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Abstract – In the future multi-functional detection sens-
ing and communication integrated systems, as well as
5G/6G systems, simultaneous transmit and receive tech-
nology, as an important key technology, is an impor-
tant supporting measure to achieve the simultaneous
work of different functions. Looking at the problem
of strong self-interference in the simultaneous multi-
function application of a phased array transceiver, this
paper presents the integrated cancellation architecture
and corresponding method of integrated transmission
domain, RF domain and digital domain, and completes
principle experiment verification of interference suppres-
sion and elimination by constructing the principle experi-
ment system. Experimental results show that in the actual
hardware system 0.5 db amplitude quantification and 6-
bit phase quantization control conditions, through joint
using passive and active beam transfer of the domain
space optimization form, at the same time in the digital
domain application of the adaptive system identification
interference cancellation method for further interference
cancellation, above 150 dB for interference suppression
can be achieved. This research will provide a certain ref-
erence for the application of simultaneous transceiver
technology in future 5G/6G phased array antenna sys-
tems.

Index Terms – prototype verification, self-interference
suppression, simultaneous transmit and receive, system
architecture.

I. INTRODUCTION
Current radio systems, including radar, communi-

cations, and various electronic warfare (EW) measures,
are mainly in half-duplex (HD) mode with transmit and
receive functions. In order to utilize time effectively,
and frequency and space resources with the develop-
ment of radio hardware systems, especially adaptive sig-
nal processing, innovative full-duplex (FD) methods are
proposed to make up for the shortcomings of HD. FD
is considered a breakthrough technology for 5G and
6G. Although FD can bring many benefits, a serious

problem in practical implementation is the strong self-
interference when both transmitter and receiver work
simultaneously, which can severely shield the receiver,
making it unable to receive signals of interest from
remote transmission or return weak signals [1–9].

FD technology aims to transmit and receive simulta-
neously in the same frequency band. In this case, the RF
system receives not only the signal of interest, but also
the transmitted coupled or leaky signal, which becomes
the essential problem of simultaneous transmission and
reception in radio systems. Therefore, the strength of the
self-interfering signal at the receiver must be sufficiently
reduced so that the radio system’s own transmission does
not interfere with its normal reception of the signal of
interest. Especially for the phased array system with mul-
tiple transceiver units, the components and magnitudes
of self-interference and cross-interference between units
are obviously higher than those of conventional RF sys-
tems [7–12].

For achieving sufficient isolation between transmis-
sion and reception, there is usually a need to com-
bine different technologies, including spatial isolation
suppression, and analog and digital cancellation. In the
application of a single channel FD radio system, these
technologies can be integrated to satisfy the need for
self-interference suppression. While for phased array,
especially digital phased array which has hundreds of
antenna cells, the mutual coupling paths among differ-
ent elements are profuse. To apply the FD method in
phased array, the complex channel’s characteristic of the
coupling paths must be analyzed and modeled before
self-interference cancellation, using relevant technolo-
gies [3–6].

In [7] and [8], the aperture level of simultaneous
transmit and receive configuration of a phased array for
simultaneous transmission and reception was proposed
and simulated, and preliminary experiments with a one-
dimensional linear array of eight elements were carried
out. That work mainly considered the case where the
amplitude and phase of the array can be adjusted in an
all-digital mode. In [10] and [11], the authors studied FD
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millimeter wave communication based on beamforming
mainly focused on the controllable amplitude and/or
phase of the array weights. Through a comprehensive
analysis of relevant literature [7–26], we can see that, as
an important key technology to realize the elimination
of simultaneous coupling interference suppression in a
phased array system, it is necessary to realize the unsat-
uration of the receiving channel of the large array sys-
tem while taking into account the realization of the sys-
tem by making full use of the multi-unit multi-freedom
characteristics in the array system airspace/transmission
domain to suppress self-interference. In [23–25], the
MIMO system and state-of-the-art decoupling works
were studied by means of a special array antenna struc-
ture design, which can provide a good reference for self-
interference suppression of the array system in the trans-
mission domain. On the basis of the phased array digi-
tal domain adaptive system identification and cancella-
tion filtering principle and experimental research [6, 19],
as the first level of the interference suppression multi-
level method, the work in [12] is mainly for the actual
phased array system aperture-level simultaneous trans-
mit and receive realization of self-interference suppres-
sion in transmission domain, the principle model and
corresponding optimization methods under the practi-
cal limiting factors such as limited quantization number,
constant envelope amplitude, scanning mode, wideband
signal mode, etc.

On the basis of the above research, this work makes
a systematic study of the strong self-interference prob-
lem faced by the simultaneous application of phased
array transceiver and receiver. It proposes the integrated
cancellation architecture and corresponding method of
integrated transmission domain, RF domain and dig-
ital domain, and conducts the principle test of inter-
ference suppression and cancellation by constructing a
principle test system. The results show that the multi-
domain and multi-level joint architecture and method
can achieve good results in the elimination of strong
self-interference in the simultaneous transmit and receive
phased array system. This research will provide a certain
reference for the application of simultaneous transmit
and receive technology in future 5G/6G array antenna
systems.

This paper is structured as follows. The coupling
self-interference electromagnetic model of simultaneous
transmitting and receiving phased array is introduced in
Section II. The system architecture and method of cou-
pled self-interference signal suppression for simultane-
ous transmit and receive phased arrays are analyzed in
detail in Section III. Section IV presents practical results
of proof-of-principle for the proposed architecture and
method by building a principle test system. Section V
summarizes the paper and prospects for the future work.

II. COUPLING SELF-INTERFERENCE
ELECTROMAGNETIC MODEL OF

SIMULTANEOUS TRANSMITTING AND
RECEIVING PHASED ARRAY

From previous research work [6, 8, 12], the
self-interference channel characteristics [H( f )]M×N
directly determines the complexity of coupled self-
interference and the feasibility of its suppression meth-
ods. Because the practical array antenna has complex
three-dimensional configuration, the simple near-field
model is not strictly accurate for characterization of the
coupling interference in an array system [10, 11]. In
order to better simulate the channel characteristics of the
coupling interference between the transmitting unit and
the receiving unit in this experimental array, we intro-
duce an electromagnetic model of the array based on
Ansoft HFSS. The HFSS apply FEM to calculate the S-
parameter matrix S and full-wave electromagnetic field
of arbitrary array antenna configuration.

The p-th row and q-th column of the S matrix are
represented as S(p,q) ,(p,q = 1,2, . . . ,P), which repre-
sents the coupling relationship between the p-th and q-
th elements in the array. P is the total number of ele-
ments in the array. Based on the S-parameter matrix S,
we define the element H(m,n) of the array in m-th row
and in the n-th column of the interference channel char-
acteristic matrix [H]M×N , as:

H(m,n) = Σqn∈TnS(m,qn), (1)
(n = 1,2, . . . ,N;m = 1,2, . . . ,M) .

In the formula, qn is the unit number of the sub-
array set for transmitting and/or receiving in the entire
array, Tn is the unit set corresponding to the transmitting
sub-array, N is the number of units of the transmitting
sub-array, and M is the number of units of the receiv-
ing sub-array. Rm is the set of units corresponding to
the receiving sub-array. For the separated-aperture array-
level simultaneous transceiver mode, there is Rm ∩Tn =
/0; for the partial array-level/partial unit-level simultane-
ous transceiver mode, there is Rm ∩ Tn 6= /0. Especially
for the full-aperture unit-level transceiver simultaneous
mode, there is Rm = Tn.

Based on the self-interference coupling model pro-
posed above, we first construct an electromagnetic model
and a digital model for the practical array system, con-
duct design simulation verification through digital meth-
ods, and use it for subsequent principle experiment
verification and evaluation. In this work, we take the
30(T)×10(R) array antenna as the example, and study
the interference characteristics of the sub-apertures level
simultaneous transmit and receive mode.

When the separate sub-apertures transmission and
reception work simultaneously, the transmission sub-
array can be transmitted according to a certain beam-
shaping weight, and the receiving sub-array can be
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simultaneously received according to a certain receiving
beam-shaping weight. The arrangement of the phased
array antenna in this mode is shown in Fig. 1, and the
power of each transmitting component is set to 30 dbm,
which can be controlled by the joint weights of ampli-
tude and/or phase.

In the research process, combined with the actual
physical array antenna development, we design and con-
struct the corresponding electromagnetic model and dig-
ital model. Among them, the electromagnetic model is
used to electromagnetically analyze the self-interference
coupling characteristics between the transmitting and
receiving antenna elements. The simulation environment
used is Ansoft HFSS. The FEM is used to electromag-
netically analyze the coupling characteristics between
any two array elements. The S parameter of the array is
obtained by electromagnetic calculation. Then by choos-
ing the same layout as the specific test array antenna,
that is, a transmitting sub-array with 30 units in 5 rows
and 6 columns and a receiving sub-array with 10 units
in 5 rows and 2 columns, the S parameter of the array
is converted to a coupling matrix H, as shown in Equa-
tion (1). The specific electromagnetic model of the array
is shown in Fig. 1 (a). The digital model is that for the
practical prototype array antenna, that is, the transmit-
ting sub-array of 5 rows and 6 columns, and the receiving
sub-array of 5 rows and 2 columns, by constructing a dig-
ital design simulation model with the same characteris-
tics as the array unit layout and operating frequency. It is
used for design simulation to evaluate the beam charac-
teristics and interference suppression performance of the
different optimized weights. The specific digital model
is shown in Fig. 1 (c). The practical testing array antenna
is shown in Fig. 1 (b).

The saturation level of the receiving channel is gen-
erally about -10 dbm. In order to achieve conventional
reception operation of the phased array system, the low
noise amplifier on the receiving channel of each array
element is firstly not saturated, that is, the power of the
transmitting signal coupled to each receiving component
must be below the saturation level of -10 dbm. By ana-
lyzing the self-interference coupling coefficients charac-
teristics of the 30(T)×10(R) array antenna as shown in
Fig. 2 (a), the simulation coupling power at the receiving
array elements can be obtained as shown in Fig. 2 (b).
It can be seen that for the 30 dbm output power of the
transmitting unit, the self-interference power received
by the receiving array element is greater than the sat-
uration power of the component by -10 dbm. As a
result, all the receiving components are saturated and
cannot receive the desired signal. However, the interfer-
ence power received by different array elements varies
greatly. Therefore, from the demand of SIC, it is neces-
sary to suppress the self-interference signal power below

the saturation power level of the component in order to
ensure the normal operation of the component. In this
work, we will study the overall self-interference suppres-
sion of an array system by the multi-domain and multi-
level method.
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Fig. 1. Illustrative model and physical array antenna used
for interference characteristics analysis. (a) HFSS EM
model of the used array antenna (T: Transmitting ele-
ment, R: Receiving element). (b) Practical testing array
antenna. (c) Digital model of the array antenna (�:
Transmitting element, ♦: Receiving element).
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Fig. 2. Distribution characteristics of the coupling self-
interference power for the illustrative array antenna 
operating simultaneous transmission and reception with 
the separate sub-apertures. (a) Coupling coefficients of 
the array antenna for the separate sub-aperture mode 
(10GHz). (b) Distribution characteristics of the 
coupling self-interference power (the digital unit in the 
Figure is dBm) for the separate sub-aperture mode. 
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Fig. 2. Distribution characteristics of the coupling self-
interference power for the illustrative array antenna
operating simultaneous transmission and reception with
the separate sub-apertures. (a) Coupling coefficients of
the array antenna for the separate sub-aperture mode
(10GHz). (b) Distribution characteristics of the coupling
self-interference power (the digital unit in the Figure is
dBm) for the separate sub-aperture mode.

III. SYSTEM ARCHITECTURE AND
METHOD FOR SIMULTANEOUS

TRANSMISSION AND RECEPTION OF
PHASED ARRAY COUPLED

SELF-INTERFERENCE SIGNAL
SUPPRESSION

Based on previous related research work [1, 12,
21–29], in order to solve the problem of strong self-
interference in the simultaneous application of an array
system, interference suppression and cancellation can be
carried out from multiple dimensions including trans-
mission domain, RF domain, and digital domain. First
of all, for different phased array transceivers, the self-
interference signal power entering the receiver can
be reduced by passive suppression, including antenna
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isolation and beamforming in the transmission domain,
to achieve the first level of interference suppression.
Radio frequency interference cancellation, composed of
self-interference reference signal generation, delay and
amplitude adjustment, and RF anti-inversion signal syn-
thesis, reduces the signal power of the low-noise ampli-
fier entering the receiving component to avoid com-
ponent saturation. This is the second-level interference
suppression. In the third stage, through active digital
interference cancellation (such as adaptive filtering), the
residual self-interference is eliminated to reduce the self-
interference below the noise floor of the receiver, thereby
avoiding affecting the reception of the desired signal by
the system.

Figure 3 shows the principle block diagram of the
multi-level self-interference suppression and cancella-
tion of the phased array antenna at the same time of trans-
mission and reception:

wT1 wTn wTN

DAC DAC DAC
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ADCADCADC
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Adaptive Filter Interference 
Cancellation Module

Receive signal 
processing module

Fig. 3. Schematic diagram of phased array antenna
narrow-band signal space-domain transmit and receive
beam optimization principle.

According to the system architecture of the simul-
taneous multi-domain and multi-level self-interference
cancellation of the phased array system as shown in
Fig. 3, we propose the detailed process of interference
cancellation according to the requirements of the actual
system as follows:

A. Obtain the characteristic parameters of self-
interference coupling between the transceiver arrays

(1) According to the unit arrangement characteris-
tics of the phased array system to achieve simultane-
ous transmission and reception, the interference cou-
pling characteristics between the transmitting array and
the receiving array are obtained by means of electro-
magnetic calculation, array measurement or channel esti-
mation, that is, the difference between the transmitting
and receiving antenna units. The self-interference cou-
pling characteristic matrix between H=[hmn]M×N ,hmn =

Amne jφmn is the receiving antenna unit m(m= 1,2, · · · ,M)
and the transmitting antenna unit n(n = 1,2, · · · ,N) is
the self-interference coupling coefficient, where N is the
number of transmit antenna units, and M is the number
of receive antenna units.

(2) Determine the antenna front radiation control
parameters, and the amplitude/phase control quantiza-
tion bit or quantization step.

B. Phased array modeling and spatial interference
suppression optimization

(1) According to the working mode requirements
and arrangement characteristics of the phased array sys-
tem, combine the coupled self-interference characteris-
tic relationship matrix used by the corresponding phased
array to transmit and receive at the same time, and estab-
lish a digital array model [7, 8, 12].

(2) According to the characteristic indicators such
as the radiation gain lobe of the phased array system and
the simultaneous transmission and reception interfer-
ence transmission suppression requirements, construct
the beamforming weight parameter design optimization
target calculation model, comprehensively analyze the
beam characteristics and interference suppression per-
formance, respectively shape the optimized transmission
beam and receive beam and implement spatial interfer-
ence suppression.

C. Cancellation preprocessing
Aiming at the nonlinear signal components existing

in the process of transmission and transmission of the
radio frequency system, a signal is coupled at the out-
put end of the power amplifier of the transmission chan-
nel through a coupler as a cancellation reference sig-
nal. Set the carrier frequency of the radio frequency sig-
nal to be fc, and the band-pass filter preprocessing with
the passband bandwidth of B will filter out the harmon-
ics and spurious components outside the bandwidth of
the original reference signal and the received coupled
interference signal, so as to retain the effective compo-
nents within the passband. The effective component of
the signal is used as the reference and desired signal for
the input of the self-interference cancellation processing
algorithm.

D. Self-interference cancellation processing in radio
frequency domain

For the residual strong self-interference of the local
array units and corresponding channels that still exist
after the transmission domain interference suppression,
the multi-tap delay, phase shift and attenuation meth-
ods are used to eliminate the radio frequency domain
interference. Let the radiation signal output by the
transmitting antenna through the power amplifier be
sn(t)(n= 1,2,· · ·,N ′ , N

′≤N). Due to the limited isola-
tion between the transceiver units, the transmitted signal
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enters the receiving antenna through spatial coupling and
transmission domain interference suppression to form a
self-interference signal sI,m(t). The transmitting signal
of the coupling part of the transmitting end is used as
a reference signal sr,n (t) = cm,nsn (t), and sent to the
radio frequency cancellation module, cm,n is the trans-
mission coupling from the n-th channel reference coef-
ficient. Usually considering factors such as bandwidth
and spatial multipath transmission, the RF cancellation
module adopts a multi-tap analog cancellation method
[21]. Different taps have different delays, amplitudes and
phases. Reconstruction of self-interfering signals. The
receiver uses an adaptive optimization algorithm, such
as the steepest descent method, to obtain the correspond-
ing delay, amplitude and phase parameter control of dif-
ferent tap branches, so as to synthesize the correspond-
ing self-interference cancellation signal ŝI,m(t), the self-
interference signal sI,m(t) is eliminated in the radio fre-
quency domain of the receiving end.

Let the RF signal of the m-th receiver be:
rm (t) = dm (t)+ sI,m (t)+ ŝI,m (t)+nm (t) , (2)

where dm (t) represents the desired signal received, such
as a long-range target scattered echo signal or a signal
received by a long-range radio frequency system and
is received at the local m-th receiver; sI,m(t) represents
the self-interference signal; ŝI,m (t) represents the locally
synthesized self-interference cancellation signal; nm (t)
represents noise signal. The self-interference radio fre-
quency signal sI,m(t) of the local receiver is:

sI,m (t) = (1− c)s(t)⊗hI (t) , (3)
where c represents the coupling coefficient between the
transmitting antenna and the receiving antenna. Its value
range is (0,1). Then (1-c) represents the signal amplitude
through the main channel. s(t) is the transmitter signal.
hI(t) represents the self-interference characteristics of
the transmission channel from the transmitting antenna
to the receiving antenna. ⊗ represents the convolution of
the transmitter and the self-interference channel.

The self-interference cancellation RF signal ŝI,m(t)
synthesized by the local receiver is:

ŝI,m(t) = Σ
N
n=1 ŝI,m,n(t) (4)

= Σ
N
n=1 Σ

K
k=1 ak,m,ne− jϕk,m,nsr,n

(
t− τk,m,n

)
,

where K is the number of analog cancellation chan-
nels, K≥2, ak,m,n, ϕk,m,n and τk,m,n (m = 1,2, . . . ,M) are
the amplitude attenuation value, phase shifter value and
delay of each tap of the RF/analog cancellation.

During the transmitter training period signal trans-
mission, assuming d(t) = 0, the radio frequency signal
received by the receiver is:

r̂ (t) = sI (t)+ ŝI (t)+n(t) . (5)
In a specific time period, it is assumed to be [t1, t2],

(t1 < t2). In order to minimize the residual interference

signal of the receiver, the amplitude of the signal r (t)
received by the receiver is integrated and the expecta-
tion is obtained. The optimized objective function with
adjustable attenuation and phase shift parameters is as
follows:

O(a,ϕ,τ) = E
(∫ t2

t1
|r(t)|2dt

)
(6)

= E
(∫ t2

t1
|sI(t)+ ŝI(t)+n(t)|2dt

)
.

The optimal solution model is:
(ao,ϕo,τo) = min

a,ϕ,τ
O(a,ϕ,τ) , (7)

s.t.

 0≤ a(n)≤ 1,n = 1,2, . . . ,N
−π ≤ ϕ(n)≤ π,n = 1,2, . . . ,N

0≤ τ(n)≤ τmax
where a represents the amplitude control vector of the
multi-tap self-interference synthesis unit; ϕ represents
the delay control vector of the multi-tap self-interference
synthesis unit. As a result, ao, ϕo and τo represent the
optimal amplitude, phase and delay control vector val-
ues that are solved.

Considering the practical limitations of the effective
bandwidth of the signal, the optimization can be done in
the frequency domain:

arg min
a,ϕ,τ

[HI( f )−Hr( f )]2. (8)

In the formula, HI ( f ) represents the frequency
domain response of the interference signal transmis-
sion channel; Hr( f ) represents the frequency domain
response of the reconstructed interference signal trans-
mission channel.

Based on this, band-pass filtering is used to filter out
harmonics and spurious components outside the band-
width of the original reference signal and the coupled
interference signal before the cancellation process, so as
to retain the effective components of the signal. Use this
as the reference signal and desired signal input to the
self-interference cancellation processing algorithm.

E. Digital domain interference cancellation process-
ing

The residual interference signal after cancellation in
the transmission domain and the radio frequency domain
is further eliminated by the adaptive filtering system
identification method in the digital domain. The basic
principle is to characterize the interference channel as a
multi-tap adaptive filter system, use the filter weights to
weight the delayed signal to generate the output signal,
and compare the output signal with the expected signal
under a certain error criterion to adjust the weight value.
After convergence, the transmission characteristics of the
filter system are similar to the characteristics of the inter-
ference channel, and the subsequent transmitted signal
can be approximated by the filter system to approximate
the actual coupled interference signal, and the two are
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Two aspects:
1. Transmit beamforming optimization
2. Receive beamforming optimization

Three methods:
1. Electromagnetic computation of array coupling features
2. Measurement and calibration of array coupling features
3. Estimation of the coupling channel between array elements

Mainly for:
1. Remaining strong self-interference cancellation of local array units
2. Simultaneous self-interference cancellation at the cell level
3. Multitap delay, phase Shift and attenuation for wideband applications

Mainly for:
1. Out-of-band nonlinear harmonic and spurious component filtering

Basic methods:
1. Adaptive system identification filter cancellation
2. Nonlinear system modeling cancellation

Fig. 4. Phased array coupled self-interference suppres-
sion process and method at the same time as transmission
and reception.

subtracted to achieve the purpose of eliminating interfer-
ence.

IV. PRINCIPLE EXPERIMENTAL
EVALUATION

To evaluate the performance of the multi-domain
joint self-interference suppression method, we use an
experimental array antenna configured with 30 transmit-
ting elements and 10 receiving elements. Passive spa-
tial attenuation and active adaptive beamforming in the
transmission domain and radio frequency domain are
combined, and the adaptive identification filter cancel-
lation method in the digital domain is also adopted. The
test signal is a single frequency continuous wave signal.
The transmitted signal of the array antenna is recorded as
the reference signal for interference suppression and the
received signal of the receiving unit is recorded as the
signal for self-interference cancellation to evaluate and
analyze the comprehensive effect of the joint interference
cancellation method. The architecture and schematic dia-
gram of the experiment system is shown in Figs. 5 and 6.

Receive signal 
acquisition

Beamforming 
control equipment

Signal generator Signal power 
divider

Coupled interference 
signal monitoring and 

measurement

Fig. 5. Block diagram of the principle experiment archi-
tecture.

We jointly adopt passive spatial attenuation and
active adaptive beam assignment in the transmission
domain and RF domain, and adaptive identification filter-
ing cancellation in the digital domain. The active beam

Fig. 6. Schematic diagram of interference cancellation
principle experiment scene.

assignment method is the conventional beam assign-
ment weight with 0◦, azimuth angle 0◦ and optimiza-
tion weight for interference suppression; adaptive identi-
fication filtering elimination in the digital domain adopts
FIR model of order 256, and adopts adaptive filtering
based on the minimum mean square error criterion. Con-
sidering the above methods, the experiment data results
are shown in Fig. 7. Under the constraints of 0.5 db
amplitude quantization and 6-bit phase quantization con-
trol of the practical hardware system, the spatial passive
transmission of the transmission domain and the active
beam optimization formation are jointly adopted. Also,
the adaptive system identification interference cancella-
tion method in the digital domain can achieve a total
of more than 150 db self-interference cancellation. The
verification of the principle test shows that the method
of multi-domain/multi-level combination can achieve a

Fig. 7. Experimental results of multi-domain integration
for self-interference cancellation of simultaneous trans-
mit and receive phased array.
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good effect for the elimination of strong self-interference
in the simultaneous transmit and receive phased array
system.

V. CONCLUSION
Based on the electromagnetic modeling and digi-

tal modeling analysis of the coupling interference char-
acteristics between phased array antenna elements, this
paper breaks through the key technologies of simultane-
ous transmission and reception of electromagnetic radia-
tion under the actual constraints of the array system, and
adaptive digital identification and cancellation. Simul-
taneous multi-domain and multi-level self-interference
suppression/cancellation principle model and implemen-
tation process, through the multi-domain comprehen-
sive interference suppression principle test, the principle
evaluation of key technologies and optimization mod-
els has been realized. The cancellation method and its
process are processed according to the transmission and
coupling characteristics of the radio frequency inter-
ference signal, and can be popularized and applied in
the system self-interference cancellation requirements of
different frequency bands and different functions.
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