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Description

TECHNICAL FIELD

[0001] Embodiments herein relate generally to an Op-
tical Network Unit (ONU) and a method in the ONU, an
Optical Line Terminal (OLT) and a method in the OLT
and a method in a communications network.
[0002] More particularly the embodiments herein re-
late to providing wireless connectivity capability to the
ONU.

BACKGROUND

[0003] A Passive Optical Network (PON) is a point-to-
multipoint network architecture that brings optical fiber
cabling and signals all or most of the way to the end user.
A PON comprises an OLT at a service provider’s Central
Office (CO) and a number of ONUs near end users. More
than one ONU may be connected to the same OLT by
means of passive or in some cases, active, intermediate
elements. For example, up to 32 ONUs may be connect-
ed to an OLT. PONs are called passive because optical
transmission requires no power or active electronic com-
ponents. In other words, other than at the central office
and subscriber/user endpoints, there are typically no ac-
tive electronics within an access network. An access net-
work is that part of a communications network which con-
nects subscribers to their immediate service provider. It
is contrasted with the core network. The core network is
the central part of the communications network that pro-
vides various services to subscribers who are connected
by the access network. Downstream signals, i.e. from
the OLT to the ONU, are broadcasted to all users sharing
a single fiber. Upstream signals are signals transmitted
from the ONU to the OLT.
[0004] An ONU is a device that converts incoming
downstream optical signals transmitted from the OLT via
a wireline fiber optical communications channel, referred
to as an optical link, into electrical signals. These elec-
trical signals are then sent to individual subscribers over
an optical fiber network, in order to provide telecommu-
nications services. An ONU comprises an optical trans-
ceiver. The ONU may also be called an Optical Network
Terminal (ONT), which is a special case of an ONU that
serves a single subscriber.
[0005] As mentioned above, the ONU is used in com-
bination with the OLT. The OLT performs conversion be-
tween the electrical signals used by the service provider’s
equipment and the fiber optic signals used by the PON.
The OLT coordinates the multiplexing between the ONUs
at or near the various subscriber locations.
[0006] PON system energy conservation has been
embraced by the International Telecommunication Union
(ITU) as a necessary goal. One target of the ITU is to
explore potential solutions to improve energy conserva-
tion through reduced power consumption within optical
access networks. These solutions may have impact on

improving the equipment performance and service lon-
gevity in battery-powered operation, as well as on energy
conservation and CO2 emission in general.
[0007] The term power refers to the ability to do work,
while the term energy is a measure of the amount of work
done, that is, power * time. Therefore, energy may be
saved or conserved, while power may be reduced.
Throughout the industry, the term power is commonly
used to refer to both. It is to be understood in the following
description that terms such as power saving imply power
reduction for a period of time, with the purpose of energy
saving.
[0008] Wireless communication is a fast growing seg-
ment of the communications industry. Wireless cellular
systems have experienced exponential growth over the
last decade. Many new applications are emerging from
research ideas to concrete systems. This explosive
growth of wireless systems coupled with the proliferation
of devices such as smart phones indicate a bright future
for wireless networks.
[0009] A current power saving mode conserves energy
by implementing sleep cycles to completely power off the
ONU optical transceiver at certain times. Thus, at any
given time, the ONU may be in so-called sleep mode or
so-called awake mode, and it may use a wake-up timer
to change between the modes. In order to support ONU
wake-up, sleep cycles are provisioned by the OLT, typ-
ically in the order of 10-100 milliseconds. Only when the
sleep cycle expires, does a sleeping ONU have the
chance to wake up to receive downstream traffic. During
a sleep period, the OLT may buffer downstream traffic
destined to the ONU. When there is no downstream traffic
to a sleeping ONU, the ONU still has to be awakened
when the wake-up timer expires, i.e. when the sleep in-
terval expires. Frequently turning the optical transceiver
on and off contributes to extra power consumption. When
there is downstream traffic destined to an ONU, and the
ONU is still in sleep mode, the OLT has to buffer the
traffic until the wake-up timer expires. The necessary
buffer memory adds cost and power consumption to the
OLT.
[0010] Another power saving mode is power shedding,
in which non-essential services are switched off when
the ONU goes into battery operation mode after e.g. an
alternating current (AC) power failure. Power shedding
has the target to reduce the demand for battery power
and prolong the survival time of the ONU, while still main-
taining lifeline Plain Old Telephone Service (POTS). The
current definition of power shedding mode still maintains
the optical transceiver on, while just powering down other
selected elements in the ONU. However, one of the main
power consumption contributors in the ONU is the optical
transceiver module. Additional energy may be saved by
combining power shedding with sleep mode.
[0011] Document "Power Saving Clusters for Energy-
efficient Design of Fiber-Wireless Access Networks", by
Kantarci et al., School of Information Technology and
Engineering, University of Ottawa, and document "Build-
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ing a Green Wireless-Optical Broadband Access Net-
work (WOBAN)", by Chowdhury et al., Journal of Light-
wave Technology, Vol.28, No.16, disclose two examples
of hybrid fiber-wireless access networks comprising pas-
sive optical networks with optical network units (ONUs)
that can be placed in a sleep mode, wherein end-user
upstream signals addressed to a sleeping ONU have to
be rerouted through an alternative path.
[0012] Patent application EP 1 933 477 A1 discloses
a passive optical network wherein an optical network unit
has first and second communication links to the optical
line terminal, the first link being a fiber link and the second
link including a wireless link.

SUMMARY

[0013] The objective of embodiments herein is there-
fore to obviate at least one of the above disadvantages
and to reduce power consumption in the communications
network.
[0014] According to a first aspect, the objective is
achieved by a method in an optical network unit, referred
to as an ONU, for providing wireless connectivity capa-
bility to the ONU, which ONU is comprised in a commu-
nications network. The ONU is interconnected to an op-
tical line terminal, referred to as an OLT, via a wireline
communications link and via a wireless communications
link. The ONU is configured to support a sleep mode.
The ONU obtains information about entry into the sleep
mode. The ONU identifies whether the wireless commu-
nications link is activated or deactivated, and activates
the wireless communications link when the wireless com-
munications link is identified as deactivated. The ONU
enters sleep mode, and provides wireless connectivity
capability to the ONU by means of the wireless commu-
nications link during the sleep mode.
[0015] According to a second aspect, the objective is
achieved by a method in an optical line terminal, referred
to as an OLT, for providing wireless connectivity capa-
bility to an optical network unit, referred to as an ONU,
which OLT is comprised in a communications network.
The OLT is interconnected to the ONU via a wireline com-
munications link and via a wireless communications link.
The OLT identifies bearer traffic to the ONU when ONU
is in a sleep mode. The OLT buffers the identified bearer
traffic. The OLT transmits information about exit out of
sleep mode to the ONU via the wireless communications
link. The OLT transmits, after the ONU has exited sleep
mode, the buffered bearer traffic to the ONU using the
wireline communications link, and provides wireless con-
nectivity capability to the ONU by means of the wireless
communications link during the sleep mode.
[0016] According to a third aspect, the objective is
achieved by a method in a communications network for
providing wireless connectivity capability to an optical
network unit, referred to as an ONU. The communica-
tions network comprises an optical line terminal, referred
to as an OLT. The OLT and the ONU are interconnected

via a wireline communications link and via a wireless
communications link. The OLT and the ONU is config-
ured to support a sleep mode. The communications net-
work exchanges control or management data or bearer
traffic between the OLT and the ONU over the wireline
communications link when the ONU is out of sleep mode,
i.e. it is in awake mode. The communications network
exchanges control or management data and bearer traf-
fic between the OLT and the ONU over the wireless com-
munications link when the ONU is in the sleep mode. The
communications network provides wireless connectivity
capability to the ONU by means of the wireless commu-
nications link when the ONU is in the sleep mode.
[0017] According to a forth aspect, the objective is
achieved by an optical network unit, referred to as an
ONU, for providing wireless connectivity capability to the
ONU. Which ONU is comprised in a communications net-
work. As mentioned above, the ONU is interconnected
to an optical line terminal, referred to as an OLT, via a
wireline communications link and via a wireless commu-
nications link. The ONU is configured to support a sleep
mode. The ONU comprises an obtaining unit configured
to obtain information about entry into the sleep mode and
an identifying unit which is configured to identify whether
the wireless communications link is activated or deacti-
vated. Further, the ONU comprises an activating unit
which is configured to activate the wireless communica-
tions link if the wireless communications link is identified
as deactivated. The ONU comprises an entering unit con-
figured to enter sleep mode, and a providing unit which
is configured to provide wireless connectivity capability
to the ONU by means of the wireless communications
link during the sleep mode.
[0018] According to a fifth aspect, the objective is
achieved by an optical line terminal, referred to as an
OLT, for providing wireless connectivity capability to an
optical network unit, referred to as an ONU, Which OLT
is comprised in a communications network. The OLT is
interconnected to the ONU via a wireline communications
link and via a wireless communications link. The OLT
comprises an identifying unit configured to identify bearer
traffic to the ONU when the ONU is in a sleep mode. The
OLT comprises a buffering unit which is configured to
buffer the identified bearer traffic. Further, the OLT com-
prises a transmitting unit configured to transmit informa-
tion about exit out of sleep mode to the ONU via a wireless
communications link, and configured to transmit, after
the ONU has exited sleep mode, the buffered bearer traf-
fic to the ONU using the wireline communications link.
[0019] By integrating a wireless transceiver module in-
to the ONU, it is provided with wireless connectivity ca-
pability, which enables improved power consumption in
the communications network. The wireless connectivity
capability may be utilized in cases such as for example
PON signaling, applications handshakes and POTS calls
in sleep mode, periodic maintenance, etc.
[0020] Embodiments herein afford many advantages,
of which a non-exhaustive list of examples follows:
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Embodiments herein enable wake up of the ONU in
power saving or sleep mode via wireless connectiv-
ity. This provides an adaptive wake-up management
by monitoring traffic in the communications network.

[0021] When there is no downstream traffic to a sleep-
ing ONU, the ONU may keep sleeping until it receives a
wireless wake-up message from the OLT. During an
ONU sleep period, no power is consumed by the optical
transceiver.
[0022] When there is downstream traffic addressed to
the ONU, the OLT wakes up the ONU via a wireless no-
tification instead of waiting for a wake-up timer to expire.
This improves the quality of service seen by the end user
and reduces the amount of buffering needed at the OLT.
[0023] Embodiments herein provide the advantage of
enabling POTS calls even when the optical transceiver
is powered off, and without waking up the ONU. In power
saving mode, which comprises e.g. power shedding and
power sleeping, shutting down the optical transceiver
saves power and prolongs battery availability. During
sleep periods, OLT maintenance windows or fiber cut
accidents, POTS calls thus remain available for custom-
ers, thereby additionally improving the reliability of the
service.
[0024] Another advantage of embodiment herein is
that periodic maintenance messages, such as Session
Initiation Protocol (SIP) heartbeat and Internet Group
Management Protocol (IGMP) query messages are car-
ried over the wireless link between ONU and application
servers without the need to awaken a sleeping ONU.
[0025] A further advantage of embodiments herein is
that the ONU’s wireless module remains in idle mode
when there are no wireless messages between the ONU
and the OLT, and thus saves additional power. Wireless
connectivity consumes less energy than the optical trans-
ceiver.
[0026] Embodiments herein are not limited to the fea-
tures and advantages mentioned above. A person skilled
in the art will recognize additional features and advan-
tages upon reading the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Embodiments herein will now be further de-
scribed in more detail in the following detailed description
by reference to the appended drawings illustrating the
embodiments and in which:

Fig. 1 is a block diagram illustrating embodiments of
a communication network.

Fig. 2 is a block diagram illustrating embodiments of
an ONU.

Fig. 3 is a combined schematic block diagram and
flowchart depicting embodiments of a method.

Fig. 4 is a flowchart depicting embodiments of a
method.

Fig. 5 is a block diagram illustrating embodiments of
an OLT.

Fig. 6 is a combined schematic block diagram and
flowchart depicting embodiments of a method.

Fig. 7 is a flowchart depicting embodiments of a
method.

Fig. 8 is a flow chart illustrating embodiments of a
method.

Fig. 9 is a flowchart depicting embodiments of a
method in an ONU.

Fig. 10 is a schematic block diagram depicting em-
bodiments of an ONU.

Fig. 11 is a flowchart depicting embodiments of a
method in an OLT.

Fig. 12 is a schematic block diagram depicting em-
bodiments of an OLT.

Fig. 13 is a flowchart depicting embodiments of a
method in a communications network.

[0028] The drawings are not necessarily to scale and
the dimensions of certain features may have been exag-
gerated for the sake of clarity. Emphasis is instead placed
upon illustrating the principle of the embodiments herein.

DETAILED DESCRIPTION

[0029] Figure 1 depicts a communications network
100. The communications network 100 comprises a PON
and a cellular network. Transmissions within the PON
are typically performed between the OLT 101 and at least
one ONU 103 via a PON wired fiber optical communica-
tions link. The PON wired fiber optical communications
link will from now on be referred to as the optical link
104. The communications network 100 comprises i
number of ON Us 103, where i i an integer from 1 upward.
Between the OLT 101 and ONU 103 there is an Optical
Distribution Network (ODN) 105 which comprises fibers
and splitters. The OLT 101 generally resides in the central
office of the operator of the network 100, and couples
the optical access network to an aggregation network
106, through which the OLT 101 may additionally com-
municate with a Base Station (BS) 108 in the cellular
network via a wireline communication link 109. The
wireline communication link 109 is different from the op-
tical link 104. The base station 108 serves a cell 110.
The base station 108 may be a base station such as a
NodeB, an evolved NodeB (eNB), or any other radio net-
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work unit. The cell 110 is a geographical area where radio
coverage is provided by the base station 108 at a base
station site. Each cell 110 is identified b an identity within
the local radio area, which is broadcast in the cell 110.
[0030] The ONU 103 may be located in the residence
of a customer. The ONU 103 may also be of different
types having different purposes, such as a Multi-Dwelling
Unit (MDU) which is usually used for Fast Fourier Trans-
form (FTT) Building, FTTBusiness and FTTFloor deploy-
ment, whereas a Single Family Unit (SFU) ONU is adapt-
ed for residential use etc. All of these ONU types may be
under the coverage of the cellular network. The ONU 103
may have a wireless connectivity capability with the Base
Station 108 in the cellular network by integrating a wire-
less transceiver module with the ONU 103. Thus, the
base station 108 has a wireless communication link
113 to the ONU 103.
[0031] The cellular network may use technologies
such as Long Term Evolution (LTE), Global System for
Mobile Communications (GSM), Worldwide Interopera-
bility for Microwave Access (WiMAX), Universal Terres-
trial Radio Access Network (UTRAN) etc. It should be
noted that the wireless link 113 between the base station
108 and the ONU 103 may use any suitable protocol
depending on type and level of layer, e.g. as indicated
by the Open Systems Interconnection (OSI) model, as
understood by the person skilled in the art.
[0032] The user equipment (not shown) may be any
suitable communication device or computational device
with communication capabilities connected to a wired
port of the ONU 103. The user equipment may comprise
for example a telephone, a Personal Computer (PC), a
television etc.
[0033] As mentioned above and as illustrated in Figure
2, the ONU 103 comprises a wireless transceiver 201
configured to transmit and receive wireless signaling,
system control or management data and bearer traffic to
and from the OLT 101 via the base station 108 over the
wireless link 113. By accessing the cellular network using
the wireless link 113, an alternative communication link
between ONU 103 and OLT 101 is provided in addition
to the optical link 104. The ONU 103 further comprises
an optical transceiver 203 configured to transmit and
receive wired optical signals, traffic and data to and from
the OLT 101 over the optical link 104. The wavelength
of the transmitted optical signals may for example be
1310 nm, and the wavelength of the received optical sig-
nals may be for example 1490 nm. As seen in Figure 2,
the ONU 103 further comprises a processing unit, such
as e.g. the Central Processing Unit (CPU) 205. The CPU
205 carries out the functions of the ONU 103 according
to sequential instructions in a program stored in the ONU
103. The ONU 103 comprises a PON Media Access Con-
troller (PON/MAC) 207 providing addressing and chan-
nel access control mechanisms that make it possible for
several ONUs 103 to communicate within the multi-point
network that is a PON.
[0034] In addition to the wake-up mechanisms defined

by for example the ITU, which may be based on timers
or local traffic at the ONU 103, the ONU 103 has an adap-
tive wake-up mechanism using wireless based wake-up
signaling. The ONU 103 may be in different modes, e.g.
a sleep mode or an awake mode. The sleep mode may
also be referred to as sleep state and the awake mode
may also be referred to as awake state. The awake mode
may also be referred to as out of sleep mode. These
modes may provide e.g. reduced energy consumption.
A sleep mode refers to a low power mode, which saves
significant electrical energy consumption compared to
leaving the optical transceiver device 203 fully on. The
awake mode refers to a state when the optical transceiver
device 203 is on, i.e. the opposite of sleep mode, and in
which the ONU 103 is fully capable of providing all tele-
communications services via the optical link 104, but with
increased energy consumption. In the ONU sleep mode,
both the ONU optical transmitter and ONU optical receiv-
er, i.e. the ONU optical transceiver 203, are turned off.
The wireless transceiver 201 consumes less energy than
the optical transceiver 203, and remains active during
ONU sleep mode.
[0035] The method for providing wireless connectivity
capability to the optical network unit 103, according to
some embodiments will now be described with reference
to the combined signaling diagram and flowchart depict-
ed in Figure 3. The method comprises the following
steps, which steps may as well be carried out in another
suitable order than described below.

Step 301

[0036] The ONU 103 is awake, i.e. it is not in any power
saving mode, and the wireless transceiver 201 of the
ONU 103 is deactivated by default.

Step 302

[0037] The wireless transceiver 201 of the ONU 103
is activated when the ONU 103 is ready to enter power
saving mode.

Step 303

[0038] The ONU 103 enters power saving mode, i.e.
sleep mode.

Step 304

[0039] During the sleep mode, the ONU 103 transmits
and receives communication to and from the OLT 101,
using the activated wireless transceiver 201, the wireless
communication link 113 and the base station 108.
[0040] The ONU 103 may use the wireless transceiver
201 for different reasons. Some of the reasons may be
energy saving requirements from the operator, AC power
failure, maintenance of the OLT 101, fiber cut of the PON
link 104 etc. Some of these examples are described in
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more detail below.
[0041] The communication may be data traffic, mes-
sages, signaling or any other type of communication be-
tween the ONU 103 and the OLT 101.
[0042] The wireless communication link 113 may be
used for control or management data and high-priority
bearer traffic, such as Voice over Internet Protocol (VoIP)
traffic.

Step 305

[0043] The ONU 103 leaves the energy saving mode
and enters the awake mode. The reason for the ONU
103 to leave the energy saving mode may be e.g. re-
stored AC power, timer expiration, etc. In the embodi-
ments herein, an additional reason to awaken is that the
ONU receives a wake-up message from the OLT via the
wireless link 113. This is not possible in a traditional ONU
configuration that contains only an optical link 104.

Step 306

[0044] During the awake mode, the ONU 103 commu-
nicates with the OLT 101 via the optical link 104, using
the optical transceiver 203.
[0045] Bearer traffic is an example of a type of com-
munication that is communicated via the optical link 104.
When the ONU 103 is in awake state, it may use the
optical link 104 for all communications with the OLT 101.
[0046] The wireless transceiver 201 may be deactivat-
ed when the ONU 103 leaves the power saving mode.
In some embodiments, the ONU may go in and out of
sleep mode fairly frequently, and therefore the wireless
transceiver 201 may remain enabled. In other embodi-
ments, where the ONU 103 is intended to remain awake
for an extended period, the wireless transceiver 201 may
be disabled.
[0047] The following description provides example em-
bodiments and details of the method described in Figure
3 applied to different types of traffic, i.e. system control
traffic, high-priority voice bearer traffic and control or
management data. The example embodiments de-
scribed below are

- System control, e.g. adaptive wake-up mechanism
by wireless-based wake-up signaling.

- High-priority voice bearer traffic, e.g. POTS calls in
power shedding and power sleep mode without
awakening the optical transceiver.

- Control or management data, e.g. periodic mainte-
nance messages.

System control traffic - Adaptive Wake-up Mecha-
nism by Wireless-based Wake-up Signaling

[0048] When the ONU 103 is in power saving mode,
the OLT 101 may monitor traffic status of all ONUs 103
in the communication network 100 that are in sleep mode.

When there is enough downstream bearer traffic, e.g.
Ethernet traffic, directed to the sleeping ONU 103, the
OLT 101 will send a wireless wake-up message via the
base station 108 to the ONU 103 to turn on the optical
transceiver 203 to receive the buffered downstream bear-
er traffic. When there is not enough downstream bearer
traffic to warrant awakening the ONU 103, the OLT 101
may leave the ONU 103 in sleep mode. In this way, an
ONU 103 with wireless connectivity 113 provides an
adaptive wake-up mechanism, and thus enables in-
creased power saving.
[0049] Traffic that may be transferred via the wireless
link 113 without awakening the ONU 103 comprises for
example, single message exchanges such as keep-alive
heartbeats or handshakes with e.g. SIP servers or just
between the OLT 101 and the ONU 103 to confirm the
health of the PON and/or the wireless link 113; small
numbers of messages such as IGMP queries, i.e. down-
stream from the OLT 101, and IGMP responses, i.e. up-
stream from the ONU 103. These are cases in which the
OLT 101/ONU 103 may exercise intelligence in examin-
ing the bearer traffic to determine the type of traffic and
whether it is merely the first packet in a large stream, or
whether it is one of only a very limited number of packets
to be exchanged. Another example is the choice to carry
POTS calls over the wireless link 113 rather than awak-
ening the ONU 103, based again on intelligence in the
OLT 101/ONU 103 that - although there may be a con-
tinuing stream of packets to exchange between the OLT
101 and the ONU 103 - the packet rate is comfortably
within the channel capacity of the wireless link 113 and
does not justify awakening the ONU 103 and activating
its high-speed optical link 104.
[0050] A method in the OLT 101 for providing wireless
connectivity capability to the ONU 103, according to
some embodiments will now be described with reference
to the flow chart depicted in Figure 4 depicting embodi-
ments of the method for an OLT monitoring process, and
with reference to Figure 5 depicting embodiments of the
OLT 101. The OLT 101 comprises a Traffic Monitoring
Module 501, Power Management Module 503 and
Wireless Wake-up Module 505. The modules com-
prised in the OLT 101 will be described in more detail
below. The method comprises the following steps, which
steps may as well be carried out in another suitable order
than described below.

Step 401

[0051] The Traffic Monitoring Module 501 monitors
downstream traffic from the OLT 101 to the ONU 103.
Further, the Traffic Monitoring Module 501 may also clas-
sify the type of incoming downstream traffic, e.g. distin-
guishing characteristics of bearer traffic such as I PTV
or VoIP, and system Control or Management data.

9 10 
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Step 402

[0052] If the incoming downstream traffic is bearer traf-
fic, the Traffic Monitoring Module 501 in the OLT 101
determines if there is enough traffic to warrant activating
the optical transceiver 203 in the ONU 103. The cases
where the incoming downstream traffic is high-priority
bearer traffic such as VoIP traffic or Control or Manage-
ment data will be described in more detail below.
[0053] If there is enough downstream traffic, i.e. yes,
the method proceeds to step 403.
[0054] If there is not enough downstream traffic, i.e.
no, the method goes back to step 401 and the OLT 101
will keep monitoring the downstream traffic. The OLT 101
may transmit smaller amounts of traffic may to the ONU
103 using the wireless transceiver 201, rather than buff-
ering it.

Step 403

[0055] A Power Management Module 503 updates the
OLT’s 101 record of the power saving mode of the ONU
103, i.e. updates the mode from sleep to awake. The
OLT 101 may contain a state table for keeping track of
the state of the ONU 103. For each ONU 103, the state
table may have the parameter "sleep" or "awake". The
state table may be stored in a computer readable memory
in the OLT 101.

Step 404

[0056] This step corresponds to steps 304 and 305 in
Figure 3.
[0057] If the OLT 101 determines that the ONU 103
should be awakened, the wireless wake-up module 505
in the OLT 101 may send a wireless wake-up message
to the ONU 103 via the cellular network, i.e. via the wire-
less link 113, to turn on the optical transceiver module
203 in the ONU 103. Thus, the wireless transceiver 201
in the ONU 103 receives the wireless wake-up message
from the OLT 101 and is able to awaken upon demand
from the OLT 101, rather than only upon timer expiration
or other local stimulus.
[0058] Figure 6 is a combined signaling diagram and
flowchart depicting an embodiment of a method for an
ONU wake-up sequence through the wireless based
wake-up signaling when there is downstream traffic from
the OLT 101 to the ONU 103. When the ONU i 103 is
ready to go into sleep mode, it will activate the wireless
transceiver 201 first and then exchange a handshake
with the OLT 101 through wireless connectivity 113. The
handshake is passed through the base station 108. After
the handshake, the ONU i 103 enters the power sleep
mode and the OLT 101 monitors downstream traffic to
identify which ONU 103 may need to be awakened. If
there is downstream traffic for the ONU i 103, the OLT
101 will first buffer the downstream traffic to the ONU i
103 and send a wake-up message via the wireline com-

munication link 109 to the base station 108, thence to
the ONU 103. After turning on the optical transceiver 203,
the ONU 103 will synchronize with the OLT 101 through
the PON link 104 and then power off the wireless trans-
ceiver 201. Synchronization comprises the process of
recovering PON timing on the part of the ONU 103, con-
firming the ability of the ONU 103 to sustain communi-
cations on the optical link 104, and possibly adjusting the
ONU’s 103 equalization delay on the part of the OLT 101.
The OLT 101 will transmit buffered downstream traffic to
the ONU 103 via the optical link 104 after synchronization
is complete. The method comprises the following steps,
which steps may as well be carried out in another suitable
order than described below.

Step 601

[0059] The ONU i 103 is ready to go to sleep, i.e. to go
into power sleep mode. In some embodiments, the ONU
103 may make a local decision to go to sleep, or the OLT
101 may send a message to remind the ONU 103 to go
to sleep.

Step 602

[0060] The ON U i 103 activates its wireless transceiver
201.

Step 603

[0061] The ONU i 103, which is ready to go to sleep
mode exchanges a handshake with the OLT 101 via the
wireless link 113 or the optical link 104. The purpose of
the handshake is to confirm the health of the wireless
link 113 and coordinate the pending transition into sleep
mode by the ONU 103.

Step 604

[0062] In some embodiments, the OLT 101 transmits
a sleep message to the ONU i 103. This step may be
unnecessary if the ONU 103 has been permitted to enter
sleep mode as its own local decision.

Step 605

[0063] This step corresponds to step 303 in figure 3.
[0064] The ONU 103 enters sleep mode, in some em-
bodiments after receiving the sleep message from the
OLT 101 in step 604,

Step 606

[0065] The OLT 101 monitors the downstream traffic
in the communication network 100.

11 12 



EP 2 689 545 B1

8

5

10

15

20

25

30

35

40

45

50

55

Step 607

[0066] This step corresponds to step 402 in Figure 4.
[0067] The OLT 101 identifies that there is downstream
traffic to sleeping ONU i 103, and analyzes the traffic and
determines whether to buffer it, or to forward it over the
wireless link 113. The OLT 101 may buffer some bearer
traffic until the optical transceiver 201 in the ONU 103 is
awake. Control or management data and high-priority
bearer traffic may be transmitted over the wireless link
113.

Step 608

[0068] This step corresponds to step 404 in Figure 4.
[0069] The OLT 101 decides that ONU i 103 should be
awakened, i.e. leave sleep mode, and sends a wireless
wake-up message to the ONU i 103 via the base station
108.

Step 609

[0070] This step corresponds to step 304 in Figure 3.
[0071] As mentioned in relation to figure 1, the Old 101
is connected to the base station 108 via a wireline com-
munication link 109. The OLT 101 transmits a wireless
wake-up message to the ONU i 103 using the wireline
communication link 109 between the OLT 101 and the
base station 108.

Step 610

[0072] This step corresponds to step 304 in Figure 3.
[0073] The base station forwards the wireless based
wake-up message to the ONU i 103 via the wireless link
113.

Step 611

[0074] ONU i 103 exits out of sleep mode and wakes
up, i.e. the optical transceiver 203 is turned on.

Step 612

[0075] After turning on the optical transceiver, ONU
103 may synchronize with the OLT 101 through the op-
tical link 104. The purpose of synchronization is to confirm
communications capability between OLT 101 and ONU
103, and to adjust the ONU’s equalization delay if nec-
essary.

Step 613

[0076] The OLT 101 transmits the buffered down-
stream traffic to ONU via the optical link 104 after it has
synchronized with the ONU 103 in step 612.
[0077] In some embodiments the wireless transceiver
201 may be left on even though the traffic is transmitted

via the optical link 104, and in some embodiments the
wireless transceiver 201 is powered off in that situation.
The decision may be dynamic, e.g. based on assessment
of the current traffic environment by the OLT 101 and/or
the ONU 103, and a prediction of the likelihood of imme-
diately returning to sleep mode or remaining awake for
an extended time.
[0078] Figure 7 depicts embodiments of a method il-
lustrating an ONU 103 sleep mode state transition.

Step 701

[0079] This state corresponds to step 306 in figure 3
[0080] The ONU 103 is in the awake mode. In the
"Awake" state 701, the ONU 103 is fully responsive, for-
warding downstream traffic received on the optical link
104 and responding to all bandwidth allocations from the
OLT 101 to transmit upstream data via the optical link
104.

Step 702

[0081] This step corresponds to step 601 in figure 6.
[0082] The ONU 103 is ready to go to sleep, i.e. to
enter sleep mode. The "Go-to-sleep Ready" indication
may be obtained internally within the ONU 103 or exter-
nally from e.g. the OLT 101:

• ONU 103 may make a local decision to go to sleep;
• OLT 101 may send a message to remind the ONU

103 to go to sleep.

Step 703

[0083] This state corresponds to step 603 in figure 6.
[0084] The ONU 103 activates the wireless transceiver
201 and exchanges a handshake with the OLT 101 to
confirm the health of the wireless link and the pending
transition into sleep mode. In the "Handshake" state 703,
the ONU optical transceiver 201 remains on.

Step 704

[0085] This step corresponds to step 604 in figure 6.
[0086] After the handshake the OLT 101 will send the
"Sleep" message to place the ONU 103 into sleep mode.
This message is optional. In some embodiments, the
ONU 103 may use handshake completion as a trigger to
enter sleep mode without an additional message from
the OLT 101.

Step 705

[0087] In "Asleep" state, the optical transceiver 203 is
turned off. The ONU 103 retains wireless connectivity
with the OLT 101.
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Step 706

[0088] This step corresponds to steps 401-404 in figure
4 and steps 609-610 in figure 6.
[0089] Examples of conditions to wake up the ONU
103 from sleep mode may be:

1. Downstream traffic to the ONU 103.
2. Upstream traffic from the ONU 103.

[0090] The decision to awaken the ON U 103 may de-
pend on analysis of the traffic type. Both the upstream
traffic and the downstream traffic may be of different
types, such as for example:

a. Bearer traffic that might wake up the ONU 103.
b. High-priority voice traffic that may be transmitted
through wireless connectivity and that does not wake
up the ONU 103.
c. Control or Management data which is transmitted
through wireless connectivity and that does not wake
up the ONU 103.

[0091] External stimuli may cause exit from sleep
mode earlier than would have been the case if e.g. timer
expiration were the only means. External stimuli may
comprise, without limitation, control or management data
or the arrival of bearer traffic intended to be conveyed in
either direction between the OLT 101 and the ONU 103.
The possibility that events at the OLT 101 cause wake-
up at the ONU 103 through the wireless wake-up mes-
sage is the feature disclosed in the embodiments herein.

High-priority bearer traffic - POTS Call in energy Sav-
ing Mode without Awakening Optical Transceiver

[0092] Another example embodiment of the method
described in Figure 3 is a POTS call in a power saving
mode, which describes a method to deal with high-priority
bearer traffic. In a power saving mode due to e.g. AC
power failure, the ONU 103 with wireless connectivity is
still able to access the cellular network to provide POTS
calls any time.
[0093] In this way, the ONU 103 with wireless connec-
tivity provides longer battery backup time for power shed-
ding mode and provides increased energy saving in sleep
mode.
[0094] In existing art, when the AC power to the ONU
103 is down, a power shedding feature may power off
the non-essential functions and services of the network
100 while the optical transceiver 203 of the ONU 103 is
still on. The network 100 may comprise an auxiliary
source of power, such as a backup battery, which charg-
es while the power grid is in operation, and which pro-
vides power to the network units during power outages.
Backup battery devices have only a relatively limited
amount of energy available before the network units or
other device must be shut down. Once the battery has

discharged, it is too late to shut down the network units
gracefully, and no emergency communications are pos-
sible. Some units or devices in the network 100 are more
important than others in terms of the criticality of keeping
them powered up during a power outage. Moreover, dif-
ferent devices have different power requirements, which
may result in faster than necessary discharge of the aux-
iliary power source, e.g. the battery. When the AC power
is down, the auxiliary power source needs to shed spec-
ified loads at specified times and in specified order.
[0095] In the embodiments herein, the knowledge at
the ONU 103 of a power failure, or also of a failure or
maintenance action on the PON or the optical link 104,
may be taken as an additional input criterion that allows
power shedding and sleep mode to be combined, where-
by the optical transceiver 203 is powered down more
aggressively than would have been the case otherwise,
and the wireless link 113 is used for wider purposes than
would have been the case otherwise. For example, by
activating the wireless transceiver 201 in the ONU 103
and then turning off the optical transceiver 203, POTS
calls are still provided even though the ONU 103 is in
maximum power saving mode. This is illustrated in the
flow diagram in Figure 8. Figure 8 shows AC power fail-
ure as an example of a reason for a power saving mode.
However, any other reason for power saving mode is
also applicable, such as e.g. maintenance, general pow-
er saving requirements, fiber cut etc. The method, in the
ONU, comprises the following steps, which steps may
as well be carried out in another suitable order than de-
scribed below.

Step 801

[0096] This step corresponds to step 301 in Figure 3.
[0097] As an example, the AC power to the ONU 103
fails. The ONU 103 may continue to operate for a limited
amount of time through the availability of a local energy
storage device such as a backup battery. Loss of AC
power may initiate power shedding. The AC power may
be lost for a short or long period of time.

Step 802

[0098] Power saving of non-essential functions of the
ONU 103 is initiated. Power saving of non-essential func-
tions may imply that low-priority/high-volume traffic is dis-
carded in both directions, upstream and downstream. Ex-
amples of non-essential functions may be for example
high-speed internet access and video service. Both of
these imply large volumes of traffic, but are generally low
priority, and should be discarded rather than buffered or
sent via the wireless link 113. As a distinguishing feature
from the previous examples, the ONU 103 may, on the
basis of information obtained in step 801, abbreviate the
intervals or re-prioritize the criteria that it uses to deter-
mine its entrance to sleep mode.
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Step 803

[0099] This step corresponds to step 302 in Figure 3,
step 602 in figure 6 and step 701 in figure 7.
[0100] The ONU 103 activates its wireless transceiver
201 if it is not already active.

Step 804

[0101] This step corresponds to step 603 in figure 6.
[0102] The ONU 103 exchanges handshakes with the
OLT 101 via the wireless link 113.

Step 805

[0103] This step corresponds to step 303 in figure 3,
step 605 in figure 6 and step 705 in figure 7.
[0104] The optical transceiver 203 in the ONU 103 is
turned off, i.e. the ONU 103 enters sleep mode. As the
wireless transceiver 201 is activated, step 803, wireless
link 113 may handle essential tasks such as POTS calls
even though the ONU 103 is in sleep mode.
[0105] Control-or-Management data - Periodic
maintenance message Control or Management data
may comprise periodic maintenance messages like SIP
heartbeat and Internet Group Management Protocol
(IGMP) query messages, which may be carried over the
wireless link 113 between the ONU 103 and application
servers, without awakening the ONU 103. For IGMP, the
IGMP server will periodically send a multicast IGMP que-
ry to update its list of active groups. For VoIP service, a
heartbeat message is periodically exchanged with the
SIP server to keep the session alive. Even the continued
health and availability of the wireless link 113 needs to
be occasionally confirmed with a handshake. Such heart-
beat exchange messages between ONU 103 and the
OLT 101 or external application servers may be carried
over the wireless link 113 without awakening the ONU
103.
[0106] The method described above will now be de-
scribed seen from the perspective of the ONU 103. Fig-
ure 9 is a flowchart describing the present method in the
ONU 103 in a communications network 100, for providing
wireless connectivity capability to the ONU 103. As men-
tioned above the ONU 103 is being interconnected to an
optical line terminal 101, referred to as an OLT, via a
wireline communications link 104 and a wireless com-
munications link 113. The ONU 103 is configured to sup-
port a sleep mode. The method comprises the further
steps to be performed by the ONU 103:

Step 901

[0107] This step corresponds to step 604 in figure 6.
[0108] The ONU 103 obtains information about entry
into the sleep mode.

Step 902

[0109] The ONU 103 identifies whether the wireless
communications link 113 is activated or deactivated.

Step 903

[0110] This step corresponds to step 302 in figure 3,
step 602 in figure 6 and step 803 in figure 8.
[0111] The ONU 103 activates the wireless communi-
cations link 113 if the wireless communications link 113
is identified as deactivated.

Step 904

[0112] This step corresponds to step 303 in figure 3,
step 605 in figure 6 and step 804 in figure 8.
[0113] The ON U 103 enters sleep mode.

Step 905

[0114] The ONU 103 provides wireless connectivity
capability to the ONU 103 by means of the wireless com-
munications link 113 during the sleep mode.

Step 906

[0115] This step corresponds to step 304 in figure 3.
[0116] In some embodiments, the ONU 103 in sleep
mode, receives, using the wireless communications link
113, control or management data from the OLT 101.

Step 907

[0117] This step corresponds to step 304 in figure 3.
[0118] In some embodiments, the ONU 103 in sleep
mode transmits, using the wireless communications link
113, control or management data or bearer traffic to the
OLT 101.

Step 908

[0119] This step corresponds to steps 609 and 610 in
figure 6.
[0120] In some embodiments, the ONU 103, in sleep
mode, obtains information via the wireless communica-
tions link 113 from the OLT 101 about exit out of sleep
mode.

Step 909

[0121] This step corresponds to step 305 in figure 3
and step 610 in figure 6.
[0122] In some embodiments, the ONU 103 exits sleep
mode.
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Step 910

[0123] This step corresponds to step 306 in figure 3
and step 613 in figure 6.
[0124] In some embodiments, the ONU 103 receives
and transmits, using the wireline communications link
104, bearer traffic from and to the OLT 101.
[0125] To perform the method steps shown in figure 9
for providing wireless connectivity capability to the ONU
103 in the communications network 100, the ONU 103
comprises an arrangement as shown in Figure 10. The
ONU 103 is interconnected to an optical line terminal
101, referred to as an OLT, via a wireline communications
link 104 and a wireless communications link 113. The
ONU 103 is configured to support a sleep mode.
[0126] The ONU 103 comprises an obtaining unit
1001 configured to obtain information about entry into
the sleep mode. The ONU 103 further comprises an iden-
tifying unit 1004 configured to identify whether the wire-
less communications link 113 is activated or deactivated.
The ONU 103 comprises an activating unit 1007 which
is configured to activate the wireless communications link
113 if the wireless communications link (113 is identified
as deactivated. Further, the ONU 103 comprises an en-
tering unit 1009 configured to enter sleep mode, and a
providing unit 1011 configured to provide wireless con-
nectivity capability to the ONU 103 by means of the wire-
less communications link 113 during the sleep mode.
[0127] In some embodiments, the obtaining unit 1001
is further configured to obtain, at the ONU 103 in sleep
mode, information via the wireless communications link
113 from the OLT 101 about exit out of sleep mode. In
some embodiments, the ONU 103 further comprising an
exiting unit 1013 configured to exit sleep mode. In some
embodiments, the ONU comprises a receiving and
transmitting unit 1015 configured to receive and trans-
mit, using the wireline communications link 104, bearer
traffic from and to the OLT 101. The receiving and trans-
mitting unit 1015 may further be configured to receive at
the ONU 103 in sleep mode, using the wireless commu-
nications link 113, control or management data from the
OLT 101, and to transmit using the wireless communi-
cations link 113, control or management data or bearer
traffic from the ONU 103 in sleep mode to the OLT 101.
[0128] The method described above will now be de-
scribed seen from the perspective of the OLT 101, re-
ferred to as an OLT, in the communications network 100.
Figure 11 is a flowchart describing the present method
in the OLT 101, for providing wireless connectivity capa-
bility to the optical network unit 103, referred to as an
ONU. As mentioned above, the OLT 101 is interconnect-
ed to the ONU 103, via a wireline communications link
104 and a wireless communications link 113. The method
comprises the further steps to be performed by the OLT
101:

Step 1101

[0129] This step corresponds to steps 401 and 402 in
figure 4 and steps 606 and 607 in figure 6.
[0130] When the OLT is in sleep mode, the OLT 101
identifies bearer traffic to the ONU 103.

Step 1102

[0131] This step corresponds to step 304 in figure 3.
[0132] In some embodiments, the OLT 101 transmits
control or management data to the ONU 103 via the wire-
less communications link 113, while the ONU 103 is in
sleep mode.

Step 1103

[0133] This step corresponds to step 304 in figure 3.
[0134] In some embodiments, the OLT 101 receives
control or management data from the ONU 103 via the
wireless communications link 113, while the ONU 103 is
in sleep mode.

Step 1104

[0135] This step corresponds to step 607 in figure 6.
[0136] The OLT 101 buffers the identified bearer traffic.

Step 1105

[0137] This step corresponds to step 304 in figure 3,
step 404 in figure 4 and steps 609 and 610 in figure 6.
[0138] The OLT 101 transmits information about exit
out of sleep mode to the ONU 103 via the wireless com-
munications link 113.

Step 1106

[0139] This step corresponds to step 306 in figure 3
and step 613 in figure 6.
[0140] The OLT 10 transmits, after the ONU 103 has
exited sleep mode, the buffered bearer traffic to the ONU
103 using the wireline communications link 104.

Step 1107

[0141] The OLT 101 provides wireless connectivity ca-
pability to the ONU 103 by means of the wireless com-
munications link 113 during the sleep mode.
[0142] To perform the method steps shown in figure
11 for providing wireless connectivity capability to an op-
tical network unit 103, referred to as an ONU, the optical
line terminal 101, referred to as OLT, in a communica-
tions network 100 comprises an arrangement as shown
in Figure 12. The OLT 101 is interconnected to the ONU
103, via a wireline communications link 104 and a wire-
less communications link 113. The OLT 101 comprises
an identifying unit 1201 which is configured to identify
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bearer traffic to the ONU 103 when the ONU 103 is in a
sleep mode. Further, the OLT 101 comprises a buffering
unit 1204 configured to buffer the identified bearer traffic.
The OLT 101 comprises a transmitting unit 1207 con-
figured to transmit information about exit out of sleep
mode to the ONU 103 via a wireless communications
link(113; and configured to transmit, after the ONU 103
has exited sleep mode, the buffered bearer traffic to the
ONU 103 using the wireline communications link 104. In
some embodiments, the transmitting unit 1207 is further
configured to transmit control or management data from
the OLT 101 to the ONU 103 via the wireless communi-
cations link 113, while the ONU 103 is in sleep mode. In
some embodiments, the OLT 101 comprises a receiving
unit 1210 configured to receive control or management
data from the ONU 103 via the wireless communications
link 113, while the ONU 103 is in sleep mode.
[0143] The method described above will now be de-
scribed seen from the perspective of the communications
network 100. Figure 13 is a flowchart describing the
present method in the communications network 100, for
providing wireless connectivity capability to an optical
network unit 103, referred to as an ONU. As mentioned
above the communications network 100 comprises an
optical line terminal 101, referred to as an OLT. The OLT
101 and the ONU 103 is interconnected via a wireline
communications link 104 and a wireless communications
link 113. The OLT 101 and the ONU 103 is configured
to support a sleep mode. The method comprises the fur-
ther steps to be performed by the communications net-
work 100:

Step 1301

[0144] In some embodiments, the OLT 101 and the
ONU 103 comprised in the communications network 100
evaluates characteristics of the bearer traffic.

Step 1302

[0145] In some embodiments, the communications
network 100 determines whether to exchange control or
management data or bearer traffic over the wireless com-
munications link 113 or the wireline communications link
113 based on the evaluated characteristics of the control
or management data or bearer traffic.

Step 1303

[0146] In some embodiments, the communications
network 100 evaluates failure and congestion of the wire-
less communications link 113 and the wireline commu-
nications link 104.

Step 1304

[0147] In some embodiments, the communications
network 100 determines whether to exchange control or

management data or bearer traffic over the wireless com-
munications link 113 or the wireline communications link
104 based on the evaluated failure and congestion.

Step 1305

[0148] This step corresponds to step 607 in figure 6.
[0149] In some embodiments, the OLT 101 and the
ONU 103 buffers the bearer traffic.

Step 1306

[0150] This step corresponds to step 304 in figure 3,
step 404 in figure 4 and steps 601 and 610 in figure 6.
[0151] In some embodiments, the communications
network 100 obtains information about exit out of sleep
mode of the ONU 103.

Step 1307

[0152] This step corresponds to step 305 in figure 3
and step 611 in figure 6.
[0153] In some embodiments, the communications
network 100 exits the ONU 103 out of sleep mode.

Step 1308

[0154] This step corresponds to step 306 in figure 3
and step 613 in figure 6.
[0155] The communications network 100 exchanges
control or management data or bearer traffic between
the OLT 101 and the ONU 103 over the wireline commu-
nications link 104 when the ONU 103 is out of sleep mode

Step 1309

[0156] This step corresponds to step 304 in figure 3.
[0157] The communications network 100 exchanges
control or management data and bearer traffic between
the OLT 101 and the ONU 103 over the wireless com-
munications link 113 when the ONU 103 is in the sleep
mode

Step 1310

[0158] The communications network 100 provides
wireless connectivity capability to the ONU 103 by means
of the wireless communications link 113 during the sleep
mode.
[0159] The present mechanism for providing wireless
connectivity capability to an optical network unit 103 in a
communications network 100 may be implemented
through one or more processors, such as a processing
unit 1017 in the ONU 103 depicted in Figure10 and a
processing unit 1215 in the OLT 101 depicted in Figure
12, together with computer program code for performing
the functions of the embodiments herein. The processor
may be for example a Digital Signal Processor (DSP),
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Application Specific Integrated Circuit (ASIC) processor,
Field-programmable gate array (FPGA) processor or mi-
cro processor. The program code mentioned above may
also be provided as a computer program product, for in-
stance in the form of a data carrier carrying computer
program code for performing the embodiments herein
when being loaded into the ONU 103 and/or OLT 101.
One such carrier may be in the form of a CD ROM disc.
It is however feasible with other data carriers such as a
memory stick. The computer program code may further-
more be provided as pure program code on a server and
downloaded to the ONU 103 and/or OTL 101 remotely.
[0160] In summary, when there is downstream traffic
of sufficient priority or volume destined for the sleeping
ONU 103, the OLT 101 will send a wireless wake-up mes-
sage through the base station 108 to the ONU 103 to
turn on the optical transceiver 203 to receive the buffered
downstream traffic. When there is no downstream traffic,
or low-volume or low-priority traffic only, the ONU 103
may be permitted to remain asleep indefinitely. In this
way, the ONU 103 with wireless connectivity provides an
adaptive wake-up mechanism for additional power sav-
ing.
[0161] In a power saving mode due to AC power failure,
an ONU 103 with wireless connectivity may still access
the cellular network to provide POTS calls at any time,
without awakening the ONU 103. This way, the ONU 103
with wireless connectivity provides longer battery backup
life for power shedding and conserves more energy dur-
ing sleep mode.
[0162] Even though the optical transceiver 203 of the
ONU 103 is asleep, heartbeat messages may reach the
VoIP SIP server to keep a connection active through the
wireless connection 113. For IGMP, the IGMP server will
periodically send a multicast IGMP query to update its
list of active groups, which may be conveyed over the
wireless link 113 without awakening the ONU.
[0163] The embodiments herein are not limited to the
above described preferred embodiments. Various alter-
natives, modifications and equivalents may be used.
Therefore, the above embodiments should not be taken
as limiting the scope of the embodiments, which is de-
fined by the appended claims.
[0164] It should be emphasized that the term "compris-
es/comprising" when used in this specification is taken
to specify the presence of stated features, integers, steps
or components, but does not preclude the presence or
addition of one or more other features, integers, steps,
components or groups thereof. It should also be noted
that the words "a" or "an" preceding an element do not
exclude the presence of a plurality of such elements.
[0165] It should also be emphasized that the steps of
the methods defined in the appended claims may, without
departing from the embodiments herein, be performed
in another order than the order in which they appear in
the claims.

Claims

1. A method in an optical network unit (103), referred
to as an ONU, for providing wireless connectivity ca-
pability to the ONU (103), the ONU (103) being con-
figured to support a sleep mode,
characterized in that
the ONU (103) being interconnected to an optical
line terminal (101), referred to as an OLT, via a wire-
line communications link (104) and via a wireless
communications link (113), the method comprising:

obtaining (901) information about entry into the
sleep mode;
identifying (902) whether the wireless commu-
nications link (113) is activated or deactivated;
activating (903) the wireless communications
link (113) if the wireless communications link
(113) is identified as deactivated;
entering (904) sleep mode; and
providing (905) wireless connectivity capability
to the ONU (103) by means of the wireless com-
munications link (113) during the sleep mode.

2. The method according to claim 1, further comprising:

obtaining (908), at the ONU (103) in sleep mode,
information via the wireless communications link
(113) from the OLT (101) about exit out of sleep
mode;
exiting (909) sleep mode; and
receiving and transmitting (910), using the wire-
line communications link (104), bearer traffic
from and to the OLT (101).

3. The method according to any of the claims 1 - 2,
further comprising:

receiving (906), at the ONU (103) in sleep mode,
using the wireless communications link (113),
control or management data from the OLT (101).

4. The method according to any of the claims 1 - 3,
further comprising
transmitting (907), using the wireless communica-
tions link (113), control or management data or bear-
er traffic from the ONU (103) in sleep mode to the
OLT (101).

5. A method in an optical line terminal (101), referred
to as an OLT, for providing wireless connectivity ca-
pability to an optical network unit (103), referred to
as an ONU, characterized in that
the OLT (101) being interconnected to the ONU
(103) via a wireline communications link (104) and
via a wireless communications link (113), the method
comprising:
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identifying (1101) bearer traffic to the ONU (103)
when ONU (103) is in a sleep mode;
buffering (1104) the identified bearer traffic;
transmitting (1105) information about exit out of
sleep mode to the ONU (103) via the wireless
communications link (113);
transmitting (1106), after the ONU (103) has ex-
ited sleep mode, the buffered bearer traffic to
the ONU (103) using the wireline communica-
tions link (104); and
providing (1107) wireless connectivity capability
to the ONU (103) by means of the wireless com-
munications link (113) during the sleep mode.

6. The method according to claim 5, further comprising
transmitting (1102) control or management data
from the OLT (101) to the ONU (103) via the wireless
communications link (113), while the ONU (103) is
in sleep mode.

7. The method according to any of the claims 5 - 6,
further comprising
receiving (1103) control or management data from
the ONU (103) via the wireless communications link
(113), while the ONU (103) is in sleep mode.

8. A method in a communications network (100) for pro-
viding wireless connectivity capability to an optical
network unit (103), referred to as an ONU, the com-
munications network (100) comprising an optical line
terminal (101), referred to as an OLT, the OLT (101)
and the ONU (103) being configured to support a
sleep mode, characterized in that
the OLT (101) and the ONU (103) being intercon-
nected via a wireline communications link (104) and
via a wireless communications link (113), the method
comprising:

exchanging (1308) control or management data
or bearer traffic between the OLT (101) and the
ONU (103) over the wireline communications
link (104) when the ONU (103) is out of sleep
mode;
exchanging (1309) control or management data
and bearer traffic between the OLT (101) and
the ONU (103) over the wireless communica-
tions link (113) when the ONU (103) is in the
sleep mode; and
providing (1310) wireless connectivity capability
to the ONU (103) by means of the wireless com-
munications link (113) when the ONU (103) is
in the sleep mode.

9. The method according to any of claims 8, further
comprising:

in the OLT (101) and the ONU (103), buffering
(1305) the bearer traffic;

obtaining (1306) information about exit out of
sleep mode of the ONU (103); and
exiting (1307) the ONU (103) out of sleep mode.

10. The method according to claim 9, wherein the ob-
tained information about exit out of sleep mode is
based on the control or management data.

11. The method according to any of the claims 8 - 10,
further comprising
in the OLT (101) and the ONU (103), evaluating
(1301) characteristics of the bearer traffic;
determining (1302) whether to exchange control or
management data or bearer traffic over the wireless
communications link (113) or the wireline communi-
cations link (113) based on the evaluated character-
istics of the control or management data or bearer
traffic.

12. The method according to any of the claims 8 - 11,
further comprising
evaluating (1303) failure and congestion of the wire-
less communications link (113) and the wireline com-
munications link (104); and
determining (1304) whether to exchange control or
management data or bearer traffic over the wireless
communications link (113) or the wireline communi-
cations link (104) based on the evaluated failure and
congestion.

13. An optical network unit (103), referred to as an ONU,
for providing wireless connectivity capability to the
ONU (103), the ONU (103) being configured to sup-
port a sleep mode,
characterized in that
the ONU (103) being interconnected to an optical
line terminal (101), referred to as an OLT, via a wire-
line communications link (104) and via a wireless
communications link (113), the ONU (103) compris-
ing:

an obtaining unit (1001) configured to obtain in-
formation about entry into the sleep mode;
an identifying unit (1104) configured to identify
whether the wireless communications link (113)
is activated or deactivated;
an activating unit (1007) configured to activate
the wireless communications link (113) if the
wireless communications link (113) is identified
as deactivated;
an entering unit (1009) configured to enter sleep
mode; and
a providing unit (1011) configured to provide
wireless connectivity capability to the ONU (103)
by means of the wireless communications link
(113) during the sleep mode.

14. An optical line terminal (101), referred to as an OLT,
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for providing wireless connectivity capability to an
optical network unit (103), referred to as an ONU,
characterized in that
the OLT (101) being interconnected to the ONU
(103) via a wireline communications link (104) and
via a wireless communications link (113), the OLT
(101) comprising:

an identifying unit (1201) configured to identify
bearer traffic to the ONU (103), the ONU (103)
being in asleep mode;
a buffering unit (1204) configured to buffer the
identified bearer traffic; and
a transmitting unit (1207) configured to
transmit information about exit out of sleep mode
to the ONU (103) via a
wireless communications link (113); and config-
ured to
transmit, after the ONU (103) has exited sleep
mode, the buffered bearer traffic to the ONU
(103) using the wireline communications link
(104).

Patentansprüche

1. Verfahren in einer optischen Netzeinheit (103), im
Weiteren als ONU bezeichnet, zum Bereitstellen von
drahtloser Konnektivitätsfähigkeit für die ONU (103),
wobei die ONU (103) für ein Unterstützen eines
Schlafmodus konfiguriert ist,
dadurch gekennzeichnet, dass
die ONU (103) mit einem Optical Line Terminal
(101), im Weiteren als OLT bezeichnet, via einen
drahtgebundenen Kommunikationslink (104) und
via einen drahtlosen Kommunikationslink (113) zu-
sammengeschaltet ist, wobei das Verfahren Folgen-
des aufweist:

Abrufen (901) von Information über den Eintritt
in den Schlafmodus;
Identifizieren (902), ob der drahtlose Kommuni-
kationslink (113) aktiviert oder deaktiviert ist;
Aktivieren (903) des drahtlosen Kommunikati-
onslinks (113), wenn der drahtlose Kommunika-
tionslink (113) als deaktiviert erkannt wird;
Eintreten (904) in den Schlafmodus; und
Bereitstellen (905) von drahtloser Konnektivi-
tätsfähigkeit an die ONU (103) mithilfe des
drahtlosen Kommunikationslinks (113) während
des Schlafmodus.

2. Verfahren nach Anspruch 1, ferner aufweisend:

Abrufen (908), an der ONU (103) im Schlafmo-
dus, von Information via den drahtlosen Kom-
munikationslink (113) vom OLT (101) über den
Austritt aus dem Schlafmodus;

Austritt (909) aus dem Schlafmodus; und
Empfangen und Senden (910) bei Nutzung des
drahtgebundenen Kommunikationslinks (104)
von Trägerverkehr vom und zum OLT (101).

3. Verfahren nach Anspruch 1 bis 2, ferner aufweisend:

Empfangen (906), an der ONU (103) im Schlaf-
modus, bei Nutzung des den drahtlosen Kom-
munikationslinks (113) von Kontroll- oder Ver-
waltungsdaten vom OLT (101).

4. Verfahren nach Anspruch 1 bis 3, ferner aufweisend:

Senden (907) bei Nutzung des drahtlosen Kom-
munikationslinks (113) von Kontroll- oder Ver-
waltungsdaten oder Trägerverkehr von der
ONU (103) im Schlafmodus des OLT (101).

5. Verfahren in einem Optical Line Terminal (101), im
Weiteren als OLT bezeichnet, zum Bereitstellen von
drahtloser Konnektivitätsfähigkeit für eine optische
Netzeinheit (103), im Weiteren als ONU bezeichnet,
dadurch gekennzeichnet, dass
der OLT (101) mit der ONU (113) via einen drahtge-
bundenen Kommunikationslink (104) und via einen
drahtlosen Kommunikationslink (113) zusammen-
geschaltet ist, wobei das Verfahren Folgendes auf-
weist:

Identifizieren (1101) von Trägerverkehr auf der
ONU (103), wenn die ONU (103) in einem
Schlafmodus ist;
Puffern (1104) des identifizierten Trägerver-
kehrs;
Senden (1105) von Information über den Austritt
vom Schlafmodus an die ONU (103) via den
drahtlosen Kommunikationslink (113);
Senden (1106) nach dem Austritt der ONU (103)
aus dem Schlafmodus des gepufferten Träger-
verkehrs an die ONU (103) bei Nutzung des
drahtgebundenen Kommunikationslinks (104);
und
Bereitstellen (1107) von drahtloser Konnektivi-
tätsfähigkeit an die ONU (103) mithilfe des
drahtlosen Kommunikationslinks (113) während
des Schlafmodus.

6. Verfahren nach Anspruch 5, ferner aufweisend:

Senden (1102) von Kontroll- oder Verwaltungs-
daten vom OLT (101) an die ONU (103) via den
drahtlosen Kommunikationslink (113), während
sich die ONU (103) in einem Schlafmodus be-
findet.

7. Verfahren nach Anspruch 5 bis 6, ferner aufweisend:
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Empfangen (1103) von Kontroll- oder Verwal-
tungsdaten von der ONU (103) via den drahtlo-
sen Kommunikationslink (113), während sich
die ONU (103) im Schlafmodus befindet.

8. Verfahren in einem Kommunikationsnetzwerk (100)
zum Bereitstellen von drahtloser Konnektivitätsfä-
higkeit an eine optische Netzeinheit (103), im Wei-
teren als ONU bezeichnet, wobei das Kommunika-
tionsnetzwerk (100) ein Optical Line Terminal (101),
im Weiteren als OLT bezeichnet, wobei der OLT
(101) und die ONU (103) für ein Unterstützen eines
Schlafmodus konfiguriert sind, dadurch gekenn-
zeichnet, dass
der OLT (101) mit der ONU (103) via einen drahtge-
bundenen Kommunikationslink (104) und via einen
drahtlosen Kommunikationslink (113) zusammen-
geschaltet ist, wobei das Verfahren Folgendes auf-
weist:

Austauschen (1308) von Kontroll- oder Verwal-
tungsdaten oder Trägerverkehr zwischen dem
OLT (101) und der ONU (103) via den drahtge-
bundenen Kommunikationslink (104), wenn die
ONU (103) sich nicht im Schlafmodus befindet;
Austauschen (1309) von Kontroll- oder Verwal-
tungsdaten oder Trägerverkehr zwischen dem
OLT (101) und der ONU (103) via den drahtlo-
sen Kommunikationslink (113), wenn die ONU
(103) sich im Schlafmodus befindet; und
Bereitstellen (1310) von drahtloser Konnektivi-
tätsfähigkeit an die ONU (103) mithilfe des
drahtlosen Kommunikationslinks (113), wenn
sich die ONU (103) im Schlafmodus befindet.

9. Verfahren nach einem der Ansprüche 8, ferner auf-
weisend:

Puffern (1305) des Trägerverkehrs im OLT
(101) und in der ONU (103);
Abrufen (1306) von Information über den Austritt
der ONU (103) aus dem Schlafmodus; und
Austritt (1307) der ONU (103) aus dem Schlaf-
modus.

10. Verfahren nach Anspruch 9, wobei die abgerufene
Information über den Austritt aus dem Schlafmodus
auf den Kontroll- oder Verwaltungsdaten basiert.

11. Verfahren nach einem der Ansprüche 8 bis 10, ferner
aufweisend:

Auswerten (1301) der Merkmale des Trägerver-
kehrs im OLT (101) und in der ONU (103);
Bestimmen (1302), ob auf Basis der ausgewer-
teten Merkmale der Kontroll- oder Verwaltungs-
daten oder des Trägerverkehrs Kontroll- oder
Verwaltungsdaten oder Trägerverkehr via den

drahtlosen Kommunikationslink (113) oder den
drahtgebundenen Kommunikationslink (113)
auszutauschen sind.

12. Verfahren nach einem der Ansprüche 8 bis 11, ferner
aufweisend:

Auswerten (1303) von Fehlern und Stau beim
drahtlosen Kommunikationslink (113) und beim
drahtgebundenen Kommunikationslink (104);
und
Bestimmen (1304), ob auf Basis der ausgewer-
teten Fehler und Staus Kontroll- oder Verwal-
tungsdaten oder Trägerverkehr via den drahtlo-
sen Kommunikationslink (113) oder den draht-
gebundenen Kommunikationslink (104) auszu-
tauschen sind.

13. Optische Netzeinheit (103) im Weiteren als ONU be-
zeichnet, zum Bereitstellen von drahtloser Konnek-
tivitätsfähigkeit für die ONU (103), wobei die ONU
(103) für ein Unterstützen eines Schlafmodus konfi-
guriert ist,
dadurch gekennzeichnet, dass
die ONU (103) mit einem Optical Line Terminal
(101), im Weiteren als OLT bezeichnet, via einen
drahtgebundenen Kommunikationslink (104) und
via einen drahtlosen Kommunikationslink (113) zu-
sammengeschaltet ist, wobei die ONU (103) Folgen-
des aufweist:

eine Abrufeinheit (1001), die für ein Abrufen von
Information über Eintritt in den Schlafmodus
konfiguriert ist;
eine Identifikationseinheit (1104), die für ein
Identifizieren, ob der drahtlose Kommunikati-
onslink (113) aktiviert oder deaktiviert ist, konfi-
guriert ist;
eine Aktivierungseinheit (1007), die für ein Ak-
tivieren des drahtlosen Kommunikationslinks
(113), wenn dieser als deaktiviert erkannt wird,
konfiguriert ist;
eine Eintrittseinheit (1009), die für einen Eintritt
in den Schlafmodus konfiguriert ist; und
eine Bereitstellungseinheit (1011), die ein Be-
reitstellen von drahtloser Konnektivitätsfähig-
keit an die ONU (103) während des Schlafmo-
dus mithilfe des drahtlosen Kommunikations-
links (113) konfiguriert ist.

14. Optical Line Terminal (101), im Weiteren als OLT
bezeichnet, für ein Bereitstellen von drahtloser Kon-
nektivitätsfähigkeit an eine optische Netzeinheit
(103), im Weiteren als ONU bezeichnet,
dadurch gekennzeichnet, dass
der OLT (101) mit der ONU (103) via einen drahtge-
bundenen Kommunikationslink (104) und via einen
drahtlosen Kommunikationslink (113) zusammen-
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geschaltet ist, wobei der OLT (101) Folgendes auf-
weist:

eine Identifikationseinheit (1201), die für ein
Identifizieren von Trägerverkehr an die ONU
(103), wobei sich die ONU (103) in einem Schlaf-
modus befindet, konfiguriert ist;
eine Puffereinheit (1204), die für ein Puffern des
identifizierten Trägerverkehrs konfiguriert ist;
und
eine Sendeeinheit (1207), die konfiguriert ist für
ein Senden von Information über Austritt aus
dem Schlafmodus an die ONU (103) via einen
drahtlosen Kommunikationslink (113); und die
konfiguriert ist für
ein Senden, nach Austritt der ONU (103) aus
dem Schlafmodus, des gepufferten Trägerver-
kehrs an die ONU (103) bei Nutzung des draht-
gebundenen Kommunikationslinks (104).

Revendications

1. Procédé, dans une unité de réseau optique (103),
désignée ONU (Optical Network Unit), destiné à
fournir une capacité de connectivité sans fil à l’ONU
(103), l’ONU (103) étant configurée pour prendre en
charge un mode de veille,
caractérisé en ce que :

l’ONU (103) est interconnectée à un terminal de
ligne optique (101), désigné OLT (Optical Line
Terminal), via une liaison de communication câ-
blée (104) et via une liaison de communication
sans fil (113), le procédé consistant à :
obtenir (901) des informations concernant le
passage en mode de veille ;
identifier (902) si la liaison de communication
sans fil (113) est activée ou désactivée ;
activer (903) la liaison de communication sans
fil (113) si la liaison de communication sans fil
(113) est identifiée comme étant désactivée ;
passer (904) en mode de veille ; et
fournir (905) une capacité de connectivité sans
fil à l’ONU (103) au moyen de la liaison de com-
munication sans fil (113) pendant le mode de
veille.

2. Procédé selon la revendication 1, consistant en outre
à :

obtenir (908), au niveau de l’ONU (103) en mode
de veille, des informations via la liaison de com-
munication sans fil (113) en provenance de
l’OLT (101) en ce qui concerne la sortie du mode
de veille ;
sortir (909) du mode de veille ; et
recevoir et émettre (910), au moyen de la liaison

de communication câblée (104), un trafic de
support en provenance de l’OLT (101) et vers
celui-ci.

3. Procédé selon l’une quelconque des revendications
1 et 2, consistant en outre à :

recevoir (906), au niveau de l’ONU (103) en mo-
de de veille, au moyen de la liaison de commu-
nication sans fil (113), des données de comman-
de ou de gestion en provenance de l’OLT (101).

4. Procédé selon l’une quelconque des revendications
1 à 3, consistant en outre à :

émettre (907), au moyen de la liaison de com-
munication sans fil (113), des données de com-
mande ou de gestion ou un trafic de support
depuis l’ONU (103) en mode de veille vers l’OLT
(101).

5. Procédé, dans un terminal de ligne optique (101),
désigné OLT (Optical Line Terminal), destiné à four-
nir une capacité de connectivité sans fil à une unité
de réseau optique (103), désignée ONU (Optical
Network Unit), caractérisé en ce que l’OLT (101)
est interconnecté à l’ONU (103) via une liaison de
communication câblée (104) et via une liaison de
communication sans fil (113), le procédé consistant
à :

identifier (1101) un trafic de support vers l’ONU
(103) lorsque l’ONU (103) est dans un mode de
veille ;
mettre en tampon (1104) le trafic de support
identifié ;
émettre (1105) des informations concernant la
sortie du mode de veille vers l’ONU (103) via la
liaison de communication sans fil (113) ;
émettre (1106), après que l’ONU (103) est sortie
du mode de veille, le trafic de support mis en
tampon vers l’ONU (103) au moyen de la liaison
de communication câblée (104) ; et
fournir (1107) une capacité de connectivité sans
fil à l’ONU (103) au moyen de la liaison de com-
munication sans fil (113) pendant le mode de
veille.

6. Procédé selon la revendication 5, consistant en outre
à :

émettre (1102) des données de commande ou
de gestion depuis l’OLT (101) vers l’ONU (103)
via la liaison de communication sans fil (113)
pendant que l’ONU (103) est en mode de veille.

7. Procédé selon l’une quelconque des revendications
5 et 6, consistant en outre à :
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recevoir (1103) des données de commande ou
de gestion en provenance de l’ONU (103) via la
liaison de communication sans fil (113) pendant
que l’ONU (103) est en mode de veille.

8. Procédé, dans un réseau de communication (100),
destiné à fournir une capacité de connectivité sans
fil à une unité de réseau optique (103), désignée
ONU (Optical Network Unit), le réseau de commu-
nication (100) comprenant un terminal de ligne op-
tique (101), désigné OLT (Optical Line Terminal),
l’OLT (101) et l’ONU (103) étant configurés pour
prendre en charge un mode de veille, caractérisé
en ce que l’OLT (101) et l’ONU (103) sont intercon-
nectés via une liaison de communication câblée
(104) et via une liaison de communication sans fil
(113), le procédé consistant à :

échanger (1308) des données de commande ou
de gestion ou un trafic de support entre l’OLT
(101) et l’ONU (103) par l’intermédiaire de la
liaison de communication câblée (104) lorsque
l’ONU (103) n’est pas en mode de veille ;
échanger (1309) des données de commande ou
de gestion et un trafic de support entre l’OLT
(101) et l’ONU (103) par l’intermédiaire de la
liaison de communication sans fil (113) lorsque
l’ONU (103) est en mode de veille ; et
fournir (1310) une capacité de connectivité sans
fil à l’ONU (103) au moyen de la liaison de com-
munication sans fil (113) lorsque l’ONU (103)
est en mode de veille.

9. Procédé selon la revendication 8, consistant en outre
à :

dans l’OLT (101) et l’ONU (103), mettre en tam-
pon (1305) le trafic de support ;
obtenir (1306) des informations concernant la
sortie du mode de veille de l’ONU (103) ; et
faire sortir (1307) l’ONU (103) du mode de veille.

10. Procédé selon la revendication 9, dans lequel les
informations obtenues concernant la sortie du mode
de veille ont pour base les données de commande
ou de gestion.

11. Procédé selon l’une quelconque des revendications
8 à 10, consistant en outre à :

dans l’OLT (101) et l’ONU (103), évaluer (1301)
des caractéristiques du trafic de support ;
déterminer (1302) s’il est nécessaire d’échanger
des données de commande ou de gestion ou
un trafic de support par l’intermédiaire de la
liaison de communication sans fil (113) ou de la
liaison de communication câblée (113) sur la ba-
se des caractéristiques évaluées des données

de commande ou de gestion ou du trafic de sup-
port.

12. Procédé selon l’une quelconque des revendications
8 à 11, consistant en outre à :

évaluer (1303) une défaillance et une conges-
tion de la liaison de communication sans fil (113)
et de la liaison de communication câblée (104) ;
et
déterminer (1304) s’il est nécessaire d’échanger
des données de commande ou de gestion ou
un trafic de support par l’intermédiaire de la
liaison de communication sans fil (113) ou de la
liaison de communication câblée (104) sur la ba-
se de la défaillance ou de la congestion évaluée.

13. Unité de réseau optique (103), désignée ONU (Op-
tical Network Unit), destinée à fournir une capacité
de connectivité sans fil à l’ONU (103), l’ONU (103)
étant configurée pour prendre en charge un mode
de veille,
l’ONU (103) étant caractérisée en ce qu’elle est
interconnectée à un terminal de ligne optique (101),
désigné OLT (Optical Line Terminal), via une liaison
de communication câblée (104) et via une liaison de
communication sans fil (113), l’ONU (103) compre-
nant:

une unité d’obtention (1001) configurée pour ob-
tenir des informations concernant le passage en
mode de veille ;
une unité d’identification (1104) configurée pour
identifier si la liaison de communication sans fil
(113) est activée ou désactivée ;
une unité d’activation (1007) configurée pour ac-
tiver la liaison de communication sans fil (113)
si la liaison de communication sans fil (113) est
identifiée comme étant désactivée ;
une unité de passage (1009) configurée pour
passer en mode de veille ; et
une unité de fourniture (1011) configurée pour
fournir une capacité de connectivité sans fil à
l’ONU (103) au moyen de la liaison de commu-
nication sans fil (113) pendant le mode de veille.

14. Terminal de ligne optique (101), désigné OLT (Op-
tical Line Terminal), destiné à fournir une capacité
de connectivité sans fil à une unité de réseau optique
(103), désignée ONU (Optical Network Unit),
l’OLT (101) étant caractérisé en ce que ce qu’il est
interconnecté à l’ONU (103) via une liaison de com-
munication câblée (104) et via une liaison de com-
munication sans fil (113), l’OLT (101) comprenant :

une unité d’identification (1201) configurée pour
identifier un trafic de support vers l’ONU (103),
l’ONU étant dans un mode de veille ;
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une unité de mise en tampon (1204) configurée
pour mettre en tampon le trafic de support
identifié ; et
une unité d’émission (1207) configurée pour :

émettre des informations concernant la sor-
tie du mode de veille vers l’ONU (103) via
une liaison de communication sans fil
(113) ; et configurée pour :

émettre, après que l’ONU (103) est sor-
tie du mode de veille, le trafic de support
mis en tampon vers l’ONU (103) au
moyen de la liaison de communication
câblée (104).
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