; e3e, ffgbkl 6T,>+J 0 9 411107 ACTI VATI ON OF MULTI PLE xDSL MODEMS W TH

| MPLI-CI T CHANNEL PROBE BACKGROUND OF THE I NVENTION. 1. Field O The

I nvention 5 The MWW'HWHMHQMI on is directed to a conmunicati gng AEViZgg;
such as, for exa and a nethod for enabling data

conmuni cat i on, and inmspasticular, to an agparatus and nethod that detects
various communi cation confi gurat| ons and sel ects an appropr| at e

comuni cati on confi gurat )
Di scussi on O Backgr oun @:&%‘@Pﬁg Fl\,ﬂgl ly, dat a
conmuni cat i on devi ces, such M e h anal og and

digital), have been enpl oyed over public svm t ched teI ephone networ ks (PSTN)
to transnmt data between a first |ocation and a second | ocation. Such
nodens typically operate W SNCK&EROUNSOIOMEE IWoVERTRION (€. 9.,
approximately O through 4 kHz bandwi dth) of the PSTN. Early nodens

transmtted datal.olietd OfidhPETNndabna speed of approxi mately 300 15
bit/second, or Iess Over tinme, and with the |ncreased popul arity of the

Internet, faster ]&eopﬁerﬁﬁﬁtéré’tep‘e(?ﬂ i§ desed tq & CoMUASaLoRS) E\X/é%ceS%r?ﬁ eaxemle

devel oped cur I.e ) d va|I bIe ferred to as

ITU-T V. 34 AOHSH" m %%{d %E‘%?“r?éﬁ%{)eena%h‘gyﬁat? SomEPRT s 2 mbarticier, 18 Shipron

Tel ecommuni ggad hemoatta@a@ertw@aaﬁ&@ cgeem&caﬁbllébﬁguraﬁée%msEfecg%aa g}o&ﬁa@t e

of approxinately 33,600 bits/second under ideal conditions. lg)

di gi t al - anategmmoietien cosfigraten tbestablidhid edmmnfatiodbms, can achl eve data

transm ssion rates_up to 56 000 bits/ second under ideal conditions. These
mgdens conti nue 4 Deseussaony@f LIOURAARD DINRET ARWOFRANIORt o 4 kHz bandwi dt h of

the P T It is f t hat e

nmegaby es (MB) |ﬂﬁhft@%ﬁmﬁé Cgmﬁ"gl?&fugér%t@ %gs uéflfﬁag"l fr%’? T %ﬁjsb %O(feméu a i on

requires a hoiéy Addd@Eghal) tHa&BEé@ferﬁplﬁfﬂecﬁm?&pﬁblﬁ@swﬁﬁled tél@pﬂHnE neBvdiRePIAS)
devel oped for even faster nodens and I nternet access methods. Accor di ngly,

many new cotentrmisozit deta beswyerods ﬁasrtéompngnéraoqsreereﬂkmmmr Sul@vmlocipmel tymocally

transmt hi .or broadband dat a the | ocal Wi ir t
uses the sp B 0 60T A TP EF SR (o K- Ban D s e kB it
"flavors" ( f

peen! or o beb g B TR Sl efleheri0R 4 BFL: the PRI AR pcBR ORI {MBEcly 300

for exapl ebit®SondABBLess VUBler thidSland SHESheaimdrea63d pdpuierite @if ltee Intemenffastéd ch

is generally referred to as xDSL). Each xDSL variation enploys a different
comuni cat i SHMBRRAEEEON Sl (K@i Iﬁo‘%ﬁm%‘)é’r’%?ﬁt en3atiekand dpie Qﬂedd(ﬁ%@m yathe

transfer spge %(S; ar?an lg}:hzgéll%lé r%%ér?egl a%%HqWTb&agg%&Jema aEWeﬁﬁ%pby Bl

commruni cat i on ann ran and ‘envi ronre

limtati OnSIrﬁémﬁﬁlﬁla\Yaﬂ"bl@umﬁmﬂfdagbﬂ aEHn@ﬁS T@fecbﬂﬂﬂldhhdéh&ﬁ e8tapairtizati6e SSéads
to widely varying expectations of a feasible conmunication capability

bandwi dt h. @&pehti transonts dpieat eretagf approximeatelyBi60) bus/seavad nndar sdeabicandrtionpai r
(¢.9., CATBH\Mbng 31 gital- anal%o moggrhs re?erre%ntoxa%sha-clh %0 modems, can achieve data

transmission rates up to 56,000 bits/second under ideal conditions. These modems continue

to exchange data within the approximate 4 kHz bandwidth of the PSTN.
It is not uncommon to transfer data files that are several megabytes (MB) in size. A
modem that operates utilizing the V.34 modulation requires a long time to transfer such a
25 file. As aresult, a need has developed for even faster modems and Internet access methods.
Accordingly, many new communication methods are being proposed and/or
developed to transmit high speed or broadband data on the local twisted wire pair that uses
the spectrum above the traditional 4 kHz band. For example, various "flavors" (variations)

of digital subscriber line (DSL) modems have been/are being developed, such as, but not
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may not be able to transmit data at its maxi num advertised data transfer
rate. ( Wiile xDSL technhol ogi es exi st and offer the pronise of solving the
hi gh speed data 10 transfer problem several obstacles exist to Edjg é%giﬂma
depl oyment and activation of xDSL equipment. Several of the vari L
schenes permt sinultaneous conmuni cation2on a single rivisted pair in the
voi ce band and in a frequency band above the voice band. To achieve a

si mul t aneousmited o fbaardinaniel 8IoveDS0] YBShbaHDSIQHDSIC atd SDSLY¢HER:oXBSkon of
variations 15 require filters, including |ow pass filters, high pass
filters andwhishté gendrahisresdrad toraex®SLhat are sonetines referred to as

"splitters". The filt separate the fr ency band.that carries voice,
band communi cat ﬁ%ﬂ?lhf ?‘ﬁsﬁt Y?é'PaFIPBcFG%HEXF Ba‘ﬁ%g%?%\%wl%‘io&es sME Esriigng
dat a communi; ' ' ™ol ] n
installati oé}llgf.g{ehgc Srgrt-EPIgl,a“taﬁé?@gﬂ%%&@et%%s{eecéﬁ%ﬁs’Sg@%élgigg Irirg{rﬁeﬁglg%ﬁn\%tb%dﬁ to
el i mnate off 4 ecseR ﬁbzhﬁ c@@minecatibn thamel. f il feleSrandd b phf9éal AndieM@Ronmental

comuni cation channel, the presence and/or type of filter is often unknown.
There i5s a lmegdtidrorofi the venewrgnnfigtiatiandef/the dwistel panwives tdads exwatebneayangd

configuration of .such. filters before.initiati co ni cation t hod, as
Couh Pl o e st Bomeaiamaar e TR B Sish dine el cxemple,
di fferent [ : ess t 00 ' : e

Gescri bad | TPguBftd FUBIRRERIBOGR RS, | CATINAGKE T A0 Wk LISV BDIICER AT,

cto standa
each end ofmay aettnesile antrimynit 81k enMehatffins héwediaded daor tragfe sk, st andar ds)
that may (or may_not) be nutually conpatible. In general, startup and
irfitialization n¥hiedbShiteemelogis icsigsanst offrd dharronaseolirobing thedtigh speed data

inconpatible. Line environnments, surroundi th L data comupi caLi
schentd. ' suginstis Brp . SBRG ntoatin sal BuEisrad FRBPeAbI FYNEBoLat SPRL
4vith a coné/qgqurh%al anal og nodem t hat communi cates within the conventional
voi ce band (e.g., 0 - 4 kHz bandwi dth), differences in central office

equi pent, the Qeabial yf thé virtmskDSE, scldmes, peanit sinivnens cothirfunésation on a single
significantly, and are conplicated. Accordingly, it is essential to be able
to deter m neViftpdpHRPEIE VPicedandand e ennenny Batd o ve Magvrice band. Jedichieya at o
bei ng able to determ the ilities of the comruni cat i ui.prent ,
"n order o Qe S A e bR nc e e RS VAR
User appl i cakhignsltesinfaiRgdowbad MRRIBIigA haskariterdantibnttiRatios b fiRFe Hab are
Al t hough _ a user could always use the ﬁl ghest capacity xDSL standard

cont ai ned i sonztimestrefoired soRS[ slittsosX, Therfiltpenespatate thi&tequdnicy bived thivecamisstvoice
expensi ve service, since gmgnuni cajion costs.are 10 general related to

I
the avail abqaé‘dbﬁ?fﬁmuﬂ'f"r?.“o _ ‘Pf_nat oRFBiEREN A 2R08Fi Wt YURe ib§X‘é|§éH',ymc31éatﬁser
may desire tfe,aRlhidy TR dRAhG AR & iRl AL e ARt bRfwdnlifalkad dth xDSL

(and hence, a cheaper communi catl’'on service), as opposed to using a high
bandw dt h xDSL Sercwnitye theAsha beestekhinolddy dnsl rleRetradivatibo tdeirginate oy sddaoe theat

a@tomatically indicates user service and appljcation requirenents to the
ot her 28nd d#scoh&qst auterse s, osawgiven commpumagationshppneldhe pregence gnglfes type of

physi cal compast N ahabbe OV £ALLOR-GALLAMEIN AR CRUTUN LSt P

. th,
channel , hig a access conpleéxity 1's al'so i egu aFory

i ssues. ThexiRaisk hndasnh@efiondatudhIaeistefore aifiiteHsr AdonahurGedtdn Aedthdd) &s dich
each end of a communi cation channel have gro~.vn exponentially. The US

Tel ecomunifdlétrs onpaatt wbich g tiopemditbdshee viabte. i nfrastructure of 20

el 1 U St ed &, B8L1S 0, boUN corpeti Live, (CLEQ) ssaiand (e

Thus, zgul RGO ﬂﬁﬂi%, Bﬂrao\fmgf%}lﬁ and/or de facto standards. Equipment at each end of a
connection may implement one standard (or several standards) that may (or may not) be
mutually compatible. In general, startup and initialization methods of the various standards
have been heretofore incompatible.

Line environments surrounding the xDSL data communication schemes, such as, for



differing responsibilities and equi pnent depl oyed for a single wire pair.

In a given central office térmnation, a given communication ch @ehpﬁl ?\@%)
may be sol ely provisioned for voiceband-only, |SDN, or one of t nmany
xDSL (ADSL, VDSL, 25 HDSL, SDSL, etc.) services. Since the Carterphone
court decision, tel ephone service users (gustonmers) have a w de range of
freedomfor placing (i.e., installing and utilizing) comunication custoner
preni se equ\é&mﬂ& ﬁle}rg}b,mty%@almsemuha@awelnﬂgnﬂ%mdge@odm@mOnﬁﬁ&uaatw
voi ceband channel's. However, custoner prem se equi pnent (CPE} associ ated
with | easedwithinahe comentisndhasict ppidfalg, P bekiz bandwidtgdliffyrehts iseemtrad effice
provider. As . 0 9 APR 2003 5 10 4. the high speed conmuni cation market
conti nues tABIBEYe, th@u@{ag%,og g |lineq el é%ééme%’(ﬂ delhsinsiSpiicaribm and are

sel ecting and prov E.f S C|rc |ts u

band above ??{B&I‘?aé t:}‘o gnso%lsﬁﬁma?ﬁ?g %%felp ™ a?@%ﬂl&?%ggﬁl?e
on the Servé&ﬁmﬁih&\éhgﬁr&aﬁ&l be MERH ?cﬂb&% ﬁ:lé"‘téj%efeﬁﬁ% t% &9%1HH‘§§Bf i be
unexpect edl y connected to a given |ine. Thé customer prem se W ring

condi tison/ cesrhinguicatioonequiyshete, oh bider cios tsraBlishprenovpemr. @nd haseintefféimge,
etc.} and the range of devices already attached to nodes in the wiring are
vari ed and m@éélcﬁtla%llék For a service provider to di spatch a technl ci an
and/or craftsma

represents a lar %er@Béﬁca%ﬂ%s %lpg’ian?g?yl el “f]%at%ﬁ WIS gul?egﬁ%r}q Hlatl n"

non- human i pLen\enld AhydBenBs highe RS DI ﬁﬁh&tﬁdf:@z'itaﬁl@&ﬂ Qh%dl@ﬂlb%@tSLO”
of circuits in the situation whére a plethora of communication methods and

c@nfi gur at i box,metdeocs,ehatswill Bt tHeI mbstrexipensive varv chj ﬂgceqmnmmwatmmyoﬂxlaﬁ
bet ~veen the communj cati on charlg b 15 term nation an
f

communi®at i sFcEal eBiedin e Rilatlnbangwadini Shhsme lﬁwaflgw&{g’? wpﬁtceﬂm is@sed, ghe

iven line t ata
Scooss st ar toF il WA Ry S AR £RArau Bl S PaHEyich RORE (GRPEGE
equi pnent, @k'i@%i}z!élﬂ @oaxhhﬁxﬂcﬁmrse@lme) ag lfgr&\éalt@ﬁﬁﬁ a BIPH H208WEIH xDEDRESTTR. 45
urgently needed. In the past, the IT has published recomended net hods

for initiata nwldtatlala:dmh]ec@t haor oymtemghatealiamdticibnmdicateSpisei Sewvedel and
tvvo Recomend t| ons were 20 duced: ndat (09194) -
" Pr ocedur es?R3ICAGPTHFGUH GTER: §E‘? g‘ﬁ§ﬂ?ﬁf Witogth?eiﬁﬁ‘;?m s“l%#’?old\fé[? %t he Gener al
Sw tched Tel ephone r [ /
1§d phope, Net )99 " the gﬂ?mnalaﬁﬁﬁ}%e 1ol gk po B s e@lopment and

"Procedures for the | entlflc 0 tion 25 of Conmobn es of

Oper ati on BedwmeanichddracHannidliith tedidaatacegs Espaplerien issldoafsgncadh dy Bafulatesn
Data Term nal Equi pments (DTEs) over the CGeneral  Switched, Tel ephone

Net wor k" . BGSYESRe€ i tas Jiesn (B RessBlgURHEBUBTIB] qognlt%ﬁ%lmaﬁteé@i fréwdach
nodem to i dgntl Bfﬁc?{’gnc gllh%rvgﬁg%ly&h;o%e&? DN (shared) operating nodes,

such as the“WBGUP St O sChene e col, etc. However, both
startup sequenceriReCSMEREShinQARaBGE Act 8f 9998Rad@P8ned Sthe vast infrastructure of
20 metallic twisted wire pairs to both competitive (CLEC) usage, and the incumbent telephone
provider (ILEC) that originally installed the wires. Thus, multiple providers may have

differing responsibilities and equipment deployed for a single wire pair.

In a given central office termination, a given communication channel (line) may be
solely provisioned for voiceband-only, ISDN, or one of the many new xDSL (ADSL, VDSL,
25 HDSL, SDSL, etc.) services. Since the Carterphone court decision, telephone service users
(customers) have a wide range of freedom for placing (i.e., installing and utilizing)
communication customer premise equipment (e.g., telephones, answering machines,

modems, etc.) on voiceband channels. However, customer premise equipment (CPE)

associated with leased data circuits has typically been furnished by the service provider. As



applicable only to the conventional voice band communi cation nethods.
Furt her, these conventi.onal startup sequences do not test (and/or indicate)
the constitution and/or condition of the comunication channel bgivAER 2003

nodens. However, line condition information, such as, fox exanple,
f requency characteristics, noise charactegistics, presence or absence of a
splitter, etc., is useful at the tine that plural 5 xDSL nodens are

negoti ati ng,anLANREEd EQ@muRich@n ﬁﬁﬂé@&&ﬁifnwﬁ HURAGL &g@g%%grs%@gms%u@%%t 4}1@1

the comunicati®ons [ink is to be successfully establ ice I ne
probi ng t echnisgddedse ikndeuingant beovadihg feld cvanCRE fardeeh §ecdirelitd eny HeCe
band line condition information. Such techni ques have been used to optim ze
a gi ven noduindtabere Hee faHtional vhicgadand oM hesxartbplece ncgapsedpreshiae enrbe strwan
used to optimze st rtu$P 10 {I}Et hogs and/ Qr communi cati on sel ?cti on net hods.
In a set ofP"HEFES "R PRI 1OF AI'EInTARGE & FUHPRERHORS, ung¥Rechrdlx/cBicsterlds 2
been used tg negotiate and then select a particular nodul ation. After the
modul ation G nitiation sequence has started, |ine probing techniques are
used tg recei ve T3eRestbm@i pitrienviding thediteiedifigaratioh ifisie GARIHREAH f2Bmise
channel. If it is determined at that point that a given conmuni cation
channel car{eigohomt fadfied, gisihand tipprnge of deBiceh alseadymidehesltto andessiniiba witingrere
consum ng heuristic (i. self learning). fallbhack .techni.ques e enpl oyed
by the. pei orsiiang gronssTaIE Thoid STHGHIPRPCID REStE ARG AR oF Ertardb
to establi i v - nicaf i I.RK, A2 i LT
ﬁ{b)s erves ( ZQ a%ﬁ%is%) E}it%h g%frﬁg%gl Irlllﬂ ?%r%cgér']fs Hbag% oarnzl lﬂggtlgﬁg? i %BIEC'?%H% eﬁe g%r%Q ta%oeS E

st appr opiiatidingly conmartlcieatdridinexphbiod (i.eV\MunHeith@cirrogrednhamethoddefAeeded
established to increase the data rate 20 for a given nodul ati on, the prior
art ddés ndp pprvadd iweths iniehzgion of cipmiita in i aipsion et iplethers efsoringurigatione

selection of t&hg c%mgu?iocagi on rﬁg(#sod. Unfortunately, in the current state
of the art 1 B i ¢ f/l l_ﬁglijl LPP_gfei e&s_&u_r wi t hout knowl edge of the
prevailing chanrgfy ﬁl%f:{, QWiRhin@NequipHint tdy &RQWeadas BF BRRGIHMMon channel

splitting, etc. is vital to the sel'ection”of the nost appropriate

comuni cat i temmineddneaidshe 25u4] modwhati¢avioh deeice.STiom spitcteg squipefenninty dursction
During the follow ng di.scussion, the follow ng definitions are enpl oyed:
act i vati ng QOHEFIGhSITERING I sivar Hies)of compuingspRon Beicand ot her associ at ed
term nal equip I: rhql e acti i f vice; Uuu
T oo 05l SRS, 0, A AELLE0 ALl Y 50y e

term nal eqyt RERGEs MbigiRe@NSNBMENRaGeH EhaphalC efld edbudat&S TdvireamEhEfrobRins is @
set of one or nore frequencies associated wth a PSD mask of a particul ar

xDSL Reconmepetdlyi maededcAT3 - cabling and cabling conponenets desi gned and
tested to transmt. cl eanl 6 .of ,conmuni cat, ons. ed. f.or.voi,ce
and dat o LAN 11 2P RE g 185 FEUEhTeS PRRRed B mesdrd Bogiadt g Tt fing
ggrrponenet SotdEh9RathaBert $SEEBaR® chhARKT tSp@&iﬁ@élh)){ £ ReMin®ftions were

muni cati ons;
20 produced:

1) Recommendation V.8 (09/94) - “Procedures for Starting Sessions of Data
Transmission over the General Switched Telephone Network”; and
2) Recommendation V.8bis (08/96) - “Procedures for the Identification and Selection

of Common Modes of Operation Between Data Circuit-terminating Equipments (DCEs) and

|37
n

Between Data Terminal Equipments (DTEs) over the General Switched Telephone
Network”.

Both Recommendations use a sequence of bits transmitted from each modem to
identify and negotiate mutually common (shared) operating modes, such as the modulation

scheme employed, protocol, etc. However, both startup sequence Recommendations are



comuni cati on nmethod - form of comunication sonetines referred to as
nodens, 10 nodul ations, |ine codes, etc.; downstream- direction of

transm ssion fromthe xTUUCto the xTUR, errored frame - frane_ that
contains a franme check sequence (FCS) error; Galf - an octet haOiQ@*PtRh@O%
valué 81,6 ; i.e., the ones conplenment ofsan HDLC flag; initiating signal -
signal which initiates a startup procedure; 15 initiating station - DTE,
DCE and ot hgpi@t306hBt RCtht QbR Aflon SO IMBAHA MthShnicalibh alc@ifod. Shathbl Rhese
procedure; Invalid frame - franme that has fewer than four octets between

fl ags, exclcufivengiohalatsdrseqaycecionics testi@sd/agmdicate)almechbnstifudomatd/erconditieay ed
via nodul ated transm ssion; 20 netallic |local |oop - comunication channel
S, the met &ftheccammasicatien chapnph hohgeqnghamade®s. t o t he custoner premn se;

respondi ng sign - sib al sent in response to.an initiating signal;. .
Feapond ng st ot comvE s PRt T TrREREhAL B A PRFIcoReaIa) CORE on
transacti O'ﬁofsre%Wafala?erigsﬁg@b?eséﬁ&tdr%@éengé oBE3PliRL}, atcAqd hob%1 G MBS flak BRAPal
connection, neasured from beginning to end,” between conputers or

appl i cat i or®DJVVOdEmHefeneyoiding aicgmedction, iphibe toatiadly coanseyigth ¥ich ottenaf thased

transm ssion; signali ngi famly - groui) of carrier sets which are integral
nul tipl es ebmanyyiicasiens dpkieto bgraseassfutly ssfablidyd. G ~ A~f~ 2003 splitter -

conmbi nati on of hi gh ss filter .and a | qw pass [filter, designed to split a
retal 1hc Docal 1B TRESTE R e id ekl PENS tiieh sy Hhiet o' Bueifine
oper at i onaly,/R4g;i fndRbsdti YPintSnRkioLt Sijth Bt fick hadddentladJEi3E £Yiven

i nformati on-bearing nessages) is selected as the nethod of conmunicati on;

t fFansact i omedubeipnenebodfsuctess &gesampledViig, bit inveirtohbeeransedsé dptitaize startup
acknow edgnment 5 [ACK{1)], a.negative acknow edgpent eéNAQ .or a time-out;
term Bl - mythedoAnd/angompriniesiien seirstion methodsn &t at s ndayiges it amltiple

TU-R h el i at | The. fol | o T evj at.i
*hroughout Ta TP OREG L ST Bt M R R R B BI04 % Bl e
Asymmet ri ¢ b ildtadn. SNRSChE BeSdubd iR, inifilRor seduéBcAREWedrtddPIgs p chr¥adbs

nmodul ated answer tone; AO Yl - Administration, QOperations, and Managenent;
15 CCl TT - atensednatdconalsoielindicapin cfiible TaidphootthConsuunagative chomel.t Haels
CDSL - Consuner  Digital Subscriber Line; CR - abilities Request; CL -
Capabi | i ti €§terdied 4t tegtROIm! EF AT 7% FOBY MRS qRe Bt cabropeR ey YPPRr 2

G ¥ vkl O g o g Sy P gt Ay gpsg e ot . Ehaoe
Ml ti - ToneardShployBd @i tied pristsciol thedndlfimed mddukaton nkthal hanwetiisng; ECC -
Enbedded Operations channel; ES - Escape Signal;. . )

In order to establish an 1mproveg communication link, a method is required that
observes (examines) the line conditions before attempting to select the most appropriate

( communication method. While techniques have been established to increase the data rate
20 for a given modulation, the prior art does not provide a method for using channel information
to aid in the selection of the communication method.

Unfortunately, in the current state of the art, capability negotiations occur without
knowledge of the prevailing channel configuration. Explicit knowledge of spectrum,
splitting, etc. is vital to the selection of the most appropriate communication mechanism

25 (modulation) decision process.
Definitions
During the following discussion, the following definitions are employed:

activating station (calling station) - the DTE, DCE and other associated terminal

equipment which originates an activation of an xDSL service;



FCS - Frame Check Sequence;  FDivl - Frequency Division iVIultiplexing; o]
~-n~R 200 FSK - Frequency Shift Keying; GSTN - General Sw tched Tel ephone
Net work (same as PSTN); HDSL - High | evel Data Link Control; .( K4SABR-2003
Handshake Transceiver Unit; |ETF - Internet Engineering Task Force; 5 |SO -
I nternational Organization for Standardization; I TU-T - International

Tel econmuni cati on Union - Tel econmuni cati on Standardi zati on Sector; LSB

-. Least Signifi g@giveBh statibH -thé DTE, DEIhABSthenasshdihtel (aRfiiakq@bheaewaRe) ;
10 IVIR - Mode Request; 1YIS - Mdde Select; NISB - Mst Significant Bit;
NAK - Negatdnseehckendplechgleonve68atle; NTU - Network Termi nation Unit
(Custoner prem se end); 15 OGL~l - Qutgoing Message (recorded voice or

ot her audio); oON@rriepset valsehek ot kT WOFe freporsies PpegigedvEthTe PSPhonek of a
Service PSD - .P werD%?%t ral D&g}si ty; PSTN - Public Switched Tel ephone

Net wor k; 20P3RADISE * CHRHEBPI™DSL; REQ - Request Message Type Message;
RFC - Request F TR e 51i3AL i iats ~eaSL- Yl S
or Alternating 3/%??2 and¥nﬁaa§§?ag% DSNE}p-OIgéSgng%h%ngal\%ﬁjé%égf iﬁgﬁg%&&a f-:)‘,\c/)tgry
hi gh speed 13 YHZAlof Swhsaunibationki MésedXxBBloice ainyd data/LAY wafflcotds1d yegsbif per
Digital Subscriber Lines (DSL).; XTU-C - central termnal unit of an xDSL;
and ~cTU Rsecotshipte terninal unit of an xDSL. 0 J APR 20D3 9 SUWARY OF

THE | NVENTI ON B on ,t.he fqregoin t he present .invyention. provides
appar at us t hat ?ﬁ BF ﬁ%blglghaé}a&gﬁglge W@P%fﬁ%o L eggpégﬁslgeghtoégﬁf@ﬁ Cgeﬁgg'go
comuni cat i @ Mot doehiighcehmd; negoti ation data transmtting section,
a?soci ated with a plurality of initiating communication devices, that
transnits carri epsmeniaati@smeticidrdomoofonmeaticaivndemetmes wieregdt hamodemgat a
recei ving section, associated with the plurality of initiating

comunfcat iBadeiensekine ¢qee, §tecei ves carriers from said responding

communi cation deii,6eechih [ EIRRDRSs Lo SALIoL RARSAL WPACARM SRR The
apparatus further includes a selecting device that sel’ect's a@an appropriate
comuni cati on deyi&edfframe t Ben! tHitdbhtahsf fr&AEEREYkGREhOe (RUS C&for; | N
accordance wth said respondi ng conmuni cati on device, to establi sh a
communi cati on claalhebn otthehdvangithh akkie par;ati,dhe tedsregmpderhent wédn PDISC flag; an
initialization process that at |east one of trains and optimzes the

sel ected appr oprRGAHDE SIgRFhr Sigpaloniiplinitates HFEFRP BRI Ehe transnitt ed
carriers contain ol d apse r I el I 1100} the:
transﬁl‘lgt ted car #?gi%gﬁﬁnﬁhgg?d ]?Z}g’el vedgggfoﬁ?égr%bggr%@gitﬁg%‘ I \?ngﬂgnt Hifich
plurality dhitheldstarMp@opsdeier ably, the negotiation data transmtting
section transmts sajd carriers in accordance w th nei ghboring receiving
systens. Transniigstlish ficweg adramq def bas STwerdhan deunastets tasdvecar Hagsy sxehaginge
re-configur abISe rdﬁ”-&get?‘ transm ssion operation in order to mnimze

i nt erf er endE NPT R PHE A ghboring receiving stations. The apparatus nay
include a syst empdshade SRABED hfemitivh 3bhicre@lidRABdSlatea thinbimissieg; | nt er f erence
wirt h a voi ce band devi ce. fJ 9 hPR 2003 10 In another form the present

i nvenbon provi aegallic hetah bwpf-compamiatin aerachibs matedicopeesdhitdnrm the local
establish ﬂ hi %2 speed communi cation link, including transmtting

pr edet er mi neeP PINF CRHFEMELPEMHES pondi ng conmuni cati on devi ce: recei ving
predeterm ned c j J & t i RN i : ice, In
response to theqésﬁigglg?letf%ﬂgdqﬁﬁﬁ??ﬁgﬁ%ﬁé?ri erlslﬁﬁglr{%’rbé%l@é’cti ng an
appropri ate conmresposdingrstatéon cesthticnmilant plesialdst y afitiatoommofii a© abmatundketibses,
in accordance with the received predetermned carriers) to establish a
communi cat iftansadigA A theHemeindatitake operation is performed prior to an

initialization process that at | east. one of %.rai ns and %pti rkgiz.es. t he
sel ec?éd appr Opgfsglog Z active cOommunications connection, measured ffom begifning to end,

between computers or applications over a network;
signal - information conveyed via tone based transmission;
signaling family - group of carrier sets which are integral multiples of a given carrier

spacing frequency;



communi cati on device. Preferably, the transmtted carriers and the received
carriers are divided into a plurality of bands. Transmtting of

predeterm ned carriers may includes transmtting the carriers LJE" a)ﬁﬁé)rzﬂﬁ?ce
wi t h nei ghboring receiving systens. Transmitting of transm ssi
characteristics of the carriers preferably includes re-configuring the
carriers during a transm ssion operation in order to mnimze interference
Wi th the nei ghbgpiiftgr t ee@bitiafign St athidsass Altehhddla 16r prffitdelefERsrRtsplit a

i nvention provides an xDSL conmuni cation systemincluding a dafa exchangi ng
devi ce t hatmetllicdast! 1pgr intatwo/bands bbopmatioriandshaki ng operati on by

exchangi ng data, between anp initiating conmunjcatigon devic

) ] e and a
respondi ng commifiEBRPRHANRR/ T @BST2HRA TROdeonAICAAY A6 Ot REISh 81 dioratherpiiag | t
channel praobe,device.-th anal yzes sai d .exchan da Sess. . .. .
character i ﬂ?‘_&“gat(g?l "gfgmgtﬁzoc?ﬁ%%ﬁ%ﬁ eat’ %ealgﬁglgat?gggghgnéﬁ%@%gf ?Oélﬁm}u)?lcg?tb%l
sel ecting devi cerSRhegds -e-ecgﬁﬁmmﬁ@sgagaa, RERLOGRh elth @R RsRivE hakd e @ment
comuni cati on 0 9 APR 2003 1~ protocols prior to an initialization
process t hgAGK(l)paskgane ckndwridgaean(®NAJQY ont zies-sdj d sel ect ed
communi cati on protocol. The data exchangi ng device may include a
transmtter thaterpidaénfieoraddits of said anal yzed exchanged data as part

f id h d . ) i mlici h | ' h
analyzer that nORTGPE: J0F A EoRA e Aot b R frr KTVETS Spectral

anal ysi s of sai dx&hanged data. Preferably, said exchange of data and said
agal ysis of exchanged data occur at substantially the sane tine, or
sequenti al ly. THhedzlihangedbraiaionngreiused thdeughopt tealetalpd discigsiani al i zi ng
carriers, said pluraljty of jnitializing carriers being exchanged between
sai d ilfi tiati ng AdelmimreRtilsipeddssses: and sai d respondi ng communi cation
device. The pr e?ﬁ%ﬂ-?‘l’sﬁﬂﬂ&ﬂ Bi‘c%a'?%ﬁb%%%}é}ﬁ s.a method for at |east one of
transmtting and receivrng a Ri gh speed communi cati on signal, including
exchangi ng dat a Apes Weers aiswenitddeat i ng conmuni cating device and a respondi ng
communi cation device, over a comuni cation channel to at |east partially
per f orm a hands@#dk$am -dp8maadubmicd gesmfeotarieng an i nplicit channel probe

anal ysis on the e aR%ed dat a t% assess caﬁacteri stics of the
communi cation ¢ 1 AUERMSERT Yy CReragnG 4PE A3 8RSBF Yt ocol froma plurality

of cogun cat | Ol OGQE Siatidihe TER ﬂ'aﬁatve&gheﬁé)teﬁﬁhtaﬁ&e 8sh@fled prior to
an initialization process that at feast one of trains and optim zés the

sel ect ed comuniGias$i. eCopswhecigitalfibsevtiodrdrigg;ng of data may i ncl ude
transmtting results of the analyzed exchanged data as part of the
exchanged dat a; (Ghd GanebiBeesReameHly of an inplicit channel probe anal ysis

may include perfqrnpng.,a. ral anal ysis of the exchanged dat a. 0 g APH
2003 12 The exc angpﬁgatiﬂﬁ?égggl%% and perform ng the channel probe anal ysis

rrgy be at subst@rmi{alda}samng@mgp}zg@@gt;or sequentially. The exchangi ng of
data may include exchanging a plurality of initializing carriers between
the i adtiati ng Ok Eéﬁiia%@rdei\t«ﬂ\’bétiplnuﬁngrfelummhdi ng conmuni cati on
device. The pre i nvention fur r. prqyides . ommuni cati on device
including a conméﬁlg%e%@ie@éo‘%ﬁﬁ m%)rﬁ%f"%ﬂﬁvgt A& ts data with a
mul tiplicity of pgarmelissidefhi@Lcakldgl: determ ning device that reduces
said multiplicity of Carriers transmtted by said conmunication device to a
predet er mi ned nM@Er- oikcresr Miuii-Fond;n accordance with a predeterm ned
carrier reduction _system The _%r edeterm ned carrier reduction system
i ncl udes a pai r DasPigiel Srewribeskingm and nmay alternatively or
additionally in¢lude .a nodul. ate carrier system The predeterm ned carrier
; o CR

r educt? on syste &% carrier use and request transmt system The

carrier determ QG - #eWca8ed®Yefatibid@anhdlCl ude a reduction device that
reduces said multiplicity of carriers to said predeterm ned nunber of
carriers in ord&S tKEschparbitgnal;t ransmt power during an initialization
procedure. Preferably, said carrier determ ning device includes a

det er m ni ng devF&S tameddicsk weaesicehe nost usabl e communi cati ons channel s.

The initial trapsm.ssion of sai.d ti.plicity of carriers may include a
system t hat inc?Zﬁ@éz&%ﬂfpﬁéﬁPH88gﬂ%#hE§§§§r?shing a connunigation channel ;
and said carrier determ ning device nay reduce said nmultiplicity of
carriers to said predeterm ned nunber of carriers to reduce a power
transm ssi on requirenent. 0 9 APR 2003 13 A further enbodi nent of the
present invention provides a nethod for establishing a communication |ink,
i ncl udi ng exchangi ng unnodul ated carriers between an initiating

comuni cati on device and a respondi ng communi cation device, to negotiate a
hi gh speed xDSL comuni cation |ink; and executing a fallback procedure to

T N T o, Y e~ o o - Y .



U 9 APR 2003 14 exchange state and data is to be exchanged between the
ftrst device and second device. This may take the formof a netﬁﬁg faor
establishing an xDSL conmuni cation |ink between a first device MR 8Bhd
devi ce, including establishing common conmuni cation capabilities between
the first device and the second device; s&l ecting an appropriate

comuni cation node froma plurality of comrmuni cation nodes, in accordance
wi th the establ ik3i¢d Feajueneoy Shiftkieyisgt i on capabilities; and executing a
sinplified handshake procedure to re-establish the xDSL comuni cation |ink
in the event thdeSBNe Gtnartiewitshed Telephene Mettyor sageas b [d®Vi ce has entered

a non-data exchﬁdgﬂgé\s/%t@%%%?eﬂéf%ﬁnkzﬁp?m.e exchanged between the first

devi ce and seco 'he present invention provides a
met hod for estaléshi ghtgbﬁg : tions Channel (EOCC) conmunication
l'i nk, includi ngqgiz?u&g%rgdgg an gﬁgkvgpgh "negotiation protocol in order to
establ i sh a commEmEalitemel EikndeinweaRek Bodcky St comuni cation device and a
second communi cation device; maintaining at |east one carrier of the
handshake and nd§ét i lnt¢roatigradogutizagipo foreyerdsirdig#tiang t he communi cati on
link, to serve Enbedded .Operati.on Channel ( . The enbedded. .
oper at i ons chanﬁiﬂﬁ&r efe BTGP}FU?’& n:'h‘?l?cson}(ﬁjgﬂc’?tioﬁk%iﬂbeﬂ 2l CleFRpnunigatign
penul ti mat L nt invention provides a high speed conmuni cation
devi ce, in?%@éaﬁ%ﬁ%@é‘r}lg&ﬁgg perform ng an xDSL handshake conmuni cation
procedure; and meswslkedt LgtificguBing handshake communi cation paraneters
froma term nal usi ngéa Sinpl e Networ k Managenent Protocol. There nmay be
flrther incl uded-Feangne Termginapon Yo $Casral officesmidbor i ng sai d handshake
conmuni cati on payr ters fromsaid termnal. The present invention finally
provi dds an xDSI:%I %ﬂ?&fﬂ}lﬁ met hod, including using an Administration,
Qper ati ons, and pygnaggaestie({AOM Sinpl e Network Managenment Protocol (SNWP)
to configure and nonitor a handshake procedure for establishing a high
speed xDSL conmibEBatMost 3ipnmiKicariti&t;pr esent di scl osure rel ates to subject
matter contained_ in U.S. Provisional plication Nunbers 60/080, 310 filed
on April 1, |99NAKo/Nemtysdakmpwipdge Mrssage19, 1998; 60/ 093,669 filed on
July 22, 1998; 6 94..479, filed.on Jdul 9 998, .the disclosures of
whi ch are express 9'%1%0‘”@86?5 laathoélrd%rlnﬁ((%%St‘%l%%reqrgné% el,nﬁﬁ’t heir entirety. The
presents di scl osyweMl Butgahe MestelhBofdel itk b8 ofRRe aaendat i ons, the
subject matter of which 1s expressly incorporated herein by reference in
their entirety: ON¥onomredbndtonthAIBH s(09/94) - "Procedures for Starting

Sessi ons of Data, Jransmi.ssi ver the General Swi tched Tel ephone Network",
publ i shed by Te&&%gﬁ%ﬁ?leﬁlﬁ&ﬁ?‘“@ga% Tdi°Zati on Sector of the ITU;
Recommendat i on Yogh ( B8(2P%pecralDefggures for the Identification and
Sel ecti on of Common Mbdes of Operatron Between Data Circuit termnating
gui prent s ( DCE¥STYd PRblivvBemtciiat Beldgont dNeltweadii pment s ( DTES} over the
neral Sw tched Tel ephone Network"”. published by Tel ecommuni cation
St and&0di zat i on FebBSr- Rite flaptive PSRecormendati on T.35 - "Procedures for
the Allocation IJT Defined des,for Non-standard Facilities",
publ i shed by Teﬁ{e%gcﬁ%enuggttmgsﬁa%%cg}ﬁpcfz}dﬁ%zac ion Sector of the ITU; and
Recommendat i on W®id - 88For Cotrem Operating at Data Signaling Rates of
up To 33,600 bits for e on the CGeneral Swi tched Tel ephone Network and on
Leased Poi nt -t o-RBURtRZDH rermelaéplgne-type 0 g APR 2003 15a Circuits”,
publ i shed by Te% ti on Standardi z%ti.on ﬁgqr of the 1TU. BRI EF
DESCRI PTI ON OF °PiH& OF O EGBIRY Y alfE obj ect's, features and

advantzgges of ”&?JI@‘S@%} quN}S‘%sE k.Pg apparent fromthe follow ng nore
pre

parti cul ar description o erred enbodi nents, as illustrated in the
acconpanyi ng dr amsLs venhhieh s%)ée@l Pigesieibectias [angjon- | i miting exanple, in
whi ch reference characters refer to the sanme parts throughout the various
vi ews, and wher DL Fagy ofitheyanowciiperafi RighhlowibseilagylanesdD ) gener al

envi ronment for of the present jinvention;. Fig. 2 is a schematic bl ock
di agram of the 5&3@&%‘3@%2@{‘%%?%8@3 ﬁggfxeé’rflﬁll ary situation in which
Central Ofice ‘i%—%”%’%&o@&nﬁﬁ%f‘um 8%{#;‘19@%‘0' far xDSL service and Renote
equi pnent does not enploy a splitter; Fig. is a schematic bl ock di agrans
of a preferred enbodi nent of the present invention used in connection with
two exenplary high speed (xDSL) nodens adapted to 0 ~J "APR 20U3 ' 16
transmt signals to each other over a communication channel; Fig. 4 is a
state transition diagramfor a transacti on nessage sequence of an xTU-R

unit; Fig. ~is a state transition diagramfor a transaction nessage
sequence of an xTU-C unit;



5 Fig. 6 is a labeling and order format convention for octets in a nessage;
Fig. 7 is a field mapping convention for data that does not reside in a
single octet; Fig. 8 is a bit order for rivo octets of a Franme

Sequence (FCS); Fig. 9 is the structure of octets in a Frane; F?EF%§@ QWE&S
three types of fields of information; 10 P g. 11 is a tree structure that

|l i nks various paraneters (Nears and Sears) in an ldentification (1) field
and a Standard Information {S} field; Fig. 12 shows a transm ssion order of
Nears and Sears in a nmessageSUMMARY OFOTHE NN VENTION € of octets in the
I dentification (1) field; Fig. 14 shows the structure of Non-Standard

i nformation bl ocks in a Non-Standard 15 information (NS) field; and Fig. 15
shows the octet structure of data in each Non-Standard information bl ock.
DETAI LED |DESCRI P £3¢ OF o BREFHERRER cEb M BORhle~ NIz shae ol éigtid 8 dprovidds an
enbodi ment of the present invention, a data communication system conprises
a central| ofanraradyst Ehnd perdormsepohaNs\sdad® OpofAtieR & ecstablshaeedrigh

t oget her Vi 0 ion ch | . h in.Fi T .
of 11 co-sybt ams™ TVIERMCARCRN ARG, sl P ekSiidly Rod SRSt fhes
to interfpceasdchiorsedddodliatdd indeh sy pleraldyt of idigiagmeshaatinddhtthanielicss,

The main gistribution frame (IVDF) 1 operates to connect, for exanple,
t el ephone] | ithed (teagsmitbnpanies i Bn ShapsReNSN oM ERBALINe aYiSEdea on

one side,|and internal lines (e.q.. 25 .internal central. offjce Llines) o

The ot hor | ertre Uil datd Totfiuhe, Kl Qb Boqkiflyr ik, b aekofiilh ot
( {;II D 3 thatinfitiaghkonsorhnhRicetiRredefiecs emie SoeekR®s?d de@rich€ from said
communi cati on channel ~. The network interface device (NID) 3 interfaces
t he cust ofrerrespetdipgefemmBUrHeaormaAsvies i dns raspewes ktq esagd, transmitted
conmmuni cafi on._channe . ~J f.= 20 It ] nder st 9 hat th

resent | hva TS hayhElanpara el 1B GeRdrenldes b 1ePBRE FRORE bB il
departing |f romn t AppsPbriate andbameeoReiat t Hevicevemtdan. thert penralidyi | eft he

present invention Is described with reference to a tel ephone comuni cation
syst em enyjl SATRERICHLN pafleVigepes, N t §eCHABESt oddtl hasaithe TopROMAIBE i s
applicabl g t - 1r 1:8S54.QNn Vi et s ; n pmt to,
cable co n(lg)ocrg i olﬁllcéa}fg{}i%g?lg.gg. E&Sé%tggﬁgﬁm%e%?nggﬁ%ﬁn cgﬁn%éﬁ{r}%a? ﬁ(e)n

systens, Wi riehedshakst@pesatiod naied saformedaprion t9ysheirmtialiation prodelRaut
departing|fromthe spirit and/or scope of the invention. Fig. 3 illustrates
a detail ed bihedk adi dpdmaic 1He transt ahfboaPHBHECH thth esdasi®dc ARRISPERLE 0N

syst em of |Fi &PR%uH{yasﬁqq{ﬁafg jdrent represents a typical installation, in

whi ch ( bgth € central officé system2 and the renpte system 4 i npl enent
the instant invention. 10 As shown in Fig. 3, the central office system 2
conprises ja low pass. filter 34 and a high pass filter 38, a't

negoti ation bl oc kpllﬁr?r%ialm gth& plagsgiticd ¢adrifrigceBtaino fias, ?glteﬁfﬁﬁh tqpRed
data transmiinge {01{0ca 85, SQm%Ehs%tte@%ti&fs %d Is2id '?gc‘?%i%EQOd

to be a geperic interface to network equi pment 1 oca at the centra
of fi ce. Teptcaregotiatd dividtddktalb parfhbiynsf bithdef t he negoti ati on and
exam nati op procedures which takes place prior to the 15 initiation of an
actual high speed data conmunication. The | ow pass filter 34 and hi gh pass

filter 38 tunctiofd@ fb*ét@{:aﬁ?mﬂiecaﬁké’@tiﬂigﬂal data transmitting section

transmits said carriers in accordance with neighboring receiving
systems. Transmission characteristics of said transmitted carriers may
be re-configurable during a transmission operation in order to minimize
interference with the neighboring receiving stations. The apparatus may
include a system that selects a plurality of bands to minimize

interference with a voice band device.
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! 5. The test negotiation block 46
negoti ates conditions, capacities, etc. of the centraﬁ of%kc§
the renote system 4, and the comuni cati on channel -~. Bhé 003
of the test negotiation block 46 are conpleted 20 prior to, and
he selection of the high speed demreceiving and transmtting
e.g., nodens) 68 and 70. The hi gh speed receiving section 68
to receive high speed data transmtted fromthe renote system 4,
hi gh speecirdahart famnsnithei pgesadt iinnedfohr posvides hi ghetdpredodat a
eed sections 68 and 70 may conprise, but
L opapstionsHiss| estalish cmsi ghmarasd
S ' - 88 _an 0. : | urad i ' ; 1.551 0N
S A R A Rttt Blot e R PSS
Teephadoh g abhorm datatibacédmeagraedtingnpredeatnitel bhgheSPaesn
ving section 68 transmt signals to conputer 82. The negotiation
i thej ey peetingre@urawaicahivrhlghicepdie cdROBSE rtandei PredRjcE@dnedn
ignals.issued.fromthe uter 82. 0.9 AP s In t.h
b BAPHHET TadiTequid SelonTi Ser st SEEREaBridriibe
Vifpgms ect pRiradidy aB comegghictican datided,r ansattdidighceckitan thé.
ation data recelving section 52 receives negotiation data, while
atrieenivggt rredetesmineinepizensi 6@ Shablighshicosnmegoeaaenorhaanel.
i of, the.various tign f ntral _office.s m2 wll
et n il FEe BERsIACH Rofefierh), BARY Bonf LB TR Typatss
ahhitgat passstl idieerof4Qraiast @sid negekiiadd othddl tkctdd, a@ﬂib%ﬁa&@eed
ving section 72, a high speed data transmitting section 66, and a

§4.capnpunicat®n flsvigtder st ood to be a generic interface to network

| ocated at the renote system Test negotiation bl ock 48 perforns
negoti ati on and e; cam nation procedures that take place prior to
hi gh spegerdaya the aomsumiteat cafriciherldwhpasselidd earldérande
filter 40 operate to filter communication signals transferred
orfiiidachinionadnasabty of bamels: eSranugiiting pbRrefelekmuged carsicsnd
condi i ] C it C. . C I fi t he
 aney, BBk Rg, B caplich Cin Rl Bl D BYR B tne
freetdinpSyls@er@cei ve high 15 speed data transmitted fromthe
fice system 2, while the high speed data transmtting section b6
hi gh speed data to the central office system 2. The negoti ation

Ving s | h6. and th i gh- d =&l Vi Nge S i ;
'gnalseﬁ%h%ﬂgﬁggﬂgu?gr%gg%gﬁﬁgﬁﬁgg5??%?F%ﬁq§%¥% g?aﬁé%i?%?%%rs
amuek fé bl giclsplesd relaioa figiaisgy el rgrsiecs i dnriGg necnemsioal s
the conputer 84. 20 In the disclosed enbodinent, the, test .
WIekions Bonprisesian HEGHNIZR | BHEHET A secBith nfN% e BEISH BENENd
gt itting section 50. The negotiation data receiving
93%%?@@%’%§§§Ekation data, while the negotiation data
Nng section 50 transmts negotiation data. The operation of the
ctions of the renote sgsten14 wi |l be described, in detail,
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poBldthlnggel iialtidividat eartriaansbeidy BRcetgedbddeeh bhel tenlathig

HPafEal R Aifnn? ShenEReLl EaRh el Hrofl, PUMAGP R ) uf

Eonlexanphe: Mbhisirsesasl dmiAinidbtisndch8nmey e safdirgiied as
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second device, including transmitting a first capabilities list to one of the
first device and the second device; receiving a second capabilities list
transmitted by a remaining one of the first device and the second device,
in response to the first capabilities list; selecting an appropriate
communication mode from a plurality of communication modes, in
accordance with the second capabilities list, to establish the
communication channel; and executing a simplified handshake

procedure to re-establish the xDSL communication link in the event that

one of the first device and the second device has entered a non-data



5. G992.1 Annex a and G 992. 2 Annex a use the same upstream and downstream
carriers. G 992.1 Annex C and G 992. 2 Annex C use the sane upstream and
downstream carriers; 5 6. At |east one carrier associated with(ld& 9¢'% 2003
Annex a is the sane as the carrier used V\H(h G 992.1 Annex C. At |east one
carrier of G992.2 Annex a is the sane as the carrier used with G 992.2
Annex C. (For both upstream and downstrean); 7. The ADSL Annex a downstream
band is reduced to tones 37 through 68, based on G 992.2; 10 8. Be
reasonabl ¥ rexabgingegaiatstanditdertanduloabe exchanagudtisstw@enatlys fidst device and
deci matiop (mainly applicable for Annex a and Annex B ). This allow a

sanpl e cl ckS@(qﬁ?é‘tCP/@@lP@wer than the Nyquist rate to still extract the
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requi renents, thephif ngay clarkrotthé5fdien abfl gnesktdpdt ier s3mEbEshth@sit heddnnex
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Based on tlhe above discussi.on, a preferred Enbodi nent #1 uses the Il ow ng
carriers: poramtonte ot i s SiEb ol ot T ter BERop 1pablig

21) 33, 37, AldAspexu@nand Birhelgieduseriditiaged ANEddrd to DevashbEanb thé,
(2, SO, B8) 66) 74, 90, t I4?Rnn_ex a and B tones use the gnd 3N+2)4 k
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[ : ~ 003 ~ Family . Di ionT | nd t4,3 k
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grid SN#2)4 k famlyReserve Tone area 2-5 A preferred Enbodi nent #3 uses
the followjng carriers: Famly / DirectionTone I ndexComrent4 3 k Upstrean®,

12, 21, 27| 33, 3 t 3 , 6),
50, -8, 66| 74 %te?f?%%xhiﬁﬁé BEsENF 100 ihha, %}gﬁg%i%rz)e%@gh%)ém% )
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37, 45, 53(Awnkxinclyding exssedinga hasdshakanand pegolkabomnsretesal 20 wrdeno,

bounst reams Co 656 ABY So0a 5 et B2 it Feith Padk Akt ey REERER s
Up ; Down | dpdra eabond Dawnstnetathrldetiee? médntaining at least one carrier of
the handshake and negotiation protocol upon establishing the

( communication link, to serve as an Embedded Operation Channel (EOC).

The embedded operations channel preferably transmits xDSL link

managerial data.

In a penultimate form, the present invention provides a high speed
communication device, including means for performing an xDSL
handshake communication procedure; and means for configuring
handshake communication parameters from a terminal using a Simple

Network Management Protocol. There may be further included means
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for monitoring said handshake communication parameters from said
terminal.

The present invention finally provides an xDSL communication
method, including wusing an Administration, Operations, and
Management (AOM) Simple Network Management Protocol (SNMP) to
configure and monitor a handshake procedure for establishing a high
speed xDSL communication link.

The present disclosure relates to subject matter contained in U.S.
Provisional Application Numbers 60/080,310 filed on April 1, 1998;
60,/089,850 filed on June 19, 1998; 60/093,669 filed on July 22, 1998;
and 60/094,479, filed on July 29, 1998, the disclosures of which are
expressly incorporated herein by reference in their entirety.

The present disclosure also refers to the following
Recommendations, the subject matter of which is expressly
incorporated herein by reference in their entirety:

Recommendation V.8bis(09/94) -~ “Procedures for Starting
Sessions of Data Transmission over the General Switched Telephone
Network”, published by Telecommunication Standardization Sector of
the ITU;

Recommendation V.8 (08/96) — “Procedures for the Identification
and Selection of Common Modes of Operation Between Data Circuit —
terminating Equipments (DCEs) and Between Data Terminal
Equipments (DTEs) over the General Switched Telephone Network”,
published by Telecommunication Standardization Sector of the ITU;

Recommendation T.35 - “Procedures for the Allocation of CCITT
Defined Codes for Non-standard Facilities”, published by
Telecommunication Standardization Sector of the ITU; and

Recommendation V.34 (10/96) - “a Modem Operating at Data
Signaling Rates of up To 33,600 bit/s for Use on the General Switched
Telephone Network and on Leased Point-to-point 2-wire Telephone-type
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Circuits”, published by Telecommunication Standardization Sector of
the ITU.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages of the
invention will be apparent from the following more particular
description of preferred embodiments, as illustrated in the
accompanying drawings, which are presented as a non-limiting
example, in which reference characters refer to the same parts
throughout the various views, and wherein:

Fig. 1 is a schematic block diagram of a general environment for
usage of the present invention,;

Fig. 2 is a schematic block diagram of the present invention
under an exemplary situation in which Central Office equipment has
been provisioned for XxDSL service and Remote equipment does not
employ a splitter;

Fig. 3 is a schematic block diagrams of a preferred embodiment

of the present invention used in connection with two exemplary high

speed (xDSL) modems adapted to



Anx B; ; ;, - '. Axx C; d ~~,'" 1, ;- Corments on the selected earners: 1.
The upstream and downstream caners are conpletely separated; 3072 APRe?((3
upstream and downstream bands of the existing T1.413 activation tones are
preserved; 3. Annex B allows the optional use of tones bel ow nunber 33, in
wh>ch the ATU-x may be able to use sone BGt not all of the carriers
originally designated for Annex a; 4. Annex B upstream band and Annex a
downst r eamtidasidit sgelstto &bty otbererieap communientidh chemmabn band was di vi ded
between the two_requirenments; 5. The tones associated with Annex a and B
are set al ong athoﬂﬂﬁﬁ sipts gansitiqn Gagipm fpp efrapgacion MepERgs sedianag obyt KbHAR | y
be used for_downstream transm ssion, so that a nmuch | ower frequency could
be used in"B'tuations in which hi gh firequency |ine attenuation exists.
However, since flg isSs bRtdtd@anbittit difrak®r HRBLEREBH RAREh g GBIALD of bl ﬂen-g

i mpl enentations may preclude it's uSage; 7. Tone 74 falls in the nu o}
TG VI - | SDNuaftectrum so there is sone positive SNRthere 5 and it is in
common with Annex B; 8. Tone 74 was selected as the frequency for Annex B's
C-ACT2in and 9. Finé ipadebelig and exdsr rmahesnvBniipns farestets iorfemessegaier y nar r ow.

Usi 3 i ) t -.\o, t i t.he bapnd edge.
2 carrers alidof el CRerribR sy Roiru iR i b be G g na s oot
that case, the Pf?g‘?@ﬁpﬁ'bﬁtc@démﬁfﬁﬁﬁ& t&Ebgla'F%n%\lC%e@s{@eSqanrllJ% 5@;@ the revised

upstreamcarrier values are shown in Table 5. TABLE 5. M CARRI ER
PREFERRED EMBODFIEMTs #i2 sBowture ofUpséts @amFranidgwnst ream 15 20 UP Avoi ds~8 |1 G
20HDSL2' ' Anx. Al | 15 23Anx B~35 39~Anx. C 9 11 'iilndex 6 7 ~8 9 Il I~ 16

20 23 26 31 35 Byl shewstueptypes eifidds glenbgmpgonpy || 4 S~ TABLE 6.

UPSTREAN' | CARRLER .PREFERRED, E1' | | MENT. #3 Down_: Ups am : wnst r eam
25 30TUP Avor dsT B 10 0t SRR RFOUED o8t Aieeh GEianu SPAL 4 £5
i1 ndex 6 qrcideql nerad Sbndis BloAREN 44 548, -0 52 58 60 63 66 68 74
90 114 55 0 9 APR 03 29 TABLE 7. C. -1RRI PREFERRED E1~| BODI MENT #4 5
10 15 20 UP AvoFis 18 sHows a ‘trahsthission osledsf NBatsrand SPairs in a mesdage; A 9 '' 17 25

" Anx B!, ¢ 37 ' 45; . ) )
Fig. 13 shows the structure of octets in the Identification (I) field;

Fig. 14 shows the structure of Non-Standard information blocks in a Non-Standard
15 information (NS) field; and
Fig. 15 shows the octet structure of data in each Non-Standard information block.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
According to a first embodiment of the present invention, a data communication
( system comprises a central office system 2 and a remote system 4, which are interfaced
20 together via a communication channel 5, as shown in Fig. 1.

The central office system 2 includes a main distribution frame (MDF) 1 that functions
to interface the central office system 2 to the communication channel 5. The main
distribution frame (MDF) 1 operates to connect, for example, telephone lines (e.g.,
communication channel 5) coming from the outside, on one side, and internal lines (e.g.,

25 internal central office lines) on the other side,

The remote system 4 includes a network interface device (NID) 3 that functions to
interface the remote system 4 to the communication channel 5. The network interface device
(NID) 3 interfaces the customer's equipment to the communications network (e.g.,

communication channel 5).
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< < Anx C _ .. ItisunderstoodXBatath¢ hoasepti ifiednktios mbybedmplied beotheef@nmenications

enbodi nents, it is understood_that other sets of frequencies_can be used
for other elsvicedhmbrrsdensrinelremiths stighinstonsepe of thAdnsationt Famher while the

described in this. |J tio . The frequencies of .the carriers. are derived
byl £ pl Y RG ok BAGEOR I Pirolipah Sl FHERGE 58 2 saiselfoei COFLdiBio gy
the carrierepidlg@ne thdsta® PaBWRirEQ AL BRRSstodMtHal PALIFRAGOELEs S0hIRYHRALSotRES
used for eaechIn ata bit. ‘?he 41.r0 kHz fam I?/, desi gngt edlas Sfgl%ly B, otfér
achi eves a thinsmisaion enlir8ffelts,tsals ad) puthotilahiiteg! tb heabld@immynicati & Seenisleg. by
5. The 4.3125 kHz famly, designated as famly a, achieves a bit rate of
539. 0625 bicaBlednedents) \ARlicAlE HBIY PN SYSgmb oTiEles Sy stars, ipfagd commurdcatisov e
carrier selection enmbodi nents for.the ADSL bands, several xDSL 35

requi r ement eGPy rﬁjﬁogﬁ%‘%’&gﬂg %%ﬁi‘%%“&‘?t Elq%lqrss’cg?es%te%%ﬁv&ﬁﬁo?o be aware
of the spectrumpyused ;s 4aRl. RAGRE - b15NBMEFam JF AE ﬁraegﬂlbaanfaht tok?'tﬁe data

i nvention, VDSL ttransm ssion techniques have not been finalized. Thus, 1t

I s advi sableeninurdensndgstemlvd Fioll| Thisrgbodintieat represefks 9 tfre] 2G3@3latiord @n ahtth
c?nsi derations when selecting carriers for use with VDSL devices (nodens);
1. Sone VD3wtseicenErl ofdss gyrsemaqging thevemaprsysiim 4dmplegrend g iBXpREREITI0800

oy =0 s BB B £ S e B R S B AR R0
tone #70) . nhl§isass GREF 38 aSteRDOYRitiBR SRk U6 HIEBE ki dwRt 1dcH@inp 8&HRH 68, a high
speed data transmitting section 70, and a computer 82. Computer 82 is understood to be a
generic interface to network equipment located at the central office. Test negotiation block
46 performs all of the negotiation and examination procedures which takes place prior to the
15 initiation of an actual high speed data communication.

The low pass filter 34 and high pass filter 38 function to filter communication signals
transferred over the communication channel 5. The test negotiation block 46 tests and
negotiates conditions, capacities, etc. of the central office system 2, the remote system 4, and

( the communication channel 5. The procedures of the test negotiation block 46 are completed
20 prior to, and initiate the selection of the high speed modem receiving and transmitting
sections (e.g., modems) 68 and 70. The high speed receiving section 68 functions to receive

high speed data transmitted from the remote system 4, while the high speed data transmitting

section 70 transmits high speed data to the remote system 4. The high speed sections 68 and

70 may comprise, but not be limited to, for example, ADSL, HDSL, SHDSL, VDSL, CDSL

25 modems. High speed sections 68 and 70 can be a plurality of high speed transmission
devices which "share" the common block 46 during the initial negotiation procedure. The

negotiation data receiving section 52 and the high speed data receiving section 68 transmit

signals to computer 82. The negotiation data transmitting section 54 and the high speed data

transmitting section 70 receive signals issued from the computer 82.



5 2. Although there is discussion of an ADSL-conpati bl e node of VDSL which
ensures no interference to ADSL |ines, by significantly reduci n% é:OAVW Zi(l{]13
the carriers below 1.1 MHZ, a VDSL device can transmt carriersci
conpliance with the ADSL PSDs. Thus, care should be taken not to introduce
performance degradation to existing ( serlices, and in particular, ADSL
service; 10 3. In this regard, current VDSL proposals call for carriers to
be spaced at 211688 d@!‘r@ioségémgdlmt,lim negddintion bjockt46 eonpirises y negrditatidedaes
will initiate.in the.43_125 kHz npde, so carriers wth grjd of 43.125 kHz
i s preferr d8°CIHIREEEFIEH éi}gﬂ%amaggtéat@gw@w BANGIBNg G g‘ht %ITL%HQH%‘EUP% data

1099 SO Lhahhbexsamahe. ek el adianae Aaests i oPR. fARARLG LLNGS:

15 5. Carriérs shou avol adi 0 bands,

1.8-2. 0 MZ4 whiiseditd Sebbiivabignt m@%ﬁseltaﬂsﬁ%fiﬁfeyaﬁoﬁélﬁédoﬂs NGRS EdntAMBIA G,

5
or 1.8 - 2.0 MHZ in Europe; 6. Carriers shou be selected so as to avoid
i nt er f er encgsttrmobwill/be ddsapibst anidetasl; badlowVDSL may enpl oy Tinme Divi sion
Dupl ex (TDD) techni qtues. Accordi ngly, upstream 20 _and downstream
separ afi ons needomAie Fysiem 4t ¢qrepriseg a kv passsilipode, 2. tghvmzss fltend0ypIest

band shoul d be.transm I nechronismw th.th U s chas super.&amnme
ctructure, ToRCH R A EHA R HERNP Tl b Rt ef bR RE SR8
VDSL i nes degtidh86bhmid e coniiter B4. MonlRastsdonRaursRlstefd &AbS b Yefiers ot dadlEro
inside the VDSL spectrum plan. . 25 Based on the above, pr eferred carriers

for VDSL, actwottiequipieent heated @sthntenote syrtéron Testrmegasationl Hlows4S Daotmrstsradlarh

Gyid = {ADSL downstreamgrid} x {VDSL gri d% {8N+2) x (10) 100,, 180, 260,
340, etc. UPSRIeoAMIeR i SAARSON RERCFUENNGTiRRY PIROq RSO diciagial highapesd data

(10) ;4,09 %\?n%l%lol?gt{%l 350, 390, 470, 50, 550, etc. The inplicit channel

probi ng feature o € present invention can be used to assess the

characteri stics Thk 16%@agOited 36 @Al hidR pafamte do\whklate ©Oiled chb@Riunication signals
transmtting information over the comuni cation channel. Channel probing is

per f or med itrguisfegied| gveyyho bemmpiningtiah chafnet fe The testihégotiaor lack eddstests sart
during the activation.sequence, and tg verjfy ich rs re sent, hy
Feadi g t ne SRR ELSOHATAG BT nGr GO T bRI LS oS b SRRy Mg
reception qfc HRAHAEGOCHERREISC The ﬁéh%géé@%‘e&ivﬁﬁ%‘s@&io&lh& HRARNS & feellvaalih
receiving section 52, and the xTU- R~ usSing the negotiation data receiving

sectian 56,speahidatr tivhentiednfromc tiei cantrehalffied sydtémel, whil¢ therhigh speed data
spectrum anal ysi s of the signal to calculate spectruminformation.

accuracy 10TasFmitHBE Seplioeiof EHamel high sBeadgdaady thetcepalppEiceswstem -IZ-ih(jhénl y
Q_Ftcg? : aE Zh;}%égtg%n%:n?da% r;?géj giqlgtes?%tili]oqlg%%an%f thg HthSSII\)"eQecji Qatg 'P?ceﬁﬁ{i‘é‘ Qe%kibn % tr)gl-rlzg_m)i?
signals to the computer 84. The negotiation data transmitting section S0 and the high speed
( data transmitting section 66 receive signals issued from the computer 84.

20 In the disclosed embodiment, the test negotiation block 48 comprises a negotiation
data receiving section 56 and a negotiation data transmitting section S0. The negotiation data
receiving section 56 receives negotiation data, while the negotiation data transmitting section
50 transmits negotiation data. The operation of the various sections of the remote system 4
will be described, in detail, below.

25 The negotiation data transmitting section 50 of the remote system 4 transmits the
upstream negotiation data to the negotiation data receiving section 52 of the central system
2. The negotiating data transmitting section 54 of the central system 2 transmits the

downstream negotiating data to the negotiation data receiving section 56 of the remote

system 4.



parameters sel ections based on the contents of a CL/CLR nessage exgtgb n
and the SNR fromthe inplicit channel probe. Another problem adlr® 3692593
the current invention relates to the use of too nmany 15 carriers, or the
use of too much transm ssion power, during an initialization procedure. In
some’ environments, it is necessary to redbice the nunber of carriers used to
transmt negotiation information in order to be spectrally polite. In such
cases, it is di flhecentral offiicesystem necwhieschplumbiey of dennels @i, ¥@r14, 36 and L& khay
receiving. According to a first exanple of the ins i_nvention fo

Feduci ng t HE RFDErCOgpLicate TGk PBFULY PoFEATER Ao 2Roth W Priides reveesal
exanm e upslream And;douns ! § R ANGS, HLEuRALL MER ANl [G5ghugs

tone from a’ I'cular p e reversal's’ on

corr espondiNG iRt SoicPRhinnePEfa0iQisbe Y MARY RBniReitat @ch@édﬁé@%@ndﬂg"%te
this exanple exhibits the followng Iimtations: 1. One tone of the palr

mat e m ght vatde dhannddll ie abwaatgmnelf vdidd shgd (t.apd Kbz to mippotiareaiy ¢ ki) whidk,
the other pair mate would be idle; and 2. The Garners cannot_ always be
uni quefy pdias dgen diltesebhy lexamwpy 8ltes Jdsanded®r Farthen aagmptoBeigE shennghBaiier

Bef Me le. Aft di. dul at i d bef
B SR SR o 6 S AR SR R L AL L FEH AL o BB, e
al | of it' Roaltisl® aﬁnﬁa@sqetcg%a@eeeahn ggn{anar@ithtmé Sommitinicafidt A0Sl $hut

receiving. dets can be created by tran tting concatenated 50% guty cycle
patterns ofpribr $o alndld¥ passwiiltdr ) f frelr tang, drevigénthel sadiecsetrving aditef ehmid voice
carriers. The fixed duty cycle allows reception wthout octet

synchr oni z&hpwie! 3RoiReEEver: Anes dishanre! éx persicete dimmior o theokaingpss ket 6. bas:

1. The.schene js not ;hit e effigient: 5 2.0 ]1t.. I preferable to
oct et Sgyncﬁ?@ﬂﬁe_zvé”ﬁ? afm%lgjd” {%gaﬁnsgbé)ﬁlbﬁ}eﬁ‘éé}f ?ﬁegér?ﬁ{alsﬁ?ﬁg%%?lgf:gl hessage;
3. This schene ifenheRAEat kREkdriRay B8MARLAd k@hacBffeRhi KafueRdy csﬁﬂag&gﬁﬁes,and

4. This coding schene does not include error correction. athir
exanpl e i s spéfatr cednunicasomm@stake plase Wsrglothes |Rejuektonnansation nethelspsuch

Based 10 the lim i f thi ' ed bel , I

Chroe i st AB 1T BrERHd SObhGRESexPFt 8r8ntlo BB dolht ek Pt AE A BHLSF on

are negot | af fdl A6k el % edlBS NG AARAACLIONS During an initial state
S S

every applicabl’e carrier tran nmessages. a list of transmtted

carriess is i ndBiadteamsno,TeRl6 ar318 (i theadzhal2dficPaysteme RR#isd binstedagnsCR2 AR
nmessages used to determ ne (negotiate) which carriers to use for subsequent
nessages ar28 ang 38imihe ramate Bystensd) comprive BisitaBut straqmsibaiges used tor qoampwRicated

AT TS T SR L B AL ARSREL N DB B LSS
transmi tt eq,6af §iv@ifin MYscBbs 8f B praEMGRGAnIHRTROMRAMs 365 84,0B5and 18 could
be implemented as discrete signals (as shown), or bundled into an interface, or cable, or
( 20 multiplexed into a single stream, without changing the scope and/or function of the instant
invention. For example, bit streams 10, 14, 16 and 18 may be configured as (but are not
limited to) an interface conforming to a RS-232, parallel, FireWire (IEEE-1394), Universal
Serial Bus (USB), wireless, or infrared (IrDA) standard. Likewise, it is understood that bit
streams 22, 26, 28 and 30 can be implemented as discrete signals (as shown in the
25 drawings), or bundled into an interface, or cable, or multiplexed into a single stream, as

described above.

Negotiation data (e.g., control information) corresponding to the condition of the

communication line (e.g., frequency characteristics, noise characteristics, presence or

absence of a splitter, etc.) is exchanged between the negotiation data receiving section 52 and



and transactions that initfialize with M5 or MR nessages. As with MS for
nessage contents and states, the XTU X uses sone nenbry to save bh?"ﬁ]sg@f
carrier information. 20 If a channel inpedinent, such, as but n@ i

to, an interferes or a bridge tap arises ter, an initialization timeout
fromthe initiating xTU- X all ows all of t possi ble tones to be used fiom
the initiating XTU:% In thejr initi sflgtes, xTURa;nd XTU-C are
encour aged PeSALREHAE UAnsHHRIAS SEFHY 48¢ pguw pfce systemr apd thy rrsolptiehe
whet her any o ) tia

usi ng pr edefi %g%@r%gb HQ%%?@ Dgéh&}le o?mﬂ@ﬂ Hatgfg\?é?m)&o%gg@??ﬁ hj_gl%nl;ﬁgrﬁygg%n
of a reduced, nunber of carrlers for subsequent nessages and subsequent
initializations. If an XTU- X has been instructed to reduce the nunber of
carriers in the 'lﬁhds!sseoﬁalc@aqut@tdfnkye bartlwans;amibmnf thehiaventidnXs drel fanctbshaties
the carriers when it is in the process of 9 APR 200 33 transm tting
flags. AftefoRtpged #Iaﬁ@ﬁ?%él%ﬂﬁwé@nélq%%@ é@%‘W |valgich gsbandmegxtinte Ahespanditicns,
unnodul ated ca r| er ndant_carrjers for a f hvo octet
tinmes bﬁf or &Ry %}Spu hegptoife};hnescr%ngg i gﬁce RS %dﬁﬁ’é’éﬁys%gﬂ’iaé‘fighe TMRHNCFPTR
and xTU-C haygneesiofn Rh@BeRe MsifighratieHUESE coftal Qfﬁde@y§térﬁl2'a¥1atﬂﬁéjﬂ3[r1%f’erbsé)s€eﬁ§
by the procedures defined above, the reduced set of carriers used
for a subseduenthj&t tonwidealarz@drisoFor ¢farmmpie, dret donifigatadon vEthp eriemal 8oib®thannel
received within tine T, prior instructions fromthe other xTU-X to reduce
t he nunber é$ lwm nader’ the @On@@iocrfetae aﬁae ERdtigsnibay acmlrzaétthf'o?prg@heﬁ‘@e system 2.

r e commence w éeh%e 3 gfoff Intal’ glcon Cﬁ}lra n(o)f'!_ cCo}nm mca L?H channe ? are ai?sé)rﬁuggfta

( TU-R) sys I ni no i on channe € negotiat

transmgti ngo %@&é lv@ﬂatﬁﬁl ofn tﬂéedlgawaeémbohﬂnwste@,frhégdtfaﬁeﬁ Hldcks ulsearwoss RRAM
negotiation data to the negotiation data receiving section 52 of the

central systmbediedMithineggemat? agd dbt HOWEmsﬂm fmncmgnaiéz of test @gouatlmmblocks

central syst rans ts t edovvntrea otlat atoth
negoti ati on® gé‘t“i“ [SRAtIYElY PO ?Sn‘iﬂ‘t g ?ﬁ‘ﬁhe RPERS ¢hand

negoti ationy It“@%n éﬁﬂﬁeﬁléﬂﬁﬁ& ?ecB%c?b?@géh &%Q@s?h%@?ﬁ?on%ggksr%td%&%r@hﬁg

i's always consli nitratin min ter e transacti on

messages. Lkdcawdting thd é}ﬁllﬂﬁﬂiehﬁﬂtseﬁfafslv@1 dseoimalicitihgtiberesaltd 6F the efser hetaledno
as the responding station. A discussion of the i nitiation by the xXTU-R wi | |
now beldescthieeairak officomedern aaddhestemess vistest 4the initiation by the xTU-C.

The initiating URtran mts.un ul at.ed, carrier fromethe
one or both 20 f PR e?%“%?&ﬁ %Ho‘ﬁlgfb“ ?a}fleggi?l?ﬂei br¥ a&aelnganatxon
transmttings %Hé@@es%ed%%eét@@hé‘ﬁgﬂélé atp,@Qmplkat 8f §REeFIVId18ksSRE thORamdus
receives the carriers fromthe xTU-R for a prédeterm ned period of tine (at

| east 200 méequenches willdfealiscassedvbdetaiigredgw. t he responding xTU-C transnits
unnodul ated carr

zl ected from orirv{lﬁﬂ@\clllpg qra’c{ﬁlkrg%ﬁgtg Tﬂg\%& @gﬁrﬁqsrgr;%h ‘g%ﬁ @551}43&%1&%%5 fothe
the. pr et of BNSFoREARIACh FCH BAERE MrdifhatB bhBken toe el ok K 2™

nodul ates, bgd hg reragRtsyatenod Hekevdrfiaramideistatd taadtha@nediquen (chas wit nbhe
famly of carriers and transmts a E{édeterrri ned f'@%. (e.g., 7E16) as data.
I f the xTU Fzrrntnﬁm,é@re@ampiﬁhc@a\ﬂmw gitermer be pens widhawt fepartingomthespidty- R

stops transmttin E{Jﬂ ers f om tthe other famly before it begins
nodul ati ng &%t fei" p?P tPﬁ%SCH BYEHB- 200 34

The range from frequency 0 Hz until frequency 4 kHz is typically referred to as the

25 PSTN voice band. Newer communication methods attempt to use the frequency spectrum
above 4 kHz for data communication. Typically, the first frequency where transmission

power is allowed occurs at approximately 25 kHz. However, any frequency above 4 kHz

may be used. In this regard, it is noted that tone bursts at a frequency of 34.5 kHz are used

to initiate T1E1 T1.413 ADSL modems. As a result, if possible, that frequency should be



selected famly. After reteiving the flag, via negotiation data rﬁcei V] ng}
section 52 fromthe xTU-R the xTU-C DPSK nodul ates only one of tReS rAfr 1403
of carriers (using negotiating data transmtting section 54) and transmts
flag {e.g., 7E,6) as data. To facilitate the finding of a common set of
carz'iers (if they exist), if an xTU-C re&deives carriers of a famly that

it cannot transmt, it neverthel ess responds by transmtting 5 Garners from
a fanily itavosdeddpdls sreerumngpd iy precagor megosiaton B\diodhe xTU-R to detect the
presence of the xTU-C,_and, .if it has the.capability to dog,sp, attenpt an
initiating procedifr SOMTEHPICAGNs PRPS HTe ¢ ffﬁqegr 1 JFy OF npi‘the?‘ﬁi &g| '(‘Iér?é'ﬂam
embodi ment,, it B iidient G ReMONCLRL o A58 < X RLehBR SR kGeS
prior to transmtting carriers, to avold interfering w thexisting
services, UpidghstlRemlOniegntdtiahifom thekantseeidishaeserio (R ferfde R%,. The
respectively. The xTU-C transmits identical data, wth identical timng on
any and al | negotastsinugsiteaabits erestraifmettediy fRe negotstion slafadeamsingting dedtaonv 0t of
identical timng on any and, all upstream carvers. The . initiating xTUC

transmidts URFBAPIEEKECTE 4 PRERCECINR] et aegqtihipR Artharceniing wetinpth ol heranili es
of the mm&fk@@%%%%ﬁ@h&%ﬁm& g&%&l‘e@%@& a‘?é“gg{]&ﬁﬁ@ﬁ yihe ggoo%% ibh Qr§24'

After receiving the carriers, using negofiation a recerving Iectro

from the XTihdondi@ingketidn®t of Bk ented oefd2agk BN, Jandtrededasitby 280 n8Eotiatibe data
respondi ng XxTU-R transmts unnodul ated carriers using the negotiation data

transmtti ngcawingisestiB056 gicthe cermote kyssemadinl Qnasribe fiegntiajiowand highlypstd teaining
group. After the carriers are recgjved for at |east 200 ns, by the

PGoob at i o BeiT AR DF FCLaRien pom Gt SPRONRYS e RRiEh pRege dat
DPSK nmmdul at j ng.: : f am. | i af i
data tPansey tEriaaE ke FRabd R oRThigK oOlcd L BT Shgtont PEAREGRYd b
xTI1-C is ipiiplat eshmubltatiedri ers selected fromboth famlies, the xTU-C

stops transmtti n? carriers fromthe other famly before it begins
nmodul ati ng car r /e sepsagss iththeqseseat wuentim 4rg seifwidi oReeRINPINeRIBAE SIsingofArt he

TU-C, th TU- S I I . 5. of f anm f i er d
X ansmi t o rTaEELy 7 DTsReH BlER) RPesk R T g R IR HlattoR e Epoth
XTU-R, the xTlhEq DRSKegrositah & ﬁmibfusggebgntqfthe RandrAiblt¥s f, Makid S48 ibint

transmts flags {7E, 6) as data. 1n or to facilitate the finding a common
set ofiscar risavtted & degreys Ewirsthe, prefiothpointl f e teosnitdst sar 0i diashahesaadeaisi | y

that it cannot transmt, it neverthel ess respgonds by transmtting U ~ APR
7003 35 carPresdsd oy Srpeint 3@ arbitiery earagiplisee %Be %Fa%%qstqf% C3RES, 319 Bifs

wtn e di f HPER et P IRERORuioh BFp IR BRL R WludRil sy

According to theicashanémbte\sgbeinohbediRerecdiing Gl ddae dudhktRa6DOAh 0dll bhehe
communi cation |ine (using the negotiation data zeceiving sections 52 and
56, respectVareycomanisationickennel kaveieer sstpblished apd praarcady fer thy negetiations

i \ order to avold i n_tberferi n i th existing seances. The xTU-C transmts
i dent %al d%fpﬁe‘:{)&’fetsﬁol aé’ﬁfﬁr@gﬁ b\ﬁol)ﬁ' ng on any and all downstream
After the remote system 4 has received the spectrum information, it analyzes the
equipment capabilities, the application desires, and the channel limitations to make a final
decision on the communication method to use.
After the central office system 2 has received the final decision, the transmission of
25 the negotiation downstream data is stopped. When the remote system 4 detects the loss of
energy (carrier) from the central office system 2, the remote system 4 stops transmitting the
negotiation upstream data. After a short delay, the negotiated communication method begins
it’s initialization procedures.

In the exemplary system of Fig. 2, the voice channel 6 is often connected to a PSTN



carriers. The xTU-R transnits identical data with identical timng on any
and all upstreamcarriers. 10 In the present invention, an errof §eRRQ(s3
mechani sm conprises (but is not limted to) the transm ssion of an

unnodul ated earner of ones (FF,6), or flags (7E 6) that shall not exceed,
for exanple, a tine period of | second. XTU-x may restart the initiation
procedure or may optionally start alternative initiation procedures. If
only one coswitahi HHY, harhthd éwictiendliy oftbe t ORI 2 wtendaod]ednk modpinet?e itentraludfice
present 15 invention's preferred acgtivation nmethod, a high speed

comuni cat i %I%QOEGPI“BES%]@W%.S %51‘%3‘* #1d ygn ﬁ@ssd@éf‘érgisbg§ thtemaie srfiem 4,

fall back (or _es o) comunication syst , ch :

| i ted o, HERIET bl che; PR SRR EELHED BB R faf U8 i
to xDSL systefBméhiel iRenddiRacCsd.bed first, followed by a description of the
voi ceband fall back procedures: 20 1. Fall back Methods To Le~acy xDSL

Modul ati ons SomeThepasent kDShtiay st ns gleaxanpthesboh beforcthedaadshakwpricaduraly e
3) do not inplenent the present invention. The present invention includes
procedur es peigramiadradiduragshe bajseheke pgpceduere; (b tecielihpelite Phes peresbimsive
invention is intended to be a robust mechanismfor activating a

nul tiplici t?f%?ssﬁ%& nodul ations in the presence of unknown 25 equi prent
with unknown tr [ d ¢ A Vel S =Ts1 St G ,
egacy devi ces) han e e e A o
(e.g., actiwatsnossivi andasceppieoh camviersdfrequeptby batdsyrat kobodied in 2 PEDt iThakpautruiti a
nonstandard facilities or standard inforpati on%. Bot h net hods .are used to
cdver the niid sarpgealbtcatinn dorathe pasipwed mepadiment of equessphinveation yikaeupes

met hod, f aci hilabes e RLAL t{&ﬁeb%‘:%ng%&??sre%%% u{hgtufpgﬁ?ﬂér%&%wns&aﬁ %§B

z003 3159 i nvent1 on beginnin otiation no hi's "al T ows

startup of geuire@enwhifGByerhidiffereatPDSL skiided ﬂﬁﬁtaré\@@@ﬁﬁn%gd BvittPPOCSr ISDN
pr edet er mi ned conmuni cation standard (with differing PSDs) and a | egacy

xDSL syst ensersioeh Iagplichimnsmdthd 1ID$Y B8Ds onThel prtsSit ifremtipn #SEnare iatveatinciisaed.
noni tors several_different f.reguency ba ol?sy ﬁSi ng xTU % s data.receivin
(o

section 52 or xTORRITEGHY CATHEIE BT AT eGgZOtaiIpe dafp FUPPHEIDESEEHoR ¥
supports a i q . 413) 1 .-

coneur  ont 15 Hof ARkl BfRl=A0RBRS, LAY ikt Coffer AP R i e e e g

W TH Tik. 413t dMiftng skotidibsT bfthaetmmatyaemvd.a non-standard facilities or
standard i nformati on enbodi nent, al |l ows the interworking of devices after
the initializatibif BesenhBvpiitgdhased tpdiataer anivaymanydiypes offxisting apd daute
comuni cat i ystemin nessage. . The.,nessage use.either ;a .

non- st andar B PHT B HATT ol f REJURTERE O VR GNadralr SPIACTGR L8} HReBiigt 20
The present 4ol ﬂe'd@%@? bhSrelehPRSEA RN AhiPREcH SIRIIRRs@tw8 inter-related

non-standard for the regional standard activation signals while nonitoring

f(rzr t he actdornatdeoaticgis gsyetisumfand hetiyatios emthodsv dntthopresent prenédursaithide bands
interworking with t [ ~1SI T1.413 protocol is shown in_Table 8.

Devi ceZ.OCapaWﬁqeiSFl@etsgﬁ@rﬁﬁ ARSIl el 4ot -a}SkEle-SRE@?FﬁWéP’@ée fricedesht

i nvention i I j LNt 413 el

R- ACT- REQA%S"&&@%Q%G e pft}l stajf%tr“};%ﬁ%gr%ﬁbé%}n\g&?gé’ Kispifty bierall PSDs of the R

t ones) pr esegvisaeanianiioihkiaatiesionsi apRrodpkisthg ADILREIiI4d3Tr ansnmi t s R- ACT- REQ

and watts for C-TONE or C ACTlgnores any present invention acuvahon si gLnaI S
from the ATU CATRxarmles af Sagomssnesita of ypwsbnPSindrcherigneasaryigeg thahmight be

signals.pres%p. i nvent.ionlf no response .to pre j nyention activaki.on

signal's, t r%%?h?{eg k1 E&Eﬁfrﬁﬁ‘f ﬁ%vsegﬁg% afehfﬂowlﬁbrf i%?%si‘a or P8Rt 0%88%?@9 fon.

Regi onal stapdacds: 60 " R&vie¥RAh € ldkbdtions using the nomenclature from the various xDSL
services are indicated in Table 2. Table 3 lists the initiating activating sequences of several
xDSL. Together these tables outline the typical environment in which the present invention

must be capable of operating.



negoti ated through non-standard facilities, The present invention also
provides for the transm ssion and reception of a standard information
nessage that indicate a different nodul ati on. Regi onal standardquéan ﬁe 25
explicitly negotiated through a code point_in the standard infor tABR 2003
field. 1t is understood that other DSL coffuni cation systens, such as, but
not limted to, for exanple, RADSL, can be negotiated using the sane
explicit and inplicit methodble Lsugvapref odgingrleiaas seesder above for T
1.413, w t hput—departinrg—Fromtherspi+it—andloer—scope—ef—this—+nvention. 2.
Fal | back Me} H&H&"°To Voi ceband Modyil ati'8fs Fal | bHEE*Pret hod¥*t ¥*™vo| ceband
modul at i ons| @«mgimilar to the fa Ibé@?ﬂdﬁet r]odsBadiﬁ%ri edBabiodte f pr xDSL

nodul ations} that is, both explic)twand Uerepl filoves ﬁt‘mpho Bowerx j iSpper The i niti al
signals for|a voi ceband nndul ati ontdg e b [fkiay i fiH9) TUKF-)5 |RdEbnpendat i on
V.8 and | TUiu-Reeunwerdat i on V. 8bls. Iz t heospxpl e¢it 0t hodys afmesﬂ the V.8
or V.Bbis cpuerpoiznpsecr@nrsel ect ed in 28n MBipessaqe, 1astknowlsedged| wi t h an
ACK{ 1) nesspgercandatdees present i pventssjon:nas exeg¢ut ed {( been| conpl et ed),
the V.8 or {rBbtspreeedures begi fis. The XTHF R tafes ef) thegfol Tspf a V.8
cal l'ing staftPRcend fBe XTU T Takes ongtne plT of a |8 angper Ty station.
10 I'n e it LLFEE[%&EQQHTU-T?E@?” XTO- ATt ates;[a (gidsiakE—sesbi on by
transmttin ot at TN tones buf—do not—recerye response—fpm a

possi bl e xT] DL Gt fufopcan N T Crd o]t hllcomiini cafy oi Shannal’ 5%he
initiating PFEMLOMPEYGRESIME (PH/A {he otlher X[TU-X does ot support{a high
speed comujskg@tizfmquengptin ey thenfswitgh to initiatingla conunication

udi ng voi ceband procedures such as V.8 and V.Bbis. 15 The instant invention
al so addresses the prjiaor aét robl em of ving | ong ﬁS com(%l i cated
initialdzation transéﬂc‘ﬁlow‘n - MHERTIEIQRP F RS QENSIBEAN t he

comuni cation link needs to transmt data. In general, the xTU-Cis usually
al ways ON, Prodhls nave been turneqd ON PEfore e XEIER A4S Tqmed ON. The
XxTU-R can & s remain ON, but it}is nore likelly that therefwill 20 be
periods in lerthe—xFd—R~ Fe—t-tengd—CR—er—pt ages—at-o—a——sh eep" node (a

mode in whi EB2%he i STUR O HUN dod 8 Rl ze el ectri cal
power consufppPt4id! wil fugal 4 U HeAtfeep YL AR central si de
needs tb "wake2ap" xR e U nd i 8GR0 dccur. Four
basi ¢ transpeMT emngnlf @fon lishinag &Tihso give dascxivaekTUR Tabl e 9. 25

~, ~~ ~~d 38| deddl e 9. Four Basl:c ThanssTdt bTV i VgedsSLTUGe NTU
NanmeDescr i pf amnthar act eri sti csRenofle Fitsbimery [firstuwime i fttiahzation of
a ATU R nut pimsss (hledudpatk isofTi mededi ¢at ethoonv gy t |T wikbaappabr] §ti es exchange
typi cags t nt It hahgakio® Ry vépMBRLA euni t Renot e reeqtablish a pr ¢vi ously

negoti ated AIER T T artes nodulati onReestapl T Shoperati ng nogle.
reconfirmat| on of Pl .vdi.ous nodet hr ough nmt mal exchangeCentral Push The
network si dg*Wishes ﬁﬁé“at%ﬁ"gﬁﬁ‘f’ Yo ATU-C initiates nodul ation(First

Tilne) act i vatEUtCl T @Bk mndicpgneiesdpat work to full capabilities éxchangedel i ver
a "push" serviceCentral Push' Push application desires to reestablish.
ATU-C ithi ti ates nodul ati onReestablish typically occurs after a previous

full capabilities exchange m ni mal exchange Since the BTUUR will always send
the first nessage of a transaction, and the first departing fromthe spirit
and/ or scope of the instant invention. Table 1fl. Transactions Preferred
Schenme #1 nmessage shoul d be as neani ngful as possible when the : BTU-R
initializes the nodul ation, the present invention uses a preferred
initialization protocol schenme shown in Table 1fl Alternatively, an
initialization protocol schene illustrated in Table 11 nay be used. 15
However, it is understood that variations to these transactions nay be nade
wi t hout
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a power

management system Table 11. Transactions Preferred Schene

Tr ansact i o numb@nsiver gk Plthestryirs/femdiss kae v i nEeniia. Same- Qaémex a,

X) MR- ACE U~I AKC f.«Z and yTCLR- CL- ACK/ NAK Al |l permtted
tranngtlons mnFFm%ggpé ”8e§%?&§%§)
2. Upstream and downstream negotiations will not use the same frequencies (i.e.; the
preferred embodiment does not use echo canceling);
3. FDM filter implementations (with a few non-essential additions) - e.g., avoid



Transactions involving the use of messages CL and CLR permt a transfer or
15 exchange of capabilities between the two stations. Transactions
i nvol ving the use of message MS allow a specific node to be requed} 8dAPY 2003
either station and pernmit the other stati to accept or decline the
transition to the requested node. Transaction a or B are used to select an
operating node w tgout d]:)i,\; §ttr £st g:li shing their common capabilities.
Transaction C i sPd& 0 B CHARYE Sy Ut i on about each station's
capabilities. Transackisafs B1i43iphentdador ¢9 bdnligs e,e@@qg,dszﬂ,%oft ation
to take control ‘of the outconme of the transaction. Figs. 4 and’5’ilfUstrate
state transstionG@bagrAankex arand GO8DNAALHeANS asd tHeNsagebasktreRmt andTHew SdtRb e
transition diagrans show state information (e.g., the state nane and
current transm taageerfresedge)l Andex Canasd (G.BW.2 iimoenelivsa the sgme uiseeamcanidved
nmessage t hat Ca;ﬁ‘fd the state change). In Figs. 4 and 5, nessage nanes
foll owed by an &PEPIERMCAYI Y di cate that the 25 state transition may be
t aken ypon the r i : nl.at e i

ypon g ne reoepk oﬁ@ tcﬁ?ge?a&%ﬁle‘a \W{@?@%Q Anf¥x #R%He LA8 £s§l§g%£x![rﬁp P%fed

one or “nore ‘segnents o nmessage. en’a nessage IS recelv

“addi tional infarifmty.990. avainkrld). eAt Radtameloatries 8f Gl Nanyx ONFheRahBes the
identification field, the receiving station may send an ACK(2) nessage to
request that furcahesr vsed vithed-PBh2Fersuki. (Fufhoth upreanigng)downstagye);i s

received, furth 30 Jdnformatign is sent. The transm ssi of signals
associ at ed 'the]é{"esgpégt‘gﬂn%%go‘ﬁ eﬁglnbanélire,ﬂﬁﬁfd;@ﬁgnﬁlﬁm{%% eSi’fsegfot“er
the transm ssi 0339’9 ACK(1). Wen a station receives an ivlS nessage
réquesti ng a node t%faf t is unable to invoke, the station responds by

sendi ng a NAK. [Be sasomabbl dobudtragniast [atermodnlwich prodacty; state, the receiving
station sends a NAK(1) and imrediately returns to an Initial State. If an

xTU- X has t$ansr gieiraeqmnaingd magnly applisable fos Aamgx agnd| Supexd? )vEis gllow a

nessage data fromthe othe XTU- X, the,eryor .recovery. procedures .
(descri bed abovéfmé’lgeplcgq&l {hagﬁs ;[fot}}‘?gsthﬂgﬁgwtt fag%l%% Srt?@s g’étéaecltlatﬁ?i rpquired
receiving flags,njdmifibh ek AiscqnP RS SFdTsRsRE thLsherurhl AR dirk @y SX AP,
1 second, before re-transmtting the sane nessage. If the xTU X has
transnitted the eacinetheesSagehatones fozismnaxi fieve efectal mewir¢ments, thdy oftereshnot

Wi t hout receiving & val i d nessage, [ esponse fromthe ofher xTU-x, the -
transnidtting xTOSRlgpethenthesamergiinsihedeasye anthAn8EHRdon%: t ransmitting the

sttt ng X106 hénseo t
ot or nat i vel i o1 BrT s et s TR RS Alcka Kot Bl Bt AR R RTn R !

| nformat i on i elif geSer®d thetd ark Beonddiper MBhE:OMhoe¥e8EM8ndxT Bad 2 Phitnary BRes each
remai nder of the information may be contained in subsequent nessages. To
i ndi cate that furayherdpHtiehberdeidineéonedt s, an "Additional |nformation

Avai | abl e" 15 paraneter is,set .t i nar in the.id i £ ion field of
the tranem Treq ARGE aEReeRR ng R SARRR T o anaueRa A ER Biruient
of recgi ving the,gessage, the renote station sends an ACK(2) nessage
requesting further information. Where non-standard information is present

in the inforimat ifomid (Elpdssiblep Retl8id activatind f{eqnenvisst dhtdeay th thafupsiredm omrrgy
be conveyed in separat ssages. |f the information to be 20 conve in
the CL nessage éé{ﬂ‘acﬁ% 1%‘1;@6%9 5ilﬂ{7a(’%r7-%llé‘tﬁ%@%‘ﬁﬁ%{“ﬁ’n@@ﬁe“%ﬁ&%?mm
I nf ormati on Avai,l " tep+4\S set to binary QuTE, a response is
required fromt e@gggﬁ\%lﬁ%gﬁ%t(awgh in order for the transmtting station
to conpl et eB{seaBsMhSS0IB dfcutdieh, aqirblened Eelbolin é 38 agesthe ifo Il @8ipg Chiriees: Of
whet her the additional infornation is to be sent. In this case, an ACK(1)
shal | 2be sent | fafulyd@irebtgn t h&me pdaf or mat i on_i s refgemmrwd. 25 The current
i nvention al spsadgiesses| p,heixBsprabi | ity of | tAnersad B bienge thegfdNABL | 0N i n
addi tional t o] 4N@.equpnEnt, (mapmad) it besid( e. §anthahna®bnet vf I@EMRNFDON, Fervi ce
paraneters, reguAaLory I NredRwdateazsetc.) dufing the negotiation progedure.
In this regard, the present 1rnvention contarns several different and

addi tisgnal types of information, as conpared to V.Bbis and V.B. The types

of informatjon e S| ze seryice requirenents instead of CJ ~ APR 2003 42
"applicatiO%Pﬁﬁﬁggggmbpﬁnﬁ?t%%Pﬁﬁtgﬁgﬂﬁﬁﬁégfyﬁé§:of information are nerely
exanpl es of the types and net hodol ogy of -paraneter eYChange, and thus,

nodi fications (variations) my be made w thout departing fromthe spirit
and/ or scope of the invention. The preferred enbodi nent of the present

i nvention has the general organizational structure shown in Table 12.

Modul ation i ndependent information is presented in an 5 "ldentification"
field, and nodul ati on dependent information is presented in a "Standard
Information" field. In general, service paraneters and channel capabilities
information are independent of the various xDSL nodul ati ons. The overal

o T o Y I o - N A~




10 Table 12. Information Organi zation Structure 15 20 25 . ldenrificatton (
Servi ce Paraneters/ Channel Capabilities) NPar(1l) ((No sub-para SEQ 003
Identification ( Seance Paraneters) Channel Capabil ~hes) SPar(rT)FrJ R 2
(sub-paraneters) . Message Type and versi Vendor ldentification using T
35 codes Amount /type of bandwi dth nunber of data channel s desired known

splttter infor Fcarlluaou.uc frequenctes—generatt+zat+or—of FDM
and over| appeé AL o el IS ¢ od L es GFEBa—a i ng
transmitted SCAKHEEATL aflsh HaldiZdd. 2 tio 'JAWE‘W*“WB"“*“@S”‘\‘@L%FY__SLandard
| nformation (MidoleaHng p §. f\pepic ajad Bongs ise Sy 81

Regi onal consildé&faty ons_( EfveTOm@ea?oif a specilFc Annex m a Recomrendat on)
Protocol information error correcrion, dat a conpression etc Non-standard

| nformeg i onx eferﬁkd%xﬁ%ﬂm@ﬂr#zu&at%aﬂallewﬂr& cag¥@kal | ivl essage Conposition
(Enbodi ment #1) 5 1~ |denuficanonStandard I'nf or nat i onYon Standard

I nf or mati on
Lengt h Provi d€
oct et s) Modul at
octets)RC

Fssiagesibes s
I 3 Cogheeafy | H

alye: Infype & Ver

sion (

Jomogt et ) Country Code Prlovi der

| o2, DCY.01, %) Bea

nce & |Chiamnrak: patanet ers (?

14@ R BoviustiZinOt

0[28), B8 64, A0

Q14 ? h@txS)and Blodes Mk lhe grid sn+2)

CRRYY,YYas n

e shdfedaYsY YYAS ne

essar yNsYYYYas

necessay YACKYY---NACKY~ ~Y**-

A preferred Embodiment #4 uses the following carriers:

15

Family / Diréction

Tone Index

Comment

4 3 k Upstream 7,9,17,25,37,45,53 (Annex a and B tones use the gnid 4N+1)
4 3 k Downstream 12,14, 40, 56, 64, 72, 88, 96 (Annex a and B tones use the gnd 8N)
4 k Upstream 3

4 k Downstream

5




Notes: * NAC. K includes the reason for the HACK by settin; the bits of the
of fendi ng paraneters. Table 14. Overall iYl essage Conposition (Enbqdi rét
#2) 15 20 25 ldentificationStandard I nformati onNon Standard | &r Aﬁao%
MessagesMessage Type & Revision (2 octets)Vendor ID (3 octets)Seance

& Channel paranetershMdul ations & Protocols available 1 + ~ (7 + !l~l, )
=i oct et SMRX- - - - CLRXXXXasB e ¢ 26 8 RRY LR PROFER RIICE SSU M MB& PHKRS
necessar yACKX--- - NAKX----REQX---- The follow ng describes the
organi zati onal _detai%s ¥gvth|n each Yeategory. Paraneters &pewtsfiic t0o a gi ven
xDSL nodul ati aw-shoul d al ways appe& under the 30 approprié&te nodul ations
category. O tho,§e noful ati pn par ageters, somg of them m ght be nore
A vpids e " T .
general than gt 6{8550-3) r—cafrhave—htgher—posttions—a—the—NPars-SPars—tree,
Par anet er s thdtt Qrg'uu, oti-ated— s T 43—are al-so—regotiatetd—+n—the—present
i nvention (wtlh t”ﬁg ekeeption—of—VYenter—D—whi-eh—tses—F3—ecodes)——
Anx 35 37 41!
Howevers, theré ar e a—fewea e%—men—ﬁa—a%edf—paﬁnte{—eﬁﬁreed—{—e—be“" € .
negoti ated by |t HEe™ prefent—hventior—3—H—the—epti-ona-ty—ef—the
par anet ers i n (G992 trdirffer—FromT1413: 0-9—APR-21r6—44—1F—the
Dn, - . 4 ‘g 1_22 . 60 . . Noﬁ]
paranmeter actygally needs tol be negotiated instiead of just indicated, or
A voids
HDSL2 (4-5)
10 Anx a 2l 50 38 66
6!
( Anx. B Note 6 74 90 114
Anx C 6 71 66 74
T
[ndex 2,3145167171819101]13[16,/21126{3133(37|41144148150(52|58(60(63|65|66(63|71]|74]190]1141255
15 20
20 —
6 . :
Dn 22, I
HDSL2 -
25 Anx.a | 33 68
Anx B :r - P
AnxC 1 anrT L3 i
¢ Comments on the selected carriers:
1. The upstream and downstream carriers are completely separated;
30 2. The upstream and downstream bands of the existing T1.413 activation tones are
preserved;
3. Annex B allows the optional use of tones below number 33, in which the ATU-x may
be able to use some but not all of the carriers originally designated for Annex a;
4. Annex B upstream band and Annex a downstream band essentially overlap, so the
35 common band was divided between the two requirements;
5. The tones associated with Annex a and B are set along a common grid;



If a general preference about a class of paranmeters needs to be indicated.

| f the paraneter is very general, it should be negotiated in th@ SeARR cA03
Parameters octets on the Identification field. If the parameter is fairly
closely related to the nodul ation, it shogid be negotiated in the 2"d | evel
of the nodulation s standard information tets. Even 5 if these nodul ati on
paraneters are fairly sim/lar anong various nodul ations, they are cqded

separately for ea@ﬁﬂ‘h%maéppwa“mbéGsedo@hé?WWSEmﬁ@ﬂﬂF’é?lPWt & FIRLEKOWED

exanpl e, VDSL, have sone di f.f er ent :
T oul t Co havesaiacy syEey p ipfiapinbE EFER Biehieliiisd dinkl ¥ alion e, ne
xDSL 1 equi 1 ement 5, 3ackrCanaht lsiih ifmiddornd Ml thhlcer fﬁf&Fﬁnﬁ%H}éﬁ%Bﬁs\’
in the nodul ati on paraheters, in nuch ane way that redun

exi sts wi th V. Bbingy phashidedr's usmgey of the paramet ers under the various
applications are identical. Three types of paraneters/options exist;

manuf act uri g, p'f@m'é‘i@‘dii mghandl ofs SéMl -IS03Yspestrione thare insoms pesitivei NRoterons
15 Manufacturing o il ons are defbr‘lﬁlﬂ @coptl onal portions of a

speci fitation th%ﬁ 15 IS TR TGPV B &F fdes/ chooses in the product design.
An exanpl e of PERUEIOG PR hOTohSerd 15IRLAY BECACTOManlfBnuf act uring
opti ons nust be di scl osed and acknow e€dged in the startup, Since a

comuni cati on WoThebdd th Blleisd AhtexB torthmaomssinedr, hyrbet Waaly 3 ferivs blaews
devices. 20 2. Provisioning Options Provisioni ng options are_defined as
optional capabi | theitws oBisaEATEEE VieRy mnﬁle\bayd pdsced! & cprictare Sl}lfﬁC@%hrﬂFﬁYeCOGfd a

pr ovi si oni ng optlon is.th 0 t CO t hat

P or ed by et CH i csRer iRt ¥ oats, e amiarrit Tt R ekRns 4R D by
a priofd decisiof Mﬂh@rrexh&dtxﬁﬁtreﬁﬁ‘a&ﬂrﬁ} LQes Ak showh @t sbitRat this option
can be nmerged into either the 25 manufacturing or negotiated options. As a

result, only a few Srenels ﬂe& %zeﬂ" t| ons
Negot i at ed opti ons ggtgll‘grﬁilﬁresglzgs%yg?‘\o%ﬁlﬁ%n I'n FXT‘\}\?hRGimh an%ltdt em nus

selected froma list of (nmandatory avai | abl e) options. An exanpl e of a
negoti ated opti on|pdm] he dat a tU;ﬂzﬂ:&m ssion rate. |n negoblmtead opt| ons, {the

transm ssi o IAac;l-ids s |§tuc pemm X PeeT- O—g—APR2P6S—45—Ftre—tnformratton
codi ng f or npt S-et-Hhetpresent—rrert+or—r-H—Rrow-be—tdeseribet—wt-h—respect
to Tables 1b- }'LDTQ’L" he~—tH-Set5S-ar—prov-ged—w-t-h—espect—t-o—tables—1b—13-—af e
provi detd as| bd¥kft-ount—inidiati-of—Tabl-os—20-45—ar-e—tii-oet-ed—t-o—t-he—

f eat ures of t&&imwm_m_lhe_ﬁés_éiwwm
messages i s i A<t rat bd Pn“Fln 6 Bits are grouped into octets The bils

of each octet _are _shoy izontally and are nunbered from5 1 t ctets
are displ ay gxverista ﬂ/ﬂla ] sl pizelselsel Ibeianialsels|ss lsalkd scdealatigo [sipkess

TABLE 6. UPSTREAM CARRIER PREFERRED EMBODIMENT #3

(
Down Upstream ] Downstream ]
UP Avoids 8 16 20
HDSL2
25 Anx A 9 12 21 27
Anx B 33 36 39
Anx. C 9 12
Index [6]718]oli2]1s]i6]20]at]27]33]36] [39144]4s]s0]52]s8]60]63]66]6s][74[00{114p55
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transmtted in ascending hunerical order. Wthin an octet, bit 1 is the
first bit to be transmtted. For fields which are contained wthin aAPSd %bf
octet, the | owest nunbered bit of the field represents the |east 9
significant bit (2). Wen a field spans rpﬁlltiple octets, the |l owest 10
nunbered bit of the field in the highest nunbered octet containing the
field represents the least significant bit (2). The order of the bit val ues
wi thin each octet increds@srds CARRIPRIP OUMAYHED BOE@sSBEENTHS or der of the
bit values fromoctet to octet increases as the octet nunber decreases.
Fig. 7 illustrates a field ich spans two ogtets An exception to this.
conventi on [UrsAtele_Frane heck Sequence (FECS) ifiteldy which 1 S spans tvo
octets. In|thishdlase, the ofder! of the biit vdlues Mitthin the octets is
reversed. -}-hatAm.l.ﬁ, bit 1 ofi theifizrst octet iisithe!MsB arid bit 8 of the
second octet isgcBhe LSB (see Fig. 8). Megsagdsiof tke | nstant I nvention use
the frame $truygfure shown 4 n Frg. 9. VeSSages starti and end wih a standard
HDLC flag octet (OIIT T II0ZJ, @as dertmneq (nmIoJ T EC3309. The Frame Check
Sequence (BES)HTetdTsdefimed T SGLTE"C%T‘JSTS S pgy €Ty UsTg-the—2
Cctet stufffi ng %HIUQL s—oef eSO EC 38t ——ThemesSage—Tnfor et
field consilsts “0f —+hree—cemponert-si—an—ideptiieattot—iietd—fti—oroned
by a st andar d 4"hf errat-~or—-ed +S)-—ahd 2a SptH-aReH—HreR—Stah
i nfoor HBti on fi%eF 8(NS}—Thel general strudturg of tH 5
field is showtwf_Eig 10 y'alhoth the jdentifiicatilon {1) a¥d the standar
information {S) fields, npst ofl the 25 inforrmtiaogn he conyeyed consi st
ofl par anet ¢wREX e 7 1#Jatlpdp! [pederd o0 44l esaesi 24 58 | ood ood epdestbesil asd 288 ] 96 bss
associated{with the two stations. In order td ¢ncodeithese paraneters in
accordance | tddsh_tonsi stent set of rules; andiall future extension_of
the paraneter aAht.8t in a way that permtsipresent and!future inplenentations
of the presentani Bvention toi corirectly parse the infermation field, the
par anmet er s |ar et ichnked together 1n an extensiile treejstructure. 0 9 APR
200 46 The|order Th which the paranetersiin tihe treerare transmited and
ree 1o he reconstructed at t
DEI OW. Par anelrers (earsy

the usg of [[ETLI TIing DIiTsS whi ch enabl € ghe (

receiver wjll ,be,described fn rne ruf es., ser our

are cl assifieqngﬁ—("_r.')—NE'aT'S =~ TIEaTT Y, Par gt g1 S WG CITfTave Mo .
subpar anet e;rsA:%s}%mi atet—wrtirthenr—anrd—{2)—Secdrs— rhE'a'rrr'f'rg—p'a'm-nE‘rers-——]
whi ch have t-er s- associated—wth—tHermr—Fe generat—structure—of
this tree is as shown in Fig._ 11. At level 1, which is the highest |evel
the tP&e, each ééﬁ»oualaéra%le%&%féécw Pre{Pmeq MR AP MR, lﬁ&slgidswsgptv%éa@tsgtheatsets
level 2 in j i LL: Sin 20 ree,
cach sear 195 quEETERR0R MeATROL dlvironBhlsTrbile ) opBUBhing bind MectolC
Par anmet er s cait@idddrariVedmah@datventiog, t ransmtted serially. Paraneters of the
same type 10 (i.e., level, classification and association) are transmtted
séquential |y, a3ha fisiquencies ofthe sawisrsits deniyedby anltinlymgrabasa famidy fieguency
octets.
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In the above carrier selection embodiments for the ADSL bands, several xDSL

requirements were simultaneously examined. It is also prudent to be aware of the spectrum

used by VDSL modems. However, as of the time of this invention, VDSL transmission

techniques have not been finalized. Thus, it is advisable to consider the following criteria

1
1)



delimting bit within each octet of an information block. This is used to
define the last octet in the block. A binary ZEROin this bit position
indicates that there is at |east one additional 20 octet in the Bl $cPR R003
binary ONE in this bit position indicates the last octet in the block. Bit
8 is used to delinit the {Near{1)} bl ock, 30t he {SPar (1)} block, and each of
the Par{2) blocks. There are "N' Par(2) bI ocks, one for each of t he

capabi | i t i emdicensiderafisPawhe] jelgdtmgicarrieas fqrysewatbl\QaSLelechs’:S @eedens)bi nary

O 2o 5 ST (R OISR 100 S o
"MONR
(Spar () m) bl ook rat RECRanrBqobpBle Yog B EPET ST 1R o) By

different for eaghuef déhasRanicH a@éﬁﬁdﬁﬁma&lf@@d ZHzRkQckanBy, &inkhen)cantai n
bot h NPar(2) and SPar(2) octets, NPar (2)" octets alone. To indi cate t hat

a Par(2) block cemias abowrthqsel\mu(sﬂc)lembleldéae needesl; 7 and 8 are both set o
S app zoo3 47 to hinary ONE in the last NPar(2) qctet. Bits 1 through 7 at
level 1 of Zhe thldwughdhass sdliscussionpfgn ADak- qompérxblg r@@detheVlP%évaequ;sed

to encode paranetaer l i tg f ugure revision
(devel oprent s) , r\'oéf:ltzclrf\?g?lggsh §£Cfme§3>§§ﬁm P%’%ﬁadt ﬁpglvgéknsthgﬁan}e O%eﬁgw

i nformation that) i s1HBta VDQEV&W%@@an bhsthif daindrs RIEREHIIRBE withfiRe ADSL PSDs.
identification field consists of three conponents; a four-bit nessage type

field (see Tabl & MSsyarefsbbuld\d@dtabyn aof wumtioiltcer parfgimance degradationeb ex{sing
Table 17), followed b addbl t- ui;oded arameter field. In a second
erfbodi ment, the SF’a’é‘?ﬁsl MdBPREIC M SEFTEISEs of three conmponents: an

ei ght -Bi t - npssag ﬂ]il ggg[a%.%%lugre %?58131% osag)qt’z)ﬂlff&l %a@ﬁ@rq t«p% C%quﬁl gﬁg kHz

reV|5|on nuriber bl'e encod parane

field. This gen%&mtz&mﬁwHomvahﬁvi@hk ?Jxaathegmea&meaﬁHﬁsm% MMHZ
field identifies the message type of rane. The revision nunber field

identifies thfe mdesﬁ@ﬂarngmyéufh@gﬂﬂhé4e?2$|é§hﬁzl$ pre&artddon to which the
Pl Dt ng. Bt g Hhedl SE el 2&\3191265‘5‘%5 CaE PO BB AEP S AR Behicoh,

{2) channel Cap%@'de%éci’ed‘d?lftﬁé%&ﬁft\/{e]?é ?ﬁa@lerlﬁ{ .15 information, (4) dat a

fl ow characteristics rmatioh. The Identification
fiel d1isonpri.ses Caenas ahoudd beiid kodwiNHAN Tadip bSkes; fudhsas, fondxiRple( PR-2.ONREKL 1)
and SPar (1) octets are always transmtted. NPar(2 octets are transmtted

only if the cor (&8isbrivipaivalint ALPSk aesBhl/(- #464) 1 Morth Amerieg,105( $ L0 M

transmtted in th%upqr%er shown in Table 19. Vendor identification,
i ncludi ng, for exa P& the country code, provider |ength, and 20 provider

code fields, f 0|da@M\§rs tsheulf 8k REIkcted sd ddbolavBRTRIBIRAEHRE fM AM Pacdit 6hatisng; he
sane as used in the Non-standard field shown in Fi 15. Q 9 APR 2003 48

T?bl e 15. NessadB8lpaykmplay ToedRivisonfugiler@DD)techniques. Accordingly, upstream

20 and downstream separations need not be so strict;

8. Signals above 1.1 MHZ in the VDSL band should be transmitted in synchronism with
the ONU's chosen superframe structure, in order to avoid Near End Crosstalk (INEXT)
into the other TDD VDSL lines in the binder; and

9. At least one set of carriers should be inside the VDSL spectrum plan.

25 Based on the above, preferred carriers for VDSL, according to the present invention,
are as follows:

Downstream Grid = (ADSL downstream grid) x (VDSL grid) = (8N+2) x (10)

- 100, 180, 260, 340, etc.
Upstream Grid = (ADSL upstream grid) x (VDSL grid) = (4N-1) x (10)



10 15 Mt essageBit nunberstype432 | MS000 | CLOOI OCLROOI | ACK(l)OIO

OACK(2)0l 0 t Reserved for ITU-TOIl OReserved for |ITU TOt1 1NAK(I)1QO9 APR 2003
ONAK(2)1 00 I NAK(3)! D1 ONAK(4)IO0l I RCI 10 OHangupl110 1Reserved for |TU T11l
OReserved for ITU-T1l1 1 20 Table 16. | VIlessage type field format

Enbodi nent #2 25 30 3~ Bit nunber sMessage3t ype8765432 1MS0000000 OMRO0O00000
1CLO00000I O0CLRO0O00001 1ACK(1)0001000 OACK{2)0001000 1NAK-EFO00I 0000

ONAK- NROOI 0000 [-NAKSONSOQHTONI1 M) INAK-xt)0010001 | REQ MS0011010 OREQ MRO011010
| REQ- CLROOI'IOl 1 | Table 17. Revision Nunber field format Enbodi ment #1 40
Bi t nunber sRevi sllsnimphisecBanne] pobegifedtern of e @ragent inventign cpRbeAGea tu@seFabice
18. Revision dunber. field format. Enbodi ment #2 Btt nunber sRevi.si on. nunber 8
7G5S 43 LIREHPLIEA OF SFFBUGeF C&‘a agl‘@ﬂ_z‘fsf.on‘?‘&é‘ﬂ? S GRE B amgaton

Order of Cc o 40 NameN 5 TypeTabl e #Message type fteld
f ont at Tabl eg‘%tﬁl?é goarh{ﬁgﬁ%a&rg%nglgl'wpe fieldTable 17 / Table 18Country

codeProvi der LenghdipeDpiotiig is pefoinhedOigipticRly Wesdstivineall enthkiigkidhizihPatiets) }
codi ngNPar (1) Tabl e 20l dentification field (Capabtltttes Information)-

{SPar (1)) ceulit dyring Gt astivaSPasqquymebhnd @Medénwhicheattiars weed sknf, Sorreadieg the
Requests)- {SPar (1)} codi.ng- te SPar (1 ble 22l dentifi.cati.on Fie -
(0 aur s ent Py PP AdibE e dRparorS TpRBacs 99 BodiHg e MenpiaptpRShip TRl
23l dentificatj: i . - L i . i ng
et NPT LS dontl Fear e dh A PRGN ATR Sl PO 1SR
frequency {{NRatdcd)ihti@Ddhtagbi¥ving)staddres&Shesirifthe @bimaurficatiod chafifdl)(line) to

Spectrum maxi mum frequency - upstream (Npar(2)} codi ngNPar (2) Tabl e
261 dent t f i cparfarm 4 spscgum apdyyis gpéetsignal teecalculate spasguahiajormagionn She ecawracy

NP 2 i NP 2} Tab 7l dentii ficati Freld - (Cl) Spl
B e R, Bt B S LS e L e
Cl) Sphtt | L NH di Ogt Tabi ;
201 tent1 11 ool r e e N T A e N o p ) NBar R isa iy -
Cct et | DSNPparf@p fEaddebecBiohdeased fonchn contéritebfla CLICRR natagerexcranieauntdthe SNR

(Maxi mum) {NPar(2)} coding - Cctet 2DSNPar (2) Table 3lldentificati-on field -
(SR) Data r & thersnpkcit fraRnehBipbe.NPar (2)} coding - Octet 3DSNPar (2) Tabl e

32ldentification,field -,{SR),Dat Amount 2 ding -
o o e | SRty e PR bR AR ST BBk PIRELAT 6 o0
(P~i axjsmum) 4NBar §2hd usOOf 138 mudit SlmdN @)&@ﬁlg@nahitﬁﬁaaﬂd‘ngﬁaééd%. finel d

P
- ISR) Data rate Anmount (Iv(inmum {NPar(ﬂ)} coding - Cctet 3USNPar (2) Tabl e
32l denti f i catmornfir@imentSRY iDateessay eotrgpece] WParm)er afocirmne®SNPd ¢ 2)aTiamite

33ldentification field - (SR ta rate t 2ar ( odi ngUSNPar.( 2) Tabl e
33l denti fi cAtEOGANET &fg@at}%%ﬂ @f’%tf’r S‘? épet%“gﬁy %JHE% ( %ucglo"cﬁs‘??g Usﬁpﬁﬁfi ti8bl e
33l dentificat i - t .53, 0N of carriers {NPar(2)}
codi ng - @?%%&glﬁggﬂ%t%g%ﬁ? é%lgg}eéﬁt% i %‘Cﬁzag ?%er?%frl%l d - (SR Request

transni ssion of Aawovding t¢ Mas( 2)amsledi g ins@at aiveRiRafdrAdatihe t#5numBerfAPP

2408 20 carriers, referred to as a Pair Phase Reversal example, upstream and downstream tones are
paired. When an xTU-x receives a tone from a particular pair, it transmits phase reversals
on it's corresponding mate (pair) before beginning a modulated carrier.

However, this example exhibits the following limitations:
1. One tone of the pair mate might not be usable because of bridge taps or interference;
25 thus, the other pair mate would be idle; and
2. The carriers cannot always be uniquely paired.

a second example of is referred to as a Modulate Carrier Before Messages example.
After sending an unmodulated carrier and before sending a modulated carrier, messages

begin with flags, the xXTU-X modulates all of it's carriers to indicate which carriers it is



so 5 Cl = Capabilities Information SR = Sernce requirenent DS = Downstream
US = Upstream The ldentification (1) paranmeter field is conposed{df AR/ €083
octets of NPar(l)s, Sear( 1 )s, and NPar(2). In the octets, each paraneter
is assigned a unique bit position (or field). a binary ONE in the assigned
bit ‘position indicates that the paraneter32is valid. The validity of
multiple paraneters is conveyed by transmtting a binary ONE in each bit
posi tion 10receivings flmdds oy Heocreatachby thnpmitdng tatcatenated ED% duty epdeoptbrasof 1's
described in it's table. NPar(1l) and .SPar.i(fl) octets are always transmtted.
NPar (2) octa&ds0'ar withrdafeient teagthsnndicdtingtdifersot passiprsndl gy fised ditty ayieke Blays( 1)
isa"l". Qctets are trargn‘it_thﬁglin the order shown in Table 19. The |evel
1 Near is |TCSERIPH WithHSOGtChBYICRANIFAEORI 1 Sears is described in Table 21

and Table 22 Th : - deser . in Table 23 through
15 Tabl e 35. Tag?éé‘gézl‘g%’ @‘Eﬁ??@%ﬁ%ﬁ% eﬁ@wnqﬁ@ga%?g coding 20 1 25

SPar (1) s87G-432 ThReggeveds AebitldWmlxeemsxxk 1Rec. V 8xxxxxxl xRec. V

8bi sxxxxx1x xAdditional information avail abl exxxxl xx xTransm t ACK( 1) XXXl Xxxx

xReserved for | Tuwbxkd kx piefsiole-ts bemdsmdhionae drdtandxhex Mendothe arfetreatsoni in 2
this octetx00000 .OWE - Rec. V.8 and Rec. V 8b~s availability can be
~dent ~fied to ald'&N¢' &S5 nt o vo~ceband nodul ati onprocedures 30 0 ~ APR

coding - Qtei 16 0 e 55y dR it R KA R AN et e
tamer sxxxxx&x | Jugetsding btlesie dzabbeintlngguemcioneesx.l xSpect rum maxi num

frequency - upstreamxxxxxlx xSpectrum maxi mum frequency-downst r eamxxxx1xx
x$put t er | nf or metthd examaleriRefoned ixasertcaraery blged and RaqueTRranstaixsobama. Based

standard capabi]ities.infaqrmationxl XXxXxXx araneters mthis octetx000000
P G ol S et A Gt VR SN M L 22 o
- Cctet 2 (1) : SRS bRt a

Amount Ups ‘:'Scr? %{él%rl)](s} >§< § >Z< %@%@%ﬁuéﬂ%ﬁgi@%e r %%?r}(éaix X1X M)i%g%gg" rat ea#{?/)tgg'
Upst r eamxxxx| xx DuRagpuasinitiat sageverpippliastlé edrisoaxdnsmits XRISERREksdges. a list of

| TU- Txxl xxxx xnon standard service request xl xxxxx xNo Ppar aneters in this
oct et x00000@aBIFHethsairterels waicetedris Table 2hand Teblead iPamredesdn Abvd/CBbl e

23. ldentification Fi - (G} Qurrent transmtted. carriers {NPar(?2
coding - ooTEReaS e Referr o n A RIS PR P bRl Biiegi e Rl
fam | ys5(a) Xepewaint ThBeryuemidl Bable 3] St e o fitARsin@ tid dard B M berdducCl i gt | y
transm~ttng tanmer Ao, .XxXXxxxx1x xCurrently transntttng carver A0= XXXXX1XX
xCurrent | y famentsanstcting, sadhess, Batnobtxxdtedxs, MBUM S CIK, INAl smdssagrg it thieeame

Aw. XxXxX1xxxx XNo par ters mthis octetxx00000 O S a~~ ~~a~ ~2 Table
2a. |denti fFaatstion- %-%E %ezéﬁa@amﬁf@ﬁﬁﬁvef%@mlﬁ? P%ae@a?c}inéﬂléseﬁwrsemns

coding - OCL@ymsactions that initialize with MS or MR messages. As with MS for MS message
contents and states, the xTU-X uses some memory to save the usable carrier information.
( 20 If a channel impediment, such, as but not limited to, an interferer or a bridge tap arises
later, an initialization timeout from the initiating xTU-X allows all of the possible tones to
be used from the initiating xTU-X.
In their initial states, the xTU-R and xTU-C are encouraged to transmit as many
carriers as possible, in order to determine whether any common carriers exist. a pair of
25 xTU-R and xTU-C negotiate using predetermined procedures, defined above, to specify the
transmission of a reduced number of carriers for subsequent messages and subsequent
initializations.
If an xTU-X has been instructed to reduce the number of carriers in the midst of

completing a transaction, the xXTU-X only reduces the carriers when it is in the process of



10 NPar (2) sS765432 | Currently transm mng career Ao, ~XXXxXxX | Currently
transmtting carver rl~Yxxxxxxl xCurrently transmtting tamer Aa,( MXAPRXMM
xCurrently transmtring tanmer A09.rxxxx1xx XCurrently transmtting carver
Boi , xxxxI xxx xCurrently transm mg carrier H- xxxlxxax xNo paraneters in
thi s'oct et xx00000 0 The usabl e spectrum fi3Bequenci es of Tabl es 25-27 )are
useful to indicate the Tx/RX capabilities of the xTU- x (such as, fox

exanpl e, anraabtbi@inghfdgsonAftet thensaristsssidr ofiglrotrphee 6B, dredx TEFX itrashsmidts enFDM
vs. overl apped spectrum operation availability. Table 25. Tdentification
field - (c:lun)mcsbg%@_c} eAmIaEprFthe redyndant earfies dereniayiod DAY o§iFt tioes heforg gtopping
NPar (2)s 8 76 5.4.3 2 | Reserved for ITUTx xI 1| 1 1 1lUnspecified by

term nal x XIS SETHOD éE?Wﬁ?tlftaE?erﬁsabl e frequency (bits 6-1 x 10 KHz)x

XX X X X X X Ta Tt i j ob - .
frequency - ups? {rrg%%n N%gﬁ]g %%ﬁeﬁgé@é taoru g%%@g&g&% g g 12'%@&%/%? 5 or
| TU-TX XI Ibyl thd plockdnspelefiiedeabdyy, thetdduoed set 0 calridrdshall B8 pest fod MsTBeqbin

frequency - upstrean(bits 5-1 x L MHZ)x x1 x X X X Xspectrum maxi mum
frequefcy -iniipdizaeem( s aBtigipated OesgbiBens noOregeixes within timg 19 , ARo2 B8R idkabl e
27. ldentifjcatjon fie 5 (Cl) Spectru i mum frequency -. downstream

T 1 Par (2) 1 GBARR BT B (o dodiopBh niGeroot sa e e BT ord. 5 Iimajicapion 1
| Unspeci fi Lo Rak 0O 0 000 Ospectrum maxi mum frequency -
downshean %?P%X%Trf é(mﬁ% é?s)'(x X X X XMHZ) spectrum maxi num f requency -
downshean( bi ts Eithex tHoent@] ¥fiiceXxXUXEHHstek 2- orTthblremd: (xTURRY kfdteatd any

Field - (Cl) Splitter Information {NPar(2)} coding - Cctet 1 1S 20
NFar ( 2) s87664R®% mopFafign ghinnelex xkemegotifon datyGAns BN feokirn SBLfRthe gemote

Eur opean | SDNXXXXX1X X erved for | TU Txxxxlxx XReserv for.l.TU TxxXlxxx
<Non S and P T TR T T oA GRETIENEn SR Eh e B oL OO0 o TRt L a g

| dent i i catdRe Edifelad %yste(r@) T%@'dek&t‘%{tin%ﬁa%@ﬁkhﬁﬂin@N@é’t‘i&?ﬂ& ofRE L&l sﬁ?&ﬁt 2
2S 30 NPar (2)s8765432 1HPF ~s 25 kHz voi ce) xxxxXxXx | HPF is 90 kHz USA

| SDNXXXXXX 12 txdtiRFits shel & hsitizafhiABSbti singlaluodhe acg dtiSEHd) MxtexxdexvingEietioa S8QA
kHz (VDSL) xxxx1xx xReserved far | TU Txxxl xxx xNon-stangard HPFxXx1xxXxx XNo
par anet er s the Famade st 4x ddisoBremegaiptionguodulafans sanpels haye Yeea establighsdy thpat o

Rat e Amount_ (. Av ): . { ( . i ~ .. Cct et NP, ) 4.3 2
1Reserved er&ofeTga?gExl? aW%VSI &%n}s nesp{eh%i |me ) ymt% (él%?n lga%%éé’%gh%%gﬁacn%n
OAver age baReiwhelish I(ikédse Stht cénthll 3ffkdeRshnkllis Xhoteattor rifued &g thaekpbAding
(bits 5-1 x 32 T(bps)x a0 x x X x x 0 ~ ASR 2003 J4 Table 31.

| denti fi catstasionfi el d - (SR) Data Rate Ampunt (i VlaYinun) ~NPar(2)} coding -
Octet Z J NPar 8 7G. ~ 4 2 |.Reseyved far | TUTx x1 1.1 |.Unspeci fied
by, ter i nal x- X0 2D3BESITORREE FHfR G BN T GB1 £41 80 Be disSRash U 3
x_ xVaxi mum Handwhdb bR by heddkleos) x x0 x x ~¢ x x Table 32

Identification field - (SR) Data Rate Anount (iYlininmum {NPar(2)} coding -

Q(:t et 3 10 } 15The initiating xTU-R transmits unmodulated carriers selected from either one or both

20 families of the Upstream group, via negotiation data transmitting section 50. When the
negotiation data receiving section 52 receives the carriers from the xTU-R for a
predetermined period of time (at least 200 ms in the preferred embodiment), the responding
xTU-C transmits unmodulated carriers, via negotiating data transmitting section 54, selected
from only one family of the Downstream group. After receiving the carriers using

25 negotiation data receiving section 56 from the xTU-C for the predetermined period of time
(e.g., at least 200 ms), the xTU-R DPSK modulates, using negotiation data transmitting
section 50, only one of the family of carriers and transmits a predetermined flag (e.g., 7E 4)
as data. If the xTU-R initiated with carriers selected from both families, the xTU-R stops

transmitting carriers from the other family before it begins modulating carriers from the



NPar(2)s 8 76 5 4 3 2 IReserved forlTU-Tx <1 1 1 1 1 |Unspecified by
termnalx x0 0 0 0 O OM i mmum bandw dth (bits 5-1 x 512 kbps)x xI x X X X
XM ni mum bandwi dth (bits 5-1 x 32 kbps)x x0 x x x x x Table 33. (g APR 2003
Identification field - (SR) Data rate type {NPar(2)} coding 20 25
NPar ( 2) s8i 65432 | Low | at encyxxxxxxx 1Cons#4ant | atencyxxxxxxl xBurstyxxxxx1x
Xet CxXXXX! xx XXXXIxXxX XxX1Ixxxx xNo paraneters mthis octetxx00000 0 An

XTLT- X may seepiedfamihatificheccotvineg the flag xvin nagatirtionalatareosivimgsecticn 52 fromizbe

of carriers._This permt eduction in the nunper_of carriers for the
rest of t hex?paﬂsﬁ‘@ﬁm:cs Q?S?wﬁ%teﬁe&ky qngjaf it%ﬁngﬂﬁbi ofrcarmers fesieg negaiating
above. Not e ;that . X - X |y . d r st that it knows the
ot her xTU Xd%tgﬁraf%ﬁtﬁﬂ%e%ﬁ%gg’gd ﬁ%ﬁ@%&%gﬁ%’%é aé:dfl{.?l' I d_ent i fication
Field - (SR Requeshcilitana¥ £58diR8 0®h CAIh&EES dMNRa&d)ir tﬁﬁf'eﬂgt),"fg;g;ﬁUJCJ
10 NPar (2)s876~.t32 | Request transmt using ~ 3125 kHz famly (ASX XXXX

| Request tr edasives catiag of keamflpmhat jt celjot xeamsexik, ixfRegridstesd regprids by emnbmitefig

~l'a, . xxxxxx1x xRequest transmt on carver A-. xxxxxlxx xRequest transmt on
carrierd Aoi carrigrxiTama fameiluEds capabissed Fansmittiage rlns- allows heabbl-R Mpdetect the

paranmeters tn this._.gct 0000 Tabl e 35...1dentification Field - (S
Request Tr aHSHTEE ioéﬂjeo)?e[t%aﬁ PP%HERPN%EF (:ipja)%llb%g? ﬁa 50 5%?3’? B “i‘gatﬂg pr%CQure
NPar (2) s87634@% difepuesimbr asiy.t on carrier Aof;, txxxxxxx 1Request
transmt on tamer A~, Kxxxxxxl XRequest transmit on carrier Ao, ,~XXXXXfX

xRequest transniIn the disaloeed dolsodmaxatxiine x TUREqud slie 1 TR mohitarthe An¢ f@rexisting
Bp, ., i xxxl xxx xRequest transmit on tamer Bot.XxxXx1xxxx XNo paraneters mthis
oct et xx0000EEIBICTHELISE Qs AHRE SRSES Ehavaie HerferingoWih §8igting sauipes asingdhet s

of NPar (] )" sh%_)%SOtli’%{i %héé,re&qgngggﬁgoﬁé?%:élrnﬁ’g;é]’ﬁ)e%egﬁ?%l&é), and SPar(3). NPar(1)

and SPar (1) S are ‘speci always transmtted. NPar (1)

octet encodi ng iBhgleBOIC ekt idaficel B, wWithi iHentiRRPitihk chtan9Ghe bl JBRaosng
is described in Tables 37 and 38. The contents of NPar(2), SPar(2), and

SPar (3) oct edrsemr dherdhBRittanentite idepticHl dataovitloideat pdnidiing obiany iand 8Pawpétigani s
a"l". In general, the contents regard nodul ati on and protocol details
specific to*¥8Pective | TU-T Reconmendations. Sone illustrative

specifications at 1. ey ' ' i -
APR 2003 -6 Tabl Pop e KT RO AR Skt BOBHER O e 8 o By
SPar (1 )55376fm4B2s df\the DebastednRguy uSing the\hegbiisonxdatx sanshtitttyisedti¢e F4an feOC)

channel usm present tnvenhonxxxxxxl xReserved for 1TU Txxxxxlx xReserved
for | TU TxxserEwins eservass Woig nepotiationdetasecairatiyogtion 5oy fromtherxkWxGefse (in

xReserved f e plr;:r err-gé ]é)r(n S f(mé(n'}?atqggs?%é emrs,S th@r%pgo%d%%txefﬁ-?{oggrps%ig unmodulated
carriers using the negotiation data transmitting section 50, selected from only one family of
( the Upstream group. After the carriers are received for at least 200 ms by the negotiation
" 20 data receiving section 52 of the xTU-R, the xTU-C begins DPSK modulating only one of the
family of carriers using the negotiating data transmitting section 54, and transmits ones (FF¢)
as data. If the XTU-C is initiated with carriers selected from both families, the xTU-C stops
transmitting carriers from the other family before it begins modulating carriers from the
selected family. After receiving ones from the xTU-C, the xTU-R DPSK modulates only one
25 of the family of carriers and transmits flags (7E,¢) as data. After the flags are received from
the xTU-R, the xTU-C DPSK modulates only one of the family of carriers and transmits
flags (7E 4) as data.
In order to facilitate the finding a common set of carriers (if they exist), if the xTU-R

receives carriers of a family that it cannot transmit, it nevertheless responds by transmitting



Table 37. Standard Information field - {SPar(1)} coding - Octet 1 15 zo
SPar (1)s876S4;2 1 G 992.1 - Annex Axxxxxxx 1G 992 1 - Annex Hxxxxxxl xG 992.
f - Annex Cxxxxxl x XG hdsl xxxx1xx XG 992 2xxx1xxx XxG 992.2 - (gin TOMPRSDO0 3
envi ronment ) xxl xxxx xNon-standard capabilities (nodul ations)xlxxxxx xNo
parareters in this octetx000000 0 Table 38 Standard Information field -
{SPar (1)} coding - Cctet 2 25 30 SPar(1)s87G-432 1ANSI HDSL2 /| G

hds| 2xxxxxxeemigasdronypdemaly/it G ¢apable i iarsmaiting x thisxallesis MosIUBC/ todetags the
Annex Bxxxxxtx XA Tl ~L3 I,ssue 2xxxx1xx xReserved for | TU TxxXlL.XXX
KRoser vod FRFSCE PR IR S ERPE ForettoR i SIS SeRB bR Erbonleni s
oct et x00000Q,. 9bi11ty0t09d0~§|d.DR 2003 Table 39. IV.Lodulation - G 992.1 Annex a
{NPar (2)} codi ng - Octet 1 5 | Par(2)s87G432 | Specify paraneters or
profiles for G 292okdiABNEX tiax Xkt Xindentos)X the XSTMED ,anATihe!| TTWXRXpkdNitor the
XNTRXxXX1xx xetcxxxl xxx xxx1xxxx xNo paranmeters ~n this octetxx00000 0 10
Tabl e 40. Nooduhzicatom line@gag the nkgeteatioa daMPacgi2ing seoghinyd2-and&betesBectively),
NPar (2).s8765432 1AS 1 | ATM 1 downstreamkxxxxxx 1AS2 downstreankxxxxxl xAS3
downst Peamd@Xk IRTHISEEYISFS RIKIAR IR HHIRE A%} N defo ih&HH S IISHBERE Y g asting
ATM 1 upstrs%@%lxxxx XxNo paraneters mthis octetxx00000 0 20 Tahle 41.
Modul ation - 92.1 Anner a ~NPar(2)~ coding - Cctet 3 NPar(Z)s8765432

| LS2 upst r eamxx Xprex U-oanslts XdonKsat ldxtaxAixid¥alosK tiakaedn Xy aaaal Kaowniem
paranmeters in this octetxx00000 0 30 ~ ~ APB zo003 58 Tabl e 42.
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xNo papaneters J s | S 13 by
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| =RX Tonesobtheayandthigidmovies) untheiulaahtarkyr sfmeATEE Q, ot flagn(iE;Jtles shdlenot
ability to transmt tones. (0 =only TX Tonesabove 32 / 1 = RX Tones 33 to
63 mandat orgxceqR-E0F GHEEPIE, AdirBe PSPPE @hdl jecorrdb|An 43 U-woaay atstash the @itgmpn]

Anne: C {NPar coding - te 5 20 NRar (2)s87C5432 1Specify

par anet er s pd?'geéﬂ%ef ?ﬁxggyggyorgﬁgg%a’r%d%wg e&)%ﬁé‘?&;}m.ﬁg(@f?&xl XXXXXX1X

Xet CXXXXIXX XXXAA%N3¥ oX& ¥biMhickfbh SRR HEY SonirutiBhtfonafike he p?é’é@rlte
44. Modul ation - G hdsl {NPar(2)~ coding 25 30 NPar(2)s8765432 | Use G hdsl

Annex 1Bix x x xinxentidr's yxededed rotkwaridn methaely x highxsperdk xorhmmaricai®d ey ok beopossible.
paranmeters mthis qctetxxQ0000 % 35 o
The following describes mechanisms to fallback (or escape) to legacy communication
systems, such as, but no limited to, legacy DSL systems or voiceband communication
systems. Fallback to xXDSL systems will be described first, followed by a description of the
{ voiceband fallback procedures:

20 1. Fallback Methods To Legacy xDSL Modulations

Some legacy xDSL systems (examples of which are shown in Table 3) do not

implement the present invention. The present invention includes procedures to fallback to

a legacy xDSL activation method. The present invention 1s intended to be a robust

mechanism for activating a multiplicity of xDSL modulations in the presence of unknown

25 equipment with unknown transceiver PSDs. The activation of regional standards (i.e., legacy

devices) can be handled by two different methods: an implicit method (e.g., activation via

escape), or an explicit method (e.g., activation via nonstandard facilities or standard
information). Both methods are used to cover the multitude of initialization methods.

The activation via escape method facilitates the startup of devices prior to the present



~ ~q APR 2003 ~9 Table 45: Modulation - G 992.2 {NPar(2)} coding - Cctet 1
5 NPar (2) ss~~sa~ 2Spec,fy paraneters or profiles for G 992. 2xxx4¥§ 2003
IXXXXXX 1 X' XXXXXI X xetcxxxxl x x xxxxIxx x xxxIxxx X XNo paraneters B
this octetxx0000 O O The M5, C L, and C LR nessages may optionally contain
a- non-standard information 10 field to cdﬁbey infornation beyond that def
ned herein. ZVhen non-standard information is to be s
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the Iength @fedtths rhemajrslei@mad)ﬂtffeb@t ﬁeQ@éﬂcy(bahdﬁtﬁﬁglﬂTU)C ‘g@de rédcivdias 8éclon as
defined in Recormendation T.35; (3) a Ien%th i ndi cator (one octet), that
speci fies tfkeof edgt-R’ S)fiattarrécq:wlcglsa@tronc@@e( dug.a detiec Vit t@@Ol suppottet segional

di cat th f | | d d f by th
count 1y | derRETEROE h LR 51 D osBE T oy Coidi 0y SMERFER T HIBMEL: on
(et 1) o Jaaoﬂtles%atatrd RYERM QT RE A Snble xRy AL LRGP Rl L6

present invention“to contl nue ransmtt er the negoti

procedur es gresnt Qiveh@die. a pt@e@nueb fmguttmﬂh@gmmeh@mwsmqlmewbcdl W%Wrﬂﬂ,

t he nodul ati on can be used as, for exanple, a clear channel EQCC. For

exanpl e, a Batdmdard information iVPar(1) bit indicates the availability of
/ CLR nmessages, and the sane bit is used to indicate selection in M

nmessages. Fol |l owi ng t AKX §.disnamt AcmToiTidewpTBSENY13 ASICESN negoti ation

protocol with the ACK msssage the carrier could remain ON to provide a

cl ear -;..- _ 3 DD 0N03-60 a ha g - ha a¥a O3 of—of an

ATU- R 1Band iSRS by Foo e pi nablsoiie oo ed—usi oi-t her—AT-conmands| or

ot her proprlpéfP&ryTrlréQns Acg (‘)Vta‘tiif"hb“f'ro“@he |nstant i nvention, an AOM

managenent {protocol is used|bBetrstesarnventFarmiistakreand t he ATUR, and a

simlar conmunication path beiwmeen i fien Adlds CaanrEQ he net wor K managenent

systens. |n athe prekers ed erm@difomemnsuqtoh&se?l'cafvmtdaa]lnatu@%(s)t he SNMP pr otjocol

(I ETF RFC 1157 put:btege§£h\egm§ MaYiard 29Qopde@ CONfigure and nonitor the present

i nvention' g ITgRASHGKE PT OCEl w@mtﬁ?ﬂmttmm?tﬂ@ﬁawacpresetn Imventijon' s
handshake |dr ocedure data rat Eeasonabl e tine

E’,IID['CS u prgqent mvenQon agu¥aliton sxcrnap gdnulle A.q'U

needs to b Abi_b\ﬁTl lﬁ 13| of—th A T verhon ey part ttpate—+n—tne
handshakesgssion. 1 general a't“Fl &T_ SO géage parameters can be set
nt h FSEPTS |8 BESHS Inventiqny ct HIAAES, transmits Red _. O @s t he

bef orﬁ t he . ,
Terminal to inquire (of the ATU—R) the status of sever al of t he pararreters
The activation via non-standard facilities or standard information embodiment allows

( the interworking of devices after the initialization of the handshake modulation, by indicating
the legacy communication system in a message. The message may use either a non-standard
information (NS) field or a Standard Information (S) field.

20 The present invention allows the transmission and reception of a non-standard
message that indicates a different modulation. Regional standards can be explicitly
negotiated through non-standard facilities.

The present invention also provides for the transmission and reception of a standard
information message that indicate a different modulation. Regional standards can be

25 explicitly negotiated through a code point in the standard information field.

It is understood that other DSL communication systems, such as, but not limited to,

for example, RADSL, can be negotiated using the same explicit and implicit methods



SNMP Traps can be used to-indicate critical parts of the recei vgﬁj mﬁ%?a%%
that nust be acted on by the Termnal if it desires to influenc i% , 0
such as, for exanple, M or ACK/ NAK nessages. 15 Wiile the invention has
been particularly shown and descri bed w th] reference to the preferred
enbodi nents thereof, it is understood by those skilled in the art that

[ | t ti in.f d/. det ai .l b d i thout .d ti
from the sprr GRS ke ot PR enytne o S5 S aCpduroar PhbsaeBaRng

claims. Although tﬁﬂlﬂa@ﬂﬁzt@ﬁ&ﬂ ;ﬂ%%g@%%%é&ﬂ&tﬁﬁ@ with reference to the
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re-configurable duri n(tg a transm ssion _operation . in order. to mnimze

i nt er flérence wi tHer HSTaReiBHBGOR s eddicssenghs tnaiar oat problgmgoizhavingdong g7 6.
The apparatyus, lc, A ;0encMonClahiidnd QRen | AL NGB SXREEMA AL s3ehECt S
a plurality S bands to mnimze Tnterterence wth a voi ce and ‘device: 7.
A met hod f oforRBhhiehtidlEniendtdpashalcerio@esation to establish a high speed
comuni cation link, including: transmtting predeterm ned carriers to a

r espondi ng comrdnigcmrﬁbﬁled@\lﬁéfe,s upuaB ialwayg (BY,ed 1B haymeeendumeil 61§ befoomibehe

respondi ng ni cat i Vi i n response .t e, predet er.m ned .
tpanom t 1 ot s paned B e SR gn e Bg franh Ry e iR SO e gt
from aopl ur@l b yodafin GORBR MCATUAD | HGUIQASFT Iof pRREP IR baddia ek ined
predeterm ned carriers, to establish a comrunication channel, the handshake
oper ati on behisl tiex TOrRristblpeadan atseandby hoide it@hiziatizoelegrioglgssver hatsuatptioanst
one of trains and optim zes the sel ected. appropriate conmuni cation device.
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comruni cati on channel ;
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probe anal ysis of data occur sequentially. 22.

The nmet hod of any one of clains 17 to 21, wherein the exchangi ng of data

i ncl udes exchangi ng

igitiating communicating device an

a plu

Fradnhd }’O.qfrghﬁ]ctt

foftb ‘PEL

e respon

&PS (ieRiSupet ween t

i

he

ng comruni cati on devi ce.

23. A conmmyni cati on

device including: .|

a CammuRdnGatehc®n devi ce t hat

initiahly tiransmfs data with g puktip hg&;y qf rGRL I T @LR;cand aggarrier
det er m ni ng—eewi &e _}t trat—reduce =R o Jgf'r’}‘ﬁ 'rq'rfigy of CALL LS transmtted
b id Zo o opabpsttome L  1CLR L LCL e A MS o TACGR/NAR )
y sal C Orpr pat T o aevite preae AgtTdee—or—Cat eSS n
d wit h Eeestarlﬁhr\_tar_rv; nod Yoy i~ ¥ rf}gp\'}; on——cyviot o 2 The
aCCOr anCe LA'LEY IILU 1 Pcu UFl].rSvl llrer LRLAYAY Léu.l LI 2 rCcuuvv il L) Jya Cg [~ i) ICII A'(
comuni cat itk d,gf %fﬁ*—é&ﬁmﬁa’ézgwhersgﬁisaib!ﬁ{cuétH.A%ﬁa, S-S
. S H 1
reducbgon Mﬁ%teahﬁgiﬁwucg s ailiphasel Maversat §@t.b Y &— zZou~
65 25. " The communication device of claim?23, wherein said
CL Transmit a Capabilities List
This message conveys a list of possible modes of aperation of the transmutting station
CLR Transmit a Capabtlities List and Request the other unit to also transmit a capabiltties list
This message conveys a list of possible modes of operation of the transmutting station and also requests
the transmmssion of a capabihities hist by the remote station
MS Mode Select - specify the intended mode.
This message requests the nitiation of a particular mode of operation in the remote statton




predeterm ned carrier reduction systemincludes a nodulate carrier system
26. The conmuni cati on device of any one of clainms 23 to 25, wher§i$1 'glﬂas
predeterm ned carrier reduction systemincludes a carrier use an é%ﬁ{:

transmt system 27. The communi cation device of any one of clainms 23 to

26, 'wherein said carrier determning devi 82 includes a reduction device

that reduces said multiplicity of carriers to said predeterm ned nunber of
carriers in| atider | fdnovledgk the@leted@smi t power during an initialization
procedure. P8. The conmuni ¢ oph devi ce of any one_of %I ainms 23 to 27,
wherein saifl carr|er det er i g devit &éc"’lc“’”&dlgﬁdeé%p‘o’if FeYEFRIR WY CHUTECEH| t hat
determnes fhe nogt usabl e"f’diﬁ‘ﬁ*ﬁmhlme‘@ﬂsi’ bsrvaed eotetnevderiss recgrg of prhed 2 EbrYismess i on
devi ce of apy one| of cl ai NBuRBudn@nd 2Biest cAkIBERh 6F 8 Ringhdér B theimsbagd cbrmgid SSijon of

said nmultipl|icity| of carrl@é@nIm%euggsm@le@yé&%mfsﬂa&mon@m@@%ar@unsrLAﬁeel i hood
of establispi ng a comuni Ct?‘a&asm?sgo Cp?dr?xonal mformano b tpc remotesta on rov%m rg e t of
claim 29, wherein|said carrier deVic d'uCFés ?iedm” €E“°"I|city
of carriers|to sald predet@f"ﬁ‘lﬁﬁ‘éjdh“ﬁﬁlﬂ{’)’lé‘r‘"f%?a“‘t?éfr“YaI“@Fs to reduce a powef
transm ssiop requljrenent. 31. A nethod for establishing a communicatijon
i nk, includvsg: pNeha&ngietgthanikpduddat ed carriers between an initiating
comuni cati pn dev| € rakde @id@IRMR chieNGs CANTUROALERE 2 B@WEGRssed Do REFOE @t e a
hi gh speed xDSL CDmumu&@&éy%nin;nm&ustﬁmwo@mﬁussgaglgar@deﬁn@dl | back procedurie to
establish al predeferm ned out of xDSL band, communi cation link if onel of

the initiat|ng copunicati W(déﬂ\hac@*(aﬁwm@cwe rgkeperdisngiod eviebletingmuengdl e to
process sai g unnogul at ed Ci@devdd @kssigelhb@iusem@gotnoad Ardngg t he hi gh speed

communi cati pn |inK. . The nmethod of claim 31, whefrein
the executihg a fhll back pé‘g%éég[)g”? %@I“%°dt%5éhaté§’é°éb'f‘glsﬁtﬁ’"5“”’6’?@1&@{‘g?‘ﬁinﬁ’é‘zd
escape procedure Lo establ Petrddcaegimitiespivgationnk with a | egacy high speed
communi cati pn devjce. 33. ﬂ?’ﬂ@a)EIQLNQQNs%dm%Ls%tm‘eﬁc"c,vmstaﬁdn@lhmdégmsWQﬁfoﬁJaﬁ the
executing a| fall bpck proce Wbel?me (é“lejugesdbe gﬁggt&tlg%rafonprde eterm ned explicit
connection procedure to esta c il with a |l egacy figh
speed commuhi catipn devi ce.“"éﬁ.(“l“h%“‘r‘l‘ﬁ{)I’i‘é‘tf“:b”l"a‘ﬁ‘ﬁf“é’ﬁés‘ﬁ‘f’“‘éf"ﬁ'i“’rf% ingrpretag 33,
wherei n the] executing a faktdbdeksagr ocedure i ncl udes executing a voi cg band
nodul ati on procedure to establish a voi ceband communi cation |ink. 35.{ A

met hod for psd abl | chi xep) BReocbl oftie RAABGIGatdxomc | | Nk bet ween a first dgvice
and a seconf devi Cfie misAgldidhNgscliansiitting a first capabilities list to

one of the FESt ORVike Attt Moot aen s AV Cmesshet btk YerbtDstatlons € C ONT
capabilitiestist transnitted Dy a remaining one of the 1irst device and

t he second devic response to first ca list;. .se ctln
appropri at e _comgmn }]%‘ﬁen%raélafnrﬁ%ﬁ? Scﬁf‘fﬁ‘%ﬁ %Sf%‘%th Wd{rlﬁﬁ?fﬁltrc?g?aicgﬂn ntﬁ%lggm
accordance yhduld H&?el?%@%@ﬂm@@d@@lak lrifbin@SiohAlSh nak@e €St abl i sh t he

comuni cation channel; and executing a sinplified handshake procedure to
r¢-establish theAidmstﬁsagnmmmtIaaSacbnnhuenkqulmdt he event that one of the first

device and the segcopnd device has entere an dat a stat,e and data
is to be exchangg%elggt MESERST PRBIEORGOnG V %fﬁ%?“?gcgﬁ g%%étéo géeplﬁse“ts

nmet hod for i i d
and o second e S0 ¢ e e £ A P Sﬂz%rﬁ‘f.ﬁa@%%wm%ﬂﬁﬁaﬁf%ﬁ& il
capabi {g ti esinbéibueers redenthended (Hﬁ\ﬂot?ﬁ‘laﬂduﬂed) hgat sleCONd-Qhesel tedsaction XginéadRof
2003 67 sel ecting an appropriate communication node froma plurality of
communi cati 8 nodes, in accordance with the established conmon

conmuni cation ¢ bilities e a sinplified handshake procedure
to re-establish 1‘5?’5‘31.‘%8%%&% %flf%cif“i)?%k in the event that one of the

first device andlf%bﬁtﬁﬁ@@ﬂﬁs%!'h‘éﬁsa@% RhehafeftdNRRp #A4:5, SChARBARI NARYS)
and data is to be exchanged between the first deV|ce and second devi ce. 37.
A et hod f osndesealdansdtting Zan Enbedded Operati ons Channel (EQCC)

communi cation |ink, including; executing a handshake and, otiation .
protoctl in ordepnths Qibyrdmng, §ﬁa%%%ﬁ%éaQ‘F6ﬁUrRﬁko%€§%@éﬁc §tarf ggnsaction
conmmuni cat i gp vice and a second conmuni cation device; maintaining at

| east one c i'er of the handshake and negoti ati on protocol upon
establishing t hem‘e%nym&ag h&Bd td AKsinfafoSarNEe B an-Ers ddese OQne haddufifion:
Channel (EOC). 38. The method of claim 37, wherein the enbedded operations
channel transmits xDSL |ink manageri al data. 39. A hi gh speed comuni cati on
device, including: nmeans for perform ng an xDSL handshake conmuni cati on
procedure; and means for configuring handshake conmuni cati on paraneters




froma termnal using a Snple Network Managenent Protocol. 40. Th% PR 20
communi cation device of claim39, further including neans for noni to$ }Pﬁ 20
sai d handshake comruni cation parameters fromsaid termnal. 41. An xDSL
comuni cation nethod, including: Using angf\dministration, Operations, and
Managerrent (AOM) Si rrpl e Networ k Managenent Protocol (SNNP) to configure and

moni tor a handshagkge, %&%ﬁﬁp%@ﬁ K&%BQQJFUS@HQ %oﬁnmtg N 3P2890 XE5EW should be

conmuni cati on | ink.
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&@{%'0(? & )(TUEI)Q%E{%& Ielgr?:xr_ regé‘é%g%gg&'rc}so(%s%ﬁ&d above) apply. If an XTU-X has transmitted
a message and is receiving flags, it waits for a predetermined period of time, for example,
1 second, before re-transmitting the same message. If the XTU-X has transmitted the same
message a certain number of times (e.g., 3 times) without receiving a valid message response
( from the other xTU-x, the transmitting xTU-X transmits a Hangup message and stops
10 transmitting the carrier. If desired, the xTU-x may restart the initiation attempt or start
alternative initiation procedures.

The maximum number of octets in any Information Field is 64. If the information
exceeds this limit, the remainder of the information may be contained in subsequent
messages. To indicate that further information exists, an “Additional Information Available”

15 parameter is set to binary ONE in the identification field of the transmitted message. This
information, however, shall only be sent if, on receiving the message, the remote station
sends an ACK(2) message requesting further information.

Where non-standard information is present in the information field, the standard and

( non-standard information may be conveyed in separate messages. If the information to be
20 conveyed in the CL message cannot be conveyed in a single message, and the “Additional
Information Available” parameter is set to binary ONE, a response is required from the
receiving station in order for the transmitting station to complete transmission of the
combined CL-MS messages, irrespective of whether the additional information is to be sent.

In this case, an ACK(1) shall be sent if no further information is required.
25 The current invention also addresses the desirability of transmitting information in
additional to the equipment capabilities (e.g, channel mformation, service parameters,
regulatory information, etc.) during the negotiation procedure. In this regard, the present

invention contains several different and additional types of information, as compared to

V.8bis and V.8. The types of information emphasize service requirements instead of
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5 "Identification" field, and modulation dependent information is presented in a "Standard

Information" field. In general, service parameters and channel capabilities information are
independent of the various xDSL modulations. The overall composition of messages
according to a first example is shown in Table 13, while Table 14 illustrates a second
example.

10 Table 12. Information Organization Structure

« [dentification ( Service Parameters/ Channel Capabilities) NPar(1) (No sub-parameters)

¢ Identification ( Service Parameters/ Channel Capabilities) SPar(l) (sub-parameters)

. Message Type and version
15 . Vendor Identification using T 35 codes

. Amount/type of bandwidth

. number of data channels desired

- known sphitter information

. spectrum usable frequencies - generalization of FDM and overlapped spectrum
20 . carrier families, groups, and tone numbers being transmitted

e Standard Information (Modulations/protocols) NPar(l)
« Standard Information (Modulations/protocols) SPar(1)
t\ - ¢  Which type of xDSL etc
25 « Regional considerations (1 e., use of a specific Annex m a Recommendation)

e  Protocol informatton error correction, data compression etc

« Non-standard Information

30
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( Notes: * NACK includes the reason for the NACK by setting the bits of the offending parameters,

Table 14. Overall Message Composition (Embodiment #2)

15 Identification Standard Information Non Standard
[nformation
Message Type Vendor ID Service & Modulations & N
& Channel Protocols available I+ ;U + "VI’)
Messages Revision parameters
octets
(2 octets) (8 octets)
MR X - - -
20 CLR X X X X as necessary
CL X X X X as necessary
MS X X X as necessary
ACK X -
NAK X -
( - 25 REQ X
The following describes the organizational details within each category.
Parameters specific to a given xDSL modulation should always appear under the
30 appropriate modulations category. Of those modulation parameters, some of them might be

more general than others, and can have higher positions in the NPars/SPars tree.

Parameters that are negotiated in T1.413 are also negotiated in the present invention
(with the exception of Vendor ID, which uses T.35 codes). However, there are a few cases
when related parameters need to be negotiated by the present invention:

o If the optionality of the parameters in G.992.1 differ from T1.413;

[U%)
n
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1109 ()' ' @eparately for each modulation. Also, other xDSL modulations, such as, for example, VDSL,

have some very different parameters, making it very difficult to have one large list of

parameters trying to satisfy all of the xDSL requirements and capabilities. As a result, there

( is some redundancy in the modulation parameters, in much the same way that redundancy
10 exists with V.8bis. Further, many of the parameters under the various applications are
identical.

Three types of parameters/options exist; manufacturing, provisioning and negotiated
options.

1. Manufacturing Options

15 Manufacturing options are defined as optional portions of a specification that a
manufacturer includes/chooses in the product design. An example of a manufacturing option
is to employ EC vs. FDM. Manufacturing options must be disclosed and acknowledged in
the startup, since a communication would be impossible without commonality between the

( various devices.

20 2. Provisioning Options

Provisioning options are defined as optional capabilities that are in some way fixed
a priori. An example of a provisioning option is the Loop timing at the CO that is required
to be mastered by either the CO or the CP. The CO capability is normally fixed by a priori
decision prior to the negotiation. It is noted that this option can be merged into either the
25 manufacturing or negotiated options. As a result, only a few options are in this category.

3, Negotiated Options

Negotiated options are defined as an option in which an rtem must be selected from
a list of (mandatory available) options. An example of a negotiated option is the data

transmission rate. In negotiated options, the transmission rate is made peer to peer.
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transmitted.

For fields which are contained within a single octet, the lowest numbered bit of the
field represents the least significant bit (2°). When a field spans multiple octets, the lowest
numbered bit of the field in the highest numbered octet containing the field represents the
least significant bit (2%). The order of the bit values within each octet increases as the bit
number increases. The order of the bit values from octet to octet increases as the octet
number decreases. Fig. 7 illustrates a field which spans two octets.

An exception to this convention is the Frame Check Sequence (FCS) field, which
spans two octets. In this case, the order of the bit values within the octets is reversed. That
is, bit 1 of the first octet is the MSB and bit 8 of the second octet is the LSB (see Fig. 8).

Messages of the instant invention use the frame structure shown in Fig. 9. Messages
start and end with a standard HDLC flag octet (01111110,), as defined in ISO/IEC 3309.
The Frame Check Sequence (FCS) field is defined in ISO/IEC 3309. Transparency using the
Octet stuffing method is defined in ISO/IEC 3309.

The message information field consists of three components; an identification field
(I), followed by a standard information field (S); and an optional non-standard information
field (NS). The general structure of the message information field is shown in Fig. 10.

In both the identification (I) and the standard information (S) fields, most of the
information to be conveyed consists of parameters relating to particular modes, features or
capabilities associated with the two stations. In order to encode these parameters in
accordance with a consistent set of rules; and allow future extension of the parameter list in
a way that permits present and future implementations of the present invention to correctly

parse the information field, the parameters are linked together in an extensible tree structure.
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010% & () - DEsﬁHLafr%nre eré Ialss?Jlma e?/ gt)n thf::LrlnS : % gx)-‘ars — meaning parameters which have
5 subparameters associated with them. The general structure of this tree is as shown in Fig.
11. Atlevel 1, which is the highest level of the tree, each SPar has a series of Pars (NPars
and possibly SPars) at level 2 in the tree associated with it. Similarly, at level 2 in the tree,
each SPar has associated with it a series of NPars at level 3 in the tree.
( Parameters are binary encoded, and transmitted serially. Parameters of the same type
10 (i.e., level, classification and association) are transmitted sequentially, as a block of data
consisting of an integral number of octets. The transmission order of NPars and SPars is
specified in Fig. 12. {Par(2),} indicates a set of level 2 parameters associated with the n’th
level 1 SPar, and consists of NPar(2), parameters and possibly SPar(2), parameters.
{NPar(3), .} indicates a set of level 3 NPars associated with the m’th level 2 SPar, which
15 in turn is associated with the n'th level 1 SPar. The transmission of parameters begins with
the first octet of NPar(1) and ends with the last octet of Par(2),.

The use of delimiting bits is illustrated in Fig. 12. At least one bit is defined as a
delimiting bit within each octet of an information block. This is used to define the last octet
in the block. A binary ZERO in this bit position indicates that there is at least one additional

20 octet in the block. A binary ONE in this bit position indicates the last octet in the block.

Bit 8 is used to delimit the {NPar(1)} block, the {SPar(1)} block, and each of the
Par(2) blocks. There are "N" Par(2) blocks, one for each of the capabilities in the {SPar(1)}
block that is enabled (e.g., set to binary ONE).

Bit 7 is used to delimit each {NPar(2)} block, each {SPar(2)} block, and each of the

25 associated {NPar(3)} blocks. Fig. 12 indicates that there are "M" NPar(3) blocks, one for
each of the capabilities in the {SPar(2),} block that is enabled (e.g., set to binary ONE). "M"
may be different for each of the Par(2) blocks.

A Par(2) block may either contain both NPar(2) and SPar(2) octets, or NPar(2) octets

alone. To indicate that a Par(2) block contains only NPar(2) octets, bits 7 and 8 are both set
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Table 17. Revision Number field format Embodiment #1

Bit numbers
Revision

number

40 Revision | 0 0 0 1
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The usable spectrum frequencies of Tables 25-27 )are useful to indicate the TX/RX
) capabilities of the xXTU-x (such as, for example, an xTU-C that only transmits through tone
68) and can indicate FDM vs. overlapped spectrum operation availability.
Table 25. Identification field — (CI) Spectrum
15 first usable frequency {NPar(2)} coding
NPar(2)s 8 7 6 5 4 3 2 t
Reserved for [TU-T X X l 1 [ 1 i !
Unspecified by terminal X X 0 0 0 0 0 0
Spectrum first usable frequency (bits 6-1 x 10 KHz) X X X X X X X X
20
Table 26. Identification field — (CI) Spectrum
maximum frequency - upstream {NPar(2)} coding
) NPar(2)s 8 76 5 4 3 2 1
Reserved for [TU-T X X i 1 1 1 1 1
25 Unspecified by terminal X X 0 0 0 0 0 0
spectrum maximum frequency - upstream(bits 5-1 x | MHZ) X X 1 X X X X X
spectrum maximum frequency - upstream(bits 5-1 x 10 KHZ) X X 0 X X X X X
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PO & ()- pUd0%Ww & ()-

10 NPar(2)s 8 7 6 35 4 3 2 1
Reserved for ITU-T X X 1 1 1 1 1 i
Unspecified by terminal X x 0 0 0 0 0 0
Mimimum bandwidth (bits 5-1 x 512 kbps) x X 1 X X X X X
) Mimmum bandwidth (bits 5-1 x 32 kbps) X X 0 X X X X X
15
Table 33. Identification field — (SR) Data rate type {NPar(2)} coding
NPar(2)s 8 706 s 4 3 2 |
Low latency X X X X X X X |
Constant latency X X X X X X 1 X
20 Bursty X X X X X 1 x x
etc X X X X l X X X
X X X 1 X X X X
X X 1 X X X X X
No parameters i this octet X X 0 0 0 0 0 0
25
An xTU-X may request that the other xTU-X transmit only on a certain number of carriers.
) This permits a reduction in the number of carriers for the rest of the transaction, or for the

next initialization, as described above. Note that an xTU-X should only send a request that
it knows the other xTU-X can fulfill.
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PYL0% & () -

pYa0% & (

Transmlssxon of Carriers {NPar(2)} coding - Octet 1
NPar(2)s 8 7 6 5 4 3 2 |
Request transmit using 4 3123 kHz famuly (A) X X X X X X X {
Request transrut using 4kHz famuly (B) X X X X X X l X
Request transmit on carrier Agp.y¢ X X X X X 1 X X
Request transmit on carrier Agy.x X X X X | X X X
Request transmit on carrier Agy.x X X X | X X X X
Request transmit on carmer Ag X X 1 X X X X X
No parameters n this octet he X 0 0 0 0 0 0

Table 35. Identification Field — (SR) Request

Transmission of Carriers {NPar(2)} coding - Octet 2
NPar(2)s 8 7 6 S 4 3 2 1
Request transmit on carrier Agg.x X X X X X X X 1
Request transmit on carmer Ag.y X X X X X X 1 X
Request transmit on carrer Ag; ¢ X X X X X [ X X
Request transmit on carmer Agy.x X X X X 1 x X X
Request transmit on carmer By, X X X 1 X X X X
Request transmit on carmer Bg,.x X X 1 X X X X X
No parameters 1n this octet X X 0 0 0 0 0 0

The Standard Information field is composed of several octets of NPar(1)’s, SPar(1)’s,

and possibly NPar(2), SPar(2), and SPar(3). NPar(1) and SPar(1) octets are specified herein

and are always transmitted. NPar(1) octet encoding is described in Table 36, while SPar(1)

octets encoding is described in Tables 37 and 38.

The contents of NPar(2), SPar(2), and SPar(3) octets are transmitted only if the

corresponding bit in SPar(1) is a "1".

In general, the contents regard modulation and

protocol details specific to respective ITU-T Recommendations.

specifications of modulation encoding are given in Tables 39-45.

Some illustrative
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Table 38. Standard Information field - {SPar(1)} coding - Octet 2

SPar(1)s

30

ANSIHDSL2 / Ghdsl2
ANSIVDSLa / G vdsl Annexa
ANSIVDSL B / G.vdsl Annex B
ANSI T1.413 Issue 2

Reserved for [TU-T

Reserved for ITU-T

Reserved for ITU-T

No parameters in this octet
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) -

f"10% (& ()
f"10% (& ()
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- 0% (& () -NPer2s0% (& ()-Z T10% (&1 ()6 5 &4 3 2 |

GeclOpardierers Srjpfotins 46,992 1 AdOOA (&' () 1 f ($LOPAR( &' () - xf L'x" 1096 (&

109%) s& () -

() -
) -

"10%) s& ()-

- H109(& ()- S3" 109 (& ()-*ssstltrt] x: v/ x @10% (& (
(Irm=BA8A0% (& () - /109 (& ()- SIWOYL(& &)- x x 1 x  x
(3t QuuuuuuuvvU4/  ni'109%)s& ()1 40%)[s& ()r %0%) s& ()«x
(ecSF8" 109 (& () - 610% (& () - vXywwbxxx| k: vU4/ x " x0%s) s& (
- @0%)s& ()- 10%)s& ()- R BLOWEL|(n- x x x x «x
X6 AR E 7 s ocetJ4/ 1 Z9%0%8) s& () -x @X 1JO%s) &' () - '010%s) s&

s10%s) s& () - 10%;)5&' O-z{t{{pl 1111 NA4/ 10s)s1l0s)sl0s

,tlo%;)s& () Tf(&lo%& ()- 10%;)5& ()- Y% 10%)s& ()-
@0 & (), orboplegt Mottty doA O podidh Grefy 2
@10 & (). orBsRldt Wohleitln, 2G5 | Kanef RSO 5ot @ct&f
109%' &() #3 100/0( &l)- 109! R,L\_JOJ &()J 1L1111 2NAA4/
10%" & () - 10%( & ()- ﬂ%?“%’i{L ;i’%h ( 10/&1@()1 s T4 3 2 !
109" & () - }V! 1pg9pranad/ 10 10% & ()- LO%' & ()<- x oxooxoox
AS2 downstream X X b4 X X X I X
AS3 downstream X X X X X 1 X X
15 LS1 downstream X X X X 1 X X X
L.52 downstream X X X l X X X X
LS{ / ATM1 upstream X X 1 X X X X X
No parameters n this octet X X 0 0 0 0 0 0
20 Table 41. Modulation — G.992.1 Annex a {NPar(2)} coding - Octet 3
NPar(2)s 8 7 6 5 4 3 2 1
LS2 upstream X X X X X X X t
X X x X X X 1 X
X X X X X l X X
25 X X X X 1 X x X
X b d x 1 X X X X
X X 1 X X X X X
) No parameters in this octet X X 0 0 0 0 0 0

) -
()-
)s
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109" & ()-#3h 109’ & ()-)}*}.}0}2}6}7} <NA4/ 10#3h 10%' & () -

10%"' & ()-#3h 7}>) @B} F} G N} DNA4/ 10#3 10%' & () - #3h
109" & ()- 109’ & ()- 109%' & ()-NyPYRIVIW }1}{_?NA4/ 10#
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TO# 109’ & ()- 109%' & ()- 109’ & ()-#3h_ 109 & ()- 109%' & ()-}}}}}1}}_2NAad/
10# 10% & ()- 10%' & ()- 10% & ()- 109%' & ()-#3h 10%' & ()-}}}}}1} 7 <NA4/

10#3N - 10% & (8 othiation = o421 aTides BINPar(D)] coding - Octet 1

10

15

20

25

30

35

NPar(2)s

0= Tones abave 32/ | = Tones below 33 allowed - NOTE

etc

WK K X X ok |oo
HKow X X X o x I
_— X X X X S
L R T I T B
H K =k X k|
oK K = kx|

(= A . e R OS]

No parameters in this octet x X 0 0 0 0

Tlo  « ® x ® —~|—

NOTE - When the message 1s sent by the ATU-C, 1t indicates 1t ability to receive tones (0 =RX Tones above 3

1]

/

RX Tones below 33 allowed) When sent by the ATU-C, 1t indicates the ability to transmt tones. (0 =only TX Tones

above 32/ 1 =RX Tones 33 to 63 mandatory, RX tones 1 to 32 optional)

Table 43. Modulation —G.992.1 Annex C {NPar(2)} coding - Octet 1

NPar(2)s 3 7 G 5 4 3 2 1

Specify parameters or profiles for G 992.1 Annex C X X X X X X X 1
X X X X X X 1 X

X X X X X 1 X X

ete X X X X 1 X X X
X X b ! X X h4 X

X X 1 X X X X X

No parameters in this octet X X 0 0 0 0 0 0

Table 44. Modulation — G.hdsl {NPar(2)} coding

NPar(2)s 8 7 6 5 4 3 2 1

Use G hdsl Annex B X X X X X X X 1
X X X X X X 1 X

X X X X X 1 4 X

etc X X X X I X X x
X X X 1 X X X X

X X 1 X X X x X

No parameters in this octet X X 0 D 0 0 0 0
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10% & ()- 10% & ()-}}}}~~~_?NA4/ 10# 10% & ()- 10% & ()- 0%<089( PR 2003

10%" & ()-#3h 10%' & () - ~~~~~"~#~"<NA4/ 10#3h 10%' & ()- 10%" & () -
10%' & ()- 10%' & () #3h #~$~[ ~’\~a~d~e~? aE). 10%&k& () 109%&&' () -
-109%&R& () - ) 109&& " $109&R& - 10%&& (é‘& 109%" & ( ~g~h~t ~U~V~V\I‘pT)
109%8& ()-. 10% 10%gRiq43. Mpd G.9%%% VF}H(’) ( ctet 109R& () -
109%R& () - W-X~~~~~~ dD$. 109%&R& () - 00/&& ()-. 10%& ()-. 109&& ()

0, ! - (T  H ~—eeee— 0, ! _ . 1) _
T i i AU AU
10%8& () - . fw&&“'t”)‘“e“"ffeff&&'?%g?l ~~~~~~ . (5= *10988 () X 109&R& () -
109%R& ()-. {10%&R& ()-;c_a # ~~~~~~~ . ( . x00/&& (‘) l # X

3 X

5 etc X l X X X
X 1 X X X X

{ X X X X X

No parameters in this octet 0 0 0 0 0 0

The MS, CL, and CLR messages may optionally contain a non-standard information

10 field to convey information beyond that defined herein. When non-standard information is
to be sen%, the"“Non-standard field” parameter is set to binary ONE in the identification field
of the transmitted message. The non-standard information field may optionally be composed
of one or more non-standard information blocks (see Fig. 14).

Each non-standard information block (see Fig. 15) comprises: (1) a length indicator

15 (one octet) that specifies the length of the remainder of the block; (2) a country code (K
octets), as defined in Recommendation T.35; (3) a length indicator (one octet), that specifies
the length of the provider code(e.g., the value in octets indicating that L octets follow); (4)
a provider code as specified by the country identified in Recommendation T.35; and (5) non-

) standard information (M octets).

20 The present invention permits the modulation used by the present invention to
continue to be transmitted after the negotiation procedures are complete. According—to a
feature of the present invention, the modulation can be used as, for example, a clear channel
EOC. For example, a standard information NPar(1) bit indicates the availability of CL/CLR
messages, and the same bit is used to indicate selection in MS messages. Following the

25 termination of the present invention negotiation protocol with the ACK message, the carrier

could remain ON to provide a clear EOC channel.
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7. A method for performing a handshake operation to establish a

high speed communication link, including;

transmitting predetermined carriers to a responding

communication device;

receiving predetermined carriers from the responding
communication device, in response to the predetermined transmitted
carriers, and

selecting an appropriate communication device from a plurality
of communication devices, in accordance with the received
predetermined carriers, to establish a communication channel, the

handshake operation being performed prior to an initialization

process that at least one of trains and optimizes the selected

appropriate communication device.

8. The methods of claim 7, further including dividing the
transmitted carriers and the received carriers into a plurality of
bands.

9. The method of claim 7 or claim 8, wherein the transmitting of
predetermined carriers includes transmitting the carriers in
accordance with neighboring receiving systems,

10. The method of claim 9, wherein the transmitting of
transmission characteristics of the carriers includes re-configuring
the carriers during a transmission operation in order to minimize
interference with the neighboring receiving stations.

11.  _An xDSL communication system including:;

a data exchanging device that at least partially performs a
handshaking operation by exchanging data, between an initiating
communication device and a responding communication device, over

a communication channel,;
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16. The communication device of any one of claims 13 to 15,

wherein said exchanged data includes a plurality of initializing
carriers, said plurality of initializing carriers being exchanged
between said initiating communicating device and said responding
communication device.
17. A method for at least one of transmitting and receiving a high
speed communication signal, including:

exchanging data between an initiating communicating device
and a responding communication device, over a communication

channel to at least partially perform a handshaking operation;

performing an implicit channel probe analysis on the
exchanged data to assess characteristics of the communication

channel;
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analysis of the exchanged data.

) 20. The method of_any one of claims 17 to 19, further including

exchanging the data and performing the channel probe analysis at
substantially the same time.

21. The method of any one of claims 17 to 19, wherein the

exchanging of data and the performing of the channel probe analysis
of data occur sequentially.

22. The method of any one of claims 17 to 21, wherein the

exchanging of data includes exchanging a plurality of initializing/
carriers between the initiating communicating device and the
responding communication device.
23. A communication device including:

a communication device that initially transmits data with a
multiplicity of carriers; and

a carrier determining device that reduces said multiplicity of
carriers transmitted by said communication device to a
predetermined number of carriers, in accordance with a
predetermined carrier reduction system.
24. The communication device of claim 23, wherein said
predetermined carrier reduction system includes a pair phase

reversal system.
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wherein said initial transmission of said multiplicity of carriers
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includes a system that increases a likelihood of establishing a
communication channel.
30. The communication device of claim 29, wherein said carrier
determining device reduces said multiplicity of carriers to said
predetermined number of carriers to reduce a power transmission
requirement.
31. A method for establishing a communication link, including:
exchanging unmodulated carriers between an initiating
communication device and a responding communication device, to
negotiate a high speed xDSL communication link; and
executing a fallback procedure to establish a predetermined

out of xDSL band communication link if one of the initiating

communication device and the responding device is unable to
process said unmodulated carriers for negotiating the high speed

communication link.
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legacy high speed communication device.

34. The method of any one of claims 31 to 33, wherein the

executing a fallback procedure includes executing a voice band
modulation procedure to establish a voiceband communication link,
35. A method for establishing an xDSL communication link
between a first device and a second device,ﬁcluding:

transmitting a first capabilities list to one of the first device
and the second device;

receiving a second capabilities list transmitted by a remaining
one of the first device and the second device, in response to the first
capabilities list;

selecting an appropriate communication mode from a plurality
of communication modes, in accordance with the second capabilities
list, to establish the communication channel; and

executing a simplified handshake procedure to re-establish the

xDSL communication link in the event that one of the first device

and the second device has entered a non-data exchange state and
data is to be exchanged between the first device and second device.
36. A method for establishing an xDSL communication link
between a first device and a second device, including:

establishing common communication capabilities between the

first device and the second device;
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selecting an appropriate communication mode from a plurality
of communication modes, in accordance with the established
common communication capabilities; and

executing a simplified handshake procedure to re-establish the
xDSL communication link in the event that one of the first device
and the second device has entered a non-data exchange state and
data is to be exchanged between the first device and second device.

37. A method for establishing an Embedded Operations Channel

(EOC) communication link, including:

executing a handshake and negotiation protocol in order to

establish a communication link between a first communication
device and a second communication device;

maintaining at least one carrier of the handshake and

negotiation protocol upon establishing the communication link, to

serve as an Embedded Operation Channel (EQC).

38. The method of claim 37, wherein the embedded operations
channel transmits xDSL link managerial data.
39. A high speed communication device, including:

means for performing an xDSL handshake communication
procedure; and

means for configuring handshake communication parameters
from a terminal using a Simple Network Management Protocol.
40. The communication device of claim 39, further including
means for monitoring said handshake communication parameters
from said terminal.
41. An xDSL communication method,_including:

Using an Administration, Operations, and Management (AOM)
Simple Network Management Protocol (SNMP) to configure and
monitor a handshake procedure for establishing a high speed xDSL

communication link.



