3 0 AUG 2005 OPTI CAL NETWORK COMVUNI CATI ON SYSTEM FI ELD OF THE | NVENTI ON
The present invention relates generally to information transfer in a
comuni cation network, and specifically to a protocol for transm ssion over
a passive optical network. BACKGROUND OF THE | NVENTI ON A 30 AUG 2005

poi nt-to-nulti-point passive optical network (PON) operates as a

comuni cati on system by broadcasting optical signals downstreamfrom a

central unit, herein terned an optical line termnation (OLT), to optical
network term nations éﬂ;@gt} ig \ ed fromthe OLT to
the ONTs via fibre opt S o e RINITeT.MBLY --a!'—“ whi ch
conpri se the physical .fabric aof e upst ream comruni cati on,
each ONT nmust be able to trangw%sp gﬁ‘i@rqe not interfered with by

other ONTs. One ofThé hgresent hiaténtisnOvdlatésn deh@alpr tio f BiforpRASOr NS iBUgh
upstream and downsfreamtrapsm ssions is by using tinme domain nultiple
access (Tow@%@ﬁtéqwe%%ﬁ aofppgeyically tncapratecel 106 tHUSSHARAVEBAPESIVE can
transmt, ancpivgsfotdie OLT al so has windows for transm ssion to specific
ONTs. Ot her methods for avoiding interference include transmtting signals
at different wavel engths, glidi@cROUNGD OROFHEINFRENTION ti pl e access (VDVA).
Conbi nations of TDVA and WDMA are also known in the art. U S. Patent
5,173,899 to Bal | &ndeintihewki-pRisic pessiiee optcdl nedvpdsr 4FOH) hencedtes 13§ 2
reference, d i hes. 0 - .eat | j [ .cal
networ k. An %%ﬁl‘%u'?ggh@mgg%&d%gag%g%%&? 1r ggr%ég E%V?\Ig r ar%gl ?%El:ltﬁagl ng

i nf or mat i on, uait, hsyatrctermoad ancantior lise derainatiom (OIgP)atet apti¢al metwogintsrrinations t r eam)

e gr ant & and e Ty b ro kRS Rl N EAR OIS IRE bR, O ore

et al., whosendipssivosptios! sittersc whioh rcampdsende ehysicabfabrie bEthe metsvorldd®cr i bes a

met hod for allqcating tineslots.i T peint-to-nul.ti: poi.nt network.
The network (l)lBsgrre e gllnﬁmga %{He?‘éhgﬁiﬂ[)ﬁt/ﬁﬁéﬁ? %0 Fr%r.ls,mlE %%Wsn ]iu%h 8F The

net wor k al t eimafteedweitivbe otiee OINTIgOAN G the @ethods Bnowihia the kb ddh pegfdindes t he
"dead" tine needed bet\/\ﬁen adj acent .downstreamtirregl ots of. an OLT, the
dead time beiSIr'mCSl UpStFRaTy 3] dQWpstepm AR sRons 15 s pneHimg d A BEIPISHECEE T and an

ONT in the nermomk, wildtein ca&OBIT i@nllbSatdd P vaIIBRt vilkbn VARt \Chid Grasrdid, aBd  ONT an

authorization to send while it js 1 L )
where the OLT also has windows for transmission to specific ONTs. Other methods

for avoiding interference include transmitting signals at different wavelengths, using
wavelength domain multiple access (WDMA). Combinations of TDMA and WDMA
are also known in the art.

U. S. Patent 5,173,899 to Ballance, whose disclosure is incorporated herein by
reference, describes a method for communication in a passive optical network. An
OLT transmits downstream TDM frames, the frames including information, a
synchronization signal, and grants (o transmit upstream) to downstream ONTs. THe
ONTs transmit upstream TDM signals responsive to the grants and the
synchronization signal.

U. S. Patent 5,355,368 to Dore et al., whose disclosure is incorporated herein
by reference, describes a method for allocating timeslots in a TDMA point-to-multi-
point network. The network operates in a half-duplex manner, i.e., terminals of the
network alternate between sending and receiving, The method reduces the “dead”
time needed between adjacent downstream timeslots of an OLT, the dead time being
the round-trip time of transmission between the OLT and an ONT in the network. The

reduction is implemented by giving a first ONT an authorization to send while it is



30AVG&2005 receiving informati on addressed to a second ONT. U. S. Patent
5,515,379 to Crisler et al., whose disclosure is incorporated herein by
ref erence, describes a systemfor tinmeslot allocation within a

comuni cation system A conmunication unit transmts a first Q%Cﬁé ZE@
data requesting permssion to transmt to a tinmeslot allocator. e cket
contains either a request for allocation of a nunber of tineslots, or a
request to transmt nultiple packets of data. In either case, the

al | ocat or al Irerehtingsinfoonttionaddrsssed frea secondsONS. t he unit which the unit uses

for transm ssi ontpt phs: RGeS S FaLRRL deialle B2 RENiLRT

al ., whose disclosure |s incdrporate efel n by rence, describes a
met hod for r butrefgenoe edesiribgs assyschr forotisedotasibtaion wibide a Adihumedtios. (A

packet is conprise nl.ural i.ty of. ATM cel | s The net hod onsists of
receiving, in séer?o‘gtcgé%lg IFatf?ﬁlf%rt?/m%rréﬁtﬁ %Mésglp ?Cé(gﬁ)%)fndc?fanrge q?egg?%%er%“esall ni ng and
end of a packetranshitrtouttiameside bliércaton Ekherpavitet Rontkind eithanh rapedt dor dlbeatipacket

fromthese cells. The information includes . a routing |ab det er.m ni ng an
output port PhF MRS SARSEH. B FeTtaR HRFHO P LRl PSP o SHFE chi ng
pat hs connectisagtha aNEdatoe all&ates €BnticdhBuPtide Sbisna kheohiofvhiti thenRkREs fol).  S.
Patent 5,838,687 to Ranfelt, whose disclosure is incorporated herein by

reference, d&eRPHBED Aitspgketseuse method in a Dynam ¢ Synchronous Transfer
Mode (DTM  segmeqt gd paefisie sobCoeshitid &l At bk &13&65594 ls&HcRYorgket

- - > 2

t okens, and witing to a slot may onldy be perforned by a controller owning
t he corr espoRefergbn skasence.ofesqribgs a mathad fon rpite procesias rrsinshipsews wapsfeepr esent

a group of t%@é‘%‘xﬂ) eIl @gféa%k&fftqpﬁ&ﬂﬂrisg@_%?ggfégﬁty-r&eAﬁ@ItJ%ﬁg.) mna&ﬁ.&@i ﬁ;

extendi ng the DIM bl ock t ok ormat” to include "paranmeters’ descri
segnent s bet eRmsistssupsingn ih dewitd erdlt hudler, redecorreRpanding tto Kerbegiapiagiany i s

reserved onl nt,s 1 he e J us
transm ssi ongn&l)ﬁf%ﬁgéﬁgtaréemsﬁé}t@g@%%&drlogﬁ%e%F%@qg%ngﬁn%ﬁbegﬁ %)C? kt{?éerﬁ ﬁlg%gg\or k U.

S. Patent 5, 68R, TBO infomBobmimetuded a,roviingskbei detdrmmingean sutpuicporpbrahed herei n
by reference

escrj be trali,zed.and distributed nagenent of
ot cat ohekEE Sl FERetHat R IRR AR R g pe SR PR DR 720ret on o
server node tosa d&tnagibR6lf thé piokars corresponding to tine slots for
unidirectional data.flow opn a co nications. link. The server,.if it has
avai | abl e capaci f@ S'Pé?&?gw’ﬁd%ﬁétﬁ &fhese @%@?Hret%"ﬁ?‘ﬁ’@?atedﬁﬁ’é?é‘éé%n t he
l'i nk, accor diefgerice, det&tibRS hSlot &Rk hieHA iR AdOPnamid SYMBrddbisd Tikiféredod@er si on

the function of the server is spread anongst two or nore nodes, connected to
the 1ink. (DTM) segmented network. Access to slots is controlled by slot tokens, and writing to

a slot may only be performed by a controller owning the corresponding token for that
slot. A block token is used to represent a group of tokens in a single control message.
The method consists of extending the DTM block token format to include parameters
describing segments between source and destination nodes. Block token capacity is
reserved only on segments between the nodes, and enables simultaneous
transmissions in the same slot over disjointed segments of the network.

U. S. Patent 5,982,780 to Bohm et al., whose disclosure is incorporated herein
by reference, describes centralized and distributed management of communication
resources in a DTM network. In the centralized version a server node is assigned
tokens corresponding to time slots for unidirectional data flow on a communications
link. The server, if it has available capacity, reserves and transfers tokens to other
nodes on the link, according to requests from those nodes. In the distributed version

the function of the server is spread amongst two or more nodes connected to the link.

[\



Z 0 MG 2D05 SUMVARY OF THE INVENTION It is an object of sone aspects of the
present invention to provide a nethod for transmtting . signals in a
comuni cations network. It is a further object of sonme aspects of the
present invention to provide a nethod for transmtting TDM si gagl Sutnngs
passive optical network (PON). In a preferred enbodi nent of the present
invention, an optical line termnation (OLT) transmts optical signals
downstreamto a plurality of optical network term nations (ONTs). The QLT

is coupled via a passive optSUMMARY O BREINYENHON to the ONTs, so
formng a PON. Thg; QL Tract s 3 F t{eSa3Rin&i @pal s, and
al so of signals s_e‘r115t _upge?_r eg%ﬁl%ySp%%gBcﬁ%'?%%ngﬁl}vtg@gﬁneg#%y et ﬁgétO_T. The
downst r eam sitrgrsaiiting pignalemta domntuhiafions metwfork.r ames havi ng a constant peri od,

and each downstr for i Ses of "t.i. . " h. tinmesl ot
is a fixed nurrbelr?eﬁrc?f1 f%@ggso , J%giﬁ%f %%}ehﬁﬂgcgsggﬁ{hﬂpéer%&t lﬁgg"&%'s%lp f%%%t%s

timesl ots di methbe oritanesiting TEM tigeal O Taspasdivecoptiyal astvorkrehOM)Y . Ti nmesl ot
allocation for each frane, is i,npl ted ccording to quantities of data
to be transmi tte?iﬁ’taoof?t?%?ﬂ eé%sw{%ﬁ? &@%PH&?@W@& %&f’pt’f‘ﬂgm@?ﬁm 4
preferably, tderathetsi 6pical sighd®SdoWnSrda@ 16 aC RGN OfT SR haw®Ik S
performed at supstantially the sanme rate as the franmes, are.transmtted. By
al l ocating aEPpelRESs (ARESr ThePLE Freuipldeyia & pessivh oabiah distrbutieon AR fDr to an

upstream W ngRVONTEXR! i@hﬁﬁ% DPORWThe td1er Ghtd o874 86Nl ¥r aRNddwaidi&s each
frame or window in a variable TDM nanner, with variable length tinmes for

each ONT whi isnalseard ajesofignals seb ypsteeambyithpdNEs endereeqivaddyithe @4Ti khey TDM
manner from jRagii ARERYY s i i DG 4T it ed
accordi ng tohwgb%%?%?agr\% ° 5?{9(1)%%2%%@%%@ hXOWi. .Qé%sﬁst@o?’e%%%g&n%

downst r eam sHepmstreant draplei eranpaiaesa 2 trumbsiiof t‘tuledets dridichgimeslot dner §redhor e
servi ces, Wit eBY b bid HHRh Yo RELAHE AGCAILILA0iH OGO TRLE Sh¥acifll T €7 ent
protocols. Services typically include constant bit rate services and packet
based servi cefsthe ONgF r 7 dphamindmatines Tisestft alldratipr fos eavh framednimmpementethsf er
data regard]ess.of the type of service.the data i nsnitted under.

Upst r eam and“&%@%ﬁ? 83%“@?59%5'1&{3 tg‘lg‘éyrfl?sgﬂti%etf’&ré’al e&éﬁ%ﬁ a4 ﬁ%tela‘ﬂeda d the
ONTs vi a chatha€llS. Mudst prefetablyyaippdibestivpnanf alngeslots- fon eadivefaminsigeatr framé e
services. The .channel s and. channel parapeters, such as dwidth, are
ST ocared byPeiRRLH SUGHABEY BAn AL o T Gama 2 AP ATED AP BEER % or | ng
oper ati on of vafigg RMberEaLimedats i bacH dSmstidaMeFdn® 6r 16hinClpsaésn liddosat ed

according to bandwi dth requirenents of the channel's ) i
(explained below), the OLT effectively configures each frame or window in a variable

TDM manner, with variable length times for each ONT which receives data.

Upstream signals are transmitted in a TDM manner from individual ONTs in
windows, the windows being transmitted according to time pointers allocated by the
OLT.

Both upstream and downstream signals comprise data transmitted according to
one or more services, which may individually operate according to completely
different protocols. Services typically include constant bit rate services and packet
based services. Preferred embodiments of the present invention transfer data
regardless of the type of service the data is transmitted under.

Upstream and downstream signals are transferred between the OLT and the
ONTs via channels which are mapped as a one-to-one mapping from the services. The
channels and channel parameters, such as bandwidth, are allocated by an operator of
the PON, either at initialization or during operation of the PON. Each channel uses
timeslots which are allocated according to bandwidth requirements of the channel’s

service.



service. 3 3 0 AUG 20M Data for a specific channel in a downstreamfrane
may be distributed within the frame non-contiguously. Al so, data for a
speci fic channel in an upstreamw ndow mnay be distributed within the

wi ndow non-conti guously. Enabling a specific channel in upstredm wipdgps
and downstream franes to be arranged non-contiguously significantly ‘
enhances the flexibility and efficiency of transm ssion of these signals,
conpared to systems which do_not allow non-contiguous transm ssion. There
i s therefore proviPatdor acessiiti hannebina pewistesne Famaimsdi beedistripited Wishin pr esent

nvent i on, A JekdingndRLonAQNSY RAN HAIANDLEIWallP A SNFAbindon

transm ssion point to a pri Ity of receiving end point y tinme division
mul ti pl exi ng magfbealisgelpnesdwishio thef windew noeacttigodusiyh Eotbling adpediftiechanwed o

multiple ti I t he h including: recejving at the t

transm ssi og?%&ﬁ%tfeaalatw 3T0F %’%a%%vrvﬁlsérg?%%%est ei)eer?ﬂ9 ng%gié\néfogﬁ#é)[l%gt a

i ncl udi ng at sigedmbntly dnhtsdes cigeflekibility ahd tifichcydaft tarkmissibi afi rbes sipmls, t 0 a
first end point ampng the plurality of the end points.and a second
quantity of §8‘86?{8‘F§’a?§ gemy BB‘CF A9 AR AIQWinGR-CORIBHOUSEABNESUNY poi nt anpng t he
plurality of the ghse oithdréforeSprotiided)adccortifhg tbi 4 prefafvd apbudittergUdnheti es are
variable fromeach of the franmes to the next in the seguyence; responsive

to the first PEAEH sEVEHELgaritGthqde Or SopastEpin GOMRUBSHIPRfofhd FUfEs a

first number y@fsnlifiontjoiRsd @bRirdify Srakéawvildénd Joinds byidhe diviidnhBulfiplesihg end
poi nt, and a second nunber of the timeslots to carry the second data to

the second eRH2 pRIppRCE 06 ffames, |gagh of fyhichrip divided into swdiipditimesiese the meBodar i abl e
from each of ;J.hgidr ames to the next in the sequence responsive to

variations in thefirst and second quantities of the data; and transmtting
the data from t hereeeiving &k ther eanisali tsaniswissipnipaint Wetatfhe trewsehigssinriosthe ¢0¢ i ng t he

al ocated ¢ | Fralohs uu £t ELALAN Kaut WG GERRS Pl ALARSITPRLARAGH B o iflp] Udes an

optical line terimna oints 1nc opti cal network
term nal s (Obidspointvirengithe plhmlity@f Theasnd pONTSamdracsecqer quentity ofiseconddestei ver s
in a passive.optical .network. Preferabl t he data.i,ncl udes sets .of data
whi ohar e col BB bddstng FHEbSH obe b e ol BB S B S
Pref erably, thedirglandatdohy qodntidestarp @arbie frova kavtias’ tisefranasfio eechepbinnths
operative at different wavel ength groups, and the data includes respective
sets of data’fHfER are

responsive to the first and second quantities, allocating in each of the frames a
first number of the timeslots to carry the first data to the first end point, and a second
number of the timeslots to carry the second data to the second end point, such that the
first and second numbers are variable from each of the frames to the next in the
sequence responsive to variations in the first and second quantities of the data; and

transmitting the data from the central transmission point to the end points
during the allocated timeslots.

Preferably, the central transmission point includes an optical line terminal
(OLT), and the end points include optical network terminals (ONTs), wherein the
OLT and ONT's are operative as transceivers in a passive optical network.

Preferably, the data includes sets of data which are conveyed via respective
different industry-standard services.

Preferably, the plurality of end points includes sets of end points operative at
different wavelength groups, and the data includes respective sets of data which are
conveyed between the central transmission point and the respective sets of end points
via the different wavelength groups.

Preferably, the data includes sets of data which are conveyed via respective
4



conveyed between the central transm ssion point and the respective sets of
end points via the different wavel ength groups. Preferably, the data

i ncl udes sets of data which are conveyed via respective 4 3 D AU G 2005

di fferent channels, wherein each channel transfers data via a sgrnviAgﬁ 005
coupled to the <central transm ssion point and at |east one of the d'z
points. Further preferably, the nmethod includes assigning each channel a
respective bandwi dth, wherein allocating the first and the second nunbers
of timesl ot s difficéntdRanela) herainieach thaandlitranifednidta Vie asesiurcconplad &r theof
timeslots resgog}i%ve to.theplgglgng dt h o& eag‘? of the channels. Preferably,
assi gni ng ealHEhEARBYSSIREO #{9850n6 SR HRiCEE POPicl udes changi ng t he
respective bandw Biidhet @referahl{f @6 eitihdacingvdedtd3sip @60 @i d@nded adedpeaitiast
received by the cepntral transmission point. Further preferably, the first

and second niABEAdhovherpiplipetias Hedirs| and shg waond maphsrisotEnsslots iadpdsst i ve
first and segpfdrigaing fﬁﬁraﬂﬁ'@ﬁ@k@orﬂtﬁmrs'd?tﬁlégﬁfgofreyponﬁ%rﬂf #hs @ehdwidthhe
central transm ssion point. Preferably, a total of the first nunber and the
second numberf ech phidechangelbots is | ess than or equal to a bandwi dth of
each of the Sequeﬂ%f‘era%‘iy,fﬁm?sg@ﬁr 'éh'&% *L%Enr@f e&gr?egééétivé NGnd@hth liRGhdides one
or nore further quantiti’es Fata "t o ransm ssion to respective one or
mor e furt her ceanging dhntespestivn bardivedtp teip aliffeargnt dandwidth espbngeé it & requesth t hat

t he one or rcgvéﬂttgggen%%%jis}rﬁsg qare, variable fromeach of the frames to
the next in the se uence, cand iner ud) ng allocating respective one or nore
further nunbers dfurthenmpsdfaitdy,t the Hiestcad rseedhdr esgbent of/ginysldte atdellceaed or nor e
further end oints. Pref e{.ablrf%, a peri Odg of each of the sequence of frames
i s subst ant i BFPSPSIVE JRSTEREFIVOILY FnFrond dpt Baremeiers s nBe? P ines

i ncl udes a heafitelsed imchélcinagl tran©8i3€i64 poigr. W ndow paraneters for each of the
plurality of end pojnts, each W ndow paraneter including ti.nme and a size
of a wi ndow of up%?#e@%fﬁ adetal ‘?ﬁm‘ec spagrpPeg fu Wése‘iﬂnﬁr‘%{“ib?rydg?e RSl nt's i s
permtted tojstiésafaiol edual foleoaa@MHIAIL ehdhITHHY 3GheRPe POtdMes. FUT t her

preferably, the respective wi ndow paraneters are allocated by the central

transmi ssion poi riurder prirablin ghevfatidedides 9np et meks foiters qpntitineoicdtn ol
transm ssi onyRiision to respective one or more further end points among the plurality of the

end points, such that the one or more further quantities are variable from each of the
frames to the next in the sequence, and including allocating respective one or more
further numbers of timeslots to be carried respectively to the one or more further end
points.

Preferably, a period of each of the sequence of frames is substantially
constant.

Preferably, each of the sequence of frames includes- a header including
respective window parameters for each of the plurality of end points, each window
parameter including a time and a size of a window of upstream data which each of the
plurality of end points is permitted to transmit to the central transmission point.

Further preferably, the respective window parameters are allocated by the
central transmission point so that the windows do not collide at the central
transmission point.

Preferably, the data includes at least a third quantity of third data for
transmission to the first end point, such that the third quantity is variable from each of
the frames to the next in the sequence, and including, responsive to the third quantity,
allocating in each of the frames a third number of timeslots to carry the third data to

the first end point, such that the third number is variable from each of the frames to
5



Preferably, the data includes at least a third quantity of third data for
transm ssion to the first end point, such that the third quantity is
variable fromeach of the franes to the next in the sequence, amy AUG 2005
i ncluding, responsive to the third quantity, allocating in each of the
frames a third nunber of tinmeslots to carry the third data to the first
end point, such that the third nunber is variable fromeach of the franes
to 5 3 0 AUG hat.. and
thi rd nurber OF EriRoieaEdtenie sldfioR Bt BI3Rs AP RRobLS hetfout RO 7O,
according to @onpgedusrred enbodi nent of the present invention, apparatus

for downstream co ni.c an i ass optic net |rre divi sion
nul ti pl exi ng of a%ﬁeuléﬁtrg“ef)’f’m?lrd%%gcor djg? ﬁ%ﬂeie%g%‘}é?%‘ﬁ 05% j Rt
di stribution ihaditioa, aphctusifsr ashapireth 'b@mlhﬁlﬁ&ltivbﬁ iR R8sy epticdediaorkeby

lurality of rec;vln t.i cal tworktermnatl ONTs) coupled to the
Pabrl C |%cl udAg AR Isagy ‘-ﬁﬁl&}e %tﬂad;e freEss: é?cé‘“{@;‘&fagt ed %o re(F:)ei ve the
data fromthe fahypBsivabptical gi6ibGtn MRYd GRich lid AipteariBl Betive(4d Tdonégupl ed to
the fabric which is adapted to receive the data For transm ssi on |nto t he
network, the & a incl udi ng at least a first quantity of first data for

transmssion to the ch‘aﬁt?'t of%%1ﬁﬁgd uﬂﬁﬁeﬁé?@grk nﬁdtﬁ)}fs gﬁlg? CoRpted 4t for

transm ssion to the second | rst ecohd quantities
are vari abl dabriomrlsdion ot amdv@cmdzm’éﬁs wiych ére ad@t@td tp mecelve thredgtreinere thet o
allocate in ﬁ}}: {1 the franmes a first nunber of tineslots to carry the
first data to e first ONT and a second nunber of tineslots to carry the
second data to the @Mamgn@\llfne tsminalt(ﬁhﬂ“) d;dm@leﬂ te the fatmicdviselciondaptedtoer s ar e
variable frome frames to.t e.Ss n nsiveto
Variati ons | erng e a1 CARAESRH Bub e R e bR (RGIHER Bllealt BIRATS VO |
the data durlqmgnﬂlthefﬁﬂst dmaﬁoedaﬂsnmmhmmeﬁat @NHYabla)secdnHQudﬂlt}aoﬁsaodrﬂdes sets

of data whi ch onveyed vi,a res 've |ffe ent |ndu tandard
services. Préf 85%@‘}“’5%@“6? B\f’a?f’ﬁof@%ﬁf’ %at "gldssgf X‘Eﬁ\}f%argper ative
at different vaviahelenghth @thﬁélﬁSmesaﬁﬂletﬂéﬁt 1dateae ﬁ&d,ldﬁﬂldbﬁsmﬁ@dch‘éﬂlﬁets of
data which are conve%ed betvvee t he aﬂré’rré e resgect qqgets of. ONTs

via the diff dF3EHS 254 é‘PE‘HGtC}ftlmé Btﬁﬁ%ca”ﬁ’dh‘i aty torthe 45 258909} ncl udes
sets of data piHbeNoftiBestRNEHKEY thd Rcond data to the second ONT, such that the first

and second numbers are variable from each of the frames to the next in the sequence

responsive to variations in the first and second quantities of the data, and to transmit
the data during the allocated timeslots.

Preferably, the data includes sets of data which are conveyed via respective
different industry-standard services.

Preferably, the plurality of ONTSs includes sets of ONTSs operative at different
wavelength groups, and the data includes respective sets of data which are conveyed
between the OLT and the respective sets of ONTs via the different wavelength
groups.

Further preferably, the data includes sets of data which are conveyed via
respective different channels, wherein each of the channels transfers data via a service
coupled to the OLT and at least one of the ONTs.

Further preferably, each of the channels is assigned a respective bandwidth,
and allocating the first and the second numbers of timeslots includes allocating the
first and the second numbers of timeslots responsive to the bandwidth of each of the
channels.

Preferably, assigning each of the channels the respective bandwidth includes
6



respective different channels, wherein each of the channels transfers data
via a service coupled to the OLT and at | east one of the ONTs. Further
preferably, each of the channels is assigned a respective bandw dth, and
al locating the first and the second numbers of timeslots includegsp ayg g
allocating the first and the second nunbers of tineslots responsive toﬂ‘ti he
bandwi dt h of each of the channels. Preferably, assigning each of the
channel s the respective bandw dth includes 6 30AUR005 changi ng t he
respective bahahgind the trespactive fobhadvedth tbandiifbrditbane s e Sdspehsive taa reeast

recei ved by the.Gg'g. hPrcﬁ,{e;‘raabl y, the OLT includes a nenory, and the first
and second ndRBFEFE P80 Pidresi ot s are all ocated responsive to respective

first and second @aifeafqr@EeLaTifckuddk A isndry, idIGhsBAPEN] sebod digiberrf er abl y,
a total of the first nunber and the second nunber of the tineslots is |ess

than or equalliMes'o8 H5rAaRFAeh responsiye Ho JesPeriéyes Bist eAe sceond fdatparameters
Preferably, the.dati hagdydes one or nore further quantities of data for
transm ssion to respective one or nore further ONTs anong the plurality of
ONTs, such that Fuhespeefespblynpg total of theefirstyniembar tané sheaseeondaruimipl ef fheom each

of the T raneslQokelcs G or dhuli S, BEINEAESr cdlSF b Leohlife bt adapted to

all ocate respective one o u rs o Sto be carried
respectively to tRefasbdy,othendatz ifcludthene cONfisre Prtbéreqadntities af detai fod of each

of the sequen of .frames i.s substanti al ] stant ., Pr.ef er ahl each of
t he sequencet%?snfl?séor?eté) TERErgSLe 8T fe %I&ﬂhlgﬁgﬁﬁni%ng Fl?aes%'ér@ﬁt vog tlow

par anet er s f euchahat bheafne toh eopd furtledr ighianticiés 4LBN &iabkaedin wachdbthe fastearether
including a ti nd a size,of.a,wndow of upstream data_.which each of the
olural ity of "ENTS Hegeqiehrs pyrgiginy e LS afeptedh o EoREE EPIBLS WELBIRPES ( pe
respective wiithennpabaser ¢ihiksiafsao del @fREadsgaytiveRetddht cne drivddre flidter Wi ndows
do not colli t the OLT. Further preferably, the data includes a third
gquantity of d data for transmission to the first end point, such that

the third quanti tyrefepab¥ar 4 Fetisd fof MARILJENLOTseqieee of aFmRstie fubfadi@ny in the
sequence, and the OLT, responsive to the third quantity, is adapted to

allocate in &¥BHYf the frames a third nunber of tineslots to carry the
Preferably, each of the sequence of frames includes a header including

respective window parameters for each of the plurality of ONTs, each window
parameter including a time and a size of a window of upstream data which each of the
plurality of ONTSs is permitted to transmit to the OLT.

Preferably, the respective window parameters are allocated by the OLT so that
the windows do not collide at the OLT.

Further preferably, the data includes a third quantity of third data for
transmission to the first end point, such that the third quantity is variable from each of
the frames to the next in the sequence, and the OLT, responsive to the third quantity,
is adapted to allocate in each of the frames a third number of timeslots to carry the
third data to the first end point, such that the third number is variable from each of the
frames to the next in the sequence, and such that the first and third number of
timeslots are not contiguous.

There is further provided, according to a preferred embodiment of the present
invention, a method for communication between a transmission point of a network
and an end point of the network by time division multiplexing of a sequence of
frames, each of which is divided into multiple timeslots, the method including:

receiving at the transmission point data for transmission to the end point, the

data including at least a first quantity of first data for transmission to the end point and
7



third data to the first end point, such that the third nunber is variable
fromeach of the franmes to the next in the sequence, and such that the
first and third nunber of tinmeslots are not contiguous. There %3 further
provi ded, according to a preferred enbodi nent of the present i el a5 a
met hod for conmuni cati on between a transm ssion point of a network and an
end point of the network by tine division nultiplexing of a sequence of
franmes, each of which s ﬁ@ éﬁ into multiple tineslots, the nethod

i ncl udi ng: r &7 R4y phiecend ganﬁoggrﬁrﬁﬁusa@m? theond PPtk suelhikarihe fr$n to the
end point, tRQed sedatdqubmsied diearidfle 8@ Sheiforlihd Bdmed Y he by 1ﬁ)fhefsbc{u%ﬁcedat a for
transn155|on to the end point and 7 S 0 AUG 200F a second quantity of
second data for tTeaRfERYe Y] Ba firshandecanddupiition allagsting imeseh pg@efﬁap@% 2 and
second quant igtds §SmBéreorBE 'tﬁg%lgtsftB W@@ﬂm SM% tHeaRSpdind, aﬁhea N&¥hdin the
sequence; responsive to th Irst and second quantities, allocating in each
of the franesumberfof thettimestdieto Qafrytthﬁaseporrde@ta)tosthe end peinty sedhethtt the firsfiat a t o
the end poin econd
data to the é%%&g%FnUﬁﬁgﬁc %H@Q%Ln9%Fbg sgégﬁ nunb%%ghggggvarlable
from each ofﬁﬁh@mhbanﬁsmnmmnmﬂwmthndsmmd&qwmaqmenﬁmedm&&mﬁn5|ve to
variations in the first a antiti.es af th d tr nsnlttlng
the data fromt herW‘BﬁE?ﬁ Q’g d%ﬁgff%ﬁ‘ m%L{fa&sT'ﬁﬂo%ﬂ%fntpttﬁ’l tﬁ? H{JP?IHE %I | ocat ed
tineslots. Palgfceted@binyslotshe first data is conveyed via a first channel and

t he second data i % a .a second. channel t t he transm ssion
poi nt and the enoﬁﬁ%faﬁ& %Ye\f\}digrdéfads Egpyeyedvia 2 Hest ﬁ‘@%ﬁémﬁa@féwn\?d&adsfl rst
service and tdiRe8GRNd @daind dhBndeP BYMRXEH thetAsBisS6E PBRt SRd YheCohd i, f i r st
and second services bei n% coupled to the transm ssion point and the end

¢

poi nt and belFhgeigibetimhfait & CReyrbYiRsIKstPericerag tie seemd it i PRV Ees a
third quanti gy ;Qbcdnli’salvicdathg i@ and E&Bﬁﬂe?ﬁbég%efn% cohpiBd %ﬁea&hﬂhsm%(?h that
the third quantity is variable fromeach of the frames to th next in the
sequence, anePitfafl theiend pomb@}glcbn@g\st@teml toltlee el quantity, aI |l ocating in
each of the fra quantity
to the end pomtri}:r SﬁgﬁthQPﬁqﬁaﬁﬁﬁ ‘%&3gﬁ%%%I@gﬁg%@?%§¥éhgggﬁgggc of the
frames to t htderekpoinh sudhehatsheihid cpantind cuehle tivat eachef the amesrtd thhi r d
nunber of ti i qQuUOUS. r rt-her

according t oﬁ%ﬂn%efsse&m%(ﬁ&ceﬁr}%gngﬁ?r@ tr%g%on%%e & tgeets%}lécrl\flﬁlan:ﬁﬁ' au(%a%li/ﬁ ﬂg‘“‘gﬁ%r at us
for communi ce]ﬁthe)frames athird tvmbbr df\tiniesloes tdlcmthe nhirdigdantilyeritiegemf poist, sequence

of frames, i Srl],l%!l 'fl(ljalt Ql%: third number is variable from each of the frames to the next in the

sequence, and such that the first and third number of timeslots are not contiguous.

There is further provided, according to a preferred embodiment of the present
invention, apparatus for communication in a network by time division multiplexing of
a sequence of frames, including:

a receiver coupled to the network which receives data from the network; and -

a transmitter coupled to the network which is adapted to receive the data for
transmission into the network, the data including at least a first quantity of first data
for transmission to the receiver and a second quantity of second data for transmission
to the receiver, such that the first and second quantities are variable from each of the
frames to the next in the sequence, to allocate in each of the frames a first number of
timeslots to carry the first data to the receiver and a second number of timeslots to
carry the second data to the receiver, such that the first and second numbers are
variable from each of the frames to the next in the sequence responsive to variations
in the first and second quantities of the data, and to transmit the data during the

allocated timeslots.



a receiver coupled to the network which receives data fromthe network; and
a transmtter coupled to the network which is adapted to receive the data
for transmission into the network, the data including at |east a first
quantity of first data for transmssion to the receiver and §

gquantity of second data for transm ssion to the receiver, such that the
first and second quantities are variable fromeach of the franes to the
next in the sequence, to allocate in each of the frames a first nunber of
timeslots to car rprefeudl{,ithiesirstiddtistcondched vie adirstehanmsichnd theeestd datariber of

timeslots to carry.the second ta to the receive such that the first
and second n6ffiyaYed 3 & seqoy Fgaﬂl“galfe%‘f?flé}é%tlﬁané?m{eﬁém# the FEEIvery ﬁrémﬁg?d in the

sequence respaNghy & dodvesat el d SdBserviét 4ndahd sdcshd @Rds $6GRHEH WAlaRédohd s of
the data, and to transm't the data during the allocated tineslots. 8 ,? 0
AUG 2WB Pr ef &giBt:ythe fisg oy sepordagesvices keing, eqppled\ip 4he, tansiitercapdifdhe and t he
second data (eeivGOMHDEEL bl ePnalicBERAFoENannel between the transmtter and
the receiver, wherein the first data is conveyed via a first service and
t he second data iXreiemblreyledda mchidesee third quaetity jof Erst dhfe o1 trapsmigpidn $econd
servi ces bei t ] e . t Lver bei ng
external to {i%é@c%féz? %g%.tﬂaﬁ&%%gégﬁmytlﬁg& g[‘%rcing%altcgggglg gr&[%hsl t‘r%&h%ﬁegﬂti ty of
first data fiorth¢ seqnemviesaiddncloding, tresponseetiovthe third yoimtithatlodatieg ithéack ofjuant ity
is variable frameach.of the franmes to the next. in._.the sequence, .and

el udi ng, r LERTER o dri bl of BT & oty o B st R et e
frames a t hithat theith@mugdbet isasitde GoinGaclaof the filamed tol thel nagt nthe tsgquencef he

receiver, suc that the third nunber s variable fromeach of the franes
o he mxt - spiinasht Bt v Bial TR of Smidtis R o6t oaiBlaRa T it d monber ot
tineslots are nOtTHéO?kﬁe'segltJMntiafhWilﬂ)rtﬁsﬁﬂie fullyeiidetdowd frdm QBe W8IoRvidg! | Y

under st ood frorrtet he follow ng detailed descri gti on of the pref erged

enbodi ment s {4iaied descriptipy AF tsgrretcaed wbadimeats thereki token tosgthehehthey 3 0 AuG
2006 BRI EF DESFRLETHh MidkE THE DRAWNGS Fig. 1 is a schematic diagramof a
passi ve optical network, according to a preferred enbodi ment of the
present invention; Fig. 2 is a schematic timng di agram showi ng overal |
structure of a downstream frane and a virtual upstreamfranme transmtted
in the network of Fig. 1,



according to a preferred enbodi nrent of the present invention; Fig. 3 is a
schemati ¢ di agram showi ng structure of a downstream franme header,
according to a preferred enbodi ment of the present invention; Fig. 4 is a
fl owchart show ng how the header of Fig. 3 is conputed, accordi gAU(GomQB
preferred enbodi nent of the present invention; Fig. 5is a schematic

di agram of a payl oad section of the downstream frane, according to a
preferred enbodi nent of the present invention; Fig. 6 is a flowhart

show ng how t he payl oad BRIEF DESCRICETIPNIOKITHERRAWINGS to a preferred
enbodi nent of the_present invention; Fi.g. 7.is a.schematic di agram show ng
detail s of an upsFRedrvi RAGRFST ESAm 9k RSTIR BRiGR BEWpIK, 2eees e ig) 2t o a
preferred empetm@idmbolinidieofthepestnt intetidh;i on; and Fig. 8 is a flowhart

show ng steps invgl ved .in inplenenti ng ?, change i.n bandw dt h of % channel ,
according to a préfert &l aerfg&ﬂ?aﬁ‘én?mﬁ A&y B8 QVRAENETHHIe 19 8 D AUG
2003 DETAI L Eldobsplern RrbkdeMnha ikl Ep¥niehn BB MMt & inRat as@naeof lignow made

to Fig. 1 which is a schematic diagram of a passive optical network (PON)
20, accor di ngc%sding \eragreferredierahadinrnabihe presahiBveitioBent i nvention. PON 20

conprises an optigal sl fs%_s&&%ﬂ&i@?&a&éa%—gﬂov%g% %ru&ﬁ% eadiGRgQln &ampassi ve

optical distribution fabric 24, CLT act as a central transm ssion
poi nt and ameasigrpedordiemtotar pefeiredenehodingeat ¢fghe prennvidverfighy ic 24 is

term nated at itsgd ' I ' : I g | ar
optical network t}élfm&)%séc%ﬁcg%?%ﬂﬁ Ofgt,&g hg{?%} MZ%%?; I.S%glg{lt?!ri‘ig%gg&%specti ve
re](c:ei Vi gg enﬁo ppl]:efﬂISd rrlimcé@mhfelfdwpr@:ﬁfir%ﬂéonﬂ\rrd%& CNI'. 26|C, . ('Ci]r\ﬁ' il S(C)]\IT
referred to hereip collectively,as s and respectiv .
B T oo eSS i SR kA paited Ffed EBE eIt 1 o 1 &
coupl ed at i tascodhsy thegrefaireieritodintadtiotthy predeanidedntiontat a transfer services
such as an Ethernet line, 28, a video,line 29, and.a constant bit rate

kot the refias 3

(CBR) line 30, an & Bgyvchipsd shosips By SeFELS CPTPUCH ARFETIPEam si des

to data |inesa pfeyrdd efibdtivit@Ethe Prdsast pRBgtiong or |lower-rate services to
downstreamclients of ., PON 20, PON 20 transfers data between OLT_ 22 and
ONTs 26 in the fobih 6 2 ¥baRaHT dagrm showsas deigls st epseany wigdesy of ¢ anes,

the frames bgipaldransm idc6didso 8 prefddlell ¥mPsRnet oA Esent il ehti6iRh&x met hods
of transferring data, such as using different wavelengths for transmtting

and receiving, ardgwbliy aldipsvehart shewias sisps suplvedindpRrlementing a change in
bandwidth of a channel, according to a preferred embodiment of the present

invention.
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Bot h downstream and upstream franme formats are described in nore detail
her ei nbel ow. Downstream franmes from OLT 22 are transmtted into fabric 24
in a substantially continuous sequence of constant period frgEsucMs
preferably, downstream franes have a period of 125 s, and are inplenented
to transfer data downstreamat a rate of approximately 2.5 /s, although
ot her periods and rates may be used. Fabric 24 splits the downstream

transm ssi ons passjxel i in a
general ly br oadca?ﬁ%%éﬁ.ﬁﬁwé&gwfgéﬁw #&#Qﬁﬂ%

transm ssi ons fr oRdférenqel isihew iniade @ FIgNTSvi2éh Rraeschémdnie didgiranl ofa passivdows
which are conmbined. in. a victyal fr so that the separat i ndows do not
ol | i do. when ISy Regrprio @D o rocstrig s s predirne GubaRaat Hhdtoite

i npl enent ed tiavdigive FOMSDaBinpidel ¥n optival B Emiidli(OUTRS2 hihde HOAINGHIOEAM
frames. Upstream data tr,an,gm ssions are preferably transmtted at a rate

appr oxi mat el yPasH¥eappical diffabyispddiicednilie el ading Héﬂéﬁmraé%{l%?“wmeam rate

may al so be ugs@dan Ghdra 2conRbRhd HPicd BOPONI20aRGbAOk Cis Waknkindtéd-W) 86 Whi ch
controls, via managenent software 33 conprised in a nenory 44, the overall

operation of deENstEm $idg iy APLADST werpsalyesimilpn Aptichle neperkatarmatigns

i ndi vi dual el@maﬂ f T. I -net itor 37
and a keyboard 35? é\%@"ﬁ %ﬁ}@%}a 'I"eac?ﬁgggé?ég'?%&ggge&%é %a?oé& g’ot e%ﬁ'P érlg‘?:k
behavi or of tOETREAWONT 26 ONHP&ENentreciiramgiesed o hdnein wellastivdly v 8NJsf t war e

33. QT 22 | Ses j t 4 i it ch t I rvices
to the QOLT, Céa%gglg)drrgl r?a&te?}’ csodr‘;h?Tro ngﬁ’:q ghar's” r@gﬁg\%@%@;‘g%&%@%ﬂ@% The CLU
al so cont r ol slatareodenpesoathat@1. 122 ia colgllal at itgnpstrsarh kido r inthetrypmndaddata

direction) First=In First-Qut ELFO |ogigal . r 8,.a data ress (to
Che* upst r eam SEPELEFGHT it oghaart R abey e thons a8 sty BRef®3, ' o
recei ve frangCBR3linaB@ add BNTO2p areadwapled aftadit fesptttiveldv@vnstresnciideaans dand
operations of,the FIFOs, framers, table 21, and of mapagenent software 33
are descri bedmleﬁ?%ﬁk’é%é‘f"é‘{el COH&PaR ?rglﬁWerd?‘F sspyicgs ©g 08‘8‘%?%%}?“@& opti cal
interface 42,p0oMi2oh PON 00RfansFtk @dtabdetibdd OBE. 22 Meohas st mensahtef dat a
fromtransmt_ framer 31 to an optical format, nost preferably

[T » by
modul ati ng a doR@greapiRamesaad upsiern e virtgale fages thHamesdeais ansmited i 2| aser

output into fraly iplekdmadnlt ?ﬁlﬁ-ﬁ@ﬁeﬂ%et%&%f'ﬁr%ﬁs@érﬂ@%d&&tsh&xaels uSing Afteperkt F OM
fabric 24 and "converts the signals to data which is then transferred to

recei ve frangravelgngikreiorransittinganddpesiigng aisl el ke in the opihes! petwark art.
transm ssion gy doWaiiréth %ﬂgl @Mréa?xb e formats are described in more detail
hereinbelow.

Downstream frames from OLT 22 are transmitted into fabric 24 in a
substantially continuous sequence of constant period frames. Most preferably,
downstream frames have a period of 125 ps, and are implemented to transfer data
downstream at a rate of approximately 2.5 Gb/s, although other periods and rates may
be used. Fabric 24 splits the downstream transmissions passively so that all ONTs 26
receive the frames in a generally broadcast manner. In the upstream direction separate
transmissions from the plurality of ONTs 26 are transmitted as windows which are
combined in a virtual frame so that the separate windows do not collide when they
arrive at OLT 22. The virtual upstream frames are implemented to have substantially
the same period as the downstream frames. Upstream data transmissions are
preferably transmitted at a rate approximately equal to the downstream rate, although
another upstream rate may also be used.

OLT 22 comprises a control and logic unit (CLU) 36 which controls, via

management software 33 comprised in a memory 44, the overall operation of PON 20
11



Preferably, interface 42 is able to transmt and receive its optical output
in nmultiple discrete wavelength groups [7.1 ], [X2], [X3], ...,
substantially sinultaneously, so that the capacity of PON 20 is
effectively increased by the nunber of wavel ength groups usedg3 (EFagQ 2005
wavel ength group conprises a first wavel ength at which OLT 22 transmts
downstream data and a second wavel ength at which the OLT receives upstream

data. PON 20 conprises sets of ONTs 26, each ONT 26 in a specific set
oper ati ng i n teasBenyitk e apassEpealadivided essepts of thedlvE. (- T Heis £oupdad thavel engt h

and transm ttdagk LbRitSFORE MAVE LN, %ﬁcﬂ dahiBah iog&tdtﬁr of POR20AG Both2

transmts and receives 1in one wavel ength group, s at a ONTs 26 are

conpri sed i n tekebesevior aftthe figswark andfimplemanteohanges tostre netwdrk via sdfevamd i pl e
wavel ength s tIeﬁng e si:hgl t em,i igldy the
same, Sso tha%(if or c rr%s%gya %8%9’2% ‘%o@&gésvg}{t}%%%bett%g%ﬁg‘rl%%cgse?ﬁpe%g%{ehtev\%\;léI engt h
group, exceptconhbrgetodasitmollingdigrhlhaewived fifvar ELOO. Ghe AL hlsOdAntRE thenpri ses

a CLU 46, an ingress. FIFO 48, an.eqgress FIFO 50, .a r ansyi r 41, a
recei ve frandPoBEn of #1983 lﬁlﬁl;eﬁsrr@ff%ﬁ tﬁ%wséreﬁ,grﬁﬁnod%ﬁr gﬂi ﬂf%’t@?%@ 52, a
switch 64, aigical menory)3354 datileiess (fiseesstieme ditedtioACKTFONogital meg@RLs®I | Y
simlar manner_to CLU 36, ingress FlIFO 38, rﬁgr%ss FI FO 40, transmt framer
31, recei ve?fifaasRE amer iy acresaive Gamer 43, pk & iEQ cparpmeter fpble 1213 4he 5ng

menory 44, \WigBtionddhd bpdr@ids S£MhE FEFOREShas dhkle 91,048 Sf hddgembnkddaiwdre ~3]
., are used in PON 20, each 12 Z 0 AUG 2005 optical interface 52 is

|rrpl ement ed £o2fedasERed ingpere defgid hereindele. at one of the discrete groups,

and not to respowfgzv@%eé&qgfs&sm%ﬁﬁcaeinfa & 45 HBSis BRSBTS @ngbl y by
an optical filter within the optical interface. ComunicationS in PON 20

are cat egori 2ednierfacs ¢haemstis daadeom dlaammibramer 3hde én ophiep! dermat, grosh
Specitic ser Efeﬁeﬁ%%ﬁ%%m%%ﬂs&%gggm%g%; el ifte AL 208 trgﬁsnﬁﬁitél% ﬂ%; laﬁrer S, SO

that there i pI ng tween services supportec PON
and channel sowp@dntbofabtih@4.t Intenter? alsh Te@ennptimbsigndbNfrogcfahng 3¢ and pri mary
and secondar l.es _.of .channel..par aneters. T 22. ¢ ri a_.pri.pary
downst r eam cFIRG 5% Bt AR el retan AL M e RalT

al |l ocated ddemsimbdahprivandupsttins tramdisianieFTFOaddednd swactd34a secondary

downstream t abl e .45 ich i.s used en adjustnents. ta channel  downstream
bandwi dt hs are n&)d‘éf.eragjyﬁ'”r‘l?facﬁl o‘scagﬁptf’it?@gm%raﬁé??‘vﬁdﬁ %@8 n?i’é?'g "Hoi nt er
tabl es 47 angukifie diksde wardkegiH H6hPs [%;EP[XZ%W%;K?.Q@u&fﬂtiﬂ@%ﬁhl@e%, 26

S

wi ndow paraneters. OLT 22 further conpri St t abl e 25 mappi ng ONTs 26 and
respective cpdhridhe rapseivsof RN 20iinpidectyely iisreasedby, thg gumber of wavelength

groups used. Each wavelength group comprises a first wavelength at which OLT 22
transmits downstream data and a second wavelength at which the OLT receives
upstream data. PON 20 comprises sets of ONTs 26, each ONT 26 in a specific set
operating in one of the wavelength groups by receiving the first wavelength and
transmitting the second wavelength. Alternatively, interface 42 transmits and receives
in one wavelength group, so that all ONTs 26 are comprised in one set. The format of
frames transmitted in the multiple wavelength system and the single wavelength
system is substantially the same, so that for clarity PON 20 is assumed to operate in
one wavelength group, except where described otherwise hereinbelow.

Each ONT 26 comprises a CLU 46, an ingress FIFO 48, an egress FIFO 50, a
transmit framer 41, a receive framer 56, a FIFQ parameter table 51, an optical
interface 52, a switch 64, and a memory 54, which respectively function in a generally
similar manner to CLU 36, ingress FIFO 38, egress FIFO 40, transmit framer 31,
receive framer 23, table 21, optical interface 42, switch 34, and memory 44. When

multiple discrete wavelength groups [A], [A2], [A3], ..., are used in PON 20, each
12



45, 47, and 49 are described in nore detail below Each ONT 26 conprises a
primary upstream channel table 53 in respective nenory 54, each primry
tabl e mappi ng channels of the specific ONT 26 to their allocat g& ?ﬁﬁfp@uesam
bandw dt hs and channel | abels. Each ONT 26 al so conprises a re8pe
secondary upstream channel table 55 which is used when adjustnent to
channel upstream bandw dths are nade, and a table 59 of downstream channel
| abel s. More details of the operation of these tables are given below A
channel is praopticdliionreabei 5 iPOpl&Mentadrto frassarivaciaediecdata & onouPthediscwete he

PON. Most preferably, e provisioning.is.inmlemented by an.operatqr of the
POV via keyBouamtnck REreRish kowainEk B R RIET BPUET apéuisrRpl R
resources, sugticaldiltetipRhih e@optcad idatost r eam bandwi dt hs, to the channel.
Channel s are nost preferahly cl ified at provjsionin s being either
constant bit ratec? o H%‘%n%‘l Eagfr E‘%g&g?@%ﬁ’g@h “(tPB‘)hag"f‘? rrasty chigagel
example, a chaBRAingdafa dalsBedfid &iried behPedn@NT B2 BRT A8peclfiGNZS 6 skt
typically be a PB channel. "\Wen a channel is provisioned, paraneters
conpri sing a ¥HaNReIsothadheraic aRe-loss (RAPRITE SErgB WAiceR StAPBERHIRY dich

al I ocated to Ehe 2fhaRARs el rRMELRL et BIOr 5P 8nd LLR by SrathPsth bﬁﬁﬂﬁga_”d
downstream prinmary tables. Mst preferably, bandwdth is allocated in
terms of 4-byand sdcardanotisblesalof hehagiel aparametprer Qo vhicomprisésnes POMag| ze nay
be used. The Wely ; ti . !

preferably g&r%g@tgk \é\éraq} ﬂ?ﬁﬁt{l ﬁ%@% %go&rhgﬁegﬂo({gta%’ P%P éﬁé ggﬁéggﬁp*gr ’lﬁ%%ateéi CBR
channel on | ideen@Geamhandwidghs3in0 chi@eRBibEs,t e 4 s@qudangc YowsstibaB4dblbsiSt / s, t he
necessary bandw.dth o 12 frame,is 3 hjts I. IS acco dat ed by
Cetting the oantiedeR wfln e Brcaislenaer ety bl Midih o3 BEECOTR <
detail s of f rzamsocdoapaecdsetinaty a6 seadary Ppoimedr wabids 42Gind daduwet répadinelgt hs  and

adj ustnents t andw dt hs  assi to ecific ch . 4 ncludi.ng PB
channel s, arfgr ‘g‘i“iﬁ}g’ﬁ R PB?WB%IO%\[/TQ? ﬁ‘@ﬂdZ’ Sp%rgﬁlgﬁﬁé%%heéﬁopwste?& buf f er
for downstreamslelas mapmingONTL26 amfbspedBdd chafied Bibalb BunchsHRIdf $btesDBPAs,at e

menories according to the types of services coupled to OLT 22. Data from
CBR channel s %ar ¢/ @k ﬁ%‘ﬁdfsé“@fjl”@@@ d&falltbﬁ@Wcl ock rate of the CBR service.
Most preferably, eaptyoxal 261cd%ﬁﬁils@s_tasprimm?-upsﬂa&rﬂ haBnd1Vhif1e 533h Gespbtileen from
PB channels to FIFO 38. The data is wiften to FIFO 38 after receipt from
lines 28, 290emgsy S40eah @rigpfeible mearpmerahpingls ofr the gheceliq OB 2o to feir

appropri ate, JPélatdiBlpsiemn %ndwm%ﬁlcfﬁar}ﬁ%% {dheR. ERFORP 23Ba1sy Botfrisks @ tO

FI FO paraneter table 21. For exanple
respective secondary upstream channel table 55 which is used when adjustment to

channel upstream bandwidths are made, and a table 59 of downstream channel labels.
More details of the operation of these tables are given below.

A channel is provisioned in PON 20 for a service which is coupled to the
PON. Most preferably, the provisioning is implemented by an operator of the PON,
via keyboard 35 and monitor 37, the operator also allocating resources, such as
upstream and downstream bandwidths, to the channel.

Channels are most preferably classified at provisioning as being either
constant bit rate (CBR) channels or packet-based (PB) channels. For example, a
channel for data originating from Ethernet line 28 will typically be a PB channel.
When a channel is provisioned, parameters comprising a channel label and an
upstream and downstream bandwidth allocated to the channel are entered into the
respective upstream and downstream primary tables. Most preferably, bandwidth is
allocated in terms of 4-byte timeslots, although any other convenient timeslot size
may be used. The bandwidth allocated for a particular channel is most preferably

greater than the incoming data rate. For example, for a CBR channel on line 30 where
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a PB channel, table 21 preferably includes an allocated maxi num burst size
(NVMB), an allocated maxi num burst rate (MBR) of the channel and a
guaranteed bit rate (GBR); for a CBR channel table 21 prefer%bdy igﬁ udes
a GBR of the channel. In reading fromFIFO 38, CLU 36 reads t éWQ TS
al |l ocated downstream bandwi dth fromprimary table 43, and data fromtable
21. Data, up to the allocated bandw dth, subject to any limtations of
paranmeters in table 21, is transferred to transmt framer 31 from FI FO 38
by CLU 36. FribgErausneyiis 1§44 Nhs. tegeassapnbangdwidthpl ®1efatsclramne 517 Bits,

transm ssi on ili0is! Abhfiodfled TS MRNREY BlwldRLE The Sl Of selWisht eam daf a

is described in nore detail ingress FIFO 4 transmt
framer 41 opélrﬂ@ﬁ]étsg]@ﬁéﬁr@mﬂ)? Oégaflﬂr ¢aracggistips ysedrin metvogda 20; ebefdridpadths | n

reading from,fy @Jsz%ﬁent??&ghng’%vldb}ﬁgs %r?eq &i ﬁccﬁmgs mEl@gﬁl%%rghQﬁ{%gW dth

fromthe respecti've primar al'so rea nel paraheters
fromtable 53re§¥mnlmm‘xbetdw 26 dat a, subj ect tolimtations of table 21,

is transferred to,transm r r 41.f FlL.F b U 4 amer
bei g ueea 1o asolrELPRd 38 AR arifich] QR KR Rpa B AT 25 obd
Transm ssi onnaist piefsible aomgesea sjelsardes:ﬁermdmd actordifg ao dad aypes €lsemdcesi g. 2 1S

a schematic tim verall struct f a, d stream
frane 70, andomtp it Per i B Rameb are Bubaio o 8 a7 e cPEF it
enbodi ment OBfﬂlb@BMs@is@w MoV fetaBR, offR6dliddRersd, ﬁ@aﬁa fdletVRes, dde sitten
transmtted from OLT 22 with a substantially period, herejnbel ow

terned a net @;'BFHKP%@F%‘HS tq@%‘p 389 kg éﬁ*%ﬁl"?“&%t"o §ﬁ:01%35a%‘3f recsiph e IRES r eam
frame 70 conpgiBemddon@adfer thflsferding Heash sitci3 L Aélrfﬁn%&%e Qﬁ‘rraﬁleféfs fohi ch

serves, inter alia, as a neans for recelving dentify a begi nning
of the franechasngls writien iRIfIEOSS ase Writienttp rEéFQmmn@ptef igblef2d ofs ekamile dor

thr oughout PENE2enncaglle JPUNRLARATLIIANE, A0cakatuBRNR baSsA MAK)ORd

section 76, wherein data ansmtting on |ines
28, 29, and 20 xlldogted tmaxywfimrbursh r@k{BBR) dfsthe ehnpeleahd Dgwanatiged b fateanmes 70

are transmt (ﬁéﬁ’ I uoys idle tine
bet ween adj aigg}t{j)?%rgines E%ijr%lrt]a% Q’CQ{QP}#,P ﬁ’?(udeggl 0 %fetyl’ qﬁ'&gy respective
adj acent downst reTarreadm@ﬁlansFﬂ?@ 38e6EH Wac&&het shaahdl's allocaseindbwupis¢arream dat a.
For each perjod, . 22 .all t tiv f time
78" it i n-anp et hoftyiery 35 5 sBfate i et FERR A & et 1 e
wi ndow accor tindgidily subpon®) any Eagktiondiof gamméeere QMpIbIESLE 8 tihsferted taTe,
relative to ’Ergrgm?tt z{ntlérn frm mlii%odﬁ%f 8EUb§/6.f %%rrrn%r 31 is used by CLU 36 to

assemble data prior to transmission into fabric 24. The manner of transmission of

downstream data is described in more detail below.

In ONTs 26 ingress FIFO 48 and transmit framer 41 operate generally as FIFO
38 and framer 31 respectively. In reading from FIFQ 48, each CLU 46 reads the
channel upstream bandwidth from the respective primary table 53, and also reads
channel parameters from table 51. For each ONT 26 data, subject to limitations of
table 21, is transferred to transmit framer 41 from FIFO 48 by CLU 46, the framer
being used to assemble data prior to transmission into fabric 24. Transmission of
upstream data is described in more detail below.

Fig. 2 is a schematic timing diagram, showing overall structure of a
downstream frame 70, and a virtual upstream frame 72, according to a preferred
embodiment of the present invention, Each downstream frame 70 is transmitted from
OLT 22 with a substantially equal period, hereinbelow termed a network period, most

preferably set at 125 us. Each downstream frame 70 comprises a header 74, at least
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header 74, and a length of tinme during which the specific ONT is permtted
to transmt. By way of exanple, wi ndows 78 for adjacent virtual franes 72
are shown in Fig. 2 for ONT A, ONT B, and ONT N. As described in nore
detail below, window start tines and |lengths are allocated widhiAUGezgh
virtual frame 72 so that windows 78 do not overlap, ensuring that there
are no collisions of data fromdifferent ONTs at - OLT 22. The all ocations
are determned by CLU.36, and are conmunicated to ONTs 26 in downstream
frames 70. | tPaiof Phise seresy @y gtiecs pimeenssorreceiving 0V kerta ideshfiaeeBringvi ndows
78 are dynam g heARehdTBYd 16 £RARGEH i LMk EARE fh e HEAIEhrdBhGABON 90 tO
conveyi ng upstreamdata for respective services in channel's, as descri bed
above, Wi nddish dgwasirpan [figee@ralaeycomtprisss adpaytpad Pegtiani7q, wheminvdatrdGom

i ncl udes ban@yydiNgGh £S5 off r { § f LR §RTaes Which are
described in nore gré)t a%ﬁg&ggﬁ%\%{vﬁﬁlggomgﬁsZgggd?ﬁde%djnfgr;\tgg%%gnt and control

wi ndows. Fi g.enBradsDawssteemedianes d0zgr tmssilittadi onga sibstagtiallyecanfimebwonbesis,eam
frame header _. . r di . referred enbodi nrent of the present

i nvention. mvg%e91$§9&§§ﬁ%%F%gd§%§9 lfaénr% identification section 80, which in
turn consists of Bufin@rech attwgrimpatiodsidgfiveeld §F-ASpecet adjacetid downstaael engt h
identification section. 8 nu r, of ONTs sectign 85 and i

i nterl eaved g‘gardlgfsy‘}d’( 1P &gg?ﬁ 18?;8]%6}9 SEIRURS R4 gﬁta8 or ‘f)arcgfpé?%dola@]?}&éﬁpri ses

ei ght byt es, aléwdtes Satts OWTDY6 tdipecthl viddwa Fttand 7®fwifhimRich gentbkiter . When
PON 20 operates with nore than one wavel ength, section 83 identifjies which
wavel engt h o8Bt she) upsfrsen ,daafa7 ,d.‘%‘]‘e\,ﬁal.n. the; wiadew Aseorfiag {9 ﬂljfmei%dh:@hcti on

85 i ndi cat es wilwThGhpREs ONIR (RARCTAMIVRToithe biBfhe WRYE&RAA B Gue Wien a
single wavel ength group is used in PON 20, section 85 indicat'es the nunber

of ONTs opeheadey dhwindhi dengtheohtimpoiuking Brifchs ghet spspifigONE isspegmisisd dn er r or
moni toring fyRehlioRy why o§ey%3rﬂ%ﬁ@ﬁ%@s@8%ﬂd%@&ﬁ@%ﬁl £ 12588 sidvwhliR- 8 code

function, as is known In the art, using eve parity calculated on all bits

of an i mredi digePyforpPWE et iGN By andeONH b dr deparibail smometmdatsislstovarmindew mor e ONT
header sectigng 82, ,GARN are ;ﬁl‘?c?cta!eg%ﬁth&zeagﬁbﬂ&agﬂg&?eg%?g% {h%h 'nglr?\%g;ﬁ' ¢ ONT

26. The nunber o %gader sections correspon ONTs 26
wi th whi ch fdamet G@rlam rensuning aliag sherde@re mo oGlSione afidata Soot didiere82 ObUpti ses a

one-byte ONT tificati.on sectjon 8 i ndow pointer. s ion 90.
por nt ot _seot O Bo i AR B lciiady EL0 B o 5 RIS ORI on 1 o
be used by t Deé is dewnstieam @¥inek 701 Ttawill riet dppregiated sthatadtat timst amhtengteiofit er

section 90 cons, sts_of start w ndow transmn ssjion ti 9 sured from
recei pt of windows s78 are ynaxrnaé, anciNI may %e cﬁangec? gom f"rame to rame.jln(aggi%on to

conveying upstream data for respective services in channels, as described above,
windows 78 may also convey other data. Data in such windows includes bandwidth
change requests and ranging information data, which are described in more detail
below, as well as other management and control windows.

Fig. 3 is a schematic diagram showing structure of downstream frame header
74, according to a preferred embodiment of the present invention, Header 74
comprises a frame identification section 80, which in turn consists of a frame
alignment signal (FAS) section 84, a wavelength identification section 83, a number
of ONTs section 85, and a bit interleaved parity (BIP) section 86. FAS section 84
preferably comprises eight bytes, and is used by the ONTs as a start-of-frame
identifier. When PON 20 operates with more than one wavelength, section 83
identifies which wavelength group [A1], [A2], [A3], ... the frame is using, and section
85 indicates the number of ONTSs operating in that wavelength group. When a single
wavelength group is used in PON 20, section 85 indicates the number of ONTSs

operative within the network. BIP section 80 is used as an error monitoring function,
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FAS section 84) when the specific ONT is to begin transmtting its data in
a respective window 78. Section 90 al so includes a nmaxi mum | ength 93 of

wi ndow 78 the ONT is pernmitted to transmt. Length 93 corresponglg AR 5da§
overall upstream bandw dth allocated to the specific ONT 26, and is

cal cul ated by managenent software 33 on the basis of total upstream
channel bandw dth requests received from all ONTs 26. A grant section 92,

preferably 4 {?\h;o efl:rgﬂ ers LBIP- % %Irtu C%ané)sdﬁ k:ﬂ(g_)eg irp ag‘Im%%r el control

t he upstream nsm s om eac e’ cont o€ pre y
conpri ses codmstyqakwkated@aca&ibnteoéammngpd@bé‘l’yprr&teelngrfatnse, descrl bi ng the data

whi ch each specifi or shoul d not ran For_,exapmpl gr ant
section 92 instr Egefl erg E’é%ﬁf’?leﬂwnfo"fﬁ%{ﬁs }Tef@ rvﬁeﬁﬁ’(’}\s/vs%eac o teFlal t
t ransm ssi on,se@lont 82 semg du@cned of a 8pebifidsIGNT Qb. Wﬂf h&@iderCsblidn® 182t ypes of

dat a- wi ndow. AnO\ITman ontral n t|on 94 is

inter alia, afgrrgsporbqsotpé Qirh‘gn(ng F% Y"Q?\ls g@e OCOHHWH“@?S %aecgtl on 94
conprises a @MY ih6adef @éiﬂﬂﬁl%ﬂ%)émﬁéﬂ&@lé def¥ple ORTLidOMIRRionSsebRINDESE afi®@ @i t Or i N
section 96, a .data .comunication channel ()CC) section 97, and a fast

conmuni cat i oriR¥RFRRIRte] feekiyn 9G Reintes sectign S rTelerblyithise OFes longSOEPHISpr ot ect

section 88, Sepidhfin0bd GRAMY R gisgmﬁb BT i%ltrﬁaﬂlr&@%t&tﬁg)smﬁwofr@&tl on 92.
The ONT identified in section 88 conpares a received In section 95

with a val ue sestia &P ansissy ofgesiart windoggrangissiemtme ] (measused diopoiecsigt ofdet ect ed
by the conpan I I ﬁﬁ"@ sgion

until a fram;EI Afsgg?cgég:%\?gégﬁﬂ?ﬁg ﬁ%@ii@?ﬂ &g@lbﬁﬁgg@ on it &ﬁ&nln .

nmoni tori ng secspccrbwe wirGlowoTi Sesten 98 adsenmluxledafxmximmmdlmgﬁt 930<Df wiRdlY 7&nd a

remot e ert or AL QR IREL 1een il heeh P Ellesl I ol SchPudRCl 1 €

ONT when G_T suchtas an ¢ "8t Y05 a w ndow
78 from the Ghdwidth allfocdth@rt@ thes specd‘e;sQI\Klez&r zmalr isi mlcdlzhed ibg craanagement ndow.
The RElI conprises nt, o of .err detected by 16 0.V AUG 2005
QT 52 i n v hePie R R ol Hioeren Boralhie e Bl et B ang Foc
section 98 calrijlss%r egions enabling OLT 22 to send nanagenent information

specific to the ONT 26, and/qr any t managenent rel ated |nf mati on.
For exanpl e, chanfe®antseciondanpicieh 6§Hﬂ\]/ﬁn§tﬁ”?f5‘rsesaa§%ﬂﬁf?4‘? “SE ﬁnel

handl ed by tlog.TOM t@@ofBN R upfiRthm VikasklslioS Sl @£bh9é§NTDQ¢1@dﬂoﬂ901CB‘od§ECtl on
97 is preferably inplenmented by software in the specific ONT 26. FCC

section 98 i Srefirahly comprtses eqsios; Whigh casheieeaiving PNT wtsmprisadosaibingrtihddtavar e, at
the physical \A}hﬁ:‘ﬁeelaclpgpemﬁc ONT should, or should not, transmit. For example, grant section

92 instructs a specific ONT to transmit its window 78, to halt transmission, or to send
one of a number of management or control types of data-window.

An ONT management and control channel section 94 is used, inter alia, as a
protection check for sections 88, 90, and 92. Section 94 comprises a cyclic
redundancy check (CRC) section 95, a remote monitoring section 96, a data
communication channel (DCC) section 97, and a fast communication channel (FCC)
section 98. CRC section 95 is used to protect section 88, section 90 (cdmprising time
91 and length 93), and section 92. The ONT identified in section 88 compares a CRC
received in section 95 with a value expected for sections 88, 90, and 92. If an error is
detected by the comparison, the ONT most preferably halts upstream transmission
until a frame is received with a correct CRC in section 95. Remote monitoring section
96 comprises a remote defect indication (RDI) and a remote error indication (REI).
An RDI is sent from OLT 22 to a specific ONT when OLT 22 detects a defect, such
as an absence or loss of a window 78 from the ONT, or if there is excessive error in

the received window. The REI comprises a count of a number of errors detected by
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the ONT, and software, so that section 98 may be used to convey nmanagenent
and/or control nessages to the ONT 26 at a faster rate than DCC_section
97. Fig. 4 is a flowhart showi ng how header 74 is conputed by cgd 286 wpai5ng
managenent software 33, according to a preferred enbodi nent of the present
invention. The steps of the flowhart are nost preferably inplenented by
CLU 36 Dbefore each downstreamfrane 70 is transmtted fromthe O.T, In a
first step, CLU 36 determ nes how many ONTs 26 are active in PON 20.

Met hods for p@lﬂo’&ZrﬁlﬂlglassdzcthwdeibwrrmenaﬂbwheaMeT known in the art, and

I ncl ude noting ""“']SEC%EE prl or\ﬁfco c18r51 tctogagrlge re% on%ler(%’i%ﬁ% é)&ﬁufébﬂf

predeterm ned tinge erlo I'ng
preferably, th@dmmkgmdleusmmrmmdnmﬂeaﬁ@fmemm and/optiynghsttrenagemenew ONT

26 cones on-str n.as well, as n.an ONT 2 oes off-stream In.a second
e T 5o Rt ror e e S 15 & oo PR B 2 B or ndow
78 for each respedhindedasithd ONCONG nefy bt il DEM skdlioh B, hédoding SF RBtion he

total of the maxinmum sizes is set by CLU 36 to be |ess than the downstream

bandwi dt h capatisareienply pmplepgnted by ﬁﬁ%&r? Brthe spesitig IR0 sFGle s¢ctipn 88 éh ONT 26

is set accorﬂbﬂ%réf&ag?tlﬁpﬂaﬁ%ﬁg@ﬁ)fﬁ%oﬂf)m@t?&lhof&}fé}dea‘?e Ghapnalysibgiing onveyed
upstream by the gem Preferably, the data paraneters of each

channel i ncl uée enbyoftnaee, s¢aleetion 38 may(RRIsed toacamPeyChansgement andder or i t y
whi ch is assi gigd rﬁ%s%gs RARE BRE260E 2 BT ra?eotha&ﬁéggs@méﬂ 70f data for the

specific channel in respective i ngr ess t he bandw dt h
assigned to the cHagreis alﬂdehaT phawing yow dibdder 33 i EornweedNTCRY. 3¢(uping

bandut dth 15 KL Drlal2el  SMNEN . oo RRANA Ll Yo S hen”

descri bed bel ow, en a bandw’ nge i nment e a par arret ers
for each PB mhamlnmlTM&pspr&lﬁeeﬂabdhyﬁaaksmostoprpﬁerabbr arrpleqnemtddelameUaGant eed

bit rate (GBR) _and,a stre | ocat y the
net wor k opgraoae%f%rP ea%dgo V%&%ﬁ%lﬂ%@“ﬂmgﬁo tlthtéﬂtﬁ?‘ 3?5“ ﬁpogg ed to
each PB chanmd deteiree hdwt fignyUPNTS eamreCGtve Th20DUDK evlethbdst forpéatovining

all ocated to e CBR channe nost preferaply exceeds, a

possi bl e upststl‘glég?tle?‘@%’@ﬁ@&e lS‘FO"‘fIh’Q &ﬁné‘?damfg’d% ngtl h@b\(@\lﬁ%g{ﬁave
preferably, atak@@et dfefRORT 20 AerHfha Fread ARSI RFiBd bAeNs fid sTté"pd)el
managenent and control dat a- packet sent by the specific ONT 26, nd at

| east sonme df@ emee#eérl\éswref%réblwh@ ﬁleiﬂnpfkeﬁeéaaaﬁm erasepsapiopnating wmé a

managenent angd.cont 6 kodad GrstRas R tvell Ss WRSH aprﬁfl‘%%aé%leé/oﬁ-?tpéamby the ONT 26,
prior to OLT 22 conputing the window size for the ONT 26, in one or nore

previ ous wi ndows T8a s¢can @tg;p&{.g.b% gmaau{cq;qug@cnmum window size, mtlmeslots of
each window 78 for each respective active ONT 26 determined in the first step. The

total of the maximum sizes is set by CLU 36 to be less than the downstream
bandwidth capacity. Within this limitation, the window size for each ONT 26 is set
according to data parameters of each active channel being conveyed upstream by the
specific ONT 26. Preferably, the data parameters of each channel include whether the
channel is a CBR or a PB channel, a priority which is assigned by an operator of PON
20, the amount of data for the specific channel in the respective ingress FIFO 48, and
the bandwidth assigned to the channel in the primary table 53 of the ONT 26. (The
bandwidth is known to OLT 22 from when the channel is provisioned, or, as
described below, when a bandwidth change is implemented.) Data parameters for
each PB channel most preferably also comprise an upstream guaranteed bit rate
(GBR) and an upstream maximum burst rate (MBR) allocated by the network
operator. Most preferably, the number of timeslots allocated to each PB channel
exceeds the upstream GBR. The number of timeslots allocated to each CBR channel

most preferably exceeds a worst-case possible upstream frequency of the channel.
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generated by software 33. In a third step, CLU 36 arranges the w ndows 78
conputed in step two preferably contiguously in a "virtual" frame, and
determnes an initial start time for each window 78 rel ative t:_lro((ljl fGr Ere
starting time, corresponding to the beginning of header 74. A %ln@ i me
and a margin tinme, described below, are added to each initial start tine,
to generate a start window transm ssion tinme which is to be used for each

wi ndow 78. Each 26 is Eoma di st ance féogp OLT 22, the distance causing a
delay in signal tYeshdsieablynat leashsome of he Patp Pararpelors arey Gangniftes Jn 2

proportional #endsB@erfliabd a6z dethiPadker by thRishRiffPORY 28f add AN&IH Sowieon Of
the optical signals. The distance of each 26 fromOLT 22 is

conpensat ed f 8P PEjeraRitstagd imEFOpgamesers fahls 3lo Termpnagrarens and gentiohflates ndow
start tine. Tﬁh‘%két%%s‘ﬂgre?étrﬁy %éﬂ[ bede oNINIg, %1?01‘ t8 diq{ﬁrcmn?%ﬁ}ie iRl the

rangi ng nmet hods known in the passive optical network art, such as by
sendi ng a r aief fegthei QREIZ6S ingime OF Mop piewions PORORS 78,dn despaiiseito g regrest

correspondi ng kNg received fromactive ONTs 26. Preferably,
the ranging s %ﬁ%ﬁggzg@e%%?g%en PON 20 initializes. Alternatively or

addi tional ly, the Inantirdgstep, gHAl 36 sarsegds thbiwiedavet T ckmpBed iis sepemat | ve,
1 cone .Q am or

such as when ny determ nes that a.new 6_has - Str
when thero nalosusl GRUSRRITH oV Rhd JARE T ihamitRg 0 iahe, &g 40,
exi sting ONT é6h wildbwZB dhties 1 HEsmée bierting nigie Gortdspondingrto eltctegNing?&f once
rangi ng signal .responses have been recej.ved, fromeach ONT 26 operative in
PN 207 U SRR & G T8 % BHEHoUh; Ao DAPE: f1% AEhdD EHE r ang! ng
time, to insyitiel #Heiimé e Eenckate §HHR WiRITRArAEMSEPRHAE MARthq§ toba\gkedvgor7 8
arriving at OLT 22. The nmargin tine also allows for errors in arrival

times at OLT GZEE‘WH]Q%WFB factors such as differences and/or drifts in

clocks in each of gaflORNINTS i2SomdPB¥ah&edtont ORTILS tHAR:anké BRisingfa dpp@nent s of
PON 20, and inaccuracies in the ranging process. In a final step, CLU 36

inserts the cémpliraasmissiar fromitherparific AT A12E &1 ORT £2 proportipnad torkRidiARCH ndow
Sect ] on 82, The ¢ e anqrel DU sHSENER oF R R Ml 86 il o088 ng to
the specifi cONNPOZem QKT gdisnogpensatst dordy, addBg Sheradgin® 0O %0 Fich.ONTiss a
schema 1 1 95ar gl POV 080 PRCMLAAL 08 O SBOSSAALLATRY gro0 1 1
conpri ses datthe mmging frethodOkdovPintthe pdssivep bptical adtworkfartOblich 2y sehdinglata i s
ranging signal from OLT 22 into PON 20, and waiting for corresponding responses
being received from active ONTs 26. Preferably, the ranging signal is sent when PON
20 initializes. Alternatively or additionally, the ranging signal is sent while network
20 is operative, such as when OLT 22 determines that a new ONT 26 has come on-~
stream, or when there has been an effective change in operating parameters of an
existing ONT 26. OLT 22 determines the ranging time for each ONT 26 once ranging
signal responses have been received from each ONT 26 operative in PON 20.
CLU 36 adds a margin time to the initial start time and the ranging time, to
insure that there is some temporal separation of windows 78 arriving at OLT 22. The
margin time also allows for errors in arrival times at OLT 22, due to factors such as
differences and/or drifts in clocks in each of the ONTSs 26, physical changes over time
of components of PON 20, and inaccuracies in the ranging process.
In a final step, CLU 36 inserts the computed start window transmission time,
the maximum window size, and CRC section 95, into pointer section 90 of each ONT

header section 82. The time and size of each window are also stored, according to the

specific ONT 26, in pointer table 47.
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incorporated into section 76 on a variable time nultiplexed basis, so that
for each frame 70 OLT 22 allocates one or nore data-channels 100 for each
of the ONTs to which data is to be transmtted. A size of each 30

dat a-channel is calculated by CLU 36 using managenent software 33, AUG 2005
according to predetermned criteria, as described with reference to Fig. 6
bel ow, and for each ONT 26 the size of the respective data-channel is able
to vary fromfra at a-ch ctedfr?{magroup of

tq frange. A nnel .is constr
el ot s CEnch odid 3 i Rk 0 facisse R AR ek e et f 8 48t T e
bel ow) and trapapagtis dpleferdeeleabgdii@nt of the el RvahiannPdyloat hecthartnel
| abel being read fromtabl e _43. st _preferably, eac ata- _chapnel 100 in
payl oad 76 i SOEBHETg fisSefli £igma c@?\ttodﬁl?a&%fﬁiﬁﬁnégs&\fgb.zé- Eﬁ? _Ff’afsi vely,
adj acent dat gpedipdrared %t&@@ct@h@ﬁ&p@fv&tiﬁﬂ’e Bbfxeq{ﬁﬁtiﬁl(exéa%aeis," idhnet fobieh&  Each
dat a- channel 100 conpri ses a channel overhead section 102 and a channel

payl oad sect ifeyPerBUOLELEHioratenanetns aunre dater el 00 fpreeashiob tharIVE 1oy
simlar in siggch aidisGoms ahGlitQ A by Qﬁéf-lcf?ﬁﬂelfsi?Gﬂb@ﬂﬁﬂpéLUYﬁ' cally

differ in size fromeach other, and fromfrane to frane, € size for each
channel bei ngsinaimaghgament spiiware Bn acoguiingfolpagietsrmiBad britetiem A dsciihed mridlad

section 102 j . i I f.1.el 8, a
managemnent a%gg%%%{tﬁalgfﬁﬁgﬁ %doifo?g%h dal\IJ %ﬂ%ceg%fe iogﬁhevﬁa%ﬂe S%tg-rc gaéﬂl he
precedi ng datinablCannefrom diaele té frehel 106 conprises a uni que | abel which is
fabl o a3 ot oLt SARarn € LRRt o RoR RS o B BeblrndBk A
descri bed belidastified bannelasnel tdbei (dekzibgd helovwandd theiportt deltelonging td raacked in
both OLT 22 and, each 6. lLe h . field 108 giyes a size of payl oad

cecti on 104, Saletied ore PrinelFb boingreaaioan gt ol t ndnit 100
Field 108 is cHmfkl poef ﬁfqﬁ%;héadji’}é de dednflfnfoulk Wirith S 8 defin datadchZnrRist 10wl ti plier
section and a 10-bit length section. The size of the payload, is calculated
by nul tiplyi HyteERatisgly,eadiaCen ok dhanagls HOG e sopagated by one obyrorhddigd bt

val ue. Wnag%ﬂﬁa@%ﬁa&@ﬂﬁ@@lcoﬁﬂgﬂeg aldifinhét Peflbsd 3Qki¥n g8ehald Ynaabhay | ar in
formand function to managenent and control section 94 (Fig. 3). Field 110

nost pref er abRyloadcwsain ks Chemek pverkpad vignitions E97atrke sulpitantislly similyydp sigechannel
priority and/jQf e c FEie@Pid HoBCEackRC
checksum has abeggﬁgrgéeﬁnogﬁ&rg@gﬁﬂe_ ﬁé\d@ ftijﬁegg%gnc}{ ?llﬂgpcl:hgi%ﬁe o. P?Cef erably,
field 110 al sthegradifiom ute @Rfrane, thermaerfor each chonngl eingUGlR0E ahamer|
management inpforgation to the specific ONT 26.

Each channel overhead section 102 comprises a channel label field 106, a
length field 108, a management and control field 110, and a CRC section which
guards the preceding data. Channel label field 106 comprises a unique label which is
assigned by CLU 36 when the channel is provisioned, and which is stored in table 43
of OLT 22 and in respective tables 59 of relevant ONTs 26. As described below,
channels, their lengths, and their labels, are tracked in both OLT 22 and each ONT 26.

Length field 108 gives a size of payload section 104, in terms of timeslots, of
the associated data-channel 100. Field 108 is most preferably divided into two
sections, a 2-bit multiplier section and a 10-bit length section. The size of the payload
is calculated by multiplying a value associated with the 2-bit value by the 10-bit
value. Management and control field 110 is preferably generally similar in form and
function to management and control section 94 (Fig. 3). Field 110 most preferably
comprises sub-fields which enable OLT 22 to set a channel priority and/or generate a
channel alarm such as if an incorrect CRC checksum has been previously received in

the specific channel. Preferably, field 110 also enables OLT 22 to communicate
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Fig. 6 is a flowhart show ng construction of payload section 76 using
managenent software 33, according to a preferred enbodi nent of the present
i nvention. The steps of the flowchart are perfornmed before each downstream
frame 70 is sent from OLT 22. In a first step, CLU 36 checks 3 figAes 5! FO
38 for data to be incorporated into section 76. In a second step, for each
channel of data in FIFO 38, CLU 36 determnes fromprinmary table 43 the

al | ocat ed downstream bandwi.dt h of the channe nd the channel |abel. For
each channel m%ﬁ?)‘%@*‘%%@B“&é&@Wﬁ“ﬁéé" 5?%?08%5%@? rs intable 21. In a third
step, data for eadghy channehowetartt Sholty 6haRNIGIonSofapdydsuat edtibRmdwigidh and

subject to any limtations generated by paraneters in table 21, is read
from FI FO 38.M¥R3gemeng feitiaist &h, achingeio avrelead carhodingyt 1q§othp spresent

const ruct ed.  h&A5RMBMeALeRo aAAR pok i8Rl 1RRFe LRAGNnsRAR e Aot a read

fromthe FIFOis incorporated into channel payload section 104, to form
dat a- channel 110t fiolr Qle2kpeci fic channel . Steps two to four are repeated

for each channel of, dat gl Rt O iAfiths/ring 3 Al SbETadofifcslal @ronannel s

100 which are generated r eac are  concatenate
downst r eam pagttmadésecti on 76. Steps two to four and the final step are

nost preferably inplenented by CL 6 _Uusi tr.a Lt f 1
constructing sect ?%ﬁ S‘?Cé).nd IS%pqurlea%)ﬂeajélﬁ%eﬁé’ggg e%ﬁﬂ%?sdm?? :eégtﬁgvr\%‘g{ga frames
70 are transnfidnt @dmany table 48 ahel slishtedaionastreamobanthaidtia of thecibhne] @I tH26

recei ves data,which is.not.djrec that ONT.., Most preferahl dat a
{rans tteq ARl sl FoR Bioh chiEeh ChU 8 alsh Aot dal DotamB T §PIE F ONT t
which the data isiglhieatses, dda legchl dadiRL iy RS tHehBardRl Rallsvdfel baf@dtibmds of
encryption and decryption are well known in the art, and include

"chur ni ng" ofend ﬁl@l%%?%HY|lm@Herﬂeﬁaaﬁe§ by g@ameisEsdn ta&ilf‘e%ﬂwp@fram%%i ng key
is generatedgby each ONT 26, and is sent in a nanagenent and contr ol
upstream w ndow 78 to OLT 22, which then churns the channel payl cad data
before it is ent&&Quithftepr, shymebeyedsed seatipmIf2 is astepaigda inegrroating H¢

performed at O eQhvk Y l@rggtl%zéﬁd %Hﬁ%gédgt%rdﬁfge fs iHEﬁ@%\%ﬁ linko BndRRYY

churning key I's sent fromwe gular int als of less than 1
s. It will beaylpesestiond@4thfern data-eanned i for 8fe spevifisthereah payl oad section

76 enabl es: changgsl by 1 Dol e @HRLAAE0r SORANFh 58 48 i o

i npl emented for e
final step the data-channels 100 which are generated for each channel are

concatenated to form downstream payload section 76. Steps two to four and the final
step are most preferably implemented by CLU 36 using transmit framer 31 when
constructing section 76. ,

It will be appreciated that downstream data frames 70 are transmitted in a
broadcast manner, so that a specific ONT 26 receives data which is not directed to
that ONT. Most preferably, data transmitted in payload sections 104 is encrypted 50
that only the ONT to which the data is directed is able to decrypt the data. Such
methods of encryption and decryption are well known in the art, and include
“churning” of the data. If churning is used, most preferably a churning key is
generated by each ONT 26, and is sent in a management and control upstream
window 78 to OLT 22, which then churns the channel payload data before it is
entered into payload section 104. De-churning is then performed at the ONT using the
churning key. Most preferably a new churning key is sent from each ONT 26 at
regular intervals of less than 1 s.

It will be understood that the structure of downstream payload section 76

enables changes in bandwidths for transmitted channels to be implemented for each
20



3 0 AUG 2005 downstream franme 70. Such changes are nost preferably

i npl emented using secondary table 45, as described in nore detail bel ow
with reference to Fig. 8. Downstream payl oad section 76 is constructed on a
time multiplexed "per- channel” basis, each data-channel 100 beglggmgigafzbﬂged
by its channel header 102 (Fig. 5). Each specific ONT 26 recovers

dat a-channels directed to it fromsection 76 by conparing |abels 106 in
headers 102 with the channel |abels in tables 59 of each ONT 2%6.,It wi |
be appr eci at e?PYHHEAH A HAnmErF Briese tade 1St aPSISERdDY iBPIeatntod Wienot

necessarily hauénda§ thife #4905 HSHOBE ih PofdeldilHRlotOwit tdkeEnce 8rig ONT 26 checks
for channel |abels. Thus any specific ONT 26 may receive its tine

mul tipl exed data iPpvenstreany gadondessction 7R st erastiuctegraant dmeonulbelered B9™-channel .
|t will be apgherals Ldiflandhld 19 ﬁeﬁnt%ﬁagﬁﬁ%)@wkﬁé‘c%%e??é@deft ignggtted to

a specific ONT sg{g}w ficantly increases acking” iciency of section
76. Fig. 7 is%aFedhwaifit ONI 26 recoverh detierchardels alifegtedfo it fomr ecxtionw/ddgw 78 of

ONT 26B, acc (e . [ i S L RV, i on.

Dt (o upet rDelith hO e BLELER of YRR TRRncPlandinf RIES R I GRE

al t hough it vdd It wél bnegrefiaaldthat dai-clianeel$ diréavetd t0ga eeesidici QNT @4 dopyodti es,
nmutatis nutandis o.transp ssi.on and netati.on of j_n_.an upstream
wi ndow 78 f rcﬂ%c%ﬁ%;hwvﬁg’. WWR%WEISSIW %e%‘?’hgf’i’eﬁ%‘iﬁ 83@3@[5%\# %Ekss ?t hat on
recepti on of dhleneiMabeloWhak af} spedific ONTE26VMnAag Gabeivel @t Sime Gliultipledel dptain th any

ot her wi ndows, 78 transnitted. by other ONTs 26, as_sho schematically in
Fig. 2. W nddwemsned elm»yﬁl‘f %&ﬁéﬁﬁt%ttoedbq%ﬁx e%rm%eét 3} o apgreglflﬁs@ thahy ¢ he
ONT of an GV—BIB@E&g%&%ﬁféﬂ@ﬂorﬁ@P&dt@ﬂarﬁ%iﬁeﬁitg a specifidONdesGhfidedy Wictehses ef er ence

to Fig. 3, sectjon 82 conprises pointer section 90 having start w ndow
transni ssi on the TReekig ehhidensyof #GHIMW Sdow | engt h 93. W ndow 78 conpri ses a

general ONT 26B Ong’. head 380kt Aagkatt shdviths B4EH o?ﬁpstx%hﬁm%ﬁlﬁﬁw Tedofahnnel
over head and channel payl oad sections. By way of ‘exanple, w ndow 78 for

ONT 26B i s agéBneegordingdemprefereed qmbodimenhef the presrshinvantiongDetn in erstrearead
section 136 E{vsr/'lgdo]vsf1 98 is%@gergte@ d t?ﬂlgmﬁ‘ﬁﬁtbkl%'ﬁlg%,eﬁgﬂo%%t g%ﬁ{fﬂkrs@xg rhead
np e 140, I denti

section 134 conprises a synchroni zation f Tication field
148, a wi nddbatt thpefollpwing desriptaonCRDLics,e kktatis Grutandst,Ptd itehsinidsi@ aad DCC/ FCC

field 152, an n R | .field.154. Fi.el 46 an e T 22 to
enti 1y o Snspfilbe S ] f RectR oty R AR RO i SRRy G is 22
synchroni ze amplemshtedroyl ONTEXSBI s €liat of epption@fl therwitdvey SIOLT i, dledvitd®v
i ndi cates a w ndow conposi ti on, such as dat i ndow, field 156
o des 2 cHaB R e3P SRt Binem e o€ remitied P tiep ONTS 26, s ShSwd
schematically in Fig. 2. Window 78 is only transmitted from ONT 26B after receipt
by the ONT of an ONT 26B overhead section 82 (Fig. 3). As described with reference

to Fig. 3, section 82 comprises pointer section 90 having start window transmission

time 91 and maximum window length 93,

Window 78 comprises a general ONT 26B overhead section 134, followed by
alternating channel overhead and channel payload sections. By way of example,
window 78 for ONT 26B is assumed to comprise two channels, each having an
overhead section 136 and 140, and a payload section 138 and 142. General overhead
section 134 comprises a synchronization field 146, an identification field 148, a
window type field 149, a CRC field 156, a BIP field 150, a DCC/FCC field 152, and
an RDI/REI field 154. Fields 146 and 148 enable OLT 22 to identify ONT 26B as the
transmitting ONT, and also enable the OLT to synchronize a burst-mode receiver
comprised in the OLT. Field 149 indicates a window composition, such as a data
window. CRC field 156 provides a checksum for protecting data transmitted in

synchronization field 146, identification field 148 and window type field 149. BIP
21



synchroni zation field 146, identification field 148 and wi ndow type field
149. BIP 21 3 0 AU G 2005 field 150 is inplenented and functions in a
generally simlar manner to BIP section 80 (Fig. 3). DCC FCC figldA$g§m§s
i npl enented and functions in a generally simlar manner to sect gns nd
98, providing a field for general managenent and control nessages for ONT
26B. RDI/RElI field 154 is inplenented and functions in a generally simlar

manner to sectioQn _96,. acting as a renote nonitoring field. Each channel
over head sect%‘%‘a 1386 wieni dAGAPIICERRs 1§ acIPaALY Slfﬂglﬁ"e}na‘l"ieélt‘dB[ELSf’S“%fhd a

channel | engt g {aiglx. BEG/FdT géld 132 indld@ntedadd HiRIbENAANRhehBPSikabl e 53

in ONT 26B. Field 160 is nost preferably substantially simlar in formto
length field maUBr Hesselionsed a8 9 ePiayidingraciedd &nesnare) mnggement gadppéRhnnel

overhead sect j,o8,ak s@; clﬁhefz%ﬁa@m@ﬁr@a& 588 @ é@?fe&ﬁﬁtegiﬁdd@%ns ysed ., for

exanple, to convey an alarm regarding the sp Ic channel to OLT 22, and
a CRC field l1steralihiighlacoapel toesciion S6hastiks asm ©emoteanoritogng fieddds 158, 160,
and 162. Each cha verh i j wed. i ayl oad
section, having arﬁlgﬂﬁé %n%éle?qi%ﬁlggfgéfh?%]sﬁé%%{og& ?o\fné) Sg%%ﬁ%%ﬁnglgl\%gé;ﬁ%gdg
section 160. Ti3ent ewrhpnneldéngtiafi¢ld ¢b@Fndd 153ay Haddd sieat chamnel abelatide 63 med by

CLU 46 of ONT, C ing to the overall .constrai.nt. that. t gth of
i ncdow 78 15 PREoPEREEISY Wuisf piel ol PRl G R R gor BotepRE &b | n
poi nter 90. Wdshdescribed sbe@nwith adference Ol 46 ERAhidie! svethadnettiopasliooad
sections by reafdi araneters tablqiaégll, and

, fromingress_Fl FQ 48, FIFO
primary tabl eprggfaglg’p‘é’é‘i‘ffrlsﬁs E%‘meﬁeléldt%, uged g’baﬁ‘ 205 COTYRY Ay .
corr espondi Ngregdrting Meeheb1An eMindéino WL T AL hing RAE el dAf 4 whEBtohipHEs 20N Of
w ndow 78, ONT 26B transmts the w ndow ugoztream at start w ndow

transni ssi on PFREUD Protgping: fieldt dotht 169f arbdeferEarh. chayngl ogerheadasectioinéthar t
show ng st epsgjivel M Hs lcRarnBIP) £1FRA LD 2L AARNY Fenbth déiﬁ:@@‘h‘gr%shreﬁecﬁyec hannel ,
according to a preferred enbodiment of the present invention. Typically,
when a channedhaingl gyeghigpd pesiieril@the channel is assigned an upstream and a

downst ream bandw gi,b %ﬁ\ﬁ&x%%&gchﬁ&ei Eagzlcfa)i@&itfaﬁ i fifed i_%t abLPYNges the

channel and/or accor g to a servi evel "agreene between an
operat or of POR, 2@onimg @ ths everd! cankgaintahavahklefgth lof eiaiomel8 isdbsws|thanet

espect e, SO LSRR Bl S KRR, Lol RGN AR Rl LT 22
bandw dt hs ofCldhdf balsguctt clansdl @ayled dehticas i rdadmgplaet iindsésa FIKONAS 2HFOThe
flowchart of plziragrieteérgs tiagle iSEerln?l rlralrairr]x}a?ydtagl\e/ 53, specific channel data, data parameters, and

the corresponding allocated bandwidth of each channel. After construction of window

78, ONT 26B transmits the window upstream at start window transmission time 91

after receipt of header 74.

Fig. 8 is a flowchart showing steps involved in implementing a change in
bandwidth of a channel, according to a preferred embodiment of the present
invention. Typically, when a channel is provisioned the channel is assigned an
upstream and a downstream bandwidth according to the type of service which
provides the channel and/or according to a service level agreement (SLA) between an
operator of PON 20 and a user of the network. Each channel label and respective
downstream bandwidth are written to primary table 43 of OLT 22. Primary table 53 of
each ONT 26 contains channel labels and upstream bandwidths of channels
transferred through the particular ONT 26. The flowchart of Fig. 8 is implemented by
CLU 36 using management software 33.

In a first step, a request for a change in bandwidth of a channel is received by

CLU 36. Preferably, the request is initiated by a user of the channel, and typically
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CLU 36 using managenent software 33. In a first step, a request for a
change in bandwi dth of a channel is received by CLU 36. Preferably, the
request is initiated by a user of the channel, and typically 2238 L) b5
2005 conprises a request to increase an upstream and/ or a downstream
bandw dt h of the channel. Mst preferably, the request is inplenented by
the operator of the network via keyboard' 35. In a second step, CLU 36

checks if suffjcient spare bandw dth is avail.able . to  acc dat e. any
request ed i ncrease: By CaYE @alfl ?rﬁagsetaﬂeupfsffﬁag’l anﬁ&’ﬁ@e‘?‘owé’ftr?aiﬂhg@%fs oL P eady
al | ocated to chamst Matpfefeaabby, Ths requed! Brimplemispied beala oferdiaradf ther @work2. | f

there is suffici enB s&)? e bandwi dth avail able, the request for bandw dth
change conti NSy ¥t here is insufficient bandwidth available, the

process halts. In an#kdcosd ag}@rcmus Bfeck el s FeRhESpatd tHRGKTASIs fa04ilableao
channel. If the new bandw dth allocation is for downstream bandw dth, the
real | ocat ed t i*ReRMBRdetengly 1oauested ingReass: 3t pYRipatiag Abe koigh femben ot igeslets on

(Fig. 5). A terbakiBlaed HOISVRAGVEIHLE 76?%(nd/$§et06\§p§ﬂﬁ&ﬁﬁflir%ﬂl @alﬁeggﬁilffi c

channel by generafing a second data-channel 100 wth a | abe

cor respondi ng these tihsulginianinepare Prredwidib wvatleble htharrequestnfy baadwidth shanahere in
section 76, a.'agntﬂfﬁe@ﬁ%}\}\ﬁ@ﬁ%ﬁﬁféiéni’bﬂggﬁdtﬂ %a@?olgcmé %I‘gbkgyﬁalts.t hus increasing
y ged,

the flexibility wt I ch section may be arra and t he packing
ef ficiency of the Isedhidstep|GLY Fé rmalociantimeslots fat | the athhmnel. 1§ thoopewpst r eam

bandw dt h, - adjus{TEALAA%E i%ﬂﬁo&r@tr&i}ﬁbﬂd@aﬁﬁﬁe 9&%&%&8"&8&1&9@1&%% /8 as
necessary. For exanple, re?errlng 0 Fi'g. 7, an increase 1n channel 1
bandwi dt h nmay ithan existingphiasthetheblO0ddchting (BigsBc Aiematbetyt more fadweiiamag! 1

th ti i Sl h | 1 head d I i i
Fegi on 144, it AR ik ERRT GinsY Fireine el terE el db spBatiailel 1
do not have t a0®eotepbidiigotssthe ShanhblaThe heo aldiaihagesmeaie saide bagwheat in

downstream f r anes | so,apply. If a.l er ipcrease in upstream bandw dth
s roquest ed, SHHGR | Tn 208 deh POt aRAESEY EAYS] 19 P AOREPY. Sl INCHRUNG he

posi tions of @kkiBilityMyAE Qich 58ctiHRY/6 R Ehd Rrangedd Bhd Bl @dckidg éffitidnoi sial frane
72. Size and/or _pos%i on changes of w ndows§e78 are gn%yed todyl ONTs 26 via

appropriate sé"é’E‘P’b_ns 90 of downstreamframe 70. In a fourth step, channel
changes are transnjtihefled @2 ARRERRNOE LS (VR uB8reatn Bandwidt QaRs(NER 26 which

are affected by the changes inplenented, via downstream
made to the size and position of windows 78 as necessary. For example, referring to
Fig. 7, an increase in channel 1 bandwidth may be accomplished by adding a second
section for channel 1 (the section comprising channel 1 overhead and payload
sections) in a region 144, maintaining section 93 fixed. The two sections for channel 1
do not have to be contiguous, so that the advantages described for downstream frames
also apply.

If a larger increase in upstream bandwidth is requested, section 93 may have.to
be increased in size, and/or positions of other windows 78 may have to be adjusted
within virtual frame 72. Size and/or position changes of windows 78 are conveyed to
ONT's 26 via appropriate sections 90 of downstream frame 70.

In a fourth step, channel changes are transmitted to appropriate ONTs 26, i.e.,
those ONTs 26 which are affected by the changes implemented, via downstream
frame 70. The changes may be transferred via section 94 (Fig. 3) and/or sections 110
(Fig. 5) of frame 70, and are incorporated in respective secondary tables 55.

In afinal step, primary table 43 is replaced by table 45 in OLT 22 and primary
tables 53 are replaced by their respective secondary tables 55. FIFO parameter tables

21 and 51 are also updated as necessary. Operation of PON 20 then continues with the
23



frame 70. The changes may be transferred via section 94 (Fig. 3) and/or
sections 110 (Fig. 5 of frane 70, and are incorporated in respective
secondary tables 55. In a final step, primary table 43 is replaced by table
45 in OLT 22 and primary tables 53 are replaced by their respegty Wgg o0
secondary tables 55. FIFO paraneter tables 21 and 51 are al so updat ec? és
necessary. QOperation of PON 20 then continues with the 23 3 0 AUG 2005
updat ed bandwidths. It will be understood that generally the sanme process
as descri bed YRéH badBIHENS. applies to provisioning a new channel and

de- provi si oni ng of; vifl b8 xhddrdtBEH RSy tht sihd proB&s Eddsliftled HAERAEOD t hat
preferred enbodi nents of the present i'nvention may be inplenented in
communi cat i oBPRIESs WaprREisioning b nev shanaelead deprovisiaping of eh axfstofe duandr ansnitter
and one receiver, er .t p i opt t 20. Al
such networks ar eItiO‘;r@l E%Ie ﬁgmertﬁl?d%}sﬁi)g @%ﬂog‘%k%‘?gt%@‘%g?%%%ﬁt% t?e?l\ll)géngfﬂlton.
Furt her nor e, inventiinl iapdeappleatsnteied ¢dnmatunitation tnetrvsise inchalingy a prebicek r ed

enmbodi nents of the esent inventi,on i S _not e¢ific to a n t ocol or
Sorvr car " o dtnslslfy BE B¢ RhaiE s She'rSeci, RF S fastifh, ARACRER RIS O
SﬁbSt an]E iall gucﬁ% I;ICPN cﬂtoooﬂﬂld suzh x_&ﬁf/(:jd'kslgne ihtludddl thhuge E@)pamﬂl‘tﬁfbﬁbaﬂ It hat |
the preferred enbo ts descri. above ar cite 0 xa e, an
t hat IOt he pr eé"é(ﬁlf“"inni‘;'gﬁp?rg'ﬁreb dt Y8t 9 ?ﬁpfe&ft‘fdoﬁ\%&f‘tahté”élS%H\égryl?ypﬁrF%rEgFar ly
shown and desgbodiaentsof theadenEinydRaibh & not sh&ifkCtoRAy @he bitoddl &S&Rtice,

i nvention includes _both combinati ons and subconbi nati ons of the various
features dedld MBRGeHENENIEA JUte, andstipethe aework: 205pTdEIgstoa St EILY 2B%t i ons

t her eof whi chopul & seRfceUr to persons skilled in the art upon reading the

foregoi ng description and which are not disclosed in the prior art. 24 3 0
AUG 2005 CLAI M5 1% wal ths heaprresiaterbihpidhe raferred ambediments describedbavecisnt r al

transmi ssi oncRal gt wh?8} ekihpld Jl Whdlthd S &RIN D do R RPIN: S (REA 268,
26C,...) by ?LI ne%?v\)lgs?gna%r‘?u%tﬁﬁpl eaiidrllgyrg%gl% nggrggéelﬁgce) (1) ' &r)gmas, each of
whi ch is di vbhetagaitistlarlyrshavnéng desqribsd bersinalidve. Rethian the scoprpefithé prgsent ecei vi ng
at the centr ] 851 | [ nsm Ssi ; poi nt's,
oo O Bkl RIS 90, Bkl Bl B ARBTIE MR A0 i
t ransm ssi ondéscritgedfhiereittabeveg apwielitas variations and modifications thereof which would

occur to persons skilled in the art upon reading the foregoing description and which

are not disclosed in the prior art.
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(26A) anong the plurality of the end points and a second quantity of second
data for transm ssion to a second end point (26B) anong the plurality of
the end points, such that the first and second quantities are variable
fromeach of the frames to the next in the sequence; responsi\geﬂ 9\96%{%
first and second quantities, allocating in each of the frames a first
nunber of the tinmeslots to carry the first data to the first end point, and
a second nunber of the tineslots to epifysthe second data to the second
end point, such that the first and second nunbers are variable from each

of the frames t g mBfod®fldoAsticam GRiETIGRon frEMRARAIrMErahsni¥sibm poihtqRs) tb N t he
first and second quantities data; insert in ea anes at

) of the |nfg _each of the f
| east one 3 PFANIYRITBERIVIRG $NG Peints {20/ 265 28F. ohiy e diyistpnenutiexing ot el d
respect i velgequélmat bff stames,t Bachf b GhicBnid ditiged eqeNEuliplaDRissIcd, theimembets in
each of the franes; and transmtting the data fromthe central transm ssion
point to t ™A Boints during the allocated tinmeslots. 2. A nmethod
accordi ng to cl abdBiving sthies dniral thehsmilohdoirit daasoi tkmisMsipA itdithe@dEPLINESS  an

optical i termnal . and, t he _en i,nt onprise optical. network
CBr i nal s RAe Fompsutecr ddsh & M SRRH R apudlh Bor SRR R AR Ve <
in a passi (e6Apdmad) therphdrakiy lof tHs. endl prevbth athd e sedodd @anhtity of sedond data for ai m 2,
wherein th a co i.ses . seLs .0 a_ which ar veyed.via. I ctive
Gi'r 1 or ont eS8 TP &Ry 284 PoRl 08l Anof hEMBR. I SNty kG BEF

cl ai ns 1- 3 thenfirst ench seédoadpjuantities taye wériabledfrooiaack of tenframeset thetnsxtoh thaed
points opersgélije\ﬁ%?at di fferent wavel ength groups, and wherein the data

conprises respective sets of data which are conveyed between the central
transm ssi on poireaponsive toltke firslxpd se¢and quentiiesfalleeating i aach ofthe frames dfirst er ent

wavel engt h nyghetfshe t%%s%tao%%%gmﬁséﬁ%ta/fb mé?ipé?tgpd;g&'ﬂf S WsdcBn@imidr of | ai ms

1-4, wherein the first and secon ers o slots are all ocat ed

responsi ve theotimesiels de icaiay therseconthdatade dhrisenend apd peinbtick that dheotirst ard g

Menory Comgeishdndnbdrd @rd QBdLA frbMadsdil SiSthaNrfdsNio the- ndt e iHOSeqeAcy di ng
to any of clainms 1-5, wherein a total of the first nunberand the second

number of feRPOPFIYRIG|VaFIRtigns in tag &irst ARhsesend quantitiepofdhe dataini dt h of each of the
sequence of fraiering in fadiEdfNglframeo btlieBSt dre RetYer@ipofilt Abldtand - ledsheriei n t he
data compr Isgc%%dogned-r%intnﬁerlc? respectively identifying the first and the second numbers of
timeslots in each of the frames; and
transmitting the data from the central transmission point to the end points during

the allocated timeslots.

2. A method according to claim 1, wherein the central transmission point comprises
an optical line terminal (OLT), and the end points comprise optical network terminals
(ONTs), wherein the OLT and ONTs are operative as transceivers in a passive optical

network.

3. A method according to claim 1 or claim 2, wherein the data comprises sets of data

which are conveyed via respective different industry-standard services.

4. A method according to any of claims 1-3, wherein the plurality of end points
comprises sets of end points operative at different wavelength groups, and wherein the
data comprises respective sets of data which are conveyed between the central
transmission point and the respective sets of end points via the different wavelength

groups.
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further quantities of data for transm ssion to respective one or nore
further end points anong the plurality of the end points, such that the
one or nmore further quantities are variable fromeach of the @r[ﬁ%m% t he
next in the sequence, and conprising allocating respective on f

further nunbers of tineslots to be carried respectively to the one or nore
further end points. 8 A nethod according to any of clains 1-7, wherein a

period of egch of n{elﬂ%dsa@a&@mg% afyf of IANE $-41 FhSURIhAIYE fdl KcsRitRinaEs of9. A

met hod according to any of clains 1-8, and conprising inserti n%gsln each of
the framesiBesOlasee Mlosler respRpsYRiofgsrect & firsh And SSEPRd 443 RARBMERES FiPeEct ed

to the firsihnemnelytompaAsst if BtdashtranfmeMissionpaigmet ers directed to the
second end point, wherein the first-end-point-paranmeters conprise val ues

indicative of a first timng w ndow during which e first end point is
able to tr aﬁ‘sm’ t F\eﬁ‘:‘?fj a&?ﬂig'ﬁ%f%"mg%'?w&ﬁg&ﬁ‘@ae"t %toﬁfﬂtgft}f%h‘isi ”a‘lmrl’e{g%@ﬁi ssi on
poi nt, and gdeeneinomble ofs theoitlesiolsl iP RS thanasreRiat té aciumdwidse o/ 8hdhest the

i ndicative of a seo(signd ti mng w ndow during which the second end point is

able to transhrece A

@B%3 end point upstreamdata to the central
transm ssion point, and wherein the first timng wi ndow does not overlap
t he second T.i m nMgmethod@aacordiflg tofanysdf biathsat6 ovtdireig tHecd atangonadrises amena niord,

wherein the i S da ich ar V. ' ctive
i1 or ont cHA S ERRES o ik RaiERhE o #PhadyEbe SRR Fut S FOREC
coupl ed t o armengcibatpluxhlity phthendrelspaints, poich thadtite ane beaste furtberoquantitéesearel
points. 11. | L CEPLLSI (eya)t each
channel a \?d@gggté@ﬁe%&@;oﬁm @?ﬂ%ggﬁbg\b\%r}@}hﬁ%%ocat %#fgbé}ﬁper ?‘lﬁreﬁsi?édgﬁ% t he
second nunibieprectiye one gremeratfigrthes npnbere of tiinesletata brycarried fespedtiveinty theengecond
numbers of 4. g kpfher &RERAASI ve to the bandwi dth of each of the channels.
26 3 0 AU G 2005 12. A nethod according to claim 11, wherein assigning each

channel the respective bandw dth conprises changing the res&gcti ve
bandwi dth t& a di PeBpeAccordingiriagy A claids o whersinapesiod eferctiof theSeauAREe by t he

central trafianssisubB@httily cdsstart Met hod according to claim1, wherein each
of the sequence of franmes conprises a header conprising respective w ndow

parameters for each of the plurality. of d ints, each_ w ndo anet er
Gompri si ng % ¢ 1 AAmEhAd 25Grgo i shy QfclaiTenT o bR sapRsiRGaTeRIngHN EAch SER, of

t he pl ural iftaymesfa fleintk HRidBE Com Hisipg first-bhd Poihtopdraraaerd direted td1be Ginérdpoint
transm ssi on poi nt ord o claim13, wherein t

respective angﬁ‘%gﬁgﬁgg&%%ﬁ&r? Cd(l:recteli nt% Ehe second end point, wherelnhqhe

first-end-point-parameters comprise values indicative of a first timing window during which
the first end point is able to transmit first end point upstream data to the central
transmission point, and wherein the second-end-point-parameters comprise values
indicative of a second timing window during which the second end point is able to transmit
second end point upstream data to the central transmission point, and wherein the first

timing window does not overlap the second timing window.

10. A method according to any of claims 1-9, wherein the data comprises sets of data
which are conveyed via respective different channels, wherein each channel transfers
data via a service coupled to the central transmission point and at least one of the end

points.

11. A method according to claim 10, and comprising assigning each channel a
respective bandwidth, and wherein allocating the first and the second numbers of
timeslots comprises allocating the first and the second numbers of timeslots responsive to

the bandwidth of each of the channels.
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al l ocated by the central transm ssion point so that the wi ndows do not
collide at the central transm ssion point. 15. Apparatus for downstream
comuni cation in a passive optic network by time division multiplexing of
a sequence of franmes, conprising: a passive optical distributicohDf sl 2085
(24) which is adapted to receive and convey data; a plurality of receiving
optical network term nations (ONTs) (26A, 26B, 26C ...) coupled to the

fabric conpgjpsing ﬂétﬁo?i a&BQi r&%%ﬂﬂn W@hér%%ss%ﬁﬁb e‘@/@lﬁ Eﬁbrﬁ\éﬁh@‘i‘é’éb’é@tﬂ/et 0

receive the data fromthe bric; and a central” optical line termnal (OLT)
(22) coupl ebandidthecomagees %"Qi'l‘g itde JegRecte tbandw'@tbetq/é differeglaandwgsith

transm ssi opspélisfieltba ré‘tf.b\éﬂ'é&lvédl%/ tHaantfaP dnfisdich gint! east a first
gquantity of flrst data for transmission to the first ONT and a second

quantity of geco d data rtr nsnls ion to, the second such that the

first and sd aﬁ!mf’.af?% ing faclgimy, ¥ ?r@'nqaﬁtsﬁftaaewt@r'cwféfaf'\eaﬁa@wﬁfst he

next in theaResHerb6Rprising r@éﬂe@ﬁvﬁﬁnudswpé\@h]eta‘rstohgacfrfcﬂmh&alftywénd ;mm&;er of
tineslots to the first data tg. the fir a secon

ONT
Lol ot st Sachindbut ratarheleE Sam s g 219 41 ARG HR™ & JpR AR et HBISR ¢ ot

and second eathsbte lurdlity ofasht bings i§ permittiab trahsithie the comeal ttansmrseuonwht.l n the
sequence responsive to variations in the first and second quantities of
one -field and

the data, tp, insgrt .in each. of the frames at, |east.

ot east ont sedoMAerPEIrg o 5B de WASHeR e IEPRGAGTARY R LRt
second nunbalosated by theeshtatl gansmissiahpairdt sb tteat theavimdowsatochot collide@theicentrdle dat a
during the . al {n%%%h gnil nmesl ots. 16. Apparatus according to claiml5,
wherein the data CO%})I’I ses sets of data which are conveyed via respective
di fferent industry-standard services. 17. Apparatus according to claim 15
or cl ai m 1615. wheipparatushior slownsiréany commaNTstioncipnp passive epticsneivorkNys time

operative afyisbd Egﬁ,g,@&,n%yggg@gh?e g’g’%ﬁh%ﬂ% y,\@erel n the data 27 3 0 AUG

2305 conprises respective set conveyed between the OLT
and the respectd Rassewptienl disiubytion &bin 24 whichrie adanied, 1 reAgYhaed 6AYSY 18.
Appar at us afgprding to any of clainms 15-17, wherein the OLT conprises a
nmenory, and wherein the first and second nunbers of tineslots are allocated
responsive to reRlp@lliafdesqiying oplitgl aewarkdterminpations QNI £L20As L8R &G n)t he

menory. 19. coeﬂa@f&thassaaa@c;@ﬁ@hagg gt aityseRbn® DNTEB2610 288) wMibIe bR dHapteldad al  of
the first nunber a t he s%;:ond nunber of the tineslots is |less than or

equal to arﬁ%ﬁ'\‘@vu“‘agﬁtaérp”b@e bgic; ande

a central optical line terminal (OLT) (22) coupled to the fabric which is adapted to
receive the data for transmission into the network, the data comprising at least a first
quantity of first data for transmission to the first ONT and a second quantity of second data
for transmission to the second ONT, such that the first and second quantities are variable
from each of the frames to the next in the sequence, to allocate in each of the frames a first
number of timeslots to carry the first data to the first ONT and a second number of
timeslots to carry the second data to the second ONT, such that the first and second
numbers are variable from each of the frames to the next in the sequence responsive to
variations in the first and second quantities of the data, to insert in each of the frames at
least one first ONT-field and at least one second ONT-field respeétively identifying the first
and second numbers of timeslots in each of the frames, and to transmit the data during the

allocated timeslots.

16.  Apparatus according to claim 15, wherein the data comprises sets of data which

are conveyed via respective different industry-standard services.

17. Apparatus according to claim 15 or claim 16, wherein the plurality of ONTs

comprises sets of ONTs operative at different wavelength groups, and wherein the data
27



sequence of franmes. 20. Apparatus according to any of clains 15-19, wherein
the data conprises one or nore further quantities of data for transm ssion
to respective one or nore further ONTs anong the plurality of ONTs, such
that the one or nore further quantities are variable from eacﬁ3%flﬁh§m5
frames to the next in the sequence, wherein the OLT is adapted to allocate
respective one or nore further nunbers of timeslots to be carried

respecti vel yonm.sw@e%aet.veoeetgvafedéta'rverh&r afNES veéach hafhdSORE CRRGhEY to

claimany of clains wherein a period o the sequence of
frames is s{ASRRCHME Peip PWU%S‘?&P&d'ffgznt‘oﬁﬁ)’ﬁ@a'{hﬁowcor ding to any of clains
15-21, wherein the OLT is adapted to insert in each of the franes a frane

header conpid si npohidisd a%dlﬁért@%?%fsclﬁﬁhfse% ¢ {svﬁer{emeth@ OET coraﬁ?r sasng
to

second- ONT- paraneters directed he second ONT, wherein

first - ONT- pRPRAR Awhespip g st and resond ambars gfdinigslots ?fieraﬁ?cam%ewwmow

during whi cta rédpRctiviififstlan@d8cdnd AR gariMetbFsaitsial in the higdmdaNT upstream data to
the central OLT, and wherein the second-ONT-paraneters conprise val ues

i ndi cative of a second timng window during which the second ONT is able
to transm t1gsec omba@hﬁg dtesidirgacasiadflzirs 15168, e@itdidh tdthl bf the AiRtinihissrana t he

first tim w ndqw does t ove t he, second i.ndow. 23.

Appar at us gﬁ%S?‘éﬂnﬁd’ °6R t8ft'"1ﬂsk}sn’§ Iqss than 0%(&@&:*%3?%%%%69\?,88%1)%@%5 sets
of data whieghermeef framgeyed via respective different channels, wherein each
of the channels transfers data via a service coupled to the OLT and at

| east one th r oy di t o .clai : i ach of
t he channe?gs i s Si g %ilmdbﬁg;gts a@&{%?glgﬁ%a{]%%&g(%?elgﬁ% ga%ér%%ﬁ“ﬁ‘ms%f\%‘gé’ i ng
the first andeﬁwesgumndemuﬁMa fordfansmisgies lto tespedivp rons @s n@iré tethei QYTs he
first and t | h of
each of thegﬁ?qh"?nneiﬂgranggp QNS CA% @h%ﬁl@é%%oﬁﬁpr@i@eﬁ ugargg%ér%lgr\{gﬁétbgélﬂé ai m 24,
wher ei n assaghichjedastesde theneext uthaseguange, whaseipdioe OLE inadrpiediiorlleediori ses
changi ng thesaeem%'ov%ob@ﬂﬂmﬂmnwsaft#ﬁésio% e cé?ﬁ&dmwéchvé%ﬁﬁéléhye to a

request received bg Apparatus according to claim15, wherein
each of therSWiHREH %fQWTSf rarres conpri ses a header conprising respective
wi ndow paraneters for each of the plurality of ONTs, each w ndow paraneter

conprising o8 ti 'A%pé’fﬂﬁjs%c@éraiﬂg@cf claimVariydp Wads 14250, WARRINabariodWTicath SRR Of
the pluralit ONTs is permitted to transmt to the T. 27. Apparatus

accordi ng tsﬁglt‘ﬁ“&? H{f%“e%ﬁél"@t"f‘f‘t'ﬁpﬁécor“é?ﬂ%ctl ve wi ndow paraneters are

22. Apparatus according to any of claims 15-21, wherein the OLT is adapted to insert
in each of the frames a frame header comprising first-ONT-parameters directed to the first
ONT and second-ONT-parameters directed to the second ONT, wherein the
first-ONT-parameters comprise values indicative of a first timing window during which the
first ONT is able to transmit first ONT upstream data to the central OLT, and wherein the
second-ONT-parameters comprise values indicative of a second timing window during
which the second ONT is able to transmit second ONT upstream data to the central OLT,
and wherein the first timing window does not overlap the second timing window.

23.  Apparatus according to any of claims 15-22, wherein the data comprises sets of
data which are conveyed via respective different channels, wherein each of the channels

transfers data via a service coupled to the OLT and at least one of the ONTs.

24. Apparatus according to claim 23, wherein each of the channels is assigned a
respective bandwidth, and wherein allocating the first and the second numbers of
timeslots comprises allocating the first and the second numbers of timeslots responsive to
the bandwidth of each of the channels.
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all ocated by the OLT so that the wi ndows do not collide at the OLT. 28. A
met hod for communication between a transm ssion point (22) of a network
(24) and an end point (26A) of the network by tinme division nulﬁ lm&gﬁlgg
of a sequence of frames, each of which is divided into nulti pl% t ts,
t he met hod conprising: receiving at the transm ssion point data for

transm ssion to the end point, the data conprising at |least a first
gquantity of first data for transm ssion to the end point and a second
gquantity of sgeco 0 Nte t he
first and szgcongH éjgﬁntglaic?(gghg?g%\r?grﬁ?ébmh%% r%%&e@ﬂg Q%’h ﬁf th? ;{%rgrreﬁsé@g]et he
next in theresseademeandw@é?pmmwee& changing ithes respedtivee banttvidialet at ditkerent

al | ocating banih ré@bohdife baaEBRestrdcbived by thehar of the tineslots to carry
the first data to the end point, and a second nunber of the tineslots to

carry the second data to the end poi nt, such_ that the first and second
nunbers ar é0var fRRATEUS ASRTREHO ST A5 whakel each 9k theegeayence 1é famfsence

responsi ve bémpteh étHeQd!l'ﬁ compridiR@resbédtive MHodAapAtRetarddtdach esthefpurmy fat a;
inserting in e_ach of the frames at | east one first field an&HJﬁHe st one

second fi el §NTERIGRWNAQWIPAraMELSHCPMPIisiagd 8 HBernd asizaAte WiRdow e @rs of

timesl ot s i @higeichodf thd@ulali BRONTa RCbdrnARaNd transhdt thie det.a fromthe
transm ssion point to the end point during the all ocated timesl ots. 29 A

nmet hod acco |ngtocam2 whereip t st dat onveyed vi a

first chan% anPPRRLISASEY ﬁ(&‘gd%f'a'"? 26 é’g’ﬁ(ﬁé" r@?pgc % Qﬁ??éﬁ arSet ween
t he transm slkcated bp tHierdL asuwithbhtae evirdiopsidotnot MMeeatmetmer.fl rst data is
conveyed via a first service and the second data is conveyed via a second

service, e Tl r otmaidl RECONRELIESER IS N EOURIR Do 0) B MRBRTAST O

poi nt and t € end poi n er nal od for
conmmuni cat i @ &eengenint(26AN08 thesmtwqumm fime dfvmomnumplekmgxnd azgeqaenc® @ AUG

2005 end pof'raﬁ'wtn ?émwh?c{?"f@&.b By lntt %ltlﬁfe\fﬁr%sﬁ'&. ﬂ][élrn%t%@é(}rﬁ'&lsmg a sequence

of franes, eac ed 1T hto nu ots, the nethod
conpri sing: recdpeaivigg altthe tlien&mleﬁmmrmdeta fpbﬁransrrmm to the andeitiiteeiafa t o

the end poimp nEu*ﬁ? a@"'l’éa"ét hbﬁtltﬁgf ﬂ%t 4£2555r fa A{sh{ﬁon%% ehdf pBint Ehd gt data

for transm ssion 0| nt secon uant second data for
transni ssi o¥¢ceRf ﬂll'?é‘t'é’rﬂi ssecmehdat%@é Haﬁmﬁsnmt@ the Iegti PgiAt sue*e@@hthlecfu%nmt i es

are vari abl @cbiPaiaPacds Hé vARBIL FRTBSCH & thdParhtb thdnd R f AE IEQAEs;
responsive to the first and second quantities, allocating in each of the

frames a first rAtAMPEYe ioithe frat Q"Idr§§§q"6’t°é‘aﬂ?b“eéa?|'99att“ﬁén %W@f%é&aa‘ee@ fitthe end
poi nt, and rnfREMHe HEINGSE tddarty M first data to the end point, and a second number of the

timeslots to carry the second data to the end point, such that the first and second numbers
are variable from each of the frames to the next in the sequence responsive to variations in
the first and second quantities of the data;

inserting in each of the frames at least one first field and at least one second field
respectively identifying the first and the second numbers of timeslots in each of the frames;
and

transmitting the data from the transmission point to the end point during the

allocated timeslots.

29. A method according to claim 28, wherein the first data is conveyed via a first
channel and the second data is conveyed via a second channel between the transmission
point and the end point, wherein the first data is conveyed via a first service and the
second data is conveyed via a second service, the first and second services being coupled

to the transmission point and the end point and being external to the network.

30. A method for communication between a transmission point of a network and an
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timeslots to carry the second data to the end point, such that the first
and second nunbers are variable fromeach of the frames to the next in the
sequence responsive to variations in the first and second quantjties, of
the data; and transmtting the date fromthe transm ssion poi nt3bo”‘ h&0End
point during the allocated tineslots, wherein the data conprises a third
quantity of first data for transm ssion to the end point, such that the

third quant bﬁd’ 6|§t o d ﬁ&l/v@rkflg gaﬁlglo(ﬁfmttjlﬂﬂe{l eﬂ&e"o aIeISI Badth&

sequence, and rising ponsi ve I’lt | ty, ocat | ng in
each of theWh'F"r’ hideg Iﬂhumldtlm@hlﬁeﬂotéﬂh@meémd@pglpﬂ@n@arry the third quantity

to the end poi ntrecéHﬁ@a@thé?raﬁ%ss%rﬁ‘b&ﬁk d?i‘t%?fraﬁs?mé%ﬂt@M@eﬁdréUﬂtQﬁ@Ba@f the
franmes to the next in the sequence, and such th first and third

nunber of tF‘?‘r%@!stB‘Qsaté?aét Adirst ity 96 fiest date. forAﬁwmw tpdhe EBeraiRt e%ﬂ ?on in

a network ( gétbndYudritifEof@e¥brii ®fla BttiahBhRYbAS thefend pSRELABSE thablheffiraHRg
conprising: a receiver (26A) coupled to the network which receives data

fromthe netStnkauattities afe varighigdrem each 9f25’e Eames todhe et Hbthﬁé?WRGV\hl chis
adapted to rteclelrégpdnbﬁ? dﬁhtaﬁfsoénd $dconsd @ﬁﬂ.é%nauoaitﬁ]g?m@adh?ﬁmrﬁéme%faerrsﬂ?t at )
conprising at |lea irs ata for rapsm ssi o the
re(r:rgl ver gn’@i“'”ébeé{%@fﬂ?\g'“ﬁﬂ%tﬁl‘? % Eé&‘gaﬁ’ﬂmdé Refinte 3ndiAsipce Wtieéoftﬁ%

recei ver, stﬁmésldm@tcatrtamefsebﬁrtd (ﬁt@to&ﬁ@érmlpcﬁm%ifch tha&ﬁle&ifsﬁ! aidséodhd Aurhbersn each
of the frames to >§‘t fh’é’ ﬁeﬁuencte to allocate in g2 ach, ﬁf t.he
frames a fi3'st a’ﬂﬁﬂ-?of?ﬂ“ %"1‘ 9 sf'iaB}eé? e ngxin he spienpe Eetsp%ﬂasﬂ"& PR R cei ver
and a secontte fistraret sesbnd queeditied of theodatarand t he second data to the receiver,

such that ‘the Tl 5nik RERRY iR BaRiie @l bAR! & hEURLEGR BlunbFe

frames to the ne e sequence responsive variation
and second allgcaded fimésdais,of t he data, to insert in each of the franes at

| east one first V;He?é rgth@ aat%] n#p‘?‘i@éé n%r?’(ﬁ)p&q' ][Jt Hgl]aqorrtpaﬂgr%fstsf.o}{%ﬁe en?

identifying the first Seco
frames, andoin %mbrﬁsahﬂne third agantiy «mvanﬁgletfm eddhoef dhe frampsrias thet next phe

Appar at us %ﬁ@ér@bngn& Qorﬁbﬁ’élr‘f@ 3réspoWQ@é 8 thd h‘ﬁ‘rdfdl.|ra|'51ﬁty,d§ﬂo%atr n%; ﬁoéb\éﬁycﬁ%é/ la a

first channel and the second data is conv@g vi a” a second channel between
t he transniffamss asordyltml%e!tmﬁptamam@eﬂé Auastity touereap poinh sueh thakthejat a i s

conveyed VitRirdhunbels vgﬁéa{é ﬁ@m%a% bitife RHRENE titAicRt in k% ERU¥RLCEhdiRN that €CONd
service, the first and second services being coupled to the transmtter

and to_t he thelel angthirkpmbasichimeslels arpmot contigHeUs et wor k. 33. Apparatus for
comuni cation in a network by tine division nmultiplexing of a sequence of

franmes, compari siApparatus for communication in a network (24) by time division multiplexing
of a sequence of frames, comprising:
a receiver (26A) coupled to the network which receives data from the network; and
a transmitter (22) coupled to the network which is adapted to receive the data for
transmission into the network, the data comprising at least a first quantity of first data for
transmission to the receiver and a second quantity of second data for transmission to the
receiver, such that the first and second quantities are variable from each of the frames to
the next in the sequence, to allocate in each of the frames a first number of timeslots to
carry the first data to the receiver and a second number of timeslots to carry the second
data to the receiver, such that the first and second numbers are variable from each of the
frames to the next in the sequence responsive to variations in the first and second
quantities of the data, to insert in each of the frames at least one first field and at least one
second field respectively identifying the first and the second numbers of timeslots in each

of the frames, and to transmit the data during the allocated timeslots.

32. Apparatus according to claim 31, wherein the first data is conveyed via a first

channel and the second data is conveyed via a second channel between the transmitter
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a receiver coupled to the network which receives data fromthe network; and
a transmtter coupled to the network which is adapted to receive the data
for transmission into the network, the data conprising at least a first
quantity of first data for transmission to the receiver and a SdcAHa 2005
gquantity of second data for transm ssion to the receiver, such that the
first and second quantities are variable fromeach of the frames to the

next in the,3eqeng ert cfeih %&db&u?ﬁ&ﬂgd&@ﬁr@i EeQnJﬁwégécd?uH@%r of

timeslot to carryt I rst atatot celver a a secon nber of
timesl ots t& exveyed w@ aserchd serigeathedirsthand egoend services bRing ifatPlethdo ther st

and second RYADRIiE MdGo HRTbEINE, didYBMRAGrRI td the nefdgdlleS to the next in the
sequence responsive to variations in the first and second quantities of

the data, and to transmt the data during the allocated timnmeslots, wherein
the data corpri sGRPAHARIFPHCAUAHRIFALPN IR 7 inptyorl by dimteo livisionrrapifiRiexieg of @ t he

recei ver, sygduehbabf fhdnfest &;nﬁ‘g},sg,@ant ity is variable fromeach of the franes
to the next in the sequence, nE §S|ng, responsive to the third
fN

quantity, allocaf{$f§IVEhCURISH t%fheméN [rbgeceivesidat frammbeneByoritiands) ot s to
carr yblt hef third élﬁl%ﬂ%mﬁtér E:?hdlé@ietorl‘ﬁéﬂie‘t'\%rk Mllstéilﬁabtebh@ rekdivd the! l&ﬁl@%rhl Sh
varlaermeacotera e next in the_sequen ch that
Uhe firet alERERTIRN HRHBEReUPT Ml camea eobm LR S54et At od
for downst r eamsntssiontoitivatccsiverfandm @cﬁr@@da’mhtytdf a&At datador tmsmtsstoa téithe
plurality of receivi I nts d| Vi sion | t

sequence of ﬁc?'?i?}[egucrﬂa%ﬁﬁe %'gt rwasgﬁo "%feade "?ﬂ%"%”ﬂ? (fhe %% ?ﬁaté),

nmet hod conpthegiergin the sequencey tabllddate noeaabh af tl"terfaemarﬂ asﬁrsomumimrrw tichaslat toor

trans m ssi 0 rfyﬁg% H%é?%gft@mquéewer aR& ::xds%tcf?hocrg1 r%k prgesg ts tO %fr]’y e 519&5?"]ij

quantity of transm ssion anong the
plurality ofata kethemnetejyer, stich thatthafi sseemdwboqu@numbgrsafe \saelebla(ﬂoc!ma@hfobthe

transmi ssi Oﬁarﬁ% f FRCRNA ie Rk %’%M&B n{r“é%[b?nénbl@to%bﬁa@ibh%{neﬂ-{e ﬁereaﬁ‘d“ée hnts,

such that the rst and seco es are varl a rom each o t he
frames to tduantiéestofthe date ag@éﬂl'éﬁ'@é"'t the date diringthe @lleqateditimeslotand second

quantities, all %%rélﬂghé Hat@%tﬁpﬂgest Q%lrfdr@a[gﬁﬁtyaoffﬂ' Shta BP[’FQﬁsrmlggloﬁ Rethe

timeslots to carry first oint, and a second
nunber of TERRIVE; ﬁc@@ﬂaﬂtéhettblr@avarw'ﬁéamfmn&a@haoftt frammesstodbn B itthgoi nt |

such that tfQuéhdeStan@EmpRek@NespUnERENS tRE ShiNeqlihblye alldRIMERCBadH oft ihe
frames to the next in the sequence responsive to variations in the first

and second fAMGH3 W‘éﬁ“’BPertorﬁémﬂﬁPté 10 ga7ey t@f thirduapiity $0bs reqelyss sHeh thatthehe

data from tthed ﬁ@ﬁt&érad vahéléi@ﬁﬂﬂn%%blﬁ’@ftﬁ@fré’rhe% @ thd'fex@ Mdhd S qubhcdl Hhd &igth thdle
aIIocatedtbmfe Cf &herelnthe data conprjises at least a third quantity
of third ddpaireband hisdapneeioffimpgots are not contiguous.

34. A method for downstream communication from a central transmission point to a
plurality of receiving end points by time division multiplexing of a sequence of frames,
each of which is divided into multiple timeslots, the method comprising:

receiving at the central transmission point data for transmission to the end points,
the data comprising at least a first quantity of first data for transmission to a first end point
among the plurality of the end points and a second quantity of second data for
transmission to a second end point among the plurality of the end points, such that the first
and second quantities are variable from each of the frames to the next in the sequence;

responsive to the first and second quantities, allocating in each of the frames a first
number of the timeslots to carry the first data to the first end point, and a second number of
the timeslots to carry the second data to the second end point, such that the first and
second numbers are variable from each of the frames to the next in the sequence

responsive to variations in the first and second quantities of the data; and
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the first end point, such that the third quantity is variable fromeach of
the frames to the next in the sequence, and conpri sing, responsive to the
third quantity, allocating in each of the frames a third nunber

timeslots to carry the third data to the first end point, such 3ph%HG€W@
third nunber is variable fromeach of the franes to the next in the
sequence, and such that the first and third nunber of tineslots are not

contiguous. 35. wpRAfiBhdHeldRia ﬁ’&W‘ﬂ%ééﬁM Gé?@mrﬁ%ioﬂaéo'ir@'fb!h@ hdRRE HFingPt i C
network by tinme division nultiplexing of a sequence of franes, conprising:

a passive ofeiddegates 89St i on fabric which is adapted to receive and

convey data; a \mhé.ré.ahhet JatPEorhRies Hi 1845t 8 MitdquiantiP bR Kddt& fortraminidish to ONTS)
coupled to {h sing first and second ONTs s\ﬁh ch are atgapt ed
to receive ﬁz."ﬂgf‘ﬁpP'PbﬁP?Wﬁ@a? @Sg'i‘ffiq”a@%f i, varighte fgm Sﬁ‘fh é" e frEmes {%B¥Ri nal

(OLT) coupl gekt inthé BegUeabs, iand wbin@hsm@ r@éi)@ﬁél%itottﬁe trﬂrﬁQﬁle’t&y taecatiag m daeh

transm ssi o 0 the netwo t he data co S, st a, first
quantity of° fte‘? &?m?ﬁﬁ g“fg&}’ profdimesiofsdn cery h'fc{]‘?aé? CJ“\FT ?éhﬁndapqé@c%‘r%
quantity OfthSHb@ﬂﬂi’ddﬂtnaer|E®ér|ébleaﬁﬂo?rﬁ1e§&l @frthé ﬁaﬁmé@to&ﬁ@ﬁ@dnﬂh@se@mbe,tahat t he
first and sec ntities are var | each of the frames to the
next in the®¥ ﬁgﬁ’éﬂkﬁaﬁmta{)‘dﬁf'rd&’g}b@r?ﬁ i‘ﬂs 3f e 'ﬂ]&orﬁp'é%s a first number of
timeslots to carry the first data to the first ONT and a second nunber of
ti mesl ots t3b. carAppatdhes ®ecowdstdsira cormmuhieatiomcional pebéive sptichndtivark yhtimé i r st

and second \ﬂé{gpﬁ p@&ﬁg\éﬁé Egﬁeﬁﬁé&ﬁmfﬁ%‘:%f%m{ t&e franes to the next in the

sequence responS|ve and second quantities of
the data, and t @ pasaineepticat distributioa fatriciwhicht ih edapiéd tooacaik andmesiveyt data;wher ei n

the data conpri Saeﬁur%htkmfh H@'Udt{:{m %fw&rk“térﬂ n@ﬂ&r{% UNTsLB@g:?ﬂtg%hé’Fb h@ the

first end point, suc uantity ar| m each of the
franes to t9eEPHERG flishamd@cog@@hgﬁd@lchama aﬂﬁ@%me@me thedata feap d1esfabiici t o t he
third quantdqjgy, is adapted to allocate in each of the frames a third
nunmber of tineslots to carralqthe third data to the first end point, such

that the third Ruffital priicghbineatsmaingl GHaTe serpled tq fhe faprgudbi q‘dstaﬁéptﬁ‘éﬁ‘? in
the sequenGggeiverthd datts for ttaasmisEien firith She AB Ok tHeddatH BRpriflhg bt MBSt St ar e

not conti gl{quantlty o?ﬁrst data for transmission to the first ONT and a second quantity of second data
for transmission to the second ONT, such that the first and second quantities are variable
from each of the frames to the next in the sequence, to allocate in each of the frames a first
number of timeslots to carry the first data to the first ONT and a second number of
timeslots to carry the second data to the second ONT, such that the first and second
numbers are variable from each of the frames to the next in the sequence responsive to
variations in the first and second quantities of the data, and to transmit the data during the
allocated timeslots,

wherein thé data comprises a third quantity of third data for transmission to the first
end point, such that the third quantity is variable from each of the frames to the next in the
sequence, and wherein the OLT, responsive to the third quantity, is adapted to allocate in
each of the frames a third number of timeslots to carry the third data to the first end point,
such that the third number is variable from each of the frames to the next in the sequence,

and such that the first and third number of timeslots are not contiguous.
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