WO 03/ 049350 PCT/1L02/ 00924 OPTI CAL NETWORK COVMUNI CATI ON SYSTEM FI ELD OF
THE | NVENTI ON The present invention relates generally to information
transfer wo m/o04300muni cati on network, and specifically toraTaLa¥@meni for
transm ssion over a passive 5 optical network. BACKGROUND OF THE | NVENTI ON
A point-to-nulti-point passive optical network (PON) operates as a

conmuni cati on system by broadcastr ng opti cal sr naI s _downstream from a
central unit, herei QRIECARINERWCIRKGOMMYRA LHON2Y DN T) , to optical
network term natrons 10 (O\ITs) The signals are transferred fromthe OLT to
the ONTs via fibre optic cab[EEELDaﬁm‘I&HEslM&MﬁIG)NaI spl i tters whi ch

conprise the physical fabric aof the network r . upstr.ea cation,
each ONT nust beB§bPESEY tFERERTt T %‘riltaﬁa$eélewr[?' cﬁ ’r“gg o1 rtn¥grﬂéd%lwlth by
other ONTs, nfbtib A GetiREN Qda skapmwiily Mo bhgotdEd] féﬂfari@ﬁﬁisﬁfnrﬂv@ga pSssise
upstream an ownstream transmi ssions is by using time domain nultiple

access 15 EpiMAnetwelter ei n each ONT is allocated a wi ndow when only it can
transmt, and where the OLT al so has wi ndows for transm ssion to specific
ONTs. Qther methods for BXGKGROUNDDF dtn ENVENTIONe transmitti ng si gnal s

at different wavel engths, using wavel ength. donai ple a ce
Conbi nat i ons of ATCRRIERGD gfar%asﬁf’%o ]%r‘ﬁﬁl\l/m ‘EWO{]%WQ@ pg éatent

5,173, 899 tcgm%ni A6 sy¥BaSEy @k@a@l:%%ﬂéeoﬁn%al' ﬂg@ﬂ@@b@h&%aﬁﬁf@mna b;)éntral
reference, describes a nmethod for conmmunication in a Passrve opti cal

net wor k. AmnitCheFeinrtemsdi amsopﬂl@wlristert@anmafw Qlahety optise mqt‘azﬁé%tem@rtemwng

i nformatio nchroni za a F ean)
to dovrﬂét rzgkﬁ@\l% B a@f\l%‘émi Pré?‘l fnt[t}ﬁrtﬂ‘ gat%’?‘all\lﬁ?wta ttép%gr%ﬁ ve to
the grants aadadfie o d@éaﬁéﬂri@réfsowm tipridedA physital &brﬁaéiéﬂhé nsmaﬁs B&S to
Dore et al., whose disclosure’is incorporated herein by reference,

descri bes apstetamodomiounishlions zarh @NT muist be gblerio Aramsivi Siﬁﬁlﬁtwhﬂﬁh FHA B9t poi nt

net wor k. The per.at h 1B s of
t he netmﬂlﬁtegerteﬁovﬁ@}gy gleﬁe%)é\%TpecﬁlgroﬁI&L%n r?éer Vi ﬁgﬁ’t aﬁfor 1%16%8 uces
the "dead" sgéh ﬁpsmarﬁerﬁdﬁdwhﬁtm&ﬂmﬁﬂhmmls tpusisg nmmotmannemmtrme mrceasn aT,
the dead tine being the round-trip tinme of fran mssion bet ween. the, COLT

and an 16NT (TRMAR Wearaiprereh THET iy tedom wird EORbEH BY UgNShg™ £ r st
ONT an aut hq{e'rez Aol T RsoSER Ay MBLE £t trdrimishion 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.
20 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 (to transmit upstream) to downstream ONTs. The
ONTs transmit upstream TDM signals responsive to the grants and the
25  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, ie., terminals of the
network alternate between sending and receiving. The method reduces the “dead”

30 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



WO 03/ 049350 PCT/1L02/00924 receiving information addressed to a second
ONT. U S. Patent 5,515,379 to Crisler et al., whose disclosure is

i ncor por awedd3loes3sdl n by reference, describes a system for PCImeel/@p24
allocation within a communi cation system A conmunication unit transmts a
first packet of data requesting permssion 5 to transmt to a tineslot

al | ocat or . .. Iheinpaskahateddaifisedaibtaetoral OEquest for allocati on of a nunber
of tinmeslots, or a request to transm't rmltipl(zilscﬁackets of dateg In either

case, the all ocHt 8rP3é§¢ép5d§é§9ébﬁfiF]§H6ttﬁé» pibgee dFdPLIre i IPREPATEE BRI h t he
unit uses for tern\éll&,]nzcge]gérzl}e%n Qlsthd StRAEKENS althcatton RALENa RoméRinREdod O

Schi bl er ekfy é?f.ef sclosure Is incorporated 10 herein by reference,
descri bes g st hodofhaunicatibe upit oeessitng fiasynacketafclat tequessiig permsden ( ATM

cells. (A packet is conprised of lurality of AIMcells.). T od

consi st oP tf@@@ﬂt\;pr@g}rggsrl,otg&lpg@p@%|Hacgﬂfcp\é }nscegﬁiﬁgaé%wg)s%%glg%%gj o the

begi nni ng SR p% of thﬁes‘??%g,k&ta Ré%;uéﬁ%@fanﬁﬁft%ﬁﬂiﬁll%%)a"cﬁéﬁ loRgathNfrogitRt i on f or
ce

t he packet "from these s. The information includes a routing |abel

det er ni ni ngisgnthe utlpestorprictatbocomtizmotstipaches fo thedinnwhighribe pribpSasHRE
determ nes swi tching. . paths connecting a packet source to a destination of
t he packet?rarﬁmlg?or{j%tlgrﬂac 1838, 687 to Ranfelt, whose disclosure is

i ncor por at ed hegeign payent e RILACR, SHESIES kb, Whedobisclotise ismtidogsbratad a
Dynam ¢ Synchronous Transfer Mde v‘;’%DTM segnmented network. Access_to slots

i s contd ol herdinblyy sifeencepkiesnsibenadmethpd ifergrauge PO CASSEICORSYRERFOBMIS HaRETer

performed by .a roll er owning the.corres I r lot. A
bl ock t okeMOfl§ (%g&h cpgs.ﬁ(éppra\gg%td? C%marrl%e@p&g # g g’%%gf %megllfs(f?gjlaﬂeeng%tﬁg ?ol
nessage.  JhRispesNReitiapsinss soudé cekbefiet belst dvereBfidddiigookihe dkginniiigramat t o

i ncl ude paraneters describing segnents, between souyrce and deiéi%nﬁlti on
nodes. Bl oeid pbkanclkeapAdionier idsterpiags rREMEREIM3HOR dofi Racke R AR e

nodes, and abl es_si mul. 25 1. I S& ] tihever

i s of nt ed°8BgmERr R oE BB s Aro  g oh
whose ¢4 SChagef, &nll Sniid&HIFRO kalk ddtehaines switblying ehibs eonesctidg sqrackes source
centralized and distributed management of conmunication resources in a DTM
net wor k. | tp 2 Hestinatinnrafithe BePkger sion a server node is assi gned tokens

corresponding t gj gl ﬁ?[gﬁ‘! $%§8 13 to%éﬂfe?t?%h&nﬁgcléﬁﬁ“@isf Ihe¥¥peRited herein by
communi cations 30 Ti nk. ’ it has avail able cagam ty, reserves

e ‘server, |
and transf esferehek elescribes atsherreuseoniethodnn whdyhanrik Syaelrepetisnfrapgfey sts

e S ot S SALBL S e B G0 i ver
20  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
25  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

30 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.

[\l



WO 03/ 049350 PCT/1L02/00924 SUWMMARY OF THE INVENTION It is an object of
sone aspects of the present invention to provide a nethod for transmtting
si gnal s iwoa3pessuni cati ons network. It is a further obje®CTaLoxwer aspects
of the present invention to provide a 5 nethod for transmtting TDM
signals in a passive optical network (PON). In a preferred enbodi nent of
the present invention, an $pMMAaRY iORTHE INVENTION (OLT) transmts opti cal
signals downstreamtao a plurality of aqptical network termnati.ons. (ONTS).

The OLT is coupltétEnAtied op&ss oS Of His Prefeat IVERIONIA PIRNRS & MedodRE “ons,
so form ngtr%qsg%lggg{é%agﬂ' 2 A5H St afomHM Lokl er of the downstream 10

signals, an signal's sent upstream by the ONTs and received by the
OLT. The downskrieanfusthgnabjsctasfesaentspectstdfethé gresenf infveatings tchaxovidg &
constant peri

od,. and each streamfrane c ri ses er of
"tinesl tsr.n@thegéw tFasReheg TPM siepplz dye p?ﬁﬁ%&pggﬁ nBWOéE%PQﬁgbw thin each
frame the OLT ainlré)gxg?e%%dteh{ﬁ%ain%ﬁ o@ﬁ%’e%&s@g’t fn0er@RBNan OptidahBné T idation
I or

dynam ¢ manner. sl ot allocation each frane is inplenented 15

accor di ng (@LHuannsmitepttaldsigaalt oddvenstreansta tat eliralsy f O rapEsEhneNPIk as

determ ned, by. t.he t eferably..the allo i,0 | : f
each doms{et”é’é‘ﬁfl?qsa@@'w%epg r%8u§§3/¥@bas{) aafﬁ]tvf“éﬁ%ﬁéélt(ﬂsetgég@nﬁgbgt@s '? Le
franmes areyfer@Ngyi §d €skmiMy aaPOSC AHNOLTVadtY a8 G Botirhtles offthe idomskoeant o each

downstream frame or to an upstream w ndow (expl ai ned, bel ow%eb t he %T
ef fect iel yg@@mfangalses:félg@ﬂsﬁ?rémsmanv\bhamgws andseacpiapd &Y ikl Banner

with variable | ength ti k pgf i r: i t m
signal s ar go\?]?sérﬁg 'ngtnéﬂ&rg‘??l S%l?‘]lb%f%%ﬁner f%&%ﬂfwﬁ? glcégﬁ?ﬂgﬁ?gd}%ﬁ %%ﬁdows,
t he w ndowgoRgitRgmt frams nidnigedeaacaudbdrgol 6titksietsgoEndte timealot de at dikelly t he

OLT. Both upstream and downstream signal s cor’[ﬁgr&i se ,dat\a transmitted
accor di ng Pembamidesordipitbingark fieps theLdnhaliagytes Hmesiotudirsfedoerh e

accor di ng %)fthr%gj{@seitnea! Fynafid Elgﬁrgégéﬁiﬁegfo?ﬁf% tior B3 ea B rafn¥ R ﬁ@ﬂlb%eﬁt@&' ude

constant b Servi’ces an based services. Prefer re
enbodi ment scoptdithe qQrassat of davett beomarsminsifeffralatach OBNFarsHessnioéd bfie type

of service the data is transmtted under... Upstream and downstream signal s
are transfg}er@dTbM%rﬁ}eF Y, efagﬂ%f‘t]f’ﬂé’f t@@%%‘\f’l' Or\fag ﬁ‘évﬁ\é%fa@ %ﬁ?’fhlsare
mapped as ge@5Grek Ot QUG ATRRRY B Rt $EMMhESSre FRSmiGBAMBELBolidgCchannel
paranmeters, such as bandw dth, are allocated by an operator of the PON,

ei ther at waiytnigahuinz=rs ontimesldisrtoregclodewastieam Hhme loe tE@EN upBkedn FHEAMNE uses
Ekgﬁﬁlef)t 2 egpfa?ne%rb%lo%‘ll)l, 28 %Leld effsctive yi crc])gﬁélgresl? ga%g\%agr;ehorr\%ﬂ%\%ﬁ Q/taisla&fe the
20  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
25 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
30  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 WD 03/049350 PCT/1L02/00924 Data for a specific channel in a
downstream frane may be distributed within the frane non-conti guously.

Al so, datwofesn4ssepeci fic channel in an upstream w ndow mway/1be/@pst ri but ed
wi thin the wi ndow non-conti guously. Enabling a specific channel in
upstream wi ndows and downstream franmes to be arranged non-contiguously 5
significantly eDhmanoes sphefif lchainel in 4 ownsireefnf fohenwy tsf distrihwsaivedinn of

these signals, conpared to syste i ch do.not all.ow naon-caont.i. S
transmi ssi ’é‘ﬁ.ﬁ&WFeP@'F%m{gH%%ﬁ’-d&éov%%&éd”?ecé%%gl?a&‘inﬁlgmtaél HrE S

enbodi nent ;.0f HLNEsiRIes WHhid MESHnHOR nof-BREGRES I OEnsBSE RaiMccaamENi cat i on
froma central transmssion point to a pluralify of receiving end _points

by tine diin spercanulwingdexiang dovetreamsEgmende bsf afrangpds NORSRHIPUSMI ch i s

divided into multiple tinmeslaots, .the od including: r L& t he
central? tr%ﬁ%‘ﬁég%t;)g?fl 3FFt tiﬁﬁeéibflgy @H%E@%?%Cg ioro%‘rzltr ngm?s%émen ﬁés\éogi?%tag% t he
data incl ugifighrad td §asmsavhith 86 nelkdidti doq-ahntibhdistiradamisibar transmission to
a first end point anong the plurality of the end points and a S,??Cé d

. » n
quantity of sec@herediat dengokoprovidashs pjossding to ¢ arefereesh gUBALINSEH frong t he
plurality of the.end.point h fi SECROE quapiiidii es are
vari abl e P %a rﬁ’e%?&%’hél reé%elﬁg%% mﬂsﬁg% F‘?\Iﬁ%‘wgﬁg&%ﬁuence; responsive
to the firghnasckisessinttooaipntility edreceilingaat ipnmts by daehiiafion meilfiplexeg a
first nunber of the tinmeslots to carry the first data to the firs nd
poi nt , I&indoka sewenee obivamemsash offwhigh iy Cgl?’t’é‘%‘ﬂ Hite UI&ISIIWS{OIIFE ﬂéee@f)tﬁi‘agdat ato
t he secondinﬁm%ﬁrgé)i nt, such that the first and second nunbers are variabl e
fromeach 0 ‘frames to the next in the sequence responsive to
variations in theefinsut drdcaeabhdnapissitn poies defa fohgrapammsioartd the end

transmtting the data fromthe ceniral tr.ansm ssion int to the oints
during t hePamfsobe datp WFWQE]&?ES@“Z%E@F YA ST a(ﬁlcgﬁ{apgrpwlm%ﬁ%ﬁ]%g%i gn

point incl 91%3?%@1? aﬂBﬁ% g}FelspI})faﬂ s% heleR@bointnb) a sOe_%Bﬂd hﬂﬁltg'fﬁﬁ'_gf pebAd gagancl ude

optical netwo erm wherein the OLT and are operative
as trahscefatermsinissanpassevendotlipoalt amebgoirepluRbitf efthpeyd peines, sehdbitncl udes

ts of dat ich yed via | ti hff ' t andard
Servi ces. 45 rbRs H50) SOHEUGH e rEy coro b s bl eSO e SL L O “nd

poi nts opegafjM&:at different wavel ength groups, and the data includes

respective sets of data which 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

20  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.

25 Preferably, the central transmission point includes an optical line terminal
(OLT), and the end points include optical network terminals (ONTSs), wherein the
OLT and ONTSs 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.

30 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 wetog/oef3sdat a whi ch are conveyed via respective 2CNWIL@AN00249350
PCT/1L02/ 00924 different channels, wherein each channel transfers data via
a service coupled to the central transm ssion point and at |east one of
the end pQiiésst FHARRSIEr wherefesaablchantcheransfetsodita miel a1 sgicasoOPpist g hach
channel a respective . bandwi dth, vvhereip allocating the first and the
second nurAseird tepsmispiea P apd ey lgppione 8 QFFB@QP&H g the first and the second

nunbers of timgglgLs 8%2%%@9; hh\éemE@loH hech@ndwsidhihe @fch @hethedfa febigectihannel s.

Preferably, assignin annel the respective bandw dth_ incl udes

changi ng tthadwiisipecidrsie diandingdhé firs aad dhe sespah ruphaaALdIRESIES PHSEY e to a
request received by the central .transm ssi [ MihehdRieh er abl y,
the fiPst aéﬁﬂatg’éc%ﬁ&irﬁtﬁ’i‘ﬂetg% seFPng i%legt%stérgégkgc?lrg%g?%ge IE:r esponsi ve to
respective f*eia‘fﬁéftﬁgghefrﬁl‘éﬂnd data paraneters stored in a nmenory conprised

in the central transmssion point. Preferably, a total of Efgﬁ fi Eu;dt nunber
and the second Brafetmbly,ofassipeng i peedl gthennsl s thee JESRERRAYP Jp2ndy) fagiuges

bandw dt h Qf each, of the. sequenc fr t Rer Rreftgrakkiestt he
dat a i ncl Lfg)égg%%éhwes%flge?o%p?‘ﬁgﬁh %én lﬁ%ggb%@vﬁgt{ha ?%Or trans*r?ilhssi on to
respect i ve 006 0fy {HRcBnikalftAghissiod pphitnt s among the plurality of the end

poi nts, such that” the one or nore further quantiti eﬁs .ar %/arrieaq O%atfeaom each
of thelo franes Futhenerefesebly, ihe fissts@gugssend THAE I E}Eﬂeﬁlﬁ fafPotattng

respective one or re furt ofi.iL 1 pBshots LRrREe i€ medtbry
respect i veﬁﬁpﬁlvfeh{g)o(‘iﬁ@e%urven%r%é %}tap?%{eo?deélﬁa }g% points. Preferably, "a
period of geaghisell it e ceemrleneemibiohpaimes is substantially constant.

Preferably, each of the sequence _of franmes jpnclude a .h I: in
respective w ndBwiasallsngieploliths ﬁé%@ﬁmgf“’r f"?‘f;e Isﬁ?%ﬂ%i Iflﬂ}nboeg%gﬁﬁdﬁ %@?ér%?g gach

wi ndow 25. pa

[ ATRL §leg R Rith bPBCRRE IR Shddcobf Ratesidow of upstream
dat a whi chlsegséﬁ}%%f&t%aqgl%gdraa%t y of end poi n?s is permtted é'é) transmt to
the cepdral traRsmheireforapby, tie dfuirchsies pnepemars firthenguangisipeeh 4452 1% ndow
paranmeters are allocated by the central, transm ssi ' At BRthet he
wi ndows do!TABYIEHP [HESSRRCHVREE OR {FRP TUrhes SO @s“ﬁ%hﬁg%g (r%é.q’l“?a y

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

20  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

25  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.

30 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



30 Preferably, the data includes at least a third quantity of third data
for transmssion to the first end point, such that the third quantity is
vari abl e Wooaiogssh of the franes to the next in the sequecTdLo2zv024

i ncluding, responsive to the third quantity, allocating in each of the

frames a third nunber of tineslots to carry the.third data t the first
end poi nt, tAeBExiALRe sequencR; 304 ahERE ﬂi‘*&“\?é?@%@?@ 8 Eﬁ‘egf’t StHePt ames
to 5 WO 0 gﬁ&g PCT/1L02/ 00924 the next in the sequence, and such that
the first an d nunber of timeslots are not contiguous. There is
further pr OVI dedl"hem:(sdudherg)rbvidai prefrding ¢d aemtf@dbdmmbogiﬁnenhef Preasesnt

i nventi on, ar at us gov%ht’ream communi.cation in s ive O&Ec'b%f
network by i Dct’ioﬁea}%ﬁaxr/art‘é? H TSR PR ce Ogéﬁ&eﬁacsélv fp 1P BFELS

i ncl udi BY: EnPARNINEMARIpI&@lg &hasstaqlhau& bﬂﬂa&@@ﬁﬂ&ucﬂh‘g ch is adapted to

recei ve and convey data; a pluralit receiving optical network
termnati ons (ONT s?SSU@LmJIUQd digtribgon %laéblﬁl%hlphmﬂ acAptRyl o Feseivamad SOBYHId ONTS
whi ch are ﬁ(%a ted to receive the data fromthe 10 fabric; and a central
opti cal >erminal (OLT) coupled to the fabric which is adapted to
receive the dataabm&ality G BdeBShO Bptidhl (heltvhﬁkm@ﬁnmdtionst(@N’ld;ﬁtcauplad:dehmg at
| east a first uantlt%@of first data for transm ssion to the fjirst, ONT and

a second quabr¢ mph@ingshisbing segend-ONr whichsardapteshtorrgctiveths dagdsoie  such
t hat tq% f| §111caa'ﬁ? second quantities are 15 variable fromeach of the
frames to the fiext in the sequence, to allocate in each of the franes a
first nunber of 4 tenesl optical Bnerrminal (GLT) dospledad metfabtihwhidhristad@tﬁ'd tnd a

second nunber, of tineslots to car he secg &"F ta t the 3 g OQIT
such that tREEIFs fhstdathds SHEBHMORIAPENS TSP ale ABIeine PYIRECA AR DR TN
frames to t GILE bAd hi@fsity HF deBénd i 1 St
and second ﬁﬁanﬁﬁl ergt c%)lfhefﬁm a1?§%na%Qﬁ?gﬂ?Pg\§g%1ﬂ Ey?erc the da}{a during the
al | ocat ed tdamaeﬁjrdtaasmﬁsleheodblspcortdk@Naasahlth@Ith@ﬁw aed seaohd guentitighiach ar e
conveyed via respectiv fferent ndustr st andard S rvi.ces ferably,
the pl u‘gal i‘fag;lagf §a‘f %ﬁha@&nﬁﬁot SPe’é%ﬁgheosﬁ&?%&CWQ CHF 1t %arcg Ot% hd
wavel engt h @Jﬁé@éﬁrs@ﬁémbé}eof%ﬁ@wtml d4eleShd BEPSH kY theSRESONIT ddtaaseobadch are
conveyed 25 between the OLT and the réspective sets of ONTs via the

di fferent vmmb@rtétthmesgﬁbmosarrﬂhwh@ndmﬂé& tor this| spcondn@Ndatsach et theeldrstet s of

data whi ch aa}lrdese%grpdvr%}/rgbers 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

20  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 ONTs includes sets of ONTs operative at different
wavelength groups, and the data includes respective sets of data which are conveyed

25  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.

30 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. 30 Further
pr ef er ablwp 0amedssof t he channels is assigned a respectivePoandewwvly, and
allocating the first and the second nunbers of timneslots includes
allocating the first and the second nunbers of tineslots responsive to the
bandwi dt h @fngaghhofeshbfive thadwilisto Praefferabbandvadthirgsiongvedeh rofueshe
channel s the tesSpective bandwi dth includes 6 WO 03/049350 PCT/1L02/ 00924
changi ng tisecivessipe@eiQlel-bandwi dth to a different bandwi dth responsive to a
request  recei vidabyt N, Brfe inZlRECE Miotory! iRt (e bl didesnanumitar yt and
the first and secon unpers (?f tineslots are all ocated responsive to
respect i veifidlet aadisenehdegahsivpar anmcetive fBstsansr seFond dafe PABRSHYS

Further preferably, a total of the first nunber and the second nunber of
the tiestiored ip B19BIROWhan or equal to a bandwi dth of each of the sequence
of frames. Pr eﬁﬂkﬁpkﬁlefertaﬂﬁl, daba onelUees nomBeOindMieesetatd Menbeyudrhe t i es of
data for transm ssion to respective one or nore further ONIs anong the
plurality tihedFss lesslibasachpizhtata bandwiskik o padkedhe wpavense Offames ti es are

variable from eac f the franes,t,o the next i e ’ , in the

OLT is adapted ?’@?"é&%’cgtﬁee dpfas HEPEFS U5 nY &Or?méra{athaf ﬂ??ﬁﬁggpﬁgn%%??gf

timeslots {o,ffsGH o @?pé’cﬁ§ﬁ%ﬁé Y @loye figthdheONMe amongohepfialitshef ONINTs.
o)

Preferably, a period each of the sequence of frames is substantially 15
hedthak

const att .~ Rrchfteat dld gne aandredirther quanijies arce aprbledEqm §26 angs Rddger
including respective W ndow para S Qe iMak ot Ynt ONTs,
each wi ndof¥ 'y nsc?ﬂ‘é‘?ncleh‘é'ﬁ?fa]inﬁtgeaﬁttf%seaégﬁ%dgggpgggt%% gevvi ndow of upst r eam
dat a whi chpgaeh ngfubbieof Phbgladsithybeofarbl sespsctpetynid thedoteoot mans fiither o t he
OLT. 20 Preferably, the respective w ndow paraneters are all ocated by the
OLT so t haPNTshe wi ndows do not collide at the OLT. Further preferably, the
data includes apfhi quanti f | 66 yatgnfefke JiT R#ABA $51s0Pstidiatlpe fir st
end point, suchPfer}%féf’arttd]glltyheu(l %}:u?% Ogu%latﬁ?i ty kl%’;‘ v rei aebl e fromeach of the
framesjso thetsext in the sequence, and the OLT, responsive to the third

? :Jﬁgtsi E)%/S t2 g LZP?&%&E&E{? etagh ac!fl %%age%ulerglceegf t}ra?rfxest Pn%hlfdlég @%eeﬁl& nh&gdi{ﬂgnber of

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 ONTs is permitted to transmit to the OLT.

20 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,

25 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

30  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 andwohBnessunber of tinmeslots are not contiguous. Paarmeoy®@ofsurt her
provi ded, according to a preferred enbodi nent of the present 30 invention,
a method for communi cation between a transm ssion point of a network and
an end poi mtecohd ghentitp ofsedond atai fop transpissiomtaibetang pekitntpcbftha tBefiénce of
frames, each, of ich.j.s divid knt o |tipl [ tsS,: .t d

i ncl udi ng: a desc%? H ngtle%aﬁ%V?r%aég%%ogs%agwn%%ﬁgrt;]%n%cfg'?gﬁ#glre %ilrn atﬁg?né@é%h to the

end point, the re@%ﬁn@iviertﬁkh&ﬁr@ﬂarﬁ[seb@ﬁﬁcﬁuaﬁtiﬁ&f, slloquagtn eachadf the fratmedat a f or
transm ssion to the end point and 7 WO 03/049350 PCT/I1L02/00924 a_ second
quantity ofirssauwher ghthe foeslet 4aagdhedirstodanso diraensbpaipt. @dch SeREE t he

first @“dn&r%%%q UARLIES ARG HALIRRN Sials 8O RGN Bt (NN EANRE i@ L he

next in the sequence; respon I'rst an cond quantities,

al | ocat i ngandiseeashmahbérberd vaaable feom fehetsdf tha fizeresdad theeext imwl wtygenico carry
the first data to the end point, and a second,. 5 ? nmber of the tineslots to
carry the SepIRedaiariationg Héthérf’(ﬂs%éflﬁ?ﬁong@éﬁntftﬁéto ﬁ’r?éieafq Pe¢ and second

numbers are var {rﬁghﬁttfn%c’ﬂ% %%rh‘d}%l thd Gl 8BSh %&n\t. Reteld ddint fgingegeence

responsive to variations 1n the first and second quantiti'es of the data,;
and t r ansnulidcated titeslodat a from t he transm ssion point to the end point

during the allgcat ti | ofs.. 10 Preferab he fir dat a.,i s, conveyed
vi a agﬁ r st chaﬁ??gqr aetgﬁdghfnﬁg“éts?o‘ﬁ&oﬂ%etyﬁé Ve e Jé%%ﬁ\?%%ﬁf %}}dzths Sgcé’élglﬁj(sﬁtaclﬁa\r/\ngl
bet ween t h@oﬁv!é?élis{)?afsé Is@bnR AR M8 @RdrReinlkion pigr Aldtdehénd poigt, data

is conveyed via a first service and the second data is conveyed via a
second ser whemjn thhdirfti dast isanodveyed onrla Sisst\seies 49dithe secoupdeth is onyryed

transm ssi on oinf and the d_poaint .and .bei.ng ext ernal rk. 15
Pr ef er abl leat%%Cﬂ%({ SV %‘8 éﬁsqa@n.ﬁ ﬁ??odldqﬁévﬁﬁst C?q%rlersh?todtag é}a{ﬂgrpﬁﬁtoﬂ”
transni ssi ggint shd thben®PeinPRidPeingStiddiniiRathd dbewbiki rd quantity is variable
fromeach of the franmes to the next in the sequence, and includjng,

responki ve to t Reefarablydthgudam inclpdesp (thishapangity of &a% Hataofor tHasmissioBs0a t hi r d
nunber of tineslots to rr [ L1y I gsuch

t hat the tﬁllere d 0 rl'rl%s)c’e?ucihgtg%/tat%{l? g@fde&%n%% gg‘%ﬁ&g#e ﬁré{g e%?tgﬁgg%t @%%tetonext in
the 20 sequentetheasglichide unt hedudihe résposdivaradhe tirdduantityeallafatitg iresdcht s ar e

not contiguous. There. is further provided, according to a preferre
enmbodi nent 0€)¥hetfﬁéne;§rae@éfﬁtnun}h%@ﬁ?%ﬂ?tséﬁﬁéﬁ?}%&& rgrq BRI TR EROROTH a

network by ot i, dind @EQMN BN iPVEXIE fRfm eBolS BAURNESmES td kBERSxt innHeudi ng:
20  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
25 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
30  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
25 a transmitter coupled to the network which is adapted to receive the
dat a for woroangsssesi on into the network, the data includi mgTaLod/@ast a
first quantity of first data for transm ssion to the receiver and a second
guantity of second data for transm ssion to the receiver, such that the
first and seconglefigy,thé E8st e ¥ abAAREE viar Dfitsealedmnel aridnie sdcoadrdstatio t he
next in the sequence, to allocate in each of the frames a first nupber of
30 tinesl owsvexsdodr pyseednd Ghiapegl bghveentthe traesmigigeinrethe Apeser.cwbaHE hunber of
timeslots to £r he. S d I Mer: t irst
and secondﬁrﬁh(%%g%ssgoan&g?edvﬁg%gﬁfteﬁgﬁ%%%ga@% S(E)(fo%'? hd\eé 1rs gﬁ%‘\i&f %Q%h%géggﬁ({ in the
sequence rLspedshy girko amBséaint ossvicdsnbdihe cbuplsd tarbe smopmitteqaanttd tthes of
the data, and to transmt the data during the allocated tineslots. S WO
03/ 049350 IPEEFWTL@@/‘?ﬁ)@%@“ew}eﬁoéﬁﬁﬁ?ty’,orlfhe first data i s conveyed via a
first channel apdedhg, SGEoRd Hahded tﬁ?d‘ﬁ@éfﬁi@y ¥E &rd BRBCHRdraaiRRAEH (et ween
the transmtter and the recel ver, erein the first data is conveyed via a
first ser viheeemivdr tsheh gettedhidhtaantisy sonvieyledrom each of deommesgethd =&t t he

first and second services bej.ng coupl.ed tq the transmtter..and to the 5
recei ver, Bride B%I“ﬁﬁceeﬁflgr‘%g‘fdl?g TFW@%?%? \5\%%}? tﬁﬁ?@?%&iﬁ’l ?}%OC?W‘% l(lilaetagh iogcl udes
a third quaptdes Afthfrli hekbeabAihedlot ke BSHY S tBiRd ]E]Qantitiﬂﬁb fieGedever, susich t hat

the third quantity is variable fromeach of the frames to the next in the
sequenide, tatthe wictdidimber is espansifiom eashtdfghe Famgs gustreky/in the pEEgReg i n

each of the fr sathir umber . of tineslots to ¢ the third quantity
to the rec@}dv%lfﬂ?{%ﬁﬁ}? ftfét ﬁnﬁéﬁlrg H'émp?ﬁcffénﬂ?f %?reingg)\c/%nﬁi{ggélse fromeach of the
frames to the nexd présehih ErBBUMENRFE, be aNsteSRLl titREstddie fifont Ske dsitbwihgrd
nunmber of timeslots are not contiguous. The present invention w kl be nore
ful |y undedsttitsddddsenptiothef thst prsirreg erbodimenly thersek itpkanotoseiher WEhdher er r ed
enbodi ments_t hereof ., .taken together with the draw ngs, in which: 9 WO

03/ 049350 é‘f’/“i%dé‘/‘?ﬂ’&‘@@ BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
schematic di agram of a passive optical network, according to a preferred
enbodi nent of the present invention; Fig. 2 is a schematic timng diagram
showi ng overall structure of a 5 downstreamfranme and a virtual upstream
frame 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,

accor di ngwoosaspsef erred enbodi ment of the present inventPOW/ILEZ/@9244 is a
fl omchart showi ng how the header of Fig. 3 is conputed, according 10 to a
preferred enbodi nent of the present invention; Fig. 5is a schematic

di agram of a payl oad sBRIESDDSCRIPTHONGF THHEDRAWINGSccording to a
preferred enbodi nent. of the present invention; Fjg]a % islia flr%v‘rf:h?orﬁ

showi ng how t heFigay | 8 ddsdemaie fliasgag PEFVeRPUGF MY O 551 éx er Fed
enbodi ment I%TE r}elaee Qe oF et deAMinvdmiok!i 9- 7 1S a schematic di agram
show ng dePai 78 o1 an upstream w ndow of the network of Fig. 1, according
to a preferred Bigboliiseat sihbmitie pmmgediagiany eviomdng cveepll sigotuge of 8
flowchart show ng steps ipvolved in i ementin ch ' idth of a
channel? aé%\éi?ﬂlie%@ f%f’dg aﬁ%f"&‘ﬁagﬂp%ﬁ‘?ﬁ% [HEH ralg‘f’g ngemp@gglgﬁ%&kiqﬁ\% 't]io’lon. 10
WO 03/ 049350, PGS |- DR/eRPR24 mbeibAnk BDIDESERIARVINoRF PREFERRED EMBODI MENTS
Reference I's now made to Fig. 1 which is a schematic_diagram of % %gssive
optical networ kF{ePONjs 205chamete diiaggam oshawinee Fevdiars ehiodd Wetkeams g

present invention.

PON 20 i . ] I M Il (OLT) 22 at
the head eRERdSH 25COT8INZIQ &PTS grg%{%@gqsduggrg%? itt]%eﬁ;?r}esbe# @gﬁéﬁﬁzza t§1e CJ)_T ac'zle ing

as a central trapsmisgiietchat Bloving haw thyRdadbi oftFigt 3 & ¢dnngtetbaicemdingr PON
20. Fabric 24 is termnated at its downstreamside by a plurality of
generallly & apiefrredpmbogdimens ohBieressriieRtiodns (ONTs) 26A, 26B, 26C,. ..
acting as respegtive receiVving i Lobek oy JEMstR8m rANE, 268,
ONT 26C,... ar e%éﬁ‘ O1srae§c§?rpaét(11§glgé'r%rerf§f;%b%?ﬁ%ﬁl%l y as C]\ITSS 10 26, and
respect i VelhycRgnEha fseféNl dBabdderC of the. préefit 2Perivd; ONTs 26 operate as

data nodens, so that O.T 22 is_coupled at its streamsid 0 .
i ndust ry- st andaFéB §af & ﬂqWC&ﬁgthéﬁéW@érh?ichg@ p%ﬂ@ﬁéjgesmaﬂ lﬁif‘?{g?‘ﬁeé‘i’ Perdings 4

vi deo linet%%gre%&?ed%%ﬁx&ﬁt f%éﬁf@ﬁ%ﬁ?invém line 30, and ONTs 26 are
(0]

coupl ed at I'T respective downstream si des’to data |ines 32 which
provi des5cor r esp@iglihg mschemage dingtaen slerwing dstailp ol emupsireranierdanel th 15

PON 20. PON 20 transfers data between T, 22 and S i f.orim of

downst r eamPetvaE T Higd Lugrse oA R ?ﬁffﬁ&mp ?‘iﬂlégt, otftﬁ%_p ’fer%gnr%é@ve%glg%’gaq{d

transmtted in @vi%fylijé Y ARLE% IR stehdlidvotiter @xiniptéhetingod chammestrer ring
I

data, such as usi fferent wavelengths for transmtti ngf nd recej ving,
are wel | krbemdwidth tdfea opiteneel) anetrdivgktoaret preferred embodiment of the present

invention.
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Bot h downstream and upstream frane formats are described in nore detail 20
her ei nbel ow. Downstream franes from OLT 22 are transmtted into fabric 24
in a subwpanswbey conti nuous sequence of constant peri o@CTMROE®I24\VDSt
preferably, downstream franes have a period of 125 s, and are inplenented

to transfer data reamat a rate of approximately 2.5 (b/s, although
other peri ods anymmMMQmepmwgmmstream
transm ssions pagsioyay is 8ok iRticab FIONTS RS, iof LERENSE NBLIATRS Jakife

general ly broadcast manner. In the upstreamdirection sepa
t ransm ssi opgtidel ortwdrks @FQN)ARD,t yecofdifiNTs &2 frefierecd embsdintene dbf abe vpresdons

whi ch are conhbi ned virtual fr so that t epar at e. wi ndows. do not
col I'i de V\he‘rﬁ“’gﬁé%?' Py ?@éo’é?fl%ﬁi?nﬁ’. el 1S e | PRt hdpeadiates

i mpl emertt edpdseivbaydc WhgtiRidndbic 30 thh®ISRARINRE]s Lend3! &Q&&m%&ﬁﬁm
frames. Upstream data transm ssions are referably transmtted at a rate

appr oxi mat efid aaueyeralp coreolisgndaviceafarr BOS] 28] tHabligh’4 andeimenatapsatriéam rat e

may al so be : c L$es control. and | ogi,c unit (CLU) .36 which
control s, v?y%grﬁ%%%%%ﬁo? és)%[f\%a?f e0§§ence{)aﬁr%’r TERE R aln%‘frlfrﬁf’g}‘ %ﬂr,n}gia%n%ver al |
oper ati on ofONTHY 24N, 26B \VWBM3/ Q4R35 REFdckivE 200334 enll q@sitheHeMidbBIoh e
operation of_individual elenments of the OLT, OLT 22 is coupled to a

Bet \r/1vor k nDE@Mr 2y QN 205N bart, 35re il dRTeEisd P detern elbacEvdy s&fohf’b\l 28 to
ot tfeac 2@%@@}%3&5—0}&%9; %?%?}%%I&T@%W "%j\?\%l; %%%gcgpﬁ"ltsc%t%%fa?ee fvor

e
via software es a swtch’34 ches Det Ween
coupl ed serddtz emdems,tsbeh@ALT 52 &cewapiddngits opteainrsidd onghstgrandarderel ved

from CLU 36. T?e CLU al so contr%ls the operation of a data ingress (from
the upst r eaW WY SETVEGH PURT pS#u Fiiemel dpe et a pdeoling 3§ and aﬁé%@‘& bigraty; dat a
egress (to (dmr tye ' ( l.0gi r ] t
framer 31, a re)lég)i?e ve’f% g%ﬁ% é?g)ﬁ%@é&%tg%%gé ?%’f[%g‘r?i B%Q%P%ané%iéﬁlﬁgﬁ H
functions amksGpevich pryidsf carteepdldEGsr lbwearmtcssertieds|te @vnsaemh cfientmofigenent

sof t war 1 r ribed in re det ai rein ow. OLT 22 als
conpri ses algogg%(?c]gpﬁ?%&al“ B ﬁ%%‘?’?ﬂq Sglfcg?ﬁtapa&ghs\%ﬁ @L_-é}e m of
Interface A& vafvahifFantalad upgfatd BASIIL fahRNBthe Fhnledd RheOPilshRted @rdTRL ,
nost preferably by nodulating a | aser conprised in the interface and

transm tti niglly HBples seannen fitfulupien meethiedsof trapsferringtdetaf swoh as2smgsiifferentei ves
opLical o BB Al AT R SIAF 0 W AP SRRl R
upst ream t resnidewharearti anfl R tdOmamdneWiféehhts34re described in more detail

20 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

25  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 ONTSs 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

30  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 [?,1], [22], [23], ...,

subst ant i wblog/0g93sul t aneously, so that the capacity of PORCZOL0200924
effectively increased by the nunber of wavel ength 20 groups used. Each
wavel ength group conprises a first wavel ength at which OLT 22 transmts
downst r eamtejzetler avith the speretich vawdlvehgt bleatentshif che O®hE. QLT 226 edupdsi toupst r eam

data. PON 20 i t f 6, h 26 | i.fi t
operating GRS B ORE vy & GO grolBE e Ede: SRR G POORaYel engt h
and transmatk b&tvidiorsRcatdoneysl Bldhent Ahhe8 8l tneSe¥mork i LEdRERe 42

transmts and receives 25 in one wavel ength group, so that all ONIs 26 are
conpri sed iH-ToAe ce@priscFeswitnhnit which spvitghessbetweanseriupted dervices hethaDETpl e

wavel engt h . i nal v.el th i stantiall,y the
sane, s% t ﬁg%/oﬁlgg t@l%gﬁr?@ngdé]ﬁ% r}gge“éescgg dC{‘?%%gf]}éet éL?Jz"tﬂS% ﬁ%m{/@@ %ength
group, exceptraideiof ddsaringeds ¢hber weseshesti aketiony. Firaah IGNI-Gie [eapri ses

a CLU 46, an_.ingress FIFO 48, an egress FIFO 50, a_ 30 transnmt franer 41,
a recei ve H9%RMeSEIYA3M e SaeANEP die upsBpam Sxection) SPLQ degical imetery 48e 52, a

switch 64, : 4, I ect i ct.] | erally
simlar nar%?]lg%stﬁ%%egg?’ iangr élg]g @iﬁ—% % Xn?g%eﬁslgEDF%é%&ﬁt?? tgi?lgﬁi;m %ramer
31, recei ViectipesErd @RraticabbEtRIEIFOp} franadrs,itablenl anel dFanamgeheh s3gwagnd
menory_44. \\When | ti.pl e discrete, el ength groups [%], [22], [X3], . ,
., ar el%sedy\igﬁ @@%ﬁ%‘,lgé&%ﬁ detp BSIEPEIM O350 PCT/ | L02/ 00924 opti cal
interface 52 isg t I Lot i 0, e

di screte gr oupg@g%g%ﬁ%t@o?noﬁrgggsggﬁﬁ%% 1\?\%\%&%%&%@“@% ?%rgc}oélgﬁgw glr“%ps,

nmost pr ef eBablnjerfigead? copieits alatd fotretransintihifranteh & 1ofpt irc aptidah tfemfaacmost
Comuni cat i ons iln bPCJ\I (%Jg are fate or i zegl.i r]ta channel : each. chgnrel 5
transferri ARG JALY OFmadUpmg ¢ {45t {RRTEES ot ReBiST e i Aing SRT 1P ONT
26 or set o@fpuONIS fati 2ANatntdrhRE &2l SsP rQRFrel pabE JTBAN REMPELMESD ARr Vi ces
supported by the PON and channel s used for tlge transfer. OLT 22 and each

ONT 261%ai nesieris ghe siginajs toadath whichneithey trantfbreed of recdiemfrahen2y whetirisis OLT 22

conprises a.pri downst ream channel tab 4 i ; 44, mappi ng
channel s tglsg Sgﬁrﬁgfeglﬂnoo(rz ?%%Strfﬁméﬁa&ﬁﬁ@fstslgarﬁmogﬁ:&mg%?‘Pfgsvglﬁcgpfc%anneI | abel s,
and a secondar yPeeguyably! e@eicbi® ivtbble Whitedhsing dhgiefbcdie itsashitidst SRPhSint O
channel downstream bandwi dths are nade. OLT 22 also conprises prinmary and

secondary pwitiRledisewety wavelengtinarangs Dugeldon.dsppet i sbbtyntidliyrsimnlianiepndy.and
updet | 10, T 3008 QRARSY BORLAY§ el A LA SRS SR A 808,72,
20  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
25  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
30 transmit framer 41, a receive framer 56, a FIFO 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 [A1], [Ap], [A3], ..., are used in PON 20, each
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15 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 primary
t abl e nmappyorg/oedsannel s of the specific ONT 26 to their alPCOORO2@I2pSt r eam
bandw dt hs and channel |abels. Each ONT 26 al so conprises a respective
secondary upstream channel table 55 which is used when adjustnent to 20
channel  upshtiedinteancs L hﬁlpmntmde trafsiit and advedretodt cdxemfshe; diaereshannel

| abel s. More details of the operation of these tables are n below A

channel i s 95?Wi #iddado F%PWQ\FOZW‘F gths QERF QLECTFORRS, 1OSE 8 qr@ 3 Phe

PON. Most pr. g is inplenented by an operator of the
PON, via E) g %zgﬂ@}%@h ge%nl tor gdl‘?g t he operator also allocating

resour ces, such Genm@fcatjpst rieaPONNAO doenstagermdandwildnhels, easht peansblannel .

Channel s are ef er abl |aSSIf d at proyisioni ng.as i ther
constant bitfans ffé’c(‘%%???g ﬁ%% ¥rgre t’)ﬁg@’ﬁ@%o@‘ % a?cg%)Sp%ﬁ‘\ﬁ%ﬁ%% % Sy]
exanpl e, a  rehapgel, fher tdal 8 a%ﬁegton@fté Iﬂgpﬁlﬁg)'ﬁbﬁééﬁrsﬁﬁhcdsl sappcaﬁemy Ithe
typically be a PB channel. Wen a channel rovi si oned, paraneters

conpri si ng PON hadnednnklbistd ﬁzndiheaha@&ruﬁbffr@am sash (R SO B RPIIRATH h

al |l ocated to.,the chann areet d into.the c str

downst r eam 3| 9d8tr¥b?aé’£ (rfh 48P gf EFPABISES Ldﬁm g?h(t’ér}s{&lslégl %c f'{ﬂ%

terns of 4-dayinStrédniREhiHes xabaé 1R OoMOR e RBYy auhﬁfap apvenhedt b ithes lamscasedze may
be used. The bandwidth allocated for a particul ar channel is nos

pr ef er dBl y dogmetacass b@h@wdthﬁeﬂﬂdrﬁi@m%da@é% Andaa éecopé%%‘;@é’ﬁ‘iﬂféamfté]?le 4" CBR

channel on |..ne. 30 0 AS Cy is
150 woi ¢ 7 e TR el R Ut e, @0l
whi ch i s acpofFeah@tkebyrigatt ar[dgsetdil&iab;ap@ﬁmedtt&blesf 471 el éhaneéiresptctbelen

4-byte tineslots. More details of frame character] t%?i& sed in.network
20, and of fpaiadies Aad updtiing NE AReREOY PAERHTES fgﬁéao%ﬂé‘?ﬁeaa fic

channel s, 106l Ydi0go0E GRAID8lAY rePediE YR IIRICFIRSIAWor LbESS 45] FO 3 8
acts as an i nrti Ut er treamdata to OLT 22, and
preferafsly @Qﬂmranﬂelsi @@ﬂ@bﬁb@im&nmedetmlaebw ding to the types of ser Vi ces
coupled to OLT 22. Data from CBR channels are w tte t%})g? éFO 38 at. the

[

clock rate of ti#shdgRT @W%lsemﬁrl%ar%fué’rsfémwc BAEWEEE? ve
no idle bytgs, are Wit &)ﬁﬂla}ﬁtszﬁ&maﬁ)@ng %@ﬂ?élss of @hﬂﬂ%@fﬁBONTh% dolthit S
witten to FIFO'38 after recei fromTines 8, 29, and 30 and after

t ransf erri rejlocitedugbtrew bmthBdthS Agd &b@m@bﬂﬁb&lse Eapla@%t%r gsq GpmpEsSnhel s
witten to r'élsplfeguée{g sc%%reld:%lllfpgt?gang S S LN (2Bl Phen E&}ﬁstﬁféﬁﬂ% €

20  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
25  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
30  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
13



a PB channel, table 21 preferably includes an allocated maxi num burst size
(MBS), an allocated maxi num burst rate (MBR) of the channel and a

guar ant eeaomBi43at e 15 (GBR); for a CBR channel tabl e 21poraf.evmblay

i ncludes a GBR of the channel. In reading fromFIFO 38, CLU 36 reads the
channel's al |l ocated downstream bandwi dth fromprimary table 43, and data
f rom t abl eti@lfreqDane, isupS44oMblils, tilelrecessay babdwmidili of 41125 ubfrewe it tO3biis,

limtations. of Psarameter in table 2 i

, s transferred t transmt franer
31 from FI B&IBgIspiFcemm: ’FedF'i’Séﬁ%TFm%f%? éaa%w&ﬁbﬁ B Snelo ot VR dehtif e dat a

prior to tgaRselsSHRE dbialiQof BRRE Shatdoterihis NRANE het@forlt P@NSAIOE BhRRVihs
downstream data is described in nore detail below In s 26 ingress FIFO

48 and t r aasdradjustmentsrto dhndidtiat assigeeetoaipeyifigchEned, i881dargIPB reapmnel3 1
respectj vel‘%e. I n readi fromFI FO 48, each CLU 46 reads the channel
upst r ean bAFRA dt 1R he respective primary table 53, and al so reads 25

channel paranet gigeds/FIRO EhEs Bxlan dtial daslr NUoRBsE@ihadats ubORAt 22, @nd
limtations of table 21, is transferred to transmt franer 41 from FI FO 48

by CLU 46, Mok prefeirbly coyepritgs uspdateomsmosiplascataing tor thertypes of apifcssi on
into fabri 80\%34<|3d fgr@ﬂ§%sﬁla&£fr(${1 %Br%é Inﬁgig]ageaévs 'ht!eﬁ tod%%)gﬁhé RoiRrgedet ail

below. Fig s a schematl agram OW ng over structure of a

3 0 downst peamCBREEVIER, Mabthrafewbiyt waly wipigtpacikesn, fieamne idle bytas,cané diritgnt 0 a
preferred _enbodi ment of thehi)resent i.nvention, Each dovvnst,reémfrarre 70 is

t ransmi® t effor Binchanelstp KiFDR 8, ThgWatadniraien yo SHAP S eet taeiPhip®i lHse | ow
t d ' f t -
frame 70 covp S0 bREasTARhyRIE REARNYWEE 3 s R i R R o

part of whikdnnsBrwrisen torRIEO 38l drawraienao FEED pafaoreter eabdd ¥1.ripr Ekdispleofordent i fy

a beginning _of the frane, and thus acts as_a starting rker for franme
timng thrddghsirnnplotgbio?Z] PR HoRFSHF o liacates MeoREyE W e @é‘ééh |

pay' oa Seﬁﬁ'aglg?a%gdn gy%g?@#‘nblgﬁ Ad pgr@[(t) gf Otl\ll_grs%hér%fei)ghé‘irgﬂa?ﬁﬁeehrlﬁ{‘%ﬁb I ng

on |lines 28, or trans Is 5 entered. Downstream
frames1¥0 &5BR);rfans(BR einoel tabls Gbgrefamblylihgludesmt GBRefshebdhegnmel. with no

idle tinme between adjacent . rin h petwor k., peri.od defined by
respective adj ai’éfﬁa h’&/ﬁ%rﬁe@@?@%&?g @%ﬁﬁggfﬂaﬂ% 51(]5‘? a@eda V@ls{%arge_nd
upst ream dah@iwil@r r6RCHiREY @le 4L InPdatadtdRea€S1 eBah, (Po e ARSRHREL | Ve
w ndows of tine 78 within which it is able to 10 transmt the upstream

data, divi Heelwidth webigFntiownadieuiadiony of partmaiers| 8. talHachl, initrasirred to
conpri ses ?raﬁ&ﬁ{ tfraMegBS’l frgénaﬁ]iFYf?agooyt @EUS%”.“ t]?irzﬁgern?‘lr Iﬁse{lsegeg}j @E@J ?3 tEr ane
20  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 FIFO 48, each CLU 46 reads the
channel upstream bandwidth from the respective primary table 53, and also reads
25  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
30  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 ps. 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 showwors/oi3go 2 for ONT A, ONT B, and ONT N. As descPCrgauo2/oonor e
detail below, wi ndow 15 start tines and |l engths are allocated within each
virtual frame 72 so that wi ndows 78 do not overlap, ensuring that there
are no col pasiobwhichfsedas, anfr ahiw,dis fafnegaenfor@diRsviag ONASToAdentifhe baginogt i ons

are determ ped CLU,36, and ar onmmuni cated to .ONTs.. 26 .in ream

frames 70. OF_fEilev'&l‘)%/WQ 584 EBIS RS azitaesgarﬁﬂ%fnagfeé TR SURg ﬂrf8h%1ﬁ%g§’¥¥9§‘§u ndows
78 are dynagiic doRRdrARYrHRe GDAGLh TR hrAYRal QedtiAMrs, WiEréidldatd B6mt 0 20
conveyi ng upstream data for respective services in channels, as described

above, w AUOWE2 EBrragvigbsisansonitiag ootlines 28892 andBR)or HarsierHo (NBHIR 1S

i ncl udes bandw .d chan re st nd ranging.i . i.Qn.: ; ich are
descri bed FACHOr Oavéllsgfﬁng%@g}egv% aar§ tl\%%%ﬁtgg%gt 3?&%%1%1ag r%tgan ﬁg;%g b(%gcl)}?ft rol

W ndows. Figgth id itk tBn&bdieead hdjactntfi@es. show ng structure of downstream

frame header 25 74, accordi nggto a_preferred enbodi megt of the present

i nvention. Head®WIing eachnpetiess peripd apdined it iresPeait Yoo RARERH | BXVBEafHhi ch i n
turn consi r i ' seghi o (yayehengt h

i dentifi ca?‘%%dﬁ%fs%%t%aé’ﬁ@?aég IR & q@iﬁéﬁ@%ﬁa‘r Tt sath Béiod; Q1

i nt er | eavedllpardst 3ach BDRT Zeedsbentiv8brinBdSs sfaimen88«ithipr whishabliy ablenfor i ses

ei ght bytes, and s used by the,. .as.a start-of-frame 30 identifier.

Whien PO 20r2ppei 46 S0RIeIR fiote 41%‘15 d%éh%a‘@léa%‘ﬁg?%?“@é%tt? o‘i%a d i %%Crl?t ifies
whi ch wave gﬁp r : Sﬁ[‘?x[%% [ e - gaﬂﬁr' L0y &ghesect i on
85 i ndi catgg e7%uccrg)g]f[ébrng%gfll s o%eliég‘]ttlivﬁéof[}rllét g{nrmaveldlegr?gﬁfﬁléagl%up. When a

single waheidendgidh agd oufenicth ofethd dud@Nwiich stectspasifi@®ONHds gatmitedh® nunber

of ONTs operative wthi.n the network | P sectio i S ed as _an. error
noni t or i ng%‘faﬂﬁﬁ’f'i way PE KRB BAESEY /P /aldl_aﬁﬁ?rové’g'éai(%r%edwgraé‘? At

conpri ses a;BhP3 HEHQ IONEH QRd (ST N6 AsRMEHe ih hforldetaillisldig, Ri@Bw parity
calculated on all bits of an'imediately preceding franme. Header 74 al so
conpri $§6s ohe tonesmrdde@riTs ireatlecatebvithiorecByirtush flamst72 setbiet wiloss Hei ng
directed tqg a specific ONT .. .4he nunber ..of head t

cor r espond gotn@% OREF 4Ry ﬁﬁ%llrmgfztg%ﬁ\ﬁ;gr EF5C WP LRI h()é%fdr%({'slarrgT 8%&1@%?‘%}15 ﬁ)ll\gg &. Each

ONT header (€L b OTheBAloeaik iafe8etarningt by CEUONT andard tdmeahicand se ONTn 88,
and a w ndow pointer section 90. Pointer section 90, pref er(gli)ly t hree
byt es | ong26cargawnstream iframessntd ilowill bepppiestagedihat ﬁt@ﬂsg@ﬁ £

Lo g S8R, RIS B8 BL bSO ket ohidPia

20  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

25 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

30  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 ONTs

operative within the network. BIP section 80 is used as an error monitoring function,
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10 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 |l ength 93 of
W ndow 78wWOtoRm43B0I i s permitted to transmt. Length 93 corPCagpai@s24t o t he
overall upstream bandw dth allocated to the specific ONT 26, and is

cal cul ated by managenent  software g:%g%ct,he basi s of .tofal upstream

channel baABPEEAPYEarses adeibo g tiqw, a|1p keRwa 1Bghe Artgpsing S8t i on

02 pref et gl Ay LR COMBY RS AGOREEeaRiR, Used by OLT 22 to

control th streamtransm ssion frome T e'cont_rol code
preferably conpHeséds ChHdd®, cohprdes eaehor eweé OME EhHeri seceopr 82,s¢actesiCr i bi ng

the data which h. speci fic. ONT shou houl d not.,, transmt. Jor
exanpl e, gtsﬁcrji]tonéggﬁﬁeﬂ}gp (%Gecéeélcﬁonasﬁeﬁ lcsbgn‘sgéc i@m&?f qféle?cﬁeér‘?gﬁofnsiggs
wi ndow 38, chRedpdhlls td SRS AT, ORTs 128 wRAGvhieN Graffe 70 BbMIRRAicafes NBivhgement

or control t}ﬁ)es of data-w ndow. An ONT rrana]gerr.ent_ and control channel
section 94 QNT heedtr seettasy 8Zicpaprises s onpbye PN T ddentifcation sectigctd gad a8, 90,

and 92. Sect.ion 94. conpr.i S cvelic. redu Cﬁg ect:Logn 95, a
renot e mniwlgr?%ﬁoggeéglg%thon?é‘ %81 artsg&écgl %grﬁig%%ig glé'ttlgge%%?ﬁe(asnn ’ C?’ lL';;S‘;“ossecti on
97, and a fEBimamiIveaatd B tikharbElc QINCG) tragaaitiinnitd Bata GRSiraac Poane9S i s

used to protect section 88, section 90 (conprising time 91 and |l.ength 93),
and sect i ofedRn HPreoneiRts qf deshtt MW Hamsaussiohting 9 dmsarsed Horrieceipledei ved

in secthon i ag )a e f ctl . 8 :an an
error |t1ts) E%%e\éx%%gmby/)t @%%%a#%ggﬁ,eﬁg%% %r@}%lélt 1g}%rrle tetlrngbﬁsy%ﬁ% tHS ¢

upst ream t repsethdSiviadow 078U Sketionad dlasrinchigles @ aedxvmdmwiehgth ®3cfrwiadéw CRC i n
section 95. Renpte nonitoring section }E‘?G conprises a renote defect

i ndi cati on BRONT dhacwpiftedye drassmpr Lepgth O3 Forespaiets)to thAOYRH PRSUCAR fr om
OT 22 to B : egt s f u sence
or | oss of %gﬁ%ﬁ%lﬂ%&/ﬁ%% \gﬂe@ %gp 3&{#@ (gqufri fé’t %Igir gseicg&g]%egsg?v%ﬁgarg réigsﬁt?n t he
recei ved wisoffeare 3Bhen RE|basisrmfrtotakbspsireanwheneed bandwidthereqadstserecave ffemect ed
by 16 % Oﬁg%%ng PCT/1L02/ 00924 OLT 22 in the | ast data-w ndow received
by theloLT2 $€%tion 97 and FCC section 98 conprise regions enabling OLT
22 to send managemRptedidh A NREARLISPLSHS Idhg! SohP@seMTcotrol 36 @edasly ot her
managenment related information. Forf exanple, changes in a downstream
bandwi dt h QLT &2sivecdrftiof the cistneael tiansmaission Hyon aclOOND6 Theysopeolseefe vi a

DCC section 97. codi ng of, sect.ion ,97 i.S. pr - abl i [
oot toere + iretkaoESERi s K SuticR ontbediTinl Guf lintek TR 68 dha
i mpl ement edyHiyh 8achaPbENBIOND sBduldladrtihoiilg nodl trdné@itp FYs bxeaiplé, @ gilt seftion

20 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

25  communication channel (DCC) section 97, and a fast communication channel (FCC)
section 98. CRC section 95 is used to protect section 88, section 90 (comprising 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
30  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 (RED).
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
16



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. 10 Fiwoodouss@a fl owchart showi ng how header 74 is comparatodnpsBl U 36
using managenent software 33, according to a preferred enbodi nent of the
present invention. The steps of the flowhart are nost preferably

i npl enent ehby 2LlA4n3 Gast BahavigdBacdtcioMbgtiee@NTf rame 70 is transmtted from
the OLT. In a first step, CLU 36 deternm nes how many ONTs, 26 e active in
PON 20. Met hods O@¢ speidno? hird FES sqebin 8t @& PR £R2 BT 72 e art,
and include_notin i [ 1okt ing a
predet er m NEo Pﬁrﬁ%epeﬁgéo%%%%W%eo {shfe gg)ﬁ’g]ézkhggd/&an% e(hng%rgg%}.la%%gg?{r

pr ef er abl y relufed infethatbi Fed ckamaplodemnpesaaessdesnteamianiwglthviena specifmw ONT

tep, CLU Soeushp b BRI BHABRE Be DU RSl JDEoTGE o B
Wi ndow 78 firs, el FeSRRLh RS Lofeu T A5 JSUBEDNIEdel ICLhRGha o8 ist op.

;
The total "of msizes s set by to be less than the
downst r eammdsapehfitrdblly ioepbenadntad by tchinbirtatibs of haidvetré, o the pleysiwiahtiwel ef ze for
each ONT 26, i et .according,to dat araneters of each active el

bei ng convé9%§ pafd By %O%Qat @Bté%a%o@ab%guﬁ%f CopROBY &Y %P@%e“{%&glz‘?g
parameters &Btr@l%&s&‘%ﬁ%ﬁie_@N‘P'Z@Q@a%ﬁ%hﬁé R EE sehwmmg. is a CBR or a PB

channel, a priority ich is assigned by an operator of PON_ 20, the anpunt

of datd0for the Bpetista owhbarhshowing the’ headpre ¢4 iisveomnpiged by FhlEA0481ngand

the bandw dth assigned. to the chanpel .in th Ll mary e f ONT
%6, (The GHTEARTNT FOTWRGw .« BB 01 GHrheh Tiodfs e e ordsdf
provi si onedyy&ion @Bhe KRS bF BRAIBRLIW arehBsst préfonty thflembapvddyi GLU 36

i npl enented.) Data paraneters for 30 each PB channel_ nost E)r ef er;argh al so
conpri se arbeiips erdndovwyusicant feaee BP s ranseuttgcBrr BadPlah Wk e &P nbdkium

burst rate R) al | ocat Y, e r .Mggg t he
nunber of ti %%r 1%652??%82‘21n§d0 ]t%g?e‘zgc%{@%é%\é gﬁggﬁf ngcee gstﬁgﬁ %E@?Eﬁe/gam GBR.
The nuniser th de@Rehetion atd oateth the agcindGBRudbantiet whitts ONifse2@had y
exceeds a worst-case possible upstreamf re_qugn_cy of , t he, char}{éel . 17 WD

03/ 049350 FEPsNitys /Bt OL VB4 (IUERS P @Feslsiepmingt e RRriod JHOT 69 theSEePRE08
paraneters . g@s ) ' BN d 309y Hatpaprekatensent by
t he speci fi'c p%{fsré , R%é\stéﬁ%férﬁbelg’sﬂtﬁ@s% arg pr e(?ég?)g%féj;sls storrcled |%n FeInFO

par anet er s eabONT2L. cobfes omest@gemewelhadwbanir ONTRA gees pilefesami s nost
preferably sent by the ONT —-prior to OLT 22 co ting the .w ndow
for the ONT 26, ﬁﬁ %ﬁ%ﬂdo%teﬁrgc&éj BP&F’BHEBSW%%%E“‘?@,H%OW ﬁgéesb‘bﬂgléaf’% 8

requestyy  each window 78 for each respective active ONT 26 determined in the first step. The

si ze

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
25  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
30 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
det er m newoOan/ou93sa i al start time for each wi ndow 78 rel alPCTaLexog24f r ame
starting tinme, corresponding to the beginning of 10 header 74. A ranging
time and a margin tinme, described below are added to each initial start
time, to gener atMosh psefarablypiandenst sempfithedein paTAmeiRFs al¢ iranspBiterh ded for

each wi ndow 78. Each 26 | s SO di stance_ fr. 2 ' ce
causing a d]éarné?IP‘ﬁﬁ @%ﬁ?&#ﬁ%g?ﬁﬂgﬁ%ﬁ%%{ E&beﬁpteélg@s(%e%i%f 8%2@5 9%%5?% OLT 22
proportiongke fn%fetrehﬂy HoSddaNFEFO phiunthes tadld DE THenhdgepegctndfcohtralnduma-ssi on
of the optical signals. The distance of each

_ CNI'26fromC]_T22]§l
conpensat edatioit ipposidasfagbiyrent yrge PINY 26eprion teQER 2Beprputing the windgin gow
start ti.nme.. T angi I: | ] ohenefy the
rangi ngsrretsf*?gztg)r Lhr??)@v\ﬁ%?zné’tl en%)gfsgﬁ\%@ge%ﬂgﬁngﬁﬂgé,ﬁﬁgkﬁqﬁ%h g? by
sending a deand@icd®ysbBwate F3rom OLT 22 into PON 20, and waiting for
correspondi ng responses 20 bei ng recei vec&ﬁ;‘ro act'éle ONTs .26. Preferably,
the ranging si giala tlirdsiep, Whéh3Pawanges e Pingonseds cAMPEed L ?f@i’f}w&
addi tional | ol {onali 1 SEh bl ReRRIMORK inkid] btartaRes &d ve,
such as \/\hé)rgefat_aqlﬁlzé&glg%@%rlﬁ?%gg %’lﬁ%’?l a ne%vvmotiﬂ' t26 has _accirrlre on- stream or
when t her e daals whednnw a8 relithectpi aFambatging hmeperreesponglingatoathe tbegmniiz

existing ONT 26. COLT 22 determ nes the rangi i Qr eac once

r angi nd% Zﬂleéﬁ%?jn%l' Aré%&ﬂgs@%‘eﬁﬁaea péesin F‘é%egic{égc&}bﬁagbﬁloé’%icaﬁg&aﬂﬁ % %?)Célr ative
in PON 20. Gtk 36+ RHAS t AodRE A stalt Wind & LAaBsrhiBiibh nesiiaeh id forte wed fohe
ranging time, to insure that there is sonme tenporal separation of w ndows

78 arrivi ngaa wildbw2?®. The nmargin tinme also allows for errors in arrival

times at OLT 22,_d factors ,such as t Efer enc d/or. dri i

clocks in each oﬁacgﬁ%&%sls seme dis gl.c%ir mcﬁ%%g%s%évggta@néa%lgg ao{etl%yolrrrgonents
of PON 20, @ iBReGsi@ries thdlsgebigiclGNE DEtoPODTegpropditicnal ik distepe, CLU 36
inserts the conputed start wi ndow transm ssion tine, the maxi num wi ndow

size, ad GRE toebe ifinite 35ced pff Bapsslissicar ok thet orsisalotceals. chendigiice AL st

section 82. 1. i e .ze of i I S oSt frej ng to
the speci f?@%ﬁ%,&ngé %%m&engaggﬁo‘{“ﬁf’a%%%\% gdshfg%@%%gecar 1005700924

Fig. 5 is angrhemoestaitgigleaThetanpinygl thae faeati ONT/B6 of deemisyr aomd phme 70,
according to a preferred enbodi nent of the.?p{ esent. i nvention. Payl oaag
section 76 thesagingsmstheds snawmin the pasvyeropticat Beioek pitysus iafgjyosren s* 26.

The data i Sranging signal from OLT 22 into PON 20, and waiting for corresponding responses

20  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
25  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 ONTs 26, physical changes over time

30 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 5 frane 70 OLT 22 all ocates one or nore data-channels 100 for each
of the OW® B0493%hi ch data is to be transmtted. A size ofPCaarin/00924

dat a-channel is calculated by CLU 36 using managenent software 33,
according to predetermned criteria, as described with reference to Fig. 6
bel ow, and for &l ENTschemahedispmm of pathead sespier 76 wE dewntreamaliias /Ui s abl e

L VoA AT o ol LSSl 5 SRR L e o0

. e [+
of tineslof ann
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channel | abel bei ng.read fromtable 43. Mdst preferably, eacq gat a- hchannel
100 in paylwsgiporge dnigoieetien 3o onk tvaTiaklp v mudar gxechbasiiere tAggor eac

M urerc) Y Hate REORRCH 28R CHRNAS Sl B SRNRO AP bachoflE ONTIBY ©

"idle" Dits. channe rises a channel overhead section
102 and a e#acédta ip@ybeoaghsaiitdd. onsiz4f cachadue thaomelr ik ealdulstedtyonsU32 ar e

substantially simlar in size __and construction.. Chanpel payl oad . segtions
104 typi caMFVRedRFIAgemETH Sgtst‘zféfer%ﬁs?@églﬁg tQ Pdptermingd PP%H?ﬂ%adry?éCff%SdW , the

size for e?r %eag@ﬂ)nﬁ .5’8&1987251?& Yl REONT D Afhe Qe AMIGsRBEVSdatZChdnaeh

channel ove sectl on conprises a channel |abel field 106, a I|ength
field 108, isablatagerdnm Gadedoffamel field 110, and a CRC section which

guards _t he precedin at a. . Channel bel field 106 i | que | abel
whi ch ilé assi gnAeﬂatgip?‘@ﬁ‘}lﬁl 396‘3%%“?411 ThhRHeP qf;ﬁ%qqu%gagﬁggﬁaigﬁﬁle\?mﬁch is
stored in Gabli@eddy lichidnkl %eﬁ@esbﬁlbédew@@? M@ tANRE &R 0blonghgvwary ONTs
26. As descri bed bgl ow, 25 channels, their lengths, and their [abels, are

tracked i n shgldcionfel2theahannehlshelddm@ead fioanigble 43 Magt no&rgilueschdapze of

payl oad section. 1 in ter timeslots, of. t SQel ¢ at;anchannel
100. Fi el d cipnet s?(ﬂ:{)sl'f1 é’?@f’g? ag(% y SRR U nteh \%@%C%Zc? ?‘%%@%ﬁggz-l@})t

nul tiplier geehdiRRlyandiadertOided-thdnapigt lnosgetsefrated te Giezer mibre fidlepailsoad is
cal cul ated by nul tipl ylelprg a value associated with the 2-bit val ue t he

. by
10- bi t 130 \Edchedatavetiragend®d camgriseint rapngal epvgrheed seatiosy 0% r2as| & ChEHEl al | y
simlar in formand. fupctd 0 : ] 1 g.
3 Fel o PEOCRD T srelar Sufind 3 TARACCHRLh, 08 FARkL AR BT o
set a channgh @miidtioy. @hadimel pgelvad akeetians biatypédallal diffen susike foni feagn

i ncorrect CRC checksum has been previoysl ecei v i n he specific
channel . Prahey gl foms ﬁf@P‘?itOl%@nél thg Sgﬁ:ﬁ{ é@admné%?@gc%lﬁ@ﬁ?cﬁ% &1 %%y wo
03/ 049350 ngﬁ{gl 1.Q2/ 00924  channel managenment infornmation to the specific

ONT 26.
20 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,

25  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

30  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
19



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 nventi onwoThe4sseps of the flowchart are performnmed bef or @Ceacor/momnst r eam
frame 70 5 is sent fromOLT 22. In a first step, CLU 36 checks ingress
FIFO 38 for data to be incorporated into section 76. In a second step, for
each channelhamdfe! dahagammenEIE@nBBion@h the3pedbe &NG Ae@s from primary table 43

the allocated d stream bandw dth of the channel.and the 10 anp

| abel . For each%gg‘aﬁnb'?l 2y rtaFléoémﬂ%tCé)PWS D ot Baﬁa?‘gréé%%or“s%?n“{f% e 21.
In a third gfpRemdat @of{\@efreeﬁﬁhacﬁbﬁiﬂg!to dpréRrrbd cersthriiieht 9 ahé osragend
bandwi dth and subject to any limtations generated by paraneters in table

21, is readnfentionFIRGteBaf thaflewshadrary pefermed sfmp shchodarmsgamderns 6h 102

i s constructed, i nc ating the 15 channel |abel and | ength, and the
dat a regd ﬂ?&ﬁ#@ﬁgléﬁggﬁis incorporated into channel payload section 104,

to form dat a- channerstlfé, DU shehspetighdss FTRABBebr d4bh epbe insorpogatédinto ar e
repeated for each channel of data in FIFO 38, and in a final step the
dat a- channetestiay(P-whi ch are generated for each channel are concatenated to

f d t t . : - 0 st
orm downstr eam%a% Léi%ﬁgil Eﬁé’n ?&neaég c&%&%ggf o) 15%]?@U§8,?@ﬂg he dEﬂeg}?ﬂn&ﬁens ep

are nost prefera ted using transrmit framer
const r uct i Ngorageinaon tatde 4B tthaviallbcadvel dpwnechat eohdwihdth afothvesthrezehaddtthe f r anes

70 are transmtt jn a r oadc er, so.that a specjfic 6

recei ved dat n%f%ﬁii %§r ﬁ%?’?‘ Cg‘??’?zﬁifﬁ%a 5Q fefProeiRgs ‘E%E?Ijgﬁlreteelr%ltn&%,ﬁdat a
transmtted in A Chl i ONT to
whi oh he data | L g B e e B R e
encrypt i on addubiect tpniy dimittienseéderdedbm panamietees drtablegdid is reed fiven FIFO

"churning" of the data. If churning is used, nost preferably a churning key
i's generatia‘?d by each ONT 26, and is sent in a nmanagenent and control

upstream w ndow,%8ohRn geﬂ_, Adnn Ml Eed I RBHSGNINS cbhfnehain ifbridastineatle dat a

before it is 30 entered into payl oad section 104. De-churning is then
per f or nEd athatied labrangsliengght and the Hate m¢adgfrace yhe RIFS is presrperatsdynts chagpel

churni ng ke%agicf?ﬂggﬁtg){{)l@gm oﬁﬁfxﬁ‘@%@@%&r&ﬁoo E’o%%fcle %)recf-ﬂ&tc%ﬁxféls of less than 1

s. It will ure o ownstream payl oad section
76 enabl es changess ivb Refdnadt Rpedial for leasts Bidnheldofdan ke FEFO G8pend in a

' el enent edﬁéa?r stgg Ctrllle %igta—channels 100 which are generated for each channel are

concatenated to form downstream payload section 76. Steps two to four and the final

20  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 so

25  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

30  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



WO 03/ 049350 PCT/1L02/00924 downstream frane 70. Such changes are nopst
preferably inplenented using secondary table 45, as described in nore
detai |l bewowsmiaso ref erence to Fig. 8. Downstream payl oad PEFALIXNIZE | S
constructed on a tinme multiplexed "per- channel" basis, each data-channel
100 being defined by its channel header 102 (Fig. 5 5). Each specific ONT
26 recover gotlattteaghaiuned s70di Bt etladges i dref mom geeferably 1fipleymentatip asingg

| abel s 106 in headers 102 with the channe|, |.abel.s in tables. 59 of each ONT
26. It wil |Seq@@d%rpjﬁ%té%ﬁé:t@édieﬁ%%dawaﬁc%ﬂl@l%wd’ﬂﬁ’e@ e lgsgeci fic ONT 26

do not  necess aﬁjd\?ﬁspgﬁb{g | ﬂsag?lo%ﬁ sEQn B/ ?le@or%sH\é@t@d@\lfrohg% tiﬁnlg: mikpeRe@aph-ONT 26

checks for channe us any specifi ' y receive its tine
mul ti pl exedhaaed basisaedd datagmeneletDOf baimg definedfbyaitmetranacli keaddsel (g Figy

channel, 1t w.ll be .app iated that, allowng fra tation .of

transmift eé)'\t,%acg Ppe Fféﬁ%cﬁf TEPYP #F@aﬁ%lf‘?@?ﬂl% ﬁlé?cé%cgg’gﬂ f?% Segg)@k?%ég
efficiency _c@ifnp%‘?x%ﬂagéls 166 ifFhdhderf 108 vathSEE SRRk bICla b1 Q6T @bles hOOF Bghd®@i@i | s of
upstream wi ndow of ONT 26B, according to a preferred enbodi nent of the

present i n@énii will bOappreciatadpibet datchamelsi ditsted78 3 spasifitePAtledd sRdnot
transmtted b 26B,, al though it.w]|. S d t okl.ow ng
descripti oy &%}gé?avﬁ&f’ Z‘fei gorﬁ{ uglrl]gdlms ,Sé%tggﬁégﬁﬁeséi&gnoﬁg% g%%%lzrsaﬁron of

data in an cupsiel BABIWIREOMy/Petifo 0NN L6y R6eiviNtndamw Mbltipkxed dphement ed by
ONT 26B so that on reception of the window at O.T_22, the w ndow Hloes not
over | apOwi fragaeytedtfoar, When dosmenatian heiagi b ekpnopyl dt mall tonapresated dhathown 20

severat < ey YL e OISR o o

descri bed whd fpacehgr efficeency of fdcgon 36. section 82 conprises pointer section
90 having start window transm ssion tipe 91,and maxi num w ndw th 93.
W ndow 78 conpr if4®< 1§ ageheipaiic aBFROW{Ng $5LaLlg of URYTBH ‘YS“??W?@I (Ptj(ig by 25

| t ti h : I H
alternati n@6%d g%&g&éng \éc?ﬁ g@%@d’éln%ﬂ@ﬁ ofRﬁé’l())l%géglt $8fehliON DatBh We¥reRin

exanple, W 6B I's assuned t nprise two channels, each
havi ng1an wivéshdads sestrited adB6amndttdiby OANIH26B pathougll itswlitheomdedsrogdnd 142,
General overhead _section 134 conprises a synchronization field 146, . an

i denti fi catt{‘%n?}fei e} viiag, d%tscrlﬁﬁl%cﬁﬁ’/pﬁ%emf’%lg dmf%g,dfsa t&REa?%nEfsaoriBZé{d a BIP
field 150, %ri%ﬂ: OF dhieldad 38strRd w3Rd AN ROkbREInyf OBIT 28 53 inkiwe| T8sis146 and
148 enabl e "OLT 22 to identify ONT 26B as the transmitting ONT, and al so
enabl e t he iGpRnentesyhycONG A Bescethinamsteceptige of teevindew ag ¥driss e vindowe OLT.

I N e L

20  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
25  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
30  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 WO 03/049350 PCT/1L02/00924 field 150 is inplenented and
functi onsworsmagseneral |y sim |l ar manner to BIP section 8®CTHLER/003)4.

DCC/ FCC field 152 is inmplenented and functions in a generally simlar
manner to sections 97 and 98, providing a field for general nanagenment and
control  mEekhyEsisfioplEnEt@bBd RDCARE infa @ﬂn@raﬂ&mméaﬁ RpIER Bl saFitpn

functions i nner
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158 is derived from channel |abel table 53 in | d . 160.i s npst
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pref er abl y SEB¥H elh’ gigulag mapge | m% Ctl%??lal%gﬁg%aé%e%or exan%tﬂegpto convey an
alarm regardi n@ahﬂ%h&ﬂ&@bfzeme&dﬂmneh 186 2@l T4R2congmten 2 QROufdl dats! fighl ~ whi ch
conprises a checksumprotecting fields_ 158, 16 nnel
over head sdd8iasd ajckan 6’0@6@?1%3 6§. tFéeléﬂé% hse‘ierlﬁégifr(?&ﬂq?@l‘}% 161?16?%%5‘?/??:

| engt h defi [ r t1o0m 18G8notd B 'Ehe
angth of CSh A 1%5“?fﬁ*&éyézeé%?%ﬂ@?ﬂ;“%ﬁ%?%ﬁﬁ%%% A6 S ONT 268,
according tl@stmc@earaajdvemﬁsmfmeme th&ig. tShéialcbmgmlebfovvﬁhn@ldmcmnﬂéSq ess
than or equal to maxi mum wi ndowl n 93.regei ved thin
this cdfist rPéFﬁ%fably EOMPUES D T EE g&;ﬁﬁgﬁi p’% V1 5‘3‘313 i gﬁga{)ﬁg?aea i ng,

fromingr esg {ﬁg Jﬂ§ spdd (Fcochalﬁﬂélat@%gfsﬂt a8 e fﬂ:ﬂﬂlw | WIBEY chmptieesSa,

specific chann ata paraneters, and 20 the correspondl ng.al l.ocat ed
bandwi dt h on‘heela;uim phdentiel, ﬁeMiS{ d68,co6ft andci6BrEash vhanaeimpvemea CNTtion s

transmts t ow upstr L Sia ndow, &t fter
recei pt of é’;g%f%#]%?dts aéme 8pa[y oag %ﬁcé%mﬁr fngs?‘n %%dgﬂ tr%ﬂ\?o \P%%{UV@

i npl enment i NG,8,4R3896ad Rcti®@nshvi dth of a channel accordl ng to a preferred
enbodi ment of the present 25 invention. Typi caII , When a_channel i

provi sildned t he TEhedangth quads@lagnddnama@p@qtméaﬁﬂ%ﬁﬁamae%w%q ééﬁ? Qﬁﬂwi dt h

R e
and a user Qfuaf fBﬁmﬂﬁEﬁMhﬁ kvindeAe Rengttaom edcelvabieh painterr 485 féithinvbis aostrant eam
bandwi dth are witten to primary table 43 of T 22. Prima of 30
each ONT 26CHUibaransiresinAkancl yked Sﬁﬁ@néﬁé’tr?&?ﬁ %%H%W%?%ﬁ%‘%’%hgg&g
;[ LSPZLEL,[ gg a%grﬁgt%%%lglg%lpﬁ{dtﬂrﬁﬂir§rtab%3 23?)ec1?@%h§ﬂrﬁl"@&ﬁr&atQEainnGter@ ahé
20  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
25  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
30 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
22



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 iwoiomiog93at ed by a user of the channel, and typi calPICI/IL&200VO

03/ 049350 PCT/1L02/00924 conprises a request to increase an upstream
and/ or a downstream bandw dth of the channel. Mst preferably, the request
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72. Size and{@pnposition changes of wi ndows 78 are conveyed to ONTs 26 via
appropriate sections 90 of downstreamfrane 70. In a fourth step, channel
changes are transiihetnew b@da\p@hmihopmcm GNPs upgream bandwitithp sdjuedNBsts2&ewhi ch
are affected QX 8 Hle s?z%aan e;?os{tmﬁ ein oevgs 7%“&‘;Jl ngcoevs@ary St example, referring to
Fig. 7, an increase in channel 1 bandwidth may be accomplished by adding a second
20 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
25  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
ONTs 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
30  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 a final 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



30 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
secondar ywpabloegss®5. In a final step, primary table 43 isPpcapgLexmd2by t abl e
45 in OLT 22 and primary tables 53 are replaced by their respective
secondary tabl es 55. FIFO paraneter tables 21 and 51 are al so updated as
necessary. ‘BY8F4OARHVIGISPON 20 then continues with the 23 WD 03/ 049350
PCT/ 1 L0O2/ 00924 i i || under st pod..t hat general ly
the sane pr ocesswgg?ggggg(?g[ggﬁ ﬁﬁealrEI %Frheg%wge S%‘%%Pf"e%‘?sstaé F%WE?‘SW%"%@ new
channel andipdiegiogridsioninag metv ciangiagl idegrehaomial of bd ebtidg Beanher t her
under st ood t hat g:}ﬁiheﬁrgqq gnbodi ments of the present 5 invention may be

i npl emented in & nPE LT8R HBESORS  thath praderresy embadimentsk of dbasiretenhy of
one tragsmibdF; : | : 0t : ' opt i ef wor such
as PN 20, AT Shche B BEIGRRL R e R Rl G WEHURRES o

i nventi on. cPosisting eees tiatsmwittet atd oappe@nieat etlert thah pdediee bpieoas herveks by

preferred enbodi ts of,th resent invention s not specific to any one
pr ot ocol orsugtgra@;?gﬁ\,? 2@0 ‘Aghau%agetﬁ’é’ﬂfsr %rﬁsﬁflﬂlfi%‘g Withity then seope oh tha @reseinor k
accor di ng tigvestibst BotthéthloYe, 2R YwilPhet Q58dciREd SEVALES- 4|

appreci ated that the Er efoeirledwianbodﬁ%er?tls de%%r?%g(}raggfg}\?‘ghab&w%??ée‘dd by

way of exargpibedimgigs philte Rrpsenpinyesten isnvapeafic ks amoond prité@tl ot sewmitat has
b ti 4 i bed i . Rat her, .t he, f th
o esent 015 i b§ AR BES 5o0 P R SRS St Bl o AT B0t « he.

vari ous featetbes ord@sizei bed herei nabove, as well as variations and

modi fications thereof which would occur to persons skilled in the art upon
readi ng the fordgWilhigusbe epnrpeirisd thaidheprictonred smbodisent destosasicabione atee pri or
art. 24 WO %;Sp 2 | MS. 1. met hod. f or . downst r eam
communi cat ic%%é ? ?om aoggi{réﬂgg 411%2%%?#}156 % Sﬁehl{ggfvﬁfl@o? ﬁ?oﬁdlgngedpg%wgﬁ {1?/5 of

receiving éneh patinilarly 26Ayn 26BdestfiBed herkindlotd Meatdry il @Bpe Hdht ippdsexd ng of
a sequenpce,of f.rar,reqi, eab(;g of which is divided into nultiple 5 tineslots,
the metRod TEGARPPE Lachgies Rotlsicombypatipny prd sebromblinatioan ofiths verousofeaturefat a f or

transm ssi @aschiBed ﬂ@reﬁﬁg?veﬁ) Qs et od D588 ? 81%; %rdﬁﬁciaﬂgnsa{he}e%%swghi& Lvio{l?dt

quantity of first data for transm ssion
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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first end point (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
t he pl ur avotog/oef3sea he 10 end points, such that the first amdTaeeuwg24
guantities are variable fromeach of the franes to the next in the
sequence; responsive to the first and second quantities, allocating in each
of the franes a first nunber of theCliX®%ots to carry the first data to
the first end point, and a second nunber of the tinmeslots to carry the
second dat al.t o thengbkabfit drdspeimicomsuattatibatrotthe ckbtrli tratsmagscbnspanind

nunbers are riable from.each.of the fra t h ext .in.the, seguence
responsi ve (@g)a%Pi RlPradihs Of AS§ehang jep tpoéwaqgééogéﬁq?rgﬁt'ibibé’sﬁw INBdht a;
and transngbkibReineher dat@ubh@moF MRars@Ntehal Jfr RRRA BSURMAAOIMS feltiphe end
points during the allocated tinmeslots. 2. A nmethod according to claim1,
wher ei n 5t heimestats, dhe medad epmpiigngpoi nt 20 conprises an optical |ine
termnal (COLT), and .the d i hts _conprise. ical . netwrk term S
(OTs) " wher of  "Eridvib e S BRFL VpERTRab 35 Bl Br wEIRIRYSG, L B
passi ve optidi@k thedwardompsisind a4 fiae Qabitn @ f fi@stCdafd orkrdEmidsdintoZ:

wherein the data conprises sets of data which are conveyed via respective
di fferent ifHaudRRiRL @RANRMOBE e plarplityyef the ond Aol @D @cOFANdngaEaRy of

clains 1-3, rel al.i n ;. t ' d

o nt's oper Sl g FBiliBh b ¥ Rl Gons ARh, 1 pRAlTy B i
conpri Sl¥s rendpedits,veichehs thé fost andvdcohd guantition\aey edridtdt iimem ebdte of el r al
transm ssi on point and Ihﬁ respective sets of end points via the different
wavel engt h TaRgsp she meat 11 thassaueSe according to any of claims 1-4, wherein
the first and sceomdsyOWie iy Ghd sbsha BhRiRS SURLAALANSACE SPARNRING d O
respective first and second data paraﬁEt ers storedin a nmenory conprised
in the centfiral mintzen oiffttestineslgo tntarry2be it Q{204 IBSOrsPETd pbidR/an092¢coBl A

met hod accordi.n any of clai 1-5, ereipn a total of.the fir nunber
and he sedubenarBe s n Brrvea tbnd Gk B e e dma Bty b U bihcwi it
of eachsof fikhendeHdaNG8n@Ers’ &rdMBSablé- frdn BENQH 1RE FRLHNG the RRY iPkhe! ai s
1-6, wherein the data conprises one or 5 nore further quantities of data
for transmissgiange tespomsssdotvanaionsén the firgraad fegont gramiiigs opdierdata; anbng t he
plurality of the_end.points, such that the one or. nore further ntities
are variable fr g?ﬁnélgg n%?het Hgaﬁf%%ge tGSmfaﬁetraf?@%SSIioH RpR goeif’tfe?l de,%%ﬁsctj

during the allocated timeslots.

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

in a passive optical network.

Esl

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.

25 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.

30 5. A method according to any of claims 1-4, wherein the first and second
numbers of timeslots are allocated responsive to respective first and second data
parameters stored in a memory comprised in the central transmission point.
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conprising allocating respective one or nore further nunbers of tineslots
to be carried respectively to the one or nore further end points. 10 8. A
met hod acworodiomsé o any of clains 1-7, wherein a period offCeacée/wb24 he
sequence of franmes is substantially constant, 9. A nmethod according to any
of clainms %-8, (=Y t ri I t hi-r,d nt i of
third dat a%f or rglﬁgi%ﬂs%pgrg ot%taf%lgrq%iclrl%ﬁgel% Vﬁlge?%fl ,aats%attlzﬁ%tﬂﬁa@%fﬁ%&l@%i rd

quantity i andéfeisabdrel duncior edche heddie if leardsn boeduabtonebdndividth BE esiqifence,
and 15 con?rising, r aponsive to the third quantity, allocating in each of
the frames ¥ $AMHEE ORiABE? of tineslots to carry the third data to the
first end point, such that the third nunber is variable fromeach of the
franes to t'he néxiethediaseordegiiorres of ppdms dch wheagin thédatp icomprisgsconeivirr d

claime 1 o B aRR offE e S Rl o S TR RRES il R 0y o

vi a respechoines dinbfiertkntphabiagned she v peints, each thitaghoedne b avsé enshadat a vi a
a service coupled to the central transm ssion point and at |east one of
the end pofliRdiitiey pre Xarghlp JEpm cash o ihe demes dPnihe exiif th Aguessen gind

assi gni ng : [ | I,d iL.ng the
irst ang CRaTiane an6zhe [EARRGL R, BBEp ey b B R e
first and téreed esspedivelyntoehs ond ot moredhiohes end esiponsi ve to t he bandwi dt h of

each of the channels. 12. A nmethod according to claim11l, wherein assigning
each ch@anngl the meas@esdcbindendiy df blagonpri seiseréihanpérng bheachesigwet i ve
bandwidth to a different. bandw dth responsive to a request received by the
central tr8BRPSILdrmssiiptubstotially considthod according to claim 1, wherein
each of the sequence of franmes conprises a header conprising respective

wi ndow par 8net eAsmétbed eaetidiog te ey f dlaizisileds wisteiethe dats enmsprisenatHeast adow

par anet er i.Sl: ti apd .a _size of L ndow, of. . 26 [ 049350
PCT/ 1L02/ oggﬁﬁua&{d{sg??%%d At R AR ECR t%fh%rég BrPanh tsvc%gagﬁ{? %‘gﬁnt s is
permtted gardtitpnsmatiable b e&BNLS dhe tFaddds MoS HeORe@OinNthe ddhueeMinbod
according to claim12, wherein the respective wi ndow paraneters are

al | ocalt®d BYmMPRENgEAIRoARive tathnibidi Brntiti allocsting krmeadhief the Haows adbirdot

col 11 de at o, 3oLhe GoRIE@lo LA 83100 PRl Ak aclSend PARY BBl P dapgSt r eam
communi cation In a passive optic networ y tiie  division nul t1plexing of
a sequencenmhbérianesable Giopt eshng the frames to the next in the sequence, and such that

the first and third number of timeslots are not contiguous.

10. A method according to any of claims 1-9, wherein the data comprises sets of
20  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
25  timeslots comprises allocating the first and the second numbers of timeslots

responsive to the bandwidth of each of the channels.

12. A method according to claim 11, wherein assigning each channel the
respective bandwidth comprises changing the respective bandwidth to a different

bandwidth responsive to a request received by the central transmission point.

30 13. A method according to claim 1, wherein each of the sequence of frames
comprises a header comprising respective window parameters for each of the plurality

of end points, each window parameter comprising a time and a size of a window of
26



a passive optical distribution fabric (24) which is adapted to receive and
convey data; 10 a plurality of receiving optical network term nations
(ONTs) (280,0328B50 26C,...) coupled to the fabric conpri sipeg/itovep24and
second ONTs (26A, 26B) which are adapted to receive the data fromthe

fabric; and a central .optical .l.ine tegrmmnal T 2)..¢C e
fabric whi GRSTE@M %aa%ﬁ”%“é ?BQPQ@ Rwefiye aeé‘tda"("g%? )‘St é%ﬁﬁtﬁ?ﬁgﬁ%aﬁg?ﬁﬁ%ttﬁe
networ k, thgfat@nGReRnehobmg at 15 least a first quantity of first data
for transmssion to the first ONT and a second quantity of second data for
transm ssigp to A Hi%ﬂ%%%?&dﬂ}%o Qhieh 13 P@herkhiethbire§fec@ns wikReOpehagiyRAy i i es
are variable fromeach of the frames to the next in the sequence, to

al | ocat e i mree@lbhatefl Hyhbe fertrad sraasthissisn pointiserthaf the iwindowss 4o met é@hﬁi@ya’ft he
first data to the first. ONT.gnd a second nunber of tineslots to carry the
second dat éhet@nfrﬁletr%“é‘%ﬁﬁmﬁl%\rr, such that the first and second numbers

are variable fromeach of the frames to., the next in th set%]uegcée .
responsi ve 0o vaAPPAIAEHET AAWRHEPaM W&m%aa%%%r?dpﬁa%{ﬁtolpﬁ?éls SFE Y Yat a,

and to tra@mi{)nmﬂi@&i%gpgg%eﬁ%eoéq}ah%%&gpﬁgi@sl ots. 16. Apparatus

according to claim ereint ata conprises sets of data which are
conveyed vi a r esppasiveeopdichlf disgittutibmdabitic (24t amidr ¢ sdapied éx reielznd
Apparatus accordjng to claim15 or claim16, wherein the plurality of ONTs
conprises §8’E“ée3’(§!ﬂt3@\lTs operative at different wavel ength groups, and

wher ei Rot he  data, el | FeRcEiORReEpcUE ReVSTkOferdaatiomhi(ONTaY €268n26Red
between the OLT and the respective sets of ONTs via the different

wavel engt h 2§€oupsoupisd tappafehtiosompusingifiet ausl saepndONTa(3fA, 26B1 Phigiher e n
the OLT conpri se 30. I nd rei he first and second nunbers of
tineslots %a@fegggf%cﬁlvgﬁggg%ﬁgﬁ%\r/neth%\ggorrgsg%c%:ti ve first and second data

parameters st or edcédiral RtiEENDIEY terkthal ADRANALAS cdapled donget fabanywioéh as ai ms
15-18, wherein a total of the first 27 WO 03/049350 PCT/1L02/0Q924 nunber
and the secdapiedimmbseivefthe Hetafpiisansarissiqrsinte e 1WAy theadata cOPBIIPS Zhdwi dt h
of eagh of the sequen of : t @'I\'f‘lﬁ a

cl ai m;clg5- f@efsp\ﬁhéﬁ’sgiqﬁmﬁﬁ% 0 afﬁ%@@%%pfpf%ggﬁ@%@%ﬁ&?%%gﬁg% urt gr@gu%??%i es of
data for trgastyss eoldoddie Speginsdssanetoothermseend ONdhench BhaONEstiaihend t he
plurality of ONIs, such that thgr one oOr [

i nore further quantities are
vari abl e f rs6sATSaRIanbRes e Viraie & opgrach OF H&g‘mpﬁs th eé“gahlé]n‘f & SSURERY%I' R t he

QT is adaaFﬂBg & i el HGRL rahfS REEL MSHHRP S ineIRELtof dAENEE FRUTIRN 1S tBE
timeslots to be carrie

first ONT and a second number of timeslots to carry the second data to the second

20  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.

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

which are conveyed via respective different industry-standard services.

25 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 comprises respective sets of data which are conveyed between the OLT and the

respective sets of ONTs via the different wavelength groups.

18. Apparatus according to any of claims 15-17, wherein the OLT comprises a
30 memory, and wherein the first and second numbers of timeslots are allocated

responsive to respective first and second data parameters stored in the memory.

19. Apparatus according to any of claims 15-18, wherein a total of the first
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respectively to the one or nore further ONTs. 21. Apparatus according to
claimany of clains 15-20, wherein a period of each of 10 the sequence of
frames i swoubstsndi al |y constant. 22. Apparatus accor di ng PCa/iey009i4 cl ai ns
15-21, wherein the data conprises a third quantity of third data for

transm ssion to the first end point, such that the thir antity i

vari abl e f rrombsastd Ge S?Wé‘dfnﬁlﬁ’rl?é%(’{%eﬁl%mﬁ&%ﬁ ?Eisﬁﬂiaﬂé)r §8&5@3é%3§?ﬂ<§?¥8ﬁwir ein

the QOLT, r%%@ﬁ@?@{xé?e%@n?@f%ﬁésd gquantity, is adapted to allocate in each
third nu

of the franes a er of tineslots to carry the third data to the
first end int,,such that

.he j bard ! r hoRf the
frames to tfe netPHH"} ?‘n%cog(%rcl}%g)n%:rp,&gcr%%}{suchlé’tsvﬁ%? lbﬁgé ?elltfflsctgmgﬁg&t hird
nunber of tdriesledhBh@r giantiiesCeMiatgfeuitans@BsioAppaespectiveanearrdnog fisheny of
clainms 15-22, wherein the data corPri ses sets of data ich are corneveyed

S

via respect®NEs aipng tenpluehian AePY st tBaeRC 8F MORRIUTDIST dRAYNSH &
transfers dala,nid 8 36 % the GaMBL ?(g.tﬁeolér%ﬁ'q %Tséﬂgn&t WiRASh tRne1af if he

ONTs. 24. Apparatus according to claim {/lvherel each of the channels is
assi gned a adapspes biloatdreghtiod bne andomhirthemnahbae af timgslotseofbieraatrietnd t he

second nunbers of tineslots conprjse | l ocating the first and the second
nunbers of TFFH%EY%YEOthFé’%Bﬁ%’lo(Fngtbert(ﬁ]g%Bandw dth of each of the channels.

25 25. Apparatus according to claim 24, erei n_assjgni ng each of th
channel s tHe. r e@}pi@&mwcsém&x%l%m&@mf;g@ées é%&ﬁgwh%e’tflﬁepﬁf@gﬁ’é@??%fe

bandw dt\h t iffe 1, Ot: ive to a request received by the
QT. 2 tO A&%%?%‘@Sééeaﬁﬁ“aﬁsﬁg \é\eagﬁag}yrn%%?g,gﬂtsMerei n each of the sequence of

frames  conpyiseg o feadel comeising aespeative, oo RarauBhehSsfor each

of the plu ) W par aret er corrf)rlsmg time and a

size of a whidoWafty WIShit®amtedat fanthiiglivonedahe Gtsttehe pointr aichttyatahe QNG i s
permtted to transmt to the OLT. 28 WO 03/049350 PCT/1L02/ 00924 27.

Appar at us a@eotdiiagateble fithears of Whreframps toHke pedgadhs KAV DALt er s
are al |l ocat gd th T <\ £0 Lo rdte #18eA-T. 28.
A method fo e(@m%sﬁg%y%@g%p@e@%@1331@@%@@0@8%%?nt (C 22) of a enet wor k
(24) and anthgdcupdienbs (34t dahe thethink &atbyo thenferstend poiofy such thapltexi ng of
a b5 sequence of frames, each of ich js divided intg nulti gelae 5i mahsl ots,
the met hod thaemymbst ngaripllediom Fghaf tegarpssAdht %‘?ﬁtb‘h&ﬁémen 3¢ F6F
transm ssi of.{ @e 0§ oG thiRCMber bPfmeslots are not contiguous.

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

20  channels transfers data via a service coupled to the OLT and at Jeast 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.

25 25.  Apparatus according to claim 24, wherein assigning each of the channels the
respective bandwidth comprises changing the respective bandwidth to a different

bandwidth responsive to a request received by the OLT.

26.  Apparatus according to claim 15, wherein each of the sequence of frames
comprises a header comprising respective window parameters for each of the plurality
30  of ONTS, each window parameter comprising a time and a size of a window of
upstream data which each of the plurality of ONTs is permitted to transmit to the

OLT.
28



data conprising at least a first quantity of first data for transm ssion to
the end point and a second quantity of second data for transm ssion to the
end poi ntwognoksshat the 10 first and second quantities aPeTaroz/@bidse from
each of the frames to the next in the sequence; responsive to the first
and second ,guanty i >al | j e frames firs er of
fhe times dts 1 ¢upafiys Reoffl ' Oalel 2875 el bSTeibRTR v Riaab b Sl
nunber of tahealidcaied byttbe ODTGAhM thdwirglesedd mdatalidoatttheornd poi nt, such
that the first 15 and second nunbers are variable fromeach of the franes

to the nextsin tAeeHRAUBR6SmmMUBRRANS bMeeb® a tRhk@biBASolM (2N fd dethond
second quantities of the data; and transmtting the data fromthe

transmi ssi @&p@ichen tandt prante (P Apopih thedngtivedk bivetima| divisianenultiphesigpoga 29. A
t hod i t | aim 28, i .he fi.rst data i. d vi
froc. 36 ShakAS e frphebedahibled B 40%ed b8, mhbh, ihosBRy B ilidfer

bet ween t heombrigiagm ssi on point and the end point, wherein the first data
is conveyed via a first service and the second data is conveyed via a
second servi ce, T84§&iRg pisthe ArasBiEEign Poin eleld fos drapanisgor bu thechdirpinththe

transm ssi -t t I el . h ywork. 25
30. A net hg taaclgg)trrl(ﬁ?%gdttl%g%?gigs r% g&gy%?ﬁ%lgnﬁia%?&%gégﬁgﬁo?tﬁgtﬁ a grbgo(?r{r{'};ri ses
a third quadtiseyondfquiantitytoftatend data foransRingssioantotthe ik peint speh tiat theuch

that the third uantjty is variable fromeach of the frames to the next in
t he se&lﬁen igst and ec%‘&dnﬁ Jdifigg) are BAROMs friom Fad?%t Hethe Hramesqigathe inest lnaﬁ?eocati ng
in each of ¢hgyfsames a third nunber of timeslots to carry the third
quantity to the énd point, such that the third 30 nunber is variable from
each of the framsponave toghedixtt and s¢doed seanidrselloasichgsinehch hithe ftaleesfi r st

and third nunber of t.i |l ots are not coptigquous. 31. Apparatus for
communi cat ?%%brfwbﬁr étt&%?%efl%zﬁ {009”{31 Hhs ﬁ‘i%%@ﬁaotﬁ theiepd &k ?ﬂ*jy L) .

03/ 049350 RGhbe 62EABAIotPTo SarBEMidaBEGhdOdatd R MRSend GUMR! kfdhNBat @e RGET Ver
(26A) coupled to the network whi'ch receives data fromthe network; and a

transmildt eand spnd oupbed aro vared 1 Eomosach o ithehfrpmesidaipe adxttio thesaguercet he
data 5 for trasqsem SSi. t wor k | east a

ol . the.d risi
£ ?/no ivralgg‘ 1on1§§{1 ghe;fgrr%t ?I%asﬁg?ﬁds%li[a ﬁu?sgc;fﬁ]l;.egga:{&ef&ﬁi/g? Zhd a second

first quanti

quantity of secaerndsmigdg fherdatd framsilit $&naNiskion ot e eled ¥l poisti@lriddhede t he
first and second quantities are variable from
allocated timeslots.

29. A method according to claim 28, wherein the first data is conveyed via a first
20 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.

25 30, A method according to claim 28 or claim 29, wherein the data comprises a
third quantity of first data for transmission to the end point, such that the third
quantity is variable from each of the frames to the next in the sequence, and
comprising, responsive to the third quantity, allocating in each of the frames a third
number of timeslots to carry the third quantity to the end point, such that the third

30  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.

31.  Apparatus for communication in a network (24) by time division multiplexing

29



each of the franmes to the next in the sequence, to allocate in each of the
frames a first nunber of tinmeslots to carry the first data to the receiver
and a secwod3fuasber of 10 tinmeslots to carry the second daCa/iLe/dobn

receiver, such that the first and second nunbers are variable from each of

the frames 4rq sLhenpet friMed REmsRANENCE responsive to variations in the
first and second quantitie$ of the data, and to transnmit the data during

the al |l ocat ed tiamesdioir$268pcoupfpdap shausstaodowiicngectives Hain Mol thewltvakn t he
first data ia conveyed via a first 15 channel and the second data is
conveyed vi®d%a second channel between the transnitter and the receiver,

wherein the firstigatdtdrg220aierado Yhen@wbil $hich 8§ YiHeePdtetdie SRR data
is conveyed via a second service, the first and second services being

coupl ed5t o for wansnyigsiranintq e nefonkothetfiata eanetrising atdpast bdirsigluentierofaitst o t he
net wor k. 33 arat us_acc | | aiym 3 | ai.m 3 { dat
hes SO0 0y P LA Bl SRR SARH iy e oot

COI'TpI’i Ses a ta ransm SsSi on

recei ver, st@bmishiah td e bdived, SdAmiat the fidsSandavetadt Quahniines achrigtle filoen f r anes
to the next in the sequence, and conprisin%, responsive to the third
quantity, &rrlbekibefigmen tethernest inithe sequsntes Iaaligeriedn pasbel theframes Reldisbt s t o

carry the thi I 0 r i , I IS
vari abl e f rn(h}&r%]{bg%gﬁﬁg#e ISlEO%Se{Of ¥a %he?igx‘@ { ﬁ%ar;[gf([# ¢ P?lcte[l’%}e aéa;%uéeeﬁg%(? ng% ségh t hat
the first tR2Feshndié kkhnrd thenbemdodats itorekd otceivar,esucht thabtifel frsousd BOond
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 ’ghe data

during the allocated timeslots.

32.  Apparatus according to claim 31, wherein the first data is conveyed via a first
15  channel and the second data is conveyed via a second channel between the transmitter
and the receiver, 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 transmitter and to the receiver, and being external to the network.

33.  Apparatus according to claim 31 or claim 32, wherein the data comprises a
20  third quantity of first data for transmission to the feceiver, such that the third quantity
is variable from each of the frames to the next in the sequence, and comprising,
responsive to the third quantity, allocating in each of the frames a third number of
timeslots to carry the third quantity to the receiver, such that the third number is
variable from each of the frames to the next in the sequence, and such that the first

25  and third number of timeslots are not contiguous.



