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FIG. 1

radome that houses a plurality of antenna arrays and an electronics module. The elec -
tronics module has a weatherproof housing that encloses electronics for processing
2 signals received by and transmitted from a first of the antenna arrays. The electronics
module is physically removeably connected to an outer surface of the radome and
electrically removeably connected to the first antenna array, such that the electronics
module can be removed without (i) disrupting service to other antenna arrays and (ii)
removing the antenna assembly from the cell tower on which the antenna assembly is
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ANTENNA RADOME WITH REMOVEABLY CONNECTED ELECTRONICS MODULE

[0001] Cross-Reference to Related Applications

[0002] This application claims the benefit of the filing date of U.S. provisional application no.
61/663,318, filed on 06/22/2012 as attorney docket no. 1052.108PROV, the teachings of which are

incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION
[0003] Field of the Invention

[0004] The present invention relates to antennas, and, more specifically but not exclusively, to
configurations of antenna assemblies in cellular applications.

[0005] Description of the Related Art

[0006] In conventional base-station installations, antenna assemblies and the base-station
electronics that interconnect to them are separate physical entities. Antenna assemblies are mounted
on cellular towers where they can have unobstructed views of the geographic areas they need to
radiate into or receive from. Typically, an antenna assembly comprises one or more antenna arrays
located behind a radome. When multiple antenna arrays are used, the antenna arrays may serve
different frequency bands. For example, an antenna assembly may contain a first array that serves the
700-900 MHz band and a second array that serves the 1,850-2,170 MHz band. Antenna assemblies
that serve multiple frequency bands are often referred to as “multi-band” antennas (or “dual-band”
antennas when only two frequency bands are served).

[0007] The base-station electronics, such as Remote Radio Heads (RRHs), transmit outgoing
(i.e., downlink) cellular electrical signals to the antennas and receive incoming (i.e., uplink) cellular
clectrical signals from the antennas. Base-station electronics are traditionally located inside a
building such as a cell-site hut or a small weather-proof enclosure at the base of the cellular tower. In
this type of installation, the base-station electronics on the ground are interconnected with the antenna
arrays on the tower using radio-frequency (RF) cabling.

[0008] As base-station electronics become smaller and more efficient, there is a trend to
configure base-station electronics in close proximity to the antenna assemblies. For instance, Ericsson
has developed an antenna assembly, referred to as the Antenna-Integrated-Radio (AIR), in which
antenna arrays and their associated base-station electronics are all housed within a single radome.
This implementation provides for reduced wind loading, better protection of the RF junctions from the
clements, and a better aesthetic appearance.

[0009] Some cellular phone carriers have favored attempts to configure base-station electronics
in close proximity to antenna assemblies. Other carriers, however, have resisted such efforts,
preferring instead that the base-station electronics be installed on the ground.

[0010] Further, integrating the base-station electronics within the radome may be
disadvantageous in situations when the electronics supporting one or more of the antenna arrays fails.

In this situation, it may be necessary to (i) open the weatherproof enclosure of the radome to remove
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the failed electronics module, thereby exposing the other electronics within the radome to the
elements, or (ii) remove the radome and associated electronics from the tower altogether. In addition,
if the electronics supporting one or more other antenna arrays is still operational, then replacement of
the failed electronics may require that service to the one or more other operational antennas be

disrupted.

SUMMARY OF THE INVENTION

[0011] In one embodiment, the present invention is an apparatus comprising at least one of (1) a
radome and (2) an active electronics module. The radome is configured to support mounting of at
least one antenna array behind the radome. The active electronics module is configured to process at
least one of (i) downlink signals transmitted by the at least one antenna array and (ii) uplink signals
received at the at least one antenna array. The apparatus further comprises an electronics module
mounting structure configured to support removable attachment of the active electronics module
behind the radome, such that: when (i) the radome is mounted to a cell tower and (ii) the active
electronics module is mounted behind the radome, the active electronics module can be removed from

behind the radome without having to remove the radome from the cell tower.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Other aspects, features, and advantages of the present invention will become more fully
apparent from the following detailed description, the appended claims, and the accompanying
drawings in which like reference numerals identify similar or identical elements.

[0013] FIG. 1 shows a side view of a cellular antenna assembly according to one embodiment of
the disclosure;

[0014] FIG. 2 shows a top view of the cellular antenna assembly of FIG. 1;

[0015] FIG. 4 shows a simplified schematic block diagram of the antenna assembly of FIG. 1
according to one embodiment of the disclosure;

[0016] FIG. 3 shows a top view of the antenna assembly in FIG. 1 with the electronics module
partially removed;

[0017] FIG. 5 shows a side view of the antenna assembly of FIG. 1 with the electronics module
completely removed; and

[0018] FIG. 6 shows a side view of a cellular antenna assembly according to another

embodiment of the disclosure.

DETAILED DESCRIPTION

[0019] Reference herein to "one embodiment” or "an embodiment” means that a particular
feature, structure, or characteristic described in connection with the embodiment can be included in at
least one embodiment of the invention. The appearances of the phrase "in one embodiment"” in
various places in the specification are not necessarily all referring to the same embodiment, nor are

separate or alternative embodiments necessarily mutually exclusive of other embodiments. The same



WO 2013/191800 PCT/US2013/036949

applies to the term "implementation."”

[0020] Various illustrative embodiments of the disclosure are described herein to facilitate the
understanding of the invention as defined in the accompanying claims. Such illustrative embodiments
are not meant to limit the scope of the invention, and the invention is not limited to only the exact
illustrative embodiments described herein. Thus, a claimed embodiment shall not be interpreted to
include a feature or advantage of a described illustrative embodiment, unless that feature or advantage
is recited in the claimed embodiment itself. Further, it will be understood that various changes in the
details, materials, and arrangements of the parts in the illustrative embodiments which have been
described and illustrated in order to explain the nature of the invention may be made by those skilled
in the art without departing from the scope of the invention as expressed in the accompanying claims.
[0021] To accommodate the preferences of cellular phone carriers that favor the base-station
electronics in close proximity to antenna assemblies and those that do not, there is a need for a
reconfigurable antenna assembly that permits the electronics serving the antenna array or arrays in the
antenna assembly to be selectively located (i) at the base of cell the tower or (ii) in close proximity to
the antenna arrays. Further, to accommodate the replacement of a failed electronics module, there is a
need for an antenna assembly in which a failed electronics module can be removed from the radome
while the radome is still installed on the tower, without (i) exposing the other electronics within the
radome to the elements and/or (ii) disrupting service to other operational antennas.

[0022] FIG. 1 shows a side view of a cellular antenna assembly 100 according to one
embodiment of the disclosure, and FIG. 2 shows a top view of cellular antenna assembly 100.
Antenna assembly 100 comprises a radome 102, an active electronics module 110, a pipe 104, a pair
of brackets 106(1) and 106(2), and optionally, a pair of sheaths 108 and 112. Radome 102, which
houses (and generally protects from the elements) a plurality of antenna arrays (not shown), is
attached to pipe 104 using brackets 106(1) and 106(2). In FIG. 2, bracket 106(1) is shown as a two-
part clamp, having first part 130(1) and second part 130(2), which together clamp around pipe 104;
however, numerous other types of brackets may be employed.

[0023] Typically, antenna assembly 100 is installed by sliding pipe 104 over a mating pole or
pipe (not shown) on a cell tower, such that the mating pole or pipe (not shown) rests inside pipe 104.
Note that, as used herein, the term “cell tower” is used to refer to an elevated structure on which a
cellular antenna is mounted, including, but not limited to, actual towers, tops of buildings, water
towers, and high-tension towers. Further, the term *‘cell-tower mounting structure” refers to the
structure used to mount the antenna assembly to the tower. In this embodiment, the cell-tower
mounting structure is formed by brackets 106(1) and 106(2) and pipe 104; however, according to
alternative embodiments, other cell-tower mounting structure may be used.

[0024] Active electronics module 110 comprises electronics that process signals provided to, and
received from, at least one of the antenna arrays in radome 102. As used herein, the term “active
electronics” refers to electronics that purposefully modifies at least one of (i) uplink signals received
from an antenna array and (ii) downlink signals radiated by an antenna array. Active electronics are

distinguished from passive electronics, such as antenna elements, which might or might not
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incidentally modify the uplink and/or downlink signals. Further, electronics module 110 comprises an
outer weatherproof housing that protects the electronics contained therein from the elements. As will
be described below, electronics module 110 is (i) physically removeably connected to an outer surface
120 of radome 102 and (ii) electrically removeably connected to at least one of the antenna arrays
within radome 102. As a result, electronics module 110 may be safely removed from antenna
assembly 100 (i) while antenna assembly 100 is installed on a tower and, depending on the particular
electrical configuration, (ii) without disturbing service to all of the antenna arrays in radome 102.
Antenna assembly 100 can be shipped from a factory to the installation site as one unit, ready for
installation on the cell tower, or as separate parts that are attached together to form antenna assembly
100 at the installation site by an installer.

[0025] FIG. 4 shows a simplified schematic block diagram of antenna assembly 100 according
to one embodiment of the disclosure. In this embodiment, antenna assembly 100 is a dual-band
antenna assembly comprising first and second antenna arrays 132 and 134 housed within radome 102.
First antenna array 132 serves a high-frequency band (e.g., 1710 MHz to 2155 MHz) and second
antenna array 134 serves a low-frequency band (e.g., 698 MHz to 896 MHz). Each antenna array has
antenna elements for communicating in a dual-polarized mode, wherein half of the antenna elements
in the array transmit and receive using a first polarization (e.g., +45°) and the remaining half of the
antenna elements in the array transmit and receive using a second polarization (e.g., -45°). Note that
first and second antenna arrays 132 and 134 are merely passive devices that radiate and receive
signals, without actively modifying the signals.

[0026] First antenna array 132 is served by active electronics module 110, the housing of which,
as described above, is physically removeably connected to radome 102. Electronics module 110 is
also electrically removeably connected to first antenna array 132 via RF connectors 128(1) and 128(2)
of electronics module 110 and RF cables 138(1) and 138(2). Further, electronics module 110 is
clectrically connected to equipment at the base of the cell tower (not shown) via optical cable 114,
which is removeably connected to optical connector 136 of radome 102.

[0027] RF cables 138(1) and 138(2) and RF connectors 128(1) and 128(2) may be protected from
the elements (i.e., weatherproofed) using sheath 108 shown in FIG. 1. Similarly, optical connector
136 and the portion of optical cable 114 that connects to optical connector 136 may be protected from
the elements using sheath 112 shown in FIG. 1. Sheaths 108 and 112 are configured to slide out of
the way to allow access for connecting and disconnecting the respective cables at connectors 128(1),
128(2), and 136.

[0028] Returning to FIG. 4, in the downlink direction, electronics module 110 receives a
baseband downlink communications signal via cable 114 and prepares the baseband signal for
transmission. In particular, electronics module 110 generates a pair of dual-polarized transmission
signals (i.e., TX1 and TX2) from the baseband signal using processing such as, but not limited to,
optical-to-electrical conversion, digital-to-analog conversion (DAC), up-conversion to the radio
frequency, and power-amplification (PA). The dual-polarized downlink signals TX1 and TX2 are
provided to first antenna array 132 via RF cables 138(1) and 138(2), respectively.
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[0029] In the uplink direction, electronics module 110 receives dual-polarized uplink signals
RX1 and RX2 from first antenna array 132 via RF cables 138(1) and 138(2), respectively. Electronics
module 110 performs processing to generate a single baseband signal that is provided to the base-
station below (not shown) via optical cable 114. In particular, electronics module 110 generates the
baseband signal using processing such as, but not limited to, low-noise amplification (LNA),
frequency down-conversion, analog-to-digital conversion (ADC), combining of the dual-polarized
signals, and electrical-to-optical conversion.

[0030] Second antenna array 134 is served by a second electronics module (not shown) that is
installed on the ground at the base station. The second electronics module (not shown) performs
operations similar to those of electronics module 110 to (i) generate dual-polarized signals for
transmission by second antenna array 134 in the downlink direction and (ii) generate a combined
base-band signal from a pair of dual-polarized signals received by second antenna array 134 in the
uplink direction. The dual-polarized signals are transferred between second antenna array 134 and the
second electronics module using a pair of RF cables 116(1) and 116(2) (only one of which is shown in
FIG. 1), which are removeably connected to RF connectors 118(1) and 118(2) of radome 102,
respectively.

[0031] FIG. 3 shows a top view of antenna assembly 100 with electronics module 110 partially
removed. Note that, for ease of illustration, sheath 108 and RF cables 138(1) and 138(2) are not
shown. To remove electronics module 110, RF cables 138(1) and 138(2) are disconnected from RF
connectors 128(1) and 128(2). Electronics module 110 is then removed from radome 102 by sliding
electronics module 110 out from between radome 102 and pipe 104 in a direction that is perpendicular
to the axis of pipe 104 (i.e., out the side). Note that this operation can be performed by a single
worker, while radome 102 remains installed on the cell tower, without disrupting service to second
antenna array 134.

[0032] Electronics module 110 is removeably connected to radome 102 using electronics module
mounting structure. In this embodiment, the electronics module mounting structure on radome 102 is
formed by fastener 126, which is attached to radome 102, and the electronics module mounting
structure on electronics module 110 is formed by fastener 124, which is attached to electronics
module 110. As shown in detail 122 of FIG. 1 and in FIG. 3, fastener 126 is a protrusion extending
across the width of radome 102 having a T-shaped cross-section, and fastener 124 is a channel
protruding across the width of electronics module 110 having a cutout with a T-shaped cross-section
for receiving fastener 126.

[0033] According to other embodiments, electronics module 110 and radome 102 may be
removeably connected using other types of mounting structures, including other types of fasteners. It
is preferred, but not required, that such other types of fasteners provide a quick release and permit
electronics module 110 and radome 102 to be mated to one another blindly. Further, the fasteners can
be standardized such that installers can selectively and independently configure (and, if appropriate,
re-configure) each different antenna array either as an active antenna with a corresponding electronics

module behind the radome or as a passive antenna with its electronics module located at the base of
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the cell tower.

[0034] Referring back to FIG. 4, note that disconnecting RF cables 138(1) and 138(2) does not
disturb the service provided to second antenna array 134 by RF cables 116(1) and 116(2). Therefore,
second antenna array 134 can continue to operate as electronics module 110 is removed and possibly
replaced with another electronics module (installed with radome 102 or at the base station on the
ground).

[0035] FIG. 5 shows a side view of antenna assembly 100 without electronics module 110
installed. As shown, first antenna array 132 can also be served by an electronics module (not shown)
that is located at the base of the cell tower by connecting RF cables 140(1) and 140(2) (only one of
which is shown in FIG. 5) to cables 138(1) and 138(2), respectively. The electronics module at the
base of the cell tower may be electronics module 110 or another electronics module designed for
installation at the base of the cell tower. In this configuration, antenna assembly 100 is merely a
passive antenna device that radiates and receives signals without actively modifying the signals.
[0036] Although one embodiment of the disclosure has been shown which serves two specific
and different frequency bands, embodiments of the disclosure are not so limited. According to
alternative embodiments, antenna assemblies of the disclosure may serve as few as one frequency
band or more than two frequency bands. In the case of one frequency band, one electronics module
may serve the frequency band or two or more modules may serve the same frequency band. Further,
antenna assemblies of the disclosure may serve frequency bands other than the exemplary frequency
bands described above.

[0037] According to alternative embodiments, antenna assemblies of the disclosure may support
a single polarization or more than two polarizations of a signal to be communicated.

[0038] Further, although one embodiment of the disclosure has been shown that has a single
electronics module that is removable from the side of the radome, embodiments of the disclosure are
not so limited. According to alternative embodiments, antenna assemblies of the disclosure may
implement more than one electronics module that is removably connected to the radome, and
electronics modules that are removable towards the top or bottom of the radome. For instance, FIG. 6
shows a side view of a cellular antenna assembly 600 according to one embodiment of the disclosure
in which an electronics module 604 is removable towards the top of the radome 602. Note that, to
accommodate removal towards the top of radome 602, fasteners other than fasteners 124 and 126 may
be used.

[0039] According to alternative embodiments, antenna assemblies of the disclosure may support
multi-mode communications, wherein the antenna arrays support two or more different radio-access
technologies.

[0040] Although electronics module 110 was described as being removeably attached to radome
102, embodiments of the disclosure are not so limited. According to alternative embodiments,
electronics modules of the disclosure may be removeably attached to another surface between the
cell-tower mounting structure and the radome. For example, electronics modules of the disclosure

may be removeably attached to brackets 106(1) and 106(2) and/or pipe 104.
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[0041] According to some embodiments of the disclosure, primary and backup electronics
modules may be removeably attached between the cell-tower mounting structure and the radome.
Ordinarily, the primary electronics module may serve one or more antenna arrays behind the radome.
If and when the primary electronics module fails, the backup electronics module may supply service
to the one or more antenna arrays.

[0042] It should be understood that the steps of the exemplary methods set forth herein are not
necessarily required to be performed in the order described, and the order of the steps of such methods
should be understood to be merely exemplary. Likewise, additional steps may be included in such
methods, and certain steps may be omitted or combined, in methods consistent with various
embodiments of the invention.

[0043] Although the elements in the following method claims, if any, are recited in a particular
sequence with corresponding labeling, unless the claim recitations otherwise imply a particular
sequence for implementing some or all of those elements, those elements are not necessarily intended

to be limited to being implemented in that particular sequence.

[0044] For purposes of this description, the terms "couple,"” "coupling," "coupled,” "connect,"
"connecting," or "connected" refer to any manner known in the art or later developed in which energy
is allowed to be transferred between two or more elements, and the interposition of one or more
additional elements is contemplated, although not required. Conversely, the terms "directly coupled,"
"directly connected," etc., imply the absence of such additional elements.

[0045] The embodiments covered by the claims in this application are limited to embodiments
that (1) are enabled by this specification and (2) correspond to statutory subject matter. Non-enabled
embodiments and embodiments that correspond to non-statutory subject matter are explicitly

disclaimed even if they fall within the scope of the claims.



WO 2013/191800 PCT/US2013/036949

8
CLAIMS
What is claimed is:
1. An apparatus comprising at least one of (1) a radome (e.g., 102) and (2) an active

electronics module (e.g., 110), wherein:

the radome is configured to support mounting of at least one antenna array (e.g., 132 or 134)
behind the radome; and

the active electronics module is configured to process at least one of (i) downlink signals
transmitted by the at least one antenna array and (ii) uplink signals received at the at least one antenna
array, wherein the apparatus further comprises an electronics module mounting structure (e.g., 124 or
126) configured to support removable attachment of the active electronics module behind the radome,
such that:

when (i) the radome is mounted to a cell tower and (ii) the active electronics module is

mounted behind the radome, the active electronics module can be removed from behind the radome

without having to remove the radome from the cell tower.

2. The apparatus of claim 1, wherein, after the active electronics module has been removed from
behind the radome, another active electronics module can be mounted behind the radome without

having to remove the radome from the cell tower.

3. The apparatus of claim 1, wherein:

the apparatus comprises the radome; and

the radome comprises the electronics module mounting structure (e.g., 126), wherein the
electronics module mounting structure is configured to support removable attachment of the active

electronics module behind the radome.

4. The apparatus of claim 3, wherein:

the apparatus further comprises the active electronics module; and

the active electronics module comprises a mating electronics module mounting structure (e.g.,
124) configured to mate with the electronics module mounting structure to support removable

attachment of the active electronics module behind the radome.

5. The apparatus of claim 4, wherein the active electronics module is removeably attached to the
radome using the electronics module mounting structure and the mating electronics module mounting

structure.

6. The apparatus of claim 1, wherein:

the apparatus comprises the active electronics module;
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the active electronics module comprises the electronics module mounting structure (e.g., 124);
and
the electronics module mounting structure is configured to support removable attachment of the

active electronics module behind the radome.

7. The apparatus of claim 1, wherein the apparatus comprises:

the radome;

the at least one antenna array mounted behind the radome; and

the active electronics module, wherein the active electronics module is configured to be
removable from behind the radome without exposing the at least one antenna array to an environment

outside of the radome.

8. The apparatus of claim 7, wherein the active electronics module comprises:
circuitry configured to process at least one of (i) the downlink signals and (ii) the uplink signals;
and

a housing, separate from the radome, configured to house the circuitry.

9. The apparatus of claim 8, wherein:
the housing is weatherproof; and
the active electronics module is configured to be removable from behind the radome without

exposing the circuitry to an environment outside of the housing.

10. The apparatus of claim 1, wherein the apparatus comprises:
the radome;
at least first and second antenna arrays mounted behind the radome; and
the active electronics module, wherein:
the active electronics module is configured to process at least one of (i) downlink signals
transmitted by the first antenna array and (ii) uplink signals received at the first antenna array; and
the active electronics module is configured to be removable from the apparatus without

disturbing service to the second antenna array.

11. The apparatus of claim 10, further comprising at least one other active electronics module,
wherein:

the at least one other active electronics module is configured to process at least one of (i)
downlink signals transmitted by the second antenna array and (ii) uplink signals received at the
second antenna array;

the at least one other active electronics module is attached behind the radome; and

the active electronics module is configured to be removable from the apparatus without disturbing

service provided by the at least one other active electronics module to the second antenna arrray.
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12. The apparatus of claim 10, wherein:

the second antenna array is served by at least one base-station electronics module configured to
process at least one of (i) downlink signals transmitted by the second antenna array and (ii) uplink
signals received at the second antenna array;

the at least one base-station electronics module is installed at a base of the cell tower; and

the active electronics module is configured to be removable from behind the radome without
disturbing service provided by the at least one base-station electronics module to the second antenna

array.

13. The apparatus of claim 1, wherein the apparatus comprises:

the radome; and

the at least one antenna array mounted behind the radome, wherein, when the apparatus is
installed on the cell tower, the at least one antenna array is served by a base-station electronics

module installed at a base of the cell tower.

14. The apparatus of claim 1, wherein the cell-tower mounting structure comprises:
a pole; and

at least one bracket configured to attach the radome to the pole.

15. The apparatus of claim 1, comprising:
the radome
at least first and second antenna arrays; and
the active electronics module, wherein:
the active electronics module is configured to process at least one of (i) downlink signals
transmitted by the first antenna array and (ii) uplink signals received at the first antenna array; and
the active electronics module comprises:
circuitry configured to process at least one of (i) the downlink signals and (ii) the uplink
signals; and
a housing, separate from the radome, configured to house the circuitry, wherein:
the housing of the active electronics module is removeably attached to the radome
using the electronics module mounting structure; and
the active electronics module is configured to be removed from behind the radome

without disturbing service to the second antenna array.
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AMENDED CLAIMS
received by the International Bureau on 10 October 2013 (10.10.2013)

- Whatis claimsd is:-
- An, .apparatus comprising at least one of (1) a radome (e.g., 102) and (2):anactive
: electmmcsmcadule {e.g., 110), wherein:

the radome is configured to. Support mounting of at least one antenna-array (e.g., 132 or'134). -
behmd the radomc, and
‘ the active electronics module is conﬁgurcd to process at least one of (i) downlink signals -

trangmitted by.thc at least one antenna array and (i) uphnk signals received at the:at least otigantenma
-array, wherein the apparatus further comprises an electronies Tnodule-mounting structure (e:g., 124 or
126).configured to support removable attachment of the active electronics module behind the radome,
such that: ' | -
when (i) the radome s mounted to & cell tower.and (n) the active electromcsmodule Is

mounted behind the tadome, the active electronics module ¢an be Temoved from behind the radome
-without having to remave the radome from the cell tower,

2. Theapparatus of élaim 1, wherein, after the active electronics module has been removed from
‘behind the radome, another-active electronics module can be- moimted behind the radome without

thaviﬁg'xO'remDQe‘the:radome'ﬁ'om:ﬂm cell tower,

3. Theapparatus of claim 1, wherein:

the.apparatus comprises the radome; and

the radome comprises the eleetronics module mounting structure (¢.g., 126), whersinthe
electronics moidule mounting strueture is.configured to support removable:attachroent of the active
electronics:modiile behind:the radome,

4. The apparats of claim 3, wherein:

the apparatus further comprises the active clectronics module; and

the active electronics module comprises.a mating electronics-module mounting struchure (e.g,,
124) configured to mate with. the-elcetronics module mounting structure to support removable
‘attachment of the active electronics module behind the radome.

5. 'The apparatus of claitn 4, wherein the active electronics module is removeably attached to the
radome using the electronics tnodule mounting structure and the mating electronics moduile mornting

structure,

6. The apparatus of elaim 1, wherein:
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"the apparatus comprises the active electronics module;

the-active clectronics module comprises the electronics module mounting structure (e.g.,124);. -
_ thc électroniés ,modﬁle@omﬁng struchire ié configured i:o.suppmremqvable:aftachment'of.the -
. sctive clectronics modulo behind the radome. -

7.". The apparatus of claim 1, wherein the apparatus copprises:

theradome; T

the at least one‘anténné.arraymounted behind the radome§ and

the active clecttanics module, wherein the active electronics module is configured to be
removable from behind the radome without exposing the at Jeast one-anterma:axray to.an cnvironment

outside of the radome.

‘8. "The apparatus of claitn 7, wherein the active electronies module comptiges:

«cirenitry configured to-process at least one of (i) the downlink signals-and (ii) the uplink gignals;
and

:a housing, seprarate from the radome, configured to house the eircuitry.

‘9. “The.apparatus of claim 8, wherein:
‘the’honsing is - weatherproof; -and
the active electronics module is configured-to be ternovable from behind the radome without

-exposing the circuitry to:an environment outside of the housing,

10.  Theapparatus of claim 1, whetein the apparatus comprises:
the radome;,
-at least fizet-and second antenna arrays mounted behind the radoms; and
the active-electronics module, wherein:
the sctive electronics module is configured to-process at least one of (i) downlink signals
trangmitted by the first antepna array-and (i) uplink signals received at the first antenna array; and
the active electronics madule is configured to be removable from the apparatus without
disturbing service to the second antenna array. ‘

1. The apparatus of claim 10, iﬁmér doumﬁsﬁg at le§st one sther active electronics module,
‘wherein: . o | e

the at least one other.active electronics module is configured to process at least one of (i)
 downlink signals transmitted by the second antermna array and (i) uplink signals received at the
second antenma array; '

the at least one other active electronics module is attached behind the tadome; and
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the acnve electromcs module is conﬁgured to be removable from the apparatus without dxsturbmg
servxce provided by the at Ieast one other active clectromcs tiodule to the second antenria anTay. .

. 12 “The spparatus of elajm 10, whersin:
thc second antenna: arrey is served by at least one base-gtation electrotics module ccnﬁgured to. -
‘process at least one of (i) downlink signals transtnitted by the second antenna array and (if) uplmk
& gnals received at the eecond antenna ATAY;
the-at least one base-station electronics module is installed at a base of the celt tower; and
' ‘the-active electronics modile 5 configured o be removeble from behind the radome without
disturbing service provided by the at least one base-station electronics module to-the second-antsnna

aray.

13, The apparatus of claim 1, wherein the apparaths comprises:

theradonae; and

the at Jeast one antenna-array motnted behind the radome, wherein, when the :apparatuna-ig
installed enthe cell towet,’ the at least one antenna array is served bys base—stahon ¢lectronics module

ingtalled ata base of the celltower,

14, "The.apparatus of claim 1,-wherein the apparatue comprises egll-tower tmounting structure,
-comprising;

apole;and

-atleast one bracket configured to attach the radome-tothe pole,

15, Theapparatus of claim 1, comprising:
the radome
at least first and second antenma atrays; and
the:active electronics modnle, wherein:
the active-electronjes module is configurad to process at Jeast one of (i) downlirik signais
‘transmitted by the first antenna array.and (ii) uplink signals received at the first antetma array; and
the.active electronics module comprises:
circuitry configured to process at least one of (3) e downlink signals and {ii) the uplink
signalg; and
# housing, separate frorn the vadome, confignred to howse the cimxib;v;r, wherain:
the housing of the active eleckronics module is removeably attached to the radome
using the electronics todule mounting structyre; and
the active electronies module is configured to be removed from behind the Tadome
without disturbing service to the second antenna array.

16.  The apparatms of claim 1, wherein:

AMENDED SHEET (ARTICLE 19)
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‘the:apparatns. comprises-the radome and the active clcctromcs module;
the apparatus hasa: radome side on whichthe fadome is- mountcd atid
the apparatus is con.ﬁgured to provide acéess to the acuve electronics module from 2 side other -
. than: the radome side such that the active electronics module can be: removed without dlsturbmgihe

radome dide;

17, The apparatus of claim’ 1, whérein the electromcs module monnting structure compnses a
tousable fastener

AMENDED SHEET (ARTICLE 19)
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