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(57) ABSTRACT

The present invention provides an adaptive radio-interference
cancelling device and method, a receiver, and a wireless tull
duplex communication system. The device includes an
amplitude phase adjusting module, configured to adjust an
amplitude and a phase of a radio-frequency reference signal
and output a radio-Irequency adjustment signal to enable the
radio-frequency adjustment signal to converge to a seli-inter-
ference signal in a radio-frequency received signal; a subtrac-
tor, configured to output a radio-frequency residual signal,
where the radio-frequency residual signal 1s a difference sig-
nal between the radio-frequency receirved signal and the
radio-frequency adjustment signal; and a baseband extracting,
and filtering module, configured to receirve the radio-fre-
quency reference signal and the radio-frequency residual sig-
nal output by the subtractor, extract baseband signals and
perform least mean squares adaptive filtering processing on
the baseband signals to obtain an amplitude phase control
signal and output to the amplitude phase adjusting module.
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ADAPTIVE RADIO-FREQUENCY
INTERFERENCE CANCELLING DEVICE,
METHOD, AND RECEIVER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Patent
Application No. PCT/CN2014/070181, filed on Jan. 6, 2014,
which claims priority to Chinese Patent Application No.

201310002205.9, filed on Jan. 5, 2013, both of which are
hereby incorporated by reference 1n their entireties.

TECHNICAL FIELD

The present invention relates to radio full duplex system
technologies and, in particular, to an adaptive radio-ire-

quency cancelling device and method, and a receiver.

BACKGROUND

In a wireless communication system, such as a mobile
cellular communication system, a wireless local area network
(Wireless Local Area Network, WLAN), and a fixed wireless
access (Fixed Wireless Access, FWA) etc., a communication
node, such as a base station (Base Station, BS) or an access
point (Access Point, AP), a relay station (Relay Station, RS),
and a user equipment (User Equipment, UE) etc. usually has
capability of transmitting 1ts own signals and receiving sig-
nals of other communicating nodes. Since a radio signal 1s
attenuated greatly in a radio communication channel, and
compared to the transmitted signals, signals recerved from a
communication peer have become very weak when arriving
at a recerving end. For example, power difference between
transmitted and recerved signals of a communication node in
the mobile cellular communication system 1s 80 dB-140 dB,
or even greater. Therefore, in order to avoid interference of the
transmitted signals to the received signal of the same trans-
ceiver, radio signals are usually transmitted and recerved on
different frequencies or in different time periods. For
example, 1n frequency division duplex (Frequency Division
Duplex, FDD), transmission and reception are performed by
using different frequency bands separated with a guard band.
In time division duplex (Time Division Duplex, TDD), trans-
mission and reception are performed by using different time
periods separated with a guard interval. Where the guard band
in FDD and the guard interval in TDD are both used for
ensuring that the recerving and transmitting are fully 1solated,
to prevent the transmitting from interfering the receiving.

Different from the existing FDD or TDD technology, wire-
less full duplex technology can simultaneously perform
receiving and transmitting on a same radio channel. Thus, in
theory, frequency spectrum efficiency of wireless full duplex
1s double of FDD or TDD technology. Obviously, 1t 1s a
precondition for realizing the wireless tull duplex technology
that strong interference (called self-interference, Self-inter-
face) from a transmitted signal to a received signal of a same
transceiver 1s avolded, decreased, or eliminated as much as
possible, so that the seli-interference doesn’t affect correct
reception of usetul signals.

FI1G. 1 shows a structure of an existing wireless full duplex
communication system, including a transmitter and a
receiver. The transmitter includes a transmission digital pro-
cessor, a digital-to-analog converter, an up-converter, a power
amplifier, and a transmitting antenna. The recerver includes a
receiving antenna, a radio-frequency interference cancelling,
device, a low noise amplifier (Low Noise Amplifier, LNA), a
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2

down-converter, an analog-to-digital converter, a digital
interference cancelling device, and a reception digital proces-

sor. Radio-frequency received signals received by the
receiver includes seli-interference signals and useful signals,
and the power of the self-interference signals 1s much higher
than that of the usetul signals. Therefore, the selif-interference
signals need to be cancelled from the radio-frequency
received signals, otherwise modules of the recetver front end,
such as LNA etc, will be blocked. Hence, 1in the prior art,
before the LNA, the radio-frequency interference cancelling
device takes a radio-frequency signal, which 1s iput after
being amplified by the power amplifier of the transmutter, as a
reference signal, estimates a channel parameter from a local
transmitting antenna to a receiving antenna, such as ampli-
tude and phase etc, and adjusts the reference signal to make 1t
as close as possible to the self-interference signal consisted 1n
the received signal, so as to cancel the local self-interference
signal receirved by the recerving antenna 1n analog domain.
Specifically, the radio-frequency interference cancelling
device in the existing recerver performs corresponding
adjustment of the radio-frequency reference signal, including
amplitude and phase etc, mainly based on a recerved signal
strength indicator (Received Signal Strength Indicator, RSSI)
method, and then performs cancellation operation on the
radio-frequency recerved signal. As shown 1n FIG. 2, 1t shows
a structure of an existing radio-irequency interference can-
celling device based on RSSI detection, including an ampli-
tude phase adjusting module, a subtractor, an RSSI detecting
module, and an amplitude phase search processing module.
The radio-frequency reference signal 1s adjusted by the
amplitude phase adjusting module and then 1s cancelled from
the radio-frequency recerved signal. After the cancellation,
the radio-frequency residual signal 1s detected by the RSSI
detection module. The amplitude phased search processing
module processes a feedback RSSI detection result using an
amplitude and phase search algorithm, generates an ampli-
tude phase control signal, adjusts a search step size, and
updates the amplitude and the phase for the next adjustment.

However, 1n the existing self-interference cancelling
method based on RSSI detection, the RSSI detection module
can only obtain an absolute value of the adjusted search step
s1ze, the amplitude phase search processing module further
needs to search for an orientation for adjustment, to determine
whether to increase or decrease the current amplitude and
phase by the corresponding step size. Here, the orientations of
the amplitude and the phase need to be simultanecously
searched and determined. Therefore, this amplitude phase
search algorithm converges slowly and 1s only applicable to a
situation with few parameters to be adjusted, thus i1t cannot
follow parameters variation 1n time due to low convergence
speed, and estimation accuracy thereot 1s affected.

SUMMARY

In view of the above problems, an objective of the present
invention 1s to provide an adaptive radio-interference cancel-
ling device and method, a recerver and a wireless full duplex
communication system, to solve the technology problems of
slow convergence speed and inaccurate estimation on the
amplitude and the phase of the selif-interference signal rela-
tive to the radio-frequency reference signal, which existin the
existing self-interference cancellation search method based
on RSSI detection.

In a first aspect, the adaptive radio-frequency interference
cancelling device includes:

an amplitude phase adjusting module, configured to adjust
an amplitude and a phase of a radio-frequency reference
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signal, output a radio-frequency adjustment signal to a sub-
tractor, to enable the radio-frequency adjustment signal to
converge to a self-interference signal 1n a radio-frequency
received signal;

the subtractor, configured to receive the radio-frequency
received signal and the radio-frequency adjustment signal
output by the amplitude phase adjusting module (1), and
output a radio-frequency residual signal, where the radio-
frequency residual signal 1s a difference signal between the
radio-frequency received signal and the radio-frequency
adjustment signal; and

a baseband extracting and filtering module, configured to
receive the radio-frequency reference signal and the radio-
frequency residual signal output by the subtractor, and extract
a baseband signal, perform least mean squares adaptive {il-
tering processing on the baseband signal to obtain an ampli-
tude phase control, and output to the amplitude phase adjust-
ing module, where the amplitude phase control signal 1s used
to control the amplitude phase adjusting module to adjust the
amplitude and the phase of the radio-frequency reference
signal.

In a first possible implementation manner of the first
aspect, the baseband extracting and filtering module includes
a first multiplier, a first low-pass filter, a phase shiiter, a
second multiplier, a second low-pass filter, and a least mean
squares adaptive filtering processing module, the radio-ire-
quency reference signal 1s split into two signals, of which one
1s mixed with the radio-frequency residual signal by the first
multiplier and then passes through the first low-pass filter to
obtain a first baseband product signal, and the other split
radio-frequency reference signal 1s phase shifted by 90
degrees via the phase shifter, mixed with the radio-frequency
residual signal by the second multiplier and filtered by the
second low-pass filter to obtain a second baseband product
signal, and the first baseband product signal and the second
baseband product signal are input to the least mean squares
adaptive filtering processing module to generate the ampli-
tude phase control signal used to control the amplitude phase
adjusting module.

According to the first possible implementation manner of
the first aspect, 1n a second possible implementation manner,
the amplitude phase control signal 1s a adjustment coetlicient
signal, and the amplitude phase adjusting module adjusts the
amplitude and the phase of the radio-frequency reference
signal according to the recerved adjustment coellicient signal.

In a second aspect, the adaptive radio-frequency interfer-
ence cancelling method includes:

adjusting an amplitude and a phase of a radio-frequency
reference signal and outputting a radio-frequency adjustment
signal, to enable the radio-frequency adjustment signal to
converge to a self-interference signal 1n a radio-frequency
received signal;

obtaining a radio-frequency residual signal, where the
radio-frequency residual signal 1s a difference signal between
the radio-frequency recerved signal and the radio-frequency
adjustment signal;

receiving the radio-frequency residual signal and the radio-
frequency reference signal, extracting a baseband signal, and
performing least mean squares adaptive filtering processing
on the baseband signal to obtain an amplitude phase control
signal, where the amplitude phase control signal 1s used to
control adjustment of the amplitude and the phase of the
radio-frequency reference signal.

In a first possible implementation manner of the second
aspect, the recerving the radio-frequency residual signal and
the radio-frequency reference signal, extracting a baseband
signal, and performing least mean squares adaptive filtering
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processing on the baseband signal to obtain an amplitude
phase control signal, includes:

splitting the radio-frequency reference signal 1nto two sig-
nals, mixing one of the two split signals with the radio-
frequency residual signal and then performing low-pass {il-
tering, to obtain a first baseband product signal;

phase-shifting the other split radio-frequency reference
signal by 90 degrees, mixing with the radio-frequency
residual signal and performing low-pass filtering to obtain a
second baseband product signal; and performing least mean
squares adaptive filtering processing on the first baseband
product signal and the second baseband product signal to
generate the amplitude phase control signal, where the ampli-
tude phase control signal 1s used to control the adjustment of
the amplitude and the phase of the radio-frequency reference
signal.

In a third aspect, the recerver includes a recerving antenna,
a low noise amplifier, a down-converter, an analog-to-digital
converter, a digital interference cancelling device and a recep-
tion digital signal processor, the receiver further includes an
adaptive radio-frequency interference cancelling device, the
receiving antenna, the adaptive radio-frequency interference
cancelling device, the low noise amplifier, the down-con-
verter, the analog-to-digital converter, the digital interference
cancelling device and the reception digital signal processor
are connected sequentially, the adaptive radio-frequency
interference cancelling device 1s further mput with a radio-
frequency reference signal from a transmitter and the digital
interference cancelling device 1s further mput with a digital
reference signal from the transmitter.

In a fourth aspect, the wireless full duplex communication
system 1ncludes a transmitter and the aforesaid receiver, the
transmitter includes a transmission digital signal processor, a
digital-to-analog converter, an up-converter, a power ampli-
fier and a transmitting antenna that are connected sequen-
tially. a radio-Irequency reference signal output by the power
amplifier 1s input to the adaptive radio-frequency interference
cancelling device of the receiver, and a digital reference sig-
nal output by the transmission digital signal processor 1s input
to the digital interference cancelling device of the recerver.

The present invention adopts a radio-irequency interfer-
ence cancellation solution based on least mean squares (Least
mean squares, LMS) adaptive filtering algorithm. Since the
LMS adaptive filtering algorithm 1s executed in radio-fre-
quency analog domain, 1t cannot directly sample a high-
frequency radio-frequency signal, so the algorithm can only
be implemented in digital baseband generally. Therefore in
the present 1nvention, the baseband extracting and filtering
module directly extracts baseband signals from the radio-
frequency reference signal and the radio-frequency residual
signal, estimates the amplitude and the phase of the seli-
interference signal relative to the reference signal using the
LMS adaptive filtering algorithm to generate a amplitude
phase control signal, so as to adjust the amplitude and the
phase of the radio-frequency reference signal and make 1t
converge to the self-reference signal 1n the radio-frequency
received signal. Compared to the existing algorithm based on
RSSI detection, the LMS adaptive filtering algorithm has a
faster convergence speed and provides a more accurate esti-
mated result.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a structural diagram of an existing wireless full
duplex communication system;
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FIG. 2 1s a structural diagram of an existing radio-fre-
quency interference cancelling device based on RSSI detec-
tion;

FIG. 3 1s a structural diagram of an adaptive radio-fre-
quency interference cancelling device according to a first
embodiment of the present invention;

FIG. 4 1s a structural diagram of an adaptive radio-ire-
quency interference cancelling device according to a second
embodiment of the present invention;

FIG. 5 1s an MSE performance comparing diagram of an
LMS adaptive filtering algorithm and an amplitude phase
search algorithm based on RSSI detection;

FIG. 6 1s a flow diagram of an adaptive radio-frequency
interference cancelling method according to a third embodi-
ment of the present invention;

FIG. 7 1s a flow diagram of an adaptive radio-frequency
interference cancelling method according to a fourth embodi-
ment of the present invention;

FIG. 8 1s a structural diagram of a receiver according to a
fifth embodiment of the present invention;

FIG. 9 1s a structural diagram of a wireless full duplex
communication system according to a sixth embodiment of
the present invention.

DESCRIPTION OF EMBODIMENTS

In order to make the purposes, technical solutions, and
advantages of the present invention more clearly, the present
invention 1s further described 1n detail with reference to the
accompanying drawings and embodiments. It should be
understood that, the embodiments described herein are
merely used to explain the invention, but not intended to limit
the 1nvention.

The technical solutions of the present invention are
described via the following embodiments.

First Embodiment

FIG. 3 shows a structure of an adaptive radio-frequency
interference cancelling device according to a first embodi-
ment of the present invention. Only parts related to the
embodiment of the invention are shown for convenience of
explanation.

The adaptive radio-frequency interiference cancelling
device according to this embodiment includes:

an amplitude phase adjusting module 1, configured to
adjust an amplitude and a phase of a radio-frequency refer-
ence signal, output a radio-frequency adjustment signal to a
subtractor 2, to enable the radio-irequency adjustment signal
to converge to a self-interference signal 1n a radio-frequency
received signal;

the subtractor 2, configured to recerve the radio-frequency
received signal and the radio-frequency adjustment signal
output by the amplitude phase adjusting module 1, and output
a radio-Trequency residual signal, where the radio-frequency
residual signal 1s a difference signal between the radio-fre-
quency received signal and the radio-frequency adjustment
signal; and

a baseband extracting and filtering module 3, configured to
receive the radio-frequency reference signal and the radio-
frequency residual signal output by the subtractor 2, and
extract baseband signals, perform least mean squares adap-
tive filtering processing on the baseband signals to obtain an
amplitude phase control signal and output to the amplitude
phase adjusting module 1, where the amplitude phase control
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6

signal 1s used to control the amplitude phase adjusting mod-
ule 1 to adjust the amplitude and the phase of the radio-

frequency reference signal.

In order to apply an LMS adaptive filtering algorithm to
this embodiment, since the LMS adaptive filtering algorithm
cannot directly sample a high frequency radio-frequency sig-
nal, 1n the present embodiment, the baseband extracting and
filtering module 3 extracts base signals from the radio-ire-
quency reference signal and radio-frequency residual signal,
and processes the baseband signals using the LMS adaptive
filtering algorithm to obtain the amplitude phase control sig-
nal, and then, controls the amplitude phase control module 1
according to the amplitude phase control signal to comple-
ment gradual adjustment of the amplitude and the phase of the
radio-frequency reference signal, to enable the radio-ire-
quency reference signal to converge to the self-interference
signal 1n the radio-frequency recerved signal through continu-
ous 1teration control. Compared to the existing algorithm
based on RSSI detection, the LMS adaptive filtering algo-
rithm has a faster convergence speed and provides a more
accurate estimation result.

Second Embodiment

FIG. 4 shows a structure of an adaptive radio-frequency
interference cancelling device according to a second embodi-
ment of the present mvention. Only parts related to this
embodiment of the present invention are shown for conve-
nience of explanation.

The adaptive radio-frequency interference cancelling
device provided by this embodiment includes an amplitude
phase adjusting module 1, a subtractor 2, and a baseband
extracting and filtering module 3 as described 1n the first
embodiment. As shown 1n FIG. 4, the baseband extracting and
filtering module 3 includes a first multiplier 31, a first low-
pass lilter 32, a phase shifter 33, a second multiplier 34, a
second low-pass filter 35 and a least mean squares adaptive
filtering processing module 36. The radio-frequency refer-
ence signal 1s split into two signals, of which one 1s mixed
with the radio-frequency residual signal by the first multiplier
31 and then passes through the first low-pass filter 32 to obtain
a first baseband product signal, while the other split radio-
frequency reference signal 1s phase-shifted by 90 degrees via
the phase shifter 33, and then 1s mixed with the radio-ire-
quency residual signal by the second multiplier 34 and 1s
filtered by the second low-pass filter 35 to obtain a second
baseband product signal. The first baseband product signal
and the second baseband product signal are mnput to the least
mean squares adaptive filtering processing module 36 to gen-
erate an amplitude phase control signal used to control the
amplitude phase adjusting module 1.

This embodiment discloses a preferred structure of the
baseband extracting and filtering module 3 based on the first
embodiment. In this embodiment, adjustment of the ampli-
tude and the phase 1s based on the products of the radio-
frequency reference signal X and the radio-frequency
residual signal €. Specifically, the radio-frequency reference
signal X 1s splitinto two signals, one of which 1s phase-shifted
by 90 degrees. The two split signals of the radio-frequency
reference signal are mixed with the radio-frequency residual
signal ¢ and pass through the low-pass filters to obtain the
baseband products of the two signals. And then, the amplitude
and the phase of the self-interference signal relative to the
reference signal, 1.e. adjustment coetlicient W of the ampli-
tude and the phase, are estimated using the LMS adaptive
filtering algorithm, to complete corresponding adjustment of
the amplitude and the phase of the radio-frequency reference
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signal X. The adjusted radio-frequency signal 1s cancelled
from the radio-frequency recerved signal d again to obtain a
new radio-frequency residual signal c.

In the aforementioned technical solution, assuming that the
K-th iteration 1s prepared to be performed, that 1s, being at the
K-th sampling moment, here a radio-frequency reference sig-
nal vector is represented by X*, namely

Xr= [, reos(ot)+0, sin(wi), -1, sin(wi)+(, cos
(0],

(1)

where I, -and Q,, - represent baseband in-phase/quadrature
signal (i.e. 1/Q signal) respectively, [ is carrier frequency, T
represents matrix transposition, I, -cos(wt)+Q,, sin(wt) 1s an
original signal of the radio-frequency reterence signal, -1,
sin(wt)+Q, - cos(wt) 1s the radio-frequency reterence signal
phase-shifted by 90 degrees.

The radio-frequency received signal d* can be expressed as

(2)

d* = al er cOS(WI + ) + ﬂmesin(mr + ) + n(1)
= acos(@)| rcos(wr) + Q. rsin(wr)] +

asin(@)| —1Irsin(wr) + @, rcos(wr)] + n(1),

where a and ¢ respectively represent amplitude and phase
variations of the radio-frequency recerved signal, and n(t) 1s
white noise.

In this embodiment, 1t 1s assumed that a filter coellicient of

the least mean squares adaptive filtering processing module
36 1s

We= 4~ cms(&)k), a sill(n:i:ok)]:r (3)

where, 8% and ¢* represent estimation values of the amplitude
a and the phase ¢ at the K-th sampling moment respectively.
According to the formulas (1), (2) and (3), 1t can be known
that the radio-frequency residual signal

=gt — (wh x*

:acms(ga) _ i cms(g’bk )] [{rer cOS(wi) + Qrersin(wi) | +

:asin(ga) — & sin({bk)] [ Lrer sin(wr) + Q. reos(wi)] + nir)

= e [{ercos(wi) + Qpersin(wr)] + ex[— s sin(wr) +

QFEfCGS(tUI)] + H(I)a

where e,=a cos(m)-a" cos(¢”), e,=a sin(¢p)-a* sin(¢*).

The radio-frequency residual signal € and the radio-fre-
quency reference signal X* are mixed, it can be noticed that,
besides the baseband si1gnal, the product does not contain any
terms at fundamental frequency m, but only contains second
harmonic terms at frequency 2m. Therefore a signal corre-
sponding to the product item 1s low-pass filtered to obtain the
baseband signal.

(X} Lpr=[Proe1)2, Proen)2]" (4)
2

where P, =1,/ Qrefz. Based on the LMS adaptive filtering
algorithm, the coeflicient of the (k+1)-th 1teration, can be
obtained via the coellicient of the k-th iteration and the base-
band signal {€“X"}: W*'=W* s {"X*}, .., where L is a step
s1ze parameter of the LMS adaptive filtering algorithm. Sub-
stituting 1nto formula (4), 1t 1s finally obtained that

W =WeapP, fe,, e5]"/2.

It can be seen that, W**! is linear iteration of W*. With &*
and ¢* of W”* approaching a and ¢, the vector [e,, e,]” in the
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iteration expression of W**! will decreases gradually, and
W will converge to W¥. So, through selecting a proper L,
the amplitude adjustment a and the phase adjustment ¢ of the
self-interference signal relative to the reference signal can be
estimated, and the filtering coellicient for the least mean
squares adaptive filtering processing module can be adjusted
accordingly, so as to achieve the objective of adjusting the
reference signal to minimize €”.

In order to see an advantage of the LMS adaptive filtering

algorithm relative to the amplitude phase search algorithm
based on RSSI detection, reter to FIG. 5 which shows MSE

(Mean Squared Error) performance comparison of the two
algorithms. In this figure, a noise-to-signal ratio SNR=85 db,
wis selected as 0.6, and 12-bit quantization 1s performed to the
filtering coellicient of the least mean squares adaptive filter-
ing processing module. It can be seen from FIG. 5 that,
relative to the amplitude phase search algorithm based on
RSSI detection, the LMS adaptive filtering algorithm adopted
by the least mean squares adaptive filtering processing mod-
ule of this embodiment has a faster convergence speed and
provides a more accurate estimation result.

Compared with the first embodiment, this embodiment
provides a specific baseband extracting manner. Although the
baseband signal 1s known at the transmaitter side, considering
that a non-linear factor of a power amplifier of the transmaitter
will influence an effect of self-interterence elimination, there-
fore 1n simulating interference elimination, an amplified
radio-frequency signal 1s usually used as a reference signal,
1.€. the radio-frequency reference signal 1n this embodiment.
Usually, 1n order to obtain a baseband signal, down conver-
s1ion needs to be performed to the radio-frequency residual
signal and the radio-frequency reference signal respectively,
but 1n such method a local oscillator signal needs to be gen-
erated, which 1s complicated to implement, and moreover,
may introduce non-linear factors, such as I/QQ imbalance, and
aifect the converge speed of the algorithm and the accuracy of
estimation. However, in this embodiment, down conversion
needs not to be performed, the radio-frequency reference
signal 1s directly split into two signals, one of which 1s phase-
shifted by 90 degrees, and then the two split radio-frequency
reference signals are mixed with the radio-frequency residual
signal and then low-pass filtered to filter out all harmonic
components, so as to obtain the baseband signals. Therefore,
during iteration, the least mean squares adaptive filtering
processing module can operate in the baseband, which facili-
tates digital computation and control and realizes a purpose of
controlling convergence of the radio-1requency reference sig-
nal. Since down conversion needs not to be performed 1n this
embodiment, implementation complexity 1s reduced, and an

influence of the non-linear factors, such as I/Q imbalance, to
the algorithm 1s avoided.

Third Embodiment

FIG. 6 shows a flow of an adaptive radio-frequency inter-
terence cancelling method according to a third embodiment
of the present mnvention. Only parts related to the embodiment
of the present invention are shown for convenience of expla-
nation.

The adaptive radio-frequency interference cancelling
method provided by the present embodiment includes:

Step S601: Adjust an amplitude and a phase of a radio-
frequency reference signal and output a radio-frequency
adjustment signal, to enable the radio-frequency adjustment
signal to converge to a self-interference signal 1n a radio-
frequency recerved signal.
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Step S602: Obtain a radio-frequency residual signal, where
the radio-frequency residual signal 1s a difference signal

between the radio-frequency recerved signal and the radio-
frequency adjustment signal.

Step S603: Receive the radio-frequency residual signal and
the radio-frequency reference signal, and extract baseband
signals, perform least mean squares adaptive {filtering pro-
cessing on the baseband signals to obtain an amplitude phase
control signal, where the amplitude phase control signal 1s
used to control adjustment of the amplitude and the phase of
the radio-frequency reference signal.

Steps S601-5603 of this embodiment are correspondingly
implemented by the amplitude phase adjusting module 1, the
subtractor 2, and the baseband extracting and filtering module
3. In the method of this embodiment, a feedback loop 1is
formed; 1n step S603, the baseband signals are extracted from
the radio-frequency residual signal and the radio-frequency
reference signal, and the amplitude phase control signal 1s
obtained according to the LMS adaptive filtering algorithm to
control and adjust the amplitude and the phase of the radio-
frequency reference signal described 1n step S601, and then
the next iteration 1s performed until the radio-frequency ret-
erence signal converges to the self-interference signal of the
radio-frequency received signal. Compared to the existing
algorithm based on RSSI detection, the LMS adaptive filter-
ing algorithm of this embodiment has a faster convergence
speed and provides a more accurate estimation result.

Fourth Embodiment

FI1G. 7 shows a flow of an adaptive radio-frequency inter-
terence cancelling method according to a fourth embodiment
of the present invention. Only parts related to the embodiment
of the mvention are shown for convenience of explanation.

The adaptive radio-frequency interiference cancelling
method provided by this embodiment includes:

Step S701: Adjust an amplitude and a phase of a radio-
frequency reference signal and output a radio-frequency
adjustment signal, to enable the radio-frequency adjustment
signal to converge to a self-interference signal in a radio-
frequency received signal.

Step S702: Obtain a radio-frequency residual signal, where
the radio-frequency residual signal 1s a difference signal
between the radio-frequency received signal and the radio-
frequency adjustment signal.

Step S703: Split the radio-frequency reference signal into
two signals, mix one of the two split signals with the radio-
frequency residual signal and perform low-pass filtering to
obtain a first baseband product signal.

Step S704: Phase-shift the other split radio-frequency ret-
erence signal by 90 degrees, mix with the radio-frequency
residual signal and perform low-pass filtering to obtain a
second baseband product signal.

Step S705: Perform least mean squares adaptive filtering
processing on the first baseband product signal and the sec-
ond baseband product signal to generate an amplitude phase
control signal, where the amplitude phase control signal 1s
used to control adjustment of the amplitude and the phase of
the radio-Irequency reference signal.

The steps S703-5705 above are detailed and preferred
steps of step S603 1n the third embodiment. In this embodi-
ment, adjustment of the amplitude and the phase 1s based on
the products of the radio-frequency reference signal X and the
radio-frequency residual signal €. In detail, the radio-ire-
quency reference signal 1s split into two signals, one of which
1s phase-shifted by 90 degrees, the two split radio-frequency
reference signals are then mixed with the radio-frequency
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residual signal and pass through low-pass filters to obtain the
baseband products of the two signals. Then, the amplitude

and the phase of the self-interference signal relative to the
reference signal, 1.e. adjustment coellicient of the amplitude
and the phase, are estimated using the LMS adaptive filtering
algorithm to complete corresponding adjustment of the
amplitude and the phase of the radio-frequency reference
signal X. The adjusted radio-frequency signal 1s cancelled
from the radio-frequency received signal again and a new
radio-frequency residual signal 1s obtained to perform the
next 1teration.

Usually, 1n order to obtain a baseband signal, down con-
version needs to be performed on the radio-frequency
residual signal and the radio-frequency reference signal
respectively, but in such method a local oscillator signal needs
to be generated, which 1s complicated to implement and
moreover, may introduce non-linear factors, such as 1/Q)
imbalance, and atfect the convergence speed of the algorithm
and accuracy of estimation. However, in this embodiment,
down conversion needs not to be performed, the radio-fre-
quency reference signal 1s directly split into two signals, one
of which 1s phase-shifted by 90 degrees, and then the two split
radio-frequency reference signals are mixed with the radio-
frequency residual signal and then low-pass filtered to filter
out all harmonic components, to obtain the baseband signals.
Theretfore, during iteration, the least mean squares adaptive
filtering processing module can operate in the baseband,
which facilitates digital computation and control and realizes
a purpose ol controlling convergence of the radio-frequency
reference signal. Since down conversion needs not to be per-
formed 1n this embodiment, implementation complexity is
reduced, and an influence of the non-linear factors, such as
I/QQ 1imbalance, to the algorithm 1s avoided.

Fifth Embodiment

FIG. 8 shows a structure of a recerver according to a fifth
embodiment of the invention. Only parts related to the
embodiment of the present invention are shown for conve-
nience of explanation.

The recerver according to this embodiment includes a
receiving antenna 41, a low noise amplifier 43, a down-con-
verter 44, an analog-to-digital converter 43, a digital interter-
ence cancelling device 46, a reception digital signal processor
4’7, and an adaptive radio-Irequency interference cancelling
device 42 according to the first embodiment or the second
embodiment. The recerving antenna 41, the adaptive radio-
frequency interference cancelling device 42, the low noise
amplifier 43, the down-converter 44, the analog-to-digital
converter 45, the digital interference cancelling device 46,
and the reception digital signal processor 47 are connected
sequentially. The adaptive radio-frequency interierence can-
celling device 42 1s further mnput with a radio-frequency ret-
erence signal from a transmitter, and the digital interference
cancelling device 46 1s further input with a digital reference
signal from the transmitter.

The radio-frequency recerved signal received by the
receiver of the embodiment includes a self-interference signal
and a useful signal. The adaptive radio-frequency interfer-
ence cancelling device 42 of the embodiment achieves adjust-
ment of an amplitude and a phase of the radio-frequency
reference signal using an LMS adaptive filtering algorithm to
enable the radio-frequency reference signal to converge to the
self-interference signal in the radio-frequency recerved sig-
nal. Therefore, after converging, the signal output by the
adaptive radio-frequency interierence cancelling device 42 1s
the useful signal, thus self-interference elimination 1s
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achieved. Compared to an existing receiver, the adaptive
radio-frequency interference cancelling device 42 1n this
embodiment adopts the LMS adaptive filtering algorithm,
which has a faster convergence speed and provides a more
accurate estimation result compared to the amplitude phase
search algorithm based on RSSI detection adopted by an
ex1isting radio-frequency interference cancelling device.

Sixth Embodiment

FIG. 9 shows a structure of a wireless full duplex commu-
nication system according to a sixth embodiment of the
invention. Only parts related to the present embodiment of the
present invention are shown for convenience of explanation.

The wireless full duplex communication system according,
to the present embodiment includes a transmitter 50 and a
receiver 40 according to the fifth embodiment. The transmit-
ter includes a transmission digital signal processor 51, a digi-
tal-to-analog converter 52, an up-converter 53, a power
amplifier 54 and a transmitting antenna 35 which are con-
nected sequentially. A radio-frequency reference signal out-
put by the power amplifier 54 1s mnput to the adaptive radio-
frequency interference cancelling device 42 of the receiver,
and a digital reference signal output by the transmission digi-
tal signal processor 51 1s input to the digital interference
cancelling device 46 of the receiver.

The wireless tull duplex communication system of this
embodiment 1s composed of the transmitter 50 and the
receiver 40. The adaptive radio-frequency interierence can-
celling device 42 1n the recerver 40 adopts the LMS adaptive
filtering algorithm, while a radio-frequency interference can-
celling module 1n an existing receiver adopts the amplitude
phase search algorithm based on RSSI detection. The receiver
of this embodiment has a faster convergence speed and pro-
vides a more accurate estimation result.

Persons of ordinary skill in the art may understand that, all
or a part of the steps of the method 1n the foregoing embodi-
ments may be implemented by a program instructing relevant
hardware. The foregoing program may be stored in a com-
puter readable storage medium, such as a ROM/RAM, a
magnetic disk, an optical disc efc.

The foregoing embodiments are merely some preferable
embodiments of the present mnvention, but not mtended to
limit the present invention. Any modifications, equivalent
replacements, and improvements made according to the spirit
and scope of the present invention should fall within the
protection scope of the present invention.

What 1s claimed 1s:
1. An adaptive radio-frequency interference cancelling
device, comprising:

an amplitude phase adjusting module, configured to adjust
an amplitude and a phase of a radio-frequency reference
signal, output a radio-frequency adjustment signal to a
subtractor, to enable the radio-frequency adjustment s1g-
nal to converge to a self-interference signal 1n a radio-
frequency received signal;

the subtractor, configured to receive the radio-frequency
received signal and the radio-frequency adjustment sig-
nal output by the amplitude phase adjusting module, and
output a radio-frequency residual signal, wherein the
radio-frequency residual signal 1s a difference signal
between the radio-frequency received signal and the
radio-frequency adjustment signal; and

a baseband extracting and filtering module, configured to
receive the radio-frequency reference signal and the
radio-frequency residual signal output by the subtractor,
extract baseband signals and perform least mean squares
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adaptive filtering processing on the baseband signals to
obtain an amplitude phase control signal and output to
the amplitude phase adjusting module, wheremn the
amplitude phase control signal 1s used to control the
amplitude phase adjusting module to adjust the ampli-
tude and the phase of the radio-frequency reference sig-
nal.

2. The device according to claim 1, wherein the baseband
extracting and filtering module comprises a first multiplier, a
first low-pass filter, a phase shifter, a second multiplier, a
second low-pass filter, and a least mean squares adaptive
filtering processing module, the radio-frequency reference
signal 1s split into two signals, of which one 1s mixed with the
radio-frequency residual signal by the first multiplier and
passes through the first low-pass filter to obtain a first base-
band product signal, and the other split radio-frequency ret-
erence signal 1s phase-shifted by 90 degrees via the phase
shifter, then mixed with the radio-frequency residual signal
by the second multiplier and filtered by the second low-pass
filter to obtain a second baseband product signal, and the first
baseband product signal and the second baseband product
signal are mput to the least mean squares adaptive filtering
processing module to generate the amplitude phase control
signal used to control the amplitude phase adjusting module.

3. The device according to claim 2, wherein the amp. litude
phase control signal 1s an adjustment coellicient signal, and
the amplitude phase adjusting module adjusts the amplitude
and the phase of the radio-frequency reference signal accord-
ing to the received adjustment coellicient signal.

4. A recerver, comprising a recerving antenna, a low noise
amplifier, a down-converter, an analog-to-digital converter, a
digital interference cancelling device, and a reception digital
signal processor, wherein the receiver further comprises an
adaptive radio-frequency interference cancelling device
according to claim 1, the receiving antenna, the adaptive
radio-frequency interference cancelling device, the low noise
amplifier, the down-converter, the analog-to-digital con-
verter, the digital interference cancelling device, and the
reception digital signal processor are connected sequentially,
and the adaptive radio-frequency interierence cancelling
device 1s further input with a radio-frequency reference signal
from a transmitter and the digital interference cancelling

device 1s further input with a digital reference signal from the
transmitter.

5. A wireless full duplex communication system, compris-
ing a transmitter, wherein the transmitter comprises a trans-
mission digital signal processor, a digital-to-analog con-
verter, an up-converter, a power amplifier and a transmitting,
antenna that are connected sequentially, wherein the system
turther comprises a recerver according to claim 4, a radio-
frequency reference signal output by the power amplifier 1s
input to an adaptive radio-frequency interference cancelling
device of the receiver, a digital reference signal output by the
transmission digital signal processor 1s input to a digital inter-
terence cancelling device of the recerver.

6. An adaptive radio-frequency interference cancelling
method, comprising:

adjusting an amplitude and a phase of a radio-frequency

reference signal and outputting a radio-frequency
adjustment signal, to enable the radio-frequency adjust-
ment signal to converge to a self-interference signal in a
radio-frequency recerved signal;

obtaining a radio-irequency residual signal, wherein the

radio-frequency residual signal 1s a difference signal
between the radio-frequency received signal and the
radio-frequency adjustment signal; and




US 9,270,308 B2
13

receiving the radio-frequency residual signal and the radio-
frequency reference signal, extracting baseband signals,
and performing least mean squares adaptive filtering
processing on the baseband signals to obtain an ampli-
tude phase control signal, wherein the amplitude phase s
control signal 1s used to control adjustment of the ampli-
tude and the phase of the radio-frequency reference sig-
nal.
7. The method according to claim 6, wherein the recerving,
the radio-frequency residual signal and the radio-frequency 10
reference signal, extracting baseband signals, and performing,
least mean squares adaptive filtering processing on the base-
band signals to obtain an amplitude phase control signal,
specifically comprises:
splitting the radio-frequency reference signal into two sig- 15
nals, mixing one of the two split signals with the radio-
frequency residual signal and performing low-pass {il-
tering to obtain a first baseband product signal;

phase-shifting the other split radio-frequency reference
signal by 90 degrees, mixing with the radio-frequency 20
residual signal and performing low-pass filtering to
obtain a second baseband product signal; and

performing least mean squares adaptive filtering process-

ing on the first baseband product signal and the second
baseband product signal to generate the amplitude phase 25
control signal, wherein the amplitude phase control sig-
nal 1s used to control the adjustment of the amplitude and
the phase of the radio-frequency reference signal.
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