
WO 2012/136155PCT/CN2012/073662 Wavelength Management in
Multiple-Wavelength Passive Optical Networks CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] The present application claims the benefit of U.S.
Provisional Patent Application No. 61/473,442 filed April 8, 2011 by
Yuanqiu Luo, et al. and entitled "Wavelength Management in
Multiple-Wavelength Passive Optical Networks," and claims the benefit of
U.S. Patent Application Serial No. 13/440842 filed April 5, 2012 by by
Yuanqiu Luo, et al. and entitled "Wavelength Management in
Multiple-Wavelength Passive Optical Networks", which are incorporated
herein by reference as if reproduced in their entirety. FIELD OF INVENTION
[0002] The present invention relates to communication network, and more
particularly, to wavelength management in multiple-wavelength passive
optical networks. BACKGROUND [0003]A passive optical network (PON) is one
system for providing network access over "the last mile." The PON is a
point to multi-point network comprised of an optical line terminal (OLT) at
the central office, an optical distribution network (ODN), and a plurality
of optical network units (ONUs) at the customer premises. In some PON
systems, such as Gigabit PON (GPON) systems, downstream data is broadcasted
at about 2.5 gigabits per second (Gbps) while upstream data is transmitted
at about 1.25 Gbps. However, the bandwidth capability of the PON systems is
expected to increase as the demands for services increase. To meet the
increased demand in services, some emerging PON systems, such as Next
Generation Access (NGA) systems, are being reconfigured to transport the
data frames with improved reliability and efficiency at higher bandwidths,
for example at about ten Gbps. 



WO 2012/136155PCT/CN2012/073662 SUMMARY [0004]In one embodiment, the
disclosure includes a system for supporting wavelength management in a PON,
comprising an OLT configured to send an wavelength assignment for ONU
communications based on a wavelength tunability capability, and an ONU
coupled to the OLT and configured to send the wavelength tunability
capability to the OLT, wherein the wavelength assignment and the wavelength
tunability capability are sent in media access control (MAC) messages.
[0006]In another embodiment, the disclosure includes an apparatus of an OLT
for supporting wavelength management, comprising one or more component
configured to couple to an ONU and exchange a wavelength assignment for
transmission with the ONU based on a wavelength tunability of the ONU,
wherein the wavelength indication and the wavelength tunability are
exchanged via MAC layer frames. [0007]In yet another embodiment, the
disclosure includes a method implemented at OLT to support wavelength
management for a PON comprising receiving, using a receiver, a wavelength
and tunability report from an ONU that comprises an ONU transmitter
wavelength, an ONU receiver wavelength, an ONU transmitter tunability, and
an ONU receiver tunability, and sending, using a transmitter, a wavelength
assignment command to the ONU that indicates an assigned ONU transmitter
wavelength and an assigned ONU receiver wavelength. [0008]These and other
features will be more clearly understood from the following detailed 



description taken in conjunction with the accompanying drawings and claims.
BRIEF DESCRIPTION OF THE DRAWINGS  WO 2012/136155PCT/CN2012/073662
[0009]For a more complete understanding of this disclosure, reference is
now made to the following brief description, taken in connection with the
accompanying drawings and detailed description, wherein like reference
numerals represent like parts. [0010]FIG. 1 is a schematic diagram of an
embodiment of a PON. [0011]FIG. 2 is a protocol diagram of an embodiment of
a method for information exchange for wavelength management in ONU
activation phase. 



[0012]FIG. 3 is a schematic diagram of an embodiment of a ONU wavelength
and wavelength tunability report physical layer operations, administration,
and management (PLOAM) message. [0013]FIG. 4 is a schematic diagram of an
embodiment of a Serial Number ONU PLOAM message. [0014]FIG. 5 is a
schematic diagram of an embodiment of a wavelength assignment PLOAM
message. [0015]FIG. 6 is a schematic diagram of an embodiment of an Assign
ONU-identifier (ID) PLOAM message. [0016]FIG. 7 is a schematic diagram of
an embodiment of a wavelength response PLOAM 



message. [0017]FIG. 8 is a schematic diagram of an embodiment of a
Registration PLOAM message. [0018]FIG. 9 is a schematic diagram of an
embodiment of an Acknowledge PLOAM message. [0019]FIG. 10 is a protocol
diagram of another embodiment of a method for information exchange for
wavelength management in ONU activation phase.  WO
2012/136155PCT/CN2012/073662 [0020]FIG. 11 is a protocol diagram of an
embodiment of a method for information 



exchange for wavelength capability request and report in ONU operation
phase. [0021]FIG. 12 is a schematic diagram of an embodiment of a Request
wavelength PLOAM message. [0022]FIG. 13 is a schematic diagram of an
embodiment of a Request Registration PLOAM message. [0023]FIG. 14 is a
schematic diagram of an embodiment of management entity (ME) attributes for
wavelength capability request and report. [0024]FIG. 15 is a protocol
diagram of an embodiment of a method for information exchange for
wavelength change in ONU operation phase. 



[0025]FIG. 16 is a schematic diagram of an embodiment of ME attributes for
wavelength change command. [0026]FIG. 17 is a schematic diagram of an
embodiment of an apparatus configured to implement a PON wavelength
management method. [0027]FIG. 18 is a schematic diagram of an embodiment of
a general-purpose computer system. DETAILED DESCRIPTION [0028]It should be
understood at the outset that although an illustrative implementation of
one or more embodiments are provided below, the disclosed systems and/or
methods may be implemented using any number of techniques, whether
currently known or in existence. The disclosure should in no way be limited
to the illustrative implementations, drawings, and techniques illustrated
below, including the exemplary designs and implementations illustrated 



WO 2012/136155PCT/CN2012/073662 and described herein, but may be modified
within the scope of the appended claims along with their full scope of
equivalents. [0029]Different PON systems that may support bit rates higher
than about 10Gbps have been proposed for next generation PON (NGPON)
systems (also referred to as NGPON stage 2 or NGPON2). Some of these
systems may be multiple-wavelength PON systems that transmit and/or receive
data for a plurality of ONUs using a plurality of wavelengths (or
wavelength channels). The multiple-wavelength systems may include
wavelength-stacked GPON and 10 gigabit PON (XGPON) systems (also referred
to as XGPON stage 1 or XGPON1), splitter based or arrayed waveguide grating
(AWG) based wavelength division multiplexing (WDM)-PON systems, dynamic
spectrum management (DSM)-PON systems, coherent-PON systems, and orthogonal
frequency division multiplexing (OFDM)-PON systems. [0030]Multiple
wavelengths may be employed in the systems above to provide higher access
rates. Using the multiple wavelengths may enhance the capacity of the time
domain multiplexing (TDM) PONs in the wavelength domain, e.g., using coarse
WDM (CWDM) or dense WDM (DWDM) architectures and schemes. In a WDM-PON
system, the ONUs may be connected to the network via different wavelengths.
This may be enabled using wavelength tunability at the ONU or the OLT,
slicing wavelengths via an AWG, coherent signal generation and detection,
injection locking, or other schemes. The wavelength tunability may
represent the tunable wavelength range of the ONU. In a DSM-PON system,
legacy GPON or XGPON ONUs may be sub-grouped by the OLT based on the ONUs'
working wavelength channels, and system capacity may be increased via
intelligent super MAC functionalities in the OLT. Coherent-PON systems may
be based on coherent signal processing. OFDM-PON systems may rely on
multiple carrier modulation. WO 2012/136155PCT/CN2012/073662
[0031]Depending on the application scenarios, the implementation of the
NGPON system 



may also be a hybrid of the above systems. For example, coherent-WDM-PONs,
WDM-TDMPONs, OFDM-WDM-TDM-PONs are some of the systems that may be used to
achieve a NGPON. This trend may represent a further enhancement of existing
TDM-PON (GPON or XGPON) bandwidth, e.g., which allows the NGPON system to
serve a larger number of ONUs at longer distances. Such enhancement from
GPON and XGPON systems to NGPON may challenge existing protocols of GPON
and XGPON, such as in term of a proper management mechanism that support
multiple wavelengths. Protocol changes or improvements to support
multiple-wavelength capability may include changes to the GPON and XGPON
transmission convergence (TC) layer protocols, e.g., for TDM/TDM access
(TDMA) management. [0032]Disclosed herein are systems and methods for
wavelength management in a multiple- wavelength PON system. The systems
include mechanisms to manage the ONU's wavelength channels in ONU
activation and in normal operation. The methods may comprise information
exchange for wavelength management. The wavelength management mechanisms
may be implemented for XGPON TC layer and other PON protocols. The
wavelength management information may be exchanged via MAC layer frames,
such as PLOAM messages. [0033]FIG. 1 illustrates one embodiment of a PON
100. The PON 100 may comprise an OLT 110, a plurality of ONUs 120, and an
ODN 130, which may be coupled to the OLT 110 and the ONUs 120. The PON 100
may be a communications network that does not require any active components
to distribute data between the OLT 110 and the ONUs 120. Instead, the PON
100 may use the passive optical components in the ODN 130 to distribute
data between the OLT 110 and the ONUs 120. The PON 100 may be NGA systems,
such as XGPONs, which may have a downstream bandwidth of about ten Gbps and
an upstream bandwidth of at least about 2.5  WO
2012/136155PCT/CN2012/073662 Gbps. Other examples of suitable PONs 100
include the asynchronous transfer mode PON (APON) and the broadband PON
(BPON) defined by the International Telecommunication Union
Telecommunication Standardization Sector (ITU-T) G.983 standard, the GPON
defined by the ITU-T G.984 standard, the EPON defined by the Institute of
Electrical and Electronics Engineers (IEEE) 802.3ah standard, the lOGEPON
as described in the IEEE 802.3av standard, and the Wavelength Division
Multiplexed WDM-PON. Additionally, the PON 100 may also have
multiple-wavelength capability, where multiple downstream and/or upstream
wavelengths (or wavelength channels) may be used to carry data, such as for
different ONUs 120 or customers. Accordingly, the PON protocol may be
configured to support any of the multiple-wavelength technologies/systems
described above. [0034]The OLT 110 may be any device that is configured to
communicate with the ONUs 



120 and another network (not shown). The OLT 110 may act as an intermediary
between the other network and the ONUs 120. For instance, the OLT 110 may
forward data received from the network to the ONUs 120, and forward data
received from the ONUs 120 onto the other network. Although the specific
configuration of the OLT 110 may vary depending on the type of PON 100, in
an embodiment, the OLT 110 may comprise a transmitter and a receiver. When
the other network is using a network protocol, such as Ethernet or
Synchronous Optical Networking (SONET)/Synchronous Digital Hierarchy (SDH),
that is different from the PON protocol used in the PON 100, the OLT 110
may comprise a converter that converts the network protocol into the PON
protocol. The OLT 110 converter may also convert the PON protocol into the
network protocol. The OLT 110 may be typically located at a central
location, such as a central office, but may be located at other locations
as well.  WO 2012/136155PCT/CN2012/073662 [0035]The ONUs 120 may be any
devices that are configured to communicate with the OLT 110 and a customer
or user (not shown). The ONUs 120 may act as an intermediary between the
OLT 110 and the customer. For instance, the ONUs 120 may forward data
received from the OLT 110 to the customer, and forward data received from
the customer onto the OLT 110. Although the specific configuration of the
ONUs 120 may vary depending on the type of PON 100, in an embodiment, the
ONUs 120 may comprise an optical transmitter configured to send optical
signals to the OLT 110 and an optical receiver configured to receive
optical signals from the OLT 110. The transmitters and receivers at
different ONUs 120 may use different wavelengths to transmit and receive
optical signals that carry data. The transmitter and receiver at the same
ONU 120 may use the same wavelength or different wavelengths. Additionally,
the ONUs 120 may comprise a converter that converts the optical signal into
electrical signals for the customer, such as signals in the Ethernet
protocol, and a second transmitter and/or receiver that may send and/or
receive the electrical signals to a customer device. In some embodiments,
ONUs 120 and optical network terminals (ONTs) are similar, and thus the
terms are used interchangeably herein. The ONUs may be typically located at
distributed locations, such as the customer premises, but may be located at
other locations as well. [0036]The ODN 130 may be a data distribution
system, which may comprise optical fiber cables, couplers, splitters,
distributors, and/or other equipment. The optical fiber cables, couplers,
splitters, distributors, and/or other equipment may be passive optical
components that may not require any power to distribute data signals
between the OLT 110 and the ONUs 120. Alternatively, the ODN 130 may
comprise one or a plurality of processing equipment, such as optical
amplifiers. The ODN 130 may typically extend from the OLT 110 to the ONUs
120 in a  WO 2012/136155PCT/CN2012/073662 



branching configuration as shown in FIG. 1, but may be alternatively
configured in any other point-to-multi-point configuration. [0037]To
support multiple-wavelength capability, the PON 100 may comprise one or
more AWGs, such as at the ODN 130 and/or the OLT 110. The AWGs may be
configured to combine/split multiple wavelength channels, which may be
optical signals transmitted at different wavelengths, in the
upstream/downstream directions. The PON 100 may also be configured to
implement one or more methods for wavelength management to exchange
wavelength management information between the OLT 110 and any of the ONUs
120. The exchanged information between the OLT 110 and the ONUs 130 may
also include wavelength assignment information. The methods may enable
information exchanges during an ONU's activation phase (e.g., when the ONU
120 registers with the OLT 110) or during the ONU's operations (e.g., after
registration or activation). [0038]FIG. 2 illustrates an embodiment of a
method 200 for information exchange for wavelength management in ONU
activation phase. The activation process may allow an inactive ONU (e.g.,
an ONU 120) to join operations on a PON (e.g., the PON 100). The ONU
activation may include procedures such as burst profile or overhead
learning, serial number assignment, and ranging (allocating time windows
for transmission). The method 200 may allow the PON to support multiple
wavelengths, e.g., to enable an OLT (e.g., the OLT 110) to communicate with
multiple ONUs via multiple wavelengths. In order to support multiple
wavelengths, the ONU wavelengths and wavelength tunability properties may
be reported to the OLT. After making a wavelength assignment decision, the
OLT may instruct the ONU to either maintain the current wavelength(s) or
tune to the target wavelength(s). At step 201, the ONU may send an ONU
wavelength and tunability report message to the OLT. At step 202, the OLT
may send a  WO 2012/136155PCT/CN2012/073662 wavelength assignment command
to the ONU (to maintain or change the ONU's wavelength(s)). At step 203,
the ONU may send back an ONU response to the OLT. [0039]The ONU may have
one or two working wavelengths. In the case of two working 



wavelengths, one of the wavelengths may correspond to downstream
transmissions from the OLT to the ONU, and another wavelength may
correspond to upstream transmissions from the ONU to the OLT. In the
activation process, the working wavelengths of an inactive ONU may be a
random pair of wavelengths or a default pair of wavelengths, e.g.,
depending on the ONU's transmitter/receiver (transceiver) design and the
PON protocol specification. After learning the burst profile, the ONU may
report its current configured wavelengths and wavelength tunability to the
OLT. [0040]In an embodiment, the ONU wavelength and tunability report
message (in step 201) above may be sent via a new PLOAM message or by
modifying a currently used PLOAM message to carry this information. FIG. 3
illustrates an embodiment of an ONU wavelength and wavelength tunability
report PLOAM message 300 that may be used to carry this information from
the ONU to the OLT. The message 300 may be sent by an inactive ONU to the
OLT as a portion of a response to a serial number grant from the OLT.
Alternatively, the message 300 may be sent by the ONU after receiving an
Assign ONU-ID PLOAM message from the OLT.  [0041] The ONU wavelength and
wavelength tunability report PLOAM message 300 be a new PLOAM message for
the XGPON and GPON protocols. The PLOAM message 300 may comprise about 9
fields, which may have a total size of about 48 octets. The fields and
corresponding sizes are shown in FIG. 3 (w, x, y, and z are integers). The
ONU wavelength and wavelength tunability information in the message 300 may
include an unassigned or assigned ONU-ID (at octets 1 to 2), a message type
ID (at octet 3), a sequence number (at octet 4), an  WO
2012/136155PCT/CN2012/073662 ONU Tx wavelength (at octets 5 to w), an ONU
Rx wavelength (at octets w+1 to x), ONU Tx tunability (at octets z+1 to y),
ONU Rx tunability (at octets y+1 to z), reserved or padding bits (at octets
z+1 to 40), and a message integrity check field (at octets 41 to 48).
[0042]FIG. 4 illustrates an embodiment of a Serial Number ONU PLOAM message
400 that may also be used to carry the ONU wavelength and wavelength
tunability information from the ONU to the OLT. The message 400 may be a
modified Serial Number ONU PLOAM message for the GPON protocol. The Serial
Number ONU PLOAM message 400 may comprise about 12 fields, which may have a
total size of about 48 octets. The fields of the Serial Number ONU PLOAM
message 400 shown in FIG. 4 may be configured as defined in the GPON
protocol. However, some of the fields or bits may be modified to exchange
the ONU wavelength and wavelength tunability information. Specifically, the
bits in octets 17 to w (w is an integer) may be used for indicating the ONU
Tx wavelength, the bits in octets w+1 to x (x is an integer) may be used
for indicating the ONU Rx wavelength, the bits in octets x+1 to y (y is an
integer) may be used for indicating the ONU Tx tunability, and the bits in
octets y+1 to z (z is an integer) may be used for indicating the ONU Rx
tunability. [0043]After receiving the ONU report (in step 201), the OLT may
make a wavelength 



assignment decision for the corresponding ONU. Relevant factors of
determining the wavelength assignment of a new ONU may include the overall
wavelength capability of the PON system, wavelength tunability of ONUs,
network traffic load among ONUs, tuning cost and tuning time, and/or other
relevant network conditions. The OLT may then send a wavelength assignment
command to the ONU (in step 202). The wavelength assignment command may be
sent via a new PLOAM message or a modified existing PLOAM message.  WO
2012/136155PCT/CN2012/073662 [0044]FIG. 5 illustrates an embodiment of a
wavelength assignment PLOAM message 500 that may be used to carry the
wavelength assignment information from the OLT to the ONU. The wavelength
assignment PLOAM message 500 may be a new PLOAM message for the XGPON and
GPON protocols. The message 500 may be sent from the OLT to an inactive ONU
after sending an Assign ONU-ID PLOAM. However, if the ONU's working
wavelengths match the assigned wavelengths by the OLT, there may be no need
to transmit the wavelength assignment PLOAM message 500. [0045]The
wavelength assignment PLOAM message 500 may comprise about 7 fields, which
may have a total size of about 48 octets. The fields and corresponding
sizes are shown in FIG. 5 (a and b are integers). The wavelength assignment
information in the message 500 may include an assigned ONU-ID (at octets 1
to 2), a message type ID (at octet 3), a sequence number (at octet 4), an
ONU Tx wavelength (at octets 5 to a), an ONU receiver Rx wavelength (at
octets a+1 to b), reserved or padding bits (at octets b+1 to 40), and a
message integrity check field (at octets 41 to 48). [0046]FIG. 6
illustrates an embodiment of an Assign ONU-ID PLOAM message 600 that may
also be used to carry the wavelength assignment information from the OLT to
the ONU. The message 600 may be a modified Assign ONU-ID PLOAM message for
the GPON protocol. The Assign ONU-ID PLOAM message 600 may comprise about
10 fields, which may have a total size of about 48 octets. The fields of
the Assign ONU-ID PLOAM message 600 shown in FIG. 6 may be configured as
defined in the GPON protocol. However, some of the fields or bits may be
modified to exchange the wavelength assignment information. Specifically,
the bits in octets 15 to a (a is an integer) may be used for indicating the
ONU Tx wavelength, and the bits in octets a+1 to b (b is an integer) may be
used for indicating the ONU Rx wavelength. 



WO 2012/136155PCT/CN2012/073662 [0047]The ONU may tune its wavelengths to
match the assigned wavelength from the OLT if the assigned wavelengths sent
from the OLT are different from the ONU's working (or currently configured)
wavelengths. After the tuning process, the ONU's transceiver may be
configured with the assigned wavelengths, and the ONU may send back a
response to the OLT (in step 203). The response may indicate the tuned
wavelengths from the ONU (e.g., according to the wavelength assignment of
the OLT). The response may be a new PLOAM message or a modified existing
PLOAM message. [0048]FIG. 7 illustrates an embodiment of a wavelength
response PLOAM message 700 that may be sent by the ONU after tuning to the
assigned wavelengths. The wavelength response PLOAM message 700 may
comprise about 7 fields, which may have a total size of about 48 octets.
The fields and corresponding sizes are shown in FIG. 7 (a and b are
integers). The information in the message 700 may include an assigned
ONU-ID (at octets 1 to 2), a message type ID (at octet 3), a sequence
number (at octet 4), an ONU Tx wavelength (at octets 5 to a), an ONU Rx
wavelength (at octets a+1 to b), reserved or padding bits (at octets b+1 to
40), and a message integrity check field (at octets 41 to 48). [0049]FIG. 8
illustrates an embodiment of a Registration PLOAM message 800 that may also
be used to indicate the tuned wavelengths from the ONU to the OLT. The
message 800 may be a modified Registration PLOAM message for the GPON
protocol. The Registration PLOAM message 800 may comprise about 7 fields,
which may have a total size of about 48 octets. The fields of the
Registration PLOAM message 800 shown in FIG. 8 may be configured as defined
in the GPON protocol. However, some of the fields or bits may be modified
to exchange the wavelength information. Specifically, the bits in octets
a+1 to b (a and b are integers) may be  



WO 2012/136155PCT/CN2012/073662 used for indicating the ONU Tx wavelength,
and the bits in octets b+1 to 40 may be used for indicating the ONU Rx
wavelength. [0050]FIG. 9 illustrates an embodiment of an Acknowledge PLOAM
message 900 that may also be used to indicate the tuned wavelengths from
the ONU to the OLT. The message 900 may be a modified Acknowledge PLOAM
message for the GPON protocol. The Acknowledge PLOAM message 900 may
comprise about 8 fields, which may have a total size of about 48 octets.
The fields of the Acknowledge PLOAM message 900 shown in FIG. 9 may be
configured as defined in the GPON protocol. However, some of the fields or
bits may be modified to exchange the wavelength information. Specifically,
the bits in octets 6 to a (a is an integer) may be used for indicating the
ONU Tx wavelength, and the bits in octets a+1 to b (b is an integer) may be
used for indicating the ONU Rx wavelength. [0051]The ONU response sent back
to the OLT (in step 203) may be optional (e.g., during the ONU activation
process) if the ONU is enabled with full wavelength tunability. In the case
of supporting partial wavelength tunablity, the ONU response may be used to
notify the actual wavelengths which the ONU can use. The indicated
wavelengths may be the best effort by the ONU with its limited tunability
and may or may not match the wavelengths assigned by the OLT.  [0052] FIG.
10 illustrates an embodiment of another method 1000 for information
exchange for wavelength management in ONU activation phase. Using the
method 1000, the OLT may initiate the communications with the ONU for
wavelength management for the ONU by sending a wavelength request to the
ONU. At step 1001, the OLT may send a wavelength request to the ONU to
inquire about the wavelength and tunablity information for the ONU. At step
1002, the ONU may send an ONU wavelength and tunability report message to
the OLT. At step 1003, the OLT may send wavelength assignment command to
the ONU (to maintain or change the ONU's  WO 2012/136155PCT/CN2012/073662
wavelength(s)). At step 1004, the ONU may send back an ONU response to the
OLT. The different messages in the method 1000 may be configured similar to
the corresponding messages in the message 200. 



[0053]During regular or normal operations of the ONU, e.g., after the ONU'
s activation, the OLT may request from the ONU to change its wavelength(s).
One reason for changing or retuning the ONU's wavelength may be to balance
PON traffic among the available wavelengths. For example, in a WDM-TDM
hybrid PON system, the ONUs may be equipped with tunable transceivers. If
some wavelengths are heavily loaded while other wavelengths are
(relatively) lightly loaded or idle, retuning some of the ONUs from the
heavily loaded wavelengths into other wavelengths may be advantageous.
[0054]FIG. 11 illustrates an embodiment of a method 1100 for information
exchange for wavelength capability request and report in ONU operation
phase to support wavelength management. During the ONU's normal operations,
the OLT may optionally send a wavelength request to the ONU. The ONU may in
return report its working wavelengths and its tunability back to the OLT.
Based on this information exchange, the OLT may confirm the ONU working
wavelengths. Such information also helps the OLT to make the wavelength
retuning decision. At step 1101, the OLT may send a wavelength request to
the ONU, e.g., to inquire about the ONU's working wavelengths and
tunability. At step 1102, the ONU may return an ONU wavelength and
tunabillity report to the OLT. [0055]The wavelength capability request and
report information of the method 1100 may be exchanged using PLOAM messages
or via an ONT management and control interface (OMCI) channel. For
instance, the ONU report message (in step 1102) may be a PLOAM message WO
2012/136155PCT/CN2012/073662 configured similar to the ONU wavelength and
wavelength tunability report PLOAM message 300 or the Serial Number ONU
PLOAM message 400. 



[0056]FIG. 12 illustrates an embodiment of a Request wavelength PLOAM
message 1200 that may be used to request the working wavelength(s) and
tunability from an ONU (in step 1101). The Request wavelength PLOAM message
1200 may be a new PLOAM message for the XGPON and GPON protocols. The
message 1200 may be sent from the OLT to an active ONU during operation,
e.g, after the ONU's activation. The Request wavelength PLOAM message 1200
may comprise about 5 fields, which may have a total size of about 48
octets. The fields and corresponding sizes are shown in FIG. 12. The fields
in the message 1200 may include an assigned ONU-ID (at octets 1 to 2), a
message type ID (at octet 3), a sequence number (at octet 4), reserved or
padding bits (at octets 5 to 40), and a message integrity check field (at
octets 41 to 48). The message type ID may have a value that indicates a
wavelength request message. [0057]FIG. 13 illustrates an embodiment of a
Request Registration PLOAM message 1300 that may also be used to request
the working wavelengths and tunability from an ONU (in step 1101). The
message 1300 may be a modified Request Registration PLOAM message for the
GPON protocol. The Request Registration PLOAM message 1300 may comprise
about 11 fields, which may have a total size of about 48 octets. The fields
of the Request Registration PLOAM message 1300 shown in FIG. 13 may be
configured as defined in the GPON protocol. However, some of the fields or
bits may be modified to indicate a wavelength request message.
Specifically, the bits in octets 15 to 5 (a is an integer) may be used for
indicating that the message is for wavelength information request. The
messages 12 and 13 that are used in the method 1100 may also be used in the
method 1000 above.  WO 2012/136155PCT/CN2012/073662 [0058]FIG. 14 is a
schematic diagram of an embodiment of a plurality of management entity (ME)
attributes 1400 for wavelength capability request and report. The ME
attributes 1400 may be OMCI ME attributes that may be used to exchange the
wavelength information in the method 1100 via an OMCI channel. The
attributes and their description are shown in FIG. 14. The ME attributes
1400 may indicate a working upstream frequency for the ONU, a working
downstream frequency for the ONU, workable upstream frequencies of the ONU,
and workable downstream frequencies for the ONUs. The working upstream
frequency attribute may specify the ONU's current upstream signal frequency
(for transmitting data to the OLT), e.g., in gigahertz (GHz). This
attribute may be a read/write (R,W) attribute, may be optionally sent, and
may have a size of about 4 bytes. The working downstream frequency
attribute may specify the ONU's current downstream signal frequency (for
receiving data from the OLT), e.g., in GHz. This attribute may be a
read/write attribute, may be optionally sent, and may have a size of about
4 bytes. The workable upstream frequency attribute may specify the ONU's
available (or tunable) upstream signal frequencies, e.g., in GHz. The
workable downstream frequency attribute may specify the ONU's available (or
tunable) downstream signal frequencies (for transmissions from the OLT),
e.g., in GHz. In other embodiments, the ME attributes 1400 for wavelength
capability request and report may indicate wavelength values (e.g., in
nanometers) instead of frequency values (e.g., in Hertz), or other values
such as wavelength IDs. [0059]During the ONUs operations, the OLT may
decide to change or shift the 



communication channel (e.g., wavelength channel) with a corresponding ONU.
When the OLT decides to shift the channel into different wavelength(s), the
OLT may indicate the new assigned wavelength(s) to the ONU by sending a
wavelength change command. Accordingly, the ONU may convert its
wavelength(s) to the target wavelength(s) indicated by the OLT's command.
WO 2012/136155PCT/CN2012/073662 After tuning its transceiver, the ONU may
send a response to confirm the completion of wavelength change or retuning.
[0060]FIG. 15 illustrates an embodiment of a method 1500 for information
exchange for wavelength change in ONU operation phase to support wavelength
management. At step 1501, the OLT may send a wavelength change command to
the ONU, e.g., to request a change in the ONU's working wavelengths to
match the shift in communications channel by the OLT. At step 1502, the ONU
may return an ONU response, e.g. to acknowledge the change in the ONU's
wavelength(s) or indicate otherwise. [0061]If the ONU tunes to new
wavelength(s), the ranging time (e.g., the transmission window in time) may
be different from the ONU original ranging time. Typically, the tolerated
threshold for the drift of time window may be sufficient to overcome this
issue. The ONU response may be optional if the ONU is enabled with full
wavelength tunability (e.g., to cover all the requested wavelengths from
the OLT). In the case of supporting partial wavelength tunablity, the ONU
response (in step 1502) may notify the OLT of the actual wavelengths the
ONU can reach or use. These indicated wavelengths may be the best effort by
the ONU with its limited tunability. [0062]The wavelength information for
wavelength change in the method 1500 may be 



exchanged using PLOAM messages or via an OMCI channel. For instance, the
PLOAM message for the OLT wavelength change command (in step 1501) may be
sent via a PLOAM message similar to the wavelength assignment PLOAM message
500 or the modified Assign ONU-ID PLOAM message 600. The PLOAM message for
the ONU response (in step 1502) may be sent via a PLOAM message similar to
the wavelength response PLOAM message 700 or the modified Registration
PLOAM message 800. WO 2012/136155PCT/CN2012/073662 [0063]FIG. 16 is a
schematic diagram of an embodiment of a plurality of ME attributes 1600 for
wavelength change command or request. The ME attributes 1600 may be OMCI ME
attributes that may be used to exchange the wavelength information in the
method 1500 via an OMCI channel. The attributes and their description are
shown in FIG. 16. The ME attributes 1600 may indicate a target upstream
frequency (or wavelength) for the ONU and a target downstream frequency (or
wavelength) for the ONU. The target upstream frequency (or wavelength)
attribute may specify the frequency (or wavelength) of the converted
upstream signal transmitted by the ONU, e.g., in GHz. This attribute may be
a read/write (R,W) attribute, may be optionally sent, and may have a size
of about 4 bytes. The target downstream frequency (or wavelength) attribute
may specify the frequency (or wavelength) of the converted downstream
signal received by the ONU, e.g., in GHz. This attribute may be a
read/write attribute, may be optionally sent, and may have a size of about
4 bytes. [0064]FIG. 17 illustrates an embodiment of an apparatus 1700 that
may be configured to support or implement the wavelength manage methods
above. The apparatus 1700 may comprise a processing unit 1710, a
transmission unit (or transmitter) 1720, and a reception unit (or receiver)
1730 that may be configured to implement or support the methods 200, 1000,
1100, 1500, or combinations thereof. The apparatus 1700 may be located at
an OLT and may implement the portions of the methods that correspond to the
OLT. Alternatively, the apparatus 1700 may be located at an ONU and may
implement the portions of the methods that correspond to the ONU. The
processing unit 1710, the transmission unit 1720, and the reception unit
1730 may correspond to hardware, firmware, and/or software installed to run
hardware. The processing unit 1710 may be configured to process the
wavelength management messages above (e.g., PLOAM messages and/or OMCI
attributes) according to the implemented wavelength WO
2012/136155PCT/CN2012/073662 management method. The transmission unit or
transmitter 1720 may be configured to transmit the associated messages or
frames (e.g., at the MAC layer), and the reception unit or receiver 1730
may be configured to receive the associated messages or frames. [0065]The
components and methods described above may be implemented using any 



general-purpose network component (at the OLT or ONU), such as a computer
or network component with sufficient processing power, memory resources,
and network throughput capability to handle the necessary workload placed
upon it. FIG. 18 illustrates a typical, general-purpose network component
1800 suitable for implementing one or more embodiments of the components
and methods disclosed herein. The network component 1800 may include a
processor 1802 (which may be referred to as a central processor unit or
CPU) that is in communication with memory devices including secondary
storage 1804, read only memory (ROM) 1806, random access memory (RAM) 1808,
input/output (I10) devices 1810, and network connectivity devices 1812. The
processor 1802 may be implemented as one or more CPU chips, or may be part
of one or more application specific integrated circuits (ASICs). [0066]The
secondary storage 1804 is typically comprised of one or more disk drives or
tape drives and is used for non-volatile storage of data and as an
over-flow data storage device if RAM 1808 is not large enough to hold all
working data. Secondary storage 1804 may be used to store programs that are
loaded into RAM 1808 when such programs are selected for execution. The ROM
1806 is used to store instructions and perhaps data that are read during
program execution. ROM 1806 is a non-volatile memory device that typically
has a small memory capacity relative to the larger memory capacity of
secondary storage 1804. The RAM 1808 is used to store volatile data and
perhaps to store instructions. Access to both ROM 1806 and RAM 1808 is
typically faster than to secondary storage 1804.  WO
2012/136155PCT/CN2012/073662 [0067]At least one embodiment is disclosed and
variations, combinations, and/or modifications of the embodiment(s) and/or
features of the embodiment(s) made by a person having ordinary skill in the
art are within the scope of the disclosure. Alternative embodiments that
result from combining, integrating, and/or omitting features of the
embodiment(s) are also within the scope of the disclosure. Where numerical
ranges or limitations are expressly stated, such express ranges or
limitations should be understood to include iterative ranges or limitations
of like magnitude falling within the expressly stated ranges or limitations
(e.g., from about 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10
includes 0.11, 0.12, 0.13, etc.). For example, whenever a numerical range
with a lower limit, RI, and an upper limit, R", is disclosed, any number
falling within the range is specifically disclosed. In particular, the
following numbers within the range are specifically disclosed: R = R1+ k *
(K., - R1), wherein k is a variable ranging from 1 percent to 100 percent
with a 1 percent increment, i.e., k is 1 percent, 2 percent, 3 percent, 4
percent, 7 percent, ..., 70 percent, 71 percent, 72 percent, ..., 97
percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent.
Moreover, any numerical range defined by two R numbers as defined in the
above is also specifically disclosed. Use of the term "optionally" with
respect to any element of a claim means that the element is required, or
alternatively, the element is not required, both alternatives being within
the scope of the claim. Use of broader terms such as comprises, includes,
and having should be understood to provide support for narrower terms such
as consisting of, consisting essentially of, and comprised substantially
of. Accordingly, the scope of protection is not limited by the description
set out above but is defined by the claims that follow, that scope
including all equivalents of the subject matter of the claims. Each and
every claim is incorporated as further disclosure into the specification
and the claims are embodiment(s) of the present disclosure. The discussion
of a reference in the disclosure is WO 2012/136155PCT/CN2012/073662 not an
admission that it is prior art, especially any reference that has a
publication date after the priority date of this application. The
disclosure of all patents, patent applications, and publications cited in
the disclosure are hereby incorporated by reference, to the extent that
they provide exemplary, procedural, or other details supplementary to the
disclosure. 



[0068]While several embodiments have been provided in the present
disclosure, it should be understood that the disclosed systems and methods
might be embodied in many other specific forms without departing from the
spirit or scope of the present disclosure. The present examples are to be
considered as illustrative and not restrictive, and the intention is not to
be limited to the details given herein. For example, the various elements
or components may be combined or integrated in another system or certain
features may be omitted, or not implemented. [0069]In addition, techniques,
systems, subsystems, and methods described and illustrated in the various
embodiments as discrete or separate may be combined or integrated with
other systems, modules, techniques, or methods without departing from the
scope of the present disclosure. Other items shown or discussed as coupled
or directly coupled or communicating with each other may be indirectly
coupled or communicating through some interface, device, or intermediate
component whether electrically, mechanically, or otherwise. Other examples
of changes, substitutions, and alterations are ascertainable by one skilled
in the art and could be made without departing from the spirit and scope
disclosed herein.  WO 2012/136155PCT/CN2012/073662 CLAIMS  1. A system for
supporting wavelength management in a passive optical network (PON),
comprising:       an optical line terminal (OLT) configured to send an
wavelength assignment for optical network unit (ONU) communications based
on a wavelength tunability capability; and 



an ONU coupled to the OLT and configured to send the wavelength tunability
capability to the OLT,       wherein the wavelength assignment and the
wavelength tunability capability are sent in media access control (MAC)
messages.  2. The system of claim 1, wherein the wavelength assignment is
exchanged to assign a wavelength to the ONU based on a current working
wavelength of the ONU.  3. The system of claim 1, wherein the ONU is
further configured to send with the wavelength tunability capability to the
OLT a second wavelength tunability capability, and wherein the OLT is
further configured to send with the wavelength assignment to the ONU a
second wavelength assignment for ONU communications based on the second
wavelength tunability capability.  4. The system of claim 3, wherein the
wavelength assignment is exchanged to assign a wavelength for downstream
transmission from the OLT to the ONU based on a first current working
wavelength of the ONU, and wherein the second wavelength assignment is
exchanged  WO 2012/136155PCT/CN2012/073662 to assign a second wavelength
for upstream transmission from the ONU to the OLT based on a second current
working wavelength of the ONU.  5. The system of claim 1, wherein the
wavelength assignment and the wavelength tunability capability are
exchanged between the OLT and the ONU via physical layer operations,
administration, and management (PLOAM) messages. 



6. The system of claim 1, wherein the wavelength assignment and the
wavelength tunability capability are exchanged via a plurality of
management entity (ME) attributes of an ONU management and control
interface (OMCI) channel.  7. The system of claim 6, wherein the ME
attributes of the OMCI channel indicate a working upstream wavelength, a
working downstream wavelength, workable upstream wavelengths, and workable
downstream wavelengths.  8. An apparatus of an optical line terminal (OLT)
for supporting wavelength management, comprising:       one or more
component configured to couple to an optical network unit (ONU) and
exchange a wavelength assignment for transmission with the ONU based on a
wavelength tunability of the ONU,       wherein the wavelength indication
and the wavelength tunability are exchanged via media access control (MAC)
layer frames.  WO 2012/136155PCT/CN2012/073662  9. The apparatus of claim
8, wherein the wavelength assignment is exchanged during the ONU's
activation phase to assign a wavelength to the ONU based on a forwarded
wavelength tunability report from the ONU.  10. The apparatus of claim 8,
wherein the wavelength assignment and the wavelength tunability are
exchanged during the ONU's activation phase upon a request from the ONU for
wavelength assignment. 



11. The apparatus of claim 8, wherein the wavelength assignment and the
wavelength tunability are exchanged during the ONU's operation phase upon a
request from the OLT to obtain wavelength and tunability information from
the ONU.  12. The apparatus of claim 8, wherein the wavelength assignment
is exchanged during the ONU's operation phase to change a working
wavelength for the ONU.  WO 2012/136155PCT/CN2012/073662  13. A method
implemented at an optical line terminal (OLT) to support wavelength
management for a passive optical network (PON) comprising:       receiving,
using a receiver, a wavelength and tunability report from an optical
network unit (ONU) that comprises an ONU transmitter wavelength, an ONU
receiver wavelength, an ONU transmitter tunability, and an ONU receiver
tunability; and       sending, using a transmitter, a wavelength assignment
command to the ONU that indicates an assigned ONU transmitter wavelength
and an assigned ONU receiver wavelength.  14. The method of claim 13,
wherein the wavelength and tunability report is sent in a new dedicated
operations, administration, and management (PLOAM) message that comprises
the ONU transmitter wavelength, the ONU receiver wavelength, the ONU
transmitter tunability, and the ONU receiver tunability.  15. The method of
claim 13, wherein the wavelength and tunability report is sent in a
modified Serial Number ONU operations, administration, and management
(PLOAM) message that indicates the ONU transmitter wavelength, the ONU
receiver wavelength, the ONU transmitter tunability, and the ONU receiver
tunability. 



16. The method of claim 13, wherein the wavelength assignment command is
sent in a new dedicated operations, administration, and management (PLOAM)
message that comprises the assigned ONU transmitter wavelength and the
assigned ONU receiver wavelength.  WO 2012/136155PCT/CN2012/073662  17. The
method of claim 13, wherein the wavelength assignment command is sent in a
modified Assign ONU-ID operations, administration, and management (PLOAM)
message that indicates the assigned ONU transmitter wavelength and the
assigned ONU receiver wavelength.  18. The method of claim 13 further
comprising receiving a response from the ONU after sending the wavelength
assignment command, wherein the response is sent in a operations,
administration, and management (PLOAM) message.  19. The method of claim
18, wherein the PLOAM message is a modified Registration PLOAM message that
indicates the assigned ONU transmitter wavelength and the assigned ONU
receiver wavelength.  20. The method of claim 18, wherein the PLOAM message
is a modified Acknowledge PLOAM message that indicates the assigned ONU
transmitter wavelength and the assigned ONU receiver wavelength.  21. The
method of claim 13 further comprising sending a wavelength request to the
ONU before receiving the wavelength and tunability report, wherein the
wavelength request is sent in a operations, administration, and management
(PLOAM) message.  22. The method of claim 21, wherein the PLOAM message is
a new dedicated PLOAM message that comprises a message type identifier (ID)
that indicates a wavelength request. 



WO 2012/136155PCT/CN2012/073662  23. The method of claim 21, wherein the
PLOAM message is a modified Request Registration PLOAM message that
includes a wavelength request indication.  24. The method of claim 13
further comprising:       sending a wavelength change command to the ONU
that indicates a second assigned ONU transmitter wavelength and a second
assigned ONU receiver wavelength; and       receiving a response that
indicates a current ONU transmitter wavelength and a current ONU receiver
wavelength.  25. The method of claim 24, wherein the wavelength change
command is sent via a plurality of management entity (ME) attributes of an
ONU management and control interface (OMCI) channel that indicate a target
upstream wavelength and a target downstream wavelength. 






