Wavelength Indication in Multiple-Wavelength Passive Optical Networks

FIELD OF INVENTION
[0002] The present invention relates to communication network, and more particularly, to

wavelength indication 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.
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units (ONUs) at the custoner prem ses. In some PON systens, such as G gabit
PON (GPON) systens, downstreamdata is broadcasted at about 2.5 gigabits
per second (CGbps) while upstrean1q§haph§R ansmtted at about 1.25 CGops.
However, the bandw dth capability ON systens is expected to
increase as the demands for services increase. To neet the increased demand
in sedd§Qddn ogpgmbedisiagt.rfje dorlosyistiaelgdessancprastnesita BoResappiavingaet 44
(NGA) systens, are being reconfigured to transport the data frames with

i npr owethpprdnt @bifiguryd endoupld tocareONU and kenghdarwisapanivdtviknpgthadersaapore taat
about ten Gops. WO 2012/ 136153PCT/ CN2012/ 073659 SUMVARY [ 0004] In one

enbodithee UNU tbeindicae! @S\iﬁv%leinFth' tdesoadspapPat@ithts ONUaAwHENIC e dbwhiigaan OLT
conmponent configured to couple to an ONU and send dommstrean1mave|ength

' dent Iyfd vEl%h%tﬂridérﬁlfch@oﬂé'%aBQmit@Q'u% g% MedfR VeLeRE b AAEY aﬁ? RAAGSoL 4 the

wherein the domnstrean1mave ength |dent|f|cat|on Is transmtted using

a Nbdla A‘%§§ %%leg)g% ]§%ngrane 9 hanneFnbedded channel, a control
nessage C anne or” a da anhd %Bb%gi FAYERot her enbodi ment, the
di scl osure i ncl udes n appa tus of a PON conprising an ONU conp onent
confid §¢]®d tl&ne@afo?@ PYmEAL AT IRt SWEHACpEY P arRaREL PR AGIAN OBBALIE b t he
OLT to indicate a wavel ength that corresponds to the ONU, wherein the
upst r &2V wwavebedrychnfigebioctoupls to pakdlad andspndgipsigeam WA@ltwle feetlpapketoftlr  an
enbedded channel, a control message channel, or a data channel. [0006] In
anot héL'Bndb adiiceni ,walvhlength shd taueepdnde ke desON Uysitteodn ithp hpstieamedaadengath OLT
for a PON conprising sending, using a transmtter, a domnstrean1mave|ength
i dent iffddbadid RNrdnQhiteA 4 NeA Cl1RgHr GRnRS R Wevelanat bhahfél, hRenEhlUnkRage MA
| ayer frame for an embedded channel, a control message channel, or a data
Cha””%hmnk?QQZhaaQ@ﬁ%& anot her enbodlnent the disclosure includes a nethod

| emented at an # a PCN conprising sending, using a transmtter,

TSP SRR e R AT B o oY 1P

channel , or a data channel
PON comprising sending, using a transmitter, a downstream wavelength identification for an

ONU that indicates a wavelength for the ONU in a MAC layer frame for an embedded channel, a
control message channel, or a data channel.

[0007] In yet another embodiment, the disclosure includes a method implemented at an ONU for
a PON comprising sending, using a transmitter, an upstream wavelength feedback for an OLT
that indicates a wavelength for the ONU in a MAC layer frame for an embedded channel, a
control message channel, or a data channel.

[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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2012/ 136153PCT/ CN2012/ 073659 [ 0009] For a nore conpl ete understandi ng of
this disclosure, reference is now nmade to the follow ng brief description,
taken in connection with the acconpanying dramﬁngs and detail ed
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schemati c di agram of an enbodi nrent of an enbedded channel for downstream
wavel éﬁ]éqvhmg deist [desceiptipprfaken 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.

FIG. 2 is a schematic diagram of an embodiment of an embedded channel for downstream
wavelength identification.

[0011] FIG. 3 is a schematic diagram of another embodiment of an embedded channel for
downstream wavelength identification.

[0012] FIG. 4 is a schematic diagram of another embodiment of an embedded channel for
downstream wavelength identification.

[0013] FIG. 5 is a schematic diagram of an embodiment of a control message channel for
downstream wavelength identification.

[0014] FIG. 6 is a schematic diagram of another embodiment of a control message channel for
downstream wavelength identification.

[0015] FIG. 7 is a schematic diagram of another embodiment of a control message channel for
downstream wavelength identification.

[0016] FIG. 8 is a schematic diagram of another embodiment of a control message channel for
downstream wavelength identification.

[0017] FIG. 9 is a schematic diagram of another embodiment of a control message channel for
downstream wavelength identification.

[0018] FIG. 10 is a schematic diagram of an embodiment of an embedded channel for upstream

wavelength feedback.



[0011] FIG 3 is a schematic diagram of another enbodi nent of an enbedded
channel for downstream wavel ength identification. [0012] FIG 4 is a
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downst ream wavel ength identification. [0013] FIG 5 is a schematic diagram
of an enbodi nent of a control nessage channel for downstream wavel ength
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upstream wavelength feedback.

[0021] FIG. 13 is a schematic diagram of another embodiment of a control message channel for

upstream wavelength feedback.

[0022] FIG. 14 is a schematic diagram of another embodiment of a control message channel for

upstream wavelength feedback.

[0023] FIG. 15 is a flowchart of an embodiment of a wavelength identification/feedback method.

[0024] FIG. 16 is a flowchart of another embodiment of a wavelength identification/feedback

method.

[0025] FIG. 17 is a schematic diagram of an embodiment of an apparatus configured to

implement a PON wavelength identification/feedback method.

[0026] FIG. 18 is a schematic diagram of an embodiment of a general-purpose computer system.

DETAILED DESCRIPTION

[0027] 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

and described herein, but may be modified within the scope of the appended claims along with

their full scope of equivalents.



[0018] FIG 10 is a schematic di agram of an enbodi nrent of an enbedded
channel for upstream wavel ength feedback. WD 2012/ 136153PCT/ CN2012/ 073659
[0019] FIv&0 2012/136158 schemat i c di agram of anot her enbodi memtCNab12an3e&bedded
channel for upstream wavel ength feedback. [0020] FIG 12 is a schematic

di agram of an enbodi ment of a control nessage channel for upstream

wavel engt h feedback. [0021] FIG 13 is a schematic di agram of anot her
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nessa%ﬁar?ng?s? nh%lvef‘t%ren u;}))r?);és%g r?o\rNan\ég‘lc ?ggr?érgtigne%%lﬁ? ks'uch as a next generation PON
(NGPON) architecture. For example, multiple-wavelength time division multiplexing (TDM)
PON systems may stack multiple GPONs or 10 GPONs (XGPONs) (e.g., about 4 XGPONs)
together using wavelength division multiplexing (WDM) technology to achieve rates higher than
about 10 Gbps (e.g., about 40 Gbps). Other WDM-PON systems may connect different ONU's
with different wavelengths in both downstream (from the PON’s OLT) transmissions and
upstream (towards the OLT) transmissions. Further, some PON systems may be based on
advanced coding, modulation, and/or signal processing technologies, such as orthogonal
frequency division multiplexing (OFDM)-PONs and coherent WDM (CWDM)-PONs. Other
examples include dynamic spectrum management-PON (DSM-PON) systems, where the system
capacity is increased by improving the OLT intelligence to subgroup legacy GPON or XGPON
ONUs.
[0029] Depending on the employed technologies, the multiple-wavelength-TDM PONs may be
classified as coarse WDM (CWDM)-TDM-PONs or dense WDM (DWDM)-TDM-PONs.
Further, the WDM-PON may be splitter based or arrayed waveguide grating (AWG) based. The
OFDM-PON may also be extended into an OFDM-TDM-PON, an OFDM-WDM-PON, or an
OFDM-WDM-TDM-PON. The PONs’ ONUs may be colorless, colored without wavelength
tunability, colored with full tunability, or colored with partial tunability. The trends above of
using different types of PONs and ONUs may provide further enhancement for GPON and

XGPON bandwidth, e.g., to obtain a NGPON system that serves a larger number of ONUs/ONTs

at longer distances.



[0023] FIG 15 is a flowhart of an enbodi nent of a wavel ength

I dentification/feedback nethod. [0024] FIG 16 is a flowhart of another
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management mechanism to manage the different wavelengths (or wavelength channels).
[0031] Disclosed herein is a system and methods for supporting multiple-wavelength capability
in PONs. The system and methods may enable wavelength indication in the multiple-
wavelength PON. The methods may comprise mechanisms for downstream wavelength
identification and upstream wavelength feedback. The downstream wavelength identification
may be used in the case where the PON’s ONU receives a single wavelength (or wavelength
channel), and thus the ONU may need to know which wavelength the ONU is assigned (by the
PON’s OLT). Identifying the assigned wavelength to the corresponding ONU may enable the
ONU to configure or align its receiver (or filter) to properly receive the associated wavelength
channel. The ONU may obtain this information by receiving an identifying protocol element for
each assigned downstream wavelength. The wavelength indication may be sent in a MAC layer
frame or message. The upstream wavelength feedback may be needed in the case where the
OLT needs to associate the upstream transmissions from the ONU with the downstream
wavelength which the ONU is receiving. Thus, the OLT may be able to separate or distinguish
the downstream and associated upstream wavelength channels for each ONU. By feeding back a
wavelength identifier (ID) upstream to the OLT, the OLT may be able to make this association.
The methods of wavelength identification may be implemented for GPON, XGPON, EPON, and

10GEPON protocols, for example, or for any other PON protocols that may support wavelength

labeling.



[0028] A plurality of systens that support higher bit rates and nore
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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



WO 2012/ 136153PCT/ CN2012/ 073659 [0032] FIG 1 illustrates one enbodi nent of
a PON 100. The PON 100 may conprise an OLT 110, a plurality of ONUs 120,
and an ODNO28(/13eis8ch may be coupled to the OLT 110 andPChmaNaNI#N7IZD. The
PON 100 may be a communi cations network that does not require any active
conponents to distribute data between the OLT 110 and the ONUs 120.

| nstead, the PON 100 nmay use the passive optical conponents in the CDN 130

to distribute data between the C]_T 110 d t he 120. 100.may be
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onto the other network. Although the specific configuration of the OLT 110
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WO 2012/ 136153PCT/ CN2012/ 073659 [ 0035] The ODN 130 nay be a data
distribution system which may conprise optical fiber cables, couplers,
splittersywodnst3st5at ors, and/ or ot her equi pnment. The op®PCtalN2di2vaseseabl es,
couplers, splitters, distributors, and/or other equipnment nay be passive
optical conponents that may not require any power to distribute data
signals between the OLT 110 and the ONUs 120. Alternatively, the ODN 130

may c ' o | ural i of processing equi pment, such as. opt.i cal
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120 in a branching configuration as shown in FIG 1, but may be

al t er sabley epyplewninligiarsedisiriputans: apeiee pthebeqitipmentmlhe optigsl fibeicehies ipuateron.

[ 0036] To support nultiple-wavel ength capability, the PON 100 may conpri se
one orsphitare AWEbytosw@hd/as otier tinepOBEN D3P bapdésdve ofteallbdmAdi@ntsThet AYEROMAY
be configured to conbine/split nultiple wavel ength channels, which may be

opt i cabqueiegA@d potedns Mlliktriddtcatiatdi §ikeieHetwe@netRNAIITS,110 Narfdnéhe ONUs 120.
upstreani downstream directi ons. The PON 100 may al so be configured to
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110, or both. The wavel ength identification nefhods may be used to identify
t he c W@t%ﬁ%ﬁaﬂ%mg%%m il al a1 be EHGPAY tehe CatiRuin 1% PECTONUS
120), upstream data channels (fromthe ONUs 120 to the QLT 110), or both.
The waesltéagritiipdmncotiigaaatioon net hods may conprise downstream wavel engt h
identification mechani sns and upstream wavel engt h feedback nechani sns as
descr i[be3bh] Hel awpoftOf8fiplcdDeuwndtmegaenpibilal e thgt PONdE0d nfaycanimize oy dremdsed t o
identify the wavel engths for downstreamtransm ssion to the ONUs.

DownstAwer) wamehengtite iGNt 130 eal/bomdTeN 10¢ 1€ STRO|AWRAmYS ivedcsliffdhaient
mechani snms or inplenentations, which may be used to send a WO

2012/ chlql%ﬁl%%ﬁ{ %9&1%/ Q/Z.§é§l?gth 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 identification to indicate to the
ONUs 120 and/or the OLT 110 which wavelengths (or wavelength channels) are assigned to the
corresponding ONUs 120. The wavelength identification methods may be used to indicate the
wavelengths to the ONUs 120, to the OLT 110, or both. The wavelength identification methods
may be used to identify the wavelengths for downstream data channels (form the OLT 110 to the
ONUs 120), upstream data channels (from the ONUs 120 to the OLT 110), or both. The
wavelength identification methods may comprise downstream wavelength identification
mechanisms and upstream wavelength feedback mechanisms as described below.

[0037] Downstream wavelength identification may be used to identify the wavelengths for
downstream transmission to the ONUs. Downstream wavelength identification may be

established using different mechanisms or implementations, which may be used to send a



downst ream wavel ength identification (e.g., fromthe OLT 110 to a
correspondi ng ONU 120). The different nechani sns nay use MAC | ayer franes
or nessage®220r/BersBy the wavel ength identification. A fPCIICNIRREBESSM f or
downst ream wavel ength identification may use an enbedded channel. The
enbedded channel nechani sm or approach may use in-band frane fields and
enbedded structures to carry |owlevel operations, admnistration, and

fpp Amas R LRk Sl e R e S A R

devi ses. Exanpl es of the enbedded channels include the enbedded OAM i n GPON
and XxdbeNifewsnbaschanigny mayeuseoiAdallayer franed it nessages(toLqapy the Woeiengfd

| OGEPON protocols. [0038] A second nechani smfor downstream wavel engt h

i dent iidléntificatom. nAy fivs emaclmostr dbr Mesgagenne hamveddngthirhdemsdrhtial mas sagean
channel may enpl oy protocol managenent nessages to facilitate the

conneehibedgedudan@e MHeEnKdddedtthnh&leméNulismrapploash by ubeinCint fRlmaiggage
channel include a physical |ayer OAM (PLOAM nessage |n GPON and XGPON

Ipr ot ocqh %mb@@&isdastmd{utrés @%a%gﬁqweqlo eraﬁz)ﬂ’sc Um{MEGEdn %ﬁ%ﬁﬁﬁgérﬂetﬁ?@ﬂl@ﬁd

OCEPON pr ot ocol s. ani sm for downst r eam wavel eng

|dent|f cat.lon Vi at a .chan |f|caII

i nf or 1 O.r%%ﬂor?ayﬂa gmﬁaﬁée?deﬂianneltfﬂaey Pig togf%fc Shertis’ O G s and
XGPON pr.ot ocol s ncapsul ati on net GEM or 10 GEM (XGEM. ports may
be corffit art@awbﬁ}maﬁao an%ﬁ RiSes: a‘f‘fﬁ‘r‘}fg?ﬂ Pbithg fnapddedechanpels )lmrlaag © b s
purpose. In EPON and | OGEPON protocols, the LLIDs may be deS| gned towards

t hi s embeddo3aM m GPON aMIX@P@hTtmgtoaﬁsaﬁﬁdhﬁ logisal lofk idegidier (IdnDofin EPOName
or nessage 200 corresponding to an enbedded channel that may be used for
downstane d0GRROA miogichlsi denti fi cati on. The enbedded channel may be an
enbedded OAM channel for the GPON protocol and may use a portion of a GPON

downstipezenA rsaethd hieehdaiGN BrRRANCH NN SlaaM OE@J ideRfiREATRII Ry MY PeconMEl
2012/ 136153PCT/ CN2012/ 073659 sent fromthe Tto a correspondl ng ONU for

i SN R A T G
S TRt I IR e

field 210. The Plend ‘fleld 210 may include a B len th (BI e%subfleld 212,
an A IcBaehincyde ) physipdlilayed %M,(Pﬁﬁ’efﬂ\éo W&ﬂag%m@BQ YGCRRCRrOfacRIs) and
subfield 216. The Plend field 210 nay have a total size of about 32 bits.
The BlaemuBupdinte¢aht@l pravesol i(NH(Fateeshg e BHFON and IDGEERSON pfotaends. hey thirdel d
(not shown) in the nmessage or frame. The Blen subfield 212 may have a size

of abewdchddshifbs dowh@reAnenavldifotie]ddnZfle¢htioh ynd yngle GadlRa thandD \Wpséifiedl), the
wavel ength. The Al en subfield 214 may have a size of about 12 bits. The CRC

subfi %J/Q/el%ﬂ?thniﬁfbrﬂﬁﬁgn ﬁlag' teCchficRPHe BORI 4%, aRMnBRY BE Q0L BUGPONESHd
defined in the GPON protocol. [0040] FIG 3 |Ilustrat es an enbodi ment of

anot hekGhORTsRloI°3298 AOTLI 2R 3AR GO FaNoNS BOcS) acaeddad sefiagnel

300 th use ream vvave eng Yedded

channel p edded OAM channe th rot ocol _an se a
porti 6Hn urﬁﬁgg QeNn'BHWH%%CF?&W %freguntqrfrﬁg%ﬁ(?@ﬁ&ﬁ 13 RBPOTHhd ni?%@gg d
downstream PHY franme may conprise a 24-byte physical synchronization bl ock
( PSBd)1 06xdP QBN posergs, Bietld-1Psiyndyrberaesigagd toadrdsthes er€Bd may conprise a PON-1D
structure 310, which may be used to indicate the downstream wavel ength

(fr om[0089] GUG. 2 dlushretes o er@bpdinenngf (Gpdd)ion dhe frk@blol Destape C0Qr@rdpOnday thave
a size of about 64 bits. The PON-1D structure 310 nmay conprise a PON-1D

fiel dad28mpadicd HRAKAT thaf Ry 6eNkse@! fok HEAnstribsh dwdilenglihaddfedichddd. i etk 320
may conprise an assi gned PON- 1D subfield 322 and a wavel ength 1D subfield

324. Thtek éﬁnﬁﬁ%%ﬁ 6?' ﬁbg&%e GQ'MF%B %1 FPhthd @P’(g\ﬁ \Rﬁa%t;c}% a?.ﬁq&\?\lg‘%{}ﬂlim%gd ONU

and t he wavel engt dicate the ength
for t rf)%rtl%}ll of a @ﬁoﬁ%\} In[s)trzzam lfr%m%zghg&)t[’dﬁ;‘ beadd%d %)6A191fchg'rt1)r(1) llltlnfgr]hlé%lon may be
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WO 2012/ 136153PCT/ CN2012/ 073659 t he assigned PON-1D subfield 322 may have a
size of about 51-x bits, where x is an integer, and the wavelength ID

subfi el d 8Q40repgot5ave a size of about x bits. The HEC fipelracN28/018859 have a
size of about 13 bits and may be configured as defined in the XGPON
protocol. The integer x may be determ ned based on the nunber of downstream
wavel engths in the multiple-wavel ength PCN system Typical val ues of x may
be equal to 4, or e or 64 tot stre
naverdrtien tieSpEd p Sairssronhas BNt & dpibiedh g BeBiuhBlRG B Qi o1 o
322 and the wavel ength ID subfield 324 may be simlar or dlfferent t han t he
or der &Hows the @P@Ng downshgan] frgppde ipdisataronhe (NNERONstas arelpgth {pes
may be broadcasted fromthe OLT to a plurality of or all the ONUs, e.g.,

wi t h alowinftegammammiskiorat | The dfwmboearh wi@blenitbridegdmador( play uersenwmweGB@@I h ID
may be announced to the ONUs for the sanme downstream wavel ength

per i o@ioGaktraam Iﬂaﬁle%u&dﬂqulsbeaanlfoh@ WeBeth tddwaeidant (PIERD GOS0 M Plend
wavel ength by conparing the wavelength 1D and the correspondi ng ONUs'

recei veiq WAy ala rlﬁ&ﬁ]ée a[lﬁ@e‘}%}h B1&) ikl dlﬁzr ahes 14k hRdl SR Ph anghher

enbedded chann 400 f wnst r eam wavel ength id ntlflcatlon The enbedded

channel 400 be .an d rot.o

e eyeliioga e R SEREY i %P%?P?r B Fi 10 T st A B T he
LLI D may .be_assigned to poi nt -t o- t|- (P2MP) assqci ati on between

o o i 7 i St JiRer ki Mergy el byt Shaly: Beddspotenenay

t hrough a point-to-point (P2P) enulatlon. The EPON downstream frane may
conpr ithe mensage |dD fiaret.d TheoBlemrabfigldP 2 wlag haye ansige obrpeits B Ritproblee NIt i el d
412, an assigned LLID subfield 414, and a wavel ength 1D subfield 416. The
LLI D fsukficdd 210 nimgyindiawte the dowest@bmakowientth. bTlies Alehrsabfielde 1dubdy kdvd 4d2e may
be a one bit flag that is set to indicate the assigned LLID. The node

subf i lrdbdkd 2roaY. TIRS CRERAFKLIY 014 Ry MR& a §i-8BF Adu@Bbitbhhd (BB chafigied hd-1 D
field 410. The assigned LLID subfleld 414 may indicate the LLID aSS|gned

for acﬁﬂﬁ&?ﬁﬂﬂ@%@@ﬁJﬁmeoIhe assigned WO 2012/ 136153PCT/ CN2012/ 073659

[0040] FIG. 3 illustrates an embodiment of another frame or message portion 300 corresponding
to an embedded channel 300 that may be used for downstream wavelength identification. The
embedded channel may be an embedded OAM channel for the XGPON protocol and may use a
portion of an XGPON downstream Physical layer (PHY) frame. The XGPON downstream PHY
frame may comprise a 24-byte physical synchronization block (PSBd) and a 155496-byte PHY
frame payload. The PSBd may comprise a PON-ID structure 310, which may be used to indicate
the downstream wavelength (from the OLT to the corresponding ONU). The PON-ID structure
310 may have a size of about 64 bits. The PON-ID structure 310 may comprise a PON-ID field
320 and a header error control (HEC) field 330. The PON-ID field 320 may comprise an assigned
PON-ID subfield 322 and a wavelength ID subfield 324. The PON-ID subfield 322 may indicate
a PON ID for a corresponding ONU and the wavelength ID subfield 324 may indicate the

downstream wavelength for the ONU. The PON-ID field 320 may have a size of about 51 bits,
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LLID subfield 414 may have a size of about 15-y bits, where y is an

i nteger. The wavelength ID subfield 416 may indicate the downstream

wavel engtwofor2/Bhes3ONU. The wavel ength | D subfield 416 may/dNaovp/a3@hze of
about y bits. The actual order of the wavelength ID subfield 416 may be
simlar or different than the order shown in FIG 4. [0043] In the control
nmessage channel nmechani sm or approach for downstream wavel ength

or ot 0B EIETRE PORITE YN d BRETGTN: FABAL HHC Al PaH by et frpIher B

usi ng a new PLOAM ness 3{3 or a nodified PLOAM nessage, as described bel ow
FIG 5he wpyalenash 83 subficddBadimehaven szechnbeylx hiss b &1RG Skt 305nay have a

downst ream wavel ength identification. The control nmessage channel 500 rmay
use a sivedi bb@d 18 pes nehmay be cordeolirdd Sakfinebisdhe XORON hetdePOhpimege almayThe
nodi fi ed upstream over head PLOAM nessage nmay conprise about 12 fiel ds,

whi ch ber¢teeamdd based o the A8mBEr Gthdikins@den Gat&@éngtildhia the ﬁiudﬁ)l@f)va{/él@lgd}pPOﬂ\eam
over head PLOAM nessage shown in FIG 5 may be configured as defined in the

GPON @S/Q&ﬁc'?% icATQURVEDS x 3RYBebuliNe 4f 5 e(lr%toC}Epslgéetn? 16”3372 9F6m1fcfo%st}&m
e’ down

enabl reamwaveleng hi entlflcatlon pecifically, the bits in
octets 3

bef ul | se repr esent, in the
cor res aveltgln%tgs’f llre\éli)%gV?l ugﬁl c¥1ai“' Org Je e;./ﬁlseSl pr e@lﬁbﬁj Sﬁgﬁeﬁﬁr%eand etllrlled
pe 2 prea bj nber). Such bits. i correspondi ng octets (or
i el déﬁaVﬁlﬁyng@&%‘%ﬂ@ 517 EBNE ﬁ%&ﬁ%@%@{%@% e SR I SAdd ¢ 1 onal | Y,
some of the bits in octet 10 (for various indication) may also be used for
downs P&k SieerdheGFON ageRGPON dewrstrcamrmsstraaysba bratdagstyd Biomathe (s to a

partially used for this purpose are shaded in FIG 5. [0044] FIG 6

i |l ustphahkty ofirer almd ONENY e @f, vafod Hestingost dwhtionesrsedget tifamniedseb8HA ey, the
downst ream wavel ength identification. The control nessage channel 600 may

ER R e R S R R T e T
periodically. The ONUs may be configured to confirm the downstream wavelength by
comparing the wavelength ID and the corresponding ONUS’ receiver wavelengths.

[0042] FIG. 4 illustrates an embodiment of another embedded channel 400 for downstream
wavelength identification. The embedded channel 400 may be an embedded LLID channel for
EPON or 10GEPON protocols and may use a portion of an EPON downstream frame. In EPON
and 10GEPON, the LLID may be assigned to a point-to-multi-point (P2ZMP) association between
an OLT and multiple ONUs, where each ONU association may be established through a point-
to-point (P2P) emulation. The EPON downstream frame may comprise an LLID field 410. The
LLID field 410 may comprise a mode subfield 412, an assigned LLID subfield 414, and a
wavelength ID subfield 416. The LLID field 410 may have a size of about 16 bits. The mode
subfield 412 may be a one bit flag that is set to indicate the assigned LLID. The mode subfield
412 may correspond to the most significant bit (MSB) in the LLID field 410. The assigned

LLID subfield 414 may indicate the LLID assigned for a corresponding ONU. The assigned
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conprise about 13 fields, which may have a total size of about 48 octets.
The fields and correspondi ng sizes shown in FIG 6 may be configured as
defi ned iwoOtbhe/186@R®N pr ot ocol . However, sonme of the fielrd3/@el2zmishisbi ed to
enabl e downstream wavel ength identification. Specifically, the bits in
octets 5to 7, 16 to 17, and 34 to 40 may not be fully used in the
corresponding fields. At |east sone of the bits in octets 5to 7 (for

profil er Sj. d index, for d erroy. correction.(FEC) .indication, and
el b RHERAT Swydiar sl Bou Tory bict Steenb i) Pt dedrSaIBes Pongt n
and preanbl e repeat. cpuntéﬁ and/or some of the bits in octets 34 to 40 (for
paddi rghficidyA I9emay dgdicate Hevdrytsasm visdelaggt ko BenPNU. c atheowavapeety dlet s
that may be at |east partially used for this purpose are shaded in FIG 6.

[ 0045]subii€Bl 476 nalyusye ates odrbartyddismelie aofuabodehethe pateledgtnls sageldchbnnel
700 for downstream wavel ength identification. The control nessage channel

700 nayaye sani@wr QifAM lessR@erdEoshotviien KIEBPAN and GPON protocol s. The new
PLOAM nessage may conprise about 6 fields, which may have a total size of

about [6@43‘? Gh &hs -coﬂ?@l fﬂe ?gag]é cﬂgﬁhe‘f' %écﬁ%ﬂ_@t’ﬂd&n %%@b FBS AT @oﬁﬂﬁr\éﬁ}n i \Qa\%hec&tg%hg .

Specifically, a downstream wavelength tield be used to indicate

downst.f ealr vel The downstream wavel en i el se octet5 to
SRt S i VISR N d SO bR R e fS e
anot her control nessage channel 800 for downstream wavel ength

i dent idPiW@étt“faé‘hWaTﬂ%n%}g rsHFcHidsaye be HRRKBEngd a1sipgy2 %@%Péog%\éhmwé%geg%rtae
MPCP data unit (MPCPDU) for the EPON and | OGEPON protocols. The MPCPDUs are
Et her meadifieda He© AtMhameseager ¢s fefctibepbilaw. WEG T dhistrates janfeorhedimant of Tgentrol

nodi fied gate MPCPDU may conprise about 8 fields, which may have a total

Si ze ofiesadeuthafide] GO0 €bs dowinerehinel sielanach tlentifsipiondiThg dnresmskvaps channkl G 8
may be configured as defined in the EPON and | OGEPON protocol s. However,

some ooty ukeladsoditied MPHrEdne GvtDe SN PRIOA MOMBSLEL 260 WRVEPONTbRbtocol. The
identification. Specifically, the bits in octets 22 to 60 may not be fully

used %&fifi%@é&gre%%don\%@%%d PLWB\ f%lggs%%e\?\%lgg %%&%Lé%%ﬁ/t % ?(?s §91H‘Z§LT 1?1%%%@(91 bi ts

in octets e use rea engt I denti tron.

The octets tha be at least partially used for thi rpose are shaded
b v st ok ahoukcas ogter. RSP S B I prit P usRfad L AABY SR g Shekef
message channel 900 for downstream wavel ength identification. The control
ness ag’éGcﬁ. aydie vobgwag apdetineddiytherePRl rrefoceh Hepyar el abdEpapids ghiithew
MPCPDU may conprise about 8 fields, which may have a total size of about 64
oct et snayTieembdibied o amdlectrwsgpan dianglesgthadengifieatsinovikperifichlye thebits in octets
Specifically, a downstream wavelength field may be used to indicate the
downst3r@agmman et Ba@ill. usth @o dgreseht @amivameheen gt the fcoarthomam g Fretdsoghigidsi?l t o
"b" octets, where "b" is an integer. [0048] In the data channel nechani sm
or apRiAReh t&?é 1d[§)f@9§ﬂbleeﬁm WeyRk e Rat gyeﬁe_d@'e}iréafrh&@tﬂip RumBeyS€Sudabis spamnel
(data nessag may be configured to l'iver the downstream wavel ength
information in the GP GPON, protqcels., Simlar to proyiding.nmul ticast
R S o B ey RS S Rt
informatjon. In the EPON and, | OCEP ot ocol s, br oadcast _ LL] D may be
det | nedickgtiap éorﬁwgogg D PFEEHS%B ff{?atva@a%rl@%atﬂ% BRoateast el tPimy
al so include content for downstream wavel ength identification. [0049] FIG
10 i | l[dgsmptztass warclengb diensiiicaiadn. adhe wistetiddat aaeelt legomartinly ujpssd emthis
wavel engt h feedback. The enbedded channel 1000 may be an enbedded OAM
channglurfose atelvbaddd@NFpGoi.ocol and may use a GPON upstream burst header.
Thi s GPON enbedded OAM channel information may be sent fromthe ONU to the

OLT f goo4pFIGEee MRS 8nefBodiaRHPETH1othERBorfehdY niR Y gH SRatRECEEPINdUREtFQARM
burst header to indicate to the OLT the wavel ength for upstream

transm 831cA8% fQbnd %&BRG ﬂ\éucént%)?%ﬁés\é%églga:ﬁﬁ%lﬁ%d @%ﬁp"hs‘@aﬁ( ch&nraLd 3})&%@9@‘3 K

my be sent“in a upstream bur st at rises an I ndtcation

B e

subfield 1016, a wavelength ID subfield 1018, and a reserved subfield
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WO 2012/ 136153PCT/ CN2012/ 073659 1020. The subfiel ds nmay be configured as
defined in the GPON protocol, where the MSB reports urgent PLOAM and the

f ol | owi ngwOwo12i363r eport FEC and RDI status respecti velPgT/(H2wegs6s9 about z
bits fromthe 5 currently reserved bits nay be used to indicate the
upstream wavel ength, where z is an integer. The remaining 5-z bits may
remain reserved The actual order of the mavelength ID subfiel d 1018 nay be
simlar differ an.the order sho i.n F ength
D1 1 PHEEpeRp b Fikdh Bl R aHr 3 1 B ohayo B bR ERy o TR P
check the mavelength of an ONU in the pr ot ocol Iayer [OOSngFIG. 11

i | | ustCPEHPRONAINE s thawAtin dlGa fomAe e ciopbigded as Hishingd in o XCHON) paetpedm
wavel engt h feedback. The enbedded channel 1100 may be an enbedded OAM
channdloweyer,t fomeXGPON fickils coolmahiicdray enslde alod@R@bNT nemetdngti alentberti@nner
(XGTC) burst header. The XGPON enbedded OAM channel information nmay be sent
from topeciGblly, ahd s Gh Defely 5SUPST,rEAD WAVAIEBYtH Hepdhaok be Thiy Gkl mMmyhdise
the XGIC burst header to indicate to the OLT the wavel engt h for upstream

trans %ﬁé H&m M UPRE [RaMopaY & @1@ %) ih @erhasko Woxb&oﬁ}%“%eréﬂ?n andGalfexbur st
header 1110 th t conprrses an ONU-ID tield 1120, and 1nd field 1130, a HEC

field 1140 and a j |eId 1 y be nfJi.qur ed fined
| tnd ORI sfisenr ik byusefe’ ald Aer Sy EHagP alE U UG ol T

bits. Ind fjeld 1130 may have a size of about 9 The HEC fiel d

1140 rhzﬁrr gArabIE lsngtp And B earear%tscoufrr%eaqﬂtmvmnrftthr %étr & 29565 Halp B
optional and nmay have a size up to about 384 bits. The ONU-ID field 1120
may cdfppmpadding) PROMVusasklioe dewastipgmswivdlerigth deptficatian. iy detets that WEBDE at one
bit flag), a reserved subfield 1124, a wavelength ID subfield 1126, and a
dyi ng lgasparsaibf uset dorthRPuifrat areespadieel i Gl €ast significant bit (LSB). About
n bits fromthe 7 currently reserved bits nay be used to indicate the

upst r eamnaie! € Nakshate VB ERbBdihenASF dnBtRE 8ntrol R:s§RERhANNRE700 for Bblvasti@n
remain reserved The integer n may be determ ned based on the nunber of

eyl SR e 9 oﬁ%ﬁ‘a‘r@%f%é SRRERER UL PR g P

o4, Ol @@vﬁg@ SRS S e e
which may have a total size of about 48 octets. The fields and corresponding sizes are shown in
FIG. 7. Specifically, a downstream wavelength field may be used to indicate the downstream
wavelength. The downstream wavelength field may use octet 5 to “a”, where “a” is an integer.
[0046] FIG. 8 illustrates an embodiment of another control message channel 800 for downstream
wavelength identification. The control message channel 800 may use a modified gate MPCP
data unit (MPCPDU) for the EPON and 10GEPON protocols. The MPCPDUs are Ethernet
frames that carry multi-point MAC control information. The modified gate MPCPDU may
comprise about 8 fields, which may have a total size of about 64 octets. The fields and
corresponding sizes shown in FIG. 8 may be configured as defined in the EPON and 10GEPON

protocols. However, some of the fields are modified to enable downstream wavelength

identification. Specifically, the bits in octets 22 to 60 may not be fully used (for grant and pad).
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[ 0051] In another enbodi nent, upstream wavel ength feedback nay be achi eved
by defining different delimters for different downstream wavel engt hs.

Thus, nulwOpbe/GN3s t hat share the sanme downstream wavelPemgiN2or2ey3dise t he
sane type of delimter. For exanple, delimter type 1 nmay be for downstream
wavel ength 1 and delimter type 2 may be for downstream wavel ength 2. As
such, the upstreamburst delimter may indicate to the OLT the working
downstyr eam wavel ength of .t he correspondi ng ONU. In sone odiment s for
EPONS ST O CREBENE Scket522 55 B T 6 Ry T OTF B S eGP BT ER. B4 o
support upstream wavel engt h feedback. Accordingly, sone bits may be

assi gieiety thatgary be atdeast puEpAcksed Apt s Wéﬁ%?@f%%laé?ﬁ ig HIgf 8y mati on, the OLT
may be able to correl ate the downstream and upstream wavel engths for an
ONU. [[0@52]FIGI GillukRatel husibadiesnaol awhed corert nufsage cbmtnebdO0hies dagestctaennel
1200 for upstream wavel ength feedback. The control nessage channel 1200 may

be a RewelRhOANUsRERAGEn.T The tcbatro{GREIN @ eh LREMN (I B9 Bel Snew NEPORDUPLANM
nmessage may conprise about 6 fields, which may have a total size of about

48 octgisN aldeoGEPOLS AR QC%Q\VIP?SB%E% 20131. %5 R6ES ?i@f?i‘é\fr‘wfli@h lr:ﬂag‘ hat€a total

Specifically, a wavelength fie ed to 1 ndicate the upstream

wavel engt e ack. T vel ength fiel.d may use, oct et tp oa",. Waere "a"
e an AL gRfRante. IR oFEE kbt TP ARSRE Bhetif St oo
for downstream wavel ength identification that use nodi fi ed PLOAM nessages

for GOENNSERKEPORINEUnEEld vy be cielr (91 inflcésdhe doRmnBsam + Waelghed nbhfi i ed

PLOAM nessages nay al so be used for upstream wavel ength feedback for the
GPON et nx}GRoNwpydenstio Fisld e userogiepd 2, toi ‘7 phietsGrONCcpbotavintegan acknow edge
PLOAM nmessage or a No PLOAM nessage may be nodified. A WO

2012/ 106483 3Rk G2 OHanel/dedtinsar ovdpphburchdbr @Nhdtieemdvaveldnlach idbafiMares.sage
may be nodified to carry the upstream wavel ength feedback. Simlarly, in

t he XGERONIRA hRGRY (daR AeKNRWM B0 8 R B 6 228 van theadov@strdhm NV o BNU
PLOAM field in the message may be nodifred to carry the wavel ength

f eedb qﬁ%nﬁgtg’o%Sﬁl] t]_lgg(gP(?lg?’anidl kéﬁwmbfo%c% . egﬁﬁ%gg E)E%xgéi'ngfmﬁllﬁggst %91@?(!69' an

message channe r upstream wavel eng e control nessage
chann 00 u a nmodifi re DU for .the EPON and |

ot o oS BMET T Bensti i St ENREPROE MR g P B ior, dn d ERrch
may have a total size of about 64 octets. The fields and corresponding

si zes BfJIFERPNEpegtocods. akropdeasioh k1L maydbeadefinedi fak ghis Ruinqee. 3{Agk thaGEPON

protocols. However, sonme of the fields are nodified to enabl e upstream
wavel engiphisé the dherclkast BpéRinidycasd pelutlheongentdor dovarstrears 28 cteogBOderaificatidn. be
fully used (for report and pad). Sone of the bits in octets 23 to 60 may be
used fo040PEGr e@Mid@@tesn@h herhifriiBank of The catledds tchainemayobe fat ub&asn

partially used for this purpose are shaded in FIG 13.
wavelength feedback. The embedded channel 1000 may be an embedded OAM channel for the
GPON protocol and may use a GPON upstream burst header. This GPON embedded OAM
channel information may be sent from the ONU to the OLT for upstream wavelength feedback.
The ONU may use the GPON upstream burst header to indicate to the OLT the wavelength for
upstream transmissions or for the ONU’s receiver. The upstream wavelength feedback may be
sent in a GPON upstream burst header that comprises an indication (Ind) field 1010. The Ind

field 1010 may include an urgent PLOAM units subfield 1012, a FEC subfield 1014, a remote

defect indication (RDI) subfield 1016, a wavelength ID subfield 1018, and a reserved subfield

15



[0055] FIG 14 illustrates an enbodi nent of another control nessage channel
1400 for upstream wavel ength feedback. The control nessage channel 1400 may
be a newwWBCPDU3bBB t he EPON and | OGEPON. The new MPCPDBCREON2012MI8453e about
8 fields, which may have a total size of about 64 octets. The fields and
correspondi ng sizes are shown in FIG 14. Specifically, a wavelength field
may be used to indicate the wavel ength feedback. The wavel ength field may

use o s 2l to."b" octets, ere "b' is. an jn r. [0056] .In the fa
hannd0 S ofaeiriels Tosor coal B8 5T dedbaEr U RS At e hEr
(data nessage) may be configured to deliver the wavel ength feedback in the
GPON amrtxcyrr@mtp?lg@é%wgd e WiIREENOpRiEY EerrEyFide @énRgb@Faw FYPRTSLYf or
this purpose. In the EPON WO 2012/ 136153PCT/ CN2012/ 073659 and | OGEPON

pr ot odbivesven atheli < hite Groor ths fecuraintly Lit®rveglybitsemele be meadl foondichiesthpupposer The
frames that conprise the dedicated LLID may al so i nclude content for

wavel engtlnbBedhaek:. is R Aéder! Thoteh@iinifsHo0hifkENA B rentdhe rdd@Std EBHY ARMELEIBYL h
f eedback may indicate the actual wavel ength being used for the upstream

trans rgfsﬂ‘?é ?Qveﬁé.n i ﬁ?‘gulﬂfel& b@lS"ﬂé@ beu@itr OF afRan ®lan! () o_rd-EF'@h TirCA. AgENt

may typically know this I nformation based on which recelver channel the

transnpissiQn arrjve .fro Us. ver he t ual el engt
i or Moo PRIeED Blosh RGeS «pisim LSy RS EE B RIS EP Y
i nformatj on exchanged between the OLT and its associated ONUs nay be

absol &fféh%%wwl@g&%Pg@m@ml@stbeﬁ%ou?%ﬂmication values (e.g., IDs). The
rel ative value nay be relevant to a previous exchanged val ue or a

pr e- déb@YOkifled labdlobteates e reothedirens adfuanother ambpdded ghaungpdd PO ifdempitidannt i on
val ues, a certain mechani smof wavel ength profiling may be used. Different
schemssvaky gthefeedback.t Dhelembedietl kbampeedi®0 mapbp phrgteddste@A Makainehfyt hise and
their I Ds. For exanple, sone PLOAM nessages (e.g., profile PLAOM nessage)

ey bexGHORNSIBHCbPakRIaY 136 GNXGPON MBdrsfiksiol CoktRAL! VeGYC) Baw: heiter. OThe

messages may be defined for this purpose.
XGPON embedded OAM channel information may be sent from the ONU to the OLT for
upstream wavelength feedback. The ONU may use the XGTC burst header to indicate to the
OLT the wavelength for upstream transmissions. The upstream wavelength feedback may be
sent in a XGTC burst header 1110 that comprises an ONU-ID field 1120, and Ind field 1130, a
HEC field 1140, and a PLOAM unit field 1150, which may be configured as defined in the
XGPON protocol. The ONU-ID field 1120 may have a size of about 10 bits. The Ind field 1130
may have a size of about 9 bits. The HEC field 1140 may have a size of about 13 bits. The
PLOAM unit field 1150 may be optional and may have a size up to about 384 bits. The ONU-ID
field 1120 may comprise a PLOAM queue status subfield 1122 that may be the MSB (a one bit
flag), a reserved subfield 1124, a wavelength ID subfield 1126, and a dying gasp subfield 1128
that may be the least significant bit (LSB). About n bits from the 7 currently reserved bits may be

used to indicate the upstream wavelength, where n is an integer. The remaining 7-n bits may

remain reserved. The integer n may be determined based on the number of wavelengths in the
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[0058] FIG 15 illustrates an enbodi nent of a wavel ength

i dentification/feedback nmethod 1500, which may be inplenented in a

mul ti pl e-wawvel2zgtsh PON system t o exchange wavel engt h i rCorasavi2an3dset ween
an OLT and a correspondi ng ONU. The nethod 1500 may begin at bl ock 1510,
where a downstream wavel ength identification my be sent. The OLT may send
t he downstream wavel ength identification to the correspondi ng ONU usi ng any

of the chani s r proaches .and t he appropyriate, correspondin ages
for dowabaue st RS oo F e R PET CHIS 8! GUSEY PHEH hbobo Bigieseialbd on
the PON protocol. The approaches include the enbedded channel s 200, 300,
and 400 64tefal wayplengthsyespsaigel s Ndwsristugl ggder ofghpwavedengtigHo subdiell 126 raat be
channel s for downstream wavel ength identification. As such, the OLT may

i dent isfryildrioe diffiaen? ObAHBGASIRGTN GNPEL 0073659 wavel ength for the
correspondi ng ONU. The wavel ength identified nay be the wavel ength used to

send ded )R dnbaer EMUodifienb! @B kedih 20avetsh gtho SdetiBal0 Way deeitBidved agdgmindray
be received. The COLT may receive the upstream wavel ength feedback fromthe

cor r et -1 WA ARRYRTER \CRARACI. PhudTERIAGE UOL AR oBire the
corresponding to the one used tor sending the downstream wavel ength
identificatia e. g....based on the sa P .otocql . The .appr.oaches

ol udd™t v Biisaf B Bed b B8 SR SRT) R HEr Ton et Fr RRRLRTE" s
1200, 1300, and 1400, and the data channels for upstream wavel ength

f eedbdeR, DAST CRMRSIeRRe RYQlgngHY | RRshAsTi B Ve BRAPE R dopTSGtan: HavelenaaP
wavel ength that is used at the ONU to receive data. The nethod 1500 may

t hen é¥rd sughgOBO|upTieanheukddleliBoET mayy bedicgiedot e cQhTi thm vhekinga dewesitahs
used by the ONUs, to informthe OLT of the wavel engths used by the ONUs, to
changevdvhenpve|tengirhes porsiek OWNU.hEn ONdsemioodiments doir ERONoand YOGBEPONisz£21 he
wavel ength usage information. In other enbodi nents, the bl ock 1510 or 1520

nay beyiplaveniede senafial ab ¥nas ih depandeftgpyriwgstieath WauelcasBntdeasackhe
ot her bl ock to convey the wavel ength information in the downstream or

upst 1 68 AL A it ARPHO Ay TPLIRA A0Sy J6RATLAE L it OBt e

wavel engt cel vVers. simlar me e used for

t he ve t hs used at t ' transmitters or both at _.the '

Focel g QERTHOE Gt FcBo ERE bt FaS vt be Bt Coodi ment

of a wavel ength identification/feedback nmethod 1600, which may be

i mpl edBM28d 10N 13 iHysteates an wavhordargt efpoosyelt Bassese shamghddOhd0e nasitpam

i nformati on between an ONU and an OLT. The nmethod 1600 nay begin at bl ock
1610, wivelcegth fdedtnsk.r damcnatval reexyade ¢hadentli F200ahayobe papgwhBLOAdE messhge The ONU
may receive the downstream wavel ength identification fromthe COLT using any
of thehapUREChRS GPONt figtcPRI dBE i e PLOAN SHERsieNta MRSERHSS aboit dlGers] r eam

wavel ength identification described above,
which may have a total size of about 48 octets. The fields and corresponding sizes are shown in
FIG. 12. Specifically, a wavelength field may be used to indicate the upstream wavelength
feedback. The wavelength field may use octet 5 to “a”, where “a” is an integer.
[0053] Similar to the control message channels 500 and 600 for downstream wavelength
identification that use modified PLOAM messages for GPON and XGPON respectively, control
message channels that use modified PLOAM messages may also be used for upstream

wavelength feedback for the GPON and XGPON protocols. For example, in the GPON protocol,

an acknowledge PLOAM message or a No PLOAM message may be modified. A
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WO 2012/ 136153PCT/ CN2012/ 073659 e.g., based on the PON protocol. The

wavel ength identified my be the wavel ength used by the OLT to send data to
t he ONU. WO 2b1206k153620, an upstream wavel engt h f eedback PomyCN2e12998159 The
ONU may send the upstream wavel ength feedback to the OLT using a
correspondi ng approach, channel, or nessage to the one used for sending the
downstream wavel ength identification, e.g., based on the sane PON protocol

As sugh,. t U fir ' rmthe OLT of t ct ual vel engt h
Chat oerigh S FRY SR b P RGO warstaf woci b6 gy MR apEam

[ 0061] The net hod 1600 may be used to confirmthe wavel engths used by the
ONUs, Wayelenghfasdbaek. Gimilaly.tim ghaGBOBhRORs oLy 8B ackip wledee RWRAM megsagmyel t he
wavel engt hs used by the ONUs, or to correct or synchronize the wavel ength
usage ai Sdrat_amiten, ONK BiLGAM Erbiloidi the ntessage meyheomkdifiéd @o oarryl 620w ameeienigeh

i npl enented separately and i ndependently w thout inplenenting the other

bl ock feqibegvey the wavel ength information in the downstream or upstream
direction. The nmethod 1600 nay be used for identifying/acknow edging the

wavel sesl: T Lver ' }
o v PR3 CEPL Ry R oA B e PR AT

may be confi ed to ort .and i npl ene e wavel engt.
aont R R e Rt T R AR stel R 00 S 4 s Plitec epoe Mg PP
conprise a processing unit 1710, a transmpission unit (or transmtter) 1720,
and a Pt dffiQm aaﬁilp%@S’PN BEUPSALy ) The7m lflﬁéfeWBQPpgmawpaa’r% apori| ®enent
the nmet hod 1500 or 1600. For exanple, the apparatus 1700 may be | ocated at
an OLTieklsdwhioh mayphavaeriotal biee abativot64 sgets. Alhe dielsktand epyrespohdingpizas stayer 1700
may be | ocated at an ONU and may be configured to inplenent the nethod
1600. id FeG pilomes bé oenfipurdd dkdbbfined methe ERONTRS 1 FERMIN tprdtd@fls. Hodetdigsome
reception unit 1730 may correspond to hardware, firmnvare, and/or software

i nst aldragke tields Uie eddMET & eddb® BpRREHS WAkl fdelbiKTRY &;@ﬁ@mgt kigupiedid o
put or get the wavelength ID (or WD 2012/ 136153PCT/ CN2012/ 073659 val ue)

for d I ' il ' p f back in
REPYS g i g R L g R R SR R S A
channel, a control nessage .channel r da hanne] . The pracessi uni t
Crr0" iy kb bi st BT ORIyl DSl B ERebe s R REER B e
the wavel ength identification/feedback to the transm ssion unit 1720 or

f r om tthis PrEROsHUE shadsdiip FIG33:. respectivel y. The transnission unit or
transmtter 1720 nay be configured to transmt the nessage or frame (at the
MAC | 40655 Flant# tlhstrates apeimnbediment ofomothec eprven nic8e whynige 14@hfor gpstexnt o
receive the nessage or frame. At the OLT, the transmi ssion unit 1720 may

send avdverABthffesdbd MBI Eailifova &l 80 i adiné 100D infdyCttd v RIPC R férabe POt
unit 1730 may receive a frane for upstream wavel ength feedback. At the ONU,

the reggRbGRPON The héROMPBY DI BGY ¥6mPrild MWt R PeldOWRRh" MRURbGNALof
identifications and the transmssion unit 1720 may send frame for
upst e %lct% sgt ji*hé %g(gaz(l:nl& corresponding sizes are shown in FIG. 14. Specifically, a
wavelength field may be used to indicate the wavelength feedback. The wavelength field may
use octets 21 to “b” octets, where “b” is an integer.
[0056] In the data channel approach for upstream wavelength feedback, a user data channel (data

message) may be configured to deliver the wavelength feedback in the GPON and XGPON

protocols. GEM or XGEM ports may be configured by OMCI for this purpose. In the EPON
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[ 0063] The conponents, nethods, and nechani sns descri bed above may be

i npl emented on any general - purpose network conponent (at the OLT or ONU),
such as awoanpu3ers3or networ k conponent w th suffi ci ent PoTaRsBRINIgpSPOVEr
menory resources, and network throughput capability to handl e the necessary
wor kl oad placed upon it. FIG 18 illustrates a typical, general-purpose

net wor k conponent 1800 suitable for inplenenting one or nore enbodi nents of
t he conpo met hods, and mechani sr i scl osed herei.n. The networ
Conpodine LRGN METts & iioUEs oo rrean A Bhren rageiied or 40 aiaebeathe
central processor unit or CPU) that is in communication with nmenory devices
i ncl udfamgs St sparise be dedigaed BHID mayadsodacdaeersenf forRmyelengtivieedbaskiom
access nmenory (RAM 1808, input/output (110) devices 1810, and network
conned00vitly abai embodi8tdts, The ypsvews seaveld@th feeybhek iyl eneeite dhasiconk or
nore CPU chips, or may be part of one or nore application specific

i nt egrvaiveldngthrieitist wsed ASH 68 ipstrd@ 24hkafi ka1 Gl SENZOW 2 Adripeb 8r £G4 IDhhe
secondary storage 1804 is typically conprised of one or nore disk drives or

tape Gfj.\SET %Qﬁghﬁnyﬁﬁg t%ﬁ\}_&al 106PHAL {dfGmBiiBh 36 Obn datd @MV&SChaﬁnfil the

over-fl ow dat torage devicée If RAM 1808 1s not |arge enough to hold al
wor ki ng_dat a. Secondary st.or 1804 ma e used to,stare progra t hat
Fonded P rAarg0s iR §6 ST IR S LB Baheg uBinBReR o 1
1806 is used to store instructions_and perhaps data that are read during
pr ogr &M Ex &4yt PoHsedres\ gl cdeck: ndhe veivalens 901a§§?1@§g%%§?twe%it%fa| ly
has a smal|l nenory capacity relative to the larger nenory capacity of
seconddrly and ds agwc8OUONTemmARe 2BOZuE svalissdretative tvalues.val identifisaden salaed
perhaps to store instructions. Access to both ROM 1806 and RAM 1808 i s

t ypi cabky IDgsThe rddtar vialnesrgod@iey asitto hgaeyidiBOkchd3e6 Shludor h pasdetantned
enbodi nent is disclosed and vari ations, conbinations, and/or nodifications

of t hepeiThedidieRthik) vand/1ar oligatd E@poff idb i @ABR diaNRAL 4 ThrtdBABednRmPEF SON
having ordinary skill in the art are within the scope of the disclosure.

Al ter I i t e i ning, .lnhtegrati
om 1115 e L PRBUE Yoy o hecl™ Dt QRGREHEY I plalf FOLBAA e SR
di scl osure. Were nunerical ran of, limtations xpressly stated,
such BPHiEDersTeRdsIengigapd fdiDs oura bl ooae PLOAN e eae lreb orie
iterative ranges or limtations of like nagnitude falling within the

expr eSHAONM: mcemeeaiasboextended 42 oy fush ginformation.apdematvely agw rontrol

i ncludes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13,

et c. ) mdseageexmypk elclindreioe thes papnsereri cal range with a lower limt, R, and
an upper limt, Ru, is disclosed, any nunber falling within the range is
speci floess] INGdi 5 aleaeEs ah Bmpadiniedtibfi wal/Elendtb lidedwriogionbeliask wettvdnl J00e
range are specifically disclosed: R= Rl+ k * (R" - Rl), wherein k is a
vari alligcq Mg B‘éJiﬁlﬁﬁﬁieﬁteﬁei'h%@ﬁuﬁi@e%e% ﬁlepr‘A"s§rsler§~ td_RERGRRLwAREHRIENT
i.e., ki1s 1l percent, 2 percent, percent, 4 percent, 7 percent, ..., 70
percent, 71.percent, 7 ercent. .. ....97 cent 6 reent .. 97 r,cent,
b5 pertionihi R EE R LBt svanit RRELOT metiRgPRlRT  cagllh TGN
defln%glgywamo R nunbers as %%%%0%2/136153PCT/CN2012/9738E% may send the

ere a downstream wave entification may be sent. The

I
are
ROM

downstream wavelength identification to the corresponding ONU using any of the mechanisms
or approaches and the appropriate corresponding messages for downstream wavelength
identification described above, e.g., based on the PON protocol. The approaches include the
embedded channels 200, 300, and 400, the control message channels 500, 600, 700, 800, and the

data channels for downstream wavelength identification. As such, the OLT may identify the
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defined in the above is also specifically disclosed. Use of the term
"optionally" with respect to any el enent of a claimneans that the el enent

i s requi rwo,20or13edsBer nati vely, the element is not requi PEW/CN20t2073659
alternatives being wthin the scope of the claim Use of broader terns such
as conprises, includes, and having should be understood to provide support
for narrower terns such as consisting of, consisting essentially of, and

conprised substantially of. rdingly, the .scope of protectiaon is no

Tt erpeRdoaBespptoning SFYGL d naaeiehif 1HGTRER s Peye Braeleref i pat
follow, that scope including all equivalents of the subject matter of the
cl ai mgo se&b%ataﬁfatWé?chﬁab%Ckslﬂﬂcm pRitgeBdwaelangih fredbagkavmnbereceivsto t he
specification and the clainms are enbodi ment(s) of the present disclosure.
The dile3sT orayotceaver bt @pgrmoe wavdldnetidfesdbask dram e cvotespmdagndN 6l wimg dmt it
is prior art, especially any reference that has a publication date after
the prppioaély, erhgelofortibsagPRImitat boRorrddpending Coogdr endfusé@l lfoP IS the

pat ent applications, and publications cited in the disclosure are hereby

i ncor 3 -t 0:-the e t r.QMd
%m&&&npwaeﬁéﬁgtg N it XidnD€ o© a8 off BAL sahREYOR Sﬁg?ﬂggﬁlr. gfﬁ'é[*giong&e)ehes

procedural, or other”details suppl™@nmentary to the di 6] Wile

I di h [ ' h di sci ' | d
b undts/ SRCBH FRAS B IERIEHRL) RPD i colEoDRETE! ciRen 02kl 4l

many ot her specific forpms. wthout departing fromthe spirit or scope. of the
prese 103 st g chapelsgos ypsifcamoy Rk S & fhfeﬁsw gy confirm
illustrative and not restrictive, and the intention is not to be limted to
t he der aifpyn gie/@hT o€ thei agtuaFpavagegiip et istused giathe 60U ¢¢ tageive dator Tdhompsiasht s
may be conbined or integrated in another systemor certain features nay be
om t t dd00 ataynixdn dndpl ement ed. [0067] In addition, techniques, systens,
subsystens, and nethods described and illustrated in the various

embodif oY) THRIEAhSE | FI0EMSY bs ARAT BLBnfTRY (REwSRIMHMARNEH b, MhEONRIeh Wrdrth
ot her systens, nodul es, techni ques, or nethods w thout departing fromthe

scope (f Of_,li*%f%eeflgﬂatl%n%iﬂisgdns?% H\? fhe (5%1’9? itc?]&% éﬁé‘gzﬁ%@ﬂgt@%&s‘éﬁ B4k ARUEOHP! ed

. r‘r_o
or directly coup cating w

2012/ 136153PCT/ CN2012/ 073659 e indirectly coupled o onmuni.cat.i

Chr oudh Same G riBrTaREs Hropruaeteh St atbe RehEneRbodRE Relte ol

el ectricall mechani cal ly, or otherw se. O her exanples of chan%es,

subst i1o4¢ pbiézo HAY ba Implerenisa sepyrdcly sud indgperdsndy pitheneinyiemensiagithe pther ar t

and coul d be made wi thout departing fromthe spirit and scope di scl osed
her ei mlock to convey the wavelength information in the downstream or upstream direction. Although

the method 1500 is described in terms of the wavelengths used at the ONUs’ receivers. A
similar method may be used for the wavelengths used at the ONUs’ transmitters or both at the
ONUS’ receivers and transmitters.

[0060] FIG. 16 illustrates another embodiment of a wavelength identification/feedback method
1600, which may be implemented in a multiple-wavelength PON system to exchange
wavelength information between an ONU and an OLT. The method 1600 may begin at block
1610, where a downstream wavelength identification may be received. The ONU may receive
the downstream wavelength identification from the OLT using any of the approaches and the

appropriate corresponding messages for downstream wavelength identification described above,
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WO 2012/ 136153PCT/ CN2012/ 073659 CLAIMS 1. An apparatus of a passive
optical network (PON) conpri sing: an optical line termnal (OLT)
conponentwoanf@gorsed to couple to an optical network uniPCT(CNU2/E8E$9 send
downstream wavel ength identification to the ONU to indicate a wavel ength
t hat corresponds to the ONUY, wherein the downstream wavel ength
identification is transmtted using a Media Access Control (MAC) | ayer

frame for an, emhe channe a control nessage channel, or da

Channét, b G B8 R0 me il Aeae A aRR TENaRa esrEbRB e BY i ¢ ner
configured to receive upstream wavel ength feedback fromthe ONU t hat

i ndi cg?IeE tsepdvdta frgths ONB: Ad dlocksiigfdan ppsticae wreglengiti fagacki may he sent.

upstream wavel ength feedback is transmtted using a second MAC | ayer frane.
3. ThdhepPditaimay shdcthaiups@¢ambveavelemgthhéedioaakstor than®Dhvdivediengt ¢orresponding
identification is sent when the ONU i s assigned a determ ned downstream

wavel epgitoacis haingél, rdmesass thothknewy Whed Hod oumiBiig el dvavetrengthaveleaeael i s
assigned to the ONU, and erein the upstream wavel ength feedback is sent

to al gt G L of Da@ISAFRLEME BTN BRI 2R Th&sS RSN ARY Lo N kdifh t he

det erm ned downstream wavel engt h channel .
the OLT of the actual wavelength that is used at the ONU to receive data. The method 1600 may
then end.
[0061] The method 1600 may be used to confirm the wavelengths used by the ONUs, to inform
the OLT of the wavelengths used by the ONUs, to change the wavelengths used by the ONUs, or
to correct or synchronize the wavelength usage information. In other embodiments, the block
1610 or 1620 may be implemented separately and independently without implementing the other
block to convey the wavelength information in the downstream or upstream direction. The
method 1600 may be used for identifying/acknowledging the wavelengths used at the ONUSs’
receivers, at the ONUS’ transmitters, or both.
[0062] FIG. 17 illustrates an embodiment of an apparatus 1700 that may be configured to
support and implement the wavelength identification/feedback method 1500 or 1600. 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 the method 1500 or
1600. For example, the apparatus 1700 may be located at an OLT and may implement the
method 1500. Alternatively, the apparatus 1700 may be located at an ONU and may be
configured to implement the method 1600. 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 put or get the wavelength ID (or
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4. The apparatus of claim1l1l, wherein the MAC | ayer frane is a gigabit PON
(GPON) downstream frame for an enbedded operations, adm nistration, and
managenerwo(e@Msetsiannel WO 2012/ 136153PCT/ CN2012/ 0736FETidNab12008G39 i Ses a
payl oad length (Plend) field, and wherein the Plend field includes a

wavel ength identifier (I1D) that indicates the wavelength for the ONU. 5.
The apparatus of claiml1l, wherein the MAC | ayer frame is a 10 gigabit PON

( XGP downstream Physi cal Layer . (P frane for an enpbedded operations,
bl SRR T A ARG als eIy Ch BT At S DR deaitcipae VAL
identifier (1D field, and wherein the PON ID field includes a wavel ength

| D t haayer haed dfasee ehBesiagte Cendhat cogesRonds N empeddes shapwsh pgongolonessped m 1,
wherein the MAC |l ayer frame is an Ethernet PON (EPON) or 10 gigabit EPON

( 1L0CGEROMN)net @mastataedaminel anfhe fpooceannge nine ddHOmhap gérchdr recaike thdMAICT lager bakdd D)
channel that conprises a LLID field, and wherein the LLID field includes a

wavel engtdyel slefttné icomptikiay thé atavieldp®aides:ifidagomessabaraiontht fankmessUinit 7.
The apparatus of claim1l, wherein the MAC layer franme is a nodified gigabit

PON ( GREN)o, PRM TR SAEE §At 1@%,%?%%%%%.‘31@@ st ienelic bPAbnGRRRF 1985 @

plurality of octets for bit nunbe and ‘various I ndication, and wherein
sone of the Dbi.ts

ONU. May becon 1gureid "o Ergr?sn% ﬁl%tﬁesg‘z{g% of ?r%glet(gt tilg gj[&étlaeye%)t] gndl\ﬁl\éerfl:c%?)ggrp urflig)(gr the
receiver 1730 may be configured to receive the message or frame. At the OLT, the transmission
unit 1720 may send a frame for downstream wavelength identification and the reception unit
1730 may receive a frame for upstream wavelength feedback. At the ONU, the reception unit
1730 may receive a frame for downstream wavelength identifications and the transmission unit
1720 may send a frame for upstream wavelength feedback.

[0063] The components, methods, and mechanisms described above may be implemented on 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, methods, and mechanisms disclosed herein. The network component 1800 includes
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 (I/O) 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).
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8. The apparatus of claim1, wherein the MAC |layer franme is a nodified 10
gigabit PON (XGPON) PLOAM nessage for an enbedded control channel that
conpri seswa?2plumsealsdty of octets for profile version andPCmamep12fiosesar d
error correction (FEC), and delimter |ength, and wherein sone of the bits
in the octets are used to indicate the wavel ength for the ONU. WO

2012/ 136153PCT/ CN2012/ 073659 9. The apparatus of cl ai m 1, V\/nerei n the MAC

| ayer is a new a M nmessage
tor a0 ART S catbit SpRRRRARI Hinir e eS8 Sb OB GF hart Jissy NS a dipand
wherein sone of the octets are used to indicate the wavel ength for the ONU

10. THevappad & weddpr apaivalatile jhwmgeioh daeandam papuer-flow faty someedgyice éd

Et hernet PON (EPON) or 10 gigabit EPON (10GEPON) rmnulti-point control

pr ot odAMA08 iumettlargh/PaoRAY)to hokd dhwerkireddhed Saohdal sohepensiO4 nivgtbeasngptd ses
a plurality of octets for grant and pad, and wherein sonme of the bits in

the ogtet predigmddRbatedohdediinat RAMI€8vBRWAEEB@hhpbaamshee (Mbdted fok.exdiion.
apparatus of claim1l1l, wherein the MAC | ayer frane is a new Et hernet PON

( EPO\l)ThQrRéQ/I QBQ@% hselépg\lstgljeoggpr@%nmlnh' eha tpgtdaﬁloﬂlta{ Qfe P:ragtcﬁﬁﬁ)i? ﬁrﬂm' t

for an enbedded control channel 't conprises a plurafity of

oct ets and ne of th ogtetls are use j.caLe t he vvavel ength
for tK&® ‘i’ﬂ@nwﬁéﬁ ?ﬁggappara onsato  1CFarY %V“\:/%%eilraé?wlf ﬁﬁﬁcfllsglflelrm Fahte i s
a gigabit P 10 GPON ( XGPON) .nmessage for a user_data chanpel

t hat |Cﬁ16ﬂcété{tr%]§“¥%g\2kﬁ\}%‘lg§h§1‘3ﬁmﬁbFaﬁaﬁ’éy @N@ﬁcoaﬁ%rymﬁ@ B0 GPeNREN dpSRiisat i on
nmethod (GEM or 10 GEM (XGEM port is configured using an ONT nmanagenent

and caned &1 stort gelptleedatOmal perthaps tosiat instingtivay.el Agegishto RshtROMc é$06omnd

RAM 1808 is typically faster than to secondary storage 1804.

[0065] 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, 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, - Ry), 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
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WO 2012/ 136153PCT/ CN2012/ 073659 13. The apparatus of claim 1, wherein the
MAC | ayer frame is an Ethernet PON (EPON) or 10 gigabit EPON ( 10GEPON)
nmessage fwo 1ursers3dat a channel that indicates the wavelPemgiN2of2ar73d¢she ONU,
and wherein the EPON or | OGEPON nessage includes a broadcast |ogical |ink
identifier (LLID) configured for downstream wavel ength identification. 14.
An apparatus of a passive optical network (PON) conpri sing:

an
optical .nefwork unit. C nent. cqnfi gur 0 gouple .tg an optical

P e RERRRh e b s olrosbr TODGH T SRt it e Be aBHete b e Ber fo

I ndi cate a wavel ength that corresponds to the ONU, ~_wherein the

upst r SaMelacal oh gtdaimemgisciial Setelementiis resyiredi ofplsmebiaely. hecdesentdhnpbl
(MAC) layer frame for an enbedded channel, a control nessage channel, or a
dat a céqnred) both kiternihecsalppiag atithen tfe cbpd of the, claiher Eise of heoadbiUtecomposient i s
further configured to recei ve downstream wavel ength identification fromthe
OLT t Ramptibeh ¢all@fes 2atB )i RN Fhduld Mt urleFsk@BIPENEIBVIde supforORY, nafsvehermi n

t he downstream wavel ength identification is transmtted using a second MAC

layer sflél?-ﬁgeconsisting 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 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.
[0066] 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.
[0067] 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
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16. The apparatus of claim 14, wherein the MAC |layer franme is a gigabit PON
(GPON) upstream burst header for an enbedded operations, adm nistration,
and manageoent2/i3aA8) channel that conprises an indicati @eaT(dN200)2/0736&bd, and
wherein the Ind field includes a wavelength identifier (1D) that indicates
the wavel ength for the ONU. WD 2012/ 136153PCT/ CN2012/ 073659 17. The
apparatus of claim 14, wherein the MAC | ayer frame is a 10 gigabit PON

( XGP transyi ssi on contai ner (XGIC) burst header for an. enbedded ..

bper athnis TRy SOPSIEE 6 CORHaHTGHEHED CORRITEHAT RVt ESTHENEES an
ONU identifier (ID) field, and wherein the ONU ID field includes a

wavel éagpandnd whether plgrieistlbs mpchaiogdy.e A tothergiset hOtimuexampdes phehapgpar at us
of claim 14, wherein the MAC | ayer frane is an Ethernet PON (EPON) or 10

gi gabistbdER@NNEG,1 OeERDAHtiaps treeakeftaigabde byromnsielidibdddtt hogindat¢ould pk made
identifier (LLID) channel that conprises a LLID field, and wherein the LLID
fi el d viinutidgartVieote kengidt dndesdpeldiglosed Byrethat i ndi cates the wavel ength
for the ONU. 19. The apparatus of claim 14, wherein the MAC | ayer frane is
a new gigabit PON (GPON) or 10 GPON ( XGPON) PLOAM nessage for an enbedded
control channel that conprises a plurality of octets, and wherein sone of
the octets are used to indicate the wavelength for the ONU. 20. The
apparatus of claim 14, wherein the MAC layer franme is a nodified gigabit
PON (GPON) or 10 gigabit PON (XGPON) acknow edge PLOAM nessage for an
enbedded control channel that conprises a nodified Serial Nunmber ONU field
to indicate the wavel ength for the ONU.
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CLAIMS

1. An apparatus of a passive optical network (PON) comprising:

an optical line terminal (OLT) component configured to couple to an optical network unit
(ONU) and send downstream wavelength identification to the ONU to indicate a wavelength that
corresponds to the ONU,

wherein the downstream wavelength identification is transmitted using a downstream
physical layer frame comprising a physical synchronization block (PSBd), wherein the PSBd
comprises a PON identifier (ID) field, and wherein the PON ID field includes a wavelength ID

that indicates the wavelength for the ONU.

2. The apparatus of claim 1, wherein the OLT component is further configured to receive
upstream wavelength feedback from the ONU that indicates a wavelength that corresponds to the
ONU, and wherein the upstream wavelength feedback is transmitted using an upstream physical

layer frame.

3. The apparatus of claim 2, wherein the downstream wavelength identification is sent when
the ONU is assigned a determined downstream wavelength channel and needs to know which
downstream wavelength channel is assigned to the ONU, and wherein the upstream wavelength
feedback is sent to allow the OLT to associate upstream transmissions from the ONU with the

determined downstream wavelength channel.

4. The apparatus of claim 1, wherein the downstream physical layer frame is a multi

wavelength PON downstream frame for an embedded operations, administration, and

26



10

15

20

management(OAM) channel that comprises a payload length (Plend) field, and wherein the Plend

field includes a wavelength identifier (ID) that indicates the wavelength for the ONU.

5. The apparatus of claim 1, wherein the downstream physical layer frame is a multi
wavelength PON downstream Physical Layer (PHY) frame for an embedded operations,

administration, and management(OAM) channel that comprises the PON identifier (ID) field.

6. The apparatus of claim 1, wherein the downstream physical layer frame is multi
wavelength PON downstream frame for an embedded logical link identifier (LLID) channel that
comprises a LLID field, and wherein the LLID field includes a wavelength identifier (ID) that

indicates the wavelength for the ONU.

7. The apparatus of claim 1, wherein the downstream physical layer frame is a multi-point
control protocol data unit (MPCPDU) for an embedded control channel that comprises a plurality
of octets for grant and pad, and wherein some of the bits in the octets are used to indicate the

wavelength for the ONU.

8. The apparatus of claim 1, wherein the downstream physical layer frame is a multi-point
control protocol data unit (MPCPDU) for an embedded control channel that comprises a plurality

of octets, and wherein some of the octets are used to indicate the wavelength for the ONU.

9. The apparatus of claim 1, wherein the downstream physical layer frame is a multi

wavelength PON message for a user data channel that indicates the wavelength for the ONU.
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10.  The apparatus of claim 1, wherein the downstream physical layer frame is a multi
wavelength PON message for a user data channel that indicates the wavelength for the ONU, and
wherein the multi wavelength PON message includes a broadcast logical link identifier (LLID)

configured for downstream wavelength identification.

11.  An apparatus of a passive optical network (PON) comprising:

an optical network unit (ONU) component configured to couple to an optical line
terminal (OLT) and send upstream wavelength feedback to the OLT to indicate a wavelength
that corresponds to the ONU,

wherein the upstream wavelength feedback is transmitted using an upstream physical
layer frame comprising a physical synchronization block (PSBd), wherein the PSBd comprises a
PON identifier (ID) field, and wherein the PON ID field includes a wavelength ID that indicates

the wavelength for the OLT.

12.  The apparatus of claim 11, wherein the ONU component is further configured to receive
downstream wavelength identification from the OLT that indicates a wavelength that
corresponds to the ONU, and wherein the downstream wavelength identification is transmitted

using a downstream physical layer frame.

13.  The apparatus of claim 11, wherein the upstream physical layer frame is a multi-point

control protocol data unit (MPCPDU) for an embedded control channel that comprises a plurality
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of octets for report and pad, and wherein some of the bits in the octets are used to indicate the

wavelength for the ONU.

14.  The apparatus of claim 11, wherein the upstream physical layer frame is a multi-point
control protocol data unit (MPCPDU) for an embedded control channel that comprises a plurality

of octets, and wherein some of the octets are used to indicate the wavelength for the ONU.

15.  An apparatus of a passive optical network (PON) comprising:

an optical network unit (ONU) component configured to couple to an optical line
terminal (OLT) and send upstream wavelength feedback to the OLT to indicate a wavelength
that corresponds to the ONU,

wherein the upstream wavelength feedback is transmitted using an upstream physical
layer operations, administration, and management (PLOAM) message for an embedded control

channel.

16.  The apparatus of claim 15, wherein the upstream PLOAM message comprises a plurality

of octets, and wherein some of the octets are used to indicate the wavelength for the ONU.

17.  The apparatus of claim 15, wherein the upstream PLOAM message comprises a modified

Serial Number ONU field to indicate the wavelength for the ONU.

18. A method implemented at an optical line terminal (OLT) for a passive optical network

(PON) comprising:
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sending, using a transmitter, a downstream wavelength identification for an optical
network unit (ONU) that indicates a wavelength for the ONU in a downstream physical layer
frame comprising a physical synchronization block (PSBd), wherein the PSBd comprises a PON
identifier (ID) field, and wherein the PON ID field includes a wavelength ID that indicates the

wavelength for the ONU.

19.  The method of claim 18, wherein the indicated wavelength is a downstream wavelength
transmitted from the OLT to the ONU, and wherein the wavelength is indicated to the ONU in

the downstream physical layer frame to configure the ONUs’ receiver.

20.  The method of claim 18, wherein the indicated wavelength is an upstream wavelength
transmitted from the ONU to the OLT, and wherein the wavelength is indicated to the ONU in

the downstream physical layer frames to configure the ONUS’ transmitter.

21.  The method of claim 18, wherein the indicated wavelength is a downstream wavelength
transmitted from the OLT to the ONU or an upstream wavelength transmitted from the ONU to
the OLT, and wherein the wavelength is indicated to the ONU in the downstream physical layer

frame to synchronize transmissions between the OLT and the ONU.

22.  The method of claim 18, wherein the downstream physical layer frame indicates the

wavelength using a wavelength ID that corresponds to the wavelength.
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23.  The method of claim 18, wherein the downstream physical layer frame indicates the

wavelength using an absolute value for the wavelength.

24.  The method of claim 18, wherein the downstream physical layer frame indicates the
wavelength using a relative value for the wavelength to a pre-determined absolute benchmark

value.

25. A method implemented at an optical network unit (ONU) for a passive optical network
(PON) comprising:

sending, using a transmitter, an upstream wavelength feedback for an optical line
terminal (OLT) that indicates a wavelength for the ONU in an upstream physical layer frame
comprising a physical synchronization block (PSBd), wherein the PSBd comprises a PON
identifier (ID) field, and wherein the PON ID field includes a wavelength ID that indicates the

wavelength for the OLT.

26.  The method of claim 25 further comprising:
receiving, using a receiver, a downstream wavelength identification for the ONU that
indicates a wavelength for the ONU in a downstream physical layer layer frame for the same

channel of the upstream wavelength feedback.
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