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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S.
Provisional Application No. 62/980,553, filed on February
24, 2020, and is related to U.S. Provisional Patent Ap-
plication Serial No. 62/779,468, filed December 13,2018,
to U.S. Provisional Patent Application Serial No.
62/741,568, filed October 5, 2018, and to PCT Applica-
tion No. PCT/US2019/054661, the content of each of
which is incorporated by reference herein as if set forth
in its entirety.

BACKGROUND

[0002] The presentinventive concepts generally relate
to radio communications and, more particularly, to base
station antennas for cellular communications systems.
[0003] Cellular communications systems are well
known in the art. In a cellular communications system, a
geographic area is divided into a series of regions that
are referred to as "cells" which are served by respective
base stations. The base station may include one or more
antennas that are configured to provide two-way radio
frequency ("RF") communications with mobile subscrib-
ers that are within the cell served by the base station. In
many cases, each cell is divided into "sectors." In one
common configuration, a hexagonally shaped cell is di-
vided into three 120° sectors in the azimuth plane, and
each sector is served by one or more base station an-
tennas that have an azimuth Half Power Beamwidth (HP-
BW) of approximately 65°. Typically, the base station an-
tennas are mounted on a tower or other raised structure,
with the radiation patterns (also referred to herein as "an-
tenna beams") that are generated by the base station
antennas directed outwardly. Base station antennas are
often implemented as linear or planar phased arrays of
radiating elements.

[0004] Inordertoaccommodate the increasing volume
of cellular communications, cellular operators have add-
ed cellular service in a variety of new frequency bands.
While in some cases it is possible to use a single linear
array of so-called "wide-band" radiating elements to pro-
vide service in multiple frequency bands, in other cases
it is necessary to use different linear arrays (or planar
arrays) of radiating elements to support service in the
different frequency bands.

[0005] As the number of frequency bands has prolifer-
ated, and increased sectorization has become more
common (e.g., dividing a cell into six, nine or even twelve
sectors), the number of base station antennas deployed
at atypical base station has increased significantly. How-
ever, due to, for example, local zoning ordinances and/or
weight and wind loading constraints for the antenna tow-
ers, there is often a limit as to the number of base station
antennas that can be deployed at a given base station.
In order to increase capacity without further increasing
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the number of base station antennas, multi-band base
station antennas have been introduced which include
multiple linear arrays of radiating elements. One common
multi-band base station antenna design includes two lin-
ear arrays of "low-band" radiating elements that are used
to provide service in some or all of the 617-960 MHz
frequency band and two linear arrays of "mid-band" ra-
diating elements that are used to provide service in some
or all of the 1427-2690 MHz frequency band. The four
linear arrays are mounted in side-by-side fashion. There
is also interest in deploying base station antennas that
include one or more linear arrays of "high-band" radiating
elements that operate in higher frequency bands, such
as some or all of the 3.3-4.2 GHz frequency band. As
larger numbers of linear arrays are included in base sta-
tion antennas, it becomes more difficult, time-consuming
and expensive to design, fabricate and test these anten-
nas.

SUMMARY

[0006] According to some aspects of the present dis-
closure, a base station antenna assembly may include a
base station antenna having a frame and a radome that
covers the frame; and a first radio mounted to a radio
support plate on a rear side of the base station antenna.
The radio support plate may be configured to attach to
the base station antenna by at least one guide rail that
cooperates with one or more guide structures of the radio
support plate.

[0007] In some aspects, the guide rail may include a
slot, which may in some aspects have a generally C-
shaped cross-section. In some aspects, the one or more
guide structures may include arod, which may be formed
of a plastic material. In some aspects, the base station
antenna may include a plurality of jumper cables that
communicatively couple the base station antenna with
the first radio. In some aspects, the base station antenna
assembly may include at least two cables that commu-
nicatively couple the base station antenna with the first
radio, with the at least two cables ganged together via a
ganged connector. In some aspects, a rear surface of
the radome may include a plurality of access holes, and
the base station antenna assembly may include a plural-
ity of connectorized cables soldered to components with-
in aninterior of the base station antenna that extend from
the interior of the base station antenna through respec-
tive ones of the access holes. In some aspects, a rear
surface of the radome may include a panel in which a
plurality of connector ports are mounted.

[0008] According to some aspects of the present dis-
closure, a base station antenna assembly may include a
base station antenna having a frame and a radome that
covers the frame; and a first radio mounted on a radio
support plate. A first guide rail may be mounted on one
of the base station antenna and the radio support plate
and a first cooperating rod may be mounted on the other
of the base station antenna and the radio support plate.
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The first guide rail and the first corresponding rod may
be configured so that when the first cooperating rods are
received within a slot in the first guide rail the radio sup-
port plate is mounted on the base station antenna.
[0009] In some aspects, the base station antenna as-
sembly may include a first locking pin, where the first
guide rail comprises top and bottom walls each having a
first pin through hole therein which is dimensioned to re-
ceive the first locking pin. The first corresponding rod
may include first pin through holes therein which are di-
mensioned to receive the first locking pin. In some as-
pects, the base station antenna assembly may include a
second locking pin, where the top and bottom walls each
have a second pin through hole therein which is dimen-
sioned to receive the second locking pin. The first corre-
sponding rod may include second pin through holes
therein which are dimensioned to receive the second
locking pin. In some aspects, the first guide rail may be
mounted on the base station antenna and the first cor-
responding rod may be mounted on the radio support
plate opposite the first radio.

[0010] According to some aspects of the present dis-
closure, a base station antenna assembly may include a
base station antenna having a frame, a radome that cov-
ers the frame, and a bottom end cap; and a first radio
mounted to the frame on a rear side of the base station
antenna. A rear surface of the radome may include a first
opening, and a panel having a plurality of access holes
may be mounted in the first opening. A plurality of con-
nectorized cables may be soldered to components within
an interior of the base station antenna and may extend
from the interior of the base station antenna through re-
spective ones of the access holes.

[0011] Insome aspects, the first radio may be mounted
to the frame via a first radio support plate. A first guide
rail may be mounted on one of the base station antenna
and the radio support plate and a first cooperating rod
may be mounted on the other of the base station antenna
and the radio support plate. The first guide rail and the
first corresponding rod may be configured so that when
the first cooperating rods are received within a slot in the
first guide rail the radio support plate is mounted on the
base station antenna. In some aspects, the base station
antenna assembly may include first locking pin, and the
first guide rail may include top and bottom walls each
having a first pin through hole therein which is dimen-
sioned to receive the first locking pin. In some aspects,
the first corresponding rod may include first pin through
holes therein which are dimensioned to receive the first
locking pin. In some aspects, the base station antenna
assembly may include a second locking pin, and the top
and bottom walls may each have a second pin through
hole therein which is dimensioned to receive the second
locking pin.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG.1is aperspective view of a base station antenna
according to embodiments of the present inventive
concepts.

FIG. 2 is a schematic cross-sectional view of the an-
tenna assembly with the elements mounted behind
the main backplane and the sub-module backplane
omitted.

FIG. 3 is a front perspective view of a base station
antenna having a large number of RF connector
ports.

FIG. 4A is a front perspective view of a base station
antenna according to further embodiments of the
present inventive concepts.

FIG.4Bisaback perspective view of the base station
antenna of FIG. 4A.

FIG. 4C is a front view of the base station antenna
of FIG. 4A.

FIG. 4D is a back view of the base station antenna
of FIG. 4A.

FIG. 5A is a back view of the base station antenna
of FIGS. 4A-4D with a pair of active radios mounted
thereon to provide an antenna assembly.

FIG. 5B is a side view of the antenna assembly of
FIG. 5A.

FIG. 5C is a back perspective view of the antenna
assembly of FIG. 5A.

FIG. 5D is a partial back perspective view of the an-
tenna assembly of FIG. 5A with the radome re-
moved.

FIG. 6 is an end view of an antenna assembly that
includes a base station antenna and a beamforming
radio.

FIG. 7 is an end view of an antenna assembly that
includes a base station antenna and a beamforming
radio.

FIG. 8A is a rear perspective view of a base station
antenna illustrating how guide rails may be mounted
thereon that are used to mount beamforming radios
on the back of the antenna.

FIG. 8B is a rear perspective view of a base station
antenna of FIG. 8A illustrating how radio support
plates may be mounted on the antenna using the
guide rails.

FIG. 8C is an perspective view illustrating how guide
structures on the radio support plate may be received
within one of the guide rails mounted on the antenna.
FIG. 8D is an enlarged view of a portion of FIG. 8C
showing how the radio support plates may be locked
in place after the radio support plates are mounted
on the base station antenna.

FIG. 8E is an enlarged partial view illustrating the
jumper cables that connect the beamforming radio
to the base station antenna.

FIGS. 9A-9C are schematic back views illustrating
alternative arrangements for the connector port ar-
rays included in the base station antenna of FIGS.
4A-4D.
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DETAILED DESCRIPTION

[0013] Embodiments ofthe presentinventive concepts
will now be described in further detail with reference to
the attached figures.

[0014] FIGS. 1 and 2 illustrate a base station antenna
100 according to certain embodiments of the present in-
ventive concepts. In the description that follows, the an-
tenna 100 will be described using terms that assume that
the antenna 100 is mounted for use on a tower with the
longitudinal axis L of the antenna 100 extending along a
vertical axis and the front surface of the antenna 100
mounted opposite the tower pointing toward the cover-
age area for the antenna 100.

[0015] Referring first to FIG. 1, the base station anten-
na 100 is an elongated structure that extends along a
longitudinal axis L. The base station antenna 100 may
have a tubular shape with generally rectangular cross-
section. The antenna 100 includes a radome 110 and a
top end cap 120. The radome 110 and the top end cap
120 may comprise a single integral unit, which may be
helpful for waterproofing the antenna 100. One or more
mounting brackets (not shown) may be provided on the
rear side of the antenna 100 which may be used to mount
the antenna 100 onto an antenna mount (not shown) on,
for example, an antenna tower. The antenna 100 also
includes a bottom end cap 130 which includes a plurality
of connectors 140 mounted therein. The antenna 100 is
typically mounted in a vertical configuration (i.e., the lon-
gitudinal axis L may be generally perpendicular to a plane
defined by the horizon) when the antenna 100 is mounted
for normal operation. The radome 110, top cap 120 and
bottom cap 130 may form an external housing for the
antenna 100. An antenna assembly (not shown in FIG.
1) may be contained within the housing. The antenna
assembly may be slidably inserted into the radome 110,
typically from the bottom before the bottom cap 130 is
attached to the radome 110.

[0016] Briefly, as seen in the cross-sectional view of
FIG. 2, the antenna assembly 200 may include a main
backplane 210 that has sidewalls 212 and a main reflec-
tor 214. The backplane 210 may serve as both a struc-
tural component for the antenna assembly 200 and as a
ground plane and reflector for the radiating elements
mounted thereon. The backplane 210 may also include
brackets or other support structures (not shown) that ex-
tend between the sidewalls 212 along the rear of the
backplane 210. In FIG. 2, various mechanical and elec-
tronic components of the antenna 100 that are mounted
in the chamber 215 defined between the sidewalls 212
and the back side of the mainreflector 214, such as phase
shifters, remote electronic tilt units, mechanical linkages,
controllers, diplexers, and the like, are omitted to simplify
the drawing, and the cross-section of the radome 110 is
included in FIG. 3 to provide context.

[0017] The main reflector 214 may comprise a gener-
ally flat metallic surface that extends in the longitudinal
direction L of the antenna 100. Some of the radiating
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elements (discussed below) of the antenna 100 may be
mounted to extend forwardly from the main reflector 214,
and the dipole radiators of these radiating elements may
be mounted approximately ¥ of a wavelength of the op-
erating frequency for each radiating element forwardly
of the main reflector 214. The main reflector 214 may
serve as areflector and as a ground plane for the radiating
elements of the antenna 100 that are mounted thereon.
[0018] As shown in FIG. 2, the antenna 100 may in-
clude a plurality of dual-polarized radiating elements 222,
232, 252. The radiating elements include low-band radi-
ating elements 222, mid-band radiating elements 232,
and high-band radiating elements 252. The low-band ra-
diating elements 222 may be mounted to extend upward-
ly from the main reflector 214 and, in some embodiments,
may be mounted in two columns to form two linear arrays
of low-band radiating elements 222. Each low-band lin-
ear array may extend along substantially the full length
of the antenna 100 in some embodiments. The low-band
radiating elements 222 may be configured to transmit
and receive signals in a first frequency band. In some
embodiments, the first frequency band may comprise the
617-960 MHz frequency range or a portion thereof (e.g.,
the 617-896 MHz frequency band, the 696-960 MHz fre-
quency band, etc.).

[0019] The mid-band radiating elements 232 may like-
wise be mounted to extend upwardly from the main re-
flector 214 and may be mounted in two columns to form
twolinear arrays of first mid-band radiating elements 232.
The linear arrays of mid-band radiating elements 232
may extend along the respective side edges of the main
reflector 214. The mid-band radiating elements 232 may
be configured to transmit and receive signals in a second
frequency band. In some embodiments, the second fre-
quency band may comprise the 1427-2690 MHz frequen-
cy range or a portion thereof (e.g., the 1710-2200 MHz
frequency band, the 2300-2690 MHz frequency band,
etc.).

[0020] The high-band radiating elements 252 may be
mounted in four columns in a portion of the antenna 100
to form four linear arrays of high-band radiating elements
252. The high-band radiating elements 252 may be con-
figured to transmitand receive signals in a third frequency
band. In some embodiments, the third frequency band
may comprise the 3300-4200 MHz frequency range or a
portion thereof.

[0021] In other embodiments, the number of linear ar-
rays of low-band, mid-band and high-band radiating el-
ements may be varied from what is shown in FIG. 2. For
example, the number of linear arrays of each type of ra-
diating elements may be varied from whatis shown, some
types of linear arrays may be omitted and/or other types
of arrays may be added, the number of radiating elements
per array may be varied from what is shown, and/or the
arrays may be arranged differently.

[0022] In the depicted embodiment, the low-band and
mid-band radiating elements 222, 232 may each be
mounted to extend forwardly from the main reflector 214.
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The high-band radiating elements 252 may each be
mounted to extend forwardly from a sub-module reflector,
as will be described in further detail below.

[0023] Each linear array of low-band radiating ele-
ments 222 may be used to form a pair of antenna beams,
namely an antenna beam for each ofthe two polarizations
at which the dual-polarized radiating elements are de-
signed to transmit and receive RF signals. Likewise, each
array 232 of first mid-band radiating elements 232 and
each array 252 of high-band radiating elements 252 may
be configured to form a pair of antenna beams, namely
an antenna beam for each of the two polarizations at
which the dual-polarized radiating elements are de-
signed to transmit and receive RF signals. Each linear
array may be configured to provide service to a sector of
a base station.

[0024] Some or all of the radiating elements 222, 232,
252 may be mounted on feed boards (not shown) that
couple RF signals to and from the individual radiating
elements 222,232, 252. One, or more than one, radiating
elements 222, 232, 242, 252 may be mounted on each
feed board. Cables (not shown) may be used to connect
each feed board to other components of the antenna 100
such as diplexers, phase shifters, calibration boards or
the like.

[0025] In some embodiments, the base station anten-
nas according to embodiments of the present inventive
concepts may be reconfigurable antennas that include
one or more self-contained sub-modules. The base sta-
tion antenna 100 includes one such sub-module 300,
which may be may be slidably received on the main back-
plane 210. In some embodiments, the main reflector 214
may have an opening (not shown) and the sub-module
300 may be received in the general area of this opening
when the antenna 100 is fully assembled. However, it
will be appreciated that embodiments of the present in-
ventive concepts are not limited thereto, and that one or
more smaller openings may be used in other embodi-
ments, or the opening may be omitted entirely.

[0026] The sub-module 300 may include a sub-module
backplane 310. The sub-module backplane 310 may in-
clude sidewalls 312 and a sub-module reflector 314. The
four linear arrays of high-band radiating elements 252
may be mounted to extend forwardly from the sub-mod-
ule reflector 314. As can best be seenin FIG. 2, the sub-
module reflector 314 may be mounted forwardly of the
main reflector 214. This may advantageously position
the high-band radiating elements 252 closer to the ra-
dome 110 so that the radome 110 is within the near field
of the high-band radiating elements 252. Greater detail
concerning the sub-module is provided in PCT Applica-
tion No. PCT/US2019/054661, which has already been
incorporated by reference.

[0027] The antenna assembly 100 of FIGS. 1 and 2
may have a number of advantages over conventional
antennas. As cellular operators upgrade their networks
to supportfifth generation ("5G") service, the base station
antennas that are being deployed are becoming increas-
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ingly complex. For example, due to space constraints
and/or allowable antenna counts on antenna towers of
existing base stations, it may not be possible to simply
add new antennas to support 5G service. Accordingly,
cellular operators are opting to deploy antennas that sup-
port multiple generations of cellular service by including
linear arrays of radiating elements that operate in a va-
riety of different frequency bands in a single antenna.
Thus, forexample, itis common now for cellular operators
to request a single base station antenna that supports
service in three, four or even five or more different fre-
quency bands. Moreover, in order to support 5G service,
these antennas may include multi-column arrays of ra-
diating elements that support active beamforming. Cel-
lular operators are seeking to support all of these services
in base station antennas that are comparable in size to
conventional base station antennas that supported far
fewer frequency bands. This raises a number of chal-
lenges.

[0028] One challenge in implementing the above-de-
scribed base station antennas is that the number of RF
connector ports included on the antenna is significantly
increased. Whereas antennas having six, eight or twelve
connector ports were common in the past, the new an-
tennas may require far more RF connections. For exam-
ple, the antenna assembly 100 that is described with ref-
erence to FIG. 1 and 2 may include two linear arrays of
low-band radiating elements 222, two linear arrays of first
mid-band radiating elements 232, and a four column pla-
nar array of high-band radiating elements 252. All of the
radiating elements 222, 232, 252 may comprise dual-
polarized radiating elements. Consequently, each col-
umn of radiating elements will be fed by two separate
connector ports on a radio, and thus a total of twenty-
four RF connector ports are required on the base station
antenna 200 to pass RF signals between the twelve sep-
arate columns of radiating elements and their associated
RF connector ports on the cellular radios. Moreover, each
of the four column planar arrays of radiating elements
are operated as a beamforming array, and hence a cal-
ibration connector port is required for each such array,
raising the total number of RF connector ports required
on the antenna to twenty-six. Additional control ports are
also typically required which are used, for example to
control electronic tilt circuits included in the antenna.
[0029] Conventionally, the above-described RF con-
nector ports, as well as any control ports, have been
mounted in the lower end cap of a base station antenna,
as seen in FIG. 1 at 130. Mounting the RF connector
ports in this location can help locate the RF connector
ports close to remote radio heads that are mounted sep-
arate from the antenna, which may improve the aesthetic
appearance of the installed equipment and reduce RF
cable losses. Additionally, mounting the RF connector
ports to extend downwardly from the bottom end plate
helps protect the base station antenna from wateringress
through the RF connector ports and may shield the RF
connector ports from rain.
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[0030] Unfortunately, as the number of RF connector
ports required in some base station antennas is in-
creased, while the overall size of the antennas are kept
relatively constant, the spacing between the RF connec-
tor ports on the bottom end cap may be reduced signifi-
cantly. This can be seen, for example, in FIG. 3, which
is a perspective view of a base station antenna having a
large number of RF connector ports 532. When the RF
connector ports 532 are close together as is the case in
the antenna illustrated in FIG. 3, it may be difficult for
technicians to install (and properly tighten) coaxial jump-
er cables onto the RF connector ports 532. If a jumper
cable is not properly installed onto its corresponding RF
connector port 532, various problems including passive
intermodulation distortion or even loss of the RF connec-
tion may occur, requiring expensive and time-consuming
tower climbs to correct the situation. In addition, as the
density of RF connector ports 532 is increased, so is the
possibility that a technician will connect one or more of
the jumper cables to the wrong RF connector ports 532,
again requiring tower climbs to correct. This problem may
be exacerbated by the fact that the denser the array of
RF connector ports 532 the less room there is on the
bottom end cap for labels that assist the technician in the
installation process.

[0031] Pursuant to embodiments of the presentinven-
tive concepts, base station antennas are provided which
have one or more radios mounted on the back of the
antenna to provide an antenna assembly. The base sta-
tion antennasincluded in these antenna assemblies may
have arrays of connector ports (or other connections) for
the radios mounted on the rear surface of the base station
antenna, which may provide both design and perform-
ance advantages. In some embodiments, the base sta-
tion antennas may be designed so that radios manufac-
tured by any original equipment manufacturer may be
mounted on the back of the antenna. This allows cellular
operators to purchase the base station antennas and the
radios mounted thereon separately, providing greater
flexibility to the cellular operators to select antennas and
radios that meet operating needs, price constraints and
other considerations. Various embodiments of these
base station antennas will be discussed in further detail
with reference to FIGS. 4.

[0032] Turning firstto FIGS. 4A-4D, a base station an-
tenna 510 is depicted that is designed so that a pair of
cellular radios may be mounted on the back side of the
housing thereof. In particular, FIGS. 4A and 4B are a
front perspective view and a rear perspective view, re-
spectively, of the base station antenna 510, while FIGS.
4C and 4D are a front view and a rear view, respectively,
of the base station antenna 510.

[0033] As shown in FIG. 4A-4D, the base station an-
tenna 510 includes a top end cap 512, a bottom end cap
514 and aradome 520. A back surface 522 of the radome
520 includes a pair of openings. A connector plate 530
is mounted in each opening, and a plurality of RF con-
nector ports 532 that form an array 534 of connector ports
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532 are mounted in each connector plate 530. In the de-
picted embodiment, each connector plate 530 has a total
of nine connector ports 532 mounted therein. Each con-
nector port 532 may comprise an RF connector port that
may be connected to an RF port on a radio by a suitable
connectorized cable such as, for example, a coaxial
jumper cable. In one example embodiment, each RF con-
nector port 532 may comprise a double-sided connector
portso thatrespective coaxial jumper cables may be con-
nected to each side of each RF connector port 532. Ac-
cordingly, first coaxial jumper cables (not shown) that are
external to the antenna 510 may extend between each
RF connector port 532 and a respective RF connector
port on a radio (not shown) that is mounted on the back
of the antenna 510, and second coaxial jumper cables
(not shown) that are internal to the antenna 510 may
extend between each RF connector port 532 and one or
more internal components of the antenna 510.

[0034] FIGS. 5A-5D are various views that illustrate
the base station antenna 510 of FIGS. 4A-4D after two
beamforming radios 550 have been mounted on the back
side of the antenna to provide an antenna assembly 500.
In particular, FIG. 5A is a back view of the antenna as-
sembly 500, FIG. 5B is a side view of the antenna as-
sembly 500, FIG. 5C is a back perspective view of the
antenna assembly 500, and FIG. 5D is a partial back
perspective view of the antenna assembly 500 with the
radome 520 removed.

[0035] Referring to FIGS. 5A-5D, it can be seen that
the antenna assembly 500 includes the base station an-
tenna 510 of FIGS. 4A-4D and a pair of cellular radios
550 that are mounted on the back surface of the radome
520. Nine coaxial jumper cables 560 extend between
nine connector ports 552 that are provided on each radio
550 and the nine connector ports 532 provided on a cor-
responding one of the connector plates 530.

[0036] As discussed above, in the antenna assembly
500 according to embodiments of the present inventive
concepts, two arrays 534 of RF connector ports 532 are
provided on the back surface of the base station antenna
510. One of the arrays 534 of connector ports 532 may
comprise the RF connector ports 532 for the four column
planar array 240 of second mid-band radiating elements
242 and the other array 534 of RF connector ports 532
may comprise the RF connector ports 532 for the four
column planar array 250 of high-band radiating elements
252. As shown in FIGS. 5A-5D, this allows the RF con-
nector ports 552 on each of the beamforming radios 550
to be connected to their corresponding RF connector
ports 532 on the base station antenna 510 by very short
coaxial jumper cables 560. This may result in as much
as a 2-3 dB improvement in RF cable losses, which may
provide a significant increase in throughput.

[0037] Additionally, by mounting the beamforming ra-
dios 550 directly onto the base station antenna 510, the
cellular operator may avoid leasing tower costs for the
two radios 550, as leasing costs are typically based on
the number of elements that are separately mounted on
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an antenna tower. Additionally, by moving eighteen of
the RF connector ports 532 to the back of the antenna
510, the number of RF connector ports 532 mounted on
the bottom end cap 514 may be reduced significantly
(e.g., to eight RF connector ports in the example set forth
above). This may make it easier for technicians to prop-
erly install the jumper cables 560, and leaves plenty of
room for easy to read labels that aid installation.

[0038] Moreover, in some embodiments, the base sta-
tion antenna 510 may be designed so that radios 550
manufactured by a wide variety of different equipment
manufacturers may be mounted thereon. For example,
the frame of the base station antenna 510 (which is lo-
cated inside the radome 520) may include rails or other
vertically extending members along the back surface
thereof that the radios 550 may be mounted on. This may
allow a cellular operator to order a base station antenna
510 according to embodiments of the present inventive
concepts from a first vendor, a first beamforming radio
550 from a second vendor and a second beamforming
radio 550 from a third vendor and then combine the three
together to form the antenna assembly 500. This pro-
vides significant flexibility to the cellular operator to select
vendors and/or equipment that best suit the needs of the
cellular operator.

[0039] While FIGS. 4A-5D illustrate embodiments in
which the RF connector ports 532 for both beamforming
radios 550 are mounted on connector plates on the rear
surface of base station antenna assemblies 500 and
500A-500C, it will be appreciated that embodiments of
the inventive concepts are not limited thereto. For exam-
ple, any of these embodiments may be modified so that
the RF connector ports 532 for at least one of the two
beamforming radios 550 are mounted on the bottom end
cap 514 of the base station antenna 510.

[0040] One example of such a base station assembly
500A in which the RF connector ports 532 for at least
one beamforming radios 550 are mounted on the bottom
end cap 514 of the base station antenna 510 is illustrated
in FIG. 6. As is further shown in FIG. 6, while a first end
ofeach jumper cable 870 may be received atarespective
connector of the beamforming radio 550, the second end
of each jumper cable 870 may be connected to one or
more cluster connectors 880. A cluster connector may
comprise a plurality of connectors that are fixedly pre-
mounted in a common plate. In the embodiment shown
in FIG. 6, two cluster connectors 880-1, 880-2 are pro-
vided, with five of the jumper cables 870 connected to
the first cluster connector 880-1 and the remaining four
jumper cables 870 connected to the second cluster con-
nector 880-2. The RF ports 532 on base station antenna
510 may be arranged to mate with the two cluster con-
nectors 880, and each cluster connector 880 may be
pushed onto a corresponding group of four or five RF
connector ports 532 in order to quickly and easily connect
the jumper cables 870 to the base station antenna 510.
Suitable cluster connectors are disclosed in U.S. Patent
Application Serial No. 16/375,530, filed April 4, 2019, the
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entire content of which is incorporated herein by refer-
ence. It will also be appreciated that jumper cable as-
semblies that have cluster connectors on both ends of
the cables may be used in other embodiments or alter-
natively be used to provide the RF connections between
the beamforming radios 550 and the base station anten-
na 510.

[0041] The antenna assemblies according to embodi-
ments of the presentinventive concepts, such as antenna
assemblies 500 and 500A, may also be designed so that
the radios 550 may be field-replaceable. Herein, a field-
replaceable radio refers to a radio 550 that is mounted
on a base station antenna that can be removed and re-
placed with another radio while the base station antenna
is mounted for use on, for example, an antenna tower.
As is seen in FIG. 6, mounting brackets 570 that attach
between the antenna assembly 500 and the antenna tow-
er (or other mounting structure) may connect to the base
station antenna 510 as opposed to connecting to the ra-
dios 550. Additionally, as shown in FIG. 6, the mounting
brackets 570 may be spaced apart from the radios 550
so that a technician can access and remove the radios
550 while the antenna 510 is mounted on the antenna
tower. In some embodiments, cable guides 872 may be
provided within the mounting brackets 570. The cable
guides 872 may retain the jumper cables 870, for exam-
ple during replacement or repair of the radio 550.
[0042] The various embodiments of the antenna as-
sembly 500 illustrated with respect to FIGS. 4A-6 use
external jumper cables 560/870 to connect the RF con-
nector ports 552 on the beamforming radios 550 to the
RF connector ports 532 that are mounted on the back
surface of the radome 520 or the bottom end cap 514.
The external jumper cables 560/870 have connectors on
each end, which may be of the same type or of different
types. The present disclosure is not limited to the use of
such jumper cables, however. Pursuant to some embod-
iments of the presentinventive concepts, the RF connec-
tors 532 included in the antenna assembly 500 may be
replaced with access holes.

[0043] FIG. 7 is a back view of an antenna assembly
700 that includes such a design. As shown in FIG. 7, the
antenna assembly 700 includes a base station antenna
710 that at least one beamforming radio 750 mounted
on a rear surface thereof. The radome 720 of antenna
710includes atleastone panel 730 thathas access open-
ings 732 therein. Each access opening 732 may be sur-
rounded by a gland or seal to provide weatherproofing.
Pigtail cables 760 may be factory-coupled (e.g., sol-
dered) to internal components within the base station an-
tenna 710 and may extend from through a corresponding
access hole 732 to connect with a respective RF con-
nector port 752 on the radio 750. As used herein, the
term "pigtail cables" includes a cable with a connector
on one end that may be factory-coupled to a component
within the base station antenna 710, and may notbe field-
replaceable.

[0044] Pursuant to still further embodiments of the
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present inventive concepts, methods of installing beam-
forming radios on base station antennas to provide base
station assemblies are provided. Methods of installation
are provided that are suitable for factory installation as
well as methods for field installing (or replacing) beam-
forming radios on base station antennas. Referring to
FIG. 8A, in some embodiments, one or more guide rails
590 may be mounted on the rear surface of the base
station antenna 510. For example, the frame of the base
station antenna 510 may have support brackets (not
shown) that extend between rearwardly-extending side-
walls of the frame, and each guide rail 590 may be mount-
ed through the radome 520 onto one of the support brack-
ets using screws or other attachment mechanisms. In
the embodiment shown in FIG.8A, a pair of horizontally-
oriented guiderails 590 is provided for each beamforming
radio 550.

[0045] As shown in FIG. 8A, each guide rail 590 may
be implemented using a channel iron that has a front
plate 591, rearwardly extending top and bottom walls
592, and lips 593 that extend downwardly and upwardly
from the respective top and bottom walls 592 so that the
guide rail 590 has a generally C-shaped transverse
cross-section that defines an interior slot 594. Mounting
holes 595 may be provided through the front wall 591
that receive screws or other fasteners 596 that are used
to mount each guide rail 590 on the support plate or other
structural component (not shown) of base station anten-
na 510. The guide rails 590 may be formed of aluminum
or steel in example embodiments.

[0046] As shown in FIG. 8B, radio support plates 800
may be provided that are configured for mounting on the
guide rails 590. Each radio support plate 800 may com-
prise, for example, a substantially planar metal plate that
has mounting holes 810 therein. The radio support plates
800 need not be planar, however, and may include, for
example, rearwardly-extending lips 820 or other non-pla-
nar features (e.g., the plate radio support 800 may be a
corrugated plate). The size of each radio support plate
800 and the location of the mounting holes 810 may be
customized based on the design of the beamforming ra-
dio 550 that is to be mounted on the base station antenna
510. Thus, different radio support plates 800 may be pro-
vided for different beamforming radio manufacturers
and/or for different beamforming radio 550 models. For
example, the beamforming radios 550 may include top
and bottom mounting flanges (not shown) that have
openings therein. The openings may be aligned with the
mounting holes 810 on the radio support plates 800 so
that each beamforming radio 550 may be mounted on a
respective radio support plate 800 using screws, bolts or
other fasteners.

[0047] FIG. 8C is a perspective view of the rear of the
base station antenna 510. Referring to FIG. 8C, one or
more guide structures 830 may be mounted on the sur-
face of the radio support plate 800 that is configured to
face the base station antenna 110. The guide structures
may be mounted using, for example, screws or bolts. In
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the depicted embodiment, each guide structure 830 com-
prises a rod 840. The radio support plate 800 and the
beamforming radio 550 are not shown in FIGS. 8C and
8D to better describe aspects of the rod 840 and the guide
rails 590.

[0048] The rod 840 is sized to be received in the slot
594 that is defined between the front plate 591, top and
bottom walls 592 and lips 593 of one of the guide rails
590. Accordingly, a radio support plate 800 having guide
structures 830 in the form of the rod 840 may be mounted
on one or more guide rails 590 by sliding the radio support
plate 800 laterally parallel to the guide rail(s) 590 so that
the rod 840 is received within the slots 594 in the guide
rail(s) 590. As best seen in FIG. 8D, which is an enlarged
view of a portion of FIG. 8C, pin through holes 597 may
be provided in the top and bottom walls 592 at each end
of the guide rails 590. The pin through holes 597 may be
dimensioned to receive a locking pin 598. In some em-
bodiments, the rod 840 may have corresponding through
holes 841 that are positioned along a length of the rod
840 such that, when the rod 840 is slid into position within
the slot 594, the corresponding through holes 841 of the
rod 840 align with the pin through holes 597 of the top
and bottom walls 592. As such, the locking pin 598 may
be received through both the guide rail 590 and the rod
840.

[0049] Alternatively, the rod 840 may be dimensioned
to be slightly shorter in length than the guide rail 594, and
the corresponding through holes may be omitted from
the rod 840. During installation, a first locking pin 598 at
a first end of the guide rail 590 may be inserted through
the pin through holes 597 in both the top and bottom walls
592 at the first end of the guide rail 594. The radio support
plate 800 may be mounted onto the base station antenna
510 by sliding the rod 840 into the slot 594 from the sec-
ond end of the guide rail 590 until the rod 840 abuts the
locking pin. Once the radio support plate 800 is in place,
a second locking pin 598 may be inserted through the
pin through holes 597 at the second end of the guide rail
590. Once the rods 840 on the radio support plate 800
have been fully inserted into the respective slots 594 of
the guide rails 590, and the first and second locking pins
598 have been inserted in the pin through holes 597 at
each end of the guide rails 590, lateral movement of the
radio support plate 800 (and the radio 550 mounted ther-
eon) relative to the base station antenna 510 is hindered
and/or effectively prevented.

[0050] Insomeembodiments, machiningtolerances of
the guide rails 590 and/or the rods 840 of the radio sup-
port plate may result in a thickness of the rod being less
than a distance from the front plate 591 to the inner sur-
face of the lips 593 of the guide rail. Moreover, even
where machining tolerances are controlled, the thickness
of the rod 840 may be less than the corresponding di-
mension of the slot 840 so as to permit relatively easy
sliding of the rods 840 relative to the guide rails 590.
Although lateral movement is prevented by the locking
mechanisms, the thickness of the rod 840 relative to the
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guide rail 590 may create a potential for slight movement
of the radio support plate 800 toward and away from the
base station antenna 510. This movement, which may
be exacerbated by wind loads at the installation site, may
resultin degradation of either internal components of the
beamforming radio 550 and or the connectors electrically
connecting the beamforming radio 550 with the base sta-
tion antenna 510. To prevent such movement, a locking
mechanism 860 may be provided. As shown, the locking
mechanism 860 may include an offset cam 861 that is
rotatable into position via lever 862. After sliding of the
rods 840 of the radio support plate 800 into the guide
rails 590, the lever 862 may be rotated, causing the offset
cam 861 to press rod 840 into contact with the front plate
591 of the guide rail 590. Such contact, which is main-
tained by the offset cam 861, hinders and/or effective
prevents the movement of the radio support plate 800
relative to the base station antenna 510.

[0051] Insome aspects, the rod 840 may be formed of
a plastic or other material selected to reduce or prevent
the formation of passive intermodulation interference
(PIM) products. PIM is a form of electrical interference
that may occur when two or more RF signals encounter
non-linear electrical junctions or materials along an RF
transmission path. Such non-linearities may act like a
mixer causing the RF signals to generate new RF signals
at mathematical combinations of the original RF signals.
PIM may result from inconsistent metal-to-metal contacts
along an RF transmission path and/or the RF reception
path, particularly when such inconsistent contacts are in
high current density regions of the paths such as inside
RF transmission lines, inside RF components, or on cur-
rent carrying surfaces of an antenna. Such inconsistent
metal-to-metal contacts may occur, for example, be-
cause of contaminated and/or oxidized signal carrying
surfaces, loose connections between two connectors,
metal flakes or shavings inside RF components or con-
nections and/or poorly prepared soldered connections
(e.g., a poor solder termination of a coaxial cable onto a
printed circuit board). Other PIM may result from a me-
tallic surface located within the transmission range of the
antenna, such as a tower or mounting structure on which
the antenna is mounted, or stationary or moving struc-
tures or objects nearby. The non-linearities that give rise
to PIM may be introduced at the time of manufacture,
during installation, or due to electro-mechanical shift over
time due to, for example, mechanical stress, vibration,
thermal cycling, and/or material degradation. As such,
embodiments of the present inventive concepts include
those in which the rod 840 and/or other components of
the radio support plate 800 or guide rail 590 are formed
from non-metallic materials.

[0052] It will be appreciated that a wide variety of other
guide structures could be used. It will also be appreciated
that in still further embodiments the guide structures may
be mounted on the rear surface of the base station an-
tenna 510 and the guide rails 590 may be mounted on
the radio support plate 800.
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[0053] Referring to FIG. 8E, jumper cables 560 may
then be installed that electrically connect the connector
ports 552 on each beamforming radio 550 to respective
RF connector ports 532 on the base station antenna 510,
though the arrangement of FIGS. 8A-8E may be used
with any cabling between the beamforming radio 550 and
the base station antenna 510, including those illustrated
in FIGS. 6 and 7.

[0054] According to the present disclosure, the beam-
forming radios 550 may be readily replaced in the field.
As is well known, base station antennas are typically
mounted on towers, often hundreds of feet above the
ground. Base station antennas may also be large, heavy
and mounted on antenna mounts that extend outwardly
from the tower. As such, replacing base station antennas
may be difficult and expensive. The beamforming radios
550 of base station antenna assembly 500 may be field
replaceable without the need to detach the base station
antenna 510 from an antenna mount. Instead, the jumper
cables 560 that extend between the base station antenna
510 and the beamforming radios 550 may be removed,
and any stop mechanisms such as stop bolts or latches
that are used to hold each radio support plate 800 with
a beamforming radio 550 mounted thereon in place (to
prevent lateral movement of the radio support plate 800
relative to the radio 550) on the base station antenna 510
may also be removed or unlatched. Each radio support
plate 800 with a beamforming radio 550 mounted thereon
may then be removed simply by sliding the radio support
plate 800 laterally until the guide structure(s) 830 are free
of the slots 594 in the respective guide rails 590. Then,
a different beamforming radio 550 that is mounted on an
appropriate radio support plate 800 may be positioned
adjacent the guide rails 590 so that the guide structures
830 on the radio support plate 800 are aligned with the
guide rails 590. The installer may then move the new
radio support plate 800 laterally so that the guide struc-
tures 830 are captured by the respective guide rails 590
on the base station antenna 510. Once the new radio
support plate 800 (with new beamforming radio 550
mounted thereon) is fully installed on the guide rails 590,
the above-discussed stop/latching mechanism(s) may
be engaged to prevent lateral movement of the new radio
support plate 800 relative to the base station antenna
510. It should be noted that in some embodiments the
new beamforming radio 550 may be installed without the
use of any tools or with only a screwdriver.

[0055] In some of the example embodiments provided
herein, the base station antenna 510 is configured so
that the first array 534-1 of RF connector ports 532 is
mounted near the bottom of the back surface of the ra-
dome 520, and the second array 534-2 of RF connector
ports 532 is mounted near the middle of the back surface
of the radome 520. The beamforming radios 550 are
mounted above their corresponding arrays 534 of RF
connector ports 532 in this design. It will be appreciated,
however, thatembodiments of the present inventive con-
cepts are not limited to this configuration. For example,
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FIGS. 9A-9C are schematic back views illustrating alter-
native arrangements for the arrays 534 of RF connector
ports 532 that may be employed in base station antennas
according to further embodiments of the present inven-
tive concepts.

[0056] As shown in FIG. 9A, in a first alternative em-
bodiment, an antenna assembly 500B is provided in
which the firstarray 534-1 of RF connector ports 532 may
be mounted near the top of the back surface of the an-
tenna 510, and the second array 534-2 of RF connector
ports 532 may be mounted near the middle of the back
surface of the antenna 510. In this embodiment, the
beamforming radios 550 may be mounted below their
corresponding arrays 534 of RF connector ports 532. As
shown in FIG. 9B, in a second alternative embodiment,
an antenna assembly 500C is provided in which the first
and second arrays 534-1, 534-2 of RF connector ports
532 may each be mounted near the middle of the back
surface of the antenna 510, with one beamforming radio
550 mounted above the arrays 534 of RF connector ports
532 and the other beamforming radio 550 mounted below
the arrays 534 of RF connector ports 532. As shown in
FIG. 9C, in a third alternative embodiment, an antenna
assembly 500D is provided in which the first array 534-1
of RF connector ports 532 may be mounted near the top
of the back surface of the antenna 510, and the second
array 534 of RF connector ports 532 may be mounted
near the bottom of the back surface of the antenna 510,
and the two beamforming radios 550 may be mounted
in between the two arrays 534 of RF connector ports 532.
[0057] It will be appreciated that many modifications
may be made to the antenna assemblies described
above without departing from the scope of the present
inventive concepts. For example, while some of the
above embodiments illustrate two radios mounted on the
back of the antenna, it will be appreciated that in other
embodiments different numbers of radios may be mount-
ed on the antenna. For example, one, three, four or more
radios may be mounted on the back of the antenna in
other embodiments depending, for example, on cellular
operator requirements. It will also be appreciated that
while the beamforming antennas are shown mounted on
the back of the antennas described above, embodiments
of the present inventive concepts are not limited thereto.
For example, in other embodiments, the radios that con-
nect to the passive linear arrays may be mounted on the
back of the antenna. However, in many instances it may
be advantageous to mount the beamforming radios on
the back of the antenna (which typically operate as time
division duplexed radios) because these radios may be
smaller and/or lighter weight than the radios that feed the
passive, frequency division duplexed linear arrays, and
as the beamforming radios typically have more RF con-
nector ports, and hence mounting the beamforming ra-
dios on the back of the antenna and moving the associ-
ated RF connector ports to the back of the antenna as
well frees up more space on the bottom end cap, simpli-
fying the installation process.
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[0058] Embodiments of the presentinventive concepts
have been described above with reference to the accom-
panying drawings, in which embodiments of the inventive
concepts are shown. The inventive concepts may, how-
ever, be embodied in many different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will
fully convey the scope of the inventive concepts to those
skilled in the art. Like numbers refer to like elements
throughout.

[0059] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement from another. For example, a first element could
be termed a second element, and, similarly, a second
element could be termed a first element, without depart-
ing from the scope of the present inventive concepts. As
used herein, the term "and/or" includes any and all com-
binations of one or more of the associated listed items.
[0060] It will be understood that when an element is
referred to as being "on" another element, it can be di-
rectly on the other element or intervening elements may
also be present. In contrast, when an element is referred
to as being "directly on" another element, there are no
intervening elements present. It will also be understood
that when an element is referred to as being "connected"
or "coupled" to another element, it can be directly con-
nected or coupled to the other element or intervening
elements may be present. In contrast, when an element
is referred to as being "directly connected" or "directly
coupled" to another element, there are no intervening
elements present. Other words used to describe the re-
lationship between elements should be interpreted in a
like fashion (i.e., "between" versus "directly between",
"adjacent" versus "directly adjacent", etc.).

[0061] Relative terms such as "below" or "above" or
"upper" or "lower" or"horizontal" or "vertical" may be used
herein to describe a relationship of one element, layer or
region to another element, layer or region as illustrated
in the figures. It will be understood that these terms are
intended to encompass different orientations of the de-
vice in addition to the orientation depicted in the figures.
[0062] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the inventive concepts. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" "comprising," "includes"
and/or "including" when used herein, specify the pres-
ence of stated features, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, operations, elements,
components, and/or groups thereof.

[0063] Aspects and elements of all ofthe embodiments
disclosed above can be combined inany way and/or com-
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bination with aspects or elements of other embodiments
to provide a plurality of additional embodiments.

[0064] Particularly preferred aspects of this case are
given in the following:

1. A base station antenna assembly, comprising: a
base station antenna having a frame and a radome
that covers the frame; a first radio mounted to aradio
support plate on a rear side of the base station an-
tenna; wherein the radio support plate is configured
to attach to the base station antenna by at least one
guide rail that cooperates with one or more guide
structures of the radio support plate.

2. The base station antenna assembly of aspect 1,
wherein the guide rail includes a slot.

3. The base station antenna assembly of the preced-
ing aspects, in particular aspect 2, wherein the slot
has a generally C-shaped cross-section.

4. The base station antenna assembly of any of the
preceding aspects, in particular aspect 3, wherein
the one or more guide structures comprises a rod.
5. The base station antenna assembly of any of the
preceding aspects, in particular aspect 4, wherein
the rod comprises a plastic material.

6. The base station antenna assembly of any of the
preceding aspects, in particular aspects 1-5, further
comprising a plurality of jumper cables that commu-
nicatively couple the base station antenna with the
first radio.

7. The base station antenna assembly of any of the
preceding aspects, in particular aspects 1-5, further
comprising at least two cables that communicatively
couple the base station antenna with the first radio,
wherein the at least two cables are ganged together
via a ganged connector.

8. The base station antenna assembly of any of the
preceding aspects, in particular aspects 1-5, wherein
a rear surface of the radome includes a plurality of
access holes, and wherein the base station antenna
assembly comprises a plurality of connectorized ca-
bles soldered to components within an interior of the
base station antenna that extend from the interior of
the base station antenna through respective ones of
the access holes.

9. The base station antenna assembly of any of the
preceding aspects, in particular aspects 1-5, wherein
a rear surface of the radome includes a panel in
which a plurality of connector ports are mounted.
10. A base station antenna assembly, comprising: a
base station antenna having a frame and a radome
that covers the frame; and a first radio mounted on
a radio support plate;

wherein a first guide rail is mounted on one of the
base station antenna and the radio support plate and
a first cooperating rod is mounted on the other of the
base station antenna and the radio support plate,
wherein the first guide rail and the first corresponding
rod are configured so that when the first cooperating
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rods are received within a slot in the first guide rail
the radio support plate is mounted on the base sta-
tion antenna.

11. The base station antenna assembly of any of the
preceding aspects, in particular aspect 10, further
comprising a first locking pin, wherein the first guide
rail comprises top and bottom walls each having a
first pin through hole therein which is dimensioned
to receive the first locking pin.

12. The base station antenna assembly of any of the
preceding aspects, in particular aspect 11, wherein
the first corresponding rod comprises first pin
through holes therein which are dimensioned to re-
ceive the first locking pin.

13. The base station antenna assembly of any of the
preceding aspects, in particular aspect 11 or aspect
12, further comprising a second locking pin, wherein
the top and bottom walls each have a second pin
through hole therein which is dimensioned to receive
the second locking pin.

14. The base station antenna assembly of any of the
preceding aspects, in particular aspect 13, wherein
the first corresponding rod comprises second pin
through holes therein which are dimensioned to re-
ceive the second locking pin.

15. The base station antenna assembly of any of the
preceding aspects, in particular aspects 10-14,
wherein the first guide rail is mounted on the base
station antenna and the first corresponding rod is
mounted on the radio support plate opposite the first
radio.

16. A base station antenna assembly, comprising: a
base station antenna having a frame, a radome that
covers the frame, and a bottom end cap; and a first
radio mounted to the frame on arear side of the base
station antenna; wherein a rear surface of the ra-
dome includes a first opening, and a panel having a
plurality of access holes is mounted in the first open-
ing, and a plurality of connectorized cables soldered
to components within an interior of the base station
antenna extend from the interior of the base station
antenna through respective ones of the access
holes.

17. The base station antenna assembly of any of the
preceding aspects, in particular aspect 16, wherein
the first radio is mounted to the frame via a first radio
support plate, wherein a first guide rail is mounted
on one of the base station antenna and the radio
support plate and a first cooperating rod is mounted
on the other of the base station antenna and the radio
support plate, wherein the first guide rail and the first
corresponding rod are configured so that when the
first cooperating rods are received within a slot in the
first guide rail the radio support plate is mounted on
the base station antenna.

18. The base station antenna assembly of any of the
preceding aspects, in particular aspect 17, further
comprising a first locking pin, wherein the first guide



21 EP 3 869 612 A1

rail comprises top and bottom walls each having a
first pin through hole therein which is dimensioned
to receive the first locking pin.

19. The base station antenna assembly of any of the
preceding aspects, in particular aspect 18, wherein
the first corresponding rod comprises first pin
through holes therein which are dimensioned to re-
ceive the first locking pin.

20. The base station antenna assembly of any of the
preceding aspects, in particular aspect 18 or aspect
19, further comprising a second locking pin, wherein
the top and bottom walls each have a second pin
through hole therein which is dimensioned to receive
the second locking pin.

Claims

A base station antenna assembly, comprising:

a base station antenna having a frame and a
radome that covers the frame; and

a first radio mounted to a radio support plate on
a rear side of the base station antenna;
wherein the radio support plate is configured to
attach to the base station antenna by at least
one guide rail that cooperates with one or more
guide structures of the radio support plate.

The base station antenna assembly of Claim 1,
wherein the guide rail includes a slot.

The base station antenna assembly of Claim 2,
wherein the slot has a generally C-shaped cross-
section.

The base station antenna assembly of any of the
preceding Claims, wherein the one or more guide
structures comprises a rod.

The base station antenna assembly of Claim 4,
wherein the rod comprises a plastic material.

The base station antenna assembly of any of Claims
1-5, further comprising a plurality of jumper cables
that communicatively couple the base station anten-
na with the first radio.

The base station antenna assembly of any of Claims
1-6, further comprising at least two cables that com-
municatively couple the base station antenna with
the first radio, wherein the at least two cables are
ganged together via a ganged connector.

The base station antenna assembly of any of Claims
1-7, wherein a rear surface of the radome includes
a plurality of access holes, and wherein the base
station antenna assembly comprises a plurality of
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connectorized cables soldered to components within
an interior of the base station antenna that extend
from the interior of the base station antenna through
respective ones of the access holes.

The base station antenna assembly of any of Claims
1-8, wherein a rear surface of the radome includes
a panel in which a plurality of connector ports are
mounted.

The base station antenna assembly of any of the
preceding Claims, wherein the one or more guide
structures comprises a first cooperating rod, and
wherein the first guide rail and the first cooperating
rod are configured so that when the first cooperating
rod is received within a slot in the first guide rail the
radio support plate is mounted on the base station
antenna.

The base station antenna assembly of any of the
preceding Claims, in particular Claim 10, further
comprising a first locking pin, wherein the first guide
rail comprises top and bottom walls each having a
first pin through hole therein which is dimensioned
to receive the first locking pin.

The base station antenna assembly of any of the
preceding Claims, in particular Claims 10 and 11,
wherein the first cooperating rod comprises first pin
through holes therein which are dimensioned to re-
ceive the first locking pin.

The base station antenna assembly of any of the
preceding Claims, in particular Claims 10 to 12, fur-
ther comprising a second locking pin, wherein the
top and bottom walls each have a second pin through
hole therein which is dimensioned to receive the sec-
ond locking pin.

The base station antenna assembly of any of the
preceding Claims, in particular Claims 10 to 13,
wherein the first cooperating rod comprises second
pin through holes therein which are dimensioned to
receive the second locking pin.

The base station antenna assembly of any of the
preceding Claims, in particular any of Claims 10-14,
wherein the first guide rail is mounted on the base
station antenna and the first cooperating rod is
mounted on the radio support plate opposite the first
radio.
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