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FIBER OPTIC CABLE MANAGEMENT
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 14/931,699, filed Nov. 3, 2015, the
entire disclosure of which is incorporated herein by refer-
ence.

COPYRIGHT

[0002] A portion of the disclosure of this patent document
contains material which is subject to copyright protection.
The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent
disclosure, as it appears in the United States Patent and
Trademark Office patent file or records, but otherwise
reserves all copyright rights whatsoever.

BACKGROUND OF THE INVENTION

[0003] As the mobile communication networks evolve, the
load of the installed transmitting equipment at the edges of
the network (mobile base stations) increases and the fre-
quency allocation becomes denser in order to support the
large demand for capacity. These high interference environ-
ments impose challenges to network design and mainte-
nance engineers. Reducing the impact of interference is
important for network performance in terms of Quality of
Service (QoS) and user experience. Troubleshooting the
interference proves to be a complicated and expensive
procedure as field operations, including tower climbing,
require extensive engineering experience and long system
down times.

[0004] To reduce the operational expenditures and opti-
mize this cost and resource consuming procedure, a new
instrument technology was developed to retrieve RF data
(I/Q) between the Remote Radio Unit (RRU) and the
Baseband Unit (BBU). This technology provides direct
access to the Radio Unit’s received signal over the optical
communication link.

[0005] Installing an easily accessible optical tap, network
engineers can efficiently analyze the power spectrum on the
uplink of the antenna from the ground level eliminating
system downtime. This optical tap solution is efficient if the
network infrastructure allows the installation of additional
optical taps. However, Central Offices of Centralized Radio
Access Networks (C-RANs) and Distributed Radio Access
Networks (D-RAN) base station shelters may not have
sufficient space for optical tap installations. In the case of
C-RAN, it may not be possible to access the optical cables
at the edge of the network, close to the active RF equipment.
In the case of D-RAN outdoor or dense indoor installations,
it also may not be possible to install additional optical taping
equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 shows a communication system that uses a
modular fiber optic cable management system (management
system).

[0007] FIG. 2 shows a perspective view of the manage-
ment system.

[0008] FIG. 3 shows a top plan view of the management
system.
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[0009] FIG. 4 shows a top perspective view of a back
corner of a subrack that holds the management system.
[0010] FIG. 5 shows a bottom perspective view of the
back corner of the subrack that holds the management
system.

[0011] FIG. 6 is a block diagram that shows a connection
configuration for the management system.

[0012] FIG. 7 is a block diagram that shows another
connection configuration for the management system.
[0013] FIG. 8 is a block diagram that shows how a signal
processing unit is connected to the management system.
[0014] FIG. 9 is a block diagram that shows in more detail
how the signal processing unit is connected to the manage-
ment system.

[0015] FIG. 10 is a block diagram that shows another
configuration for connecting the signal processing unit to the
management system.

[0016] FIG. 11 shows a top perspective view of an optical
fiber module used in the management system.

[0017] FIG. 12 shows a circuit diagram for the optical
fiber module shown in FIG. 11.

[0018] FIG. 13 shows optical fiber reflectors attached in
the optical fiber module.

[0019] FIG. 14 shows in more detail one example of how
an optical fiber reflector is attached in the optical fiber
module.

[0020] FIG. 15 is a block diagram showing how optical
fiber modules are used for reflecting test signals over an
uplink fiber from a cell tower site to a central office.
[0021] FIG. 16 is a block diagram showing how optical
fiber modules are used for reflecting test signals over a
downlink fiber from a cell tower site to a central office.
[0022] FIG. 17 is a block diagram showing how optical
fiber modules are used for reflecting test signals over an
uplink fiber from a central office to a cell tower site.
[0023] FIG. 18 is a block diagram showing how optical
fiber modules are used for reflecting test signals over a
downlink fiber from a central office to a cell tower site.
[0024] FIG. 19 is a perspective view of an optical multi-
plexing/de-multiplexing module.

[0025] FIG. 20 is a top view of the optical multiplexing/
de-multiplexing module shown in FIG. 19.

[0026] FIGS. 21A and 21B show termination plugs
attached to monitoring ports on an optical fiber module.
[0027] FIGS. 22A and 22B shows a 1 RU enclosure that
holds optical fiber modules.

[0028] FIG. 23 shows a 4 RU enclosure that holds optical
fiber modules.

DETAILED DESCRIPTION

[0029] Several preferred examples are described with ref-
erence to the accompanying drawings. Various other
examples are also possible and practical. The modular fiber
optic cable tapping and management system may be exem-
plified in many different forms and should not be construed
as being limited to the examples set forth.

[0030] A modular fiber optic cable management system
(management system) integrates fiber optic cable manage-
ment and fiber optic cable modules into a single compact
subrack that can be installed in outdoor cabinets and high
density indoor frames. The management system includes
removable optical taps, a compartment for the insertion of
the optical taps, a fiber cable routing mechanism, an excess
fiber length storage compartment, a sliding mechanism to
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facilitate installation and maintenance operations, and pass
through adaptors to enable direct connection bypassing the
tap modules.

[0031] FIG. 1 illustrates an example distributed wireless
communication system 12. A building 24 contains comput-
ing equipment for a base transceiver communication station
(BTS) 46. BTS 46 may be contained in a rack 47. A fiber to
the antenna (FTTA) architecture connects communication
station 46 through fiber optic (FO) cables 38 to different
remote radio units (RRUs) 18 located on the top of a tower
14.

[0032] The FTTA architecture reduces signal loss over FO
cables 38 by moving radio frequency (RF) circuits from
BTS 46 to RRUs 18 and closer to radio transceiver antennas
16. The RRUs 18 communicate with a baseband unit (BBU)
48 in BTS 46 through bidirectional (Tx/Rx) low loss optical
fiber links in FO cables 38 using a transmission protocol
such as common public radio interface (CPRI), open base
station architecture initiative (OBSAI).

[0033] In order to protect active equipment ports and
enhance system flexibility (reconfiguration & maintenance),
FO cables 38 are usually not directly terminated on BBU 48
but terminated on an intermediate optical interface (OI)
subrack 50 contained on rack 47. Common fiber patchcords
52 then connect optical interface 50 to baseband unit 48.
[0034] In other examples, radios 18 may be located on the
top of a building that also house DC power plant 44 and
communication station 46. In another configuration, radios
18 and associated antennas 16 are located at different corners
on the roof of a building.

[0035] A direct current (DC) power plant 44 is connected
through a DC power bus 42 and DC power cables 30 to the
different radios 18 on tower 14. A remote suppression unit
20 may be attached to a support 22 on top of tower 14 and
connected to the remote ends of power cables 30 proximate
to radios 18 and antennas 16.

[0036] A local rack based suppression unit 40 is located
inside of building 24 and connected to the opposite local
ends of power cables 30 relatively close to DC power plant
44 and communication station 46. In one embodiment,
suppression unit 40 is located in a rack 26 that also contains
DC power plant 44. In another example, suppression unit 40
is located in another rack or some other location next to
power plant 44.

[0037] Suppression and optical fiber units are described in
the following patents which are all incorporated by reference
in their entireties:

[0038] Patent application Ser. No. 12/984,304 filed Jan. 4,
2011, entitled: OVERVOLTAGE PROTECTION SYSTEM
FOR RADIO HEAD-BASED WIRELESS COMMUNICA-
TION SYSTEMS;

[0039] Patent application Ser. No. 13/005,275 filed Jan.
12, 2011; entitled: OVERVOLTAGE PROTECTION FOR
REMOTE RADIO HEAD-BASED WIRELESS COMMU-
NICATIONS SYSTEMS; and

[0040] Patent application Ser. No. 13/301,685 filed Nov.
21, 2011, entitled: MODULAR AND WEATHER RESIS-
TANT OVERVOLTAGE PROTECTION SYSTEM FOR
WIRELESS COMMUNICATION SYSTEMS.

[0041] FIG. 2 depicts an example fiber optic cable tapping
and management system (management system) 100 that
provides more effective network maintenance and trouble-
shooting, such as fiber physical integrity investigation,
attenuation spatial resolution, etc. Cable management sys-
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tem 100 allows access to FO cables 38 and 52 in rack system
47 that may not normally be accessible, improving fiber
optic cable monitoring and maintenance in more diverse
locations.

[0042] Management system 100 may be located in the OI
subrack 50 that attaches to rack 47 in FIG. 1. In another
example, management system 100 may be located in a
subrack within an outdoor cabinet structure. In one example,
subrack 50 may include an enclosure 102 with top and
bottom walls 104A and 104B, respectively, with side walls
106 and a back wall 107. Attachment members 108 may
extend out from side walls 106 for attaching to the rack or
cabinet structure.

[0043] A tray 120 may slidingly insert into enclosure 102.
Tray 120 may include a bottom floor 122 with vertically
extending side walls 124, a front plate 125, and a back wall
130. Sliders 126 may attach to the inside surfaces of
enclosure side walls 106 and mating sliders 128 may attach
to the outside of tray side walls 124. Sliders 126 may
slidingly reciprocate in brackets attached to the inside of
enclosure side walls 106 and sliders 128 may slidingly
reciprocate in sliders 126.

[0044] Tray 120 may retain one or more optical fiber
modules 140 that include fiber optic splitters. This is just one
example, and optical fiber modules 140 may contain any
other type of fiber optic device, such as an optical multi-
plexer/de-multiplexer as described in more detail below.
Modules 140 may include rails 148 that horizontally slide in
and out of tracks 132 attached to a divider wall 131 and side
wall 124 of tray 120. Fiber modules 140 may include ports
142 that connect to BBU 48 in FIG. 1, ports 146 that connect
to RRUs 18 in FIG. 1, and ports 144 that serve as taps into
the fiber optic lines connected to ports 146 and 144. Tray 120
also may include a cable housing 134 with a spool for
holding excess cable.

[0045] Pass-through adaptors 147 extend out of a front
plate 125 of tray 120 and provide pass through connections
for certain optical links that are not tapped. In that case, the
fiber optic cables are connected directly to pass-through
adaptors 147, bypassing module 140. Pass through adaptors
147 also may provide a cascade connection to an external
signal processing unit that processes digital optical signals
or demodulates RF signals as shown in more detail below.

[0046] A cable guide 150 may include a series of chain
links 152 that each pivot or rotate about connectors 154.
Each link 152 includes a hoop 156 for retaining optic fibers.
Cable guide 150 is rotatably connected at a first end to a
portion of enclosure bottom wall 104B and rotatably con-
nected at a second opposite end to floor 122 of tray 120.

[0047] Chain links 152 allow cable guide 150 to uncurl
and extend forward when tray 120 is pulled out of enclosure
102 and retract and curl up when tray 120 is inserted back
into enclosure 102. A middle portion of cable guide 150 is
suspended between enclosure bottom wall 104B and tray
floor 122 when tray 120 is pulled out of enclosure 102. The
middle portion of cable guide 150, along with any optical
fibers, slides and curls up onto tray floor 122 when tray 120
is pushed back into enclosure 102. Cable guide 150 controls
the bend radius of the optical fibers and protects thin
breakout cable tails.

[0048] A cable holder 110 is attached to enclosure bottom
wall 104B and supports a break out device that separates out
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optical fibers from a fiber optic cable. Cable holder 110
securely holds the cable and optical fibers to the back end of
enclosure 102.

[0049] FIG. 3 shows a top view of cable management
system 100 with a removed top cover. In this example, tray
120 is shown in a retracted position fully inserted inside of
enclosure 102. As mentioned above, cable holder 110 retains
a breakout device 160 that separates out individual optical
fibers 172 from a fiber optic cable (not shown). Separate
larger diameter fiber optic jumper cables 170 each may
contain a pair of optical fibers connected to RRUs 18 located
relatively close to BTS 46.

[0050] Cable guide 150 retains both optical fibers 172 and
jumper cables 170. Cable guide 150 may provide minimum
bend radius protection during storage and sliding and
accommodate both thin (up to 3 mm) breakout cable tails
and up to 7 mm fiber optic jumpers.

[0051] First end 174 of cable guide 150 is rotatably
connected to bottom wall 104B of enclosure 102 and second
end 176 of cable guide 150 is rotatably connected to bottom
floor 122 of tray 120. With tray 120 in the inserted position,
a notch 177 in bottom floor 122 abuts up against bottom
floor section 104B. At the same time, cable guide 150 curls
or bends into a “U” shape between a left side of tray 120 and
divider wall 131 that extends along the left sides of fiber
modules 140. Extra lengths of optical fibers 172 can be
wrapped around a spool located inside of a cable housing
134.

[0052] As tray 120 is pulled out of enclosure 102, second
end 176 of cable guide 150 is pulled forward by bottom floor
122 while first end 174 remains securely attached to bottom
wall 104B of enclosure 102. Individual chain links 152
rotate about connectors 154 allowing cable guide 150 to at
least partially straighten out.

[0053] Because cable housing 134 and fiber modules 140
are also both attached to tray bottom floor 122, a substan-
tially same distance is maintained between second end 176
of cable guide 150 and RRH ports 146 extending from the
back end of fiber modules 140. As tray 120 is pulled out of
enclosure 102, optical fibers 172 and fiber optic cables 170
can extend forward by uncoiling from the u-shaped con-
figuration inside of cable guide 150 as shown in FIG. 2
without applying stress to connections at RRU ports 146.
[0054] Allowing tray 120 to move fiber modules 140
outside of enclosure 102 provide substantial advantages. For
example, the subrack containing fiber optic cable manage-
ment system 100 can be located in more confined spaces
with limited rear access. A technician can access RRU ports
146 on the back ends of fiber modules 140 simply by pulling
tray 120 out of enclosure 102. Technicians can also access
the ends of optical fibers 172 and fiber optic cables 170 at the
back end of enclosure 102 via an opening 112 (FIG. 2) in
upper wall 104A.

[0055] Thus, technicians can access substantially every
device and connection in enclosure 102 and the entire length
of optical fibers 172 and fiber optic cables 170 either through
the top of tray 120 or through opening 112 in enclosure 102.
Each fiber module 140 can also be individually slid out from
tray 120 allowing the technician to also access all RRH ports
146 from each fiber module 140.

[0056] FIG. 4 shows a perspective top view for a section
of the back end of cable management system 100 and FIG.
5 shows a perspective partially transparent bottom view for
the section of the back end of cable management system
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100. Referring to FIGS. 4 and 5, cable holder 110 is attached
to bottom wall 104B in a space formed between back wall
107 and side wall 106 of enclosure 102. A bracket 127 is
attached alongside wall 106 and slidingly retains slider 126.
[0057] A mounting plate 114 includes a swivel 166 for
rotationally holding first end 174 of cable guide 150. In one
example, each chain link 152 may include an oval shaped
platform 158 with rounded opposite stepped front and back
ends. The upper stepped end of a first chain link 152 may
overlap and rotationally connect with a lower stepped end of
a second adjacent chain link 152.

[0058] FIGS. 6-10 show different configuration options
for fiber management system 100. In FIGS. 6-10 the uplink
(UL) optical fibers are shown as dashed lines and the
downlink (DL) optical fibers are shown as solid lines.
[0059] Referring first to FIG. 6, fiber optic cables 38
coming from RRUs 18 are connected to the back side of
fiber modules 140. The optical fiber patchcords 52 coming
from BBUs 48 are connected to BBU ports 142 on the front
side of module 140. The tapped optical fibers 186 are
accessed through monitoring ports 144 on the front side of
fiber module 140 as shown above. In this configuration, pass
through adaptors 147 are not used.

[0060] FIG. 7 shows a second connection configuration
where optical fibers are connected to fiber module 140
and/or to pass through adaptors 147. Fiber optic cables 38
coming from RRUs 18 are connected either to the back side
of module 140 and/or connected to the back side of pass
through adaptors 147.

[0061] Optical fibers 52 coming from baseband units 48
are connected either to BBU ports 142 on the front side of
fiber module 140 and/or to pass through adaptors 147. The
optical signals on optical fibers 38 and 52 can be tapped and
monitored through monitoring ports 144. Pass through adap-
tors 147 provide direct fiber optic connections between
baseband units 48 and RRUs 18 bypassing fiber module 140.
Fiber module 140 also may be bypassed when there is an
insufficient link budget or the fiber optic signal should not be
tapped.

[0062] FIG. 8 shows logical connections for a third con-
figuration for fiber management system 100. A signal pro-
cessing unit 162 is connected in cascaded/series between
RRUs 18 and fiber module 140. An example of signal
processing unit 162 is a passive intermodulation mitigation
PIM unit. FIG. 9 shows the physical connections between
RRUs 18, signal processing unit 162, fiber module 140, and
BBUs 48 in more detail.

[0063] Referring to FIGS. 8 and 9, fiber optic cables 38
from some of RRUs 18 are connected to the back side of
pass through adaptors 147 as described above in FIG. 7. The
front side of pass through adaptors 147 is connected to first
set of connections on signal processing unit 162.

[0064] A second set of connections on signal processing
unit 162 are connected to the back side of fiber module 140
through cable guide 150 in cable management system 100
and into RRU ports 146. Signal processing unit 162 may
process and filter out interferences in the uplink signals from
RRU 18 before the uplink signals reach baseband unit 48.
The processed signals are shown in a combined dotted-
dashed line. This management system configuration also
provides the tapped corrected uplink signal as an output on
monitoring ports 144.

[0065] FIG. 10 shows how optical signals directed to
RRUs 18 are processed through 2-fiber jumper cables



US 2018/0157000 A1

instead of multifiber trunk cables. Optical fiber jumpers 163
are connected from some RRUs 18 to the front side of pass
through adaptors 147 while fiber optic cable assemblies 164
connect the signal processing unit 162 to the rear side of pass
through adaptors 147. Signal processing unit 162 may be
connected to the back side of the fiber module 140 through
cable guide 150 in management system 100 as described
above.

[0066] FIG. 11 shows a top perspective view of fiber
module 140 with a removed top cover. A container 180
includes a bottom wall 180A, side walls 180B, a back wall
180C, and a front wall 180D. Rail 148 extends out from a top
end of side wall 180B and holds fiber module 140 in a slot
of tray 120. Screws 182 attach front wall 180D of fiber
module 140 to the front face of tray 120.

[0067] As mentioned above, ports 146 may connect via
optical fibers to RRUs 18, ports 142 may connect via optical
fibers to BBU 48, and ports 144 may connect via optical
fibers to test and monitoring equipment. Each RRU port 146
may include an uplink port connected to a first fiber splitter
190 via an optical fiber 188A and a downlink port connected
to a second fiber splitter 190 via an optical fiber 188B.
[0068] Each BBU port 142 may include an uplink port
connected to a first fiber splitter 190 via an optical fiber
184B and a downlink port connected to a second fiber
splitter 190 via an optical fiber 184A. Each monitor port 144
may include an uplink port connected to a first fiber splitter
190 via an optical fiber 186B and a downlink port connected
to a second fiber splitter 190 via an optical fiber 186A.
[0069] A holder 192 is attached to bottom wall 180A of
fiber module 140. Holder 192 includes multiple vertically
extending supports 194 holding opposite sides of fiber
splitters 190 in multiple columns. Each fiber splitter 190
may split an uplink fiber optic signal or a downlink fiber
optic signal into two separate signals. One of the split signals
is connected to monitoring ports 144.

[0070] A transparent cover 196, such as a clear plastic,
may attach to the top of holder 192. As also shown in FIG.
2, a hole conforming with the shape of cover 196 may be
formed in the top cover of fiber module 140. A technician
may slide tray 120 out of enclosure 102 as shown in FIG. 2.
The technician then may remove cover 196 to access fiber
splitters 190. Transparent cover 196 may protect optical
splitters 190 while also allowing easier splitter type control
and identification. Fiber module 140 may hold up to 12
optical splitters and route the optical fibers to the proper fiber
optic interfaces/ports 142, 144, and 146.

[0071] FIG. 12 shows an example connection diagram for
fiber module 140. Fiber module 140 provides a more effec-
tive system for performing network maintenance and
troubleshooting operations, such as fiber physical integrity
investigation, attenuation spatial resolution, etc. Fiber mod-
ule 140 avoids the transmission interruptions and unwanted
downtime typically associated with testing fiber links.
[0072] Fiber optic cables 38 also shown in FIG. 1 may
include multiple pairs of uplink optical fibers 38A and
downlink fibers 38B each connected to a different RRUs 18.
Fiber patchcords 52 also shown in FIG. 1 may include
multiple pairs of uplink fibers 52B and downlink fibers 52A
connecting to BBU 48.

[0073] A first set of interconnection ports 146A and 146B
connect uplink optical fiber 38A to a fiber splitter 190A via
fiber 188A and connect downlink optical fiber 38B to fiber
splitter 190B via fiber 188B, respectively. A second set of
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interconnection ports 142A and 142B connect uplink fiber
52B to fiber splitter 190A via fiber 184B and connect
downlink optical fiber 52A to fiber splitter 190B via fiber
184 A, respectively. A third set of monitoring ports 144 A and
1448 connect to fiber splitter 190B via fiber 186A and
connect to fiber splitter 190A via fiber 186B, respectively.
[0074] Fiber splitters 190 enable network maintenance
without breaking active links between RRUs 18 and BBU 48
thus eliminating downtime. For example, fiber splitter 190A
includes passive optical components that split optical signals
onuplink fiber 38A into separate duplicate optical signals on
optical fibers 184B and 186B.

[0075] Uplink signals on optical fibers 1848 and 186B are
duplicate portions of the same common optical uplink signal
received on uplink fiber 38A. Uplink signals on fiber 184B
may connect via port 142B and uplink fiber 52B to active
communication equipment in BBU 48 while the same uplink
signals on fiber 186B may connect via monitoring port 144B
to monitoring/test equipment (not shown).

[0076] An operator may use the monitoring/test equip-
ment connected to monitoring ports 144 to perform testing
operations, such as power measurements, out of band optical
time domain reflectometry, or radio frequency (RF) over
common protocol radio interface measurements. Since a
separate uplink signal is connected via fiber 186B to moni-
toring port 144B, the test equipment may perform tests
without interrupting signal transmissions between RRU 18
and BBU 48.

[0077] Power levels for uplink signals on optic fibers
184B and 186B may depend on the specific specifications
for optical fiber splitter 190A. A splitting ratio and number
of output ports on fiber splitter 190A can vary from 1% to
99% of the input signal power on uplink fiber 38A. For
example, fiber splitter 190A may split the power of uplink
signals on fibers 184B and 186B ecach by 50% of the signal
power on uplink fiber 38A.

[0078] Efficient signal monitoring may require control on
both transmitting (Tx) and receiving (Rx) directions. There-
fore, second fiber splitter 190B splits downlink signals
transmitted from BBU 48 to RRU 18 on downlink fiber 52A
into two downlink signals on fibers 188B and 186A. The
split downlink signal on fiber 188B goes to RRU 18 via port
1468 and fiber 38B. The split downlink signal on fiber 186 A
goes to the monitoring/test equipment via monitoring port
144A. Fiber splitter 190B may divide output power levels
similar to fiber splitter 190A.

[0079] Other example modular fiber optic cable splitters
are described in U.S. patent application Ser. No. 14/931,699,
entitled: MODULAR FIBER OPTIC CABLE SPLITTER,
filed Nov. 3, 2015, which is herein incorporated by reference
in its entirety.

[0080] FIG. 13 shows a perspective view of an alternative
configuration of fiber module 140 that includes multiple
integrated optical signal reflectors 200. FIG. 14 shows a top
view of module 140 with one attached reflector 200. Fiber
module 140 uses reflectors 200 to enable optical time
domain reflectometry (OTDR) measurements. For example,
in the case of a centralized topology, reflectors 200 can be
used to inspect the optical fibers between a central office and
the edge of the fiber network at the base of tower 14 (FIG.
1).

[0081] FIG. 13 shows multiple reflectors 200 connected to
multiple uplink ports 146 A that connect to RRUs 18 in FIG.
12. FIG. 14 shows in more detail one reflector 200A
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connected to one uplink RRU port 146. Referring to FIGS.
13 and 14, reflector 200A is connected via uplink fiber 188A
to the upper end of fiber splitter 190A. A first uplink output
from fiber splitter 190A is connected to one of the uplink
monitoring ports 144 via uplink fiber 186B and connector
204B. A second uplink output from fiber splitter 190A is
connected to one of the uplink BBU or central office ports
142 via uplink fiber 184B and connector 202B.

[0082] In this example, no reflector is connected to the
associated downlink fiber connections. The associated RRU
downlink port 146 is connected to a first output from fiber
splitter 190B via downlink fiber 188B and connector 206B.
The input of fiber splitter 190B is connected to one of
downlink BBU ports 142 via connector 202A and downlink
fiber 184 A and the second output from fiber splitter 190B is
connected to one of downlink monitoring ports 144 via
connector 204A and downlink fiber 186A. Other reflectors
200 may connect between other uplink RRU ports 146 and
other associated fiber splitters 190 as shown above in FIG.
13.

[0083] FIG. 15 is a block diagram showing how an uplink
optical fiber 206A is tested from a cell site location 207. In
one example, reflector 200A is installed on the Tx uplink
port 146 A as shown above. An OTDR signal 205 is injected
into optical module 140A at the cell site location 207
through monitor port 144B. OTDR signal 205 travels
through fiber splitter 190A towards RRU uplink port 146A.
Reflector 200A reflects OTDR signal 205 back through fiber
splitter 190A and out BBU uplink port 142B.

[0084] OTDR signal 205 travels over an uplink optical
fiber 206A to an optical fiber module 104B located at the
central office 214. OTDR signal 205 is received at a RRU
uplink port 142A of fiber module 104B and passes through
fiber splitter 190B to monitoring port 144A. Redirected
OTDR signal 205 enables OTDR inspection at the far end of
fiber link 206 between cell site location 207 at the base of the
cell tower and central office 214.

[0085] FIG. 16 shows an example of how a downlink
optical fiber 206B is tested from cell site location 207.
OTDR signal 205 is injected into optical module 140A at a
cell site location 207 through downlink monitor port 144A.
OTDR signal 205 travels through fiber splitter 190B and out
BBU downlink port 142A.

[0086] OTDR signal 205 travels over downlink optical
fiber 206B to optical fiber module 140B located at a central
office 214. OTDR signal 205 is received at a RRU downlink
port 142B and passes through a fiber splitter 190A toward a
BBU downlink port 146A. A reflector 200B connected to
BBU downlink port 146A reflects OTDR signal 205 back
out through fiber splitter 190A to downlink monitoring port
144A.

[0087] FIG. 17 is a block diagram showing how uplink
fiber 206A is tested from central office 214. OTDR signal
205 is injected into optical module 140B at central office 214
through monitor port 144A. OTDR signal 205 travels
through fiber splitter 190B and out RRU uplink port 142A.
OTDR signal 205 travels over uplink optical fiber 206 A and
enters fiber module 140A at cell site 207. OTDR signal 205
is received by BBU uplink port 142B and passes through
fiber splitter 190A towards RRU uplink port 146 A. Reflector
200A on uplink port 146A reflects OTDR signal 205 back
through fiber splitter 190A and out uplink monitoring port
144B.
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[0088] FIG. 18 is a block diagram showing how downlink
optical fiber 2068 is tested from central office 214. OTDR
signal 205 is injected into monitor port 144B of optical
module 140B at central office 214. OTDR signal 205 travels
through fiber splitter 190A towards BBU downlink port
146 A. Reflector 200B is connected to BBU downlink port
145A and reflects OTDR signal 205 back through fiber
splitter 190A and out RRU downlink port 142B.

[0089] OTDR signal 205 travels over downlink optical
fiber 206B to optical module 140A at cell site location 207.
OTDR signal 205 enters BBU downlink port 142A and
passes through fiber splitter 190B and to downlink moni-
toring port 144A.

[0090] As shown above monitoring ports 144 in optical
modules 140A and 140B at the cell tower location 207 and
central office 214, respectively, can be used for testing
uplink and downlink fibers 206 in both directions. Fiber
cables 206 do not need to be unplugged during the testing
reducing chances of fiber optic connector contamination.
[0091] Integrating reflectors 200 into optical modules 140
allow technicians to identify portions of fiber networks that
need inspection. When inspecting healthy optical fibers,
reflectors 200 at the ends of optical fibers generate easy to
recognize strong reflections. The magnitude of reflected
OTDR signals 205 on broken fibers depends on the location
of the breakage in relation to reflector 200. If a strong
reflection is still visible from the monitoring port, the fiber
may be broken after reflector 200, between the base station
and the top of the cell tower. If a strong reflection is not
visible, the fiber may be broken before reflector 200,
between central office 214 and the base of the tower.

Optical Multiplexing/De-Multiplexing Module

[0092] FIG. 19 is a perspective view and FIG. 20 is a top
view of a multiplexer module 226 that may be installed in
the fiber management system 100 shown above. Referring to
FIGS. 19 and 20, multiplexer module 226 may have sub-
stantially the same shape as optical modules 140 described
above. Multiplexer module 226 may retain an optical mul-
tiplexer/de-multiplexer 220 (multiplexer) that multiplexes
and de-multiplexes signals received and sent between dif-
ferent RRUs 18 and BBUs 48.

[0093] Multiplexer 220 may accommodate a range of
optical components including but not limited to coarse
wavelength division multiplexing (CWDM) and dense
wavelength division multiplexing (DWDM) modules. Mul-
tiplexer 220 can be cascaded with optical fiber modules 140
or can be integrated with optical splitters 190 to provide
permanent optical taps.

[0094] Multiplexer 220 includes connectors 228 for uplink
and downlink fiber optic signals send and received to and
from RRUs 18. A connector 230 receives and outputs
multiplexed uplink and downlink fiber optic signals. Mul-
tiplexer module 226 may include ports 222 that connect to
uplink and downlink optical fibers connected to RRUs 18.
Connectors 232 connect the signals on ports 222 with
connectors 228 on multiplexer 220. Connector 238 connects
multiplexed signals received on port 224 connected to the
BBU with connector 230 on multiplexer 220.

[0095] Multiplexer module 226 is shown with an open top,
but may include a top lid with a transparent cover, similar to
cover 196 shown in FIG. 2. Multiplexer module 226 also
includes rails 240 similar to rails 148 formed on fiber
module 140. Rails 240 attach to mating sliders 128 and can
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slidingly extend out of tray 120 in FIG. 2. Different com-
binations of multiplexer modules 226 and fiber modules 140
can attach inside of tray 120 and connect to different optical
uplink and downlink optical fibers.

[0096] Each BBU 18 and RRU 18 may transmit at a
different wavelength W. For example, RRUs 18 may trans-
mit at wavelengths W2, W4, W6, W8, W10, W12, etc. and
BBUs 18 may transmit at wavelengths W1, W3, W5, W7,
W9, W11, etc.

[0097] Multiplexer module 226 is located at the cell site
location in the vicinity of RRUs 18. Multiplexer 220 mul-
tiplexes optical signal wavelengths (W2, W4, W6, W8,
W10, W12) transmitted by RRUs 18 over optical fibers 238.
The multiplexed signals are transmitted over a single optical
fiber in a fiber optic cable 234 to BBUs 18 at the central
office.

[0098] Optical multiplexer 220 demultiplexes the multi-
plexed wavelengths coming from BBU 18 (W1, W3, W5,
W7, W9, W11). The de-multiplexed signals are then trans-
mitted on optical fibers 236 to RRUs 18. A similar multi-
plexer/de-multiplexer 220 is installed at BBU 48 at the
central office to de-multiplex the signals coming from RRUs
18 and multiplex the signals coming from BBUs 18.
[0099] FIGS. 21A and 21B show perspective views of
fiber optic terminators used with fiber module 140 or mul-
tiplexer module 226. Any references to fiber modules 140
should also be understood to alternatively, or in combina-
tion, include multiplexer module 226.

[0100] Referring to both FIGS. 21A and 21B, rubber
latches 298 may include a rectangular rubber mounting
section 298A that seats around monitoring ports 144. Rubber
arms 298B may extend down from mounting section 298A
and form into rubber rings 298C. Rings 298C may attach
around fiber optic terminators 299 which minimize back
reflections caused by a fiber/air interface.

[0101] FIG. 22A shows a front perspective view of a
high-density fiber optic subrack 300 and FIG. 22B shows a
rear perspective view of the high-density fiber optic subrack
300. In this example, subrack 300 may not include a tray that
extends out the front of enclosure 302. Alternatively, enclo-
sure 302 may have 1 RU dimensions and slidingly receive
four fiber modules 140 or multiplexer modules 226. A front
cover 304 may attach to a front end of enclosure 302 and a
back cover 306 may attach over a back end of enclosure 302.
Covers 304 and 306 may be formed of a transparent mate-
rial, such as a clear plastic.

[0102] Fiber modules 140 or multiplexer modules 226
may insert into slots formed in the front face of enclosure
302 similar to how fiber modules 140 above slide into and
out of tray 120. A first column of two fiber modules 140/226
may insert into a left half of enclosure 302 and a second
column of two fiber modules 140/226 may insert into a right
half of enclosure 302. Two columns of two pairs of BBU
ports 142 and monitor ports 144 may extend out of the front
end of enclosure 302. Two columns of two RRU ports 146
may extend out of the back end of enclosure 302.

[0103] FIG. 23 shows a front perspective view of another
high-density fiber optic subrack 320. Subrack 320 also may
not include a tray that extends out of enclosure 322. Enclo-
sure 322 may have 4 RU dimensions and retain 16 fiber
modules 140 and/or multiplexer modules 226. Again, any
reference to fiber modules 140 can also refer to similarly
sized multiplexer modules 226. A front cover 324 may attach
to a front end of enclosure 322 and a back cover 326 may
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attach over a back end of enclosure 322. Covers 324 and 326
also may be formed of a transparent material, such as a clear
plastic.

[0104] Fiber modules 140 or multiplexer modules 226
may insert into slots formed in the front face of enclosure
322 similar to how fiber modules 140 above slid into and out
of'tray 120. A first column of eight fiber modules 140 and/or
226 may insert into a left half of enclosure 322 and a second
column of eight fiber modules 140 and/or 226 may insert
into a right half of enclosure 322. Two columns of eight pairs
of BBU ports 142 and monitor ports 144 may extend out the
front end of enclosure 322. Two columns of eight RRU ports
146 (not shown) may extend out of the back end of enclosure
322.

[0105] The fiber cable management systems described
incorporate compact designs to provide both cable manage-
ment, field handling and optical taping functionalities; and
include sliding mechanisms and pluggable optical fibers for
easier maintenance and component replacement. The modu-
larity uses the same optical fiber modules and/or multiplexer
modules 226 to increase installation options, such as in an
outdoor cabinet, central office, or shelter. The management
system also provides high termination density, and easier
access to ports and easier connector/adaptor handling. The
system may fit into a 1.0 RU, 1.5 RU, or 4.0 RU subrack
height.

[0106] Only those parts of the various units are shown and
described which are necessary to convey an understanding
of the examples to those skilled in the art. Those parts and
elements not shown may be conventional and known in the
art. Having described and illustrated the principles of the
invention in a preferred embodiment thereof, it should be
apparent that the invention may be modified in arrangement
and detail without departing from such principles. We claim
all modifications and variation coming within the spirit and
scope of the following claims.

1. A fiber optic cable management system for connecting
to optical fibers, comprising:

an enclosure;

a tray slidingly insertable into the enclosure and slidingly

extendable at least partially out from the enclosure; and
one or more optical fiber modules located inside the tray
and including front optical fiber ports extending out
front ends of the fiber modules and back optical fiber
ports extending out back ends of the fiber modules, the
tray when extended at least partially out of the enclo-
sure moving the back ends of the modules out of the
enclosure exposing the back optical fiber ports.

2. The fiber optic cable management system of claim 1,
further comprising a flexible cable guide configured to retain
the optical fibers, the cable guide coupled at a first end to the
enclosure and coupled at a second end to the tray.

3. The fiber optic cable management system of claim 2,
wherein the cable guide includes a series of rotatably
attached links.

4. The fiber optic cable management system of claim 2,
including a spool attached in the tray between the second
end of the cable guide and the back ends of the fiber modules
and configured to retain excess length of the optical fibers.

5. The fiber optic cable management system of claim 2,
wherein the cable guide is configured to curl into a substan-
tially u-shape when the tray is inserted into the enclosure and
at least partially straighten out when the tray is pulled out of
the enclosure.
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6. The fiber optic cable management system of claim 1,
wherein the fiber modules are stacked vertically in a column
inside of the tray.

7. The fiber optic cable management system of claim 1,
wherein the fiber modules slidingly extend out from the
front end of the tray.

8. The fiber optic cable management system of claim 1,
including multiple optical fiber splitters located inside each
of the fiber modules, the optical fiber splitters each con-
nected between a first one of the optical fiber ports config-
ured to connect to a remote radio head, a second one of the
optical fiber ports configured to connect to a baseband unit
(BBU); and a third one of the optical fiber ports configured
to connect to a monitoring device.

9. The fiber optic cable management system of claim 1,
including a fiber optic signal reflector coupled to a first one
of the optical fiber ports for reflecting a test signal received
at a second one of the ports to a third one of the ports.

10. The fiber optic cable management system of claim 1,
including at least one optical multiplexer/de-multiplexer
module located inside of the tray and including multiple
un-multiplexed optical fiber ports for connecting to remote
radio units (RRUs) and a multiplexed optical fiber port for
connecting to a base band unit (BBU).

11. The fiber optic cable management system of claim 1
including pass through adaptors connected to a front end of
the enclosure to connect to optical fibers connected to
remote radio heads (RRHs) to optical fibers connected to
base band unit (BBUs) while bypassing the optical fiber
modules.

12. An optical fiber module, comprising:

a container configured to hold a fiber optic device;

a first set of interconnection ports extending from the
modular container for connecting the fiber optic device
to remote radio units (RRUs);

a second set of interconnection ports extending from the
modular container for connecting the fiber optic device
to a baseband unit (BBU); and

rails located on sides of the container configured to attach
to a tray in an enclosure and slidingly reciprocate the
container and tray into and out of the enclosure.

13. The optical fiber module of claim 12, including a third
set of monitoring ports extending from the modular con-
tainer for connecting the fiber optic device to monitoring
equipment.

14. The optical fiber module of claim 13, wherein:

the first set of interconnection ports extend out of a back
end of the container;

the second set of interconnection ports extend out of a
front end of the modular container; and

the third set of monitoring ports extend out of the front
end of the modular container.

15. The optic cable management system of claim 13,
including one or more fiber optic reflectors connected to one
or more of the first set of interconnection ports, wherein the
optic reflectors are configured to reflect test signals received
on the third set of monitoring ports to a central office and
reflect test signals received on the second set of intercon-
nection ports to the third set of monitoring ports.

16. The fiber optic cable management system of claim 13,
including a rubber latch configured to attach at least around
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the third set of monitoring ports, the rubber latch including
rings configured to retain fiber optic terminators.

17. The optical fiber module of claim 12, wherein the fiber
optic device comprises optical fiber splitters or a fiber optic
multiplexer/de-multiplexer.

18. The optical fiber module of claim 12, including a
holder located in the container configured to retain one or
more stacked columns of fiber optic devices.

19. The optical fiber module of claim 12, wherein at least
some of the interconnection ports extend out of the back end
of the container and extend out of the enclosure when the
tray is pulled at least partially out of the enclosure.

20. A fiber optic cable management assembly, comprising:

a rack enclosure including front end and a back end;

a tray configured to reciprocate into and out of the rack
enclosure between an inserted position and an extended
position; and

multiple stacked modules located in the tray and config-
ured to connect to optical fibers from remote radio
heads (RRUs) and base band units (BBUs) and slide at
least partially out of the front end of the rack enclosure
when in the rack is in the extended position.

21. The fiber optic cable management assembly of claim
20, further comprising a flexible cable guide configured to
retain at least some the optical fibers connected to the
modules,

a first end of the cable guide connected to a bottom wall
of the rack enclosure and receiving the optical fibers
from a fiber optic cable holder attached to the bottom
wall of the rack enclosure, and

a second end of the cable guide connected to a bottom
floor of the tray and feeding the optical fibers to back
ends of the modules.

22. The fiber optic cable management assembly of claim
21, further comprising a spool attached to the bottom floor
of the tray and retaining a portion of the optical fibers
between the second end of the cable guide and the back ends
of the modules.

23. The fiber optic cable management assembly of claim
22, wherein the second end of the cable guide, the optical
fiber spool, and the modules all move forward in unison
relative to the enclosure as the tray is moved from the
inserted position to the extended position.

24. The fiber optic cable management assembly of claim
20, including pass through adaptors located on the enclosure
configured to connect optical fibers connected to the RRUs
to optical fibers connected to the BBUs.

25. The fiber optic cable management assembly of claim
20, including pass through adaptors located on the enclo-
sure, a first end of the pass-through adaptors connecting to
optical fibers connected to the RRUs and a second end of the
pass-through adaptors connecting to a signal processing unit
that connects to RRU ports located on back ends of the
modules.

26. The fiber optic cable management assembly of claim
20, including optical signal reflectors connected to optical
ports on the modules for reflecting test signals received on
test ports on the modules back to a central office or reflecting
test signals received from the central office to the test ports
on the modules.



