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OPTICAL COMMUNICATIONS NETWORK AND METHOD FOR
CONTINUOUS SERVICE PROVISION THEREON

Field

The present disclosure relates to systems and methods for providing continuous

communication service on passive optical networks (PONSs).

More specifically, an aspect relates to an optical network, a method of operating
such an optical network, a computer program comprising instructions which, when
the program is executed by a computer, cause the computer to carry out such a
method, a computer-readable data carrier having stored thereon such a computer

program and a data carrier signal carrying such a computer program.

Background

PONs, otherwise known as the “last mile” between internet service providers
(ISPs) and subscribers, communicate data between exchanges (otherwise known
as the service provider’s central office (CO) or point of presence (PoP)) and end
users over optical fiores. The term “downstream” will be used herein to refer to
the direction from the exchange to a subscriber device, and “upstream” from the
subscriber device to the exchange. Each PON comprises an optical line terminal
(OLT) at the exchange and one or more optical network units (ONUSs) or optical
network terminals (ONTs) at customer premises. The International
Telecommunication Union (ITU) defines an ONT as a special case of an ONU; an
ONT being an optical terminal that serves a single subscriber, while an ONU is an
optical terminal that serves one or more subscribers, for example in a residential
or office block. The generic term ONU will be used in this document. Generally,
a single optical fibre couples the OLT to a passive optical splitter, which has
multiple output fibres. Each ONU is coupled to the splitter by one of those output
fibres. (The term “coupled” as used herein refers to optical coupling.)
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Data can be transmitted bidirectionally over the PON by using one wavelength of
light for downstream transmissions from the OLT, via the splitter, to the ONUs and
another wavelength of light for upstream transmissions from the ONUSs, via the
splitter, to the OLT. When discussing inputs and outputs to splitters in this
document, these terms are to be understood as referring to light traversing the
splitter in the downstream direction. Accordingly, upstream light traversing a
splitter enters the splitter through one of its “outputs” and exits the splitter through

one of its “inputs”.

Figure 1 illustrates the abovementioned features in an example optical network
1000. An exchange 1100 houses several OLTs 1110, 1120, 1130. Each of those
OLTs is the upstream-most point of one or more PONSs, but only one PON is
shown, extending via a feeder fibre 1210 from the OLT 1110 to a 2 x 32 splitter
1310. (Other types of splitter are sometimes used, for example 2 x 4, 2 x 8 etc.)
The splitter 1310 has 32 outputs including output fibres 1410 and 1411 which are
in use. Output fibre 1410 is routed to an office block 1510 which has an ONU
1511 coupled to the output fibre 1410. The office block 1510 houses three
subscriber business premises 1512, 1513 and 1514, each of which is served by
the ONU 1511 via either an optical or electrical connection (not shown). The
output fibre 1411 is routed to a house 1520 where it is coupled to an ONU 1521.

The optical fibres used in PONs are vulnerable to various faults. Fibres laid in
underground ducts may become inoperable due to accidental damage during
roadworks, or due to other works in inter-duct connecting chambers. Fibres
carried overhead can be broken by tree falls. Fibres can also be vulnerable to
damage caused by wildlife. OLTs can also sometimes develop faults. For
example, an OLT may lose power due to an electricity outage, or become
overheated due to dust build up in cooling fans. Feeder fibre connections to OLTs
can also sometimes break or be erroneously disconnected due to human error.
Various topologies for optical networks have been developed to protect PONs to
minimise the impact on customers of such faults occurring. ITU-T Series G
Supplement 51 (06/2017) “Passive optical network protection considerations”

describes how such topologies can be used to provide redundancy.
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In the Type B PON protection topology primary and backup feeder fibres are run
via different routes from two ports on the OLT to the splitter, with the OLT being
capable of automatic switching from the primary to the backup fibre if necessary.
However, no protection from OLT failure or disconnection is provided.

Dual-parented type B PON protection provides two OLTs in separate geographical
locations, with one inputting a primary feeder fibre into the splitter and the other
inputting a backup feeder fibre. Thus, protection from OLT failure is provided in
this case.

These conventional topologies can provide protection against feeder fibre failure,
and dual-parented type B can also protect against OLT failure and disconnection.
However, both of these topologies rely on the principle of redundancy; providing
backup apparatus, which can be switched in should the primary apparatus fail -
but may never be used. The cost of the backup apparatus, as well as its
installation and maintenance, is significant. It is therefore rarely used to protect

the service of low value (e.g. residential or small business) subscribers.

What is needed is a more resource-efficient way of protecting subscriber service
from feeder fibre and OLT faults.

Summary

According to a first aspect, there is provided an optical network comprising first
and second PONSs, each of the first and second PONs comprising:

an OLT;

one or more ONUs; and

an optical splitter downstream of said OLT and upstream of said one or more
ONUs, said splitter comprising:

a plurality of inputs, one of said inputs being coupled to said OLT, and

a plurality of outputs, each of said ONUs being coupled to one of said outputs;
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characterised in that the optical network further comprises an optical switch
configured to switch the optical network from a first configuration to a second
configuration in response to a fault being detected on the first PON; wherein:

the second PON’s splitter has a spare output that is uncoupled in the first
configuration; and

the first PON’s splitter has a spare input that is:

uncoupled in the first configuration, and

coupled to the spare output of the second PON’s splitter in the second

configuration.

The second PON is thus capable of providing protection to the first PON.

In the first configuration, the first and second PONs operate independently. The
spare output of the second PON’s splitter can be considered to be “spare” in the
sense that it is not required for independent operation of the second PON.
Similarly, the spare input of the first PON'’s splitter can be considered to be “spare”
in the sense that it is not required for independent operation of the first PON.
The optical switch is a switch which operates entirely in the optical domain, i.e.
not requiring any conversion of communication signals traversing the switch

between the optical and electrical domains.

The optical switch can be configured to be powered by energy harvested from
light transmitted through the optical network.

The harvested energy can be stored by a capacitor, optionally a supercapacitor.

The energy can be harvested from a further splitter coupled between the spare
input of the first PON’s splitter and the optical switch.

The energy can be harvested from one of the outputs of the first PON’s splitter.

The energy can be harvested directly from said output of the first PON'’s splitter.
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The energy can be harvested from a further splitter coupled to the first PON
downstream of its splitter.

The energy can be harvested from a spare input of the second PON’s splitter.
Said spare input of the second PON’s splitter can be considered to be “spare” in
the sense that it is otherwise uncoupled; it is not required for independent
operation of the second PON.

The optical network can further comprise a light detector arranged to detect light
transmitted over the first PON, the light detector being operably coupled to the
optical switch such that the optical switch switches the optical network from the
first configuration to the second configuration in response to a signal from the light
detector.

The light detector can be configured to detect light transmitted through one of the
outputs of the first PON’s splitter.

Said output of the first PON’s splitter can be directly coupled only to the light
detector.

The light detector can be configured to detect light transmitted through a further
splitter coupled to the first PON downstream of its splitter.

The light detector can be configured to detect light transmitted through the spare
input of the first PON’s splitter, said spare input being coupled to both the optical
switch and the light detector via a further splitter.

The light detector can be operably coupled to the optical switch such that the
optical switch switches the optical network from the first configuration to the
second configuration in response to:

no light being detected by the light detector for a predetermined period of time;
and/or
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light detected by the light detector being of an intensity below a predetermined
threshold; and/or

no light of an intensity above a predetermined threshold being detected by the
light detector for a predetermined period of time.

The optical switch can be configured to be powered by energy harvested from the
light detector.

The light detector can be a photodiode.

The optical switch can be a microelectromechanical switch (MEMS).

The first PON’s splitter can be a 2 x N splitter, optionally a 2 x 32 splitter.

The optical network can further comprise one or more additional PONs configured
with respect to the first and second PONs such that each of the first, second and
one or more additional PONs is capable of providing protection to another of the
first, second and one or more additional PONs in a cyclical manner.

The optical network can further comprise a further optical switch configured to
switch the optical network from the first configuration to a third configuration in
response to a fault being detected on the second PON; wherein:

the first PON’s splitter has a spare output that is uncoupled in the first
configuration; and

the second PON’s splitter has a spare input that is:

uncoupled in the first configuration, and

coupled to the spare output of the first PON’s splitter in the third configuration.

The first and second PONSs thus form a pair of PONs capable of providing one

another with mutual protection.

Said spare output of the first PON’s splitter can be considered to be “spare” in the
sense that it is not required for independent operation of the first PON. Similarly,
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said spare input of the second PON’s splitter can be considered to be “spare” in
the sense that it is not required for independent operation of the second PON.

The optical network can further comprise one or more additional pairs of PONs
capable of providing one another with mutual protection in the same manner as
the first and second PONSs.

The optical network can further comprise two or more additional PONs configured
with respect to the first and second PONs such that each of the first, second and
two or more additional PONs is capable of providing protection to one or more
others of the first, second and two or more additional PONs in a cyclical or mutual

manner.

According to a second aspect, there is provided a method of operating the optical
network of the first aspect, the method comprising:

registering all ONUs of the first PON with the OLT of the first PON and registering
all ONUs of both the first and second PONs with the OLT of the second PON;
subsequently, with the optical network in the first configuration, obtaining an
indication that a fault has been detected on the first PON; and

responsive thereto, initiating switching of the optical network to the second

configuration.

Obtaining an indication that a fault has been detected on the first PON can
comprise detecting the fault, for example with a light detector. Alternatively,
obtaining an indication that a fault has been detected on the first PON can
comprise receiving a signal indicating that a fault has been detected over a

communication link, which could for example be wired or wireless.

Initiating switching of the optical network to the second configuration can comprise
switching the optical network to the second configuration, for example by direct
control of the optical switch. Alternatively, initiating switching of the optical

network to the second configuration can comprise transmitting a signal instructing
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switching of the optical network to the second configuration over a communication

link, which could for example be wired or wireless.

The method can further comprise, while the optical network is in the second
configuration, communicating between the OLT of the second PON and one or
more of the ONUSs of the first PON.

The method can further comprise, prior to detecting the fault, reserving bandwidth
on the second PON for the ONUs of the first PON;

wherein the communicating between the OLT of the second PON and one or more
of the ONUs of the first PON is performed using said reserved bandwidth.

The method can further comprise:

subsequent to switching the optical network to the second configuration, initiating
fixing of the fault; and

responsive thereto, initiating switching of the optical network to the first

configuration.

Initiating fixing of the fault can comprise fixing the fault. Alternatively, initiating
fixing of the fault can comprise transmitting a signal instructing fixing of the fault

over a communication link, which could for example be wired or wireless.

Obtaining an indication that a fault has been detected on the first PON can
comprise determining that:

no light has been detected by the light detector for a predetermined period of time;
and/or

light detected by the light detector is of an intensity below a predetermined
threshold; and/or

no light of an intensity above a predetermined threshold has been detected for a
predetermined period of time.

The method can be implemented by a computer system.
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According to a third aspect, there is provided a computer program comprising
instructions which, when the program is executed by a computer, cause the
computer to carry out the method of the second aspect.

According to a fourth aspect, there is provided a computer-readable data carrier
having stored thereon the computer program of the third aspect.

According to a fifth aspect, there is provided a data carrier signal carrying the
computer program of the third aspect.

Brief description of the figures

Aspects of the present disclosure will now be described by way of example with

reference to the accompanying figures. In the figures:

Figure 1 illustrates an example optical network;

Figure 2 illustrates an example PON protection topology;

Figure 3 illustrates an example mutual PON protection topology;

Figures 4A, 4B, 4C and 4D illustrate some exemplary options for arranging a light
detecting component and an energy harvesting component in the optical network
of Figure 2;

Figure 5 illustrates an example combination photodetection and energy harvesting
component;

Figure 6 is a flowchart illustrating an example method of operating an optical
network; and

Figure 7 illustrates an example computing system.

Detailed description of the figures

The following description is presented to enable any person skilled in the art to
make and use the system and is provided in the context of a particular application.
Various modifications to the disclosed embodiments will be readily apparent to
those skilled in the art.
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The type of optical splitter most commonly found in PONs is a 2 x N splitter with
two inputs and N outputs, for example the 2 x 32 splitter shown in Figure 1.
Generally, only one of the inputs is used (1210 in Figure 1), with the other (1211
in Figure 1) spare, i.e. not operatively coupled to any light source. Several of the
outputs are also usually spare (e.g. 1412 in Figure 1). More generally, M x N
splitters are available, where M and N are both positive integers greater than 1.
The present disclosure proposes making use of spare inputs and outputs of such
splitters to provide PON protection.

According to the present disclosure, splitters of first and second PONs are
reversibly cascaded by connecting a spare input of the first PON'’s splitter to a
spare output of the second PON’s splitter via an optical switch. In normal
operation the switch is left open so that the two PONs operate independently.
However, if the OLT and/or feeder fibre of the first PON fails the switch can be
closed so that traffic to and from the first PON’s ONUs can be routed via the
second PON’s splitter, feeder fibre and OLT. In this way the second PON provides
protection for the first without requiring any additional apparatus beyond a single
optical switch.

The term “optical switch” as used herein refers to a switch which operates entirely
in the optical domain, i.e. not requiring any conversion of communication signals
traversing the switch between the optical and electrical domains. The system can
therefore function passively, with no electrical-optical conversion of
communication signals at any point between the OLTs and ONUs.

The spare output of the second PON’s splitter can be considered to be “spare” in
the sense that it is not required for independent operation of the second PON.
Similarly, the spare input of the first PON'’s splitter can be considered to be “spare”
in the sense that it is not required for independent operation of the first PON.

Figure 2 illustrates the PON protection topology described above. An optical
network 2000 comprises a first PON 2010 and a second PON 2020.
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The first PON 2010 comprises an OLT 2110, an ONU 2511 and an optical splitter
2310 downstream of the OLT 2110 and upstream of the ONU 2511. The splitter
2310 comprises a plurality of inputs, one of said inputs 2210 being coupled to the
OLT 2110, and a plurality of outputs. The splitter 2310 has one or more spare
inputs 2211 which are not coupled to the OLT 2110 of the first PON 2010. The
ONU 2511 is coupled to one of the splitter outputs 2410. Other ONUs (not shown)
may be coupled to other outputs of the splitter 2310. The ONU 2511 can for
example provide connectivity to a building 2510 which houses multiple subscriber
premises 2512, 2513, 2514. The splitter 2310 can have one or more spare
outputs 2412 which are not coupled to any ONUs of the first PON 2010.

The second PON 2020 comprises an OLT 2120, an ONU 2521 and an optical
splitter 2320 downstream of the OLT 2120 and upstream of the ONU 2521. The
splitter 2320 comprises a plurality of inputs, one of said inputs 2220 being coupled
to the OLT 2120, and a plurality of outputs. The splitter 2320 can have one or
more spare inputs 2221 which are not coupled to the OLT 2120 of the second
PON 2020. The ONU 2521 is coupled to one of the splitter outputs 2421. Other
ONUs (not shown) may be coupled to other outputs of the splitter 2320. The ONU
2521 can for example provide connectivity to a house 2520. The splitter 2320 has
one or more spare outputs 2422 which are not coupled to any ONUSs of the second
PON 2020.

The optical network 2000 further comprises an optical switch 2612 configured to
switch the optical network 2000 from a first configuration to a second configuration
in response to a fault being detected on the first PON 2010. The topology which
achieves this is as follows. The second PON’s splitter 2320 has a spare output
2422 that is uncoupled in the first configuration. The first PON 2010’s splitter 2310
has a spare input 2211 that is uncoupled in the first configuration and coupled to
the spare output 2422 of the second PON 2020’s splitter 2320 in the second
configuration by closing the switch 2612.
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Figure 3 illustrates how the PON protection topology of Figure 2 can be extended
to provide mutual protection between a first PON 3010 and a second PON 3020
of an optical network 3000.

The first PON 3010 comprises an OLT 3110, an ONU 3511 and an optical splitter
3310 downstream of the OLT 3110 and upstream of the ONU 3511. The splitter
3310 comprises a plurality of inputs, one of said inputs 3210 being coupled to the
OLT 3110, and a plurality of outputs. The splitter 3310 has one or more spare
inputs 3211 which are not coupled to the OLT 3110 of the first PON 3010. The
ONU 3511 is coupled to one of the splitter outputs 3410. Other ONUs (not shown)
may be coupled to other outputs of the splitter 3310. The ONU 3511 can for
example provide connectivity to a building 3510 which houses multiple
subscribers 3512, 3513, 3514. The splitter 3310 has one or more spare outputs
3412 which are not coupled to any ONUs of the first PON 3010.

The second PON 3020 comprises an OLT 3120, an ONU 3521 and an optical
splitter 3320 downstream of the OLT 3120 and upstream of the ONU 3521. The
splitter 3320 comprises a plurality of inputs, one of said inputs 3220 being coupled
to the OLT 3120, and a plurality of outputs. The splitter 3320 has one or more
spare inputs 3221 which are not coupled to the OLT 3120 of the second PON
3020. The ONU 3521 is coupled to one of the splitter outputs 3421. Other ONUs
(not shown) may be coupled to other outputs of the splitter 3320. The ONU 3521
can for example provide connectivity to a house 3520. The splitter 3320 has one
or more spare outputs 3422 which are not coupled to any ONUs of the second
PON 3020.

The optical network 3000 further comprises an optical switch 3612 configured to
switch the optical network 3000 from a first configuration to a second configuration
in response to a fault being detected on the first PON 3010. The topology which
achieves this is as follows. The splitter 3320 of the second PON 3020 has a spare
output 3422 that is uncoupled in the first configuration. The splitter 3310 of the
first PON 3010 has a spare input 3211 that is uncoupled in the first configuration
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and coupled to the spare output 3422 of the second PON 3020’s splitter 3320 in
the second configuration by closing the switch 3612.

The optical network 3000 further comprises a further optical switch 3621
configured to switch the optical network 3000 from the first configuration to a third
configuration in response to a fault being detected on the second PON 3020. The
topology which achieves this is as follows. The splitter 3310 of the first PON 3010
has a spare output 3412 that is uncoupled in the first configuration. The splitter
3320 of the second PON 3020 has a spare input 3221 that is uncoupled in the first
configuration and coupled to the spare output 3412 of the first PON 3010’s splitter
3310 in the third configuration.

It can be seen that the protection topologies described above can be extended to
cover more than two PONs. This could be achieved by pairing PONs for mutual
protection, effectively repeating the topology of Figure 3. Alternatively, PONs
could protect one another in a cyclical way, for example an optical network
comprising first, second and third PONs could have a protection topology wherein
the first PON is protected by the second, the second PON by the third and the
third PON by the first. A combination of these arrangements could also be used.

Although Figures 2 and 3 show the OLTs 2110, 2120 and 3110, 3120 of the first
and second PONs 2010, 2020 and 3010, 3020 respectively being co-located in a
single exchange 2100, 3100, they could alternatively be in geographically
separate exchanges.

The optical switches 2612, 3612, 3621 could for example be
microelectromechanical switches (MEMS). They could be powered by batteries,
a mains electricity supply, or could harvest energy from light transmitted through
the optical network, for example using a photodiode. That energy could then be
stored for future use, for example in a capacitor, e.g. a supercapacitor. An energy
harvesting device could be located anywhere in the optical network with access
to the light transmitted through it. In most optical networks more light energy is

generally available in the downstream direction however, since the downstream
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laser is firing almost continuously, while the ONU lasers generally take turns to
transmit upstream signals so there are gaps in the upstream light on the
connected splitter outputs and even upstream of the splitter during guard intervals
between timeslots allocated to different ONUs.

A light detector, such as a photodiode, can be used to detect light transmitted over
the protected PON in order to determine when a fault occurs. For example, a fault
could be detected by determining that no light has been detected for a
predetermined period of time, that any light detected is of an intensity below a
predetermined threshold or that no light of an intensity above a predetermined
threshold has been detected for a predetermined period of time. Such a light
detector can be operably connected to the switch so that the switch is
automatically closed when the light detector detects a fault. A microcontroller
operably connected to the light detector and the switch could for example be used
to effect this control, or the control function could be integrated in a single
component with the light detector. The light detector could also perform energy
harvesting as described above. For example, types of integrated circuits (ICs)
and application specific ICs (ASICs) commonly used in solar cells incorporate
energy harvesting and light detecting functions, both performed by one or more
photodiodes, and output a signal to indicate when the photodiodes are not

illuminated.

Figures 4A, 4B, 4C and 4D illustrate some options for arranging a light detecting
component and an energy harvesting component in the optical network 2000 of
Figure 2.

In the configuration of Figure 4A, a 50/50 optical splitter 4701 is arranged to
receive upstream light from the spare input 2211 of the first PON 2010’s splitter
2310. (Other splitter ratios could be used, for example 70/30 or 90/10.) One of
the 50/50 splitter 4701’s two outputs is coupled to the switch 2612 so that
upstream light from the ONU 2511 of the first PON 2010 can flow through the
switch 2612 when it is closed. The other of the 50/50 splitter 4701’s two outputs
is coupled to a multi-function component 4801 which combines photodetection,
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energy harvesting, energy storage and control functions. The multi-function
component 4801 controls the switch 2612 to close when it detects a fault on the
first PON 2010, with arrow 4901 representing both a control signal and provision
of power. The multi-function component 4801 could for example detect a fault
when it stops detecting upstream light from the spare input 2211 of the first PON
2010’s splitter 2310. This configuration detects and harvests upstream light (from
spare input 2211), which as explained above is less reliable than downstream
light. ONU 2511 and any other ONUs on the first PON 2010 may need to increase
the optical power output of their lasers to compensate for the upstream optical
power tapped by the multi-function component 4801. However, this configuration
does not require use of any customer fibres or other resources downstream of the
first PON 2010’s splitter 2310. It also combines functions to power and control
the switch 2612 in a single multi-function component 4801.

In the configuration of Figure 4B, a photodetection component 4802 is coupled to
a spare output 2412 of the first PON 2010’s splitter 2310. The photodetection
component 4802 outputs a control signal 4902 to the switch 2612 to cause it to
close when the photodetection component 4802 detects a fault on the first PON
2010. The photodetection component 4802 could for example detect a fault when
it stops detecting downstream light from the spare output 2412 of the first PON
2010’s splitter 2310. An energy harvesting and storage component 4803 is
coupled to the spare input 2221 of the second PON 2020’s splitter 2320 and
provides power to the switch 2612 as shown by arrow 4903. This configuration
controls the switch 2612 by detecting downstream light (or rather, the lack thereof
on spare output 2412), but harvests upstream light (from spare input 2221) and
consumes one of the outputs 2412 of the first PON 2010’s splitter 2310, reducing
the number of ONUs which can be added to the first PON 2010. The ONU 2521
and any other ONUs on the second PON may need to boost the optical power of
their lasers a little to compensate for the upstream optical power tapped by the
energy harvesting component 4803. This configuration may therefore be more
suitable for use where mutual protection is provided between the first and second
PONs 2010, 2020, in a similar manner to that shown in Figure 3, so that
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unprotected subscribers are not disadvantaged by the introduction of protection

for other subscribers.

In the configuration of Figure 4C, a 50/50 optical splitter 4704 is arranged to tap
some of the downstream light from the link between the ONU 2511 and the splitter
2310 of the first PON 2010 to a multi-function component 4804 which combines
photodetection, energy harvesting, energy storage and control functions. The
multi-function component 4804 controls the switch 2612 to close when it detects
a fault on the first PON 2010, with arrow 4904 representing both a control signal
and provision of power. The multi-function component 4804 could for example
detect a fault when it stops detecting downstream light from the output 2410 of the
first PON 2010’s splitter 2310. This configuration detects and harvests
downstream light (from output 2410). It also combines functions to power and
control the switch 2612 in a single component 4804 and does not reduce the
number of ONUs which can be added to the first PON 2010.

Using the ONU 2511’s connection 2410 to the first PON 2010 to tap the light
needed to control and power the switch 2612 may be appropriate if one or more
of the subscribers served by the ONU 2511 are subscribed to a service
incorporating protection by the means described herein, but other subscribers on
the first PON 2010 (not shown) only subscribe to a basic service without
protection. This is because the ONU 2511 to which the 50/50 splitter 4704 is
coupled is the only ONU which suffers any loss of optical power as a result of the
presence of the protection components (i.e. the 50/50 splitter 4704, the multi-
function component 4804 and the switch 2612). (Although in theory all ONUs on
the first PON 2010 can be protected by the configuration shown in Figure 4C, the
protection service can be limited to only those subscribers who have subscribed
to it by means of a registration process as will be described below in relation to
Figure 6.)

In the configuration of Figure 4D, a multi-function component 4805 which
combines photodetection, energy harvesting, energy storage and control
functions is coupled to a spare output 2412 of the first PON 2010’s splitter 2310.
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The multi-function component 4805 outputs a power and control signal 4905 to
the switch 2612 to cause it to close when the multi-function component 4805
detects a fault on the first PON 2010. The multi-function component 4805 could
for example detect a fault when it stops detecting downstream light from the spare
output 2412 of the first PON 2010’s splitter 2310. This configuration reduces the
number of ONUs which can be added to the first PON 2010. However, it detects
and harvests downstream light (from the spare output 2412) and combines
functions to power and control the switch 2612 in a single multi-function
component 4805. It also does not impact the optical power received by any of the
ONUs or OLTs.

In the configurations of Figures 4C and 4D, where downstream light energy is
harvested, the OLT 2110 of the first PON 2010 may need to increase the optical
power output of its laser to compensate for the energy harvested when the optical
network 2000 is in the first configuration. If light energy continues to be harvested
in the second configuration then the OLT 2120 of the second PON 2020 may
similarly need to increase the optical power output of its laser to compensate.

Regardless of the configuration used, the OLT 2120 of the second PON 2020 may
need to increase the optical power output of its laser, at least when the optical
network 2000 is in the second configuration. This is because, when the switch
2612 is closed, downstream light directed to the ONU 2511 and any other ONUs
on the first PON 2010 must traverse a longer route than when the optical network
is in the first configuration. That longer route not only includes a greater fibre
distance, but also at least one additional splitter (2310), both of which contribute
to greater optical power loss.

Figure 5 illustrates an example combination photodetection and energy harvesting
component such as may be used in the optical network configurations of Figures
4A, 4C and 4D. When the first PON 2010 is functioning, an optical fibre 5100 of
the first PON 2010 illuminates a photodiode 5210 of a combination
photodetection/energy harvesting IC 5200. The electrical energy collected by the
IC 5200 as a result is stored in its super capacitor 5220. When the optical fibre
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5100 stops illuminating the photodiode 5210 a power signal 5201 is output from
the IC 5200 to power the switch 2612. (The IC 5200 can comprise voltage
conversion functionality to achieve this if necessary.) At the same time a power
and control signal 5202 is output from the |C 5200 to a microcontroller 5300, which
determines that a fault has occurred on the first PON and accordingly closes the
switch 2612 by means of a control signal 5303. Alternatively, the power signal
5201 from the IC 5200 directly to the switch 2612 could be omitted and the control
signal 5303 from the microcontroller 5300 could also provide the switch 2612 with

power.

Figure 6 is a flowchart illustrating a method 6000 of operating an optical network
such as the optical network 2000 of Figure 2. The method 6000 begins with the
optical network in the first configuration.

At step 6011 all ONUs of the first PON are registered with the OLT of the first PON
per normal PON operation. This means that communication between the ONUs
of the first PON and the OLT of the first PON can proceed as normal at optional
step 6021. Similarly, at step 6012 all ONUs of the second PON are registered with
the OLT of the second PON per normal PON operation. This means that
communication between the ONUs of the second PON and the OLT of the second
PON can proceed as normal at optional step 6022. In addition, at step 6013 all
ONUs of the first PON are registered with the OLT of the second PON. Step 6011
must precede optional step 6021 if present and step 6012 must precede optional
step 6022 if present, but otherwise all of the aforementioned steps can occur in
any order with respect to one another, or partially or fully in parallel to one another

in any combination.

Subsequently, at step 6030 an indication that a fault has been detected on the first
PON is obtained. Obtaining an indication that a fault has been detected on the
first PON at step 6030 can comprise detecting the fault, for example with a light
detector. Alternatively, obtaining an indication that a fault has been detected on
the first PON at step 6030 can comprise receiving a signal indicating that a fault
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has been detected over a communication link, which could for example be wired

or wireless.

Responsive to obtaining the indication that the fault has been detected at step
6030, at step 6031 switching of the optical network to the second configuration is
initiated. Initiating switching of the optical network to the second configuration at
step 6031 can comprise switching the optical network to the second configuration,
for example by direct control of the optical switch. Alternatively, initiating switching
of the optical network to the second configuration at step 6031 can comprise
transmitting a signal instructing switching of the optical network to the second
configuration over a communication link, which could for example be wired or

wireless.

Communication between the OLT of the second PON and one or more of the
ONUs of the first PON can then proceed at optional step 6041, since the ONUs of
the first PON have already been registered with the OLT of the second PON at
previous step 6013. Communication between the OLT of the second PON and
one or more of the ONUs of the second PON can also continue at optional step
6042.

At optional step 6050, fixing of the fault can be initiated. Initiating fixing of the fault
at optional step 6050 can comprise fixing the fault. Alternatively, initiating fixing
of the fault at optional step 6050 can comprise transmitting a signal instructing
fixing of the fault over a communication link, which could for example be wired or

wireless.

Subsequently, once the fault on the first PON has been fixed, switching of the
optical network to its first configuration can be initiated at optional step 6051.
Initiating switching of the optical network to the first configuration at optional step
6051 can comprise switching the optical network to the first configuration, for
example by direct control of the optical switch. Alternatively, initiating switching of
the optical network to the first configuration at optional step 6051 can comprise
transmitting a signal instructing switching of the optical network to the first
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configuration over a communication link, which could for example be wired or

wireless.

Subsequently, once the optical network has been switched back to the first
configuration, communication between the OLT of the first PON and the ONUs of
the first PON can resume at optional step 6021 and communication between the
OLT of the second PON and the ONUs of the second PON can continue at
optional step 6022.

At any time between registering the ONUSs of the first PON with the OLT of the
second PON at step 6013 and obtaining the indication that the fault has been
detected on the first PON at step 6030, bandwidth can be reserved on the second
PON for the ONUs of the first PON at optional step 6014. The communication
between the OLT of the second PON and one or more of the ONUs of the first
PON at optional step 6041 can then be performed using that reserved bandwidth.

In this way, none of the ONUSs of the first PON lose their service as a result of the
fault.

The method 6000 can be implemented by a computing system. Figure 7
schematically illustrates a suitable computing system 7000. The computing
system 7000 comprises a processor 7001 operably connected to each of a
memory 7002 and a transceiver 7003. The memory 7002 can store a computer
program comprising instructions which, when executed by the processor 7001
cause the computer system 7000 to control the optical network so that the method
6000 is performed.

The computing system 7000 can optionally further comprise one or more
additional components. For example a fault detector 7210, such as a light detector
(e.g. photodiode) can optionally be operably connected to the processor 7001
such that the fault detector 7210 can indicate to the processor 7001 when it
detects a fault. An optical switch 7612 arranged to switch the optical network

between the first and second configurations can optionally be operably connected
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to the processor 7001 such that the switch 7612 can be controlled thereby. Fault
fixing apparatus 7004 can optionally be operably connected to the processor 7001
such that the fault fixing apparatus 7004 can be controlled thereby.

Other embodiments will be apparent to those skilled in the art from consideration
of the specification and practice of the embodiments disclosed herein. It is
intended that the specification and examples be considered as exemplary only.

In addition, where this application has listed the steps of a method or procedure
in a specific order, it could be possible, or even expedient in certain
circumstances, to change the order in which some steps are performed, and it is
intended that the particular steps of the method or procedure claims set forth
herein not be construed as being order-specific unless such order specificity is
expressly stated in the claim. That is, the operations/steps may be performed in
any order, unless otherwise specified, and embodiments may include additional
or fewer operations/steps than those disclosed herein. It is further contemplated
that executing or performing a particular operation/step  before,
contemporaneously with, or after another operation is in accordance with the
described embodiments.

The methods described herein may be encoded as executable instructions
embodied in a computer readable medium, including, without limitation, non-
transitory computer-readable storage, a storage device, and/or a memory device.
Such instructions, when executed by a processor (or one or more computers,
processors, and/or other devices) cause the processor (the one or more
computers, processors, and/or other devices) to perform at least a portion of the
methods described herein. A non-transitory computer-readable storage medium
includes, but is not limited to, volatile memory, non-volatile memory, magnetic and
optical storage devices such as disk drives, magnetic tape, compact discs (CDs),
digital versatile discs (DVDs), or other media that are capable of storing code
and/or data.
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Where a processor is referred to herein, this is to be understood to refer to a single
processor or multiple processors operably connected to one another. Similarly,
where a memory is referred to herein, this is to be understood to refer to a single

memory or multiple memories operably connected to one another.

The methods and processes can also be partially or fully embodied in hardware
modules or apparatuses or firmware, so that when the hardware modules or
apparatuses are activated, they perform the associated methods and processes.
The methods and processes can be embodied using a combination of code, data,

and hardware modules or apparatuses.

Examples of processing systems, environments, and/or configurations that may
be suitable for use with the embodiments described herein include, but are not
limited to, embedded computer devices, personal computers, server computers
(specific or cloud (virtual) servers), hand-held or laptop devices, multiprocessor
systems, microprocessor-based systems, set top boxes, programmable consumer
electronics, mobile telephones, network personal computers (PCs),
minicomputers, mainframe computers, distributed computing environments that
include any of the above systems or devices, and the like. Hardware modules or
apparatuses described in this disclosure include, but are not limited to, application-
specific integrated circuits (ASICs), field-programmable gate arrays (FPGAS),
dedicated or shared processors, and/or other hardware modules or apparatuses.

Receivers and transmitters as described herein may be standalone or may be
comprised in transceivers. A communication link as described herein comprises
at least one transmitter capable of transmitting data to at least one receiver over
one or more wired or wireless communication channels. Wired communication
channels can be arranged for electrical or optical transmission. Such a
communication link can optionally further comprise one or more relaying

transceivers.
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Claims

1. An optical network comprising first and second passive optical networks,
‘PONs’, each of the first and second PONs comprising:
an optical line terminal, ‘OLT’;
one or more optical network units, ‘ONUs’; and
an optical splitter downstream of said OLT and upstream of said one or
more ONUs, said splitter comprising:
a plurality of inputs, one of said inputs being coupled to said OLT,
and
a plurality of outputs, each of said ONUs being coupled to one of
said outputs;
characterised in that the optical network further comprises an optical switch
configured to switch the optical network from a first configuration to a second
configuration in response to a fault being detected on the first PON; wherein:
the second PON'’s splitter has a spare output that is uncoupled in the first
configuration; and
the first PON’s splitter has a spare input that is:
uncoupled in the first configuration, and
coupled to the spare output of the second PON’s splitter in the
second configuration.

2. The optical network of claim 1, wherein the optical switch is configured to
be powered by energy harvested from light transmitted through the optical

network.

3. The optical network of claim 2, wherein the energy is harvested from a
further splitter coupled between the spare input of the first PON'’s splitter and the
optical switch.

4, The optical network of claim 2, wherein the energy is harvested from one
of the outputs of the first PON'’s splitter.
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5. The optical network of claim 4, wherein the energy is harvested directly
from said output of the first PON’s splitter.

6. The optical network of claim 4, wherein the energy is harvested from a
further splitter coupled to the first PON downstream of its splitter.

7. The optical network of claim 2, wherein the energy is harvested from a

spare input of the second PON’s splitter.

8. The optical network of any preceding claim, further comprising a light
detector arranged to detect light transmitted over the first PON, the light detector
being operably coupled to the optical switch such that the optical switch switches
the optical network from the first configuration to the second configuration in
response to a signal from the light detector.

9. The optical network of claim 8, wherein the light detector is configured to
detect light transmitted through one of the outputs of the first PON’s splitter.

10.  The optical network of claim 9, wherein said output of the first PON’s splitter

is directly coupled only to the light detector.

11.  The optical network of claim 9, wherein the light detector is configured to
detect light transmitted through a further splitter coupled to the first PON
downstream of its splitter.

12.  The optical network of claim 8, wherein the light detector is configured to
detect light transmitted through the spare input of the first PON’s splitter, said
spare input being coupled to both the optical switch and the light detector via a
further splitter.

13.  The optical network of any of claims 8 to 12, wherein the light detector is
operably coupled to the optical switch such that the optical switch switches the
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optical network from the first configuration to the second configuration in response
to:

no light being detected by the light detector for a predetermined period of
time; and/or

light detected by the light detector being of an intensity below a
predetermined threshold; and/or

no light of an intensity above a predetermined threshold being detected by
the light detector for a predetermined period of time.

14.  The optical network of any of claims 8 to 13 as dependent directly or
indirectly on claim 2, wherein the optical switch is configured to be powered by
energy harvested from the light detector.

15.  The optical network of any preceding claim, wherein the optical switch is a
microelectromechanical switch, ‘MEMS’.

16.  The optical network of any preceding claim, further comprising one or more
additional PONs configured with respect to the first and second PONs such that
each of the first, second and one or more additional PONs is capable of providing
protection to another of the first, second and one or more additional PONs in a

cyclical manner.

17.  The optical network of any preceding claim, further comprising a further
optical switch configured to switch the optical network from the first configuration
to a third configuration in response to a fault being detected on the second PON;
wherein:
the first PON'’s splitter has a spare output that is uncoupled in the first
configuration; and
the second PON’s splitter has a spare input that is:
uncoupled in the first configuration, and
coupled to the spare output of the first PON’s splitter in the third

configuration.
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18.  The optical network of claim 17, further comprising one or more additional
pairs of PONs capable of providing one another with mutual protection in the same
manner as the first and second PONSs.

19.  The optical network of any of claims 1 to 15, further comprising two or more
additional PONs configured with respect to the first and second PONs such that
each of the first, second and two or more additional PONs is capable of providing
protection to one or more others of the first, second and two or more additional

PONs in a cyclical or mutual manner.

20. A method of operating the optical network of any preceding claim, the
method comprising:

registering all ONUs of the first PON with the OLT of the first PON and
registering all ONUs of both the first and second PONs with the OLT of the second
PON;

subsequently, with the optical network in the first configuration, obtaining
an indication that a fault has been detected on the first PON; and

responsive thereto, initiating switching of the optical network to the second

configuration.

21.  The method of claim 20, further comprising, while the optical network is in
the second configuration, communicating between the OLT of the second PON
and one or more of the ONUs of the first PON.

22. The method of claim 21,

further comprising, prior to detecting the fault, reserving bandwidth on the
second PON for the ONUs of the first PON;

wherein the communicating between the OLT of the second PON and one
or more of the ONUSs of the first PON is performed using said reserved bandwidth.

23.  The method of any of claims 20 to 22, further comprising:
subsequent to switching the optical network to the second configuration,
initiating fixing of the fault; and
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responsive thereto, initiating switching of the optical network to the first

configuration.

24.  The method of any of claims 20 to 23 as dependent directly or indirectly on
claim 8, wherein obtaining an indication that a fault has been detected on the first
PON comprises determining that:

no light has been detected by the light detector for a predetermined period
of time; and/or

light detected by the light detector is of an intensity below a predetermined
threshold; and/or

no light of an intensity above a predetermined threshold has been detected
for a predetermined period of time.

25.  The method of any of claims 20 to 24, implemented by a computer system.

26. A computer program comprising instructions which, when the program is
executed by a computer, cause the computer to carry out the method of claim 25.

27. A computer-readable data carrier having stored thereon the computer
program of claim 26.

28. A data carrier signal carrying the computer program of claim 26.



PCT/EP2020/067546

WO 2021/069113

1/10

Leal

vl

| 8InBi4

—
<t
—

|| ¥

NNO

oLyl

FIGL
NNO

0LEL

Liclh

0cll1
110

OLLL

0Lclt

110

0EtL1
110




PCT/EP2020/067546

WO 2021/069113

2/10

1
—l IIIIIIIIIIIIIIIIIIIIII 1 — ‘ --------------- -
: : : - ! 1 o '
P! ! ! ! ' I 2 o
1 1 1 1 7 " . 1
' m m : ! _ ;o Lo
! ! ! ! ! | S P
X _ _ i | ! S P
1" - 1 ¥4 . 1
X _ _ i ! _ Lo Lo
! ! ! i ! “ o i
P! 1 1 1 1 ’ | 1
TR T S “ ! iR 23| !
| . . — . — 1 1 LI Lo !
11 e 1 i ' ! G0 O« 1
v X - Al ! 1 | SN\ 1
“_ ....... Lo . -1 | | LI .
I . 1
“\ WH ' | 1
1 Ye) | 1 1
“ O« 1 “ “
o 1 —
“1 1 “ 2“
| 0 1 . A\%_
_2 m Al “ T % 1
! ¢ < = 1 ! !
“ Al % 1 “A\% “
i ! | 1
o LW T L
1 ! 1 1
| o ! | o 1
1 — ! 1 QAl 1
| ™ ! 1 ™ 1
] Ql “ e Ql I
“ - ! “ X “
i Ql A ] ol 1
! a 1o | 2 “
] S\ ] 1
1 ! 1 1
1 ! 1 1
1 ! 1 1
1 ! 1 1
_ 0\ | ! 0\ '
1 I 1
. — 1 1 N 1
QA 1 I QA I
1 Al 1 1 A 1
' ! 1 1
“ ! I 1
i ! ] 1
[rmrm Y Frmrmmeme e B iR TR TR SRR PR '
“ 1 “ 1 _ 1
| 1 1 1
1 o ! o o : 1
“0 ; _U1 ! — | _Un/_ ! ol
~— — ~—
'S | O« | oV ' O« ! w“
o . ; Q
1A 1 1 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIIIII|_
|||||||||||||||||||||||||||||||||||||||||||| 1

Figure 2
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Figure 3
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Figure 4B
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Figure 4D
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