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(57) Abstract: A multi-wavelength passive optical network (MW-PON) in-
cludes an optical distribution network (ODN), a plurality of optical line ter-
minations (OLTs) and an optical network unit (ONU). The ODN includes a
trunk tiber, one or more branching elements, and a plurality of distribution
fibers. Each OLT is associated with an individual bi-directional wavelength
channel using a corresponding single downstream wavelength and a corres-
ponding single upstream wavelength, and supporting a specitic downstream
line rate and one or more distinct upstream line rates. The ONU is commu-
nicatively coupled to a respective distribution fiber, being tunable over a spe-
cific range of downstream wavelengths and a specitic range of upstream
wavelengths, and supporting a specitic downstream line rate and a specific
upstream line rate. The OLT is configured to assemble a broadcast manage-
ment message conveying information about bi-directional wavelength chan-
nels in said MW-PON system and transmit said message downstream over
the associated bi-directional wavelength channel.
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CHANNEL MAP FOR OPTICAL NETWORK UNIT ACTIVATION AND
ROGUE BEHAVIOR PREVENTION

PRIORITY CLAIM

[0001] This PCT application claims, under the Paris Convention, the priority of prior Chinese
patent application filed under a PCT application number PCT/CN2013/071891 of the same title
of “CHANNEL MAP FOR OPTICAL NETWORK UNIT ACTIVATION AND ROGUE
BEHAVIOR PREVENTION” which was filed at SIPO on February 26, 2013.

BACKGROUND

[0002] The present document relates to multi-wavelength passive optical networks (MW-PONS).

[0003] Presently, many passive optical data communications systems transmit signals between
endpoints using a single wavelength for transmission. With the ever-increasing demand on the
amount of data that can be carried over an existing fiber optic network, network operators have
begun using multiple wavelengths for transmitting data over their networks.

[0004] The use of multiple optical wavelengths poses additional operational issues, including
activation of an optical network unit (ONU) in the network and preventing rogue behavior of

ONUs.

SUMMARY

[0005] Techniques are described for activating a plurality of the optical network units (ONUs)
on a multi-wavelength passive optical network (MW-PON) system, where individual ONUs
maybe characterized by different wavelength tuning ranges and different nominal upstream and
downstream bitrates. In one advantageous aspect, the presently disclosed techniques prevent
rogue transmissions by activated ONUs on incorrect wavelength channels.

[0006] In one exemplary aspect, a multi-wavelength passive optical network (MW-PON)
includes an optical distribution network (ODN)), a plurality of optical line terminations (OLTs)
and one or more optical network units (ONUs). The ODN includes a trunk fiber, one or more
branching elements, and a plurality of distribution fibers. Each OLT is associated with an

individual bi-directional wavelength channel using a corresponding single downstream
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wavelength and a corresponding single upstream wavelength, and supporting a specific
downstream line rate and one or more distinct upstream line rates. The ONU is
communicatively coupled to a respective distribution fiber, being tunable over a specific range of
downstream wavelengths and a specific range of upstream wavelengths, and supporting a
specific downstream line rate and a specific upstream line rate. The OLT is configured to
assemble a broadcast management message conveying information about bi-directional
wavelength channels in said MW-PON system and transmit said message downstream over the

associated bi-directional wavelength channel.

[0007] In another aspect, a method of activating an optical network unit (ONU) in an optical

domain network (ODN) is provided to include operating the ONU to perform a tuning range
scanning, a channel map acquisition, a parameter learning, a discovery, and a ranging, wherein
the content of the parameter learning, discovery, and ranging is largely identical to the content of
the respective activation phase in a single-channel PON system such as a system under G.984 G-
PON or G.987 XG-PON.

[0008] In another aspect, a method is implemented at an optical network unit (ONU) for joining

an optical distribution network (ODN) and includes tuning to a channel; attempting to receive a
channel map message on the tuned channel, the channel map message comprising information
about an activation channel; tuning, when the received channel map message includes
information about a compatible activation channel, to the compatible activation channel; and

acquiring channel map message and a profile on the compatible activation channel.

[0009] In another aspect, an optical network unit is provided to include a tuner module that tunes

to a working optical channel; a channel map receiver module that attempts to receive a channel
map message on the tuned channel, the channel map message comprising information about an
activation channel; an activation channel module that tunes, when the received channel map
message includes information about a compatible activation channel, to the compatible activation
channel; and a parameter acquisition module that acquires channel map message and a profile on

the compatible activation channel.

[0010] In yet another aspect, an optical communication equipment for operation in an optical

communication network is provided to include a channel map module configured to generate a
channel map for inclusion in a channel map message, the channel map listing activation channels

available in the optical communication network; and a channel map transmitter configured to
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periodically transmit the channel map message in a downstream direction in the optical
communication network.
[0011] These, and other features are disclosed with reference to the drawings, the detailed

description and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig 1 shows a typical single-channel time domain multiplexed (TDM) passive optical
network (PON) system.

[0013] Fig. 2 shows a typical multi-wavelength PON system where multiple optical line
terminals (OLTs) are connected to the conventional ODN via a wavelength multiplexor.

[0014] Fig. 3 illustrates wavelength matching in a MW-PON system.

[0015] Fig. 4 depicts an MW-PON system with broadcast management messages transmitted
downstream.

[0016] Fig SA illustrates an example of a Channel Map management message in a MW-PON
system.

[0017] Fig. 5B illustrates another Channel Map management message example.

[0018] Fig. 6 is a flowchart representation of a process of the tuning range scanning, channel
map acquisition, and parameter learning phases of the activation procedure in a MW-PON
system.

[0019] Fig. 7 is a flowchart representation of a process of acquiring an optical channel.

[0020] Fig. 8 is a flowchart representation of a process of optical communication.

[0021] Fig. 9 is a block diagram representation of an optical receiver apparatus.

[0022] Fig 10 illustrates available wavelengths in an optical data network.

DETAILED DESCRIPTION

[0023] A passive optical network (PON) is an optical network architecture based on point-to-

multipoint (P2MP) topology in which a single optical fiber and multiple passive branching points

are used to provide data communication services. A PON system can facilitate user access with

a service provider communication facility to access telecommunication, information,

entertainment, and other resources of the Internet. A PON system can include a central node,
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called an optical line terminal (OLT), which can be in connection with a single or multiple user
nodes called optical network units (ONUs) via a passive optical distribution network (ODN).

An ONU can be located at or near the access user's premises. An OLT can be located at the
access provider's communication facility (central office). In a conventional PON based on
time-division multiplexing/time-division multiple access (TDM/TDMA) principles, such as
G.984 G-PON or G.987 XG-PON, the OLT operates on a single downstream wavelength to send
information to one or more ONUs in the PON and on a single upstream wavelength to receive
information from one or more ONUs. In a typical existing PON, a plurality of the ONUs

connected to the OLT over the ODN share the same downstream and same upstream wavelength.

[0024] When an ONU joins or resumes operations on a conventional TDM PON system, it has to

undergo activation. Activation typically includes a set of distributed procedures executed by
the OLT and the ONU and comprising the phases of parameter learning, serial number
acquisition (discovery), and ranging. The activation procedure is facilitated by the OLT
regularly broadcasting relevant operational parameters and, from time to time, suppressing the
transmissions of the active traffic flows on the PON and opening a quite window in which the
activating ONUs are able to announce themselves so that the OLT is able to discover and range

such ONUs.

[0025] The process generally outlined above is implemented in various single wavelength ONUs

currently deployed in the field.

[0026] In a multi-wavelength passive optical network (MW-PON), multiple OLTs each

operating on a unique downstream wavelength and unique upstream wavelength are connected to
one and the same optical distribution network (ODN) via a wavelength multiplexor (WM), and
over the said ODN are connected to a plurality of ONUs. A combination of one downstream
wavelength and one upstream wavelength associated with a given OLT forms a bi-directional
wavelength channel. Multiple downstream wavelengths reach each ONU; however, each ONU
is typically configured for receiving and processing only one downstream wavelength and to
generate only one upstream wavelength at any given time. An ONU may be designed to
operate on a specific pair of downstream and upstream wavelengths, in which case it is a fixed
ONU, or it may be capable of changing its downstream and upstream wavelength in time, in

which case it is tunable ONU.

[0027] Depending on the operational considerations, the number of OLTs connected to the ODN
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via the WM can vary. Then the number of bi-directional wavelength channels present on the
ODN varies accordingly. Each bi-directional wavelength channel is associated with one
downstream line rate (measured in bits per second) and one or more upstream line rates. The
line rates associated with each bi-directional wavelength channel may vary from one channel to

another either in both or only in one direction.

[0028] FEach ONU operating on a MW-PON system can be tunable over a range of wavelengths.

Each ONU, however, is characterized by a fixed downstream and fixed upstream line rate.
Therefore, only a subset of wavelength channels present on the ODN of the MW-PON can be
physically reachable by a given ONU, and of those wavelength channels only a subset can
support the line rate combination of the ONU and, therefore, be available to a given ONU

operationally.

[0029] Among the wavelength channels whose downstream line rate matches the operational

downstream line rate of a given ONU, there could be wavelength channels whose supported
upstream line rate sets include the ONU’s operational upstream line rate, but also those
wavelength channels whose supported upstream line rate sets do not include the ONU’s
operational upstream line rate. If an ONU whose operational downstream line rate matches the
line rate of the wavelength channel, but whose operational upstream line rate is not supported by
the wavelength channel attempts to transmit on that channel, it may become a rogue ONU

disturbing the operation of the wavelength channel.

[0030] A variety of techniques are possible to support ONU activation on a MW-PON.
[0031] One such technique calls for a predefined activation channel to be known to the ONU in

advance. The ONU that undergoes activation tunes to the pre-defined channel, acquires the
downstream transmission from the OLT associated with that channel, and awaits the appropriate
allocation from the OLT to initiate the activation. A disadvantage of the first technique is
manifested in situation when the predefined activation wavelength channel is not available due to
operational consideration, or when the OLT associated with the pre-defined activation channel is
temporarily out-of-order, and, therefore, the ONU is blocked indefinitely on acquisition of the

downstream transmission.

[0032] The second technique is activation of OLTs in a MW-PON system and is implemented

based on an extension of a single-channel TDM-PON system. Each OLT in a MW-PON
system offers activation independently from the other OLTs. This implies that an ONU can
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activate on whatever wavelength channel it happens to initialize without a need for retuning, but
that each OLT port has to opens frequent quiet windows for ONU discovery and ranging at the

expense of bandwidth efficiency and QoS experienced by the active flows.

[0033] A third technique is related to an operation during ONU’s activation: an ONU presents its

wavelength and tunability report to the OLT; the OLT issues a wavelength assignment command
to the ONU instructing the ONU to either maintain the current wavelength or to tune to the target
wavelength. The fact that the OLT sends a directed wavelength assignment command may
suggest that at that time the activation (discovery and ranging) has been completed. Then it
remains unspecified how the ONU selects the upstream wavelength and timeslot to transmit the
tunability report.  Alternatively, the third technique can be modified to allow the ONU to send
the tunability report in a contention-based window during activation in a initialization
wavelength. This modification require all the OLTs of MW-PON to open frequent quiet
windows on all wavelength channels that an ONU may initialize in (in effect, on all available
wavelength channels). The need for frequent quiet windows and partial execution of the
activation procedures on all channels adversely impacts bandwidth efficiency and the service

provided to active traffic flows.

[0034] A fourth technique designates one OLT as the domain controller (DC). The DC

regularly transmits a domain advertisement that specifies the upstream activation wavelength and
validity time. An ONU that is an activation candidate tunes to its domain controller’s
downstream wavelength which is known from standardization, configuration, or through
scanning. Once the ONU receives the advertisement, it retunes to the specified activation
wavelength channel and responds to the grant according to the grant parameters, whereupon the
DC completes the basic activation of the ONU and reassigns it to its operating host OLT
wavelength. The fourth activation technique allows to reduce the activation overhead, but
requires two or more retuning steps (from the initialization channel to the advertisement channel
to the activation channel, the former may involve multiple retuning steps if scanning is required).
Furthermore, the fourth technique does not allow an ONU to communicate its supported
wavelength set and requires specification of the extra mitigation action to address the case when

the advertisement channel becomes unavailable.

[0035] The presence of a large number of ONUs that are currently deployed in the field pose an

additional technical problem of ensuring backward compatibility of any new scheme introduced
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for the operation of MW-PON ONUs. For example, one technical issue relates to how to
operate legacy ONUs in a MW-PON. If the MW-PON architecture is not carefully designed,
then legacy ONUs may create detrimental impact on MW-PON. For example, legacy ONUs
may have to be separated out so that legacy ONUs and new ONUs do not share the same
wavelengths - making such solution sub-optimal. In another scenario, legacy ONUs may
attempt to transmit in the upstream direction, based on their legacy logic, causing undesirable
interference with transmissions from MW-PON ONUs (rogue ONU scenario). A third possible
scenario would be when a MW-PON is deployed in a legacy single wavelength network, the
MW-PON may operate in a sub-optimal manner. Yet another technical issue relates to the
complexity of changes to be made to legacy ONUs (e.g., software code changes) to update
legacy ONUs to become compatible and operational in a MW-PON system. From an
operational perspective, it may be desirable to have minimum or no changes performed to the
operation the legacy ONU that generally understands only a single wavelength operation.
However, as discussed above, presently available technologies fail to adequately solve these
operational issues.

[0036] The techniques presented in this document provide solutions for the above-discussed
technical problems and others.

[0037] An effective ONU activation procedure has to be defined that allows an ONU to join the
operations on a MW-PON system selecting one of the physically reachable and operationally
available wavelength channels while preventing ONU upstream transmission on an incorrect
wavelength channel.

[0038] In the most general case, the context of the disclosed techniques includes the following
characteristic features.

[0039] A MW-PON system operates on a set of bi-directional wavelength channels whose
wavelengths are drawn from a pre-defined or standardized set (such as the ITU-T DWDM grid).

[0040] Each bi-directional wavelength channel of the MW-PON is characterized by the
supported protocol, the supported downstream line rate, and one or more supported upstream line
rates;

[0041] Each individual bi-directional wave-length channel may be temporarily unavailable due
to failure or operational considerations;

[0042] An ONU is characterized by a tuning range that includes one or more of wavelength
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channels in the said pre-defined set, the supported protocol, the supported downstream line rate,

and supported upstream line rate.

[0043] An ONU is initialized on an arbitrary wavelength channel within its tuning range.
[0044] The disclosed techniques do not fix the ONU activation wavelength and does not require

the ONU to have any prior knowledge of how the supported wavelength channels on the MW-
PON are allocated to protocols and line rates. The present disclosure limits the attention to the
case when the ONU under activation shares the supported protocol with one or more wavelength

channels of the MW-PON system.

[0045] One example of a TDM/TDMA PON system is illustrated in Fig. 1 and includes a single

OLT 110 and a plurality of ONUs 120 interconnected by an optical distribution network (ODN)
170 that includes optical feeder fiber or trunk fiber 140, a splitter 150 as a branching element
coupled to the trunk fiber 140 to split the light in the trunk fiber 140 into multiple beams, and
multiple distribution fibers 160 coupled to the splitter 150 to receive the multiple beams,
respectively.  Such PON systems support a single bi-directional wavelength channel offering
unique downstream and unique upstream line rates. All ONUs 120 support fixed downstream
and upstream wavelengths and a fixed combination of downstream and upstream line rates.
Once an ONU starts activation on the PON, there is a unique OLT that corresponds to the ONU
and interacts with the ONU, and there is decision to make whether the wavelength channel the
OLT supports is appropriate for activation. Prior to transmitting upstream in such a system, an
ONU has to learn the parameters of the upstream burst, such as the preamble and delimiter sizes

and patterns, that the OLT regularly sends in a downstream broadcast management message.

[0046] In a MW-PON system shown in Fig. 2, several OLTs 210 each associated with its own

wavelength channel are attached to the ODN via the wavelength multiplexor (WM) 230 which is
coupled between the OLTs 210 and one end of the trunk fiber 140 which is coupled to the splitter
150 at the other end. The WM 230 coupled between the OLTs 210 and the trunk fiber 140 is
used to combine downstream light beams from the OLTs 210 into the trunk fiber 140 and to split
upstream light from truck fiber 140 into different upstream light beams to the OLTs 210. Out
of the OLTs that support the common protocol (such as TDM/TWDM), different OLTs may
support different downstream and upstream line rates. The MW-PON ONUs 220 could be
fixed or tunable in their wavelengths and are connected to the WM 230 and MW-PON OLTs 210

over ODN 170, which, in some implementations, may remain essentially the same as in the case
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of conventional TDM PON system.

[0047] As exemplified in Fig. 3, the tuning range 310 of a given MW-PON ONU 220 may

include several of the wavelength channels supported by the MW-PON OLTs. In the example,
these are channels (a) through (h). Among the wavelength channels that belong to the set 300
of the channels supported by the MW-PON OLTs and also belong to the tuning range 310 of a
given MW-PON ONU, only a subset 320 of channels may support the protocol matching the
protocol of the ONU, and only the subset 330 of the set 320 may support the line rates supported
by the ONU. In the example of Fig.3, the ONU can operate on the MW-PON system only on

wavelength channels (a) and (c).

[0048] In distinction from the present day technologies, according to the present document, the

OLTs of the MW-PON system support ONU activation on an arbitrary channel with the tuning
range of each ONU by transmitting a management message herein referred as Channel Map on
all supported wavelength channels that support the common protocol with the ONU. Fig. 4 is
an example of a pictorial depiction of the transmission of Channel Map as a downstream
broadcast management message. Substantially identical copies of each (410, 420, 490) are
transmitted on different wavelength channels. The Channel Map transmissions are periodic or
nearly periodic, but not synchronized between the different wavelength channels. Also,
because the downstream line rate for each OLT 210 may be different, the actual transmission
time occupied by the channel maps 410, 420, 490 may be different (e.g., channel map is
transmitted in fewer microseconds on a channel with higher downstream rate, compared to
another channel with a lower downstream rate). Among other things, the channel map conveys
to a receiving ONU the possible activation channels that the ONU can use to activate itself in the
ODN.

[0049] The substantial content of the Channel Map message is disclosed in Fig.5A in a bit-,

order- and size- invariant form. The ONU-ID field 510 identify the message as a broadcast
message to all ONUs attached to a given bi-directional wavelength channel and receiving the
downstream transmission from the OLT. This is a common part of a management message in a
PON system, which is not specifically disclosed in the present technology. The Message type
ID field 520 identifies the message to be of the Channel Map type and to have a specific content
as disclosed herein. The Sequence Number field contains the information commonly used to

improve the robustness of the management channel in a PON system, and is not specifically



10

15

20

25

30

WO 2014/131352 PCT/CN2014/072582
10

disclosed in the present document. The Version control field 540 is used to track the temporal
changes in contents of the message. This is common part of the of a management message in a
PON system, which is not specifically disclosed in the present document. The Total Channel
Number field 550 specifies the number of wavelength channels supported on the MW-PON
system that also share the common protocol with the ONUs. The value carried in the field 550
identifies the number of entries the Channel Map array 570. The Channel ID field (560) is the
identifier of the current wavelength channel referencing the CIX subfield of the Channel Map
array. This is the only field of the Channel Map message body that varies depending on which
wavelength channel the message is transmitted. Each record entry in the Channel Map array
570 contains the following subfields:

[0050] Wavelength channel index (CIX) 572 is the ordinal number of the record in the Channel
Map array 570;

[0051] Upstream wavelength identifier (UWL) 574 uniquely identifies the upstream wavelength
of the bi-directional wavelength channel,;

[0052] Downstream wavelength identifier (DWL) 576 uniquely identifies the downstream
wavelength of the bi-directional wavelength channel;

[0053] Upstream line rate indicator (ULR) 578 identifies the line rates supported in the upstream
direction of the bi-directional wavelength channel,

[0054] Downstream line rate indicator (DLR) 582 identifies the line rate supported in the
downstream direction of the bi-directional wavelength channel;

[0055] Activation Flag (AF) 584 indicates whether the wavelength channel can be used for ONU
activation.

[0056] The Message integrity check 590 is field commonly used to ensure integrity and sender
authentication of the management message.

[0057]  One embodiment may express the UWL 554 and DWL 556 in absolute terms, whereas
another embodiment may express UWL 554 and DWL in reference to a well-defined set of
wavelengths.

[0058] Figure SB shows another example of a channel map, with the rightmost column listing
possible field lengths and values in one embodiment of the disclosed technology.

[0059] Compared to conventional single-channel TDM PON systems, such as G.984 G-PON or
G.987 XG-PON, the ONU activation procedure in a MW-PON system comprises two extra

10
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phases, in addition to parameter learning, discovery, and ranging: the phase of tuning range
scanning, and the phase of channel map acquisition, which may partially overlap with the phase
of parameter learning, as shown in Fig 6. Once an ONU starts the activation procedure, it
enters the procedural block 610, wherein it activates the receiver and continuously scans its
tuning range in search of the valid downstream transmission signal. The ONU is able to find
such signal if there exists a wavelength channel within the ONU’s tuning range that is supported
by the MW-PON OLTs and the supported protocol and downstream line rate of this channel

match the supported protocol and downstream line rate of the ONU.

[0060] Once the ONU finds a supported channel (the initialization channel) and attains

synchronization to the found downstream signal, the ONU enters procedural block 620, wherein
it receives and process the downstream broadcast management messages conveying the channel
map and upstream burst profile information. The channel map information is conveyed by the
Channel Map message disclosed heretofore. The upstream burst profile information is
conveyed by the common message types (Upstream_Overhead and Extended Burst length

message types of G.984 G-PON and Profile message type in G.987 XG-PON).

[0061] Once the ONU collects enough information about the initialization channel and at least

one valid activation channel, it enters the decision block 630 to determine whether the
initialization channel is a valid activation channel. A bi-directional wavelength channel whose
downstream signal the ONU is able to receive and process is a valid activation channel for the
ONU, if and only if the upstream wavelength of the channel is within the ONU’s tuning range,
its supported upstream line rates, specified in the Channel Map, include the supported upstream

rate of the ONU, and if the Activation Flag for the channel in the Channel Map is set.

[0062] If the initialization channel is a valid activation channel, the ONU enters the procedural

block 650, and proceeds with collecting the channel map and upstream burst profile information,
until it is ready to start the discovery phase, according to the conventional procedure of a single-
channel TDM PON system. The operations performed in step 650 and step 620 are similar, but
different in the sense that the channel for which operational parameters are learnt at 650, would
be used for actual communication and therefore these parameters will be stored in the memory

until next initiation time.

[0063] If the initialization channel is not a valid activation channel, the ONU enters the

procedural block 640, wherein it discards any burst profile information learned so far, selects a

11
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valid activation channel and retunes to the selected activation channel.

[0064] Once the ONU attains synchronization to the selected activation channel, the ONU enters

the procedural block 650, as previously described, wherein it resumes collecting the channel map
and upstream burst profile information, until the ONU is ready to start the discovery phase,

according to the conventional procedure of a single-channel TDM PON system.

[0065] Since an ONU is allowed to enter the discovery phase of the activation procedure and to

transmit upstream only in a valid activation channel, and since, by definition, a valid activation
channel shall support the upstream line rate of the ONU, the case of rogue ONU behavior which
arises when an ONU transmits on a wavelength channel with non-matching upstream line rate is

excluded.

[0066] Although the ONU activation procedure in MW-PON system comprises extra phases of

tuning range scanning and channel map acquisition, compared to a conventional single-channel
PON system, the disclosed method does not require an extra state of the ONU activation state
machine. Instead, the semantics a conventional Serial Number state has to be modified to
allow an ONU to respond to a discovery (serial number) grant only when it has tuned to a valid

activation channel and has accumulated sufficient burst profile information.

[0067] In some implementations, a multi-wavelength passive optical network (MW-PON)

system includes an optical distribution network (ODN), a plurality of optical line terminations
(OLTs) and a plurality of optical network units (ONUs). Depending on network topology, the
ODN may include a trunk fiber, one or more branching elements and one or more distribution
fibers. The plurality of OLTs is communicatively coupled via a wavelength multiplexer (WM)
to the trunk fiber of the ODN. Each OLT has an associated bi-directional wavelength channel
comprising a single downstream and a single upstream wavelength (same for time domain
multiplexing, different for frequency domain multiplexing). The OLT supports a specific
downstream rate and one or more distinct upstream line rates. Each ONU from the plurality of
ONUs is communicatively attached to a respective distribution fiber. Each ONU is tunable
over a corresponding range of downstream wavelengths and a corresponding range of upstream
wavelengths. Each ONU is configured to perform data communication using a specific
downstream line rate and a specific upstream line rate.  As discussed above, each OLT is
configured to assemble a broadcast management message conveying information about bi-

direction wavelength channels in the MW-PON system, called a channel map message. The
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channel map message includes information not just about the wavelengths for which the OLT is
actively performing downstream transmissions or upstream receptions, but wavelengths being
used by other OLTs in the ODN also. Each OLT is further configured to transmit the channel

map message downstream over its downstream transmission wavelength.

[0068] In some implementation, at least one of the ONUs includes the ability module to receive,

process, store, and update a local copy of the information conveyed by said channel map
message. In some embodiments, the channel map message includes information about the
number of supported wavelength channels. In some implementations, the channel map message
includes information on the currently operational upstream and downstream wavelengths for
each supported bi-directional wavelength channel. In some implementations, the channel map
message includes information on the possible upstream and downstream wavelengths for each
supported bi-directional wavelength channel (some of these channels may not be currently

operational, as indicated by the channel map).

[0069] In some implementations, a process of activation of ONU includes tuning range scanning,

channel map acquisition, parameter learning, discovery, and ranging, wherein the content of the
parameter learning, discovery, and ranging phase is largely identical to the content of the
respective activation phase in a conventional single-channel PON system such as G.984 G-PON
or G.987 XG-PON. In some implementations, the phase of tuning range scanning comprises
the ONU operation of scanning through the supported range of downstream wavelengths in the
search for an initialization channel, said initialization channel being a bi-directional wavelength
channel where a downstream signal is present whose protocol and downstream line rate matches
the supported protocol and downstream line rate of the ONU. In some implementations, the
channel map acquisition phase contains the ONU operation of receiving and processing the
channel map messages with the goal of finding at least one valid activation channel and
determining whether the initialization channel is a valid activation channel; a valid activation
channel being a bi-directional wavelength channel whose downstream and upstream wavelengths
are within the respective tuning ranges of the ONU, whose protocol and downstream line rate
matches the supported protocol and downstream line rate of the ONU, whose supported upstream
line rates include the supported line rate of the ONU, and on which the activation procedure is
supported. In some implementations, wherein the channel map acquisition phase further

comprises a decision step, which verifies whether the initialization channel is a valid activation

13
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channel and which, if it is not the case, includes retuning to a valid activation channel.

[0070] Fig. 7 depicts a state machine that represents current implementation, as outlined in the
G.989 specification. It may be appreciated that a tuning range scanning phase would be useful
to find a first working channel for an ONU. Once synchronization is attained, a channel map
and corresponding burst parameters can be learnt. If there is no valid activation channel (i.e., a
channel that has an upstream wavelength within tuning range of the ONU, has a matching
upstream line rate and has its activation flag set to on) at the tuned working channel, then the
burst profile is discarded and next working channel is tested. In some implementations, the
ONU may need to tune to at most two working channels before discovery phase is started. As
can be seen from FIG. 7, all of the above steps can be accomplished by operating within the state
machine outlined in FIG. 7. In other words, existing ONUs may be code upgraded to work with
the new MW-ODNs with minimal changes to the code implemented on these ONUs for state
machine operation.

[0071] In a specific example of application of these techniques, a wavelength map of channels
available within a network is depicted in FIG. 10. 1In this example, the different channels
include some 10Gb upstream / 10 Gb downstream channels, some 10Gb downstream, 2.5G
upstream channels and some 2.5 Gb downstream / 2.5 Gb upstream channels. As can be seen,
multiple channels may be designated as activation channels, but depending on the line rates
supported by the ONU, some ONUs may be able to activate only using one activation channel
(e.g., 2.5G/2.5G ONU can use only the highest wavelength (solid-filled circle) activation
channel.

[0072] Fig. 8 is a flowchart representation of a process 800 of activating an ONU for operation
inan ODN. At 802, the ONU tunes to a working channel. At 804, the ONU attempts to
receive a channel map message on the tuned channel, the channel map message comprising
information about an activation channel. At 806, the ONU tunes, when the received channel
map message includes information about a compatible activation channel, to the compatible
activation channel. At 808, the ONU acquires the channel map message and a profile on the
compatible activation channel.

[0073] Fig. 9 is a block diagram representation of an apparatus 900 for optical communication.
The module 902 is for tuning to a working channel. The module 904 is for attempting to

receive a channel map message on the tuned channel, the channel map message comprising
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information about an activation channel. The module 906 is for tuning, when the received
channel map message includes information about a compatible activation channel, to the
compatible activation channel. The module 908 is for acquiring channel map message and a

profile on the compatible activation channel.

[0074] In some implementations, an optical network unit includes a tuner module that tunes to a

working optical channel, a channel map receiver module that attempts to receive a channel map
message on the tuned channel, the channel map message comprising information about an
activation channel, an activation channel module that tunes, when the received channel map
message includes information about a compatible activation channel, to the compatible activation
channel, and a parameter acquisition module that acquires channel map message and a profile on

the compatible activation channel.

[0075] In some implementations, as disclosed above, an optical communication equipment for

operation in an optical communication network includes a channel map module configured to
generate a channel map for inclusion in a channel map message, the channel map listing
activation channels available in the optical communication network and a channel map
transmitter configured to periodically transmit the channel map message in a downstream

direction in the optical communication network.

[0076] A few embodiments have been described in detail above, and various modifications are

possible. The disclosed subject matter, including the various modules and functional operations
described in this document, can be implemented in electronic circuitry, computer hardware,
firmware, software, or in combinations of them, such as the structural means disclosed in this
document and structural equivalents thereof, including potentially a program operable to cause
one or more data processing apparatus to perform the operations described (such as a program
encoded in a computer-readable medium, which is a non-transitory medium which retains
information recorded therein. Examples of such media include, e.g., a memory device, a
storage device, a machine-readable storage substrate, or other physical, machine-readable

medium, or a combination of one or more of them).

[0077] The term “apparatus” encompasses apparatus, devices, and machines for processing data,

including by way of example a programmable processor, a computer, or multiple processors or
computers. The apparatus can include, in addition to hardware, code that creates an execution
environment for the computer program in question, e.g., code that constitutes processor
firmware, a protocol stack, a database management system, an operating system, or a

combination of one or more of them.
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[0078] A program (also known as a computer program, software, software application, script, or

code) can be written in any form of programming language, including compiled or interpreted
languages, or declarative or procedural languages, and it can be deployed in any form, including
as a standalone program or as a module, component, subroutine, or other unit suitable for use in a
computing environment. A program does not necessarily correspond to a file in a file system.
A program can be stored in a portion of a file that holds other programs or data (e.g., one or more
scripts stored in a markup language document), in a single file dedicated to the program in
question, or in multiple coordinated files (e.g., files that store one or more modules, sub
programs, or portions of code). A program can be deployed to be executed on one computer or
on multiple computers that are located at one site or distributed across multiple sites and

interconnected by a communication network.

[0079] While this specification contains many specifics, these should not be construed as

limitations on the scope of any invention or of what may be claimed, but rather as descriptions of
features that may be specific to particular embodiments of particular inventions. Certain
features that are described in this specification in the context of separate embodiments can also
be implemented in combination in a single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable subcombination. Moreover, although features may
be described above as acting in certain combinations and even initially claimed as such, one or
more features from a claimed combination can in some cases be excised from the combination,
and the claimed combination may be directed to a subcombination or variation of a

subcombination.

[0080] Similarly, while operations are depicted in the drawings in a particular order, this should

not be understood as requiring that such operations be performed in the particular order shown or
in sequential order, or that all illustrated operations be performed, to achieve desirable results.

In certain circumstances, multitasking and parallel processing may be advantageous. Moreover,
the separation of various system components in the embodiments described above should not be

understood as requiring such separation in all embodiments.

[0081] Only a few implementations and examples are described and other implementations,

enhancements and variations can be made based on what is described and illustrated in this

application.
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CLAIMS
What is claimed is:
1. A multi-wavelength passive optical network (MW-PON) system comprising:

an optical distribution network (ODN) comprising a trunk fiber, one or more
branching elements coupled to the trunk fiber, and a plurality of distribution fibers
coupled to the one or more branching elements;

a plurality of optical line terminations (OLTs) communicatively coupled to the
trunk fiber, each OLT being associated with an individual bi-directional wavelength
channel using a corresponding single downstream wavelength and a corresponding single
upstream wavelength, and supporting a specific downstream line rate and one or more
distinct upstream line rates;

a wavelength multiplexor (WM) coupled between the OLTs and the trunk fiber
direct light between the OLTs and the trunk fiber; and

a plurality of optical network units (ONUs), each ONU being communicatively
coupled to a respective distribution fiber, being tunable over a specific range of
downstream wavelengths and a specific range of upstream wavelengths, and supporting a
specific downstream line rate and a specific upstream line rate;

wherein each OLT is configured to:

assemble a broadcast management message conveying information about
bi-directional wavelength channels in the MW-PON system; and
transmit the broadcast management message downstream over the

associated bi-directional wavelength channel.

2. The MW-PON system of Claim 1, wherein at least one of the ONUs is configured
to receive, process, store, and update a local copy of the information conveyed by the

broadcast management message.
3. The MW-PON system of Claim 1, wherein the downstream broadcast

management messages convey information on a number of supported wavelength

channels.
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4. The MW-PON system of Claim1, wherein the downstream broadcast channel
map management messages convey information on the operational upstream and

downstream wavelengths for each supported bi-directional wavelength channel.

5. The MW-PON system of Claim 1, wherein the downstream broadcast channel
map management messages convey information on the upstream and downstream line

rates, for each supported bi-directional wavelength channel.

6. The MW-PON system of Claim 1, wherein the downstream broadcast channel
map management messages provide an indication for each supported bi-directional

wavelength channel, whether the ONU activation procedure is supported on that channel.

7. A method of activating an optical network unit (ONU) in an optical domain
network (ODN), comprising;

operating the ONU to perform a tuning range scanning, a channel map
acquisition, a parameter learning, a discovery, and a ranging, wherein the content of the
parameter learning, discovery, and ranging is largely identical to the content of the
respective activation phase in a conventional single-channel PON system such as G.984
G-PON or G.987 XG-PON.

8. The method of Claim 7, wherein the tuning range scanning comprises the ONU
operation of scanning through the supported range of downstream wavelengths in the
search for an initialization channel, said initialization channel being a bi-directional
wavelength channel where a downstream signal is present whose protocol and
downstream line rate matches the supported protocol and downstream line rate of the
ONU.

9. The method of Claim 8, wherein the channel map acquisition phase contains the
ONU operation of receiving and processing the channel map messages with the goal of
finding at least one valid activation channel and determining whether the initialization

channel is a valid activation channel; a valid activation channel being a bi-directional
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wavelength channel whose downstream and upstream wavelengths are within the
respective tuning ranges of the ONU, whose protocol and downstream line rate matches
the supported protocol and downstream line rate of the ONU, whose supported upstream
line rates include the supported line rate of the ONU, and on which the activation

procedure is supported.

10. The method of Claim 9, wherein the channel map acquisition phase further
comprises a decision step, which verifies whether the initialization channel is a valid
activation channel and which, if it is not the case, includes retuning to a valid activation

channel.

11. A method implemented at an optical network unit (ONU) for joining an optical
distribution network (ODN), comprising;

tuning to a channel;

attempting to receive a channel map message on the tuned channel, the channel
map message comprising information about an activation channel;

tuning, when the received channel map message includes information about a
compatible activation channel, to the compatible activation channel; and

acquiring channel map message and a profile on the compatible activation

channel.

12.  An optical network unit (ONU) operable to join an optical distribution network
(ODN), comprising:

a tunable receiver that tunes in a tunable channel range to a channel;

means for receiving a channel map message on the tuned channel, the channel
map message comprising information about an activation channel;

means for tuning, when the received channel map message includes information
about a compatible activation channel, to the compatible activation channel; and

means for acquiring channel map message and a profile on the compatible

activation channel.
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13.  An optical network unit, comprising:

a tuner module that tunes to a working optical channel;

a channel map receiver module that attempts to receive a channel map message on
the tuned channel, the channel map message comprising information about an activation
channel;

an activation channel module that tunes, when the received channel map message
includes information about a compatible activation channel, to the compatible activation
channel; and

a parameter acquisition module that acquires channel map message and a profile

on the compatible activation channel.

14.  An optical communication equipment for operation in an optical communication
network, comprising:

a channel map module configured to generate a channel map for inclusion in a
channel map message, the channel map listing activation channels available in the optical
communication network; and

a channel map transmitter configured to periodically transmit the channel map

message in a downstream direction in the optical communication network.

20



PCT/CN2014/072582

WO 2014/131352

1/11

1l 'Old
0LT
N
09T
anoj——
bor—
i 09T_ " N
nNoj N
T
021 09T 0ST
anoj—

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

L'10

OTT




PCT/CN2014/072582

WO 2014/131352

2/11

091

INO
oce K
INO
_J
oce
INO
_J
0ce




PCT/CN2014/072582

WO 2014/131352

3/11

€ 'Old

I S T T

............ \

\O .....

. N Y.
I N T N7 1T 1

/\ ........................ L

91k 3UIyIIBW IIM S[oUURYD YISUS[OABA

[000301d urydorewW YIIm S[OUURYD JISUI[OABA L

_J

0ce

0ee



PCT/CN2014/072582

WO 2014/131352

4/11

091

INO
oce K
INO
_J
oce
INO
_J
0ce




PCT/CN2014/072582

WO 2014/131352

5/11

Vs "Old

Yoou)) Aa3auy 93eSSON B o
AV | 4'1d | 910 |"IAA "IN} XTO
J -/ 7 S
r8s 85 %mm:.mmm rLs LS

dey [ouury) B 0/ ¢

dr [puuey) [\ Doc

IoquINN [Puuey)) [RI0], [

[OTUOD UOTISIA B MMM

IoquunN 2ouanbag B hec

1 2d£) 93essoN B ore

dIl-NNO [\ e




PCT/CN2014/072582

WO 2014/131352

6/11

(S[qe[IBAR G¢ JO) $19100 CT :9IBUINSA 9ZIS JUIUO))

nqr-av
(s11q 7) ¢ Io/pue 01 ¥Y1N
(1q 1) $°T 1001 W1d
ISI[ pauljop-[[om € 0}
QOUAIJAI I TMA “ITMN

S1q ¢ -XIO
1$39100 ¢ saWI) § ISOW 1y

g$ "Old

OIN

r—1v

gurpped

dejq [ouuey)

nqe

I [Puuey)) uaLIm))

Nq [ 1§ 10§

JoqUINN [euuRy)) [BI0],
[ONUO,) UOISIoA

OND2S

°dA) owmmmoz

dI-NNO




PCT/CN2014/072582

WO 2014/131352

7/11

9 'Old

durure9) o[yoid pue

uonismboe dew [ouuey) //

4

A

[ouueyo
UOTIBATIOR PAIOA[AS 0] duny,
‘soryoxd paured| Aue pIedsi(q

o
Ll

;EEQ

3

or9

ON

uoneAnoOe
PIBA

SO

059

0£9

durure9) o[yoid pue

uonismboe dew [ouuey) //

4

h

029

3uruueos
o3uelr 3urung,

O

019



PCT/CN2014/072582

WO 2014/131352

8/11

i\\\\\\\gx\\\\\\\\\\\\\%

A
7

httLLLttttttttttttt it ttntd,
7,
7,
7,
.

A—

FIG. 7



WO 2014/131352 PCT/CN2014/072582
9/11

[— 800

| ¢ 802

Tune to a channel

Attempt to receive a channel map message on the tuned
channel, the channel map message comprising information 5 804
about an activation channel

!

Tune, when the received channel map message includes
information about a compatible activation channel, to the | § 806
compatible activation channel

Acquire channel map message and a profile on the Ix 808
compatible activation channel

FIG. 8



WO 2014/131352 PCT/CN2014/072582
10/11

/‘ 900

| ¢ 902

Module for tuning to a channel

Module for attempting to receive a channel map Es 904
message on the tuned channel, the channel map
message comprising information about an activation
channel

Module for tuning, when the received channel map

message includes information about a compatible | § 906

activation channel, to the compatible activation
channel

Module for acquiring channel map messageanda | § 908
profile on the compatible activation channel

FIG. 9



PCT/CN2014/072582

WO 2014/131352

11/11

oL 'Old

[SUUBYD UOIBANOR PARUIISI(]

[ouURYd [PUONOANP-I DS'T/ST @
[QUURYD [BUONOAIP-Iq DSZ/D0T O
o3ue1 3urum s,ANO D01/901 / [outrELd Teuon2alp-1q 51/501 - O
y 8§ [ 2 p o q b |

| IR Y Y W, W Y Y Ny e | |

[ [ [ “ \/ \/ \/ \/ \/ \/ \/ \/ m [ [ [ [
)m ................. A T y S N Y Y DZO

X
b [e]lollol ofel I €0 1 b
)A D o o o o o o e e e e e e e e g

(SI'TO) 0D

dguer 1oddns [ouueyd NOd-MIN



INTERNATIONAL SEARCH REPORT

International application No.
PCT/CN2014/072582

A.

CLASSIFICATION OF SUBJECT MATTER
H04Q 11/02(2006.01)1

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

B.

FIELDS SEARCHED

H04Q; HO4B; HO4AW

Minimum documentation searched (classification system followed by classification symbols)

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

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

WPI; EPODOC; CNKI; CNPAT: wavelength, optical, fiber, ODN, OLT, ONU, channel, map, message, notify, PON, tune

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y CN 102870037A (HUAWEI TECHNOLOGIES CO., LTD.) 09 January 2013 (2013-01-09) 1-6
description, paragraphs [0030] to [0040], figures 1-2
Y "ITU-T G.987: 10-Gigabit-capable passive optical network (XG-PON) systems: Definitions, 7-10
abbreviations and acronyms"
30 June 2012 (2012-06-30),
section 3.4.1, section 5.1, figure 5-1
Y CN 101321017 A (HITACHI COMMUNICATION TECHNOLOGIES LTD.) 10 December 1-10
2008 (2008-12-10)
abstract, description, page 18, paragraph 1 to page 23, paragraph 3, figures 1 and 12-17
X CN 101321017 A (HITACHI COMMUNICATION TECHNOLOGIES LTD.) 10 December 11-14
2008 (2008-12-10)
abstract, description, page 18, paragraph 1 to page 23, paragraph 3, figures 1 and 12-17
A US 2007/0098406 Al (BERNARD, MARC R. ET AL.) 03 May 2007 (2007-05-03) 1-14
the whole document

D Further documents are listed in the continuation of Box C.

See patent family annex.

Special categories of cited documents:

. document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

» document referring to an oral disclosure, use, exhibition or other

means

. document published prior to the international filing date but later than
the priority date claimed

w e

X

wy”

“&”

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

China
100088 China

Facsimile No. (86-10)62019451

01 April 2014 09 May 2014
Name and mailing address of the ISA/ Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA(ISA/CN)
6,Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, ZHUANG,Yong

Telephone No. (86-10)62414020

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2014/072582
. Pat&.ant document Publication date Patent family member(s) Publication date

cited in search report (day/month/year) (day/month/year)
CN 102870037A 09 Janvary 2013 WO 2013189075 Al 27 December 2013
CN 101321017 A 10 December 2008 US 2008/0304828 Al 11 December 2008
Jp 2008306471 A 18 December 2008

US 2010/0158527 Al 24 June 2010

US 2007/0098406 Al 03 May 2007 CA 2561932 Al 03 April 2007

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

