be determined
on the basis of a maximum number of sampling periods the filter stores a sam-
ple received at the filter. A more detailed description of filters may be referred
to in “Digital Signal Processing, A Computer-Based Approach; Sanijit K. Mitra,
ISBN 0-07-115793-X", where examples of basic FIR digital filter structures are
described in Section 6.4, for example.

In an embodiment coefficients of the filter may be defined by meas-
uring the received 404 signals from the amplifier paths, e.g. in points C or B
and B’ in Figure 2a. The received signals may comprise amplified test signals
fed to the amplifier paths.

Filter coefficients may be determined from received test signals from
both amplifier paths on the basis of a MMSE, wherein the MMSE may be de-

fined by:
E = |z- Y*b|? (1),

where Y denotes an amplified test signal received from an amplifi-
er path including the filter, and z denotes an amplified test signal received
from an amplifier path not including the filter, and b denotes the impulse re-
sponse of the filter, and E is the value of the MMSE. Accordingly, in the
Equation (1) Y*b describes the filtering of y with a filter having an impulse
response b.

The filter may be determined by coefficients according to:

b = inv(Y'*Y)*Y'~*z,
where Y’ denotes a transpose of the Y.

The process ends 408 after the filter has been determined and radio
frequency signals amplified by the amplifier paths are now aligned.

The steps/points, and related functions described above in Figures
3 and 4 are in no absolute chronological order, and some of the steps/points
may be performed simultaneously or in an order differing from the given one.
Other functions can also be executed between the steps/points or within the
steps/points and other signaling messages sent between the illustrated mes-
sages. Some of the steps/points or part of the steps/points can also be left out
or replaced by a corresponding step/point or part of the step/point.

The present invention is applicable to a transmitter, a mobile phone,
a base station and/or t0 any communications device that communicates on a
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wireless medium. All words and expressions should be interpreted broadly and
they are intended to illustrate, not to restrict, the described embodiments.

Apparatuses, such as a transmitter, a mobile phone, a base station
and/or to any communications device, or apparatuses implementing the
functionality of a corresponding apparatus described with an embodiment may
be implemented as an electronic digital computer, which may comprise a
working memory (RAM), a central processing unit (CPU), and a system clock.
The CPU may comprise a set of registers, an arithmetic logic unit, and a
control unit. The control unit is controlled by a sequence of program
instructions transferred to the CPU from the RAM. The control unit may contain
a number of microinstructions for basic operations. The implementation of
microinstructions may vary, depending on the CPU design. The program
instructions may be coded by a programming language, which may be a high-
level programming language, such as C, Java, etc.,, or a low-level
programming language, such as a machine language, or an assembler. The
electronic digital computer may also have an operating system, which may
provide system services t0 a computer program written with the program
instructions. The memory may be a volatile or a non-volatie memory, for
example EEPROM, ROM, PROM, RAM, DRAM, SRAM, firmware,
programmable logic, etc.

An embodiment provides a computer program embodied on a
distribution medium, comprising program instructions which, when loaded into
an electronic apparatus, constitute the functionality according to an
embodiment.

The computer program may be in source code form, object code
form, or in some intermediate form, and it may be stored in some sort of
carrier, which may be any entity or device capable of carrying the program.
Such carriers include a record medium, computer memory, read-only memory,
electrical carrier signal, telecommunications signal, and software distribution
package, for example. Depending on the processing power needed, the
computer program may be executed in a single electronic digital computer or it
may be distributed amongst a number of computers.

An apparatus according to an embodiment may also be
implemented as one or more integrated circuits, such as application-specific
integrated circuits ASIC. Other hardware embodiments are also feasible, such
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as a circuit built of separate logic components. A hybrid of these different
implementations is also feasible.

Apparatuses, such as a transmitter, a mobile phone, a base station
and/or to any communications device, or apparatuses implementing the func-
tionality of a corresponding apparatus described with an embodiment comprise
not only prior art means, but also means for receiving two out-phased radio
frequency signals from corresponding amplifier paths of a radio transmitter,
and determining a filter for at least one of the amplifier paths, wherein the filter
is arranged to minimize a minimum square error of the difference of the com-
bined radio frequency signals.

More precisely, the various means comprise means for implement-
ing functionality of a corresponding apparatus described with an embodiment
and it may comprise separate means for each separate function, or means
may be configured to perform two or more functions. Present apparatuses
comprise processors and memory that can be utilized in an embodiment. Pro-
grams, also called program products, including software routines, applets and
macros, can be stored in any apparatus-readable data storage medium and
they include program instructions to perform particular tasks. All modifications
and configurations required for implementing functionality of an embodiment
may be performed as routines, which may be implemented as added or updat-
ed software routines, application circuits (ASIC) and/or programmable circuits.
Further, software routines may be downloaded into an apparatus.

For example, an apparatus according to an embodiment may be
implemented in hardware (one or more apparatuses), firmware (one or more
apparatuses), software (one or more modules), or combinations thereof. For a
firmware or software, implementation can be through modules (e.g., proce-
dures, functions, and so on) that perform the functions described herein. The
software codes may be stored in any suitable, processor/computer-readable
data storage medium(s) or memory unit(s) or article(s) of manufacture and
executed by one or more processors/computers. The data storage medium or
the memory unit may be implemented within the processor/computer or exter-
nal to the processor/computer, in which case it can be communicatively cou-
pled to the processor/computer via various means as is known in the art.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
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CLAIMS

1. Method comprising:

receiving two out-phased radio frequency signals from correspond-
ing amplifier paths of a radio transmitter; and

determining a filter for at least one of the amplifier paths, wherein
the filter is arranged to minimize a minimum square error of the difference of
the combined radio frequency signals.

2. A method according to claim 1, comprising:

connecting the filter to the at least one of the amplifier paths;
amplifying the out-phased radio frequency signals; and
combining the ampilified radio frequency signals.

3. A method according to claims 1 or 2, wherein the filter is con-
nected to the amplifier path before the amplifier.

4. A method according to any one of the preceding claims, wherein
the filter is connected to the amplifier path after the amplifier.

5. A method according to any one of the preceding claims, compris-
ing:

connecting the filter to the at least one of the amplifier paths;

feeding a test signal to each of the amplifier paths;

receiving the amplified test signals; and

determining the filter by filter coefficients on the basis of the ampli-
fied test signals.

6. A method according to claim 5, wherein a test signal comprises a
wideband radio frequency signal having a bandwidth of at least the bandwidth
of amplification of the amplifier paths.

7. A method according to claims 5 or 6 wherein the test signal is fed
through each of the amplifier paths at a time, preferably separated by a time
period at least the length of the memory of the filter.
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8. A method according to claims 5, 6 or 7, wherein the test signals
comprise orthogonal test signals.

9. A method according to claims 5, 6, 7, or 8, wherein the amplifier
paths comprise non-linear power amplifiers and at least one of the amplifier
paths include a filter, and the outputs of the amplifier paths are initially cali-
brated by determining the filter by a test signal fed to both of the amplifier
paths and after the initial calibration, updating the filter on the basis of outputs
of the amplifier paths for transmission on a radio frequency.

10. A method according to any one of the preceding claims, wherein
the filter comprises a digital Finite Impulse Response filter for example of
length 2 or more.

11. A method according to any one of the preceding claims, wherein
the amplifier paths perform non-linear amplification and the amplifier paths are
combined for transmission after amplification of the radio frequency signals.

12. An apparatus comprising means configured to perform a method
according to any one of claims 1 to 11.

13. An apparatus according to claim 12, wherein the means com-
prise:

a receiver circuitry to receive two out-phased radio frequency sig-
nals from corresponding amplifier paths of a radio transmitter; and

a controller to determine a filter for at least one of the amplifier
paths, wherein the filter is arranged to minimize a minimum square error of the
difference of the combined radio frequency signals.

14. An apparatus according to claims 12 or 13, wherein the appara-
tus comprises a radio transmission unit of a wireless transmitter for example a
mobile phone or a base station.

15. A computer program product comprising executable code that
when executed, cause execution of functions of a method according to any
one of claims 1 to 11.
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16. A communications system comprising an apparatus according to
any one of claims 12 to 14.



WO 2014/202112 PCT/EP2013/062505
1/3

- 302

304

f Calibration [ 55
| ¥

Transmission /

Fig. 1 Fig. 3

Receive 406
s S

Determine Filter




PCT/EP2013/062505

WO 2014/202112
2/3
20,2? 2@4 1'0 |
Kyl "%
olime— §
%
206 212
200
Fig. 2a
E »
224
~
FIR O A
F % ; B"
222
Y
Cont

220
Fig. 2b



WO 2014/202112 PCT/EP2013/062505
3/3

232

Cont

230
Fig. 2c

242

Cont |,

240
Fig. 2d



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/062505

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO3F1/30 HO3F3/189
ADD.

HO3F3/24

HO3F1/02 HO3F1/32

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO3F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraphs [0009],
[0054]; figures 3,5

25 April 2002 (2002-04-25)
paragraphs [0002], [0017],
[0113]; figures 3,4,7

7 June 2006 (2006-06-07)
paragraphs [0011],
figures 4,7,10

X US 2010/321107 Al (HONCHARENKO WALTER
[US]) 23 December 2010 (2010-12-23)
[0022] - [0045],

X US 2002/047745 Al (KOLANEK JAMES C [US])
[0039] -

X EP 1 667 331 Al (MATSUSHITA ELECTRIC IND
CO LTD [JP] PANASONIC CORP [JP])

[0016] - [0108];

1-16

1-16

1-16

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

8 October 2013

Date of mailing of the international search report

18/10/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Goethals, Filip

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/062505

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2008/075194 A1 (RAVI ASHOKE [US] ET AL)
27 March 2008 (2008-03-27)

paragraphs [0001], [0056] - [0066];
figures 9,10,12

1-16

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2013/062505
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2010321107 Al 23-12-2010 CN 102460956 A 16-05-2012
EP 2443739 Al 25-04-2012
JP 2012531095 A 06-12-2012
KR 20120026549 A 19-03-2012
US 2010321107 Al 23-12-2010
WO 2010147754 Al 23-12-2010

US 2002047745 Al 25-04-2002 AU 7362701 A 02-01-2002
AU 2001273627 A8 04-09-2008
US 2002047745 Al 25-04-2002
WO 0199271 A2 27-12-2001

EP 1667331 Al 07-06-2006  CN 1853351 A 25-10-2006
EP 1667331 Al 07-06-2006
JP 3910167 B2 25-04-2007
JP 2005101940 A 14-04-2005
US 2007076814 Al 05-04-2007
WO 2005031993 Al 07-04-2005

US 2008075194 Al 27-03-2008  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report

