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al indicator based on an RFID signal received via an antenna coupled to the RFID integrated circuit and to cause the visual indicator
to provide a visual indication under the control of the RFID integrated circuit. The RFID tag assembly is configured so that the visu-
al indicator provides a visual indication when the RFID integrated circuit is transmitting data. Other embodiments are disclosed.
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RFID VISUAL INDICATOR IN A PHYSICAL LAYER MANAGEMENT SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of United States Provisional Patent
Application Serial No. 61/670,474, filed on July 11, 2012, which is hereby incorporated

herein by reference.

BACKGROUND

[0002] Patching or other interconnect systems are commonly used in communication
networks in order to provide flexibility in implementing communication links. One
example of a patching or interconnect system is a patch panel. A patch panel typically
includes a panel in which a plurality of ports are formed or otherwise housed. Each port
includes a “front” connector and a “rear” connector {or other attachment mechanism
such as a punch-down block or permanently attached optical fiber). The port is
configured to communicatively couple any cable attached to the front connector of that
port to any cable that is attached to the rear of that port. Other patching systems are

implemented in similar ways.

[0003] Many types of physical layer management (PLM) systems have been developed
in order to keep track of which cables are attached to which ports of a patching system.
In one type of system, each connector that is attached to a front connector of a patch
panel has a radio frequency identification (RFID) tag attached to it. An RFID reader can
then be used to wirelessly read an identifier from each connector’s RFID tag in order to
keep track of what connectors and cables are attached to the front connectors of the

patch panel.

[0004] Conventional RFID PLM systems are typically used within an enterprise or a
central office environment. As a result, such RFID PLM systems typically have

convenient access to power for the active components of the RFID PLM. However, this
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is not always the case in the outside plant of a telecommunications network, where
access to power is typically an issue. Consequently, such RFID PLM systems have not

typically been used in the outside plant.

SUMMARY

[0005] One embodiment is directed to a network element comprising an RFID tag
integrated circuit and a first set of contacts electrically connected to the RFID tag
integrated circuit. The network element is configured to hold a connector, the
connector comprising a visual indicator. The first set of contacts is configured to
physically touch a second set of contacts on the connector when the connector is held
by the network element and to electrically connect the visual indicator of the connector
to the RFID tag integrated circuit. The RFID tag integrated circuit is configured to power
the visual indicator based on an RFID signal received and to cause the visual indicator to

provide a visual indication under the control of the RFID tag integrated circuit.

[0006] Another embodiment is directed to a connector assembly comprising a
connector to attach the connector assembly to a cable, a visual indicator, and a first set
of contacts electrically connected to the visual indicator. The connector assembly is
configured to be held by a network element to which a corresponding RFID tag
integrated circuit is attached. The first set of contacts is configured to physically touch
a second set of contacts included in the network element when the connector assembly
is held by the network element and to electrically connect the visual indicator of the
connector assembly to the RFID tag integrated circuit. The visual indicator is configured
to be powered by an RFID signal received by the RFID tag integrated circuit and to

provide a visual indication under the control of the RFID tag integrated circuit.

[0007] Another embodiment is directed to a network element comprising a visual
indicator, and a first set of contacts electrically connected to the visual indicator. The
network element is configured to hold a connector, the connector comprising an RFID

tag integrated circuit. The first set of contacts is configured to physically touch a second
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set of contacts on the connector when the connector is held by the network element
and to electrically connect the RFID tag integrated circuit of the connector to the visual
indicator. The visual indicator is configured to be powered by an RFID signal received by
the RFID tag integrated circuit and to provide a visual indication under the control of the

RFID tag integrated circuit.

[0008] Another embodiment is directed to a connector assembly comprising a
connector to attach the connector assembly to a cable, an RFID tag integrated circuit
attached to the connector, and a first set of contacts electrically connected to the RFID
tag integrated circuit. The connector assembly is configured to be held by a network
element to which a corresponding visual indicator is attached. The first set of contacts
is configured to physically touch a second set of contacts included in the network
element when the connector assembly is held by the network element and to
electrically connect the RFID tag integrated circuit of the connector assembly to the
visual indicator. The RFID tag integrated circuit is configured to power the visual
indicator based on an RFID signal received and to cause the visual indicator to provide a

visual indication under the control of the RFID tag integrated circuit.

[0009] Another embodiment is directed to an RFID tag assembly comprising an RFID
integrated circuit. The RFID tag assembly is configured to couple a visual indicator to
the RFID integrated circuit, wherein the RFID integrated circuit is configured to power
the visual indicator based on a first RFID signal received via a first antenna coupled to
the RFID integrated circuit. The RFID tag assembly comprises a second antenna tuned to

receive a second RF signal that is used for communications purposes.

[0010] Another embodiment is directed to a method of carrying out an electronic work
order, the method comprising generating an electronic work order, the electronic work
order including an identifier for an RFID tag integrated circuit attached to an item

involved in the electronic work order. The method further comprises interrogating the

RFID tag integrated circuit attached to the item by broadcasting an RFID signal, and
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visually identifying the item using a visual indicator that is powered using the RFID signal

when the RFID tag integrated circuit is transmitting a response to be interrogated.

[0011] Another embodiment is directed to an apparatus comprising a translucent
material, an RFID tag integrated circuit, and a visual indicator optically coupled to the
translucent material and coupled to the RFID tag integrated circuit. The RFID tag
integrated circuit is configured to power the visual indicator using an RFID signal receive
at the RFID tag integrated circuit. The apparatus is configured to selectively visually
illuminate the translucent material so as to provide a visual indication at a point that is

remote from the visual indicator.

[0012] Another embodiment is directed to a cable label tag comprising an adhesive-
backed label configured to be wrapped around a cable, an RFID tag integrated circuit
attached to the adhesive-back label, and a visual indicator that is electrically connected
to the RFID tag integrated circuit and that is attached to the adhesive-back label. The
RFID tag integrated circuit is configured to power the visual indicator using an RFID

signal receive at the RFID tag integrated circuit.

[0013] Other embodiments are disclosed.

DRAWINGS

[0014] FIGS. 1-2 are block diagrams illustrating various exemplary embodiments of RFID

systems that include visual indicators.

[0015] FIGS. 3A-3B are block diagrams of one exemplary embodiment of an optical fiber

pedestal for use with the visual indicator illumination techniques described here.

[0016] FIG. 4 is a flow diagram of one exemplary embodiment of a method of
performing an electronic work order workflow using the optical fiber pedestal shown in

FIGS. 3A-3B.
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[0017] FIG. 5 illustrates an exemplary embodiment of a rack on which RFID-powered

visual indicators have been attached.

[0018] FIGS. 6A-6F show an exemplary embodiment of an optical adapter and
connector where both an RFID tag integrated circuit and a visual indicator are attached

to the adapter.

[0019] FIG. 7 shows an exemplary embodiment of a network element with which the

optical adapter and connector shown in FIGS. 6A-6F can be used.

[0020] FIGS. 8-9 shows an exemplary embodiment where a visual indicator is attached

to a network element and an RFID integrated circuit is attached to an optical adapter.

[0021] FIG. 10 shows an exemplary embodiment of a network element having RFID

integrated circuits attached above openings formed in the network element.

[0022] FIG. 11 is a top, plan view of an optical adapter having a visual indicator attached
to the optical adapter and configured to be used with the network element shown in

FIG. 10.

[0023] FIG. 12 shows an exemplary embodiment of an optical adapter including a switch
that is configured to be triggered when a connector is properly and fully inserted into

the adapter.

[0024] FIG. 13 is a top, plan view of an exemplary embodiment of an optical adapter
configured to provide power to a visual indicator attached to an optical connector when

inserted into the optical adapter.

[0025] FIG. 14 is a top, plan view of an exemplary embodiment of an optical connector
having a visual indicator and configured to be inserted into the optical adapter of FIG.

13.
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[0026] FIGS. 15A-15C shows an exemplary embodiment of a trans-reflective LCD RFID-

powered visual indicator attached to a cable.

[0027] FIG. 16 shows an exemplary embodiment of a RFID reader used with the visual

indicator shown in FIGS. 15A-15C.

DETAILED DESCRIPTION

[0028] FIG. 1 is a block diagram of an exemplary embodiment of a RFID system 100
suitable for use with the visual indicator illumination techniques described here. The
system 100 is especially well-suited for use in an RFID physical layer management
system used in the outside of plant of a telecommunication service provider’s network
and/or other environments where access to power can be an issue; however, the
system 100 and the visual indicator illumination techniques described here can be used
in other PLM systems and other applications (including, without limitation, within an
enterprise or central office environment and/or in environments where access to power

is not an issue) as well as in other RFID systems and applications.

[0029] The system 100 comprises an assembly 102 that includes an RFID antenna circuit
104 and an RFID integrated circuit (IC) 108. In the exemplary embodiment shown in FIG.
1, the assembly 102 comprises an RFID tag 102. Although the RFID assembly 102 is
described in connection with FIG. 1 as being implemented as an RFID tag, it is to be
understood that the RFID assembly 102 can be implemented and packaged in other
ways. For example, and without limitation, the RFID assembly 102 can be implemented,
at least in part, as or using one or more printed circuit boards and/or can be integrated
into a network element such as an optical adapter, adapter pack, patch panel, splice
tray, etc. Moreover, as described below, the RFID assembly 102 can be implemented in

a modular manner.

[0030] The RFID antenna 104 is used to receive and send a radio frequency (RF) signal

with an RFID reader 110. In the exemplary embodiment shown in FIG. 1, the RFID
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antenna 104 comprises one or more inductive elements (for example, a coil or antenna)
and one or more capacitive elements (for example, a capacitor), which form an LC
circuit that is tuned to resonate at the particular RF frequency used by the RFID tag 102
and RFID reader 110.

[0031] The RFID reader 110 can be implemented in many ways. For example, the RFID
reader 110 can be implemented using a handheld device that includes appropriate RFID
reader functionality. For example, the handheld device can be a smartphone, PDA, or a
handheld computer that is outfitted with RFID reader functionality. In this example, the
RFID reader 110 is also configured to communicate with a larger physical layer
management (PLM) system that is used to track connections made in the network using
the item to which the RFID tag 102 is attached. The RFID reader 110 can communicate
with the PLM system wirelessly (for example, over a cellular or wireless local area
network link) or over a wired connection (for example, by connecting the RFID reader
110 to a network to which the PLM system is connected or by connecting the RFID

reader 110 directly to the PLM system).

[0032] The RFID IC 108 implements the conventional functions of the RFID tag 102. For
example, in the exemplary embodiment shown in FIG. 1, the RFID IC 108 collects power
from the radio frequency interrogation signal received by the antenna circuit 104,
demodulates the radio frequency interrogation signal received by the antenna circuit
104, responds to any information modulated onto the radio frequency interrogation
signal transmitted by the RFID reader 110, stores information, and modulates
information that is transmitted back to the RFID reader 110. In this exemplary
embodiment, the RFID IC 108 implements a controller 116 that can also be programmed
to carry out one or more functions described here as being performed by the RFID tag
102. The RFID IC 108 can be a part of a passive smart RFID IC 108. In other
embodiments, a controller separate from the main RFID IC and/or the RFID tag itself can

be coupled to the RFID IC.
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[0033] The RFID tag 102 also includes a visual indicator 118. The controller 116 can use
the visual indicator 118 to provide a visual indication to a user (for example, to indicate
that the RFID tag 102 has been powered on or to indicate that the RFID tag 102 is the
one indicated in a command transmitted by the RFID reader 110). In the exemplary
embodiment shown in FIG. 1, the visual indicator 132 is implemented using at least one
LED. In this embodiment, the LED 118 is powered using the power captured by the RFID
IC 108 from the RFID interrogation signal supplied by the RFID reader 110, and the

illumination of the LED 118 is controlled by the controller 116.

[0034] The visual indicator 118 can be implemented in other ways, for example, using
electronic ink display technology (such as the electrophoretic display technology used in
electronic reader devices such as the AMAZON KINDLE). Other types of visual indicators

118 can be used.

[0035] The following description refers to two different ways for an RFID reader 110 to
interrogate the RFID tag 102. With the first way of interrogating the RFID tag 102 (also
referred to here as “polling”), the RFID reader 110 encodes a command onto the RF
interrogation signal it broadcasts that indicates that any RFID tag 102 receiving the RF
signal should respond by transmitting at least some of the information stored in the
RFID tag 102 back to the RFID reader 110. The transmitted information typically
includes a unique identifier for that RFID tag 102 (also referred to here as the “tag

identifier”).

[0036] With the second way of interrogating the RFID tag 102 (also referred to here as
“targeted interrogation”), the RFID reader 110 encodes onto the RF interrogation signal
it broadcasts a command that includes the tag identifier for a specific RFID tag 102. The
command indicates that any RFID tag 102 receiving the RF interrogation signal should
check the tag identifier included in the command to see if that identifier matches the
tag identifier for the receiving RFID tag 102. If they match, the RFID tag 102 responds by

transmitting at least some of the information stored in that RFID tag 102 back to the
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RFID reader 110. If the tag identifier included in the command does not match the tag
identifier for the receiving RFID tag 102, the receiving RFID tag 102 does not respond to

the command.

[0037] That is, all receiving RFID tags 102 respond to a polling command, whereas only

the RFID tag 102 specified in a targeted command responds to that command.

[0038] While FIG. 1 shows one example implementation of a visual indicator 118 for use
in a RFID tag 102, it is to be understood that the visual indicator 118 can be
implemented in other ways. In the exemplary embodiment described above in
connection with FIG. 1, the RF signal that is used for powering the normal RFID
communication functionality (for example, the RFID IC 108) is also used for powering
the visual indicator that is included in or attached to the RFID tag. In other
embodiments, more than one RF signal is received by an RFID tag, where one RF signal is
used for powering the RFID tag and another RFID signal is used for communications.

One such embodiment is shown in FIG. 2.

[0039] FIG. 2 is a block diagram of one exemplary embodiment of a RFID tag 402 that is
configured to receive at least two RF signals. In the exemplary embodiment shown in
FIG. 4, the RFID tag 402 includes a first antenna circuit 404 (also referred to here as the
“power antenna circuit” 404) and a second antenna circuit 406 (also referred to here as
the “communication antenna circuit” 406). The power antenna circuit 404 is tuned to
receive a first RF signal (also referred to here as the “power RF signal” or “power signal”)
that is better for powering a visual indicator 420 included in the RFID tag 402, and the
communication antenna circuit 406 is tuned to receive a second RF signal (also referred

IH

to here as the “communication RF signal” or “communication signal”) that is better for

carrying out conventional RFID communications.

[0040] Conventional RFID technology has been used with various frequency bands (for

example, 120-150 KiloHertz (kHz) (low frequency (LF); unregulated band); 13.56
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MegaHertz (MHz) (high frequency (HF); worldwide ISM band); 433 MHz (ultra-high
frequency (UHF)); 868-870 MHz (Europe) or 902-928 MHz (North America) (UHF; ISM
band); 2450-5800 MHz (microwave; ISM band); and 3.1-10 GigaHertz (GHz) (microwave;
ultra wide band). Generally, the lower frequency bands have better power transfer
characteristics (both from a regulatory and physical standpoint) whereas the higher
frequency bands have higher data transmission characteristics. For example, around 5
Watts can be transferred to an RFID tag using the LF frequency bands, whereas only

around 1-100 milliwatts can be transferred using the HF and UHF frequency bands.

[0041] In the exemplary embodiment shown in FIG. 2, the power antenna circuit 404 is
tuned (using an appropriate tank or other antenna circuit) to receive a LF radio
frequency signal where as the communication antenna circuit 406 is tuned (using an

appropriate tank or other antenna circuit) to communicate using a microwave RF signal.

[0042] In the exemplary embodiment shown in FIG. 2, the RFID tag 402 can be used
with an RFID reader 408 that includes power functionality 410 that is configured to
transmit the power RF signal for powering the RFID tag 402 and communication
functionality 412 that is configured to transmit and receive the communication RF signal
used for conventional RFID communications with the RFID tag 402. Although the power
functionality 410 and communication functionality 412 of the RFID reader 408 are
shown separately in FIG. 2, it is to be understood that the power functionality 410 and
communication functionality 412 can be implemented, at least in part, using the same

devices or functionality.

[0043] In the exemplary embodiment shown in FIG. 2, the RFID tag 402 further includes
a first RFID IC 414 (also referred to here as the “power RFID IC” 414). In this
embodiment, the first antenna circuit 404 is coupled to the power functionality included
in the power RFID IC 414 so that the power functionality can use the power RF signhal to
power the visual indicator 420. In this embodiment, the second antenna circuit 406 is

coupled to a second RFID IC 416 (also referred to here as the “communication RFID IC”
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416), which is configured to use the communication RF signal to carry out conventional
RFID communications. Although the power RFID IC 414 and communication RFID IC 416
are shown separately in FIG. 2, it is to be understood that the power RFID IC 414 and
communication RFID IC 416 can be implemented, at least in part, using the same devices

or functionality.

[0044] The RFID tag 402 further comprises a visual indicator 420. By using a power RF
signal that can deliver a relatively higher amount of power, a visual indicator 420 that
requires a relatively higher amount of power can be used, even if higher data
communication are needed. For example, in the exemplary embodiment shown in FIG.
2, the visual indicator 420 is implemented using an electronic ink display 422 (such as
the electrophoretic display technology used in electronic reader devices such as the
AMAZON KINDLE). The electronic ink display 422 can be used to display alphanumeric
messages as a part of a visual indication. The visual indicator 420 can be implemented

in other ways (for example, using one or more LEDs).

[0045] A visual indictor that is powered by an RFID interrogation signal (as described
above) can be used in a physical layer management (PLM) system. FIGS. 3A-3B are block
diagrams of one exemplary embodiment of an optical fiber pedestal 500 in which the
visual indication technology described here can be used. FIGS. 3A-3B are collectively

referred to here as “FIG. 3”.

[0046] In this exemplary embodiment, the optical fiber pedestal 500 is configured to
hold a large number of optical splice trays 502. In this exemplary embodiment, as
shown in FIG. 3B, the optical splice trays 502 are stacked and are connected to the
pedestal 500 using hinges that enable a technician move the trays 502 up and down in
order to access a particular tray 502 to work on it. The pedestal 500 is configured for
use in the outside plant of a telecommunication service provider. The trays 502 and

pedestal 500 are housed within a suitable removable enclosure (not shown).
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[0047] Also, in this example, each tray 502 is prewired at the factory with a fiber cable
bundle (not shown) that breaks out into individual fiber stubs or pigtails to which splices

can be made in the field at that tray 502.

[0048] In this exemplary embodiment, the pedestal 500 is not connected to the main AC
power grid. Therefore, conventional visual indicators that require a connection to the
main AC power grid cannot be used. However, the visual indicator techniques described
here can be used. In particular, the visual indicator techniques described here are used

to implement electronic work order workflows.

[0049] As shown in FIG. 3A, in this example, each optical splice tray 502 includes an
RFID assembly 504. As with the examples described above, the RFID assembly 504
shown in FIGS. 3A-3B is described here as being implemented as an RFID tag, though it is
to be understood that the RFID assembly can be implemented and packaged in other
ways. Each RFID tag 504 includes an antenna circuit 506 that is configured to receive
and transmit an RF signal with an RFID reader. The antenna circuit 506 is tuned to the
particular RF frequency used for powering the RFID tag 504 and for communicating

between the RFID tag 504 and the RFID reader.

[0050] In this exemplary embodiment (as shown in FIG. 3A), the RFID tag 504 on each
tray 502 also includes an RFID IC 508. In this example, the RFID IC 508 implements the
modulator function (which is used to modulate data onto the RFID signal received from
an RFID reader) as well as the other conventional RFID functions described above (for

example, the RFID power and communication functions).

[0051] The RFID tag 504 on each tray 502 further comprises a visual indicator 510
(shown in FIG. 3A). In the exemplary embodiment shown in FIG. 3, the visual indicator
510 is implemented using an LED 512 that is coupled to the RFID IC 508, which provides
power to the LED 512 in order to illuminate the LED 512 as described below. In this

exemplary embodiment, each optical splice tray 502 includes a light pipe 514 which
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optically couples the LED 512 to the translucent material 516 used to form at least some
of that optical splice tray 502. The LED 512, light pipe 514, and translucent tray material
516 are configured in order to cause the translucent tray material 516 to be illuminated
when the LED 512 is illuminated. When the LED 512 (and as a result, the translucent
tray material 516) is illuminated, a technician near the pedestal 500 should be able to

visually identify that tray 502 via such illumination.

[0052] In the exemplary embodiment shown in FIG. 3, the RFID reader is implemented
using a handheld device 518 that includes appropriate RFID reader functionality 520.
For example, the handheld device 518 can be a smartphone, PDA, or a handheld

computer that is outfitted with RFID reader functionality 520.

[0053] As noted above, the visual indicators 510 implemented in each of the trays 502
of the optical fiber pedestal 500 can be used to implement an electronic work order
workflow. In this exemplary embodiment, a physical layer management (PLM) system
520 generates an electronic work order that is to be carried out by a technician. The
electronic work order is downloaded to the handheld device 518. In this example, the
electronic work order is downloaded to the handheld device 518 wirelessly (for

example, using cellular or wireless local area network wireless communications).

[0054] One example of an electronic work order workflow that can be carried out using

the optical fiber pedestal 500 and handheld device 518 is shown in FIG. 4.

[0055] FIG. 4 is a flow diagram of one exemplary embodiment of a method 600 of
performing an electronic work order. The exemplary embodiment of method 600
shown in FIG. 4 is described here as being implemented using the optical fiber pedestal
500 and handheld device 518 shown in FIG. 3, though it is to be understood that other

embodiments can be implemented in other ways.
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[0056] Method 600 comprises generating an electronic work order (block 602). In this
example, the PLM system 520 is used to generate and track electronic work orders.
When a connection needs to moved, added, or otherwise changed (also referred to as a
“MAC”) at the optical fiber pedestal 500, the PLM system 520 generates an electronic
work order that specifies the pedestal 500 and the trays 502, fiber cable bundles, and
fiber pigtails used to carry out that MAC. In this example, the pedestal 500 and each
tray 502, fiber cable bundle, and fiber pigtail as well as any other optical fibers
terminated at that pedestal 500 includes a its own label that has a respective identifier
printed on it. This label is referred to here as the “printed label”. However, in this
example, so many optical splice trays 502 are typically housed in each pedestal 500 (for
example, 120 or more) and are typically stacked in such a compact space that it can be
difficult to identify a particular optical splice tray 502 using just the printed label.
Identifying a particular optical splice tray 502 typically requires a technician to
individually flip through all of the trays 502 in order to check the printed label for each
tray 502. This can take significant time. Also, itis typically desirable to reduce the
number of times the trays 502 are flipped in order to reduce the likelihood that splices

made using the trays 502 will be damaged as a result of moving the trays 502.

[0057] The electronic work order specifies the geographic address of the optical
pedestal 500 as well as the printed identifier for the pedestal 500 involved in that
electronic work order. The electronic work order can include other information about
the pedestal 500 (for example, pictures of, or manuals for, the model of pedestal 500
involved, pictures of the specific pedestal 500 involved as installed in its current
location, and/or information about gaining physical access to the pedestal 500 or the

site where it is installed, and removing the cover of the pedestal 500).

[0058] Each electronic work order also provides step-by-step directions for carrying out
each MAC. The electronic work order specifies, for each step, the printed identifier for
the pedestal 500, tray 502, fiber cable bundle, and pigtail involved in carrying out that

step. Also, in this example, the electronic work order, for each step, specifies the tag
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identifier for the RFID tag 504 included in the optical splice tray 502 involved in carrying

out that step.

[0059] Method 600 further comprises downloading the electronic work order to the
handheld device 518 (block 604). As noted above, the electronic work order can be

wirelessly downloaded to the handheld device 518.

[0060] Then, the technician views the electronic work order using the handheld device
518 and uses the information provided in the electronic work order to travel to the

pedestal 500 and remove its cover.

[0061] Then, for each step of the electronic work order that involves that pedestal 500,
the handheld device 518 is used to visually identify the tray 502 involved in that step.
This is done as shown in blocks 606-610 of method 600.

[0062] Method 600 further comprises interrogating the RFID tag 504 of the affected
tray 502 (block 606). This is done by having the technician position the handheld device
518 near the trays 502 and using the user interface of the handheld device 518 to cause
the RFID functionality 520 included in the handheld device 518 to broadcast an RF
signal. The broadcast RF sighal has encoded thereon a targeted command that includes

the tag identifier of the RFID tag 504 for the affected tray 502.

[0063] Method 600 further comprises visually identifying the affected tray 502 using the
visual indicator 510 (block 608). In this example, this is done by illuminating the
translucent tray material 516 in the affected tray 502 using the LED 512 included in that
tray 502. Inresponse to the RF signal being broadcast, those RFID tags 504 that are
sufficiently close to the handheld device 518 will be energized by the broadcast RF
signal. The RFID IC 508 in each such RFID tag 504 demodulates the received RF signal
and checks the targeted command encoded in that RF signal to see if the tag identifier

included in that command matches the tag identifier for that RFID tag 504. If it does,
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the RFID IC 508 causes the LED 512 in that tray 502 to illuminate, which in turn causes
the translucent tray material 516 in that tray 502 to be illuminated by the light emitted
from the LED 512 (via the light pipe 514). If the tag identifier included in the targeted
command does not match the tag identifier for the receiving RFID tag 504, the RFID IC
508 does not cause the LED 512 in that tray 502 to illuminate and, therefore, the

translucent tray material 516 in that tray 502 is not illuminated.

[0064] The illumination of the translucent tray material 516 of the tray 502 involved in
the current step—while not illuminating the translucent tray material 516 of the other
trays 502—enables a technician to visually identify the involved tray 502 and to flip
directly to that tray 502 in order to carry out the operation specified in the current step.
One example of this is shown in FIG. 3B. In this way, the technician need not
individually flip through the trays 502 in the pedestal 500 in order to identify the
affected tray 502.

[0065] Also, in the exemplary embodiment shown in FIG. 4, method 600 further
comprises transmitting a response from the RFID tag 504 included in the affected tray
502 in response to being interrogated (block 610). The handheld device 518 receives
this response and can use it, for example, to confirm that the affected tray 502 has been
identified. Also, this response can include information that is used by the handheld

device 518 for other purposes.

[0066] The handheld device 518 is configured to continue to broadcast the RF signal
(and, thereby, power the RFID tag 504 and LED 512 of the involved tray 502) for so long
as the technician wishes (for example, until the technician has identified the affected
tray 502). Method 600 further comprises stopping the interrogation of the RFID tag 504
in the affected tray 502 when it is no longer desirable to illuminate the affected tray 502
(block 612) thereby stopping the visual illumination of the affected tray 502 using the
visual indicator 510 (block 614). In this example, this is done by having the handheld

device 518 stop broadcasting the RFID signal, which results in the RFID tag 504 in the
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affected tray 502 powering down thereby causing the LED 512 to turn off. This causes

the translucent tray material 516 to no longer be illuminated.

[0067] The processing associated with blocks 606-614 is repeated for each tray 502 that

needs to be identified to carry out the current electronic work (block 616).

[0068] Work orders can be processed in other ways. For example, when a group of
MACs need to be carried out at a given pedestal 500, the PLM system 520 can be
configured to arrange the steps of the work order so that if a single tray 502 is involved
in more than one MAG, all steps that are performed using that tray 502 occur in
succession so that the tray 502 does not need to be identified multiple times. Other
electronic work order optimizations may be used with the visual identification

techniques described here.

[0069] Moreover, the RFID visual techniques can be used to visually identify other items
at the pedestal 500 (for example, the pedestal 500 itself, cable bundles, pigtails, fibers,
as well features within the tray 502 or pedestal 500 such as splice holders, fiber guides

and spools, and strain relief points).

[0070] The RFID visual indication techniques described here can be used and

implemented in other ways.

[0071] One such example is shown in FIG. 5. For example, RFID tags or other assemblies
702 that include an RFID-powered visual indicator (such as an LED) can be attached to a
rack 704 and each subrack 706 housed within the rack 704. Such racks 704 and subracks
706 can be used to hold fiber trays, patch panels, and other interconnect structures.
These visual indicators can be used to guide a technician to those racks and subracks in

connection with carrying out an electronic work order.



WO 2014/009489 PCT/EP2013/064722

18

[0072] Also, an RFID tag or other assembly that includes an RFID-powered visual
indicator (such as an LED) can be attached to connectors that are used for
communicatively coupling communication cables together. Examples of such
connectors include connectors that are used for communicatively coupling copper
cables together (for example, copper twisted-pair cables with RJ-45 connectors) and
connectors that are used for communicatively coupling optical cables together. In one
such example, one of the connectors is implemented using a fiber adapter that
configured to mechanically hold, and optically couple, two optical connectors together
(where each of the connectors terminate a respective optical fiber). One such example
is shown in FIGS. 6A-6F. FIG. 6A shows a top, plan view of an optical adapter 800 having
an RFID assembly that includes an tag integrated circuit 802 and a visual indicator 804
(an LED 804 in this case) where both the RFID tag integrated circuit 802 and the visual
indicator 804 are both attached to the adapter 800. FIG. 6B is a side view of the adapter
800 shown in FIG. 6A.

[0073] In this example, the adapter 800 comprises a simplex SC adapter that is
configured to mechanically hold and optically couple two SC connectors to one another
(where each SC connector terminates a respective optical cable comprising an optical
fiber). Itis to be understood, however, that other types of optical adapters could be
used. The LED 804 of the RFID tag integrated circuit 802 are disposed at the end of the
adapter 800.

[0074] However, when such an adapter 800 is inserted into an adapter pack, patch
panel, or other network element (one example of which is shown in FIG. 7), the LED 804
may not be visible while the adapter 800 is held in the adapter pack (especially in high
density versions). Also, an optical connector 806, when inserted into an adapter 800,

may obscure the LED 804.

[0075] FIG. 6C is a top, plan view of a connector 806 that includes a light guide material

808 included in the connector housing 810. FIG. 6D is a side view of the connector 806
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shown in FIG. 6C. FIG. 6E is a top, plan view of the adapter 800 shown in FIG. 6A with
the connector 806 shown in FIG. 6C inserted into it. FIG. 6F is a side view of the adapter

800 and connector 806 shown in FIG. 6E.

[0076] The connector 806 and the light guide material 808 are configured so that the
light guide material 808 can be lit up by the LED 804 when the connector 806 is inserted
into the adapter 800 and the LED 804 is illuminated by an RFID reader as described
above. In this way, the visual indication provided by the LED 804 can be more easily
seen when the adapter 800 is held in the adapter pack 812 (or other network element)

and a connector 806 is inserted into the adapter 800.

[0077] One example of a network element 812 into which adapter 800 can be inserted
is shown in FIG. 7. In the example shown in FIG. 7, the network element 812 is
implemented as an adapter pack 812, but it is to be understood that the network

element 812 can be implemented in other ways.

[0078] As shown in FIG. 7, the adapter pack 812 includes a panel 814 in which various
openings 816 are formed. An optical adapter 800 can be inserted into an opening 816

and held in place by a clip (not shown) around the adapter 800.

[0079] In the embodiment FIGS. 6A-6F, the visual indicator is packaged with the rest of
the RFID assembly. However, in some applications, it may be helpful to position the
visual indicator and the RFID tag integrated circuit in different locations (for example,
one position may be more convenient for viewing the visual indicator and another

position may be more convenient for reading the RFID tag IC).

[0080] FIGS. 8-9 shows an exemplary embodiment where the visual indicator (an LED in
these examples) is separated from the RFID IC. In this exemplary embodiment, a
network element 1000 is implemented as an adapter pack 1000 (shown in FIG. 8), but it

is to be understood that the network element 1000 can be implemented in other ways.
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The adapter pack 1000 includes a panel 1002 in which multiple openings 1004 are

formed. Each opening 1004 is sized and configured to hold a respective optical adapter
1006 (shown in FIG. 9). Each optical adapter 1006 is implemented in this example using
an SC simplex adapter that is surrounded by a clip (not shown) to hold the adapter 1006

in the opening 1004 of the adapter pack 1000.

[0081] In this exemplary embodiment, a respective RFID assembly of the type described
above is used for each optical adapter 1006 where a respective visual indicator 1008 (a
LED in this case) is illuminated by a RFID interrogation signal. However, in this
exemplary embodiment, the visual indicator 1008 is physically separated from the RFID
tag IC 1010 for the RFID assembly. Specifically, in this embodiment, the LED 1008 is
attached to the panel 1002 and is positioned above each opening 1004 where an
adapter 1006 is inserted. The LED 1010 has a pair of contacts 1012 that extends into the
opening 1004 and is configured to come into physical contact with an corresponding
pair of electrical contacts 1014 (shown in FIG. 9) located on the adapter 1006. The
contacts 1014 located on the adapter 1006 are electrically connected to the RFID tag IC
1010 (shown in FIG. 9) that is attached to the adapter 1006. These contacts 1012 and
1014 enable the RFID tag IC 1010 on the adapter 1006 to illuminate the LED 1008 above
the opening 1004 by providing electrical power from the RFID tag IC 1010 to the LED
1008 in the manner described above. In this way, the RFID tag IC 1010 can be positioned
away from the LED 1008 so that the LED 1008 can be positioned where it is more visible
when the adapter 1006 is inserted into the adapter pack 1000 and when a connector is

inserted into the adapter 1006.

[0082] However, since the adapters 1006 are removable and the adapter pack 1000 (or
other network element) is typically fixed in place, it may be more desirable to swap the
position of the RFID tag IC and LEDs. One such example is shown in FIGS. 10-11. In this
example, the network element 1200 (implemented as an adapter pack 1200) shown in
FIG. 10 and the optical adapter 1206 shown in FIG. 11 are generally the same as the
adapter pack 1000 and adapter 1006 described above in connection with FIGS. 8-9,
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except as described below. The elements of the exemplary embodiment shown in FIGS.
10-11 that are similar to corresponding elements of the exemplary embodiment shown
in FIGS. 8-9 are referenced in FIGS. 10-11 using the same reference numerals used in
FIGS. 8-9 but with the leading two numerals changed from “10” to a “12”. Except as
described below, the description of the elements set forth above in connection with the
exemplary embodiment shown in FIGS. 8-9 applies to the corresponding elements of the
exemplary embodiment shown in FIGS. 10-11 but generally will not be repeated in

connection with FIGS. 10-11 for the sake of brevity.

[0083] In this example, an RFID tag IC 1210 is positioned above each opening 1204
where an adapter 1206 is inserted into the adapter pack 1200. The RFID tag IC 1210 has
a pair of contacts 1212 that extends into the opening 1204 and is configured to come
into physical contact with a pair of electrical contacts 1214 located on the adapter 1206.
The contacts 1214 located on the adapter 1206 are electrically connected to an LED
1208 attached to the adapter 1206. These contacts 1212 and 1214 enable the RFID tag
IC 1210 on the panel 1202 to illuminate the LED 1208 on the adapter 1206 by providing
power to the LED 1208 in the manner described above. In order to make the light
produced from the LED 1208 more visible when a connector is inserted into the adapter
1206, a connector of the type described above in connection FIGS. 6A-6F can be used.
As described above in connection with FIGS. 6A-6F, the connector 806 and the light
guide material 808 are configured so that the light guide material 808 can be lit up by
the LED 1208 when the connector 806 is inserted into the adapter 1206 and the LED
1208 is illuminated using an RFID reader. Also, in this exemplary embodiment, a coil
1250 can be formed around each opening 1204 in the panel 1202 to serve as the

antenna for the RFID tag IC 1210 positioned above that opening 1204.

[0084] A variation of the exemplary embodiment shown in FIGS. 10-11 is shown in FIG.
12. In the variation shown in FIG. 12, an adapter 1406 is used with the adapter pack
1200 shown in FIG. 10 where an RFID tag IC 1210 is positioned above each opening 1204

with contacts 1212 extending into the opening 1204. As with the adapter 1206 shown
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in FIG. 11, a pair of contacts 1414 is located on the adapter 1406 shown in FIG. 12 and is
electrically connected to an LED 1408 that is attached to the adapter 1406. In the
example shown in FIG. 12, a bi-stable switch 1416 is used to electrically couple the
contacts 1414 to the LED 1408. The switch 1416 is disposed on the adapter 1406 and is
configured to be triggered (closed) when a connector is properly and fully inserted into

the opening of the adapter 1406.

[0085] When an adapter 1406 is inserted into an opening 1204 of the adapter pack
1200, the contacts 1414 on the adapter 1406 will physically touch the contacts 1212
connected to the RFID tag IC 1210 positioned over the opening 1204. Then, when a
connector is properly and fully inserted into the adapter 1406, the switch 1416 will close
and electrically couple the contacts 1212 to the LED 1408. When this occurs, if an RFID
reader is used to interrogate the RFID tag IC 1210 associated with the adapter 1406,
power will be provided to the LED 1408 as described above in order to illuminate the

LED 1408.

[0086] When a connector is not properly and fully inserted into the opening of the
adapter 1406, the switch 1416 will be open and the contacts 1212 will not be electrically
coupled to the LED 1408. As a result, if an RFID reader is used to interrogate the RFID
tag IC 1210 associated with the adapter 1406, power will not be provided to the LED

1408 due to the open switch 1416 and the LED 1408 will not illuminate.

[0087] Another variation of the exemplary embodiment shown in FIGS. 10-11 is shown
in FIGS. 13-14. |n the variation shown in FIGS. 15-16, an adapter 1506 is used with the
adapter pack 1200 shown in FIG. 10 where an RFID tag IC 1210 is positioned above each
opening 1204 with contacts 1212 extending into the opening 1204. As with the adapter
1206 shown in FIG. 11, a pair of contacts 1514 is located on the adapter 1506 shown in
FIG. 13. However, with this variation, the LED 1508 is attached to the rear of a
connector 1518 that is inserted into the adapter 1506. The LED 1508 on the connector

1518 is electrically coupled to the contacts 1514 on the top of the adapter 1506 by a
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pair of contacts 1516 that are located inside the adapter 1506. The contacts 1516 are
configured to physically touch a pair of contacts 1520 located on the connector 1518
when the connector 1518 is inserted into the adapter 1506. The contacts 1520 on the

connector 1518 are electrically connected to the LED 1508 by a pair of traces 1522.

[0088] When an adapter 1506 is inserted into an opening 1204 of the adapter pack
1200, the contacts 1514 on the adapter 1506 will physically touch the contacts 1212
connected to the RFID tag IC 1210 positioned over the opening 1204. Then, when a
connector 1518 is properly and fully inserted into the adapter 1506, the contacts 1520
on the top of the connector 1518 will physically touch the contacts 1516 inside the
adapter 1506 and electrically couple the contacts 1212 to the LED 1508 attached to the
connector 1518. When this occurs, if an RFID reader is used to interrogate the RFID tag
IC 1210 associated with the adapter 1506, power will be provided to the LED 1508 as

described above in order to illuminate the LED 1508.

[0089] Some of the embodiments described above make use of visual indicators that
are implemented using LEDs. However, LEDs typically require a relatively high amount
of power (for example, on the order of tens of milliwatts). To supply this amount of
power, as hoted above, the RFID reader can be brought into close proximity to the
corresponding RFID antenna and/or a separate power RFID signal and antenna can be
used. However, in some applications, it may be desirable to avoid having to do either of
these things (for example, where longer read ranges are desirable or where it is
desirable to avoid the expense and weight of adding separate power RFID functionality
to the RFID reader and each RFID tag). Also, LEDs typically are not visible outdoors in

daylight.

[0090] One example of an RFID-powered visual indicator that addresses these issues
uses low cost and low power trans-reflective liquid crystal display (LCD) technology. A
single trans-reflective LCD segment can be used for each visual indicator. The LCD

segment is placed against a trans-reflective backing material.
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[0091] Such an LCD segment acts as a shutter that provides a visual indication by
creating a dark segment that is visible against the rest of the trans-reflective material.
When the shutter is opened, the LCD segment does not block light from passing and the
segment is not visible against the rest of the trans-reflective material; when the shutter
is closed, the LCD segment blocks light from passing and the segment will appear as a
dark shape against the rest of the trans-reflective material. In this way, a visual

indication can be provided.

[0092] In general, a group of LCD visual indicators can be used. In one example, an RFID
reader is first used to broadcast an appropriate command that causes all of the LCD
visual indicators to open their LCD shutters. Then, a visual indication can be provided by
using the RFID reader to send one or more targeted RFID commands that cause one or
more LCD shutters to close in order to produce one or more dark shapes, which should

be visible against the backing material.

[0093] During daylight conditions, the trans-reflective backing material will reflect

sufficient light for the segment to be easily visible.

[0094] The backing material can also incorporate glow-in-the-dark material to support
use during nighttime or low light conditions. During nighttime or low light conditions,
after each LCD shutter is opened during the first step noted above, the glow-in-the-dark
material in the backing can be energized by flashing ultra violet (UV) light on all of the
visual indicators (for example, using a dual visible light/UV light LED flashlight). After
energizing the backing material, closing an LCD shutter should produce a dark shape
that is visible against the glowing backing material. The backing material typically glows
for a long time (for example, many hours), which should be sufficient to carry out many

visual indications using a single “charge” of the backing material.

[0095] This LCD approach can also be used to implement a “lamp test” function to

check that all of the LCD shutters and associated RFID tags are working correctly. During
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the first step noted above (where all the visual indicators have their LCD shutters
opened), any LCD shutter that is stuck in the closed state will produce a dark segment

that is visible.

[0096] These LCD visual indicators typically require lower power than LEDs (for
example, microwatts of power instead of tens of milliwatts). As a result, separate
power RFID functionality in the RFID reader and each RFID tag will typically not be
needed. Also, the RFID reader typically will not need to be placed in close proximity to
the RFID tag and can be used for long-range reading of the RFID tags (for example, from

3 meters away as opposed to around 10 centimeters away).

[0097] One example of such a trans-reflective LCD RFID-powered visual indicator 1700 is
shown in FIGS. 15A-15C. In the example shown in FIGS. 15A-15C, a flexible trans-
reflective LCD segment 1702 (and associated glow-in-the-dark trans-reflective backing
material 1704) is incorporated into a label tag 1706 formed from an adhesive-backed
material that can be wrapped around a cable 1708 or affixed to another surface or

structure (such as a network element in a communication network).

[0098] As shown in FIGS. 15A-15C, the label tag 1706 comprises three labels — a first
adhesive-backed label 1710 that incorporates the RFID tag assembly 1712 as well as a
2D/3D bar code 1714 and human-readable (H/R) information 1716, a second adhesive-
backed label 1718 that incorporates the LCD visual indicator 1700, and a third, thin
adhesive-backed label 1706 that incorporates one or more conductive traces 1720 that
couple the RFID tag assembly 1712 (more specifically, the RFID tag integrated circuit
1713) to the LCD visual indicator 1700. Thus, with this example, the visual indicator
1700 can be remotely positioned from the RFID tag assembly 1712. Also, with this
example, the human-readable information 1716 can be read by the naked eye, the bar
code 1714 can be read using a bar code reader (not shown), and/or the RFID IC 1713 can
be read using an RFID reader 1804 (shown in FIG. 16).
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[0099] As shown in FIG. 16, an RFID reader 1804 can be used to broadcast an RFID signal
to the RFID tag assembly 1712 as described above to both read the RFID tag integrated
circuit 1713 included in the RFID tag assembly 1712 and to provide power to the LCD
visual indicator 1700. Information read from the RFID tag integrated circuit 1713
included in the RFID tag assembly 1712 can be communicated from the RFID reader
1804 to a smartphone or other mobile communication device 1802 (for example, over a
BLUETOOTH wireless connection). The smartphone 1802 can then communicate the
information read from the RFID tag integrated circuit 1713 to a PLM system using, for
example, a cellular or wireless local area network connection. Also, a specially designhed
torch 1806 can be used. In this example, the torch 1806 includes both a white LED 1810
for illuminating the LCD visual indicator 1700 in daylight conditions and an ultraviolet
(UV) LED 1808 for charging the glow-in-the-dark backing material 1704 in nighttime
conditions. The torch 1806 also includes a battery 1812 for providing power to the LEDs
1808 and 1810.

[0100] Such a label tag 1706 can also incorporate a self-destruct mode to provide an

anti-tamper function for the label tag 1706, which can make it difficult to clone it.

[0101] This example label tag 1706 has the advantage that it is flexible and will move
and bend with the cable 1708 to which it is attached (as opposed to LED-based visual
indicators, which will typically be attached to rigid PCBs or similar rigid structures). Also,

LCD technology is mature and easy to obtain and build in production lines.

[0102] Moreover, this label tag 1706 does not require any modification to the
connector or cable to which it is attached and can be retrofitted onto any existing
cabling system. The label tag 1706 can also be applied to other structures (for example,
stuck to the outer surface of an enclosure, rack, cover, etc.). As noted above, the LCD
visual indicator 1700 can be used to provide visual indication in both daylight and

nighttime conditions.
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[0103] Furthermore, this label tag 1706 has the ability to be “thumbed” in a bundle of

cables without damaging the visual indicator that is providing a visual indication.

[0104] A number of embodiments have been described. Nevertheless, it will be
understood that various modifications to the described embodiments may be made
without departing from the spirit and scope of the claimed invention. Also,
combinations of the individual features of the above-described embodiments are

considered within the scope of the inventions disclosed here.

EXAMPLE EMBODIMENTS

[0105] Example 1 includes a network element comprising an RFID tag integrated circuit;
and a first set of contacts electrically connected to the RFID tag integrated circuit;
wherein the network element is configured to hold a connector, the connector
comprising a visual indicator; wherein the first set of contacts is configured to physically
touch a second set of contacts on the connector when the connector is held by the
network element and to electrically connect the visual indicator of the connector to the
RFID tag integrated circuit; wherein the RFID tag integrated circuit is configured to
power the visual indicator based on an RFID signal received and to cause the visual
indicator to provide a visual indication under the control of the RFID tag integrated

circuit.

[0106] Example 2 includes the network element of Example 1, wherein the network
element comprises a panel in which at least one opening is formed, wherein the panel
and the opening are configured to hold the connector, and wherein the RFID tag

integrated circuit is attached to the panel near the opening.

[0107] Example 3 includes the network element of any of Examples 1-2, wherein the
connector comprises an optical adapter to which at least one optical connector can be

connected.
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[0108] Example 4 includes the network element of any of Examples 1-3, wherein the

network element comprises a tray, wherein the tray is configured to hold the connector.

[0109] Example 5 includes the network element of any of Examples 1-4, wherein the
network element comprises at least one of an adapter pack, patch panel, and splice

tray.

[0110] Example 6 includes a connector assembly comprising: a connector to attach the
connector assembly to a cable; a visual indicator; and a first set of contacts electrically
connected to the visual indicator; wherein the connector assembly is configured to be
held by a network element to which a corresponding RFID tag integrated circuit is
attached; wherein the first set of contacts is configured to physically touch a second set
of contacts included in the network element when the connector assembly is held by
the network element and to electrically connect the visual indicator of the connector
assembly to the RFID tag integrated circuit; wherein the visual indicator is configured to
be powered by an RFID signal received by the RFID tag integrated circuit and to provide

a visual indication under the control of the RFID tag integrated circuit.

[0111] Example 7 includes the connector assembly of Example 6, wherein the visual

indicator comprises a light emitting diode.

[0112] Example 8 includes the connector assembly of Example 7, wherein the optical
connector comprises a light guide material, wherein the optical adapter and optical
connector are configured to optically couple the light guide material to the light
emitting diode when the optical connector is inserted into the optical adapter, wherein
the light guide material is disposed so as to provide a visual indicator at a point that is

remote from the light emitting diode.

[0113] Example 9 includes the connector assembly of any of Examples 6-8, wherein the

connector comprises an optical adapter into which an optical connector can be inserted.
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[0114] Example 10 includes a network element comprising: a visual indicator; and a first
set of contacts electrically connected to the visual indicator; wherein the network
element is configured to hold a connector, the connector comprising an RFID tag
integrated circuit; wherein the first set of contacts is configured to physically touch a
second set of contacts on the connector when the connector is held by the network
element and to electrically connect the RFID tag integrated circuit of the connector to
the visual indicator; wherein the visual indicator is configured to be powered by an RFID
signal received by the RFID tag integrated circuit and to provide a visual indication under

the control of the RFID tag integrated circuit.

[0115] Example 11 includes the network element of Example 10, wherein the network
element comprises a panel in which at least one opening is formed, wherein the panel
and the opening are configured to hold the connector, and wherein the visual indicator

is attached to the panel near the opening.

[0116] Example 12 includes the network element of any of Examples 10-11, wherein the
connector comprises an optical adapter to which at least one optical connector can be

connected.

[0117] Example 13 includes the network element of any of Examples 10-12, wherein the

network element comprises a tray, wherein the tray is configured to hold the connector.

[0118] Example 14 includes the network element of any of Examples 10-13, wherein the
network element comprises at least one of an adapter pack, patch panel, and splice

tray.

[0119] Example 15 includes the network element of any of Examples 10-14, wherein the

visual indicator comprises a light emitting diode.
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[0120] Example 16 includes a connector assembly comprising: a connector to attach the
connector assembly to a cable; an RFID tag integrated circuit attached to the connector;
and a first set of contacts electrically connected to the RFID tag integrated circuit;
wherein the connector assembly is configured to be held by a network element to which
a corresponding visual indicator is attached; wherein the first set of contacts is
configured to physically touch a second set of contacts included in the network element
when the connector assembly is held by the network element and to electrically connect
the RFID tag integrated circuit of the connector assembly to the visual indicator;
wherein the RFID tag integrated circuit is configured to power the visual indicator based
on an RFID signal received and to cause the visual indicator to provide a visual indication

under the control of the RFID tag integrated circuit.

[0121] Example 17 includes the connector assembly of Example 16, wherein the

connector comprises an optical adapter into which an optical connector can be inserted.

[0122] Example 18 includes an RFID tag assembly comprising: an RFID integrated circuit;
and wherein the RFID tag assembly is configured to couple a visual indicator to the RFID
integrated circuit, wherein the RFID integrated circuit is configured to power the visual
indicator based on a first RFID signal received via a first antenna coupled to the RFID
integrated circuit; wherein the RFID tag assembly comprises a second antenna tuned to

receive a second RF signal that is used for communications purposes.

[0123] Example 19 includes the RFID tag assembly of Example 18, wherein the RFID tag
assembly is configured so that the visual indicator provides a visual indication when the

RFID integrated circuit is transmitting data.

[0124] Example 20 includes the RFID tag assembly of any of Examples 18-19, wherein
the visual indicator comprises a light emitting diode that is illuminated when the RFID

tag assembly has received sufficient power to illuminate the light emitting diode.
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[0125] Example 21 includes the RFID tag assembly of any of Examples 18-20, wherein
the visual indicator comprises a light emitting diode, an electronic ink display, or a liquid

crystal display.

[0126] Example 22 includes the RFID tag assembly of any of Examples 18-21, wherein

the visual indicator is configured to display a message.

[0127] Example 23 includes a method of carrying out an electronic work order, the
method comprising: generating an electronic work order, the electronic work order
including an identifier for an RFID tag integrated circuit attached to an item involved in
the electronic work order; interrogating the RFID tag integrated circuit attached to the
item by broadcasting an RFID signal; and visually identifying the item using a visual
indicator that is powered using the RFID signal when the RFID tag integrated circuit is

transmitting a response to be interrogated.

[0128] Example 23 includes the method of Example 23, further comprising downloading
the electronic work order to a handheld device, wherein the handheld device is used to

interrogate the RFID tag integrated circuit.

[0129] Example 24 includes the method of any of Examples 23-24, wherein the item
comprises a tray that is formed at least in part using a material that can be illuminated
by the visual indicator, wherein visually identifying the item comprises illuminating the

material.

[0130] Example 26 includes an apparatus comprising: a translucent material; an RFID
tag integrated circuit; and a visual indicator optically coupled to the translucent material
and coupled to the RFID tag integrated circuit; wherein the RFID tag integrated circuit is
configured to power the visual indicator using an RFID signal receive at the RFID tag

integrated circuit; and wherein the apparatus is configured to selectively visually
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illuminate the translucent material so as to provide a visual indication at a point that is

remote from the visual indicator.

[0131] Example 27 includes the apparatus of Example 26, wherein the translucent

material comprises a light pipe.

[0132] Example 28 includes the apparatus of any of Examples 26-27, wherein the

apparatus comprises one of an optical splice tray and an optical connector.

[0133] Example 29 includes a cable label tag comprising: an adhesive-backed label
configured to be wrapped around a cable; an RFID tag integrated circuit attached to the
adhesive-back label; and a visual indicator that is electrically connected to the RFID tag
integrated circuit and that is attached to the adhesive-back label; wherein the RFID tag
integrated circuit is configured to power the visual indicator using an RFID signal receive

at the RFID tag integrated circuit.

[0134] Example 30 includes the cable label tag of Example 29, further comprising at

least one of human-readable information and a bar code.

[0135] Example 31 includes the cable label tag of any of Examples 29-30, wherein the
visual indicator comprises a trans-reflective backing material and a shutter, wherein the

cable label tag is configured to provide a visual indicator by actuating the shutter.

[0136] Example 32 includes the cable label tag of Example 31, wherein the trans-

reflective backing material comprises a glow-in-dark material.

LIST OF REFERENCE NUMERALS AND CORRESPONDING FEATURES

100 RFID system

102 RFID tag

104 RFID antenna circuit
108 RFID integrated circuit

110 RFID reader
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116 controller
118 visual indicator
402 RFID tag
404 power antenna circuit
406 communication antenna circuit
408 RFID reader
410 power functionality
412 communication functionality
414 power RFID integrated circuit
416 communication RFID integrated circuit
420 visual indicator
422 electronic ink display
500 optical fiber pedestal
502 optical splice trays
504 RFID tag
506 antenna circuit
508 RFID integrated circuit
510 visual indicator
512 light emitting diode
514 light pipe
516 translucent material
518 handheld device
520 RFID reader functionality
702 RFID tag
704 rack
706 subracks
800 adapter
802 RFID integrated circuit
804 light emitting diode
806 optical connector
808 light guide material
810 connector housing
812 network element
814 panel
816 opening
1000 network element
1002 panel
1004 openings
1006 optical adapter
1008 visual indicator
1010 RFID tag integrated circuit
1200 network element
1202 panel

1204 openings
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1206 optical adapter
1208 visual indicator
1210 RFID tag integrated circuit
1212 contacts
1214 contacts
1250 coil
1406 optical adapter
1408 visual indicator
1414 contacts
1416 switch
1506 optical adapter
1508 visual indicator
1514 contacts
1516 contacts
1518 connector
1520 contacts
1522 traces
1700 LCD RFID-powered visual indicator
1702 LCD segment
1704 glow-in-the-dark trans-reflective backing material
1706 label tag
1708 cable
1710 first adhesive-backed label
1712 RFID tag assembly
1713 RFID integrated circuit
1714 2D/3D bar code
1716 human-readable information
1718 second adhesive-backed label
1720 conductive traces
1802 mobile communication device
1804 RFID reader
1806 torch
1808 ultraviolet LED
1810 white LED

1812 battery
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CLAIMS
What is claimed is:
1. A network element (1200) comprising:

an RFID tag integrated circuit (1210); and

a first set of contacts (1212) electrically connected to the RFID tag integrated
circuit (1210);

wherein the network element (1200) is configured to hold a connector (1206),
the connector (1206) comprising a visual indicator (1208);

wherein the first set of contacts (1212) is configured to physically touch a second
set of contacts (1214) on the connector (1206) when the connector (1206) is held by the
network element (1200) and to electrically connect the visual indicator (1208) of the
connector (1206) to the RFID tag integrated circuit (1210);

wherein the RFID tag integrated circuit (1210) is configured to power the visual
indicator (1208) based on an RFID signal received and to cause the visual indicator
(1208) to provide a visual indication under the control of the RFID tag integrated circuit

(1210).

2. The network element (1200) of claim 1, wherein the network element (1200)
comprises a panel (1202) in which at least one opening (1204) is formed, wherein the
panel (1202) and the opening (1204) are configured to hold the connector (1206), and
wherein the RFID tag integrated circuit (1210) is attached to the panel (1202) near the
opening (1204).

3. The network element (1200) of claim 1, wherein the connector (1206) comprises

an optical adapter to which at least one optical connector can be connected.

4, The network element (1200) of claim 1, wherein the network element comprises

a tray, wherein the tray is configured to hold the connector.
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5. The network element (1200) of claim 1, wherein the network element comprises

at least one of an adapter pack, patch panel, and splice tray.

6. A connector assembly (1206) comprising:

a connector (1206) to attach the connector assembly to a cable;

a visual indicator (1208); and

a first set of contacts (1214) electrically connected to the visual indicator (1208);

wherein the connector assembly (1206) is configured to be held by a network
element (1200) to which a corresponding RFID tag integrated circuit (1210) is attached;

wherein the first set of contacts (1214) is configured to physically touch a second
set of contacts (1212) included in the network element (1200) when the connector
assembly (1206) is held by the network element (1206) and to electrically connect the
visual indicator (1208) of the connector assembly (1206) to the RFID tag integrated
circuit (1210);

wherein the visual indicator (1208) is configured to be powered by an RFID signal
received by the RFID tag integrated circuit (1210) and to provide a visual indication

under the control of the RFID tag integrated circuit (1210).

7. The connector assembly (1206) of claim 6, wherein the visual indicator (1208)

comprises a light emitting diode.

8. The connector assembly (1206) of claim 7, wherein the optical connector
comprises a light guide material, wherein the optical adapter and optical connector are
configured to optically couple the light guide material to the light emitting diode when
the optical connector is inserted into the optical adapter, wherein the light guide
material is disposed so as to provide a visual indicator at a point that is remote from the

light emitting diode.
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9. The connector assembly (1206) of claim 6, wherein the connector (1206)

comprises an optical adapter into which an optical connector can be inserted.

10. A network element (1000) comprising:

a visual indicator (1008); and

a first set of contacts (1012) electrically connected to the visual indicator (1008);

wherein the network element (1000) is configured to hold a connector (1006),
the connector (1006) comprising an RFID tag integrated circuit (1010);

wherein the first set of contacts (1012) is configured to physically touch a second
set of contacts (1014) on the connector (1006) when the connector (1006) is held by the
network element (1000) and to electrically connect the RFID tag integrated circuit
(1010) of the connector (1006) to the visual indicator (1008);

wherein the visual indicator (1008) is configured to be powered by an RFID signal
received by the RFID tag integrated circuit (1010) and to provide a visual indication

(1008) under the control of the RFID tag integrated circuit (1010).

11. The network element (1000) of claim 10, wherein the network element (1000)
comprises a panel (1002) in which at least one opening (1004) is formed, wherein the
panel (1002) and the opening (1004) are configured to hold the connector (1006), and
wherein the visual indicator (1008) is attached to the panel (1002) near the opening
(1004).

12. The network element (1000) of claim 10, wherein the connector (1006)

comprises an optical adapter to which at least one optical connector can be connected.

13. The network element (1000) of claim 10, wherein the network element

comprises a tray, wherein the tray is configured to hold the connector.
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14. The network element (1000) of claim 10, wherein the network element

comprises at least one of an adapter pack, patch panel, and splice tray.

15. The network element (1000) of claim 10, wherein the visual indicator (1008)

comprises a light emitting diode.

16. A connector assembly (1006) comprising:

a connector (1006) to attach the connector assembly (1006) to a cable;

an RFID tag integrated circuit (1010) attached to the connector (1006); and

a first set of contacts (1014) electrically connected to the RFID tag integrated
circuit (1010);

wherein the connector assembly (1006) is configured to be held by a network
element (1000) to which a corresponding visual indicator (1008) is attached;

wherein the first set of contacts (1014) is configured to physically touch a second
set of contacts (1012) included in the network element (1000) when the connector
assembly (1006) is held by the network element (1000) and to electrically connect the
RFID tag integrated circuit (1010) of the connector assembly (1006) to the visual
indicator (1008);

wherein the RFID tag integrated circuit (1010) is configured to power the visual
indicator (1008) based on an RFID signal received and to cause the visual indicator
(1008) to provide a visual indication under the control of the RFID tag integrated circuit

(1010).

17. The connector assembly (1006) of claim 16, wherein the connector (1006)

comprises an optical adapter into which an optical connector can be inserted.

18. An RFID tag assembly (402) comprising:

an RFID integrated circuit (414); and
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wherein the RFID tag assembly (402) is configured to couple a visual indicator
(422) to the RFID integrated circuit (414), wherein the RFID integrated circuit (414) is
configured to power the visual indicator (422) based on a first RFID signal received via a
first antenna (404) coupled to the RFID integrated circuit (414);

wherein the RFID tag assembly (402) comprises a second antenna (406) tuned to

receive a second RF signal that is used for communications purposes.

19. The RFID tag assembly (402) of claim 18, wherein the RFID tag assembly (402) is
configured so that the visual indicator (422) provides a visual indication when the RFID

integrated circuit (414) is transmitting data.

20. The RFID tag assembly (402) of claim 18, wherein the visual indicator (422)
comprises a light emitting diode that is illuminated when the RFID tag assembly (402)

has received sufficient power to illuminate the light emitting diode.

21. The RFID tag assembly (402) of claim 18, wherein the visual indicator (422)
comprises a light emitting diode, an electronic ink display (422), or a liquid crystal

display.

22. The RFID tag assembly (402) of claim 18, wherein the visual indicator (422) is

configured to display a message (422).

23. A method of carrying out an electronic work order, the method comprising:
generating an electronic work order, the electronic work order including an
identifier for an RFID tag integrated circuit attached to an item involved in the electronic
work order;
interrogating the RFID tag integrated circuit (108, 414, 508, 1713) attached to

the item by broadcasting an RFID signal; and
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visually identifying the item using a visual indicator (102, 402, 504, 1712) that is
powered using the RFID signal when the RFID tag integrated circuit (108, 414, 508, 1713)

is transmitting a response to be interrogated.

24, The method of claim 23, further comprising downloading the electronic work
order to a handheld device (518), wherein the handheld device (518) is used to

interrogate the RFID tag integrated circuit (108, 414, 508, 1713).

25. The method of claim 23, wherein the item comprises a tray (502) that is formed
at least in part using a material (516) that can be illuminated by the visual indicator

(512), wherein visually identifying the item comprises illuminating the material (516).

26. An apparatus (502, 800) comprising:

a translucent material (516, 808);

an RFID tag integrated circuit (508, 802); and

a visual indicator (512, 804) optically coupled to the translucent material (516,
808) and coupled to the RFID tag integrated circuit (508, 802);

wherein the RFID tag integrated circuit (508, 802) is configured to power the
visual indicator (512, 804) using an RFID signal receive at the RFID tag integrated circuit
(508, 802); and

wherein the apparatus (502, 800) is configured to selectively visually illuminate
the translucent material (516, 808) so as to provide a visual indication at a point that is

remote from the visual indicator (512, 804).

27. The apparatus of claim 26, wherein the translucent material (516, 808)

comprises a light pipe.

28. The apparatus of claim 26, wherein the apparatus comprises one of an optical

splice tray (502) and an optical connector (806).
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29. A cable label tag (1706) comprising:

an adhesive-backed label (1706) configured to be wrapped around a cable
(1708);

an RFID tag integrated circuit (1713) attached to the adhesive-back label (1706);
and

a visual indicator (1700) that is electrically connected to the RFID tag integrated
circuit and that is attached to the adhesive-back label (1700);

wherein the RFID tag integrated circuit (1713) is configured to power the visual

indicator (1700) using an RFID signal receive at the RFID tag integrated circuit (1713).

30. The cable label tag (1706) of claim 29, further comprising at least one of a

human-readable information (1716) and a bar code (1714).

31. The cable label tag (1706) of claim 29, wherein the visual indicator (1700)
comprises a trans-reflective backing material (1704) and a shutter (1702), wherein the
cable label tag (1706) is configured to provide a visual indicator (1700) by actuating the
shutter (1702).

32. The cable label tag (1706) of claim 31, wherein the trans-reflective backing

material (1704) comprises a glow-in-dark material.
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