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(57) Abstract: The embodiments of the present invention provide an interference cancellation device and method, relating to the
technical field of communications; the invention can prevent ADC/DAC dynamic range limits and effectively cancel a type 2 self-in
terference component. The interference cancellation device comprises: a primary receiving antenna, a splitter, a type 1 interference
canceller, a downconverter, a filter, a coupler, a digital downconversion unit, a type 2 interference reconstructor, and a local oscillat
or signal generator. The present invention is used for interference cancellation.
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INTERFERENCE CANCELLATION APPARATUS AND
METHOD

TECHNICAL FIELD
[0001]
5

Embodiments

of

the

present

invention

relate

to

the

field

of

communications technologies, and in particular, to an interference cancellation
apparatus and method.

BACKGROUND
[0002]

In a wireless

communications

system such

as

a mobile cellular

communications system, a wireless local area network (WLAN, Wireless Local Area
10

Network),

or fixed

wireless

access

(FWA,

Fixed Wireless

Access)

system,

communications nodes such as a base station (BS, Base Station) or an access point
(AP, Access Point), a relay station (RS, Relay Station), and user equipment (UE, User
Equipment) are generally capable of transmitting their own signals and receiving
signals from other communications nodes. Because a radio signal is attenuated greatly
15

in a radio channel, in comparison with a transmit signal of a local transmitting end, a
signal coming from a communications peer becomes very weak when the signal
arrives at a receive end. For example, a power difference between transmit power and
receive power of a communications node in a mobile cellular communications system
may be up to 80 dB to 140 dB or even greater. Therefore, to avoid self-interference

20

caused by a transmit signal of a transceiver to a receive signal of the transceiver, radio
signal transmission and reception are generally differentiated by using different
frequency bands or different time periods. For example, in frequency division duplex
(FDD,

Frequency

Division Duplex)

system, for transmission and reception,

communication is performed by using different frequency bands separated by a guard
25

band; in time division duplex (TDD, Time Division Duplex) system, for transmission
and reception, communication is performed by using different time periods separated
by a certain guard period, where the guard band in the FDD system and the guard
period in the TDD system are both used to ensure that reception and transmission are
1

fully isolated and to avoid interference caused by transmission to reception.
[0003]

Different from the conventional FDD or TDD technology, a wireless full

duplex technology

may implement operations

of reception and transmission

simultaneously on a same radio channel. In this way, spectral efficiency of the
5

wireless full duplex technology is theoretically twice that of the FDD or TDD
technology. Apparently, a precondition for implementing wireless full duplex lies in
that strong interference (referred to as self-interference, Self-interference) caused by a
transmit signal of a transceiver to a receive signal of the transceiver is avoided,
reduced, or canceled as much as possible, so that no adverse impact is caused to

10

proper reception of a wanted signal.
[0004]

In a full duplex system, self-interference entering a receiver mainly

includes two types of self-interference components.
[0005]

A first-type self-interference component is a main-path self-interference

component, and its power is relatively high. The main-path self-interference
15

component mainly includes a self-interference signal that is leaked from a transmit
end to a receive end due to leakage of a circulator, and a self-interference signal that
enters the receive end due to antenna echo reflection. Conventional passive radio
frequency self-interference cancellation is mainly used to cancel the first-type
self-interference component. A path delay, power, and phase of this type of

20

component depend on hardware itself such as an intermediate radio frequency unit
and an antenna and a feeder of a specific transceiver. The path delay, power, and
phase are basically fixed or change slowly, and it is unnecessary to perform fast
tracing on each interference path of the first-type self-interference component.
[0006]

25

A second-type self-interference component is mainly a self-interference

component that is formed after a transmit signal is transmitted by a transmit antenna
and encounters multi-path reflection at a scatterer or a reflection plane or the like in a
spatial propagation process. When the full duplex technology is applied to scenarios
such as a base station and a relay station in a cellular system, and a Wi-Fi access point
(AP) disposed outdoors, because antennas of the devices are generally mounted

30

relatively high, and there are few scatterers or reflection planes within a range of
several meters to tens of meters around the devices, multi-path delays of multi-path
reflected self-interference components that undergo spatial propagation, in the signals
received by the devices, are relatively great and widely distributed, and with an
increase in delays, power of corresponding multi-path signals (signals reflected from
2

scatterers or reflection planes or the like that are far away) tends to decrease.
[0007]

In the prior art, generally, an apparatus having a structure shown in FIG. 1

is used to cancel the second-type self-interference component in a manner of active
analog self-interference cancellation or digital baseband self-interference cancellation.
5

Specifically, a baseband digital self-interference signal reconstructed in a digital
domain is reconverted to an analog domain by using a digital to analog converter
(Digital-to-Analog Converter, DAC), and then undergoes analog baseband processing
(not shown in the figure) in the analog domain or is up-converted to an intermediate
radio frequency, and is used to cancel a self-interference signal included in an analog

10

receive signal; digital baseband self-interference cancellation in the digital domain is
to use a reconstructed baseband digital self-interference signal to directly cancel a
self-interference signal included in a digital receive signal in the digital domain.
However, self-interference cancellation performance of the apparatus is finally limited
by a dynamic range of an ADC (Analog-to-Digital Converter, analog to digital

15

converter)/DAC (Digital-to-Analog Converter, digital to analog converter). Generally,
the dynamic range of the ADC/DAC is about 60 dB. Therefore, when power of the
second-type self-interference component is 60 dB higher than that of a wanted signal,
the conventional method cannot be used to effectively cancel the second-type
self-interference component.

20

SUMMARY
[0008]

Embodiments of the present invention provide an interference cancellation

apparatus and method, which can avoid being limited by a dynamic range of an
ADC/DAC and can cancel a second-type self-interference component effectively.
[0009]
25

According to a first aspect, an interference cancellation apparatus is

provided, including:
a main receive antenna, configured to receive a radio frequency signal,
and transmit the received radio frequency signal to a first-type interference canceller;
a divider, configured to acquire a radio frequency reference signal
generated according to a transmit signal, and transmit the radio frequency reference

30

signal to the first-type interference

canceller and a second-type interference

reconstructor;
the first-type interference canceller, configured to receive the radio
3

frequency reference signal transmitted by the divider and the received radio frequency
signal

transmitted

by

the

main

receive

antenna,

and

cancel

a

first-type

self-interference component in the received radio frequency signal according to the
radio frequency reference signal to acquire a first processed signal, where the
5

first-type

self-interference

component

includes

a

main-path

self-interference

component;
a

local-frequency

self-interference
reconstructor,
10

signal

channel parameter

and generate

the

generator,

acquired

configured

by the

first local-frequency

to

acquire

a

second-type interference
signal and the

second

local-frequency signal according to the self-interference channel parameter;
a down converter, configured to receive the first local-frequency signal
generated by the local-frequency signal generator and the first processed signal
acquired by the first-type interference canceller, and perform frequency mixing
processing on the first local-frequency signal and the first processed signal to acquire

15

a second processed signal;
a filter, configured to receive the second processed signal, and perform
filtering processing on the second processed signal to acquire a third processed signal;
the second-type interference reconstructor, configured to acquire the
second local-frequency signal generated by the local-frequency signal generator and

20

the radio frequency reference signal acquired by the divider, and reconstruct the
self-interference signal according to the self-interference channel parameter, the radio
frequency reference signal, and the second local-frequency signal;
a coupler, configured to receive the third processed signal acquired by the
filter and the reconstructed self-interference signal transmitted by the second-type

25

interference reconstructor, and cancel a second-type self-interference signal in the
third processed signal according to the reconstructed self-interference signal to
generate a fourth processed signal; and
a digital down-conversion unit, configured to receive the fourth processed
signal, convert the fourth processed signal into a digital signal, and perform digital

30

down-conversion processing on the digital signal to acquire a fifth processed signal;
where
the second-type interference reconstructor is further configured to acquire
a digital baseband reference signal, receive the fifth processed signal transmitted by
the digital down-conversion unit, and perform self-interference channel estimation
4

according to the fifth processed signal and the digital baseband reference signal to
acquire the self-interference channel parameter.
[0010]

With reference to the first aspect, in a first possible implementation

manner, the second-type interference reconstructor includes:
5

a self-interference estimation module, configured to acquire the digital
baseband reference signal, receive the fifth processed signal transmitted by the digital
down-conversion unit, and perform self-interference channel estimation according to
the digital baseband reference signal and the fifth processed signal to acquire the
self-interference channel parameter; and

10

a self-interference signal reconstruction module, configured to acquire the
second local-frequency signal generated by the local-frequency signal generator,
receive the radio frequency reference signal acquired by the divider and the
self-interference channel parameter acquired by the self-interference estimation
module, and reconstruct the self-interference signal according to the self-interference

15

channel

parameter,

the radio

frequency

reference

signal,

and

the

second

local-frequency signal.
[0011]

With reference to the first aspect, in a second possible implementation

manner, the apparatus further includes a first amplifier, where the first amplifier is
configured to amplify the fourth processed signal.
20

[0012]

With reference to the first aspect, in a third possible implementation

manner, the apparatus further includes a second amplifier and a third amplifier, where:
the second amplifier is configured to amplify the first processed signal;
and
the
25

third

amplifier

is

configured

to

amplify

the

reconstructed

self-interference signal.
[0013]

With reference to the first aspect, in a fourth possible implementation

manner, the apparatus further includes a second amplifier and a fourth amplifier,
where:
the second amplifier is configured to amplify the first processed signal;
30

and
the fourth amplifier is configured to amplify the radio frequency
reference signal received by the second-type interference reconstructor.
[0014]

With reference to the first possible implementation manner of the first

aspect, in a fifth possible implementation manner, the self-interference signal
5

reconstruction module includes:
a first power divider, a first attenuator group, a first mixer group, a first
low-pass filter group, and a first delayer group, where:
the first power divider is configured to receive the radio frequency
5

reference signal, and divide the radio frequency reference signal into at least one
signal;
the first attenuator group includes at least one attenuator, where the
attenuator is configured to perform attenuation processing on one of the at least one
radio frequency reference signal according to the self-interference channel parameter;

10

the first mixer group includes at least one mixer, where the mixer is
configured to perform, according to the second local-frequency signal, frequency
mixing processing on one of the radio frequency reference signal after attenuation
processing;
the first low-pass filter group includes at least one low-pass filter, where

15

the low-pass filter is configured to perform filtering processing on one of the radio
frequency reference signal after frequency mixing processing; and
the first delayer group includes at least one delayer and at least one
combiner, where:
the at least one delayer is connected in series by using a first input end

20

and an output end of a combiner, an input end of a first delayer and a second input end
of the combiner are configured to input one radio frequency reference signal after
filtering processing, and an input end of a last combiner is configured to output the
reconstructed self-interference signal.
[0015]

25

With reference to the first possible implementation manner of the first

aspect, in a sixth possible implementation manner, the self-interference signal
reconstruction module includes:
a second power divider, a second mixer group, a second low-pass filter
group, a second attenuator group, and a second delayer group, where:
the second power divider is configured to receive the radio frequency

30

reference signal, and divide the radio frequency reference signal into at least one
signal;
the second mixer group includes at least one mixer, where the mixer is
configured to perform frequency mixing processing on one of the radio frequency
reference signal according to the second local-frequency signal;
6

the second low-pass filter group includes at least one low-pass filter,
where the low-pass filter is configured to perform filtering processing on one of the
radio frequency reference signal after frequency mixing processing;
the second attenuator group includes at least one attenuator, where the
5

attenuator is configured to perform, according to the self-interference channel
parameter, attenuation processing on one of the radio frequency reference signal after
filtering processing; and
the second delayer group includes at least one delayer and at least one
combiner, where:

10

the at least one delayer is connected in series by using a first input end
and an output end of a combiner, an input end of a first delayer and a second input end
of the combiner are configured to input one radio frequency reference signal after
attenuation processing, and an input end of a last combiner is configured to output the
reconstructed self-interference signal.

15

[0016]

With reference to the first aspect, in a seventh possible implementation

manner, the local-frequency signal generator includes a local-frequency signal source,
a third power divider, and a phase shifter group, where:
the third power divider is configured to divide a local-frequency signal
transmitted by the local-frequency signal source into at least one local-frequency
20

signal, where one local-frequency signal is used as the first local-frequency signal,
and the other local-frequency signals are input to the phase shifter group; and
the phase shifter group includes at least one phase shifter, where the
phase shifter is configured to perform phase shift processing on one local-frequency
signal according to the self-interference channel parameter, and the phase shifter

25

group uses each local-frequency signal obtained after phase shift processing as the
second local-frequency signal.
[0017]

With reference to the first aspect or any possible implementation manner

of the first aspect, in an eighth possible implementation manner, the first-type
interference canceller is specifically configured to perform, based on the received
30

radio frequency signal, delay processing, amplitude adjustment processing, and phase
adjustment processing on the radio frequency reference signal, so that an amplitude of
the radio frequency reference signal is in a direction opposite or approximately
opposite to an amplitude of the first-type self-interference component in the received
radio frequency signal, and that a phase of the radio frequency reference signal is the
7

same or approximately the same as a phase of the first-type self-interference
component in the received radio frequency signal; or
perform, based on the received radio frequency signal, delay processing,
amplitude adjustment processing, and phase adjustment processing on the radio
5

frequency reference signal, so that an amplitude of the radio frequency reference
signal is the same or approximately the same as an amplitude of the first-type
self-interference component in the received radio frequency signal, and that a
difference between a phase of the reference signal and a phase of the first-type
self-interference component in the received radio frequency signal is 180 degrees or

10

approximately 180 degrees.
[0018]

With reference to the first aspect or any possible implementation manner

of the first aspect, in a ninth possible implementation manner, the transmit signal
includes a self-interference channel estimation timeslot and a data transmission
timeslot that are disposed at an interval.
15

[0019]

According to a second aspect, an interference cancellation method is

provided, including:
acquiring a radio frequency reference signal generated according to a
transmit signal;
receiving a radio frequency signal by using a main receive antenna;
20

canceling a first-type self-interference component in the received radio
frequency signal according to the radio frequency reference signal, to generate a first
processed signal, where the first-type self-interference

component includes a

main-path self-interference component;
generating a first local-frequency signal and a second local-frequency
25

signal according to a self-interference channel parameter;
performing frequency mixing processing on the first local-frequency
signal and the first processed signal to acquire a second processed signal;
performing filtering processing on the second processed signal to acquire
a third processed signal;

30

acquiring the reconstructed self-interference signal according to the
self-interference channel parameter, the radio frequency reference signal, and the
second local-frequency signal;
canceling a second-type self-interference signal in the third processed
signal according to the reconstructed self-interference signal to generate a fourth
8

processed signal;
converting the fourth processed

signal into a digital signal, and

performing digital down-conversion processing on the digital signal to acquire a fifth
processed signal; and
5

performing self-interference channel estimation according to the fifth
processed

signal

and

a

digital

baseband

reference

signal

to

acquire

the

self-interference channel parameter.
[0020]

With reference to the second aspect, in a first possible implementation

manner, the method further includes: amplifying the fourth processed signal.
10

[0021]

With reference to the second aspect, in a second possible implementation

manner, the method further includes:
amplifying the first processed signal; and
amplifying the reconstructed self-interference signal.
[0022]
15

With reference to the second aspect, in a third possible implementation

manner, the method further includes:
amplifying the first processed signal; and
before the acquiring the reconstructed self-interference signal according
to the self-interference channel parameter, the radio frequency reference signal, and
the second local-frequency signal, amplifying the radio frequency reference signal.

20

[0023]

With reference to the second aspect, in a fourth possible implementation

manner, the acquiring the reconstructed self-interference signal according to the
self-interference channel parameter, the radio frequency reference signal, and the
second local-frequency signal includes:
dividing the radio frequency reference signal into at least one signal;
25

performing attenuation processing on each radio frequency reference
signal according to the self-interference channel parameter;
performing, according to the second local-frequency signal, frequency
mixing processing on each the radio frequency reference signal after attenuation
processing;

30

performing filtering processing on each radio frequency reference signal
after frequency mixing processing; and
performing delay processing on each radio frequency reference signal
after

filtering

processing,

and

performing

self-interference signal.
9

combination

to

reconstruct

the

[0024]

With reference to the second aspect, in a fifth possible implementation

manner, the acquiring the reconstructed self-interference signal according to the
self-interference channel parameter, the radio frequency reference signal, and the
second local-frequency signal includes:
5

dividing the radio frequency reference signal into at least one signal;
performing frequency mixing processing on each of the radio frequency
reference signal according to the second local-frequency signal;
performing filtering processing on each of the radio frequency reference
signal after frequency mixing processing;

10

performing,

according

to the

self-interference

channel

parameter,

attenuation processing on each of the radio frequency reference signal after filtering
processing; and
performing delay processing on each of the radio frequency reference
signal after attenuation processing, and combing the radio frequency reference signal
15

to reconstruct the self-interference signal.
[0025]

With reference to the second aspect, in a sixth possible implementation

manner, the generating the first local-frequency signal and the second local-frequency
signal according to a self-interference channel parameter includes:
dividing a local-frequency signal into at least one local-frequency signal,
20

where one local-frequency signal is used as the first local-frequency signal; and
performing phase shift processing on each local-frequency signal except
the first

local-frequency

signal according to the self-interference channel

parameter to generate the second local-frequency signal.
[0026]
25

With reference to the second aspect or any possible implementation

manner of the second aspect, in a seventh possible implementation manner, the
performing interference cancellation processing on the received radio frequency
signal according to the radio frequency reference signal includes:
performing, based on the received radio frequency

signal,

delay

processing, amplitude adjustment processing, and phase adjustment processing on the
30

radio frequency reference signal, so that an amplitude of the radio frequency reference
signal is in a direction opposite or approximately opposite to an amplitude of the
first-type self-interference component in the received radio frequency signal, and that
a phase of the radio frequency reference signal is the same or approximately the same
as a phase of the first-type self-interference component in the received radio
10

frequency signal; or
performing, based on the received radio frequency

signal,

delay

processing, amplitude adjustment processing, and phase adjustment processing on the
radio frequency reference signal, so that an amplitude of the radio frequency reference
5

signal is the same or approximately the same as an amplitude of the first-type
self-interference component in the received radio frequency signal, and that a
difference between a phase of the reference signal and a phase of the first-type
self-interference component in the received radio frequency signal is 180 degrees or
approximately 180 degrees.

10

[0027]

With reference to the second aspect or any possible implementation

manner of the second aspect, in an eighth possible implementation manner, the
transmit signal includes a self-interference channel estimation timeslot and a data
transmission timeslot that are disposed at an interval.
[0028]
15

According to the interference cancellation apparatus and method provided

in the embodiments of the present invention, for a received radio frequency signal
acquired by a main receive antenna, interference cancellation processing is performed
according to a radio frequency reference signal to cancel a first-type self-interference
component in the received radio frequency signal and acquire a first processed signal;
and further, after down-conversion processing is performed on the first processed

20

signal, a self-interference signal is reconstructed through self-interference channel
estimation to cancel a second-type self-interference component in the first processed
signal. Because the reconstructed self-interference signal is used directly in an analog
domain to cancel the second-type self-interference component, a limitation by a
dynamic range of an ADC/DAC can be avoided, and the second-type self-interference

25

component can be canceled effectively.

BRIEF DESCRIPTION OF DRAWINGS
[0029]

To describe the technical solutions in the embodiments of the present

invention more clearly, the following briefly introduces the accompanying drawings
required
30

for describing

the

embodiments

or the prior art. Apparently, the

accompanying drawings in the following description show merely some embodiments
of the present invention, and a person of ordinary skill in the art may still derive other
drawings from these accompanying drawings without creative efforts.
11

[0030]

FIG. 1 is a schematic structural diagram of an interference cancellation

apparatus according to the prior art;
[0031]

FIG. 2 is a schematic structural diagram of an interference cancellation

apparatus according to an embodiment of the present invention;
5

[0032]

FIG. 3 is a schematic structural diagram of a first-type interference

canceller according to an embodiment of the present invention;
[0033]

FIG. 4 is a schematic structural diagram of a second-type interference

reconstructor according to an embodiment of the present invention;
[0034]
10

FIG. 5 is a schematic structural diagram of a self-interference signal

reconstruction module according to an embodiment of the present invention;
[0035]

FIG. 6 is a schematic structural diagram of a self-interference signal

reconstruction module according to another embodiment of the present invention;
[0036]

FIG. 7 is a schematic structural diagram of a local-frequency signal

generator according to an embodiment of the present invention;
15

[0037]

FIG. 8 is a schematic structural diagram of an interference cancellation

apparatus according to another embodiment of the present invention;
[0038]

FIG. 9 is a schematic structural diagram of an interference cancellation

apparatus according to still another embodiment of the present invention; and
[0039]
20

FIG. 10 is a schematic flowchart of an interference cancellation method

according to an embodiment of the present invention.
[0040]

Reference signs in the drawings:
110-main receive antenna
120-divider
130-first-type interference canceller

25

140-down converter
150-filter
160-coupler
170-digital down-conversion unit
180-second-type interference reconstructor

30

1801-self-interference estimation module
1802-self-interference signal reconstruction module
190-local-frequency signal generator

12

DESCRIPTION OF EMBODIMENTS
[0041]

Multiple embodiments are described with reference to the accompanying

drawings, and same parts in this specification are indicated by a same reference sign.
In the following description, for ease of explanation, many specific details are
5

provided to facilitate comprehensive understanding of one or more embodiments.
However, apparently, the embodiments may also not be implemented by using these
specific details. In other examples, a well-known structure and device are shown in a
form of block diagrams, to conveniently describe one or more embodiments.
[0042]

10

Terminologies such as "part", "module", and "system" used in this

specification are used to indicate computer-related entities, hardware, firmware,
combinations of hardware and software, software, or software being executed. For
example, a part may be, but is not limited to, a process that runs on a processor, a
processor, an object, an executable file, a thread of execution, a program, and/or a
computer. As shown in figures, both a computing device and an application that runs

15

on a computing device may be parts. One or more parts may reside within a process
and/or a thread of execution, and a part may be located on one computer and/or
distributed between two or more computers. In addition, these parts may be executed
from various computer-readable media that store various data structures. For example,
the parts may communicate by using a local and/or remote process and according to,

20

for example, a signal having one or more data packets.
[0043]

An interference cancellation apparatus according to an embodiment of the

present invention may be disposed in an access terminal that uses a wireless full
duplex technology, or itself may be an access terminal that uses a wireless full duplex
technology. An access terminal may also be referred to as a system, a subscriber unit,
25

a subscriber station, a mobile station, a mobile, a remote station, a remote terminal, a
mobile device, a user terminal, a terminal, a wireless communications device, user
agent, a user apparatus, or user equipment (UE, User Equipment). The access terminal
may be a cellular phone, a cordless phone, a SIP (Session Initiation Protocol, Session
Initiation Protocol) phone, a WLL (Wireless Local Loop, wireless local loop) station,

30

a PDA (Personal Digital Assistant, personal digital assistant), a handheld device
having a wireless communication function, an in-vehicle device, a wearable device, a
computing device, or another processing device connected to a wireless modem.
[0044]

In addition, the interference cancellation apparatus according to the
13

embodiment of the present invention may also be disposed in a base station that uses
the wireless full duplex technology, or itself may be a base station that uses the
wireless full duplex technology. The base station may be configured to communicate
with a mobile device. The base station may be an AP (Access Point, wireless access
5

point) of Wi-Fi, or a BTS (Base Transceiver Station, base transceiver station) in a
GSM (Global System for Mobile communication, Global System for Mobile
Communications) or a CDMA (Code Division Multiple Access, Code Division
Multiple Access) system, or may be an NB (NodeB, NodeB) in a WCDMA
(Wideband Code Division Multiple Access, Wideband Code Division Multiple Access)

10

system, or may be an eNB or an eNodeB (evolved Node B, evolved NodeB) in an
LTE (Long Term Evolution, Long Term Evolution) system, or a relay station or an
access point, or a base station device in a future 5G network, or the like.
[0045]

In addition,

aspects or features of the present invention may be

implemented as an apparatus or a product that uses standard programming and/or
15

engineering technologies. The term "product" used in this application covers a
computer program that can be accessed from any computer-readable part, carrier or
medium. For example, the computer-readable medium may include but is not limited
to: a magnetic storage part (for example, a hard disk, a floppy disk or a magnetic tape),
an optical disc (for example, a CD (Compact Disk, compact disk), a DVD (Digital

20

Versatile Disk, digital versatile disk), a smart card and a flash memory part (for
example,

EPROM

(Erasable

Programmable

Read-Only

Memory,

erasable

programmable read-only memory), a card, a stick, or a key drive). In addition, various
storage media described in this specification may indicate one or more devices and/or
other machine-readable
25

media that is used to store information.

The term

"machine-readable media" may include but is not limited to a radio channel, and
various other media that can store, include and/or carry an instruction and/or data.
[0046]

It should be noted that in the embodiments of the present invention,

interference cancellation may be canceling all interference components in a signal
(including a first-type self-interference component and a second-type self-interference
30

component), or may be canceling some interference components in a signal (including
a part of a first-type self-interference component and a part of a second-type
self-interference component).
[0047]

FIG. 2 is a schematic structural diagram of an interference cancellation

apparatus according to an embodiment of the present invention. As shown in FIG. 2,
14

an apparatus (100) provided by this embodiment includes:
a main receive antenna (110), a divider (120), a first-type interference
canceller (130), a down converter (140), a filter (150), a coupler (160), a digital
down-conversion unit (170), a second-type interference reconstructor (180), and a
5

local-frequency signal generator (190), where: an output end of the main receive
antenna (110) is connected to a first input end (131) of the first-type interference
canceller (130); an input end (121) of the divider (120) is configured to acquire a
radio frequency reference signal generated according to a transmit signal; a first
output end (122) of the divider (120) is connected to a second input end (132) of the

10

first-type interference canceller (130);

an output end (133)

of the first-type

interference canceller (130) is connected to a first input end (141) of the down
converter (140); a second output end (123) of the divider (120) is connected to a first
input end (181) of the second-type interference reconstructor (180); a second input
end (142) of the down converter (140) is connected to a first output end (192) of the
15

local-frequency signal generator (190); an input end (151) of the filter (150) is
connected to an output end (143) of the down converter (140); an output end (152) of
the filter (150) is connected to a first input end (161) of the coupler (160); a second
input end (162) of the coupler (160) is connected to a first output end (185) of the
second-type interference reconstructor (180); an output end (163) of the coupler (160)

20

is connected to an input end (171) of the digital down-conversion unit (170); an
output end (172) of the digital down-conversion unit (170) is connected to a second
input end (182) of the second-type interference reconstructor (180); a third input end
(183) of the second-type interference reconstructor (180) is configured to input a
digital baseband reference signal; a fourth input end (184) of the second-type

25

interference reconstructor (180) is connected to a second output end (193) of the
local-frequency signal generator (190); and an input end (191) of the local-frequency
signal generator (190) is connected to a second output end (186) of the second-type
interference reconstructor (180).
[0048]

30

Specifically, FIG. 2 further shows a divider (200). Because a fifth

processed signal output by the output end (172) of the digital down-conversion unit
(170) is used as a baseband receive signal, and at the same time the fifth processed
signal is used as an input signal of the second-type interference reconstructor (180),
the divider (200) needs to be used to divide the fifth processed signal. Specifically, a
connection relationship of the divider (200) is as follows: An input end (201) of the
15

divider (200) is connected to the output end (172) of the digital down-conversion unit
(170), a first output end (202) of the divider (200) outputs the fifth processed signal,
and a third output end (203) of the divider (200) is connected to the second input end
182 of the second-type interference reconstructor (180).
5

[0049]

Functions of parts in the embodiment shown in FIG. 2 are described as

follows:
[0050]

The main receive antenna (110) is configured to receive a radio frequency

signal, and transmit the received radio frequency signal to the first-type interference
canceller (130).
10

[0051]

The divider (120) is configured to acquire a radio frequency reference

signal generated according to a transmit signal, and transmit the radio frequency
reference signal to the first-type interference canceller (130) and the second-type
interference reconstructor (150).
[0052]
15

The first-type interference canceller (130) is configured to receive the

radio frequency reference signal transmitted by the divider (120) and the received
radio frequency signal transmitted by the main receive antenna (110), and cancel a
first-type

self-interference component

in the received radio frequency

signal

according to the radio frequency reference signal to acquire a first processed signal,
where
20

the

first-type

self-interference

component

includes

a

main-path

self-interference component.
[0053]

The local-frequency signal generator (190) is configured to acquire a

self-interference

channel parameter

acquired

by the

second-type interference

reconstructor (180), and generate the first local-frequency signal and the second
local-frequency signal according to the self-interference channel parameter.
25

[0054]

The down converter (140) is configured to receive the first local-frequency

signal generated by the local-frequency signal generator (190) and the first processed
signal acquired by the first-type interference canceller (130), and perform frequency
mixing processing on the first local-frequency signal and the first processed signal to
acquire a second processed signal.
30

[0055]

The filter (150) is configured to receive the second processed signal, and

perform filtering processing on the second processed signal to acquire a third
processed signal.
[0056]

The second-type interference reconstructor (180) is configured to acquire

the second local-frequency signal generated by the local-frequency signal generator
16

(190) and the radio frequency reference signal acquired by the divider (120), and the
self-interference signal is reconstructed according to the self-interference channel
parameter, the radio frequency reference signal, and the second local-frequency
signal.
5

[0057]

The coupler (160) is configured to receive the third processed signal

acquired by the filter (150) and the reconstructed self-interference signal transmitted
by the second-type interference reconstructor (180),

and cancel a second-type

self-interference signal in the third processed signal according to the reconstructed
self-interference signal to generate a fourth processed signal.
10

[0058]

The digital down-conversion unit (170) is configured to receive the fourth

processed signal, convert the fourth processed signal into a digital signal, and perform
digital down-conversion processing on the digital signal to acquire a fifth processed
signal.
[0059]
15

The second-type interference reconstructor (180) is further configured to

acquire a digital baseband reference signal, receive the fifth processed signal
transmitted by the digital down-conversion unit (170), and perform self-interference
channel estimation according to the fifth processed signal and the digital baseband
reference signal to acquire the self-interference channel parameter.
[0060]

20

Connection relationships,

structures,

and functions of parts in the

embodiment shown in FIG. 2 are described in detail as follows:
[0061]

(1) Main receive antenna (110)
configured to receive a radio signal, and input the received radio signal as

a received radio frequency signal to the first input end (131) of the first-type
interference canceller 130, where the process of receiving a radio signal by the main
25

receive antenna 110 may be similar to the process of receiving a radio signal by an
antenna in the prior art, and is not further described herein for avoiding repetition.
[0062]

(2) Divider (120)

[0063]

Specifically, in the embodiment of the present invention, for example, a

coupler or a power divider may be used as the divider (120).
30

[0064]

In addition, because a radio frequency reference signal is acquired

according to a transmit signal from a transmitter, a transmit signal obtained after
baseband processing, for example, may be used as a radio frequency reference signal,
and input to the divider (120) through the input end (121) of the divider (120).
[0065]

Therefore, the divider (120) can divide the radio frequency reference
17

signal into two signals. One signal is transmitted to the second input end (132) of the
first-type interference canceller (130) through the first output end (122) of the divider
(120) and is received by the first-type interference canceller (130). The other signal is
transmitted to the first input end (181) of the second-type interference reconstructor
5

(180) through the second output end (123) of the divider (120) and is received by the
second-type interference reconstructor (180).
[0066]

The coupler or power divider is used as the divider (120) in such a manner

that waveforms of the two signals output from the divider (120) can be consistent with
that of the radio frequency reference signal, which is advantageous to subsequent
10

interference cancellation based on the radio frequency reference signal.
[0067]

It should be understood that the foregoing illustrated coupler and power

divider that are used as the divider (120) are intended for exemplary description only,
but the present invention is not limited thereto. All other apparatuses that can cause a
similarity between a waveform of a reference signal and a waveform of a transmit
15

signal to be in a preset range shall fall within the protection scope of the present
invention.
[0068]

It should be noted that in the embodiment of the present invention, power

of the two signals that the radio frequency reference signal is divided into may be the
same or may be different, which is not particularly limited by the present invention.
20

[0069]

In addition, in the embodiment of the present invention, the process of

transmitting the transmit signal after baseband processing may be similar to that in the
prior art. Herein for avoiding repetition, the description of the process is omitted.

25

[0070]

(3) First-type interference canceller (130)

[0071]

Specifically, as shown in FIG. 3, in the embodiment of the present

invention, the first-type interference canceller (130) may include a divider a, a
combiner a, and a combiner b, where at least one transmission path constituted by at
least one of a delayer, a phase adjuster, and an amplitude adjuster connected in series
is included between the divider a and the combiner a, where an output end of the
combiner a is connected to an input end of the combiner b. In the embodiment of the

30

present invention, the first-type interference canceller (130) has two input ends. The
divider a may be a power divider, and the combiner a and the combiner b may be
couplers.
[0072]

The first input end (131) (namely, an input port of the combiner b) of the

first-type interference canceller (130) is connected to the output end of the main
18

receive antenna (110), and is configured to receive a signal (namely, a received radio
frequency signal) from the output end of the main receive antenna (110); the second
input end (132) (namely, an input port of the divider a) of the first-type interference
canceller (130) is connected to the first output end (122) of the divider (120), and is
5

configured to receive one radio frequency reference signal from the divider(120).
[0073]

Optionally, the first-type interference canceller (130)

is specifically

configured to perform, based on the received radio frequency signal, delay processing,
amplitude adjustment processing, and phase adjustment processing on the radio
frequency reference signal, so that an amplitude of the radio frequency reference
10

signal is in a direction opposite or approximately opposite to an amplitude of the
first-type self-interference component in the received radio frequency signal, and that
a phase of the radio frequency reference signal is the same or approximately the same
as a phase of the first-type self-interference component in the received radio
frequency signal; or

15

perform, based on the received radio frequency signal, delay processing,
amplitude adjustment processing, and phase adjustment processing on the radio
frequency reference signal, so that an amplitude of the radio frequency reference
signal is the same or approximately the same as an amplitude of the first-type
self-interference component in the received radio frequency signal, and that a

20

difference between a phase of the reference signal and a phase of the first-type
self-interference component in the received radio frequency signal is 180 degrees or
approximately (180) degrees; and
combine radio frequency reference

signals after delay processing,

amplitude adjustment processing, and phase adjustment processing with the received
25

radio frequency signal.
[0074]

Specifically, the second input end (132) of the first-type interference

canceller (130) is connected to the first output end (122) of the divider (120), and a
signal (namely, a radio frequency reference signal) output from the first output end
(122) of the divider (120) is input through the second input end (132) of the first-type
30

interference canceller (130) to the divider a, where the divider a may be a power
divider. The divider a divides the radio frequency reference signal into several radio
frequency reference signals (power of the several radio frequency reference signals
may be the same or different). Using one of the several radio frequency reference
signals as an example for description, an output end of the divider a outputs one radio
19

frequency reference signal to an adjustment circuit constituted by a delayer, a phase
adjuster, and an amplitude adjuster that are connected in series, where the adjustment
circuit is configured to adjust a delay, an amplitude, and a phase of a signal by means
of delaying, attenuation, phase shifting, and the like. For example, through attenuation,
5

the amplitude of the radio frequency reference signal may approach the amplitude of
the first-type self-interference component (including a main-path self-interference
signal component) in the received radio frequency signal. Certainly, a best effect is
that the amplitudes are the same. However, because an error exists in an actual
application, the amplitudes may be adjusted to approximately the same. In addition,

10

through delaying and/or through phase shifting, the difference between the phase of
the radio frequency reference signal and the phase of the received radio frequency
signal (specifically, the first-type self-interference component in the received radio
frequency signal) may be adjusted to (180) degrees or approximately 180 degrees.
[0075]

15

Alternatively, through attenuation, the amplitude of the radio frequency

reference signal may be in a direction opposite to the amplitude of the first-type
self-interference component in the received radio frequency signal. Certainly, a best
effect is that directions of the amplitudes are opposite. However, because an error
exists in an actual application, the directions of the amplitudes may be adjusted to be
approximately opposite. In addition, through delaying and/or through phase shifting,

20

the phase of the radio frequency reference signal may be adjusted to be the same or
approximately the same as the phase of the received radio frequency signal
(specifically,

the first-type

self-interference

component

in the received radio

frequency signal).
[0076]
25

The divider divides the radio frequency reference signal into multiple

signals, and finally the signals are combined by the combiner a, the delay processing,
amplitude adjustment processing, and phase adjustment processing may also be
functions that occur on each tributary output by the divider, and finally, after
combination, objectives of the delay processing, amplitude adjustment processing,
and phase adjustment processing of the radio frequency reference signal input at the

30

input end of the divider are achieved, that is, each tributary output by the divider may
include at least one of a delayer, a phase adjuster, and an amplitude adjuster.
[0077]

Certainly, the amplitude adjustment may be expressed as attenuation or

gain, and only attenuation is used as an example for description in the foregoing
embodiment.

In

addition,

in

the

embodiment
20

of

the

present

invention,

"approximately" may indicate that a similarity between two is within a preset range,
where the preset range may be determined at random according to actual use and
requirements, and is not particularly limited by the present invention. For avoiding
repetition, similar descriptions in the following are omittedunless otherwise specified.
5

[0078]

Afterward, radio frequency reference signals of all tributaries output by the

divider a are combined by the combiner a after the amplitude and phase adjustment,
and then input to another input port of the combiner b. Therefore, the combiner b may
combine the received radio frequency signal with the radio frequency reference signal
obtained after the amplitude and phase adjustment and combination (for example, add
10

the radio frequency reference signal to the radio frequency receive signal or subtract
the radio frequency reference signal from the radio frequency receive signal), to
cancel the first-type self-interference component in the received radio frequency
signal, thereby implementing first-type self-interference component cancellation
processing for the received radio frequency signal.

15

[0079]

For illustration instead of limitation, in the embodiment of the present

invention, the amplitude adjuster may be, for example, an attenuator. The phase
adjuster may be, for example, a phase shifter. The delayer may be, for example, a
delay line.
[0080]
20

Therefore, the first processed signal output from the output end (133)

(specifically, the output end of the combiner b) of the first-type interference canceller
(130) is a signal generated by canceling the first-type self-interference component in
the received radio frequency signal.
[0081]

It should be noted that in the embodiment of the present invention, the

delayer, phase adjuster, and amplitude adjuster may be adjusted in a manner of
25

minimizing strength of the first processed signal output by the combiner b, based on
the output of the combiner b. In addition, the present invention is not limited to the
foregoing implementation manner. As long as strength of the received radio frequency
signal can be reduced according to the radio frequency reference signal (or strength of
the first processed signal is less than strength of the received radio frequency signal),

30

an interference cancellation effect can be achieved.
[0082]

(4) Down converter (140)

[0083]

Specifically, the down converter (140) may be a mixer.

[0084]

The down converter (140) receives, through the first input end (141), the

first processed signal output by the output end (133) of the first-type interference
21

canceller (130). The down converter (140) receives, through the second input end
(142), the first local-frequency signal output by the first output end (192) of the
local-frequency signal generator (190), and performs frequency mixing processing on
the first local-frequency signal and the first processed signal to acquire a second
5

processed signal, where the first local-frequency signal is a signal having a preset
frequency difference

fr

from a radio frequency carrier of a transmit signal of a peer

end, so that the generated second processed signal is a low or intermediate frequency
signal centered on

10

IF .

[0085]

(5) Filter (150)

[0086]

Specifically, the filter (150) may be exemplarily a low-pass filter of a

band-pass type or a band-stop type.
[0087]

The input end (151) of the filter (150) receives the second processed signal

output by the output end (143) of the down converter (140). The filter (150) performs
filtering processing on the second processed signal to generate a third processed
15

signal after filtering a high frequency component in the second processed signal, and
outputs the third processed signal to the first input end (161) of the coupler (160)
through the output end (152) of the filter (150).

20

[0088]

(6) Coupler (160)

[0089]

Specifically, the coupler (160) is configured to receive, through the first

input end (161), the third processed signal output by the output end (152) of the filter
(150). The coupler (160) is further configured to receive, through the second input end
(162), the reconstructed self-interference signal transmitted by the first output end
(185) of the second-type interference reconstructor (180), cancel a second-type
self-interference signal in the first processed signal according to the reconstructed

25

self-interference signal to generate a fourth processed signal, and output the fourth
processed signal to the input end (171) of the digital down-conversion unit (170)
through the output end (163) of the coupler (160).

30

[0090]

(7) Digital down-conversion unit (170)

[0091]

The digital down-conversion unit (170) is configured to receive, through

the input end (171), the fourth processed signal output by the output end (163) of the
coupler (160), convert the fourth processed signal into a digital signal, and perform
digital down-conversion processing on the digital signal to acquire a fifth processed
signal, and output the fifth processed signal to the input end (201) of the divider (200)
22

through the output end (172) of the digital down-conversion unit (170).
[0092]

Specifically, referring to FIG. 2, exemplarily, the digital down-conversion

unit (170) includes an ADC (1701) and a digital down converter (1702). The ADC
(1701) is specifically configured to convert the fourth processed signal into the digital
5

signal; and the digital down converter (1702) is configured to perform digital
down-conversion processing on the digital signal to acquire the fifth processed signal.
[0093]

(8) Second-type interference reconstructor (180)

[0094]

Specifically, as shown in FIG. 4, in the embodiment of the present

invention,
10

the

second-type

self-interference

estimation

interference
module

reconstructor

(1801)

and

a

(180)

may

include

self-interference

a

signal

reconstruction module (1802).
[0095]

The self-interference estimation module (1801) is configured to acquire

the digital baseband reference signal, receive the fifth processed signal transmitted by
the digital down-conversion unit (170),
15

and perform self-interference channel

estimation according to the digital baseband reference signal and the fifth processed
signal to acquire the self-interference channel parameter.
[0096]

Optionally, to perform self-interference channel estimation according to

the digital baseband reference signal and the fifth processed signal, a pilot-based
channel estimation method or an adaptive filtering method such as an LMS (Least
20

mean squares, least mean squares) algorithm or an RLS (Recursive least mean squares,
recursive least mean squares) algorithm may be used, which pertains to the prior art
and is not further described. Optionally, the self-interference estimation module (1801)
includes any one of a field-programmable gate array FPGA (Field-Programmable
Gate Array), a central processing unit CPU (Central Processing Unit), or another

25

application-specific integrated circuit ASIC (Application Specific Integrated Circuit).
[0097]

In addition, optionally, the transmit signal includes a self-interference

channel estimation timeslot and a data transmission timeslot that are disposed at an
interval. In the data transmission timeslot, full duplex data communication may be
performed. In the self-interference channel estimation timeslot, a communications
30

peer does not transmit data, and a signal received by a local receiver includes only a
self-interference signal. Because there is no signal from the communications peer, the
local receive end uses the self-interference channel estimation timeslot to perform
self-interference channel estimation to acquire a self-interference channel parameter.
Specifically, in the self-interference channel estimation timeslot, the received radio
23

frequency signal includes only a second-type self-interference component. In the
self-interference channel estimation timeslot, self-interference channel estimation is
performed according the digital baseband reference signal and the digital signal that is
acquired by processing the received radio frequency signal. Therefore, in the
5

self-interference channel estimation timeslot, the communications peer does not
transmit a

signal, and a

signal received by the receiver

includes only a

self-interference signal. Because there is no signal from the communications peer, the
receiver may perform self-interference channel estimation in the self-interference
channel estimation timeslot to acquire a self-interference channel parameter, where
10

the

self-interference

channel parameter may include parameters

indicating a

transmission path delay, a phase, and an amplitude of a second-type self-interference
component. In the data transmission timeslot, a signal received by the receiver
includes a self-interference signal and a data signal, and the receiver may reconstruct
a self-interference signal in the data transmission timeslot according to the radio
15

frequency reference signal and the self-interference channel parameter, and use the
reconstructed self-interference signal to cancel the second-type self-interference
component.
[0098]

The self-interference signal reconstruction module (1802) is configured to

acquire the second local-frequency signal generated by the local-frequency signal
20

generator (190), receive the radio frequency reference signal acquired by the divider
(120) and the self-interference channel parameter acquired by the self-interference
estimation module (1801), and reconstruct the self-interference signal according to the
self-interference channel parameter, the radio frequency reference signal, and the
second local-frequency signal.

25

[0099]

FIG. 4 further shows a divider (1803), where an input end of the divider

(1803) is configured to receive the self-interference channel parameter transmitted by
the second-type interference reconstructor (180). The divider (1803) divides the
self-interference channel parameter into two. One is output to the self-interference
signal reconstruction module (1802) through a first output end of the divider (1803),
30

and the other is output to the local-frequency signal generator (190) through the
second output end (186) of the second-type interference reconstructor (180) that is
connected to a second output end of the divider (1803).
[0100]

Further, referring to FIG. 5, the self-interference signal reconstruction

module (1802) includes:
24

a first power divider, a first attenuator group, a first mixer group, a first
low-pass filter group, and a first delayer group, where:
the first power divider is configured to receive the radio frequency
reference signal, and divide the radio frequency reference signal into at least one
5

signal;
the first attenuator group includes at least one attenuator, where the
attenuator is configured to perform attenuation processing on one of the radio
frequency reference signal according to the self-interference channel parameter;
the first mixer group includes at least one mixer, where the mixer is

10

configured to perform, according to the second local-frequency signal, frequency
mixing processing on one of the radio frequency reference signal after attenuation
processing;
the first low-pass filter group includes at least one low-pass filter, where
the low-pass filter is configured to perform filtering processing on one of the radio

15

frequency reference signal after frequency mixing processing; and
the first delayer group includes at least one delayer and at least one
combiner, where:
the at least one delayer is connected in series by using a first input end
and an output end of a combiner, an input end of a first delayer and a second input end

20

of the combiner are configured to input one radio frequency reference signal after
filtering processing, and an input end of a last combiner is configured to output the
reconstructed self-interference signal.
[0101]

In addition, with reference to FIG. 5 and in combination with the foregoing

description, it may be understood that the first delayer group may include M delayers
25

and M combiners, which are configured to perform delaying on the radio frequency
reference signal for at most M times and form delay signals of M radio frequency
reference signals. Therefore, a quantity of delay taps that may be formed by the M
delayers included in the first delayer group is M. Exemplarily, the filtering processing
by the low-pass filter is removing a high frequency signal in each radio frequency

30

reference signal.
[0102]

Optionally, referring to FIG. 6,
the self-interference signal reconstruction module (1802) includes:
a second power divider, a second mixer group, a second low-pass filter

group, a second attenuator group, and a second delayer group, where:
25

the second power divider is configured to receive the radio frequency
reference signal, and divide the radio frequency reference signal into at least one
signal;
the second mixer group includes at least one mixer, where the mixer is
5

configured to perform frequency mixing processing on one of the radio frequency
reference signal according to the second local-frequency signal;
the second low-pass filter group includes at least one low-pass filter,
where the low-pass filter is configured to perform filtering processing on one of the
radio frequency reference signal after frequency mixing processing;

10

the second attenuator group includes at least one attenuator, where the
attenuator is configured to perform, according to the self-interference channel
parameter, attenuation processing on one of the radio frequency reference signal after
filtering processing; and
the second delayer group includes at least one delayer and at least one

15

combiner, where:
the at least one delayer is connected in series by using a first input end
and an output end of a combiner, an input end of a first delayer and a second input end
of the combiner are configured to input one radio frequency reference signal after
attenuation processing, and an input end of a last combiner is configured to output the

20

reconstructed self-interference signal.
[0103]

Likewise, with reference to FIG. 6 and in combination with the foregoing

description, it may be understood that the second delayer group may include M
delayers and M combiners, which are configured to perform delaying on the radio
frequency reference signal for at most M times and form delay signals of M radio
25

frequency reference signals. Therefore, a quantity of delay taps that may be formed by
the M delayers included in the second delayer group is M. Exemplarily, the filtering
processing by the low-pass filter is removing a high frequency signal in each radio
frequency reference signal.
[0104]

30

In the embodiments corresponding to FIG. 5 and FIG. 6, if a smallest

multi-path delay difference that is of a self-interference channel and that can be
resolved by the self-interference signal reconstruction module (1802) is T, a delay
generated by each delay tap may be set to T, that is, each delayer may form a delay T
for one radio frequency reference signal. The smallest multi-path delay difference is
determined according to a bandwidth W of a baseband transmit signal of a peer end,
26

that is,

a

W,

where a >1, and when a >1, a super-resolution algorithm needs

to be used for implementation. For example, a transmit signal bandwidth is
W=40MI-Iz, and T =

25ns may be used. If the quantity of delay taps is

M =16, a reconstructed self-interference signal with a delay of
5

T = 400ns may

be reconstructed at most. This is equivalent to a signal reflected by a reflector that is
60 meters away from an emitter.
[0105]

(9) Local-frequency signal generator (190)

[0106]

Specifically, the input end (191) of the local-frequency signal generator

(190) is configured to receive the self-interference channel parameter through the
10

second output end (186) of the second-type interference reconstructor (180), and
generate the first local-frequency

signal and the second local-frequency signal

according to the self-interference channel parameter. The local-frequency signal
generator (190) is further configured to transmit the first local-frequency signal to the
second input end of the down converter (140) through the first output end (192), and
15

transmit the second local-frequency signal to the fourth input end (184) of the
second-type interference reconstructor (180) through the second output end (193).
[0107]

Referring to FIG. 7, the local-frequency signal generator (190) includes:
a local-frequency signal source, a third power divider, and a phase shifter

group, where:
20

the third power divider is configured to divide a local-frequency signal
transmitted by the local-frequency signal source into at least one local-frequency
signal, where one local-frequency signal is used as the first local-frequency signal,
and the other local-frequency signals are input to the phase shifter group; and
the phase shifter group includes at least one phase shifter, where the

25

phase shifter is configured to perform phase shift processing on one local-frequency
signal according to the self-interference channel parameter, and the phase shifter
group uses each local-frequency signal obtained after phase shift processing as the
second local-frequency signal.
[0108]

30

With reference to FIG. 7, a local-frequency signal transmitted by the

local-frequency signal source is L"('O), and the first local-frequency signal is
, which means that no phase shift processing is performed on the
local-frequency signal. The second local-frequency signal includes L local-frequency

27

(A) to

signals

local-frequency

LO(0L)

signal.

after phase shift processing is performed on the

According

to

the

description

in

the

embodiments

corresponding to FIG. 5 and FIG. 6, the second local-frequency signal is used by each
mixer in the self-interference signal reconstruction module (1802) for performing
5

frequency mixing on each radio frequency reference signal. In this case, each
local-frequency

signal, obtained

after phase

shift processing,

in the

second

local-frequency signal is used as a local-frequency signal provided to a mixer.

10

[0109]

(10) Divider (200)

[0110]

FIG. 2 further shows the divider (200). Its structure and operating principle

are the same as those of the divider (120). The divider (200) is configured to divide
the fifth processed signal. Specifically, the input end (201) of the divider (200) is
connected to the output end (172) of the digital down-conversion unit (170); the first
output end (202) of the divider (200) outputs the fifth processed signal; and the third
output end (203) of the divider (200) is connected to the second input end (182) of the

15

second-type interference reconstructor (180), and outputs the fifth processed signal to
the second-type interference reconstructor (180).
[0111]

Referring to FIG. 8, the interference cancellation apparatus further includes

a first amplifier (210), where the first amplifier (210) is disposed between the coupler
(160) and the digital down-conversion unit (170). In FIG. 8, a variable gain amplifier
20

(Variable Gain Amplifier, VGA) is used as an example of the first amplifier, and the
first amplifier (210) is configured to amplify the fourth processed signal. The first
amplifier

(210) amplifies the fourth processed signal, which may reduce a

requirement of a transmitter side on power of a radio frequency transmit signal.
[0112]
25

Further, referring to FIG. 8, the interference cancellation apparatus

includes:
a second amplifier (220), disposed between the first-type interference
canceller (130) and the down converter (140), and configured to amplify the first
processed signal; and
a third amplifier (230), disposed between the coupler (160) and the

30

second-type

interference reconstructor

(180),

and configured

to amplify the

reconstructed self-interference signal.
[0113]

In FIG. 8, for example, both the second amplifier and the third amplifier

are LNAs. The second amplifier amplifies the first processed signal before noise

28

reduction

processing,

and

the

third

amplifier

amplifies

the

reconstructed

self-interference signal. In this way, a requirement on power of the radio frequency
reference signal may be reduced, and the requirement of the transmitter side on the
power of the radio frequency transmit signal is further reduced.
5

[0114]

Further, referring to FIG. 9, the interference cancellation apparatus further

includes:
a second amplifier (220), disposed between the first-type interference
canceller (130) and the down converter (140), and configured to amplify the first
processed signal; and
10

a fourth amplifier (240), disposed between the divider (120) and the
second-type interference reconstructor (180), and configured to amplify the radio
frequency reference signal received by the second-type interference reconstructor.
[0115]

In FIG. 9, for example, both the second amplifier and the fourth amplifier

are LNAs. The second amplifier amplifies the first processed signal before noise
15

reduction processing, and the fourth amplifier amplifies the radio frequency reference
signal that enters the second-type interference reconstructor (180). In this way, the
requirement on the power of the radio frequency reference signal may be reduced, and
the requirement of the transmitter side on the power of the radio frequency transmit
signal is further reduced.

20

[0116]

The following further describes the principle of the present invention. A

transmit signal is a quadrature modulated signal, and may be expressed as:

formula (1)

s(t) = sj(t)cosot+ sq(t)Sil

where, CO is an angular frequency of a radio frequency carrier, and
si(t) and sq(t) are baseband I/Q signals of a transmit end; with an adverse impact
25

of noise ignored, a received radio frequency signal that has passed through a radio
channel may be expressed as:
y(t) = s(t) ®h(t)
h(t)=

where,

formula (2)

hk(t -k

h

)

is a channel response, hk is a multi-path

channel coefficient corresponding to a delay Tk, and formula (2) is further expressed
30

as:
y(t)= jhksi(t

-rk)cos(ot-COrk)+

k

hksq(t -r)sin(ot -COrk)
k

29

formula (3)

[0117]

The received radio frequency signal y(t) is down-converted to a low or

intermediate frequency

0)

C

Lk

by a down converter (a mixer (130)). After a

high frequency component is filtered out by a filter (140) (herein, a Low-Pass Filter,
LPF low-pass filter, is used), an obtained signal may be expressed as:
z(t) = LPF(y(t) -cos(&Lt + PO)) =
=I

5hsi

h, [s (t -r )cos(mot -mr
kcs6

k

- PO)+ s(t -r,)sin(Mot -or

- TO

fr
formula

0

(4)

where, (10 is an initial phase of a local-frequency signal relative to the
radio frequency carrier.
[0118]

If

s(t)

is used as

a radio

frequency

reference

local-frequency signal of a same source is phase-shifted by
10

signal,

after a

Srk, the radio frequency

reference signal is down-converted to a low or intermediate frequency

600

-L

by a down converter (a mixer (130)) by using the phase-shifted local-frequency signal.
After a high frequency component is filtered out by a filter (140) (herein, a Low Pass
Filter, LPF low-pass filter, is used), an obtained signal is:
YkO(t)= LPF(s(t) -cos(CLt + P0 +
=

15

[0119]

s (t)cos(o 0t -

0

-LTk

L k
Sq (t)srn(%0 t

'L

formula (5)

k

After the signal shown in formula (5) is delayed by

the following is

Tk,

obtained:
Yk(t -rk)

[0120]

= si (t -rk)co

Because

0)0 +

0

4

COt - TO -

[0121]

-

P

- (CO

+ Col]

-ork

-PO)+Sq(t

-rk)sin(oot - Cork -

)

formula (6)

After formula (6) is substituted into formula (4), the following is obtained:
y(t)= ZlkYk
k

[0122]

+Sq (t -rk)sin[COOt

0) the following is obtained:

L

Yk(t-rk) = si (t -rk)cos(COt

20

+
±6)O

-)
formula (7)

If h(t) is a response of a self-interference channel, formulas (5) and (7)

indicate that a radio frequency transmit signal s(t) may be used as a radio frequency
reference signal. In the following manner, the second-type interference reconstructor
25

(180) reconstructs the low or intermediate frequency self-interference signal shown in
formula (4): First, the input radio frequency reference signal is divided into multiple
signals by a power divider. After a local-frequency signal of a same source is

30

phase-shifted by mLTk,
frequency
Tk

9

each signal is down-converted to a low or intermediate

by using the phase-shifted local-frequency signal, and then delayed by

and a reconstructed low or intermediate self-interference signal component of a

corresponding path is obtained. Amplitudes
5

hk

of these components may be set by

using an attenuator. Only a brief description is provided herein. For the specific
process, reference may be made to the function description of the second-type
interference reconstructor (180).
[0123]

It should be noted that when a full duplex transceiver performs reception

and transmission by using multiple antennas (Multiple Input Multiple Output, MIMO),
10

a receive tributary corresponding to each receive antenna requires a near-field jammer
corresponding to each transmit antenna, for reconstructing a self-interference signal
corresponding to each transmit tributary and canceling first-type self-interference
components one by one.
[0124]

15

According to the interference cancellation apparatus provided in the

embodiment of the present invention, for a received radio frequency signal acquired
by a main receive antenna, interference cancellation processing is performed
according to a radio frequency reference signal to cancel a first-type self-interference
component in the received radio frequency signal and acquire a first processed signal;
and further, after down-conversion processing is performed on the first processed

20

signal, a self-interference signal is reconstructed through self-interference channel
estimation to cancel a second-type self-interference component in the first processed
signal. Because the reconstructed self-interference signal is used directly in an analog
domain to cancel the second-type self-interference component, a limitation by a
dynamic range of an ADC/DAC can be avoided, and the second-type self-interference

25

component can be canceled effectively. Further, because the received radio frequency
signal is converted to a low or intermediate frequency for processing, the second-type
self-interference component can be traced and canceled more effectively.
[0125]

The interference cancellation apparatus according to the embodiment of

the present invention is described in detail above with reference to FIG. 1 to FIG. 9.
30

The following describes in detail an interference cancellation method according to an
embodiment of the present invention with reference to FIG. 10.
[0126]

FIG. 10 shows a schematic flowchart of an interference cancellation

31

method, where the method includes the following steps:
[0127]

101. Acquire a radio frequency reference signal generated according to a

transmit signal.

5

[0128]

102. Receive a radio frequency signal by using a main receive antenna.

[0129]

103. Cancel a first-type self-interference component in the received radio

frequency signal according to the radio frequency reference signal, to generate a first
processed signal, where the first-type self-interference

component includes a

main-path self-interference component.
[0130]
10

104. Generate a first local-frequency signal and a second local-frequency

signal according to a self-interference channel parameter.
[0131]

105. Perform frequency mixing processing on the first local-frequency

signal and the first processed signal to acquire a second processed signal.
[0132]

106. Perform filtering processing on the second processed signal to acquire

a third processed signal.
15

[0133]

107.

Reconstruct

the

self-interference

signal

according

to

the

self-interference channel parameter, the radio frequency reference signal, and the
second local-frequency signal.
[0134]

108. Cancel a second-type self-interference signal in the third processed

signal according to the reconstructed self-interference signal to generate a fourth
20

processed signal.
[0135]

109. Convert the fourth processed signal into a digital signal, and perform

digital down-conversion processing on the digital signal to acquire a fifth processed
signal.
[0136]
25

processed

110. Perform self-interference channel estimation according to the fifth
signal

and

a

digital

baseband

reference

signal

to

acquire

the

self-interference channel parameter.
[0137]

Specifically, in step 101, a transmit signal obtained after baseband

processing (for example, processing such as digital-to-analog

conversion,

up

conversion, and power amplification) may be used as a radio frequency reference
30

signal, and input to, for example, a coupler or a power divider. Therefore, the radio
frequency reference signal can be divided into two signals by the coupler or power
divider, where one signal is used to generate a first processed signal and the other
signal is used to reconstruct a self-interference signal.
[0138]

Optionally, in step 110, specifically, digital sampling may be performed on
32

the radio frequency reference signal to acquire the digital baseband reference signal.
[0139]

In addition, the coupler or power divider is used to divide the radio

frequency reference signal into two signals in such a manner that waveforms of the
two signals can be consistent with that of the transmit signal, which is advantageous
5

to subsequent interference cancellation (including cancellation of the first-type
self-interference component and cancellation of the second-type self-interference
component) based on the radio frequency reference signal, where waveform
consistency includes that the waveforms are the same as the waveform of the transmit
signal or that a waveform similarity is within a preset range.

10

[0140]

Optionally, after step 108, the method further includes: amplifying the

fourth processed signal. Herein a variable gain amplifier (VGA) may be selected for
amplifying the fourth processed signal. The amplifying the fourth processed signal
may reduce a requirement of a transmitter side on power of a radio frequency transmit
signal.
15

[0141]

Alternatively, optionally, after step 103, the method further includes:

amplifying the first processed signal; and after step 107, the method further includes:
amplifying the reconstructed self-interference signal. Amplification of various signals
is amplification performed by using a low noise amplifier (LNA). Separately
amplifying
20

the

first

processed

signal

and

amplifying

the

reconstructed

self-interference signal may reduce a requirement on power of the radio frequency
reference signal, and further reduce the requirement of the transmitter side on the
power of the radio frequency transmit signal.
[0142]

Alternatively, optionally, after step 103, the method further includes:

amplifying the first processed signal; and before the acquiring the reconstructed
25

self-interference signal according to the self-interference channel parameter, the radio
frequency reference signal, and the second local-frequency signal in step 107, the
method

further

includes:

amplifying

the

radio

frequency

reference

signal.

Amplification of various signals is amplification performed by using a low noise
amplifier (LNA). Separately amplifying the first processed signal and amplifying the
30

radio frequency reference signal input into the second-type interference reconstructor
may reduce the requirement on the power of the radio frequency reference signal, and
further reduce the requirement of the transmitter side on the power of the radio
frequency transmit signal.
[0143]

Optionally, the canceling a first-type self-interference component in the
33

received radio frequency signal according to the radio frequency reference signal, to
generate a first processed signal in step 103 includes:
performing, based on the received radio frequency

signal,

delay

processing, amplitude adjustment processing, and phase adjustment processing on the
5

radio frequency reference signal, so that an amplitude of the radio frequency reference
signal is in a direction opposite or approximately opposite to an amplitude of the
first-type self-interference component in the received radio frequency signal, and that
a phase of the radio frequency reference signal is the same or approximately the same
as a phase of the first-type self-interference component in the received radio

10

frequency signal; or
performing, based on the received radio frequency

signal,

delay

processing, amplitude adjustment processing, and phase adjustment processing on the
radio frequency reference signal, so that an amplitude of the radio frequency reference
signal is the same or approximately the same as an amplitude of the first-type
15

self-interference component in the received radio frequency signal, and that a
difference between a phase of the reference signal and a phase of the first-type
self-interference component in the received radio frequency signal is 180 degrees or
approximately 180 degrees.
[0144]

20

In the embodiment of the present invention, for example, an adjustment

circuit constituted by a delayer, a phase adjuster, and an amplitude adjuster that are
connected in series may be used for implementation. Therefore, in step 103, the
amplitude and phase of the radio frequency reference signal may be adjusted by the
adjustment circuit through delaying, phase shifting, attenuation, and the like. For
example, through attenuation, the amplitude of the radio frequency reference signal

25

may approach the amplitude of the first-type self-interference component in the
received radio frequency signal. Certainly, a best effect is that the amplitudes are the
same. However, because an error exists in an actual application, the amplitudes may
be adjusted to approximately the same. In addition, through phase shifting and/or
delaying, the phase of the radio frequency reference signal may be adjusted to be

30

opposite or approximately opposite to the phase of the first-type self-interference
component (including a main-path interference signal) in the received radio frequency
signal.
[0145]

Afterward, radio frequency reference signals obtained after delaying, and

amplitude and phase adjustment may be combined with (for example, added to) the
34

received radio frequency signal, to cancel the first-type self-interference component in
the received radio frequency signal. In this way, first-type self-interference component
cancellation processing is implemented for the received radio frequency signal, and
the signal obtained after the processing is used as the first processed signal.
5

[0146]

For illustration instead of limitation, in the embodiment of the present

invention, the amplitude adjuster may be, for example, an attenuator. The phase
adjuster may be, for example, a phase shifter, and the delayer may be a delay line.
[0147]

It should be understood that the foregoing illustrated method and process

for canceling the first-type self-interference component in the received radio
10

frequency signal based on the radio frequency reference signal are intended for
exemplary description only, but the present invention is not limited thereto. For
example, the delayer, phase shifter, and attenuator may also be adjusted in a manner
of minimizing strength of the first processed signal.
[0148]

15

Optionally,

the

acquiring

the

reconstructed

self-interference

signal

according to the self-interference channel parameter, the radio frequency reference
signal, and the second local-frequency signal in step 107 includes:
dividing the radio frequency reference signal into at least one signal;
performing attenuation processing on each of the radio frequency
reference signal according to the self-interference channel parameter;

20

performing, according to the second local-frequency signal, frequency
mixing processing on each of the radio frequency reference signal after attenuation
processing;
performing filtering processing on each of the radio frequency reference
signal after frequency mixing processing; and

25

performing delay processing on each of the radio frequency reference
signal after filtering processing, and combing the radio frequency reference signal to
reconstruct the self-interference signal.
[0149]

Alternatively, optionally, the acquiring the reconstructed self-interference

signal according to the self-interference channel parameter, the radio frequency
30

reference signal, and the second local-frequency signal in step 107 includes:
dividing the radio frequency reference signal into at least one signal;
performing frequency mixing processing on each of the radio frequency
reference signal according to the second local-frequency signal;
performing filtering processing on each of the radio frequency reference
35

signal after frequency mixing processing;
performing,

according

to the

self-interference

channel

parameter,

attenuation processing on each of the radio frequency reference signal after filtering
processing; and
5

performing delay processing on each of the radio frequency reference
signal after attenuation processing, and combing the radio frequency reference signal
to reconstruct the self-interference signal.
[0150]

Further, the generating the first local-frequency signal and the second

local-frequency signal according to a self-interference channel parameter in step 104
10

includes:
dividing a local-frequency signal into at least one local-frequency signal,
where one local-frequency signal is used as the first local-frequency signal; and
performing phase shift processing on each local-frequency signal except
the first

15

local-frequency

signal according to the self-interference channel

parameter to generate the second local-frequency signal.
[0151]

According to the description of the foregoing embodiment, further, the

transmit signal includes a self-interference channel estimation timeslot and a data
transmission timeslot that are disposed at an interval. In the self-interference channel
estimation timeslot, a communications peer does not transmit a signal, and a signal
20

received by a receiver includes only a self-interference signal. Because there is no
signal from the communications peer, the receiver may perform self-interference
channel estimation in the self-interference channel estimation timeslot to acquire a
self-interference channel parameter, where the self-interference channel parameter
may include parameters indicating a transmission path delay, a phase, and an

25

amplitude of a second-type self-interference component. In the data transmission
timeslot, a signal received by the receiver includes a self-interference signal and a
data signal, and the receiver may generate a reconstructed self-interference signal in
the data transmission timeslot according to the radio frequency reference signal and
the self-interference channel parameter, and use the reconstructed self-interference

30

signal to cancel the second-type self-interference component. A specific embodiment
is not further described herein. For details, reference may be made to the description
in the apparatus embodiment.
[0152]

According to the interference cancellation method provided in the

embodiment of the present invention, for a received radio frequency signal acquired
36

by a main receive antenna, interference cancellation processing is performed
according to a radio frequency reference signal to cancel a first-type self-interference
component in the received radio frequency signal and acquire a first processed signal;
and further, after down-conversion processing is performed on the first processed
5

signal, a self-interference signal is reconstructed through self-interference channel
estimation to cancel a second-type self-interference component in the first processed
signal. Because the reconstructed self-interference signal is used directly in an analog
domain to cancel the second-type self-interference component, a limitation by a
dynamic range of an ADC/DAC can be avoided, and the second-type self-interference

10

component can be canceled effectively. Further, because the received radio frequency
signal is converted to a low or intermediate frequency for processing, the second-type
self-interference component can be traced and canceled more effectively.
[0153]

A person of ordinary skill in the art may be aware that, in combination

with the examples described in the embodiments disclosed in this specification, units
15

and algorithm steps may be implemented by electronic hardware or a combination of
computer software and electronic hardware. Whether the functions are performed by
hardware or software depends on particular applications and design constraint
conditions of the technical solutions. A person skilled in the art may use different
methods to implement the described functions for each particular application, but it

20

should not be considered that the implementation goes beyond the scope of the
present invention.
[0154]

It may be clearly understood by a person skilled in the art that, for the

purpose of convenient and brief description, for a detailed working process of the
foregoing system, apparatus, and unit, reference may be made to a corresponding
25

process in the foregoing method embodiments, and details are not described herein
again.
[0155]

It should be understood that sequence numbers of the foregoing processes

do not mean execution sequences in various embodiments of the present invention.
The execution sequences of the processes should be determined according to
30

functions and internal logic of the processes, and should not be construed as any
limitation on the implementation processes of the embodiments of the present
invention.
[0156]

In the several embodiments provided in the present application, it should

be understood that the disclosed apparatus may be implemented in other manners. For
37

example, the described apparatus embodiment is merely exemplary. For example, the
unit division is merely logical function division and may be other division in actual
implementation. For example, a plurality of units or parts may be combined or
integrated into another system, or some features may be ignored or not performed. In
5

addition,

the

shown

or discussed mutual couplings

or direct couplings or

communication connections may be implemented through some interfaces. The
indirect couplings or communication connections between the apparatuses or units
may be implemented in electrical, mechanical, or other forms.
[0157]
10

The units described as separate parts may or may not be physically

separated, and parts shown as units may or may not be physical units, may be located
in one position, or may be distributed on a plurality of network units. Some or all of
the units may be selected according to actual needs to achieve the objectives of the
solutions of the embodiments.
[0158]

15

In addition, functional units in the embodiments of the present invention

may be integrated into one processing unit, or each of the units may exist alone
physically, or two or more units are integrated into one unit.
[0159]

When the functions are implemented in the form of a software functional

unit and sold or used as an independent product, the functions may be stored in a
computer-readable storage medium. Based on such an understanding, the technical
20

solutions of the present invention essentially, or the part contributing to the prior art,
or some of the technical solutions may be implemented in a form of a software
product. The computer software product is stored in a storage medium, and includes
several instructions for instructing a computer device (which may be a personal
computer, a server, or a network device) to perform all or some of the steps of the

25

methods described in the embodiments of the present invention. The foregoing
storage medium includes: any medium that can store program code, such as a USB
flash drive, a removable hard disk, a read-only memory (ROM, Read-Only Memory),
a random access memory (RAM, Random Access Memory), a magnetic disk, or an
optical disc.

30

[0160]

The foregoing descriptions are merely specific implementation manners of

the present invention, but are not intended to limit the protection scope of the present
invention. Any variation or replacement readily figured out by a person skilled in the
art within the technical scope disclosed in the present invention shall fall within the
protection scope of the present invention. Therefore, the protection scope of the
38

present invention shall be subject to the protection scope of the claims.

39

CLAIMS
1. An interference cancellation apparatus, comprising:
a main receive antenna, configured to receive a radio frequency signal, and
transmit the received radio frequency signal to a first-type interference canceller;
5

a divider, configured to acquire a radio frequency reference signal generated
according to a transmit signal, and transmit the radio frequency reference signal to the
first-type interference canceller and a second-type interference reconstructor;
the first-type interference canceller, configured to receive the radio frequency
reference signal transmitted by the divider and the received radio frequency signal

10

transmitted by the main receive antenna, and cancel a first-type self-interference
component in the received radio frequency signal according to the radio frequency
reference

signal to acquire

a first processed

signal, wherein the first-type

self-interference component comprises a main-path self-interference component;
a local-frequency signal generator, configured to acquire a self-interference
15

channel parameter acquired by the second-type interference reconstructor, and
generate a first local-frequency signal and a second local-frequency signal according
to the self-interference channel parameter;
a down converter, configured to receive the first local-frequency

signal

generated by the local-frequency signal generator and the first processed signal
20

acquired by the first-type interference canceller, and perform frequency mixing
processing on the first local-frequency signal and the first processed signal to acquire
a second processed signal;
a filter, configured to receive the second processed signal, and perform filtering
processing on the second processed signal to acquire a third processed signal;
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the second-type interference reconstructor, configured to acquire the second
local-frequency signal generated by the local-frequency signal generator and the radio
frequency

reference

signal

acquired

by

the

divider,

and

reconstruct

the

self-interference signal according to the self-interference channel parameter, the radio
frequency reference signal, and the second local-frequency signal;
30

a coupler, configured to receive the third processed signal acquired by the filter
and the reconstructed

self-interference signal transmitted by the second-type

interference reconstructor, and cancel a second-type self-interference signal in the
40

third processed signal according to the reconstructed self-interference signal to
generate a fourth processed signal; and
a digital down-conversion unit, configured to receive the fourth processed signal,
convert the fourth processed signal into a digital signal, and perform digital
5

down-conversion processing on the digital signal to acquire a fifth processed signal;
wherein
the second-type interference reconstructor is further configured to acquire a
digital baseband reference signal, receive the fifth processed signal transmitted by the
digital down-conversion unit, and perform self-interference channel estimation

10

according to the fifth processed signal and the digital baseband reference signal to
acquire the self-interference channel parameter.
2. The apparatus according to claim 1, wherein the second-type interference
reconstructor comprises:
a self-interference estimation module, configured to acquire the digital baseband

15

reference

signal, receive the fifth processed signal transmitted by the digital

down-conversion unit, and perform self-interference channel estimation according to
the digital baseband reference signal and the fifth processed signal to acquire the
self-interference channel parameter; and
a self-interference signal reconstruction module, configured to acquire the
20

second local-frequency signal generated by the local-frequency signal generator,
receive the radio frequency reference signal acquired by the divider and the
self-interference channel parameter acquired by the self-interference estimation
module, and reconstruct the self-interference signal according to the self-interference
channel

25

parameter,

the radio

frequency

reference

signal,

and

the

second

local-frequency signal.
3. The apparatus according to claim 1, further comprising a first amplifier,
wherein the first amplifier is configured to amplify the fourth processed signal.
4. The apparatus according to claim 1, further comprising a second amplifier and
a third amplifier, wherein:
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the second amplifier is configured to amplify the first processed signal; and
the third amplifier is configured to amplify the reconstructed self-interference
signal.
5. The apparatus according to claim 1, further comprising a second amplifier and
a fourth amplifier, wherein:
41

the second amplifier is configured to amplify the first processed signal; and
the fourth amplifier is configured to amplify the radio frequency reference signal
received by the second-type interference reconstructor.
6. The apparatus according to claim 2, wherein the self-interference signal
5

reconstruction module comprises:
a first power divider, a first attenuator group, a first mixer group, a first low-pass
filter group, and a first delayer group, wherein:
the first power divider is configured to receive the radio frequency reference
signal, and divide the radio frequency reference signal into at least one signal;
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the first attenuator group comprises at least one attenuator, wherein the
attenuator is configured to perform attenuation processing on one of the at least one
radio frequency reference signal according to the self-interference channel parameter;
the first mixer group comprises at least one mixer, wherein the mixer is
configured to perform, according to the second local-frequency signal, frequency

15

mixing processing on one of the radio frequency reference signal after attenuation
processing;
the first low-pass filter group comprises at least one low-pass filter, wherein the
low-pass filter is configured to perform filtering processing on one of the radio
frequency reference signal after frequency mixing processing; and
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the first delayer group comprises at least one delayer and at least one combiner,
wherein:
the at least one delayer is connected in series by using a first input end and an
output end of a combiner, an input end of a first delayer and a second input end of the
combiner are configured to input one radio frequency reference signal after filtering

25

processing, and an output end of a last combiner is configured to output the
reconstructed self-interference signal.
7. The apparatus according to claim 2, wherein the self-interference signal
reconstruction module comprises:
a second power divider, a second mixer group, a second low-pass filter group, a

30

second attenuator group, and a second delayer group, wherein:
the second power divider is configured to receive the radio frequency reference
signal, and divide the radio frequency reference signal into at least one signal;
the second mixer group comprises at least one mixer, wherein the mixer is
configured to perform frequency mixing processing on one of the radio frequency
42

reference signal according to the second local-frequency signal;
the second low-pass filter group comprises at least one low-pass filter, wherein
the low-pass filter is configured to perform filtering processing on one of the radio
frequency reference signal after frequency mixing processing;
5

the second attenuator group comprises at least one attenuator, wherein the
attenuator is configured to perform, according to the self-interference channel
parameter, attenuation processing on one of the radio frequency reference signal after
filtering processing; and
the second delayer group comprises at least one delayer and at least one

10

combiner, wherein:
the at least one delayer is connected in series by using a first input end and an
output end of a combiner, an input end of a first delayer and a second input end of the
combiner are configured to input one radio frequency reference signal after
attenuation processing, and an input end of a last combiner is configured to output the
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reconstructed self-interference signal.
8. The apparatus according to claim 1, wherein the local-frequency signal
generator comprises a local-frequency signal source, a third power divider, and a
phase shifter group, wherein:
the third power divider is configured to divide a local-frequency

20

signal

transmitted by the local-frequency signal source into at least one local-frequency
signal, wherein one local-frequency signal is used as the first local-frequency signal,
and the other local-frequency signals are input to the phase shifter group; and
the phase shifter group comprises at least one phase shifter, wherein the phase
shifter is configured to perform phase shift processing on one local-frequency signal

25

according to the self-interference channel parameter, and the phase shifter group uses
each local-frequency signal obtained after phase shift processing as the second
local-frequency signal.
9. The apparatus according to any one of claims 1 to 8, wherein:
the first-type interference canceller is specifically configured to perform, based
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on the received radio frequency signal, delay processing, amplitude adjustment
processing, and phase adjustment processing on the radio frequency reference signal,
so that an amplitude of the radio frequency reference signal is in a direction opposite
or approximately opposite to an amplitude

of the first-type self-interference

component in the received radio frequency signal, and that a phase of the radio
43

frequency reference signal is the same or approximately the same as a phase of the
first-type self-interference component in the received radio frequency signal; or
perform, based on the received radio frequency signal, delay processing,
amplitude adjustment processing, and phase adjustment processing on the radio
5

frequency reference signal, so that an amplitude of the radio frequency reference
signal is the same or approximately the same as an amplitude of the first-type
self-interference component in the received radio frequency signal, and that a
difference between a phase of the radio frequency reference signal and a phase of the
first-type self-interference component in the received radio frequency signal is 180

10

degrees or approximately 180 degrees.
10. The apparatus according to any one of claims 1 to 9, wherein the interference
cancellation apparatus is a base station or an access terminal of a base station.
11. The apparatus according to claim 2, wherein the self-interference estimation
module comprises a field-programmable gate array FPGA, a central processing unit
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CPU, or application-specific integrated circuit ASIC.
12. An interference cancellation method, comprising:
acquiring a radio frequency reference signal generated according to a transmit
signal;
receiving a radio frequency signal by using a main receive antenna;
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canceling a first-type self-interference

component

in the received radio

frequency signal according to the radio frequency reference signal, to generate a first
processed signal, wherein the first-type self-interference component comprises a
main-path self-interference component;
generating a first local-frequency signal and a second local-frequency signal
25

according to a self-interference channel parameter;
performing frequency mixing processing on the first local-frequency signal and
the first processed signal to acquire a second processed signal;
performing filtering processing on the second processed signal to acquire a third
processed signal;

30

acquiring

the

reconstructed

self-interference

signal

according

to

the

self-interference channel parameter, the radio frequency reference signal, and the
second local-frequency signal;
canceling a second-type self-interference signal in the third processed signal
according to the reconstructed self-interference signal to generate a fourth processed
44

signal;
converting the fourth processed signal into a digital signal, and performing
digital down-conversion processing on the digital signal to acquire a fifth processed
signal; and
5

performing self-interference channel estimation according to the fifth processed
signal and a digital baseband reference signal to acquire the self-interference channel
parameter.
13. The method according to claim 12, wherein the method further comprises:
amplifying the fourth processed signal.
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14. The method according to claim 12, wherein the method further comprises:
amplifying the first processed signal; and
amplifying the reconstructed self-interference signal.
15. The method according to claim 12, wherein the method further comprises:
amplifying the first processed signal; and

15

before the acquiring the reconstructed self-interference signal according to the
self-interference channel parameter, the radio frequency reference signal, and the
second local-frequency signal, the method further comprises: amplifying the radio
frequency reference signal.
16. The method according to claim 12, wherein the acquiring the reconstructed

20

self-interference signal according to the self-interference channel parameter, the radio
frequency reference signal, and the second local-frequency signal comprises:
dividing the radio frequency reference signal into at least one signal;
performing attenuation processing on each radio frequency reference signal
according to the self-interference channel parameter;
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performing, according to the second local-frequency signal, frequency mixing
processing on each radio frequency reference signal after attenuation processing;
performing filtering processing on each radio frequency reference signal after
frequency mixing processing; and
performing delay processing on each of the radio frequency reference signal

30

after

filtering

processing,

and

performing

combination

to

reconstruct

the

self-interference signal.
17. The method according to claim 12, wherein the acquiring the reconstructed
self-interference signal according to the self-interference channel parameter, the radio
frequency reference signal, and the second local-frequency signal comprises:
45

dividing the radio frequency reference signal into at least one signal;
performing frequency mixing processing on each of the radio frequency
reference signal according to the second local-frequency signal;
performing filtering processing on each of the radio frequency reference signal
5

after frequency mixing processing;
performing, according to the self-interference channel parameter, attenuation
processing on each of the radio frequency reference signal after filtering processing;
and
performing delay processing on each of the radio frequency reference signal

10

after attenuation processing, and combing the radio frequency reference signal to
reconstruct the self-interference signal.
18.

The method according to claim 12, wherein the generating a first

local-frequency

signal and

a second

local-frequency

signal

according

to a

self-interference channel parameter comprises:
15

dividing a local-frequency signal into at least one local-frequency signal,
wherein one local-frequency signal is used as the first local-frequency signal; and
performing phase shift processing on each local-frequency signal except the
first local-frequency signal according to the self-interference channel parameter to
generate the second local-frequency signal.
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19. The method according to any one of claims 12 to 18, wherein canceling a
first-type

self-interference component

in the received radio frequency

signal

according to the radio frequency reference signal comprises:
performing, based on the received radio frequency signal, delay processing,
amplitude adjustment processing, and phase adjustment processing on the radio
25

frequency reference signal, so that an amplitude of the radio frequency reference
signal is in a direction opposite or approximately opposite to an amplitude of the
first-type self-interference component in the received radio frequency signal, and that
a phase of the radio frequency reference signal is the same or approximately the same
as a phase of the first-type self-interference component in the received radio
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frequency signal; or
performing, based on the received radio frequency signal, delay processing,
amplitude adjustment processing, and phase adjustment processing on the radio
frequency reference signal, so that an amplitude of the radio frequency reference
signal is the same or approximately the same as an amplitude of the first-type
46

self-interference component in the received radio frequency signal, and that a
difference between a phase of the reference signal and a phase of the first-type
self-interference component in the received radio frequency signal is 180 degrees or
approximately 180 degrees.
5

20. The method according to any one of claims 12 to 19, wherein the transmit
signal comprises

a self-interference channel

estimation

transmission timeslot that are disposed at an interval.
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timeslot and a data

