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ANTENNA UNIT AND ANTENNA ARRAY

The present application discloses an antenna

unit and an antenna array. The antenna unit includes a
plurality of radiation oscillators, at least one feeding part,
and a switch apparatus. The radiation oscillators are
provided along a first longitudinal direction. The feeding
partis electrically connected to the radiation oscillator via
a feeding channel. The switch apparatus is provided at
the feeding channels and configured to control connec-
tion and disconnection between at least one of the radia-
tion oscillators and the feeding part.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No.202311268363.9, filed on September 26, 2023.
The disclosures of the above-mentioned applications are incorporated herein by reference in their entireties.

TECHNICAL FIELD

[0002] The present application relates to the technical field of communication, specifically to an antenna unit and an
antenna array.

BACKGROUND

[0003] With the evolution of technology and the expansion of business and information processing needs, the
integration of communication and sensing has become one of the dominant trends in future technology and business.
Future networks are expected to be a fusion of mobile communication networks, sensing networks, and computing
networks. In conventional networks, communication and sensing exist independently, while the integrated design of
communication and sensing can reduce the waste of wireless spectrum and hardware resources, and reduce latency
during information processing.

SUMMARY

[0004] The main purpose of the present application is to provide an antenna unit and an antenna array.

[0005] To achieve the above purposes, the present application proposes an antenna unit including: a plurality of
radiation oscillators provided along a firstlongitudinal direction; at least one feeding part, and the feeding partis electrically
connected to the radiation oscillator via a feeding channel; and a switch apparatus provided at the feeding channels and
configured to control connection and disconnection between at least one of the radiation oscillators and the feeding part.
[0006] The present application also proposes an antenna array including a plurality of the antenna units. The antenna
unitincludes a plurality of radiation oscillators, at least one feeding part, and a switch apparatus. The radiation oscillators
are provided along a first longitudinal direction. The feeding part is electrically connected to the radiation oscillator via a
feeding channel. The switch apparatus is provided at the feeding channels and configured to control connection and
disconnection between at least one of the radiation oscillators and the feeding part. The plurality of antenna units are
provided in an array.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Inordertoexplainthe embodiments of the present application or the technical solutions in the existing technology
more clearly, the accompanying drawings needed to be used in the description of the embodiments or the existing
technology will be briefly introduced below. Obviously, the accompanying drawings in the following description are only
some embodiments of the present application, other accompanying drawings can be obtained based on the provided
accompanying drawings without exerting creative efforts for those skilled in the art.

FIG. 1 is a simplified plan view and beam diagram of a first embodiment of an antenna unit provided in the present
application.

FIG. 2 is a simplified plan view and beam diagram of a second embodiment of an antenna unit provided in the present
application.

FIG. 3 is a simplified plan view and beam diagram of a third embodiment of an antenna unit provided in the present
application.

FIG. 4 is a simplified plan view and beam diagram of a fourth embodiment of an antenna unit provided in the present
application.

FIG. 5is a simplified plan view of a first embodiment of a switch apparatus in the first embodiment of the antenna unit
provided in the present application.

FIG. 6 is a simplified plan view of a second embodiment of a switch apparatus in the first embodiment of the antenna
unit provided in the present application.

FIG. 7 is a simplified plan view of a third embodiment of a switch apparatus in the first embodiment of the antenna unit
provided in the present application.

FIG. 8is a simplified plan view of a first embodiment of a branch channel in the second embodiment of the antenna unit



10

15

20

25

30

35

40

45

50

55

EP 4 773 440 A1

provided in the present application.

FIG. 9is a simplified plan view of a second embodiment of a branch channel in the second embodiment of the antenna
unit provided in the present application.

FIG. 10 is a simplified plan view of a third embodiment of a branch channel in the second embodiment of the antenna
unit provided in the present application.

FIG. 11 is a simplified plan view of a fourth embodiment of a branch channel in the second embodiment of the antenna
unit provided in the present application.

FIG. 12 is a simplified plan view of a fifth embodiment of a branch channel in the second embodiment of the antenna
unit provided in the present application.

FIG. 13 is a simplified plan view of a sixth embodiment of a branch channel in the second embodiment of the antenna
unit provided in the present application.

FIG. 14 is a simplified plan view of an antenna array provided in the present application.

FIG. 15 is a simplified diagram of a connectivity state of a radiation oscillator in FIG. 14 in communication mode and
sensing signal mode.

Explanation of reference numbers:

[0008]
number name number name
1000 antenna array 342 diversion channel
100 antenna unit 3421 first connection channel
1 radiation oscillator 3422 first hybrid connection channel
1 first radiation oscillator 3423 second connection channel
12 second radiation oscillator 3424 second hybrid connection channel
2 feeding part 4 switch apparatus
3 feeding channel 41 switching switch
31 first feeding channel 42 first switch
32 second feeding channel 43 second switch
33 main channel 44 third switch
331 first connection point 45 fourth switch
332 second connection point 46 switch unit
333 first flow channel section 47 grounding channel
334 second flow channel section 5 phase shifter
34 branch channel 51 first phase shifter
341 branch road 52 second phase shifter
3411 first branch road 200 antenna group
3412 second branch road 300 antenna unit group

[0009] The realization of the purpose, functional features and advantages of the present application will be further
described in conjunction with the embodiments and with reference to the accompanying drawings.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010] The technical solutions in the embodiments according to the present application will be clearly and completely
described below in conjunction with the accompanying drawings in the embodiments according to the present application,
and itis clear thatthe described embodiments are only a part of the embodiments according to the present application, and
notall of the embodiments. Based on the embodiments in the present application, all other embodiments obtained by those
skilled in the art without making creative labor fall within the scope of the present application.

[0011] It should be noted that if there are directional instructions (such as up, down, left, right, front, back or the like)
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involved in the embodiments of the present application, the directional indications are only used to explain the relative
positional relationship, movement and so on between various components in a specific posture (as shown in the
accompanying drawings). If the specific posture changes, the directional indication will also change accordingly.
[0012] Furthermore, if the embodiments of the present application involve descriptions such as "first," "second," etc.,
these descriptions are only for descriptive purposes and should not be construed as indicating or implying their relative
importance or implicitly specifying the number of technical features indicated. Therefore, features defined with "first" or
"second" may explicitly or implicitly include at least one of those features. Furthermore, the use of "and/or" or "and/or"
throughout the text implies three parallel solutions. For example, "A and/or B" includes solution A, solution B, or a solution
satisfying both A and B simultaneously. In addition, the technical solutions of various embodiments can be combined with
each other, but it is based on that those skilled in the art can realize. When the combination of technical solutions is
contradictory or cannot be realized, it should be considered that such combination of technical solutions does not existand
is not within the scope claimed by the present application.

[0013] With the evolution of technology and the expansion of business and information processing needs, the
integration of communication and sensing has become one of the dominant trends in future technology and business.
Future networks are expected to be a fusion of mobile communication networks, sensing networks, and computing
networks. In conventional networks, communication and sensing exist independently, while the integrated design of
communication and sensing can reduce the waste of wireless spectrum and hardware resources, and reduce latency
during information processing.

[0014] Therefore, the presentapplication provides an antenna unit. FIG. 1 to FIG. 13 is embodiments of the antenna unit
provided in the present application. The antenna unit will be described below with reference to specific accompanying
drawings.

[0015] Referring to FIG. 1 to FIG. 13, the antenna unit 100 includes a plurality of radiation oscillators 1, at least one
feeding part 2, and a switch apparatus 4. The radiation oscillators 1 are provided along a first longitudinal direction. The
feeding part 2 is electrically connected to the radiation oscillator 1 via a feeding channel 3. The switch apparatus 4 is
provided at the feeding channels 3 and configured to control connection and disconnection between at least one of the
radiation oscillators 1 and the feeding part 2.

[0016] Inthe technical solution of the present application, when the antenna unit 100 is configured for communication,
generally, connecting the plurality of radiation oscillators 1 to the feeding part 2 to obtain the farthest radiation distance and
ensure communication quality. At this time, the beam angle after loading the plurality of radiation oscillators 1 is small, this
can meet the communication requirements. However, when the antenna unit 100 is configured to sense signals, the small
beam angle results in low spatial coverage in the first direction. Although the coverage range in the first direction can be
improved by performing multi-channel digital scanning in the first direction of the antenna unit 100 or by adding phase
shifters 5 for simulated beam scanning, multi-channel digital scanning requires increasing the number of channels and
expanding the antenna array, which has high implementation cost. In the scheme of adding phase shifters 5 for simulated
beam scanning, it is not necessary to expand the antenna array, but the plurality of phase shifters 5 need to be added,
which is complex to control and also has a high cost. Therefore, in the present application, a switch apparatus 4 is provided
atthe feeding channel 3. The switch apparatus 4 controls the number of operating radiation oscillators 1 within the antenna
unit 100. When the antenna unit 100 is configured for signal sensing, the number of operating radiation oscillators 1 can be
reduced to shorten the sensing distance while achieving a larger beam angle, thus improving sensing coverage in the first
direction and meeting the spatial coverage requirements of the sensing signal. This solution is simple to implement, low in
cost, and effective. Simultaneously, when the antenna unit 100 is configured for communication, the switch apparatus 4
can be controlled to connect the plurality of radiation oscillators 1 to the feeding part 2, restoring the communication usage
state of the antenna unit 100 without affecting its communication function. Thus, the switch apparatus 4 can control the
antenna unit 100 to switch between communication mode and sensing signal mode, so as to realize the integration of
communication function and signal sensing function and realize the integrated setting of communication and sensing.
[0017] The antenna unit 100 can also be configured without the switch apparatus 4. It can be loaded by the plurality of
radiation oscillators 1 and used for both communication and sensing signals, thus achieving integrated communication
and sensing capabilities for the antenna unit 100. However, as mentioned above, after loading the plurality of radiation
oscillators 1, the beam angle is smaller and the spatial coverage is lower. When sensing signals, the covered spatial range
is small, and it can only sense signals within a relatively small area, resulting in poor practicality. Therefore, when the switch
apparatus 4 is configured to select the sensing signal mode, the number of radiation oscillators 1 connected to the feeding
part 2 is primarily based on actual usage requirements and is not limited. The more connected radiation oscillators 1, the
farther the sensing distance, but the lower the spatial coverage; the more radiation oscillators 1, the more complex the
beam loading and tuning becomes. Conversely, fewer connected radiation oscillators 1 result in a shorter sensing
distance, but higher spatial coverage, and simpler beam loading and tuning.

[0018] Referringto FIG.5toFIG. 7, in the first embodiment of the antenna unit 100, at least two feeding channels 3 are
provided, one feeding channel 3 is connected to the feeding part 2 and at least one of the radiation oscillators 1, and the
other feeding channel 3 is connected to the feeding part 2 and a portion of the radiation oscillators 1; and the switch
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apparatus 4 is provided between the two feeding channels a3 and the feeding part 2. The two feeding channels 3 include a
first feeding channel 31 and a second feeding channel 32. By setting at least two feeding channels 3 to correspond to the
communication mode and sensing signal mode of the antenna unit 100 respectively, in this embodiment, the two modes
are directly distinguished. The first feeding channel 31 or the second feeding channel 32 is selected by the switch
apparatus 4, thereby directly completing the mode switching of the antenna unit 100. The feeding channel 3 has a large
number of channels and occupies a large area, but the logic is simple, easy to operate, and convenient to implement. The
number of feeding channels 3 is set according to the number of sensing signal modes of the antenna unit 100. That is,
different numbers of radiation oscillators 1 are configured to sense signals according to different requirements, necessi-
tating different numbers of feeding channels 3. The switch apparatus 4 is configured to select the desired feeding channel 3
from among the plurality of feeding channels 3 for connection, satisfying the usage requirements. However, obviously, the
more feeding channels 3 there are, the larger the area occupied and the more complex it becomes. Considering practical
usage requirements, as in the first embodiment of the antenna unit 100 described above, two feeding channels 3 are set,
corresponding to the communication mode and sensing signal mode of the antenna unit 100 respectively, which is simple
and practical. The number of radiation oscillators 1 connected in the second feeding channel 32 is mainly based on actual
needs, as described in detail above, and will not be repeated here.

[0019] Inafirstembodimentofthe antenna unit 100, the switch apparatus 4 has multiple embodiments correspondingly,
as shownin FIG. 5. In the firstembodiment of the switch apparatus 4, the switch apparatus 4 includes a switching switch 41
provided between the two feeding channels 3 and the feeding part 2, the switching switch 41 is configured to switch one of
the two feeding channels 3 to electrically connect to the feeding part 2. In this embodiment, the switch apparatus 4 is
configured as the switching switch 41, which can select between the first feeding channel 31 and the second feeding
channel 32. It has a simple structure, is easy to operate, and avoids the abnormal situation where the switch apparatus 4
simultaneously connects the first feeding channel 31 and the second feeding channel 32. In a second embodiment of the
switch apparatus 4, referring to FIG. 6, the switch apparatus 4 includes two first switches 42 respectively provided at the
two feeding channels 3. In this embodiment, one first switch 42 is respectively provided at the first feeding channel 31 and
the second feeding channel 32, which can independently control the connection between the first feeding channel 31 and
the second feeding channel 32. When one first switch 42 is damaged and fails, the other first switch 42 can still perform its
function, satisfying the normal use of the antenna unit 100 in one mode, so as to minimize the impact of the damage to the
antenna unit 100 caused by the first switch 42.

[0020] Based on the second embodiment of the switch apparatus 4, a third embodiment of the switch apparatus 4 is
given, specifically referring to FIG. 7. A plurality of the feeding part 2 can be provided. Regarding the configuration of the
first feeding channel 31 and the second feeding channel 32, it can be that the first feeding channel 31 and the second
feeding channel 32 are respectively connected to one feeding part 2. In this case, the plurality of feeding parts 2 can feed
the same digital signal. The first switch 42 is also respectively configured on one feeding channel 3 to control two feeding
channels 3 to connect to their corresponding feeding parts 2.

[0021] Furthermore, regarding the aforementioned problem of having multiple feeding channels 3 to correspond to
different usage modes of the antenna unit 100, resulting in a large number of feeding channels 3, a large area occupied,
and complex installation, the present application also proposes a second embodiment of the antenna unit 100, specifically
referring to FIG. 8to FIG. 13. The feeding channel 3 includes a main channel 33 and branch channels 34. The main channel
33 is connected to the feeding part 2; the branch channel 34 are connected to the main channel 33, the branch channel 34
includes a plurality of branch roads 341, and the branch road 341 is connected to the radiation oscillator 1; at least one of
the main channel 33 and the branch channel 34 is provided with the switch apparatus 4. The branch channel 34 includes a
branch road 341 connected to the plurality of radiation oscillators 1. At this time, setting the switch apparatus 4 in the branch
channel 34 allows selective connection of the radiation oscillator 1 within the branch channel 34. Conversely, at this time,
setting the switch apparatus 4 in the main channel 33 allows selective connection of at least a portion of the radiation
oscillator 1 within the branch channel 34 with the feeding part 2. This configuration allows for the selection of multiple
radiation oscillators 1 within the antenna unit 100 by coordinating the feeding channel 3 and the switch apparatus 4 on the
feeding channel 3, thus satisfying different usage modes of the antenna unit 100. Compared to the first embodiment of the
antenna unit 100 which uses multiple radiation channels to correspond to different usage modes of the antenna unit 100,
this embodiment features radiation channels that occupy less space, have higher utilization, lower cost, and are more
practical.

[0022] ReferringtoFIG.8toFIG. 9, are the first second embodiment and the second embodiment of the branch channel
34, where one end of the plurality of branch roads 341 is connected to the main channel 33. In this embodiment, the plurality
ofradiation oscillators 1 are directly connected in parallel to the main channel 33. The feeding channel 3 is simple to lay and
easy to implement. Correspondingly, the switch apparatus 4 has multiple embodiments, that is, the switch apparatus 4 is
provided atthe branch road 341 or the switch apparatus 4 is provided at the main channel 33. In the first embodiment of the
branch channel 34, referring to FIG. 8, the branch road 341 is equipped with the switch apparatus 4, so that one radiation
oscillator 1 corresponds to one switch apparatus 4, allowing each radiation oscillator 1 to be independently controlled. This
provides flexible operation. However, the setup of the switch apparatus 4 is cumbersome. Furthermore, during the
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switching between the communication mode and the sensing signal mode of the antenna unit 100, the number of radiation
oscillators 1 used is relatively fixed, requiring no flexible control. Therefore, independent control of each radiation oscillator
1 is impractical.

[0023] Based on this, a second embodiment of the branch channel 34 is proposed, specifically referring to FIG. 9. The
plurality of radiation oscillators 1 include a first radiation oscillator 11 and a second radiation oscillator 12; the plurality of
branch roads 341 include a first branch road 3411 connected to the first radiation oscillator 11 and a second branch road
3412 connected to the second radiation oscillator 12; one end of the main channel 33 is connected to the feeding part 2, the
main channel 33 is provided with a first connection point 331 connected to the first branch road 3411 and a second
connection point 332 connected to the second branch road 3412, and the first connection point 331 is provided between
the second connection point 332 and the feeding part 2; and the switch apparatus 4 includes a second switch 43 provided
between the first connection point 331 and the second connection point 332. Thatis, when the plurality of branch roads 341
are connected in parallel to the main channel 33, the switch apparatus 4 is provided at the main channel 33, and the switch
apparatus 4 is adjusted to be the second switch 43 provided between the above-mentioned first connection point 331 and
the second connection point 332. The second switch 43 then connects and disconnects the main channel 33, controls the
connection and disconnection between the main channel 33 and the second branch road 3412, thus serving as a selection
function for the radiation oscillator 1.

[0024] plurality of second radiation oscillators 12 are provided. During the setting of the position of the second switch 43,
atleast one second branch roads 3412 are provided, and in this embodiment, a plurality of second branch roads 3412 are
provided, meaning the plurality of second radiation oscillators 12 are provided. This allows the second switch 43 to
simultaneously control the connection and disconnection of the plurality of second radiation oscillators 12. Compared to
the above method where the switch apparatus 4 independently controls each radiation oscillator 1, this method is clearly
less costly.

[0025] Furthermore, referring to FIG. 10 to FIG. 13, for the third embodiment to the sixth embodiment of the branch
channel 34, the radiation oscillator 1 includes a first radiation oscillator 11 and a plurality of second radiation oscillators 12;
the plurality of branch roads 341 include a first branch road 3411 connected to the first radiation oscillator 11 and a plurality
of second branch roads 3412 correspondingly connected to the plurality of second radiation oscillators 12; the branch
channel 34 includes a plurality of diversion channels 342 connecting the main channel 33 and the plurality of branch roads
341, at least one of the diversion channels 342 includes a first connection channel 3421, one end of the first connection
channel 3421 is connected to at least two of the branch roads 341, and a branch road 341 connected to the first connection
channel 3421 is the second branch road 3412; and the switch apparatus 4 is configured to control connection and
disconnection with the first connection channel 3421. That is, the branch channel 34 includes the plurality of parallel
diversion channels 342, and each diversion channel 342 can be connected to at least one branch road 341. When the
antenna unit 100 switches between communication mode and sensing signal mode, if it is necessary to switch the
connection and disconnection of the plurality of radiation oscillators 1 (that s, to switch the connection and disconnection of
the plurality of second radiation oscillators 12), the plurality of second branch roads 3412 corresponding to the plurality of
second radiation oscillators 12 can be centrally connected to the diversion channel 342, that is, connected to the first
connection channel 3421. The switch apparatus 4 controls the connection and disconnection of the first connection
channel 3421 to achieve synchronous control of the connection and disconnection of the plurality of second radiation
oscillators 12.

[0026] ReferringtoFIG. 10, whichis athirdembodimentof the branch channel 34, the switch apparatus 4 includes a third
switch 44 provided at the first connection channel. That is, the third switch 44 is directly provided at the first connection
channel, and when there are the plurality of first connection channels, each first connection channel is controlled by a
corresponding third switch 44, thus enabling independent control and avoiding impact on other branch roads 341.
[0027] Furthermore, referring to FIG. 11, in a fourth embodiment of the branch channel 34, the feeding part 2 is
connected to a middle section of the main channel 33, the feeding part 2 is configured to divide the main channel 33 into a
first flow channel section 333 and a second flow channel section 334; the other end of the first connection channel 3421 is
connected to the first flow channel section 333, and the other diversion channels 342 are connected to the second flow
channel section 334; and the switch apparatus 4 includes a fourth switch 45 provided at the first flow channel section 333.
Corresponding to the third embodiment of the branch channel 34, by connecting the feeding part 2 to the middle section of
the main channel 33, the main channel 33 is divided into a first flow channel section 333 and a second flow channel section
334. In this case, the first flow channel section 333 is only connected to the first connection channel 3421, while the other
diversion channels 342 are connected to the second flow channel section 334. This allows the switch apparatus 4 to be
configured as the fourth switch 45 provided at the first flow channel section 333, and the fourth switch 45 is also configured
to connect and disconnect the first connection channel 3421.

[0028] Furthermore, referring to FIG. 12, which is a fifth embodiment of the branch channel 34, at least one of the
diversion channels 342 includes a first hybrid connection channel 3422 and a first connection channel 3421; one end of the
first hybrid connection channel 3422 is connected to the main channel 33; one end of the first connection channel 3421 is
connected to atleast two of the branch roads 341, and a branch road 341 connected to the first connection channel 3421 is



10

15

20

25

30

35

40

45

50

55

EP 4 773 440 A1

the second branch road 3412; the other end of the first hybrid connection channel 3422 is connected to the other end of the
first connection channel 3421 and to at least one of the first branch roads 3411. In this embodiment, the diversion channel
342 includes a first hybrid connection channel 3422, and the first hybrid connection channel 3422 connects to the main
channel 33 and diverts traffic to the first connection channel 3421 and atleast one first branch road 3411; thatis, the trafficis
diverted to the plurality of second radiation oscillators 12 and at least one first radiation oscillator 11 integrated by the first
connection channel 3421. In this case, the switch apparatus 4 can be provided at the first connection channel 3421 or at
one end of the hybrid connection channel 3422 connecting to the first connection channel 3421, as long as it enables
connection and disconnection of the first connection channel 3421. No limitation is imposed here; the choice depends on
actual usage requirements.

[0029] Referring to FIG. 13, which is the sixth embodiment of the branch channel 34, at least one of the diversion
channels 342 includes a second hybrid connection channel 3424 and a second connection channel 3423. One end of the
second hybrid connection channel 3424 is connected to the main channel 33; and one end of the second connection
channel 3423 is connected to at least two of the branch roads 341, and the branch road 341 connected to the second
connection channel 3423 is the first branch road 3411; the other end of the second hybrid connection channel 3424 is
connected to the other end of the second connection channel 3423 and at least one of the second branch roads 3412.
Corresponding to the fifth embodiment of the branch channel 34, the diversion channel 342 may further include a second
hybrid connection channel 3424. This second hybrid connection channel 3424 connects to the main channel 33 and
diverts traffic to the second connection channel 3423 and at least one second branch road 3412; that is, the traffic is
diverted to the plurality of first radiation oscillators 11 and at least one second radiation oscillator 12 integrated by the
second connection channel 3423. In this case, the switch apparatus 4 can be provided at the second branch road 3412, or
at one end of the hybrid connection channel 3424 connecting to the second branch road 3412, as long as it enables
connection and disconnection of two branch roads 3412. No limitation is imposed here; the choice depends on actual
usage requirements.

[0030] Furthermore, the radiation oscillator 1 includes a first radiation oscillator 11 and a second radiation oscillator 12,
and the switch apparatus 4 is configured to control connection and disconnection between the second radiation oscillator
12 and the feeding part 2; and the radiation oscillator 1 includes at least two first radiation oscillators 11. When the antenna
unit 100 is in the signal sensing mode, the specific setting of the number of radiation oscillators 1 connected to the feeding
part 2 has been described in detail above and will not be repeated here. In this embodiment, at least two first radiation
oscillators 11 are connected to the feeding part 2.

[0031] The two firstradiation oscillators 11 are provided adjacent to each other in afirst direction. Generally, the plurality
of radiation oscillators 1 on the antenna unit 100 are provided along a first direction. When the antenna unit 100 is in
communication mode, all the radiation oscillators 1 are connected to the feeding part 2 to form a radiating whole by loading.
Generally, the distance between adjacent radiation oscillators 1 is a certain value to facilitate beam adjustment after the
plurality of radiation oscillators 1 are loaded. When the antenna unit 100 is in the sensing signal mode, the feeding part 2 is
connected to at least two first radiation oscillators 11. When the two first radiation oscillators 11 are spaced apart by the
second radiation oscillator 12, the beam loading of the two first radiation oscillators 11 needs to be further adjusted.
Compared with directly setting the two first radiation oscillators 11 adjacently, the required operation and design steps are
more numerous, more complex, and less practical. Therefore, in this embodiment, the two first radiation oscillators 11 are
directly provided adjacently in the first direction.

[0032] In addition, a phase shifter 5 is provided at the feeding channel, and the phase shifter 5 includes a first phase
shifter 51 capable of controlling a phase of one of the two first radiation oscillators 11. When the two first radiation oscillators
11 are connected to the feeding part 2, their beam extension direction is the second transverse direction. Compared to
using only one first radiation oscillator 11, using two first radiation oscillators 11 reduces the beam angle by nearly half,
which does not meet the spatial coverage for the upper half of the horizontal plane or the spatial coverage for the lower half
of the horizontal plane in practical use. Therefore, in this embodiment, a first phase shifter 51 is provided on the feeding
path. By changing the phase of one of the two first radiation oscillators 11 by the first phase shifter 51, the beams extended
along the second transverse direction loaded by both are deflected in the first longitudinal direction. Corresponding to
actual use, the beam can be tilted upward relative to the horizontal plane to meet the spatial coverage of the upper half of
the horizontal plane, or the beam can be tilted downward relative to the horizontal plane to meet the spatial coverage of the
lower half of the horizontal plane. The phase shifting of the first phase shifter 51 is selected according to actual needs and is
not limited here.

[0033] Furthermore, a phase shifter 5 is provided at the feeding channel 3, and the phase shifter 5 includes a second
phase shifter 52 capable of controlling phases of a portion of the plurality of radiation oscillators 1. When the antenna unit
100 is in communication mode, itis generally necessary to ensure beam coverage of the lower half of its horizontal plane to
guarantee communication quality. Without setting the second phase shifter 52, the beams of the multiple radiation
oscillators 1 after loading extend horizontally, and their beam angles are small, failing to meet the requirement of beam
coverage of the lower half of the horizontal plane. Therefore, in this embodiment, the second phase shifter 52 is added to tilt
the beams of the plurality of radiation oscillators 1 downwards relative to the horizontal plane, thereby achieving beam
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coverage of the lower half of the horizontal plane and ensuring communication quality.

[0034] Furthermore, the switch apparatus 4 includes a switch unit 46 connected in series at the feeding channel 3; and
the switch apparatus 4 includes a grounding channel 47 connected in parallel to the feeding channel 3 and a switch unit 46
provided at the grounding channel 47. The switch apparatus 4 can be configured in several ways. The present application
proposes two configuration methods. The first configuration method involves a switch unit 46 directly connected in series
at the feeding channel 3, controlling the connection and disconnection of the feeding channel 3 by directly switching. The
second configuration method involves a grounding channel 47 connected in parallel to the feeding channel 3, a switch unit
46 is connected in series with the grounding channel 47, so as to control the connection and disconnection of the switch unit
46, to cause that the portion of the feeding channel 3 downstream of the grounding channel 47 is grounded and shielded by
the grounding channel 47, which also allows for control of the connection and disconnection of the feeding channel 3. The
present application does not limit the specific configuration of either configuration; any configuration that meets the usage
requirements is acceptable.

[0035] Furthermore, the radiation oscillator 1 includes a dual-polarized radiation oscillator 1, and the feeding part 2, the
feeding channel 3, and the switch apparatus 4 are correspondingly configured in two sets. The radiation oscillator 1 can be
a single-polarized radiation oscillator 1, a circularly polarized radiation oscillator 1, or a dual-polarized radiation oscillator 1,
depending on the actual usage requirements, and is not limited here. In this embodiment, the dual-polarized radiation
oscillator 1 is used. Based on this, the feeding part 2, the feeding channel 3, and the switch apparatus 4 needs to be
configured as two sets to control and connect one polarized radiation unit in the dual-polarized radiation oscillator 1
respectively.

[0036] A phase shifter 5 is provided at the feeding channel 3, and is correspondingly provided at two sets of feeding
channels 3. The specific installation and function of the phase shifter 5 have been described in detail above and will not be
repeated here. Based on the configuration of the dual-polarized radiation oscillator 1, when the feeding part 2, the feeding
channel 3, and the switch apparatus 4 are configured in two sets, the phase shifter 5 also needs to be configured in two
corresponding sets to meet the usage requirements.

[0037] Specifically, referring to FIG. 1, in the first specific embodiment of the antenna unit 100 of the present application,
the feeding part 2 is sequentially connected to the branch road 341 where the six dual-polarized radiation oscillators 1 are
provided via the main channel 33. A second phase shifter 52 is loaded at the position between the third radiation oscillator 1
and the fourth radiation oscillator 1 in the first longitudinal direction of the main channel 33, thereby realizing electrically
adjustable downtilt control of the channel beam of the antenna unit 100 in communication mode. Simultaneously, a switch
apparatus 4 is loaded between the fifth radiation oscillator 1 and the sixth radiation oscillator 1 in the first longitudinal
direction of the main channel 33, and the switch apparatus 4 and the second phase shifter 52 are correspondingly arranged
onthe two sets of feeding channels 3. When the switch apparatus 4 is in the first state, the radio frequency signal emitted by
the feeding part 2 is transmitted to the six radiation oscillators 1 via the feeding channel 3, forming a narrow communication
beam to achieve ground communication coverage. Simultaneously, the second phase shifter 52 is used to electrically
adjust and control the downtilt of the ground communication beam. When the switch apparatus 4 is in the second state, the
top five radiation oscillators 1 in the feeding channel 3 are blocked by the switch apparatus 4, and the radio frequency signal
cannotbe transmitted to these five radiation oscillators 1; the radio frequency signal is only transmitted to the sixth radiation
oscillator 1. In a conventional base station antenna layout, the channel beamis a60° to 70° wide beam, and the air-sensing
beam coverage can reach more than 30°. As shown in the beam diagram, the beam width is 60° to 70°, which is the angle
represented by the dashed line in the beam. Since the maximum beam direction is horizontal, the upward beamwidth in the
horizontal direction is half the total beamwidth, which is more than 30°. Therefore, full vertical beam coverage is achieved.
[0038] Referring to FIG. 2, in the second specific embodiment of the antenna unit 100 of the present application, the
feeding part 2 is connected to six dual-polarized radiation oscillators 1 via a parallel-feed power divider. The parallel-feed
power divider has a two-stage design: first, every three radiation oscillators 1 are connected using a 1-to-3 power divider;
then, a 1-to-2 power divider combines the two paths. Simultaneously, the second phase shifter 52 is loaded on the branch
road 341 of the 1-to-2 power divider to achieve electrically adjustable downtilt control of the channel beam. Simultaneously,
the switch apparatus 4 is loaded in the branch road 341 of the 1-to-2 and 1-to-3 power dividers, and the switch apparatus 4
and the second phase shifter 52 are correspondingly installed on the two sets of feeding channels 3. When the switch
apparatus 4 is in the first state, the radio frequency signal is transmitted to the six radiation oscillators 1 via the feeding
channel 3, forming a narrow communication beam to achieve ground communication coverage. At the same time, the
second phase shifter 52 is used to realize the electrical downtilt control and adjustment of the ground communication
beam. When the switch apparatus 4 is in the second state, the top five radiation oscillators 1 in the feeding channel 3 are
isolated by the switch, and the radio frequency signal cannot be transmitted to these five radiation oscillators 1. All signals
are only transmitted to the sixth radiation oscillator 1. In a conventional base station antenna layout, the channel beamis a
60° to 70° wide beam, and the air-sensing beam coverage can reach over 30°. As shown in the beam diagram, the
beamwidthis 60° to 70°, which is the angle represented by the dashed line in the beam. Since the maximum beam direction
is horizontal, the upward beamwidth in the horizontal direction is half the total beamwidth, which is over 30°. Therefore, full
vertical beam coverage is achieved.
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[0039] ReferringtoFIG. 3, in the third specific embodiment of the antenna unit 100 of the present application, the feeding
part 2 is connected to the six dual-polarized radiation oscillators 1 via a parallel-feed power divider. The parallel-feed power
divider is designed in two stages: first, every three radiation oscillators 1 are connected using a 1-to-3 power divider, and
then the two paths are combined using a 1-to-2 power divider. Simultaneously, the second phase shifter 52 isloaded on the
upper branchroad 341 ofthe 1-to-2 power divider to achieve electrically adjustable downtilt control of the channel beam. To
selectthe radiation oscillators 1, the switch apparatus 4 is introduced into the network branch road 341 in the figure, and the
first phase shifter 51 is loaded into the network of the bottom two radiation oscillators 1. When the switch apparatus 4 is in
the first state, the radio frequency signal is transmitted to the six radiation oscillators 1 via the feeding channel 3, forming a
narrow communication beam to achieve ground communication coverage. Simultaneously, the two second phase shifters
52 are used to electrically adjust and control the downtilt of the ground communication beam. When the switch apparatus 4
is in the second state, the upper four units of the feeding channel 3 are isolated by the switch apparatus 4, and the radio
frequency signal cannot be transmitted to these four radiation oscillators 1. All signals are transmitted only to the fifth
radiation oscillator 1 and the sixth radiation oscillator 1. In a conventional base station antenna layout, the channel beamis
a 30°to 35° beam at this time. By using the lower first phase shifter 51 to adjust the beam pointing upwards by 15°to 18°, the
air-sensing beam coverage can reach over 30°. As shown in the diagram, the beamwidth is 30° to 35°, which is the angle
represented by the dashed line in the beam. To achieve coverage of the upper half of space, the first phase shifter 51
between the two radiation oscillators 1 after switching using the switch apparatus 4 is used to make the maximum beam
angle upward by 15° to 18°. At this time, the horizontal upward beamwidth is greater than 30° (that is, the beamwidth).
Therefore, beam coverage of the entire vertical space is achieved.

[0040] Referring to FIG. 4, in the fourth specific embodiment of the antenna unit 100 of the present application, the
feeding part 2 is connected to the six dual-polarized radiation oscillators 1 via a parallel-feed power divider. The power
divider is designed in two stages. First, every three radiation oscillators 1 is connected using a 1-to-3 power divider, and
then the two paths are combined using a 1-to-2 power divider. Simultaneously, the second phase shifter 52 is applied to the
upper branchroad 341 ofthe 1-to-2 power divider to achieve electrically adjustable downtilt control of the channel beam. To
select the radiation oscillators 1, a switch apparatus 4 is introduced into the network branch road 341 in the figure. When
the switch apparatus 4 is in its first state, the radio frequency signal is transmitted to the six radiation oscillators 1 via the
feeding channel 3, combining a narrow communication beam to achieve ground communication coverage. At the same
time, the second phase shifter 52 is used to achieve electrically adjustable downtilt control and adjustment of the ground
communication beam. When the switch apparatus 4 is in the second state, the top two and bottom two radiation oscillators
1in the feeding channel 3 are isolated by the switch apparatus 4, and the radio frequency signal cannot be transmitted to
these four radiation oscillators 1. All signals are only transmitted to the third radiation oscillator 1 and the fourth radiation
oscillator 1. In a conventional base station antenna layout, the channel beam is a 30° to 35° beam at this time. By using the
second phase shifter 52 (in this embodiment, the first phase shifter 51 and the second phase shifter 52 are the same phase
shifter 5) to adjust the beam pointing upwards by 15° to 18°, the air sensing beam coverage can reach more than 30°. As
shown in the beam diagram, the beamwidth is 30° to 35°, which is the angle of the dashed line in the beam. To achieve
coverage of the upper half of the space, the second phase shifter 52 between the two radiation oscillators 1 after switching
using the switch apparatus 4 causes the beam to point upwards at a maximum angle of 15° to 18°. At this angle, the
horizontal upward beamwidth is greater than 30° (thatis, the beamwidth). Thus, beam coverage of the entire vertical space
is achieved.

[0041] The present application also proposes an antenna array 1000, which includes antenna units 100. The specific
structure of the antenna unit 100 is described in the above embodiments. Since the antenna array 1000 adopts all the
technical solutions of all the above embodiments, it possesses at least all the beneficial effects brought about by the
technical solutions of the above embodiments, which will not be elaborated further here. The plurality of antenna units 100
are provided in an array.

[0042] The plurality of antenna units 100 provided along a first direction form an antenna group 200, and the antenna
array 1000 includes a plurality of the antenna groups 200 provided along a second transverse direction; two antenna units
100 at both ends of at least one antenna group 200, in response to that the switch apparatus 4 controls disconnection
between atleast one radiation oscillator 1 and the feeding part 2, have a channel spacing greater than their center distance.
The distance between the longitudinal center point of the plurality of radiation oscillators 1 connected to the feed section on
one antenna unit 100 and the longitudinal center point of the plurality of radiation oscillators 1 connected to the feed section
on another antenna unit 100 is defined as the channel spacing. From the perspective of the target angle measurement
mechanism, the larger the aperture of the antenna array 1000, that is, the larger the channel spacing between the two
antenna units 100, the higher the angular resolution and the higher the sensing accuracy. Therefore, in rooftop design, itis
necessary to maximize the maximum distance between channels within the limited rooftop space to obtain a larger
aperture. Based on this, in this embodiment, the channel spacing between the two antenna units 100 in signal sensing
mode is set to be at least greater than the center distance between them, in order to increase the maximum distance
between channels and improve sensing accuracy.

[0043] Inresponse tothatthe switch apparatus 4 within the antenna unit 100 controls the disconnection between at least
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one radiation oscillator 1 and the feeding part 2, the antenna array 1000 includes at least two antenna unit groups 300
forming different channel spacing, and the antenna unit group 300 includes two antenna units 100 provided at intervals in
the first direction. Given a fixed number of digital channels, increasing the aperture inevitably leads to an increase in the
channel spacing, potentially introducing target mirroring issues and affecting sensing accuracy. Therefore, in this
embodiment, in addition to the antenna group 200 with the maximum distance between the channels as described
above, an antenna unit group 300 with a different maximum distance is also provided. When the antenna array 1000 has
only two rows in the second horizontal direction, one antenna group 200 is equivalent to one antenna unit group 300. At this
time, the channel spacing of the plurality of antenna groups 200 arranged in the second horizontal direction is set to be
different, so that the antenna array 1000 has different apertures, which satisfies the requirement of improving sensing
accuracy while suppressing the mirror problem. When the antenna array 1000 is arranged in at least three rows in the
second horizontal direction, an antenna group 200 may include the plurality of antenna unit groups 300, allowing antenna
unit groups 300 with different channel spacing to be arranged within the antenna group 200. This enables the antenna
group 200 to have different apertures, satisfying the requirement of improving sensing accuracy while suppressing image
problems.

[0044] Larger channel spacing between two antenna units 100 can improve angular resolution, but it will cause a
mirroring problem. Conversely, smaller channel spacing between two antenna units 100 can reduce the mirroring problem,
but it will reduce angular resolution. Both settings will affect the final sensing accuracy. Therefore, there is no perfect
solution when setting the channel spacing between two antenna units 100. Thus, when designing the antenna array 1000,
it is necessary to consider both aperture and mirror suppression effects. The design should be based on a larger spacing
between some antenna unit groups 300 and a smaller spacing between some antenna unit groups 300 to comprehen-
sively meet the sensing accuracy requirements of the antenna array.

[0045] Referring to FIG. 14 and FIG. 15, in a specific embodiment of the antenna array 1000 described in the present
application, the antenna array 1000 is composed of two antenna units 100 as described in the fourth embodiment above
and four antenna units 100 as described in the third embodiment above, arranged in an array to form a two-row, three-
column antenna array. When all the switch apparatus 4 are in the second state, only the radiation oscillator 1 in the dark
position shown in FIG. 15 is connected to the feeding part 2. At this time, the maximum aperture in the vertical direction of
the entire array is determined by the centers of the two most distant equivalent channels in the third column of the array, and
its aperture size is equal to 10 times the spacing of the radiation oscillators 1. In contrast, the antenna array composed of
conventional fixed six-element antenna units 300 arranged in the same pattern has a vertical aperture only six times the
spacing between the radiation oscillators 1. Therefore, the array design presented in the present application can achieve a
larger aperture without increasing the number of radiation oscillators 1, thus enabling higher-precision target sensing.
However, if each column of the antenna array 1000 uses the same antenna group combination as the third column, the
large spacing between the two channels, while resulting in a large vertical aperture, may lead to multiple target mirror
images during target sensing, affecting accuracy. Therefore, the present application selects different radiation oscillator 1
combinations in the first and second columns compared to the third column. Combining the three columns of antenna
groups 200 for target sensing effectively suppresses the mirrorimage problem. In summary, by employing various antenna
architectures and combining them appropriately, an antenna array 1000 with a larger antenna aperture can be obtained
without increasing the number of radiation oscillators 1, thereby suppressing the image of the sensed target and achieving
higher precision sensing.

[0046] The above descriptions are merely some embodiments of the present application and do notlimit the scope of the
present application. All equivalent structural transformations made based on the inventive concept of the present
application and the content of this specification and drawings, or direct/indirect applications in other related technical
fields, are included within the scope of the present application.

Claims
1. An antenna unit, characterized by comprising:

a plurality of radiation oscillators provided along a first longitudinal direction;

atleast one feeding part, wherein the feeding part is electrically connected to the radiation oscillator via a feeding
channel; and

a switch apparatus provided at the feeding channel and configured to control connection and disconnection
between at least one of the radiation oscillators and the feeding part.

2. The antenna unit according to claim 1, wherein at least two feeding channels are provided, one feeding channel is

connected to the feeding partand atleast one of the radiation oscillators, and the other feeding channelis connected to
the feeding part and a portion of the radiation oscillators; and
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the switch apparatus is provided between the two feeding channels and the feeding part.

The antenna unit according to claim 2, wherein the switch apparatus comprises a switching switch provided between
the two feeding channels and the feeding part, the switching switch is configured to switch one of the two feeding
channels to electrically connect to the feeding part; or

the switch apparatus comprises two first switches respectively provided at the two feeding channels.

The antenna unit according to claim 1, wherein the feeding channel comprises:

a main channel connected to the feeding part; and

a branch channel connected to the main channel, wherein the branch channel comprises a plurality of branch
roads, and the branch road is connected to the radiation oscillator;

at least one of the main channel and the branch channel is provided with the switch apparatus.

The antenna unit according to claim 4, wherein one end of the plurality of branch roads is connected to the main
channel.

The antenna unit according to claim 5, wherein the plurality of radiation oscillators comprise a first radiation oscillator
and a second radiation oscillator;

the plurality of branch roads comprise a first branch road connected to the first radiation oscillator and a second
branch road connected to the second radiation oscillator;

one end of the main channel is connected to the feeding part, the main channel is provided with a first connection
point connected to the first branch road and a second connection point connected to the second branch road, and
the first connection point is provided between the second connection point and the feeding part; and

the switch apparatus comprises a second switch provided between the first connection point and the second
connection point.

7. The antenna unit according to claim 4, wherein the radiation oscillator comprises a first radiation oscillator and a

plurality of second radiation oscillators;

the plurality of branch roads comprise a first branch road connected to the first radiation oscillator and a plurality of
second branch roads correspondingly connected to the plurality of second radiation oscillators;

the branch channel comprises a plurality of diversion channels connecting the main channel and the plurality of
branch roads, at least one of the diversion channels comprises a first connection channel, one end of the first
connection channel is connected to at least two of the branch roads, and a branch road connected to the first
connection channel is the second branch road; and

the switch apparatus is configured to control connection and disconnection with the first connection channel.

The antenna unit according to claim 7, wherein the switch apparatus comprises a third switch provided at the first
connection channel.

The antenna unit according to claim 7, wherein the feeding part is connected to a middle section of the main channel,
the feeding part is configured to divide the main channel into a first flow channel section and a second flow channel
section;

the other end of the first connection channel is connected to the first flow channel section, and the other diversion
channels are connected to the second flow channel section; and
the switch apparatus comprises a fourth switch provided at the first flow channel section.

10. The antenna unit according to claim 7, wherein at least one of the diversion channels comprises:

afirst hybrid connection channel, wherein one end of the first hybrid connection channel is connected to the main
channel; and

a first connection channel, wherein one end of the first connection channel is connected to at least two of the
branch roads, and the branch road connected to the first connection channel is the second branch road;
wherein the other end of the first hybrid connection channel is connected to the other end of the first connection
channel and to at least one of the first branch roads.
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The antenna unit according to claim 7, wherein at least one of the diversion channels comprises:

a second hybrid connection channel, wherein one end of the second hybrid connection channel is connected to
the main channel; and

a second connection channel, wherein one end of the second connection channel is connected to at least two of
the branch roads, and the branch road connected to the second connection channel is the first branch road;
wherein the other end of the second hybrid connection channel is connected to the other end of the second
connection channel and at least one of the second branch roads.

The antenna unit according to claim 1, wherein the radiation oscillator comprises a first radiation oscillator and a
second radiation oscillator, and the switch apparatus is configured to control connection and disconnection between
the second radiation oscillator and the feeding part; and

the radiation oscillator comprises at least two first radiation oscillators.

The antennaunitaccording to claim 12, wherein the two first radiation oscillators are provided adjacent to each otherin
a first direction.

The antenna unitaccording to claim 12 or 13, wherein a phase shifter is provided at the feeding channel, and the phase
shifter comprises a first phase shifter capable of controlling a phase of one of the two first radiation oscillators.

The antennaunitaccording to claim 1, wherein a phase shifter is provided at the feeding channel, and the phase shifter
comprises a second phase shifter capable of controlling phases of a portion of the plurality of radiation oscillators.

The antenna unitaccording to claim 1, wherein the switch apparatus comprises a switch unit connected in series atthe
feeding channel; and

the switch apparatus comprises a grounding channel connected in parallel to the feeding channel and a switch unit
provided at the grounding channel.

The antenna unitaccording to claim 1, wherein the switch apparatus comprises a switch unit connected in series atthe
feeding channel.

The antenna unit according to claim 1, wherein the switch apparatus comprises a grounding channel connected in
parallel to the feeding channel and a switch unit provided at the grounding channel.

The antenna unit according to claim 1, wherein the radiation oscillator comprises a dual-polarized radiation oscillator,
and the feeding part, the feeding channel, and the switch apparatus are correspondingly configured in two sets.

An antenna array comprising a plurality of the antenna units according to any one according to claims 1 to 18, and the
plurality of antenna units are provided in an array.

The antenna array according to claim 20, wherein the plurality of antenna units provided along a first direction form an
antennagroup, and the antenna array comprises a plurality of the antenna groups provided along a second transverse
direction; wherein two antenna units at both ends of at least one antenna group, in response to that the switch
apparatus controls disconnection between at least one radiation oscillator and the feeding part, have a channel
spacing greater than their center distance.

The antenna array according to claim 20, wherein in response to that the switch apparatus within the antenna unit
controls the disconnection between atleast one radiation oscillator and the feeding part, the antenna array comprises
atleast two antenna unit groups forming different channel spacing, and the antenna unit group comprises two antenna
units provided at intervals in the first direction.
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