WD 2012/ 158080PCT/ SE2011/ 050621 1 PROTECTI ON FOR FI BRE OPTI C
ACCESS NETWORKS Technical field [0001] Enbodi nents herein relate generally
to prot ecwpaniFasoshi bre optic access networks, and in pacrisepdiansdse
protection of connection between an Opfical Network Unit and an Opti cal
Line Termnal in a fibre optic access network. Background [0002] Fibre
opti c access networks connect users to a switching equi pnent of a network
operator for processing and further transport of data signals toward a core
part of the network. [0003] The access network can be either point-to-point
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Wavel ength Di vision Miltiplexing Passive Optical Network, WM PON). The
comuni ckadhnicabfidic ermi nal s are referred to as Qptical Network Unit, ONU,
at the custoner_site and Optical Line Termnal, OLT, in a Central Ofice of

t he net uBPR1lopdrnabedimeni® bareirselptengenrral fapoiectionder fibe erlicsaecasst wor k,
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I ncreasingly inportant for at |east two reasons. A converged fibre optic
access twork needs to support high availability services such as Voice
over 1P, service, Mobile Backhaul traffic, etc. Network operators

Peoro o [APGREY TR G R eh Tabhlks RS (s W BRutEnTY &G URRRATBr PN
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served over the access network infrastructure that connects the end user to

the swi tRaft agthediatyRent . This al so means that potentially nore and more end
custoners could be affected by a single failure. WO

2012/ 15%8égﬂm/ﬁ@é£sg%%&rk can be either point-to-point (e.g. Ethernet P2P) or

point-to-multipoint fibre topology (e.g. Ethernet Passive Optical Network, EPON,
Gigabit Passive Optical Network, GPON, or Wavelength Division Multiplexing
Passive Optical Network, WDM-PON). The communicating end terminals are
referred to as Optical Network Unit, ONU, at the customer site and Optical Line
Terminal, OLT, in a Central Office of the network operator.

[0004] To provide services over the access network, even in case of a failure, a
resilience mechanism is often implemented. This is typically done by protecting a
part of the network with a backup network. Resilience in the fibre optic access
network is becoming increasingly important for at least two reasons. A converged
fibre optic access network needs to support high availability services such as
Voice over IP, Business service, Mobile Backhaul traffic, etc. Network operators
seek to achieve node consolidation, where the network switching equipment is to a
higher degree localized in centralized nodes, to save on operational expenditures.
This means that more and more customers are served over the access network
infrastructure that connects the end user to the switching equipment. This also
means that potentially more and more end customers could be affected by a single

failure.

[0005] A way of protecting the central parts of the access network is referred to
as “dual homing”. In this scenario, a main fibre path between end users and the



2 central office splits into a protection fibre path that leads to a
central office in an adjacent service area. [0006] When comuni cation
cannot bewexerutse@oon the nmain fibre path, the comuni caCrsR2013/05083t ead
executed on the protection fibre path.p However, the protection fibre path
may not be capable of supporting the same transm ssion rate as the main
fibre path, thereby requiring active equi pnment such as anplifiers along the
fibre link in order to anplify and restore the signal as it travels al ong
the fibre link such that it nay be received by a receiving end termnal.
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mai ntai n. Further, "the nal bre path the protection fibre path may
not be @rdjactmnwarmce eraft.h, thereby |rrp05| ng different requirenents on the
main path and the protection path. [0007]In the case the protection fibre
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path, excessive requirements may be imposed on the optical transceivers. Up to

100 km transmission distances may need to be supported. Such distances are

difficult to achieve with low cost optics. Moreover, the link budget of access

networks may be impacted by additional losses such as connectors and

impairments such as bends etc. Thus, a fibre link may just be slightly too long or

associated with losses slightly too high for the optical transceivers to handle. This

may result in a hard stop where the optical transceivers simply do not get the link

up for communication between the two end terminals, the ONU and the OLT.

Summary

[0008] It is an object of the exemplifying embodiments to address at least some
of the problems outlined above. In particular, it is an object of the exemplifying
embodiments to provide an Optical Network Unit, ONU, an Optical Line Terminal,
OLT, a method an ONU and a method in an OLT for enabling the ONU to
communicate over a fibre optic access network comprising the ONU and the OLT.
These objects and others may be obtained by providing an ONU and an OLT and
a method in an ONU and an OLT according to the independent claims attached
below.



[ 0009] According to an aspect a nmethod in an Optical Network Unit, ONU, in
a fibre optic access network, the fibre optic access network conprising at

| east onewOpbixakosbi ne Terminal, O.T, and two fibre patpeTiSER@UWGF6Rhe fi bre
optic network, a nmain path and a back-4ip path, connecting the ONU with the
OLT for enabling the ONU to conmuni cate over the fibre optic access network
is provided. The nethod conprises detecting a fault in the main path

bet ween the ONU and the OLT, during ongoing communi cation. The nethod al so
conprises performng a transm ssion rate negotiation with the OLT over the
back- Up [Bebdr WiRBrding (G BRHESPELR nidth6d it aATIARA NBAIORUHESINLIf SNV and
the OLT duri'’ng the transm ssion rate negotiation wth regard
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nspect . 1R regihpH oMAisRBAReBTg CoREuTicptRn Wit et sk BecadiBetior k.« he
fibre optdfsnfies§iBn Talted Wl tke BABRIUDSIANG. at | east one Optical Line Term nal ,
OLT, and two fibre paths through the fibre optic network, a main path and a

back- up Bath connecting the ONUwith the OLT, the ONU be| ng adapted to
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ONU, during the transm ssion rate negotiation with regard to comunication
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path and a back-up path, connecting the ONU with the OLT, the ONU being
adapted to enable the ONU to communicate over the fibre optic access network is
provided. The ONU comprises a processing unit adapted to detect a fault in the

main path between the ONU and the OLT during ongoing communication. The



[00014] Figure la is a flowhart of an exenplifying enbodi nent of a nethod
in ONU for enabling the ONU to conmuni cate over the optic fibre access

net wor k. WOQOABlssdsogure Ib is a flowhart of an exenpli pygirsg2amosdenent of
a method in an ONU for enabling the OMJ to communi cate over the optic fibre
access network WD 2012/ 158080PCT/ SE2011/ 050621 5 [00017] Figure 2b is a
flowchart of an exenplifying enbodi nent of a nmethod in an OLT for enabling
the ONU to comruni cate over the optic fibre access network. [00018] Figure
2c is a flowhart of an exenplifying enbodi mrent of a nmethod in an QOLT,
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communication over the back-up path, the processing unit is adapted to execute
communication with the OLT using the agreed transmission rate over the back-up

path.

[00012] According to an aspect, an Optical Line Terminal, OLT, in a fibre optic
access network, the fibre optic access network comprising at least two fibre paths
between the OLT and an Optical Network Unit, ONU, a main fibre path and a
back-up fibre path, the OLT being adapted to enable the ONU to communicate
over the fibre optic access network is provided. The OLT comprises a processing
unit adapted to detect a fault in the main fibre path between the OLT and the ONU,
during ongoing communication. The processing unit is also adapted to perform a
transmission rate negotiation with the ONU over the back-up path upon detecting
the fault in the main fibre path. When a transmission rate is agreed upon between
the OLT and the ONU, during the transmission rate negotiation with regard to
communication over the back-up fibre path, the processing unit is adapted to
execute communication with the ONU using the agreed transmission rate over the
back-up fibre path.

Brief description of drawings

[00013] Embodiments will now be described in more detail in relation to the

accompanying drawings, in which:

[00014] Figure 1a is a flowchart of an exemplifying embodiment of a method in

ONU for enabling the ONU to communicate over the optic fibre access network.

[00015] Figure 1b is a flowchart of an exemplifying embodiment of a method in an
ONU for enabling the ONU to communicate over the optic fibre access network

[00016] Figure 2a is a flowchart of an exemplifying embodiment of a method in an

OLT enabling an ONU to communicate over the fibre optic access network.



[ 00021] Figure 3b is a block diagram schematically illustrating an
exenplifying enbodi nent of an ONU, a main OLT connected to the ONU via a
mai n fi brwol2orkispasbh, and a back-up OLT connected to thecONe2miasm2back- up
fibre link path. [00022] Figure 3c schgmatically illustrates several ONUs
connected to an OLT via two fibre path links, a main fibre link and a
back-up fibre link. [00023] Figure 3d schematically illustrates several
ONUs connected to a main OLT via a main fibre link and connected to a
back-up OLT via a back-up fibre link. [00024] Figure 4 is a block diagram
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passi ve [gg{)?@alﬁl %*t%\/\%ﬂ?.Q%%\?g?ﬁgﬁgggggmfﬁi@eﬁggg%?ﬂB?f?aemﬁo efsnce?? bed,
exenpl i fQLhdorezraitingdine ONIY ta costnhgnticate euer dpe pptid fibket aendss BeitworkONU, and a
method in an Optical Line Termnal, OT, as well as an ONU and an OLT, are
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optic aaQEBswhéleiwtte ORTNRabddkhieopat h and a back-up fibre path,
connecting the ONUwith the at | east one OLT for enabling the ONU to

communi cate over the fibre optic access network. The enabling of the ONU to
conmmuni d9P@19lo\dgurend isi Ebf'"éWSfb@rit of ap exegphbtng erboginent ofe Rethedigramne LT

i S ensur, | ; ] main fibre path or Iink between the
ONU and ?ﬁ@w%@bﬁ?k?d@ﬁ%}%@zgﬁ 050621 6 OLT is detected, performng
a transm ssion rate negotiation with the OLT over the back-up path.

[00020] Figure 3a is a block diagram schematically illustrating an exemplifying

embodiment of an ONU and an OLT connected by two fibre link paths.

[00021] Figure 3b is a block diagram schematically illustrating an exemplifying
embodiment of an ONU, a main OLT connected to the ONU via a main fibre link
path, and a back-up OLT connected to the ONU via a back-up fibre link path.

[00022] Figure 3c schematically illustrates several ONUs connected to an OLT
via two fibre path links, a main fibre link and a back-up fibre link.

[00023] Figure 3d schematically illustrates several ONUs connected to a main
OLT via a main fibre link and connected to a back-up OLT via a back-up fibre link.

[00024] Figure 4 is a block diagram schematically illustrating an exemplifying

embodiment of a part of a passive optical network.

Detailed description

[00025] Briefly described, exemplifying embodiments of a method in an Optical
Network Unit, ONU, and a method in an Optical Line Terminal, OLT, as well as an
ONU and an OLT, are provided in a fibre optic access network, the fibre optic
access network comprising at least one OLT and two fibre paths or links through
the fibre optic access network, a main fibre path and a back-up fibre path,
connecting the ONU with the at least one OLT for enabling the ONU to
communicate over the fibre optic access network. The enabling of the ONU to
communicate, over the fibre optic access network, with the at least one OLT is
ensured by, in case a fault in the main fibre path or link between the ONU and the



[00026] It shall be noted that the expression "fibre path" or sinply "path"
W ll be used herein to refer to a fibre link or a fibre path link. [00027]
An exenplwbybrgisessbodi nrent of a nmethod in an ONU in a fipbrsEonticsicaccess
network, the fibre optic access network conprising at |east one OLT and two
fibre paths or links through the fibre optic access network, a main fibre
path and a back-up fibre path, connecting the ONU wth the OLT for enabling
the ONU to comruni cate over the fibre optic access network will now be
described with reference to figure la. Figure lais a flowhart of an
exenpl i fyi 1gs 6oReldTRRHORNING ABERSRidSTor Rkt hoboRARR] e tidBLIbdrdne

communi cate over the optic fibre access netwo [ 00028] In this exanple,

t he net HeEtkdqopath.an ONU for enabling the ONU to communi cate over the optic
fibre access network corrprises detecting 110 a fault in the main path
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communi dﬁ@@%ﬂs&wxpmﬂ@fy@mem P%‘Q‘Qrﬁé’féd’ﬂ@@@dt'ﬂz@ﬁ skinghiibrge@ptisver t he

back- up pa 9] es. By
provi di ng a B’gﬁ%bgteh etﬁlgn t%geélg%%v BJBP[ﬂ) @ég ta(%)nnée16 q-?érﬁg cost
effecti \/twovﬁdyetpatrmmlems threughpthedibrée bpac accmnetmonk;ramam tote pated. By
provid| otiation procedure I y be.of |lo

st andarihd aRackupd e seth Eo8ngrio g oRBRNiH Tae i B EsaBUt iR ¢ ray
not be_GaRafRuGtaftdRathe Rerd Bet.cséé@s%r@ms}ks@m%w%%seﬁbé@w.ﬂﬁa' n fibre
i nk. By providing the negotiation procedure, comunication may still be

p]?smh bl erefeﬁellnceato bguredis ddguretia lslamﬂmcfmgtaamreexaﬁlpiIWg embedlmenisofzﬁe not
1€, Q. i aT
i 11 or erbenggia Oy 5 haditg h8 DRGSRV o0t pethiple B O

2012/ 158{3WBkKkT/ SE2011/ 050621 7 support the sanme transni ssion rates even

t hough the fibre |inks themsel ves may be of the sane quality, since the
| onger fibre path may typically not be capable of su @ertln t ransm ssi on
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communications with the OLT using the agreed transmission rate over the back-up

path.

[00029] This exemplifying method has several advantages. By providing a back-
up path between the ONU and the at least one OLT, a cost effective way to protect
the optic fibre access network is achieved. By providing a negotiation procedure,
the back-up link may be of lower “standard” and thus less expensive. By lower
standard is meant that it may not be capable of supporting the same transmission
rates as the main fibre link. By providing the negotiation procedure,
communication may still be possible, but at a reduced rate. In an example the two
fibre links are not of the same length, e.g. due to running between the ONU and

the OLT along different routes or paths. Consequently, they may not be able to



[ 00031] In another exanple, the detection of a fault in the path between
the ONU and the OLT conprises receiving statistical information froman FEC
decoder biockifrsemsowhi ch the ONU deternines that a faul pchas2acosumseed.
[00032] This neans that in one exanple; the ONU receives an alarm e.g.
fromthe COLT and the performng 120 of a transm ssion rate negotiation with
the OLT over the back-up path is initiated by the OLT. In another exanple,
the ONU detects the fault in the main path between the ONU and the OLT and
initiates the perform ng 120 of a transm ssion rate negotiation with the
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paranmeters, whjch when used for comrunication on a fibre path will affect
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Some exanpl es suc araneters are Forward Error ction, FEC,
cryptographi c capabilities and usage, nodul ation format and paraneters.
[ 00037] [BOQ@30]diAagordingho antertlbodinment.tthe detestingi ofsi anltrimtlee megofibret i on with
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fault.

[00031] In another example, the detection of a fault in the path between the ONU
and the OLT comprises receiving statistical information from an FEC decoder
block from which the ONU determines that a fault has occurred.

[00032] This means that in one example, the ONU receives an alarm, e.g. from
the OLT and the performing 120 of a transmission rate negotiation with the OLT
over the back-up path is initiated by the OLT. In another example, the ONU
detects the fault in the main path between the ONU and the OLT and initiates the
performing 120 of a transmission rate negotiation with the OLT over the back-up
path.

[00033] According to an embodiment, the alarm is one of “loss of signal”, “loss of
synchronization”, “low signal level”, “loss of data structure” and “high bit error rate”.

[00034] An example of “loss of data structure” is loss of bytes, loss of words, loss
of blocks or loss of frames. All of these alarms described above will indicate to the
ONU a fault has occurred on the main fibre path toward the OLT and will trigger
the ONU to perform a transmission rate negotiation with the OLT over the back-up
path.



[00038] In an exanple, the ONU perforns the transm ssion rate negotiation
with the OLT over the back-up path before any fault is detected in the main
fi bre patwo 20tvissoseans that in case a failure occurs i npcirsEpminsdeebr e
path, the ONU is able to quickly switgh over to the back-up path. In one
exanple, the transm ssion rate over the back-up fibre path is negoti ated
bef ore any session is ongoing between the ONU and the OLT over the main
fibre path and stored within the ONU. |In another exanple, the transni ssion
rate is negotiated over the back-up fibre path when comunication is

ongol ng [aHESs! MRl i SfifaR¥rfhod FBABTh MEHGE it Ihd ONU frgghart of an
exenpllfylng enbo for enabling the Uto

conmmuni mmrm%rnegwabm |1équr1@rQr raor&aﬁgthmepammete[rs)ﬁﬂb@pseddm ding to an

i betraRofRaRengRahe ARE B breal RebiGar P oD S e bLac “perore

performng 120 a transm ssion rate negotiation with the OLT over t he

back- up [00036] PRidhe ape bitwrPargméleks awhichsihdr agesdrics topmusicatieentd at i on
with the OLT over the main path. If a transnmssion rate is agreed upon

bet ween ftthe peRUVERITedh éhedirangmissiy fate of thesprobeliitnPEeing abk © negoti ati on
111, t h%u&%{er anléﬁ}%’f%‘\Lﬁﬁéatg)é‘?%uéér&?@]grgﬁsr?\w}a‘f@\/\#lt?}% W Lt fl T using

t he agr Sslon rate over ransm Ssion rate is
not agr eatk. lﬂmmeemnmmaﬁﬁ?ﬁﬁefﬁé(ﬂém@éﬂﬂEﬂobebmnom JEECONU and t he
T duringtheflrst transm ssion rate 1g@%lat n 111, the net hod

conpr i s&EYRIRBFaRNE RaPadilfies BPRES M 8 rR?g’j%’f“ﬁEﬁrﬁon with the

OLT over the back-up path. Wen a transm ssion rate is agreed upon between

the ONU[gpd3t h?\c@e?dlﬁg'% Af énh@ocﬁﬁ@h'f‘Cihértr%'h%%%%@Paté%oﬂﬁ%‘rﬁ withitag, the
met hod corrprl ses executing 150 communications with the OLT using the agreed

t r ansni 8k beomgriseswonfimhiaghiselafm prerhegdteded thnsmissidrsratertnidinegatd ta t i s

preferred to use th%vnp n flt?(f E h for executing communication with the
OLT. | n SRYY 85%'% th Cﬁﬁ: V'R ? ttenpts to reestablish connection with
the OLT via the main fibre path and tries to negotiate a transm ssion rate

wi th t hgogb3BJoVemntdxanisiethiel ONE pafdrmsTihesrarisnibsioatrart eshotiatibhgutre | b by
step 111. If the negotiation with the O.T over the main fibre path is not
successftie Olshewer the hagkngypeibhigfaieeany Bulitis getentecdhin ke m§'nof&¥§§rﬂaﬁéd in

thgggsﬁrﬁs merﬁghm%gﬁ f)é{nlbﬂésgogéﬂggut gi?halmﬁ?rteg%&#ob%rﬁq r}jldrlglton fibre
pat h as duickly atvéédh ionestoethelddek-up path. In one example, the transmission rate

over the back-up fibre path is negotiated before any session is ongoing between

the ONU and the OLT over the main fibre path and stored within the ONU. In

another example, the transmission rate is negotiated over the back-up fibre path

when communication is ongoing over the main fibre path.

[00039] Figure 1b is a flowchart of an exemplifying embodiment of a method in
ONU for enabling the ONU to communicate over the optic fibre access network.

[00040] According to an exemplifying embodiment, wherein upon detecting 110 a
fault in the main link between the ONU and the OLT, the method further
comprises, before performing 120 a transmission rate negotiation with the OLT
over the back-up fibre path: performing 111 a first transmission rate negotiation
with the OLT over the main path. If a transmission rate is agreed upon between
the ONU and the OLT during the first transmission rate negotiation 111, the
method comprises executing 155 communications with the OLT using the agreed

transmission rate over the main path. If a transmission rate is not agreed upon



[00042] In an exanple, the nethod conprises determning the severity of the
fault indicated in the alarm For exanple, "loss of signal"” will cause the
ONU t o diwecrbizyissespti at e transm ssion rate negoti ati on wCrlsERhie/os§ldsi1 over

t he back-up path, whereas for exanple dglow signal |level"™ or "high bit error
rate” wll cause the ONU to first negotiate a new transm ssion rate over
the main fibre, which transm ssion rate probably wll be |lower than the
currently used transm ssion rate, before initiating transm ssion rate
negotiation with the OLT over the back-up fibre path. In this exanple, in
case. tNedBB8 e B ahdlifie RATPELAL Bt Hist ah&ifissloh @XEhebbfatBh M1 bre
path i s successf ul conpar €5 the negotiated transim ssion rate over
t he mai rthemhﬂtboq*ja:omartsea Wmmi?@aaﬂacondm@mmnmn rateenegodatiohwitback- up

fibre p dde ding on the result of .this conparison the U deci des
to et t hapOQIeE e BE AT S Pr b AT RelaaB Pt r4iReS AL YR ORAS st ng
the negahé@Ied driceheDEP UgﬂngQﬁé*s@éorﬁd)tréﬁéﬁﬁ%%%rﬂ%@ﬁé?@ﬁ’éﬂdhn tHdmidfifodOL T
over the back-up fibre path using the pre-negotiated fransm ssion rate

[ 00043] C%Wr&ﬁsr@(etcytl@@ i160 comraupigationrswith e GLiTr ¢3ing the egiesst on rate
negot i at e main path results in a transm ssion
rate mlttﬁi&”ﬁ&% %{é %ﬁ%%??%%é CT/ SE2011/ 050621 10 than t he

transm ssion rate used before the detection of the fault in the main fibre
pat h bet[me@m It he tldnaratiitneet, @i prdleereaibhee theenaifidibrd patciomexeseting

conparing 114 the neqgot|ated transy ssion, rat nthe ONU and the OLT
ovglr) t hé an9§¥'9”%8 I‘Fh?ﬁ%'- r@SH@B] ¢afe pi#@ﬁfséﬁt@mm%lt%r%etmen t he
ONU and ééf@m@tho%%&t.émltH%ﬁgmmtahheInﬂa.h%r@?at e%ﬁa fibd toMYBriRd gn rate

over the main path I's |ower than the pre-negot transm ssion rate over
t he bacKransnpasibn rateewitfetteo@Ld cover itise sadx fbre path. This |sdlmtmtedam|fcgweto t he

OLT over,,the ckup th usi.ng the otiated transm ssion rate. If the
negot | s oY sianet E4f Bk hetpbAioentriibe ol b Sk the bk RGP B dhe

pr e- negadicabsstiuf, 1S teSmeMod @rin@8 to sy P2E Whith Baidacrib&@h fig\@emei hod
conpri ses executing 155 comunications to the OLT over the main path using

t he negdbitaisexemuiindng ssibadimant if theoegaliatian istruccessit| heansni ssion rate

negoti atelPafelb b b el vitihe O BB A hod ERTRSIdica bR o”

transm sggpnspat e used before the detection of the fault in the main fibre
path. If the negotiated transm ssion rate is the sanme or higher than the
transm ssion rate used before the detection of the fault in the main fibre

path, tHBROHA dn gegsEMRIBdNeBRNIRCcaBRrISes detpaningngRaYeaReelPng 155
communi cfgam Mid el hgg%%r ag’rﬁ?FﬂF BBl |65§5Ps. 5h will Egasé thd ONistg ated in

figure | bysep ecking Tf gotiated transmssion rate is
| ower t harectihénitiaterisansesission watemegz:émtleWnthther@L'ﬂet/ectheotoacﬁup pbatH,aul t in

t he malnflbre th Q | f the,ne Qt tedtra Sm.ssion i,s,| ower
than ¢ hai9 BRS AERPB Ak Higbl e o6 b Biceat B W Ceite HELONG 0 he
mai n i bfret rﬁl%}dﬁeté B%w Fraﬁérﬁf%lothera@b@@rttﬁﬁwﬁﬁl fiRe EWRRHItRTSANEZIBH ¢alel ON
over the back-up fibre path. It may be that the negotiated transm ssion

rate overobakly el beflowereth@atthe|oyrne@ﬁleuseﬂérransﬁéssmra®tm eefoom initiatingused

before the dete n of the fault nf| re h .11 higher
Chan thdirETnEgRr it GedAine Mtura LRKER IR 4ok BB oS | oooder To
find thigaeyile, ihtaserhE ahneaTRYIOS Este GRIgDERTIOY With4hé I TNeg@tthatreginrate to a
pre-negotiated transm ssion rate over the back-up path. As was descri bed

above, tfipge PalthisraussEssul dhe CNAd comparea the rﬂﬁgqﬂﬂtw fransmisgipreseagpver
negot i atigd \Daf e B ¥ 4 Brd-REg&tated transmission rate over the back-up fibre

path, and depending on the result of this comparison the ONU decides to either
execute communication to the OLT over the main fibre path using the negotiated
transmission rate or to execute communication to the OLT over the back-up fibre
path using the pre-negotiated transmission rate

[00043] According to still an embodiment, the first transmission rate negotiation
111 with the OLT over the main path results in a transmission rate which is lower



WO 2012/ 158080PCT/ SE2011/ 050621 11 [00047] If the negotiated transm ssion
rate over the main path is | ower than the pre-negotiated transm ssion rate
over the wecktups@at h, the nmethod conprises executing 1P6éTsepnunswati ons to
the OLT over the backup path using thegpre-negotiated transni ssion rate.

If, on the other hand, the negotiated transm ssion rate over the main path
I's higher than the pre-negotiated transm ssion rate over the back-up fibre
path, the method conprises executing 155 communications to the OLT over the
mai n path using the negotiated transm ssion rate. [00048] According to an

embodi MaRLy td16aRBHiERIAMRS ﬁééé%e‘férbhhé\ggtéﬁﬁbﬁ'cﬁ%é Yauh ﬁtthﬁ%alﬁlﬁ'ﬁﬁe over the

fibre optic network, a main connect U via the main fibre
pat h andaih b&bﬁ(eerptf@_@l\ktbaln@meaﬂ)LtToThBemG]NUdvthan flréhdranopnsesi br e pat h.

00049] Accord 11 an, enbodi | i At whi ch
are. sonicraoq g bid hechoeq et BAPal ML S hended s RERERET (e cnu
over the i hidki paipkith #ie pRl AegsRN Céd&r@n&ﬁﬁs%kté%e@&@eﬂwoﬁ\f@ back- up

fibre path. [00050] In case onmuni cates with two separate OLTs
over thernd thecObpover the: bagip rethelf thengyetinied esamissiemeatequerthg t he mai n

e, Sqharrriaf Kt it B o PRREIRE LRt By R RIB 1 °

back- up @tﬁ,tthemoﬁrmsmﬁmIQ@CUM@1neg1@tmmum|@atumt$ﬁm@som©vdeﬂte ned to
the main OLT, enables the back-up OLT to "nonitor” the main COLT. In other

wor ds, taRekgR®Rs uHsmﬁheﬁﬁe@%ee@teﬂﬂtﬁﬂ%w@ﬂ5%*@:14@@13@@993@@0. ation
eSS ageS 5 RAks AT S, P kit BSUTRIMlgfbrlinahiing BFe hegRsATLES! on rate

negotiation is successful se the’transm ssion r e negotiation is not
successftransnibsiobaate ayer @hd baskiup ndih,sthwyhemé:thed compriske exetuting as wi | |

be descrj hed bel ow ording to . sti nbodi ment .of the net hod
'n the 98 CAREURIERS 42 i R g1 sk B iaid paih LSha e B6optated synchr oni o ng
the ONUigdHdntibsioRasteup OLT before the negotiation of transmission rate is
performed. WO 2012/ 158080PCT/ SE2011/ 050621 12

[00044] If the first transmission rate negotiation 111 with the OLT over the main
path is successful, then the negotiated transmission rate can be the same, higher
or lower than the transmission rate used before the detection of the fault in the
main fibre path. If the negotiated transmission rate is the same or higher than the
transmission rate used before the detection of the fault in the main fibre path, then
this negotiated transmission rate is used when executing 155 communication to
the OLT over the main fibre path. This is illustrated in figure 1b by step 113, i.e.
checking if the negotiated transmission rate is lower than the transmission rate
used before the detection of the fault in the main fibre path.

[00045] If the negotiated transmission rate is lower than the transmission rate
used before the detection of the fault in the main fibre path, then it might be
advantageous to execute communication over the back-up fibre path. It may be
that the negotiated transmission rate over the main fibre path is lower than the
transmission rate used before the detection of the fault in the main fibre path but
still higher than the pre-negotiated transmission rate over the back-up path.

[00046] To find this out, the method comprises comparing 114 the negotiated rate
to a pre-negotiated transmission rate over the back-up path. As was described
above, the transmission rate over the back-up path is in an example negotiated
beforehand with the OLT.



pat hs between the OLT and an Optical Network Unit, ONU, a main fibre path
and a back-up fibre path, for enabling the ONU to conmuni cate over the
fibre optwoarxesmonetwork will now be described wth reCersepaeosmw2fi gure
2a. [00053] Figure 2a is a flowhart gf an exenplifying enbodi nent of a
method in an OLT enabling an ONU to communi cate over the fibre optic access
networ k. [00054] According to an exenplifying enbodi ment of the nmethod 200
in the OLT, the nethod conprises detecting 210 a fault in the main fibre
path between the COLT and the ONU, during ongoi ng conmunication. The met hod

al 5o comNIFES IPFE!GHAPRENdniss BRSNS 8| A6 EIART Rhlepinf i t he ONU

over the up path upon detecting the In the main fibre path. Wen
a transrpregiagotiatadetransnuigsioadatgpoverdbe waek-upheatl theamethadecapnpsisetur i ng t he

transm ssiaon.ra negotiation wth r rd t o) ni catian er the back-up
fbre pavrelind " TechbinbBkafondle Qe BT ol Betbai i k8herbBlaren < ne- ow
usi ng thfé%@)jﬂé%dtréﬂis#ﬁi%gbﬁsﬂa@ If, @th@‘&ﬁertHth?Wné@otfdt@d @raﬁ@ﬁrﬁ%sicﬂrﬁ)0055l

Thi s exe i fying nethod has several advantages. By providing a backup path

bet ween refe0\@ithamiainatoisthighecthan thefsetegetiakey ttansprissiesrateneveaspt i c

fibre a ' [ i di.ng.. ek cedure, the
backup EpeeRy roBEPatdfe R sBrnsak eRfu J8E B RSB R  cver

st andar dhé ©OlUTeanér theahaintpatayisimgt theehezniatddtrafsraigpiparratelg t he sane
transmssion rates as the main fibre I'ink. By providing the negotiation

B examDR0F8e Auksrding (@ aniamodiend B eIV oraHBcaBrgen SO ghvaaN o
rUnni N gikeen 11, P A5t b Fbihcik Cffh L6 Efndchll BSURIORRES O e 0.

due to being connect 0 separate physi . Consequently, they may
not be dbéenaio fiboppetit andhe tsakeup Oahsonssctad todhe ONVera theobatk-tupdibfe br e
Il i nks thensel ves may be of the sane quality, since the longer fibre path
may typit€allly not be capabl e of supporting transm ssion rates as high as
the shorter fibre path. It may be desirable to make the two fibre paths run

al ong di[bbesgntAdcording td BtiPhAMBAYiment, RAMdgatiaBes endsebyes ReHch aleh case one
fibre link should be broken due to a cut, the other fibre cable will not be

subj ect Sept ththesagin QL intthe frapgméssigroraie aegptiatianewith thheONU pyesien cases,

on' t he_B0e. e Felh B AR Rl S0BtITs 1R bRE6ED Bs il Oso621 15

back-up fibre path does not support comrunication at the sanme transm ssion
rate as [00@50Miln chsbtiee QN copDOOT6htedarithr thargeparatenOkiTh adientd fibrehe

detection of a fault in mai n fibr th between the OLT and the ONU
conpr | saPEaevofing ATPLT FErREries Pt NURATE MesoBuRPathREdfoans. that
I'n one ed%%'mzc? LiM@rAebtdLothé &N BNiA 4 Bacieup fibkd Bﬁirﬁlggﬂ@g\lﬁ”d the

O
perform ng 220 of a transm ssion rate negotiation wt U over the
back- up tpatsmission matei regadiabign nhessaiges also tanibeH@Eckexa®@blTewhidie OLT det ects

per f or mUFEIDH6~1GR A RERU 08 Moo PES AFEGBENARY BTGTDRT e ENPRRR g ho'
back- up gakbup OLT to “monitor” the main OLT. In other words, the back-up OLT can

deduce from the transmission negotiation messages sent from the ONU to the

main OLT, if the transmission rate negotiation is successful. In case the

transmission rate negotiation is not successful, the back-up OLT is in this way

enabled to take action as will be described below.

[00051] According to still an embodiment of the method in the ONU, the
transmission rate negotiation comprises first synchronising the ONU and the
backup OLT before the negotiation of transmission rate is performed.

[00052] An exemplifying embodiment in an Optical Line Terminal, OLT, in a fibre
optic access network, the fibre optic access network comprising at least two fibre



[ 00058] In another exanple, the detection of a fault in the path between
the OLT and the ONU conprises receiving statistical information froman FEC
decoder bivockidrsgisowhi ch the OLT determ nes that |ink pectseEpanosicbas
degraded to unacceptable | evels. [000%9] According to an enbodi nment, the
alarmis one of "loss of signal", "loss of synchronization", "low signal

| evel ", "loss of data structure" and "high bit error rate". [00060] An
exanple of "loss of data structure"” is |loss of bytes, |oss of words, |oss
of blocks or loss of frames. Al of these alarns descri bed above wll

| ndi cat qydyds bbyddnlit dev Iahdfﬁﬁogﬂe&rm&wo% Unfte o M Fridif foRAbatntpuepr d the
ONU and w |1l trigger the OLT to performa transm ssion rate negotiation

wi t h t hea laatk-opdibre pathhiarkengblipgtihe ONU itg candeursicatedveh dhe fibre optie event
that main _and backup OLTs ar hysi cal. | eparat e. equi,pnent, a

conmuni C%CPEﬁEeF‘I’YQ{ WENQRERE gﬁg?ﬁ}lb&‘ﬁg\wﬂégefgﬁ%ﬁetat(?ef@@%gﬁge t he necessary
status and event information. [00061] According to an enbodi nent" the

met hod i[00058] @idurelrd ikes fiGWOmdrt BESN RRBATDIBLiNA8MDbIAirnest ¢fra Metitod wrarmer
parameters_to be used for comunication on the back-up fibre path between

t he OLT @rH enrpblimgven ON to gopmugogisreyer dre b opfibaacess MahwoBe] There are
ot her paraneters, which when used for communication on a fibre path wll

af fect o84 ANsKhaihg o bAleeMplfiy BhtRRRnkhE o L ehBd AR theoLT
u a cper 619

successf y ‘conmuni cat e at n transm ssSion rate w thout excéss bit
error rahem&boe cexariskes dedtéctmg (parfauteinghe raaia fiboe watrdbéimean tBer r ect i on,

FEC, t [ bi.lities, d e, .. | ati t d
e LT I R e RN
negot i atdepibriind1200@ tkAWMdrsi8BhiraRSnEgtfatibRivth HECORU Gvat'tRe BaBRIIpAL ed

transm ssion rate wth regard to conmunication over the back-up path.
[ 00064] FEtyupenZieteciing thedalh i theohaiarfiore eaph.iWheng teaiasadisaiontratsf isa met hod

0 an OLTL9h B8R RIGer S QLY 4 FEBNY, aHRg M rahlfidRlA Sl bre access
negotiation with regard to communication over the back-up fibre path, the method
comprises executing 231 communications with the ONU using the agreed

transmission rate over the back-up fibre path.

[00055] This exemplifying method has several advantages. By providing a back-
up path between the ONU and the OLT, a cost effective way to protect the optic
fibre access network is achieved. By providing a negotiation procedure, the back-
up link may be of lower “standard” and thus less expensive. By lower standard is
meant that it may not be capable of supporting the same transmission rates as the
main fibre link. By providing the negotiation procedure, communication may still be
possible, but at a reduced rate. In an example the two fibre links are not of the
same length, e.g. due to running between the ONU and the OLT along different
routes or paths or e.g. due to being connected to separate physical OLTs.
Consequently, they may not be able to support the same transmission rates even
though the fibre links themselves may be of the same quality, since the longer
fibre path may typically not be capable of supporting transmission rates as high as
the shorter fibre path. It may be desirable to make the two fibre paths run along
different routes in order to further increase robustness. In case one fibre link
should be broken due to a cut, the other fibre cable will not be subject to the same
cut if it runs along a different route. In such cases, the negotiation of transmission

rates enables communication to be executed on the back-up fibre path in case the



[ 00065] According to an exenplifying enbodi nent, wherein upon detecting a
fault in the main link between the OLT and the ONU, the nethod further
conpri seswbehmes@er f orm ng 210 a first transm ssion ratreTsegatiostcepn Wit h
the ONU over the backup path, perfornygg 211 a first transm ssion rate
negotiation with the ONU over the main fibre path. If a transm ssion rate
is agreed upon between the ONU and the OLT during the first transm ssion
rate negotiation, the nethod conprises executing 232 conmunications with
the ONU using the agreed transnmission rate over the main path. If a
Lransm RIS i@ dath iRles 3t SGEoLREBARINES LT BetnENdNAg HahBifisSlich (e ng the
first transmssion rate negotiation, the nethod conprises performng 210 a
second tasathermsaivifdoe patle negotiation with the ONU over the back-up path.
When a transm ssion rate is agreed upon between the ONU and the COLT during

t he sec ansnission rat egot i atjon, t h o | ses.executing
231 comuipask Pamerdhg o ol sTeREA et ghe Metad B 4 BT IR BT PEEC G er t ne
backup pgaith belWe86tHe ODTtNdStherdN U (ﬂﬁ'ﬁpniséslreicéivm&éﬁrareﬁﬁ ihBlicasiag the mai n
fibre path for executing conmunication with the U. In such a case, the
OLT firdeulattenpts to reestablish connection with the ONU via the main
fibre path and tries to negotiate a transm ssion rate with the ONU over the
main fi t e S e Shb LN t he
negot i atlo0PTh (s Resprinal berte Glefbikhiq OLTReteve af Rt g fom ™, hen
t he net lbd QMUtandube perfosinapy 220 ohhitamsiEssles catebesgjatiation gutheth&ONUWO
2012/ 158080PCT/ SE2011/ 050621. 15 I n thi enpl i fyi ng enbodi , if the
negot i atqvﬁﬁth‘%éégﬁb@ hyfs P%@#Qbﬁ%b@ﬁf%%@%@%ﬂ@g %etnéﬁ[%he ONU over
the mai nydibkts et iRThé PkiA Yo bbfivedrtMedSET ahRARE ONBGHHRS Hitated Mean
enbodi ment, the first transm ssion rate negotiation 211 with the ONU over
t he mai rpgstariming:220 0$ aitransmissior natesiegotiatior wilhi tok QlsT byekrihet beok-uhe
transm ssi,on rate used before the detection of the fault in the fibre path
bet ween Raﬁ}% ONU and the OLT, the nethod further conprising conparing 214
the negotiated transm ssion rate between the ONU and the OLT over the main
pat h wi t{b005¢] pPhemnbeartexahtsle ttharipiecNAT & Lk ibeievpath hdtweehithe@LT he OLT

over the backu(s ath. If the negotiated transm ssion rate over the main
path i s aslibe @NEhcamerispsereselybta sipdgtiqal fHermationioman FEiedesaterpack- up
path, t ; i | scatisigorc VN U over the
backup E@?ﬂ?ﬁgﬁﬂﬁﬁ@ ﬁgﬁ%?g'?rngét%w ([ﬂeggh%ﬂlgnl{g% ssion ra@e&dégﬂagﬁg té?:goti at ed

t ransm asiagoeptabée levels.t he main path i s higher than the pre-negoti ated
transm ssion rate over the back-up path, the nethod conprises executing 232

i cat o the ONU he g th usi ng. £ h tiated
r ansni JOPOROL ARordBaGRan arrbRdiEentraE dhiS R PP St oAl o SN 211
with the/BRkRtichhe dR sigrarilel o' G406rERS lé‘truciuﬂé’naﬁdi‘%i?ﬁ%ﬁltérﬁir%te”.

transm ssion rate can be the sane, higher or |ower than e transm ssion
rate used before the detection of the fault in the main fibre path. If the

negot i at(8a080]aynexample ofatassiof date skueireris fosghrirovies noshef werglss 18sssi on
: . 3 AT oh
This nedliRedd bebef faties A oflesB%iady bradtidseadleWitiBaBal e ot T on

to the @UIevaulthhe oreurredidnrtte madin.fioFéipath wdrt Wisé GN@dndrwiflitdgger 2b by
step 21 i.e. checking if the negotiated transm ssion rate is |ower than

3
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pat h, t lseparateraquiimeénet, acccamihageatisns tnleketwden themmenaldas ttiemdoer t he
i otiated transm ssion rate over

back-up fibre path. It may that the n

The mar PATEReC B heresPolaRtut 40 eHET PEIGIATEE: on 1 ate used bef or o the

detection of the fault in the main fibre path but still higher than the

pre- negqbpes fd AdceR§ing 36 bRrBEENRYEr, thBendtRed iMheP@LIT-further comprises
negotiating 230 one or more further parameters to be used for communication on

the back-up fibre path between the OLT and the ONU.
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conpri ses conparing 214 the negotiated rate to a pre-negoti ated

t ransm sswonorzatssosover the back-up path. As was descri bedTsBomensiche

transm ssion rate over the back-up payh is in an exanpl e negoti ated

bef orehand with the ONU. [00071] If the negotiated transm ssion rate over
the main path is |ower than the pre-negotiated transm ssion rate over the
back-up path, the nethod conprises executing 216 conmunications to the ONU
over the backup path using the pre-negotiated transm ssion rate. If, on the

other hapgpesher H’é‘?@%ﬁfé garré’f%fE@S\Nﬁl'&hrvﬂﬁéh Q&d fdrbb%rﬁFﬁbh‘uc?ﬁ% oh% hi gher

than the pre- negotlate sm ssion rate over the back-up re path, the
met hod dﬂm@paﬁewnlee(tanhthmgaasmlasmmmeoathe)plsnbtabmtytef htunlg@b&tot he mal n path

usi ng the ne I||ated transm S|on,[ra%‘r r{r]OOO 2 ¢ cC

obod manCe RS o 2 el R nai s A i B0t SRt Bt on, T br o
pat h angatd1&Sdmaé kxsimpld biesurAt Jara frfers e HopwENUEABE Corfeatdn UPECLT. [ 00073]
In this case, the main OLT and the back-up O.T are physical 'y different

entiti eSCFYFPtﬁg@DWAG(é@m@“tIQSh@’W u$2ge, seedatiomfarmat easwagemgieiphi cal | ocati on
and i n anot her exarrpl e, they are located at two di fferent geographi cal

| ocatio 00y it y! inin
case t ndoBYeql et o B8 o B EBint 18 ERBl Ao ke Mgl IR, 11 2,

i nstructONb ¢ompmr£e§3m1trrmmgl§e of Apre-megotisteddrarsnsision rategwittheedzadk- up OLT
to initiate transnission rate ne ot| tion with the ONU over the back-up
fibre pat?t?on[rﬁﬁ@"?gﬁ'on RVemine Ragkr *he main OLT deternines, e.g. as

expl ai ned above in step 216 that the comuni cation is to be executed over

the backogged) tlfughrléaéthrs al tt@w&mr*ﬂo%ﬁ e&@ﬁtbhﬁ@r@érr%o’étrﬁ@ﬁt‘ of Q] kA i &¢

I nstruct's the baCk-up OLT that it should eXecute communication to the ONU
over theObhdd- Qmatﬂlngrtleeﬁbmuto[coowmﬁ]lcate aMer the aptieskilbrgphecest nefworket hod in a
main OLT, all negotiation nessages which are sent to the ONU in the

{ransm $8b0gst HEeRERG 1 AhiRifind WhsTHnEKE WIS THoh dd@bnd 2 hLE" ©
in the main link between the OLT and the ONU, the method further comprises
before performing 210 a first transmission rate negotiation with the ONU over the
backup path, performing 211 a first transmission rate negotiation with the ONU
over the main fibre path. If a transmission rate is agreed upon between the ONU
and the OLT during the first transmission rate negotiation, the method comprises
executing 232 communications with the ONU using the agreed transmission rate
over the main path. If a transmission rate is not agreed upon between the ONU
and the OLT during the first transmission rate negotiation, the method comprises
performing 210 a second transmission rate negotiation with the ONU over the
back-up path. When a transmission rate is agreed upon between the ONU and the
OLT during the second transmission rate negotiation, the method comprises
executing 231 communications with the ONU using the agreed transmission rate

over the backup path.

[00066] In this embodiment, it is preferred to use the main fibre path for executing
communication with the ONU. In such a case, the OLT first attempts to re-
establish connection with the ONU via the main fibre path and tries to negotiate a
transmission rate with the ONU over the main fibre path. This is illustrated in figure
2b by step 211. If the negotiation with the ONU over the main fibre path is not

successful, then the method continues to step 220 which is described in figure 2a.
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in a min OLT, the nethod further conprises receiving a request fromthe
ONU t o eswehbixstss@onmuni cation with the back-up O.T, wheceisE2déithesosei n OLT
sends a request to the back-up OLT toqgxecute communication to the ONU over
t he back-up fibre path. [00078] This situation may arise when it is the ONU
that determ nes that the back-up fibre path is to be used to execute
comuni cation to an OLT, in this case the back-up OLT. Then the ONU sends a
request to the main OLT where the ONU requests the conmunication to be
execut el QiglexeRHIRARYK b Enti e HRBORARKUR DlcFesdipthehhe main OLT in
turn sends a request To the back-up OLT to execute conmunication to the ONU
over theoparoknicption s exgraded wWitbhabg YNBiayer ehemaiirs filaref pathwesandicatedain
exenplifyin 32nbodinent of a nmethod in an OLT, wherein the OLT is a back-up
O.T. [O @%% ccording to an enbodi ment of the nethod in the COLT, the O.T
Is a back-up OLT connected to the ONU via the back-up fibre path and the

mai n fi JOGOFAH! IActending e ahlenbddinand the MRstrirddsmitsioh rateavaydtiatibh @ure 2c) .
[00081] I n an exanple of the nethod in a back-up t he net hod conpri ses

QLT
recei vi mgtethe @NU aprdheineainiedh resHisiRicdtEaNBRISRIGRdStE Whish isjewertBanon a

i nk bet = T - f ale? ansm ssi on
rate neqier Aot fa e StRAdE Rt o B Ry e Pt 12

transm st?étween gmfomahblahie @LTdes nmethod aﬂthébr ddmmisiragﬁcm@atinggs m’rflasibonk
rate to be use or executing conmuni catj on we t he U and t he back-up
OLT over" aE?Qc‘iEarﬂﬁpm'ﬁﬁ!?PeraE%PﬁtWeﬁ'?ethetch@a Oﬁ&‘@ (SEW?E geitPali ng 257 a

link f aivgig{c @_ég%r‘ésaﬁ’_éllfotitaltéd ﬁaﬁérﬁr&%@%eﬁ@é& i BMILESSH HRODL TR ene t he ONU

and the hen t he et conprises executing 256 comuni cation
wi t h t hebaskoR-path.0f theusegajiatdrbtragsmssian s npvesihermast gatbve towdréhémck - up

fib h. [00082], | the t i Ssi t tiation fails, it
ot posdhBinEs PEOBeet BRI CAlE Qe8¢ BRG LPrdf CeibRoa oSS &
suppor t egeRYtimg 2h6 idagrkibicaishd REthELANU dver Wed back@s Bath tidindf tHeaprelr €

message i s generated 257. WO 2012/ 158080PCT/ SE2011/ 050621 .
negotiated transmission rate. If the negotiated transmission rate over the main

S

path is higher than the pre-negotiated transmission rate over the back-up path, the
method comprises executing 232 communications to the ONU over the main path
using the negotiated transmission rate.

[00068] If the first transmission rate negotiation 211 with the ONU over the main
path is successful, then the negotiated transmission rate can be the same, higher
or lower than the transmission rate used before the detection of the fault in the
main fibre path. If the negotiated transmission rate is the same or higher than the
transmission rate used before the detection of the fault in the main fibre path, then
this negotiated transmission rate is used when executing 232 communication to
the ONU over the main fibre path. This is illustrated in figure 2b by step 213, i.e.
checking if the negotiated transmission rate is lower than the transmission rate
used before the detection of the fault in the main fibre path

[00069] If the negotiated transmission rate is lower than the transmission rate
used before the detection of the fault in the main fibre path, then it might be
advantageous to execute communication over the back-up fibre path. It may be
that the negotiated transmission rate over the main fibre path is lower than the
transmission rate used before the detection of the fault in the main fibre path but
still higher than the pre-negotiated transmission rate over the back-up path.



18 [00083] In yet an exanple of the nmethod in a back-up OLT, the nethod
conprises receiving 240 the indication conprises receiving a request, from
t he mai n WOBp1¥sisni ti ate transm ssion rate negoti ati onpeirtsk2dihesiei) over

t he back-up fibre path. [00084] As haggbeen described above, in case it is
the ONU that determ nes that the back-up fibre path is to be used to
execute communication to an OLT, in this case the back-up OLT, then the ONU
sends a request to the nmain OLT where the ONU requests the comrunication to
be executed over the back-up path with the back-up OLT. Then the main COLT

in turn t; ' ' o the
o ovarPINEN, T RRRR ple MR LHRoRbEs LoPRRY IR 4RETARRME 0

exenpl i ftgiangreemdégadiat@chtransmissiaet tadel over e @RCK-umhatheiAs wasdesdridesl a back- up
OLT. [00Q86 n yet an exanpl e of, the thod,i.n.a back-up O.T,.. rein
el vi PRl s AR BN TR Sudhinb Racki Gt iPaR Bkeiithe Medasdf) ot o
negot i atieidrafBpgagesthier Oy, he ONU destined for the main OLT. [00087] This
means that the indication which is received 240 to establish conmuni cati on

with the ONU conprises receiving a copy of all transm ssion rate
negot i atlPB@E1Indshggregaliptachtrapemission rete ever thgimaiorath jolopesthamtha i 11 an

exanpl emr%rzéi&ﬁ(a)fﬁtﬁ%ﬂwi@s%nqgﬁéw tf Backp é?[hf‘% ffﬂgm&le 60fﬁﬁ@£éé oo

determ e recelve ransm ssion'r € negot| ation ssages from
t he ONU,execleatingi216ronenonieatidnstd thekONbi dwerehd dackne pathedsiog thdprevai n i bre

pat h between the ONU and the in OLT. [00089] This means that since the
back- up @Wt'?@eﬁr@@nﬁspﬁd’?t%gﬁé’ﬂth? roérr‘é'rﬁ%%q’ Pﬁg%ﬂa{@@i’@ﬁémlw messages

whi ch agﬁtegévrér th8 nﬁ%lﬁtﬂr@"] E’srrg?ﬁﬁerfﬁé‘ﬁ tﬁéﬁgé-@% Glidtetiararitenusion raRnaddie

recei ved nessages | sm ssi on t ﬁegotlatlon et ween t\{1e ONU and
t he mai nhé@backspdidiragpatudbe sséthbd @omprises[e3@090ig P82 gofrumthieatiensatapl e, of

t he net hod | a back-up.O.T, the transm ssion rate negotiati on between the
bk on Toe ORI it bah ysito B RagR e hahShisdisio it
[00072] According to still an embodiment, the OLT is a main OLT connected to

the ONU via the main fibre path and the back-up fibre path connects the ONU and
a back-up OLT.

[00073] In this case, the main OLT and the back-up OLT are physically different
entities. In an example, they are located in the same geographical location and in
another example, they are located at two different geographical locations.

[00074] In an example of the method in a main OLT, wherein in case the back-
up fibre path is to be used, the method comprises sending an instruction to the
back-up OLT, the instruction instructing the back-up OLT to initiate transmission
rate negotiation with the ONU over the back-up fibre path.

[00075] In this example, the main OLT determines, e.g. as explained above in
step 216 that the communication is to be executed over the back-up fibre path.
The main OLT then sends a signal or otherwise instructs the back-up OLT that it
should execute communication to the ONU over the back-up fibre path.

[00076] In still an example of the method in a main OLT, all negotiation
messages which are sent to the ONU in the transmission rate negotiation with the
ONU over the main fibre path are also sent to the back-up OLT.



WO 2012/ 158080PCT/ SE2011/ 050621 19 path conprises confirm ng use of a
pre-negotiated transm ssion rate between the ONU and the back-up OLT over
t he back-wp 2biZseospat h [ 00091] In a further exanple, of pcrsEpmthsd2i n a
back-up OLT, wherein the determ ning fiiyromthe received transm ssion rate
negoti ati on nessages fromthe ONU or the main OLT that an un-recoverabl e
link failure has occurred on the nmain fibre path conprises starting 242 a
preset tiner when a transm ssion rate negotiation nmessage is received 241
fromthe ONU destined for the main OLT; and if the tinmer expires before

recei vi QQOGW]%H‘?@ 5 e&QHIEr)géI’VRP%]_etTrhéﬂﬁi@ inS PRI BILT, IRIRTHBd RifthERssage from

the ONU destined’for the , then pertformng 250 transmssion rate
negot i atdoorpngiesirecaigingNUrenusast from thec®Nubtopastabligrodpeaijunationavinihesi on

rate neqoti ati an sages, from ONU, destined.far the mai T are al so
| ocei veds i BlTaERRRdn G MR DU SR s 40 16 e BAG- DB T o2 543 o
it receigiesute édrﬂﬁﬁmic%ibﬂﬁpftﬁé@m@)%fﬂ{é@ébmﬁéﬁéﬂaepathf the timer expires

before any other transm ssion rate negotiation nessage is received then the
back- OLT determ nes that the transm ssion rate negoti ation was

unsucced9P@r8] Llihieiteation may peispadieruid isdhe CHY thebidelermings tbahtfgni cati on

cannot ; ; i i t £ Q. - 19G I i nk
Farlor o PR PR i REpdBEd 16 BREGRE confiinERIaH 4 B G i3S ofise oy

OLT, thethbﬁmlcigwmk@_t Pb%m tTeT®N2 5 Behdnsoyssstdo tmeitreafinnetg_dt\'vgaemmevﬁ)l\lhj t he
ONU over the ck-u i hre path. [00093] However, if a subsequent

Cr oo ehssIa i OB MHLRRe PRERHIoH OVENDAIAT {ho BaFLR e T BEPK OLT i s
receive b B S5 L8t ssage from
e s PR TR ne e R h kAT séndd BPBHER1 e e LB O S Y e ore

t he ti mexeexfs cavmunicationte tha ONWpver theclaackdep ébre pathif the main link is
not up but transm ssion rate negotiation is still ongoing on the main fibre

pat h an back-up, OLT agai,n starts 242.the preset ti.ner. 00941 The
back- up 1PATaItgutiae s 2 A BHE TR Bf BT PuBRBm Ty melia flam £ br e
pat h bet@eEnwhéeifidé ent is Beravkiup OLT. e.g. by receiving a confirmation
nmessage fromeither the ONU or the main OLT. If this is the case, the WO

2012/ 158080PCT/ SE2011/ 050621 20 . , _
[00080] According to an embodiment of the method in the OLT, the OLT is a

back-up OLT connected to the ONU via the back-up fibre path and the main fibre
path connects the ONU and a main OLT (not shown in figure 2c).

[00081] In an example of the method in a back-up OLT, the method comprises
receiving 240 an indication that communication needs to be executed on a link
between the back-up OLT and the ONU, and performing 250 transmission rate
negotiation with the ONU over the back-up fibre path. If the transmission rate
negotiation does not result in an agreed transmission rate to be used for executing
communication between the ONU and the back-up OLT over the back-up fibre
path, then the method comprises generating 257 a link failure message. If a
transmission rate is agreed upon between the ONU and the back-up OLT, then the
method comprises executing 256 communication with the back-up OLT using the
agreed transmission rate over the back-up fibre path.

[00082] In case the transmission rate negotiation fails, it is not possible to
execute communication at any transmission rate that is supported by both the
ONU and the OLT. In such a case a link failure message is generated 257.



met hod i s ended 246, neaning that the back-up OLT will go back to a

st and- by node. [00095] Exenplifying enbodi nents of an ONU and an OLT in a
fibre optwo aeesmonet work, the ONU and the OLT bei ng adeptsedoiioswseabl e t he
ONU to communicate with the OLT will Rpgw be described with reference to
figures 3a-d. The ONU and the OLT have the sane objects, advantages and
technical features as the nethods therein described above. Therefore, the
ONU and the OLT will be described briefly in order to avoid unnecessary
repetition. [00096] Figure 3a is a block diagram schematically illustrating

an exembdysinan GePadieTERipICbr 2 MG APl ip eAnass febihya t wo fibre | ink

pat hs. [00097] e appreciated that t T in an exanple is adapted
t 0 conprdosepnises neoeiwing 24 hthenindishtiomednprisas kegeiviog &, reguest, frem theese rol es

ey 00 B BEBSE o ook Pl AR oS B BT ot R LS T

havi ng tfmpapeai ver arrangenents 317 and 327. These are adapted to enable
the ONU 310 and the OLT 320 to comuni cate with each other via a main fibre
link or fibre path; or a back-up fibre link or fibre Path. A transceiver

ar r angertBR@8HnAchappeer deperitad aveve. in aasertis BiesObvheh detarmirgsethat
receiver T : i |
functi or;[ﬁ%r?%'ggg%gf]cq{ég)%&@? troo e@ﬁ%ﬁ%@é‘%%gﬁnﬁ@mg@t@r@l ée?srB&ﬁO#rﬁH‘@ i ons may
be i npl evasetthd backugrOLM, thesithglGNULSEnelg @ r@ueest torthemainwdOdT sthene théOL T

equi pnment s 000100] According.to an exenplifying enpbodi nent of the Optical
et vt k QRHre0eREdhe CoMmAn RRTE e ProaRed e M BRR-UP RBtT PERANG pe | ¢
access C Ll i i i hRAa 320 and
Foo 11 br e S SH T BEB g iy (RoEh (B SER] Erepiedlto IR BORke ST 12 back up
pat h, caxeeotd cgmirhumicallon3aehevQNiU toiver BIETo@A0UP fibee @ND. bei ng adapted to
enable the ONU 310 to comuni cate over the fibre optic access network, the

o 20 OGS 3502 BEASHERb b B B LRl b et b e
(Z:(i)rmuni QLT ORherENetHY OLFSS anthckup OBY1 is WO 2012/ 158080PCT/ SE2011/ 050621

[00086] In yet an example of the method in a back-up OLT, wherein receiving
240 the indication comprises receiving 241 transmission rate negotiation
messages from the ONU destined for the main OLT.

[00087] This means that the indication which is received 240 to establish
communication with the ONU comprises receiving a copy of all transmission rate

negotiations messages which are sent to the main OLT.

[00088] In still an example, of the method in a back-up OLT, the method further
comprises determining, from the received transmission rate negotiation messages
from the ONU, that an un-recoverable link failure has occurred on the main fibre
path between the ONU and the main OLT.

[00089] This means that since the back-up OLT receives a copy of all
transmission rate negotiations messages which are sent to the main OLT, the
back-up OLT can deduce from the received messages if the transmission rate

negotiation between the ONU and the main OLT is being successful or not.

[00090] In a further example, of the method in a back-up OLT, the transmission
rate negotiation between the back-up OLT and the ONU over the back-up fibre



al so adapted to performa transm ssion rate negotiation with the OLT 320
over the back-up path. Wien a transm ssion rate is agreed upon between the
ONU 310 awoO 20fpe1s8886 320 during the transm ssion rate negoftrisgkolonsoset h
regard to communi cation over the back4gp path, the processing unit 311 is
adapted to execute conmunication with the OLT 320 using the agreed

transm ssion rate over the back-up path. [000101] According to an

enbodi ment of the Optical Network Unit, the detection of a fault in the
main fibre path between the ONU 310 and the OLT 320 conprises receiving an

al arm i ;BHSH%EWSEQ%OBMMP U H0gde eér'got@% 't%r%%@éléﬁ rh@ siaheeh thde

faul t, he transcerver arrang he transceiver arrangenent
317 i s tORb anthiftechbhakeuy ENdr aver the b@bhﬂmf\mecﬂaths sent to the processing
unit. Hence, the detection of a fault in the main fibre path between the

that t ndog9beda AyraR exdnb’; 8RR tio R T bt bP I E e R B8 Ve
ar r angergsiérndinihg f[r&ﬂQﬁ@%céwecatraﬁmm@km rdid Behoidtireinessagey Rogeanent 317 is
adapted to perform conprises signal recover fram ng alignnent, error

checki ndDHHoorctbﬁrrE@'ﬂlQbTiﬂﬂﬁ{cQﬁ Wecq\’@mgﬁlprf@m&?@ﬁaér@cé%@ﬂﬂ?etﬁ? M@iRe al arm
800 Shbee b8P ofhonbenBlaring b28% Ao SALE AREA 3 F s bR, anal | evel

oss of Uala ure error rate Accordi ng to
still arnajainet:lomrmﬁs,sagbes recehests24ry from the3DRIU dedtinetifor tredaptreOLTo
negoti ate o nor e further araneters to be %ﬂEd for conmuni ca on on

ne or
the back@gp’ ﬁ]eow@ebswr%?%é% P%Q%V'@\I@”:-ﬁt‘@eﬁ RWHIPTIraRgMISE 9H R

Accor di ndof ﬁ;&%ﬁpeﬁmm tﬁeb NU BBSMSF P thé c?‘?n@ﬂ_qmthéﬁ Féﬁoﬁ%lhg t_he aT
320 corrprlses confirning use o a pre-negotiated transm ssion rat@ with
regard t2b(ctoamamiss@anirate pegotidtioa vttt treupNbhover the@@eRUp pathsti |l an

enbodi nent, wherein upon detecting a fault in the main |ink between the ONU

3822; 2;&@%@%&@%@{&%@% emnégo ‘?‘a |o'nsmfegsratgheesrfr6"‘r(rjl%ﬁé?ﬂ\llﬁ%estix\gd for
the main OLT are also received by the back-up OLT, the back-up OLT starts a
preset timer 242 as it receives a transmission rate negotiation message. If the
timer expires before any other transmission rate negotiation message is received
then the back-OLT determines that the transmission rate negotiation was
unsuccessful. Likewise, if the back-up OLT can deduce that communication
cannot be executed on the main fibre path due to an un-recoverable link failure
has occurred on the main fibre path between the ONU and the main OLT, the
back-up OLT performs 250 transmission rate negotiation with the ONU over the
back-up fibre path.

[00093] However, if a subsequent transmission negotiation message from the
ONU destined for the main OLT is received 244 by the back-up OLT or a
transmission negotiation message from the main OLT destined for the ONU is
received 244 by the back-up OLT before the timer expires, then the back-up OLT
can determine if the main link is not up but transmission rate negotiation is still
ongoing on the main fibre path and the back-up OLT again starts 242 the preset

timer.

[00094] The back-up OLT can detect 244 that communication is executed on the
main fibre path between the ONU and the main OLT, e.g. by receiving a

confirmation message from either the ONU or the main OLT. If this is the case, the



22 before performng a transm ssion rate negotiation with the OLT 320 over
the backup fibre path, performa first transm ssion rate negotiation with
the OLT 3%0 201¢rssdshe nain path. If a transm ssion rate PeTagL@ESDSWPDN
between the ONU 310 and the COLT 320 dgping the first transm ssion rate
negotiation, the processing unit 311 is adapted to execute conmuni cation
with the OLT 320 using the agreed transm ssion rate over the main path. If
a transm ssion rate is not agreed upon between the ONU 310 and the OLT 320
during the first transm ssion rate negotiation, the processing unit 311 is

adapt ed hoiparis ehded ﬁGCH@énﬁﬁfﬂ%mﬁébé’ék-ﬂétcﬂﬁﬁﬂ%é Bbbl@(fjb Eé"is"tefhot-Bf QT 320

over the back-up path. WWen atransm ssion rate is agreed upon between the
ONU 310 raddet he OLT 320 during the second transm ssion rate negoti ation,
the processing unit 311 is adapted to execute comrunication with the O.T

emboai R0k dremPTREL 2 it B EL L PRE S BT AR SR Rber® orr

320 overngtiverk)ahe ONW intaReILST baing ddaptsdicsengbie tieé ONWIiE Bomsnlimege t han
the transm ssion rate used before the detection of the fault in the nmain

fibre pa¥ih e Qeénvitl Rewdpg dsseribadawith ecferenceo, figures gastddei Gland 311 is

further t : i 1-SP4 t tween the ONU
510 and TRODL B0 TRA Beletts AR ond Be Rt kg B e o osi on
rate betmethiods hlecreiid@dddibmadabidve. Dhéredafe, tvee ONUenddod @l Towillhbe | f t he
negotiated transm ssion rate over the main path is |lower than the

pr e- neg qsgf'éﬁdi’lr'ﬁﬁlél'ﬂ Qden 0 AYPId WNECeBPRIYEERRIUAY pat h, then the processing
unit 311 is adapted to execute conmunication to the OLT 320 over the backup

path usijpgodéle FigGeoR!d Bﬁ)%Q_dﬁég%Btﬁﬂéqﬂ?n%licLaﬂ?‘ﬂlus'trfatiﬁ ANNSGPAPI ARG

transm ssion rate over the main pa hi gher than the pre-negotiated

t r ansmi synboediment obarONHeanshak Qld gennectechen twhébre bepathag unit 311 is
adapted to execute comrunication to the OLT 320 over the main path using

t he negqgh} dgr LSS . 9], Fi . ' ate an
exarm! o 0hay A {t AR TeE R el Mot RibBRdsarABE b o na a0,
WO 2012/tlo80REPeTh&inZ0lafd aGeatkdg rolee aflthatithesdrpolommmyfthédr e path and a
back-up OLT 340 connected to the_ONU via the back-,up fibre path.

implemented either in a single OLT equipment or in two distinct OLT equipments.

[00098] In figure 3a, the ONU and the OLT are illustrated having transceiver

arrangements 317 and 327. These are adapted to enable the ONU 310 and the

OLT 320 to communicate with each other via a main fibre link or fibre path; or a

back-up fibre link or fibre path. A transceiver arrangement may comprise one or

more transmitters and one or more receivers.

[00099] The OLT is adapted to perform a main OLT role or function and a backup
OLT role or function and these roles or functions may be implemented either in a
single OLT equipment or in two distinct OLT equipments.

[000100] According to an exemplifying embodiment of the Optical Network Unit,
ONU 310, in a fibre optic access network, the fibre optic access network
comprising at least one Optical Line Terminal, OLT, 320 and two fibre paths
through the fibre optic network, a main path and a back-up path, connecting the
ONU 310 with the OLT 320, the ONU being adapted to enable the ONU 310 to
communicate over the fibre optic access network, the ONU 310 comprises a
processing unit 311 adapted to detect a fault in the main path between the ONU

310 and the OLT 320, during ongoing communication. The processing unit 311 is



[ 000111] As can be seen in the figures 3b and 3d,

the main OLT 330 and the

back-up OLT are each connected to an ONU 310 by neans of two fibre paths,

main fi

330 may
connect

also illustrate that the nmain fibre path and the back-up fibre path can be

shar ed
3¢ and

brwopatdussossd a back-up fibre path. Typically, thecrsER1©oI063380
serves a first set of ONUs and the baok-up OLT serves other ONUs (not
shown) for which ONUs the back-up OLT is a main OLT. Likewi se the main OLT

act as a back-up OLT for still other ONUs (not shown) being

ed to a still further OLT (not shown). [000112] Figures 3c and 3d

a

béfs@aﬂbb‘t“e@'tb?&r@}m%n%%idrﬂré@ﬁe@ﬁ%ﬂimﬁﬁ (taﬂé Dist3R/) §¢kritRef i gures

3d, various SSIve Or sem -passive devi ces,

power splitters,

wavel endiackfup paths \V\dmeli atranstriission satetis Bg&edsmbrabelt\/\m' e DNU Qused to
sever al 310. shari.ng the .respectiv in.and back-up fibre
s, abe T c20Rkna e el bE ARt B BB YEadRE S oul o be any
active egmmlBizhtibR oRer eSbadkOugpeth3 &% prsteasingUmitesid RNRTHptéd tdr esent

enabl e
pat hs.

bet ween
440. [0

of main
di sting

the point 360 and the respective main T 330 or the back-up

QT

EXELYle cominsnicationteth T820uring drruagreed transkrisgiondaie oVes way to

the ON suc hat splitting nodes 350, 360 exist separately for each
U%g%é;%ggi%ébth nks. In that configuration, an ONU 310 is adapted to

ui sh and negoti ate main and backup i ndependently. [000115] In

yet

anot her [eﬂahmrl]%cc]poding ltd ﬁstembﬁﬂrrielmt bft,lmar;epﬂclal Nétenek Bné, (hendetbetiorodf mra]i n
i nks, .one for each of the N set Us 310 re a set is either a
@\é%tr'” A% e gg@\P bafyyeep e %chﬁé 385@8—%%%‘39@?&39%%9% om t he

fibre |
singl e
poi nt 3

enbodi nent, the ONU 310 is a

6Qcdifinghsn Q%?Hﬁ-iHai_C%%ﬁf@faélﬁtpoo116] According to still an

apted to send all negotiation nessages,

whi ch

are sent to the main OLT 330 in the transm ssion rate negotiation wth the

ONU 310 [60@102]Hden@Nb isi astaptedtadetecs het fautthe.gbhy kheiradseig#0 vi a t he

back- up

efr'rabnrgeenﬁ)éar'%t% 7. \fﬁe%Paln%/c%R%P%Prg%/er%%%%Jr '9 C|)s5 6e%laozadbted to generate

an alarm which is sent to the processing unit. Hence, the detection of a fault in the
main fibre path between the ONU 310 and the OLT 320 by reception of an alarm
indicating the fault means that the processing unit 311 receives the alarm from the

transceiver arrangement 317.

[000103] In an example, the transceiver arrangement 317 is adapted to perform
comprises signal recovery, framing alignment, error checking and correcting

functions.

[000104] In yet an embodiment, the alarm is one of “loss of signal”, “loss of

synchronization”, “low signal level”, “loss of data structure” and “high bit error rate”.

[000105] According to still an embodiment, the processing unit 311 is further
adapted to negotiate one or more further parameters to be used for
communication on the back-up fibre path between the ONU 310 and the OLT 320.

[000106] According to an embodiment, the transmission rate negotiation with the
OLT 320 comprises confirming use of a pre-negotiated transmission rate with

regard to communication over the back-up path.

[000107] In still an embodiment, wherein upon detecting a fault in the main link
between the ONU and the OLT, the processing unit 311 is further adapted to,



[000117] In yet an enbodi nent, the processing unit 311 is adapted to
synchroni se the ONU 310 and the OLT 320, 330, 340 before perform ng

negot i at iwo 20f2/ts8@nsm ssi on rate. [000118] Accordi ng topam/sez@mpsiskyi ng
enbodi rent of an Optical Line Term nabp OLT 320, in a fibre optic access
network, the fibre optic access network conprising at |least two fibre paths
between the OLT and an Optical Network Unit, ONU, (310) a nmain fibre path
and a back-up fibre path, the OLT being adapted to enable the ONU to
comuni cate over the fibre optic access network, the OLT conprises a
processig, r‘é&b_érfc?f?rﬁn%@afpér%%|§Qoﬁ%t‘ecﬁed<%)t|faﬂ8hdeh“thb"@Lﬁ%‘ZO dePti% BakL

bet ween the T 320 t he ring ongol ng conmuni cation. The

pr ocessiupfinai patBZgleanrrraa dicstdchnsnasision raterfegatiation mathsthie 31 b320 aatver

negoti atjon wth U 310 .over, t.he bac th up n he faul t
n-the. raf A JEe rersire Y faigis Atk be e MR R a A en  he
OLT 320 @ErH 3pbeiUANY tﬁé@wstdﬂa’dsﬂﬂsélbﬁ ré t@ﬁbﬁnthe%irgc@%ﬁ@ Lafizan jgi th
regard to communication over back- up t he processing unit

321 is asapted tqexeetée@oelr@we\etmrbwﬂh@nemuTmzmeSIwmeegreed ng the agreed

erbodi mint 1 FRE BB b fRGT adful SRS biob i oL AEEREYRRR, bre "patn
bet ween tianeéhThéZINlmdotm t@hlta)lslezommmgsae firstadnsnfigsien ralear m i ndi cat i ng
the fault. [000120] According to still an enbodinment, the alarmis one of

"| oss ofnegoyaHen, thel%@%eséﬂ‘”%%'&ﬁ%ﬂﬁ adaptsd to perfeling ﬁ%ﬂnq fEgRgmissiongss of
data st rued 4EgotiABH @1 or&fer ﬁé%a khg%@]\]\/h'eﬂ & fhndRisspodi ment,
t he processin unltV\VS 1l1s er aateg negoti ate one or m)refurther

par anet eate is@greed sipdn foreltwemrthmOtNM Bd)ﬁ aon theé)lb'ﬁake aprihgline spedid bet ween
the OLT 320 and the ONU 310. [000122] In a further e i ment, . the
t ransni {ENFAFSIPR rﬂt@d?ﬁgoi'@%ﬂ f{oe 'wwn§§61d%ﬁﬂ€5@9§°@aﬁ%mem ng use of

a pre- negphmahRation IEHEDION uE Rg&hBidofedE BaNSisIiFOMER BYEATeBhRYpr the
back-up path. WO 2012/ 158080PCT/"SE20T1/ 050621 25 [000123] According to an

enbodi nepath. wher ei n upon detecting a fault in the main link between the ONU
310 and the OLT320, the processing unit 321 is further adapted to, before

back- up (EFoT ATkt phERRRIRRAL iR OB Ihs i BhnBbbl A neCelialfr T o™

310 overthé e TB20 ovebtre Maihpathfresults mns raASIN@Iidratate Whictisdedet thaih bet ween
the ONU 310 and the COLT 320 during the first transm ssion rate negoti ati on,

the prodBediangmission sate ysedhnipreslierdsiestian eidhe dawh i t@etmaln flgre pathe ONU
310 usi gl Ben 98 BREL B1BNHY t‘ﬁéd@I'_‘T %Qbet ;%cé%‘ﬁe&gblﬁag r‘gﬁe ne OLT 320

transm ssuon rate I's not agreed upon be ween
during tdm@pftedmccbmpammmmegotlemobtrammtssml rtate behweqmrthee@NUr@mand 321 is

adapt ed econdtr sion rate. tiation with the ONU 310
over ¢ ndn it B Berievmain ae it hesdoractieled Jamgiustion e between ¢ he
ONU 310 iigebRenEoN3 29 0diHd t'H@ élb? 320CRRH tHd Bé@(ﬂmétﬂnlfrtﬁé ﬁe%@ﬁﬁbaat 1on,
t he processing unit 321 is adapted to execute co ni cation the ONU
310 usi rdrprtsheissign eetd evesibenan path istlower thant the ragiagotiptedh.

transmission rate over the back-up path, then the processing unit 311 is adapted

to execute communication to the OLT 320 over the backup path using the pre-

negotiated transmission rate. If the negotiated transmission rate over the main

path is higher than the pre-negotiated transmission rate over the back-up path,

then the processing unit 311 is adapted to execute communication to the OLT 320

over the main path using the negotiated transmission rate.

[000109] Figures 3b and 3d illustrate an example wherein an ONU 310
communicates with two separate OLTs 330 and 340.

[000110] According to an embodiment, the ONU 310 is adapted to communicate
with two separate OLTs over the fibre optic network, a main OLT 330 connected to



[ 000124] According to still an enbodi nent, of the OLT 320, the first

transm ssion rate negotiation with the ONU 310 over the nain path results
in a transoizsg/egosnat e which is |ower than the transm secosEr@Etosussed
before the detection of the fault in bhe Iink between the ONU 310 and the
OLT 320, the processing unit 321 is further adapted to conpare the

negoti ated transm ssion rate between the ONU 310 and the OLT 320 over the
main path with the pre-negotiated transm ssion rate between the ONU 310 and
the OLT 320 over the backup path. If the negotiated transm ssion rate over

the mai Qh@@l{?U'\ﬁa Hfé’\ﬁ]ralﬁ fi5ve ddi apides Bﬁ&gh?@@ﬁﬁb%ﬁﬁb&%% tREONGYR the

back-up path, then the processing unit I s adapted to execute
comuni dheibackiup filre p@ly 310 over the backup path using the pre-negoti ated
transm ssion rate. If the negotiated transm ssion rate over the main path

then tndopybERs S bifsPeAIA YR FiluksRBEE S e u R SR BR < o he o
310 overpddreugra@LT dratdachsdomdetir] tdegPONL 8d0 tyansans of @b filtvegrathd ¥
2012/ 158080PCT/ SE2011/ 050621 26 [000125] In still a further enbodi nent, the

OLT 330 Maindibginatioand adwackonblteertheo Typisalbtna mmin QL & B30 #aNMES bre pat h
and the fP?tCé%Tt‘b‘P JdNgs %nBQhQ b%%?-@%@?p‘as%ﬁq%{hgﬂ%hﬂ@(@_%B&m‘)‘ PtlicR 40-

[ 000126] his” case ack-u are’physically
di f f er er®NEBtthé ibask-upnOBM i®aanaihe)LT Nekewise thecmalaaDlLTl 3B0enspaet as a

geogr ap .and i ot her exanpl e, they ar Ioc d at two
differeR:i C%éﬁb&irﬁkf%ﬁi"%&@éb@q% (NQtEheYIY Pefng eon é? ? 0&fain LT
330, whehet tnot's t he back-up fibre path is to be used, t he processing
unit 331 is adapted’to send an instruction to the back-up OLT 340, the

I nstruction instructing the back-up OLT 340 to initiate transm ssion rate
negot i at[0o01 1@]tHigures oA 30 atlsoeiHustraieiaaikthapnainditse patrhand the back-up

fibre path can be shared by a plurality of ONUs 310. In the embodiment illustrated
in figures 3¢ and 3d, various passive or semi-passive devices, e.g. power splitters,
wavelength filters and/or optical switches, 350 and 360 could be used to enable

several ONUs 310 sharing the respective main and back-up fibre paths.

[000113] It shall be pointed out, that in case there should be any active equipment
in points 350 and 360, no active equipment is present between the point 360 and
the respective main OLT 330 or the back-up OLT 440.

[000114] In yet another example, the redundant links go all the way to the ONUs
310, such that splitting nodes 350, 360 exist separately for each of main and
backup links. In that configuration, an ONU 310 is adapted to distinguish and

negotiate main and backup independently.

[000115] In yet another example, not illustrated in figure 3d, there are N number of
main fibre links, one for each of the N sets of ONUs 310 where a set is either a
single ONU or multiple ONUs, but just one back-up fibre running from the point
360 to the back-up OLT 340.

[000116] According to still an embodiment, the ONU 310 is adapted to send all
negotiation messages, which are sent to the main OLT 330 in the transmission
rate negotiation with the ONU 310 over the main fibre path, also to the back-up
OLT 340 via the back-up fibre path.



[000128] In yet an exanple of the main OLT 330, the processing unit 331 is
adapted to send all negotiation nessages, which are sent to the ONU 310 in
t he transwosimisosat e negotiation with the ONU 310 over pchisEpminsdszbr e
path, also to the back-up OLT 340 ovepgqt he back-up fibre path. [000129] In
still an exanple of the main OLT 330, the processing unit 331 is adapted to
receive an alarmindicating a severe failure, wherein comunication wl|l
not be able to be restored on the main fibre path at any transm ssion rate.
Then the processing unit 331 is adapted to order to the back-up OLT 340 to
initiat Y i @t ' ihe1 O pat h.
10001 301 ST PBLER S RIMEHE i praRsSirg Uit St iediba to Bymattnise, PO
uni t 331he OMUrdeancatrep®ed 320, B80£34/@ bafare gecformingomegdi@tiaNof 310 t o

est abl i Sth comruni catti on with the back-up OLT 340, wherein the processing
uni t 331@”5‘”38%{8%3%0 send a request to the back-up OLT 340 to execute
communi cation to the ONU 310 over the back-up fibre path. [000131]

Accor di 1go0 v grAcoRdIAg i® ah,exeheol Blidg 3ftbddsmanbeican OptickiTLidd Teemizgct ed to
the ONU 310 via the back-up fibre path and the main fibre path connects the

ONU 310 Q@b 320nii # fiieToRsg0acCep et orki §B0 BRRCORISEBEESs 05082k 27 [ 000132] In
an_exa o‘?né’rﬁesci e(?St t*é%%#fv&boﬁQeTpaﬁﬁé’pﬁg{?@erP{h%Céﬁ?' atl! gg@w%@barw&er

adapted to ve an | ndication comunircation n e exetuted on
a |ink b@eNweédna)emaziekbeppdth Bndldd backdup Hibrépbth 36 DL Taveing @dpetddotom

transm ssion rate negotiation with the ONU 310 over the back-u i bre path.
I f the ter%%é‘?ﬁhsesﬁ%&'ﬁf %a@%“ﬂw@dﬁqt%w%t@d( € 1PpLICACEEPE BEWPr nthgg&j&d

transm SSynohtideat ; r td it CatH : he ONU
310 and SR e DR g g 21 o RE A R RO o e PR R

pr ocessibegwean thaa DL Ti 32Gdag teel OGN §d Oedatirg angoing doairhunieahesslye. If a

t i i ate | d t the ONU 310 t he back- QT
ot hanobhsiTg at 3279 80 40300 FA P& SirTbruseen FaRvitRIBReE W, vt ¢
the bac l‘thé‘I@)N?U'B1@4&/@%@%abl@%p%tﬁ%ohro@?ééﬂn‘gsth@rfaﬁlﬁrﬁtk@&ﬂ_?_iriﬁtﬁe%@%' up

fibre path. [000133] In still an exanple of the back-u 340, ‘the
r ecept i o¥hen & thensmigbieatatmiscagrped sieen hebueen Hie QL gnd the ONU BéOmmi n

OLT 330, initiate .1r. 1.SSion_I. he patl ] . 310 over
O S0 ol Rk SO STkl A LbabBE SR o,
QLT 340,bddreug ﬁlﬁr@matﬁ,nth@fprbbéssm%lmquﬁs eaapledeexeear soritunication ssi on
rate negotiation nessages fromthe ONU 310 destined for the main OLT 330.
with the ONU 310 using the agreed transmission rate over the back-up fibre path.
[000119] According to an embodiment of the OLT 320, the detection of a fault in
the main fibre path between the OLT 320 and the ONU 310 comprises receiving

an alarm indicating the fault.

[000120] According to still an embodiment, the alarm is one of “loss of signal”,
“‘loss of synchronization”, “low signal level”, “loss of data structure” and “high bit

error rate”.

[000121] In yet an embodiment, the processing unit 321 is further adapted to
negotiate one or more further parameters to be used for communication on the
back-up fibre path between the OLT 320 and the ONU 310.

[000122] In a further embodiment, the transmission rate negotiation with the ONU
310 comprises confirming use of a pre-negotiated transmission rate with regard to

communication over the back-up path.



[ 000135] In yet an exanple of the back-up OLT 340, the processing unit 341
is further adapted to determne, fromthe received transm ssion rate

negot i at iwo 20ess8mes fromthe ONU 310, that a un-recoveralvisg2diiinkostai | ure
has occurred on the main fibre path begween the ONU 310 and the main OLT
330. [000136] In a further exanple of the back-up OLT 340, the transm ssion
rate negotiation between the back-up OLT 340 and the ONU 310 conpri ses the
processing unit 341 being adapted to confirmuse of pre-negotiated

transm ssion rate between the ONU 310 and the back-up OLT 340 over the

back-up | 60@1?3]%&rdu5§@<%ﬁ7e]m66bh%%ht% MBS Bétécﬂﬁg%%lﬁn%tr@—%a%o the

processing unit adapt ed etermning fromthe received
t ransni dinkdretweere tie GNU 3t Dcamdnﬂasﬁb&m rtbenprocessig B1i032t ist fluetheri n OLT 330

that a ungr erable |lipk fail has occurred on the mai.n fi pat h,
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for the t rocessi 0, erform
tr ansm OB SNV O RET s URETRE BRI 5T B SR e e
[ 000138]prb0e§smg 08 82t hatadbptedmiexeCLE eordmunhiation kyitotheLON&r 810 using
geographically co-located, the OLT in one exanpl e does not dup Ilcate t he

full furlBeiesregsd tr9nWStsm 9P RVer the mﬁln&?éheﬁaﬁm@rwﬁSIgndﬁtealﬁ natT, it
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ef fecti \be §|eno@d frapamissign tde negptiatiary the processingkunibd2 bis adanted ted,
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restoreqhe@agkuébgtmal n fibre path/link may still be used even though it is
damaged by Iowerlng the transm ssion rate. This way, the main fibre path
may still be capabl e of suPportl ng comuni cati on between the ONU and the

oT. A t[e%b@ﬂmcprdlng to sHIl an eaRRRIIMENh of ithe ©LJa820.it8e fibtt t@é‘ﬁ&ﬂ%%f
supporti ?% ﬁé’éﬁﬂé@ugﬁ%t%eb@]\l‘@?{b N tﬂ@%@fﬁd%étﬁ?e%tg 'Ht*?h%ﬁ[ﬂ% R)%Ck up

fibre pa iSTused to support comuni cation the Q.T.
[ 000140]rascwhictli is gower t&an&h@@ﬂnmﬁ&orﬂﬁe usetl nglforelthe dead:@aildnemf tba fadie main

fib th th i
by babing itk hebithr herahDrE1 6 an¢ i Bhs2d 10 hrocas e 4l 208apt ed o
priorit 'féﬁhéffﬁ&égtgga@éoﬁ]?ﬁ?&EHé/ﬁ¢%otQAté&%Hsﬁnréféd Pat@ﬂweﬁbe&%%e@w he

capacity of used r comruni cation. In an exanple, this is
done i n 3 Ohamchthre @h&kﬁ&(}m\terébe viaie pagveithdge @eemagetlatsdmsansa‘n&smn rate

Qual Y90 36 (S NP0 drifie G 320 Ser BEEADETSa" F ihéhbbbliids
transmission rate over the main path is lower than the pre-negotiated
transmission rate over the back-up path, then the processing unit 321 is adapted
to execute communication to the ONU 310 over the backup path using the pre-
negotiated transmission rate. If the negotiated transmission rate over the main
path is higher than the pre-negotiated transmission rate over the back-up path,
then the processing unit 321 is adapted to execute communication to the ONU 310

over the main path using the negotiated transmission rate.



WD 2012/ 158080PCT/ SE2011/ 050621 29 [000141] Figure 4 is a block diagram
schematically illustrating an exenplifying enbodi nent of a part of a
passi ve opvi2esl1ss@bwor k. [ 000142] Figure 4 illustrates trow/sezampbicdyi ng
configurations enabling an ONU 419 topgonmuni cate over a main fibre path
and a back-up fibre path. The upper configuration illustrates N nunber of
ONUs 410 being connected to a 2: N nultiplexer 470. The nultiplexer 470 is
e.g. a power splitter, a wavelength splitter or an Arrayed Wavegui de
Gating AWG. I n case an AWG is used as the multiplexer, an extra port on

the AVG| 090132@% def athrtﬁé’P@r%bbfPﬁbrﬂf tHé‘@L*P%uE% rfn'aﬁ’f ?LWBJ:#?) cdrindch&d

mul ti pl exer he user wavel ength appear differently
at the dadke (EleQIBTrOc,\mrﬂm maalm ﬁbltemﬁthmnd tﬁE'ban/a!miltB‘legla’ih tonnecthdhermi n OLT

will cor D | en {n the back-up OLT. [000143] The | ower
confi gur(élt%l?J %ﬂ?gn@g\'@aﬁ g’ﬁﬁ(f@ﬂlo bei ng connected to an optical 1:2
splitter 480. [000144] In the described enbodi nents, forward error

correct i[0p0{Z43®) tie\ase! thenakhinyOLT ansietle babk!p @Lm(ﬁrég)hﬁybl%awmlﬂmt
transm ssion rate over specific |link, FEC can help to give additional |ink

budget . %ﬁ't'éﬁa'W%e@m@@c heyorre |P§at?ﬁ|én ﬂé%ﬁa@élgﬁﬂgﬁan% locationcatbinnni ch
i 0 t k budget with
o ves, 2 gy aucesalcolchaable itan Jagrsastalbedi budoet v (0

two different FEC codes could be supported; one referred to as strong FEC
(gi vi ng [60Qh2£] Ih iankeXaumajgle tof itme medrs © LAt 330 evivarein iofcaseghe baokaughideh

head d dto. FEC bud
nor casde N ST OSTEIReIaR LR doh ©UEHHEddD SeOReR PREVSIAD Canf nal s
negot i atygy S OLT 34TE The FHsiuctidh ﬁws&@cﬂﬁ@tﬁé’@écl@-u?'@h 33049"Kliizg to an
enbodi nent, several other paraneters may be negotiated, both with regard to

conmuni drarisonssiontraie mngmllatlendvmret:hm(auu &mowrstbe\hach-upe@mcpatb
comuni cation received fromthe other end terminal. [000145] The ONU, 310

1 qur es 0128 18 )EP 8P et dr A maREobT oo it et it 5™ 551 ™ 5o
and 341 adaiptdd toisénd all aegolidtionsiessages; amich siengerdeditie ONU Baduh ese adapt ed
to performdifferent nethod ste 1ynchronl si ng nodul e, negotiation

WO 2012/t qqg@@g@m‘nr@t@g@ggt@gg@m% the OHU 310 over the main fibre path, also to
the back-up OLT 340 over the back-up fibre path.

[000129] In still an example of the main OLT 330, the processing unit 331 is
adapted to receive an alarm indicating a severe failure, wherein communication
will not be able to be restored on the main fibre path at any transmission rate.
Then the processing unit 331 is adapted to order to the back-up OLT 340 to initiate
transmission rate negotiation with the ONU over the back-up path.

[000130] In still a further example of the main OLT 330, the processing unit 331 is
further adapted to receive a request from the ONU 310 to establish communication
with the back-up OLT 340, wherein the processing unit 331 is adapted to send a
request to the back-up OLT 340 to execute communication to the ONU 310 over
the back-up fibre path.

[000131] According to an embodiment, the OLT 340 is a back-up OLT 340
connected to the ONU 310 via the back-up fibre path and the main fibre path
connects the ONU 310 and a main OLT 330.



30 nodul e, timng nodul e and comuni cation nodule. It shall be noted that
this is nerely an exenplifying illustration of the respective processing
unit 311,w82b12/88oand 341. Further figures 3a and 3b i lPCuskr@Etmsiche ONU,
310 the OLT 320, the main OLT 330 andothe back-up OLT 340 conprising a
menory 312, 322, 332 and 342. Further, the , 310 the OLT 320, the main O.T
330 and the back-up OLT 340 are illustrated having transceiver arrangenents
317, 327, 337 and 347 adapted to enable the ONU 310 to comunicate with the
other termnals via a main fibre link or fibre path; or a back-up fibre
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the main fibre path an back-up fibre path may run all the way between
t he ONU teangmisgionirate m@gqila@gwd@esw@ékewsmvn ayreed H@DBU@S%}OH fae taen fibre
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al ong different routes can be a'tree, a ring
or am erceteoéomhmnmmlon[\mmmmwkbu;smm 3140)esmgttlael aghedd fragemissicda and 3b
merely |Ilustqi:§f1 %égi'%l_rlo s functional nodules and units in the ONU, 310 the
OLT 320, ateVefdf '§R#Mhe back-up OLT 340 in a logical sense. The
functions in practice may be inplenented using any suitable software and

har dwar §00B 68316 stiff dhtexafipte of HeSbadgp @Iplogﬂfﬂfetﬁb?re Cflcﬂ%‘ﬂhéhhd’ icafdn
limted to the shown structures of the ONU, 310 t he , the min OLT
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equivalents as fall within the scope of the embodi nents and defined by the
pendi ng tBe anaig fibre path between the ONU 310 and the main OLT 330.

[000136] In a further example of the back-up OLT 340, the transmission rate
negotiation between the back-up OLT 340 and the ONU 310 comprises the
processing unit 341 being adapted to confirm use of pre-negotiated transmission
rate between the ONU 310 and the back-up OLT 340 over the back-up fibre path.

[000137] In yet an example of the back-up OLT 340, the processing unit 341 is
adapted to, when determining from the received transmission rate negotiation
messages from the ONU 310 or the main OLT 330 that a un-recoverable link
failure has occurred on the main fibre path, start a preset timer when a



WO 2012/ 158080PCT/ SE2011/ 050621 32 CLAIMS 1. A nethod (100) in an Opti cal
Network Unit, ONU, in a fibre optic access network, the fibre optic access
net wor k cwopbisisgggoat | east one Optical Line Term nal, @cT/SEand/ososor fibre
paths through the fibre optic networkpga main path and a back-up path,
connecting said ONU with said OLT for enabling the ONU to conmuni cate over
the fibre optic access network, the nethod conprising: detecting (110) a
fault in the main fibre path between said ONU and said COLT, during ongoing
comuni cation, performng (120) a transm ssion rate negotiation with said

QLT overydaeni Qgeh THi rPeSf{EJTuatqu"‘?ﬁ‘é*s bl RSBivsd RO RECONE) BT §8&tindORr et ween
said ONU and sai d sal

ransm ssion rate negotl ation wth regard
to connuhemm(@i_’b%@ kfdmejtu@@clexpnpeepaeio,re axeceivingear( eéseycted iolow-opt i on W| th

d O.T d,.t t t back- t
et hod (TIPSR s Fat P h TR egedrean s Dbl a0l drRunpe forPelfoy 2% aui
in said BT 330 en tﬁétdﬂoé@és\nﬁfﬂnﬁéw |§3é@a|§t@d té?e@fo%ﬁr%ﬂﬁésléﬁ&‘ratreecel ving
an al arm i ndi catln said A et hod in an ONU according to

claim 2,neg¢élab®mn |theQMUrﬁ1|050\(ﬁ1‘éh©1bathb@sp&ih Si gnal ", "loss of
synchroni zation", "low signal level", "loss of data structure" and "high

bit errqhohM&'in the case that the main OLT and the back-up OLT are geographically
co-located, the OLT in one example does not duplicate the full functionality of the
main OLT. In one example of such an OLT, it comprises only a transceiver
arrangement and the back-up OLT is connected to the main OLT, which is located

at the same geographical location, via a separate link.

[000139] The exemplifying embodiments of the ONU, the OLT and the respective
methods therein provides a protection mechanism for the access network that
doesn’t require active equipment between the end user and the back-up OLT over
the protection fibre path. Typically, the OLT is located in a Central Office, CO, of
the network operator. It is cost effective since a part of the capacity over a link can
be protected, avoiding the potential high costs of providing protection of the full link
capacity. The exemplifying embodiments enable a damaged link to be restored,
e.g. the main fibre path/link may still be used even though it is damaged by
lowering the transmission rate. This way, the main fibre path may still be capable
of supporting communication between the ONU and the OLT. Alternatively, if the
damaged main fibre path is not capable of supporting communication between the
ONU and the OLT, then the back-up fibre path is used to support communication
between the ONU and the OLT.

[000140] According to an embodiment, when a fault has occurred on the main fibre
path resulting in either lowering the transmission rate on the main fibre path or
switching to the back-up fibre path, the OLT is adapted to prioritise traffic and
selectively discard traffic which exceeds the capacity of the fibre path used for
communication. In an example, this is done in a manner such that service level
agreements, SLAs, are Quality-of-Service, Qo0S, requirements or guarantees are
fulfilled.



4. A nmethod (100) in an ONU according to any of clains 1-3, further
conprising negotiating (140) one or nore further paraneters to be used for
comruni cavoani2oisdshe back-up fibre path between said ONecars#2@aioshé®l T. 5.
A nmethod (100) in an ONU according topgny of clainms 1-4, wherein said
transm ssion rate negotiation with said COLT conprises confirmng use of a
pre-negotiated transm ssion rate with regard to comruni cati on over said
back-up path. WO 2012/ 158080PCT/ SE2011/ 050621 33 6. A nmet hod (100) in an
ONU according to any of clains 1-5, wherein upon detecting (110) a fault in
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negotiation with said OLT over the main path, if a transmssion rate is
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or an Arrayed Waveguide Grating AWG. In case an AWG is used as the

multiplexer, an extra port on the AWG is provided to connection of the back-up

fibre path. If the multiplexer 470 is a 2:N AWG, the user wavelength will appear

differently at the back-up OLT compared to the main OLT; wavelength 1 in the

main OLT will correspond to wavelength 2 in the back-up OLT.

[000143] The lower configuration illustrates an ONU 410 being connected to an
optical 1:2 splitter 480.

[000144] In the described embodiments, forward error correction (FEC) may
optionally be used. While finding the maximum transmission rate over specific link,
FEC can help to give additional link budget. An example of such code is the Reed-
Solomon (255,239) code which gives a bandwidth overhead of roughly 7% and
increase the link budget with roughly 3-5 dB. There are multiple FEC codes that
can be used. For example, two different FEC codes could be supported; one
referred to as strong FEC (giving higher link budget increase at the cost of higher
bandwidth overhead), and one referred to as weak FEC (giving lower link budget
increase at the cost of lower bandwidth overhead). When the end terminals
negotiate which transmission rate to use over a link, according to an embodiment,
several other parameters may be negotiated, both with regard to communication to
the other end terminal and also with regard to communication received from the

other end terminal.

[000145] The ONU, 310 the OLT 320, the main OLT 330 and the back-up OLT 340
are illustrated in figures 3a and 3b to comprise a respective processing unit 311,
321, 331 and 341 which in turn are illustrated comprising dedicated modules

adapted to perform different method steps, e.g. synchronising module, negotiation



when a transm ssion rate is agreed upon between said ONU and said O.T
during said second transm ssion rate negotiation, executing (150)

comruni cavoani2sgisosai d OLT using said agreed transm ssipom/SEadie/ososer t he
backup path. 7. A method (100) in an Ohjg according to claim6 , wherein said
first transm ssion rate negotiation (111) wth said OLT over the main path
results in a transmssion rate which is lower than the transm ssion rate
used before said detection of said fault in said nain fibre path between
said ONU and said OLT, the nethod further conprising conparing (114) said

negot i atrﬁ@dtﬁléaﬂ% egsr%amer MNEcHRMBRERA Hobiie, ﬁ%‘ﬁaﬁ%eqﬂ&ba ﬂ%{’ﬁhlstlge mai n
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wherein all” negotiation nessages are sent to said mal h
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transm ssion rate iIs perforned A nmet hod™(200) in an Optical Line
Ter mi nalQr time Packwpdikire pagh/opk.i c access netvvork the fibre optic access
network conprising at least two fibre paths betvveen the OLT and an Opti cal
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conpri sirgg:all the way between the ONU and the OLT, main OLT or back-up OLT.

Alternatively, the main fibre path and the back-up fibre path may run only along a

part of the way between the ONU and the OLT, main OLT or back-up OLT.

Further, in case there is just one OLT adapted to function as a main OLT and a

back-up OLT, or in case there are a main OLT and a back-up OLT located at the

same geographical location, the main fibre path and the back-up fibre path are in

one example running along the same route and in another example running along

different routes. Further, the fibre topology can be a tree, a ring or a mixture of the

two.

[000147] It should be noted that figures 3a and 3b merely illustrates various
functional modules and units in the ONU, 310 the OLT 320, the main OLT 330 and
the back-up OLT 340 in a logical sense. The functions in practice may be
implemented using any suitable software and hardware means/circuits etc. Thus,
the embodiments are generally not limited to the shown structures of the ONU,
310 the OLT 320, the main OLT 330 and the back-up OLT 340 and the functional
modules and units. Hence, the previously described exemplary embodiments may

be realised in many ways. For example, one embodiment includes a computer-



detecting (210) a fault in the main fibre path between said OLT and said
ONU, during ongoi ng conmuni cation, performng (220) a transm ssion rate
negot i at iwo 20ii3smai d ONU over sai d back-up path upon deteskkeagosmdd fault
in said main fibre path, when a tranggission rate is agreed upon between
said OLT and said ONU, during said transm ssion rate negotiation with
regard to conmuni cati on over said back-up fibre path, executing (231)
comuni cation with said ONU using said agreed transm ssion rate over said
back-up fibre path. 12. A nethod (200) in an OLT according to claim11,
uher ei n (88ksbiI8GheGhTBarng HdiiuctiBns Sidledidtebh s A8\dhcRElaMRepy g d OLT and

said ONU conprises recelving an alarm i ndicating sai 3 A net hod
(200) i rreapecmye pxoces&imgmgntt&dl 321n3321 anh8d difor Q@M@fnangrtm metloks@ps” | oss
of signa hr.oni at| on' . lL.ow nal |,oss of data
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14. A nﬁiﬁé@dta(b?é)ﬁ%/ thé‘c@r‘ﬁg@eﬁ' g 8¢stehfland sidPed@dn tﬁé cohfiuter-rebdbBle furt her

conpri ses negotia one or nore further paraneters to be used for
conmmruni daediom perfere meiqu stepp ©f e BxeBpliying eabadimentsag sehfdttomu.  15.
A et hoqhéﬁpa(?r)n in an OLT according to any of clainms 11-14, wherein said
transm ss Rt e negotiation with said ONU conpri ses confi rmng use of a
pre-negotiated transmi ssion rate with regard to comuni cati on over said
back- up [p@01t48] While the embodiments have been described in terms of several

embodiments, it is contemplated that alternatives, modifications, permutations and
equivalents thereof will become apparent upon reading of the specifications and
study of the drawings. It is therefore intended that the following appended claims
include such alternatives, modifications, permutations and equivalents as fall

within the scope of the embodiments and defined by the pending claims.



16. A method (200) in an OLT according to any of clains 11-15, wherein upon
detecting a fault in said main |[ink between said ONU and said OLT, the

met hod f wobher2/ieospri ses before perform ng (210) a firsPcr/sEpsms®s2ON rat e
negotiation with said OLT over the bagk-up path: performng (211) a first
transm ssion rate negotiation wwth said ONU over the main fibre path, if a
transm ssion rate i s agreed upon between said ONU and said OLT during said
first transm ssion rate negotiation, executing (232) comunication with
said ONU using said agreed transm ssion rate over the main path, or if a
transm ssji Qg ate i s not agreed upon between said ONU and said OLT during
said first transm ssion rate negotiation, performng (210) a second

transm ssion rate negotiation with said ONU over the back-up path, and when
a transm ssion rate is agreed upon between said ONU and said OLT during
sai d second transm ssion rate negotiation, executing (231) comunication

with said onu dsmeshed( WA eaPrticah datwaikddnit PN Up e fbréoe%ﬁgiﬁ%ath.
17. A t T : i i i.d first
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said pre-negotiated transm ssion rate between said ONU and said OLT over
t he backup- patdtectingd(1i10) adadlt methet mairelibre reatls bebyeemsaidt@Nbvand saidd nai n
path is | ower tPan said pre- nelghoti ated WO 2012/ 158080PCT/ SE2011/ 050621
OLT, during ongoing communication,
- performing (120) a transmission rate negotiation with said OLT over the
back-up path,
- when a transmission rate is agreed upon between said ONU and said OLT
during said transmission rate negotiation with regard to communication over
said back-up path, executing (150) communication with said OLT using said

agreed transmission rate over the back-up path.

2. A method (100) in an ONU according to claim 1, wherein said detecting
a fault in said main fibre path between said ONU and said OLT comprises

receiving an alarm indicating said fault.

3. A method (100) in an ONU according to claim 2, wherein said alarm is

one of “loss of signal”, “loss of synchronization”, “low signal level”, “loss of data
structure” and “high bit error rate”.

4. A method (100) in an ONU according to any of claims 1-3, further
comprising negotiating (140) one or more further parameters to be used for

communication on the back-up fibre path between said ONU and said OLT.

5. A method (100) in an ONU according to any of claims 1-4, wherein said
transmission rate negotiation with said OLT comprises confirming use of a pre-
negotiated transmission rate with regard to communication over said back-up

path.



36 transm ssion rate over said back-up path, then executing (216)

communi cation to said ONU over the backup path using said pre-negotiated

t ransm sswonorzatsejsoor i f said negotiated transm ssion rarce/sgy@n/ossed nmai n
path is higher than said pre-negotiatgd transm ssion rate over said back-up
path, then executing (232) conmunication to said ONU over the main path
using said negotiated transm ssion rate. 18. A nethod (200) in an O.T
according to any of claim11-17, wherein said OLT is a main OLT connected
to said ONU via the main fibre path and the backup fibre path connects said

ONU and @ back- yppfdifad &ﬂ@g |ﬁaﬂ%ﬂg%éc%9&h%'t§aﬁ¥'@b%lr%ﬁ -§CHREMIMg to claim

18, wherein in case sal ck-up fibre pat be used, the nethod
conpri segpanetaieaina( 1|0r)9tfautturn ealdtmamdm bﬂwleen;sa(d_G)NUsand saitsOtlictheon

|nstruct|n back i ate smssmn rate Otl tion with
said ONPEY QPafHﬂhﬁr %%[BR l’e&f?r& Oﬁm'”gz %?W%H‘S?@Bd?t% SGotiAloR° oL T
accor di ngitH aigl! @i Tod8r Qg,db%,ckymﬂr@brpaahl negoti ati on nessages which are
sent to said ONU in said transm ssion rate negotiation wth said ONU over

sai d mai n fi Hesfosaing &hld) &l fyst sansmissiosaiate begatiatipnanith saigiIOL Aovet Wed ( 200)
in a main C]_'I;T1 %Z&[tgl ng to any of clainms 18-20, further conprising
receiving a reé]l fromsaid ONU to establish comrunication with said

back-up OLT, ietesmissionrataiis aglebdsgrasbetwesmussd ONU%aublttemcrktDp OLT to
execute communi cation to said ONU over said back-u re path. 22.

met hod (200) quiingrsai firsi d@psaisrion @tﬁﬁgegmlamramme&qcutmﬂéﬂ65h sai d G_T i s

back- R - h
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back-up OLT amsiorghthgot o cl aim 22, the nethod conprising: - receiving (240)

h
22I hng:’ig?t Lgr}éﬁr%tgﬁ%]?%rglrﬁg ﬁgt ?Slger%(]eI uponbbet\%/)égﬁ%taldd ORRJ andlsgll(d l&_fmeen

during said first transmission rate negotiation (111), performing (120) a
second transmission rate negotiation with said OLT over the back-up path,
and

— when a transmission rate is agreed upon between said ONU and said OLT
during said second transmission rate negotiation, executing (150)
communication with said OLT using said agreed transmission rate over the

backup path.

7. A method (100) in an ONU according to claim 6 , wherein said first
transmission rate negotiation (111) with said OLT over the main path results in a
transmission rate which is lower than the transmission rate used before said
detection of said fault in said main fibre path between said ONU and said OLT, the
method further comprising comparing (114) said negotiated transmission rate
between said ONU and said OLT over the main path with said pre-negotiated
transmission rate between said ONU and said OLT over the backup path, and if
said negotiated transmission rate over said main path is lower than said pre-
negotiated transmission rate over said back-up path, then execute (116)
communication to said OLT over the backup path using said pre-negotiated
transmission rate; or if said negotiated transmission rate over said main path is
higher than said pre-negotiated transmission rate over said back-up path, then
executing (155) communication to said OLT over the main path using said

negotiated transmission rate.



WO 2012/ 158080PCT/ SE2011/ 050621 37 perform ng (250) transm ssion rate
negotiation with said ONU over said back-up fibre path, if said

t ransm sswornoratseosnegot i ati on does not results in an agreedERF1a0S08RESI ON
rate to be used for executing comuni gation between said ONU and said
back-up COLT over said back-up fibre path, then generating (257) a link
failure nessage; or if a transmssion rate is agreed upon between said ONU
and said back-up OLT, then executing (256) conmunication with said back-up
OLT using said agreed transm ssion rate over said back-up fibre path. 24.

A, et hods (200) WingrkaclobPrQiT oras akebiing @ ShAbRias Wessidterane! vi ng

(240) said indication conprises receivinga re fromsard main OLT, to
i ni ti at ONPagmninsinicates with twegepaeate &L 16 overdhe dibaNopte setveerk da bzaik - up

fibre p 25. A hod .i,n a back-up.OLT according to im?23, erein
Fecer v oL T saBrear g8 O v PRGNS ReBEBRY A bt Pl et 'on *t
negot i attqumwmgmm%hgre@uhdesti ned for said maiin QLT. 26. A

met hod (200) in a back-up T according to claim25, further conprising

determ ning, fromsaid received transm ssion rate negotiation nmessages from
said ON®- that & mathodddfer m ONY mrcerging,ioeclaie Sowbgreia@lldiegotatiomi n fibre

pat h bet I G i d.. el - / - I ; QT
Becor di er s, MR g Bt Ot in &l y3pPRitith flshesBfidnet?
negot i atwitmsaidtOMEnoweaisdidmaln fipre@ath ane atsa skribib)saidevackaup AdAck-up fibre
path conprises confirm ng use of pre-negotiated transm ssion rate between

sai d ONY and sai,d back- OTo said back-up fihbre th. 28 A nethod
Th & backup ot medord g e leeraiie 6aTnet el Tish st andidr i ni ng
from saitehrspeigsivR Fale’ matiitiadish ‘éBrﬁp?Fs@sﬂi?ﬁ%#yhéh#&'i'siﬁ@%%ﬁ@NU adnsgi d ONU or
said main OLT that a un-recoverable link failure has occurred on the nain
fibre pd?hl befreitbe segotmtiamef t(axsPisaioprateis perioemedhen a transmission rate
negoti ati on nessage is received (241) fromsaid ONU destined for said nain
T 11. A method (200) in an Optical Line Terminal, OLT, in a fibre optic access
network, the fibre optic access network comprising at least two fibre paths
between the OLT and an Optical Network Unit, ONU, a main fibre path and a
back-up fibre path, for enabling the ONU to communicate over the fibre optic
access network, the method comprising:
- detecting (210) a fault in the main fibre path between said OLT and said
ONU, during ongoing communication,
- performing (220) a transmission rate negotiation with said ONU over said
back-up path upon detecting said fault in said main fibre path,
- when a transmission rate is agreed upon between said OLT and said ONU,
during said transmission rate negotiation with regard to communication over
said back-up fibre path, executing (231) communication with said ONU

using said agreed transmission rate over said back-up fibre path.

12. A method (200) in an OLT according to claim 11, wherein said detecting
a fault in said main fibre path between said OLT and said ONU comprises

receiving an alarm indicating said fault.

13. A method (200) in an OLT according to claim 12, wherein said alarm is
one of “loss of signal”, “loss of synchronization”, low signal level”, “loss of data

structure” and “high bit error rate”.
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recei ving an expected followup transm ssion rate negotiation nessage from
sai d ONU wevimashshor said main OLT, then perform ng (2P0)/SEL@n®Me3Bi ON
rate negotiation with said ONU over sggd back-up path. 29.An Opti cal
Network Unit, ONU (310), in a fibre optic access network, the fibre optic
access network conprising at |east one Optical Line Termnal, OLT, (320)
and two fibre paths through the fibre optic network, a main path and a
backup path, connecting said ONU (310) with said OLT (320), the ONU being

adapt ed {0 e”abh%éﬂ%d%ﬁoné%% o %@F&I‘iﬂgqefaﬁ Q)‘f‘%falrtngel 1f*|@r1%rtHEF I C access
network, the ONU (310) conprising a processing unit (311) adapted to:

det ect ecdrmriae8| gdhletllngu(ZBQjame bremaes furer paGNoeledd @) bangeddod OLT (320),

during on rfor a, transm n rate tiation with
sai o L PobficB0R oEe batRip BEp A hRued Sk RIS Bof 5kt BRERI s "agr eec
upon between said ONU (310) and said OLT (320) during said transm ssion

rate neg.i ati op methodr(@08) th 49 Otdnaatdr€int ite anQ\E i d 1has kwhigrepait h, to
execut e conmuni cation with said OLT (320) using said ag reed transni ssion

ate overld HanyAERIUT A NRIOUAIEN Wih ORIY OHLOFOHETBRIFHYITHNG HEF of 20,
wher e ”Toﬁgi%&%%?e%tt‘ré}%rﬁuséi%%ﬂ'r%té wutﬁ%&a b'l:ofrﬁrﬁﬁﬁlc A58 o&t %ﬁﬁauﬁﬁ-_dﬁ ONU and

said OL rises recei |ca I'ng sai
path.

16. A method (200) in an OLT according to any of claims 11-15, wherein
upon detecting a fault in said main link between said ONU and said OLT, the
method further comprises before performing (210) a first transmission rate
negotiation with said OLT over the back-up path:

- performing (211) a first transmission rate negotiation with said ONU over
the main fibre path,

- if a transmission rate is agreed upon between said ONU and said OLT
during said first transmission rate negotiation, executing (232)
communication with said ONU using said agreed transmission rate over the
main path, or

- if a transmission rate is not agreed upon between said ONU and said OLT
during said first transmission rate negotiation, performing (210) a second
transmission rate negotiation with said ONU over the back-up path, and

when a transmission rate is agreed upon between said ONU and said OLT during
said second transmission rate negotiation, executing (231) communication with
said ONU using said agreed transmission rate over the backup path.

17. A method (200) in an OLT according to claim 16 , wherein said first
transmission rate negotiation (211) with said ONU over the main path results in a
transmission rate which is lower than the transmission rate used before said
detection of said fault in said link between said ONU and said OLT, the method
further comprising comparing (214) said negotiated transmission rate between
said ONU and said OLT over the main path with said pre-negotiated transmission
rate between said ONU and said OLT over the backup path, and if said negotiated

transmission rate over said main path is lower than said pre-negotiated



31. An ONU (310) according to claim 30, wherein said alarmis one of "|oss
of signal”, "loss of synchronization", |low signal level", "loss of data

st ruct ur evoaonck/iskisgh bit error rate". 32. An ONU (310) petcseedingeen any of
clainms 29-31, wherein the processing ggit (311) is further adapted to
negoti ate one or nore further paraneters to be used for comunication on
the back-up fibre path between said ONU (310) and said OLT (320). 33. An
ONU (310) according to any of clains 29-32, wherein said transnission rate
negotiation with said OLT (320) conprises confirmng use of a WD

2012/ 15§0HURGIL i of 20tk Q% back- B aﬂ?gﬁéh %S(@ﬁJﬂrfga@i &) %ér‘rf?ﬁhrﬂéétﬁ)ﬁ"ﬂot h

regard to conmunication over said ac -up pat ONU (310) according
to any claicONUeveotrehackuprastn usingrsaie peenieggtiaietiatiansmission rateredrnf | i nk
bet ween said rocessin nit. (31 | s_further adapted
Cor "ber ot ere b en Tehaisshit raibdieh SAEk Behugs it ek Salf i e T (950)
over sairfedgotiated! frahsRigsidatdie oveeshrsack-ip path, thanexeqiing28af e
negotiation with said OLT (320) over the malin path,

communication to said ONU over the main path using said negotiated

transmission rate.

18. A method (200) in an OLT according to any of claim 11-17, wherein said
OLT is a main OLT connected to said ONU via the main fibre path and the back-
up fibre path connects said ONU and a back-up OLT.

19. A method (200) in a main OLT according to claim 18, wherein in case
said back-up fibre path is to be used, the method comprises sending an instruction
to said back-up OLT, said instruction instructing said back-up OLT to initiate
transmission rate negotiation with said ONU over said back-up fibre path.

20. A method (200) in a main OLT according to claim 18 or 19, wherein all
negotiation messages which are sent to said ONU in said transmission rate
negotiation with said ONU over said main fibre path are also sent to said back-up
OLT.

21. A method (200) in a main OLT according to any of claims 18-20, further
comprising receiving a request from said ONU to establish communication with
said back-up OLT, wherein said main OLT sends a request to said back-up OLT to

execute communication to said ONU over said back-up fibre path.

22. A method (200) in an OLT according to any of claim 11-17, wherein said
OLT is a back-up OLT connected to said ONU via the back-up fibre path and the
main fibre path connects said ONU and a main OLT.

23. A method (200) in a back-up OLT according to claim 22, the method
comprising:
- receiving (240) an indication that communication needs to be executed on
a link between said back-up OLT and said ONU,



if atransmssion rate is agreed upon between said ONU (310) and said OLT
(320) during said first transm ssion rate negotiation, to execute

comruni cavoani2aseisosai d OLT (320) using said agreed tramemisEsiiensisat e over
the main path, or if a transm ssion gate is not agreed upon between said
ONU (310) and said OLT (320) during said first transm ssion rate
negotiation, to performa second transm ssion rate negotiation with said
OLT (320) over the back-up path, and when a transmi ssion rate is agreed
upon between said ONU (310) and said OLT (320) during said second

transm ssi on : oAt ; ki i i hid OLT usin
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said agreed transm ssion’'rate over up path. 35. An ONU

accordi ng t o beckiup Bare pdibrein said first transm ssion rate negotiation
with said O‘Tf%?’é(t)%a'nover .t he tmai n gaﬁh r.esul tf in.a.transm ssion rate which
is lower thad Y918 MANSHYRRQR R e9elaliQ dORRNEF VLR & ABEAEFDn of said
fault in sai draminfis$ibAratetdide BSdd\RE Rx88lLhd DM HatRAb&wedn Gald (320) ,
the processing unit (311) is further adiaJ)t ed to conpare said negotiated

t ransni ssi on @Heansksaid drackaidObipves soid bark-grifibrecpathy B1em generatingie nai n
ath with sai . j ransm ssion rate between said ONU (310) and
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said OLT (32 and if said negotiated transm ssion

rate over saiifla tranBmisgion rateli®wugreddnaorsioétveehesdic ON U ainddsdid Baskupsi on
rate over said back-up path, then said processing unit (311)_is adapted to

e Commish EafRe xeBitag (Pa8) Poranuyeie wihePReE U KILT Laidy o, d
cute commink LalO P68 (£20) Porayicals . &
D 01o) 1oa0s0reriLEIRER SRS Rl tpidbvar saidbdcRapdrabeth. O L ih e

hi gher than said pre-negotiated transm ssion rate over said back-up path,
t hen sai2d.pr ocesghatpodn(200] B4 pack-updapt adcomingkcelaien 28npwhareiat i on to sai d

OLT (320) over @g Rl N .atﬂ usi ng .sai d ne\ﬂotiat ed transm sai on rate. 36.
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a main OLT (330) connected to said ONU via the main fibre path and a

back- up M@ (340) connected to said ONU via the back-up fibre path.

25. A method in a back-up OLT according to claim 23, wherein receiving
(240) said indication comprises receiving (24 1) transmission rate negotiation
messages from said ONU destined for said main OLT.

26. A method (200) in a back-up OLT according to claim 25, further
comprising determining, from said received transmission rate negotiation
messages from said ONU, that a un-recoverable link failure has occurred on the
main fibre path between said ONU and said main OLT.

27. A method in a back-up OLT according to any of claims 23-26, wherein
said transmission rate negotiation between said back-up OLT and said ONU over
said back-up fibre path comprises confirming use of pre-negotiated transmission
rate between said ONU and said back-up OLT over said back-up fibre path.

28. A method in a back-up OLT according to any of claims 26-27, wherein
said determining from said received transmission rate negotiation messages from
said ONU or said main OLT that a un-recoverable link failure has occurred on the
main fibre path comprises starting (242) a preset timer when a transmission rate
negotiation message is received (241) from said ONU destined for said main OLT;



37. An ONU (310) according to claim36, wherein said ONU (310) is adapted
to send all negotiation nessages, which are sent to said main OLT (330) in
sai d transoizsg/asosnat e negotiation with said ONU (310) ocersEs@igsesri n fibre
path, also to said back-up OLT (340) gpga said back-up fibre path. 38. An
ONU (310) according to any of clains 29-37, wherein said processing unit
(311) is adapted to synchronise said ONU (310) and said O.T (320, 330, 340)
before perform ng negotiation of transm ssion rate. 39. An Optical Line
Termnal, OLT, (320) in a fibre optic access network, the fibre optic
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and said ONU (310), during ongoing comuni cation, performa transm ssion

rate neqg.i ati oanvdpticeas Netwbl UGB IONUOBE0) siaidfifradptidmdeats nepwsrkdgdeect i ng
said fault in said main fibre path, en a transm ssion rate is_agreed
upon betflRse PrEaagcessmetymnl camprisiioer tdrest aeoPptierl Lingy Teemigat. (RlnEm ssi on
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- detect a fault in the main path between said ONU (310) and said OLT (320),
during ongoing communication,
- perform a transmission rate negotiation with said OLT (320) over the back-
up path,
- when a transmission rate is agreed upon between said ONU (310) and said
OLT (320) during said transmission rate negotiation with regard to
communication over said back-up path, to execute communication with said

OLT (320) using said agreed transmission rate over the back-up path.

30. An ONU (310) according to claim 29, wherein said detecting a fault in
said main fibre path between said ONU and said OLT (320) comprises receiving

an alarm indicating said fault.

31. An ONU (310) according to claim 30, wherein said alarm is one of “loss
of signal”, “loss of synchronization”, low signal level”, “loss of data structure” and

“high bit error rate”.

32. An ONU (310) according to any of claims 29-31, wherein the processing
unit (311) is further adapted to negotiate one or more further parameters to be
used for communication on the back-up fibre path between said ONU (310) and
said OLT (320).

33. An ONU (310) according to any of claims 29-32, wherein said
transmission rate negotiation with said OLT (320) comprises confirming use of a



41. An OLT (320) according to claim40, wherein said alarmis one of "|oss
of signal”, "loss of synchronization", |low signal level", "loss of data

st ruct ur evoaonck/iskisgh bit error rate". 42. An OLT (320) perseedingetn any of
clainms 39-41, wherein said processingsgnit (321) is further adapted to
negoti ate one or nore further paraneters to be used for comunication on
the back-up fibre path between said OLT (320) and said ONU (310). 43. An
OLT (320) according to any of clains 39-42, wherein said transnission rate
negotiation with said ONU (310) conprises confirmng use of a

pr e- negaoi i S i | ’ lﬁﬁ)(%‘gnéw i ysaid
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upon detpadii ng a fault in said main |link between said ONU (310) and said
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ONU (31Q) fzemen shitemaii K bétv@epaddid ONU aadtgar ©NTS #heéprooebsingsuragr eed upon
between said ONU (310) and said OLT (320) during said first transni ssion

rat e nedéf il hisifoRhet adanied dedaaface peiferming a)transraigaipnsata pegtiatignavith
conmuni Gag: i ] ' 10) ¢ USi said agreed transm ssion rate over
t he nai %%E%%.W@?B)??égs%gﬁgﬁ] sfilt%h% dr?jgr%'e i s not agreed upon between said
ONU (310) andestoroh £Xirst (r226mishion rae swigdtidiiors vithrsaics OLIS(320) vadrethe

negoti ati on, th,eég)rocessi ng unit (321) is adapted to performa second
transni ssi on PaNPaBgotiation with said ONU (310) over the back-up path,
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unit (321) OLT (320) during said first transmission rate negotiation, to execute
communication with said OLT (320) using said agreed transmission rate
over the main path, or
- if a transmission rate is not agreed upon between said ONU (310) and said
OLT (320) during said first transmission rate negotiation, to perform a
second transmission rate negotiation with said OLT (320) over the back-up
path, and
— when a transmission rate is agreed upon between said ONU (310) and said
OLT (320) during said second transmission rate negotiation, to execute
communication with said OLT using said agreed transmission rate over the

backup path.

35. An ONU (310) according to claim 34, wherein said first transmission rate
negotiation with said OLT (320) over the main path results in a transmission rate
which is lower than the transmission rate used before said detection of said fault in
said main fibre path between said ONU (310) and said OLT (320), the processing
unit (311) is further adapted to compare said negotiated transmission rate between
said ONU (310) and said OLT (320) over the main path with said pre-negotiated
transmission rate between said ONU (310) and said OLT (320) over the backup
path, and if said negotiated transmission rate over said main path is lower than
said pre-negotiated transmission rate over said back-up path, then said
processing unit (311) is adapted to execute communication to said OLT (320) over
the backup path using said pre-negotiated transmission rate; or if said negotiated
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said ONU (310) using said agreed transm ssion rate over the backup path.

45. An OwWo(82M)ss@ecor di ng to cl aim 44, wherein said fi Pstr/SE@n®sic3si 0N
rate negotiation with said ONU (310) gger the main path results in a
transm ssion rate which is lower than the transm ssion rate used before
said detection of said fault in said Iink between said ONU (310) and said
OLT (320), the processing unit (321) is further adapted to conpare said
negotiated transm ssion rate between said ONU (310) and said OLT (320) over

t he mai L { r en said ONU
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transm ssion rate over said main path is higher than said pre-negoti ated

transm ssion rate over said back-up path, then the processing unit (321) is

adapt ed 3% execHNOVLHIAI aa@QrSrmgth WQFJ@RIU‘S(%Q_@? wherein ﬁé' NV pat h usi ng
d T f
oo - 30 QE St ar BLIRHRR G Sug o sdbeie Of PR BREHMBLRBLES 1Y 0o o
ag Egi@)etworsk rahaamaoan(BBmecqnatdctemm s4ia CDNUKHaul:he‘ nianrgglmr@tﬂsath?mma:t s s?i d
nd according to claim
46, Wne&g-ﬁci 8&3_5(4%5958 é& %@Ip@@Up\g@ he Eagéusé‘%c& 88Nt he prgceSS| ng

unit (331) is adapted to send an instruction to said back-up OLT (340),
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38. An ONU (310) according to any of claims 29-37, wherein said
processing unit (311) is adapted to synchronise said ONU (310) and said OLT
(320, 330, 340) before performing negotiation of transmission rate.

39. An Optical Line Terminal, OLT, (320) in a fibre optic access network, the
fibre optic access network comprising at least two fibre paths between the OLT
and an Optical Network Unit, ONU, (310) a main fibre path and a back-up fibre
path, the OLT (320) being adapted to enable the ONU to communicate over the
fibre optic access network, the OLT comprising a processing unit (321) adapted to:

- detect a fault in the main fibre path between said OLT (320) and said ONU
(310), during ongoing communication,

- perform a transmission rate negotiation with said ONU (310) over said
back-up path upon detecting said fault in said main fibre path,

- when a transmission rate is agreed upon between said OLT (320) and said
ONU (310), during said transmission rate negotiation with regard to
communication over said back-up fibre path, the processing unit (321) is
adapted to execute communication with said ONU (310) using said agreed
transmission rate over said back-up fibre path.



49. A main OLT (330) according to any of clains 46-48, wherein said
processing unit (331) is further adapted to receive a request fromsaid ONU
(310) to wetatyissisocomuni cati on with said back-up OLT @848E20mosueei n sai d
processing unit (331) is adapted to sgpd a request to said back-up OLT
(340) to execute comunication to said ONU (310) over said back-up fibre
path. 50. An OLT (340) according to any of clains 39-45, wherein said OLT
(340) is a back-up COLT (340) connected to said ONU (310) via the back-up
fibre path and the main fibre path connects said ONU (310) and a main OLT

(330). Al. A bagkoup (53d) é&%@diné@&%{)aﬁggibfEA&éFéiﬁiéHiéeetéﬁ’ﬂﬁg%:fﬁuFt.*T'r?
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(310) oVEFCYRE A hARKTYNeicAI SaAallti t sai d transmi ssion rate negotiation
does not results in an agreed transm ssion rate to be used for executing
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QT (340).” httJE\?erBPraefé’eCUte comuni cation with said back-up OLT (340) using
sai d agregd ransm ssi'on rate over said back-up fibre path. 52. A back-up
OLT (340) according to claim51, wherein the reception of said indication
conpri seR.r ecei Anr@L & (32@)uscording doraswiod claing 300N ,(V@3€rein said ipnode ssireg
transm ssi.on.rate otiat, wth. said ONU (31 over said back-up fibre
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fromsaid ONU (310) destined for said main OLT (3 A back-up O.T

(340) ac@idt @INg (3t0)cl ai m 53, wherein said processing unit (341) is further
adapted to determne, fromsaid received transm ssion rate

43. An OLT (320) according to any of claims 39-42, wherein said
transmission rate negotiation with said ONU (310) comprises confirming use of a
pre-negotiated transmission rate with regard to communication over said back-up

path.

44. An OLT (320) according to any of claims 39-43, wherein upon detecting
a fault in said main link between said ONU (310) and said OLT(320), the
processing unit (321) is further adapted to, before performing a first transmission
rate negotiation with said OLT (320) over said back-up path:

- perform a first transmission rate negotiation with said ONU (310) over the
main fibre path,

- if a transmission rate is agreed upon between said ONU (310) and said
OLT (320) during said first transmission rate negotiation, the processing
unit (321) is adapted to execute communication with said ONU (310) using
said agreed transmission rate over the main path, or

- if a transmission rate is not agreed upon between said ONU (310) and said
OLT (320) during said first transmission rate negotiation, the processing
unit (321) is adapted to perform a second transmission rate negotiation with
said ONU (310) over the back-up path, and

when a transmission rate is agreed upon between said ONU (310) and said OLT

(320) during said second transmission rate negotiation, the processing unit (321)



WO 2012/ 158080PCT/ SE2011/ 050621 44 negoti ati on nmessages from said ONU
(310), that a un-recoverable link failure has occurred on the main fibre
pat h bet weenoraissos®NU (310) and said nmain OLT (330). 5PcTAED®GCKSMSP1 OLT
(340) according to any of clainms 51-54 wherein said transm ssion rate
negoti ati on between said back-up OLT (340) and said ONU (310) conprises the
processing unit (341) being adapted to confirm use of pre-negotiated
transm ssion rate between said ONU (310) and said back-up OLT (340) over
sai d back-up fibre path. 56. A back-up O.T(340) according to claim54 or

55, wheriehRasidtoRh@eaRSEdEnimidatioAddih §8idasROL@40] Bsinpgs%ribl Qgﬁ"dm' ning from

said received transm ssion rate negotiation nessages from sa ONU (310) or
sai d maitran@nTisgios 0qtet dnver the backyepatdr abl e |ink failure has occurred on the
main fibre path, start a preset tinmer when a transm ssion rate negotiation
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transm sfggofiatien ithegad ONU ¢81 Oesardiee hiampat sl 8 1nsAasdionestel or said
main OLT (330), then the processing unltgys\l341) Is adapted to perform
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said link between said ONU (310) and said OLT (320), the processing unit (321) is
further adapted to compare said negotiated transmission rate between said ONU
(310) and said OLT (320) over the main path with said pre-negotiated transmission
rate between said ONU (310) and said OLT (320) over the backup path, and if
said negotiated transmission rate over said main path is lower than said pre-
negotiated transmission rate over said back-up path, then the processing unit
(321) is adapted to execute communication to said ONU (310) over the backup
path using said pre-negotiated transmission rate; or if said negotiated
transmission rate over said main path is higher than said pre-negotiated
transmission rate over said back-up path, then the processing unit (321) is
adapted to execute communication to said ONU (310) over the main path using
said negotiated transmission rate.

46. An OLT (330) according to any of claims 39-45, wherein said OLT (330)
is @ main OLT (330) connected to said ONU (310) via the main fibre path and the
back-up fibre path connects said ONU (310) and a back-up OLT (340).

47. A main OLT (330) according to claim 46, wherein in case said back-up
fibre path is to be used, the processing unit (331) is adapted to send an instruction
to said back-up OLT (340), said instruction instructing said back-up OLT (340) to
initiate transmission rate negotiation with said ONU (310) over said back-up fibre
path.

48. A main OLT (330) according to claim 46 or 47, wherein the processing
unit (331) is adapted to send all negotiation messages, which are sent to said
ONU (310) in said transmission rate negotiation with said ONU (310) over said
main fibre path, also to said back-up OLT (340) over said back-up fibre path.
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49. A main OLT (330) according to any of claims 46-48, wherein said
processing unit (331) is further adapted to receive a request from said ONU (310)
to establish communication with said back-up OLT (340), wherein said processing
unit (331) is adapted to send a request to said back-up OLT (340) to execute
communication to said ONU (310) over said back-up fibre path.

50. An OLT (340) according to any of claims 39-45, wherein said OLT (340)
is a back-up OLT (340) connected to said ONU (310) via the back-up fibre path
and the main fibre path connects said ONU (310) and a main OLT (330).

51. A back-up OLT (340) according to claim 50, wherein the processing unit
(341) is further adapted to:

receive an indication that communication needs to be executed on a link
between said back-up OLT (340) and said ONU (310),

- perform transmission rate negotiation with said ONU (310) over said back-

up fibre path,

- if said transmission rate negotiation does not results in an agreed
transmission rate to be used for executing communication between said
ONU (310) and said back-up OLT (340) over said back-up fibre path, then
to generate a link failure message; or

- if a transmission rate is agreed upon between said ONU (310) and said
back-up OLT (340), then to execute communication with said back-up OLT

(340) using said agreed transmission rate over said back-up fibre path.

52. A back-up OLT (340) according to claim 51, wherein the reception of
said indication comprises receiving a request, from said main OLT (330), to initiate
transmission rate negotiation with said ONU (310) over said back-up fibre path.

53. A back-up OLT (340) according to claim 51, wherein reception of said
indication comprises receiving transmission rate negotiation messages from said
ONU (310) destined for said main OLT (330).

54. A back-up OLT (340) according to claim 53, wherein said processing
unit (341) is further adapted to determine, from said received transmission rate
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negotiation messages from said ONU (310), that a un-recoverable link failure has
occurred on the main fibre path between said ONU (310) and said main OLT
(330).

55. A back-up OLT (340) according to any of claims 51-54, wherein said
transmission rate negotiation between said back-up OLT (340) and said ONU
(310) comprises the processing unit (341) being adapted to confirm use of pre-
negotiated transmission rate between said ONU (310) and said back-up OLT

(340) over said back-up fibre path.

56. A back-up OLT(340) according to claim 54 or 55, wherein said
processing unit (341) is adapted to, when determining from said received
transmission rate negotiation messages from said ONU (310) or said main OLT
(330) that a un-recoverable link failure has occurred on the main fibre path, start a
preset timer when a transmission rate negotiation message is received from said
ONU (310) destined for said main OLT (330); and if the timer expires before a
receiving an expected follow-up transmission rate negotiation message from said
ONU (310) destined for said main OLT (330), then the processing unit (341) is
adapted to perform transmission rate negotiation with said ONU (310) over said

back-up path.



