wo 2015/106422 A1 [N I 00T 0 0 0O

(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 2015/106422 A1l

(51

eay)

(22)

(25)
(26)
1

(72)
1

(72

74

23 July 2015 (23.07.2015) WIPOIPCT
International Patent Classification: (81)
HO3F 3/20 (2006.01)

International Application Number:
PCT/CN2014/070741

International Filing Date:
16 January 2014 (16.01.2014)

English
Publication Language: English

Applicant: TELEFONAKTIEBOLAGET L M ERIC-
SSON (PUBL) [SE/SE]; 164 83 Stockholm (SE).

Filing Language:

Inventor; and

Applicant (for SC only): ZHOU, Liushuan [CN/CN];
No. 5 Lize East Street, Chaoyang District, Beijing 100102
(CN).

Inventors: HUANG, Tao; Room 402, Block 7, Building
210, Huajiadixili, Chaoyang District, Beijing 100102 (CN).
HU, Xiaohui; 15# 1194 Sun City, Chaoyang District,
Beijing 100102 (CN).

Agent: KING & WOOD MALLESONS; 20th Floor, East
Tower, World Financial Cetre, No. 1 Dongsanhuan Zhon-
glu, Chaoyang District, Beijing 100020 (CN).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

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

(54) Title: METHOD AND APPARATUS FOR ADJUSTING PEAK POWER CAPABILITY

210

calculating PAPR of an input signal of the power amplifier
circuitry

}

Y

220

determining at least one configuration parameter of the at least

one peak amplifier path depending upon the calculated PAPR of
the input signal

4

configuring the at least one peak amplifier path based on the 230

determined at least one configuration parameter, thereby
adjusting the peak power capability of the power amplifier
circuitry

Ny
=3

Fig. 2

(57) Abstract: One of the embodiments of the present dis-
closure relates to a method for adjusting peak power capab-
ility of a power amplifier circuitry. The power amplifier cir-
cuitry comprises at least one main amplifier path and at
least one peak amplifier path and is configured to output a
signal combining amplified signals from the at least one
main amplitier path and the at least one peak amplifier path.
The method comprises calculating a PAPR of an input sig-
nal of the power amplifier circuitry; determining at least
one configuration parameter of the at least one peak ampli-
fier path depending upon the calculated PAPR of the input
signal; and configuring the at least one peak amplifier path
based on the determined at least one configuration paramet-
er, thereby adjusting the peak power capability of the power
amplifier circuitry. The present disclosure also relates to
corresponding apparatus and wireless communication
devices.
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METHOD AND APPARATUS FOR ADJUSTING PEAK POWER CAPABILITY

TECHNICAL FIELD

[0001] The present disclosure relates to wireless
communication, and more particularly to methods and
apparatus for adjusting peak power capability of a power

amplifier circuitry.

DESCRIPTION OF THE RELATED ART

[0002] In a modern wireless communication system,
transmitters such as those operated in various base stations
or user terminals work with huge of configurations based on
the factors of carrier number, carrier spacing, radio access
technology types, information bandwidth, etc. Due to such
different configurations, a signal to be transmitted over
the transmitter in the radio-based communication systemwill
have a peak to average power radio (PAPR) that may vary in

a very large range.

[0003] In a conventional solution, the transmitter need to
have a peak power capability to fulfill the maximum signal
PAR requirement of the system, although it is possible that
the signal PAPR stays at a lower level for a relatively long
term. The peak power capability depends partially on
saturation points of the power amplifier circuitry in the
transmitter. In practice, the characteristics of power

amplifier circuitry are usually subject to “drifting” due
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to many factors such as batch variations, ambient conditions,
aging, etc. The peak power capability of the power amplifier
circuitry needs to be calibrated individually based on the
maximum peak power value and a margin for “drifting” and then
the calibration results may be saved in a storage device,
which may be incorporated in the transmitter. 1In this way,
a fix target PAPR is applied to calibrate the power amplifier
circuitry 1n the phase of production and the power
consumption of the transmitter is also fixed when the
production finished. When working on site, the power
amplifier circuitry of the transmitter always operates at
its maximum peak power capability and has highest power

consumption resulted therefrom.

[0004] Therefore, there 1s a need to reduce power
consumption of power amplifier circuitries in such
transmitters that are used to transmit signals with a
relatively large PAPR variance in a wireless communication

system.

SUMMARY OF THE INVENTION

[0005] To solve at least one of the problems in the prior
art, one or more method and apparatus embodiments according
to the present disclosure aim to provide a solution for
adjusting peak power capability of a power amplifier

circuitry.

[0006] According to an aspect of the present disclosure,
an embodiment of the present disclosure provides a method
for adjusting peak power capability of a power amplifier
circuitry. The power amplifier circuitry comprises at least

one main amplifier path and at least one peak amplifier path

2
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and the power amplifier circuitry is configured to output
a signal combining amplified signals from the at least one
main amplifier path and the at least one peak amplifier path.
The method comprises: calculating a Peak to Average Power
Ratio, PAPR, of an input signal of the power amplifier
circuitry; determining at least one configuration parameter
of the at least one peak amplifier path depending upon the
calculated PAPR of the input signal; and configuring the at
least one peak amplifier path based on the determined at least
one configuration parameter, thereby adjusting the peak
power capability of the power amplifier circuitry.
According to one or more embodiments of the present
embodiments, the calculated PAPR of the input signal is used
to identify an entry in a lookup table that stores the at
least one configuration parameter in association with a

target PAPR.

[0007] According to an aspect of the present disclosure,
an embodiment o0f the present disclosure provides an
apparatus for an apparatus for adjusting peak power
capability of a power amplifier circuitry. The power
amplifier circuitry comprises at least one main amplifier
path and at least one peak amplifier path and the power
amplifier circuitry is configured to output a signal
combining amplified signals from the at least one main
amplifier path and the at least one peak amplifier path. The
apparatus comprises: a calculating unit configured to
calculate a Peak to Average Power Ratio, PAPR, of an input
signal of the power amplifier circuitry; a determining unit
configured to determine at least one configuration parameter
of the at least one peak amplifier path depending upon the
calculated PAPR of the input signal; and a controlling unit
configured to configuring the at least one peak amplifier

path based on the determined at least one configuration

3
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peak power capability of

According to one or more

embodiments of the present embodiments, the determining unit

is configured to use the calculated PAPR of the input signal

to identify an entry in a lookup

table that stores the at

least one configuration parameter in association with a

target PAPR.

[0008] According to an aspect of the present disclosure,

an embodiment of the present disclosure provides a wireless

communication device. The wireless communication device

comprises a power amplifier circuitry comprising at least

one main amplifier path and at least one peak amplifier path,

wherein the power amplifier circuitry 1is configured to

output a signal combining amplified signals fromthe at least

one main amplifier path and the at least one peak amplifier

path. The wireless communication device further comprise:

a calculating circuit configured to calculate a Peak to

Average Power Ratio, PAPR, of an

input signal of the power

amplifier circuitry; a determining circuit configured to

determine at least one configuration parameter of the at

least one peak amplifier path depending upon the calculated

PAPR of the input signal; and a controlling circuit

configured to configure the at least one peak amplifier path

based on the determined at least one configuration parameter,

thereby adjusting the peak power capability of the power

amplifier circuitry. According to one or more embodiments

of the present invention, the wireless communication device

is a wireless network node or a wireless terminal device.

[0009] According to an aspect of the present disclosure,

an embodiment of the present disclosure provides a wireless

communication device. The wireless communication device

comprises one Oor more processorsy

and one or more memories
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including computer program code. The one or more memories
and the computer program code configured to, with the one
Or more processors, cause the wireless communication device
to: calculate a Peak to Average power Ratio, PAPR, of an input
signal of the power amplifier circuitry, wherein the power
amplifier circuitry comprises at least one amplifier path
and at least one peak amplifier path and the power amplifier
circuitry 1is configured to output a signal combining
amplified signals from the at least one main amplifier path
and the at least one peak amplifier path; determine at least
one configuration parameter of the at least one peak
amplifier path depending upon the calculated PAPR of the
input signal; and configure the at least one peak amplifier
path based on the determined at least one configuration
parameter, thereby adjusting the peak power capability of

the power amplifier circuitry.

[0010] According to an aspect of the present disclosure,
an embodiment of the present disclosure provides a wireless
communication device. The wireless communication device
comprises processing means adapted to: calculate a Peak to
Average Power Ratio, PAPR, of an input signal of the power
amplifier circuitry, wherein the power amplifier circuitry
comprises at least one main amplifier path and at least one
peak amplifier path and the power amplifier circuitry is
configured to output a signal combining amplified signals
from the at least one main amplifier path and the at least
one peak amplifier path; determine at least one
configuration parameter of the at least one peak amplifier
path depending upon the calculated PAPR of the input signal;
and configure the at least one peak amplifier path based on
the determined at least one configuration parameter, thereby
adjusting the peak power capability of the power amplifier

circuitry.
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[0011] According to one or more embodiments of the present
disclosure, the peak power capability of the power amplifier
circuitry can be adjusted by tracking the input signal PAPR.
As a result, the operating status of the power amplifier
circuitry 1in the transmitter is capable of wvarying
adaptively in response to the change of the input signal’s
PAPR. 1In this way, the power consumption of the transmitter
can be reduced and transmission efficiency can be improved
when the transmitter is operating on site, especially in

taking a relatively long-term perspective.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Inventive features regarded as the characteristics
of the present invention are set forth in the appended claims.
However, the present invention, its implementation mode,
other objectives, features and advantages will be better
understood through reading the following detailed
description on the exemplary embodiments with reference to

the accompanying drawings, where in the drawings:

[0013] Figs. 1 illustrates a schematic diagram of an
exemplary power amplifier circuitry for which one or more

embodiments of the present disclosure can be implemented;

[0014] Fig. 2 schematically illustrates an exemplary flow
chart of a method for adjusting peak power capability
according to one or more embodiments of the present

disclosure;

[0015] Fig. 3 schematically 1illustrates an exemplary
process of determining configuration parameters of the peak

amplifier path(s) according to one or more embodiments of
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the present disclosure;

[0016] Fig. 4 schematically illustrates a block diagram of
a wireless communication device according to one or more

embodiments of the present disclosure;

[0017] Fig. 5 schematically illustrates another Dblock
diagram of a wireless communication device according to one

or more embodiments of the present disclosure; and

[0018] Fig. 6 schematically shows a simplifiedblock diagram
of an apparatus 600 according to an embodiment of the present

invention.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0019] Hereinafter, embodiments of the present disclosure
will be described with reference to the accompanying
drawings. In the following description, many specific
details are illustrated so as to understand the present
disclosure more comprehensively. However, it is apparent to
the skilled in the art that implementation of the present
disclosure may not have these details. Additionally, it
should be understood that the present invention is not
limited to the particular embodiments as introduced here.
On the contrary, any arbitrary combination of the following
features and elements may be considered to implement and
practice the present invention, regardless of whether they
involve different embodiments. Thus, the following aspects,
features, embodiments and advantages are only for
illustrative purposes, and should not be understood as
elements or limitations of the appended claims, unless

otherwise explicitly specified in the claims.
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[0020] Fig. 1 illustrates a schematic diagram of an
exemplary power amplifier circuitry for which one or more

embodiments of the present disclosure can be implemented.

[0021] Fig. 1 schematically illustrates a digital Doherty
structure of a power amplifier circuitry 100, which can be
used in a wireless communication device such as a wireless
network node or a wireless user terminal. As illustrated
in Fig. 1, the power amplifier circuitry 100 includes two
amplifier paths, a main amplifier path 110 and a peak
amplifier path 120. An input signal is divided into two
parts by a power distributor (not shown in Fig. 1), which
are then fed into the main amplifier path 110 and the peak
amplifier path 120, respectively. The power amplifier
circuitry 100 is configured to output a signal combining
amplified signals from the main amplifier path 110 and the

peak amplifier path 120.

[0022] Specifically, the power amplifier circuitry 100 has
substantially symmetrical structure in the two amplifier
paths. As shown in Fig. 1, the main amplifier path 110 may
include a digital-to—-analog converter (DAC) 111, a digital
attenuator 112, which may have for example 0.05dB precision,
a step attenuator 113, which may have for example 1dB
precision, a main amplifier 114; correspondingly, the peak
amplifier path 120 may also include a DAC 121, a digital
attenuator 122, which may have for example 0.05dB precision,
a step attenuator 123, which may have for example 1dB
precision, a peak amplifier 124. The power amplifier
circuitry 100 may also include a transmit signal ocbservation
path (not shown), by which the power of the output signal
of the power amplifier circuitry 100 is measured and compared
with the input signal so that the digital pre-distortion

algorithm can be used to improve the RF linearity and
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efficiency of the power amplifier circuitry 100.

[0023] Generally speaking, the function of the digital
pre—-distortion algorithm in the power amplifier circuitry
100 is to linearize and correct for weak unlinearities in
the amplifier characteristics, but it cannot be used to
compensate beyond the amplifier saturation point. So the
power amplifier circuitry 100 should be calibrated in
production to assure that it has sufficient capability of
delivering the peak output power. In the conventional
solution, it is required a fix target to calibrate the peak
power of the power amplifier circuitry 100 based on the
nominal output power and maximum PAPR. However, as the
foregoing discussion, when the transmitter works on site,
due to different configurations of radio standards, the
input signal PAPR may vary in a very large range. If the
power amplifier circuitry still works 1in the fixed
calibration status, the transmitter will always operate at
its highest power consumption, which unnecessarily consumes
excess energy. Various embodiments of the present
disclosure are designed to address at least that problem in
such power amplifier circuitries, as exemplarily shown in

Fig. 1.

[0024] Some variants or modifications of the structure of
the power amplifier 100 may also be used to implement
embodiments of the present disclosure. 1In one alternative
implementation, for example, the DAC 111 in the main
amplifier path 110 and the DAC 121 in the peak amplifier path
120 may be combined as a single digital-to—-analog converter,
which converts the input signal and then inputs the converted
signal into the power distributor so as to be distributed
to the main and peak amplifier paths respectively.

According to another implementation, it is possible to omit
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the digital attenuators 112 and 122 in the power amplifier

circuitry.

[0025] Although with reference to Fig. 1, a two-path digital
symmetrical Doherty structure of the power amplifier
circuitry 100 is described as an example of power amplifier
circuitry in which one or more embodiments of the present
disclosure can be implemented, those skilled can appreciate
that various embodiments of the present disclosure can also
be implemented in any other suitable types of power amplifier
circuitries that include at least one main amplifier path
and at least one peak amplifier. As further examples, in
Chinese Patent Application Publication CN103178768A
entitled “Multi-path Doherty Circuit”, there is disclosed
some other suitable types of power amplifier circuitry
structures, which includes multiple main amplifier paths
and/or multiple peak amplifier paths, as illustrated in its

Figs. 2-9, 12-19.

[0026] Nevertheless, those skilled in the art should note
that 1t would not lose generality to describe wvarious
embodiments of the present disclosure based on the example
two-path power amplifier circuitry illustrated by Fig. 1,
due to equivalence characteristics of those circuitries.
Multiple main/peak amplifier paths of a power amplifier
circuitry can be equivalent to one single main/peak path in
electrical characteristics thereof. Therefore, it can be
understood that the implementation of embodiments of the
present disclosure are not limited to any specific circuit
structure of the main and peak amplifier path(s) of the power
amplifier circuitry, but rather able to benefit wvarious
power amplifier circuitries with different main and peak

path structures.

[0027] With reference to Figs. 2 and 5, various embodiments

10
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of the present disclosure will be set forth in detail.

[0028] Fig. 2 schematically illustrates an exemplary flow
chart of a method (200) for adjusting peak power capability
according to one or more embodiments of the present

disclosure.

[0029] As illustrated in Fig. 2, in block 210, a PAPR of
an input signal of a power amplifier circuitry is calculated.
The power amplifier circuitry, for example as shown in Fig.
1, comprises at least one main amplifier path (110) and at
least one peak amplifier path (120). Andthe power amplifier
circuitry (100) is configured to output a signal combining
amplified signals from the at least one main amplifier path

(110) and the at least one peak amplifier path (120).

[0030] In block 220, at least one configuration parameter
of the at least one peak amplifier path is determined

depending upon the calculated PAPR of the input signal.

[0031] According to one or more embodiments of the present
disclosure, the calculated PAPR of the input signal is used
to identify an entry in a lookup table that stores the at
least one configuration parameter in association with a

target PAPR.

[0032] The lookup table may be built by calibrating at least
the at least one peak amplifier path (120) in a production
stage of the power amplifier «circuitry (100). In
calibration process, series designed target PAPR values are
used to calibrate the peak power capability of the power
amplifier circuitry (100). According to an exemplary
implementation, the power consumption of the power amplifier
at every target wvalue 1is optimized by performing a
multi-dimensional optimization, for example, sweeping a

plurality of configuration parameters of the at least one

11
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peak amplifier path.

[0033] According to an embodiment, the at least one
configuration parameter of the at least one peak amplifier
path (120) comprises a supply voltage Vdd of the amplifier
(124) 1in the at least one peak amplifier path (120). The
vdd of the peak amplifier shall be minimized in the

optimization so as to maximize DC-efficiency.

[0034] Additionally, the at 1least one configuration
parameter of the at least one peak amplifier path (120) may
further comprise one or more parameters selected froma group

of:

an attenuation value applied to the at least one peak

amplifier path (120);

a gain magnitude difference between the at least main
amplifier path (110) and the at least one peak amplifier path
(120);

a phase offset between the at least main amplifier path

(110) and the at least one peak amplifier path (120).

[0035] It should be noted that the main amplifier path(s)
may be required to be calibrated together with the peak
amplifier path(s) of the power amplifier circuitry, 1f the
designed configuration parameters to be calibrated include
the gain magnitude difference and/or phase offset between

the main amplifier path(s) and the peak amplifier path(s).

[0036] Any of the configuration parameters of the at least
one peak amplifier path as discussed foregoing may be
considered as an equivalent configuration parameter, in the
case that multiple peak amplifier paths are adopted in the
power amplifier circuitry. Those skilled in the art may

choose to adjust a configuration parameter value(s) of one

12
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or more real circuitry components in the multiple peak
amplifier paths so as to achieve the equivalent effect of
configuring the corresponding eqguivalent configuration

parameter.

[0037] When finishing the calibration process based on all
the target values, the calibration results can be saved as
a lookup table in a memory, for example, a flash memory of
the transmitter. The lookup table records the
correspondence between plural target PAPR values and the at
least configuration parameters of the at least one peak
amplifier path. 1In an advantageous example, the target PAPR
values may be configured to reflect different peak power
levels of transmit signals for different Radio Access
Technologies (RATs) such as, GSM, WCDMA, LTE, ect. While
the transmitter operates on site, the lookup table can be

loaded for subsequent processing.

[0038] In block 230, the at least one peak amplifier path
(120) is configured based on the determined at least one
configuration parameter, thereby adjusting the peak power

capability of the power amplifier circuitry (100).

[0039] Additionally, in block 230, the at least one main
amplifier path (110) may also be configured to achieve, for
example, the determined gain magnitude difference between
the at least main amplifier path (110) and the at least one
peak amplifier path (120) and/or a phase offset between the
at least main amplifier path (110) and the at least one peak
amplifier path (120). To adjust the peak power capability
of the power amplifier circuitry (110), the supply voltage
0of the main amplifier (114) may also be considered as an
option of those configuration parameters of the power

amplifier circuitry (100).

13
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[0040] Fig. 3 schematically 1illustrates an exemplary
process (300) of determining (220) configuration parameters
of the peak amplifier path(s) according to one or more

embodiments of the present disclosure.

[0041] As illustrated inFig. 3, inblock 310, the calculated
PAPR of the input signal is compared with a currently-used

target PAPR.

[0042] In block 320, the at least one configuration
parameter may be determined depending on the comparison
result between the calculated PAPR of the input signal and

the currently-used target PAPR.

[0043] According to an advantageous embodiment of the
present disclosure, 1t may be determined in block 3201
whether the difference between the calculated PAPR of said
input signal and the currently-used target PAPR is greater

than a threshold or not.

[0044] If the determination result inblock 3201 is positive,
that is, the difference between the calculated PAPR of said
input signal and the currently-used target PAPR is greater
than the threshold, then in block 3202, an interpolation
operation may be performed based on the lookup table
depending upon the calculated PAPR of the input signal so

as to determine the updated configuration parameter (s).

[0045] If the determination result inblock 3201 is negative,
that is, the difference between the calculated PAPR of the
input signal and the currently-used target PAPR is equal or
less than the threshold, the currently-used target PAPR
remains unchanged and the process will proceed with block

210 to keep tracking PAPR of the input signal.

[0046] Apparently, the processing of blocks 3201-3202

provides only one example of how to determine (320) the at

14
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least one configuration parameter based on the comparison
result between the calculated PAPR of the input signal and
the currently-used target PAPR. However, various
embodiments of the present disclosure are not limited to this
example. Such determination may be made in any suitable way
that optimized configuration parameters of the peak
amplifier path(s) can be identified from the loockup table
of the calibration results. For example, in an embodiment,
within a predefined period of re-configuration, in order to
configure the peak amplifier path(s) of the power amplifier
circuitry, the configuration parameters may be simply
determined by choosing from the lookup table a target PAPR
value closest to the calculated PARP value of the input signal

of the power amplifier circuitry.

[0047] It should be noted that the above depiction is only
exemplary, not intended for limiting the present invention.
In other embodiments of the present invention, this method
may have more, or less, or different steps, and numbering
the steps is only for making the depiction more concise and
much clearer, but not for stringently limiting the sequence
between each steps; while the sequence of steps may be
different from the depiction. For example, 1n some
embodiments, the above one or more optional steps may be
omitted. Specific embodiment of each step may be different
from the depiction. All these variations fall within the

spirit and scope of the present invention.

[0048] According to one or more embodiments of the present
disclosure, the peak power capability of the power amplifier
circuitry can be adjusted by tracking the input signal PAPR.
As a result, the operating status of the power amplifier
circuitry 1in the transmitter is capable of wvarying

adaptively in response to the change of the input signal PAPR.

15
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In this way, the power consumption of the transmitter can
be reduced and transmission efficiency can be improved when
the transmitter is operating on site, especially in taking

a relatively long-term perspective.

[0049] Fig. 4 schematically illustrates a block diagram of
a wireless communication device (400) according to one or

more embodiments of the present disclosure.

[0050] As 1illustrated in Fig. 4, the wireless communication
device 400 can be a wireless network node or a wireless
terminal device, which comprises a power amplifier circuitry
410 having at least one main amplifier path and at least one
peak amplifier path. The power amplifier circuitry 410 is
configured to output a signal combining amplified signals
from the at least one main amplifier path and the at least
one peak amplifier path. The wireless communication device
400 further comprises a calculating circuitry 420, a
determining circuitry 430 and a controlling circuitry 440.
The calculating circuitry 420 is configured to calculate
PAPR of an input signal of the power amplifier circuitry 410.
The determining circuitry 430 is configured to determine at
least one configuration parameter of the at least one peak
amplifier path of the power amplifier circuitry 410
depending upon the PAPR calculated by the calculating
circuitry 420. The controlling circuitry 440 is configured
to configure the at least one peak amplifier path of the power
amplifier circuitry 410 with the at least one configuration
parameter determined by the determining circuitry 430,
thereby adjusting the peak power capability of the power

amplifier circuitry 410.

[0051] According to one or more embodiments of the present
disclosure, the determining circuitry 430 may be configured

0 use the input signal PAPR calculated by the calculating

16
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circuitry 420 to identify an entry in a lookup table that
stores the at least one configuration parameter in
association with a target PAPR. The lookup table may be
built by calibrating at least the at least one peak amplifier
path in a production stage of the power amplifier circuitry

410.

[0052] According to one or more embodiments of the present
disclosure, the determining circuitry 430 may be configured
to compare the calculated PAPR of the input signal with a
currently-used target PAPR and determine the at least one
configuration parameter depending on the comparison result
between the calculated PAPR o0f the signal and the
currently-used target PAPR. In an 1implementation, the
determining circuitry 430 may be configured to perform an
interpolation operation based on the lookup table depending
upon the input signal PAPR calculated by the calculating
circuitry 420, 1f the difference between the calculated
input signal PAPR and the currently-used target PAPR is

greater than a threshold.

[0053] According to one or more embodiments of the present
disclosure, the at least one configuration parameter of the
at least one peak amplifier path of the power amplifier
circuitry 410 may comprise a supply voltage of an amplifier
(124) in the at least one peak amplifier path. Additionally,
the at least one configuration parameter of the at least one
peak amplifier path may further comprise one or more
parameters selected from a group of an attenuation value
applied to said at least one peak amplifier path; a gain
magnitude difference between the at least main amplifier
path and the at least one peak amplifier path; a phase offset
between the at least main amplifier path and said at least

one peak amplifier path.

17



10

15

20

25

30

WO 2015/106422 PCT/CN2014/070741

[0054] Fig. 5 schematically shows a simplifiedblock diagram
of a wireless communication device according to an

embodiment of the present invention.

[0055] In general, the various embodiments of the wireless
communication device 400 and 500 can include, but are not
limited to, wireless network nodes adapted for radio
transmission in the wireless communication system, such as
a base station, a NodeB, an evolved NodeB, a radio access
point, relay node, or any other suitable wireless network
node; and wireless terminal devices 1in the wireless
communication system, such as cellular phones, PDAs having
wireless communication capabilities, portable computers
having wireless communication capabilities, image capture
devices such as digital cameras having wireless
communication capabilities, gaming devices having wireless
communication capabilities, as well as portable units or
terminals that incorporate combinations of such functions.
Yet further, the wireless terminal device includes MTC
(Machine Type Communication) devices, which do not

necessarily involve human interaction.

[0056] The wireless communication device 500 is adapted for
radio transmission in the wireless communication system via

its antenna array 550.

[0057] The wireless communication device 500 includes a data
processor (DP) 510, a memory (MEM) 520 coupled to/embedded
in the DP 510, and suitable RF transmitter TX/receiver RX
module 540 coupling the antenna array 550 to the DP 510. The
RF TX/RX module 540 1is for Dbidirectional wireless
communications with at least one base station. The MEM 520

stores a program (PROG) 530.

[0058] The RF TX/RX module 540 contains a power amplifier
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circuitry (not shown in Fig. 5) for amplifying the transmit
signal. The power amplifier circuitry said power amplifier
circuitry comprises at least one main amplifier path and at
least one peak amplifier path and the power amplifier
circuitry 1is configured to output a signal combining
amplified signals from the at least one main amplifier path
and the at least one peak amplifier path. For example, the
power amplifier circuitry may have a circuit structure or

equivalent circuit structure as illustrated in Fig. 1.

[0059] The PROG 530 1is assumed to include program
instructions that, when executed by the DP 510, enable the
wireless communication device 500 to operate in accordance
with the exemplary embodiments of this disclosure, as
discussed herein with the processing flows as shown in Fig.2

and/or Fig.3.

[0060] The MEM 520 may be of any type suitable to the local
technical environment and may be implemented using any
suitable data storage technology, such as semiconductor
based memory devices, magnetic memory devices and systems,
optical memory devices and systems, fixed memory and
removable memory, as non-limiting examples. While only one
MEM is shown in the wireless communication device 500, there
may be several physically distinct memory units in the
wireless communication device 500. According to one more
embodiments of the present disclosure, the MEM 520 is
suitable to store a look up table (not shown in Fig. 5), in
which at least one configuration parameter of at least one
peak amplifier path of the power amplifier circuitry are
stored in associated with a corresponding target PAPP. The
lookup table is built by calibrating at least the at least
one peak amplifier path in a production stage of the power

amplifier circuitry.
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[0061] The DP 510 performs any required processing as
described with reference to Figs. 2 and/or 3. The DP 510
may be of any type suitable to the local technical environment,
and may include one or more of general purpose computers,
special purpose computers, microprocessors, DSPs and
processors based on multi-core processor architecture, as

non-limiting examples.

[0062] Fig. 6 schematically shows a simplifiedblock diagram
of an apparatus 600 according to an embodiment of the present

invention.

[0063] As illustrated in Fig. 6, the apparatus 600 for
adjusting peak power capability of a power amplifier
circuitry (100) comprises a calculating unit 610, a

determining unit 620 and a controlling unit 630.

[0064] The calculating unit 610 is configured to calculate
(210) a PAPR of an input signal of the power amplifier
circuitry (100). The power amplifier circuitry (100), peak
power capability of which is adjusted by the apparatus 600,
comprises at least one main amplifier path (110) and at least
one peak amplifier path (120) and the power amplifier
circuitry (100) is configured to output a signal combining
amplified signals from the at least one main amplifier path

(110) and the at least one peak amplifier path (120).

[0065] The determining unit 620 is configured to determine
(220) at least one configuration parameter of the at least
one peak amplifier path (120) depending upon the calculated
PAPR of the input signal. According to one or more
embodiment of the present disclosure, the determining unit
620 may be configured to use the calculated PAPR of the input
signal to identify an entry in a lookup table that stores

the at least one configuration parameter in association with
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a target PAPR. The determining unit 620 may use the
calculated PAPR of the input signal to identify an entry in
a lookup table that stores the at least one configuration
parameter in association with a target PAPR. According to
one or more embodiments, the determining unit 620 may compare
(310) the calculated PAPR of the input signal with a
currently-used target PAPR and determine (320) the at least
one configuration parameter depending on the comparison
result between the calculated PAPR of the signal and the
currently-used target PAPR. For example, if the difference
between the calculated PAPR of the input signal and the
currently-used target PAPR 1is determined (3201) to be
greater than a threshold, then the determining unit may
perform (3203) an interpolation operation based on the
lookup table depending upon the calculated PAPR of the input

signal.

[0066] The controlling unit 630 is configured to configure
(230) the at least one peak amplifier path (120) based on
the determined at least one configuration parameter, thereby
adjusting the peak power capability of the power amplifier

circuitry (100).

[0067] According to one or more embodiments of the present
invention, the lookup table may be built by calibrating the
at least one peak amplifier path (120) in a production stage
of the power amplifier circuitry (100). The lookup table
is used to store the correspondence between plural target
PAPR and the at least configuration parameters of the at least
one peak amplifier path (120). As an example, the at least
one configuration parameter of the at least one peak
amplifier path (120) may comprise a supply voltage of an
amplifier (124) in the at least one peak amplifier path (120).

As additional examples, the at least one configuration
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parameter of the at least one peak amplifier path (120) may
further comprise one or more parameters selected froma group
of: an attenuation value applied to the at least one peak
amplifier path (120); a gain magnitude difference between
the at least main amplifier path (110) and the at least one
peak amplifier path (120); a phase offset between the at least
main amplifier path (110) and the at least one peak amplifier

path (120).

[0068] In general, the various exemplary embodiments may
be implemented in hardware or special purpose circuits,
software, logical or any combination thereof. For example,
some aspects may be implemented in hardware, while other
aspects may be implemented in firmware or software which may
be executed by a controller, microprocessor or other
processing means, although the invention is not limited
thereto. While various aspects of the exemplary embodiments
of this invention may be illustrated and described as block
and controlling diagrams, it is well understood that these
blocks, apparatus, systems, techniques or methods described
herein may be implemented in, as non-limiting examples,
hardware, software, firmware, special purpose circuits or
logical, general purpose hardware or controller or other
processing means, or some combination thereof.

[0069] As such, it should be appreciated that at least some
aspects of the exemplary embodiments of the inventions may
be practiced in wvarious components such as integrated
circuit chips and modules. As well known in the art, the
design of integrated circuits 1is by and large a highly
automated process.

[0070] The present invention may also be embodied in the
computer program product which comprises all features
capable of implementing the method as depicted herein and

may implement the method when loaded to the computer system.
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[0071] The ©present invention has Dbeen specifically
illustrated and explained with reference to the preferred
embodiments. The skilled in the art should understand
various changes thereto in form and details may be made

without departing from the scope of the present invention.
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WHAT IS CLAIMED IS:

1. A method (200) for adjusting peak power capability of

a power amplifier circuitry (100), comprising:

calculating (210) a Peak to Average Power Ratio, PAPR,
of an input signal of said power amplifier circuitry (100),
wherein said power amplifier circuitry (100) comprises at
least one main amplifier path (110) and at least one peak
amplifier path (120) and said power amplifier circuitry (100)
is configured to output a signal combining amplified signals
from said at least one main amplifier path (110) and said at

least one peak amplifier path (120);

determining (220) at least one configuration parameter
of said at least one peak amplifier path (120) depending upon

the calculated PAPR of said input signal; and

configuring (230) said at least one peak amplifier path
(120) based on the determined at least one configuration
parameter, thereby adjusting said peak power capability of

salid power amplifier circuitry (100).

2. The method (200) according to Claim 1, wherein the step
of determining (220) at least one configuration parameter of
said at least one peak amplifier path (120) depending upon

the calculated PAPR of said input signal comprising:

using the calculated PAPR of said input signal to identify
an entry in a lookup table that stores said at least one

configuration parameter in association with a target PAPR.
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3. The method (200) according to Claim 2, wherein the step
of using the calculated PAPR of said input signal to identify
an entry in a lookup table that stores said at least one
configuration parameter in association with a target PAPR

comprising:

comparing (310) the calculated PAPR of said input signal

with a currently-used target PAPR;

determining (320) said at least one configuration
parameter depending on the comparison result between the
calculated PAPR of said signal and said currently-used target

PAPR.

4. The method (200) according to Claim 3, wherein
determining (320) said at least one configuration parameter
depending on the comparison result between the calculated PAPR

of said signal and said currently-used target PAPR comprising:

performing (3202) an interpolation operation based on
said lookup table depending upon the calculated PAPR of said
input signal, if the difference between the calculated PAPR
0of said input signal and the currently-used target PAPR is

determined (3201) to be greater than a threshold.

5. Themethod (200) according to any of Claims 2-4, wherein

said lookup table is built by calibrating at least said
at least one peak amplifier path (120) in a production stage

of said power amplifier circuitry (100).

6. The method (200) according to any of Claims 1-5, wherein

said at least one configuration parameter of said at least
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one peak amplifier path (120) comprises: a supply voltage of
an amplifier (124) in said at least one peak amplifier path

(120) .

7. The method (200) according to Claim 6, wherein said
at least one configuration parameter of said at least one peak
amplifier path (120) further comprises one or more parameters

selected from a group of:

an attenuation value applied to said at least one peak

amplifier path (120);

a gain magnitude difference between said at least main
amplifier path (110) and said at least one peak amplifier path
(120);

a phase offset between said at least main amplifier path

(110) and said at least one peak amplifier path (120).

8. An apparatus (600) for adjusting peak power capability

of a power amplifier circuitry, comprising:

a calculating unit (610) configured to calculate a Peak
Lo Average Power Ratio, PAPR, of an input signal of said power
amplifier circuitry, wherein said power amplifier circuitry
comprises at least one main amplifier path and at least one
peak amplifier path and said power amplifier circuitry 1is
configured to output a signal combining amplified signals from
said at least one main amplifier path and said at least one

peak amplifier path;

a determining unit (620) configuredto determine at least
one configuration parameter of said at least one peak
amplifier path depending upon the calculated PAPR of said

input signal; and
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a controlling unit (630) configured to configure said
at least one peak amplifier path based on the determined at
least one configuration parameter, thereby adjusting said

peak power capability of said power amplifier circuitry.

9. The apparatus (600) according to Claim 8, wherein the
determining unit (620) is configured to use the calculated
PAPR of said input signal to identify an entry in a lookup
table that stores said at least one configuration parameter

in association with a target PAPR.

10. The apparatus (600) according to Claim 9, wherein the

determining unit (620) is configured to:

compare the calculated PAPR of said input signal with a

currently-used target PAPR;

determine said at least one configuration parameter
depending on the comparison result between the calculated PAPR

of said signal and said currently-used target PAPR.

11. The apparatus (600) according to Claim 10, wherein

the determining unit (620) is configured to:

perform an interpolation operation based on said lookup
table depending upon the calculated PAPR of said input signal,
if the difference between the calculated PAPR of said input
signal and the currently-used target PAPR is determined to

be greater than a threshold.

12. The apparatus (600) according to any of Claims 9-11,

wherein
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said lookup table is built by calibrating at least said
at least one peak amplifier path in a production stage of said

power amplifier circuitry.

13. The apparatus (600) according to any of Claims 8-12,
wherein said at least one configuration parameter of said at
least one peak amplifier path comprises: a supply voltage of

an amplifier in said at least one peak amplifier path.

14. The apparatus (600) according to Claim 13, wherein
said at least one configuration parameter of said at least
one peak amplifier path further comprises one or more

parameters selected from a group of:

an attenuation value applied to said at least one peak

amplifier path;

a gain magnitude difference between said at least main

amplifier path and said at least one peak amplifier path;

a phase offset between said at least main amplifier path

and said at least one peak amplifier path.

15. A wireless communication device (400), comprising:

a power amplifier circuitry (410) comprising at least one
main amplifier path and at least one peak amplifier path,
wherein said power amplifier circuitry is configured to output
a signal combining amplified signals from said at least one

main amplifier path and said at least one peak amplifier path;

a calculating circuitry (420) configured to calculate a
Peak to Average Power Ratio, PAPR, of an input signal of said

power amplifier circuitry;
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a determining circuitry (430) configured to determine
at least one configuration parameter of said at least one peak
amplifier path depending upon the calculated PAPR of said

input signal; and

a controlling circuitry (440) configured to configure
said at least one peak amplifier path based on the determined
at least one configuration parameter, thereby adjusting said

peak power capability of said power amplifier circuitry.

16. The wireless communication device (400) according to
Claim 15, wherein the determining circuitry (430) 1is
configured to use the calculated PAPR of said input signal
to identify an entry in a lookup table that stores said at
least one configuration parameter in association with a target

PAPR.

17. The wireless communication device (400) according to
any of Claims 15, 16, wherein said lookup table is built by
calibrating at least said at least one peak amplifier path

in a production stage of said power amplifier circuitry (410).

18. The wireless communication device (400) according to
any of Claims 15-17, wherein said wireless communication
device (400) is a wireless network node or a wireless terminal

device.

19. A wireless communication device (500), comprising:

one oOr more processorsy and

one or more memories including computer program code,
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the one or more memories and the computer program code
configured to, with the one or more processors, cause said

wireless communication device to:

calculate a Peak to Average power Ratio, PAPR, of an input
signal of said power amplifier circuitry, wherein said power
amplifier circuitry comprises at least one amplifier path and
at least one peak amplifier path and said power amplifier
circuitry is configured to ocutput a signal combining amplified
signals from said at least one main amplifier path and said

at least one peak amplifier path;

determine at least one configuration parameter of said
at least one peak amplifier path depending upon the calculated

PAPR of said input signal; and

configure said at least one peak amplifier path based on
the determined at least one configuration parameter, thereby
adjusting said peak power capability of said power amplifier

circuitry.

20. A wireless communication device comprising:
processing means adapted to:

calculate a Peak to Average Power Ratio, PAPR, of an input
signal of said power amplifier circuitry, wherein said power
amplifier circuitry comprises at least onemain amplifier path
and at least one peak amplifier path and said power amplifier
circuitry is configured to ocutput a signal combining amplified
signals from said at least one main amplifier path and said

at least one peak amplifier path;

determine at least one configuration parameter of said
at least one peak amplifier path depending upon the calculated

PAPR of said input signal; and
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configure said at least one peak amplifier path based on
the determined at least one configuration parameter, thereby
adjusting said peak power capability of said power amplifier

circuitry.

21. The wireless communication device according to Claim
20, wherein the processing means comprise a processor and a
memory and wherein said memory 1s containing instructions

executable by said processor.
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