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at about 1.25 Ghps. However, the bandwi dth ca ablllty of the PON systens is
expect dtpvelsnethc éera@lttﬁle?\@'éﬁﬁﬁdwa’r%@ngé@rlﬁseé% Ppidgab e wors” nadich gee

i ncreased demand in services, sonme energi ng PON systens, such as Next
Cener andopporiied bsisin NQ&Yersyestag nfsrepraxdecddainmleir endiwetf/i gured to transport the
data frames with inproved reliability and efficiency at higher bandw dt hs,
for exanple at about ten Gops.
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 SUMVARY [ 0004] I n one enbodi nent, the

di scl osure includes a systemfor supporting wavel ength managenent in a PON,
conpri si myoan203d156onfi gured to send an wavel engt h assi @OREMN20f24y7366NU
conmuni cati ons based on a wavel ength tunability capability, and an ONU
coupled to the OLT and configured to send the wavel ength tunability
capability to the OLT, wherein the wavel ength assignnment and the wavel ength

tunability capability are sent i ndﬁj{@gmg&cess control (MAC) nessages.
[ 0006] I n anot her enbodi nent, the e includes an apparatus of an O.T

for SU&EOI’U n wavel ength managerrent conprising one or nore conponent
confi goR0d t olnc e leanbodingnt. oy disclowie Hagludesa WS e e Ryt PRSENg nieeleREY
transm ssion with the ONU based on a wavel ength tunability of the ONU,
wher einmnipenewvie lacPGNh comgiigag iao rOlah dobfhgired ve kawgirhwhveled@th iabsygrament for
exchanged via MAC | ayer frames. [0007] 1 n yet another enbodi nent, the

di scl @NUeohimtlniceidna bt vadc wardlersentedbidity phbilidy, SdﬁﬂFh@r(DNWOdb%b%ﬁgb tihe
managenent for a PON conprising receiving, using a receiver, a wavel engt h

and t%LaP'ahhtabng%ﬁ’r%ﬁttof {08 @8 \%\Metngfht @b %Eﬁabﬁﬂ UREr@NeMuhkfin the

wavel engt h, an recel ver wavel ength, an ranim tter tunabili ty, and

an ONU receiver .tunabilit ndi n transmt a_wavel engt h
aasi onEETRNRrbRRY o Be B s S i b RaRTh il 1PN
wavel engt h and an assi gned ONU recei ver vvavel engt h. [0008] These and ot her

f eat ultEA G PFSSAESore cl early understood fromthe fol | owing detail ed

[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
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[ 0009] Forwea 2nr6156npl et e under st andi ng of this di scl osece,CN2ef2ar7aqsee | S
now nade to the follow ng brief description, taken in connection with the

acconpanyi ng drawi ngs and detail ed description, wherein |ike refer

ence

nunmeral s represent |ike parts. [0010]FIG. 1 is a schematic diagram of an

nmbodi f PON. FI 2 i di f
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activation phase.

ongﬁgu of

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.



[0012]FIG 3 is a schematic diagram of an enbodi nent of a ONU wavel engt h
and wavel ength tunability report physical |ayer operations, adm nistration,
and manageoent2/iBRPISOAM) nessage. [0013]FIG 4 is a scheneCrNthegrragse of an
enbodi ment of a Serial Nunber ONU PLOAM nessage. [0014]FIG 5 is a
schemati c diagram of an enbodi nrent of a wavel ength assi gnnment PLOAM
nmessage.

ONU-
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[0015]FIG 6 is a schenatic diagramof an enbodi ment of an Assign
it B (PR F 8t 0 bR et of SEIGTR! £of FhIRATR

ange 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.

[002

4] FIG. 15 is a protocol diagram of an embodiment of a method for information

exchange for wavelength change in ONU operation phase.

[002

5] FIG. 16 is a schematic diagram of an embodiment of ME attributes for wavelength

change command.

[002

6] 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



nmessage. [0017]FIG 8 is a schematic diagramof an enbodi nent of a
Regi strati on PLOAM nessage. [0018]FIG 9 is a schematic di agram of an
enbodi mrerwoab12zazcissknow edge PLOAM nessage. [0019] FI G POTICN20120x78d60 C Ol
di agram of anot her enbodi nent of a method for information exchange for
wavel engt h managenent in ONU activation phase. WO

2012/ 136155PCT/ CN2012/ 073662 [0020] FIG 11 is a protocol diagram of an
enbodiagg t of nme nh

escri eg here& %(ljlt ];n%_(y bienrflgc{igg& iw?t%in 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 XGPONT1), splitter based
or arrayed waveguide grating (AWGQG) 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 ONUSs’ 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.



exchange for wavel ength capability request and report in ONU operation
phase. [0021]FIG 12 is a schematic di agram of an enbodi nent of a Request
wavel engtWORLDABbIsessage. [0022] FIG 13 is a schematic @#cagmam220f3@n

enbodi ment of a Request Registration PLOAM nessage. [0023]FIG 14 is a
schematic di agram of an enbodi nent of nmanagenent entity (ME) attributes for
wavel ength capability request and report. [0024]FIG 15 is a protocol

\(,j\/;\a/'glr iﬁ@ﬁﬁ 2E9enb ?%%@e%@ﬁg%&n&g?égo% thrf]:fl(r)nrp ntlflzn%]uo%xoth t%g %Glg(g& system
may also be a hybrid of the above systems. For example, coherent-WDM-PONs, WDM-TDM-
PONs, 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 ONU’s
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



[0025]FIG 16 is a schematic diagram of an enbodi nent of ME attributes for
wavel engt h change command. [0026]FIG 17 is a schematic di agram of an
enbodi mrerwoab12zarieppar at us configured to inpl ement a PORCHON2D 25662
managenent net hod. [0027]FIG 18 is a schematic di agram of an enbodi nent of
a general - purpose conputer system DETAILED DESCRI PTI ON [0028]1t shoul d be
understood at the outset that although an illustrative inplenentation of

one or nDre nbodlnents ar the di scl osed s ens, a r

et hod PPy O Bl sor ey S f treite B pabRPRS e s e PON’
currentl knomn or in existence. The disclosure should in no way be limted

to t héAP)éN)smdafhevbrqa%ﬂnénBQNaﬂﬁHa@) defingd kysthe dnterpasionpl delssommupisation ed

bel ow, including the exenplary designs and inplenentations illustrated
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 10GEPON 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 ONU’s
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.
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wavel en&ah stacked GPON and 10 g; abit PON ( XGPO\I) systens (also referred
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represent the tunable wavel ength range of the ONU. In a DSM PON system

| egacyheGHRIN of | OXGHEN t@nkisitiaesy abé rsedivays cupéififersnt t QR USL 12harad uen differc®NUs’
wor ki ng wavel ength channel s, and system capacity may be increased via

i nt el lwayekhgths perrafdhGt hnthetceionaptitdl 8nh3 thitecafdy HataCahe nentmif@Nasd siceivsr may
be based on coherent signal processing. OFDM PON systens may rely on
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[ 0031] Dependi ng on the application scenarios, the inplenentation of
NGPON (5§t §5h 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



may al so be a hybrid of the above systens. For exanple, coherent-WM PONs,
VDM TDVPONs, OFDM VWDM TDMt PONs are sone of the systens that may be used to
achi eve awBIGPON36iBRi s trend may represent a further enhaotament2/0866exi sting
TDM PON (GPON or XGPON) bandwi dth, e.g., which allows the NGPON systemto
serve a |l arger nunber of ONUs at |onger distances. Such enhancenent from
GPON and XGPON systens to NGPON may chal | enge exi sting protocols of GPON

and X .such_as i.n term of .a_proper nmanagenent mechanismthat support
mul ¢ PYEChGECRGREON By SRR IT ERcin et dp Fip By RHBY S Con Ry gy Other
mul ti pl e-wavel ength capability may include changes to the GPON and XGPON
t r ans POHYtQHWEHROEY §IHEBIIPO) | ayer protocols, e.g., for TDM TDM access
(TDMA) nmanagenent. [0032] Di scl osed herein are systens and net hods for
wavel ¢ nmafiageppent mithipée-waldlengtle capahiliey,ehgPONPON sapstcomprifh ens ysnens

i ncl ude nmechani sns to manage the ONU s wavel ength channels in ONU

acti vatwaon, afich a§) afQhTDNPEIRhADO: thEhOLITE NE.AdThdrByWCRNMRPEY SR EHfRuRRL ton
exchange for wavel ength managenent. The wavel engt h managenent nechani sns

MRy beohiRlcRFRNA bR AR CraAYAL, ARRNOHAST b RMPLOHORAL Sranthfied at
wavel eﬁgther’rglr%\agerré&t in o?g%ati orgll may be exchgngegﬂvli a I\}%\C Iailaélr frearrgs,
such as..PLOAM nessages. [0Q033] Fl 1lillustrates o e di srent  of . a PON
100, THATBRNN ROOETA dBrlst s Rk et S B s RS “BORUE Meso 8 an
ODN 130, .which may be coupled to the OLT 110 and the ONUs 120. The PON 100
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to distribute data between the OLT 110 and the ONUs 120. Instead, the PON
100 menavakegthhaaprgssiepteindpmiatiah betmsondat@LT d 10 madeoy af3he t@NUs si20i blhe
data between the OLT 110 and the ONUs 120. The PON 100 rmay be NGA systens,
such asch@RédNmfomtution eayechatie CL.Tioimsiid eendNERAB0dhdy ako avduie werelddafs and
an upstream bandw dth of at |east about 2.5 WO
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i ncl ude the asynchronous transfer node PON (APON) and the broadband PON
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Tol cosshuneBafhady (< fouhlh SN2 AR T B 2 ine she ONUipon
defined by th IT%}T 6?84 stancg@rd t he EPON defined by the Institute of
B cct PPERNORNG S0t FEUALORAGIHRBIE) | EED) 802, 3ah standard, the | GGEPON

as described in the | EEE 802. 3av standard, and the Wavel ength Di vi sion

wul ti pP@3&d VDM BN lustiateis t ano gabpgimenh of ponetiod 2R, fofl Wdormafian exchange for

mul ti pl e-wavel ength capability, where multiple downstream and/ or upstream
wavel evgtlesgthonanageredre ng ONE hativaeibs phary The actseton processrpaydatcey as irghties f or
different ONUs 120 or custoners. Accordingly, the PON protocol may be
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descri bed above. [0034] The OLT 110 may be any device that is configured to

Commrﬁileﬁiaihau&é fnt&c&ﬂf?es%kﬁ 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



120 and anot her network (not shown). The OLT 110 may act as an internediary
bet ween the ot her network and the ONUs 120. For instance, the OLT 110 nay
forward dwiDaorxceissed fromthe network to the ONUs 120, pamaCN20rvoasad2 dat a
received fromthe 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 enbodi ment, the OLT 110 may conprise a transmtter and a receiver. Wen

t he ot her wor.k is us roto , rnet or
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that is different fromthe PON protocol used in the PON 100, the OLT 110
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protocol. The OLT 110 converter may al so convert the PON protocol into the
net worl@03M ot otld ONIthena@Liiave e maytwbewdrkpigcabvelenigdoatledhatas aetmtor wbrking

| ocation, such as a central office, but may be |ocated at other |ocations
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devices that are configured to communicate with the OLT 110 and a cust oner
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Si gnal s to the OLT 110 and an optical receiver configured to receive

opt i catanghgigareseiven frankeei @UTdasign athetRQN piptocdrspecifidatione difigedearring the

different ONUs 120 nay use different wavel engths to transmt and receive

opt i cadlurss ipepide,ghé DNU cayrrypaaitacurfde confansad waetlednhs fsreCehwdengdi tunheilisanme

ONU 120 may use the sane wavel ength or different wavel engths. Additionally,

t he O\WWJael@O0T My conprise a converter that converts the optical signal into

electrical signals for the custoner, such as signals in the Et her net

pr ot 0GQ tOAa”d r ax?@ﬁB&ﬁm%B?‘ «{Tbﬁ\{[?';va@& h ah&?@lgéﬁl("% }Jbl 8 e@go P%‘?{

recei ectr|c 0 a custoner

ONUs 10and t|c net wor nal s ( simlar

Cer s 400 (8 md&&aﬁ@‘?\@@fswag@r% pdifyge LS RS MDADE, .
di stributed Iocatl ons, such as the custoner pren ses, but nmay be | ocated at
ot her Me5e3LCitH ﬁ@rrwnmfprmqﬂeos §1Gha ilbpiatesan gEposiancat ghamONL Wlanﬂ’Eﬁgﬂbﬁnd
system which nay conprise optical fiber cables, couplers, splitters,

di st r ivieytlength tamadbilgy repdre PLOMM pnesmage 30ethapiniag dle dsedheo caabltheis,inbumpﬂicm S,
splitters, distributors, and/or other equi pnent may be passive opti cal

conporgiti shet ORU tole DOIT. I'BifinE &a @ 0PI be tsontdysdn inbetive O Ua0Shg ORITSas a
between the OLT 110 and the ONUs 120. Alternatively, the ODN 130 may

conpr 'p%ﬁld?lr‘@f P Ees%}ll%le upal dekid Hﬁm@é@@%ﬁfr&ﬂ B4 \dpire Nltenﬁﬂ%lyaﬁle%és‘s& 300
anplifiers. O may typically extend fromthe OLT 110 to t ONUs

120 | r}naay bevgle)nt2 ‘t())ylt%/e b’%\?& ?tePrCr-If_:{:%% ]a%/Aosz%%68NU—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

10



branching configuration as shown in FIG 1, but may be alternatively
configured in any other point-to-nulti-point configuration. [0037]To
support mubtoplBeisavel engt h capability, the PON 100 rmayPCOMN20RA78G62 OF
nore AWGs, such as at the ODN 130 and/or the COLT 110. The AWGs may be
configured to conbine/split multiple wavel ength channel s, which may be
optical signals transmtted at different wavel engths, in the

upstr wnst rea irections. The 100 | so be confi gur

Pol VD BRI B gt o ShaN Bigth By GherE oo L iEhh gy
wavel engt h managenent information between the OLT 110 and any of the ONUs
120. TeEbdity drgEs 2o NER bonpkilify tahectets 7+1 102)afrgetvae oonadslintsat,

al so i nclude wavel engt h assi gnnent information. The net hods nmay enabl e

i nf or matetsonr lardiangels: oasshgagingrgriGhtiiesk fietd waodten4phasd®. (e. g., when the ONU
120 registers with the OLT 110) or during the ONU s operations (e.g., after

regi stio@2]on PBIG.aEilivéahte®an .enitdddSdrtloBa Seridl INEhbat ©NRAPLOMM dhéRide 470 a
met hod 200 for information exchange for wavel engt h managenent in ONU

act i vak o, PHas Be uldi8oRGHY AL DAL A gﬁ%wabél%t@%@ag% int b 8-

an ONU 120) to join operations on a P
activati in e-procedure uch .as burst profile or o
e ST 4 e a6 Gbse o HEM 2 a o] SR SePhe YR T oM

| earning, Seria rangi ng dca
for transm ssion), The nethaod 200 nma | low the PON to support nultinple
wavel @Fﬁﬁar%,f%&l GPQY P&ﬁ%ﬂﬂl-eT}%fnge@EJP]%/"én%ﬁrTONHepl&‘?‘l\@@GiSaﬁ%g@bm‘ﬁi RPEBHE wi t h
multiple ONUs via nultiple wavel engths. In order to support nultiple

wavel aehgethd? fitlds,Onbichavislyehgtehs &otel waeeblengowt dBnedsetsi t yTher Gplds t dfegharay
be reported to the OLT. After nmaki ng a wavel ength assi gnnent decision, the
OLT m¢rinindStumbet QNE FOOQAMDmesdabe #0show@iim Fithet awayrtentonfi@uet en glefigs) inor
tune to the target wavel ength(s). At step 201, the ONU may send an ONU

vavel eRgGRPOANErotdeBRDIbIvEYer I RBRY &f tHEESRYS: bids fA¢ bPlodifidd Bte&kBhaAQe thd ORTOLT
may send a 2012/ 136155PCT/ CN2012/ 073662 wavel engt h assi gnment conmand

T I L e e S e QR ot

one Orantiyl@gf\%) Bllgy%% used ?()lreirrllcglgﬂlsﬁg tilg Otl\ﬁ? T():(avéaeve?gng%h\f\%lemé)l{slﬁirl Wtets 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 ONUSs, 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.

11



wavel engt hs, one of the wavel engths may correspond to downstream

transm ssions fromthe OLT to the ONU, and anot her wavel ength may

corr espormioto1astsseam t ransm ssions fromthe ONU to t heCOCN2012/075dse
activation process, the working wavel engths of an inactive ONU may be a
random pair of wavel engths or a default pair of wavel engths, e.g.,

dependi ng on the ONU s transnitter/receiver (transceiver) design and the
PON p C cation. nln he bur st i t he ON y
repor 100P8° c FRE IS iroi sbudueERbE He shae b upuRGE L M esF 2 e
QLT. [0040]In an enbodi nent, the CNU mavelength and tunability report
messadlat may heruspd mOcRYTYABRWa elaReth assiemmeny iRomnatieoR TrRnoim el éé Q¥Upihe
nodi fying a currently used PLOAM nessage to carry this information. FIG 3
i || ustwaatlesgthrnsegihodit PQAMf messagaNt)Onvaae bengtew BhOAM nedseapgtfhr thenaGPON y
report PLOAM nessage 300 that may be used to carry this information from

t he Okl tGPORNErélodols TR ARSS2ES08QRayTBY s@f B@ENtthdVIANtd Mbetactiee ONW hfet he
OLT as a portion of a response to a serial nunber grant fromthe OLT.

Al ter , n
U AL ORI PR A A R

v e) SRgh L URABLAl G GRRfr REUMLTRaN 0. 490 JRE R %ng%%“@hsaesssfa Enl 31
fields mhlch may h ve a total size of about 48 octets The fields and
corre%ﬁéhﬁMﬁﬁe%?§%§ﬁhre shown in FIG 3 (w, x, y, and z are integers). The
ONU wavel engt h and wavel ength tunability |nfornation in the nessage 300 nmay
i ncl ude04m undbsivgweldngh assighgaetdPONBM Dngsaageood@® nenyl ceropi2ye, akputrek Sighfls, t ype
ID (at octet 3), a sequence nunber (at octet 4), an WO

2012/ 336AbBRCHAECNY Btdl/s(23GaBodINE detetwaVid elgt hnd adrraspbdetisg SizéscarelhovamninONU
Rx wavel ength (at octets w1l to x), ONU Tx tunability (at octets z+1 to vy),

ONU Rf16UBaRIahd bYaré dlte R6)EUEheYrdvel o) assizBBAVIBFbrRhtiRAMNhE heldides J08tmBLt et s
z+1 to 40), and a message integrity check field (at octets 41 to 48).

[ 0042] Al sage
200 ¢ g e th deghBE ORE I B ERRCELTSY m%%%@@eﬂ%ﬂ*ﬁé@ i RN
tunabi | it f or n fr U to the The e 400 a
rodh 1S RRHEEY KT DRUORE s oigeh B O e CEB % SEoeerem Fekds fal
Nunber ONU PLOAM nessage 400 may conprise about 12 flelds whi ch have a
t ot al agil Z@ byregpediorpaddiae &ty (atmt@tsr bel st B anthe ng‘éﬁagﬂlnhalmyahe@\@eﬁu
nmessage 400 shown in FIG 4 may be configured as defined in the GPON

pr ot ooetets Howmelder, some of the fields or bits may be nodified to exchange

t he ONU wavel ength and wavel ength tunability information. Specifically, the
bits i[p04ugt et BIGL 6 flmstaténan smdBdintthe€ gLty A¥Bign DONUSHY PLOANINdésadd 6@ thae ONU
Tx wavel ength, the bits in octets wl to x (x is an integer) may be used

for i ngicatd BY JsOe (N RVRYRIERAT Bysi #Eﬁﬁnplntf&rﬂaﬂoﬁ’?fo% $heXOLTL@ the ONTUS @n

i nteger) nmay be used for |nd|cat|ng t TX tunablllty, and the blts in

Cunabiih oy ST o el A el R PO e SR s OR e

make %’h\élaXsesgg%r_]%E\IU—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 (ais 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.
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assi gnnment decision for the corresponding ONU. Rel evant factors of

determ ning the wavel ength assi gnnent of a new ONU may i ncl ude the overall
wavel engtwocapatsissty of the PON system wavel engt h t una&birldng12067366hUs,
network traffic | oad anong ONUs, tuning cost and tuning tinme, and/or other
rel evant network conditions. The OLT nmay then send a wavel engt h assi gnnment
command to the ONU (in step 202). The wavel engt h assi gnnent comrand may be

2012/ J4BTRSPCHICROS1 RG F605 DR TS e et BRdem e oy RhE Obf o

wavel engt h assi gnnment PLOAM nessage 500 that may be used to carry the

wavel éhtenassimied iravistenetis overafiosh tha R ke d]_fPTQ% frare O NYive wiggkieg daigt h
assi gnment PLOAM nessage 500 may be a new PLOAM nessage for the XGPON and
GPON puotito kenfiginel) nessdgetis0 A\ freaythd eurseg tpréaeem the O MU transmpivemaclyi e ONU
after sending an Assign ONU-1D PLOAM However, if the ONU s worKking

wavel eogfififedti®hhé Asi@reivgiverknpayeldrenge h}Nl.bh‘nztyh@n@bIck h hespendery the 01T need
to transmt the wavel ength assi gnment PLOAM nessage 500. [0045] The

wavel g ﬁlgg:tﬁgb 855! %@Fr bty Eﬁﬁéﬁ@%eﬁ@&d@é_{vﬁg&gﬁg'fﬁﬁnMNUﬁefg eéc‘éépdlégi ch

may have a total si z of about 48 octets I'ds and correspondi n

si zes .ar.e sho Qﬁ[ﬁ e |nte ers @ th aSSI nment
mfornattllleo G ntgkh asnegélénaeategé% '@ i nc s afﬁmagl sbleganredx’\l\% 42% Kr1Scte

to 2), e type ID (at octet 3), a sequence nunber (at octet 4) an
ONU T@Qﬁé@@s@ﬁ g ﬁ&AMc@%%Ség% to a), an ONU receiver Rx wavel ength (at
octets a+l to & reserved or padding bits (at octets b+l to 40), and a
messade048it eghlG.y/ itlhetedtesf danegrabqdamecf atvsavglengih ragpnseg BIOASMrmessage 700 that
illustrates an enbodi mnent of an Assign ONU-I D PLOAM nessage 600 that may

al so beayusedertt bycter@NUhaftavarueing rtgtthe assggpdnemteldnatior Mht ivaavefengin iefpentd T t o
the ONU. The nessage 600 may be a nodified Assign ONU-I D PLOAM nessage for

the GPOWHAVOHEGEREe 70N E1ahDPsONb D BefddMVARSSASE h&R0a 1B GIQEMRE iabSutafgout

10 fiel ds whi ch"may have a total size of about 48 octets. The fields of

th R
de? i ﬁz) I'n ?ﬁ‘é" f&@é\# pr ot oc%ﬁﬁgﬁo\%g%eégosggw&eﬂgf#ﬁhﬁ ddgedéér:ﬂﬂgéegggaeghﬁs

di f to. th I t Speci fical |
he biiteficgel due hesogt 1 Fim Bl %ﬁ?é&&?%ﬂp‘%@ﬁ b PR BBy & he
ONU Tx wavel ength, and the bits in octets atl to b (b is an integer) may be
used ftyre IOhat @‘é{tﬁ ﬁgatsqa@lemplp&b%%techﬁd-@ frn ONU Tx wavelength (at octets 5to 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. § 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
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WO 2012/ 136155PCT/ CN2012/ 073662 [ 0047] The ONU may tune its wavel engths to
mat ch the assigned wavel ength fromthe OLT if the assigned wavel engths sent
fromthe VDBorBohsf f erent fromthe ONU s working (or cecramebiz/oosdsti gur ed)
wavel engt hs. After the tuning process, the ONU s transceiver nay be
configured wth the assigned wavel engths, and the ONU nmay send back a
response to the OLT (in step 203). The response nay indicate the tuned

wavel en s.fromth (e. 9., ,accordin o t.he wavel eng assi gn t of
e ottt foriadiRisoie Dy P dake REA idale His S8 §6ieDy Sa RoMl 18 eokraPing
PLOAM nmessage. [0048]FIG 7 illustrates an enbodi nent of a wavel ength

r es porBECIINGANG Byevayelgngthat nmay be sent by the ONU after tuning to the
assi gned wavel engt hs. The wavel engt h response PLOAM nessage 700 nmay

conpr i[8@0bouFIF ¥illebtdaes ahérobodimynthefiea Acknowiddgs IPLO AN redysage WP thattradys.
The fields and correspondi ng sizes are shown in FIG 7 (a and b are

i nt egelss)be ubbetd infliehitaalid @Aed WaldleniRSHEEE ehe/ ONU®RYhé OLITUdEhedtle 9SS W0aHay
ONU- 1D (at octets 1 to 2), a nessage type ID (at octet 3), a sequence

r‘urrberbe( Al QEEE&S @no@ﬁd?‘?&bﬁ%wmgﬁ gti%r (tﬁé bRt ]groﬁ)ctop ?ﬁe A&Qn%d@i 1to

wavel ength (at octets a+ reserved or padding bits (at octets

40) ssage integrity check field (at.octets 41 to 48), LOD49]FI G 8
) 1 DI RERAGHE o it Sl B RS Pyt RisBedify haldagRaldte e BPNA o oo
be used to indi %,ate t he tk{ged wayv el enét hs fromthe ONU to. the OLT. The

messa@ét8o0 sy lBES Linbli ArERPEECst RN nmPtesMRs¥age ol Fhe @erNbe
protocol. The Registrati on PLOAM nmessage 800 nmay conprise about 7 fields,
whi ch canfjgured @s glefinedilin shez &PEIN giveraeol48Howeedrs sompeof fthe|figddsopr bite may be
Regi strati on PLOAM nessage 800 shown in FIG 8 may be configured as defined
in t hendd?@d proichadde. thélomesletgth ddomnaion? Spedifiedltds thar bibi insocrary 6 e a twdd 40 ed
to exchange the wavel ength information. Specifically, the bits in octets
atl t GnBedrinARbeRis@l RoriildiedRbShe AW B8 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
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WO 2012/ 136155PCT/ CN2012/ 073662 used for indicating the ONU Tx wavel engt h,
and the bits in octets b+l to 40 may be used for indicating the ONU Rx
wavel engtwo 2p20B8615F1 G 9 il lustrates an enbodi nent of amCAdivowogsige PLOAM
message 900 that may al so be used to indicate the tuned wavel engths from
the ONU to the OLT. The nessage 900 may be a nodi fied Acknow edge PLOAM
nmessage for the GPON protocol. The Acknow edge PLOAM nessage 900 may

conprise abo 8 fields i.ch have tgtal size of about 4 ctets.
The T PEBETGR Y he AhSlero ke Bk ead gatodh Db virionSERheg DRy Ehs
configured as defined in the GPON protocol. However, sone of the fields or
bits mferprt maseRges Bthe meted HARY may %é cowilaarechamHar ta s gpatesRARdingyaessFges 8] | v,
the bits in octets 6 to a (a is an integer) may be used for indicating the
ONU Tthevavehgnifidh, and the bits in octets a+l to b (b is an integer) may be
used for indicating the ONU Rx wavel ength. [0051] The ONU response sent back
to thgo@33T (i DuSheRrgd38br idynddepeptibrutithd ONYJ, c.gdUifich thet INUCN U tidetid alid on
process) if the ONUis enabled with full wavelength tunability. In the case

of sum%@g{ %Estti@émv‘@XQbﬁUgIohcﬁalﬁ@@E’csi %ﬁl&ﬁ%@%ﬁ@%&@&??_OI”@IYangfngU&Ed to

notify the al wavel engt hs which™t he can use. The I ndicate
wavel engt hs .ma t he be ef fort by t U th its limted tunability
ot DA (EPUNE s hASeIREEh oF b pRtnbC Pt hhghé P BiRE whi BB, ¥
10 il lustrates an enbodi nent of another net ho(gwlooo for informatjon

t

exchan@e FyPPiiairet g Iikh 2gBHEAON nydr BetPVEs ity PhasePrydsHY tipdle

nmet hod 1000, the OLT nmay initiate the communications with the ONU for

wavel érgsdeiverndfeamatwavelengthe agNedyylysleadtidnghide whwe vangengtheguregelativelyhe
ONU. At step 1001, the OLT nay send a wavel ength request to the ONU to

i nqui Nighapadotdet e idiey edtemgs Bomadbft tha dN Ut ranmn filer hedvilgrofided winelddiths iAto st ep
1002, the ONU may send an ONU wavel ength and tunability report nessage to

t he Opglher MaveleRRhI AP be b@antdetory send wavel ength assi gnment command to
the ONU (to maintain or change the ONUs WO 2012/ 136155PCT/ CN2012/ 073662

wavel ?rﬁgﬂg.( S) ¥, Al ﬁfu@&at&?gﬁzen{%ﬁin@l‘é on%@%g 12@36/ kfoﬁ‘%f(%ﬁl;rétfoﬁs&gﬂﬁl%e tf?ra t he

QLT. i fferent nmessages in the nethod be ¢ Igured sirmlar to

the C%arvg eggtﬂd!:arf)gbili%/s Srg'(%l%gt 'and trgf)"ortn%rslsg% 2o(%)(f):r'ation 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

15



[ 0053] During regular or normal operations of the ONU, e.g., after the ONU
s activation, the OLT may request fromthe ONU to change its wavel ength(s).
One r easomof2or2/hengi ng or retuning the ONU s wavel engt iRCREON2bE/07866Ral ance
PON traffic anong the avail abl e wavel engths. For exanple, in a W\WDM TDM
hybrid PON system the ONUs may be equi pped with tunable transceivers. If
sone wavel engths are heavily | oaded whil e ot her wavel engths are

relativel l.ightly. | d or idle, retuni sqone of t fromthe
ooy GBI AL B GRS Ve eredh fih v Sus e B E o L OO Ny agho!
[0054]FIG 11 illustrates an enbodi nent of a nethod 1100 for information
excharegéef riahNenker JON UcRIHABM messagedlfest and report in ONU operation

phase to support wavel ength managenent. During the ONU s nornal operations,
t he OLM03My oPplG.oallluytraentsh enbadisleengft h Regugse stavelongthdLOMM Mhesa@NLRGRY i n
return report its working wavel engths and its tunability back to the QOLT.

Based tigdt rthilt Be uBED tITRIGuEN (BX Ghakige, wiveRn&h(s) Y t6e4ilityNréri eanCON UMiR kdtdpg
wavel engt hs. Such information also hel ps the OLT to nake the wavel ength

ret unilqgl)‘.j%E ﬁeﬂﬂes_t ‘ex‘lavélEﬁ@h %i%MtIH&%ﬁ2@§)ﬁl ~be-a ﬁe%@i@@ﬂgﬁl@ssﬁ%&fb‘? $he tO

the ONU, e.g., to inquire about the s wor Ki ng wavel engt hs an

t unabiy | At 1102, the ONU nma eturn_ an U wav ngth _and
tunabM TSy PUTOR B3Rfus A% mPostEi3HEREDe Mg LRIGLTAT 6 -G ON and
report,  information of the method 1100 may_pe exchanged usjng PLOAM nessages
or vi &UHAS ORTHEMaGENEHR Bh O Dntachyatio J?%Béwwa)vele%h HA0AMGRessage

i nstance, the ONU report nessage (in step 1102) may be a PLOAM nessage WO
2012/ 1264 35HCHINEO RRIWT73 6612 s cwhich guayelhvsi anfokad size i tabeutCRUoGiats e | Bregididand
wavel ength tunability report PLOAM nessage 300 or the Serial Number ONU
PLOAMane ssagpoddilg 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.
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[0056] FIG 12 illustrates an enbodi nent of a Request wavel ength PLOAM
nmessage 1200 that nay be used to request the working wavel ength(s) and

t unabi | i twof2zom3ars5ONU (in step 1101). The Request wavelP€mg@iNI0RIODBIR nessage
1200 may be a new PLOAM nessage for the XGPON and GPON protocols. The
message 1200 nmay be sent fromthe OLT to an active ONU during operation,
e.g, after the ONU s activation. The Request wavel ength PLOAM nessage 1200
may c i se t .5 fields, which have a total si.ze of about 48 .

0o ot d00%8o r PRFdY iSnctEutie dhi Abotrbeurel Shoun iR o ea RRSHe it o as
in the nessage 1200 may include an assigned ONU-1D (at octets 1 to 2), a
nmessadMB)agebpes 1490 for tvexvelongthgapadility feeuesiansidierqrat The Mt aybutese ka3 or
padding bits (at octets 5 to 40), and a nessage integrity check field (at
oct et $e4IMC MIB pttrifities tiresimay be tyquleto leRchmage Hevweaalenathuiefdrivation ndihe aneatlsoda
wavel engt h request nmessage. [0057]FIG 13 illustrates an enbodi nent of a

Requesti 0fRegi st OMAIhamiDAVhargsRges d0Beit Aadcrifayn atesBola ik F8M. 10 TRINESt
t he wor ki ng wavel engths and tunability froman ONU (in step 1101). The

MesSaggihHR0 1 ARYmbE irfi iR Woﬁéngﬂgéﬁ%ﬁﬁl ALl Rt hl%rbﬁtr%woﬁaﬁgag@nét%an{ he
GPON protocol . The Request Registration OAM nessage 1300 nmay conpri se

about 11 fields LEN ave.a total size t 48 octets. The fields
o °t hdeRuliSeb® e NPT PR Bl Bdrhde g G dhe FR 4 e owdy s
configured as defined in the GPON protocol. However, sone of the fields or
bits %&ﬁuﬁ@l F Aot i Hhp warene e RFURN e gfirduie Ff%ssﬁ@“é%y fie R
Specifically, the bits in octets 15 to 5 (a is an integer) nmay be used for
i ndi cavrirprl upstieam vignpkfegigacy sfof tranyaiiet edie o thef Qkhatd. onir gigakestz. (Give.
nmessages 12 and 13 that are used in the nethod 1100 may al so be used in the
met hodhlOaGitalomay be\Ae20H2itel 36 WoSHREIHuENA QL 2eOopBiob2 1y @0E8InHIntay Hadeiassize
schemati c di agram of an enbodi nent of a plurality of managenent entity (M)

attri Q)‘ﬂta8§ut1449§)cesf.WheWr%ﬁ\%?&thﬁ@ﬂﬁméqhéﬁcyr SRR mag@pé&ﬂg%& OND® MEent

attri butes 1400 nay be ME attributes that may be uséd to exchange the

wavel ' I MRt 4 ' - [ - | nlhe, -

aetri papnarddtl Sl dfhehd) 1OP PRNARD adg dtorofe PRAOMES. S RIREE Tl Bbue
1400 may .i ndi cate. a wor ki n stream frequency for the U r Ki
downsthUAN 4 aguahe giiroie o BRepRah et Bmarsq aherteb B B ow
and wor kabl e downstream frequencies for the ONUs. The working upstream

f r equevRelabig vpitisaelipipnepatilpue My sopIts the PRt avplsbledamiuiagliabpitieguency
(for transmtting data to the OLT), e.g., in gigahertz (GH). This

at t ri bignel frequebees ergaid/Gi.t #h¢ RoWabit dowistean fregyeriyy adpibumnahy ypesdptthe and
may have a size of about 4 bytes. The working downstream frequency

attri e swyilshie ol tinihe) dMAsteatrsigal frdQunsis eRMuShgnsdioly BewMane YL or
receiving data fromthe O.T), e.g., In GHz. This attribute nmay be a

read/ wd tig GHL! IR WHRr (ABdREMD MO hvisiRL 1408 WY eIBRUR ca]fa@ﬂﬂtag (arg%l\‘e%PgUt

4 bytes. The workabl e upstream frequency attribute nmay speci

avai |l abl.e (ar tunabl upstream signal .frequencies,..e in GHz. The
wor kad rsivoty DARR iR RREI R 1ER ot REPHEREL Ry B saa it X e (or
tunabl e) downstream signal frequencies (for transm ssions fromthe O.T),
e.g., B HeR: or plhekyaless SEnbh Rty ‘?@,thﬁ?fe ME attributes 1400 for wavel ength
capability request and report may indicate wavel ength values (e.g., in
nanonef@rd) | Retieadthef weneyionsl thes Qlel gnay jdecider to)change grhehifty ghaues
such as wavel ength I Ds. [0059] During the ONUs operations, the OLT may

deci deotmonunfrarige channshiefd., wheelength 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.
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communi cation channel (e.g., wavel ength channel) with a correspondi ng ONU.
When the OLT decides to shift the channel into different wavel ength(s), the
OLT may iwoOioetBs6tshe new assi gned wavel engt h(s) to the ENOAN2oRanskiong a
wavel engt h change command. Accordingly, the ONU nay convert its

wavel ength(s) to the target wavel ength(s) indicated by the OLT' s comuand.
WO 2012/ 136155PCT/ CN2012/ 073662 After tuning its transceiver, the ONU may

send esponse. to confirmth | eti on of wavel ength change or retuping.
0060 HIE RRBE, I JEfaet i ONodRatericof S5 aEh GG COS00NTF SoHMbsIRg: Pon
exchange for wavel ength change in ONU operati on phase to support wavel ength
managévavalengthichangeprrgoningt he OLT may send a wavel ength change conmand to
the ONU, e.g., to request a change in the ONU s working wavel engths to

mat ch [00@]shi FIG.i 15 dbwimates eatendodindrarmiel mbthotl hid0QLdr idkbrnsdtop ekEdhge tihe ONU
may return an ONU response, e.g. to acknow edge the change in the ONU s
vavel engtlength cRingenslOPAT epRitharphasero shBAfeldniag fiWdgbmbas AtQtepaBol, the
wavel ength(s), the ranging tinme (e.g., the transm ssion wi ndow in tine) nmay

be di fdef gl séﬂ%&x@en%lﬁﬁ%@&d?ﬁhatggﬂagh@gw, ey tg i)’%u@é%lald’langehﬁ bR UA! ed

threshold for the drift of tTrme w ndow may be suf ent to overcone this
i ssue.. The ONU response be..optional .if. the ONU, i I W | |
eRe s raRT G ute FgR 5o RpRuiccliohe oy b e dPER, & bl o

wavel éh g., cover a reque
the OLT). In the case of supporting partial wavel ength t lity, the ONU

na
r esporf¥el (4 StUsp 21 583 reRgnstor Bt P 4oHBOCIEOIC AR (g 5%&5%%%}?4%%&
ONU can reach or use. These indicated wavel engths may be the best effort by
t he OqQUingiqate gtheywiiseni t ed tunability. [0062] The wavel ength information for
wavel engt h change in the nethod 1500 may be
[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.
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exchanged usi ng PLOAM nessages or via an OMCI channel. For instance, the
PLOAM nessage for the OLT wavel ength change command (in step 1501) may be
sent vi a WORLQABbIsessage sinmlar to the wavel engt h assi gorREN20 RIS nessage
500 or the nodified Assign ONU-1 D PLOAM nessage 600. The PLOAM nessage for
the ONU response (in step 1502) nmay be sent via a PLOAM nessage simlar to
t he wavel ength response PLOAM nessage 700 or the nodified Registration

PLOAM age 012/.136155P /CNZ 12/ 073662 3

o hendDIe oy BRarodt S xEeBRHG driteRt ot SRFGPEI G PR St FeipesS 1 ¢ or
wavel engt h chan ge command or request. The ME attributes 1600 nay be OMCI ME
attri box sgvelpagth rhangre comaangd ereegshgel ienMEnaitebeiegtIR0P iney ket OMCT ME he
met hod 1500 via an OMCI channel. The attributes and their description are
shown aitnbieGthal GayTheeuskt tatkchabge the WH@Engtyinferdiatan én thet medet 166 tviaeam
frequency (or wavel ength) for the ONU and a target downstream frequency (or

wavel engrhchimel.t Tee @ikibutdhend degetestiigioneaeshévafUeARY. (Qr THaYEE angbiis
attribute may specify the frequency (or wavel ength) of the converted

upstraagy th%n%dléart@'ast% st@é’aﬂ fﬂ?e Ryrgwave'l ﬁ‘b'zfor -Eﬂé XUt a{ﬂdbh'ttgr gpy be
a read/wit attr e, lc)le ogtlonally ent, and may have a S|ze
of about The et do re m C or. hay el eng rlbute
rray sgiegm tre%(rh%se’rq}leerbc eLcy fwele eng {Df\@? t eey(t:a(é el f&"‘“&o ]%en(é‘él

signal received b in This attribute may
r ead/ WAVERNENY At ﬁwe mwp%%%@ 5prRIengy éenwaveéﬁw%f H%?veoraegt?% SPgfeashout
4 bytes. L0064]‘FI G 17 illustrates an enbodi ment of an apparatus 1700 that
may beiggehtrangoides! boths UPNUEr ¢-2oin Gzl dienattritivée way &F engadiwiten®g®) ntitiheids
above. The apparatus 1700 rmay conprise a processing unit 1710, a
t r ans massheosptionblly at, dndansnhdveer Jizéld2dhouvah thyes r Beefatdeo downsticafnofirequensi ver)
1730 that may be configured to inplenent or support the nethods 200, 1000,

1100, (35GhhveRhe®OMRtRkd QRSy tBEiBPTthe THERRAANBF UsakIQRHTRYf hfe | aRbR& at
an O_'F and maygl ?rpl enment tﬁye gorf}lpons o%&]tﬁ%ar#et hods éth(t%a}{mcorrespond to the

A LG ‘ﬁatéﬂ‘é Y rdcBSe aﬁl@t(yﬁ%%éggc?t ﬁgékﬂ‘? 'Tﬂﬁa&t‘&g) O%Lﬁé&fgwﬁ?ey

|rrpl enent t rtions o he net t correspon

proces unit. 1710, transm ssi on uni and the receptl on unit
730" iy Ol Pk BoARnaH PRI R OT4RNGE P EY ware | netal led Lo run
har dwar e. The ocessing unit 1710 may be configured to process the

wavel 0t ﬁﬁgé&%swg%a@e@ba@mt Ok ap appaspiopN’Re SR geay o aprfiguadcio

attributes) according to the inplenented wavel ength WO
2012/ 3866 RPCTIMPNIOER/ D7 3662 lemgHagemegt meshdbdaboMee  tlhangpassison7Qhirhayor
transmtter 1720 may be configured to transmt the associ ated nessages or

f ramesof@rige a padcetsigr MAC1Y B @rrans@idichhit @€ @Rhdriftet) Ni720 O4nd £ EREMEM UniB0
may be configured to receive the associ ated nessages or franes. [0065] The

CONMPONENS:i s 1785 hAdSiaflBe CoAMRT ARSI BE sifpBHERERLEAYSHNG 08V 100,

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
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general - purpose network conponent (at the OLT or ONU), such as a conputer
or network conponent with sufficient processing power, nenory resources,
and net wowR 20twBeiput capability to handl e t he necessarPgTWNii2aaskopl aced
upon it. FIG 18 illustrates a typical, general-purpose network conponent
1800 suitable for inplenenting one or nore enbodi nents of the conponents
and net hods di scl osed herein. The network conponent 1800 may i nclude a
processor 1802 i may be.referred to as a tral processor unit or
AR C I T A R sl AR R
storage 1804, read only nenory (ROM 1806, random access nenory (RAM 1808,
i nput etppoeiated T09sseEsYioE dEMES 10.2.- i dheh MAfD lxyeelo BA tha EceRtiatewlib @B TeEgYor  The
processor 1802 may be inplenented as one or nore CPU chips, or may be part
of ond7380 nrmyrbe cappguredtd woeisptheiabiociatatk megysagasdr fiameni t s (ASI Cs). [ 0066] The
secondary storage 1804 is typically conprised of one or nore disk drives or

tape qodssss amie icompseshtd Ahd NABhYE dkbidridedtdbagensf bdainpl@nehtas wihg any
over-flow data storage device if RAM 1808 is not |arge enough to hold al

wor ki Rgndiat fupceCNGBRY cShEGRAP HORE OBY HEONIATIA X @RS @Al are
| oaded 1 nto &RM 1808 when such prograns are sel'ected for execution. The ROM
1806 I8, iSed . iRt SEELASHIMELIONoA0d RELABPS data.t hal Brcokead dublng
progran1§xecutWon. YebBTE"E ROAVol"&t e nenory devi ce Na ??%Pcally
has a smal|l nenory capacity relative to the |arger nenory capacity of
secondarapidyép aa@[q@s&ecepﬁ?éywlmelap%d ¥R BIS | Sluates it e Ha¥er b
perhaps to store instructions. Access to both ROM 1806 and RAM 1808 is
t ypi caurpese astveark champonant d860 ndiabje Seroimpdemarg®g, one\wn more embodiments of the
2012/ 136155PCT/ CN2012/ 073662 [ 0067] At | east one enbodi nment is disclosed and
var i atcompsnentO i nasthodss disalodédd hersidi fTieanhetonsk aontpoecreniB8id magt insludand/ or
features of the enbodi nent(s) made by a person having ordinary skill in the
art angodtkdodi 3oL hEyIIEP RSyObe trBR el SB! ASHI®@ntrdl hRICBAbE \iRiteSPOBPUTERES ist hat
result from conbining, integrating, and/or omitting features of the
e”bOd'cBE%fﬁéaﬁéﬁ Syitl $enftr hdleictequaﬁ&}lﬂg s%f:or{dgf}r géo%;ggofé{h? rea'SHIS AUABE cal

I y stated, such e r

ranges or mtations are- express ress ranges-o

of 11 RBOMEAPUE ashealF, 1S ety (R REE, ISPl angERieRy h15 ¥ one

(e.g., fromabout 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10
i ncl udesvok ponnestiyy dgviees 182 The mocesgihhdilemayheiapiamentsi epical MeEhge
with alower |imt, R, and an upper |imt, R', is disclosed, any nunber
fal | i RPUvchips,ror ntay begagefiose spmoid appakitiondipsafio seekrated cpauitsi (ABIAs), t he
foll owi ng nunbers within the range are specifically disclosed: R = Rl+ k *
(K., {06%6)], Wik @dcbndary StotagéaigDalY §picangch@pfifedrof bnper arind disk dliVés aangent

with a 1 percent increnent, i.e., k is 1 percent, 2 percent, 3 percent, 4

per cenfived aREELCERH: for non—vgﬁtiﬁegtgﬁgg of ChtaPEICHEn of&- A& GBI storage deWibe if
percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent.

Mor eo numerical r fined.Db Wo. R nunbers a fined in.the
Above A BY et ot e Aok R RS CRBRR AT DT i By I
respect to any el enent. of a claim ns that the elenent is uired, or

al t er HEYY v@gy%/m% Hat eiedagiee 1@ RoM ﬁ@m}l@a ,Su%frﬁgramsmaﬁl?%;é&géﬁxﬁﬁﬂwt hi n
the scope of the claim Use of broader terns such as conprises, includes,
and hahengO¥hd @ ihesadntdestatcodireeiions @i disrhapp ot thap arengpad glvengt wpgiems uch
as consisting of, consisting essentially of, and conprised substantially
of . Aeegeruiongl ROM H806 do penaf-veatiit eatimnory dsviceothat itypitaly bys & henatlememopt i on
set out above but is defined by the clains that follow that scope

i ncl udbpzitg!rblaBedlto/ kb atodr Blenfob@ copibitP oF sémhias stfragdhes. arnsRARRARORR

every claimis incorporated as further disclosure into the specification
and t ' : i e: { 0, e b ion
of 2 rorENENEE PRETRACLAF Bha: AL IRTEIRRY, SLRE RS H T HET T 2
adm sgj that jt.i rior, art, especiall reference that has a

bl 1 e olE0Ras bbisnle P setaattseds K S appl i oati o The

di scl osure of all patents, patent applications, and publications cited in
the disclosure are hereby incorporated by reference, to the extent that

t hey provi de exenplary, procedural, o&oother details supplenentary to the
di scl osure.



[ 0068] Wi | e several enbodi nents have been provided in the present

di scl osure, it should be understood that the disclosed systens and net hods
m ght be wokottieeissn many ot her specific forns w thout @epameireg7sdsom t he
spirit or scope of the present disclosure. The present exanples are to be
considered as illustrative and not restrictive, and the intention is not to
be limted to the details given herein For exanpl e, the various eIenents

be conbi |nt d in another s em.or ain
Feat ulb finy AL et 086, CBPSHEEN bl ENEHIEH. 1 0BRGP BHO™ e EMfpauies,
syst ens, subsystens and net hods described and illustrated in the various
embodimasitieatians of b embodimesipand/er feajureseok Biebrmbelimeni(ntmadeabrd parsen
ot her systens, nodul es, techniques, or nethods w thout departing fromthe
scopeheﬁnghempmegkﬂthdms@Hasmmemhtmhechiﬁhhedhohmmerzﬂkxmu@sedﬁ@dﬁmﬂMQIed
or directly coupled or conmunicating with each other may be indirectly

coupl ekhtGesuGOfidM oeining, ihfteAli@h, seIE émiteid Aatredevihe @mbREindHE) BRAIAL e
conmponent whether electrically, nechanically, or otherwi se. O her exanples

of Ch%ﬁﬁﬁ thesééggé 'OF Hlte' cﬁgﬁosu?é"dw&eeﬁlﬁflém%r I%@s Qisﬁﬁﬁt‘élﬁéﬂ’%az@é €x ¥ss?§p§tat%h' I'led

in the art and could be nmade wi t hout departing fron1the splrl and scope

di scl Osghdexp%erss r:ilr‘liglgcl PFI 1m1tag (/)njs3s%1?l%%g|;{ng\l Pogi/t(o) Zrﬁ: cge 19‘ atlvetr Wog,ek 0( Eg@l 18rr1rsI to

supporting wave HRAAgEnERt i 17 Apassive "bpticdar *hs
conpri si ng n.optical line termnal (OLT) conflgured o send an
wavel @%éltkﬁ %é‘itbﬁlﬁréﬂtngf wihigghe EHIETE HOER T of BRIUA ST (AP i30AY bised

on a wavel ength tunability capabllltg and
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, R}, 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 = R;+k * (R, - R), 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
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an ONU coupled to the OLT and configured to send the wavel ength tunability
capability to the QOLT, wherei n the wavel ength assi gnnent and the
wavel engtwotoreatssissty capability are sent in medi a acce®ETaNIR073¢6MAC)
messages. 2. The systemof claim1, wherein the wavel ength assignnment is
exchanged to assign a wavelength to the ONU based on a current working
wavel ength of the ONU. 3. The systemof claim1l, wherein the ONU is

further configured to send with the wavel ength tunability ca ility to the
G 2 b ED AU BROB gt B TR TP E TP ey il S aebler RS Al e
further configured to send with the wavel ength assignnment to the ONU a
secondriggitdeldaifgPh thisspRisatien. f oFheordiscéaskieurf cak iPaisaisSh Peteat ARP¢sionscait
wavel ength tunability capability. 4. The systemof claim3, wherein the
wavel englitntiass cigerhante idsclxaieang beleby irmsgiogated byacfetcacr tth theoex tekowing tthagam
transm ssion fromthe OLT to the ONU based on a first current working

wavel gngtide &fenipray Prckcedand, wheiiidatailh eupeansdayay tleeR@ldyuassi gnnent s
exchanged WD 2012/ 136155PCT/ CN2012/ 073662 to assign a second wavel ength

for upggdeggam Wlﬁ‘l@%@%f?élie%{bofg{\l%éﬁté fga?ve%%h Efbvﬁcﬂe% ik HRREHIRA S SF QIAdI L1y T ent

wor ki ng wavel ength of the ystem of claim1l, wherein the

wavel engt h _assi t_and the wavel ength tunahilit apabi lity.are ..
oxceha Do gy TR Al MRGnITHRTRR s R e o ph! Y Feeitc

adm ni stratjon, and nmanagement (PLOA ssages.
forms without departing fror% the spirig or sco;l\)/f): 0?516 prgsent 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.
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6. The systemof claim1l, wherein the wavel ength assignnent and the

wavel ength tunability capability are exchanged via a plurality of
managenerwoent/3¢1S§VE) attri butes of an ONU managenment &a0d/@ant2005662
interface (OMCl) channel. 7. The systemof claim6, wherein the ME
attributes of the OMCI channel indicate a working upstreamwavel ength, a
wor ki ng downstream wavel engt h, wor kabl e upstream wavel engt hs, and wor kabl e
downst 1 e gavelengths. 8. An apparatus of an optical line termnal (OLT)
for s&%ﬁgﬂh'ng wavel engt h managenent, conpri sing: one or nore
conponent configured to couple to an optical network unit (ONU) and

exchange a paygdsnet &@%ﬁi@nw&@eﬁg@{ rﬁaﬁﬁgbsﬁ@rﬁ $h Apadit oph@al %&ﬁ§9@mn a

wavel ength tunability of the U, wherei n the wavel ength i ndication
and tQ? g@rﬁéength tunablllty are exchanged via nedi a access control (MAC
| ayer nes WO 2012/ 136155PCT/ CN2012/ 073662 9 The apparatus of claim

act i vat | on PHESEN PSP EN (DIGETBRBER 1T G-ThE! Oty R GHVEEF o ueiial

wavel ength tunability report fromthe ONU.  10. The apparatus of claimS8,
wher eingtwaik uid V@NEh gomEdGaganePrscd Al a triaclgagtl tergiliy camdBityiand are
exchanged during the ONU s activation phase upon a request fromthe ONU for
wavel engt h aag3Ngrowepled 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
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11. The apparatus of claim8, wherein the wavel ength assignnent and the
wavel ength tunability are exchanged during the ONU s operation phase upon a
request fwormt2s6BET to obtai n wavel ength and tunabil it ycCirNanrzansen from
the ONU. 12. The apparatus of claim8, wherein the wavel ength assi gnnent

i s exchanged during the ONU s operation phase to change a working

wavel ength for the ONU. WD 2012/ 136155PCT/ CN2012/ 073662 13. A net hod

i npl emented at an optical line termnal (QOLT). to su t vel t
mnagananie brecnpaRur Rz bl CarhB Hrr B GO S ERY fe CLT Bl cwiayi ng,
using a receiver, a wavelength and tunability report froman optical

net worsReapdicurregrkingayavelsapth fdbe @NUONU transnitter wavel ength, an ONU
recei ver wavel ength, an ONU transmitter tunability, and an ONU receiver
tunability; and sending, using a transmtter, a wavel ength assi gnnent
command to the ONU that indicates an assigned ONU transm tter wavel ength

and arg. assiThRedstENIfIcRERI 1V Sheiay BleangelngthlAsigdiientt iidweiel&lgah MndBility
wherein the wavel ength and tunability report I's sent in a new dedi cated

oper a coadni py i t : |.Ses
Che! SRUPRPICHE, PLOAL BEn R eRORCIRY od TOOTERSARE O, SR

transm,tter tunabilit an U receiver tunability. 15. The nethod of
c|ainﬂf§m“t%$%f%“€%%%%% quﬁgﬁﬁggﬁ%mﬁﬁﬁgbility report is sent in a

nodi fied Serial Nunber ONU operations, admnistration, and nanagenent
(PLOAM nessage that indicates the ONU transmitter wavel ength, the ONU

recei ver wavelength, the ONU transmtter tunability, and the ONU receiver
t unabid i t y.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.
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16. The method of claim 13, wherein the wavel ength assi gnnent conmand is
sent in a new dedi cated operations, adm nistration, and managenent (PLOAM
nessage twatoposprssses the assigned ONU transmtter waveCegEmeh2ansber he
assigned ONU recei ver wavel ength. WD 2012/ 136155PCT/ CN2012/ 073662 17. The
met hod of claim 13, wherein the wavel ength assignnent command is sent in a
nodi fi ed Assign ONU- 1D operations, adm nistration, and managenent (PLOAM

nmessage th i ndi cate he assjgned ONU transm tter wavel ength and the
ost oded OIS BEEROSOLEUE EnBPAEn the Vot AR HOUTBETCl s Gt Ae e
conprising receiving a response fromthe ONU after sending the wavel ength
assi griiEHS acsivpEaTdpPhaspde assign havavelspghde the ONAbased an o permardedngavelength
adm ni strati on, and managenent (PLOAM nessage. 19. The nmethod of claim
18, wherability rdpertFLddAMen@NSage i s a nodified Registrati on PLOAM nessage t hat
i ndi cates the assigned ONU transmtter wavel ength and the assigned ONU
recei ver wavel ength. 20. The nethod of claim 18, wherein the PLOAM nessage
is a nodified Acknow edge PLOAM nessage that indicates the assigned ONU
transmigt t erpayeLenal B il BE viRRIONRd (cheehUBInIRY ShengE NyavefhouThe
endi ng-a wave

met hod of claim13 further conprising s l ength request toO the

ONU before..receiving t,he wavel th and tunability report, -wherei t
waver SgEfith SECL Ak NR SRR St AR bbdn b FERIeky rdTRE NG 08,
(PLOAM nessage., 22. The nmethod of claim 21, wherein the PLOAM nessage is

a new ARSI IBIBAM message that conprises a message type identifier (ID)
that indicates a wavel ength request.

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.
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WD 2012/ 136155PCT/ CN2012/ 073662 23. The nethod of claim 21, wherein the
PLOAM nessage is a nodi fi ed Request Regi strati on PLOAM nessage t hat
i ncl udes wowael3ersgt h request indication. 24. The net hedTaN2612a786623

further conpri sing: sendi ng a wavel ength change conmand to the ONU
that indicates a second assigned ONU transmtter wavel ength and a second
assi gned ONU recei ver wavel ength; and recei ving a response that

i ndi cat.es current. U trapnsm tter wavel ength an current ONU receijver
wavel digt h ® BEhSEHaTAT o 4 BBt Adted (T aRBRt Ve GL
command is sent via a plurality of rmanagenent entity (ME) attributes of an
ONU meRfdgesraeitt fetripassife pplical petaiofla RON ymristannel that i ndicate a target

upstream wavel ength and a target downstream wavel engt h.
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.
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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.
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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.
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