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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the field of antenna decoupling technologies, for example, a decoupling
antenna and a decoupling method thereof.

BACKGROUND

[0002] With the rapid development of the communication system, to improve the signal capacity and throughput of
the communication system, the RF front-end Multiple-Input Multiple-Output (MIMO) technology has received more and
more attention from the industry, and the large-scale array antenna system has become a research hotspot of the
communication technology in recent years. Due to an increase in the number of antenna arrays, multiple antennas are
integrated in a limited space, and the spacing between the antenna arrays is much smaller than the half wavelength.
As a result, the correlation between the antenna arrays is greatly increased, and the mutual coupling between the
antennas is enhanced. Strong mutual coupling between antennas not only causes serious self-interference between
channels, deterioration of the signal-to-noise ratio of the communication channel, a reduction in the channel capacity
and a reduction in the radiation efficiency, but also affects the port standing wave of the communication system and
causes a reduction in the false alarm rate of the system. To keep miniaturizing the large-scale antenna system while
reducing the interference between the antenna arrays, the decoupling technology between the antenna arrays has
become a subject to be studied.

[0003] In the existing art, as shown in FIG. 1, multiple antenna arrays are independent of each other, and the spatial
distance between the antenna arrays is increased so that decoupling between the antenna arrays is achieved. However,
as the number of antenna arrays increases, the size of an antenna is getting bigger and is difficult to meet the needs of
the market application.

SUMMARY

[0004] A decoupling antenna and a decoupling method thereof are provided in the present disclosure to eliminate a
coupled signal generated between antenna arrays.

[0005] A decoupling antenna is provided in the present disclosure. The decoupling antenna includes an antenna port,
a decoupling network, a feed network, a phase-shift network, and at least two antenna arrays.

[0006] The phase-shift network is connected to the at least two antenna arrays separately.

[0007] Aninputend of the feed network is connected to the decoupling network, and an output end of the feed network
is connected to the phase-shift network.

[0008] The decoupling network is disposed between the antenna port and the feed network and configured to eliminate
a mutually-coupled signal generated between the at least two antenna arrays.

[0009] Optionally, the spacing between antenna arrays is less than or equal to a preset value.

[0010] Optionally, the decoupling network includes N stages of adjustable decoupling units. N is a positive integer.
[0011] Aninput end of a first-stage adjustable decoupling unit is connected to the antenna port via a first phase-delay
network, and an output end of an Nth-stage adjustable decoupling unit is connected to the input end of the feed network
via a second phase-delay network.

[0012] Optionally, the ith-stage adjustable decoupling unit and the (i+1)th-stage adjustable decoupling unit are con-
nected by a first coupling tuning network. 1<i<N-1 and N is greater than or equal to 3.

[0013] Optionally, an adjustable decoupling unit includes at least two resonant networks. resonant networks are con-
nected by a second coupling tuning network.

[0014] Optionally, the ith-stage adjustable decoupling unit and the (i+1)th-stage adjustable decoupling unit are con-
nected by the first coupling tuning network in the following manner: resonant networks in the ith-stage adjustable de-
coupling unit and resonant networks in the (i+1)th-stage adjustable decoupling unit are connected by the first coupling
tuning network.

[0015] Optionally, thefirst coupling tuning network and the second coupling tuning network respectively include coupling
tuning screws, which is used for adjusting phases in the resonant networks.

[0016] Optionally, a resonant network includes a resonant cavity, a cylindrical resonator located inside the resonant
cavity, and a frequency tuning screw coaxial with the cylindrical resonator. The frequency tuning screw is configured to
adjust a frequency in the resonant network.

[0017] Optionally, M antenna ports and M antenna arrays are provided and, correspondingly, the adjustable decoupling
unit includes M input ends and M output ends. M is a positive integer and greater than or equal to 3.

[0018] Optionally, the adjustable decoupling unit includes at least two resonant networks. resonant networks are
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connected by a second coupling tuning network.

[0019] A decoupling method for a decoupling antenna is provided in the present disclosure. The decoupling antenna
is the preceding decoupling antenna.

[0020] The method includes controlling the decoupling network to generate a decoupling signal; and eliminating,
through the decoupling signal, a mutually-coupled signal generated between the at least two antenna arrays.

[0021] Inthe solution provided in the present disclosure, the decoupling antenna includes an antenna port, a decoupling
network, a feed network, a phase-shift network, and at least two antenna arrays. The phase-shift network is connected
to the at least two antenna arrays separately. An input end of the feed network is connected to the decoupling network,
and an output end of the feed network is connected to the phase-shift network. The decoupling network is disposed
between the antenna port and the feed network and configured to eliminate a mutually-coupled signal generated between
the at least two antenna arrays. In the solution of the present application, a decoupling network is disposed between
the antenna port and the feed network, thereby eliminating the mutually-coupled signal generated between the antenna
arrays and thus allowing the design of an antenna array structure occupying a small space.

BRIEF DESCRIPTION OF DRAWINGS

[0022]
FIG. 1 is a schematic diagram illustrating a network topology of an antenna array in the existing art.
FIG. 2 is a schematic diagram illustrating a network topology of an antenna array according to an embodiment.
FIG. 3 is a schematic diagram illustrating parameter passing of a decoupling antenna according to an embodiment.

FIG. 4 is a schematic diagram illustrating an adjustable factor for a decoupling network (CNDN) matrix according
to an embodiment.

FIG. 5 is a schematic diagram illustrating a physical model of a decoupling network (CNDN) according to an em-
bodiment.

FIG. 6 is an effect graph of a decoupling network (CNDN) according to an embodiment.
FIG. 7A is a structure diagram of a decoupling antenna according to an embodiment.
FIG. 7B is a structure diagram of at least two antenna arrays 75 of FIG. 7A.
FIG. 8 is a flowchart of a decoupling method for a decoupling antenna according to an embodiment.
FIG. 9 is a structure diagram of a resonant network 720 of FIG. 2.
DETAILED DESCRIPTION

[0023] The accompanying drawings are for illustrative purposes only and are not intended to limit embodiments of the
present application.

[0024] FIG. 7A is a structure diagram of a decoupling antenna according to an embodiment. The decoupling antenna
of this embodiment of the present application includes an antenna port 71, a decoupling network 72, a feed network 73,
a phase-shift network 74, and at least two antenna arrays 75.

[0025] The phase-shift network 74 is connected to the at least two antenna arrays 75 separately.

[0026] An input end of the feed network 73 is connected to the decoupling network 72, and an output end of the feed
network 73 is connected to the phase-shift network 74.

[0027] The decoupling network 72 is disposed between the antenna port 71 and the feed network 73 and is configured
to eliminate a mutually-coupled signal generated between the at least two antenna arrays 75.

[0028] In this embodiment of the present application, optionally, referring to FIG. 7B, the at least two antenna arrays
75 may include multiple antenna elements 7511, and the spacing between antenna arrays 751 is less than or equal to
a preset value.

[0029] When the spacing between the antenna arrays 751 is less than or equal to the preset value, the requirements
for miniaturizing the antenna structure can be satisfied.

[0030] In this embodiment of the present application, optionally, referring to FIG. 2, the decoupling network 72 includes
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N stages of adjustable decoupling units. N is a positive integer.

[0031] Aninputend of afirst-stage adjustable decoupling unit 721 is connected to the antenna port 71 via a first phase-
delay network 10, and an output end of an Nth-stage adjustable decoupling unit 72N is connected to the input end of
the feed network 73 via a second phase-delay network 20.

[0032] The value of N may be determined according to the actual decoupling parameters.

[0033] In this embodiment of the present application, optionally, the ith-stage adjustable decoupling unit 72i and the
(i+1)th-stage adjustable decoupling unit 72(i+1) are connected by a first coupling tuning network 30. 1<i<N-1 and N is
greater than or equal to 3.

[0034] In this embodiment of the present application, optionally, adjustable decoupling unit includes at least two res-
onant networks 720. Resonant networks 720 are connected by a second coupling tuning network 40.

[0035] In this embodiment of the present application, optionally, the ith-stage adjustable decoupling unit 72i and the
(i+1)th-stage adjustable decoupling unit 72(i+1) are connected by the first coupling tuning network 30 in the following
manner: resonant networks in the ith-stage adjustable decoupling unit 72i and resonant networks in the (i+1)th-stage
adjustable decoupling unit 72(i+1) are connected by the first coupling tuning network.

[0036] In this embodiment of the present application, optionally, the first coupling tuning network 30 and the second
coupling tuning network 40 are coupling tuning screws, which are used for adjusting phases in the resonant networks 720.
[0037] In this embodiment of the present application, optionally, referring to FIG. 9, a resonant network 720 includes
a resonant cavity 7201, a cylindrical resonator 7202 located inside the resonant cavity 7201, and a frequency tuning
screw 7203 coaxial with the cylindrical resonator 7202. The frequency tuning screw 7203 is configured to adjust a
frequency in the resonant network 720.

[0038] Inthis embodiment of the present application, optionally, M antenna ports 71 and M antenna arrays are provided
and, correspondingly, each of the N stages of adjustable decoupling units includes M input ends and M output ends. M
is greater than or equal to 2.

[0039] The decoupling antenna of this embodiment of the present application implements the antenna decoupling
function through a decoupling network. In the decoupling antenna, the design of each network in the decoupling network
can be completed according to the pre-designed decoupling parameters, and then a corresponding decoupling network
is added between the antenna port and the feed network. Tuning screws in the decoupling network are adjusted to
implement decoupling of the antenna system.

[0040] The solutions provided in embodiments of the present application are described below in conjunction with
application examples.

[0041] As shown in FIG. 1, for a MIMO antenna system, it is assumed that M antenna channels are provided and
independent of each other. M is a positive integer. In FIG. 1, COM indicates a combined circuit/DIV indicates a shunt
circuit, and ANT+45° and ANT-45° represents one antenna signal respectively. Typically, in a MIMO antenna system,
the spatial spacing between antenna arrays is increased so that mutual coupling between the antenna arrays is reduced.
In this case, the network characteristic matrix of the MIMO antenna system appears as all matrix elements are close to
zero. As the number of antenna arrays increases, the distance between the antenna arrays decreases, and the mutual
coupling between the antenna arrays increases. In this case, the network characteristic matrix of the MIMO antenna
system becomes a non-zero matrix, the dominant diagonal element of the non-zero matrix is close to zero and the non-
dominantdiagonal element of the non-zero matrix is non-zero. To make the MIMO antenna system meet the requirements
of small size and signal matching, an adjustable decoupling network needs to be disposed at the back end of the MIMO
antenna system. As shown in FIGS. 1 and 2, the network matrix Sy of the decoupling network 72 is an NXN matrix in
which the matrix elements are adjustable. In FIG. 2, p1 and p2 represent the input ends of the decoupling network 72,
and p3 and p4 represent the output ends of the decoupling network 72.

[0042] Referring to parameter passing shown in FIG. 3, a1 and a2 represent incident signals at the two ports of the
network, and b1 and b2 represent reflected signals at the two ports of the network. In this embodiment of the present
application, multiple network matrixes in the decoupling antenna structure are defined below.

[0043] S denotes the network parameter of the antenna structure after the decoupling network 72 is added. Here, the
antenna structure includes two or more antenna arrays.

[0044] Sp denotes the network parameter of the decoupling network 72.

[0045] S, denotes the network parameter of the antenna structure.

[0046] T, denotes the reflection coefficient of the antenna structure S after the decoupling network 72 is added.
[0047] T, denotes the reflection coefficient of the antenna structure Sj.

[0048] On the basis of the preceding definition, the network parameter Sp of the decoupling network 72 can be
represented by a scattering parameter matrix, as shown in formula (1):
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Sll SIZ

S =
7 SZI Szz

(1)

[0049] S, represents the reflection coefficient of the first portin the decoupling network 72. S,, represents the reflection
coefficient of the second port in the decoupling network 72. S, represents the transmission coefficient of the transmission
from the first port to the second port. S, represents the transmission coefficient of the transmission from the second
port to the first port.

[0050] After the decoupling network 72 is added between the antenna port 71 and the feed network 73, according to
the microwave network theory, the matrix S can be characterized by the matrix Sp and the matrix S, and the expression
of the matrix S is formula (2):

S:SDSA (2)

[0051] The expression of the reflection coefficient I';, of the antenna structure S after the decoupling network 72 is
added is formula (3):

1
Fin = Sn + S12 (1 _Szer) SZIFL (3)

[0052] T, denotes the reflection coefficient of the antenna structure Sj.

[0053] In this embodiment of the present application, to design a reasonable decoupling network Sp, it is needed to
make the reflection coefficient I';, of the antenna structure S equal to or close to the zero matrix after the decoupling
network 72 is added, and the reflection coefficient I';, of the antenna structure S after the decoupling network 72 is added
represents the degree of coupling of the signals between the antenna arrays.

[0054] Thus, when I';, = 0 (the ideal condition for eliminating all couplings), the relationship between the reflection
coefficient I'; of the antenna structure S, and the network parameter Sy, of the decoupling network is as follows:

S
L
1Sy — 8,8, 4@

[0055] That is to say, in the design process of the actual decoupling antenna structure, the coupled signal generated
between the antenna arrays can be eliminated after a decoupling network Sp, is designed.

[0056] Inthis embodimentofthe presentapplication, the decoupling network S can be dynamically adjusted according
to the antenna structure. For the method of making the parameters of the decoupling network Sy adjustable, see FIG.
4. FIG. 4 is a topological diagram of a four-port decoupling network 72 according to an embodiment of the present
application. The decoupling network 72 can be represented by a four-port coupling matrix M:

MP MP”
M on M n

()

[0057] Mp denotes a 4x4 port direct coupling zero matrix. M,; denotes a 6x6 resonant coupling matrix. Mpn denotes
an input/output (1/0) port coupling matrix.

[0058] In this embodiment of the present application, the network parameter S, of the resonant coupling matrix M,,
can be expressed as:

[S,]=1-2M,, (sT+ M, +M M, ) M, ©
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[0059] | denotes a 4x4 phase discrimination matrix, j denotes an imaginary-part symbol.

[0060] s denotes the frequency variable of the decoupling network 72. s = jfy/BWX (flfy-fy/f). f denotes frequency. f,
denotes the center frequency of the decoupling network 72. BW denotes the bandwidth of the decoupling network 72.
[0061] According to the microwave network theory, the network parameter S, of the adjustable decoupling network
72 is expressed as follows:

[Sp]=[B][S.1[2] (7)

[0062] [P,] = diag{| €%, 12|}, [Ps4] = diag{|£i%,¢i%]}. 61 and 02 represent phase angles of the first phase-delay
network 10, and 63 and 64 represent phase angles of the second phase-delay network 20.
[0063] In FIG. 4, the resonant coupling matrix M, can be expressed as:

_Mu M, M; M, M; Mm_
M21 Mzz M23 M24 Mzs Mzs
[M ]: M31 M32 M33 M34 M35 Mss
’ M41 M42 M43 M44 M45 M46
M51 Msz M53 M54 Mss Mss
_M61 Msz Mss M64 Mss Mss_ (8)

[0064] M4, Moo, Ma3, Mgy, Mgs and Mgg represent resonant-cavity self-coupling matrix parameters. M4, = Moy, My
= M3y, Mgy = My3, Myg = Mgy, Mgg = Mgg, Mo = M5, and Mg = Mg, represent adjacent-resonant-cavity mutual-coupling
matrix parameters. Other coupling matrix parameters are denoted here by 0. In the resonant coupling matrix M,, the
self-coupling matrix parameters and the mutual-coupling matrix parameters are adjustable by the adjustable factor 4,.
The matrix parameters of the matrix M, are modified so that parameters of the decoupling network Sp are adjustable.
[0065] FIG. 5 is a schematic diagram illustrating a physical model of a decoupling network. For self-coupling matrix
parameters Mq4, Moo, M33, Mgy, Mss and Mgg in the matrix, the frequency tuning screw 7203 is used to change the value
variables. For mutual-coupling matrix parameters My, = Myq, Mog = M3y, M3y = Mys, Myg = Mgy, Mg = Mgs, Mos = Mg,
and M,g = Mg, in the matrix, the frequency tuning screw 7204 is used to change the value variables, and the depth of
the tuning screw is controlled such that the model parameters of the resonant coupling matrix My are changed to match
the network parameter S, of the antenna structure so that the reflection coefficient 7, of the port of the new multi-
antenna structure after the adjustable decoupling network Sp is added is approximately zero.

[0066] FIG. 6 is an effect graph of a decoupling network according to an embodiment of the present application. As
shown in FIG. 6, the horizontal ordinate represents the frequency and the vertical ordinate represents the degree of
coupling. In this example, it is assumed that two antenna ports are provided, and S21 represents the degree of coupling
between the two ports. It can be seen from the figure that the degree of coupling is relatively high before the decoupling
network 72 is added (corresponding to the curve before S21 destructive interference) and the degree of coupling is
significantly reduced after the decoupling network 72 is added (corresponding to the curve after S21 destructive inter-
ference) so that the coupled signal at the antenna port is eliminated and an antenna array structure occupying a small
space can be designed.

[0067] FIG. 8 is a flowchart of a decoupling method for a decoupling antenna according to an embodiment of the
present application. The decoupling antenna is any one of the preceding decoupling antennas. As shown in FIG. 8, the
method includes the steps described below.

[0068] In step 810, the decoupling network is controlled to generate a decoupling signal.

[0069] In step 820, a mutually-coupled signal generated between the at least two antenna arrays is eliminated through
the decoupling signal.

[0070] A decoupling method for a decoupling antenna is provided in an embodiment of the present disclosure. The
decoupling antenna is any one of the preceding decoupling antennas. The method includes step (1) and step (2).
[0071] In step (1), a decoupling network is configured between the antenna port and the feed network.

[0072] In this embodiment of the present application, optionally, the decoupling network is configured between the
antenna port and the feed network in the manner described below.

[0073] N stages of adjustable decoupling units are configured between the antenna port and the feed network, where
N is a positive integer.
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[0074] Aninputend of a first-stage adjustable decoupling unit is connected to the antenna port via a first phase-delay
network, and an output end of an Nth-stage adjustable decoupling unit is connected to the input end of the feed network
via a second phase-delay network.

[0075] In step (2), a mutually-coupled signal generated between the at least two antenna arrays is eliminated through
the decoupling network.

[0076] In this embodiment of the present application, optionally, each of the N stages of adjustable decoupling units
includes at least two resonant networks. the resonant networks are connected by a second coupling tuning network. A
resonant network in the ith-stage adjustable decoupling unit and a resonant network in the (i+1)th-stage adjustable
decoupling unit are connected by the second coupling tuning network.

[0077] In this embodiment of the present application, the first coupling tuning network and the second coupling tuning
network are coupling tuning screws; and a resonant network includes a resonant cavity, a cylindrical resonator located
inside the resonant cavity, and a frequency tuning screw coaxial with the cylindrical resonator.

[0078] The mutually-coupled signal generated between the at least two antenna arrays is eliminated through the
decoupling network in the manner described below.

[0079] The coupling tuning screws are used to adjust phases in the resonant networks and the frequency tuning screws
are used to adjust frequencies in the resonant networks so that the mutually-coupled signal generated between the at
least two antenna arrays is eliminated.

INDUSTRIAL APPLICABILITY

[0080] In the decoupling antenna and the decoupling method thereof provided in the present disclosure, a decoupling
network is disposed between the antenna port and the feed network, thereby eliminating the mutually-coupled signal
generated between the antenna arrays and thus allowing the design of an antenna array structure occupying a small
space.

Claims

1. A decoupling antenna, comprising an antenna port, a decoupling network, a feed network, a phase-shift network,
and at least two antenna arrays, wherein
the phase-shift network is connected to the at least two antenna arrays separately;
an input end of the feed network is connected to the decoupling network, and an output end of the feed network is
connected to the phase-shift network; and
the decoupling network is disposed between the antenna port and the feed network, and the decoupling network is
configured to eliminate a mutually-coupled signal generated between the at least two antenna arrays.

2. Thedecoupling antenna of claim 1, wherein a spacing between antenna arrays is less than or equal to a preset value.

3. The decoupling antenna of claim 1, wherein the decoupling network comprises N stages of adjustable decoupling
units, wherein N is a positive integer, wherein
an input end of a first-stage adjustable decoupling unit is connected to the antenna port via a first phase-delay
network, and an output end of an Nth-stage adjustable decoupling unit is connected to the input end of the feed
network via a second phase-delay network.

4. The decoupling antenna of claim 3, wherein an ith-stage adjustable decoupling unit and an (i+1)th-stage adjustable
decoupling unit are connected by a first coupling tuning network, wherein 1<i<N-1 and N is greater than or equal to 3.

5. Thedecoupling antenna of claim 4, wherein an adjustable decoupling unit comprises at least two resonant networks,
wherein resonant networks are connected by a second coupling tuning network.

6. The decoupling antenna of claim 5, wherein the ith-stage adjustable decoupling unit and the (i+1)th-stage adjustable
decoupling unit are connected by the first coupling tuning network in a following manner:
resonant networks in the ith-stage adjustable decoupling unit and resonant networks in the (i+1)th-stage adjustable
decoupling unit are connected by the first coupling tuning network.

7. Thedecoupling antenna of claim 5, wherein the first coupling tuning network and the second coupling tuning network
respectively comprise coupling tuning screws, which are used for adjusting phases in the resonant networks.
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The decoupling antenna of claim 5, wherein the resonant network comprises a resonant cavity, a cylindrical resonator
located inside the resonant cavity, and a frequency tuning screw coaxial with the cylindrical resonator, wherein the
frequency tuning screw is configured to adjust a frequency in the resonant network.

The decoupling antenna of claim 3, wherein M antenna ports and M antenna arrays are provided and, correspond-
ingly, the adjustable decoupling unit comprises M input ends and M output ends, wherein M is a positive integer
and greater than or equal to 3.

The decoupling antenna of claim 3, wherein the adjustable decoupling unit comprises at least two resonant networks,
wherein resonant networks are connected by a second coupling tuning network.

A decoupling method for a decoupling antenna, wherein the decoupling antenna comprises the decoupling antenna
of any one of claims 1 to 10 and the method comprises:

controlling the decoupling network to generate a decoupling signal; and
eliminating, through the decoupling signal, the mutually-coupled signal generated between the at least two
antenna arrays.
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