w0 2022/010669 A1 | I 0000 KOO0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert N
o amisaton " > A
International Bureau = (10) International Publication Number
(43) International Publication Date ——’/ WO 2022/010669 A1

13 January 2022 (13.01.2022) WIPOIPCT

(51) International Patent Classification: su 215000 (CN). LI, Yuemin; 68 Su Hong Xi Lu, Suzhou,
HO01Q 1/24 (2006.01) H010 21/24 (2006.01) Jiangsu 215000 (CN).
HO1Q 21/08 (2006.01) (74) Agent: AYERS, D. Randal; MYERS BIGEL, P.A., P.O.
(21) International Application Number: Box 37428, Raleigh, North Carolina 27627 (US).
PCT/US2021/039119 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available). AE, AG, AL, AM,
25 June 2021 (25.06.2021) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
(26) Publication Language: English HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

(25) Filing Language: English

(30) Priority Data:

202010657235.3 09 July 2020 (09.07.2020) CN NZ. OM. PA, PE. PG, PH. PL. PT, QA, RO. RS, RU, RW.
(71) Applicant: COMMSCOPE TECHNOLOGIES LLC SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
[US/US]; 1100 CommScope Place SE, Hickory, North Car- TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

olina 28602 (US). (84) Designated States (unless otherwise indicated, for every

(72) Inventors: WU, Bo; 68 Su Hong Xi Lu, Suzhou, Jiangsu kind of regional protection available): ARIPO (BW, GH,
215000 (CN). SUN, Bin; 68 Su Hong Xi Lu, Suzhou, Jiang- GM, KE, LR, LS, MW, MZ, NA, RW, 8D, SL, ST, 8Z, TZ,

(54) Title: BASE STATION ANTENNA

EXREN 04 o7 34,

i 3211 ~331-1 i“
3212 3312
010

O

Q11

(57) Abstract: A base station antenna includes a first radio frequency ("RF") port; a second RF pott; a first array of radiating elements
that includes a first radiating element, the first radiating element including first and second radiators each having the first polarization
direction, wherein the first radiator is coupled to the first RF port; a second array of radiating elements that includes a second radiating
clement, the second radiating element including a third radiator having the first polarization direction; and a first power divider having
a first input that is coupled to the second RF port, and first and second outputs that are respectively coupled to the second and third
radiators.

[Continued on next page]



WO 2022/010669 A1 |10} 00 00000 A0 OO 0 00O

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2022/010669 PCT/US2021/039119

BASE STATION ANTENNA

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims priority to Chinese Patent Application No.
202010657235 .3, filed July 9, 2020, the entire content of which is incorporated herein by

reference as if set forth fully herein.

FIELD
[0002] The present invention relates to communication systems and, more particularly,

to base station antennas.

BACKGROUND
[0003] Each cell in a cellular communication system has one or more base station

antennas that are configured to provide two-way wireless/radio frequency ("RF") communication
to mobile users geographically located within the cell. FIG. 1A is a schematic diagram of a
conventional base station 60. The base station 60 includes a base station antenna 50 that may be
mounted on raised structure 30. The raised structure 30 may be an antenna tower, but it will be
appreciated that a wide variety of mounting locations may be used including, for example, utility
poles, buildings, water towers and the like. The base station 60 also includes base station
equipment, such as baseband units 40 and radios 42. A single baseband unit 40 and a single radio
42 are shown in FIG. 1A to simplify the drawing, but it will be appreciated that more than one
baseband unit 40 and/or radio 42 may be provided. Additionally, while the radio 42 is shown as
being co-located with the baseband unit 40 at the bottom of the raised structure 30, it will be
appreciated that in other cases the radio 42 may be a remote radio head that is mounted on the

raised structure 30 adjacent the antenna. The baseband unit 40 may receive data from another
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source such as, for example, a backhaul network (not shown) and may process this data and
provide a data stream to the radio 42. The radio 42 may generate RF signals that include the data
encoded therein and may amplify and deliver these RF signals to the base station antenna 50 for
transmission via a cabling connection 44. It will also be appreciated that the base station 60 of
FIG. 1A will typically include various other equipment (not shown) such as, for example, a
power supply, backup batteries, a power bus, Antenna Interface Signal Group ("AISG")
controllers and the like.

[0004] FIG. 1B is a schematic front view of a base station antenna. In FIG. 1B and other
drawings herein, "X" represents a dual-polarized crossed dipole radiating element. The cross-
dipole radiating element includes two dipole radiators orthogonal to each other, and they
transmit/receive signals in polarization directions slanted at -45° and +45° relative to a first
longitudinal direction of the base station antenna, respectively. The base station antenna includes
two linear arrays 50-1 and 50-2. Each linear array 50-1, 50-2 includes crossed dipole radiating
elements 52 arranged along a longitudinal center axis of the respective array.

[0005] The radiating element 52 may be configured to operate in the frequency band of
617 ~ 960 MHz so as to enable the base station antenna to provide services in some or all of the
617 ~ 960 MHz frequency band. The base station antenna with the configuration shown in FIG.
1B may be used for a variety of applications, including, for example, multiple input multiple
output ("MIMO") applications, or serving as a multi-band antenna to provide cellular service in
two different frequency ranges. In one example, the linear array 50-1 may be configured to
operate around 700 MHz and the linear array 50-2 may be configured to operate around 800
MHz. The base station antenna further includes RF ports 1 to 4, and a first signal of +45°
polarization at 700 MHz, a second signal of -45° polarization at 700 MHz, a third signal of +45°
polarization at 800 MHz, and a fourth signal of -45° polarization at 800 MHz may be
respectively transmitted through the cable connections 44 from/to the radio 42 as described
above. Slant +45° and -45° radiators of each radiating element 52 in the linear array 50-1 are
coupled to the RF ports 1 and 2, respectively, and slant +45° and -45°radiators of each radiating
element 52 in the linear array 50-2 are coupled to the RF ports 3 and 4, respectively.

[0006] Four-polarized (also called quad-polarized) radiating elements ("QR") are known
in the prior art. For example, FIG. 1C is a schematic plan view of a QR that is substantially

configured in a rectangle, that is, a box radiating element. The box radiating element includes
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dipole radiators 10 through 40. Each dipole radiator is configured by bending a conventional
dipole radiator so that an angle between the two radiating arms thereof becomes approximately
90 °, that is, each dipole radiator includes two substantially L-shaped dipole arms. Each dipole
radiator is fed in the middle or "cener-fed." As an example, the dipole radiator 10 includes a
feeding portion 13 located in the middle of the dipole radiator 10 and radiating portions 11, 12
(also referred to as dipole arms) extending from the feeding portion 13, respectively. The two
dipole arms of each dipole radiator extend respectively in a lateral direction and a longitudinal
direction of the base station antenna so as to obtain polarizations of +45°. The dipole radiators
10, 20 are respectively arranged oppositely at two opposite vertices of the rectangle in the -45°
direction, so that the dipole radiators 10, 20 obtain respective polarizations of +45°, respectively.
The dipole radiators 30, 40 are respectively arranged oppositely at two opposite vertices of the
rectangle in the +45° direction, so that the dipole radiators 30, 40 obtain respective polarizations
of -45°, respectively.

[0007] QR may be used in base station antennas. For example, at least one of dual-
polarized radiating elements ("DR") in an array including multiple DRs as shown in FIG. 1B
may be replaced with a QR that is configured to operate in 617 ~ 960 MHz band. In order to

reduce the adverse effects caused by introducing QR, the QR may be arranged near an end of the

r A
array, as shown in FIG. 1D. In FIG. 1D and other drawings herein, "o =" represents the above

described box radiating element. Two radiators at the two opposite vertices of the box radiating
element having the same polarization direction are fed collectively. For convenience of
illustration, in FIG. 1D and other drawings herein, two dipole radiators in the same radiating
element that are fed collectively are depicted by the inclusion of a straight line (or a straight line
with a crossover) connecting the two dipole radiators. It will be appreciated that a power divider
("PD") may be used to collectively feed the two dipole radiators.

[0008] The QR includes two dipole radiators that are spaced from each other on both
sides of a central axis of the QR in each polarization direction. For example, the QR shown in
FIG. 1C includes the radiators 30, 40 on both sides of the longitudinal center axis of the QR (at
the meantime on both sides of the lateral center axis thereof) operating in the -45° polarization
direction, and the radiators 10, 20 on both sides of the longitudinal center axis of the QR (at the
meantime on both sides of the lateral center axis thereof) operating in the +45° polarization

direction. Since dipole radiators 10, 20 are spaced apart from each other in both the lateral
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longitudinal dimensions of the base station antenna, the QR will have a +45° polarization
"element" pattern having a narrower azimuth beamwidth and a narrower elevation beamwidth.
Likewise, since dipole radiators 30, 40 are spaced apart from each other in both the lateral
longitudinal dimensions of the base station antenna, the QR will have a -45° polarization
"element" pattern having a narrower azimuth beamwidth and a narrower elevation beamwidth,
the QR will also have a narrower azimuth beamwidth in the -45° polarization direction.
Therefore, the antenna beams generated by each linear array 50-1, 50-2 in FIG. 1D are narrower
both in the azimuth plane and in the elevation plane than an antenna beam generated by the

corresponding linear array in FIG. 1B, and the antenna beams have higher directivity.

SUMMARY

[0009] A first aspect of this disclosure is to provide a base station antenna, which
comprises: a first radio frequency ("RF") port; a second RF port; a first array of radiating
elements that includes a first radiating element, wherein the first radiating element includes first
and second radiators each having the first polarization direction, and the first radiator is coupled
to the first RF port; a second array of radiating elements that includes a second radiating element,
wherein the second radiating element includes a third radiator having the first polarization
direction; and a first power divider having a first input that is coupled to the second RF port, and
first and second outputs that are respectively coupled to the second and third radiators.

[0010] A second aspect of this disclosure is to provide a base station antenna, which
comprises: a first linear array extending along a first longitudinal direction of the base station
antenna and including a first radiating element, the first radiating element including first and
second radiators each having a first polarization direction; and a second linear array that is
laterally adjacent the first linear array extending along a second longitudinal direction of the base
station antenna and including a second radiating element, the second radiating element including
a third radiator having the first polarization direction, wherein the second and third radiators are
fed collectively.

[0011] A third aspect of this disclosure is to provide a base station antenna, which
comprises: a first linear array extending along a first longitudinal direction of the base station
antenna and including a first radiating element, wherein the first radiating element includes a
first dipole radiator extending in a first direction that is slant at -45 degrees relative to the first

longitudinal direction and a second dipole radiator extending in a second direction that is slant at
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+45 degrees relative to the first longitudinal direction; and a second linear array that is adjacent
the first linear array laterally extending along a second linear array that is laterally adjacent the
first linear array extending along a second longitudinal direction of the base station antenna and
including a second radiating element that is configured generally in rectangle, the second
radiating element including third, fourth, fifth and sixth dipole radiators that are each constructed
generally as an L-shape, wherein the third and fourth dipole radiators are arranged respectively at
two opposite vertices along the second direction of the rectangle, and the fifth and sixth dipole
radiators are arranged respectively at two opposite vertices along the first direction of the
rectangle, wherein the first and third radiators are fed collectively.

[0012] A fourth aspect of this disclosure is to provide a base station antenna, which
comprises: a first array of radiating elements including a first radiating element, the first
radiating element including first and second radiators each having a first polarization direction; a
second array of radiating elements including a second radiating element, the second radiating
element including a third radiator having the first polarization direction; and a feeding assembly
configured to feed a first sub-component of a first radio frequency ("RF") signal to the first
radiator, and respectively feed first and second sub-components of a second RF signal to the
second and third radiators.

[0013] A fifth aspect of this disclosure is to provide a base station antenna, which
comprises: a first radio frequency ("RF") port; a second RF port; a first array of radiating
elements that includes a first radiating element having first and second radiators that each have a
first polarization direction and third and fourth radiators that each have a second polarization
direction, a second array of radiating elements that includes a second radiating element, the
second radiating element comprising a cross-dipole radiating element having a fifth radiator
having the first polarization direction and a sixth radiator having the second polarization
direction, wherein the first and second radiators are coupled to the first RF port and the third
radiator and the sixth radiator are coupled to the second RF port.

[0014] A sixth aspect of this disclosure is to provide a base station antenna, which
comprises: a first array of radiating elements that includes a first radiating element having first
through fourth radiators; a second array of radiating elements that includes a second radiating

element, the second radiating element comprising a cross-dipole radiating element; and a power
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divider having a first output that is coupled to the first radiating element and a second output that
is coupled to the second radiating element.

[0015] Other features of the present invention and advantages thereof will become
explicit by means of the following detailed descriptions of exemplary embodiments of the

present invention with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWING

[0016] FIG. 1A is a simplified schematic diagram of a conventional base station in a
cellular communication system.

[0017] FIG. 1B is a schematic diagram of two arrays of radiating elements in a
conventional base station antenna and the feeding configurations for the arrays.

[0018] FIG. 1C is a schematic front view of a conventional box radiating element that
may be used in a base station antenna.

[0019] FIG. 1D is a schematic diagram of two arrays of radiating elements that each
include a box radiating element in a conventional base station antenna and the feeding
configurations for the arrays.

[0020] FIG. 2A is a schematic diagram of an array of radiating elements and feeding
configuration of the array according to an embodiment of the present invention.

[0021] FIG. 2B is a schematic diagram of an array of radiating elements and feeding
configuration of the array according to a further embodiment of the present invention.

[0022] FIG. 3A is a schematic diagram of an array of radiating elements and feeding
configuration of the array according to a further embodiment of the present invention.

[0023] FIG. 3B is a schematic diagram of an array of radiating elements and feeding
configuration of the array according to a further embodiment of the present invention.

[0024] FIG. 3C is a schematic diagram of an array of radiating elements and feeding
configuration of the array according to a further embodiment of the present invention.

[0025] FIG. 3D is a schematic diagram of an array of radiating elements and feeding
configuration of the array according to a further embodiment of the present invention.

[0026] Note that, in some cases the same elements or elements having similar functions
are denoted by the same reference numerals in different drawings, and description of such

elements is not repeated. In some cases, similar reference numerals and letters are used to refer to
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similar elements, and thus once an element is defined in one figure, it need not be further
discussed in subsequent figures.

[0027] In order to facilitate understanding, the position, size, range, or the like of each
structure illustrated in the drawings may not be drawn to scale. Thus, the disclosure is not

necessarily limited to the position, size, range, or the like as disclosed in the drawings.

DETAILED DESCRIPTION

[0028] The present invention will be described with reference to the accompanying
drawings, which show a number of example embodiments thereof. It should be understood,
however, that the present invention can be embodied in many different ways, and is not limited
to the embodiments described below. Rather, the embodiments described below are intended to
make the disclosure of the present invention more complete and fully convey the scope of the
present invention to those skilled in the art. It should also be understood that the embodiments
disclosed herein can be combined in any way to provide many additional embodiments.

[0029] The terminology used herein is for the purpose of describing particular
embodiments, but is not intended to limit the scope of the present invention. All terms (including
technical terms and scientific terms) used herein have meanings commonly understood by those
skilled in the art unless otherwise defined. For the sake of brevity and/or clarity, well-known
functions or structures may be not described in detail.

[0030] Herein, when an element is described as located "on" "attached" to, "connected"
to, "coupled" to or "in contact with" another element, etc., the element can be directly located on,
attached to, connected to, coupled to or in contact with the other element, or there may be one or
more intervening elements present. In contrast, when an element is described as "directly"
located "on", "directly attached" to, "directly connected" to, "directly coupled" to or "in direct
contact with" another element, there are no intervening elements present. In the description,
references that a first element is arranged "adjacent" a second element can mean that the first
element has a part that overlaps the second element or a part that is located above or below the
second element.

[0031] Herein, the foregoing description may refer to elements or nodes or features being
"connected" or "coupled" together. As used herein, unless expressly stated otherwise,
"connected" means that one element/node/feature is electrically, mechanically, logically or

otherwise directly joined to (or directly communicates with) another element/node/feature.
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Likewise, unless expressly stated otherwise, "coupled" means that one element/node/feature may
be mechanically, electrically, logically or otherwise joined to another element/node/feature in
either a direct or indirect manner to permit interaction even though the two features may not be
directly connected. That is, "coupled" is intended to encompass both direct and indirect joining

of elements or other features, including connection with one or more intervening elements.

"non
2

"non
2

[0032] Herein, terms such as "upper", "lower", "left", "right", "front", "rear", "high",
"low" may be used to describe the spatial relationship between different elements as they are
shown in the drawings. It should be understood that in addition to orientations shown in the
drawings, the above terms may also encompass different orientations of the device during use or
operation. For example, when the device in the drawings is inverted, a first feature that was
described as being "below" a second feature can be then described as being "above" the second
feature. The device may be oriented otherwise (rotated 90° or at other orientation), and the
relative spatial relationship between the features will be correspondingly interpreted.

[0033] Herein, the term "A or B" used through the specification refers to "A and B" and
"A or B" rather than meaning that A and B are exclusive, unless otherwise specified.

[0034] The term "exemplary", as used herein, means "serving as an example, instance, or
illustration", rather than as a "model" that would be exactly duplicated. Any implementation
described herein as exemplary is not necessarily to be construed as preferred or advantageous
over other implementations. Furthermore, there is no intention to be bound by any expressed or
implied theory presented in the detailed description.

[0035] Herein, the term "substantially", is intended to encompass any slight variations
due to design or manufacturing imperfections, device or component tolerances, environmental
effects and/or other factors. The term "substantially" also allows for variation from a perfect or
ideal case due to parasitic effects, noise, and other practical considerations that may be present in
an actual implementation.

[0036] Herein, certain terminology, such as the terms "first", "second" and the like, may
also be used in the following description for the purpose of reference only, and thus are not
intended to limit. For example, the terms "first", "second" and other such numerical terms

referring to structures or elements do not imply a sequence or order unless clearly indicated by

the context.
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[0037] Further, it should be noted that, the terms "comprise", "include", "have" and any
other variants, as used herein, specify the presence of stated features, steps, operations, elements,
and/or components, but do not preclude the presence or addition of one or more other features,
steps, operations, elements, components, and/or groups thereof.

[0038] In the case where a base station antenna having the configuration shown in FIG.
1D is used for MIMO applications or serves as a multi-band antenna to provide cellular services
in two different frequency ranges, the physical dimensions of the radiating elements are often
made as small as possible, to keep the length and width of the antenna within ranges desired by
cellular operators. Small radiating elements, however, have larger element beamwidths, and
hence it may be difficult to meet various performance requirements such as requirements for the
half power (-3dB) beam width ("HPBW") in the azimuth plane and elevation plane and the beam
directivity of the antenna beams generated by linear arrays 50-1 or 50-2.

[0039] The base station antenna according to an embodiment of the present invention
includes first and second linear arrays extending in a longitudinal direction of the base station
antenna. The first array includes at least one QR that includes first and second radiators each of
which transmits/receives signals in a first polarization direction (e.g., slant -45° with respect to
the longitudinal direction of the base station antenna). The second array includes at least one
radiating element (which may be QR or DR) that includes a third radiator which
transmits/receives signals in the first polarization direction. The first radiator is configured to
transmit/receive a first signal, e.g., a signal for the first array. The second radiator and the third
radiator are fed collectively, so that both the second and third radiators are configured to
transmit/receive a second signal, e.g., a signal for the second array. Since positions of the first
and second arrays in the lateral direction of the antenna are different, this configuration may
reduce the HPBW of the antenna beam generated by the second array in the azimuth plane along
the first polarization direction, and improve the directivity of the antenna beam in the azimuth
plane. The two radiating elements (or radiators) being "fed collectively" referred to herein,
means that both radiating elements (or radiators) are fed by RF signals output from a single
output port of a single phase shifter ("PS"), and a power divider ("PD") and/or another circuit
element may be coupled between the output port of the phase shifter and the two radiating
elements (or radiators). When the phase shifter is operated to configure phases of signals output

from its respective output ports, the phases of the signals that are fed to the two radiating
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elements (or radiators) are changed collectively in a definite relationship. The amplitudes and
phases of the respective RF signals that are collectively fed to the two radiating elements (or
radiators) may be configured according to a required beam width and pointing direction of the
antenna beam, for example, the amplitudes of the respective RF signals may be identical or
different, and a phase difference between the two signals may be zero or non-zero.

[0040] In another embodiment, the QR in the first array and the at least one radiating
element in the second array may not be aligned along the lateral direction of the antenna, that is,
their positions along the longitudinal direction of the antenna may be different. This
configuration may further reduce the HPBW of the antenna beam in the elevation plane along the
first polarization direction generated by the second array, and increase the directivity of the
antenna beam in the elevation plane. For the second polarization direction (for example, slant
+45°relative to the longitudinal direction of the base station antenna), the above configuration
may be used or not as needed.

[0041] FIGS. 2A and 2B are schematic diagrams of arrays of radiating elements and
feeding configurations of the arrays in a base station antenna according to embodiments of the
present invention. The base station antenna includes laterally adjacent first and second arrays,
and RF ports 1 through 4. RF ports 1 and 2 respectively provide +45° and -45° polarized RF
signals for the first array, and RF ports 4 and 3 respectively provide +45° and -45° polarized RF
signals for the second array. The first array includes a DR, and the second array includes a QR.
The DR includes a radiator 71 positioned on a -45° slant and a radiator 72 positioned on a +45°
slant. The QR includes radiators 81, 82 positioned at two vertices along the +45° direction and
radiators 83, 84 positioned at two vertices along the -45° direction.

[0042] In the embodiment shown in FIG. 2A, the radiator 72 is coupled to the RF port 1
so as to transmit/receive an RF signal for the first array in the +45° polarization direction, the
radiators 71 and 81 are coupled to RF port 2 and fed collectively so as to transmit/receive an RF
signal for the first array in the -45° polarization direction, the radiator 82 is coupled to RF port 3
so as to transmit/receive an RF signal for the second array in the -45° polarization direction, and
the radiators 83 and 84 are coupled to the RF port 4 and fed collectively so as to transmit/receive
an RF signal for the second array in the +45° polarization direction. Each collective feeding may

be implemented via a power divider (as described below). A Wilkinson power divider with

-10-



WO 2022/010669 PCT/US2021/039119

higher isolation between outputs may be used so as to reduce undesired coupling between
radiators that are fed collectively.

[0043] In this embodiment, for the second array, there is only one radiator 82 operating
in the -45° polarization direction, so the HPBW of the antenna beam generated by the second
array in the -45° polarization direction is basically the same as the HPBW of the antenna beam
generated by a crossed dipole radiating element with a conventional feeding configuration in the
-45° polarization direction. There are two radiators 83 and 84 operating in the +45° polarization
direction, and there is a first lateral distance and a first longitudinal distance of about 0.3 to 0.4
times the wavelength between the radiators 83 and 84 (a "distance" between two radiators (or
radiating elements) herein refers to the distance between phase centers of electromagnetic
radiations emitted by the radiators (or the radiating elements)). Therefore, both in the azimuth
plane and the elevation plane, the antenna beam generated by the second array in the +45°
polarization direction is slightly narrower than the antenna beam generated by the crossed dipole
radiating element with the conventional feeding configuration in the +45° polarization direction.
For the first array, there is only one radiator 72 operating in the +45° polarization direction, so
the HPBW of the antenna beam generated by the first array in the +45° polarization direction is
basically the same as the HPBW of the antenna beam generated by the crossed dipole radiating
element with the conventional feeding configuration in the +45° polarization direction. There are
two radiators 71 and 81 operating in the -45° polarization direction, and there is a second lateral
distance between the radiators 71 and 81 (approximately equal to the lateral distance between the
first and second arrays) that is generally greater than the first lateral distance described above.
Therefore, in the azimuth plane, the antenna beam generated by the first array in the -45°
polarization direction may be narrower than the antenna beam generated by the crossed dipole
radiating element in the -45° polarization direction, or be narrower than the antenna beam
generated by the second array in the +45° polarization direction.

[0044] In the embodiment illustrated in FIG. 2B, the radiators 72 and 84 are coupled to
the RF port 1 and fed collectively so as to transmit/receive an RF signal for the first array in a
+45° polarization direction, and the radiators 71 and 81 are coupled to the RF port 2 and fed
collectively so as to transmit/receive an RF signal for the first array in the -45° polarization

direction, the radiator 82 is coupled to the RF port 3 so as to transmit/receive an RF signal for the
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second array in the -45° polarization direction, and the radiator 83 is coupled to the RF port 4 so
as to transmit/receive an RF signal for the second array in the +45° polarization direction.

[0045] In this embodiment, for the second array, only one radiator 82 or 83 operates in
the polarization direction of -45° or +45°, so the HPBW of the antenna beam generated by the
second array in the polarization direction of -45° or +45° is basically the same as the HPBW of
the antenna beam generated by the crossed dipole radiating element with the conventional
feeding configuration. For the first array, there are two radiators 71 and 81, or radiators 72 and
84 operating in the polarization direction of -45° or +45°, and there is usually a relatively large
lateral distance between radiators 71 and 81, or between radiators 72 and 84 (approximately
equal to the lateral distance between the first and second arrays), so in the azimuth plane, the
antenna beam generated by the first array in the polarization direction of -45° or +45° may be
narrower than the antenna beam generated by the crossed dipole radiating element.

[0046] In the above embodiment, the radiator (for example, 71) of the DR and the
radiator (for example, 81) of the QR that is closer to the DR are fed collectively. It will be
appreciated that in other embodiments, the radiator (for example, 71) of the DR may be fed
collectively with the radiator (for example, 82) of the QR that is farther away from the DR.

[0047] FIGS. 3A through 3D are schematic diagrams of arrays of radiating elements and
feeding configurations of the arrays in a base station antenna according to embodiments of the
present invention. The base station antenna includes laterally adjacent arrays 320 and 330, phase
shifters 351 through 354, and RF ports 311 through 314. RF ports 311 and 313 respectively
provide RF signals with -45° polarization and +45° polarization for the array 320, and RF ports
312 and 314 respectively provide RF signals with -45° polarization and +45° polarization for the
array 330. The inputs I1 through 14 of the respective phase shifters 351 through 354 are
respectively coupled to the RF ports 311 through 314 so as to receive respective RF signals.

[0048] In the embodiment shown in FIG. 3A, the array 320 includes radiating elements
321 through 323 arranged along the longitudinal central axis of the array 320, and the array 330
includes radiating elements 331 through 333 arranged along the longitudinal central axis of the
array 330. The radiating elements 321 through 323, 331 and 333 are DRs, and the radiating
element 332 is a box QR. It should be noted that, two-part reference numerals (for example, 321-
1) herein may be used to identify the radiators, and the first part of such reference numerals (for

example, 321) may be used to refer to radiating element that includes the corresponding radiator.
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[0049] The antenna further includes power dividers 341 and 342 for feeding the radiators
collectively. The input IS of the power divider 341 is coupled to the output O2 of the phase
shifter 351, and the outputs O13 and O14 are coupled to the radiators 322-1 and 332-2,
respectively, so that the radiator 322-1 of the radiating element 322 in the array 320 and the
radiator 332-2 of the radiating element 332 in the array 330 are fed collectively. The input 16 of
the power divider 342 is coupled to the output O11 of the phase shifter 354, and the outputs O15
and O16 are respectively coupled to the radiators 332-4 and 332-1, so that the radiators 332-4
and 332-1 of the radiating elements 332 both in the array 330 are fed collectively.

[0050] Furthermore, in the array 320, the radiator 321-1 is coupled to the output O1 of
the phase shifter 351, and the radiator 321-2 is coupled to the output O4 of the phase shifter 353.
The radiator 322-2 is coupled to the output OS5 of the phase shifter 353. The radiator 323-1 is
coupled to the output O3 of the phase shifter 351, and the radiator 323-2 is coupled to the output
06 of the phase shifter 353. In the array 330, the radiator 331-1 is coupled to the output O10 of
the phase shifter 354, and the radiator 331-2 is coupled to the output O7 of the phase shifter 352.
The radiator 332-3 is coupled to the output O8 of the phase shifter 352. The radiator 333-1 is
coupled to the output O12 of the phase shifter 354, and the radiator 333-2 is coupled to the
output O9 of the phase shifter 352.

[0051] In this embodiment, in addition to the radiators 321-1 through 323-1 arranged in a
column, radiators operating in the -45° polarization direction for the array 320 further include the
radiator 332-2 that is located near the longitudinal central axis of the array 330 and spaced
laterally from the radiator 321-2. Accordingly, in the azimuth plane, the antenna beam generated
by the array 320 in the -45° polarization direction may be narrower than the antenna beam
generated by the array 50-1 or 50-2 with the feeding configuration shown in FIG. 1B or in FIG.
1D. Radiators operating in the +45° polarization direction include the radiators 321-2 through
323-2 arranged in a column, so the HPBW of the antenna beam generated by the array 320 in the
+45° polarization direction is basically the same as the HPBW of the antenna beams generated
by the array 50-1 or 50-2 with the feeding configuration shown in FIG. 1B.

[0052] For the array 330, radiators operating in the -45° polarization direction include
the radiators 331-2, 332-3 and 333-2 that are generally arranged in a column (where the radiator
332-3 is slightly offset to the right relative to the longitudinal central axis of the array 330),
therefore the HPBW of the antenna beam generated by the array 330 in the -45° polarization
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direction is basically the same as the HPBW of the antenna beam generated by the array 50-1 or
50-2 with the feeding configuration shown in FIG. 1B. Radiators operating in the +45°
polarization direction include radiators 331-1, 332-1 and 332-4, 333-1 that are generally arranged
in a column (where radiators 332-1 and 332-4 are respectively slightly offset to the left and right
relative to the longitudinal central axis of the array 330), so in the azimuth plane, the antenna
beam generated by the array 330 in the +45° polarization direction may be narrower than the
antenna beam generated by the array 50-1 or 50-2 with the feeding configuration shown in FIG.
1B. In addition, the HPBW of the antenna beam generated by the array 330 in either the azimuth
plane or the elevation plane along the +45° polarization direction is basically the same as or
slightly smaller than (since in the array 330, the box QR is closer to the middle of the array) the
HPBW of the antenna beam generated by the array 50-1 or 50-2 with the feeding configuration
shown in FIG. 1D.

[0053] In the embodiment shown in FIG. 3B, the arrays 320 and 330 include the same
radiating elements as those in the embodiment shown in FIG. 3A, but the feeding configuration
is different. The input IS of the power divider 341 is coupled to the output O8 of the phase shifter
352, and the outputs O13 and O14 of the power divider 341 are coupled to the radiators 322-1
and 332-2, respectively, so that the radiator 322-1 of the radiating elements 322 in the array 320
and the radiator 332-2 of the radiating element 332 in the array 330 are fed collectively. The
radiator 332-3 of the radiating element 332 is coupled to the output O2 of the phase shifter 351.
The feeding configuration for the other radiators is the same as that in the embodiment shown in
FIG. 3A.

[0054] In this embodiment, for the array 320, radiators operating in the -45° polarization
direction includes the radiators 321-1, 332-3, and 323-1, wherein the radiator 332-3 is offset to
the right relative to the longitudinal center axis of the array 320 into the vicinity of the
longitudinal center axis of the array 330, so that the radiators 321-1, 332-3, and 323-1 are
laterally staggered. Therefore, in the azimuth plane, the antenna beam generated by the array 320
in the -45° polarization direction may be narrower than the antenna beam generated by the array
50-1 or 50-2 with the feeding configuration shown in FIG. 1B. The operation of the array 320 in
the +45° polarization direction is the same as that in the embodiment shown in FIG. 3A.

[0055] For the array 330, in addition to the radiators 331-2, 332-2, and 333-2 that are

substantially arranged in a column, radiators operating in the -45° polarization direction further
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include the radiator 322-1 that is located near the longitudinal center axis of the array 320 and
spaced laterally from the radiator 332-2, so in the azimuth plane, the antenna beam generated by
the array 330 in the -45° polarization direction may be narrower than the antenna beam generated
by the array 50-1 or 50-2 with the feeding configuration shown in FIG. 1B. The operation of the
array 330 in the +45° polarization direction is the same as that in the embodiment shown in FIG.
3A.

[0056] In the embodiment shown in FIG. 3C, the array 320 includes radiating elements
321 through 325 arranged along the longitudinal center axis of the array 320, and the array 330
includes radiating elements 331 through 335 arranged along the longitudinal center axis of the
array 330. The radiating elements 321, 322, 325 and 331, 334, 335 are DRs, and the radiating
elements 323, 324, 332, 333 are box QRs. In this embodiment, the positions where the DR/QR in
the two adjacent arrays 320 and 330 are arranged are substantially symmetrical about the center
of the entire two arrays 320 and 330. In addition, as described below, the feeding configurations
of respective radiating elements in the two arrays 320 and 330 are also substantially symmetrical
about the center of the entire two arrays 320 and 330. This symmetrical configuration is helpful
in reducing the interaction between the two arrays 320 and 330. The antenna further includes
power dividers 341 through 348.

[0057] The RF signal provided by the output O1 of the phase shifter 351 is fed
collectively to the radiators 321-1 and 332-1 via the input IS and the outputs O21, 022 of the
power divider 341. The RF signal provided by the output O2 of the phase shifter 351 is fed
collectively to the radiators 322-1 and 333-1 via the input 16 and the outputs 023, 024 of the
power divider 342. The RF signals provided by the outputs O3, O4, OS5 of the phase shifter 351
are fed to the radiators 323-3, 324-3, 325-1, respectively. The RF signal provided by the output
O15 of the phase shifter 352 is fed collectively to the radiators 335-2 and 324-2 via the input 17
and the outputs 025, 026 of the power divider 343. The RF signal provided by the output O14 of
the phase shifter 352 is fed collectively to the radiators 334-2 and 323-2 via the input I8 and the
outputs 027, 028 of the power divider 344. The RF signals provided by the outputs 013, 012,
O11 of the phase shifter 352 are fed to the radiators 333-4, 332-4, 331-2, respectively. The RF
signal provided by the output O6 of the phase shifter 353 is fed collectively to the radiators 321-
2 and 332-3 via the input 19 and the outputs 029, O30 of the power divider 345. The RF signal
provided by the output O7 of the phase shifter 353 is fed collectively to the radiators 322-2 and
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333-3 via the input 110 and the outputs O31, O32 of the power divider 346. The RF signals
provided by the outputs O8, 09, O10 of the phase shifter 353 are fed to the radiators 323-1, 324-
1, 325-2, respectively. The RF signal provided by the output O20 of the phase shifter 354 is fed
collectively to the radiators 335-1 and 324-4 via the input 111 and the outputs O33, O34 of the
power divider 347. The RF signal provided by the output O19 of the phase shifter 354 is fed
collectively to the radiators 334-1 and 323-4 via the input 112 and the outputs O35, O36 of the
power divider 348. The RF signals provided by the outputs O18, O17, O16 of the phase shifter
354 are fed to the radiators 333-2, 332-2, 331-1, respectively.

[0058] In this embodiment, for the array 320, in addition to the radiators 321-1, 322-1,
323-3, 324-3, and 325-1 that are substantially arranged in a column, radiators operating in a -45°
polarization direction further includes radiators 332-1 and 333-1 located near the longitudinal
center axis of the array 330, so in the azimuth plane, the antenna beam generated by the array
320 in the -45° polarization direction may be narrower than the antenna beam generated by the
array 50-1 or 50-2 with the feeding configuration shown in FIG. 1B or in FIG. 1D. In addition to
the radiators 321-2, 322-2, 323-1, 324-1, and 325-2 that are substantially arranged in a column,
radiators operating in the +45° polarization direction further include the radiators 332-3 and 333-
3 located near the longitudinal central axis of the array 330, so in the azimuth plane, the antenna
beam generated by the array 320 in the +45° polarization direction may be narrower than the
antenna beam generated by the array 50-1 or 50-2 with the feeding configuration shown in FIG.
1B or in FIG. 1D.The longitudinal distance between the two radiators fed collectively is
approximately equal to the longitudinal distance between two adjacent radiating elements in a
column, so in the elevation plane, the antenna beam generated by the array 320 in the
polarization direction of -45° or +45° may be narrower than the antenna beam generated by the
array 50-1 or 50-2 with the feeding configuration shown in FIG. 1B or in FIG. 1D. Due to the
centrally symmetrical configuration as described above, the operation of the array 330 in the
polarization direction of -45° or +45° is the same as that of the array 320.

[0059] In the embodiment shown in FIG. 3D, each of the arrays 320 and 330 includes
only box QRs and do not include any DRs. This makes the feeding configuration of the array
more flexible. A radiator of any QR may be fed collectively with a radiator of a QR in another
array so as to obtain a narrower antenna beam and improve beam directivity. One or more QRs

may be selected from an array to be such configured. For other QRs not required to be such
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configured, two radiators in a QR that operate in the same polarization direction may be fed
collectively.

[0060] The RF signal provided by the output O1 of the phase shifter 351 is fed to the
radiator 321-2, the RF signal provided by O2 is fed collectively to the radiators 322-2 and 322-3,
and the RF signal provided by O3 is fed collectively to the radiators 323-2, 323-3, and 333-2 via
the input IS and the outputs O13, O14 of the power divider 341. In addition, although the power
divider 341 and the lines connecting the radiators 323-2 and 323-3 are shown separately (i.e.,
two power dividers each having two outputs may be used), it will be appreciated that a single
power divider having three outputs may be used to implement collectively feeding to the
radiators 323-2, 323-3 and 333-2.

[0061] The RF signal provided by the output O7 of the phase shifter 352 is fed
collectively to the radiators 321-3, 331-1, and 331-4 via the input 17 and the outputs O17, O18 of
the power divider 343, the RF signal provided by the output O8 is fed collectively to the
radiators 332-3 and 332-2, and the RF signal provided by the output O9 is fed to the radiator
333-3. The RF signal provided by the output O4 of the phase shifter 353 is fed to the radiator
321-1, the RF signal provided by the output OS5 is fed collectively to the radiators 322-1 and 322-
4, and the RF signal provided by the output O6 is fed collectively to the radiators 333-1, 323-1,
and 323-4 via the input 16 and the outputs O15, O16 of the power divider 341. The RF signal
provided by the output O10 of the phase shifter 354 is fed collectively to the radiators 331-3,
331-2, and 321-4 via the input I8 and the outputs O19, 020 of the power divider 344, the RF
signal provided by the output O11 is fed collectively to radiators 332-1 and 332-4, and the RF
signal provided by the output O12 is fed to the radiator 333-4.

[0062] In this embodiment, for the array 320, in addition to radiators 321-2, 322-2, and
322-3, 323-2, and 323-3 that are substantially arranged in a column, radiators operating in the -
45° polarization direction further include the radiator 333-2 located near the longitudinal center
axis of the array 330, so in the azimuth plane, the antenna beam generated by the array 320 at the
-45° polarization direction may be narrower than the antenna beam generated by the array 50-1
or 50-2 with the feeding configuration shown in FIG. 1B or in FIG. 1D. In addition to the
radiators 321-1, 322-1 and 322-4, 323-1 and 323-4 that are substantially arranged in a column,
radiators operating in the +45° polarization direction further include the radiator 333-1 located

near the longitudinal central axis of the array 330, so in the azimuth plane, the antenna beam
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generated by the array 320 in the +45° polarization direction may be narrower than the antenna
beam generated by the array 50-1 or 50-2 with the feeding configuration shown in FIG. 1B or in
FIG. 1D. Due to the centrally symmetrical configuration between the two arrays, the operation of
the array 330 in the polarization direction of -45° or +45° is the same as that of the array 320.

[0063] In the drawings of the present invention, the applications of QR in the base
station antennas according to embodiments of the present invention are illustrated with a box
QR. It will be appreciated that the QR in the base station antenna according to any embodiment
of the present invention is not limited to the box QR.

[0064] It will be appreciated that the feeding configuration of the array of radiating
elements in the base station antenna according to any embodiment of the present invention may
be applied to a multi-band base station antenna. For example, an array of radiating elements
operating in another frequency band may be added to the configuration shown in FIGS. 3A to 3D
in a manner known in conventional multi-band base station antennas.

[0065] It should be noted that in the above description, the port is referred to as "input"
or "output" to describe the situation when the base station antenna is transmitting RF signals. It
will be appreciated that when the base station antenna receives an RF signal, due to the reversal
of the travel direction of the RF signal, the port called "input" herein will operate as "output",
while the port called "output" will operate as "input".

[0066] Although some specific embodiments of the present invention have been
described in detail with examples, it should be understood by a person skilled in the art that the
above examples are only intended to be illustrative but not to limit the scope of the present
invention. The embodiments disclosed herein can be combined arbitrarily with each other,
without departing from the scope and spirit of the present invention. It should be understood by a
person skilled in the art that the above embodiments can be modified without departing from the
scope and spirit of the present invention. The scope of the present invention is defined by the

attached claims.
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That Which is Claimed is:

1. A base station antenna, comprising;

a first radio frequency ("RF") port;

a second RF port;

a first array of radiating elements that includes a first radiating element, wherein the first
radiating element includes first and second radiators each having a first polarization direction,
and the first radiator is coupled to the first RF port;

a second array of radiating elements that includes a second radiating element, wherein the
second radiating element includes a third radiator having the first polarization direction; and

a first power divider having a first input that is coupled to the second RF port, and first

and second outputs that are respectively coupled to the second and third radiators.

2. The base station antenna of claim 1, further comprising:

a first phase shifter having an input that is coupled to the first RF port, and an output that
is coupled to the first radiator; and

a second phase shifter having an input that is coupled to the second RF port, and an

output that is coupled to the first input.

3. The base station antenna of claim 1, wherein

the first array further includes a third radiating element, and the third radiating element
includes a fourth radiator having the first polarization direction, wherein the fourth radiator is
coupled to the first RF port; and

the second array further includes a fourth radiating element, and the fourth radiating
element includes a fifth radiator having the first polarization direction, wherein the fifth radiator

is coupled to the second RF port.

4. The base station antenna of claim 1, wherein
the first array further includes a third radiating element, the third radiating element
includes a fourth radiator having the first polarization direction, and the fourth radiator is

coupled to the second RF port; and
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the second array further includes a fourth radiating element, the fourth radiating element
includes a fifth radiator having the first polarization direction, and the fifth radiator is coupled to

the first RF port.

5. The base station antenna of claim 1, wherein the first and second arrays are both

linear arrays extending in a longitudinal direction of the base station antenna.

6. The base station antenna of claim 5, wherein the first and second arrays are

adjacent in a lateral direction of the base station antenna.

7. The base station antenna of claim 5, wherein the first and second radiating

elements are not aligned along a lateral direction of the base station antenna.

8. The base station antenna of claim 1, wherein the first power divider is a

Wilkinson power divider.

9. The base station antenna of claim 1, wherein each of the first and second radiators
includes a dipole radiator having a respective pair of dipole arms that are arranged at a right

angle with respect to each other .

10. The base station antenna of claim 1, wherein centers of the first and second
radiators are disposed oppositely on both sides of a first straight line that extends along the first
polarization direction, and the first straight line substantially passes through a center of the first

radiating element.

11.  The base station antenna of claim 1, wherein the first radiating element further
includes fourth and fifth radiators each having a second polarization direction, and the second
radiating element further includes a sixth radiator having the second polarization direction, and
the antenna further comprises:

a third RF port;

a fourth RF port, wherein the sixth radiator is coupled to the fourth RF port; and

a second power divider having a second input that is coupled to the third RF port, and

third and fourth outputs that are respectively coupled to the fourth and fifth radiators.

12. The base station antenna of claim 11, further comprising:
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a third phase shifter having an input that is coupled to the third RF port, and an output
that is coupled to the second input; and
a fourth phase shifter having an input that is coupled to the fourth RF port, and an output

that is coupled to the sixth radiator.

13.  The base station antenna of claim 1, wherein the first radiating element further
includes fourth and fifth radiators each having a second polarization direction, and the second
radiating element further includes a sixth radiator having the second polarization direction, and
the antenna further comprises:

a third RF port that is configured to provide a third RF signal having the second
polarization direction, wherein the fourth radiator is coupled to the third RF port;

a fourth RF port that is configured to provide a fourth RF signal having the second
polarization direction; and

a second power divider having a second input that is coupled to the fourth RF port, and

third and fourth outputs that are respectively coupled to the fifth and sixth radiators.

14.  The base station antenna of claim 1, wherein the first radiating element further
includes fourth and fifth radiators each having a second polarization direction, the second array
further includes a third radiating element, and the third radiating element includes a sixth radiator
having the second polarization direction, and the antenna further includes:

a third RF port that is configured to provide a third RF signal having the second
polarization direction, wherein the fourth radiator is coupled to the third RF port;

a fourth RF port that is configured to provide a fourth RF signal having the second
polarization direction; and

a second power divider having a second input that is coupled to the fourth RF port, and

third and fourth outputs that are respectively coupled to the fifth and sixth radiators.

15. The base station antenna of claim 13 or 14, further comprising:

a third phase shifter having an input that is coupled to the third RF port, and an output
that is coupled to the fourth radiator; and

a fourth phase shifter having an input that is coupled to the fourth RF port, and an output

that is coupled to the second input.
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16. The base station antenna of claim 13, wherein

the first array further includes a third radiating element, the third radiating element
includes a seventh radiator having the second polarization direction, and the seventh radiator is
coupled to the third RF port; and

the second array further includes a fourth radiating element, the fourth radiating element
includes an eighth radiator having the second polarization direction, and the eighth radiator is

coupled to the fourth RF port.

17. The base station antenna of claim 13, wherein

the first array further includes a third radiating element, the third radiating element
includes a seventh radiator having the second polarization direction, and the seventh radiator is
coupled to the fourth RF port; and

the second array further includes a fourth radiating element, the fourth radiating element
includes an eighth radiator having the second polarization direction, and the eighth radiator is

coupled to the third RF port.

18. The base station antenna of claim 11, wherein each of the first, second, fourth and
fifth radiators includes a dipole radiator having a respective pair of dipole arms that are arranged

at a right angle with respect to each other.

19. The base station antenna of claim 11, wherein centers of the first and second
radiators are disposed oppositely on both sides of a first straight line that extends along the first
polarization direction, the first straight line substantially passes through a center of the first
radiating element, the centers of the fourth and fifth radiators are disposed oppositely on both
sides of a second straight line that extends along the second polarization direction, and the

second straight line substantially passes through the center of the first radiating element.

20.  The base station antenna of claim 11, wherein the first radiating element includes
a box radiating element that is constructed generally in rectangle, and the first, second, fourth

and fifth radiators are respectively positioned at four vertices of the rectangle.

21. The base station antenna of claim 1, wherein
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the second radiating element further includes a fourth radiator having the first
polarization direction; and

the first power divider further has a third output that is coupled to the fourth radiator.

22.  The base station antenna of claim 1, wherein the second radiating element further
includes a fourth radiator having the first polarization direction, and the antenna further
comprises:

a second power divider having a second input that is coupled to the first RF port, and

third and fourth outputs that are respectively coupled to the first and fourth radiators.

23. A base station antenna, comprising:

a first linear array extending along a first longitudinal direction of the base station
antenna and including a first radiating element, the first radiating element including first and
second radiators each having a first polarization direction; and

a second linear array that is laterally adjacent the first linear array extending along a
second longitudinal direction of the base station antenna and including a second radiating
element, the second radiating element including a third radiator having the first polarization
direction,

wherein the second and third radiators are fed collectively.

24, A base station antenna, comprising:

a first linear array extending along a first longitudinal direction of the base station
antenna and including a first radiating element, wherein the first radiating element includes a
first dipole radiator extending in a first direction that is slant at -45 degrees relative to the first
longitudinal direction and a second dipole radiator extending in a second direction that is slant at
+45 degrees relative to the first longitudinal direction; and

a second linear array that is laterally adjacent the first linear array extending along a
second longitudinal direction of the base station antenna and including a second radiating
element that is configured generally in rectangle, the second radiating element including third,
fourth, fifth and sixth dipole radiators that are each constructed generally as an L-shape, wherein

the third and fourth dipole radiators are arranged respectively at two opposite vertices along the
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second direction of the rectangle, and the fifth and sixth dipole radiators are arranged
respectively at two opposite vertices along the first direction of the rectangle,

wherein the first and third radiators are fed collectively.

25. The base station antenna of claim 24, wherein the first, third and fourth radiators

are fed collectively.

26. The base station antenna of claim 24 or 25, wherein the second and fifth radiators

are fed collectively.

27. The base station antenna of claim 26, wherein the second, fifth and sixth radiators

are fed collectively.

28. A base station antenna, comprising:

a first array of radiating elements including a first radiating element, the first radiating
element including first and second radiators each having a first polarization direction;

a second array of radiating elements including a second radiating element, the second
radiating element including a third radiator having the first polarization direction; and

a feeding assembly configured to feed a first sub-component of a first radio frequency
("RF") signal to the first radiator, and respectively feed first and second sub-components of a

second RF signal to the second and third radiators.

29. The base station antenna of claim 28, wherein

the first array further includes a third radiating element, the third radiating element
including a fourth radiator having the first polarization direction;

the second array further includes a fourth radiating element, the fourth radiating element
including a fifth radiator having the first polarization direction; and

the feeding assembly is further configured to feed a second sub-component of the first RF
signal to the fourth radiator, and feed a third sub-component of the second RF signal to the fifth

radiator.

30. The base station antenna of claim 28, wherein
the first array further includes a third radiating element, the third radiating element

including a fourth radiator having the first polarization direction;
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the second array further includes a fourth radiating element, the fourth radiating element
including a fifth radiator having the first polarization direction; and

the feeding assembly is further configured to feed a second sub-component of the first RF
signal to the fifth radiator, and feed a third sub-component of the second RF signal to the fourth

radiator.

31. The base station antenna of claim 28, wherein

the first radiating element further includes fourth and fifth radiators each having a second
polarization direction;

the second radiating element further includes a sixth radiator having the second
polarization direction; and

the feeding assembly is further configured to respectively feed first and second sub-
components of a third RF signal to the fourth and fifth radiators, and feed a first sub-component

of a fourth RF signal to the sixth radiator.

32. The base station antenna of claim 28, wherein

the first radiating element further includes fourth and fifth radiators having a second
polarization direction;

the second radiating element further includes a sixth radiator having the second
polarization direction; and

the feeding assembly is further configured to feed a first sub-component of a third RF
signal to the fourth radiator, and respectively feed first and second sub-components of a fourth

RF signal to the fifth and sixth radiators.

33. The base station antenna of claim 28, wherein

the first radiating element further includes fourth and fifth radiators each having a second
polarization direction;

the second array further includes a third radiating element, the third radiating element
including a sixth radiator having the second polarization direction; and

the feeding assembly is further configured to feed a first sub-component of a third RF
signal to the fourth radiator, and respectively feed first and second sub-components of a fourth

RF signal to the fifth and sixth radiators.
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34. The base station antenna of claim 32, wherein

the first array further includes a third radiating element, the third radiating element
including a seventh radiator having the second polarization direction;

the second array further includes a fourth radiating element, the fourth radiating element
including an eighth radiator having the second polarization direction; and

the feeding assembly is further configured to feed a second sub-component of the third
RF signal to the seventh radiator, and feed a third sub-component of the fourth RF signal to the
eighth radiator.

35. The base station antenna of claim 32, wherein

the first array further includes a third radiating element, the third radiating element
includes a seventh radiator having the second polarization direction;

the second array further includes a fourth radiating element, and the fourth radiating
element includes an eighth radiator having the second polarization direction; and

the feeding assembly is further configured to feed the second sub-component of the third
RF signal to the eighth radiator and the third sub-component of the fourth RF signal to the

seventh radiator.

36. The base station antenna of claim 28, wherein

the second radiating element further includes a fourth radiator having the first
polarization direction; and

the feeding assembly is further configured to feed a third sub-component of the second

RF signal to the fourth radiator.

37. The base station antenna of claim 28, wherein

the second radiating element further includes a fourth radiator having the first
polarization direction; and

the feeding assembly is further configured to feed a second sub-component of the first RF

signal to the fourth radiator.

38. A base station antenna, comprising:
a first radio frequency ("RF") port;
a second RF port;
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a first array of radiating elements that includes a first radiating element having first and
second radiators that each have a first polarization direction and third and fourth radiators that
each have a second polarization direction; and

a second array of radiating elements that includes a second radiating element, the second
radiating element comprising a cross-dipole radiating element having a fifth radiator having the
first polarization direction and a sixth radiator having the second polarization direction,

wherein the first and second radiators are coupled to the first RF port and the third

radiator and the sixth radiator are coupled to the second RF port.

39. The base station antenna of claim 38, further comprising a first power divider
having a first input that is coupled to the second RF port, and first and second outputs that are

respectively coupled to the third and sixth radiators.

40.  The base station antenna of claim 38, further comprising a second power divider
having a first input that is coupled to the first RF port, and first and second outputs that are

respectively coupled to the first and second radiators.

41. The base station antenna of claim 38, wherein the first array further includes a
third radiating element, the third radiating element comprising a cross-dipole radiating element
having a seventh radiator having the first polarization direction and an eighth radiator having the

second polarization direction, the seventh radiator coupled to the first RF port.

42. A base station antenna, comprising:

a first array of radiating elements that includes a first radiating element having first
through fourth radiators;

a second array of radiating elements that includes a second radiating element, the second
radiating element comprising a cross-dipole radiating element; and

a power divider having a first output that is coupled to the first radiating element and a

second output that is coupled to the second radiating element.

43.  The base station antenna of claim 42, wherein the first array is a first linear array
of radiating elements and the second array is a second linear array of radiating elements that is

laterally spaced apart from the first linear array.
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