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(57) Abstract: Proposed is a method of monitoring a connectivity of an optical network terminal to an optical output port of a re-
mote node in an optical access network. A network analyzer transmits a control signal that indicates a request for modulating a
power level of an optical downstream signal at a dedicated optical output port of a remote node. A controller receives the control sig-
nal from the network analyzer and transmits an output control signal indicating the output port to said remote node. The remote node
receives the output control signal and activates an optical modulation device present at the output port. An optical network terminal
indicates reception levels of a received downstream signal for successive time instances. The network analyzer retrieves reception
level data and furthermore derives a potential connection of the optical network terminal to the dedicated output port.
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Method of monitoring a connectivity of an optical network terminal to an optical output port of a

remote node in an optical access network
Field of the invention

The invention relates to a method of monitoring a connectivity of an optical network terminal to an
optical output port of a remote node in an optical access network. More specifically, but not
exclusively, the invention furthermore relates to a network analyser for an optical access network, a
controller for controlling a remote node of an optical access network and a remote node for an

optical access network.
Background

A Passive Optical Network (PON) is a type of an optical access network, which allows a plurality of

users to be connected to a node of a core network that is for instance a metropolitan area network.

A PON typically comprises at the interconnection of the passive optical network and the core
network an Optical Line Termination (OLT). The OLT is considered as a part of the PON. The OLT is
connected to an Optical Distribution Network (ODN), which is also a part of the PON. The ODN
comprises a plurality of optical links and passive optical components arranged so as to form a point

to multipoint structure whose root is connected to the OLT.

The OLT is typically located at the so called Central Office (CO) of the service provider. Each optical
link of the OLT may be terminated at its far end by a respective Optical Network Terminal (ONT),

which may also be called an Optical Network Unit (ONU).

In a time division multiplex (TDM) PON, the different ONTs communicate with the OLT in a time
multiplexing manner, wherein the OLT transmits in the downstream direction on or more data
packets within frames of preferably 125 ms time length. Each data packet contains an identification
data element that identifies the ONT that should receive the respective data packet. In the upstream

direction, the different ONTs transmit data within timeslots assigned by the OLT to these ONTs.

In a TDM network, a remote node as part of the ODN splits the downstream signal towards the ONTs

by performing power-splitting of the downstream signal.

In the upstream direction of a TDM PON, each ONT generates a respective upstream signal within
time slots associated thereto and transmits this signal along the respective distribution fiber to the
remote node. The remote node combines or multiplexes the upstream signals that arrive from the
various ONTs via the different distribution fibers according to the known TDM technique and

forwards them to the OLT through the feeder fiber.
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In a wavelength division multiplex (WDM) PON, each ONT may communicate with the OLT, by using a
respective set of wavelengths comprising an upstream wavelength, which the ONT uses for data
transmission from the ONT to the OLT, and a downstream wavelength, which the OLT uses for

transmission from the OLT to the ONT.

In a WDM PON, the ODN typically comprises a so called remote node, a feeder optical fiber
connecting the remote node to the OLT and a number of distribution optical fibers radiating from the
remote node. Each distribution fiber may be terminated at its far end by an ONT or by a power

splitter connecting the distribution fiber to the multiple ONTs via respective optical drop fibers.

In the downstream direction, the OLT generates one or more downstream optical signals at the
downstream wavelengths associated to the ONTs using respective transmitters. The OLT multiplexes
the different downstream signals according to the known WDM technique and transmits them to the
remote node along the feeder fiber. At the remote node, the downstream signals may be de-
multiplexed by an optical de-multiplexing device onto the distribution fibers and thus transmitted to
the respective ONTs along the respective distribution fibers. In other words, in a WDM access

network, the remote node splits the downstream signal coming from the OLT via WDM splitting.

In the upstream direction of a WDM PON, each ONT generates a respective upstream signal at the
respective upstream wavelength associated thereto and transmits this signal along the respective
distribution fiber to the remote node. The remote node multiplexes the upstream signals received
from the various ONTSs via the different distribution fibers according to the known WDM technique
and forwards them to the OLT through the feeder fiber. At the OLT, the upstream signals may be de-

multiplexed and provided to respective receivers.

For TDM PON as well as a WDM PON, the remote node may be a passive node, which means, that
the remote comprises only passive optical components for de-multiplexing or splitting the

downstream signals and multiplexing the upstream signals.

Summary

Proposed is a method of monitoring a connectivity of an optical network terminal to an optical
output port of a remote node in an optical access network. The method contains the steps of
- at a network analyzer, transmitting a control signal indicating a request for modulating the
power level of an optical downstream signal at a dedicated optical output port of a remote
node,
- atacontroller, receiving the control signal from the network analyzer or retrieving the

control signal from a data base and furthermore transmitting an output control signal
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indicating the dedicated output port of the remote node via a control channel to the remote
node in dependence on one the received control signal or the retrieved control signal,

- at the remote node, receiving via the control channel the output control signal indicating the
dedicated output port and furthermore activating an optical modulation device present at
the dedicated output port,

- at said optical network terminal, indicating reception levels of a received downstream signal
for successive time instances,

- at the network analyzer, retrieving reception level data, wherein the reception level data
indicates the reception levels of the downstream signal for the successive time instances,
and furthermore deriving a potential connection of the optical network terminal to the

dedicated output port.

Furthermore proposed is a network analyzer that contains
- acontrol unit,
- asignaling interface
wherein the control unit is operable to generate a control signal indicating a request for modulating a
power level of an optical downstream signal at a dedicated output port of a remote node,
and wherein the signaling interface is operable to transmit the control signal.
The analyzer contains furthermore,

- adatainterface, operable to retrieve reception level data from a management information
base, wherein the reception level data indicates reception levels of a downstream signal
received at an optical network terminal at successive time instances,

wherein the control unit is furthermore operable to derive a potential connection of the optical

network terminal to the dedicated output port.

Furthermore proposed is a controller for controlling a remote node of an optical access network that

contains

- afirst signaling interface, operable to
o receive from a network analyzer an input control signal indicating a request for
modulating a power level of an optical downstream signal at a dedicated output port
of a remote node, or
o toretrieve said input control signal from a data base,
- acontrol unit, operable to generate an output control signal indicating the dedicated output

port of the remote node in dependence on the input control signal,
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- asecond signaling interface, operable to transmit the output control signal via a control

channel to the remote node.

Furthermore proposed is a remote node for an optical access network that contains

- anoptical input port,
- anumber of optical output ports,
- anoptical splitting device, operable to split an optical downstream signal from the input port
onto the output ports,
wherein at each output port a respective optical modulation device is present, wherein each
modulation device is operable to modulate a power level of the optical downstream signal fraction
split onto the respective output port.
The remote node contains furthermore
- areceiver, operable to receive a control signal indicating one of the output ports via a control
channel, and
- acontrol unit, operable to activate that one of the optical modulation devices present at the

indicated output port.

To grasp the different advantages of the proposed method as well as the different proposed devices

interacting as claimed, the following aspects have to be taken into consideration.

Due to the fact, that the controller controls an optical modulation of the downstream signal at a
dedicated port of the remote node, and furthermore due to the fact that the optical network
terminal indicates reception levels for the received downstream signal for successive time instances,
there is no need for a step of performing any measurement at the remote node itself and also no
need for a step of the remote node transmitting data indicating a possible connection of the ONT to
the dedicated port towards the controller. This is taken care of by the fact, that indicated reception
levels reported by the optical network terminal are usually received by the OLT of the network and
then written into a management information base, in which data is stored, that is reception level
data indicating the reception levels of the downstream signal for successive time instances at the
optical network terminal. The network analyser may then easily retrieve this reception level data
from the management information base. Thus, the remote node does not have to report any data
from the remote node back to the controller, which may be a so-called optical monitoring unit or

optical monitoring device.
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Brief description of the Figures

Figure 1 shows a general structure of a passive optical network.

Figure 2 shows an optical access network according to a first embodiment.
Figure 3 shows an optical access network according to a second embodiment.

Figure 4 shows a proposed controller for controlling a remote node of an optical access network

according to a preferred embodiment.

Figure 5 shows a proposed remote node for an optical access network according to proffered

embodiment.

Figures 6a, b, ¢, d show different embodiments of an optical modulation device present at an output

port of remote node.

Figure 1 shows a passive optical network PON, which is connected at the central office CO via an

optical line terminal (OLT) to a core network CN.

The OLT is connected via an optical feeder fiber OF to a remote node RN. One or more downstream
signals DS1, DS2, DS3 are transmitted at respective downstream wavelengths to the remote node RN

in a downstream direction DS.

The branches B1, B2, B3 of the distribution network may themselves contain further splitting units
0OSC1, 0SC2, 0SC3 for furthermore splitting the downstream signals. At the end of the optical
branches B1, B2, B3, customer sided access network termination units in the form of ONTs are

connected, which are alternatively ONUs.

In other words, the different ONTs are connected to the remote node RN via different optical output

ports OP1, OP2, OP3 of the remote node RN.

The distribution of the downstream signals DS1, DS2, DS3 is performed by the optical splitting unit
0OSC, which splits the downstream signals DS1, DS2, DS3 onto the branches B1, B2, B3. In a TDM PON,
the optical splitting units OSC1, ..., OSC3 may split a downstream signal DS1, DS2, DS3 by means of

power splitting, onto each of the branches B1, B2, B3.

In a WDM POM, each of the multiple downstream signal DS1, DS2, DS3 of a specific wavelength
carries one or more date signals that are assigned to one or more ONUs. Each ONU is assigned a
specific downstream wavelength. The remote node RN receives the downstream signals and
distributes them onto the optical branches B1, B2, B3 that are connected to the remote node RN via

WDM splitting.
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According to a first solution of a TDM PON, shown in Figure 1, the remote node RN contains an
optical power splitter, which splits the power of the downstream signal DS1, DS2, DS3 onto the
branches B1, B2, B3 that are connected to the remote node RN. According to this first solution, all
ONUs receive a same downstream signal. According to a second solution of a WDM PON, not
explicitly shown in Figure 1, the remote node contains an optical wavelength multiplexer/de-
multiplexer, which multiplexes the downstream signals DS1, DS2, DS3 such that a specific
downstream signal with a specific wavelength that carries data signals assigned to one or more
specific ONUs is provided only onto the specific branch of these specific ONUs. The optical
wavelength de-multiplexer is preferably an Arrayed Waveguide Grating (AWG). According to this
second solution, an ONU receives a downstream signal only at that downstream wavelength which is

assigned to this ONU. The splitting at the remote node RN is performed as WDM splitting.

In a TDM PON, the ONUs transmit respective upstream signals US1, US2, US3 at a same upstream

wavelength in an upstream direction US but during different time slots..

In a WDM PON , the ONUs transmit respective upstream signals US1, US2, US3 at respective

upstream wavelengths that are assigned to the ONUs in the upstream direction US.

The upstream signals US1, US2, US3 are combined by the optical splitting units OSC1, OSC2, OSC3. In
the case of a WDM PON, the remote node RN, the upstream signals US1, US2, US3 are multiplexed
onto the feeder fiber OF by an optical multiplexing device, which is preferably the previously
mentioned AWG. In the case that the PON is a TDM PON, the remote node RN contains a combiner

that combines the upstream signals US1, US2, US3.
The techniques of TDM and WDM may be combined as a TWDM PON,

Within the OLT and the ONUs, the optical signals are usually detected by optical receivers containing

photo diodes for optical-electrical conversion.

Description of embodiments

It is an object of the proposed method as well as the proposed devices to solve the problem of

detecting a possible connection of a specific ONT to a dedicated port of a remote node.

Figure 2 shows an optical access network ON1. The proposed method for monitoring a connectivity
of an optical network terminal to an optical output port of a remote node in an optical access

network will now be described in detail with regard to the example of the access network ON1.

The access network ON1 is for example a GPON network, which uses the multiplexing technique of

TDM.
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A network analyser NA transmits a control signal CS1 to a data base that is preferably a management
information base MIB. The control signal CS1 indicates a request for modulating a power level of an

optical downstream signal DS at a dedicated optical output port OPX of the remote node RN.

The network analyser NA comprises a control unit CU and a signalling interface SI. The control unit
CU is operable to generate the control signal CS1, that indicates a request for modulating a power
level of an optical downstream signal at the dedicated output port OPX of the remote node RN. The

signalling interface Sl is operable to transmit the control signal CS1.

Furthermore, the network analyser NA comprises a data interface, not explicitly shown in Figure 2,
via which the network analyser NA is able to retrieve from the management information base MIB
reception level data, wherein this reception level data indicates reception levels of a downstream
sighal received at an optical network terminal ONT for successive time instances. In which way the
management information base MIB is able to provide such reception level data will be described in
detail further below. Furthermore, the control unit CU of the network analyser NA is operable to
derive a potential connection of the optical network terminal ONT to the dedicated output port OPX.

Also this will be described in detail further below.

The control signal CS1 is stored within the management information base MIB as an electrical control
sighal. A controller CD retrieves the control signal CS1 from the management information base MIB.
The controller CD does so, by periodically requesting the management information base MIB to

provide stored control signals to the controller CD.

Alternatively, the network analyser NA sends the control signal CS1 directly to the controller CD,
which is not shown explicitly in Figure 2. Preferably, the control signal CS1 is sent periodically by the

network analyser NA to the controller CD.

The controller CD transmits an output controls signal CS2, which indicates the dedicated output port
OPX of the remote node RN, in dependence on the control signal CS1, which is either retrieved from

the management information base MIB or received from the network analyser.

The output control signal CS2 is transmitted via a control channel CC to the remote node RN.
According to a first alternative solution, the control signal CS is transmitted via a control channel that
is an optical channel, wherein in this alternative solution the controller CD is coupled optically via a
coupler C to the optical feeder fibre OF of the network ON1. According to a second alternative
solution, the controller CD transmits the output control signal CS2 to the remote node RN as a
wireless signal via a wireless control channel, which is not explicitly shown in Figure 2. According to a

third alternative solution, the controller CD transmits the output control signal CS2 as an electrical



WO 2015/086280 PCT/EP2014/075070

signal via an electrical connection as the control channel to the remote node RN, wherein the

electrical connection is not shown explicitly shown in Figure 2.

The management information base MIB may be a part of a network card, which may be connected

via a bus system to the controller CD and/or the OLT.

Figure 3 shows an alternative solution of an optical access network ON2, which may be for example a
TWDM passive optical network employing the multiplexing techniques of TDM and WDM in
conjunction. In such a network, different OLT devices may receive respective upstream signals from
the respective ONTs and then report the indicated reception levels to the management information

base MIB, which then stores the respective reception data level for the respective ONTSs.

Figure 4 shows the controller CD in more detail. The controller CD receives the control signal CS1
and analyses either one of these signals at a micro controller MC. The micro controller MC then
generates the output control signal CS2, which then is transmitted by a transmitter TX of the

controller CD via the signalling interface SI2 into the control channel.

In other words, the controller CD receives the signal CS1 via a first signal interface SI1. The control
unit MC is operable to generate the output control signal CS2 indicating the dedicated output port of
the remote node in dependence on the input control signal CS1. The controller CD is connected at its

second signalling interface SI2 to the control channel for transmitting the output control signal CS2.
Figure 5 shows a proposed remote node according to a preferred embodiment.

The remote node RN comprises an optical input port OIP. Furthermore, the remote node RN
comprises a number of optical output ports OOP1, OOP2. Furthermore, the remote node RN
comprises an optical splitter, which splits an optical downstream signal from the input port OIP on to
the output ports OOP1, OOP2. At each of these output ports OOP1, OOP2 a respective optical
modulation device OD1, OD2 is present. Each optical modulation device OD1, OD2 is operable to
modulate a power level of the optical downstream signal fraction that is split onto the respective

output port.

The remote node RN comprises furthermore a receiver RX, that is operable to receive the control
signal CS2 indicating one of the output ports OP1, OP2 via the control channel. In the embodiment
shown in Figure 5, the control channel is an optical control channel, such that in this solution the
receiver is coupled optically via an optical coupler C, which may be a WDM coupler or a tap coupler,
to the optical input port OIP. The receiver RX then provides an electrical representation of the
control signal CS3 to a control unit MC2, which is preferably a microcontroller. The control unit MC2

is connected to the different modulation devices OD1, OD2 of the respective output ports OOP1,
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OOP2. The control unit MC2 is operable to activate that one of the optical modulation devices OD1,

0OD2 that is present at the output port indicated in the control signal CS2.

The remote node RN is preferably powered by a power supply PS. Alternatively, the remote node RN

is powered via an optical signal received from the OLT, which is not shown explicitly in Figure 5.

Figure 6a shows a first solution OD11 for an optical modulation device. In this case the optical
modulation device is an additional optical signal source OSS, which is optically coupled via a tap

coupler TC to the output port at which the modulation device is present.

According to a second solution, shown in Figure 6b, the optical modulation device OD12 is a thermo
electrical modulator, comprising one or more heating electrodes HE. By applying energy to these
heating electrodes HE, the optical modulation device may cause modulation of the power level of the
optical signal passing the modulation device towards the optical output port at which the modulation

device is present.

According to a third solution, shown in Figure 6¢, the optical modulation device OD13 exploits an
electro optical effect. One or more electrodes are present at the optical fibre for causing an
attenuation of an optical signal passing the optical fibre, in the case that a voltage is applied to the

electrodes CE.

According to a fourth solution, as shown in Figure 6d, the optical modulation device OD14 comprises
a liquid crystal display element LCD, which an optical signal propagating among the optical fibre has
to pass, wherein controlling the LCD element may cause an attenuation of the optical downstream

signal that is split onto the respective output port at which the optical modulation device is present.

Coming back to Figure 5, the remote node RN operates in such a way, that the control unit MC2
activates an optical modulation device OD1, OD2 at that output port OOP1, OOP2 that is the
dedicated output port indicated by the control signal CS3. Thus, a modulation of the power level of
the downstream signal split onto the respective output port may be caused. Preferably, the
modulation is an attenuation of the power level of the split downstream signal fraction. Alternatively,
the modulation is an amplification of the power level of the downstream signal, as described with the
solution with regard to Figure 6a, wherein the optical modulation device adds an additional optical

signhal from an additional optical signal source.

Coming now back to Figure 2, the ONT receives the downstream signal fraction that is split onto the
output port OPX and measures the reception level of the received downstream signal fraction in a
periodic manner. Preferably, the ONT measures the reception level of the downstream signal fraction

received by the ONT in steps of 0.5 seconds.
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In a periodic manner, the ONT reports received reception levels of the received downstream signal
fraction by sending respective data messages M. Such data messages M indicate a reception level of
the received downstream signal. Thus, successive data messages M indicate reception levels of the
received downstream signal for successive time instances. Such reporting via data messages M may
be performed by the ONT with a periodicity of 1 second. Preferably, the ONT indicates within a data

message M the reception level RL in quantised steps of quantised values.

Furthermore, the ONT indicates within a data message M its identification number ID, which allows
the OLT receiving the data messages M to determine, at which ONT of which identification name ID

the respective reception levels RL indicated in the data messages M were measured.

The OLT receives the reception level messages M from the ONT in a periodic manner. The OLT
derives from these reception level messages M reception level data and provides this reception level
data to the management information base MIB, which stores the reception level data. The reception
level data indicates reception levels of the downstream signal fraction received at the ONT for

successive time instances.

The network analyser NA retrieves via a data interface, which is not explicitly shown in Figure 2, the

reception level data from the management information base MIB.

The network analyser NA uses different reception levels of different successive time instances
indicated by the reception level data and determines a possible connection of the ONT to the output
port OPX in the case, that the reception level of one time instance differs to reception levels of one
or more following successive time instances by more than a pre-defined threshold. Such threshold
may be a negative or positive threshold. Preferably, such difference between the levels of the first
time instance and the levels of the further successive time instances by the pre-defined threshold has
to be present for a pre-defined time window. The pre-defined time window is preferably of the size

of 10 seconds.

According to a further solution, the ONT reports within the data messages M not only the reception
level RL but also a derived bit error ratio BER to the OLT, which then provides such bit error ratio data
to the management information base MIB. The network analyser NA may then retrieve such bit error
ratio data for different time instances from the management information base MIB and use not only
the different reception levels of successive time instances but also the different bit error ratios of
successive time instances for verifying, whether the ONT with the indicated identification name ID is

connected to the dedicated output OPX of the remote node RN.

10
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CLAIMS

1) Method of monitoring a connectivity of an optical network terminal to an optical output port of a

remote node in an optical access network,

comprising

at a network analyzer (NA), transmitting a control signal (CS1) indicating a request for
modulating a power level of an optical downstream signal at a dedicated optical output port
(OPX) of a remote node (RN),

at a controller (CD), receiving said control signal (CS1) from said network analyzer (NA) or
retrieving said control signal (CS1) from a data base (MIB) and furthermore transmitting an
output control signal (CS2) indicating said dedicated output port (OPX) of said remote node
(RN) via a control channel to said remote node (RN) in dependence on the received control

signal or the retrieved control signal,

characterized by

at said remote node (RN), receiving via said control channel said output control signal (CS2)
indicating said dedicated output port (OPX) and furthermore activating an optical modulation
device present at said dedicated output port (OPX),

at said optical network terminal (ONT), indicating reception levels of a received downstream
signal for successive time instances,

at an optical line terminal (OLT), receives the indicated reception levels from said ONT in a
periodic manner, deriving from said reception levels reception level data and providing said
reception level data to said data base (MIB), which stores said reception level data,

at said network analyzer (NA), retrieving said reception level data from said data base (MB),
wherein said reception level data indicates said reception levels of said downstream signal
for said successive time instances, and furthermore deriving a potential connection of said
optical network terminal to said dedicated output port (OPX), and wherein said network
analyzer(NA) derives said potential connection in the case, that the reception level of one
time instance differs to reception levels of one or more following successive time instances

by more than a pre-defined threshold.

2) Method according to claim 1,

wherein said control channel is an optical control channel.

3) Method according to claim 1,

wherein said control channel is a wireless control channel.

11
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4) Method according to claim 1,

wherein said control channel is an electrical connection channel.

5) Network analyzer (NA) for an optical access network,
comprising

- acontrol unit (C), and

- asignaling interface (Sl),
wherein said control unit (CU) is operable to generate a control signal (CS1) indicating a request for
modulating a power level of an optical downstream signal at a dedicated output port (OPX) of a
remote node (RN),
and wherein said signaling interface (Sl) is operable to transmit said control signal (CS1),
comprising furthermore,

- adatainterface, operable to retrieve reception level data from a data base (MIB), wherein
said reception level data indicates reception levels of a downstream signal received at an
optical network terminal (ONT) at successive time instances,

wherein said control unit (CU) is furthermore operable to derive a potential connection of said
optical network terminal to said dedicated output port (OPX), and wherein said network
analyzer(NA) derives said potential connection in the case, that the reception level of one time
instance differs to reception levels of one or more following successive time instances by more than

a pre-defined threshold.

6) Controller(CD) for controlling a remote node (RN) of an optical access network,
comprising
- afirst signaling interface (SI1), operable to
o receive from a network analyzer an input control signal (CS1) indicating a request for
modulating a power level of an optical downstream signal at a dedicated output port
of a remote node, or
o to retrieve said input control signal (CS) from a data base (MIB),

- acontrol unit (CU), operable to generate an output control signal (CS3) indicating said
dedicated output port (OPX) of said remote node (RN) in dependence on said input control
signal (CS1),

- asecond signaling interface (SI2), operable to transmit said output control signal (CS2) via a

control channel to said remote node (RN).

12



WO 2015/086280 PCT/EP2014/075070

7) Remote node (RN) for an optical access network,
comprising
- anoptical input port,
- anumber of optical output ports (OOP1, O0OP2),
- anoptical splitting device, operable to split an optical downstream signal from said input port
onto said output ports,
wherein at each output port (OOP1, OOP2) a respective optical modulation device (OD1, OD2) is
present, wherein each modulation device (OD1, OD2) is operable to modulate a power level of the
optical downstream signal fraction split onto the respective output port,
comprising furthermore
- areceiver (Rx), operable to receive a control signal(CS2) indicating one of said output ports
via a control channel, and
- acontrol unit (MC), operable to activate that one of said optical modulation devices present

at the indicated output port.

13



PCT/EP2014/075070

WO 2015/086280

NVO
Al

115

m m
| NGO |
b A \ “
) ) !
. [1no | i
| £dO | sn i
! €s. ! S _
m INO &8y (o zm_ m T ]
| [LNO i L

INO ) “ 110
INO 0 | |
L —

NOd —~ INO A (
esnzsnisn 09




PCT/EP2014/075070

2/5

WO 2015/086280

IS

¥3g | ™ | a -

\ NY 259|[" @ [

/ N 99— L

/ N G 7 % gl

| |
[y S U
INO 4 o — 110
\ —1 |Y) %

| 1 o |

m xdo m._wz__%c._‘m 40 m

| N . |

I I

| |

| Ndo | NOd9
/J
INO



PCT/EP2014/075070

WO 2015/086280

315

1NO

VN

[\

Wamd

as
g
=
_
_
=+ 170
"
|
(
|
|
|
i NOd Waml
/J
ZNO




WO 2015/086280 PCT/EP2014/075070

4/5
Fig. 4
cD e .
N I
| | _SI2
i X
AN |
—_— | |
CS1 \07 uC I
i % _______________ J
MC
Fig. 5
RN F T q
— | i
| WDM/ splitter |
| |
! Tap coupler | ! 0OD1
| | __OOP1
|
! C2 OD2
| cs2| ~00P2
|
| |
i PS RX | Optical Modulator
I l |
| |
| o =
| |



WO 2015/086280

Fig. 6a

Fig. 6b

Fig. 6¢

Fig. 6d

515

Laser/|___ 0SS

LED

H __opt4

LCD

PCT/EP2014/075070



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/075070

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4Q11/00 HO4L12/26
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4Q HOAL HO4B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, INSPEC, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y EP 2 364 008 Al (ALCATEL LUCENT [FR]) 1-7
7 September 2011 (2011-09-07)
column 1, paragraphs 1,9

column 2, paragraph 14 - column 4,
paragraph 33

figures 1-3

Y EP 2 579 480 Al (ALCATEL LUCENT [FR]) 1-7
10 April 2013 (2013-04-10)

page 2, paragraph 2

page 2, paragraph 11 - page 6, paragraph
59

figures 1-4,7

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y* document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

16 December 2014 08/01/2015

Name and mailing address of the ISA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040
éx%ﬂ1#&34&ﬁh6 Carballo da Costa, E

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/075070

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WO 20127154388 Al (ALCATEL LUCENT [FR];
SMITH JOSEPH L [US]; POHLMANN WOLFGANG W
[DE]; HE) 15 November 2012 (2012-11-15)
page 1, Tline 4 - Tine 6

page 3, line 4 - page 5, line 16

page 7, line 1 - Tine 27

page 9, line 1 - Tine 30

page 12, line 18 - page 14, line 10;
figures 2,4,5

THOMAS PFEIFFER ET AL: "Cost efficient
non-service interrupting monitoring of
optical fiber links in FTTH / FTTB
networks",

OPTICAL COMMUNICATION, 2008. ECOC 2008.
34TH EUROPEAN CONFERENCE ON, IEEE,
PISCATAWAY, NJ, USA,

21 September 2008 (2008-09-21), pages 1-2,
XP031380973,

ISBN: 978-1-4244-2227-2

the whole document

1-7

1-7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2014/075070
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2364008 Al 07-09-2011 AT 557521 T 15-05-2012
CN 102783127 A 14-11-2012
EP 2364008 Al 07-09-2011
JP 2013520895 A 06-06-2013
KR 20120124491 A 13-11-2012
TW 201203998 A 16-01-2012
US 2012294626 Al 22-11-2012
WO 2011104070 Al 01-09-2011
EP 2579480 Al 10-04-2013  EP 2579480 Al 10-04-2013
WO 2013045291 Al 04-04-2013
WO 2012154388 Al 15-11-2012 CN 103703791 A 02-04-2014
EP 2708037 Al 19-03-2014
KR 20130138337 A 18-12-2013
US 2012288273 Al 15-11-2012
WO 2012154388 Al 15-11-2012

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

