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BASE STATION ANTENNAS HAVING AN ACTIVE ANTENNA MODULE AND
RELATED DEVICES AND METHODS
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Serial Number 17/209,562, filed March 23, 2021, U.S. Provisional Application Serial
Number 62/993,925, filed March 24, 2020, U.S. Provisional Application Serial Number
63/075,344, filed September 8, 2020, U.S. Provisional Application Serial Number
63/082,265, filed September 23, 2020, U.S. Provisional Application Serial Number
63/124,442, filed December 11, 2020, and 63/136,757, filed January 13, 2021, the contents of

which are hereby incorporated by reference as if recited in full herein.

BACKGROUND
[0002] The present invention generally relates to radio communications and, more
particularly, to base station antennas for cellular communications systems.
[0003] Cellular communications systems are well known in the art. 1n 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
of roore antennas that are configured to provide two-way radio frequency ("RF")
communications with mobile subscribers 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 divided into three 120° sectors in the azimuth plane, and each
sector is served by one or more base station antennas that have an azimuth Half Power
Beamwidih (HPBW} of approximately 65°. Typically, the base station antennas are mounted
on a tower or other raised structure, with the radiation patterns {(also referred to herein as
"antenna beams") that are generated by the base station antennas divected outwardly. Base
station antennas are often implemented as linear or planar phased arrays of radiating
elements.
[0004] In order to accommuodate the increasing volume of cellular communications,
cellular operators have added 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 provide service in multiple frequency bands, in other cases it is necessary to use
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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 proliferated, 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 a typical base station has increased
significantly. However, due to, for example, local zoning ordinances and/or weight and wind
foading constraints for the antenna towers, there s often a Hmit 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 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 linear 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"” radiating 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.

[0006] FiGs. 1 and 2 illustrate examples of prior art base station antennas 18 The
base station antenna 1€ is typically mounted with the longitudinal axis L of the antenna 18
extending along a vertical axis (e.g., the longitudinal axis L may be generally perpendicular
to a plane defined by the horizon) when the antenna 10 is mounted for normal operation.

The front surface of the antenna 16 i3 mounted opposite the tower or other mounting
structure, pointing toward the coverage area for the antenoa 18, The antenna 10 includes a
radome 11 and a top end cap 20. The radome 11 and the top end cap 20 can be a single
integral unit, which may be helpful for waterproofing the antenna 10. The antenna 10 also
includes a bottom end cap 30 which includes a plurality of connectors 40 mounted therein.
As shown, the radome 11, top cap 20 and bottom cap 30 define an external housing 10h for
the antenna 10. An antenna assembly is contained within the housing 10h.

[0007] FIG. 2 illustrates that the antenna 10 can include one or more radios 50 that
are mounted to the housing 10h. Antennas having integrated radios that can adjust the
amplitude and/or phase of the sub-components of an RF signal that are transmitted through
individual radiating elements or small groups thereof are referred to as "active antennas."
Active antennas can steer the generated antenna beams in different directions by changing the

amplitudes and/or phases of the sub-components of RF signals that are transmitted through
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the antenna. As the radios 50 may generate significant amounts of heat, it may be appropriate
to vent heat from the active antenna in order to prevent the radios 50 from overheating.
Accordingly, each radio 50 can include a (die cast) heat sink 54 that is mounted on the rear
surface of the radio 50. The heat sinks 54 are thermally conductive and include a plurality of
fins S4f. Heat generated in the radios 50 passes to the heat sink 54 and spreads to the fins
54f. As shown in FIG. 2, the fins 54f are external to the antenna housing 10h. This allows
the heat to pass from the fins 54f to the external environment. Further details of example
conventional antennas can be found in co-pending W0O2019/236203 and W02020/072880,

the contents of which are hereby incorporated by reference as if recited in full herein.

SUMMARY
[0008] Pursuant to embodiments of the present invention, base station antennas are
provided with housings that enclose a passive antenna assembly and that are configured to
releasably couple to an active antenna module that is at least partially external to the housing
of the base station antenna.
[0009] Embodiments of the present invention include a base station antenna that
includes: a passive antenna assembly having a housing and a first reflector. The housing has
arear wall. The base station antenna also includes a separate active antenna module with a
second reflector coupleable to or coupled to the housing of the passive antenna assembly. In
position, the second reflector resides adjacent or inside the rear wall of the housing.
[0010] The housing has a front that can define an external radome with an internal
chamber between the front and the rear wall. The rear wall can have or define a recess. The
second reflector can reside adjacent the first reflector inside the recess.
[0011] The housing can have a front that defines an external radome with an internal
chamber between the front and the rear wall. The rear wall can have or defines a recess and
the second reflector can reside adjacent the first reflector inside the recess.
[0012] The first reflector can have an aperture and at least a portion of the second
reflector can be positioned in the aperture of the first reflector.
[0013]  The first reflector can have a longitudinal and lateral extent and defines a reflector
wall with wall segments that at least partially surrounds the aperture thereof.
[0014] The wall segments of the reflector wall of the first reflector can entirely surround
the aperture.

[0015] The first reflector can be capacitively coupled to the second reflector.
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[0016]  Atleast one of the first reflector or the second reflector can be provided by a
frequency selective surface and/or substrate that can be configured to allow RF energy to pass
through at one or more defined frequency range and that is configured to reflect RF energy at
a different frequency band.

[0017]  The first reflector can have the frequency selective surface and/or substrate and can
be configured to reflect RF energy at a low band and pass RF energy at a higher band.

[0018] The frequency selective surface and/or substrate can reside in the housing behind
low band dipole radiating antenna elements.

[0019] The base station antenna can further include low band dipole antenna with feed
stalks. The feed stalks and/or radiating elements of the low band dipole antenna can project
forward of the frequency selective substrate.

[0020] The base station antenna can include a third reflector that is an extension of the first
reflector or that is coupled to the first reflector. The third reflector can extend in a
longitudinal direction and has a lateral extent. The third reflector can reside in the housing
and extend longitudinally a distance greater than the first reflector.

[0021] The frequency selective surface and/or substrate can be co-planar with the third
reflector.

[0022] The frequency selective surface and/or substrate can be parallel to the third
reflector and can reside closer to an external, front radome of the housing than the third
reflector.

[0023] The first reflector can have a longitudinal and lateral extent. The second reflector
can have a longitudinal and lateral extent. The longitudinal extent of the second reflector can
be less than the longitudinal extent of the first reflector.

[0024] The aperture of the first reflector and the recess provided by or in the rear wall of
the housing can be aligned and each can have a rectangular perimeter.

[0025] Other embodiments of the present invention are directed to base station antennas
that have a base station antenna housing with a top, a bottom, a front, a rear and right and left
side walls extending between the top and the bottom and joining the front and rear. The rear
has a recessed segment that extends longitudinally and laterally across the rear of the base
station housing. The base station antenna also has a passive antenna assembly in the base
station antenna housing and an active antenna module that includes radio circuitry and a
plurality of radiating elements that resides in the recessed segment of the rear of the base

station antenna housing.
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[0026] The front and the right and left side walls form at least part of a radome and
the active antenna module can be configured to sealably couple to the recessed segment.
[0027] The base station antenna can further include a back plate with an open
aperture. The open aperture can extend longitudinally and laterally across the rear of the base
station antenna housing. The active antenna module can be sealably attached to the back plate
and the active antenna module can cover the open aperture of the back plate.

[0028] The active antenna module and/or the back plate can have a seal extending
about a perimeter portion thereof.

[0029] The right and left side walls can have a first height along the recessed
segment. The right and left side walls can have a second height that is greater than the first
height at a second segment longitudinally spaced apart from the recessed segment. A
difference between the first and second heights can be in a range of 0.25 inches and 6 inches.
[0030] The recessed segment can extend a length that can be in a range of 20%-60%
of a length of the rear of the base station antenna housing and can extend in a width direction,
perpendicular to the length direction, that can be in a range of 30-110% of a width of the rear
of the antenna base housing

[0031] The base station antenna can further include a seal cap sealably coupled to the
left and right side walls and the rear of the housing.

[0032] The base station antenna can further include a reflector in the base station
antenna housing. At least a portion of the reflector can reside forward of the back plate.
[0033] The reflector can have an open aperture that, with the base station antenna in
operative position, resides forwardly of the open aperture of the back plate.

[0034] The recessed segment can reside adjacent the top of the base station antenna
housing and terminate above a medial segment of the rear of the base station antenna
housing.

[0035] The back plate can be rectangular and can have a rectangular perimeter that
surrounds the open aperture and can be sealably coupled to the active antenna module.
[0036] The base station antenna can further include first and second rails that are
laterally spaced and that longitudinally extend inside the base station antenna.

[0037] The first and second rails can be coupled to the radome.

[0038] The base station antenna can further include first and second cross-members
coupled to the first and second rails that, together with the first and second rails, surround a

window configured to receive the active antenna module.
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[0039] The first and second rails can be sealably coupled to the radome and/or
sealably coupled to the active antenna module.

[0040] The first and second rails can be coupled to the reflector.

[0041] The reflector can be positioned a distance in a range of 0.5 inches to 4 inches
from a back plate, or from the front, in a front to back direction between the front and rear of
the base station antenna housing.

[0042] Other aspects are directed to base station antennas that include: a base station
antenna housing having a top, a bottom, a front, a rear and right and left sides joining the
front and rear. The rear has a longitudinally and laterally extending recessed segment or
chamber. The base station antenna also includes a passive antenna assembly in the base
station antenna housing and an active antenna module sealably coupled to the rear of the base

station housing and extends over the recessed segment or chamber.

[0043] The active antenna module can have radio circuitry and a plurality of radiating
elements.
[0044] The base station antenna can further include a back plate with an open

aperture. The open aperture can extend longitudinally and laterally across the rear of the base
station housing over the open chamber. The active antenna module can be sealably attached
to the back plate.

[0045] The active antenna module and/or the back plate can have a seal extending
about a perimeter portion thereof.

[0046] The right and left side walls can have a first height along a recessed segment
of the rear. The right and left side walls can have a second height that is greater than the first
height at a second segment of the rear that is longitudinally spaced apart from the recessed
segment. A difference between the first and second heights can be in a range of 0.25 inches
and 6 inches.

[0047] The recessed segment can extend a length that is in a range of 20%-60% of a
length of the rear of the base station antenna housing and can extend in a width direction,
perpendicular to the length direction, that can be in a range of 30-110% of a width of the rear
of the base station antenna housing.

[0048] The base station antenna can further include a seal cap that can be sealably
coupled to the left and right side walls and the rear of the base station antenna housing.
[0049] The base station antenna can further include a reflector in the base station

antenna housing. At least a portion of the reflector can reside forward of the back plate.
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[0050] The recessed segment can reside adjacent the top of the base station antenna
housing and can terminate above a medial segment of the rear of the base station antenna
housing.

[0051] The back plate can be rectangular and can have a rectangular perimeter that
surrounds the open aperture and can be sealably coupled to the active antenna module.
[0052] The base station antenna can further have first and second rails that are
laterally spaced and that longitudinally extend inside the base station antenna. The first and
second rails can be coupled to the radome and/or are sealably coupled to the active antenna
module.

[0053] The base station antenna can further include first and second rails that are
laterally spaced and that longitudinally extend inside the base station antenna; and first and
second cross members that attach to the first and second rails. The first and second cross
members and the first and second rails can cooperate to form a window that receives an inner
facing portion of the active antenna module.

[0054] The first and second rails and the first and second cross members can be
sealably coupled to the active antenna module.

[0055] The first and second rails can be coupled to the reflector via respective U-
shaped connectors.

[0056] The reflector can be positioned a distance in a range of about 0.5 to about 4
inches from a back plate in a front to back direction between the front and rear of the base
station antenna housing or from the front of the housing that same distance where a back
plate is not used. The back plate can be sealably coupled to the active antenna module.
[0057] Still other aspects of the present invention are directed to active antenna
modules. The active antenna modules include a remote radio unit, an integrated filter and
calibration board assembly coupled to the remote radio unit, an antenna assembly coupled to
the remote radio unit, and a radome coupled to the antenna assembly with the antenna
assembly sandwiched between the radome and the integrated filter and calibration board
assembly.

[0058] The active antenna module can have a seal interface extending about a
perimeter of the radome that is configured to sealably couple the active antenna module to a
base station antenna.

[0059] The radome can be a first radome and the active antenna module can further

include a second radome that is coupled to and covers the first radome.
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[0060] Still other aspects of the present invention are directed to methods of
assembling a base station antenna. The methods include: mounting a base station antenna
housing to a mounting structure; aligning an active antenna module with a recessed rear
segment and/or chamber along a rear of the base station antenna housing before or after
mounting the base station antenna housing; then attaching the active antenna module against
the base station antenna housing to couple the active antenna module to the base station
antenna housing.

[0061] Embodiments of the present invention provide antenna housings that have a
back plate that resides adjacent a reflector and that also have a passive antenna assembly.
The back plate can have a perimeter that optionally surrounds an aperture and that sealably
engages an active antenna module.

[0062] Embodiments of the present invention provide a base station antenna housing
with a passive antenna assembly, a top cap, a bottom cap with connectors and a radome
extending between the top and bottom end caps. The radome has a front and a rear. The rear
can have an external recessed segment that receives an active antenna module.

[0063] The antenna housing can have a seal cap that extends across a width of the
radome and can be coupled to the rear of the antenna housing.

[0064] Embodiments of the present invention provide at least one active antenna
module that sealably couples to a rear of the base station antenna housing. The base station
antenna housing encloses a passive antenna assembly. When assembled and/or in operation,
the at least one active antenna module is externally accessible thereby allowing for ease of
assembly, installation and/or replacement.

[0065] Embodiments of the present invention provide base station housings that
enclose a passive antenna and that sealably couple to an externally accessible active antenna
module thereby allowing user selectable active antenna modules (typically having respective
antenna(s), filter(s) and radio(s)) to be coupled to a respective base station antenna housing.
[0066] Embodiments of the present invention provide a base station antenna that has a
base station antenna housing with a top, a bottom, a front, a rear, and right and left sides
joining the front and rear; a passive antenna assembly in the base station antenna housing;
and an active antenna module slidably mountable to the base station antenna housing through
the top of the base station antenna housing.

[0067] In position, the active antenna module can be sealably coupled to a top portion

of the rear of the base station housing.
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[0068] In position, the active antenna module can reside over and closes an open
chamber provided by the base station antenna housing.

[0069] The active antenna module can include a radome that resides in the open
chamber and that faces an external radome of the front of the base station antenna housing.
[0070] The rear of the base station antenna housing can have a longitudinally and
laterally extending open chamber that receives a radome of the active antenna module.
[0071] The active antenna module can have an inwardly projecting top member that
extends inwardly further than the radome of the active antenna module.

[0072] The active antenna module can have rail couplers that slidably couple to rails
of the base station antenna housing.

[0073] The base station antenna housing can have outwardly projecting side members
that can extend for a sub-length of the base station antenna housing at a top portion of the
base station antenna housing and that can couple to mounting hardware configured to mount
the base station antenna to a mounting structure.

[0074] The active antenna module can be coupled to the base station antenna housing
and can be devoid of mounting hardware that mounts to the mounting structure.

[0075] The active antenna module can have mounting hardware on a rear surface
thereof that is configured to attach to a mounting structure.

[0076] Yet other embodiments are directed to a base station antenna that includes at
least one radome with one or more segments thereof interposed between first and second
reflectors.

[0077] The at least one radome can include first and second radomes with segments

thereof positioned between coupling surfaces of the first and second reflectors.

[0078] The first and/or second reflector can have a frequency selective
surface/substrate.

[0079] The first and second reflector can be capacitively coupled.

[0080] Still other aspects are directed to a base station antenna that includes a base

station antenna housing with a fixed reflector and a removable reflector that is configured to
couple with the fixed reflector to thereby provide a common electrical ground.

[0081] The removable reflector can be capacitively coupled to the fixed reflector.
[0082] The removable reflector can be provided in an active antenna module that is
removably attached to the base station antenna housing.

[0083] Other embodiments are directed to a base station antenna that includes a

passive antenna assembly having a housing and a first reflector and a separate active antenna

0.
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module having a second reflector coupleable to or coupled to the housing of the passive
antenna assembly.

[0084] The housing can have a rear wall and, in position, the second reflector can
reside inside the aperture of the rear wall of the housing.

[0085] The housing can have a front that defines an external radome with an internal
chamber between the front and the rear wall. The second reflector can reside adjacent the
first reflector inside the housing.

[0086] The first reflector can have an aperture and at least a portion of the second
reflector can be positioned in the aperture of the first reflector.

[0087] The first reflector has a longitudinal and lateral extent and can define a
reflector wall with wall segments that at least partially surrounds the aperture thereof.
[0088] The wall segments of the reflector wall of the first reflector can entirely
surround the aperture.

[0089] The first reflector can be capacitively coupled to the second reflector.

[0090] At least one of the first reflector or the second reflector can be provided by a
frequency selective substrate that is configured to allow RF energy to pass through at one or
more defined frequency range and that is configured to reflect RF energy at a different
frequency band.

[0091] The first reflector can be configured with a frequency selective substrate and
can be configured to reflect RF energy at a low band and pass RF energy at a higher band.
[0092] The frequency selective substrate can reside in the housing behind (feed)
stalks of low band dipole antenna elements.

[0093] The base station can include low band dipole antenna with feed stalks, the feed
stalks can project forward of a frequency selective surface and/or substrate, optionally the
frequency selective substrate has open spaces that extend (adjacently) about the feed stalks.
[0094] Yet other embodiments are directed to a base station antenna that extends along
a longitudinal direction. The base station antenna includes a plurality of columns of first
radiating elements configured for operating in a first operational frequency band, each
column of first radiating elements comprising a plurality of first radiating elements arranged
in the longitudinal direction. The base station antenna also includes a reflector positioned
behind the plurality of columns of first radiating elements and extending in the longitudinal
direction. The reflector has a frequency selective surface(s) and is configured such that
electromagnetic waves within the first operational frequency band are substantially blocked

by the reflector.

-10-
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[0095] The frequency selective surface can be configured to reflect the
electromagnetic waves within the first operational frequency band.

[0096] The base station antenna can include a plurality of columns of second
radiating elements configured for operating in a second operational frequency band that is
different from and does not overlap with the first operational frequency band. Each column
of second radiating elements can have a plurality of second radiating elements arranged in the
longitudinal direction. The frequency selective surface(s) is further configured such that
electromagnetic waves within the second operational frequency band can propagate through
the reflector.

[0097] The second operational frequency band can be higher than the first operational
frequency band.

[0098] The reflector can provide the frequency selective surface(s) on a printed
circuit board.

[0099] The reflector can include a dielectric board having opposite first and second
sides, the first and second sides facing respective columns of the first radiating elements, each
can be formed with a periodic conductive structure, the periodic conductive structures
forming the frequency selective surface.

[00100] The periodic conductive structure on the first side of the dielectric board can
have a first array structure and the periodic conductive structure on the second side of the
dielectric board can have a second array structure that has a different pattern than the first
array structure.

[00101] The frequency selective surface(s) can have a periodic conductive structure a
repeating pattern of polygonal shapes of metal elements.

[00102] The periodic conductive structures on the first and second sides of the
dielectric board can be formed of metal.

[00103] The frequency selective surface(s) of the reflector can be provided by a multi-
layer printed circuit board.

[00104] The reflector can be implemented as a multi-layer printed circuit board, one or
more layers of which can be formed with a frequency selective surface configured such that
electromagnetic waves within a predetermined frequency range can propagate through the
reflector. A combination of predetermined frequency ranges associated with the one or more
layers of the multi-layer printed circuit board can reflect electromagnetic waves in the first

operational frequency band.
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WO 2021/195040 PCT/US2021/023617

[00105] The reflector can be a first reflector that is provided by a passive antenna
housing. The first radiating elements can be low band radiating elements. The base station
antenna can also include a second reflector that resides behind the first reflector.

[00106] The base station antenna can include at least one radome that resides between
the first and second reflectors.

[00107] The at least one radome that resides between the first and second reflectors
can include first and second radomes stacked and spaced apart in a front to back direction
behind a front surface of a housing of the base station antenna. The front surface of the
housing can define an external radome.

[00108] The second reflector can be provided by an active antenna module that
detachably couples to the base station antenna.

[00109] The second reflector can reside behind a plurality of columns of second
radiating elements, each column of second radiating elements can include a plurality of
second radiating elements arranged in the longitudinal direction that operate in a second
operational frequency band that is higher than the first operational frequency band.
Electromagnetic waves within the second operational frequency band can pass through the
first reflector.

[00110] The reflector can have a vertically extending primary surface that resides
between an internal radome and an external radome defined by a front of the base station
antenna.

[00111] The base station antenna can have feed boards on right and left sides of the

base station antenna that are perpendicular to a primary surface of the reflector.

[00112] The reflector can be attached to an internal radome.
[00113] The reflector can be provided by a flexible substrate.
[00114] The reflector can be malleable and/or flexible to have different configurations,

a pre-installation configuration and a fully installed configuration. The fully installed
configuration can be a configuration that conforms to a primary surface of an internal
radome.

[00115] The internal radome is a first radome, the active antenna module can have a
second radome that is coupled to and extends across and along at least part of the first
radome.

[00116] Yet other embodiments are directed to a base station antenna that includes: a
first reflector and a second reflector. The first and second reflectors are capacitively coupled

with at least one radome therebetween.

-12-
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[00117] The at least one radome can define a dielectric.

[00118] The at least one radome can have a forwardmost surface that merges into side
portions that extend rearwardly. The side portions can have laterally extending outer edge
portions. The laterally extending outer edge portions can reside between the first and second
reflectors.

[00119] The second reflector can have a forward primary surface that is forward of a
primary surface of the first reflector.

[00120] The at least one radome can include a radome provided by a detachable active
antenna module that provides the second reflector.

[00121] The first reflector can be a passive antenna assembly reflector. A plurality of
linear arrays of radiating antenna elements can reside forward of the second reflector.
[00122]  The base station antenna can further include at least one feed board that is
orthogonal to a primary surface of the first and/or second reflector and positioned adjacent a
right and/or left side of the base station antenna.

[00123]  The base station antenna can further include at least one radiating element that is
coupled to the at least one feed board. The at least one radiating element can extend forward
of the first and/or second reflector.

[00124]  Yet other embodiments are directed to a base station antenna that includes a
reflector having an opening extending longitudinally and laterally between spaced apart left
and right side portions of the reflector and a removable reflector portion having a length and
width that are +/- 20 % of a length and width of the opening and extends across and along the
opening.

[00125]  The reflector and/or the removable reflector portion can have a frequency
selective surface.

[00126] The base station antenna can further include a pair of longitudinally extending
rails. The removable reflector portion can be coupled to the rails.

[00127] The right and left side portions can have a width that is less than 50% of the
width of the opening in a width direction of the base station antenna.

[00128]  Atleast one row of radiating antenna elements can extend along the right side
portion and/or the left side portion of the reflector.

[00129]  One or more radiating elements of the at least one row of radiating elements can
extend laterally across at least a portion of the right or left side of the reflector and an

adjacent portion of the removable reflector.
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[00130] Yet other embodiments are directed to a base station antenna that includes a first
housing member defining a front half of a housing of the base station antenna and a second
housing member defining a back half of the housing of the base station antenna. The first and
second housing members extend laterally and longitudinally and are sealed together.

[00131] The first housing member can have a front surface that merges into right and left
side portions that extend rearward. The second housing member can have a rear surface that
merges into right and left side portions that extend forward. The right and left side portions
of the first housing member can be coupled to the right and left side portions of the second
housing member along a joint interface that extends longitudinally a length of the housing.
[00132] The second housing member can provide at least one laterally and longitudinally
extending recess adjacent a lower or upper end of the housing. The recess can extend along a
sub-length of the housing. The recess can have a lateral extent that is 60-99% of a lateral
extent of the housing.

[00133] The second housing member can have at least one external stepped region that
rises above the recess and extends laterally and longitudinally about another sub-length of the
housing

[00134] The base station antenna can further include a support member that resides
between the first and second housing members about a top and/or bottom end portion of the
housing.

[00135] The support member can have a front that faces the first housing member and a
back that an inner surface of the second housing member. The back can have a laterally
extending medial segment that is recessed relative to right and left sides of the support
member. The right and left sides of the support member can extend between the right and left
sides of the first and second housing members.

[00136] Yet other embodiments are directed to a base station antenna that includes: a
housing; at least one internal rail coupled to the housing that extends longitudinally and has a
first length; and at least one external rail that extends longitudinally and that optionally has a
second length that is less than the first length. One or more of the at least one internal rail is
coupled to one or more of the at least one external rail.

[00137] The at least one internal rail can have a right side internal rail and a left side
internal rail that are laterally spaced apart. The at least one external rail can have a right side
second external rail and a left side external rail that are laterally spaced apart across a

recessed portion of a rear of the housing.
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[00138] A first one of the at least one internal rail can be sealably attached to a first one of
the at least one external rail to thereby inhibit water flow into the housing.

[00139]  The base station antenna can further include a bolt that extends through a first one
of the at least one internal rail, a rear wall of the housing and a first one of the at least one
external rail.

[00140] The base station antenna can further include a spacer with a first portion
comprising a bolt hole surrounded by a second portion of a different material. The first
portion of the spacer can reside in a hole in a rear wall of the housing that has an opening
with a shape that corresponds to the first portion of the spacer. The bolt can extend through
the external rail, through the bolt hole of the spacer and into the internal rail.

[00141] The first portion of the spacer can have increased rigidity relative to the second
portion. The second portion can be formed of a resilient, compressible seal material.

[00142] The spacer can have an elongate shape such that it has a length that is greater
than a width thereof

[00143] The second portion can reside against an outer surface of the rear wall of the
housing, abutting an inner facing wall of the external rail, while the first portion of the spacer
resides in the hole in the rear wall of the housing

[00144] The external rail can have a groove surrounding a bolt channel and a resilient
seal member in the groove. The bolt can extend through the bolt channel with a head of the
bolt and/or a collar extending forward of the head of the bolt configured to compress the
resilient seal member thereby sealing the external rail against the rear wall of the housing.
[00145] The bolt comprises a resilient member extending in front of a bolt head. The
resilient member can reside against a surface of the external rail about a bolt opening in the

external rail.

BRIEF DESCRIPTION OF THE DRAWINGS

[00146] FIG. 1 is a perspective view of a prior art base station antenna.
[00147] FIG. 2 s a back view of another prior art base station antenna.
[00148] FIG. 3A 18 a partially exploded, side perspective view of a base station

antenna according to embodiments of the present invention.

[00149] FIG. 38 is an assembled, side perspective view of the base station antenna
shown in FIG. 3A.

[00150] ¥iG. 4 s a rear, side perspective view of a base station antenna housing

according to embodiments of the present invention.
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[00151] ¥FIG, 5 is a schematic partially exploded view of the base station antenna
housing shown in FIG, 4.

[00152] FiG. 6A 15 a partial schematic illustration of a back plate and reflector for the
base station antenna housing according to embediments of the present invention.

[00153] FIG. 68 is arear perspective view of another embodiment of 2 base station
antenna according to embodiments of the present invention.

[00154] ¥FIG. 7 is an enlarged schematic section view of a base station antenna housiog
with a passive antenna assembly therein that includes a reflector according to embodiments
of the present invention.

[00155] FIG. 8A is an enlarged schematic section view of a base station antenna with

another embodiment of an internal rail configuration according to embodiments of the present

invention.
[00156] FIG. 8B 1s a partial rear view of the base station antenna shown in FIG, 8A
[00157] FIG. 8C is arear view of a portion of a base station antenna showing the

internal rails of FIG. 8A according to embodiments of the present invention.
[00158] FIG. 8D is rear view of the portion of the base station antenna housing
shown in FIG, 8C with additional components added that form a back plate assembly

according to embodiments of the present invention.

[00159] FiG. BE is a greatly enlarged view of the back plate assembly shown in FIG.
8D
[00160] FIG. 8F is a rear view of the base station antenna show in in Fi1Gs, 84 and

8B without the active antenna module coupled thereto according to embodiments of the
preseut invention.

[00161] FIG, 9A is an example front, side perspective view of a base station antenna,
shown with the radome omitted, according to embodiments of the present invention.
[00162] F1G. 98 is an example rear, side perspective view of a base station antenna,
shown with the radome omitted, according to embodirents of the present invention.
[00163] FIG, 8C is a partial side, front perspective view of an example front of an
active antenna module shown inserted into the base station antenna housing according to
embodiments of the present invention.

[00164] FIG. 9D is an enlarged partial front perspective view of the active antenna
module in the base station antenna housing according to embodiments of the present

invention.
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[00165] FIG, 9K is a partial section view of a base station antenna showing
cooperating reflectors according to embodiments of the present invention.

[00166] FIG. 9F is an enfarged simplified, front partial section view of one side of a
base station antenna with first and second reflectors separated by a radome according to
embodiments of the present invention.

[00167] FiG. 9G is an enlarged simplified, side perspective partial section view of a
base station antenna according to embodiments of the present invention.

[00168] FiGs, 9H-90 are greatly enlarged views of the interface of two reflectors
such as shown in ove or more of FIGs. 9E, 8F or G illustrating coupling interfaces
according to embodiments of the present invention.

[00169] FIG. 18A is a rear, side perspective view of an example active antenna
module aligned with a base station antenna housing for installation therewith according to
embodiments of the present invention.

[00170] FIG. 108 is arear, side perspective view of the active antenna module shown
in FIG. 18A instalied to the base station antenna housing.

[00171] FiGs, 11A-110 iHlustrate a series of actions that can be used to inatall an
active antenna module to a target base station antenna housing and mounted to mounting
structure according to embodiments of the present invention.

[00172] FIG. 12A is a rear, side perspective view of another embodiment of an active

antenna module according to embodiments of the present invention.

[00173] FI1G, 128 is an exploded view of the aclive antenna module shown in FIG,
124,
[00174] FIG. 13 is a rear, side perspective view of another erbodiment of a base

station antenna according to embodiments of the present invention.

[00175] FIG. 14 is a rear, side perspective view of yet another embodiment of a base
station antenna and corresponding active antenna module according to embodiments of the
present invention.

[00176] FIG., 1515 an example flow chart of actions that can be used to assemble a
base station antenna according to embodiments of the present invention.

[00177] FI465, 16A is a rear, side perspective view of another embodiment of a base
station antenna and corresponding active antenna module, shown aligned for assembly,
according to embodiments of the present tnvention.

[00178] FiG. 168 is a rear, side perspective assembled view of the embodiment shown

in FIG. 1640
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[00179] FiG. 17A is a rear, side perspective view of the base station antenna shown in
FIG. 16A illustrating an example mounting hardware configuration for a mounting structure
and with the active antenna module aligned for assembly according 1o embodiments of the
present invention.

[00180] FI1G. 178 s a rear, side perspective assembled view of the base station
antenna shown in FIG. 174,

[00181] FIG. 18 i3 a rear, side perspective view of another embodiment of the base
station antenna of FIG. 16A showing an alternative hardware configuration for mounting the
base station antenna to a oounting structure according to embodiments of the present
invention.

[00182] FIG. 19A is a rear side perspective view of another embodiment of a base

station antenna housing and active antenna unit according to embodiments of the present

mvention,
[00183] FIG. 198 is an assembled view of the device shown in FIG, 19A.
[00184] ¥iG. 20A 1s a front perspective view of an example frequency selective

surface and/or substrate providing a reflector of the passive antenna of the base station
antenna according to embodiments of the present invention.

[00185] FIG. 208 15 a top perspective view of a portion of the frequency selective
surface and/or substrate shown in FIG. 284 also tllustrating a reflector of the active antenna
module and example antenna element between the two reflectors according to ernbodiments
of the present invention.

[00186] FIG. 200 is a greatly enlarged front view of an example patch element of a
frequency selective surface and/or substrate according to embodiments of the present
invention.

[00187] FIG. 20D is a greatly enlarged side perspective view of a portion of an
example frequency selective surface and/or substrate (FS8) forming at least part of a reflector
for a base station antenna according to embodiments of the present invention.

[00188] FIG, 21A is a front perspective view of another embodiment of a frequency
selective substrate/surface providing a reflector of the base station antenna according to
embodiments of the present invention.

[00189] F1G. 218 is a top perspective view of a portion of the frequency selective
substrate/surface shown in FIG. 21A also illustrating a reflector of the active antenna module
and example antenna element between the two reflectors according to embodiments of the

present invention.
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[00190] FiG. 21C is a schematic, partial side view of an example F8S provided by a
multi-layer substrate comprising a dielectric board and/or printed circuit board according to
embodiments of the present invention.

[00191] FIG, 21D illustrates an example FSS comprising top and bottom primary
surfaces of aligned cooperating patch elements according to embodiments of the present
invention.

[00192] FIG. 22A is a rear side perspective view of another embodiment of a base
station antenna housing, ilustrating the frequency selective substrate/surface at a different

depth dimension, and an active antenna unit according to embodiments of the present

invention.
[00193] FIG, 228 is an assembled view of the device shown in FIG. 22A.
[00194] FIG. 22C 1s a front, side perspective view of a portion of a base station

antenna comprising a frequency selective substrate/surface according to embodiments of the
present invention.

[00195] FI1G. 22D is an enlarged, front, side perspective view of a portion of the
device shown in FIG., 22C.

[00196] FIG. 22F is an enlarged top, side perspective view of the device shown in
FIG, 22C.

[00197] FI1G. 22F is a front view of a portion of the base station antenna shown in
FIG. 22C.

[00198] FIiG, 226G is a front view of the frequency selective substrate/surface shown in

FIG, 22C according to embodiments of the present invention.

[00199] FIG. 22H 19 a front, side perspective view of a portion of 4 base station
antenna comprising a frequency selective substrate/surface according to embodiments of the
present invention.

[00200] FI1G. 221 is a front, side partial perspective view of another example reflector
comprising an FSS and full metal outer perimeter sides according to embodiments of the
present invention.

[00201] FIG. 223 is a front, side partial perspective view of a portion of a base station
antenna comprising feed boards that are parailel to and adjacent sidewalis of the base station
antenna according to embodiments of the present invention.

[00202] FIG. 23A is a side perspective view of an example active antenna module
with an example adapter member(s) according to embodiments of the present invention.

[00203] FIG. 23B is an enlarged side view of the adapter member shown in FIG. 23A.
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[00204] FIG. 23C is an enlarged lateral section view of a base station antenna
comprising the active antenna unit shown in FIG. 23A according to embodiments of the
present invention.

[00205] FIG. 24 is a greatly enlarged section view of a portion of the base station
antenna with the assembled active antenna shown in FIG. 23C.

[00206] FIG. 25A is a side perspective view of an example active antenna module
with an example adapter member according to embodiments of the present invention.
[00207] FIG. 25B is an enlarged side view of the adapter member (with calibration
circuit board) shown in FIG. 25A.

[00208] FIG. 25C is an enlarged lateral section view of a base station antenna
comprising the active antenna unit shown in FIG. 25A according to embodiments of the
present invention.

[00209] FIG. 26 is a greatly enlarged section view of a portion of the base station
antenna with the assembled active antenna shown in FIG. 25C.

[00210] FIG. 27A is a lateral section view of a base station antenna comprising an
active antenna unit according to embodiments of the present invention.

[00211] FIG. 27B is a greatly enlarged section view of a portion of the base station
antenna with the assembled active antenna shown in FIG. 27A.

[00212] FIG. 28A is a lateral section view of a base station antenna comprising an

active antenna unit according to embodiments of the present invention.

[00213] F1G. 288 is an enlarged view of a portion of the section view shown in FIG,
28A.
[00214] FIG. 29 is a side perspective view of an active antenna module aligned for

installation to a base station antenna housing from a top end thereof according to
embodiments of the present invention.

[00215] FIG. 30A is a top end perspective view of the passive antenna housing shown
in FIG. 29 but without the external front radome.

[00216] FIG. 30B is a partial bottom perspective view of the passive antenna housing
shown in FIG. 29.
[00217] FIG. 31A is a side perspective view of an active antenna module aligned for

installation to a base station antenna housing according to embodiments of the present
invention.
[00218] FIG. 31B is an enlarged top, side perspective view of a portion of the base

station antenna shown in FIG. 31A with the active antenna module assembled thereto.
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[00219] FIGs. 32A and 32B are examples of fixed attachment configurations for the
assembled base station antenna shown in FIG. 31B.

[00220] FIGs. 33A-33C are enlarged bottom side perspective views of the active
antenna module and bottom support features according to embodiments of the present
invention.

[00221] FIG. 34 is a side perspective view of a portion of a base station antenna with

an active antenna module for installation thereto according to embodiments of the present
invention.
[00222] FIG. 35A is an enlarged view of the bottom end portion of the active antenna

module and base station housing interface shown in FIG. 34.

[00223] FIG. 35B is an end side perspective view of the bottom portion of the adapter
plate shown in FIG. 35A.

[00224] FIG. 35C is a section view of the bolt and sleeve sub-assembly shown in FIG.
35A.

[00225] FIG. 36 is a side perspective view of a portion of a base station antenna with

an active antenna module for installation thereto according to additional embodiments of the
present invention.

[00226] FIG. 37A is an enlarged side perspective view of the bottom portion of the
adapter plate shown in FIG. 36.

[00227] FIG. 37B is an enlarged side perspective view of a bottom portion of the
adapter plate shown in FIG. 37A.

[00228] FIG. 37C is an enlarged side perspective view of the stop block shown in
FIG. 37A.

[00229] FIG. 38 is a side perspective view of a portion of a base station antenna with

an active antenna module for installation thereto according to additional embodiments of the

present invention.

[00230] FIG. 39A is an enlarged side perspective view of a bottom portion of the
adapter plate and stop block shown in FIG. 38.

[00231] FIG. 39B is an enlarged side perspective, partially exploded, view of the stop
block and rail frame of the passive antenna shown in FIG. 38.

[00232] FIG. 39C is an enlarged side perspective view of the stop block shown in
FIG. 39B.
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[00233] FIG. 40A is an enlarged simplified section view of a portion of an optimized
rail assembly of a passive antenna with a cooperating adapter plate of an active antenna
module according to embodiments of the present invention.

[00234] FIG. 40B is an enlarged partial section view of a rivet nut used to strengthen
the structure of the antenna rail assembly shown in FIG. 40A according to embodiments of
the present invention.

[00235] FIG. 41A is a side perspective view of a fixed tilt mountable base station
antenna configuration according to embodiments of the present invention.

[00236] FIG. 41B is a side perspective view of an adjustable tilt mountable base
station configuration according to embodiments of the present invention.

[00237] FIG. 41C is a side perspective view of another adjustable tilt mountable base
station configuration according to embodiments of the present invention.

[00238] FIG. 41D is a set of mounting hardware allowing for 0-10 degrees of
adjustable tilt according to embodiments of the present invention.

[00239] FIG. 41E is a set of mounting hardware allowing for 0-5 degrees of adjustable
tilt according to embodiments of the present invention.

[00240] FIG. 42 is a side perspective view of a portion of a base station antenna with
an active antenna module according to additional embodiments of the present invention.
[00241] FIG. 43 is a side perspective view of the base station antenna with the active
antenna module for installation thereto shown in FIG. 42.

[00242] FIGs. 44A and 44B are side perspective views of a top portion of the active
antenna module and base station antenna shown in FIGs. 42 and 43 illustrating a top hook
arrangement for facilitating attachment for field installation.

[00243] FIG. 44C is a side perspective view of a top portion of the active antenna
module and base station antenna comprising a different attachment configuration according
to embodiments of the present invention.

[00244] FIGs. 45A and 45B are side perspective views of example attachment features
for securing the active antenna module to the base station antenna shown in FIG. 42
according to embodiments of the present invention.

[00245] FIG. 46A is a simplified section view of a portion of a base station anienna
according to embodiments of the present invention.

[00246] FIG. 46B is a simplified perspective view of the portion of the base staticn
antenna shown in FIG. 46A with the reflector provided as a frequency selective surface

and/or substrate (“FSS8”} according to embodiments of the present invention.
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[00247] FIG. 46C is a simplified perspective view of the portion of the base station
antenna shown in FIG. 46A with the reflector provided as a metal reflector according to
embodiments of the present invention

[00248] FIG. 47A is a graph of the azimuth pattern for an antenna beam generated by
one of the lower-band linear arrays included in the base station antenna of ¥i{s. 468, as
generated by a computational model.

[00249] 14, 47B is a graph of the azimuth pattern for an antenna beam generated by
one of the lower-band linear arrays included in the base station antenna of ¥i{. 46C, as
generated by a computational model,

[00250] FIG. 47C is a graph of peak three-dimensional directivity comparing the
reflectors shown in FIGs. 46B and 46C.

[00251] FIG. 47D is a polar active chart comparing performance of the reflectors
shown in FIGs. 46B and 46C, as generated by a computational model.

[00252] FIG. 48A is a graph of the azimuth half power beamwidth (deg) versus
frequency (MHz) for one of the low band arrays for antennas that use the FSS reflector
shown in FIG. 46B and the metal (PEC) reflector shown in FIG. 46C, as generated by a
computational model.

[00253] FIG. 48B is a graph of the azimuth 10 dB beamwidth (deg) versus frequency
(MHz) for one of the low band arrays for antennas that use the FSS reflector shown in FIG.
46B and the metal (PEC) reflector shown in FIG. 46C, as generated by a computational
model.

[00254] FIG. 49A is a simplified section view of a portion of a base station antenna
according to embodiments of the present tnvention.

[00255] FIG. 49B is a siraplified perspective view of the portion of the base station
antenna shown in FIG. 494 with the reflector provided as a frequency selective surface
and/or substrate ("F88”) according to embodiments of the present invention.

[00256] FIG. S0A is a simplified section view of a portion of a base station antenna
according to embodimenis of the present invention.

[00257] FIG. 50B is a simplified perspective view of the portion of the base station
antenna shown in FIG. 3GA with two internal radomes residing between an active antenna
reflector {capacitively coupled to a metal passive antenna reflector) and the external radome

of the base station antenua according to embodiments of the present invention,
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[00258] FIG. 51 is a graph of the directivity (in dB) of the low-band arrays versus
frequency (MHz) for the base station antennas shown in FIGs. S0A and 50B according to
embodiments of the present invention.

[00259] FIGs. 52A and 52C are active Smuith charts of one of the lower-band linear
arrays included in the base station antenna shown in FIG. 498, as generated by a
computational model.

[00260] FIGs. 52B and 52D are active Smith charts of one of the lower-band linear
arrays included in the base station antenna shown in FiG. 508, as generated by a

computational model.

[00261] FIG. 53A is a graph of the front-to-back ratio versus frequency (at 180 deg,
+/- 30 deg) of the base station antenna shown in FIG. 49B, as generated by a computational
model.

[00262] FIG. 53B is a graph of the front-to-back ratio versus frequency (at 180 deg,
+/- 30 deg) of the base station antenna shown in FIG. 50B, as generated by a computational
model.

[00263] FIG. 54A is a partially transparent, perspective, simplified section view of a

portion of a base station antenna with an active antenna module and spaces for one or more
feed boards that extend adjacent a passive antenna reflector (in a front to back direction of the
base station antenna) according to embodiments of the present invention.

[00264] FIG. 54B is a side perspective, partial view of a portion of a base station
antenna according to embodiments of the present invention.

[00265] FIG. 54C is a schematic, side perspective partial view of a portion of the base
station antenna shown in FIG. 54B.

[00266] FIG. 55A is a simplified section view of a portion base station antenna with a
passive antenna reflector provided as an FSS reflector in front of an active antenna module
and with side feed board(s) extending behind and/or in front of a primary surface of the FSS
reflector according to embodiments of the present invention.

[00267] FIG. 55B is a side perspective view of the device shown in FIG. S55A.
[00268] FIGs. 56A and 5¢B are graphs of the azimuth pattern (scan angles of 0 deg,
48 deg, respectively) for an antenna beam generated by one of the lower-band linear arrays
included in the base station antenna of ¥¥{s. 354, 358, as generated by a computational
model.

[00269] FIG. 56C is a graph return loss (dB) versus frequency (GHz) at 0 and 48

degree scan angles for an antenna beam generated by one of the lower-band linear arrays
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included in the base station antenna of ¥iGs. 554, 558, as generated by a computational
model.

[00270] FIG. 56D is a polar active (RL) chart of O and 48 degree scan angles of one of
the lower-band linear arrays included in the base station antenna of FiGs. 33A, 858, as
generated by a computational model.

[00271] FIG. S6E is a graph of gain (dB) versus frequency (GHz) at 0 and 48 degree
scan angles of one of the lower-band linear arrays included in the base station antenna of
FiGs. 558A ) 558, as generated by a computational model.

[00272] FIGs. S7A and 578 are graphs of the azimuth pattern (scan angles of 0 deg,
48 deg, respectively) for an antenna beam generated by one of the lower-band linear arrays
included in the base station antenna of FEGs. S5A, 55B and taken at a different honizontal {(in
the orientation shown in FIG., 585A) cut position from that of FIGs. 86A and 56B, as
generated by a computational model.

[00273] FIG. 57C is a graph of return loss (dB) versus frequency (GHz) at 0 and 48
degree scan angles for an antenna beam generated by one of the lower-band linear arrays
included in the base station antenna of FiGs. 554, 558, taken at a different horizontal (in the
orientation shown in FIG., 55A) cut position from that of FIG, S6C, as generated by a
computational model.

[00274] FIG. 57D is a polar active (RL) chart of 0 and 48 degree scan angles of one of
the lower-band linear arrays included in the base station antenna of FiGs, 354, 358 taken at
a different horizontal {in the orientation shown in FIG. 55A) cut position from that of FIG.
56D, as generated by a computational model.

[00275] FIG. 57E is a graph of gain (dB) versus frequency (GHz) at 0 and 48 degree
scan angles for one of the lower-band linear arrays included in the base station antenna of
FIGs. 834, 558, taken at a different horizontal {in the orientation shown in FIG. 384) cut
position from that of FIG. 56K, as generated by a computational model.

[00276] FIG. S8A is a simplified side perspective view of a portion of a base station
antenna (shown without the front (external) radome of the base station antenna) with an
active antenna module and a detachable guide member according to yet other embodiments
of the present invention.

[00277] FIG. 58B illustrates the assembly shown in FIG. S8A without the guide

member shown in FIG. S8A according to embodiments of the present invention.
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[00278] FIG. 59A is a simplified section view of the assembly shown in FIG. S8A
(shown in housing of the base station antenna) according to embodiments of the present
invention.

[00279] FIG. 59B is a simplified section view of the assembly shown in FIG. 58B
(shown in housing of the base station antenna) with the detachable guide member removed
and the reflector in position adjacent and/or residing on the active antenna reflector according
to embodiments of the present invention.

[00280] FIG. 60A is a rear perspective view of a base station antenna housing with
external and internal cooperating rails and a recess or cavity configured to receive an active

antenna module according to embodiments of the present invention.

[00281] FIG. 60B is a rear, side perspective view of the base station antenna housing
shown in FIG. 60A.
[00282] FIG. 60C is a rear, side perspective view of the base station antenna housing

shown in FIG. 60B but illustrates with the rear wall of the housing in phantom or removed.
[00283] FIG. 61 is an end view of the base station antenna housing shown in FIG.
60A but with an example active antenna module coupled to the cavity according to
embodiments of the present invention.

[00284] FIG. 62A is arear, side perspective view of an example front and back

cooperating housing configuration according to embodiments of the present invention.

[00285] FIG. 62B is a rear, side perspective view of the front housing shown in FIG.
62A.
[00286] FIG. 62C is a side perspective view of an example internal support member of

the housing shown in FIG. 62A according to embodiments of the present invention.
[00287] FIGs. 63A-63E are rear, side perspective views of example base station
antenna configurations according to example embodiments of the present invention.
[00288] FIG. 64A is a rear, side perspective view of a base station antenna housing
configured to receive two active antenna modules according to embodiments of the present
invention.

[00289] FIG. 64B is a rear, side perspective view of the base station antenna housing
shown in FIG. 64A with two active antenna modules coupled thereto according to
embodiments of the present invention.

[00290] FIG. 65 is a rear, side perspective view of the base station antenna housing

shown in FIG. 64A but shown with a removable external reflector coupled to the top portion

-26-



WO 2021/195040 PCT/US2021/023617

of the base station antenna housing while an active antenna module is held at the bottom
portion according to embodiments of the present invention.

[00291] FIG. 66 is a rear, side perspective view of the base station antenna housing
shown in FIG. 64A illustrating two removable external reflectors according to embodiments
of the present invention.

[00292] FIG. 67A is a schematic front view of a reflector with radiating elements
according to embodiments of the present invention.

[00293] FIG. 67B is a schematic front view of another reflector with a cutout and
radiating elements according to embodiments of the present invention.

[00294] FIG. 67C of the reflector shown in FIG. 67B and also illustrating a removable
reflector extending behind some of the radiating elements according to embodiments of the
present invention.

[00295] FIG. 68A is a lateral section view of a base station antenna with an active
antenna module and internal radome(s) according to embodiments of the present invention.
[00296] FIG. 68B is a lateral section view of a base station antenna with an active
antenna module and internal radome(s) with a reflector and radiating elements held forward
of the internal radome(s) according to embodiments of the present invention.

[00297] FIG. 69 is an enlarged partial section view of a portion of the base station
antenna housing with an example external rail to internal rail interface according to
embodiments of the present invention.

[00298] FIG. 70A is an enlarged, partial side perspective view of the interface shown
in FIG. 70A illustrating an example spacer positioned at the interface according to
embodiments of the present invention.

[00299] FIG. 70B is an enlarged side perspective view of the spacer and external wall
of the housing configured to receive at least a portion of the spacer shown in FIG. 70A
according to embodiments of the present invention.

[00300] FIG. 71A is an enlarged front partial view of a portion of the external wall of
the housing shown in FIG. 70A illustrating a different configuration of the wall from that
shown in FIG. 70B according to embodiments of the present invention.

[00301] FIG. 71B is an enlarged top view of a spacer configured to couple to the
external wall configuration shown in FIG. 71A according to embodiments of the present
invention.

[00302] FIG. 72A is an enlarged partial view of the external rail shown in FIG. 69

according to embodiments of the present invention.
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[00303] FIG. 72B is an enlarged side perspective view of the portion of the external
rail shown in FIG. 72A.

[00304] FIG. 72C is a front view of the portion of the external rail shown in FIGs.
72A and 72B illustrated with a bolt coupled thereto according to embodiments of the present
invention.

[00305] FIG. 73 is an enlarged side perspective view of an example bolt assembly for

coupling the external rail and internal rail according to embodiments of the present invention.
[00306] FIG. 74 is an enlarged view of the portion of the base station antenna shown
in FIG. 69 illustrated with a spacer and bolt assembly coupled thereto according to

embodiments of the present invention.

DETAILED DESCRIPTION
[00307] FiGs. 3A and 3B illustrate 2 base station antenna 106 according to certain
erabodiments of the present invention. lu the description that follows, the base station
antenna 106 will be described using terms that assume that the base station antenna 106 1s
mounted for use on a tower, pole or other mounting structure 300 (FIGs. 11A-11D) with the
fongitudinal axis L of the antenna 109 extending along a vertical axis and the front of the
base station antenna 108 mounted opposite the tower, pole or other mounting structure
pointing toward the target coverage area for the base station antenna 100 and the rear of the
base station antenna 106 facing the tower or other mounting structure. It will be appreciated
that the base station antenna 1068 may not always be mounted so that the longitudinal axis L
thereof extends along a vertical axis. For exaraple, the base station antenna 108 may be tilted
slightly (e.g., tess than 10%) with respect to the vertical axis so that the resultant antenna
beams formed by the base station antenna 106 each have a small mechanical downtilt.
[00308] Referring to FIGs. 3A and 3B, the base station antenna 100 includes a housing
100h with the front and rear 100f, 100r and a top end 120 and a bottom end 130. The bottom
end 130 includes a plurality of connectors 140 mounted thereto. In some embodiments, the
rear 100r can include a longitudinally and laterally extending recessed segment 108. The
recessed segment 108 can longitudinally extend a sub-length “D” of the rear 100r of the
housing 100h. The distance D (the overall length of the active module 110) can be in a range
of about 25%-95% of an overall length L of the (passive) antenna housing 100h, typically in
a range of about 25%-60%, more typically in a range of about 25-40%, such as, for example,

a range of about 18-48 inches, in some embodiments.
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[00309] The base station antenna 100 can include at least one active antenna module
110. The term “active antenna module” refers to a cellular communications unit comprising
radio circuitry including a remote radio unit (RRU) and associated antenna elements that are
capable of electronically adjusting the amplitude and/or phase of the subcomponents of an RF
signal that are output to different antenna elements or groups thereof. The active antenna
module 110 comprises the RRU and antenna elements (e.g., a massive MIMO array) but may
include other components such as filters, a, calibration network, antenna interface signal
group (AISG) controller and the like. As will be discussed further below, the active antenna
module 110 can be provided as a single integrated unit or provided as a plurality of stackable
units, including, for example, first and second sub-units such as a radio sub-unit (box) with
the radio circuitry and an antenna sub-unit (box) with massive multi-input-multi-output
(mMIMO) antenna elements and the first and second sub-units stackably attach together in a
front to back direction of the base station antenna 100, with the antenna unit closer to the
front (external radome) of the base station antenna 100 than the radio unit.

[00310] The active antenna module 110 can be sealably coupled to the housing 100h
and, when installed, can form part of the rear 100r of the antenna 100. The active antenna
module 110 can have an inner facing surface that has a seal interface 112i that is be sealably
and releasably coupled to the rear 100r of the housing 100h to provide a water-resistant or
water-tight coupling therebetween. The active antenna module 110 can be mounted to the
recessed segment 108 of the antenna housing 100h so that a rear face 110r is externally
accessible and exposed to environmental conditions. The active antenna module 110 can have
an inner facing surface with an outer perimeter portion 110p.

[00311] As will be discussed further below, the antenna housing 100h can include a
passive antenna assembly 190 comprising radiating elements. The term “passive antenna
assembly” refers to an antenna assembly having radiating elements. The passive antenna
assembly can be held in the base station antenna housing 100h and the base station antenna
housing 100h can be releasably coupled to one or more active antenna modules 100
comprising radio circuitry that is/are separate from the antenna elements of the passive
antenna assembly 190.

[00312] Different active antenna modules 110 may be configured to have different
radios, radiating elements or other components whereby the active antenna modules 110 can
be different for different cellular service providers. The active antenna module 110 can be
interchangeably replaced with another active antenna module 110 from the original

equipment manufacturer (OEM) or from the same cellular communications service provider

-20.



WO 2021/195040 PCT/US2021/023617

or from different cellular communications service providers. Thus, a plurality of different
active antenna modules 110 that have different configurations can be interchangeably
coupled to the base station antenna housing 100h. The different active antenna modules 110
can each have the same exterior (perimeter) footprint and connectors or may have different
exterior footprints and/or connectors. The different active antenna modules 110 can have
different depth dimensions (front to back). A respective base station antenna 100 can, for
example, accept different active antenna modules 110 from different service providers at a
field installation and/or factory installation site using different adapter members or other
mounting configurations that allow the interchangeable field installation/assembly. The base
station antenna 100/antenna housing 100h can thereby allow different active antenna modules
110 to be interchangeably installed, upgraded, or replaced. The base station antenna 100 can
concurrently hold first and second active antenna units 110, one above the other (FIGs. 13,
63D, 64B, for example).

[00313] The length D of the recessed segment 108 can substantially correspond to a
length dimension La of the active antenna module 110 that couples to the housing 100h. The
length dimension La of the active antenna module 110 is in a direction that corresponds to
the longitudinal axis and length dimension of the base station antenna 100. The distance D is
typically greater than and within a range of +10%-+30% of the length La of the active
antenna module 110 (i.e., the length D of recess 108 may be 10-30% larger than the length
La of the active antenna module 110). The active antenna module 110 can be configured to
extend across substantially an entire width dimension W of the rear 100r of the antenna
housing 100h and optionally may extend outside the width dimension a distance. The active
antenna module 110 can have a width that is, for example, within about +/-20% of the width
dimension W of the rear 100r of the housing 100h, and optionally can have a width that fits
within the footprint of the front 100f and rear 100r of the housing 100h.

[00314] In some embodiments, the length D of the recessed segment may be within a
range of about 20%-60% of the length of the rear 100r of the base station antenna housing
100h and may extend in a width direction, perpendicular to the length direction, in a range of
about 30-110% of a width of the rear of the base station antenna housing 100h.

[00315] The base station antenna 100 can have an elongate structural configuration
with a length dimension that extends along the longitudinal axis L and with a width
dimension W that is perpendicular to the length dimension. The width dimension W is
typically less than the length dimension L. In some embodiments, L is > 2xW, typically in a

range of 2xW-10xW, more typically in a range of 2xW and SxW.
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[00316] Still referring to FIGs. 3A and 3B, the rear 100r of the antenna housing 100h
can have an outer facing external rear surface 100s that includes the recessed segment 108.
The recessed segment 108 can extend over a sub-length of the overall length L of the antenna
housing 100h and can merge into a second segment 151 that extends over a different sub-
length of the overall length L of the antenna housing 100h. The second segment 151 can
terminate at the bottom 130. The recessed segment 108 can reside closer to the top 120 than
the second segment 151. The second segment 151 can have a closed outer surface that is
defined by a portion of the radome 150. The recessed segment 108 can have an open outer
surface exposing a rear facing open chamber 155. The second segment 151 may optionally
have a length (in a direction corresponding to the longitudinal axis L of the base station
antenna 100) that is less than, the same as, or greater than that of the recessed segment 108.
[00317] As shown in FIGs. 3A and 3B, the active antenna module 110 can include a
heat sink 115 with thermally conductive fins 115f. The fins 115f may be arranged in a
pattern of parallel angled fins. The fins 115f may be configured as first and second sets of
fins 115f spaced apart across a medially located and longitudinally extending gap space 116.
Some or all of the thermally conductive fins 115f can be provided at an angle “B” in a range
of 30-60 degrees from horizontal or an axis perpendicular to the longitudinal axis L, in a use
orientation, more typically at an angle from the axis perpendicular to the longitudinal axis
that is about 45%. Some fins 115f can be longer than others, as shown. The active antenna
module 110 can include one or more finger grips 118, which are shown as laterally spaced
apart pairs of finger grips 118, one positioned on each side of the active antenna module 110
for ease in installation or removal. In other embodiments, finger grips 118 may alternatively
or additionally be located at the top and bottom of the active antenna module 110 and/or at
different locations about the active antenna module 110.

[00318] Referring to FIGs. 3A, 3B, 4 and 5, the base station antenna housing 100h can
comprise a back plate 160 that includes an opening 163 (FIG. 5). A seal 112 can be provided
between the back plate 160 and the inner facing surface of the active antenna module 110. In
some embodiments, the outer perimeter portion 110p of the active antenna module 110 can
comprise a seal interface 112i with the seal on an internal facing surface that can be sealably
coupled to the back plate 160. In some embodiments, the seal 112 can be provided on the
back plate 160 or in a housing interface 100i.

[00319] One or both of a rear facing surface of the back plate 160 and the seal interface

112i of the inner facing surface of the active antenna module 110 can comprise an O-ring,
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gasket or other seal 112 to sealably couple the active antenna module 110 to the back plate
160 and therefore, the housing 100h.

[00320] The back plate 160 can have an outer perimeter portion 160p that externally
surrounds the active antenna module 110. The outer perimeter portion 160p of the back plate
160 can have a lower end 161 that sealably couples to a seal cap 165 and defines a seal
interface 100i to the housing 100h.

[00321] As shown in FIG. 5, the housing 100h can include a first side wall 101, a front
wall 102, and a second side wall 103 that cooperate to define a chamber 155. The first side
wall 101, the front wall 102 and the second side wall 103 can be provided as a “u-shaped”
unitary formed structure defining part of the radome 150 with the closed end of the “u” being
longer than the sides. In some embodiments, two or more of the side walls 101, 103 and
front wall 101 can be separate walls attached together at joints, although more typically they
are formed as a monolithic structure.

[00322] Still referring to FIG. 5, the side walls 101, 103 can have a first rearwardly
extending length “hy” over a sub-length of the housing 100h that extends to the top 120 and a
second greater rearwardly extending length h; over a different sub-length of the housing 100h
that extends to the bottom 130, each rearwardly extending length hy, h» can be less than a
width dimension “W?” of the front wall 102. The difference in the rearwardly extending
lengths h»-h; can define a size of the step forming the stepped recess 108 in the rear surface
100s. In some embodiments, h2-hy and/or the step measured from the rear surface height at
the recess to the height adjacent maximal segment of the rear 100r of the housing 100h can
be in a range of 0.2 inches to 4 inches, more typically in a range of about 0.5 inches to 2
inches.

[00323] The second segment 151 of the radome 150 at the rear 100r of the housing
100h can extend from a first location adjacent the lower end 161 of the back plate 160 to the
bottom 130. The chamber 155 can extend an entire length of the housing 100h, with an
upper portion of the chamber 155 being forward of the back plate 160 and at least a portion of
the active antenna module 110. The chamber 155 can hold the passive antenna assembly 190
(FIG. 9).

[00324] The back plate 160 can reside behind a portion of a reflector 170 (FIG. S) of
the passive antenna assembly 190. Referring to FIG. 7, the back plate 160 can be a distance
“d”, in a front to back direction of the antenna housing 100h, from the reflector 170 of the
passive antenna assembly 190. The distance “d” can be in a range of about 0.01 inches to

about 4 inches or in a range of about 0.5 and 4 inches, in some embodiments.
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[00325] Referring to FIGs. 4 and 5, in some embodiments, the outer perimeter portion
160p of the back plate 160 can surround an aperture 163 that extends through the back plate
160. The outer perimeter portion 160p and aperture 163 can be polygonal, typically
rectangular. A seal 112 can be provided in either or both the outer facing surface of the back
plate 160 and/or the inner facing surface of the active antenna module 110 and the seal 112
and seal interface 112i can have a closed endless configuration, such as a rectangular, oval or
circular shape extending about the chamber 155. However, other shaped perimeters, seals
and apertures may be used.

[00326] The aperture 163 of the back plate 160 can be aligned with an aperture 173
formed in the reflector 170 of the passive antenna assembly 190. The aperture 173 in the
reflector 170 of the passive antenna assembly 190 can also be polygonal, shown as
rectangular. The aperture 173 of the reflector 170 of the passive antenna assembly 190 can
have an area that substantially corresponds to the area of the aperture 163 of the back plate
160, such as within about +/- 20% of the area of the aperture 163, in some embodiments. The
seal 112 can have a shape and size that extends about the aperture 163.

[00327] In some embodiments, the back plate 160 is not required and the active
antenna module 110 can sealably, and preferably releasably, coupled to the housing 100h in
other manners, such as directly to a rear segment of the housing 100h (FIG. 6B) while
providing a water-resistant or water-tight coupling therebetween.

[00328] The back plate 160 may have a closed outer perimeter 160p that surrounds the
aperture 163 defining a frame configuration 164 that surrounds the aperture 163. In other
embodiments, the back plate 160 may terminate adjacent the second segment 151 of the
radome 150, or the frame 164 or any side thereof is not required.

[00329] The reflector 170 of the passive antenna assembly 190 may have a closed
outer perimeter 170p with a reflector wall having side segments 170s that at least partially
surround the aperture 173, optionally defining a frame configuration 174 that surrounds the
aperture 173. In other embodiments, the reflector 170 of the passive antenna assembly 190
may terminate adjacent the second segment 151 of the radome 150, or the frame 174 and/or
any side thereof is not required. In some embodiments, the reflector 170 can be provided as
an extension of the main reflector 214 (FIG. 9A) in the passive antenna assembly 190. In
some embodiments, the reflector 170 can be separate from the main reflector 214 (FIG.
19A). As will be discussed further below, the reflector 170 can comprise and/or be
configured as a frequency selective substrate and/or surface 170f. Where separate, the

reflector 170 may be electrically coupled to the main reflector 214.
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[00330] In some embodiments, as shown in FIG. 6A, the back plate 160 and/or
reflector 170 can be replaced with a respective back plate 160° and/or reflector 170 that
comprise a plurality of apertures 163, 173. As shown in FIG. 6B, the back plate 160 is not
required and the active antenna module 110 can directly couple to the housing at seal
interfaces 100i. Also, or alternatively, the reflector 170 can terminate adjacent the top end of
the second segment 151 of the rear surface 100s of the housing 100h.

[00331] The back plate 160 can reside inside the recessed segment 108 of the rear 100r
of the housing 100h and/or rear surface of the radome 150. The back plate 160 can be
recessed relative to the top 120 of the housing 100h (FIG. 10A). The top 120 of the housing
100h can be provided as an end cap or formed by a folded extension of the front wall 102.
The bottom 130 is typically provided as an end cap having a plurality of connectors 140
mounted therein.

[00332] Referring to FIGs. 3A, 3B, 4 and 5, a seal cap 165 can be coupled to the rear
100r of the housing 100h and reside between the recessed segment 108 and the second
segment 151 of the radome 150. The seal cap 165 can sealably engage longitudinally spaced
apart housing interfaces 100i to enclose the internal chamber 155 (FIG. 5) thereunder created
by the configuration of the recessed segment 108 and the second segment 151. The seal cap
165 can include a seal 16Ss on an inner facing (outer) perimeter surface. For releasably
coupled configurations, the seal 165s can include one or more of a gasket, O-ring or grease.
In other embodiments, epoxy, adhesive or other seal attachment configurations may be used.
[00333] Referring to FIGs. 4 and 5, the seal cap 165 can have a base segment 166 and
a back segment 167 that extends rearwardly from the housing 100h a further distance than the
base segment 166. The back segment 167 can reside at a rearwardly extending distance “h”
that is greater than the base segment 166 and that may be, for example, in a range of about
1.0 inch and about 10 inches. The seal cap 165 can have a length “d” that extends in the
longitudinal direction that is between about 0.25-5 inches, more typically in a range of about
0.5 inches and about 2 inches.

[00334] Referring to FIG. 7, the base station antenna 100 may have a generally
rectangular cross-section, e.g., a pair of long sides joined by a pair of short sides. The long
sides correspond to the front 100f and rear 100r of the antenna housing 100h. The short sides
correspond to the side walls 101, 103.

[00335] Referring to FIGs. 5 and 7, the antenna housing 100h can comprise at least
one internal rail 180. As shown, the at least one rail 180 can be provided as first and second

rails 1804, 180, that are laterally spaced apart across the width dimension of the base station
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antenna 100. The at least one rail 180 extends in the longitudinal direction between the top
120 and bottom 130 of the antenna housing 100h. The at least one rail 180 can extend over
the entire length L of the antenna housing 100h as shown in FIG. 5 or may extend over a
sub-length.

[00336] In use or with the rear of the housing 100h facing upward, the at least one rail
180 can reside adjacent the back plate 160 and behind the reflector 170 in FIG. 5. The at
least one rail 180 can provide structural support, increased structural rigidity and/or structural
reinforcement to the antenna housing 100h for facilitating proper positional tolerances of
(e.g., blind mate) connectors and/or for accommodating the weight of the externally
accessible active antenna module 110.

[00337] Referring to FIG. 7, the at least one rail 180 can have a geometrically shaped
configuration that structurally and sealably couples to free end portions 101e, 103e of the side
walls 101, 103 along the recessed segment 108 of the antenna housing 100h. The at least one
rail 180 may also be mounted to the back plate 160.

[00338] The reflector 170 of the passive antenna assembly 190 can comprise laterally
spaced apart mounting members 172. The mounting members 172 can be U-shaped members
with a first leg portion 172/, and a second leg portion 172/, separated by a center portion
172¢. This configuration may provide increased structural rigidity over a single leg
configuration. The first leg portion 172/ can be attached to the reflector 170 and the second
leg portion 172/; can be attached to the rail 180. The center portion 172¢ can extend
perpendicular to the reflector 170.

[00339] The free ends 101e, 103e of the side walls 101, 103 can terminate into
respective sets of laterally spaced apart fingers 101f, 103f of the radome 150. Each set of
fingers 101f, 103f can sealably couple to a respective one the rails 180, 180,.

[00340] The at least one rail 180 can comprise a rigid or semi-rigid substrate material
such as metal and can also include a seal material such as an elastomeric and/or polymeric
material for facilitating a suitable water-resistant seal with the radome 150. Sealant material
can also or alternatively be provided with adapter plates and/or the active antenna module
110.

[00341] In some embodiments, the reflector 170 can be part of the main reflector 214
so that the reflector 170/214 extends substantially the entire length of the antenna 100, with
the upper portion having the aperture 173. The at least one rail 180 can be a pair of rails
1801, 1802, one mounted on each side of the reflector 170/214 and together the reflector
170/214 and rails 180 (and the back plate 160 which may reside only at the top portion of the
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antenna 100) provide the structural integrity of the antenna 100. The internal components of
the antenna 100 such as the antenna assembly 190 can be mounted directly or indirectly on
the reflector 170/214. The radome 150 can be slid over all of these internal components and
the three caps 120, 130, 165 can then be placed on the radome 150. Also, the antenna 100
can include internal U-shaped brackets (not shown) that extend rearwardly from the reflector
170/214 in the lower part of the antenna that provide additional support such as to help
rigidize the reflector 170/214. Other brackets can be provided for mounting to a support
structure such as a pole.

[00342] Referring to FIGs. 8A-8F, in some embodiments, the guide rails 180 can be
configured to provide a direct contact interface to the active antenna module 110 and no back
plate is required. First and second longitudinally spaced apart and laterally extending cross-
members 169 can be coupled to the rails 1801, 1802 providing a window 188 over the cavity
155 provided by the side wall segments 101, 103 and front wall segment 102 of the housing
100h for receiving an inner facing portion of the active antenna module 110. The active
antenna module 110 can be sealably coupled to the cross members 169 and the rails 1804,
180,.

[00343] Referring to FIGs. 8B, 8E, the cross-members 169 can include spaced apart
apertures 166 and the rails 1801, 1802 can include spaced apart apertures 183 to receive
fixation members 19, such as screws, pins, or rods that attach (a front facing outer perimeter
portion 110p) the active antenna module 110.

[00344] Referring to FIG. 8A, the rails 1804, 180, can each have a first planar surface
180p1 that (sealably) attaches to a respective cross-member 169, and a second planar surface
180p2 that resides in a different plane from the first planar surface and that (sealably) couples
to the mating surface of the active antenna module 110. The first planar surface 180p1 can
have a larger lateral extent than the second planar surface 180p2 can reside closer to the
center of the housing 100h than the second planar surface 180p2.

[00345] The reflector 170 can be indirectly or directly coupled to the side wall
segments 101, 103 shown as coupled via the rails 180’ in FIGs. 8A, 8C.

[00346] The at least one rail 180 can be provided as an integral formed rail in one or
both of the side walls 101, 103. The side wall segments 101, 103 comprise part of the
radome 150 and can be formed of fiberglass, plastic or other appropriate materials.

[00347] In some embodiments, a sealant can be over molded to provide a seal material
180s (FIG. 8A) such as at planar segments 180p1, 180p2. The rails 180’ can be coupled to
or formed (e.g., extruded) as part of the side wall segments 101, 103.
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[00348] FIGs. 9A-9D and 12B illustrate an example active antenna module 110 in
greater detail. The active antenna module 110 includes radio circuitry and can be partially
inserted through the rear of the housing 100r and/or back plate 160. As shown best in FIG.
12B, the active antenna module 110 can comprise an RRU (remote radio unit) unit 1120. The
active antenna module 110 can also include a heat sink 115 and fins 115f. The active antenna
module 110 can also include a filter and calibration printed circuit board assembly 1180, and
an antenna assembly 1190 comprising a reflector 1172 and radiating elements 1195. The
antenna assembly 1180 may also include phase shifters 1191, which may alternatively be part
of the filter and calibration assembly 1180. The radiating elements 1195 can be provided as
a massive MIMO array. The RRU unit 1120 is a radio unit that typically includes radio
circuitry that converts base station digital transmission to analog RF signals and vice versa.
One or more of the radio unit or RRU unit 1120, the antenna assembly 1190 or the filter and
calibration assembly 1180 can be provided as separate sub-units that are attachable
(stackable). The RRU unit 1120 and the antenna assembly 1190 can be provided as an
integrated unit, optionally also including the calibration assembly 1180. Where configured as
sub-units, different sub-units can be provided by OEMs or cellular service providers while
still using a common base station antenna housing 100h and passive antenna assembly 190
thereof. The antenna assembly 1190 can couple to the filter and calibration board assembly
1180 via, for example, pogo connectors 111. Other connector configurations may be used for
each of the connections, such as, for example 3-piece SMP connectors. The RRU unit 1120
can also couple to the filter and calibration board assembly 1180 via pogo connectors 111
thereby providing an all blind-mate connection assembly without requiring cable
connections. Alignment of the cooperating components within a tight tolerance may be
needed to provide suitable performance.

[00349] The antenna module 110 may include all of the components of the active
antenna module 110° shown in FIG. 12B except for the illustrated second radome 1119. An
antenna module 110" further includes such a second radome 1119. The second radome 1119
covers the first radome 119 for aesthetic purposes but is otherwise the same as the active
antenna module 110 discussed above. The second radome 1119 can be used as an aesthetic
cover when the active antenna module 110 is provided for shipment as a standalone product.
This is due to the first radome 119 having a relatively unusual shape to fit into the window
188 and/or 173. The RRU unit 1120 can be wider than the antenna element array 1191, 1195
so the radome 119 is shaped to allow the radiating elements 1195 (FIGs. 9A, 12B) but not
the radio 1120, or at least not the entire radio/radio unit 1120, to fit inside the housing 100h.
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The radiating elements 1195 (FIG. 12B) can extend through a back plate 160, a window 188
formed by the rails 180’and/or through the passive/primary reflector 214. In some
embodiments, before/when the active antenna module 110 is integrated into the passive
antenna housing 100h, the second radome or cover 1119 can be removed to allow the antenna
module 110' to fit through the apertures/window 188, 173 in the antenna housing 100h. The
first radome 119 remains intact on the active antenna module 110 as it can be configured to
provide both the radome 119 of the active antenna module 110 and provide part of the
(sealable) coupling to the housing 100h.

[00350] The RRU unit 1120 can have a rectangular body with an outer perimeter
comprising a planar ledge 1121 that can define the seal interface 112i and a plurality of
spaced apart apertures 112a that can receive fixation members 117 (FIG. 3B) to attach to the
housing 110h. In particular, screws or other fixation members 117 can be positioned about
the perimeter of the chamber 150 and extend through apertures 112a in a perimeter 110p of
the active antenna module 110, 110’ to connect the active antenna module 110, 110’ to the
guide rails 180 and/or back plate 160. Another connection configuration can use an adapter
plate that can connect the active antenna module 110 to the rails 180, 180’ in the antenna
housing 100h (not shown).

[00351] The active antenna module 110, 110’ can also include externally accessible
connectors 113 on a bottom end thereof as shown in FIGs. 10A, and 12A for example. The
externally accessible connectors 113 are externally accessible in-use and when the active
antenna module 110 is coupled to the base station antenna housing 100h. The externally
accessible connectors 113 are typically for connecting power and fiber optic cables to the
active antenna module 110. In some embodiments, one or more connectors 113 can be
conjured to couple to an AISG cable to control (passive) RET. Connectors can be provided at
other locations such as sides or both ends and sides.

[00352] FiGs. A and 9B are a front view and a rear view, respectively, of the passive
antenna assembly 198 of base station antenna 100 (with the active antenna module 119
mounted thereon). As shown, the antenna assembly 190 includes a main backplane 210 that
has side walls 212 and a main reflector 214. The backplane 210 may serve as both a
structural component for the antenna assembly 190 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 extend between the side walls 212 along the rear of
the backplane 210. Various mechanical and electronic components of the antenna 100 are

mounted between the side walls 212 and the back side of the main reflector 214, such as
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phase shifters, remote electronic tilt units, mechanical linkages, controllers, diplexers, and the
like as is well known in the art.

[00353] The main backplane 218 defines a main module of the passive antenna
assermbly 198, The main reflector 214 may comprise a generally flat metallic surface that
extends in the longitudinal direction L of the antenna 100. The main reflector 214 can be the
reflector 170 discussed above or can be an extension of, coupled to or different from the
reflector 170 discussed above. If the main reflector 214 is a separate reflector it is coupled to
the reflector 170 to provide a common electrical ground.

[00354] Some of the radiating elements (discussed below) of the antenna 100 may be
mounted to extend forwardly from the main reflector 214, and, if dipole-based radiating
elements are used, the dipole radiators of these radiating elements may be mounted
approximately V4 of a wavelength of the operating frequency for each radiating element
forwardly of the main reflector 214. The main reflector 214 may serve as a reflector and as a
ground plane for the radiating elements of the antenna 100 that are mounted thereon.

[00355] Referring to FIG. 9A, the base station antenna 100 can include one or more
arrays 220 of low-band radiating elements 222, one or more arrays 230 of first mid-band
radiating elements 232, one or more arrays 240 of second mid-band radiating elements 242
and one or more arrays 250 of high-band radiating elements 1195. The radiating elements
222,232, 242, 1195 may each be dual-polarized radiating elements. Further details of
radiating elements can be found in co-pending W02019/236203 and W02020/072880, the
contents of which are hereby incorporated by reference as if recited in full herein.

[00356] The low-band radiating elements 222 are mounted to extend forwardly from
the main or primary reflector 214 (and/or the reflector 170) and can be mounted in two
columns to form two linear arrays 220 of low-band radiating elements 222. Each low-band
linear array 220 may extend along substantially the full length of the antenna 100 in some
embodiments.

[00357] 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 frequency band, etc.). The low-band linear arrays 220
may or may not be used to transmit and receive signals in the same portion of the first
frequency band. For example, in one embodiment, the low-band radiating elements 222 in a
first linear array 220 may be used to transmit and receive signals in the 700 MHz frequency

band and the low-band radiating elements 222 in a second linear array 220 may be used to
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transmit and receive signals in the 800 MHz frequency band. In other embodiments, the low-
band radiating elements 222 in both the first and second linear arrays 220-1, 220-2 may be
used to transmit and receive signals in the 700 MHz (or 800 MHz) frequency band.

[00358] The first mid-band radiating elements 232 may likewise be mounted to extend
upwardly from the main reflector 214 and may be mounted in columns to form linear arrays
230 of first mid-band radiating elements 232. The linear arrays 230 of mid-band radiating
elements 232 may extend along the respective side edges of the main reflector 214. The first
mid-band radiating elements 232 may be configured to transmit and receive signals in a
second frequency band. In some embodiments, the second frequency band may comprise the
1427-2690 MHz frequency range or a portion thereof (e.g., the 1710-2200 MHz frequency
band, the 2300-2690 MHz frequency band, etc.). In the depicted embodiment, the first mid-
band radiating elements 232 are configured to transmit and receive signals in the lower
portion of the second frequency band (e.g., some or all of the 1427-2200 MHz frequency
band). The linear arrays 230 of first mid-band radiating elements 232 may be configured to
transmit and receive signals in the same portion of the second frequency band or in different
portions of the second frequency band.

[00359] The second mid-band radiating elements 242 can be mounted in columns in
the upper portion of antenna 100 to form linear arrays 240 of second mid-band radiating
elements 242. The second mid-band radiating elements 242 may be configured to transmit
and receive signals in the second frequency band. In the depicted embodiment, the second
mid-band radiating elements 242 are configured to transmit and receive signals in an upper
portion of the second frequency band (e.g., some, or all, of the 2300-2700 MHz frequency
band). In the depicted embodiment, the second mid-band radiating elements 242 may have a
different design than the first mid-band radiating elements 232.

[00360] The high-band radiating elements 1195 can be mounted in columns in the
upper medial or center portion of antenna 100 to form (e.g., four) linear arrays 250 of high-
band radiating elements. The high-band radiating elements 1195 may be configured to
transmit and 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.
[00361] In the depicted embodiment, the arrays 220 of low-band radiating elements 222,
the arrays 230 of first mid-band radiating elements 232, and the arrays 240 of second mid-
band radiating elements 242 are all part of the passive antenna assembly 190, while the arrays

250 of high-band radiating elements 1195 are part of the active antenna module 110. It will
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be appreciated that the types of arrays included in the passive antenna assembly 190, and/or
the active antenna module 110 may be varied in other embodiments.

[00362] It will also be appreciated that the number of linear arrays of low-band, mid-
band and high-band radiating elements may be varied from what is shown in the figures. For
example, the number of linear arrays of each type of radiating elements may be varied from
what is 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. As one specific example, two linear arrays
240 of second mid-band radiating elements 242 may be replaced with four linear arrays of
ultra-high-band radiating elements that transmit and receive signals in a 5 GHz frequency
band.

[00363] The low-band and mid-band radiating elements 222, 232, 242 may each be
mounted to extend forwardly of and/or from the main reflector 214.

[00364] Each array 220 of low-band radiating elements 222 may be used 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 designed to transmit and receive RF signals. Likewise,
each array 232 of first mid-band radiating elements 232, and each array 242 of second mid-
band radiating elements 242 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 designed to transmit and receive RF signals. Each linear array 220, 230, 240 may be
configured to provide service to a sector of a base station. For example, each linear array
220, 230, 240 may be configured to provide coverage to approximately 120° in the azimuth
plane so that the base station antenna 100 may act as a sector antenna for a three-sector base
station. Of course, it will be appreciated that the linear arrays may be configured to provide
coverage over different azimuth beamwidths. While all of the radiating elements 222, 232,
242, 1195 are dual-polarized radiating elements in the depicted embodiments, it will be
appreciated that in other embodiments some or all of the dual-polarized radiating elements
may be replaced with single-polarized radiating elements. It will also be appreciated that
while the radiating elements are illustrated as dipole radiating elements in the depicted
embodiment, other types of radiating elements such as, for example, patch radiating elements
may be used in other embodiments.

[00365] Some or all of the radiating elements 222, 232, 242, 1195 may be mounted on
feed boards that couple RF signals to and from the individual radiating elements 222, 232,
242, 1195, with one or more radiating elements 222, 232, 242, 1195 mounted on each feed
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board. Cables (not shown) and/or connectors 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.

[00366] FIG. 98 is a rear or back view of the main backplane 218. RF connectors or
"ports" 140 are mounted in the bottom end cap 130 that are used to couple RF signals from
external remote radio units (not shown) to the arrays 220, 230, 240 of the passive antenna
assembly 190. Two RF ports can be provided for each array 220, 230, 240 namely a first RF
port 140 that couples first polarization RF signals between the remote radio unit and the array
220, 230, 240 and a second RF port 140 that couples second polarization RF signals between
the remote radio unit and the array 220, 230, 240. As the radiating elements 222, 232, 242
can be slant cross-dipole radiating elements, the first and second polarizations may be a -45°
polarization and a +45° polarization.

[00367] A phase shifter 342 may be connected to a respective one of the RF ports 140.
The phase shifters 342 may be implemented as, for example, wiper arc phase shifters such as
the phase shifters disclosed in U.S. Patent No. 7,907,096 to Timofeev, the disclosure of
which is hereby incorporated herein in its entirety. A mechanical linkage 344 may be
coupled to a RET actuator (not shown). The RET actuator may apply a force to the
mechanical linkage 344 which in turn adjusts a moveable element on the phase shifter in
order to electronically adjust the downtilt angle for one or more of the low-band or mid-band
linear arrays 220, 230, 240.

[00368] It should be noted that a multi-connector RF port (also referred to as a
"cluster" connector) can be used as opposed to individual RF ports 140. Suitable cluster
connectors are disclosed in U.S. Patent Application Serial No. 16/375,530, filed April 4,
2019, the entire content of which is incorporated herein by reference.

[00369] FIG. 9C illustrates the high-band radiating elements 1195 of the active
antenna assembly 1190. Note that the low-band radiating elements 222 may (partially)
extend in front of the outer columns of high-band radiating elements 1195. The low-band
radiating elements 222 may have slanted feed stalks in some embodiments that allow the low-
band radiating elements 222 to be mounted on the primary reflector 214 while still extending
in front of the high-band array 250/1195.

[00370] Referring to FIGs. 9C and 9D, the active antenna assembly 1190 can include
an active antenna reflector 1172 that serves as the reflector for the high-band radiating

elements 1190.
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[00371] The reflector 170 and/or main reflector 214 of the passive antenna assembly
190 in the base station antenna 100 typically comprises a sheet of metal and is maintained at
electrical ground. It acts to redirect RF radiation that is emitted backwardly by the radiating
elements in the forward direction, and also serves as a ground reference for the radiating
elements. When the active antenna is configured as a separate active antenna module 110,
the reflector 1172 of the active antenna module 110 can be electrically coupled, upon
assembly to the base station antenna housing 100h, to the reflector 170 of the passive antenna
assembly 190 so that the reflector 170 of the passive antenna assembly 190 and the reflector
1172 of the active antenna module 110 are at a common electrical ground reference.

[00372] The active antenna reflector 1172 can be spaced apart from the reflector 170
(and/or main reflector 214) of the passive antenna assembly 190 (in a front to back direction)
about a small gap space “g” that is typically in a range of about 3 mm- about 10 mm, in some
embodiments.

[00373] Embodiments of the present invention configure the two reflectors 1172, 170
as cooperating reflectors of the base station antenna 100. The two reflectors 1172, 170 can be
in close proximity to each other, once the active antenna module 110 is assembled into the
base station antenna housing 100h, allowing the two reflectors 170, 1172 to electrically
couple to achieve the common ground reference. The active antenna module 110 provides
the reflector 1172 as a removable reflector from the base station antenna housing 100h. The
reflector 1172 of the active antenna module 110 can be configured to capacitively couple
with a fixed reflector 170 in the base station antenna housing 100h associated with the
passive antenna assembly 190.

[00374] The reflector 1172 of the active antenna module 110 can also serve in part as a
reflector for some radiating elements (e.g., low-band radiating elements 222 at an upper
portion of the base station housing adjacent the active antenna module 110) of the passive
antenna assembly 190. Thus, the reflector 1172 of the active antenna module 110 can be part
of the circuit of the passive antenna assembly 190.

[00375] The passive reflector 170 (214) and the active reflector 1172 can be
capacitively coupled together, and thus the metal sheets forming these reflectors can be
physically spaced apart/separated. Collectively, these features can allow a) field replacement
of the active antenna module 110 and b) an interleaving of active/passive elements without
increasing the overall width of the base station antenna housing 100h.

[00376] Referring to FIG. 9E, the outer perimeter of the reflector 1172 can be

configured to couple with the reflector 170 (214) to be at a common ground reference. The
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coupling between the passive reflector 170 and reflector 1172 of the active antenna module
110 can be important to the performance of the passive antenna. In some embodiments,
portions of the two reflectors 170 and 1172 can overlap, with a very small gap, front to back,
in order to facilitate strong capacitive coupling between the two reflectors so that the two
reflectors will be at a common ground reference.

[00377] The base station antenna 100 can have at least one radome 119 interposed
between the two coupled reflectors 170, 1172.

[00378] Referring to FIG. 9E, the base station antenna 100 can be configured with a
first radome 119 and a second radome 1129, spaced apart in a front to back direction, and
positioned between reflectors 170, 1172. The first radome 119 can be part of the active
antenna module 110 and be configured to seal the active antenna module 110. The second
radome 1129 can be configured to be a skin or middle/intermediate radome 1129 and can be
configured to seal the base station antenna housing 100h comprising the passive antenna
assembly 190 at the receiving chamber 155 (FIG. 3A). The second radome 1129 defines a
seal covering over the open receiving chamber 155 prior to coupling to the active antenna
module 110. The second radome 1129 can have a rigid, semi-rigid (self-supporting shape) or
flexible configuration. The second or intermediate radome 1129 resides between the first
radome 119 and the front of the housing 100f/external radome 150. When the active antenna
module 110 is assembled to the housing 100h, both the first and second radomes 119, 1129
can be internal to the housing 100h.

[00379] In some embodiments, a foil and/or a metallized surface coating or the like can
be provided on or between one or more coupling surfaces of reflectors 1172, 170 and/or
radomes 1129 and 119 to improve capacitive coupling, where desired or used. The radome
119 of the active antenna module 110 can be a patterned radome with a series of laterally
spaced apart peak and valley segments to reduce coupling of adjacent rows of antenna
elements and/or otherwise facilitate performance. Further description of patterned radomes
can be found in co-pending U.S. Provisional Patent Application Serial Number 63/083,379,
the contents of which are hereby incorporated by reference as if recited in full herein.
[00380] FIG. 9F illustrates an example embodiment of a radiating element 222 (which
may optionally be a low band element) having an angled feed stalk 310. The radiating
element 222 is positioned to extend over both the first and second reflectors 170(214) and
1172 according to embodiments of the present invention. The first and second reflectors

170(214) can be parallel, shown as co-planar. A lip or other shaped outer perimeter side
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segment 119s of the radome 119 can extend laterally and longitudinally under or over the
side segment 170s of the first reflector 170(214).

[00381] FIG. 9G illustrates that the second reflector 1172 can have a laterally
extending side segment 1172s. The side segment 119s of the radome 119 can extend between
the side segment 1172s of the second reflector 1172 and the adjacent segment of the first
reflector 170s. The first and second reflectors 170(214) and 1172 can be capacitively coupled
via the radome 119. The radome 119 can define a dielectric or be configured to provide an
air gap space or both to facilitate or provide the capacitive coupling.

[00382] FIGs. 9H and 91 are greatly enlarged section views of example coupling
surfaces of a first reflector and second reflector interfaces of the device shown in FIG. 9E,
9F or 9G. FIG. 9H illustrates a horizontal coupling configuration (in the orientation shown)
between the horizontal surface of the reflector 170 and the reflector 1172 of the active
antenna module 110. FIG. 91 illustrates a vertical coupling configuration (in the orientation
shown) between the two reflectors 170 and 1172. Stated differently, the coupling
configurations can be provided by one or both of surface area segments 1172s, 170s that are
parallel to each other and may include one or more segments that are parallel to and/or
perpendicular to a primary surface 1172p, 170p of the reflector 1172, 170, respectively.
[00383] FIGs. 9J-90 illustrate modifications to the coupling configurations that
increase the surface area of the coupling segments 170s, 1172s of the reflector 1172 of the
(removable) active antenna module 110 and the (fixed) reflector 170(214) of the base station
antenna housing 100h.

[00384] FIGs. 9M-90 illustrate that an inner side wall 170w can be provided by the
passive reflector 170. The side wall 170w can be perpendicular to the primary surface 170p
of the reflector 170.

[00385] The coupling of the reflectors 1172, 170 can allow the separate installation of
the reflectors and can be configured to use any capacitive coupling and may include a plate
capacitor type configuration.

[00386] Referring to FIGs. 10A and 10B, the active antenna module 110 can be
installed by aligning the active antenna module 110 with the recessed segment 108 over the
chamber 155 and inserting the active antenna module 110 toward the front 100f of the
housing 100h so that the active antenna module 110 seals to the antenna housing 100h at the
recessed segment 108. The inserting may be done manually by pushing inward in a single
step without requiring tools. Properly engaged, the inserting/pressing can also seal the active

antenna module 110 to the housing 100h.
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[00387] When installed as shown in FIG. 10B, the active antenna module 110 is
externally accessible and has an outermost extent that is in a plane P1 that is different from a
plane P2 of a primary outer surface 151p of the second segment 151 of the radome 150
(shown as the lower portion). In some embodiments the plane P1 is at a distance D1 from a
primary surface of the front 100f of the housing 100h and P2 is at a distance D2 from the
primary surface of the front 100f of the housing 100. D1-D2 can be in a range of about (-1)
inch to about (+ 6) inches, such as about +0.25 inches, +0.5 inches, +1, +2, +3, +4, +5 or +6
inches. Thus, the active antenna module 110 can project a relatively small distance outward
from the lower portion of the rear of the radome 150, be flush with (e.g., co-planar), or
recessed with respect to, the plane P2 to thereby provide a compact configuration and/or to
avoid an offset of center of gravity of the base station antenna housing 100h.

[00388] FIG. 23C shows the rear 110r of the active antenna module 110 at a first
distance D1 and FIG. 25C shows the rear 110r of the active antenna module 110 at a greater
second distance D2 from the rear surface 100r of the housing 100h, both coupled to internal
rails 180 in the housing 100h via an adapter member(s) 2900, 2900’ that is/are attached to the
active antenna module 110. That is, different configurations of the active antenna module
110 with radio circuitry 1120 can mount different distances from the rear 100r of the antenna
housing 100 making the product narrower or thicker at that location. The adapter member
2900, 2900’ can be configured to position the radome 119 at substantially the same location,
such as within about (+/-) 1-10 mm, in the housing 100h facing the external radome 150
and/or front of the housing 100f.

[00389] The plane P1 can be recessed, flush with or project outward from the rear
surface 120r of the top 120 of the antenna housing 100h, optionally the same distance or a
greater distance as the outer primary surface 151p of the second segment 151 of the radome
150, e.g., D1-D2.

[00390] FIGs. 11A-11D illustrate an example sequence of actions that can be used to
install an active antenna module 110 to a base station antenna 100 while the base station
antenna 100 is held by a mounting structure 300. The base station antenna 100 can include
mounting hardware 310 attached to a rear 100r of the housing 100h. The active antenna
module 110 can also include mounting hardware 310 and it can be coupled to the mounting
structure 300 after it is attached to the base station antenna 100 (FIG. 11D).

[00391] The active antenna module 110 can be provided and/or installed as a

standalone unit or in an assembled active/passive configuration when mounted to the base
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station antenna 100. The base station antenna housing 100h can be installed without the
active antenna module 110 for future upgrade.

[00392] FIGs. 12A and 12B illustrate an example of another embodiment of an active
antenna module 110’ that can include a second radome 1119 as discussed above. Also, the
active antenna module 110° can optionally be configured to mount to the housing 100h
without requiring a sealed interface and the corresponding receiving recessed segment 108
may have a closed rearward facing surface.

[00393] Pursuant to further embodiments of the present invention, base station
antennas 100 are provided which have one or more active antenna modules 110 mounted on
the back 100r of the antenna 100. FIG. 13 is a rear perspective view of a base station
antenna 100°> comprising a pair of active antenna modules 110 mounted on the rear 100r,
shown mounted in respective recessed segments 108.

[00394] FIG. 14 illustrates another embodiment with a recessed segment 108 and an
active antenna module 110 can extend over more than a major portion of the length of the
rear 100r of the antenna 100°””.

[00395] In some embodiments, the base station antennas may be designed so that a
variety of different active antenna modules 110 can be used in a given antenna 100. The
active antenna module 110 can be manufactured by any original equipment manufacturer
and/or cellular service provider and 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.

[00396] The antennas 100 may have a number of advantages over conventional
antennas. As cellular operators upgrade their networks to support fifth generation ("5G")
service, the base station antennas that are being deployed are becoming increasingly complex.
It is desirable to minimize antenna size and/or integrate increased number of antenna or
antenna elements inside a single radome. 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 support multiple generations of cellular service by including linear
arrays of radiating elements that operate in a variety of different frequency bands in a single
antenna. Thus, for example, it is common now for cellular operators to request a single base
station antenna that supports service in three, four or even five or more different frequency

bands. Moreover, in order to support 5G service, these antennas may include multi-column
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arrays of radiating elements that support active beamforming. Cellular 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.

[00397] Pursuant to still further embodiments of the present invention, methods of
assembling beamforming 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) beamforming radios on base station
antennas. In the discussion that follows the installation methods will primarily be described
with reference to installing the active antenna modules 110 with beamforming radios to base
station antenna 100. It will be appreciated, however, that these techniques may be used for
any of the other embodiments disclosed herein, with suitable modifications made as
appropriate.

[00398] The active antenna modules 110 may also 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 active antenna modules 110 with beamforming radios may be
field installable and/or replaceable without the need to detach the base station antenna 100
from an antenna mount.

[00399] Turning now to FIG. 185, a flow chart of example actions that can be used to
install a base station antenna is shown. A base station antenna housing comprising a passive
antenna assembly is provided (block 600). An active antenna module is attached to the base
station antenna housing with the active antenna module being held in a recessed segment and
with at least a rear portion thereof being external to the base station antenna housing to define
a base station antenna (block 610).

[00400] The base station antenna housing can have a rear surface with a recessed
region overlying an internal chamber with components of a passive antenna assembly and the
attaching step is carried out to place an inner facing surface of the active antenna module in
or against the recessed region (block 612).

[00401] The attaching step can be carried out to sealably attach the active antenna
module to the base station antenna housing to thereby provide a water-resistant or water-tight
coupling (block 614).

[00402] The active antenna module can comprise mounting brackets that couple to a

mounting structure for field operation (block 616).
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[00403] The base station antenna housing can include a base plate with an aperture and
a perimeter portion surrounding the aperture and the active antenna module can sealably
couple to the perimeter portion of the base plate when attached to the antenna housing (block
618).

[00404] The base station antenna housing can be configured to interchangeably accept
different active antenna modules (block 620).

[00405] A user can be allowed to remove the active antenna module and replace it
with a different active antenna module at a field site while the base station antenna is coupled
to a mounting structure at the field site (block 622).

[00406] Turning now to FIGs. 16A, 16B, 17A, 17B and 18, the active antenna module
110’ can be configured to be slidably inserted and coupled to the base station antenna 100
from the top 100t of the base station antenna. The rails 1801, 1802 can be exposed external
rails 180" (prior to assembly with the active antenna module 110°”) that slidably (matably)
couple to longitudinally extending rail couplers 1220. The rail couplers 1220 are provided as
a pair, one that extends along a respective right or left side 110r, 110/, of the active antenna
module 110”°. The rail couplers 1220 can reside between the (inner) radome 119 and the rear
surface 110r of the active antenna module 110>”. Other sliding detachable configurations
may be used, including sliding from a bottom 100b instead of the top 100t or sliding from
both top and bottom ends, one form each direction, if more than two active antenna modules
110 are used.

[00407] Similar to the embodiment shown in FIGs. 8A-8F, upon assembly, the active
antenna module 110” is (sealably) coupled to the upper portion of the base station antenna
100. However, no screws or pins are required to mount the active antenna module 110’ to the
seal perimeter interface 100i surrounding the receiving cavity 155. This top-slide-to-couple
configuration may facilitate field assembly and/or reduce alignment issues when retrofitting
in the field.

[00408] First and second arrays (columns) 220-1, 220-2 of low band radiating
elements 222 reside on right and left side portions of the base station antenna on each side of
the receiving recessed region of a rear of the housing 100r and/or chamber or cavity 155 (see
also, FIGs. 9A, 23C, 25C). The outer perimeter shape of the radome 119 can be configured
to slide past some of these radiating elements and extend adjacent thereto. A seal member
112 can reside on one or both of an inner facing surface of the active antenna module 110’
and the seal interface 100i of the base station antenna housing 100h surrounding the receiving

chamber or cavity 155.
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[00409] The base station antenna housing 100h can include cross-segments 169
extending across lower and upper ends of the receiving chamber/cavity 155, which may
optionally form part of the housing seal interface 100i.

[00410] In some embodiments, the active antenna module 110°> comprises an inwardly
projecting top member 1225 that can couple to and/or define part of the top 120 of the base
station antenna 100 and provide a moisture resistant seal and/or top end cap. The top
member 1225 can extend inward a further distance than the radome 119.

[00411] A length of the housing 100h, typically including the top 100t of the base
station antenna housing 100h can have an open or closed “U” like-shape that slidably
receives the active antenna module 110°*. The sides of the “U” shape correspond to the
rearwardly projecting side walls 101, 103 (FIG. S) of the housing 100h and extend a distance
that is less than the lateral extent of the bottom of the “U” shape and with the bottom defined
by a front 100f of the housing 100h. The top of the U shape can be closed across one or more
locations using a cross-member 169 for increasing structural rigidity (FIG. 30A).

[00412] The top of the active antenna module 110”” can be configured in other
manners as can the top of the base station antenna housing to provide a suitably water-tight
seal. For example, a removable end member with a seal such as a gasket or a pivoting top
member with a seal such as gasket can be attached to the top of the base station antenna to
open to allow the active antenna module 110 to be slidably inserted or removed (not
shown).

[00413] FIGs. 16A, 16B, 17A and 17B illustrate that the base station antenna housing
100h can further include rearwardly projecting side members 1310 that extend rearward of
the rails 1801, 180, and that also extend longitudinally for a sub-length of the antenna housing
100h, one on each side of the receiving cavity 155. The side members 1310 couple to
mounting hardware 310. The active antenna module 110”” can be fully supported by the
antenna housing 100h when mounted to the mounting structure 300 without requiring
mounting hardware attached to the active antenna module 110’ itself.

[00414] The mounting hardware 310 can include arms 310a that project outwardly
(toward a rear 100r of the housing 100h) a distance sufficient to define a small clearance gap
between a rear surface 110r of the active antenna module 110>” and the mounting structure
300 to thereby allow the active antenna module 110” to be slidably advanced (or retracted for
replacement) between the mounting structure 300 and the mounting hardware 310 when the

base station antenna housing 100h is mounted in a field use orientation.
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[00415] FIG. 18 illustrates that the active antenna module 110°” can include mounting
hardware 310 coupled to its rear surface 100r and this mounting hardware 310 can be used to
mount it to the mounting structure 300 after it is attached to the base station antenna 100.
[00416] Combinations of the mounting configurations shown in FIGs. 17A, 17B and
18 for mounting the active antenna module 110°’ to the mounting structure 300 may also be
used.

[00417] At least one of the first reflector 170 or the second reflector 1172 can be
provided by a frequency selective surface and/or substrate that is configured to allow RF
energy (electromagnetic waves) to pass through at one or more first defined frequency range
and that is configured to reflect RF energy at a different second frequency band. The
frequency selective surface and/or substrate may be interchangeably referred to as a “FSS”
herein. Thus, a reflector, such as one or both of the passive reflector 170 and/or the active
antenna reflector 1172, of the base station antenna 100, can reside behind at least some
antenna elements and can selectively reject some frequency bands and permit other frequency
bands to pass therethrough by including the frequency selective surface and/or substrate to
operate as a type of “spatial filter”. See, e.g., Ben A. Munk, Frequency Selective Surfaces:
Theory and Design, ISBN: 978-0-471-37047-5; IN3:10.1002/0471723770; April 2000,
Copyright © 2000 John Wiley & Sons, Inc. the contents of which are hereby incorporated by
reference as if recited in full herein.

[00418] The frequency selective surface and/or substrate material 1500 of a respective
reflector can comprise metamaterial, a suitable RF material or even air (although air may
require a more complex assembly). The term “metamaterial” refers to composite
electromagnetic (EM) materials. Metamaterials may comprise sub-wavelength periodic
microstructures.

[00419] The FSS material can be provided as one or more cooperating layers. The
FSS material can include a substrate that has a dielectric constant in a range of about 2-4,
such as about 3.7 and a thickness of about 5 mil and metal patterns formed on the dielectric
substrate. The thickness can vary but thinner materials can provide lower loss.

[00420] The first reflector 170 and the second reflector 1172 can be parallel, optionally
co-planar, and one or both can comprise an FSS.

[00421] The first reflector 170 (of the passive antenna housing 100h) can comprise a
frequency selective substrate 170f and can be physically (e.g., integral with) and/or

electrically coupled to the primary reflector 214 of the passive antenna assembly 190.
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[00422] The first reflector 170 of the passive antenna 100 can comprise the frequency
selective surface or substrate 170f and can reside forward of the reflector 1172 of the active
antenna module 110, e.g., closer to the front 100f of the housing 100h than the reflector 1172
of the active antenna module 110.

[00423] In some embodiments, the second reflector 1172 can reside closer to the front
100f of the housing 100h than the reflector 170 of the passive antenna assembly 190, when
assembled to the passive antenna assembly housing 100.

[00424] Turning now to FIGs. 19A and 19B, the reflector 170 of the passive antenna
assembly 190 in the base station antenna 100 can be configured to have a FSS material 1500
to define a frequency selective substrate and/or surface 170f. This configuration does not
require electrical, e.g., capacitive, coupling between the second reflector 1172 (reflector of
the active antenna module 110) and the first reflector 170 (a reflector of the passive antenna
assembly 190).

[00425] Optionally, the second reflector 1172 may be configured to have a frequency-
selective surface and/or substrate 1172f.

[00426] In some embodiments, the FSS material 1500 of the frequency selective
substrate/surface 170f of the reflector 170 of the passive antenna assembly 190 can be
configured to act like a High Pass Filter essentially allowing low band energy to completely
reflect (the FSS can act like a sheet of metal) while allowing higher band energy, for
example, about 3.5 GHz or greater, to completely pass through. Thus, the frequency
selective substrate/surface is transparent or invisible to the higher band energy and a suitable
out of band rejection response from the FSS can be achieved. The FSS material 1500 may
allow a reduction in filters or even eliminate filter requirements for looking back into the
radio 1120.

[00427] In some embodiments, the reflector 170 with the FSS 170f may be
implemented by forming the frequency selective surface on a printed circuit board, optionally
a flex circuit board. In some embodiments, the reflector 170, for example, may be
implemented as a multi-layer printed circuit board, one or more layers of which formed with
a frequency selective surface 170f configured such that electromagnetic waves within a
predetermined frequency range cannot propagate through the reflector 170, and wherein one
or more other predetermined frequency range associated with the one or more layers of the
multi-layer printed circuit board is allowed to pass therethrough.

[00428] FIG. 20A shows an example low band antenna element 222 with dipole arms

residing in front to the frequency selective substrate and/or surface 170f. FIG. 20B shows an
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example high band antenna element 252 residing behind the frequency selective substrate
and/or surface 170f and in front of the reflector 1172 of the active antenna module 110. This
configuration can avoid electrically coupling a passive reflector 170 for the low-band arrays
220 and an active reflector 1172 for the higher band arrays. Instead, the frequency selective
substrate and/or surface 170f can extend a full width of the antenna and the higher band/high
band active antenna 1195 (e.g., HB/3.5 GHz) forward of the active reflector 1172 can
transmit RF energy through this frequency selective substrate and/or surface (FSS) 170f.
[00429] The frequency selective substrate and/or surface 170f can reside a distance in a
range of 1/8 wavelength to ¥4 wavelength of an operating wavelength behind the low band
dipoles 222, in some embodiments. The term "operating wavelength" refers to the
wavelength corresponding to the center frequency of the operating frequency band of the
radiating element, e.g., low band radiating element 222.

[00430] Referring to FIGs. 20C and 20D, the FSS material 1500 of a respective
reflector 170 of the passive antenna housing 100h and/or reflector 1172 of the active antenna
module 110, for example, can comprise a substrate 1500s having a layer or layers thereon
that can have partial or full patterns 1500p of patches 1502 and a metallic grid 1530 to
provide frequency selection characteristics for a FSS reflector. As shown, the substrate
1500s is a dielectric material with metal patterns of patches 1502 and the metallic grid 1530.
The patterns 1500p can be configured to allow some frequencies to go through the reflector
and some frequencies to be reflected to thereby provide frequency selective surfaces and/or
substrates. The pattern 1500p may change in different areas of the FSS material 1500 of a
respective reflector, such as the passive antenna reflector 170, and in some areas there may be
no pattern and a full or partially full metal sub-surface area or full or partially full metal layer
can exist in those areas.

[00431] The pattern 1500p provided by the FSS material 1500 can be the same or
different in size and/or shapes of patches 1502 over respective areas or sub-areas and/or on
different layers. The shapes of patches 1502 and the shape of the elements of the metallic
grid 1530 can be, e.g., polygonal, hexagonal, circular, rectangular or square and each can be
formed of metal.

[00432] The pattern 1500p can be configured so that there is a perimeter gap space
1503 separating neighboring patches 15021, 15022, for example. The grid 1530 may
subdivide the gap space 1503 into “islands” of dielectric material that surround each patch
1502. The gap spaces 1503 may comprise regions of a dielectric substrate on which no metal

is deposited. The metallic grid 1530 can be embedded inside the gap spaces 1503 between
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patches 1502. This metallic grid 1530 can be printed on the opposite side of the substrate
1500s and does not need to be on the same side of the substrate that patches 1502 are on.
[00433] The pattern 1500p can be provided by one layer or by different layers that
cooperate to provide the frequency selective characteristics that can substantially prevent the
electromagnetic waves within a first operational frequency band from passing through the
reflector material 1500 while allowing the electromagnetic waves within a second operational
frequency band to pass through the reflector material 1500.

[00434] In some embodiments, the pattern 1500p of patches 1502 can be provided as
an array of closely spaced apart geometric shaped patches 1502.

[00435] The patches 1502 can be provided by copper etched on the substrate 1500s. In
some embodiments, the pattern 1500p of patches 1502 can be configured so that the patches
1502 are held by a honeycomb or web of material to suspend the patches 1502 without
requiring a physical overlying or underlying base substrate.

[00436] The FSS material 1500 can comprise two structures which are printed on the
same side or on opposing sides (opposing primary surfaces) of the substrate 1500s. One
structure can be a pattern of hexagons forming the patches 1502 and the other structure can
be a mesh or grid 1530 that looks like a honeycomb structure.

[00437] The grid 1530 can optionally be positioned in front of, behind or between one
or more adjacent layers providing the pattern 1500p of patches 1502. Where a grid 1530 is
used, it can be metallic and can be placed or formed on a top or bottom layer of the substrate
1500s and/or behind a rearwardmost patch 1502 (closest to the rear 100r of the housing
100h) or in front of a forwardmost patch 1502 (closest to the front 100f of the housing). The
term “grid” means an open cell or lattice type structure. The term “thin grid” means that the
grid has a thickness (e.g., width in a lateral dimension and/or a depth in a front to back
direction of the housing 100h of the base station antenna 100) that is in a range of about 0.01
mm and 0.5 mm, such as, for example, about 0.1 mm.

[00438] As shown, the relatively large patches 1502 are metal, e.g., copper, and the
adjacent region is the gap 1503 which can be defined by an exposed substrate. The grid
element 1530e is spaced apart from neighboring patches 1502 by a grid element 1530e. The
patches 1502 are metal and the thin grid 1530 is also metal, typically the same metal but
different metals can be used. The area between the patches 1502 and the grid elements 1530e
is the gap 1503 and the area of the gap 1503 between adjacent patches 1502 can have a lateral
extent that is less than the area of the patch 1502 and greater than the grid element 1530e.
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[00439] FIGs. 21A and 21B illustrate that the frequency selective substrate/surface
170f can be configured with cutouts or channels 2170 that allow the substrate 170f to be slid
into place or otherwise assembled about the feed boards 1200 and/or feed stalks 222f of the
dipole antenna elements 222. The frequency selective substrate/surface 170f can be provided
as single piece device or as a multiple piece device. For example, the FSS reflector 170f can
be provided as a plurality of segments that can be assembled together and shaped with
cutouts for the stalks 222f.

[00440] As shown in FIGs. 19A/19B, the frequency selective substrate/surface 170f
can reside closer to a front 100f of the housing 100h than the main reflector 214 of the
passive antenna assembly 190. The reflector 1172 of the active antenna module 110 can be
stacked behind the frequency selective substrate/surface 170f and may reside inside or
adjacent the rear surface of the housing 100h. The FSS 170f can be capacitively coupled to
the main reflector 214.

[00441] In other embodiments, referring to FIGs. 22A and 22B, the frequency
selective substrate/surface 170f can be coplanar with the main reflector 214. The active
antenna module 110 can reside a further distance outside the rear surface 100r of the housing
100h. The reflector 1172 in the active antenna module 110 can reside outside the housing
100h, stacked behind the frequency selective substrate/surface 170f. The dipole radiators of
the low-band radiating elements 222 can reside in front of the frequency selective surface. In
some embodiments, no channels for the feed stalks 222f are required to be formed in the
frequency selective substrate 170f.

[00442] Referring to FIG. 21C, the FSS material 1500 can be provided as a printed
circuit board 1500c. The FSS material 1500 can be configured so that predetermined
frequency ranges that are passed or blocked by the one or more metal layers 1501, 1502,
1503, 1504 of the multi-layer printed circuit board 1500¢ may be different from one or more
other layers. In some embodiments, the predetermined frequency ranges passed or blocked by
the one or more layers of the multi-layer printed circuit board may not overlap with one
another. In some embodiments, the predetermined frequency ranges passed or blocked by the
one or more layers of the multi-layer printed circuit board may at least partially overlap with
one another. In such embodiments, each layer in the multi-layer printed circuit board that is
formed with a frequency selective surface is equivalent to a “spatial filter”, and the entire
multi-layer printed circuit board equivalently comprises a plurality of cascaded “spatial
filters”, wherein each “spatial filter” is configured to either allow or stop (i.e., passes or

substantially attenuates and/or reflects) a part of the first operational frequency band, thereby
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collectively substantially allowing or preventing the electromagnetic waves within a
respective defined operational frequency band to either passing through or be
blocked/reflected by the reflector. As such, the design for the frequency selective surface of
each layer of the multi-layer printed circuit board 1500¢ may be simplified while ensuring
that the electromagnetic waves within defined one or more operational frequency bands are
reflected/substantially blocked by the reflector material 1500 or allowed to pass through the
reflector material 1500.

[00443] In some embodiments, the reflector material 1500 may comprise a dielectric
board 1500d having opposed first and second primary surfaces 1510, 1512 that both reside
behind the radiators of respective columns of first radiating elements 220-1, 220-2 where one
or both primary surface 1510, 1512 can comprise a periodic conductive structure that forms
the frequency selective surface. The periodic conductive structures can be on both the first
and second primary surfaces to form the frequency selective surface of the reflector material
1500.

[00444] In some embodiments, the FSS material 1500 may comprise a plurality of
reflector units that are arranged periodically, where each unit may comprise a first unit
structure forming the periodic conductive structure on the first primary surface of the
dielectric board and a second unit structure forming the periodic conductive structure on the
second primary surface of the dielectric board. A position of the first unit structure may
correspond to a position of the second unit structure. In some embodiments, as viewed from
a direction perpendicular to the first and second primary surfaces, the center of each first unit
structure coincides with the center of corresponding second unit structure.

[00445] In some embodiments, the first unit structure may be equivalent to an inductor
(L), the second unit structure may be equivalent to a capacitor (C), thereby the reflector unit
comprising the first unit structure and the second unit structure that are correspondingly
disposed may be equivalent to an LC resonant circuit. In some embodiments, the reflector
unit may be configured to be equivalent to a parallel LC resonant circuit. A frequency range
that the frequency selective surface allows to pass therethrough may be adjusted to a desired
frequency range by designing the equivalent inductance of the first unit structure and the
equivalent capacitance of the second unit structure.

[00446] In some embodiments, the traveling radio frequency wave that goes through
the FSS material 1500 can see a shunt LC resonator and a transmission line (substrate having

an impedance Zo depending on its thickness). The capacitance of each unit cell can be

-56-



WO 2021/195040 PCT/US2021/023617

made/defined by or formed from the coupling across the gap between the grid and the patch.
The inductor can be made out of the metallic thin lines of the grid.

[00447] The mesh/grid can define a high pass filter and the patches can define a low
pass filter, together defining a band pass filter. A multiple layer printed circuit board having
multiple FSS structures can be used for a sharper filter response.

[00448] In some embodiments, the periodic conductive structure on the first primary
surface of the dielectric board comprises a grid (array structure) 1530, the first unit structure
comprises a grid element 1530e serving as a repetition unit in the grid array structure 1530,
and the periodic conductive structure on the second primary surface of the dielectric board
comprises a patch array pattern and/or structure 1500p, the second unit structure comprises a
patch 1502 serving as a repetition unit in the patch array structure 1500p. For example, the
grid element 1530e of the first unit structure may have an annular shape of a regular polygon
such as a square, the patch 1502 of the second unit structure may have a shape of a regular
polygon such as a square.

[00449] Several exemplary configurations of the frequency selective surface material
1500 of the reflector 170f of base station antennas 100 according to some embodiments of the
present disclosure are described in detail below with reference to FIG. 21D.

[00450] For example, as shown in FIG. 21D, the reflector material 1500 can comprise
a set of reflector units 1500u. A respective reflector unit 1500u can be configured to have a
periodic (conductive) and/or unit structure on a first primary surface 1510 and a periodic
(conductive) and/or unit structure on the second primary surface 1512. The unit structure on
the first primary surface 1510 can be a grid element 1530e of a metal grid 1530 and the unit
structure on the second primary surface 1512 can be a metal patch 1502. The shapes and
sizes of aligned pairs of the unit structures of a respective reflector unit 1500u can be the
same or different, shown as the same size and shape. For example, the reflector unit 1500u
can have a square grid providing square grid elements 1530e and a square patch 1502 (second
unit structure) at corresponding positions on both sides/primary surfaces 1510, 1512 of a
dielectric board. As viewed from a direction perpendicular to the first and second primary
surfaces 1510, 1512, the center of the square grid 1530 coincides with the center of the square
patch 1502. Such a reflector unit 1500u may be configured to be equivalent to a parallel
resonant circuit formed by an inductor (the square grid) and a capacitor (the square patch).
The magnitudes of the inductance of the inductor and the capacitance of the capacitor of the
equivalent parallel resonant circuit may be determined based on desired frequency selectivity

of the frequency selective surface, and then the sizes of the grid elements 1530e and the
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patches 1502 can be determined accordingly. In the example of FIG. 21D, the reflector
material 1500 is shown to include reflector units 1500u in three rows and eight columns,
however, it will be appreciated that this is a non-limiting example, the arrangement of the
reflector units may be determined based on designed sizes of the unit structures.

[00451] In the example patterns shown in FIG. 21D, conductive materials are present
at positions of black lines (metal grid 1530) and black patches (blocks) 1502 and are not
present at white positions. Conductive materials may be deposited at both sides of a
dielectric board and then respective patterns may be formed by etching technologies such as
photolithography or FIB milling, thereby forming periodic conductive structures to realize the
frequency selective surface. Any other suitable methods currently know or developed later in
the art may be employed to form desired periodic conductive structures on the dielectric
board. The periodic conductive structures may be formed using any suitable conductive
materials, typically using metal such as copper, silver, aluminum, and the like. The dielectric
board may employ, for example, a printed circuit board. The thickness, dielectric constant,
magnetic permeability and other parameters of the dielectric board may affect the reflective
or transmissive properties at desired operating frequencies.

[00452] Referring to FIGs. 22C-22H, a portion of a base station antenna 100 is shown
with the passive antenna assembly 190 comprising a primary reflector 214 and the FSS
material 1500 that is adjacent the primary reflector 214 providing passive reflector 170f. The
primary reflector 214 of the passive antenna assembly 190 can be configured to have upper
extensions forming metal reflector side segments 170s that can be coupled to the FSS
material 1500. Feed boards 1200 can be provided in front of or behind the side segments
170s. The feed boards 1200 connect to feed stalks 222f of radiating elements 222 (such as
low band elements). The feed stalks 222f can be angled feed stalks 221 that project
outwardly and laterally inward to position the front end of the feed stalks 221 closer to center
of the reflector 170f than a rearward end. The feed boards 1200 can be coupled and/or
connected to the FSS material 1500.

[00453] The feed boards 1200 can sit behind or in front of the FSS 1500 and can be
capacitively coupled to the metal passive reflector(s) 170s, 214. The FSS material 1500 can
be installed in front of or behind the reflector segments 170s and may be capacitively coupled
to the passive reflector 170s, 214.

[00454] The FSS material 1500 can extend parallel to the side walls 103 of the base
station antenna housing 100h. The reflector side segments 170s can have an “L” shape

and/or orthogonal segments as shown in FIG. 22H, for example, and the “L shaped and/or
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orthogonal segments can both comprise the FSS material 1500. The FSS material 1500 can
form part of any reflector or interior side wall supporting radiating antenna elements,
particularly where there are antenna elements in front and/or behind the FSS material 1500.
[00455] FIG. 22G illustrates that the FSS material 1500 can have a perimeter with
sides having channels (or cut outs) 2170, some having a greater length dimension than others,
that allow connectors and/or cables of the feed boards and/or the feed stalks 222f to extend
from the feed boards through the channels 2170. Referring to FIGs. 22E and 22F, the left
and right-side longitudinally extending perimeters of the FSS material 1500 can extend in
front of or behind the corresponding (right and left) side segments 170s of the metal passive
reflector 170/214. In some embodiments, the passive reflector 170 can have elongate,
longitudinally extending openings 1170 on each side that can be configured to allow the feed
stalks 222f to extend forward therethrough.

[00456] Feed boards 1200 can be provided that extend a distance in front of the side
segments 170s and that can connect to feed stalks 222f of radiating elements 220 (such as low
or mid band radiating elements). The feed stalks 222f can be angled feed stalks that project
outwardly and laterally inward to position the front end of the feed stalks 222f closer to a
lateral center of the reflector 170f than a rearward end. The feed boards 1200 can be
connected to the reflector 170f and/or metal side segments 170s. The feed boards 1200 can
be parallel to the reflector 170f and positioned laterally on each side thereof as shown.
[00457] In some embodiments, as shown in FIG. 221, the reflector 170f can be
configured with a metal pattern 1500p that merges into side segments or areas of full metal
2170 which may be shaped as laterally extending metal tabs with front and/or back surfaces
fully metallized. The areas of full metal 2270 can couple, for example, capacitively couple,
to the longitudinally extending side segments 170s of the passive (primary) reflector 214
residing on right and left sides of the base station antenna.

[00458] In some embodiments, as shown in FIG. 22J, the feed boards 1200 can be
orthogonal or substantially orthogonal (+/-15 degrees) to the reflector 170f with the patches
1500p. In this orientation, the feed boards 1200 can be positioned adjacent and parallel to or
substantially parallel to (+/- 30 degrees) the side walls 103 of the base station antenna joining
the front radome 150 and the back 100r of the base station antenna. Antenna elements 222
can extend laterally inward over the reflector 170f. This configuration may reduce blockage
of high band energy at high scan angles. A laterally wide, e.g., whole width or substantially

whole width (substantially full width meaning +/- 15% of a full width of the base station
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antenna), reflector 170f may be used so that the FSS reflector material 170f extends laterally
outward a distance corresponding to a lateral width of the base station antenna.

[00459] It is also noted that feed boards 1200 are not required and small or miniature
power dividers with cables can be used in lieu of feed boards.

[00460] Turning now to FIGs. 23A-23C, 24, 34 and 35A-35C, the active antenna
module 110 can comprise at least one adapter member 2900. As shown, the at least one
adapter member 2900 can be provided as a pair of adapter members, one attached to each of
the right and left sides of the active antenna module 110. The radome 119 of the active
antenna module 110 can reside in front of the at least one adapter member 2900. As shown,
the at least one adapter member 2900 includes a planar surface 2904 that projects laterally out
from the active antenna module 110. The planar surface 2904 resides on the rail 180 of the
antenna housing 100h. Fixation members 2903 that extend through apertures 2902 in the
adapter member 2900 can be used to attach the adapter member 2900 to the active antenna
module 110.

[00461] In some embodiments, a lower edge 2901 of the adapter member 2900 can
comprise a pair of spaced apart prongs 2901p with a gap space 2901g that slidably receives a
pin 189 that projects inwardly from a respective rail 180 (FIG. 35A). This lower edge 2901
can define a support point and a rotation center for assembling the active antenna module 110
to the housing 100h for ease of field installation. The pin 189 can have a polymeric jacket
189j to avoid metal to metal contact with the active antenna module 110. The active antenna
module 110 can be provided at a number of different angles relative to the housing 100h, and
as indicated by arrow “A”, slid down until the lower edge 2901 engages the pin 189 and
defines a stop, at which time, the active antenna module 110 can be rotated into position, as
indicated by arrow “B”, optionally with at least the radome 119 thereof positioned in the
receiving chamber 155 of the housing 100h. Once in position, fixation members 288 can be
inserted through the flat surface 2904 into the rail 180 (FIG. 24).

[00462] FIGs. 25A-26 show another configuration of the active antenna module 110
and another configuration of the at least one adapter member 2900°. As shown, the at least
one adapter member 2900 can be provided as single adapter member that defines a frame
body with a lower end 2909 and an upper end 2910. Right and left sides of the adapter
member 2900’ comprise at least one outwardly extending planar surface 2904. In the
embodiment shown, there are two laterally outwardly extending, parallel planar surfaces
2904 on each of the right and left side. As shown in FIGs. 25C, 28B, the first surface 29044
(facing the front of the housing 100h) has a greater laterally extending length than the second
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surface 2904, and resides on the rail 180 and can be affixed to the rail 180 via fixation
member 288. A first end 2909 of the adapter 2900’ can have a pair of outwardly extending
lips 2909/. One lip 2909/ can project out further than the other and can attach to the body of
the active antenna module 110 while the other lip 2909/ attaches to the radome 119. The
second opposing end 2910 can be planar and devoid of any lips or outwardly projecting
surfaces as shown in FIG. 25A.

[00463] The adapter 2900” can surround a calibration circuit board 2980 (FIG. 25B)
that can be held between the radome 119 and the radio 1120 of the active antenna module
110.

[00464] Referring to FIGs. 23C and 25C, the rails 180 can be provided with a rail
frame 180f with a first rear facing surface 182 that abuts the planar surface 2904 of the
adapter 2900, 2900°. The rail frame 180f can also include a second front facing, laterally
inwardly extending planar surface 184 that extends inwardly a distance greater than the first,
rear facing, surface 182. This second surface 184 can couple to the second planar surface
2904, of the adapter 2900°.

[00465] Referring to FIGs. 27B, 28B and 40, the rail frame 180f can be configured to
sealably couple to the intermediate radome 1129. A curvilinear laterally extending extension
1129c¢ of the intermediate radome 1129 can extend in a curvilinear channel 186 of the rail
frame 180f.

[00466] The rail frame 180f can releasably or detachably attach to a number of
different shaped adapter members 2900, 2900 allowing for different shapes and size and
configurations of the active antenna module 110 to be coupled to the antenna housing 100h.
FIGs. 23C, 25C, 27A and 28A illustrate that depending on the adapter member 2900, 2900’
and the active antenna module 110, the rear 110r of the active antenna module 110 can
project out of the rear surface 100r of the housing 100h at different distances D1, D2, as
shown, while placing the radome 119 of the active antenna module 110 at substantially the
same position (+/- 1 mm-5 mm) in the housing 100h facing the external radome 150 of the
front 100f of the housing. The distance D2 can be 2-6 inches greater than D1 in some
embodiments.

[00467] Still referring to FIGs. 23C and 25C, the base station antenna 100 can also
include arrays of low band radiating elements 220-1, 220-2 on each side of the inner radome
119, and additional radiating elements 232 residing between the front of the housing
100h/external radome 150 and the intermediate radome 1129 and radome 119 of the active

antenna module.
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[00468] As shown in FIGs. 23C and 25C, pursuant to embodiments of the present
invention, low-band radiating elements 220-1, 220-2 are provided that include "tilted" or
"angled" feed stalks 221 that can have at least one segment that extends at an oblique angle
from the reflector 170. Generally stated, a first end 221e of the feed stalk 221 of low band
radiating element 220-1 can be positioned laterally outward of the outermost radiating
element of the antenna assembly 1195 of the active antenna module 110 (e.g., a massive
MIMO array) and can reside at a right side or a left side of the reflector 170. A feed circuit
315 on the feed stalk 221 comprises RF transmission lines that are used to pass RF signals
between the dipole arms of the cross-dipole radiating elements and a feed network of a base
station antenna 100. The feed stalk 221 may also be used to mount the dipole arms at an
appropriate distance in front of the reflector 170 of base station antenna 100, which is often
approximately 3/16 to V4 of an operating wavelength. The "operating wavelength" refers to
the wavelength corresponding to the center frequency of the operating frequency band of the
radiating element 220. The radiating elements 220 can be dipole elements configured to
operate in some or all the 617-960 MHz frequency band. The feed circuit 315 typically
comprises a hook balun provided on the feed stalk 221. Further discussions of example
antenna elements including antenna elements comprising feed stalks can be found in co-
pending U.S. Provisional Patent Application Serial Numbers 63/087,451 and 62/993,925, the
contents of which are hereby incorporated by reference as if recited in full herein.

[00469] Turning now to FIGs. 29, 30A and 30B, a first embodiment of a field
installation configuration is shown. The active antenna module 110 can be simply inserted
from the top 100t of the housing and slides into the top cap and middle cap regions as shown
by arrow A. The active antenna module 110 is a sealed unit comprising an array of antenna
elements 1195 and radio circuitry 1120 and with the radome 119 as discussed above.

[00470] Turning now to FIGs. 31A, 31B, 32A, 32B, 33A-33C, another installation
configuration using a bottom support 313 in antenna housing 100h can be used. As shown in
FIG. 31B, this allows for the active antenna module 110 to be assembled at various angles
relative to the housing 100h which may facilitate ease of field installation. The bottom 110b
of the active antenna module 110 can engage the housing 100h first, then rotate inward at the
desired longitudinal stop location or slide downward to fully engage the lower stop location
(indicated by arrows A, B, C). The adapter member 2900’ can be provided with a support
feature 2913 at the bottom, extending a distance under the bottom 110b of the active antenna
module 110. The adapter member 2900’ can then be affixed to the housing 100h using
fixation members 411 which can be bolts 411b (FIG. 32A) or latches 411/ (FIG. 32B) or
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other fixation devices. FIGs. 31A, 33A illustrate a tab configuration of the support feature
2913, which can be provided on right and left sides or in a middle region at the rear 100r of
the housing 100h. FIG. 33B illustrates a channel with an open top and closed bottom (such
as an extruded channel) that engages the support feature 2913. FIG. 33C illustrates a snap
fit configuration of the support feature 2913 and bottom support 313°” provided by the
housing 100h.

[00471] Turning to FIGs. 34, 35A, 35B, 35C, as discussed above, the bottom support
structure can comprise a bolt 189 that engages a lower edge 2901 of the adapter member
2900.

[00472] FIGs. 36 and 37A-37C illustrates a stop block 289 extending upward from the
rail 180 instead of a laterally extending bolt 189 and the lower edge 2901° of the adapter
member 2900’ can comprise a planar configuration with a stepped perimeter that engages the
stop sidewall 289s of the stop block 289 while the planar lower edge 2901 extends into the
stop block 289. The stop block 289 can comprise a polymer to avoid metal to metal contact.
[00473] FIGs. 38 and 39A-39C illustrate another embodiment of the stop block 289
which does not require the side stop wall shown above. The stop block 289 can be fixed via a
fixation member 289f such as a bolt or threaded screw the first surface 182 of the rail 180 to
position the rear surface 289r of the stop block 289 to be flush with the first surface 182 of
the rail 180.

[00474] FIGs. 40A and 40B illustrate the rail frame 180f which is configured to
provide support and sealing functionality (sealing to the intermediate radome or skin 1129) as
discussed above. The passive reflector 170 can be fixed to the frame 180f using a fixation
member 388 such as a rivet. The adapter 2900 can be fixed to the rail frame 180f with a rivet
nut 288 to strengthen the rails 180 when certain materials having light weight (e.g.,
aluminum) are used.

[00475] FIGs. 41A and 41B illustrates fixed and adjustable tilt configurations,
respectively, of the base station antenna 100 with associated mounting hardware. In these
embodiments, there can be four attachment locations between the base station antenna 100
and three or four attachments to the mounting structure 300, such as a pole as shown. For the
adjustable tilt configuration shown in FIG. 41B, a tilt rod fixture 311 can be used. FIG. 41C
illustrates an adjustable tilt configuration using three direct attachment points provided by
mounting hardware/brackets 310 between the base station antenna 100 and mounting
structure 300 without requiring the tilt rod fixture 311. The base station antenna and

mounting structure 300 components can be mechanically attached allowing for only three
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longitudinally spaced apart mount brackets 310 and a full tilt range while reducing weight of
the mounting hardware by 20% or more over the configuration shown in FIG. 41B and 8%
over the fixed tilt configuration shown in FIG. 41A.

[00476] FIGs. 41D and 41E illustrate sets 310s of three pieces of mounting hardware
310 configured for providing 0-10 degree tilt (FIG. 41D) and a 0-5 degree tilt (FIG. 41E)
mounting orientation of the base station antenna 100. Only one mounting bracket 310 of the
set of the mounting hardware 310s is required to be affixed to the active antenna unit 110 as
shown in FIG. 41C.

[00477] Turning now to FIGs. 42, 43, 44A-44C, 45A and 45B, the adapter 2900°*” of
the active antenna module 110 can be configured to first couple to a top support feature 1311
allowing the active antenna module 110 to be placed at a number of angles relative to the
housing 100h, then slid down to couple to the top support feature (arrow A), then rotated
inward (arrow B), then optionally slid further down a distance (arrow C). Fixation members
411 can then be used to attach the active antenna module 110 to the housing 100h. The top
support feature 1311 can provided as a hook channel 1311 that captures a hook 2923 of the
adapter member 2900’ (FIG. 44A), an extruded channel 1312 that receives a segment 2924
of the adapter member 2900 or even a longitudinally extending bolt channel 2925 with a
bolt opening at one end sized to receive the head of the bolt 1313 that merges into a narrower
segment. The bolt channel is shown as provided in the adapter member 2900°°° but the
reverse configuration can be used with the bolt channel 2925 can be provided in the housing
100h and the bolt 1313 in the adapter 2900°>°. Again, the fixation members 411 can be bolts
411b or latches 411/ or other members.

[00478] Turning now to FIGs. 46A-46C, 2 portion of a base station antenna 10 with a
passive antenna reflector 176 and radiating elements 222 inside an external radome defined
by a front 106 of the base station antenna housing 188k according to some embodiments of
the present invention is shown. As discussed above, the radiating elements 222 can be fow
band radiating elements provided in a plurality of linear arrays {(columns) 226-1, 220-2.

FIG. 46B illustrates the passive antenna reflector 178 can be provided as a frequency
selective surface and/or substrate (“F887) 170f comprising an FSS material 1568, FIG.
46C shows the reflector 17¢ provided as a metal reflector.

[00479] FIG. 47A is a graph of the azimuth pattern for an antenna beam generated by
one of the lower-band linear arrays included in the base station antenna of FIG. 468, as
generated by a computational model. The reflector 170f iliustrated comprises a dielectric

constant of 3.7. However, it is contemplated that materials with lesser or greater dielectric
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constants can be used. FiG. 47B is a graph of the azimuth pattern for the antenna beam
based on a metal reflector (PEC refers to perfect electric conductor, e.g., the ideal case for a
conductor} as shown in FIG. 46C, as generated by a computational model.  FiGs, 47C, 47D,
48A and 48B are additional graphs comparing the low band performance of the
configurations of FiGs. 468 and 46C. The computational model(s) show that low band
performance of both configurations is substantially similar.

[00480] FIGs. 49A and FIG. 49B illustrate a portion of a base station antenna 100
with the passive antenna reflector 176 provided as a frequency selective surface and/or
substrate (“FS87) 176f with the FSS material 1568 according to embodiments of the present
invention.

[00481] FIG. 50A and FIG. 50B illustrate a portion of the base station antenna 108
with two internal radomes 119, 1129, residing between an active antenna reflector 1172 of
the active antenna module 110 comprising radio circuitry 1128 and the external radome
defined by the front 100f of the base station antenna 108 according to embodiments of the
present invention. The active antenna refiector 1172 can be {capacitively} coupled to a metal
passive antenna reflector 178

[00482] FIGs. 51, 52A-52D, S3A and 53B are graphs generated by a computational
model(s) comparing (low band) performance of the devices shown in FIGs. 49A and S0A.
The front-to-back ratio for thew antenna with the FSS reflector 170f is about 17.4 dB verses a
front-to-back ratio of 13.45 dB for the two intermediate radomes configuration with the
active antenna reflector 1172 coupled to the (metal) reflector 170.

[00483] Turning now to FIGs. 54A, 54B, S5A and 55B, a portion of a base station
antenna 100 with an active antenna module 110 and one or more (side) feed boards 1200
(FIG. 54B) that extend in a front to back direction of the base station antenna 100. The one
or more feed boards 1200 are not required to be parallel with the passive antenna reflector
170 and can reside at an angle (e.g., between 90-120 degrees) from the primary surface of the
FSS material 1500, the passive antenna reflector 170, 214 and/or the active antenna reflector
1172 according to embodiments of the present invention. As shown in FIGs. 54B and 54C,
the feed boards 1200 can extend perpendicular to the passive reflector 170 and/or FSS
material 1500.

[00484] In some embodiments, referring to FIGs. S4A, 54B, the FSS material 1500
can extend laterally across an entire width W dimension of the front 100f of the housing 100h
and/or the external radome. In contrast to the embodiment shown in FIG. 22C, there is no

front surface reflector space for the feed boards 1200 to be installed on. The extended width
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of the FSS material 1500 may minimize the possible effect of passive reflector side segment
edges 170s on massive MIMO array 1195 performance, when installed behind the FSS
material 1500 and/or passive reflector 170f.

[00485] The one or more feed board 1200 can be configured to be perpendicular to and
reside adjacent to an outer perimeter portion of the passive antenna reflector 170 and/or
active antenna reflector 1172. The passive reflector side segments 170s can have (metal or
FSS) wall segments 1204 that that are perpendicular to the primary surface of the FSS
material 1500 and the primary surface of the primary passive antenna reflector 214 and can
have an inwardly or outwardly extending dimension defining a width “W” and a
longitudinally extending dimension “L”. The passive reflector 170 can be provided as a
laterally extending metal segment 1202 that joins a longitudinally extending right side wall
segment 1204 and a longitudinally extending left side wall segment 1204 that extend about a
perimeter of the FSS material 1500.

[00486] Referring to FIGs. 54B, 54C, the feed boards 1200 can be coupled to and/or
held in position by the wall segments 1204 of the (metal) reflector side segments 170s and
coupled to one or more feed stalks of radiating antenna elements. The feed stalks may be
feed stalks of low and/or mid band elements such as radiating elements 222 and/or 232. The
feed boards 1200 can be capacitively coupled to the side segments 170s of the passive
reflector 170. The feed boards 1200 can reside inside or outside of the wall segments 1204.
[00487] The passive antenna reflector 170 can, but is not required to, comprise the FSS
170f with the FSS material 1500. Some or all of the low or mid-band radiating elements 222,
232, respectively, may be mounted on the feed boards 1200 and can couple RF signals to and
from the individual radiating elements 222, 232. Cables (not shown) and/or connectors may
be used to connect each feed board to other components of the base station antenna 100 such
as diplexers, phase shifters, calibration boards or the like.

[00488] FIGs. 56A and 368 are graphs of the azimuth pattern (scan angles of 0 deg,
48 deg, respectively) for an antenna beam generated by one of the lower-band linear arrays
included in the base station antenna of ¥i(s. 534, $58, as generated by a computational
model with a top radome removed, 1S mm pushed back, and horizontal cut (in the orientation
shown in FIG. 834) at about 30 mm. FIG. 56C is a graph of return loss (dB) versus
frequency (GHz) at 0 and 48 degree scan angles for an antenna beam generated by one of the
lower-band linear arrays included in the base station antenna of ¥i{zs. S8A, 558, as
generated by a computational model with a top radome removed, 15 mm pushed back, and

horizontal cut (in the orientation shown in FIG. 55A) at about 30 mm. FIG. 56D is a polar
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active (RL) chart of 0 and 48 degree scan angles of one of the lower-band linear arrays
included in the base station antenna of ¥i{s, 554, 558, as generated by a computational
model with a top radome removed, 15 mm pushed back, and horizontal cut (in the orientation
shown in FIG, 554) at about 30 mm.

[00489] FIG. 56E is a graph of gain (dB) versus frequency (GHz)at 0 and 48 degree
scan angles of one of the lower-band linear arrays included in the base station antenna of
FIGs. 354, 35B, as generated by a computational model,

1000472} FIGs. S7A and 578 are graphs of the azimuth pattern (scan angles of O deg,
48 deg, respectively) for an antenna beam generated by one of the lower-band linear arrays
included in the base station antenna of ¥i{s. 334, 58 and taken at a horizontal {in the
orientation shown in FIG. 8584) 60 mm cut position, as generated by a computational model.
FIG. 57C is a graph of return loss (dB) versus frequency (GHz) at 0 and 48 degree scan
angles for an antenna beam generated by one of the lower-band linear arrays included in the
base station antenna of Fi{zs, 554, 55B, taken at the 60 mm cut position, as generated by a
computational model. FIG. 57D is a polar active (RL) chart of 0 and 48 degree scan angles
of one of the lower-band linear arrays included in the base station antenna of ¥I{zs. 554, 55B
taken at the 60 mm cut position from that of FiG. 568, as generated by a computational
model. FIG. S7E is a graph of gain (dB) versus frequency (GHz) at 0 and 48 degree scan
angles of one of the lower-band linear arrays included in the base station antenna of ¥¥{:s.
58A, 558, taken at the 60 mm cut position from that of FIG. 86K, as generated by a
computational model.

600473} Turning now to FIGs. S8A, 58B, S9A and 59B, a portion of a base station
antenna with an active antenna module 110 and with a guide member 1300 that releasably
holds a FSS material 1500 that can form a reflector 170f is shown according to yet other
embodiments of the present invention. The guide member 1300 can be slidably removed via
the top 100t (FIG. 19A).

1600474} FIGs. 58A and 59A show the active antenna module 110 coupled to the base
station antenna 100 with the guide member 1300 held behind the front 100f of the base
station antenna 100. The guide member 1300 can hold the FSS material 1500, optionally
configured as a flexible substrate 1500s such as a flex circuit 1500f. The flexible substrate
1500s can be laid on and/or pressed against a target surface and released from the guide
member 1300 to (conformably) attach to the target internal surface. In some embodiments,
the target internal surface can be the passive intermediate radome 1129 that seals the rear

100r of the housing 100h of the passive antenna 100 or can be the radome 119 of the active
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antenna module 110. The flexible substrate 1500s can be attached to the passive radome
1129 or the active antenna module radome 119 using the guide member 1300.

j000475] The guide member 1300 can be semi-rigid so as to be able to retain a defined
three-dimensional shape in absence of an applied compressive force but can be compressed to
push the flexible substrate 1500s against the target surface, e.g., radome 1129 or radome 119,
for example. The flexible substrate 1500s can be adhesively attached to the target internal
surface, such as passive antenna intermediate radome 1129 and/or active antenna module
radome 119 and/or attached by other attachment configurations such as, for example, rivets
or hook and loop (VELCRO) arrangements.

j600476] In some embodiments, the guide member 1300 can be provided as the
intermediate radome 1129 that is attached to the rear 100r of the housing and is not required
to be removed. Thus, the guide member 1300 can define both the intermediate radome 1129
and the reflector 170f. The flexible substrate 1500s can be attached to an internal facing
primary surface of the guide member 1300. The guide member 1300 can be malleable so as
to have a first configuration with the primary surface closer to a front 100f of the housing
100h and a second configuration where the primary surface resides further away from the
front 100f of the housing. In the second configuration, the primary surface is adjacent to,
optionally abutting the radome 119 of the active antenna module 110.

6604771 The intermediate radome 1129 can be positioned between the active antenna
reflector 1172 and the passive antenna reflector 170f according to embodiments of the
present invention.

600478} Turning now to FIGs. 60A-60C, another embodiment of a base station
antenna housing 100h is shown. In this embodiment, the base station antenna housing 100h
includes a pair of longitudinally extending rails 1801, 180 that reside inside a rear wall 100w
of the housing, defining internal rails 180, laterally spaced apart across the cavity 155. The
base station antenna housing 100h also includes a pair of longitudinally extending external
rails 12801, 1280,. The external rails 12801, 1280 are laterally spaced apart and reside on
opposing sides of the cavity 155. The internal rails 1801, 180, are coupled to corresponding
external rails 12801, 1280,. The internal rails 180 can be, and typically are, longer than the
external rails 1280. The internal rails can provide structural rigidity for the housing 100h.
000479} The rear 100r of the housing 100h can be configured with a closed surface of
the rear wall 100w extending over sides 101, 103 and the cavity 155, covering and parallel to

the front 100f. No seal cap 165 (FIG. 5) is required. Rather, the rear wall 100w of the
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housing 100h can be continuous from the top 100t to bottom of the housing 100h and
between both side portions 101b, 103b.

000480} The rear wall 100w of the housing 100h can have a rearward projecting
shoulder 105 that extends between the internal rail 180 and the external rail. The shoulder
105 can have a narrow width, typically between 5-20% of a width of the recess 155.

{000481] The closed surface of the wall 100w at the rear 100r of the housing 100h can
define a “skin” and/or second inner facing radome 1129 that extends between the radome 119
of the active antenna module 110 and the front external radome 150, when the active antenna
module 110 is in position thereat.

j000482] A laterally and longitudinally extending primary portion of the rear wall 100w
can project further distances rearward at successive longitudinally spaced apart segments,
shown as a first segment 100r1 adjacent the cavity 155, then to a second segment 100r2 that
is longitudinally spaced apart from the first segment 100r1, then to a third segment 100r3.
The second segment 100r can be provided to accommodate radio cable routing on longer
radios, longer active antenna modules 110. The adapter member 2900, 2900°, such as an
adapter frame, rails or plate, of the active antenna module 110 can reside over the cavity 155
and have a longitudinal extent that fits within the first segment 100r1 or the first and second
segments 100r1, 100r2, for example.

j6604383] FIG. 61 illustrates that the depth or front to back dimension of different active
antenna modules 110 can vary, but respective radomes 119 of each can be configured to fit in
the cavity 155. A respective adapter member 2900, 2900’ can be configured to accommodate
different active antenna modules 110 or different radios 1120 thereof as shown in FIGs. 63A-
63E. The adapter member 2900, 2900, for example, can be configured to mount a
respective radio 1120 with dimensions within about 440 mm by 10000 mm (width times
length), in some particular embodiments.

000484] Turning now to FIGs. 62A and 62B, the base station housing 100h can be
provided as a first housing member 100h1 defining a front 100f of a housing of the base
station antenna 100h and a second housing member defining a back 100r of the base station
antenna housing 100h. As shown, the first and second housing members 100h1, 100h2
extend laterally and longitudinally and are sealed together along longitudinally extending side
wall interfaces 100i.

{000485] The first housing member 100h1 comprises a front surface 100f that merges
into right and left side portions, 101a, 103, respectively, that extend rearward. The second

housing member 100h2 comprises a rear wall 100w that merges into right and left side
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portions 101b, 103b, respectively, that extend forward. The right and left side portions 101a,
103a, of the first housing member 100h1 are coupled to the right and left side portions 101b,
103b, of the second housing member 100h2 along a joint interface 100i that can extend
longitudinally a length of the housing 100h. The left and right side portions 101a, 103a of
the first housing member 100h can extend rearward a distance that is less than a shortest
depth that the left and right side portions 101b, 103b extend forward. The first housing
member 100h1 and the second housing member 100h2 can be vacuum formed providing a
lightweight but sufficiently rigid structure with relatively complex shapes.

[600486] The second housing member 100h2 provides at least one laterally and
longitudinally extending recess 155 (which can also be interchangeably described as a cavity)
adjacent a lower and/or upper end of the housing 100h. The recess 155 can extend along a
sub-length of the housing 100h. The recess 155 can have a lateral extent that is 60-99% of a
lateral extent of the housing 100h.

6004871 The second housing member 100h2 comprises at least one external stepped
region 100r1 that rises above (projects rearward of) the recess 155 and extends laterally and
longitudinally about another sub-length of the housing 100h.

j000488] Referring to FIG. 62C, the base station antenna 100 can include at least one
support member 1400 that resides between the first and second housing members 100h1,
100h2, typically residing adjacent a top 100t and/or bottom end portion 100b of the housing
100h.

[800489] The support member 1400 has a front 1400f that faces the first housing
member 100h1 and a back 1400b that faces an inner surface of the second housing member
100h2. The back 1400b has a laterally extending medial segment 1400m that is recessed
relative to right and left sides 1400s of the support member 1400. The front 1400f of the
support member 1400 can have a shape that corresponds to a shape of the external radome
150 and/or front 100f of the housing 100h. The right and left sides 1400s of the support
member 1400 can extend between the right and left sides 101a, 101b and 103a, 103b of the
first and second housing members 100h1, 100h2.

[600490] FIG. 64A illustrates a base station antenna housing 100h comprising two
longitudinally spaced apart cavities 155, each cavity 155 sized and configured to receive a
corresponding one active antenna module 110 (FIG. 64B). The housing 100h includes two
pairs of external rails 1280p1, 1280p2, one pair residing on opposing lateral sides of the first
cavity 155 and the other pair residing on opposing lateral sides of the other cavity 155. As

shown in FIG. 64B, each respective active antenna module 110 can have an adapter
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member(s) 2900 that couples to the external rails 12804, 1280, at the corresponding cavity
155. Each module 100 can have a different adapter member 2900 and each module 110 can
have a different radio configuration and/or body configuration rearward of and/or outside the
housing 100h.

[600491] FIG. 65 and 66 illustrate a base station antenna housing 100h with an external
reflector 1450 extending about the cavity 155. The external reflector 1450 can be coupled to,
and extend external to, the rear wall 100w of the housing 100h. Thus, the term “external”
with respect to “external reflector” means that the reflector 1450 is exposed and externally
visible when an active antenna module 110 is not mounted on the housing 100h thereat.
Typically, the external reflector 1450 is coupled to the external rails 12805, 1280,. The
external reflector 1450 can have a width and length that corresponds to the width and length
of the cavity 155 but may have a greater width and a greater length, e.g., about 10-20%
greater, in some embodiments. As shown, the external reflector 1450 can have a primary
forward surface 1450f that merges into left and right sides 1451 that project rearward and
extend longitudinally and that merge into laterally extending lips 1453 that couple to the
external rails 1280, 1280,.

800492} The reflector 1450 can comprise a metal surface and/or a frequency selective
surface as discussed.

[660493] In some embodiments, the external reflector 1450 can be removed before the
active antenna module 110 is mounted in the corresponding cavity 155 (FIG. 66).

800494} FIG. 67A illustrates a conventional reflector comprising radiating (antenna)
elements. FIG. 67B illustrates a reflector 170 of the base station antenna comprising
reflector sides 170s in the shape of elongate thin strips. The term “thin” with respect to strips
of the reflector means 1-20% of an overall width of the base station antenna 100.

[000495] Use of the external reflector 1450 can facilitate operation of the radiating
elements 222 that extend in front of the reflector 170s and that also extend in front of the
external reflector 1450 or aperture 173, particularly when the active antenna module 110 with
associated reflector 1172 is not in position.

[000496] In some embodiments, as shown for example, in FIGs. 65 and 68A, the
external reflector 1450 is detachably coupled to the housing 100h, such as to the external rails
1280y, 1280, and is removed before installing a module 110 to the cavity 155 thereat.
10004971 In some embodiments, as shown for example in FIG. 68B, the external
reflector 1450 can remain in position when the active antenna module 110 is coupled to the

housing 100h. This configuration can allow for (additional) radiating antenna elements 1222
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to be positioned forward of the external reflector 1450. In this configuration, the external
reflector becomes a first internal reflector that is forward of the passive antenna reflector
170/170s, closest to the external radome 150, and also forward of the reflector 1129 of the
active antenna module 110.

[600498] Referring to FIGs. 69, 70A, 70B, an external rail 1280 can be coupled to the
internal rail 180 of the base station antenna housing 100h. The rear wall 100w of the housing
100h can have a rearward projecting shoulder 105 that extends between the internal rail 180
and the external rail. The internal rail 180 can be sealably coupled to the external rail 1280 to
thereby inhibit water flow into the (radome) housing 100h.

j600499] The internal rail 180 can be provided as a pair of laterally spaced apart rails
180, 180; that are covered by/reside inside the radome/housing 100h and arranged on two
longitudinal edges of the reflector 170s to increase the stiffness thereof. The external rail
1280 can also be provided as a pair 1280p of external rails 1280, 1280, that are laterally
spaced apart. In some embodiments, the external rails 12801, 1280, are disposed outside the
top portion of the housing 100h at positions corresponding to those of the two longer internal
rails 1804, 1802 to support an active antenna 110. In some embodiments, the external rails
1280;, 1280, are provided as two pairs of external rails, one coupled to a top portion of the
housing 100h and one coupled to a bottom portion of the housing (FIG. 64A).

600500] At least one bolt 1286 can extend through an aligned bolt channel 185 of an
internal rail 180, an aperture 106 in the rear wall 100w of the housing 100h and a bolt
channel 1282 in an external rail 1280. A spacer 1340 with a bolt hole 1343 can between the
aligned bolt channels 1282, 185. Typically, a first bolt 1286 is provided at one end portion of
the external rail 1280 and a second bolt 1286 is provided at a longitudinally spaced apart
opposing end portion.

[800561] The spacer 1340 can have a first portion 1341 that comprises the bolt hole
1343 and a second portion 1342 of different material relative to the first portion 1341 that
surrounds the first portion 1341. The spacer 1340 can provide increased contact surface area
and can facilitate consistent compression of the second portion 1342. The first portion 1341
and the second portion 1342 can be elongate and can extend along a length dimension of the
rails 180, 1280. The first portion 1341 can have increased rigidity relative to the second
portion 1342. The second portion 1342 can comprise rubber or other suitable seal material
and may comprise a resiliently compressible material. The first portion 1341 can comprise

metal such as aluminum or aluminum alloy, for example.
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[600502] The first portion 1341 of the spacer 1340 can be defined as a metal ring and
the second portion 1342 can be defined by a sealing pad surrounding the metal ring. The first
portion 1341 can be fixed in the center of the second portion 1342 by interference fit or other
suitable attachment configurations.

[600503] The second portion 1342 of the spacer 1340 can be configured to seal the gap
between the short rail 180 and the rear wall 100w of the housing 100h and can be compressed
between these two components. The second portion 1342 can comprise a plurality of
discontinuous curved grooves 1342g. The first portion 1341 of the spacer 1340 can be
configured to control a compression height of the second portion 1342 so that the second
portion 1342 is not over-compressed during assembly.

[600504] Before compression, a height of the second portion 1342 can be larger than
that of the first portion 1341 (FIG. 70B). After compression, at assembly, the second
portion 1342 can be compressed by about 20-60%, typically about 40%, and thereby the
compressed, installed, height of the second portion 1342 can be less than that of the first
portion 1341, resulting in that the first portion 1341 partially sits into the aperture 106 of the
rear wall 100w/radome, and abuts the longer internal rail 180 and the external rail 1280 with
its opposing primary surfaces, respectively, as shown in FIG. 74. The aperture 106 can be
configured to be large enough to adapt the positional tolerance of the corresponding bolt
holes 185, 1283 of the rails 180, 1280 in the longitudinal direction of the housing 100h.
[0003505] As shown in FIGs. 70A, 70B, for example, the outer perimeter of the first
portion 1341 can be oval, so as to adapt the narrow edge of the shoulder 105 of the rear wall
100w in the transverse direction, and to increase the structural strength in the longitudinal
direction. The outer perimeter of the second portion 1342 of the spacer 1340 can also be
oval and can ride behind the aperture 106 of the shoulder 105 of the rear wall 100w of the
housing 100h.

[000506] Thus, the first portion 1341 of the spacer 1340 can reside in the aperture 106
in the rear wall 100w of the housing 100h. The aperture 106 can have a shape that
corresponds to the first portion 1341 of the spacer 1340. The bolt 1286 extends through the
bolt channel 1282 in the external rail 1280, then through the bolt hole 1343 of the spacer
1340, then into the bolt channel 185 of the internal rail 180. The second portion 1342 of the
spacer 1340, 1340’ can abut, and be compressed between, an inner facing surface 1280i of
the external rail 1280 and a rear facing surface 105r of the shoulder 105 as shown in FIG. 74.
[660587} FIGs. 71A, 71B illustrate another embodiment of a spacer 1340” with two bolt
holes 1343 and correspondingly shaped apertures 106 in the shoulder 105 of the rear wall
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100w of the housing 100h. The spacer 1340 has two circular or ring shaped first portions
1341 and one elongate second portion 1342 that surrounds both bolt holes 1343. Use of two
or more circular first portions 1341, spaced longitudinally apart, can disperse the compression
force felt by a single circular one.

[600508] As discussed with respect to the spacer of FIG. 70A, the second portion 1342
of the spacer 1340, 1340 can comprise a resilient compressible material and can reside
against an outer surface of the rear wall 100w of the housing 100y with the first, more rigid,
e.g., metal, portion 1341 of the spacer, 1340, 1340’ in a respective and correspondingly
shaped hole 106 in the rear wall 100w/shoulder 105 of the housing 100h.

j600509] Referring now to FIGs. 72A-72C, the external rail 1280 can be sealed from
the housing 105 at an interface behind the spacer 1340. As shown, the bolt channel 1282 of
the external rail 1280 can comprise a groove 1285 that surrounds a bolt aperture 1283. A seal
member 1288 such as an O-ring or gasket can be held in the groove 1285. The bolt head
1286 or a bolt collar 1286¢ extending forward of the head 1286h can be configured to reside
against the seal member 1288 with the bolt body extending forward thereof. The groove
1285 can surround the bolt hole 1283 with a resilient seal member 1288 in the groove 1285.
The bolt 1286 extends through the bolt hole 1283 with the head 1286h of the bolt 1286
and/or a collar 1286¢ extending forward of the head 1286h configured to compress the
resilient seal member 1288 thereby sealing the external rail 1280 from the shoulder 105 of the
rear wall 100w of the housing 100h.

600518} FIG. 73 illustrates another embodiment of a bolt 1286’ with an integrated or
coupled seal member 1288 that does not require the groove 1288 shown in FIGs. 72A-72C.
The seal member 1288 can be provided as an O-ring that is in front of the head 1286h and
collar 1286¢ (in the assembled orientation). The collar 1286¢ can slope in a direction toward
the shoulder 105 of the rear wall 100w of the housing 100h so that the O-ring 1288’ can be
housed within the sloping collar 1286¢ after assembly.

1000511] FIG. 74 shows the bolt 1286, 1286’ in the bolt channel 1282 of the external
rail 1280 with the seal member 1288, 1288’ compressed against a surface of the external rail
behind the spacer 1340, 1340’ with the second portion 1342 of the spacer 1340, 1340’
compressed between the inner facing surface 1280i of the external rail 1280 and the outer
surface 15r of the shoulder 105 of the housing 100h. The first portion 1341 of the spacer
1340, 1340’ can about the inner facing surface 1280i of the external rail 1280 and a rear
facing surface 181 of the internal rail 180.
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[600512] Embodiments of the present invention have been described above with
reference to the accompanying drawings, in which embodiments of the invention are shown.
This invention may, however, 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 invention to those skilled in the art. Like numbers refer to like elements
throughout.

{600513] 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 element 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 departing from the scope of the present invention. As used herein,
the term "and/or" includes any and all combinations of one or more of the associated listed
items.

[060514] It will be understood that when an element is referred to as being "on" another
element, it can be directly 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 connected 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 relationship
between elements should be interpreted in a like fashion (i.e., "between" versus "directly
between", "adjacent" versus "directly adjacent”, etc.)

[0003515] 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 device in

addition to the orientation depicted in the figures.

{000516] The term “about” used with respect to a number refers to a variation of +/-
10%.
[000517] The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting of the invention. As used herein, the

nynon

singular forms "a", "an" and "the" are intended to include the plural forms as well, unless the
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context clearly indicates otherwise. It will be further understood that the terms "comprises"

"comprising," "includes" and/or "including" when used herein, specify the presence of stated
features, operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, operations, elements, components, and/or groups
thereof.

[600518] Aspects and elements of all of the embodiments disclosed above can be
combined in any way and/or combination with aspects or elements of other embodiments to

provide a plurality of additional embodiments.
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That Which is Claimed is:

1. A base station antenna, comprising;

a passive antenna assembly comprising a housing and a first reflector, wherein the
housing comprises a rear wall; and

a separate active antenna module comprising a second reflector coupleable to or
coupled to the housing of the passive antenna assembly, wherein, in position, the second

reflector resides adjacent or inside the rear wall of the housing.

2. The base station antenna of Claim 1, wherein the housing comprises a front
that defines an external radome with an internal chamber between the front and the rear wall,
wherein the rear wall comprises or defines a recess, and wherein the second reflector resides

adjacent the first reflector inside the recess.

3. The base station antenna of Claim 1, wherein the first reflector comprises an
aperture, and wherein at least a portion of the second reflector is positioned in the aperture of

the first reflector.

4, The base station antenna of Claim 3, wherein the first reflector has a
longitudinal and lateral extent and defines a reflector wall with wall segments that at least

partially surrounds the aperture thereof.

5. The base station antenna of Claim 4, wherein the wall segments of the

reflector wall of the first reflector entirely surround the aperture.

6. The base station antenna of Claim 1, wherein the first reflector is capacitively

coupled to the second reflector.

7. The base station antenna of Claim 1, wherein at least one of the first reflector
or the second reflector is provided by a frequency selective surface and/or substrate that is
configured to allow RF energy to pass through at one or more defined frequency range and

that is configured to reflect RF energy at a different frequency band.

8. The base station antenna of Claim 7, wherein the first reflector comprises
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the frequency selective surface and/or substrate and is configured to reflect RF energy at a

low band and pass RF energy at a higher band.

9. The base station antenna of Claim 7, wherein the frequency selective surface

and/or substrate resides in the housing behind low band dipole radiating antenna elements.

10.  The base station antenna of Claim 7, further comprising low band dipole
antenna with feed stalks, wherein the feed stalks project forward of the frequency selective

substrate.

11.  The base station antenna of Claim 7, further comprising a third reflector that is
an extension of the first reflector or that is coupled to the first reflector, wherein the third
reflector extends in a longitudinal direction and has a lateral extent, wherein the third
reflector resides in the housing and extends longitudinally a distance greater than the first

reflector.

12.  The base station antenna of Claim 11, wherein the frequency selective

surface and/or substrate is co-planar with the third reflector.

13.  The base station antenna of Claim 11, wherein the frequency selective
surface and/or substrate is parallel to the third reflector and resides closer to an external, front

radome of the housing than the third reflector.

14. The base station antenna of Claim 1, wherein the first reflector has a
longitudinal and lateral extent, wherein the second reflector has a longitudinal and lateral
extent, and wherein the longitudinal extent of the second reflector is less than the longitudinal

extent of the first reflector.
15. The base station antenna of Claim 3, wherein the aperture of the first
reflector and the recess provided by or in the rear wall of the housing are aligned and each

has a rectangular perimeter.

16.  The base station antenna of Claim 1, wherein the aperture of the first
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reflector is bordered on a sub-set of its sides by wall segments of the first reflector.

17. The base station antenna of Claim 1, wherein the aperture of the first

reflector is bordered on all sides by wall segments of the first reflector.

18.  The base station antenna of Claim 3, further comprising an intermediate

radome extending over the aperture of the first reflector.

19. The base station antenna of Claim 1, wherein the active antenna module
comprises a radome coupled thereto, and wherein the radome of the active antenna module
resides inside a recess provided by or in a rear wall of the housing, facing a front of the

housing.

20.  The base station antenna of Claim 1, wherein the antenna housing comprises a
front surface defining an external radome, wherein the base station antenna comprises an
internal radome residing inside the housing adjacent the rear wall of the housing, facing the
external radome, and an intermediate radome behind the internal radome sealably coupled to

the housing.

21. The base station antenna of Claim 1, further comprising first and second rails
that extend in a longitudinal direction inside the housing, wherein the active antenna module

is releasably coupled to the first and second rails.

22. The base station antenna of Claim 21, wherein the first and second rails are
first and second internal rails, the base station antenna further comprising first and second
external rails that extend longitudinally and that are coupled to corresponding first and
second internal rails, and wherein the active antenna module comprises an adapter member,

and wherein the external adapter member is attached to the first and second external rails.

23. The base station antenna of Claim 22, wherein the first and second external
rails are configured to couple to different configurations of the adapter member whereby
different configurations and/or sizes of adapter members and/or active antenna modules are

interchangeably, serially attachable to the first and second rails.
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24. The base station antenna of Claim 1, wherein the active antenna module
comprises a first sub-module comprising radio circuitry and a second sub-module comprising
a massive MIMO antenna element array, and wherein the first and second sub-modules are

stackable and attached to each other.

25. The base station antenna of Claim 1, wherein the active antenna module
comprises an integrated module of radio circuitry and a massive MIMO antenna element

array residing in front of the second reflector.

26. The base station antenna of Claim 1, wherein the passive antenna assembly
comprises feed boards on right and left sides of the base station antenna that are

perpendicular to the second reflector of the active antenna module.

27.  The base station antenna of Claim 1, further comprising first and second rails
that extend in a longitudinal direction, wherein the first and second rail frames each provide a
flat rail surface with a stop block coupled thereto at a location corresponding to a lower
portion of the recess in the housing, wherein the active antenna module comprises an external

adapter member with a lower edge portion that releasably engages the stop block.

28. A base station antenna, comprising:

a base station antenna housing comprising a top, a bottom, a front, a rear and right and
left side walls extending between the top and the bottom and joining the front and rear,
wherein the rear comprises a recessed segment that extends longitudinally and laterally across
the rear of the base station housing;

a passive antenna assembly in the base station antenna housing; and

an active antenna module that includes radio circuitry and a plurality of radiating
elements that resides over the recessed segment of the rear of the base station antenna

housing.
29. The base station antenna of Claim 28, wherein the front and the right and left

side walls comprise at least part of a radome, and wherein the active antenna module is

sealably coupled to the rear of the base station antenna housing.
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30.  The base station antenna of Claim 28, further comprising a back plate in the
base station antenna housing with an open aperture, wherein the open aperture extends
longitudinally and laterally across the rear of the base station antenna housing, and wherein

the active antenna module covers the open aperture of the back plate.

31. The base station antenna of Claim 28, wherein the active antenna module
and/or a back plate and/or first and second longitudinally extending rails in the base station
antenna housing comprise a seal configured to sealably couple the active antenna module to

the base station antenna housing.

32.  The base station antenna of Claim 28, wherein the right and left side walls
have a first height along the recessed segment, wherein the right and left side walls have a
second height that is greater than the first height at a second segment longitudinally spaced
apart from the recessed segment, and wherein a difference between the first and second

heights is in a range of about 0.25 inches and about 6 inches.

33.  The base station antenna of Claim 28, wherein the recessed segment extends a
length that is in a range of about 20%-60% of a length of the rear of the base station antenna
housing and extends in a width direction, perpendicular to the length direction, that is in a

range of about 30-110% of a width of the rear of the base station antenna housing.

34.  The base station antenna of Claim 29, further comprising a seal cap sealably

coupled to the left and right side walls and the rear of the base station antenna housing.

35.  The base station antenna of Claim 28, further comprising a reflector in the
base station antenna housing, wherein at least a portion of the reflector resides forwardly of a

back plate in the base station antenna housing.
36.  The base station antenna of Claim 35, wherein the reflector comprises an open

aperture that, with the base station antenna in operative position, resides forward of the open

aperture of the back plate.
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37.  The base station antenna of Claim 28, wherein the recessed segment resides
adjacent the top of the base station antenna housing and terminates above a medial segment

of the rear of the base station antenna housing.

38. The base station antenna of Claim 29, wherein the back plate is rectangular
and has a rectangular perimeter that surrounds the open aperture and that is sealably coupled

to the active antenna module.

39.  The base station antenna of Claim 28, further comprising first and second rails
that are laterally spaced and that longitudinally extend inside the base station antenna,
wherein the first and second rails are coupled to the base station antenna housing,

optionally the base station antenna further comprises first and second cross-members
coupled to the first and second rails that together surround a window configured to receive

the active antenna module.

40. The base station antenna of Claim 39, wherein the first and second rails are

sealably coupled to the active antenna module.

41. The base station antenna of Claim 39, wherein the first and second rails are
coupled to a reflector in the base station antenna housing, optionally wherein the reflector is
positioned a distance in a range of about 0.5 inches to about 4 inches from a back plate in a
front to back direction between the front and rear of the base station antenna housing, and/or
optionally wherein the passive antenna assembly comprises feed boards on right and left
sides of the base station antenna that are perpendicular to the reflector of the active antenna

module.

42, A base station antenna, comprising:

a base station antenna housing comprising a top, a bottom, a front, a rear and right and
left sides joining the front and rear, wherein the rear comprises a longitudinally and laterally
extending recessed segment;

a passive antenna assembly in the base station antenna housing; and

an active antenna module sealably coupled to the rear of the base station housing over

the recessed segment.
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43. The base station antenna of Claim 42, wherein the active antenna module

comprises radio circuitry and a plurality of radiating elements.

44.  The base station antenna of Claim 42, further comprising a back plate with an
open aperture, wherein the open aperture extends longitudinally and laterally over the open

chamber.

45. The base station antenna of Claim 44, wherein the active antenna module

and/or the back plate comprises a seal extending about a perimeter portion thereof.

46.  The base station antenna of Claim 42, wherein the right and left side walls
have a first height along the recessed segment of the rear, wherein the right and left side walls
have a second height that is greater than the first height at a second segment of the rear that is
longitudinally spaced apart from the recessed segment, and wherein a difference between the

first and second heights is in a range of about 0.25 inches and about 6 inches.

47.  The base station antenna of Claim 46, wherein the recessed segment extends a
length that is in a range of about 20%-60% of a length of the rear of the base station antenna
housing and extends in a width direction, perpendicular to the length direction, that is in a

range of about 30-110% of a width of the rear of the base station antenna housing.

48.  The base station antenna of Claim 42, further comprising a seal cap sealably

coupled to the left and right side walls and the rear of the base station antenna housing.

49. The base station antenna of Claim 44, further comprising a reflector in the
base station antenna housing, wherein at least a portion of the reflector resides forwardly of

the back plate.
50.  The base station antenna of Claim 42, wherein the recessed segment resides

adjacent the top of the base station antenna housing and terminates above a medial segment

of the rear of the base station antenna housing.
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51.  The base station antenna of Claim 44, wherein the back plate is rectangular
and has a rectangular perimeter that surrounds the open aperture and is sealably coupled to

the active antenna module.

52. The base station antenna of Claim 42, further comprising first and second rails
that are laterally spaced and that longitudinally extend inside the base station antenna,
wherein the first and second rails are coupled to the base station antenna housing and/or are

sealably coupled to the active antenna module.

53. The base station antenna of Claim 42, further comprising:

first and second rails that are laterally spaced and that longitudinally extend inside the
base station antenna; and

first and second cross members that attach to the first and second rails,

wherein the first and second cross members and the first and second rails cooperate to
form a window that receives an inner facing portion of the active antenna module, optionally
wherein the first and second rails and the first and second cross members are sealably

coupled to the active antenna module.

54, The base station antenna of Claim 53, wherein the first and second rails are
coupled to a reflector via respective U-shaped connectors, wherein the reflector is positioned
a distance in a range of about 0.5 to about 4 inches from a back plate in a front to back
direction between the front and rear of the base station antenna housing, and wherein the back

plate is sealably coupled to the active antenna module.

55. An active antenna module comprising:

a remote radio unit;

an integrated filter and calibration board assembly coupled to the remote radio unit;
an antenna assembly coupled to the remote radio unit; and

a radome coupled to the antenna assembly with the antenna assembly sandwiched

between the radome and the integrated filter and calibration board assembly.

56. The active antenna module of Claim 55, wherein the radome is a first radome,
the active antenna module further comprising a second radome that is coupled to and extends

across and along at least part of the first radome.
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57. A method of assembling a base station antenna, comprising:

mounting a base station antenna housing to a mounting structure;

aligning an active antenna module with a recessed rear segment and/or open chamber
along a rear of the base station antenna housing before or after mounting the base station
antenna housing; then

attaching the active antenna module against the base station antenna housing to couple

the active antenna module to the base station antenna housing.

58. A base station antenna, comprising:

a base station antenna housing comprising a top, a bottom, a front, a rear and right and
left sides joining the front and rear;

a passive antenna assembly in the base station antenna housing; and

an active antenna module slidably mountable to the base station antenna housing

through the top of the base station antenna housing.

59. The base station antenna of Claim 58, wherein, in position, the active antenna

module is sealably coupled to a top portion of the rear of the base station housing.

60. The base station antenna housing of Claim 58, wherein, in position, the active
antenna module resides over and closes an open chamber or resides in a recessed segment

provided by the base station antenna housing.

61. The base station antenna of Claim 60, wherein the active antenna module
comprises a radome that resides in the open chamber or the recessed segment and that faces

an external radome of the front of the base station antenna housing.

62. The base station antenna of Claim 58, wherein the rear of the base station
antenna housing comprises a longitudinally and laterally extending recessed segment or open

chamber that receives a radome of the active antenna module.

63. The base station antenna of Claim 58, wherein the active antenna module
comprises an inwardly projecting top member that extends inwardly further than the radome

of the active antenna module.
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64. The base station antenna of Claim 58, wherein the active antenna module

comprises rail couplers that slidably couple to rails of the base station antenna housing.

65. The base station antenna of Claim 58, wherein the base station antenna
housing comprises outwardly projecting side members that extend for a sub-length of the
base station antenna housing at a top portion of the base station antenna housing and that
couple to mounting hardware configured to mount the base station antenna to a mounting

structure.

66. The base station antenna of Claim 65, wherein the active antenna module is
coupled to the base station antenna housing and is devoid of mounting hardware that mounts

to the mounting structure.

67. The base station antenna housing of Claim 58, wherein the active antenna
module comprises mounting hardware on a rear surface thereof that is configured to attach to

a mounting structure.

68. A base station antenna, comprising:
at least one radome comprising segments thereof interposed between first and second

capacitively coupled reflectors.

69. The base station antenna of Claim 68, wherein the at least one radome
comprises first and second radomes with segments thereof positioned between coupling
surfaces of the first and second reflectors, optionally wherein one or both of the first and

second reflectors comprise a frequency selective surface and/or substrate.

70. A base station antenna comprising:
a base station antenna housing comprising a fixed reflector; and
a removable reflector that is configured to couple with the fixed reflector to thereby

provide a common electrical ground.
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71.  The base station antenna of Claim 70, wherein the fixed reflector comprises a
frequency selective surface and/or substrate aligned with the removable reflector, optionally

wherein the removable reflector is capacitively coupled to the fixed reflector.

72. The base station antenna of Claim 70, wherein the removable reflector is
provided in an active antenna module that is removably attached to the base station antenna

housing.

73. A Dbase station antenna that extends along a longitudinal direction comprising:
a plurality of columns of first radiating elements configured for operating in a first
operational frequency band, each column of first radiating elements comprising a plurality of
first radiating elements arranged in the longitudinal direction; and
a reflector positioned behind the plurality of columns of first radiating elements and
extending in the longitudinal direction, wherein the reflector comprises a frequency selective
surface(s) configured such that electromagnetic waves within the first operational frequency

band are substantially blocked by the reflector.

74. The base station antenna of Claim 73, wherein the frequency selective surface

is configured to reflect the electromagnetic waves within the first operational frequency band.

75.  The base station antenna of Claim 73, further comprising a plurality of
columns of second radiating elements configured for operating in a second operational
frequency band that is different from and does not overlap with the first operational
frequency band, each column of second radiating elements comprising a plurality of second
radiating elements arranged in the longitudinal direction, wherein the frequency selective
surface is further configured such that electromagnetic waves within the second operational

frequency band can propagate through the reflector.

76.  The base station antenna of Claim 75, wherein the second operational

frequency band is higher than the first operational frequency band.

77.  The base station antenna of Claim 73, wherein the reflector provides the

frequency selective surface on a printed circuit board.
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78.  The base station antenna of Claim 73, wherein the reflector comprises a
dielectric board having opposite first and second sides, the first and second sides facing
respective columns of the first radiating elements, each formed with a periodic conductive

structure, the periodic conductive structures forming the frequency selective surface.

79.  The base station antenna of Claim 78, wherein the periodic conductive
structure on the first side of the dielectric board comprises a first array structure and the
periodic conductive structure on the second side of the dielectric board comprises a second

array structure that has a different pattern than the first array structure.

80.  The base station antenna of Claim 73, wherein the frequency selective surface
comprises a periodic conductive structure a repeating pattern of polygonal shapes of metal

elements.

81. The base station antenna of Claim 77, wherein the periodic conductive

structures on the first and second sides of the dielectric board are formed of metal.

82. The base station antenna of Claim 73, wherein the frequency selective surface

of the reflector is provided by a multi-layer printed circuit board.

83.  The base station antenna of Claim 73, wherein the reflector is implemented as
a multi-layer printed circuit board, one or more layers of which formed with a frequency
selective surface configured such that electromagnetic waves within a predetermined
frequency range can propagate through the reflector, and wherein a combination of
predetermined frequency ranges associated with the one or more layers of the multi-layer

printed circuit board reflects electromagnetic waves in the first operational frequency band.

84. The base station antenna of Claim 73, wherein the reflector is a first reflector
that is provided by a passive antenna housing, wherein the first radiating elements are low
band radiating elements, and wherein the base station antenna further comprises a second

reflector that resides behind the first reflector.

85. The base station antenna of Claim 84, further comprising at least one radome

that resides between the first and second reflectors.
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86. The base station antenna of Claim 85, wherein the at least one radome that
resides between the first and second reflectors includes first and second radomes stacked and
spaced apart in a front to back direction behind a front surface of a housing of the base station

antenna, and wherein the front surface of the housing defines an external radome.

87.  The base station antenna of Claim 83, wherein the second reflector is provided

by an active antenna module that detachably couples to the base station antenna.

88. The base station antenna of Claim 84, wherein the second reflector resides
behind a plurality of columns of second radiating elements, each column of second radiating
elements comprising a plurality of second radiating elements arranged in the longitudinal
direction that operate in a second operational frequency band that is higher than the first
operational frequency band, and wherein electromagnetic waves within the second

operational frequency band pass through the first reflector.

89.  The base station antenna of Claim 73, wherein the reflector has a vertically
extending primary surface and resides between an internal radome and an external radome

defined by a front of the base station antenna.

90.  The base station antenna of Claim 73, further comprising feed boards on right
and left sides of the base station antenna that are perpendicular to a primary surface of the

reflector.

91. The base station antenna of Claim 89, wherein the reflector is attached to the

internal radome.

92. The base station antenna of Claim 91, wherein the reflector is provided by a

flexible substrate.

93. A base station antenna comprising;:
a first reflector; and
a second reflector, wherein the first and second reflectors are capacitively coupled with

at least one radome therebetween.
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94, The base station antenna of Claim 93, wherein the at least one radome defines

a dielectric.

95. The base station antenna of Claim 93, wherein the at least one radome has a
forwardmost surface that merges into side portions that extend rearwardly, wherein the side
portions comprise laterally extending outer edge portions, and wherein the laterally extending

outer edge portions reside between the first and second reflectors.

96. The base station antenna of Claim 93, wherein the second reflector has a

forward primary surface that is forward of a primary surface of the first reflector.

97. The base station antenna of Claim 93, wherein the at least one radome
comprises a radome provided by a detachable active antenna module that comprises the

second reflector.

98.  The base station antenna of Claim 93, wherein the first reflector is a passive
antenna assembly reflector, and wherein a plurality of linear arrays of radiating antenna

elements reside forward of the second reflector.

99.  The base station antenna of Claim 93, further comprising at least one feed
board that is orthogonal to a primary surface of the first and/or second reflector and

positioned adjacent a right and/or left side of the base station antenna.

100. The base station antenna of Claim 99, further comprising at least one radiating
element that is coupled to the at least one feed board, wherein the at least one radiating

element extends forward of the first and/or second reflector.

101. A base station antenna comprising;:
a reflector having an opening extending longitudinally and laterally between spaced apart
left and right side portions of the reflector; and
a removable reflector portion having a length and width that are +/- 20 % of a length and

width of the opening and extends across and along the opening.
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102. The base station antenna of Claim 101, wherein the reflector and/or the

removable reflector portion comprises a frequency selective surface.

103.  The base station antenna of Claim 101, further comprising a pair of

longitudinally extending rails, wherein the removable reflector portion is coupled to the rails.

104.  The base station antenna of Claim 101, wherein the right and left side portions
have a width that is less than 50% of the width of the opening in a width direction of the base

station antenna.

105. The base station antenna of Claim 101, wherein at least one row of radiating
antenna elements extends along the right side portion and/or the left side portion of the

reflector.

106.  The base station antenna of Claim 105, wherein one or more radiating
elements of the at least one row of radiating elements extends laterally across at least a
portion of the right or left side of the reflector and an adjacent portion of the removable

reflector.

107. A base station antenna comprising:
a first housing member defining a front half of a housing of the base station antenna; and
a second housing member defining a back half of the housing of the base station antenna,
wherein the first and second housing members extend laterally and longitudinally and are

sealed together.

108.  The base station antenna of Claim 107, wherein the first housing member
comprises a front surface that merges into right and left side portions that extend rearward,

wherein the second housing member comprises a rear surface that merges into right
and left side portions that extend forward, and wherein the right and left side portions of the
first housing member are coupled to the right and left side portions of the second housing

member along a joint interface that extends longitudinally a length of the housing.

109.  The base station antenna of Claim 107, wherein the second housing member

provides at least one laterally and longitudinally extending recess adjacent a lower or upper
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end of the housing, wherein the recess extends along a sub-length of the housing, and

wherein the recess has a lateral extent that is 60-99% of a lateral extent of the housing.

110. The base station antenna of Claim 109, wherein the second housing member
comprises at least one external stepped region that rises above the recess and extends laterally

and longitudinally about another sub-length of the housing.

111.  The base station antenna of Claim 107, further comprising a support member
that resides between the first and second housing members about a top and/or bottom end

portion of the housing.

112.  The base station antenna of Claim 111, wherein the support member has a
front that faces the first housing member and a back that an inner surface of the second
housing member, wherein the back has a laterally extending medial segment that is recessed
relative to right and left sides of the support member, and wherein the right and left sides of
the support member extend between the right and left sides of the first and second housing

members.

113. A base station antenna comprising:

a housing;

at least one internal rail coupled to the housing that extends longitudinally and has a
first length; and

at least one external rail that extends longitudinally and that has a second length that
is optionally less than the first length, wherein one or more of the at least one internal rail is

coupled to one or more of the at least one external rail.

114. The base station antenna of Claim 113, wherein the at least one internal rail
comprises a right side internal rail and a left side internal rail that are laterally spaced apart,
wherein the at least one external rail comprises a right side second external rail and a left side

external rail that are laterally spaced apart across a recessed portion of a rear of the housing.

115. The base station antenna of Claim 113, wherein a first one of the at least one
internal rail is sealably attached to a first one of the at least one external rail to thereby inhibit

water flow into the housing.
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116. The base station antenna of Claim 113, further comprising a bolt that extends
through a first one of the at least one internal rail, a rear wall of the housing and a first one of

the at least one external rail.

117.  The base station antenna of Claim 116, further comprising a spacer with a first
portion comprising a bolt hole surrounded by a second portion of a different material,
wherein the first portion of the spacer resides in a hole in a rear wall of the housing that has
an opening with a shape that corresponds to the first portion of the spacer, and wherein the
bolt extends through the external rail, through the bolt hole of the spacer and into the internal

rail.

118. The base station antenna of Claim 117, wherein the first portion of the spacer
has increased rigidity relative to the second portion, and wherein the second portion

comprises a resilient, compressible seal material.

119. The base station antenna of Claim 117, wherein the spacer has an elongate

shape such that it has a length that is greater than a width thereof.

120. The base station antenna of Claim 117, wherein the second portion resides
against an outer surface of the rear wall of the housing, abutting an inner facing wall of the
external rail, while the first portion of the spacer resides in the hole in the rear wall of the

housing.

121.  The base station antenna of Claim 116, wherein the external rail comprises a
groove surrounding a bolt channel and a resilient seal member in the groove, and wherein the
bolt extends through the bolt channel with a head of the bolt and/or a collar extending
forward of the head of the bolt configured to compress the resilient seal member thereby

sealing the external rail against the rear wall of the housing.
122.  The base station antenna of Claim 116, wherein the bolt comprises a resilient

member extending in front of a bolt head, wherein the resilient member resides against a

surface of the external rail about a bolt opening in the external rail.

-93-



