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(57) ABSTRACT

The present disclosure relates to polar phased-array trans-
mitter and mobile terminals. One example mobile terminal
includes a polar phased-array transmitter and an antenna
array. The polar phased-array transmitter is configured to
generate n amplitude signals and n phase signals, separately
perform phase modulation and phase shifting on the n phase
signals by using a local oscillator signal to obtain n phase
modulation signals, and perform amplitude modulation and
power amplification on the n phase modulation signals by
using the amplitude signals to obtain n radio frequency
signals. n is a natural number greater than 1. The antenna
array is configured to obtain the n radio frequency signals
from the polar phased-array transmitter, and transmit the n
radio frequency signals.
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POLAR PHASED-ARRAY TRANSMITTER
AND MOBILE TERMINAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/249,383, filed on Jan. 16, 2019,
which is a continuation of International Application No.
PCT/CN2016/107362, filed on Nov. 25, 2016. All of the
afore-mentioned patent applications are hereby incorporated
by reference in their entireties.

TECHNICAL FIELD

[0002] The present application relates to the communica-
tions field, and in particular, to a polar phased-array trans-
mitter and a mobile terminal.

BACKGROUND

[0003] As a requirement of a wireless communications
system for performance such as wide coverage and a high
data rate increases, a phased-array transmitter featuring
spatial power combination, beam steering, high system
efficiency, high scanning resolution, and a low phase/ampli-
tude error is urgently demanded.

[0004] The following two types of transmitters exist in the
prior art:
[0005] 1. A phased-array transmitter is a transmitter hav-

ing multiple radio frequency outputs. Spatial power combi-
nation is performed for each radio frequency output by using
an antenna. The phased-array transmitter implements
antenna beam direction steering and scanning and the like by
controlling a phase of each radio frequency output. As
shown in FIG. 1, an existing phased-array transmitter 100
using an analog modulation technology mainly includes a
balun 101, a 1:4 power splitter 102, a phase-shift circuit 103,
a power amplifier (PA) 104, an output matching circuit 105,
and a digital controller 106. An input signal P, indicates a
radio frequency signal obtained after analog modulation is
performed on a baseband signal. P, is divided into four
signals after passing through the power splitter 102. After
the phase-shift circuit 103 performs phase shifting and the
PA 104 performs amplification on the four signals, four radio
frequency signals (that is, Poutl, Pout 2, Pout3, and Pout4)
are output from the output matching circuit 105. The digital
controller 106 is configured to control the phase-shift circuit
103 to perform phase shifting. The existing phased-array
transmitter 100 has the following disadvantages: 1. Usually,
system efficiency of the phased-array transmitter 100 is
relatively low due to a need to balance system efficiency and
linearity (to implement high linearity, the phased-array
transmitter 100 cannot be used when an output power is
greater than P1 dB, where P1 dB indicates an operating point
at which a gain compression of output to input is equal to 1
dB, and dB indicates decibel). This further leads to power
consumption. Therefore, the phased-array transmitter 100 is
not suitable in a mobile device focusing on energy saving. 2.
The phased-array transmitter 100 uses a radio frequency
phase shift (RF phase shift) technology, and phase shifters in
the phase-shift circuit 103 are connected in series in a radio
frequency path. Non-linearity of the phase shifters may
bring an amplitude error, and it is difficult for an architecture
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of the phased-array transmitter 100 to eliminate the ampli-
tude error. Therefore, transmitter performance is severely
affected.

[0006] 2. A polar transmitter is also referred to as an
envelope tracking (ET) transmitter. The polar transmitter
can convert a baseband signal into a phase signal and an
amplitude signal, use the amplitude signal to control an
output power of a PA, perform phase modulation on the
phase signal, combine the phase signal obtained after the
phase modulation and the amplitude signal into a radio
frequency signal at a PA stage, and output the radio fre-
quency signal. FIG. 2 shows an existing analog polar
transmitter 200. A polar signal generator 201 coverts in-
phase (I)/quadrature (Q) baseband signals into an amplitude
signal A and a phase signal ®. Digital-to-analog converters
(DAC) 202 and 203 respectively converts the phase signal
101 and the amplitude signal A in a digital domain into
signals in an analog domain. Then an amplitude modulation
circuit 206 performs modulation on an analog amplitude
signal to obtain an amplitude modulation signal AM. A
phase modulator 205 performs phase modulation on an
analog phase signal ® by using a local oscillator signal to
obtain a phase modulation signal PM. Finally, a PA 204
combines the phase modulation signal PM and the amplitude
modulation signal AM into a radio frequency signal. The
analog polar transmitter 200 has disadvantages of a low data
rate and narrow channel bandwidth.

[0007] Therefore, it is urgent to develop a new transmitter
to meet a requirement of a wireless communications system
for performance such as a wide frequency band, high
scanning resolution, a low phase/amplitude error, and the
like.

SUMMARY

[0008] A polar phased-array transmitter described in this
specification can meet a requirement of a wireless commu-
nications system for performance such as a wide frequency
band, high scanning resolution, and a low phase/amplitude
error.

[0009] According to one aspect, an embodiment of this
application provides a polar phased-array transmitter,
including: a polar signal generator, configured to: receive
in-phase and quadrature baseband signals, and perform
quadrature-to-polar conversion on the in-phase and quadra-
ture baseband signals to generate n amplitude signals and n
phase signals, where n is a natural number greater than 1;
and a transmit array, where the transmit array includes n
transmit channels, each transmit channel corresponds to one
amplitude signal in the n amplitude signals and one phase
signal in the n phase signals, the n transmit channels are
configured to: respectively receive the n phase signals, and
respectively perform phase modulation and phase shifting
on the n phase signals by using a local oscillator signal under
control of n phase-shift control signals to obtain n phase
modulation signals, a phase difference between any two
phase modulation signals whose phases are adjacent in the
n phase modulation signals is o, c ranges from 0° to 360°
(including 0° and)360°, and the n transmit channels are
further configured to respectively perform amplitude modu-
lation and power amplification on the n phase modulation
signals by using the n amplitude signals to obtain n radio
frequency signals. The polar phased-array transmitter pro-
vided in this embodiment of this application improves
phase-shift resolution by adjusting the phase difference c, so
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as to implement high scanning resolution. In addition, a
frequency band width can be improved because a phased
array is used.

[0010] In a possible implementation, each transmit chan-
nel in the n transmit channels includes: a modulation phase
shifter and a power amplifier; the modulation phase shifter
is configured to: receive a first phase signal from the n phase
signals generated by the polar signal generator, and perform
phase modulation and phase shifting on the first phase signal
by using the local oscillator signal under control of a first
phase-shift control signal corresponding to each transmit
channel to obtain a first phase modulation signal; and the
power amplifier is configured to: receive a first amplitude
signal in the n amplitude signals generated by the polar
signal generator, and perform amplitude modulation and
power amplification on the first phase modulation signal
according to the received first amplitude signal to obtain a
first radio frequency signal.

[0011] In a possible implementation, each transmit chan-
nel further includes an amplitude decoder, and the power
amplifier specifically includes: multiple digital power ampli-
fiers and a signal power combiner; the amplitude decoder is
configured to: decode the first amplitude signal to obtain
multiple decoded amplitude signals, and control switch
statuses of the multiple digital power amplifiers respectively
by using the multiple decoded amplitude signals, so that
amplitude modulation and power amplification are per-
formed on the first phase modulation signal; and the signal
power combiner combines signals obtained after amplitude
modulation and power amplification performed by the mul-
tiple digital power amplifiers into the first radio frequency
signal, and outputs the first radio frequency signal.

[0012] In a possible implementation, the multiple digital
power amplifiers are switch-mode power amplifiers. In the
polar phased-array transmitter provided in this embodiment
of this application, a phase path and an amplitude path are
separated from each other, and this strikes a balance between
efficiency and linearity. Therefore, switch-mode power
amplifiers can be used, and this improves efficiency of the
polar phased-array transmitter and has extremely small
impact on linearity of the polar phased-array transmitter.
[0013] In a possible implementation, the power amplifier
is an analog power amplifier.

[0014] Inapossible implementation, the modulation phase
shifter includes: a phase modulator and a phase shifter
coupled to the phase modulator; the phase modulator is
configured to: separately receive the first phase signal and
the local oscillator signal, and perform phase modulation on
the first phase signal by using the local oscillator signal; and
the phase shifter is configured to perform, under the control
of the first phase-shift control signal, phase shifting on the
first phase signal modulated by the phase modulator, so as to
obtain the first phase modulation signal.

[0015] Inapossible implementation, the modulation phase
shifter includes: a phase modulator and a phase shifter
coupled to the phase modulator; the phase shifter is config-
ured to: receive the local oscillator signal and the first
phase-shift control signal, and perform phase shifting on the
local oscillator signal under the control of the first phase-
shift control signal; and the phase modulator is configured
to: receive the first phase signal, and perform phase modu-
lation on the first phase signal by using the local oscillator
signal obtained after phase shifting performed by the phase
shifter, so as to generate the first phase modulation signal.
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[0016] In a possible implementation, the polar phased-
array transmitter further includes: a first signal processor,
and the first signal processor is separately coupled to the
polar signal generator and the transmit array; and the first
signal processor is configured to separately perform digital
predistortion processing on the n amplitude signals and the
n phase signals generated by the polar signal generator.
Digital predistortion can reduce an amplitude error caused
by non-linearity to each amplitude signal, and reduce a
phase error caused by non-linearity to each phase signal,
thereby reducing signal distortion.

[0017] In a possible implementation, the polar phased-
array transmitter further includes: a phase-shift controller,
configured to generate the n phase-shift control signals.
[0018] In a possible implementation, the polar phased-
array transmitter further includes: a second signal processor,
the second signal processor is separately coupled to the
phase-shift controller and the transmit array, and the second
signal processor is configured to separately perform digital
predistortion processing on the n phase-shift control signals
generated by the phase-shift controller. After a phase shifter
in each transmit channel is calibrated by using a phase-shift
control signal obtained after the predistortion processing,
higher phase-shift resolution can be implemented, and this
helps to improve scanning resolution of the polar phased-
array transmitter.

[0019] In a possible implementation, the n transmit chan-
nels in the transmit array may be integrated in one chip.
[0020] In a possible implementation, the polar signal
generator and the transmit array may be integrated in one
chip.

[0021] In a possible implementation, the transmit array,
the polar signal generator, the phase-shift controller, the first
signal processor, and the second signal processor may be
integrated in one chip.

[0022] In any one of the foregoing possible implementa-
tions, the polar phased-array transmitter further includes: an
antenna array, the antenna array includes n antennas
arranged at an equal distance, the n antennas are coupled to
the n transmit channels in a one-to-one manner, and the n
antennas are configured to respectively receive the n radio
frequency signals generated by the n transmit channels and
transmit the n radio frequency signals.

[0023] In a possible implementation, the n antenna is
configured to transmit the n radio frequency signals based on
a beamforming technology.

[0024] In a possible implementation, a distance between
any two adjacent antennas in the n antennas in an arrange-
ment direction roughly remains unchanged.

[0025] Inapossible implementation, the n antenna may be
arranged in a straight line, an oblique line, a flying wild
geese shape, or a circular shape.

[0026] According to another aspect, an embodiment of
this application provides a mobile terminal, including: a
baseband chip, the polar phased-array transmitter according
to any one of the implementations of the foregoing aspect,
and an antenna array; the baseband chip is configured to
generate a quadrature digital baseband signal; the polar
phased-array transmitter is configured to: perform quadra-
ture-to-polar conversion on the quadrature digital baseband
signal to generate n amplitude signals and n phase signals,
separately perform phase modulation and phase shifting on
the n phase signals by using a local oscillator signal to obtain
n phase modulation signals, and perform amplitude modu-
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lation and power amplification on the n phase modulation
signals by using the amplitude signals to obtain n radio
frequency signals, where n is a natural number greater than
1; and the antenna array is configured to obtain the n radio
frequency signals from the polar phased-array transmitter,
and transmit the n radio frequency signals.

[0027] In a possible implementation, the mobile terminal
is a mobile phone, a tablet, a notebook computer, or a
vehicular device.

[0028] In a possible implementation, the mobile terminal
is a terminal supporting a 5G mobile communications tech-
nology.

[0029] According to still another aspect, an embodiment
of this application further provides a chip, including: an
amplitude path, a phase path, a phase-shift circuit, and a
transmit array; the amplitude path is configured to generate
a segmented thermometer code based on a clock signal and
an amplitude signal, where the segmented thermometer code
includes: the least significant bit and the most significant bit;
the phase path is configured to perform quadrature phase
modulation on a phase signal based on the clock signal by
using a local oscillator signal to obtain n first phase modu-
lation signals, where n is a natural number greater than 1; the
phase-shift circuit is configured to: receive a phase-shift
control code generated by a phase-shift controller, and
generate n phase-shift control signals according to the
phase-shift control code; and the transmit array includes n
transmit channels, the n transmit channels are configured to
respectively perform phase shifting on the n first phase
modulation signals under control of the n phase-shift control
signals to obtain n groups of second phase modulation
signals, each group of second phase modulation signals
includes two differential second phase modulation signals,
and the n transmit channels are further configured to respec-
tively perform amplitude modulation and power amplifica-
tion on then groups of second phase modulation signals
under control of the segmented thermometer code to obtain
n radio frequency signals.

[0030] Compared with the prior art, the present applica-
tion provides the transmitter based on a polar phased-array
architecture. An amplitude path is separated from a phase
path, and a digital predistortion technology is combined.
Therefore, the transmitter has advantages such as a wide
frequency band, high scanning resolution, and a low phase/
amplitude error, and can meet a performance requirement of
a wireless communications system.

BRIEF DESCRIPTION OF DRAWINGS

[0031] To describe the technical solutions in one embodi-
ment of the present application or in the prior art more
clearly, the following briefly describes the accompanying
drawings required for describing the embodiments or the
prior art. Apparently, the accompanying drawings in the
following description show merely some embodiments of
the present application, and a person of ordinary skill in the
art may still derive other drawings from these accompanying
drawings without creative efforts.

[0032] FIG. 1 is a schematic structural diagram of a
phased-array transmitter in the prior art;

[0033] FIG. 2 is a schematic architectural diagram of a
polar transmitter in the prior art;

[0034] FIG. 3 is a schematic diagram of a principle of a
phased-array system;
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[0035] FIG. 4a is a schematic structural diagram of a polar
phased-array transmitter according to an embodiment of the
present application;

[0036] FIG. 4b is a schematic structural diagram of an
antenna array in a polar phased-array transmitter according
to an embodiment of the present application;

[0037] FIG. 4c¢ is a schematic structural diagram of a
power amplifier including multiple digital power amplifiers
according to an embodiment of the present application;
[0038] FIG. 5a is a schematic architectural diagram of a
modulation phase shifter according to an embodiment of the
present application;

[0039] FIG. 54 is a schematic architectural diagram of
another modulation phase shifter according to an embodi-
ment of the present application;

[0040] FIG. 6 is a diagram of a test on a relationship
between a transmit out phase and a phase status of a polar
phased-array transmitter according to an embodiment of the
present application;

[0041] FIG. 7 is a polar diagram of phase and power
changes of a polar phased-array transmitter according to an
embodiment of the present application;

[0042] FIG. 8A and FIG. 8B are a schematic structural
diagram of a chip integrated with a polar phased-array
transmitter according to an embodiment of the present
application; and

[0043] FIG. 9 is a schematic structural diagram of a
mobile terminal using a polar phased-array transmitter
according to an embodiment of the present application.

DESCRIPTION OF EMBODIMENTS

[0044] To better understand technical solutions of the
present application, a phased-array system is briefly
described first. In a wireless transceiver system, an isotropic
antenna evenly transmits radio frequency signals in all
directions in an ideal case. However, a large amount of
energy in the radio frequency signals transmitted by the
isotropic antenna is not received by a receive antenna,
resulting in a relatively low received signal power and a
relatively large spatial transmission power loss. A direc-
tional antenna beam can be generated by using a beamform-
ing technology. Therefore, applying the beamforming tech-
nology to the wireless transceiver system can resolve
problems of a low received signal power and a large spatial
transmission power loss. The phased-array system is a
wireless transceiver system using the beamforming technol-
ogy.

[0045] As shown in FIG. 3, a phased-array system 300
includes multiple transmit channels. Antennas correspond-
ing to all the transmit channels are arranged at an equal
distance d as a linear array, and a phase difference between
input radio frequency signals of adjacent antennas is c. In
this case, a beam angle (that is, an included angle between
an antenna beam for transmitting a radio frequency signal
and a normal line of an antenna array) may be determined
according to the following formula:

O:Sin’l(%%) M

[0046]
signal.

where A is a wavelength of a carrier of a transmit
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[0047] In the phased-array system 300, each transmit
channel includes an independently controlled phase shifter,
and controls the phase difference o between the radio
frequency signals by using the phase shifter. A minimum
phase-shift degree of the phase shifter is phase-shift reso-
Iution, and a minimum phase-shift degree of the beam angle
0 is scanning resolution.

[0048] It can be learned from formula (1) that a conversion
relationship between the scanning resolution and the phase-
shift resolution is related to the distance d between adjacent
antennas, as shown in formula (2):

_ 2nd - sin 6 (2)

@ X

[0049] It can be learned from formula (1) that when the
phase-shift resolution of the phased-array system 300 is
fixed (that is, the phase difference o remains unchanged), the
scanning resolution can be improved (that is, the beam angle
0 is decreased) by increasing the distance d between adja-
cent antennas. Higher scanning resolution indicates a larger
transmission radius of the phased-array system 300. It can be
learned that improving the phase-shift resolution (that is,
decreasing the phase difference o) of the phased-array
system 300 can effectively increase the transmission radius
and reduce the distance d between adjacent antennas. There-
fore, a phase shifter with high phase-shift resolution is a key
component for implementing a miniaturized phased-array
system 400 with high scanning resolution. Conversely, a
phase shifter with low phase-shift resolution may require the
phased-array system 300 to improve the scanning resolution,
the distance d needs to be increased, and this leads to an
increase in volume. Therefore, the phase shifter with low
phase-shift resolution is not suitable to a miniaturized
mobile device.

[0050] As shown in FIG. 4a, FIG. 4a is a schematic
architectural diagram of a polar phased-array transmitter 400
according to an embodiment of the present application. The
polar phased-array transmitter 400 includes a polar signal
generator 401 and a transmit array 402.

[0051] The polar signal generator 401 is configured to
perform quadrature-to-polar conversion on in-phase and
quadrature baseband signals (respectively indicated by [ and
Q) to generate n amplitude signals (respectively indicated by
Al-An) and n phase signals (respectively indicated by
®1-Pn), where n is a natural number greater than 1.
[0052] Specifically, the polar signal generator 401 may
convert the in-phase and quadrature baseband signals into
the phase signals and the amplitude signals according to the
following formula (3):

A=W,®:tan’l(g] 3

[0053] where I indicates an in-phase signal, QQ indicates a
quadrature signal, A indicates an amplitude signal, @ indi-
cates a phase signal, phases of the n phase signals may be the
same or different, and amplitudes of the n amplitude signals
may also be the same or different.

[0054] The transmit array 402 is coupled to the polar
signal generator 401. The transmit array 402 is an array
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including n transmit channels 4020. Each transmit channel
4020 corresponds to one amplitude signal in the n amplitude
signals and one phase signal in the n phase signals. The n
transmit channels 4020 are configured to: respectively
receive the n phase signals, and perform phase modulation
and phase shifting on the n phase signals by using a local
oscillator signal under control of n phase-shift control sig-
nals (respectively indicated by PS1-PSn) to obtain n phase
modulation signals. Each transmit channel 4020 corresponds
to one phase-shift control signal, and the n transmit channels
4020 respectively performs amplitude modulation and
power amplification on the n phase modulation signals by
using the n amplitude signals to obtain n radio frequency
signals. Different transmit channels receive different phase
signals and different amplitude signals. Each transmit chan-
nel 4020 performs phase shifting on one phase signal under
control of one phase-shift control signal. The n phase-shift
control signals are independent of each other. Therefore,
each of the transmit channels 4020 independently performs
phase shifting.

[0055] For example, a transmit channel 1 corresponds to a
phase signal ®and an amplitude signal Al, a transmit
channel 2 corresponds to a phase signal ®2 and an amplitude
signal A2, and by analogy, a transmit channel n corresponds
to a phase signal ®n and an amplitude signal An. Corre-
spondingly, a phase-shift control signal PS1 controls the
transmit channel 1, a phase-shift control signal PS2 controls
the transmit channel 2, and by analogy, a phase-shift control
signal PSn controls the transmit channel n. In the n phase
modulation signals obtained after phase modulation and
phase shifting separately performed by the n transmit chan-
nels, a phase difference between any two phase modulation
signals whose phases are adjacent is .. That is, phase values
of the n phase modulation signals form an arithmetic pro-
gression, and a common difference of the progression is the
phase difference . For example, an angle of phase shifting
performed by the transmit channel 1 on the phase signal ®1
is o, an angle of phase shifting performed by the transmit
channel 2 on the phase signal ®2 is 2a, an angle of phase
shifting performed by a transmit channel 3 on a phase signal
@3 is 3, and so on. Certainly, it may also be that the angle
of phase shifting performed by the transmit channel 1 on the
phase signal ®1 is a, the angle of phase shifting performed
by the transmit channel 2 on the phase signal ®2 is 3a, the
angle of phase shifting performed by the transmit channel 3
on the phase signal ®3 is 5o and so on may be any value
ranging from 0° to 360°, and may be adjusted in actual
application according to a performance requirement of the
polar phased-array transmitter 400.

[0056] In an embodiment of the present application, the n
transmit channels 4020 in the transmit array 402 may be
integrated in a chip. Further, the polar signal generator 401
and the transmit array 402 may also be integrated in a chip.

[0057] Further, the polar phased-array transmitter 400
may further include an antenna array 403. The antenna array
403 includes n antennas arranged at an equal distance. The
n antennas are coupled to power amplifiers in the n transmit
channels in a one-to-one manner. The n antennas are con-
figured to: respectively receive the n radio frequency signals
generated by the n transmit channels, and transmit the n
radio frequency signals based on a beamforming technology.
It should be noted that, as shown in FIG. 45, the n antennas
may be arranged in a straight line, an oblique line, a flying
wild geese shape, or a circular shape (not shown herein). A
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specific arrangement form may be flexibly set according to
the performance requirement of the polar phased-array
transmitter 400 and a structure of a corresponding receiving
system. For details, refer to the prior art. A distance (d' in the
figure indicates a distance between adjacent antennas in an
arrangement direction) between any two adjacent antennas
in the arrangement direction roughly remains unchanged.

[0058] In the polar phased-array transmitter 400 provided
in this embodiment, the n transmit channels each can inde-
pendently perform phase shifting under the control of the n
phase-shift control signals. Therefore, a phase of a radio
frequency signal output by each transmit channel can be
adjusted in a range from 0° to 360°, thereby meeting a
beamforming requirement. Particularly, when the polar
phased-array transmitter 400 is integrated in a chip, because
the antenna distance d' is generally small, according to a
principle of the phased-array system shown in FIG. 3 and
formula (1), it can be learned that using the polar phased-
array transmitter 400 provided in this embodiment of the
present application can improve scanning resolution by
improving phase-shift resolution (that is, decreasing the
phase difference o) when the antenna distance d' in the
antenna array is small. Therefore, the polar phased-array
transmitter 400 provided in this embodiment can be applied
to various miniaturized devices such as a mobile terminal.

[0059] In this embodiment, specifically, as shown in FIG.
4a, each transmit channel 4020 in the transmit array 402
may include: a modulation phase shifter 4021 and a power
amplifier (PA) 4022. The modulation phase shifter 4021 in
each transmit channel 4020 is configured to: receive a first
phase signal (for example, ®1) corresponding to the transmit
channel 4020 from the n phase signals (®1-®n) generated
by the polar signal generator 401, receive a local oscillator
signal LO from a local oscillator (not shown in the figure),
and perform phase modulation and phase shifting on the
received first phase signal by using the local oscillator signal
LO under control of a first phase-shift control signal (for
example, PS1) corresponding to the transmit channel 4020
to obtain a first phase modulation signal. The power ampli-
fier 4022 is configured to: receive a first amplitude signal
(for example, Al) corresponding to the transmit channel
4020 from the n amplitude signals (A1-An) generated by the
polar signal generator 401, and perform, according to the
received first amplitude signal Al, amplitude modulation
and power amplification on the first phase modulation signal
generated by the modulation phase shifter 4021, so as to
obtain a first radio frequency signal. It should be noted that
the first amplitude signal, the first phase signal, the first
phase-shift control signal, the first phase modulation signal,
and the first radio frequency signal described herein are only
for convenience of description. When a current transmit
channel is the transmit channel 1, the first amplitude signal
and the first phase signal are respectively the amplitude
signal Al and the phase signal ®1 corresponding to the
transmit channel 1. When the current transmit channel is the
transmit channel 2, the first amplitude signal and the first
phase signal are respectively the amplitude signal A2 and the
phase signal ®2 corresponding to the transmit channel 2,
and so on. In addition, hardware structures of all channels in
FIG. 4a are the same, and mutual reference may be made to
each other. For brief description, not all the transmit chan-
nels are shown herein.

[0060] For example, as shown in FIG. 4¢, the power
amplifier 4022 may include a PA array including multiple
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digital PAs 40221 (that is, PA1, PA2, . . ., PAn shown in the
figure) arranged in parallel, and a signal power combiner
40222 separately coupled to the multiple digital PAs 40221.
Each transmit channel 4020 may further include an ampli-
tude decoder 4023. The amplitude decoder 4023 is config-
ured to: decode a first amplitude signal Al corresponding to
the transmit channel 4020 to obtain multiple decoded ampli-
tude signals (indicated by Al11-Aln), and control switch
statuses of the multiple digital power amplifiers in the PA
4022 by using the multiple decoded amplitude signals
(A11-Aln), that is, control a quantity of digital power
amplifiers that are switched on in the PA array including the
multiple digital power amplifiers, thereby controlling a gain
of'the first phase modulation signal that is input to the power
amplifier 4022, and implementing amplitude modulation
and power amplification. Then the signal power combiner
40222 combines first phase modulation signals obtained
after amplitude modulation and power amplification per-
formed by the multiple digital PAs 40221 into a first radio
frequency signal RF, and outputs the first radio frequency
signal.

[0061] A person skilled in the art should know that switch-
mode PAs (including a class D PA, a class E PA, a class D™
PA, and the like) generally have higher efficiency but poorer
linearity. In the polar phased-array transmitter 400 provided
in this embodiment of the present application, a phase path
(that is, a transmission path of the phase signals) and an
amplitude path (that is, a transmission path of the amplitude
signals) are separated from each other, and a balance
between efficiency and linearity can be stricken. Therefore,
the multiple digital PAs 40221 in the power amplifier 4022
may be PAs with high efficiency but poor linearity, for
example, the switch-mode PAs (including the class D PA,
the class E PA, the class D™' PA, and the like). In addition
to implementing high efficiency, a PA may be controlled by
using a digital amplitude signal to support a high peak-to-
average power ratio (PAPR) signal.

[0062] Further, in an embodiment of the present applica-
tion, as shown in FIG. 4a, the polar phased-array transmitter
400 may further include a first signal processor 405. The first
signal processor 405 is separately coupled to the polar signal
generator 401 and the transmit array 402. The first signal
processor 405 is configured to separately perform digital
predistortion (DPD) processing on the n amplitude signals
and the n phase signals generated by the polar signal
generator 401 to reduce an amplitude error caused by
non-linearity to each of the amplitude signals and reduce a
phase error caused by non-linearity to each of the phase
signals, and then respectively provide the n transmit chan-
nels in the transmit array 402 with the n phase signals and
the n amplitude signals obtained after the DPD processing.
It should be noted that an excessively high PAPR may affect
linearity of the power amplifier 4022, and distortion gener-
ated when the power amplifier 4022 operates in a non-linear
region can be reduced by digital predistortion, thereby
greatly improving efficiency of the power amplifier 4022.

[0063] Forexample, the power amplifier 4022 may also be
an analog power amplifier. For details, refer to the PA 204
in FIG. 2. It should be noted that in this embodiment, both
an amplitude signal and a phase signal corresponding to
each transmit channel 4020 are signals in a digital domain.
Therefore, when the power amplifier 4022 is an analog
power amplifier, digital-to-analog conversion needs to be
separately performed on the first amplitude signal and the
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first phase modulation signal that are input to the power
amplifier 4022. Then the power amplifier 4022 combines, in
an analog domain, the first amplitude signal and the first
phase modulation signal obtained after the digital-to-analog
conversion into a first radio frequency signal.

[0064] In an embodiment of the present application, the
modulation phase shifter 4021 may specifically include: a
phase modulator and a phase shifter. The modulation phase
shifter 4021 may first perform phase shifting and then phase
modulation, or first perform phase modulation and then
phase shifting. A sequence of phase modulation and phase
shifting may be flexibly set according to an actual require-
ment.

[0065] For example, as shown in FIG. 54, a modulation
phase shifter 500 may include: a phase modulator 501 and
a phase shifter 502 coupled to the phase modulator 501. The
phase modulator 501 is configured to: separately receive the
first phase signal ®1 and the local oscillator signal LO, and
perform phase modulation on the first phase signal ®1 by
using the local oscillator signal LO. Then the phase shifter
502 is configured to: perform, under the control of the first
phase-shift control signal PS1, phase shifting on the first
phase signal ®1 modulated by the phase modulator 501 to
obtain a first phase modulation signal PM1, and then send
the first phase modulation signal PM1 to a subsequent PA for
amplification processing. For specific amplification process-
ing, refer to FIG. 4a to FIG. 4¢ and the foregoing descrip-
tion, and details are not described herein again.

[0066] For example, as shown in FIG. 56, the modulation
phase shifter 500 may also include: a phase modulator 501
and a phase shifter 502 coupled to the phase modulator 501.
The phase shifter 502 is configured to: receive the local
oscillator signal LO and the first phase-shift control signal
PS1, and perform phase shifting on the local oscillator signal
under the control of the first phase-shift control signal PS1.
The phase modulator 501 is configured to: receive the first
phase signal ®1, and perform phase modulation on the first
phase signal ®1 by using the local oscillator signal obtained
after the phase shifting, so as to generate a first phase
modulation signal PM1.

[0067] In an embodiment of the present application, as
shown in FIG. 4q, the polar phased-array transmitter 400
may further include a phase-shift controller 404, configured
to generate the n phase-shift control signals (PS1-PSn), so as
to independently control modulation phase shifters in the n
transmit channels by using the n phase-shift control signals.
[0068] In an embodiment of the present application, fur-
ther, the polar phased-array transmitter 400 may include a
second signal processor 406. The second signal processor
406 is separately coupled to the phase-shift controller 404
and the transmit array 402. The second signal processor 406
is configured to: separately perform digital predistortion
processing on the n phase-shift control signals generated by
the phase-shift controller 404, so as to reduce respective
errors of the n phase-shift control signals; and respectively
provide the transmit channels in the transmit array 402 with
the n phase-shift control signals obtained after the digital
predistortion processing, thereby implementing independent
calibration of the phase shifter in the modulation phase
shifter 4021. The modulation phase shifter 4021 is disposed
in the phase path, the phase path is independent of the
amplitude path, and an output amplitude of the polar phased-
array transmitter 400 is mainly determined by an amplitude
signal controlling the power amplifier 4022. Therefore,
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phase error calibration performed on the phase shifter in the
modulation phase shifter 4021 has extremely small impact
on the output amplitude of the polar phased-array transmitter
400. In addition, after the phase shifter is calibrated, higher
phase-shift resolution can be implemented, and this helps to
improve the scanning resolution of the polar phased-array
transmitter 400.

[0069] FIG. 6 shows a result of a test on a polar phased-
array transmitter 400 that does not use digital predistortion
and one that uses digital predistortion in an example of a
10-bit (corresponding to 1024 (2'°) phase statuses) phase-
shift control signal. It can be learned that, when the second
signal processor 406 is not used to perform digital predis-
tortion, non-linearity of a curve (reflecting performance of
the power amplifier 4022) in terms of a transmit phase
versus a phase status is significantly enhanced. After error
calibration is performed on the phase-shift control signal by
using DPD, a curve in terms of the transmit phase versus the
phase status features good linearity and is even almost
consistent with a theoretical curve. In addition, after the
second signal processor 406 performs digital predistortion
on the n phase-shift control signals, phase-shift resolution of
the polar phased-array transmitter 400 reaches 3.5°. There-
fore, the performance of the power amplifier 4022 may be
significantly improved, and the scanning resolution of the
polar phased-array transmitter 400 may be improved. In
addition, a root-mean-square (RMS) phase/amplitude error
obtained after digital predistortion is less than 0.3°/0.2 dB,
and may also meet a performance requirement of a wireless
communications system for a low phase/amplitude error.
FIG. 7 shows a polar diagram of phase and power changes
obtained by testing the polar phased-array transmitter 400
that uses the second signal processor 406 to perform digital
predistortion. It can be learned from FIG. 7 that transmit
powers of the polar phased-array transmitter 400 in all
phases are relatively balanced, and good stability is main-
tained between the transmit channels.

[0070] As shown in FIG. 8A and FIG. 8B, an embodiment
of the present application further provides a chip 600
integrated with a polar phased-array transmitter. For ease of
description, FIG. 8A and FIG. 8B show a structure of a chip
integrated with only a 4-element digital modulated polar
phased-array transmitter. A person skilled in the art should
know that the chip 600 may be integrated with any multi-
element digital modulated polar phased-array transmitter
according to a transmit requirement. Therefore, the chip 600
provided in this embodiment of the present application is not
limited to being integrated with the 4-element digital modu-
lated polar phased-array transmitter. It should be noted that
mutual reference may be made between an architecture of
the polar phased-array transmitter in FIG. 8A and FIG. 8B
and that of the polar phased-array transmitter shown in FIG.
4a to FIG. 4c.

[0071] According to signal processing logic, the chip 600
may be divided into: a low-voltage differential signaling
(LVDS) input/output interface (I/0O) 601, an amplitude path
602, a phase path 603, a phase-shift circuit 604, and a
transmit array 605.

[0072] The low-voltage differential signaling I/O 601 is
configured to: generate an amplitude signal A and a phase
signal @ respectively according to differential amplitude
signals (A+, A-) and differential phase signals (®+, ®-)
provided by a polar signal generator (not shown in the
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figure), and generate a clock signal CLK according to
differential system clock signals (CLK+, CLK-).

[0073] The amplitude path 602 is configured to generate a
segmented thermometer code based on the clock signal CLK
and the amplitude signal A. The segmented thermometer
code includes: the least significant bit (LSB) and the most
significant bit (MSB).

[0074] The phase path 603 is configured to perform
quadrature phase modulation on the phase signal ® based on
the clock signal CLK by using a local oscillator signal to
obtain n first phase modulation signals, where n is a natural
number greater than 1. The amplitude path 602 and the phase
path 603 perform signal processing based on a same clock
signal CLK to implement time synchronization. The figure
shows four first phase modulation signals, indicated by
PM_I+, PM_I-, PM_Q+, and PM_Q- respectively. A person
skilled in the art should know that PM_I+and PM_I- are a
pair of differential signals, where I indicates an in-phase
component, and similarly, Q indicates a quadrature compo-
nent.

[0075] The phase-shift circuit 604 is configured to: receive
a phase-shift control code (PS code) generated by a phase-
shift controller (not shown), and generate n phase-shift
control signals according to the phase-shift control code (PS
code). The figure shows four phase-shift control signals,
indicated by PS1, PS2, PS3, and PS4 respectively.

[0076] The transmit array 605 includes n transmit chan-
nels. The n transmit channels respectively perform phase
shifting on the n first phase modulation signals under control
of the n phase-shift control signals to obtain n groups of
second phase modulation signals. Each group of second
phase modulation signals includes two differential second
phase modulation signals. The n transmit channels are
further configured to respectively perform amplitude modu-
lation and power amplification on the n groups of second
phase modulation signals under control of the segmented
thermometer code to obtain n radio frequency signals. In the
figure, four radio frequency signals are indicated by RF1,
RF2, RF3, and RF4 respectively, four groups of second
phase modulation signals are indicated by (PM1+, PM1-),
(PM2+, PM2-), (PM3+, PM3-), and (PM4+, PM4-) respec-
tively, and two differential second phase modulation signals
are indicated by PM1+ and PM1-. Others indications are
similar, and details are not described herein again.

[0077] FIG. 8A and FIG. 8B further show an antenna array
606 coupled to the chip 600. The antenna array includes n
antennas. The n antennas are coupled to the n transmit
channels in the chip in a one-to-one manner. The n antennas
are arranged at an equal distance to send the n radio
frequency signals in a beamforming manner. For a specific
arrangement form of the antenna array, refer to FIG. 45 and
the corresponding description, and details are not described
herein again.

[0078] Specifically, the low-voltage differential signaling
1/0 601 may include: a first LVDS receiver 6011, a second
LVDS receiver 6013, and a third LVDS receiver 6012. The
first LVDS receiver 6011 is configured to: receive the
differential amplitude signals (A+, A-), and generate the
amplitude signal A. The second LVDS receiver 6013 is
configured to: receive the differential phase signals (D+,
®-), and generate the phase signal ®. The third LVDS
receiver 6012 is configured to: receive the differential sys-
tem clock signals (CLK+, CLK-), and generate the clock
signal CLK. The differential amplitude signals (A+, A-) and

Dec. 12,2019

the differential phase signals (®+, ®-) may be obtained after
quadrature-to-polar conversion performed by the polar sig-
nal generator on a quadrature baseband signal. The differ-
ential system clock signals (CLK+, CLK-) may be provided
by a clock generator or a system clock bus.

[0079] The amplitude path 602 may include: an amplitude
decoder 6021, configured to generate the segmented ther-
mometer code based on the clock signal CLK by using the
amplitude signal A. It should be noted that in an embodiment
of the present application, using a segmented thermometer
code to control a digital power amplifier array in a transmit
array to perform amplitude modulation and power amplifi-
cation aims to reduce a quantity of PAs in the digital power
amplifier array, thereby reducing circuit complexity. For the
4-element digital modulated polar phased-array transmitter,
the digital power amplifier array may require 1023 PAs
when segmented control is not performed. For details, refer
to the prior art.

[0080] The phase path 603 may include: a single-end to
differential balun 6031, configured to covert a local oscil-
lator signal at twice frequency (2xL.O) into differential local
oscillator signals (2xLO+and 2x[.O-); a quadrature output
frequency divider 6032, configured to perform frequency-
halving on the differential local oscillator signals (2xL.O+
and 2x[.O-) to obtain four quadrature local oscillator signals
(LO_I+, LO_I-, LO_Q+, and LO_Q-); and a quadrature
phase modulator 6033, configured to perform phase modu-
lation on the phase signal @ based on the clock signal CLK
by using the four quadrature local oscillator signals (LO_I+,
LO_I-, LO_Q+, and LO_Q-) to obtain the four first phase
modulation signals (PM_I+, PM_I-, PM_Q+, and PM_Q-).

[0081] The phase-shift circuit 604 may include: a serial
peripheral interface (SPI) 6041, configured to: receive one
phase-shift control code (PS code) from the phase-shift
controller (not shown in the figure), and obtain four pieces
of PS code by means of serial-to-parallel conversion; and a
phase-shift decoder 6042, configured to decode the four
pieces of PS code that are obtained by means of conversion
by the SPI 6041 to generate four phase-shift control signals
(PS1, PS2, PS3, and PS4).

[0082] Each transmit channel in the transmit array 605
may include: a digital phase shifter 6051, a first digital
power amplifier array 6052, and a second digital power
amplifier array 6053. The digital phase shifter 6051 is
configured to obtain the four first phase modulation signals
(PM_I+, PM_I-, PM_Q+, and PM_Q-) from the phase path
603, and perform phase shifting on the four first phase
modulation signals (PM_I+, PM_I-, PM_Q+, and PM_Q-)
under control of any phase-shift control signal (for example,
PS1) in the four phase-shift control signals (PS1, PS2, PS3,
and PS4) generated by the phase-shift circuit 604, so as to
obtain a group of second phase modulation signals (for
example, PM1+ and PM1-). The first digital power ampli-
fier array 6052 and the second digital power amplifier array
6053 separately perform amplitude modulation and power
amplification on two differential second phase modulation
signals in the group of second phase modulation signals
under the control of the segmented thermometer code, to
generate a radio frequency signal RF1. Signals obtained
after amplitude modulation and power amplification sepa-
rately performed by the first digital power amplifier array
6052 and the second digital power amplifier array 6053 may
be specifically combined into the radio frequency signal RF1
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by a matching circuit (not shown herein; for details, refer to
the output matching circuit 105 in FIG. 1).

[0083] As shown in FIG. 9, an embodiment of the present
application further provides a mobile terminal 700, includ-
ing: a baseband chip 701, configured to generate a quadra-
ture digital baseband signal;

[0084] a polar phased-array transmitter 702 coupled to the
baseband chip 701, configured to: perform quadrature-to-
polar conversion on the quadrature digital baseband signal to
generate n amplitude signals (A1-An) and n phase signals
(®1-®n), where n is a natural number greater than 1;
perform phase modulation and phase shifting on the n phase
signals (®1-Pn) by using a local oscillator signal LO to
obtain n phase modulation signals; and perform amplitude
modulation and power amplification on the n phase modu-
lation signals by using the amplitude signals (Al-An) to
obtain n radio frequency signals; and

[0085] an antenna array 703 coupled to the polar phased-
array transmitter 702, configured to: obtain the n radio
frequency signals from the polar phased-array transmitter
702, and transmit the n radio frequency signals based on a
beamforming technology.

[0086] In this embodiment, the mobile terminal 700 may
be a mobile phone, a tablet, a notebook computer, a vehicu-
lar device, or the like.

[0087] Further, a transmitter having a polar phased-array
architecture is used, so that the mobile terminal 700 pro-
vided in this embodiment can be a terminal device that uses
a polar code for coding, for example, a 5G (fitth generation)
mobile communications technology device.

[0088] For astructure of the polar phased-array transmitter
702 in this embodiment, refer to the descriptions of the
foregoing embodiments and the structures shown in FIG. 4a
to FIG. 55, and details are not described herein again.
[0089] In this embodiment, the baseband chip 701 may
also be referred to as a baseband processor, a communication
processor, a modem, or the like. In addition, with develop-
ment of an integrated circuit technology, the baseband chip
701 and the polar phased-array transmitter 702 may also be
integrated together in the future, for example, integrated
with an application processor (AP), an image signal proces-
sor (ISP), or the like in a chip to form a System-On-a-Chip
(SO0).

[0090] A person skilled in the art should be aware that in
the foregoing one or more examples, functions described in
the present application may be implemented by hardware,
software, firmware, or any combination thereof. When the
present application is implemented by software, the forego-
ing functions may be stored in a computer-readable medium
or transmitted as one or more instructions or code in the
computer-readable medium. The computer-readable
medium includes a computer storage medium and a com-
munications medium, where the communications medium
includes any medium that enables a computer program to be
transmitted from one place to another. The storage medium
may be any available medium accessible to a general-
purpose or dedicated computer.

[0091] The objectives, technical solutions, and benefits of
the present application are further described in detail in the
foregoing specific embodiments. It should be understood
that the foregoing descriptions are merely specific embodi-
ments of the present application, but are not intended to limit
the protection scope of the present application. Any modi-
fication, equivalent replacement, or improvement made
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within the principle of the present application shall fall
within the protection scope of the present application.

What is claimed is:

1. A polar phased-array transmitter, comprising:

a polar signal generator, the polar signal generator con-

figured to:
generate n amplitude signals and n phase signals,
wherein n is a natural number greater than 1; and

a transmit array, wherein the transmit array comprises n

transmit channels, wherein each transmit channel of the

n transmit channels corresponds to one amplitude sig-

nal in the n amplitude signals and one phase signal in

the n phase signals, and wherein the n transmit channels

are configured to:

respectively receive the n phase signals, and respec-
tively perform phase modulation and phase shifting
on the n phase signals to obtain n phase modulation
signals; and

respectively perform amplitude modulation and power
amplification on the n phase modulation signals by
using the n amplitude signals to obtain n radio
frequency signals.

2. The polar phased-array transmitter according to claim
1, wherein each transmit channel in the n transmit channels
comprises a modulation phase shifter and a power amplifier;

wherein the modulation phase shifter is configured to:

receive a first phase signal from the n phase signals
generated by the polar signal generator; and

perform phase modulation and phase shifting on the
first phase signal by using a local oscillator signal to
obtain a first phase modulation signal; and

wherein the power amplifier is configured to:

receive a first amplitude signal from the n amplitude
signals generated by the polar signal generator; and

perform amplitude modulation and power amplification
on the first phase modulation signal according to the
received first amplitude signal to obtain a first radio
frequency signal.

3. The polar phased-array transmitter according to claim
2, wherein each transmit channel in the n transmit channels
further comprises an amplitude decoder, and wherein the
power amplifier comprises multiple digital power amplifiers
and a signal power combiner.

4. The polar phased-array transmitter according to claim
3, wherein the multiple digital power amplifiers are switch-
mode power amplifiers.

5. The polar phased-array transmitter according to claim
4, wherein:

the amplitude decoder is configured to:

decode the first amplitude signal to obtain multiple
decoded amplitude signals; and

control switch statuses of the multiple digital power
amplifiers respectively by using the multiple
decoded amplitude signals; and

the signal power combiner combines signals obtained

after amplitude modulation and power amplification
performed by the multiple digital power amplifiers into
the first radio frequency signal, and outputs the first
radio frequency signal.

6. The polar phased-array transmitter according to claim
2, wherein the power amplifier is an analog power amplifier.
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7. The polar phased-array transmitter according to claim
2, wherein the modulation phase shifter comprises a phase
modulator and a phase shifter coupled to the phase modu-
lator;

wherein the phase modulator is configured to:

separately receive the first phase signal and the local
oscillator signal; and

perform phase modulation on the first phase signal by
using the local oscillator signal; and

wherein the phase shifter is configured to perform, under
the control of a first phase-shift control signal, phase
shifting on the first phase signal modulated by the
phase modulator to obtain the first phase modulation
signal.

8. The polar phased-array transmitter according to claim
2, wherein the modulation phase shifter comprises a phase
modulator and a phase shifter coupled to the phase modu-
lator;

wherein the phase shifter is configured to:

receive the local oscillator signal and the first phase-
shift control signal; and

perform phase shifting on the local oscillator signal
under the control of the first phase-shift control
signal; and
wherein the phase modulator is configured to:
receive the first phase signal; and

perform phase modulation on the first phase signal by
using the local oscillator signal obtained after phase
shifting performed by the phase shifter to generate
the first phase modulation signal.

9. The polar phased-array transmitter according to claim
1, wherein the polar phased-array transmitter further com-
prises a first signal processor, wherein the first signal pro-
cessor is separately coupled to the polar signal generator and
the transmit array, and wherein the first signal processor is
configured to separately perform digital predistortion pro-
cessing on the n amplitude signals and the n phase signals
generated by the polar signal generator.

10. The polar phased-array transmitter according to claim
9, wherein the polar phased-array transmitter further com-
prises a phase-shift controller, and wherein the phase-shift
controller is configured to generate n phase-shift control
signals.

11. The polar phased-array transmitter according to claim
10, wherein the polar phased-array transmitter further com-
prises a second signal processor, wherein the second signal
processor is separately coupled to the phase-shift controller
and the transmit array, and wherein the second signal
processor is configured to separately perform digital predis-
tortion processing on the n phase-shift control signals gen-
erated by the phase-shift controller.

12. The polar phased-array transmitter according to claim
1, wherein the polar phased-array transmitter further com-
prises an antenna array, wherein the antenna array comprises
n antennas arranged at an equal distance, wherein the n
antennas are coupled to the n transmit channels in a one-
to-one manner, and wherein the n antennas are configured to
respectively receive the n radio frequency signals generated
by the n transmit channels and transmit the n radio frequency
signals.
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13. A mobile terminal, comprising a polar phased-array
transmitter and an antenna array, wherein:

the polar phased-array transmitter comprises:

a polar signal generator, the polar signal generator
configured to:
generate n amplitude signals and n phase signals,
wherein n is a natural number greater than 1; and
a transmit array, wherein the transmit array comprises
n transmit channels, wherein the n transmit channels
are configured to:
separately perform phase modulation and phase
shifting on the n phase signals by using a local
oscillator signal to obtain n phase modulation
signals; and
perform amplitude modulation and power amplifi-
cation on the n phase modulation signals by using
the n amplitude signals to obtain n radio frequency
signals; and
the antenna array is configured to:
obtain the n radio frequency signals from the polar
phased-array transmitter; and
transmit the n radio frequency signals.

14. The mobile terminal according to claim 13, wherein
each transmit channel in the n transmit channels comprises
a modulation phase shifter and a power amplifier;

wherein the modulation phase shifter is configured to:

receive a first phase signal from the n phase signals
generated by the polar signal generator; and

perform phase modulation and phase shifting on the
first phase signal by using the local oscillator signal
under control of a first phase-shift control signal
corresponding to each transmit channel to obtain a
first phase modulation signal; and

wherein the power amplifier is configured to:

receive a first amplitude signal from the n amplitude
signals generated by the polar signal generator; and

perform amplitude modulation and power amplification
on the first phase modulation signal according to the
received first amplitude signal to obtain a first radio
frequency signal.

15. The mobile terminal according to claim 14, wherein
each transmit channel in the n transmit channels further
comprises an amplitude decoder, and wherein the power
amplifier comprises multiple digital power amplifiers and a
signal power combiner.

16. The mobile terminal according to claim 15, wherein
the multiple digital power amplifiers are switch-mode power
amplifiers.

17. The mobile terminal according to claim 16, wherein:

the amplitude decoder is configured to:

decode the first amplitude signal to obtain multiple
decoded amplitude signals; and

control switch statuses of the multiple digital power
amplifiers respectively by using the multiple
decoded amplitude signals; and

the signal power combiner combines signals obtained

after amplitude modulation and power amplification
performed by the multiple digital power amplifiers into
the first radio frequency signal, and outputs the first
radio frequency signal.

18. The mobile terminal according to claim 14, wherein
the power amplifier is an analog power amplifier.
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19. The mobile terminal according to claim 14, wherein
the modulation phase shifter comprises a phase modulator
and a phase shifter coupled to the phase modulator;

wherein the phase modulator is configured to:
separately receive the first phase signal and the local

oscillator signal; and
perform phase modulation on the first phase signal by
using the local oscillator signal; and

wherein the phase shifter is configured to perform, under
the control of the first phase-shift control signal, phase
shifting on the first phase signal modulated by the
phase modulator to obtain the first phase modulation
signal.

20. The mobile terminal according to claim 13, further

comprises:

a baseband processor, wherein the baseband processor is
configured to generate a baseband signal, and wherein
the polar signal generator is configured to generate the
n amplitude signals and the n phase signals based on the
baseband signal.

#* #* #* #* #*



