;e3evT 6" TvO0Zzr ii~uiwuiiNU H ~~uiiu COVMINI CATI ON APPARATUS CONNECTABLE
TOACO\/NUNICATIO\IDEVICEFleIdO‘ThelnventlonSThep ion is
difected to a communications apparatus connectable to a ‘mmmmmmm’m
device, such as, for exanple) a nodem connectable to a comunication
device, and a nethod for enabling data conmunication, and in |3a{?t| cul ar,
an apparatus and nmet hod that detects various conmunicati on
sel ects an appropriate conmunication configuration to esta Iwmmmm
comuni cation |link between a plurality pf communication dev scu
O Background And Qther Information 15 Traditionally, data cormumﬁ? cation

devi ces, have been
enpl oyed OV@WBNF@EWMER@%%@E% &xﬁ)rgajsd) 8Wﬂb§?@%mt dat a
bet ween a fiDEMICEocati on and a second | ocation. Such nodens typically
operate within a conventional voice band (e.g., approximately O through 4
kHz bandw dth) of the PSTN. Early nodens transmtted data over the 20 PSTN
at a speed @felappTiaxino@itehy 300 bit/second, or less Over tine, and with the
i ncreased popularity of the Internet, faster conmunication schenes (e.g.,
nodens) were demanded and devel oped. Currently, the fastest anal og nbodem
avai | abl e (maé graseft ihgeraisn dnditebtédlto\a Sémmunieations apafatusedbnhgcthble to a

I nternational Tel ecomunication Uniopn Tel ec m’rum cation Stan rdl zation
Sector (1 TUSAPTUNEN SRR, s i OB (SRR of HSAF B AN EIS 30680

bi t s/ second comah@nicatibdatievias) dindi @ nsethddy teri mahhg@ tdata aoramogicatatensid inef erred
toas ITUT V. n _achi ey nsm.ssion rates. up to 56, 000
bi t o/ secondPHHBER" FUBAPPRAAME crB e hoth Beb oG AR Ve o e et Teidsge. dat
wi thin tihe appr exiecmt and ddﬂm;dmatmdemlﬁdaumtattohe desfiglrat®dm Ito iestabdish uaconmon

to transfer dataft ﬁ“ﬁév abtesd% in size. A nodem
that oper at 88"TPFRUAMGR PR 6\97”?1? ¥||° ?9"@) Ul RN SBYICES | ong tine to
transfer 2 such a fi I e. As a result, a need has devel oped for even faster
nodens and bnt er net Sl . ql ngly, many new conmuni cati on

met hods ar e=BEFHG - proposet—atrare devetoped to transmt high speed or

br oadband data on the Local twsted wire palr t hat uses the spect rum above
the tradjti a s ons) of
igital Subd iRt e ?%gnﬁ%ﬂ‘éﬁaﬁ@ B LA Tor AR el LB ot
as, but not ahaleg alaadzldigdal) freve érampipjoyBSioverAnslic swibdied tBIBShQnE‘Shmbﬂ@nd SDSL

h |1 I d DSL
(the col| eciiaftyol i) 18a0RRR! binEeheslortakPa ot Plcatd? SaEH

ff t
upst r eam anchodemsl dypirslly openater witlih er casyyertitnal waick band (e@s aplprbxlmaiteﬁsglo Sren
frequency bapdnf kay %‘Aﬁ&fﬁ&ﬁﬂ BAiHe ﬁaﬁ?ﬁﬁ&%n&ﬁ?&ﬂ%ﬁlmeﬁ% AGer fagE Of

physi cal and envi ronnent m tations o he various configurations of the
twi st ed2pai PSTNrate spsed ebanproximalieyel0p hittaegpidy oejgsec Qwef tme, aTd wit'f asi bl e

communi oat | Ags8RaBhhdnty HARE Ve, (RRASLAINh Gflon EEerARR) moddifdual ity

of the twisted wre Wre vs. W|re a given xDSL

schere may wete gemaisied ansl f’@“@#ﬁmﬂt @W%D“at thet@St#ﬁ"xP'i*ﬁJ?ﬂ modem pealgblgat a
transfer rafgrerndd Wﬂése aﬁDSlFutmtml %a@% exd SherRd @4 ﬁ{e URridtieRAise of
sol ving the high speed data transfer problem several obstacles exist to
the rapi d dépPesmehticatien Heonyvaerermyinicaion Standaraiaation 2edera(ITH Hihe

various,x Dslrar%‘ﬁhﬁ% aed Fﬂté ofSa (F&H)&rﬁé‘l@@l{ﬁ} mrﬁﬁéfé'e(ééﬂd lﬂﬁiePf&ieﬁl %dﬁnbﬁ&l' €
twisted pair in the voice |nafre ue above the voice

band. To acHy@ifdigitatpnrgleg 5’!966‘% retsred t‘béﬁh“!iﬁd/ %336'9@3'1?&"@6 asaifYe data

communi cat i @EnsnSfNih PatealuptBrssao0Ys/sE&shdi Ur@ef .Ubéu%ﬁdmbﬁscImls@%dd@mspass
filters, high pass fllters and conbinations of filters that are sometimes

referred t oCepsinug ) exchanae datayithinthe %?Péo’é@ﬁt&r"a@éz ?ﬂf@%q*%ah@ﬁaﬁT%nd t hat
carries voi ce band comunication fromthe 30 frequency band above the voice

band carrying data comruni cation. The use and type of filters may differ
bet ween3§ nstta neiuneramon toxtransies sietafiles that @’eﬁégerﬂg@ﬁgﬁt&’@‘frﬂm%@S'é‘ﬁdAnnr ket
motivation kRashitAatNeratsy ut'ili%ﬂﬁ(%ﬁeﬂ/hﬁl m8ulBfiort f2a8ked é'l&n?rtﬁne W ignsrdror a
gi ven communi cation channel e presence and/or type o lter is often
unknown. There is a need for the comunication devices to "know' the

exi stence and configuration of such filters before initiating a 5

comuni cati on nethod, as such filters inpacts which conmunicati on met hods
are viable. Many different xDSL and hi gh speed access technol ogi es

sol uti ons have been described in public, proprietary, and/or de facto

st andards. Equi pnent at each end 10 of a connection nay inplenent one
standard (or several standards) that may (or



may not) be nutually conpatible. In general, startup and initialization
nmet hods of the various standards have been heretofore inconpatible. Line
erdvi ronnment s surroundi ng the xDSL data commruni cati on schenmes, such as) 15
for exanple, their ability to co-exist with a conventional anal og nbdem

t hat communi cates within the conventional voice band (e.g., 0 - 4 kHz
bandwi dth)) differences in central office equipnment, the quality of the
line, etc., are nunerous, differ significantly, and are conpli cat ed.
Accordingly, it is essential to be able,to deternmne the capabilities of

t he communi cati on channel, in addi ti on to being able to 20 determ ne the
capabilities he comu catl nent,, | esta
opti mum and® 'ﬁ%ha Ifit @F@JFF‘HE % TP ?(venﬁgg?r '88@?’1‘%5??%\1%”%‘% have

a w de rangac&dss dastigodeandw dth reqw rerrents Al t hough a user coul d al ways
use the highest capacity xDSL standard contained in a nmultiple 25 xDSL box,
in general) that will be the nost expensive service, since conmunication
costs are gaoedraihgly, hedngt aswt eorhira@niastiinl addtieodsaBebM iy, prb@edi araior

bandwi dth a Ilcatlonls th er S|rethe tOlndlcate
a preferenc e&peg tp Hﬁ/‘ﬁﬁ'ﬁ%\ﬂgcﬁpﬁeiﬁéém@&ﬁ%}l%gﬁéém the é‘??@ r'FﬁLH"i‘i‘ cation
service), ama0OPPESeR $pechism ibode Nhe brabitiogbniakihz baﬁll. Eﬁbf\élxémpleASar@odsesm t,

it is desirgple ave stem 30 | aII |nd|cte user
Lo vt co: ana RSl RefiRinst of ot muRsebBoin P es 950/9°6 Pendo. g
central offu@@)oped 4udhnagdslit triobmmiited tth,efop exainplal Dsnrrm}su; |\msslng|b$u§

comruni cat i nd co ni. c on cha data access
conpl exity 8g0§ﬂ B%"{@W@@ %rru ﬁ\chf%ﬁﬂﬁré]@ r%@"""%ﬂ’easr’agﬁﬂt has been
t hat posei bl e configuration corrbl nations at each end of a communication
channel hav ro ex entially. s The US Tel ec atlon t of 1996
s opened. ERGY TSt TRRIGR Thio: 8 dFORat SPITLRKRRat datanp o resuitia o bor h
conpet i ti veditfélerCupsteare, ar&mf Hb@nétmam’rh&rmtfetfeémeb@nen@rmmlzékardlffdrinE;C} t hat

originall nstaII s Thus | e vj ders ifferin
resgonm b?ll r??‘@gc%lﬁﬂmtécfﬁia pﬁgﬁl‘)mﬁ" h?ﬁﬁh@%ﬁg’% TRPQ y?'cql n a )
gi ven cent rahd edvirop@ehtar imitmibhoof tha vgnmmmnﬁgumﬁmsa:bfltb@t\mbtadrmir wWiteésne) nay
be sol ely provisioned for voiceba , or_one of .t new xDSL
CADsL, Vst Sl "Wy VoS SRRNIRRR.Y & A ol plienie Byt

deci si on, lbartdelidipphdepesding iooefansapsplec tist quaditys df thaveistedwile paai{gg.,of
freedom for cing. (} a i I cust oner
prem se equpgﬁmre?’gi EA?S W'ngmAens)gg%%gngﬁén% iﬁgﬂg%%@wg ﬁ&M 8&5 c.} on
voi ceband céaldismedxdmuriadesrtised dajatramier neteem se equi pnent ( CPE) assom at ed
with |leased data circuits has typically been furnished by the service
provider. As the high speed communi cati on 20 market continues to evol ve,
cust oners wilhile aD§b tashpelogies rxistdanteofter thecrrdoine of solingdhé highasndepdatai di ng
their own r L L i tional
voi ce banqu%?"ffeq pr&? ﬁ%bgacgaqlogét%glgégg'sg?e@gtﬂ%@ggﬁ%ﬂmg@gér@ %:%g?)tﬁ%\a}? ders to
be prepar edxDPYr equipheld. r ange of equi pment to be unexpectedly connected to a
given line. 25 The custonmer prem se wiring condition/configuration inside
of the custonmer prem se (e.g. hone, office, etc.) and the range of devices
al ready att8evesal afdheo@eeus ND$|héCb@m¢~‘h@eﬁm'bSW*P@%P%n@PWﬁB@@%‘IOm%tb?e For a
Ser Vi Cezproyhgg#sm& BdPat R fhghoﬁetb%ﬁaahe'.@af@@%ep b5h@LbSVEARe VGic8Bahy Ze the
prem se wirin ean installation 30 réepresents a | arge cost.

Accor di ngl yfo aﬁh'@fefﬁ @F‘@H@”e@ﬁl vpige kprchand abqve veice haaﬁsﬁmanamrersomu on}
method i s nﬂ?@l@%hshohg%h@tﬁe FiRdrs ! HMR1udMgt joW basy KiRdtsOhighl p&ddl filferd hnkihe S5
situation where a plethora of communication net hods and configuration

met hods exi eambimations df filterreat i@ tSORTEHGIee cigfepieento Aty SRIKPE. beg Mides t he
communi cat | haFRanAe! reaubRhThAH R Aed B6ica Rl cGRRTHBAIRA' Hom fievi ce.
That swi tching equi pnment nma unction to direct a given line to a given
type of 3tonfigtyiensy e @hﬂ)fﬁdée VqiRg Hand caIngho dpiécpmiaynicalionedestsarandup

t echni que (@ng{] Fe%mgﬁ'glﬁgﬁﬁémg%n hBalattpkves the various equi prent,

conmuni cati on annel,” and regulatory environnent to problens is urgently
needed. In the past, the ITU T has published reconended net hods for
initiating data communi cati on over voi ce band channels. Specifically, two
Reconmendat i ons were produced: 1s 1) Recommendation V.8 (09194} -
"Procedures for Starting Sessions of Data Transm ssion over the Ceneral

Swi t ched Tel ephone Network"; and 2) Reconmendation V.Bbis (08196} -
"Procedures for the ldentification and Sel ecti on of Common Mbdes of
Qperation Between Data Gircuit-term nati ng Equi pnments (DCEs) and Between
Data Term nal Equi pments (DTEs) over the 20 General Switched Tel ephone

Net wor k" Both Recormendatl ons use a sequence of b| ts transmtted from each

I o .




6 actually connecting to each other, if the communications link is to be
successfully established. Voice band |ine probing techniques are known in
the art and can be used to 5 determ ne voice band |ine condition
i nformation. Such techni ques have been used to optim ze a given nodul ation
met hod, such as, for exanple, V.34, but have not been used to optim ze
startup nethods andl or communi cati on sel ection nethods. In a set of devices
with rmultiple nodul ati on nmethods, V.8 or V.Bbis has been used to negotiate
and then select a particular nodul atiop. After the nodulation initiation 1o
sequence has started, |ine probing techniques are used to receive sone
i ndi cation_of the con on of, the communication channel. If it is
det er ni ned R&Fe 'EfL]( heb%ﬁ ?%‘PC'%{‘%‘?QY&WJB%WB‘M“%?%H'&H‘H%ﬁe YRS
(ef fecti ve: ]gzhelsu&par thoge ﬁlféir;s‘gnmgedwlr ﬁtgnm mﬁdnodncattdnrrﬁwa@aasmféhmsmeri stic
i.e., self-learnin a ck techni S are e the prior art to
try and fi RRA/gr W&u%)afﬂlﬁe{)r‘ﬁ r?g?rﬁéla \L/tE?T?s'S q41€ n’gﬂc% gl? X‘EW"H% a9 sh an
i nproved coawtey wakhewr the @k%te@cﬁ%ﬁb@dnigﬁlrét@qwﬂsed\ fieas b@hﬁ@mﬂ%ﬁné @xani nes)
the line conditions be%ﬁ 5 atte |ng to sel qgt t he nos ﬁ@%ko riate
conmuni &at FORMYBICARY MoPHea% &ﬁe‘g‘pﬁﬁt\?éwlﬁ ?‘P@EP%{B?HOE P& #Mcr ease
the data rgkplefor a given nodul ation, the prior art does not provide a 20
met hod for using channel information to aid in the selection of the
comuni cation nethod. Unfortunately, in the current state of the art,
capabi | i tymgqinﬂfaérhtommaurmgﬁ tsb@w aksewl te&mlc@fest §tﬁutpﬂh§\/rf§vbi tegnchannel

configuration i.t know edge ectrum ptti is vital
Lot ho. el BertrbRd BYPuie, mOSIetabe s B B SIATHARE  EauipiRSL Hosch
<(:| nodul ag i Oﬁﬁaﬁ,ﬁﬁ?édltnlﬁlﬁl nwyomre?nd : erD@hemtdndem(oBQeWm stgndahes)itoht roay (g

i scussion, the follow ef i ns_ar 0 tivati tation
(cal | ing sMa¥inshbe mPWé'P’% a PLE rﬁg;g%oo% ‘gF’Q@F‘Taé'P% egﬁ % i pnent
whi ch ori gtHk&IaﬁSusaﬂaﬁdﬁrﬁs/laé\Aecb%eaﬂwesunoanShccma:rafblee, answering station -
the DTE, DCE and ot her associated term nal equi pnent which answers a call

pl aced on a GSTN; carrier set - a set of one or nore frequencies associ ated
with a PSDLinaﬁnvmdnrﬁerpﬁsnﬂrmﬂdmg th BSD SRedatawemeainication Bcr@h{%, suchabs,i ng and

cabl i ng_copponene e5| d and { est to transmit ¢ nl 0 VHZ of
communitat [6n¥@ F"(Brg‘{}@Y i %Onﬁx% ﬁ(?h %I\clopvgrﬁ'f’ na %aef%) 'ﬁ%égegbi]tﬁ%t per
second; CA&*&nmumabtles rvgth&nmecabrhuengomrvpmaebwﬁs(e@sDgﬂédkl-dmdbanmrﬂdtbd to
transmt cleanly to 0 n ni thod -
formof co err%n§% in()%é%@r(a)%ce g%&[?ﬁexg}g 'kh%d&qaﬂ& d thg grg{y geu+ arﬁlé}(c))p]g l'ine
codes, et cdiffedeigniitantipnand dier coptplioatedf chalmimglysstl leresterdm thbeable-6 t o t he
xTU-Rer rﬁétggmfug ?nrgaca a%rlt?er?ofh{%]aéon‘ﬁﬂ nﬁl@dt@ﬁ c@algr{e@qﬁagﬁfzﬁho%%ﬂw e‘Jﬁl'ﬁ:eeto( FCS)
error; &P e Val corrpl enent of
an HDL® fl defernibe rtha capabilitey @‘nlgfnaqnmmuelpgml equpremt,iimotdesteestablish ant up

pr ocedur e; o) 3his A St A comPlicaRFiAnd ot her associ ated ter ni nal

equi pnent Ichinrtrates tartup procedure; invalid frame - frane that
has fewer than four octets between flags, excluding transparency octets, 20
message - Usérf%%#u .Bﬁé%h% &@.@W@@ af'datJmeﬁféthraﬂémssmtﬁéhghnet allic
| ocal | oo ni cat1on channel 5, netallic wres formthe

| ocal | oopawgertmldcaj\saw fb‘F dighegt: Capé@fﬁd@ﬂ-rf@a@%mntam%ﬁ @rﬁamugléht in
response t engh phiid bfdrAvinat ANk thk ARRPBRIEAEIVE SahicaNsincS LthinaRcARAL

responds to initi'atfon of communi cation 25 transaction fromthe renote

station; seests @re ge%ﬁilwaelaiem Ahe availahle banfvddthi oWheRedayw angwigih

begi nni ng LGy @Rthn iPEENEME GRMEYIRir®thePdtlty FARHIBAE fBleréhcBérPlol: Signal
- information conveyed via tone based transm ssion;
bandwidth xDSL (and hence, a cheaper communication service), as opposed to
using a high bandwidth xDSL service. As a result, it is desirable to have a system
30 that automatically indicates user service and application requirements to the other

end of the link {e.g., central office).



signaling famly - group of carrier sets which are integral nmultiples of a
given 30 carrier spacing frequency; splitter - conbination of a high pass
filter and a |low pass filter designed to split a nmetallic local loop into
two bands of operation; 8 tel ephony node - operational node in which

voi ce or other audio (rather than nodul ated infornmation-bearing nessages)
is selected as the nethod of communication; transaction - sequence of
nmessages, ending with either a positive 5 acknow edgnment [ACK(1 )], a
negati ve acknow edgnent {NAK), or a tigre-out; term nal - station; and
upstream The direction of transmssion fromthe xTUUR to the xTU-C
Abbrevi at i

ns t The .foll.ow g abbrevi ati qn e used throu t the
detar ) ed afoedtBen e tesersealdirtsath” b B B FuRRod REGRASR actny gi ¢
Subscri ber cdxmmemcéiﬁanﬁdﬂ‘énneIVh@B spasdveatat aucess dwpalaxity 1¥.aBonotiudrate dhyanswer
t one; ni str at on and
| o nat 1 oifsaR Shebh R ies TR RS bttt ARHS PR T VDb corbBRicsat
Consumer Degphteald chalzemin uniiatidn ﬂmnnamdﬁ@gfov@a@@bhémttailyzs Request; CL -
Capabilities List; CLR - Capabilities List Request; DCME - Digital Grcuit
Mul ti pl%xi ng Equi prent; DPSK - Differential encoded binary Phase Shift
Keying; 25Thd# §S Telegsrhmlnitatimnt Adti afat9ganhasi gperled OMT vastDintrastedoturbldft i - Tone;

DSL - Digital ,Subs n ECC, -, Enbedde

Oper at i ons El?é{ﬁ#@’fs,?e erﬁgalrsgggg\g °°§‘pgeH§Ye @%{) “ﬁgpﬁr@"%ﬂ]@cﬁ?cg@g‘ffgnce; FDM
- Fr equenct;el%uh@ipnmvddjl (Ilm)a)ﬂnzngonglnaﬂlyFEKtaHed:rtEe]uarEBy Shinfst r‘r(el;lplag; GSTN -
Cener al Svm'tc ed Tel ﬁg}é gg Net wor k i |gme aa PST tl@lﬁg df—( veI Dat a
Li nk Cont r Bit¥! ﬂéﬂ'ﬁy Sh TR PPN &P &%”{p & PYed 19y e?‘

Engi neer i ngirdpsik Force; 1SO - International Organization for

Standardi zation; ITU-T - International Tel econmunication Union -

Tel ecomuni cati on Standardi zation Sector; . LSB - Least Significant Bit; io
LTU - Li neinTeginématntean office ter(nieatibn,aa gived icomnmnﬁt)atiod\/ﬂwannhb(dae)ﬁaqweet MBS -

%gg aggl, eCédlely prowsnone§ tfor oﬂ:@l) cf %y, Igbh OPIAP% of thlg IyVn WA%]_OME?Sctge

VDSL, HDSL, SDSL, etc) services. Since the Carterphone court decision,

15 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 furished by the service provider. As the high speed communication

20 market continues to evolve, customers will also expect and demand freedom in
selecting and providing their own CPE for high speed circuits using the band above
the traditional voice band. This will place increased pressure on the service
providers to be prepared for a wide range of equipment to be unexpectedly
connected to a given line.

25
The customer premise wiring condition/configuration inside of the customer premise
(e.g. home, office, eic.) and the range of devices already attached toc nodes in the
wiring are varied and unspecifiable. For a service provider to dispatch a technician
and/or craftsman to analyze the premise wiring and/or make an installation

30  represents a large cost. Accordingly, an efficient and inexpensive (i.e., non-human

intervention) method is needed to provide for the initialization of circuits in the



15 NTU - Network Termnation Unit (Custoner prem se end); OGM - Qutgoing
Message (recorded voice or other audio); ONU - optical network Unit; POTS -
Plain O d Tel ephone Service PSD - Power Spectral Density; 20 PSTN - Public
Swi t ched Tel ephone Network; RADSL - Rate Adaptive DSL; REQ - Request
Message Type Message; RFC - Request For Comment; RTU - RADSL Term nal Unit;
25 SAVD - Sinultaneous or Alternating Voice and Data; SNR - Signal to Noise
Ratio; VDSL - very high speed Digital Subscriber Line; xDSL - any of the
various types of Digital Subscriber Lipes (DSL).; xTU-C - central term nal
unit of an xDSL; and 30 xTU-R - renpte ternminal unit of an xDSL. 10
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comuni cat @kist hat executes a first s comunication nDde that transmts, to
t he communi cation device, a first predeterm ned signal that designates a
speci fic node, the comrunication device respondi ng by issuing a second

predet er m @[ fetHEnabwitching &) it A4 YO BxiSXBtwbér thed cSRFRA AN BRENNERL | ON
node to transmt a third eterm.ned sigpal _that r %uests a transmn ssi on

of the fir&MNYARABF 8 t“é'i W“?'F%}Wf‘t Icg o ARfFWEEhING rPAPreRE Ny, and
recei ves t fgction fldiREesgven Mened gwedngpe bff dMmlifcationaEitgat i on device, the
second comuni cation node thereafter transmtting the second predeterm ned
signal to the conmmunication device; and a controller that executes one of

the first gaoEhyhtdpesd MatEacRes shet-GF 6RRAiqGE TERPArAES aB8 MEEET)UHRaN
initializin onmyni cat i.on vmtht e Cco nlctlon devi ce. 15 Preferably,

a
the first 58'&%% VAT AERRI RN ‘LO(S’HBW?'%%‘S" i YArIUAleTY FRTOREY

predet gy M peblehpibalgendyhedde@s a MR signal . The second predeterm ned signal
preferably conprises one of an ACK signal and a NACK signal. 20 It is
preferable that the conmuni cator executes a third conmunication nbde that
transmts mé;péétgﬂ%l nth]trtne ﬁlﬂﬂfﬁhﬁ"ﬂ %tfoh?rﬁbrﬁ!@tdhﬁ@thbb@'ffori inftiafifgs dbtae g
comruni cati on device of a fungction |ist of_t myuni cati on aratus an
Fequest s acHTIREDIPT P YAick RenE SR arSRERTERT CBO ROFSMERRRBANSat | on
devi ce traw&mprbum@da CL signal that includes the function |ist of the
commruni_cat i, on, device 25 to 1 i cation tus.in. res se to the
R o dhal 1 hecammienedin fe A T ooRrEat: Bh Sriad vecBient Ko oo

transnit omMmnefisstoa oﬁé}ﬁhei@natal Swdcrtdnier}dMBﬁneNgmdrk”t and he comuni catl on

devi ce Prefer t hi cat“ pode 1 s r cuted prior to
an executi %)n ﬁcoé'ién%rﬁgthr} r\ééL cat b'%ﬁe%a% TISF tﬁ?l (I; ngfﬁcaﬁ cution of
t he secondSelentmmlota@mmmonohledes oAd@aeﬂaagecBEngen tMacﬁmmmh:temhatmgtransm ts
t he NACK s e t execut abl e
node and rgg&s M\{;h@) %%lngg@e%ﬁ %%ga?% urga?té n'ﬁiénr%?t(?)gglggé’t'?ro ®state
upon amo ocGanemhﬁwnt@bdéet&demBetmortéd event. Preferably, the predeterm ned
event conprises a 5 transmi ssion of the NACK signal. It is preferable that
t he conmmuni cator executes a third conmuni cati on node that transmts a CLR
si gnal to Bbid Recommérsiatiorenustes isegauericatofibitt dramsmitied fammmnh tm:tdiemntodevi ce of
a functi on, u agfunction
et ot 1 ndehl b ABraR HULAALARARR AN Gndlihd obBl GRh e
transmits mopdahctrarscltqm:tempybﬂsprmcot hetcc ohtnweverabithin siédvp csequendehe
comunicat r ft.er t he
third g%mrﬁﬁ%c@??@étﬁ%eb&s g@%ﬁ?édt@ t]tr%a%gt t%log\@“g?gt h@lcﬁg}ﬁagnal and
the NACK stgnmbnieglionhmehopsruiiucthen dhesgeconventionsl ptartup seaueraesedd nefat t he
third commuaj @ﬁ&/opmdﬁggﬁtﬂescoﬁﬁﬁﬁﬂn%d/m%n&h BthE bamluiRGh&PEhahhst Of the
center is recelved e conmuni cator a pre eterm ne times. 20
I n anot herb@%%ihﬁeﬁ@demﬁﬁere i's provided a conmunication appar at us

sel ectively connectable to a comuni cation term nal, conprising: a

communi cator that executes a first conmunication rmde, associated with the
communBtat Hewegspaling usonditipat infoanatian s such i @St faredkxespid, ndeasengyal to t he
communi cat Lipadi&iididahodd12hadBliqRa! BRsBnaP8FizbbéndClea Hiffer Y., [s2cel ves a
second predetern ned signal 2s from the comunication

communi cat eyefdhatdha timg thatgiwehdP o mademsaare aegetiniiag aas@mpmre@rm toh t he
conmmuni cation apparatus, that transmts a third predetermned signal to the
comuni cation term nal requesti ng a transm ssion of the first predeterm ned
signal by the communication termnal, the communicator receiving the first
predeterm ned signal fromthe comruni cation 30 term nal, the comruni cator
executing the second conmmuni cati on node thereafter to transmt the second
predeterm ned signal to the comunication termnal; and a controller that
controls the communi cator to execute one of the first comunication 12
nDde and the second connunlcatlon nmode upon |n|t|aI|Z|ng a connunlcatlon

B T . D L R 1 Y M o, N T I 1



20 signal designating a specific node to the communication device, the
communi cation device receiving the Ms signal and transmtting one of an ACK
signal and a NACK signal to the first conmuni cati on node of the

communi cati on apparatus; conmunicating in a second comuni cation node of

t he communi cati on apparatus to transmt an MR signal to the comunication
devi ce requesting that the 25 communication device transmt the MS signal,

t he conmuni cati ng deuice receiving the MR signal and transmtting the M5
signal to the second comunication nodg of the communication apparatus, and
thereafter the second comruni cati on node of the conmunication apparatus is

executed to transmt one of the ACK signal and. the NACK signal to the
communi cat iaB‘Ha&eW'}F‘@?t' 9 e@gba??qrnlétr@ngorgmuqlﬁ 'of‘FSElf 'S% he RRERPEEY on node
and t he seegstadlishegnuni sati on node prior to a conmunicati on. 13 1t is
preferable that the nethod further conprises a third comuni cati on node of
the communi cati on apparatus that is executed to transmt a CLR signal to

]Ehe commlniv@@bi I];thdﬁmé B bingatechmif @asBrel REowro ATt ﬁﬂltdr@lnc:ﬂe%b?&eﬂfma .

unction list of the co ni cat|.on . arat us, a requests a function |1 st

b e he. SonAiterBiae vake Sana U Eonding i RAtIRN: B B LES NS BRATASY by

transm tti pgogirkike Si gV mbh@htidnn@kde Ssucheas] wircxald, Vs34, But hBg: not

comruni cati on devjce to .the com’runr!]qc?gti on rg:?) aratus, the execution of the
i

third conmBRERHEEDI PRIRIZE PHNAMS e IGRERN SPIGAUAN BROIRe NACK

signal to ihg sesmaevices it Multdid ARJDIBEIET methoaX e Bidr MBHXIRabed@seli I St

conmmuni cati on mode and t he seicond ,%Emm?rauiﬂatl or;l1 m)%e. 1&]The_ resent

di scl osur e!d RF9gfiate 31 themieledt aparticiardperuiatinrg After thednogspaiipndiitiation

R TR i A 1o i R e el T
une , : ) iled an . ,_an \ . filed on

Uy 20 19652 contiten & dreepmEneRpain<: It delendien SRS MEa her of
bK rfeflelren_gﬁenh n:otrmimcagamidhehr)el dﬁﬁ H&iggfwcﬁwtsud;bcﬁcbomsenahswét@hersl to

the foll ow n econmendat i.ons, the subject matter iich is expressly

i ncor por at E‘ﬁﬂwgr diME FONFPIRY ShRUDSTG, (f%eisre}f'é‘?ﬁ"im& V?I%£5%W3fi %ﬁ V. 8bi s
(09194) - eémpreedivy the drior aStetry anfirides sibauisticdl mEhba thadwdrk@nsm ssi on over

the General Switched Tel ephone Networ k", published by Tel econmuni cation

St andardi zati on Sector of the I TU; Recommendation V.8 (08196) - uProcedures
for the | denbidet takstablisanah Batrevdd commbiniCationolinkMadasthofl ipeyusred ahatBet ween

Data Crcuit-termnatin ui.prent §...2 s)..and,.Bet.ween a Term nal

Equi prment so?ﬁﬁ'\affsg)n}e&\?@tlne?’%sg%é'ﬁ%r%nag?ﬁ? ébﬁDgge .Iaefegwﬂa%eto I\ﬁeelJ rke,mﬁf}bl i shed
by Tel econappropgrigte eomStuaivdtiord nettiodonWhie tteshniofues mavé Beken Ratablisheddat | on T. 35
- "Procedur for, th I tLon of | TT ' d 3o.for .Non-standard
Faciliti es‘“,g'%ﬁﬁ%ﬁi‘esﬁgtéﬁt?&g% éégg’r?ﬁu"r??%é{%?%‘% gﬁ%a%ﬁ’g% 58 PEMYSR of the

| TU;, apd méthoRdoonsimg dadrninehinfor@atiqrl®l 96 )n the' seledtide of GeecanmnrjcationDat a

Si gnal i ng Eh% of up To 33,600 bitls for Use on the General Sw tched

Tel ephone wor k and on Leased Point-to-point 2-wire Tel ephone-type
Circuits", published by Tel ecommuni cati on Standardi zati on Sector of the

I TU 5 BRI Pl : i bj ect s,
Feat ures aglCaTAn o Bene S ERe oS g e o w10 . A Ao ecll Mo

f ol | owi ng knmwiedqgerafitkaprevalingsenanpel eonfigiratinne f lmlicitkrnvwiedgerad spectrund  as

il 1ustrated, kit C Y/ Wale! I NGS | S A

non-1|i ?ﬁ@t [ éerg"h@Qa%g‘f'g'? %Pmﬂc‘ﬁ ‘Srégéfcg}reg%ethgmlpggtagé@pﬁége%@gw e'oglame parts
t hr oughout meplanism (roedplatioBindecisiemiPi@pREsei n: Fig. 1 is a schematic bl ock

di agram of a general environnment for usage of the present invention; 15
Fig. 2 is a schematic block diagramof the present invention under an
exenpl ary Befiniigison i n which Central O fice equi prent has been provisi oned
for xDSL service and Renote equi pment does not enploy a splitter; Fig. 3 is
a schematic block diagrans of a preferred enbodi nent of the present

i nvent on Bed tha fdlewhactiscoasion.ithe tollowvied daiyntiang ¢ gmpioyedd (xDSL) nodens 20
adapt ed t Oaétfxéﬁﬁg‘&atﬁdrg&%ilﬁ:gtﬁlag&?)h- tﬂ% RATE, DLY ati GRBTMYOEALQBmrRaNNe! ;

Fig. 4 is a staté transitio ramfor a transaction nessage sequence of
an xTU- R ugguipment which originates an activation of an xDSL service;



Fig. 5is a state transition diagramfor a transaction nessage sequence of
an xTU-C unit; 2s Fig. 6 is a labeling and order format convention for
octets in a nessage; Fig. 7 is a field nmapping convention for data that
does not reside in a single octet; Fig. 8 is a bit order for two octets of
a Frame Check Sequence (FCS); Fig. 9 is the structure of octets in a Frane;
Fig. 10 shows three types of fields of information; 30 Fig. 11 is a tree
structure that links various paraneters (NPars and SPars) in an
ldentification (I) field and a Standard; Information (S) field; Fig. 12
shows a transm ssion order of NPars and SPars in a nmessage; 15 Fig. 13
shows the structure of. oct e |d ntlflca field

Rl e S R TN
informati onaﬁsN@rsbioellrltacemdn ElG'ﬁTN},S shows the oct et structure of data in
each Non- St andard n orega; | ock.. 5 DETAI LED Dgg r?%}# E FERRED
ENBODI NENTS CAR 6,58 Ad ¥ °PF ét’""éﬁﬁr&é]il?x%%%s BEOPRE Y MPEALY

data comunpsaitilenxBSisResonaneniatisgs a central office system 2 and a rem)te

system 4 i arg.to interfaced together. v C catlo cha nel 5,
2 shown | nOATq - SeBine pod KaREO PP Sedetar o PR oo iAo

di stri buti oneHaes doahnichtibieat Udedrfot vasesaridodatat AN fradfie tb e neeabitaberof f i ce
system 2 to_t he ,communi cation channel 5. The nmain distribution frame (MDF)
"1 operat esSt%" Bonnect, for exanple, tel ephone 15 lines (e.g.,

communi cat i chshaaﬂlﬁnlg ﬁt)i dabltﬁgrtg)ntﬁonemétﬁldestgrteﬂajei testad nearssntliecleagtiol nt er nal
lines (e.g %@r centr office lines) on the other side. The renote
system 4 m”@@' ﬂ@f‘wg% rhc‘terface device (NID} 3 that functions to
interface tbemmmidationy sfethod! -t forihhef communicatitn clontetimeseleféredl e aset wor k
20 interface eV| ce (N D .|nt rfaces the custoner’'s equipnent to the
conmmuni cat i B¢ &S thattob 3'“6 @ ?ﬁ*rﬁ i’cation channel 5}. It is understood
that the prdswnétréameﬂtre@mnmﬁ;ra@ueqm@t frend thieoxTl-Beto tmaoxﬂ"rmRt cations devices

wi t hout departing fro thes irit 0 vention. Further,
25 whi | et herRiRtEaT Tons i orer e SRR Re R ok B e "2 el ephone
conmuni cat i Galfs aatoetet baqnhg)ty\ewglu'e\M&t ed , freg onesicoag|ement pbaruHBeCSlagpd t hat

Lhe | VNt el kA1 A8 P hElecly A3 SaLag,ENVI TonIent s, such as,

but not cabl™e comruni ca , cabl e nodens),
opti cal conmitiiithwt statiopys DF ks DOA rapt estbers gssoeiated temrhrnat eduipoentuminght | on

syst ens, ng 3o fromthe spirit andl or scope of the
=" finpyelal el fEPRLI

i nvention. rates a detailed bl ock diagram of the first
enbodi ment mfvahdhéra!m a freorenthat bas ifewersthen goviobctpisgoetweer iags, esdsbidinge nt
represents tallation, in which both the central office system
2 and the rga%%g}e§§§°&tg§4 impl ement the instant invention. 5 As shown in

di g. 3,24 hemessagex framéd iptprroglinnesonzeyed i ingdidatgditrgnspigsionf i | ter 34 and a

hi gh pass fjeifific %al %&;ﬁskoﬁuﬂﬂmcg%r{ eﬂaMeP%ktréGme?amQ'ﬂ%éﬁ%ﬁ%r#@{h%

receiving section 68 speed data transmtting section 10, and a
conput er 82'00@6%51}9@?8 wtor@ertm@mnsgt ood to be a generic interface to network

equi pment |%ﬁBﬁ§m§ts@m SfgRAlsaht lilt(?eéﬂofnbé:?o an' Rtibti Qf’idl ation bl ock 46
perforns all t hé neagotl ation and exam nation procedures which takes

pl ace prior TGFBOt‘ﬁ'@Ql gtationt i gitption tat Jesreads hioginitaier df dat epreumitationat i on.
25  transaction from the remote station;

session - active communications connection, measured from beginning 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 muitiples of a given
30  carrier spacing frequency;

splitter - combination of a high pass filter and a low pass filter designed to split a

metallic local loop into two bands of operation;



The | ow pass filter 34 and high pass filter 38 function to filter

communi cation signals 15 transferred over the comuni cation channel 5. The
test negotiation block 46 tests and negotiates conditions, capacities, etc.
of the central office system2, the renote system4, and the commrunication
channel 5. The procedures of the test negotiation block 46 are conpl eted
prior to, and initiate the selection of the high speed nodem receiving and
transmtting sections (e.g.) nodens) 68 and 70. The 20 high speed receiving
section 68 functions to receive high spged data transmtted fromthe renote
system 4, while the high speed data transmtting section 70 transmts high
speed data the renote system 4. The hi speed sections 68 and 70 may
ot i so. - bytleptmG B s PRI mgfedn e Poamer COBE oS TBer s LosL
nmodens. Hi gihaprest siefimans-Edriagdmé8srB) b acplctidal ad ythef nidtedy spreed 25
transm ssion _devi ces which "share" the common bl ock 46 during the initial
negot i ati onCPPBUEEANY. The negoti ati on data receiving section 52 and the

hi ght_Spte_ed dgh?aét?;ﬁﬁivigﬂugﬁ@éi@fntrﬁﬁsgagiasrénwtnﬁi gﬂ_wttﬁ teﬁh@xgrad)UF@gitiv%Z. The
negotiati on data trans sectj.on an e hi speed data

ransr 1 ngodemadgmernAGa Bl i drpeetator DRyt Bimiter 82. 30 11
t he di scl oseginfindiodtdtientandt est negoti ati on bl ock 46 conprises a negotiation
data receiving sectjon 52 and a neqgotiation d transpgjtting section 54.
The negot | atPEHea B RRIS LT RrPREoR demoe S3UTR PG St ot ot on data.
while the negotiation data transmtting section 54 transmts negotiation
data. The ogggatj%g of the various sections of the central office system 2

will be des detail, below. 5 Renpte system 4 conprises a | ow pass
filter 39, a high pass filter 40, a test negotiation block 48, a high speed

data receivi ection 72, a high speed datg transntting section 66, and a
conput er 84%%{9%“?18'agggviagomgpg?(g@ﬁoqggo @h%dgt@ﬁaé‘ﬁcqsgpgrface to network
equi pnent | ocated at the renpbte system Test negotiation block 48 perforns
all of the gﬁﬂﬁt' tiop and exam nation procedures to that take place prior
to the act udFMHIAAYNQRIEdIE HSFSA9E0muni cation. The | ow pass filter 36 and
hi gh pass f ADSer- AYmaeeicbigitdl Subsdriber Liaenmuni cati on signals transferred
over the_ co ni ?%ion channel 5. The test negotiation block 48 tests and
negoti at®s 5@#&\? AWl e ties, etc. of the central office system 2, the
renmote 15 siNSam 4y.8amdiutdtet arcweuioneat i on channel 5. The hi gh speed
receiving s iop 72 . functions. to recejv igh speed data transmtted from
the central EQMT'g%m@?&?Q?ﬂ’ ?%@qu%)?se apﬁyﬁﬁga%mg%eed data transmtting section
66 transm t ECHITghntoeadidnal dtetegraphtdne Tedepthoad Cohsultabves@ameritte2; The

negoti ation Bglq(fg@&%giﬂ@ua%&gkﬁmeﬁgngnd t he hi gh speed data receiving
section 72 Fransnf{ signaPFs to € conputer 84. The 20 negotiation data

t ransm 2a i nGRsdtpabititicsRemest he hi gh speed data transmtting section 66
receive SiQEELix{EEHﬁ%LRﬁP”‘the conmputer 84. In the disclosed enbodi nent,
the test negotiation block 48 conprises a negotiation data receiving
section 56 @hB-&£apebiiiesdtstiieqdesta transmitting section 50. The 25

negoti ati onp ﬁﬁ?=6iﬁ§k%kﬂﬂwﬁgﬁkkﬁ E%gméggglves negoti ati on data, while the

negoti ation gata tgansm tting secri t'ransmits negotiation data. The
oper at i on oPPEKe Differeolin encosied inanuPhasesShifekeltirg;system 4 wil | be descri bed,
in detahd, BRI oM ité'm@er{ﬂﬁ&?iﬁh%ﬁ jgp data transmtting section 50 of the
renote system4 ?ransmts the 30 'upstream negotiation data to the

negot i at i onDMdt-PisaseteiMultivdorescti on 52 of the central system 2. The

negoti ating ggt_@&%{aﬁg%g’cpiﬁérq_%egecti on 54 of the central system2 18
transmts tRe dowhst ream negoti ating data to the negotiation data receiving
section 56 Bf -tHebo cenmaslied;system 4. The central office system 2 includes a
plurality o h - nd 18 that 5 are used to comunicate
with a pl urg?iet o} ogiﬁgr?ﬁ%f)asnoég?ha%g)eez& 30 and 32 of the renote system 4.
in this3tegbPdEstape Jomlt ed that in the disclosed enbodi ment, channel &
conpri ses aFégnq;Féq.}]e&g'é&{esé‘dﬂu@Hﬁgal that is used to directly comunicate with
a corresponding renmote voi ce channel 32 in a conventional voice band (e.g.,
0 Hz to appFMi-rfueeuepcuDivigion Muliplexintias been filtered by | ow pass filters
34 and 36. to Further, a renote voice channel 33 is provided in the renpote
system 4 that is not under the control of the central office system 2.
Renot e voi ce channel 33 is connected in parallel with the comrunication
channel 5 (but prior to the |low pass filter 36), and thus, provides the
sanme service as the renote voice channel 32. However, since this channel is
connected prior to the |low pass filter 36, the renote 15 voice channel 33
contains both the high speed data signal and a voice signal.



It is noted that the filters may be arranged to have different frequency
characteristics, so that a comuni cation may take place using other, |ow
band conmuni cation net hods, such as, for exanple, iSDN, between voice
channels 6 20 and 32. The high pass filters 38 and 40 are selected to
ensure a frequency spectrum above 4 kHz. Bit streans 10, 14, 16 and 18 (in
the central office system?2) and bit streans 22, 2fi, 28 and 30 (in the
renote system4) conprise digital bit streans that are used to 25

comuni cate between the central conputey 82 and the renote conputer 84,
respectively. 1t is understood that it is within the scope of the present

i nvention tggg?t stre&r}mﬁla 14, 16, and 18 could be inplenented as

di screte si I r?"é@”@h ' ,ey'BP' bundl ed into an interface, or cable, or

mul ti pl exedGSMNG Gererd) @iwitcisdd Peltphone Netwdrk (daamnga@STHe scope andl or
function of ,pstant 1 nvention. For exanple, 30 bit streans 10, 14, 16
and 18 may Hbggdﬁg&bﬁ?’@éaﬁﬁ(’%&onﬁ?le not linmited to) an interface

conf or mi ng HSTH -REndSAke Tasracbieér, Ut reWre (| EEE- 1394), Universal Seri al
Bus (USB), w.reless, or .infrared (lrDA) standard. Likewse, it is

under sto%d gﬁ{ft‘ Igtenet EQ@ngqrpgf@gkfjgr,ce%, 28 and 30 can be inplenented as

di screte sipo! Bter@RiofBlaaanifationdordBtandargigationor bundl ed into an interface,
or cable, o l'tiplexed.into a single stream .as described above. 5

Negoti at i on'rTchFa ( e."a‘.ar,”aﬁ?ﬂ‘?@ ro e"'r"i‘?f"g‘?%ﬁ '8hy yer esTooﬁEﬁ"?Fé’”’t”&”’l’??@%ondi tion
of the comstahgatization Sextor( €. 9., frequency characteristics, noise
characteristjgcs resence or. absence of a splitter, etc.) is exchanged

bet ween t het gb?gﬁa'%’ﬂ"%aﬁféf'recei ving section 52 and negotiation data
transm id i nNgr$eCine Merrbifatidn Whit(Czetbiratficeainl,ce system 2, and the negoti ati on
data recei v Bg e Léﬁon 56 and negotiation data transmtting 1o section 50
of the reno 'é@%cfe WeSrhe essential features of the hardware portion of

t he i nventiM8 -iModelSeidattnct i onal ity contained in the test negotiation bl ocks
46 and 48, M/S'Pc%t ?gt q.nd tg.:etgoti ate the conditions, capabilities, etc. of
the central grfice BPHERNZ "t he renpte system 4, and is the comunication
channel 5. NAKpNaghiveoAckhbeledgaMegsagat i on of the central office system?2

and the re temd4 |.s_subj to wide variations. For exanple, the
configulrsat {ﬁﬁaf‘%ﬁﬁ’é%ﬁf{%ﬁ%{%ﬂ%”?ﬁ?&stc?ﬂ‘s&ﬂrsrm?seﬂ ' not under the control of
t he sane erDGM -aButhbiag Messdgeofredpliedoeitercalothef hudie), system 2. Li kew se, the
capabiliti n ] i..on of the conmmunication channel 5 are al so

subj ect toﬁm“gé%eg%?é%ﬁwgh%ﬁ“ﬁ 20 the discl osed enbodi nent, test negotiation
bl ocks 46 #ETS8PwireOkintsietode wetviien nodens 42 and 44. However, the
functionali 0 i.ation blocks 46 and 48 may, alternatively, be

i npl enent ecfésl%pg(rjggié%%gg |ésﬁtk’ct fromthe nodens 42 and 44. Signals

t r ansmi 20t e PSNI- Pelisi Switghee T elephtonerdetiverkt negoti ati on bl ocks 46 and 48 are
used for t A& _ It nt itself as well as comunicating the
results of @éb?%eh?%sf@%g%\?ggh the central office system?2 and the renote
system 4. REQpReguest MessagecTypsiMerska®ath in Fig. 3 will be expl ai ned

fol | owned byRPé‘-Ré?dué%’i‘%ﬁ@EhR]%mt he devices used to create the signals.

Exanpl es of specific values for the various frequencies will be discussed
in detail, P& oRADSH TierminakUril scl osed enbodi nent) frequency division

mul ti pl 8xi ngavs Diimiingdis drzg@rdafhg Vaick @Hg paymuni cati on paths to exchange
i nformati on between the central of%i ce 20 system 2 and the renote system
4. However SNR - BignaHadoisedatios hat ot her techni ques (such as, but not
limted toyddll - GrRARhRpeédhyitai'$dMeeritith €ink; MY be used without departing
fromthe spirit andl or scope of the present invention. 5 The range from
frequency DS uny of theaglieurctypes §fiRigitat Spbssriben bines O8&)-fed to as the PSTN
voi ce band.ymhiepe st lhpsr iBlidmdang@t tenpt to use the frequency
spectrum above 4 kHz for data conmuni cation. Typically, the first frequency
wher e t3an3fUsBi- semefederminal ugit PaleXPPecurs at approxi mately 25 kHz.

However, any frequency above 4 kHz nay be used. In this regard, it is noted
that tone bursts at a 1 o frequency of 34.5 kHz are used to initiate T1 E1
T1.413 ADSL nodens. As a result, if possible, that frequency should be

avoi ded in the spectrum used by precursor negotiation nethods.



The conmuni cation paths are defined in pairs, one path for an upstream 15
comuni cation fromthe renote system4 to the central office system 2, and
ahot her path for a downstream conmuni cation fromthe central office system
2 to the renote system4. The negotiation upstreambits are transmtted by
the negotiation data transmtting section 50 of the renote system 4, and
recei ved by the negotiation data receiving section 52 of the central office
system 2. The negotiation 20 downstreambits are transmtted by the
negotiation data transmtting section 54 of the central office system 2,
and received by the negotiation data r¥ceiving section 56 of the renote
system 4. Once the negotiation and hi gh speed training has been conpl et ed,
t he centr al SUMMARY OF THENINVENTIONhe renote system 4 use hi gh speed data
transmtting sections 66 and 70, and hi gh speed data receiving sections 72
25 and 68 to perform a duplex comruni cation. Al nessages in the present
i[)in¥$nt I on are &gt pMiJngcﬂ] omecdgglml?méﬁoﬁaap;bae%g% U§éld§‘tﬁivel|f/ Oéqrfhé@tlﬁ_li_lﬁe toda
erentia i nar. ase ift eylnq€®] <) nmodul ati on. e transmt
01 it ot GOATBERYN g s CPTBHTA e o eY TG, et EXEHLes (ot bl ¢ i s
_af 30h1, SanCtoH?ﬁJrEc_FaﬁBﬁninbd@Oihaf trahshiitbattediHe degitmscatio®nidvie, P& etiisbus poi nt
if the transmt bit

_ s a. 0. Each ssage i.s preceded by a. pgint at an
bl trary dRdaterinadSatbl Hiat TRen s oy Rkl daods. Tos comipicafen afite fhe
procedur es ré§onding byl iskirighe séBoft [pad detsimie dsigrial; @R e canfunesdngRstutig | | be
descri bed below. Once the renote s%ibgn14 beqi ving valid user

n recel
downst r eamaISEEONd COMpRNIGRRONS MAJE; By dranesiiin Tt PERelammIizd; Sonalyihaheen

est abl i shedequidtsas erahid@yioh @f thd Brsnp@aAbiefhined sYhACREIBS chMnmicdeser i bed

bel ow. After the renpte system4 has re elveF th? sEectrun1lnf ration, it
anal yzed t (H8VIEGANSERTIVRSPEITSt iprsdetermingd sigh| frem e Forgeynication gayife: he
channel |i nhé aédopaoimenuiitegon mode ftihdraafted @@hshithgathe tsbeoriopratiste@ahédn net hod
to use. After LEF central.ogfiae.g%st§n12 hai rgceiveq t he fi@gl.d ci sion,
the transmi®Pb BF CREUNEHDT 46Y'SHh aT0vinSatelen taal sxecutes fp L de (ken t he
renot e systeemmunitatier tnsodehand alss setorehesgsubication efogdef ngon intRliziegta al

of fice systen1%f.tge r?nﬁ%e %ﬁiten}4 ﬁS.stops transmtting the negotiation
upst r eam d&PRMURIGRLPN Wit g, GoMiynication HEVIEE 1ot i at ed conmmuni cation met hod
begins sst's initialization procedures. In the exenplary systemof Fig. 2,

t he voi ce n i ften.connected to a PSTN syitch 300 ng, t he

funct 1 onal FEOreRRY faé it Red SR NEhal Sartplesiondly ehab g iR datdor 1 ce
splitter 3@edetarmiresiesigraal lcowppsss af MRt §gna34Thendetorghpredsterhinkt esignaB. | n t he
remote systemd4, nultiple te . I n ed to voi ce channel 32
or 33, and p{%?sra)t(nlﬁﬁ_o@)gg e éf%:}\%%ggaggpﬁ aﬁr\lo'%]@r?nsﬁ%l' The present invention
goes to great |engths, both before the handshake procedure 25 is perforned
and dur,i,ng . r - . I jid

monobt o, Ve AR AL i Carel SribreBRE e RnnBdtb Riather

uni que net radsroits | ae0LR) dignal std elbei mgmrhmicatioms deded othabnidfarmsedite on
carriers (fheMHRRGH rp%giﬁé’ofaﬁ ﬁﬁ&%ﬁ' R oM Bsibm }ﬁaﬁﬁ Oaggﬁﬁh"s!ls'?\@”d.
carrier all'0cation for the preferred enbodi nent of"the present invention

wi || now beeqiestsr & Benttiomiist efether ¢qmamunicaliogi dayiog the gomeinisaliast deviee upst r eam
and downst ¢ - | iy ; I 22
that are coinnnrg p CHA0EIER DoRhef RECLRic ! B @B ook iiniafblbERe | D)
PSDs o025t héo fhecogmurigatien appaiatpsm esponsede thf SLid signd!, afterwiieh tarthichrri er s
are U ansmichhnbidd oBle gobleBliedNo fahdmt bAEISIINLACII BRI IR fatie! the
central office system 2, and upstreamcarriers are transmtted by the
negotiatioﬁ@@aﬂathﬁém@mmmﬁﬂﬁ@C@é@@ion 50 of the renote system 4. The
present invention is used to initiate or activate many types of existing
and future xDSL services. The requirenents of the various xDSL services
have been Foefergblynthedbisd eusmoinieationinaerls ip eithes edeeitethpddr tpaesuesutivneent i on.
Thi s deggcr it 4 ﬁﬂ@r [ RAEEF il ; i ; : £ rum and
acti vat(:93 ?onltrﬁrmé?rﬁgc S. lluﬁc?]ﬁfoﬁéﬁ dgréedsr@hts Fﬁona\?lle%{eie%}lo?lodgai?é:g%ﬁ%gh Egﬁ@sﬁ\%&ﬁ%ﬁ sel ected
for the tr&msig ssion of the negotiation data channels. The bands were

sel ected based upon several criteria, including considering the existing
overall PSDs of the xDSL services and also the 15 activation signals of

exi sting xDSL services. Exanples of various spectra of typical xDSL and

exi sting services that m ght be negotiated by the present invention are
shown in Table 1. For purposes of definition, "upstreant and "downstreant
directions using the nonenclature from



20 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 environnent in which the present invention nust be
capabl e of operating. r'n~sle i. sur~es~ ~of e~cix~ip retei |ane S~7ectrn
bla~u JliorT xal L. psl;chi 1 ~a~.n SncanDr-urr~~1HardwufA ~arxI|."rJdi
Handvndl hLox Upper Lower UFpt. Lower t; D~errwHa) (k115 r~Hm ~s, H 1 ~kNa)

i kHz) 1" 1T U-TC-9~3? | ~~nex _2fi:,|104~. f|13$26l | dl 1" J-T ~ 99? = 4~nxx z
(FDAI') ~:, | d2517B2d: 1- 041 T~- TG * ) ?= | Annc%)H13NI | ~dl :-..-T G Qy?
Annex C2f||026SGQG$CJ T.) ‘)4: ? ~tnE ¢ CzC50i ESG S3Ul Tl El ND-L' _ ar

'l U T C shds~0aXi 1 SL | al | M=, 115-.?27?] ; .
7~3, 0! O, octiERtageouslyp Iﬁemmuw@%m (EROSRtS v i%ﬁg*ﬁ:@@@?'zﬂm itp p ~
Frc' Qu. t**ch‘mm@ncatnoﬂ%eU’ cé $It&uestsDEF’lrIbln*dxbh:uthISeAlﬁqodeF’fia?ﬁt ‘retuing , th®

Af )fV\LVSTR~AIv sAaJul Bl nn ~y-ler~1L~pS, reanDawmmShG nl.i, 993 :i TUR ba
ATU-L: , i : ' Jeomm '%t'enmwpaziatss éQh ’W'a'K&IB‘PrhlsltatQIP%E’PL}O?@L{’@”%H BATV C ; 4
ATU- ~G gm Z@?@&étanﬁvﬁed(7$\]erﬁXTPre¥erabII/ N thé>; predetérinihedM BlentnlcgmbFises sgar sxT' | f
Mo sTU Cx~' L~ roa' -~ Iﬁ% hdi ' oT4'nl to LTULTU , o0 NTu4pS-~3Nf U w
GTl ) L: T.% foa"féﬁﬁﬁgﬂwf”ﬁﬂ%ﬁ Sl9Bkors! SDi~1 | f1T51TS1-0~i I G L~:dr~:ty y D
J Zr:991-2)~? to U LTf wU (LT) t9 ~T-~:yo-ec xTlJ-~, N fU, hff
inJs..Ye eufror ser si b carc nerwxri side ~' ~bl e

3, Activ~tiltiff Refrahle that t@(F%’PWHF"EatQI F’%I_”éest‘?% iffL FYUHNication mode that
jJc, t, el or 3amkmits- ar [CLRT Sighatt 16 - thel WimmurRdtioht Sevic® Hat IrilormkNape -wrt I

usehanrl i haI t6 eduraG h>t ndshagt e pracer urtfl -
fesur | LG RoTemaiRason gerics. of 31 kot B pbilte WPTHRLARSN ABPBILS Pd k(-

rxl abl || ﬁ)(s -reguéﬁfs F fGnotlcﬁ"hét i ﬁé&fonﬁhﬂmc{atlorh defoe (wheremr g | coblmdriddtibn Y441da
s;rrbo ~

Idrn53~ | 3895s nba* ~' L :
f_ , sd) f@éﬂ?ﬁat’ sCa @ana gnotipp fe communication device to the
g SaEug’)é setr&mirﬁ@ﬂoﬁ%pbamsds g}smbgr&’é&o tHdDSLRvggnMSra&éerarﬂhelthJ La) ~
ut - AChimil .o 1 t Hz31 Jt 5)~~t I, NnPR
fUA m—anuswﬁg'b‘f%‘?a&ﬁ? Imodg i3 &%ecy krf‘aﬁ'?‘“lt(oﬁgrofﬁﬁ'ﬁ%&@"a{\l@ %tlhiemc}fat e) 3176
K)icUmt$ SyraFdthéesmbEinichiain dévidel , 1al("1)I-TL trarunt! 80fi T~:
h~nsnt LIySI ?CG nt:zi Jc~w - ~nNn~x ayL. nl t>b,~r". 1S w=SOnT~ r-~r,smh Rsu, 71
]~ r mbel>s of pseuEb Horde ac syrnbpl) [?Ds; nmst415 of r~trFseudU ODi Se
of Ssrrnbnt Inisefsiefdred. {hlat Bl N‘rtrh4¢dmmumlbalohcmbdg ICekeclbed Mngki tha Gapthl 9~ : ~
24 Wth respect to t bands used esent ention
Gses the T ITORNIG BLRTE e rEbrr 2 CTBLECRRL? SRR ML for (e
upst ream negéimeat i on channel and the downstream negoti ati on channel: 5 1.
Consi der all of the services/famiies known today (e.g., 6.992.11G 992.2
Annex a, Annex B, Annex C, HDSL2); 2. Upstream and downstream negoti ati ons
will nato ude mbmesamoﬂlnmqtjdheriee's pfdvided, a tdomnpmédation a_dpamtnmc&aImutiVelones not
use echo Cac%ﬁﬁéd&%ﬁ% to a %uhlc%%n tglﬁjn r‘?a(f?%toﬁ‘#)'ngﬂ W'cto n’?umc%\%r that
non- essentia ., avol rea ownstream i nt erI eavi ng;
4. Avoid exaxed;uteﬁg a 1ﬁrsﬂ3:oaunwm<atlponn10dn,esﬁ15§eclged wihetheurdosmsuriatidd, 48,

52, fiO0}; 2 eam and
downst r eam*® %aﬁ%r‘ Fshjat é%%étsaa ﬁ%érgd%g ﬁ @Q@% t‘% h%nne rﬁ%uia@gﬁt gﬁ&s%rre

upst r eam anbbtdiesigoates ansnssificinegds; and thét regeives sssecone predetérminesissions at ed
wth G.Q92 npex a t C G99 nnex C.
At | eas ZI% onéonﬁ\at:ﬁrgl ecr%m'nfanﬁé%g%@ Aﬁ%lexnge |§n§rh§{|%é§§r§dex\%%tﬁ1g cazr%cge)r@used

wi th G 992.cemapunécation moRer asseciptedpydthrtbe spmmanigativnsapnasatys, that tememAOSL Annex
a dounst | e A0 oot FAHEE dolfall 81 e S Lol ARGrFAierdRaP 35RMsfly 3992 2
8. Be reasonably ro ust agai nst I nternodul ati on products; 9. a d for
deci mati on t(amarmwrs@naﬁpm Hesd Ipeedetarmnedesigng! & dhevepmuBicption tareingl, |tbw a
sanmpl e cl oGk fh74 t h r t I

required i ;clféor rnattclaclgo;ir egé@g stgét Hgt P '?%ﬁlﬁ-h@%gr r%g‘;rf ”?‘I“Jﬁ Ctoﬁﬁdsrﬁ)%?:'t rum fall
25 di r et | yemnnalomecﬁommmw@cutmrm@ sehend egremunigationnmeste theneafter speci al
requi renen I I Annex a
ind- Annex. i rahdf v e E RRRlerbhcl SRPE: B8 cimAROILAAY RFe O
apart to regoiceler m&g@rqlmthen@nfmum@t@ to execute one of the first communication



30 11. In general, there are 3 tones per Annex (however, Annex C has 2
primary tones each way, and a third borderline tone); 25 12. Tones
béet ween 14 and 64 should not be transmitted in a TCM I SDN envi ronnent; and
13. Avoid (if possible} RADSL activation frequencies. Thus, in the upstream
carrier, avoid 68 kHz {~#16} and 85 kHz {~#20). In the downstreamcarrier,
5 avoid 282 kHz (~#65) and 306 kHz (~#71 ). Based on the above di scussion,
a preferred Enbodi nent #1 uses the follomjng carriers: F.irn~h~~
Uurcnn~-una |l u~t~~ort~'rr-stk IJpsC}~|nZ 1, 13,11. 33, 7 ;, ~If.~untx z
~u2 d Ws-i usrt Ih~t gr i :,~"+l)I ~01l; rWvrrs~rcnmad. ?. (7~) SO0. i R
5u, 4. 90, : | ai ~In~sz ~ a~G Fi | anes ux Ihc, :~d $~t2: |

_ornh' R-St i fed¢ prd thesgcond CWEPB'F%%’BOMBQH Wﬁ'ﬁhz"%gzaﬁg@g‘%%“?'bl”l%w ng
carriers: FRpsWMstetommimidate@nginkndexU~.r_rrn~; ~ K l:ns'rearnf, | 1, :5.
33, 35, 39(~nrtx a iced R Inner urx 16e gnd .1~-131 ~. 3 k Uu~ nsnnarcd o f
ob| 70 ! $, @6, ~a,'J4. | 1 ai.~ nnet a zed d Ionss usr I!-.r: crd

'shl-* ", apperdraply,f e ﬁrs@%s&{eveemmaes@ﬁea “m&;/n%@s'“a m‘f naBdnEnQRghgent #3
uses the follomnng carriers: Fp~:| r~eWonTi ne x arnr~en!'4 3 k
Up3~rc~9, |predeteniinedrsignal cempr'%e; one W am&CstQnﬁleand gé\b‘\%ﬁ'snalcﬁném@ 3 k
CrswnSl |t “thi?c'!z reaete('mﬁ)eds Qalc% |sédefé MR/dignf4, E Ld~Ancltx B ~d B rarfi3
4.so0 She ~rld |vw - ani | wRoscl ; x' f~rx xta r5 A preferred Enbodi nent
#4 uses the follomnng carrlers E 3i Y111lu t ljir~~aan. T~n*

|- ~dt!tCor Md%ﬂia@e@ué% uﬁewo‘iancaTer éxecuf‘e’é a 3¥ird Q:ohmmtﬂ)?tfaﬁoﬁ 'nﬁédé t'lh%'i rd ~
tomes use | h~c DawnsL ~rnl_ -~ d.

i 6,
96( Ar Sn~C gdranspyls gaj %@' wetgﬁdcgnmymcgﬂqnf égﬂm'&%lr that F“fO’U‘Sodh‘ha~n3 15
26 T 1ol Tohmaridatibh TefhiFat & 553&%09 IETrJf%Wohﬁau\ﬁlc;Etlprﬁ apiaara'hlé Eﬁd_

H 751" '"-it x ~X X~ vn~ 'w Anx I .0
~r r5:1 1J r¢ql@stqa function ligt of t@q;pmmunlaatlog tp@lg@‘the qonﬁnqﬂqugom tqrm,mal ZSL'7
-s1 per tFénsm‘ttlnga CL's%n!aRhE@mEIUWs the ft'&nc?tlorﬁillst dfth% doﬂﬁnuméatuon Reriinal ;1 No;

e6'a~t| h. Sa hdt x $ 9 I ILd 1
b o~~ >i ~i°\AP9~>F°UB“U’BCEI“9“?a>PS@“b% %@rd@%thﬂ thrré cogamvncailom mode is 7 p.
7T dyecuth8 fo HaSindit 'onel of\iAe aACK~bighal~hnd the NACK signal to the

15 communication terminal.

There is also provided a method for performing a data communication between a
communication apparatus and a communication device, comprising: communicating
in a first communication mode of the communication apparatus to transmit an MS
20  signal designating a specific mode to the communication device, the communication
device receiving the MS signal and transmitting one of an ACK signal and a NACK
signal to the first communication mode of the communication apparatus;
communicating in a second communication mode of the communication apparatus
to transmit an MR signal to the communication device requesting that the
25 communication device transmit the MS signal, the communicating device receiving
the MR signal and transmitting the MS signal to the second communication mode of
the communication apparatus, and thereafter the second communication mode of
the communication apparatus is executed to transmit one of the ACK signal and the
NACK signal to the communication device; and executing one of the first
30 communication mode and the second communisation mode prior to a

communication.



An, B ' ; .3" ;" ~3 Az (" 6w. to'" i nn..-. i lkDSL'. al ,qrX .7
"3y Rax H~'" ~di anx ~' h -:" 13 - 1 5 Comments on the sel ected
carriers: 1. The upstream and downstream carriers are conpletely separated;
2 The 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 which the 1o ATU-x nay be able to use sone but not all of the carriers
originally designated for Annex a; 27 4. Annex B upstream band and Annex
a downstream band essentially overlap,1§o t he common band was di vi ded

bet ween the two requirenents 5 The t ones associated with Annex a and B
are set along a one 26 may oPtlonaIIy be used for

downst r eam itr"aﬁngréelﬁdhat t§6 ”f‘ﬂ@&'d Q‘r@ernﬁ?fﬂprlsﬁﬁér hird é&ﬁ’é’ﬁwaé%lr’l?dﬁe"fused in

situations {qa whrﬁhmhét% é;ip%?é!@éﬂ%t'l!; '&eé\lté&%‘@ﬁah@rﬂltEb?(bihssuPhQV\%Vt%) since
it isin the mdst of the stream band, certain ter inplenmentations may

precl ude i tC%’“EﬁEﬁ'ﬁ@O”?deWFG at7inforrgp (the FAMINBICATAN deyiceTehva fusiolers Betcalr um so

there is sofg Mh&ﬁl&ﬁloﬁl\%pbfmseaﬁd‘%ddes!ssa If%&@ﬁmmnownmcﬁmmcﬁonlo 8.
Tone 74 was selected as the frequency for Annex B' s C ACT2m _and 9. The

band to &l | 828 tb@nrﬁ?ﬂ’”@ﬂ%?’ﬂ digiice gRerondingy by Waﬁﬁmi“ﬂ\ﬂ alE‘r gl é'%??trl ers

places the fpaqdedtRe fﬁﬁcrtlbhelfs$ of Sthi &ﬁﬁrﬁuﬁlﬁﬁndﬁaﬂ&l@g@ théfco%wrﬁ@’rﬁéét@ﬁs are
sufficient, they could have nmuch better placenent. In that case, the

appropri at eam@tp%athe GXequtipy 021Fmelthaﬁ&oamun&@t'@m@0ﬂe¢ra§@alﬂu19s@neeafnﬂwear rier
1s val ues apgk ahH‘ tﬂ-@ﬂh@@mgﬂ-ﬁ% kfe comiuniBsidRt d]ewde“ﬂno%%;(g&l R

FERf LED ~' w ~ODI bJE L3pwn ~ UD' x~~~ DawnsQe8111 i~rnmo5 i[1Q ~~ Ld
19 | N.'i15¢r%e °f'th@f'rﬁ$<°°"7ﬁ("“’l”°1“°m:§“°de%ﬁ%h%se@ﬂdﬁﬂmﬂ‘umcﬁt"{" mode.| 1 '|| aiex .
r~'' $,®f 1L 51530 33 25313519 d.; t8 3Ui? -RNI d3 dfi 63 ~4 90
| 14 35 20_ 28 '~'xmE b. ~1PSTR~~~~ C~BRI ER PRI : x>ERRFD Et ~m-ul ~i ENT #3
?aun ~ | JosTh& Sresenpgisclosyrecisiptes tq subjgptsmatter gontgingd (ifylgS3 Provisiongy A - 4
t. 1 Z Aﬂpncétucm Nurﬁtﬁ@fs 6@08031@r|&d%nlAth 1|998"60/039 850|3'Ied3n Johd 1d, 351
2. 03 W3J' Ei E~Y 1 #~ L'

~1~OSdS H I 1998 60/@%@@9 ﬁleg‘ﬁQ Jul)g\22 1% agd 6{)/{3%4 679 fliled.,on {ufy%% 1998, thg 7+ + o

[ disclosures of which are expressly incorporated herein by reference in their entirety.
15
The present disclosure also refers fo 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
20 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

25  (DCEs) and Between Data Terminal Equipments (DTEs) over the General Switched
Telephone Netwaork™, published by Telecommunication Standardization Sector of
the ITU,

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



il o~ - ' '~15; 'S3" i i - _. 1 iDN~rois~ ;- ~4d i ; dfi i3 '

S0' ~hds5i1s ' " ' - |-~ " ~Tam$S '40" ~' S5 ~4Aiic R ' ''"7t Si 9fi.Anz
L~~ ;" ~"'" bds ~i i~I1DEY 13 7 R9l=1is L~ 3] 31 3d ]: dO i94549 i ?5356
G 53 65 fi=fiS 72 B8 45 Si “iiisl1P yMlil 3xi. iii.tnAA'J ~"" ~C ~
ux'e yW ( Anx ~ ' oyy = " tr,ratt o~ f >r.'r 61]Anx Ca' 7 fiiti.
Nr.1~13" ~'~"'s ~~ i1 xhd:1$ "' ~" """Ax .i~ 74" . ~s''"~"~" r~".;~<
a's. "~ '~ . '684nr 8ii~~ 1~ Y...~n~c CGtbgq. ~ WL~ ii ~ i 29 Al t hough

Tables 4 - 7 describe preferred enbodi gpnts, it is understood that other
sets of frequencies can be used for other environnents, while still

conform ng to the selectj i.feri escribed ipn this invention.. 5 The

f r equenci es "GFPRENTAPP Ve ‘Q“Q{Bg} H@rr\??/‘ged“ &PeFﬁi'W iaBP9{5r@9%€ 'B%E@%efsaﬁfiupy
frgquency (¢o@|3,604|bﬁ/b2ﬁ>rkl.b‘§7& oﬁrtr?ﬁ-jG@ﬁbrthB)NitbFéedf rrelega@ngj aNet\jchrdeznd T’ﬁ achioeve
robustness, nultiple carrier Do re us or..ea ata bit. e 4.

kHz family, L%S&angpl@g?%‘“?tam wires, “TRIERNOPELIRS i GOk e RUBABIS i (Y] s by

di vi di ng t hgeldO8HImanithtnBtafardiadtien Bechr offfAe |AU3125 kHz fanily, designated
as famly a, achieves a bit rate of 10 539. 0625 bitsls by dividing the

4312.5 synbol sl sec rate by 8. In the above carrier selection enbodi nents

for the ADSBRIEMDESCRIFVRON OKDHE DRAMWINGSENtS were sinmultaneously exam ned.
It is also prudent to be aware of the spectrum used by VDSL nodens.
However, as of the time of this invention, VDSL 15 transm ssion techni ques

have not begne fdré@éﬁ@@@b oﬂibua?]je&té, ﬁelétuﬁék}/ér‘&ﬂbdi@n_ta@;eﬁtbpﬂidjmveﬁtbﬁ \ﬂml\t}[b)g\ll_vi ng
criteria an consl.der ations . en se ctin carrier r se Wi

devi ces. ( motRAAEST frpm s falieg mops periEylerdescRion eprRerRd SRR S of £ at
?ppr oXi K%ts Ebyill@%&ﬁfzﬁc@&ﬁﬁwhb ,dlr@mﬁ@,cwgﬁdﬁ @'ésprédhfhrdcﬁa%sb@ nahameing0b kHzI
e.g., ton : er.s tter signs roll-off at approxi mately
800 ki (o GambimdD WHID refomes ehaolers, FHeh 2 1 Some A e B aE B o woul o
be needed; variodé vieasgdihdwiesreéni s di scussi on of an ADSL-conpati bl e node of
VDSL whi ch ensyr.es nq interference to tADSL lin ni ficantly reducing

\ShLEl es,. b sitg f%
power in t he9carlF G PeRiatis flockdIggim & 8PSl KO {9 WRAee ' cBPri ers i n
conpl i ance Pesantidvebtion; ADSL PSDs. Thus, care shoul d be taken not to

i ntrodu perfgr.mance degradati.on to i sting.services, . and in rticular,
ADSL selti ceo 41¢ frerpnatt Back gy pEfhe Ripeht TisBTL Padetian SXesiPRr i er s
t o be spacesituatiorib. vdiéh Kemtral @ffickSedi@Bndeitthas Heer pervjsiortedifer XD&lekgrvichat
devices wil] jmnitiate | A de, so carriers with a grid of
43. 125 kHz ‘Jﬂd %éréét%re%g{g&eﬁ?d%}ﬁa?érpé%gﬁiésl?ﬁ be below 3 MHZ (equivalent to
ADSL tone #6853,is sosdHeatatit idock cdiaprbms dd tee predetrashemhedimenty e theopre S EL

SRR b ffmion gt LR, AR SRR A @k hpRdAe sich
i n Nort?0 An@dapteal to trandmi@ signalg tgeadHDther oFar @ pemmenicalanrghangelshoul d be
sel ected sorgs, Q AYRAnLiBaibEafYoFa kaRMAM R e edtdhdedtSn xTU-R
unit;
Fig. 5 is a state transition diagram for a transaction message sequence of an xTU-C
unit;
25  Fig. 6 is a labeling and order format convention for octets in a message;
Fig. 7 is a field mapping convention for data that does not reside in a singie octet;
Fig. 8 is a bit order for two octets of a Frame Check Sequence (FCS);
Fig. 9 is the structure of octets in a Frame;
Fig. 10 shows three types of fields of information;
30  Fig. 11 is a tree structure that links various parameters {NPars and SPars) in an
Identification (I) field and a Standard Information (S) field,;
Fig. 12 shows a transmission order of NPars and SPars in a message;



7. VDSL nmay enploy Tinme Division Duplex (TDD) techniques. Accordingly,
upstream and downstream separati ons need not be so strict; 8. Signals above
1.1 MHZ in the VDSL band should be transmitted in synchronismwth the

ONU s chosen superfranme structure, in order to avoid 1o Near End Crosstalk
(NEXT) into the other TDD VDSL lines in the binder; and 9. At |east one set
of carriers should be inside the VDSL spectrum plan. Based on the above,
preferred carriers for VDSL, according to the present invention) are as
follows: 15 Downstream Gid = (ADSL doywistreamgrid) x {VDSL grid) _ (8N+2)
x (10) --> 100, 180, 2fi 0, 340, etc. Upstream Gid = (ADSL upstreamgrid) x

(vVDSL grld) 10 etc. 20 The inplicit
channel prob'gh %ﬁsdﬁeegtgfc}qrﬁgp%gglggﬁhe %Pé'ﬁ%ﬁ'(gﬂ?@gﬁldbe used to assess the
char act eri sFigct4 siovishtbe grotturel afaNdreBtanderd riefbrrvdtioh dlanke drua NantStandard

transm tting,infor over the conmunication channel. Channel probing is
performed i ﬂ@f'f‘ﬁ%n”&tswqg'b%rw ng all of the initializing carriers 25 sent
during the Rigtissholneithe edetestuietureasfdiatapineach Npnvitartardiaforietion bietcle sent, by
readi ng the corresponding bits indicated in Tables 23 and 24. During the
recepti on of unnodul ated carriers, the xTU-C, usi ng the negotiation data
recei vi ng SBETAILEDTDESCRIPTION OFI'EREEEBREDQEMBQDIMBNTSati on data receiving
section 56, nonitor the comruni cation channel (line) to performa spectrum
anal ysis of the signal to 3o calculate spectruminformation. The accuracy
of the i nplAdotdirghtnadirstpenidirgenes dhe predaet mvemicmea ddta i compminjcatiescessar y
to obtain a rOl'J’ﬁE estinate Otf logfec SNI§ i nzthe chann . An X Ué @Iters
(changes) i SETHEAMNPATES ofh CERLP At ger"é 8"%& esy%timb sEY°RFE he
content® ofmtarf&@lisgémasﬂagecmmamgmmméies. sdBhdwroimRidiel. i npl i cit channel
probe. Anot her problem addressed by the current invention relates to the
use of too many 5 carriers, or the use of too nuch transm ssion power,
during an iThet caltiat affficensysterge2iun@udes 8omeinedigiribotvrefame (MDFp Inthmessary to
reducethen er of rrier smt.ne t inforpation in
order to be @%g |nfe C%Itﬁ §8M$aﬁgfsﬁﬁ§ﬁ§'%t§®e€lo thte &gﬁ%&??a%gﬂlcﬁaﬁrbe eterm ne
whi ch tonesTfteheame:bﬂnM&wmeanmc(MIaFF)l 1 operatsEsvto mpnnéa, fﬁcemrdplagtal&phanéi rst
exanpl e e e r

referred to%gg %QPa r%%ég%g\?%rnspb Eﬁg‘ﬂ%lf% Hé ‘ngzr’)n %nngg%%@h rﬁ/‘eam t ones
are pai r ed.inteimahlires (& glintemealceentralofiicetlions) drrtbmomepande: cular pair, it
transmts phase reversals on it's corresponding mate (pair) before

begi nning a nodul ated carrier. 15 However, this exanple exhibits the

fol I owi ng ITheireaoteosystent 4 iGHedesoneetybrk interipad deviee ENIR) ghthatfonctives s abl e
because Of r‘?c[atfﬁ&a tHe? R & %Fﬁr ﬁ%%‘é%orﬁ%ﬁcatfoh r%fnharspahﬁe gﬁﬂk%n‘("ou' d be
i dle; i e carriers annot al ways be uni g Ty pai red econd
exanpl e200f intgriacef davicedNI) istedasgsdle gustomars ewpraémtd@ é“elm’a'@fé@tléﬁ%lnpl e.
After sendifgdy@R élgrrggH,lngﬁ@g“Oq,aghléhﬁél 5ﬁnd bef ore sending a nodul at ed
carrier, rressageé egin wth flags e XTU-X nodul ates all of it's
carriers to indicate which carriers it is receiving. Codes can be created
by transmi tnf.grmd&%toeemﬁﬁttﬁ@eseggnm&%ﬁ Ihag 68! SpoRé loRsif &fmrﬂurﬁ da%BFﬁso S,
with different wngt s indicating different carriers. fixed duty cycle
al | ows r ec&isviceh WiheWHARPaBIRE tons yhre BPIEHh ARHET wpermévémvenﬂ@n s Fagtbeml e
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efficient; 2. woul d be preferable to octet-synchronize first and then

send the i wpmrwqaa?n |S|¥St§”Uie@1p{°é(|"9rr@§§%d33‘r wiges, 3it iTHindestanehihaf Ake eases

the tine regehtigfisl@pliédbfe RCtharakdrRmissRMUETVFEAmanS, dich BRI ButaRiliipglegchene
does not include error correction. A third exanp le is referred to as a

Carriers Ud@dcaiiRl cREGIENGatIOR SysiRMme @éheﬁ%me 5’“%"&} GpR! toREMYNisatiaR i ons of
t hi s schenmgy{idn3chipsest H8lePYY) infraXNBInfntidiERBn is§stbig, RECHMRREAUpENRYE-

Carriers to be used in a subsequent session are negotiated via
30  from the spirit and/or scope of the invention.



octets in nessage transactions. During an initial state, every applicable
carrier transmts CUCLR nessages. a list to of transmtted carriers is

i ndicated in Table 23 and Table 24. Paranmeters in the CUCLR nessages used
to determine {negotiate) which carriers to use for subsequent nessages are
shown in Table 34 and Table 35. The nunber of transmtted carriers may be
reduced in the sanme transaction, such as, but not limted to, MR) M5, ACK)
NAK nessages in the sane transaction. The nunber of 15 transmtted carriers
may al so be reduced in subsequent sessions and transactions that initialize
with M5 or MR nessages. As with M5 for M5 nessage contents and states) the
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it al ot dbadien pain e Sreth aMea Siciem, £ 3B B et STe T e RentdPeny
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exi st. a 25 pair of XxTU-R and xTU- C negoti ate using predeterm ned
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of carL | er%éﬂ{omhm@egie deRfsagRe @;rénsmﬁimgmﬁsta loi gasaffiiteredd émﬁa ljf anf
XTU- X has n instructed to reduce t er o rriers.in t m dst o
30 conp! ot (Mg BAES HRb Shed 55t nedraser PR P s el fdte Mt tahen | ¢ i s
in the proogsss rwéh $perb At ﬁran%gmi.h@gécnoﬁmeand Beoinpates BR.S Dobiputir 82 isonpl et e
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carriers fdf" rsbc&dl 8PP D eé'{acfl?ré‘g L GAUPTEBLIBFAGT & MA@ on on

t hg r egmndaﬂﬁcfec arést Qfelgotldtlf)n diock de- ;Eéramels alilef Cﬂ%@ au@otmegmbhategd?tmtlm eba
reduced set _of initiall ion carri e, proc res defin above,
e r educedSesrufs wilFh Fakes Has posdb h imhAgPn o1 SO ciah SHRep A oo on.
I f an anti ojopmt@ficatiesponse is not received within time T~ , prior
instructions fromthe other xTU X to reduce the nunber of carriers are
ignored and the initialization schene re-commences. 1o Either the central

of fice (thFI'@)io\By)atﬁmﬂe?. 34ant highrpasofiger (38 FlthdBpn wmam:mﬂammy:aimm $igadie

nodul atj_on ,channel.s. The negoti at.i dat m,tti , 0.of the
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data recei \éndgmegeﬂzttesnmrﬁmooé dapacitiesnetcabf thy seetral 2fficd ispstamgd theatehtoge dat a
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renot e systrnegotftioAfdak 4merenezgmletad|ponr top Gt abitiate tbélanleeium bﬁaﬂxe thglen

est abl i she ' i.d t nodem
in terns o%pF%}%ﬁ}Ordgﬁqjgg ' ﬁtahgr&agégglnw&é%%n% q‘hgéjengr} i Jg'ggt er m nal
i s t herxaf thigh s;m‘egrnee@ivm@ saetianh@s ﬁ@smdprrgc@vehlgbrspezd datajtremmtteobn of the
initiation Rs‘m ende cyssi on of
the initiat %nttﬁt}f %ﬁﬁ © U—éaL #ﬁ)gmfgn%htg |§1I %%gq'&% t@ﬁﬁ@rﬁg’sgﬁ%@d at ed
carriers sénaaaméﬂhtgh@ne@d dateio tblnéemtemmnf 4nihe bighspegchsectiprs 6&and gr oup,
Vi a negot i g r Bisi bhb i § i UDgllon dat a
receiving ?gcrﬁl%oga&%éree%él ve?gt'ﬁgecgﬂf?%}g ;eo%%t%ﬁh T%—% or a

predet er m kSlpmodemsoffigh apedagectiensst8 200 7Rwanrbe adlysalist et bigh seatrddi nent ) ,
the r esondiangmitlih Cabias Uhich WHBRIULRL @R bR ?e/'cﬂjfnﬂgg%l fang data
transmtting section 54, selected fromonly one Downst r eam
group. Aft é\egﬁ%'éﬂvﬁ’rﬁ@equfﬂa ther Ppegtistiens idatp ﬁ@@b’!ﬂgaﬁefé'ﬁnd& andebeiNighg 30
section 56sEééHrHEtlaereEJ&t’hlé:sE&fontd%etréﬂsﬁfﬁeé@{am RECbRSEO8D. Ofhd 'n5§ot(aﬁor9 at

| east 200 m;% nmodul at es,  usi ng negotiation

transmitti Mglastesmiting aectign 5¢ agd dheoioh Rreaddata {apsmitting seelion Hgceivansnits a
predet er m Redhafsli@g el $rofh theEEmE%te?ﬁz 34 data. If the xTU-R initiated with
carriers selected fromboth famlies, the xTU-R stops transmtting carriers
fromth other famly before it begins nodulating carriers fromthe .

sel ect ed { aiiielaisdideBlonfiRORert et Hootlduagblokk ds Ba0pfic!d ﬁé@oﬂa@ dgeL Vi ng
section 52 fromthe xTU- R, K nodul ates only one e famly
of 5 carri é¢@"(’faﬂs$¢€¢jomé§@ﬂ¢l atﬁelgt'&ilﬁt\ é!atartéaﬁ@mift"ﬂg %@Ft@ééﬁi dhe Bagotigtien
transmts flag (e.qg., 7E,6) as data. To facilitate the finding of a common
set of carriers (if they exist), if an XTU-C receives carriers of a famly
that it cannot transmt, it neverthel ess responds by 1o transmtting
carriers froma famly it is capable of transmtting. This allows the xTU-R
to detect the presence of the xTU-C, and, if it has the capability to do
so,



attenpt an initiating procedure with a different carrier famly. In the

di scl osed enbodi nent, the xTU-C and the xTU-R nonitor the line for existing
15 services prior to transnmtting carriers, to avoid interfering with

exi sting services, using the negotiation data receiving sections 52 and 56,
respectively. The xTU-C transmts identical data) wth identical timng on
any and all downstreamcarriers. The xTU-R transmts identical data with
identical timng on any and all 20 upstreamcarriers. The initiating xTU-C
transmts unnodul ated carriers selectegybfromeither one or both famlies of
t he Downstream group using the negotiation data transmtting section 54.
After receiying the carrier usi.ng negotjation data receivj. section 56,
25 1 rom t helQFUSESTIBY SEriPTy Ra TBre: Pebtalialh dr g M 0S| iegalBpotaia. *t he
respondi ng KdrdnfRtibg 3B&tint 54 transmitsl Aégptialtorr datar SThes opgratidre oh@@otdreuson dat a
transmttin ecti 50, selected fromonly ane fam/|y of the Upstream

o oup. Af t esecte ¢ Faival GG tass 6 &Ml Fusssibrb ALTetab Ao by ¢ he
negoti ati on data receiving section 52 of the xTU-R, the xTU- C begi ns DPSK
nodul ating gnly one, of the famly of carrjers.using 30 t negotiati ng data
Lransm 11 1 igobe, KA, CUPRISEr W PEDALY Sre gYomBasmliler 40 4 {EteTU C i 5
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transmtting carriers fromt ot her .fapi efore it I ns ul ating
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common set of carriers (if they exist), if the xXTU-R receives carriers of a

famly that it cannot transmt, it neverthel ess responds by transmtting
carnets fr ornedowaaks fitar36iand biyhadzse fiér 40r epesate té filtey.comuicatibrosigndlbe xTU- C

to detect th f the xTU-R and apt it
ey et Bl B NE R ol L e SRR BBATHRR ¥ bl o ng
to the i nstamnitnegotisted camijtionyecapadtiti€s, ated of the ceiitehl Bffiversystem 2, hiee momseini cat i on

line (using. the pegotiation data receivinhg-sections 62 and 56, .
respect Pvel Yy e B hEep RSB it EERRH £ 7 TiE o Shend ethfoctimn R, i
order to avondionhs %o rateivefhigh sppedi data rnstitted) fresr theceestralldticexIdtdtn t2; ansm t s

i dentical dat. i i Leal, timn : carriers.
The xTU R tPURdle Br<iER) Ed vans i PRboBResTrRehe R RRI SR B3t o1
upst r eam camentralr sffice2 @ydtemt 2 eT her pegatibtiomdatat ieoeiving nsestioro 56 ranciother lyigimec hani sm
conprises ( i d.m t ed.. 1 0),t Ansm,_ssi f ul d
carrier of %%%% faﬁ%%%?‘%””g% %ﬁ%%ns»ﬁEggérﬁ'ﬁgidﬂgﬁahoqp]%tcoe &E%S?Qf o?agxarrpl e,
a time Perinegotition datedranhsmitting Fertion§ anslsther highhepdedi détat iransnpitiogedur e or
my OPti Onalelyorpdeicbeide LENARISkUE IihhatdRfludrgpedures. 25 |f only one
communi cation device iIn e communication T1nk I nplenments the present
invention's preferred activation nethod, a high speed comuni cation nay not
be possi bl §, 11Ngisi0dddWhEHIAER Cihb BES n@Bﬁt%Bh Pk 48 Jo?&i?%% négétia‘ﬁ%rgape) to
| egacy communi cation systens, such as, but no [imted 'to, e% cy L
systens or 43P vereddigapertionifuand & negetisiien data treagmitine ksectiox B8L $het ens
will be,.de ' figest | ; ; o] S aTatt t V Ol i

ol | back pr eRoPD ! sacllin ARG, 8 HERaue yissPullon, BB MIERAM:  ons
Sore | egacyegpitios pistaetignsrutinaspeliondi0 tignsenisdiegotationrdata Thploperliorio not

| Mpl ement  tdhehdNisBbedtiBNESHthe Femdtd Sy B 8 bl AKSEH e inidethiUsigsw Pr ocedur es
to 5 fallback to a | egacy xDSL activation nethod. The present Invention is
intended to be a robust mechanismfor activating a nultiplicity of xDSL
modul at i oNSryeMdgBRatRheHes §anHitingaeuh 5614F PSRN Lk kNesntikans cei ver
PSDs. The activation of regional standards (i1.e., |egacy devices) can be
handl ec?%y UPRkseRIN NEgotiatien fatare the: negatiatipp|dats fecawingdectian 3 of the centedli on vi a

escape), or, pltued 7 . LVAL i i r
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used to cover the nultitude of initialization nethods. The activation via
escape nethod facilitates the startup of devices prior to the present

i hvention begi nning the negotiation nodulation. This allows the startup of
15 devices which, for exanple, inplement Annex a, B, or C of a
predet erm ned conmuni cati on standard (wth dlfferlng PSDs) and a | egacy
xDSL system such as, but not limted to T1.413. The present invention
moni tors several different frequency bands using xTU-C s data receiving
section 52 or xTU-R s data receiving sgction 56. Thus, a device that also
supports a regional standard (such as, for 20 exanple T1.413) can

concurrentl earI oncurrentl ni.tor th i onal standard
ot vat i on tansiis Qe fdnsTRBReaR ARy HalE RS Beaten aio EetehATes sEHioR o

pr esent invmw@fltﬁm;eneot@gm@dwe for interworking with the ANSI T1. 413
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systens, such as, but not limted to, for exanple, RADSL, can be negoti ated

using the i licit, 2o nethqd Scus bove for T1.413,
wi t hout deg rﬁl'ﬁ% '%'ﬁf t% fé't)l |Ta¥;1n?ﬁ o?"asn@8§e?°oﬂ1atvﬁl Q%'%Fﬁf‘z FHIFNL .
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The i ni2i alangi :ghaITshef Imgh a:asmfdiertsaw am:ldm ate celected tspemufe edfrequehﬂ'w- T
Recom*rendat ’“\4’%’ M}J'T Recommendation V.Bbis. In the explicit method,
after the V |s code points are selected in an M5 nessage,

acknow edged vmth an ACK(1) nessage) and the present invention has executed

(been 10 colibhi1g, 14°10/afts 36 (X ROLEntRI 3RS PHUNEE TREET SR takes

on the roll ca1 I ng st t|on an es on e roll of a
V. 8 answer i2fig2&aed OGN thenremnte pypiemn @) comeriseatioital bit staqffamsrtbab(aremsedm es a
handshake SE3HIARaRY obfRRATIE! tdHiral BIRLLAY I20ah@11RS BiidlegRotRl gyccel ve a
response froma possible xTU X at the ot her en e co ni cation
channel 5, respeciively |Iatsnmgessmd>thataysa-stbmri’ee serpe qffiee prelsent INVEOLioO theks not
support a ednC [ [ dnhs e tG ng a
conmmuni cat %gaﬁ%ﬁﬁgqgo?wgnﬁﬂggceé@gg%eh as f/\é% cié% %g':ﬁslé E%éo The

i nstant i nsBawnpar Burdedinty ar dderfackecpeakis, oarrmultm*@@kienﬁocﬁ shalgisttgainong or
conmpl 1 cat e Bl bR 1he SddeRAg LSy WaE RLEREH ARG Ak ARdeV] Co 11
t he conmuni cat1 on nee to transmt dat eneral, the

usual | yB0al Wﬁy@re@ﬂs Hh W 116 angl 88 eaynbe Gﬁfﬁf@dlre(d\la%élﬁldrﬁetﬂﬁé lipgeg To)}- R i s
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will be perlo in XxTU-RIs turn Into a "sleep”
node (a nodeisi(HSEhivwrelasseonmizamdi(sDA) eté@@rdnLéseWﬁantﬂwummomdnthm bit mi ze
el ectrical power consunption). If the xTUURis in the sleep node, the
central side needs to "wake up" the XTU-R before a data transm ssion can
occur. Four basic 30 transactions for acconplishing this are described in
Tabl e 9.
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The followng is noted in the situations where the xTU-C has initiated the
5 nodulation: 1. If the xTUUR is prepared for the xTU-C to dom nate,
transaction X or Wshould be utilized. This should be the typical case when
the ATUUC initiates the nodul ation; 2. However) if the xTWRis to have
equal control, it should use transaction Z, 10 3. Although transaction Y
could be used, it is overly presunptuous on the part of the xTU- R and 4.
The initiation of nodulation by the xTU-C can al so be used in conjunction

wi th a power nmanagenent system 7 abl ~ %0' .Tr~ns~~tl~rr~ I're~"err~~ ~4| ~~nme
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t he requested node, Transaction a qQr, B are ed to select an operating node
wl thour 1 rGie @SSP SRRRG WHBNr tolHeRSARE i DEESN TR PO | 5 uaed

to exchangepgTN Qb8 baAd. Newer cBmelunichfdn Bietfode MRt kd LSS theTlrédqeaeyion B i's
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of the trarPaEfYBAPOVE YbHeq)datacompunication, Jypica < TEAURRYWNSHE di agr ans

for a seconghnkmaRRACHIWER IS HIBWEdRBEUrs T CapptddrRatelyares ikHizO NHEWaar 28Ry Show
state information 6((5}%}}%{1 the state nang _and current transmtted nessage)

and transi tTeOHENGY ikbiz may ke usedp dn i reogidy 1t isReled) that tone PUEI R t he
state changrluehdy dFidaS.-kHE 28 ds&d tolBERETBED TNHTBADSY howsds. bis anedafit er i sk

(*) indicate that the state tran ion | .be taken upon the reception of a
Compl ot o miGRSDe. Jhat /TR eT ST akh BE PURIGEY D SRecHIMC ey Mo REGUBPT { he
message. WirgottidBasetigRisi S received with the additional information

avai | abl e" paraneter to set to binary ONE in the identification field, the
receiving station may send an ACK(2) nmessage to request that further

i nf or mat i ormhee co@miunicifean patie  AfK(dRjingtk S8 agdirs], Sorfec pathv der, ahuupstazam
information i s sent.. The transn .ssiop of, signhal s assqociated with a, sel ected
ode. bagi neomHRGRL TR FoeiE RRT A B 0 e Y olat hnalt o
station recmbthes path {MSa ewasteeant esii@abicatiprafromdiee tévittal bffice Systemb? & t 0

i nvoke, the_station responds, by sending a NAK. I.f an invalid frane is
received i gh%r{ﬁmgﬁaﬂéﬁ e'ﬁhg' ﬁ'gge?%qoﬂatlo&g éﬂPFtB‘??’%elﬂtasa%? Ngmrrln)ttegnly iﬂ?ﬁ'redi ately
returns t o nepotiativh idafa t@inamiting fection S0 bf tie hasote sastemi 4, aed receives bagles but i s
not receiving fl. ryval.i f.rom ther xTUW X the
orror 1 ecoeigiaBlRalietdndsdRoEa AR RIS A TARR 51 7S idoratn

t r ansm2pt ediownstesswaids aredtransmittsklhw thegregotiaion data wansrsittingrsestipr 84lef er m ned

period of tj , %p %,j r - AR > samne
nmessage. | ?ﬁﬁ%nt{(aﬁﬁ&[ngé(%g@«larﬁza#génﬁg A tlﬁz{hgar%ggﬁaéfsoég&éz%&%gr aélegﬁ%rtﬁnber of
ti mes (e. .56 @ thd ienwie siistamwdt Onee dhesnegptiatiorndndhige speagetirarispbas be¢r om t he
25 ot her x i kel r i nd st ops
ransm 1] NP Ind pEARAN oy ekl 2 S AT LE BtdR e g S8BT ot on
att enpt or detaairansmittiog sectione 66nand 0, ad higbcpded dsta Ereivingdestionsnl@rber of
octets jsn any esRl REAEGH Q&Lﬁﬁéﬁ&&rﬁﬁni@ﬁion] f the information 30 exceeds this
limt, the renmainder of the information nmay be contained in subsequent
nmessages. To indicate that further information exists, an "Additional _
Flerd of Ry esedts BingBIARR RleritBnaR st it e il b el "
only be sexample, gnDifteceritial fginanye Phase Shift Keying (DPSK) modulation. The

transmit point is rotated 180 degrees from the previous point if the transmit bit is a
30 1, and the transmit point is rotated 0 degrees from the previous point if the transmit
bit is a 0. Each message is preceded by a point at an arbitrary carrier phase. The



nmessage, the renote station sends an ACK(2) nessage requesting further
information. 5 Where non-standard information is present in the information
field, the standard and non-standard i nformation nmay be conveyed in
separate messages. If the information to be conveyed in the CL nessage
cannot be conveyed in a single nessage, and the "Additional Information
Avai l abl e" paraneter is set to binary ONE, a response is required fromthe
receiving station in order for the transmtting io station to conplete
transm ssion of the conbined CL-MS nesgspges, irrespective of whether the
additional information is to be sent. In this case, an ACK(1) shall be sent
if no furth inf.ormatjon_is requjred. The cur ntion al.so addresses
the dest r abfTI-E0oRT T BRaAT T Tl Mo PrPRYRY T R Prer B G RNEr e

equi prent  cegpddrs land ressdgesgwill bbalesaribed bkwrat | on, serV|ce par anet ers,

regul atory information, etc.} during the negotiation procedure. In this
regard, the present invention contains several different and additi onal
types of i nbegentatiremoteasysteanydegits receilimgpiaidandr Yownstrbam datpeall ofthe

i nformation enphasi ze service requirenents | ad of "a pI| a groups”.
15 o eV SPREIYRUE GhabE koGt Raes R SRt wrenes tok e 7t pe
types and nigigatistiohggycedlirgsas asetstribedbblawge, and thus) nodifications
(variations) may be nade wi thout departing fromthe spirit andl or scope of
the invention. The preferred enbodi nent of the present invention has the
general or g&fter 2iad reonate s¥Stesit 4 has neceivelddhe spectilabirforfriatiovbiti halyzes the

i ndependent i nfornat i nted in.an "I nt'fic ion' field, and
rodul at | on SRUBERIL ARG 1Bt Poep o seuBh 1R chaef trnfilion® IS rkemr | on-
field. fon g,emaéc)nsmebmrmecqnanmwn methudl toluganel capabilities information
are independent of the various xDSL nodul ati ons. The overall conposition of
nmessages according to a first exanple is shown in Table 13, 30 while Table
14 il ustr afes traa mehd‘fwwminez has 4dceivedlihe fiddl debnaioarﬂnaltiaoﬂm‘éé@nrdft atiou
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The present invention goes to great lengths, both before the handshake procedure
25 is performed and during the handshake procedure, to be spectrally polite or as non-

obtrusive as possible.

In this regard, the instant invention uses a unique method (criteria) for selecting the
transmission and reception carriers (frequency bands), as embodied in a PSD. The
30 spectrum and carrier allocation for the preferred embodiment of the present
invention will now be described. The description begins with a review of the

upstream and downstream PSD requirements of several different xDSL services
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details wit each c r R to e
nodul ati on @ﬁgﬂreac mwg&g%g[%rag‘?é Oﬁgg tsrs%\ﬁ &, lh‘wﬁtfaépggﬁglm %Q%Dﬁé%at egory.
Ot hose noghuthatpresenpiaventieh &30 ammmdmécusm m ght be nore general than
ot hers, and can have hi gher positions in the 1o NParslSPars tree.
Paranmeters that are negotiated in T1.413 are al so negotiated in the present
i nvention (Mdemtrtebm @mapb'ra)urarmfnit\éﬂw,othe In@gotiﬂnbnbataswsﬂiitfﬂ‘fg saatiers 54
However,_th rﬁFa | cas % par anet er s, neﬁ&tobbe
negot i at’ed 8erff“§ ;9 E&ehY® ?rﬂ n?n (Ps rerqm 5L 'Bp 38 nEANSMresk by Hae
par anet ers mefgo(?at%mala tlarishetting sedtiont 5041 e reinbtet dystepad.anet er actual |y needs
to be negotiated instead of just indicated; or |If a general preference
about a class of paraneters needs to be 20 indicated. 46 5

The present invention is used to initiate or activate many types of existing and

future xDSL services. The requirements of the various xDSL services have been
10 taken into consideration in the design of present invention. This description

addresses two inter-related considerations: spectrum and activation methods. |n

the present invention, suitable bands were selected for the transmission of the

negotiation data channels. The bands were selected based upon several criteria,

including considering the existing overall PSDs of the xDSL services and also the
15  activation signals of existing xDSL services.

Examples of various spectra of typical xXDSL and existing services that might be
negotiated by the present invention are shown in Table 1. For purposes of
definition, "upstream" and "downstream" directions using the nomenclature from
20 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.
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lo 15 ff the parameter is very general, it should be negotiated in the
Service Paraneters octets on the Identification field. if the paraneter
fairly closely related to the nodulation, it should be negotiated in the
2"d |l evel of the nodul ation's standard information octets. Even if these
nodul ati on paraneters are fairly sim/lar anong various nodul ati ons, they
are coded separately for each nodul ati on. Al so, other xDSL nodul ati ons,
such as, for exanple, VDSL, have sone very different paranmeters, naking it
very difficult to have one large list of parameters trying to satisfy al
of the xDSL requirenents and capabilities. As a result, there is sone
redundancy in the nodul ati on paraneters, in nmuch the sanme way that
redundancy exists with V.8bis. Further, many of the par anmet ers under the

is

vari ous applications are i 4enti sy dhiseol 18RO SRBRATRARLEPDL ! one

exi st; manufacturing, provisioning and negotiat & *Manuf act uri ng
Opti ons 20 Manuf act, ined aLn’lennaL Jpartions of a
speci fication that [*MAuf acturer incl hdest’®fiboses i vt prloduct desi gn.
An exanpl e of a B - i ms—t-0 enployl EC s FDOM Manuf act uri ng
options nust be di ¥:.§%%$ —aRd_acknow Bpoplithel SEAELHHR gince a

cormuni cat i on woul ¢ oS S5 ;‘J"i e L-a-‘ng—l@é? n the various
devices. 2. Provisipmrpasert: LTt Lar,ar ﬁgijmuﬁs are defined as
optional capabilitiggstat _are T SOUTE Wy, Lﬁ_pu I Sl An exanpl e of a
provi si oni ng opti ofiydsS T he Coop Ui m Mg at o ulen,CO T hatTeorequi red to be
mast ered by either | iRewbiipinsbfie CP. Thex It ap N Leagrmal |y fixed by
a priori decision poiabainOudsfiennegaii gtion. It isf noted that] this option
can be merged into|ett her the manufacturing or negoti ated tions. As a
result, only a few|optnongamesktkhi s category. 47 3. Negotiated Options
Negoti at ed optionsiaee.dehined aemn option in which an itefp nust be

selected froma |ist of {nandator avai | able) options. An exanple of a
negotiated option is the 5 dat'a éﬁ%‘ﬁi'%fa"-ﬁﬂ’?fdl"é""”r"ﬁs##egot| ated options,

the transm ssion [ah&uws S NadE| peEET T QuREer. T1n T f or mat
for the present i hvebtimam«w [ now be descri beg with re pect to TaLI es
15-45. The di scusfi®n provi defl nak i bt ka0 1aD] €5 15- provi ded
as background infpgmation.. Taples-A@sbraieuwdl [ ect ed tofthe Teatures of the
i nstant invention|"The+basi c f‘orXhE® conventionjased for [nessages 1§
illustrated in Fifj. 6. Bits ap'® kpoupedshato o&uetksr,MThe bits of ehch octet
are shown horizontally and arfe™%*enbered fropt-¥™o 8. |{Octets are

di spl ayed vertically, and ar € niryepedriirtosm 1 { o*N=¢9he|octets are
transmtted i n asgendi ng numgy i LAPYBrHETCW t h| <&n octet, bit 1 i the
first bit to be tfansnmitted. [FBI* PP d$¥Whi ch phréYe®Ht afned withinja single
octet, the |owestf nunbered bit of the 20 fiel diT¥fresenls the | eas}
significant bit ( R 'e‘rﬁﬁ":]: A o] &S ESE et the..l oues

nunbered bit of tlEtEElssmte—high “’H&un‘ac e ganed | e ont ai ningl t he
field represents ghe |east sijgnifi cgn,t,mfglt (2) nmmgrd pr of the bjt val ues
wi thin each octet|increases gs the bit nunber jncreasesy The orderjof the
bit values fromdctet to octgt increases as the.qgtet npinber decrepses.
Fig. 7 illustratgsadiLidrel d Wi CTk@hreiAbiBuleV0 PLLhRRe=r exceptton to this
convention is thg Frane ChecK Segugiekdts) f) el dswhi h spans two octets.
In this case, the order_ of the biut.uuaizuca&nwithL n the ociets is reversed.
That is, bit 1 of{itdewnfdrst qctet iSmiteeoMSB andichindl pf The sec%Fd oct et
is 30 the LSB (sd9e Fig. _8) .48 Messages of the instant inventionf use the
frame structure W TAEPg 9. NBSIEgE® st arfvrane~end| Wit h a st andard
HDLC flag octet {/011111102), ja8® et redirm-r8Q PEC~8809] The Frame| Check
Sequence (FCS) fifeld is defi IJ ed in | SO 1 EC 3309.=Famspparency using the
Cctet stuffing néh-hed—q-s—dei—r 0 33094m8 =Fhel npssage jnf or mation
field consists offcEh S i cati Wbl | owed
by a standard i nf i ¢ ; and an otlonal noh- st'&HEaF d
information fiel LQH@)&W[}L{& general—struetur-e—of—the—Aessage—+rierinat i on

field is shown in

Fig. 10.



1o In both the identification (1) and the standard information (S) fields,
nost of the information to be conveyed consists of paraneters relating to
particul ar nodes, features or capabilities associated with the two
stations. In order to encode these paraneters in accordance with a
consistent set of rules; and allow future extension 15 of the paraneter
list in a way that permts present and future inplenentations of the
present invention to correctly parse the information field, the paraneters
are linked together in an extensible tpge structure. The order in which the
paraneters in the tree are transmtted and the use of delimting bits which
enable the tree to be reconstructed at the receiver will be described in
the rules set out below 20 Paraneters (Pars) are classified as (1) NPars -
neani ng, pa\ﬂﬂﬁﬁé@fe&t Mhsbaw@saamﬁmbearmmr meaﬁém"itai\@dtrdvi udestthen) and
(2} SPars - gg [j)‘ifL tersey\/nich hav sub E ters,associated with
them The ¢®@ 1PefeerieTd Krseiss gpqrp@réaegarér rsSRbIG YATtreey negatiatian | oy el
é Whl( &E IScHahgeHHnlrrr@ﬁod/regebmofegbtmohrcjaaanegaachhSPar 25 has a series ﬁf

ar s ars_an S | ev int tree with it.
Simlarly, ht e‘\’e‘e'l J? a?q ?§ CeSéfaE‘ IeENPWA O @éé%@vgcgégg\lfq ﬁg%

seri es of NPars /&tnekev,ehné(mmrtnbgd H@est]?ar aneters are binary encoded, and
transmitted serially. Paranmeters of t sanme 30 type (i.e., level,

cl ass 11 cathon ARPEEERIEAMITY CaneoP AT WAoot Sodid §ECUEBORS bl ock of
data consisting (pé.; ;e préfbregdarhbmrmbﬁrd&fs nRELSY écho DaRcdlihgism ssion order of

NPars and SPar s ecified | icates a set of |evel
2 49 par a}reter"lsmézg?fdm&l 'PHS f%"ﬁ”%é%%e”ﬁa'eéﬁrﬂm%)noe %oﬁ‘é‘?%ts of
Near { 2) {o par arret@@ﬁeaﬁ,dowﬁgﬁaah{ MteﬂBa\Vnﬁg?) ~ par anmet ers. {NPar(3) ~

i ndi cates a, set of | at th th Sear
which in tuhnis Aol 'i’i'si‘f‘%%%sﬁc‘ﬂ ‘%"ﬁ‘s?%gmonf ngaeTs é"h gé/agr?rs )ssi on of
par anet ers fegi n.992.1 hAfkex hi asd 8399232 Ainex dleae{ ihe aasleensiirednt bnd he | ast
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5 The Standard Information field is conposed of several octets of NPar(1
)'s, SPar(1 )'s, and possibly NPar(2), SPar(2), and SPar(3). NPar(1l ) and
SPar(1 ) octets are specified herein and are always transmtted. NPar(1l )
octet encoding is described in Table 36, while SPar(1 ) octets encoding is
described in Tables 37 and 38. 10 The contents of NPar(2), SPar(2), and
SPar (3) octets are transmtted only if the corresponding bit in SPar(1 ) is

a"l". In general, the contents regard nodul ati on and protocol details
specific to respective | TU-T Recommendgfions. Sone illustrative
specifications of nodul ati on encoding are given in Tables 39-45. 15 60
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62 i'able d2, :|~~dul afion -~:.~J92 1 xnneY $ {~Par(~j} c~clin~ -()etef: <

Near ?;sa il i V 5t7- Ttnei bJ:=:-: t ~ Tones below 3p ;ulumwmnl - Vt; i ~-
XXXXX t Ixxxxx ', tl. xxxx1t zrct XXXl x t xt ~txIxx s xv xlIxxx X XNo
~nnt:crs il ;his xscr , xnoop ~ pl CTE - W 4t~r rhr rndsagc a sent by tht
rt? v-(;, it nd~earca o sbdiNto r-rcivc torrf fD ~~( yore 8hu4c' 2 |

e - aan R La.s-~v . a nver~ | dppae Il1: | - ~ 1 ores il M63
rtnrt~atary, f~Y tones L la 31 o~ r~A-aly) Table 43. D ~duhttan - C.992,
Aaaex C {NPar( ~]~ c~dine - ~etet ~ NPu 2Is87$3d ; ~ ISpe:ify pet~rt'~~"rs

or ptofi le i Si~~ X, X LXXKXX X, 1 XXX

it e, L Angln 3058 § 7 gsdhks rerered SFeduttenfL i uipernodd Tebobnet oo 0 o
4 ' 1" abl ei asetd oflfrebhénde'slJanrbe-usebtﬂdrlotﬁdwlanardn%)e}n@mlélgml\t%lfdr%lmsow%1 3t
G hdxl ~nnez BxXx~~7exX, ~XX zIl . axxxxx.z~i et.zaxx. axxaax1x~t xxl a~xxx~"' c

~' ~nnne~ : rPelagtian %&ﬁé&‘ﬁﬁsﬁﬂ%ﬁ"ﬁlﬁm%ﬂmn | ~i odul ariuh -C~.~9' ~. 2 {~i J;
“ar(?]; cvdi n~-(3ctet ~ | ~~~~s | ~ ; f GS a .i 2 I I SpeC|fy [xtrurct~'
iorPcalntSfQG~~’> f X X X X X x ! X
t x x x°x |The feqpencigs of tf‘efwa'ﬂf"eks E’exdqr“’%d bywq{tlg&ngaba@@,fam%f,@q?pcy 5is occl

.C X 0 Qtren. QI@125 kHz o ﬂFO'OOrkHz() by_the carrier index., 4, achieve - roblstness, ~~Nn~,
s,fdn,/arr~ i nrr nhf nessages nay optionally

contain a HB‘H'@? S?fﬂﬁ?%Vm*??l'so?rﬁé‘ts%FPrﬁaé%aﬁag"thﬁ\‘?é&O KHE 4 PBHOMESHNd t hat
dﬁL I ne? hgra%ga?nweacmwtmmwdf s'out m{swbgmmamgltﬁe HOO@%rﬁl@cﬂ%/sez{ﬁ?é t

n- st andar [ s set to, bin in the identification
field of tHY §r ﬁ%ﬂﬁogé%gg@fg designaiedh @t%ﬁﬁér% RYYEReR PErats 81 d nay
opt i onall y 536.0605BRGS By iidMHach® a3 1m5 symiedls/sécatalys i nf or mati on bl ocks {see
Fig. 14). 1o Each non-standard information block (see Fig. 15) conprises:
(1) alength indicator {one octet} that specifies the I ength of the

remai nder of tﬁ@@bb\b@e&ner[ gélealoﬁoérﬁbcﬁcymémda‘o( l‘ﬁeOADS'LSBand@S sd@‘rmﬂ:dst in
Recomrmendati on T. 35; en%E h indi,. 6‘%{ ol‘rg ne oct ete t hat CI fies the

length of tHEHIEMEPIHY fec“‘HEl‘é pegsly exam I #sQ pfisent forkg %‘ﬁ?fP 'iehat L

oct ig S Rf ol |s§&l)tt(fjun§ eléedabyp‘ggm &m(r;iemedeiowevapec gf fh(kje&tihdf?(df this?n\féhud{iﬁMMDSELd?n'; i f IT ﬁd
in econmmenda .35: an i nformati octets e
br esentiss ny@RRTBHCR drebnECes AR e e A e d 55 § emBrebEnt SR3ERE | oh t o
conti nue tmebibllbwmgs:nieh*a@dda:bhsderhﬂmmelgm sedddting cprrieeefbuiues witha/oinpl et e.
Accor di ng a fqeatdéé%&of the present invention, the nodul ati on can be used
as, for | ear channel EOCC. For exanple, a standard

i Ef or mati gn NParS(oih}e HDSLlsrpduteradeesxgnslrtfegavtﬁel HBF| noti-pffodt dpghinatelyse@fes, ﬁnd
the sane bit is e i.cate e n,.i wi ng the
term nati on of #E‘% &'seasreersi@gls(éﬁen |rbeﬁs %’I'eogug P%’?’ P((I%/ﬁe%?% g‘?g Ep %Lq?'nrée ACK
messagey the casl4@r Qtbet sblittemdesiprENol-off gt epprosinamtay éaﬁ kH@GeghahR 25 In
the past, the c f| T al was
perfornmed usi ng?cg‘l tiﬁﬁﬁ Atsll'%(bCé‘)"he'%gabp\-rUfh %_ﬁ%f ?lg@r\«%@be gér#eﬂgﬁs Accor di ng
to the insRant Altheughi there iardistQbsiomntige ABIAL- anrmambbl mo®e ob¥BSbethigden a
Term nal and theg i ik e ATU-C
and the network Eég\pr%%ﬁ%mgarr%ﬁ C% té“Ag'%_ lﬁ?%@' ﬁ@rrggan%&g&q %éﬂl t he
Term nal uses tnernsrsl\krelw 6t1o‘dUlZ ¢ MBRL dav@elcgaﬁrq@amﬂtuogrr@ms egongiomye t o
configute and t p nt e 0, d endi RC n an
ATU- R lﬁg nce t@hr@%ehigg}'negﬁtgl orrhﬁel Egéi ﬂ’] é:rs]%gkgﬂ%ﬁoccgd%r g{#@a?e{:‘ rate is
under 100 byt esps!é@maacfp edesoatiatior toi postingedeyvices,bengriovbatticiarorAlHe

Term nal to actigyg|y. participate in the handshake session. In general) the
CL and CLR nessage paraneters can be set before the handshake 5 procedure
begi ns. Thé&. pr edetiis iregasit swrent ValSiLe prophgalT eelviferacamiersi togbé rspagest at he

21.625 kHz and 43.125 kHz. However, it is likely that devices will initiate in
30 the 43.125 kHz mode, so carriers with a grid of 43.125 kHz is preferred;
4. Carriers should be below 3 MHZ (equivalent to ADSL tone #8695), so that
they can be detected on the longest of VDSL capable lines;



ATU-R) the status of several of the paranmeters. SNWP Traps can be used to
indicate critical parts of the received nmessages that nust be acted on by
the Terminal if it desires to influence itens, such as, for exanple, M or
ACKI NAK nessages. Wiile the invention has been particularly shown and
described with reference to the preferred enbodi nents thereof, it is
understood by those skilled in the art that various alterations in form
andl or detail nmay nmay be nade without departing from 15 the spirit andl or
scope of the invention, as defined by {fie follow ng claims. Al though the

i nvention has been described with reference to the particul ar neans,
material s and enpodi nents, it jis todgﬁ un erstgod t hat &Pe i nvention is not
limted to the g"‘?rf'?rélﬂha‘r"g Pnoua AN afliR Pappt. sueh @sqtor #¥APe: &dui val ent s
wi thin the scope oMHM@HIhas BEUIVABHAKDSL Bhed WA 1 H168) N WA Aderida, of
conmuni cati on ap@@Lﬁ%ﬁiﬁif]%gtlvely connectable to a comuni cati on devi ce,
conprising: 5 a nrtrHi Br-4PRf® executes a first conmmunication node that
transmits, 4.0 thEarEeEMEHBLRIAbE GRIcdRM 66 asatof hvcdhd iREdstehed Wonednsraigl t hat
designates a specific node, the conmunicati on device responding by issuing
a second predeté*ﬁpﬁ§d signal; said comruni cator executing a second

communi catipn mogss|t talyredmsiey Tinde DWididh Dlplek §UBDEtebhARdes T ReabrdingRt
requests a transm ssion of said firstzﬁredet%{nined signal fromthe

conmuni cat i on dé\PEE%?méH?JdP‘@'&%Fe\?&S@éf OF% P} N Ba&P St ned signal from the
comuni catign designels dbbfe SETANHZCRMANNDEL BBndhRuldN Bk eRddsiittdd ansm tti ng
sai d second predeterm.ned si ﬁng)l Lho the co ni cati on device; and, a

control | er that SYRELERIYE WiRdhe PN chosegsup Gi AEIEh BT thavdthe 15
second @OoMUNIi CaNdaP EnADCIOs$taIRTNEXTY iirtb itHd BtheR TODTUDBL Qidks 0N thd biRadrhe
communi cation devi,ce. 2. The comuni cation apparatus of claim1, wherein
said first predé”@rn‘i ned signal conprises a Ms signal. 20 3. The

conmuni cat ign apﬂp@éaaltwes&oﬁéaahmbhombeéaismeaafe d’DSlllisrpdctPIrﬁ!?%her m ned si gnal
conprises a MR sjgnal. .4. The co njcatio at us claimil, erein
sai d second 25 3@3&@9@#% ABYVEs P gfedcﬁﬁ?rﬁggggﬁg Woﬁﬁ‘%@éﬁgip@?ﬁp and a
NACK si gnalinvebtion| lage sofiiowd:cat i on apparatus of claim 2, wherein said second
predeterm ned sjgnal . conprises one of an A i gnal_ and.a CK signal. 3o
6. The léonmnékg?%?rgp'g&daﬁiuiw&s%?@igﬁg)f %%‘r%f 's@paz)c’bmni cat or
executes a third-croosd,e80) ™40, gede that transmts a CLR signal to the
comruni cati,on, device, t infarns_ the ¢ ni.cat i eyjce of a function
li st of SFﬁ@“é%ﬁhﬁR?@ﬁ‘FB%“?ﬁbgW§gd§B§E§”§ga& 'ggxgkﬁunction li st of

t he conmmuni cati eh (8,396, 47thé1¢,dG8dueiccat i on device transmitting a CL signal
that includes the function Iist of the communication device to the

communi cation apparatus in response to the CLR signal, after which the

t hi rd conmmimiedaplictrcheouk prabirgxdestuteds the ptesansinventionea befusedi #Gkssi gnal
and the NAGK $hanRlenbiRs!diGne YERIAGHDE Wndiidi Gtre Teond e fQTPRINAA] ON
apparatus of claimb, wherern sai I'rd comruni cat1on node 1S executed
prior to amnfesceationiover tbé ceraimgnicatiait che@oneluni cati on node. 10 8. The

comuni cati on apparatus of claim?7, wherein said third communi cati on node
is executed prior to an execution of said second communi cation node. 9. The
comuni cat iGhanagpaekitaiss pérfarmgdnmplicitihby ebserving @l cdrthes initéaliziog carrensni t s
said I | mg@&g i eyl uest. n ecut abl e
node.N?gK %hgbgggﬁﬁﬁ@céggﬁﬁﬂapp}?g?%ggg#szgﬁﬁﬁgﬁghﬁéﬁéfﬁwégi%%gq ni cat or
returns t heeadinenheicoresrmndiagits indieatechinaliblesiad) and Zat Peingstharecepion an
occur rence @A RiREs Bt G BRAL usiri&th%%eg&%oﬁ%%@b&@h? QO:1RARYr at us of
claim 10, wherern sard predeternfiried event conprises a transm ssion of

sai d NACK @ngntie. XTR, Tséhgc hemnagetiatipo rdaippaceiting ssrtien HMmmpnitahdieei n sai d

CommUNi Cat QR REREH RS (Hid) ol BETBIN SUdeBUMDAE{dIllr L ATHILS 58 CLR

signal to the communi cation device ornms t elcormunl catl on device of
a f unct3on cklcyleteospechiemdafarroationat Tnerecgpipay at the implicit ehpneeltpsoking need i on | i st
of Lhe COMMNLERLARL, HSY o netBELRY Ro bhEICTEMN ShlRl ofl il SRRLA [P L s 2
partial functio Ist of the communication device to the comunication
appar at us ichanetpotrs @TUeX alersCichRargessiitgnabdulaiane angupiatdmeteis seigatidns

communi cation node is executed to transmt one of the ACK signal and the
NACK signal to the comunication device.



67 13. The communi cation apparatus of claim 12, wherein said third

comuni cation node is executed when said partial function |ist of the
céenter is received by said conmmuni cator a predeterm ned nunber of times. 5
14. A communi cation apparatus sel ectively connectable to a conmuni cation
term nal, conprising: a communi cator that executes a first commrunication
node, associated wth the comruni cati on apparatus, that transmts a first
predeterm ned signal to the comunication term nal that designates a
specific node, and that receives a 1o second predeterm ned signal fromthe
comuni cation term nal; said communi cator executing a second conmunication
node, assocjated wth the communication apparatus, that transmts a third
pr edet er mi nBeFes ghilte centee of GnkkiGilEalestroeep AR ARY b SNy fram the

transm ssi ofghtit slrfhef prosd. predeterm ned signal by the comuni cation
termnal, said communicator receiving said first 15 predeterm ned signa
fromthe conmunication termnal, said comuni cator executing said second

communi cat i RRotABAG obIBRr RAFd8Ed b thd @it IhvEmiof reRERNE thY estebabainpg si gnal
to said communication termnal; and a controller that controls said

conmuni ct ofartigrsepecie UEnéf 490 JBIGN {TRPYTISTBIMAMYSEaCHEN Piddtiaizption; d
second comMitsdire Ofh SBMEchURBAmEeRls! i & heteBlhrPto?@dGAMTREHUAIe 8NcaMié t he
renote comunication termnal. 15. The center conmuni cation apparatus of
claim 14, V\Pﬁﬁdeion"%m '?Eig_l"g@t'%r'@@é'i‘éﬁ‘% Refraes @n%? spesHally §€§"ea '!VE?L@hgnal . 25
16. The cen{fbsGORTRNURAS HOBIrARE WhithUsndafth€ iVl id aciafy RicBivingl d second
predeterm ned signal conprises one of an ACK signal and a NACK signal. 17.
The center comruni cation apparatus of claim 14, wherein said third

pr edet efgni NRELHIFE aCREPELHRTe A MR Fis@iRtinvestdnldr rddlRirkeiMeChurSidBiNi cat i on
apparatus of claim 14, wherein said first predeterm ned signal conprises a

MB si gnal , <Hiiersseiesied tpre i RhareRevegrhrxamps, RSP dnwshearan ACK

si gnal and RndAGH pHirBdalvhed d 3ol drecBivésla RSrRURING bPaRRUIas bR A tr&RfAET Ses a
MR signal. 19. The center_ conmuni cation apBar atus of claim18, wherein said

5 communi caRNASCLRU BRI LNA'S GPIESROBARE ANRISt (PBIN hejare Peginning andRdyiated LR
signal to t&grigronmuni cation termnal that inforns the conmunication
termnal of a function Iist of the communication apparatus and requests a
functiol? |ist of the comunication terminal) the conmunication term nal
transm tti ngoevek, this @Ra@hpleRRhibitthedsiRwiridienifatiosd: i on i st of the

comn el 0 0 A RSSO 28 hEPBRRMY S st

t hird conmunhi cat
t he NACK signal ihierfelefce s, tHeCathérqairtnestewaald. bedble; andret hod for perform ng
a data co ni cati on between ) con’ﬁuni .catli on. efétchar atus and a comuni cation
devi ce, m;%risi : Cafmers GAAThPRAYT RE UPITVRY PRI communi cati on mode of the

conmuni mat i on apparatus to transmit an Ms signal designating a specific

node to the, communi cation devige he co nicatign device receiving the M
si gnal and ‘%rsfﬁg tetxlglwagoﬁﬂ%of&%\rﬁe A&i &y g]r?gf’d‘g%& amgéeg?rﬁn *¥8%he first
conmuni cat i exampied Aflef sehding anmrm ariataterh carppaaed bsfor@ sendingnaninoddiated i n a
second co catjon d he [ ' use r it an MR
S anal <o tldomeiedd Bedt OISR THELTEL SRodiRES B S RS RIS, Gevi'ce
transm t t hedibBeswijolal carrieng itc snmaseiviat | tipdde daoebe exedted ry tramsnifingi gnal

and tr mtti sign 0 eco ni.cat i d t he
commn?i(}:lti&(?hc%gﬂé{rggt%@f %Lg%la‘l[yﬁFeer gé@'&? ?qhggs%gjg%‘ C‘@ﬁm"ﬁfbé%% %ﬂgﬁr}‘%de of 25
t he conmmuniicditatow difigrantacargerss e dined dutyocyicleaalinwst resaptianf withaut ACketsi gnal
and the NAGK sidpalyf0 the communication device; and executing one of the
first conmuni cati on nbde and the second comruni sati on node prior to a
conmmuni cation. 30 21. The communi cation nmethod of claim 20, further

conpri sing j : ' i : ni cati on apparatus that
IS execut eﬁ%évteg,gwg%Q%W@bgg@bggggﬁ%@gtnhﬂeggﬁﬂmmm cation device that

i nf or ne30t hel. commithel schemeris ke bitoe time efficien69 f unction |ist of the

conmuni cati.pn aHP%&BQ‘%ea’b‘{‘ R Id So&e%é{;ﬂ&ﬁrgr‘?ﬁ?'ﬁrﬁf A, s %B@j"tﬂbca“ on
devi ce, the communication dévice réespondrrng by transmtting a srgnal

t hat includes t hefofrostoniima digitat messaghe communi cati on device to the

communi cati on apparatus, the execution of the third comunication node 5
transmtting one of the ACK signal and the NACK signal to the comrunication
device prior to executing one of the first comuni cati on node and the
second conmmuni cation node. . A y. A A@A@. A ne. A@e. Ay. Ae. Ay5. Af H. Ay!

. Ay5. A Ae. Aybyy. Aybe. Al . AyHe. Af He. Ay5. Ayy. Alyl . AX[y. Ay5. Ay. AH. Af [ . Ac5. Af He.
Ay5e. AR Al . AS5R. Af 5R. Al . Af H. ASe. Af[, . Ay[. Ay[ .AS[?. AS[,.A@"~?. A

A T A ASN?. Ae. A f. A@AS. Ac |. AHS. A@D. Af. A . A@A@AS . A fr.AYf. A

f2. A . Af. AS. AS . Af. Af. A-Vno*Y\ 7



PD[ ~ytoj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] c™a] ca] ca] cfal] ca]cLa] cRaU] ca!t 8ce{ B

"#3&()))*S*}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]cal S**C++@, } - -
0@0%17111222X2223! 363333344} wr | ga\ Vni d_ZU] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca
] ca] caU] ca] ca] calU] ca] caU] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
4p444445) 5] 55568616} 66= 7o7v7777p888889g§899999zupj e _ZTnid_U] ca]cal ca]cal]c
a] ca] caU] ca] ca] ca] ca] caU] ca] cal ca] ca] cal ca] caU] ca] ca] cal] ca] ca] cal] ca]ca]c

a caU cal cai ca] mmg;@&ueﬁ«@]myheﬁhaaaa é@dr%wbaﬁzhca] ca] ca] ca<<<<<<<====#=
; =?=e=g=======>>1>5>g>nP>>>>}wr | ga\ V] e_ZTni d_U] U] ca] cal] ca] cal] ca] cal] ca] ca
U] ca] cal] ca] cal] ca] cal] ca] ca] ca] cal ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal] c

a] gao( 2+ 20 TRVame ?so%?e@ed to as a Carriers Used and Request Transmit scheme.

@ @ooiiooid A{ vpke ZUj e ZTni U] ca] cay] ca] ca Ul ca] cay

a] caU] caj ca%i] ]QP&[‘J]*]"@&QHOB&PEEU] W%@@ﬁ]@ﬁ%@m&ﬂ%’%%ﬁ]tbaw ca] caI
AYA>ACANAS 4BERETHL | &aMeMdPe used in a subsequent session are negotiated via

R, RRU2U~YYZY[ | wr rrhc"Ynl d_U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca] ca] ca] ca] caU
] ca] ca] ca] ceftetajreaesegp $apeastiendy] cal cau] cal cau] ca] cay ca
YI?2\B\W:]]]16~._Q = """" abb+b} bbsccccddef\ f f Eg| w mhc”YU] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] caLca] ca] ca] caj ca:b:a] ca] ca] ca] cal] ca] ca] ca]
ca] ca] cal Eg@lgg@ Fhiitie| state, every applicable carrier transmits CLR messages. a list

I 1Ly jd kkstkrdesiltiel 2ddrhidrs ligTraebieaikih il g3 ¥hli ]mlecal C#pathbteal inakk cal cal c

aJcaJ ca] ca ca caU] ca] ca] cal] ca] ca] caU] ca] ca] cay ’]1ca cal ca] ca] ca] caJ ca] ca
nn#ovooooy pm?ﬁﬁﬂ’ﬂfs use to determlne (negotlate) WhIC carriers to use for

q99= qaqeqqmgeaf U Ak shedUalaC Sndvire # Fabieadd aad cridic abcathe alupdl @l cal ca]
cal] ca] caU] cal] cal] ca] ca] ca] ca] cal] ca] cal] ca] ca]ca] cal] ca] ca] ca] ca
o (rrrrrrr AsaS|iteds cydYIs ay Wt@ﬁ?ﬁ@u?‘ﬁmﬁ?}% rgasagtign, Zﬂfﬁ‘?cas{U]‘U]’I?&] cal ca]
i:aU]U]c a] caU] nmﬂ]eaabl,] AR] MEUAoK sald madsabl dathe abarUlfRbetRINC atﬁl;(ec%]r@%ﬂ]& a] ﬁﬁw 5 g
cal] ca] ca] ca] cal cawluuuuvyvyyvgy Wi WWWWMWVEX HX X wr mhc”?
LT oa o JTE ] AT [ o e Do GRS Eano0d B PR g oo Cal oo
ll_J]|yga]hC?U] c ahgahlisizk a8 bt MH g@];s‘a@es As with MS fohr MS\,{ rsnneﬁsage cont?nts ]and Ul cal cau
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15  services prior to transmitting carriers, to avoid interfering with existing services,
using the negotiation data receiving sections §2 and 56, respectively.

The xTU-C transmits identical data, with identical timing on any and all downstream
carriers. The XTU-R transmits identical data with identical timing on any and all

20  upstream carriers.

The initiating xTU-C transmits unmodulated carriers selected from either one or
both families of the Downstream group using the negotiation data transmitting
section 54. After receiving the carriers, using negotiation data receiving section 56,
25  from the xTU-C for (in the preferred embodiment) at least 200 ms, the responding
xTU-R transmits 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 data receiving section 52 of the
xTU-R, the xTU-C begins DPSK modulating only one of the family of carriers using
30  the negotiating data transmitting section 54, and transmits ones (FFi¢) 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
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10 carrier family, if it has the capability to do so.

According to the instant invention, the xTU-C and the xTU-R monitor the
communication line (using the negotiation data receiving sections 52 and 56,
respectively), for existing services prior to transmitting carriers, in order to avoid

15 interfering with existing services.

The xTU-C transmits identical data with identical timing on any and all downstream
carriers. The xTU-R transmits identical data with identical timing on any and all

upstream carriers.

20
In the present invention, an error recovery mechanism comprises (but is not limited
to) the transmission of an unmodulated carrier of ones (FF6), or flags (7E;¢) that
shall not exceed, for example, a time period of 1 second. An xTU-x may restart the
initiation procedure or may optionally start alternative initiation procedures.

25

if only one communication device in the communication link implements the present
invention's preferred activation method, a high speed communication may not be
possible. The following describes mechanisms to fallback (or escape) to legacy
communication systems, such as, but no limited to, legacy DSL systems or
30  voiceband communication systems. Fallback to xDSL systems will be described

first, followed by a description of the voiceband fallback procedures:
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- 6VdeNC1 rd@bnal 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.,

10  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 invention beginning the negotiation modulation. This allows the startup of

15 devices which, for example, implement Annex a, B, or C of a predetermined
communication standard (with differing PSDs) and a legacy xDSL system, such as,
but not limited to T1.413. The present invention monitors several different
frequency bands using xTU-C’s data receiving section 52 or xTU-R’s data receiving
section 56. Thus, a device that also supports a regional standard (such as, for

20 example, T1.413) can concurrently (or nearly concurrently) monitor for the regional
standard activation signals while monitoring for the activation signals of the present
invention. a procedure for interworking with the ANSI T1.413 protocol is shown in
Table 8.
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The activation via non-standard facilities or standard information embodiment
allows the interworking of devices after the initialization of the handshake
5 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.

The present invention allows the transmission and reception of a non-standard
10  message that indicates a different modulation. Regionat 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
15 standards can be explicitly negotiated through a c¢ode 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
20  methods discussed above for T1.413, without departing from the spirit and/or scope

of this invention.

2. Fallback Methods To Voiceband Modulations
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V.8 calling station and the xTU-C takes on the roll of a V.8 answering station.

In the implicit method , if an xTU-X initiates a handshake session by transmitting
negotiating tones but does not receive a response from a possible xTU-X at the

15  other end of the communication channel 5, the initiating xTU-X may assume that
the other xTU-X does not support a high speed communication, and may then
switch to initiating a communication using voiceband procedures such as V.8 and
V.8bis.

20 The instant invention also addresses the prior art problem of having long or
complicated initialization transactions when either communication device in the

communication link needs to transmit data.

In general, the xTU-C is usually always ON, or will have been turned ON before the
25 xTU-R is turned ON. The xTU-R can always remain ON, but it is more likely that
there will be periods in which the xTU-R is turned OFF or placed into a “sleep”
mode (a mode in which the xTU-R is placed in a standby mode to minimize
electrical power consumption). If the xTU-R is in the sleep mode, the central side
needs to "wake up" the xTU-R before a data transmission can occur. Four basic

30 transactions for accomplishing this are described in Table 9.



X10%&' ()- X109%&' ()- #3zdH, CX10%#3zX109%& ()- #3zX10%& ()- X10%&' () -

X109 ()- X109 ()- 3cC, CX10%tX10%& ()- X10%&' ()- #3zX10%&' ()- X109%& ()-
X109%& ()- 3CDEFdI cC, CX10%X10%&' () - X109&' ()- X109%& ()- #3zX10%& ()-

X10% ()- | modH, CX10%#X109& () - X109& ()- X10%&' ()- X109%&' ()- #3zX109%& ()-
hD, CX10%##3zX109&' ()- X109 ()- X10%&' ()- X109%&' ()- #3zhH, CX10%##X10%&. () -
#3zX109&' ()- X109%& ()- X10%&' ()- X109& ()- _?, CXL0%X10%&' ()- X109%& () -
#3z( X109&' ()- X109& ()- X109 ()- (6cC, CXLO%#XL109& ()- X109 ()- X10%&' () -
#32X109%& ()- X10%& ()- 6789: BChL, CXIO%X10% () -

Table 9. Four Basic Transaction Needs
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Since the xTU-R will always send the first message of a transaction, and the first
5 message should be as meaningful as possible when the xTU-R initializes the
modulation, the present invention uses a preferred initialization protocol scheme
shown in Table 10. Alternatively, an initialization protocoi scheme iilustrated in
Table 11 may be used. However, it is understood that variations to these
transactions may be made without departing from the spirit and/or scope of the

10  instant invention.

Table 10, Transuclions Preferred Scheme 3l
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Although there are names and scenarios associated with the transaction, the

names should merely be considered as informational in nature.

All messages in a transaction are required.

The RC message contains only one bit of information. Setting the bit to "1"

represents that the xTU-C was "surprised” by the push request, or is in a state of
10  confusion. In this situation, it is recommended (but not mandated) that the xTU-C

use transaction X instead of W.

MS always includes the desired mode.

15 If a xTU-R NAKs in a transaction X but wishes to keep trying, it shall send NAK{ )

and then transaction Z.
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15
All permitted transactions will now be described.

Transactions involving the use of messages CL and CLR permit a transfer or
exchange of capabilities between the two stations. Transactions involving the use
20 of message MS allow a specific mode to be requested by either station and permit
the other station to accept or decline the transition to the requested mode.
Transaction a or B are used to select an operating mode without first establishing
their common capabilities. Transaction C is used to exchange information about
each station’s capabilities. Transaction B is intended to allow the responding

25  station to take control of the outcome of the transaction.
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When a message is received with the “additional information available” parameter

10 set to binary ONE in the identification field, the receiving station may send an
ACK(2) message to request that further information be sent. When the ACK(2)
message is received, further information is sent. The transmission of signals
associated with a selected mode begins immediately after the transmission of
ACK(1).

15
When a station receives an MS message requesting a mode that it is unable to
invoke, the station responds by sending a NAK. If an invalid frame is received in
any state, the receiving station sends a NAK(1) and immediately returns to an Initial
State. If an xTU-X has transmitted a message, but is not receiving flags or valid

20 message data from the other xTU-X, the error recovery procedures (described
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

25  other xTU-x, the transmitting xTU-X transmits a Hangup message and stops
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
30  exceeds this limit, the remainder of the information may be contained in subsequent
messages. To indicate that further information exists, an “Additional information

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

information.

5  Where non-standard information is present in the information field, the standard and
non-standard information may be conveyed in separate messages. I[f the
information to be 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

10  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.

The current invention also addresses the desirability of transmitting information in
15 additional to the equipment capabilities (e.g, channel information, 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 "application groups”. It is noted that the types of
20 information are merely examples of the types and methodology of parameter
exchange, and thus, modifications (variations) may be made without departing from

the spirit and/or scope of the invention.

The preferred embodiment of the present invention has the general organizational
25  structure shown in Table 12. Modulation independent information is presented in
an "ldentification" 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,

30  while Table 14 illustrates a second example.
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Table 12. Information Organization Stroeture
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Table 14. Overall Message Composition (Emboiliment #2)
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5  The following describes the organizational details within each category.

Parameters specific to a given xDSL modulation should always appear under the

appropriate modulations category. Of those modulation parameters, some of them

might be more general than others, and can have higher positions in the

10 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

15 present invention:

20

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

If the parameter actually needs to be negotiated instead of just indicated;

or

If a general preference about a class of parameters needs to be

indicated.
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if the parameter is very general, it should be negotiated in the Service Parameters
octets on the Identification field. If the parameter 1s fairly closely related to the
modulation, it should be negotiated in the 2™ leve! of the modulation's standard
information octets. Even if these modulation parameters are fairly similar among
5  various modulations, they are coded separately 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.

15
1. Manufacturing Options

Manufacturing options are defined as optional portions of a specification that a
manufacturer includes/chooses in the product design. An example of a
20  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.

2. Provisioning Options

25
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
30 merged into either the manufacturing or negotiated options. As a result, only a few

options are in this category.
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110% e & UNTEOD 0 N 010f 6
| 108 6ef 10]§%a @ (%f @rﬁ;.’fda&) )aval%bl']e@ @bﬁoﬁs& Ad ‘enghpl(b)lcg 4 ﬁ?&dl%i{ggﬁ pgbﬁ %Y( 0%

& ()- o%deta f@r\symszm rﬁteNAn, meg_%la?@%py'omﬁ(e) transprigsignyategs made&@&r 0% J
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t& ()- YO H&binkotffatioh cofthd 93fnkt Td¥ the pleBERURYEHieR WiV bE debcrided Witn& () -
respect to Tables 15-45. The discussion provided with respect to Tables 15-18 are
10  provided as background information. Tables 20-45 are directed to the features of

the instant invention.

The basic format convention used for messages is illustrated in Fig. 6. Bits are
grouped into octets. The bits of each octet are shown horizontally and are
15 numbered from 1 to 8. Octets are displayed vertically, and are numbered from 1 to
N. The octets are transmitted in ascending numerical order. Within an octet, bit 1

is the first bit to be transmitted.

For fields which are contained within a single octet, the lowest numbered bit of the
20 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

25  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
30  the LSB (see Fig. 8).
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(), 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.

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

15  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. The order in which the parameters in the
tree are transmitted and the use of delimiting bits which enable the tree to be
reconstructed at the receiver will be described in the rules set out below.

20 .
Parameters (Pars) are classified as (1) NPars — meaning, parameters which have
no subparameters associated with them, and (2) SPars — meaning parameters
which have subparameters associated with them. The general structure of this tree
is as shown in Fig. 11. At level 1, which is the highest level of the tree, each SPar

25 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
30 type (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
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parameters associated with the n'th level 1 SPar, and consists of NPar(2),
parameters and possibly SPar(2), parameters. {NPar(3), m} indicates a set of level
3 NPars associated with the m'th level 2 SPar, which 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 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
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 to binary ONE in the last NPar(2) octet. Bits 1 through 7 at level
1 of the tree and bits 1 through 6 at level 2 of the tree may be used to encode
parameters. To allow for compatibility with future revisions (developments),
receivers shall parse all information blocks and ignore information that is not

understood.

In a first embodiment, the identification field consists of three components; a four-bit
message type field (see Table 15), followed by a four-bit revision number field (see

Table 17), followed by a bit-encoded parameter field.
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;10% 't & ()-Z

Tuble 19. Jdentification Field - Order of Octets

Mare NS Type Tuble ¥
Message Lypt Sielé Sonmat -~ Tabla 13 ¢
Tahla 16
Versiam Type Neld - Table 17 ¢
Table 1B
Lgenory cade
Pravider Zengr -
Pruwiger code (L actes) -
dertfication field - {NFar}1)] s0ding WPar (1} Table 20
[enuticguion fieht (Capgbiities Infosmation)- {8Har( 15} coging - Cctet 1 SParf}y Table 21
Wgntificatian fitle (Service Requests)- [$%ar 1)) sading « Oriet 2 SPar()d Tahle 22
“Eeqbitivanan Field - 1C1) Curerily tranwriited carmers (NFan(2)) coding - (e | NPar{3) | Table 23
‘pentificetion S4ld  [CI) Cuzreraly manumiked carners (NFadl?)] eoding - Orlet 2 WPar(?) Table 24
sdemticaran Teld - (G) Spectrum first usable Kequensy INPar(™y} coding BPard) | Table 2y
Ideneificzizun f.efd - (C) Sprutivm moximum fequency - apalream {WPar{23} NPar() Tahte 26
€od:ng
Identil.sonom Reld - (C]) Spacirumn masimum Kequersy - dnwmstream INPan 2 MNPar(2} Table 27
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Iden fication Ficld - (1) Sohiter Inforrssion INPor(2}} coding - Occtl 2 NPart2) “Table 29
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JKMRMIMVmXmZmhH( . ; 10% 't & ()-Z ;10% !t & ()-Z ;10%!'t& ()-Z ;10%!t& ()-Z
;10% 't & ()-Z ;cc 9ZM mnbnenmy M neG . ; 10% !t & ()-Z ;10%!'t& ()-Z ;cc 9;

10%'t& ()-Z ;10%!'t& ()-Z ;10%!'t& ()-Z | mnnpnTr mummrym ?.; 10% !t ;

10% 't & ()-Z ;10%!'t& ()-Z ;10%!'t& ()-Z ;10%!'t& ()-Z ;10%!'t& ()-Z
;10% 't & ()-Z ynmenmmmmmhH(. ; 10% 't & ()-Z ;10%!'t& ()-Z ;10%!'t& ()-Z
;10% 1t & ()-Z ;10%!'t& ()-Z ;cc 9nmmmmmmtG . ;10% !'t& ()-Z ;10%!t& ()-Z ;cc
9;10% !'t& ()-Z ;10%'t& ()-Z ;10%'t& ()-Z mmmmm ?.;10% !t;10% !t & ()-Z
;10% 1t & ()-Z ;10%!'t& ()-Z ;10%!'t&HB)-Z ;10%!t& ()-Z ;10%!t& ()-Z
mmrmmmrhH(. ; 10% 't & ()-2Z ;10% 't & ()-Z ;10%!'t& ()-Z ;10%!'t& ()-Z
;10% 't & ()-Z ; cc
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7= Tapubihises infrremation
54 & Rarsice regqun€ient
D% = Drwrstream

y 'S = Llpstrcam

The Identification (I) parameter field is composed of several octets of NPar(1)s,
SPar(1)s, and NPar(2). In the octets, each parameter is assigned a unique bit
position (or field). a binary ONE in the assigned bit position indicates that the
parameter is valid. The validity of muitiple parameters is conveyed by transmitting a
binary ONE in each bit position corresponding to a valid parameter. A field is
encoded as described in it's table.

NPar(1) and SPar(1) octets are always transmitted. NPar(2) octets are transmitted
only if the corresponding bit in the SPar(1) is a "1". Octets are transmitted in the
order shown in Table 19. The level 1 NPar is listed in Table 20. The level 1 SPars
is described in Table 21 and Table 22 The level 2 NPars are separately described
in Table 23 through Table 35.

‘Table 20. Identification field - {NPav(1)} coding

SPar(1}s E v A ¥ 4 3 2 |
Remerved Jor ITU-T X 2 A X ¥ x 4 |
Aee. ¥V 8B x kY ¥ 4 K x | &
Fee V Shis x L4 H % x } % x
Addinnnal inTermation available 3 H x z | Y ® x
Trarsmil ACKAT) H % x | ] H E] x
" R=zend for ITU-T 3 x | % . % L x
Mon-standird field » 1 % % % X a x
Nu paanrsters in tha vgIet 1 D u] 0 0 +] J I
NOTT = Rew % §ard Rec. V.Sois ava ok liry ean ne identified tu allow escope inta vaceund modulahsn
pracedurus
b




ImmmmmmmtG . ; 10% 't & ()-Z ;10%!t& ()-Z ;cc 9;10% !'t& ()-Z ;10%!t& ()-Z
;10% 1t & ()-Z mmmmmm ?. 5 10% !t 10% !t & ()-Z ;10% 1t & ()-Z ;10%!t& ()-Z
;10% 1t & ()-Z ;10% !t & ()-Z ;10% 't & ()-Z mmmmmmhH(.; 10% !t & ()-Z
;10% 't & ()-Z ;10%!'t& ()-Z ;10%!'t& ()-Z ;10%!'t& ()-Z ; cc 9mmmmncG . ;
10%!'t& ()-Z ;10% !'t& ()-Z ;cc 9;10% !'t& ()-Z ;10%!t& ()-Z ;10%!'t& ()-Z
nnnn nnn_?.;10% 't;10% !'t& ()-Z ;10%!'t& ()-Z ;10%!'t& ()-Z ;10%!'t& ()-Z
;10% 1t & ()-Z ;10%!'t& ()-Z nnnn n"n$nhH(.;10% !t & ()-Z ;10%!'t& ()-Z
;10% 1t & ()-Z ;10%!'t& ()-Z ;10%!'t& §9-Z ;cc 9%n' n)n-n.n/ nnncH .

f# 109 ()-;10%!'t& ()-Z ;cc 9;10% !'t& ()-Z ;10%!t& ()-Z ;10%!'t& ()-Z

Yable 21. ldentification field (Cupabilitivs

Information)- [SPar(1)} cnding - Octer 1

[ SPar 135 5] 7 6 5 4 3 2
Currently Li3asfibed carreeii 5 x 1 % L8 ] % 1
3zecorum Tt vinble Fequenty A A x x < 3 ) Y
Aperrrum maxindm Tregquen: y ~ spsiveIm a Al % % < 1 x 3
Soeceri:m mauursurn frequenzy - dowasream 1 A e % 3 I3 % x

| Splitrer Informahon - a TR x Y % | 2 x x x

} Reserves Zor DU-T 1 . I % A X x x

i anr szardand ¢spabl.ities infe-mation 2 | x 3 a X A ¥
Ma parametert in ths acle? % A n 0 \ J 0 0

NOTE -

5
Tuble 22. Jdentification feld {Service
Requests)- [SPar(1)} coding - Octet 2
I SPa’ 1]3 ] ? i 3 4 1 2 ]
Dawa rare Aracnt Downgirean X ¥ x L A 4 S |
Dara race Aount Lpsiream i1 3 x x K a 4 %
Dars mke Type Dhamskedn % r H A H 1 LY L3
Data rate | ype Lopatedm x H X 1 1 A i) 1
Reyest Taramit af canien H ] x | % x ] %\
Resezved Sor (TU-T 3 x H F3 x H |1 x
non siandard service requast I3 L z % ® X % x
¢ paruretoi s in this oulel * 0 0 b 0 [y b 1

Transmitted carriers and families are indicated above.
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$10%&' () - nooo%w607080pX=f#' 10t q. 109%& ()-tqg. 109%& ()-tq. 109%& ()-tqg. 10%& ()-tq
. 109&' () - 80; o<o=0>0Aor ovowovV: f# 10c hql0%i & ()-!-c hql0%i & ()-!

fFIO% i1 & ()-q 10% 1 & ()-1010110 710%&' () - woxooo0000dH, : ¢ hgql0o%i & ()-!c
hgl0% i & ()-! 1#3wr7pc hql0% i & ()-!c hgl0%i & ()-'c hgl0%i & ()-!'c

hgl0% i & () -! o0ooo000dD, : ¢ hgl0% i & (cs55hql0% i & ()-!'c hql0%i & ()-!#3w7pc
hgql0% i & ()-!'c hqlo%i & ()-!'c hql0%i & ()-! 00000000l H, :c

hql0% i & ()-!#3w7pc hgl0%i & ()-'c hgl0%i & ()-!'c hgql0%i & ()-!c
hgl0% i & ()-!'c hql0% i & ()-!ooo000 ppphLO:c hql0%i & ()-!'c hgql0%i & ()-'c
hql0% i & ()-!#3w/7pc hgql0%i & ()-!'c hgl0%i & ()-!c hqlo%i & ()-!'p

pp' p(p) p*phLO0:c hgl0% i & ()-!'c

‘I'able 23. Tdentification Field — (€1} Currently

transmitted carriers {NPar(2)} coding - Octet |

Ml
Cenonly Tarsmobeg 3 3128 RSz fomely 1m)
Cureen?y rasnsiing 4 otz fam.by 18)
2 aTeRy iransAlhiming Savier Aa, s
Tarmently lEANST ICinyg CamItr 4y a
T urreriyy Idnsmirmy camf Sy
Currenily P miting carifr g x
+ Mo paruriers in kg wict

— ¥ a4 X & mRE
X N % R |un
RO A Y

®* X o X = m fa
X i oM om H = |—

WX H X o4 W = |=
S o AW = & A

Moo M W X oA (-

=

L=
=

g

Table 24. Tdentification Field — {CT} Currently
transmitted carriers {NFar(2)] cuding - Octer 2

—

[ Neal2is |
D {rpereltsy IFRNSMAnIng COTaT Ay ¢
v Cerreelly raasmathing <407 =T Ay,

Currenrly mIsmittine 27085 A,
Currently ransmithiayg S5718F An a
Currenlly CanEniboy cTer By, x
G arreatly apsmitimg carmier By x
“p pururiciess n ikis acle:

L A T A -
- H 4 oA 2 om]o
[ S A LR E
O A X KR — & v
O X K K W — v |pa
= T T R R I

%
"
2
%
%
|
X
D

H K = = W oW ¥ |

The usable spectrum frequencies of Tables 25 — 27 are useful to indicate the
TX/RX capabilities of the xTU-x (such as, for example, an xTU-C that only transmits
through tone 68) and can indicate FDM vs. overlapped spectrum operation
availability.



hgl0% i & ()-!'c hql0%i & ()-!'c hgl0%i & ()-!c hql0o%i & ()-!#3wrpc

hgl0% i & ()-!*p+pSpTp] pf pgp <0: ¢ hqlOo#3w7p&c hql0% i & ()-!'c hgl0%i & ()-!'c
hgl0% i & ()-!'c hql0o% i & ()-!#3w7pgppppppq qdH, :c hgql0%i & ()-!7c
hgl0% i & ()-!#3w7pc hql0%i & ()-!'c hgl0%i & ()-!'c hqlo%i & ()-!c
hgl0% i & ()-! qgqqqqrqyqcC, :c hgql0%i & (c hgl0%i & ()-!'c hql0%i & ()-!c
hql0% i & ()-!#3w7pc hgql0%i & ()-'c hgl0%i & ()-!'yqqqqqqqcC, :c hgl0%i & (c
hgl0% i & ()-!'c hqlo%i & ()-!'c hql0o%i & ()-!c hql0% i & ()-!#3wrpc

hgl0% i & ()-!'qgq+r,r5r>r?2rd@:c hql0% i &3w/pc hql0%i & ()-!'c hgl0% i & ()-!'c
hgl0% i & ()-!c hql0% i & ()-!#3wrp?rrrrrrrhD,:c hgl0% i & #3wr7pc
hql0% i & ()-!'c hql0%i & ()-!'c hql0%i & ()-!'c hql0%i & ()-!'c

hgql0% i & ()-!'rrrrssshD,:c hql0% i &##3wr7pc

Tuble 25, Identification field — (CI) Spectrum
first usable frequency [NPar(2)} coding

NPar{2)s ¢ 6 3 4 3 1 |

Keserved for 11 U-T % 3 ) ! | l i i
Lnapeciad by termanal x x40 0 Ll Q 0 a
Saeviotmr fissl usable Prsqeancy M 6-1 a 10 KHD A % J 3 LY x x 1 [

Table 26. Identification field — (CD Spectrum
maximum frequency - upstream {NPar(2)} coding

NPar| s r 5 7 & 3 3 1 2 i

Juserved For ITU-T [1 x 1 [ 1 | ] 1
Urspazified by termieal 1 1 9 A 0 v N 0

| FPEITUR T AR TUM STy acnu - yprraaTibit 541 x | MHZ) I % ! 1 x . % x ]
ORGSR fresseny - LpsezTibily 541 x 08 KHZ [ Al x , b A X % A X
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hql0%i & ()-!c hgql0%i& ()-!c hql0%i& ()-!'c hql0%i& ()-!c

hglo%i&' 8-'5 sqsgspsqsssdH c hglo%i & ()-!c hqu%!&' ()-'#3W7(E)C -
hgl0% i & ()-!'c hqlo%i & ()-'c hql0%i & ()-!'c hgl0%i & ()-!ssss t%. t ic
hgl0%ic hql0%i & ()-!c hqlo%l&'()-lc hgl0% i & () -! #3w7pc th].O%I& ()- o
hgql0% i & ()-!.t8t9ttttt_?,:c hgl0%ic hgqlO%i & ()-!c hqu%l& ()-!c

hql0% i & ()-!c hqlo%l&'()-l#3w7pc hqu%l&'()-lttttt:tt ?,:¢c hgl0%ic
hgql0% i & ()-!c hqu%l&'()-lc hgl0% i & ()-!'c hql0%i & ()-|#3W7pc
hgql0% i & ()-!ttuu ubufu_?,:c hql0%ic $910%i & ()-!'c hql0%i & ()-!c .
hgql0% i & ()-! #3w7pc hqu%i&' ()-'c hqlo% i & ()-!funut U\Au_xuluu{_?,:c hgql0% i c
hql0%i & ()-!c hql0%i & ()-!#3wrpc hql0%i & ()-!c hql0%i & ()-!c

hgl0% i & ()-!uuuu/v1ivAv_?,:c hql0%ic

Table 27. Identifiation field ~ {C1) Spectrum
mayimum fregnency - downstream {NFar{2}} coding

NP3 2)s L] T 5 4 3 2 t
Aaserved for ITS).T x 3 ! l 1 ] { |
Unspecilied by senmmimal x 1 ] ] 9 ] 0 b
wxeem maseem Fequency - downsieeam{hais 5-1 x 1 L] x | % X Y x M
MEZ) s
2pnlier Twunue Frequency - dosrsmesmibs S-1 x 10 L F3 o] X % I 3 ¥
- Kiln J_
Tahle 28. ldentification Field - (1) Splitter
Inforination {NFPar(2)} coding - Octet 1
! NBaridls 8 2 6 4 4 3 2 ¥
LPF 15 voice x 3 a A v x % )
LPF 15 LSA [SDN A ox [ x4 w %L a
LPF iy Curopcan, [SDN < X ES S LS L Y X
Reserved 1oy ITU-T % x K x 1 A A x
Resarvent for ITSHT x A x | 5 x x x
Nor-siarddand LEE x K | = % T x x
No putameders in this dchet A x D 0 i [} I o

Fable 20. Tdentification Field — (CI) Spitter
information {NPar{2)} coding - Ociet 2

[ N34 8 T te ¢ 4 3 7
. E2F 15 23 KA7 § vaue! % H x 5 t x % |
2= 38 ) XHr USS 150N % X Y 2 2 % 1 2
APF 13 130 kHz {ADAL wia Buropean ISDM) x % a 1 » H x M
HIF a5 20 kite, Y5t \ x : X ] A a x
Rusever for ITU-T v % x 1 x A a N
San-seandurd HPF % X i x x k1 x %
NP PUrUmelsiE ir £vis ue < a n g 4 ¥ f: a
Table 30, [dentification field - (SR) Data Rate
Amount (Average} {NPac(2)} coding - Octet 1
NPur 2y i ? f. i 4 i 1 |
Kesaryed foe LTH-T % X . ! : L
Unsrae: lied by ermei ! % X 0 1} f 0 5} u
" Ave e bandw i b by 3-8 ¢ 3 3 kbpsy 1 X 1 . X 2 1 v
Az megt Dandwilih It 1.1 % 12 abpst » 5 J 3 A 1 3 > _J




hgl0% i & ()-!'c hql0%i & ()-!'c hgl0%i & ()-!#3w/pc hql0%i & ()-!c
hql0% i & ()-! AvBvJdvKvvvvdD, :¢c hql0%ic hql0%i & ()-!'c hql0%i & ()-!'c
hgl0% i & ()-!#3w7pc hgl0% i & ()-!'c hql0%i & ()-!vvvvvvv_?,:c hql0%ic
hgl0% i & ()-!'c hql0%i & ()-!'c hgl0%i & ()-!c hqlo%i & ()-!#3wrpc
hgl0% i & ()-!vv' www. wow @:c hql0%ic hql0%i & ()-!'c hgl0%i & ()-!c
hql0% i & ()-!'c hql0%i & ()-!'c hql0% i & ()-! #3w7p5Sw?waBwww_?, : ¢ hql0% i c
hgl0% i & ()-!'c hqlo%i & ()-!'c hql0o%i & ()-!c hql0% i & ()-!#3wrpc
hgl0% i & () -! wwwwxxdD, : ¢ hgql0% ic hg®#0% i & ()-!c hql0o%i & ()-!#3wrpc
hgl0% i & ()-!'c hql0%i & ()-!'c hgl0%i & ()-!xxxx)x2x3xc?,:c hgql0% i #3w7pc
hql0% i & ()-!'c hql0%i & ()-!'c hql0%i & ()-!'c hql0%i & ()-!'c
hgl0% i & () -! 3x4x5x6x7x: xZxvxx{Y7c hqlO!c

Tahie 31. Identification Field — (SK) DNara Rate

Amount {(Maximum) {NPar(2)] coding - Octer 2

“Par s 3 T % 3 + 3 k) |

Reserved for ITLY 1 x . I | . L 1

Linsecitied oy ramiral X x ] | % 1] 0 H

saaxtmam bandwidrh (9w 5 L x 572 #bps) \ ¥ 1 x % ] £ x
Mawirram buadwdth ipns -1 x 12 xkas) 1 % 3 x x ¥ X x l

Tubile 32. ldentilication field - (SR) Daty Raote
Amount (Minimum) {NPar(2)} coding - Octet 3

| NParfs i 2 ' e 3 % 3 3 1

Reserved frc [TU-T x x | 1 1 1 ] ]

Unspezifier by lermna % x 0 0 J 0 [ q

Shireum handwidih (958 5-5 % 5! 3 'kbos) L x H a P T S

wfiaram nandwidth i1t 3-3 ¢ 32 kkps) A % 0 A 3 A x %

Table 33. Identification field - (SR) Data rate type {NPar(2)} ¢oding

“Par2)z R T | 8 5 4 3 &

Law laltney A % % % LS % H 1

Constant |2ency 3 b x x i3 % | X%

Bursey X X 3 3 A | x x

(114 o x X X | ] X | 4

% % x i 1 L % x

x % N X % x x X

Mo pazuin#re=g in this polet x x n b n N 0 v

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

5  should only send a request that it knows the other xTU-X can fulfill.

10



310% r]r& ()-!'c $310%9!']'& ()-!c 310%—]— ‘()- ¢
S10%!'] & ()- 10||10||10||c hgl0% i & ()-!'xbz {{{|I|I[; {Y?c hqlO!, 1094 !'] & () --
c +10%4!']& ()-3 ¢ "10%9!']& ()- ¢ F&M 10U !]& ()- c 410%']&()- c

1109 '] & () - IIIIIII_?{Y7C
hql0!, 10%']&() , 104 !] & () - 10%!]&'()--,10%!]&'()--,10%!]&'()--,10%
']&() -] 1] |5|7|9G{ 10%}']&() , 104! ] & () - 10%!]&'()--,10%!]&'()--
-~ 109! & ()--7] | I"IDIEINIC{ 10%4!]& ()--;cc -~ 10%!'] & ()--,10% ']
&() 109 1] & ()--, 109 1] & ()--N P RT| VI X 7 '>{ 10%!]&'(,10%!]&'_()--,10
O4']&() 10%']&() 10%']&()--,10%!]&() 10%']&()--ZI"I_IJI|IHID
IgG{ 10%}']&() 10%}']&() , 104! ] & () - 10%}']&()
-~ 109 !] & () - IOIrItIVIZI{IIC{ 10%']&()
~10%']&() 10%']&() , 104!'] & () - 10%']&() L7, 10% 1] &
( 1094 11& ()--,10% 1]1& ()--,10% '] & 0)- - L1004 11 & ( 10%!]&'()--,10%!]&
"()- |||||||9G{ 10%}'11&”(?* 'dm’ﬁf’& fo)d = (“1‘0%%"&() 109 !']& ()--;
cc -~ 10%9!']& ()- IIH“I”M‘@"{" UIMT‘W“(')‘"”J! coding - Octet 1
cc -~,10%!]&'() ,1041]1& ()--, 10U !']& ()--, 109 '1& Q--111]I1]_?{,1094!]&
(, 109 1] & (==, IO 1] Stk T004 11 & )s---’lb%!}&'n-l ] & ()--,10% '] &
"()--111) HRoe G“{'“ﬂ-'ﬂ%“]'&"(’)“'*l*lo%'] () 0%}!]&'()--‘, 1091!]1& ()--;
cc -~ 10%']&“(‘)“‘?}*}?‘}”}'9}"@?’ 10%']&(‘)

cc' - ~, 10%[]&!14 L)!hnsrmj_co " 100 IJ& () %Il&t 9}?!
}1=1@CagBg |? L“ %..:I ,,,.( TO%']& () 0%, 1 & (§-- 10:4 :I&x( 10%']&'()'
‘,10%!]&'();:;.“: AN AN G}M’N}}}}} Q {x, 10% L] 8 ()¢ - ,,10% ]&() , 10% !
1& ()--, 10941l &rurk tb."iﬂlh'ﬁaﬂ ~ 10%']&() -3l R} B} T4{. 01004 14 &
cc -~ 109! 1% ()--, 10%1]& ()- 10%']&() , 109 1] & () - }}}}}}}}tX< 10% !
]&'()",10%!]&'()",10%!]&'() 10%']&() -,109%1]8& ()--,10%1]1& ()--, 10
NU'1& ()--}}} 1)) a@ TM&ﬁﬁ(lh)iﬂc@@W&?&&S@Ri@]ebq 10] '] 10] ! ]1,104!1]1& ()--;
cC’ - ~~; ~E~G~| ~L~N~_ 71@ab OBBSIh&T Creriet QPR 28 H(<pdind ODELER' () - 109&R" &&' () -
109%8" 8&' ()- 10%&" &&' () - N~O~S~T~U~-t ~w~qG @LO%" &' ()- 10%&" &&' () -

; CO#l 109" && () - 109&" &by - 109R" &&' ()~ -y 4{ ~F ~~&~ 9@:00/4&__&100/&" &&' () -
10%8" &&' () - [ROMRIERL 4 Fmr QYR &' () - 1DWR" &&) () - * 109K B& ) -
~~~~~~~ hH( mu&&rﬂ(o)wm 100" &&' ()- 1098 && [ )- 10%&" &% ()- j;cy&" && () -
: CO#| ~~~~~~ GU-EENIRD BRI 1) - 10%&" &&' (] - qo#l "10%&" && () 10‘_0/ && () -
109%&" &&' () - 'iaﬁ;aﬁmm& &&' (10%&" &&1() |«

Reques! "rarsm:tar. camer 3, L % H % x x

| No paraierers in s ¢l X r - Q0 D fi 0 v} I

5 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.

10
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. Some
illustrative specifications of modulation encoding are given in Tables 39-45.

15



109&" && ()- 109&"&& ()- 109&"'&& ()- 109&"'&& ()- 109%&"'&& () -
~~1 dD$109%&" && () - 10%&" &S ()- 109&"&& ()- 109" && ()- 10%&"&& () -

L co#l | #9) *EGCG 109&" &&' () - 109&"&& ()- ; co#l 109&"&& ()- 109&"&& () -
109&" && ()- G KMOQU_?109&" &109&" && ()- 109&"'&& ()- 109&"'&& () -

109&" &&' () - 109%&"&& () - UVKnogshH(10%&" && ()- 109&" &&' () -

109&" && ()- 109&"&& ()- 109&"&& () -

Table 36. Standard Information field - {NPac{l)} coding

[ Spar(l3s s [+ 6 5 o+ 3y 1
‘vpicebard s Ree ¥ §or Vs E S x X X % x |
3967 | (shear ECC Snapnel sying present iveshian PO b3 ¥ % % ] x
Raserver for 1TL-T t X ¢ Y % | x x

7 Keserved for [TU-T L3 X [ L 1 % X %
Reserved for [TL-] k1 % X | % % by x

'2 Reserved Jor [TU- T b X | X x a x %

i Reverved for OOU-T x | L x R Y 't x
Ma narameless i this ocret x [ J L 0 g g g

Table 37. Standard information field - {5Par{1}} coding - Octet 1
SPar 133 4 ; 3 5 q 3 2 |
23952 1 . Annea A x s I X % x % 1
$.992.1 - Anpea 3 x ) x x x 3 t x
G.992 | - Annex € b K x x x 1 % Y

, G.hdei * x LS X L A X 1

1 Gypy x X 1 | L] x ] 1
G 9912 - f1a TCM-LSDY emvironmen’} 1 < | % x X x a
Mar.srandard ¢apnbilines (malulationad A | % % x " F3 X
MNa sarumttis n s eccel L] 0 1] 0 p| ] ] 1]

Table 38. Standard Inferination field - {SPar(1)) coding - Octet 2

_ SPart )5 3 ? 4 3 + ! 2 1
ANSIEIDS.LZ  » © hohl2 x X % x 1 2 1 |

T ANSLWDSL 2 F G oedsl Aonek s w X k4 3 A Y | ¥
ANSLYDSLA ¢ Guwdil Aanex B I x ] & X 1 x x
ANS[UTI A1 [s5ue 2 L x & L | % % 3
Reserved for ITL-T T x ] N % % x %
HAeverved fos 1T T X H X x x x X
Qesarved for 1S1U-T T . L X x % . N
7 parumetes . kis reizl 3 1} 0 B 0 y 1) v}

109&" && () -
109&" &&' () -

109" &&' ()- 109&" &% ()- ;co#lsuwf|cG 10%&"&& ()- 10%&"&& ()-
- co#l 109&" && () - 109&"&& ()- 109%&'&& ()- _?10%&" &10%&" && () -

109&" && () -
109&" && ()- 109&"'&& ()- 109&"'&& ()- 1Q9&"'&& ()- hH(109%&"'&& () -

109&" &&' () -




; cCo#l cGH10%R" &&' () - 109&"&&' () - ; co#l 109" &&' ()- 10%&"&& ()- 109%&"&&' () -
t X109&" &&' () - 10%&" 10%&" &&' ()- 10%&"&& ()- 109%&"'&&' ()- 10%&" && () -
1098 && () - 10%&" &% ()- FOQRhH, $9%40% & ()-r$%40% & ()-r$9%0% & ()-r S# 10%
& ()-10%&" &8 ()- ; co#l RTUW] Ac' ; cP*$%40% & ()-r$%0% & () -r$9%d0%
& ()-r$9%0% & ()-r$%0% & ()-r~z| ~dD; cP*$%40% & () -r$%0% & () -r $%0%
& ()-r$%0% & ()-r$o%0% & ()-r$%40% & ()-rgG $%40% & ()-r$9%0% & ()-r$%40%
& ()-rr; cP*$9%40% & ()-r$%0% & ()-r_#; cP*$%0% & ()-r$%40% & ()-r $%4.0%
& ()-r$9%0% & ()-r$%a0% & ()-rdD; cP*$%10% & () -r$90% & () -r $%4.0%
& ()-r$%0% & ()-r$o%0% & ()-r$%d0% & ()-rgG ; $%40% & ()-r$%0% & () -r $%0%
& ()-rr; cP*$9%40% & ()-r$%0% & ()-r _#; cP*$9%40% & ()-r3$%0% & ()-r $9%40%
& ()-r$9%0% & ()-r$9%a0% & ()-r.02468dD; cP*$%40% & ()-r$%0% & () -r $%40%
& ()-r$%0% & ()-r$9%0% & ()-r$%d0% & ()-r8: >?2QUgG ; $%0% & () -r $%4.0%
& ()-r$9%0% & ()-rr; cP*$%40% & ()-r$%d0% & () -r UW[] ab_#; cP*$%40%
& ()-r$%0% & ()-r$o%0% & ()-r$%d0% & ()-r$9%0% & () -rb| dD; cP*$%4.0%
& ()-r$9%0% & ()-r$%d0% & ()-r$9%0% & ()-r$%d0% & ()-r$%0% & ()-rgG ; $%40%
& ()-r$9%0% & ()-r$od0% & ()-rr;cP*$9%40% & ()-r$%0% & ()-r_#, cP*$%40%
& ()-r$9%0% & ()-r$%a0% & ()-r$%0% & ()-r$%0% & ()-r2|[: P* smlO%& ()-S
f10%&' ()-)10 10 10 110% & ()- .-10% & ()-$%0% & ()-r2enoqrtgg|[: P* s
H510%&' () - H510%2 b Mrpiabdarion - GBIDVADA)« 1 { HEEQYK vle - Octet 1
sMLOY&' () - Stvx~cGH[: H510%&' ()- H510%&' ()-;cl#W2 H5109&' ()- H5109&' () -
H5109&' ()-_?|[[: H510%& HS5&8R& () - HH10%&K [(3- VHIDYR: (): FbIoyR—)-
HE109& () - H BOO@EE)eut drpedtesfor (B0 o ) - HYLOYEA () HHIOY& {) -y FHIOY& () -
H510%&' ()-: cl#W2 I cGH [: H5109& ()- H5109®X ()« ;lct #V HE109& \ ) -
x %

STHI=C, ATiM=I x 13 x x L 1
NTR X x X »* h 8 & A
19 i x x X x 2 X X

% X ] % T ] A ¥
S paramelers pikbis acke E] X U Q a ] ] )]

Table 40. Modulation —G.992.1 Annex 2 {NPar(2)} coding - Octet 2

NPur(2}5

A1 ATM cownsTeam

A52 dowrsirean

A53 dowpsoream

151 «lownsream

L52 downsream

L5l 5 ATMY upstream

N parmreters v this octe;

= B » M N =1
(= R A L T i

A oA A w W N x|
A = W E N W W |eu
O X = e om W A
TN H N —_-m =2
G x x N ®m — W I
B R oA X H OH -

Table 41. Modulation —~ G.992.1 Annexa {NPar{2)} coding - Octet 3

NPar e

LS2 uosiream

— M 2 W ow M|

€ ¥ H % x & wm
H % K o= o W |

D2 X K o ow oW N[

X XK H N oA M (el
TR = W oW x % Ju
T OH A M ow o~ x|pg
F= I N O L I TN e

Ny JadmMers in Lhig ool




H5109& ()- H5109& ()-!#9% )+1 ?|[: H5109%& H5109& ()- H5109& ()- H5109%& () -
H5109& ()- H5109& ()- H5109& ()-12YZ\MIL,|[: H5109& ()- H5109& () -
H510%&' ()- H510%&' ()- H510%&' ()-; cl #W" bdj kcGH| [ H510%&' ()- H510%&' ()-;
cl #V2 H5109&' ()- H5109&' ()- H5100&' ()- 2| [: H510%& H5109& ()- H510%& () -
H5109& ()- H5109& ()- H5109& ()- H5109& ()-1L,|[: H5109%& ()- H5109%& () -
H5109& ()- H5109%& ()- H5109%& ()-;cl#WecG | H5109& ()- H5109& ()-;cl#We
H5109& ()- H5109& ()- H5109& ()-_?| H510% H5109& ()- H5109& ()- H5109%& () -
H5109& ()- H5109%& () - 62

‘Table 42. Madulation - 05.992.1 Annex B {NPur(2)} cading - Octer |

| NPar(2s T 115 3 4 3 1 1

D= Tosaus oboss 220 | = Tones below 33 wlownl - M3TE x X x ¥ ¥ 3 i

« X % x x X <

] . X x x x ] [} x

tee 1 A x % I x v F

1 i} x ! 3 x L %

. 1 Ax I H % x x ¥

. No perameiers 12 shis pecet Ll A 1] 0 0 [ 1 P

\CTE - Whin the message 33 sent by the A31-C, 10 indiggres v ability to receive loras 10 =RX Tones shove 122 4 =

U BRY Traes bewew A5 o lowet Waen ser) by the ATU-C, | mOicares the arhiy 1a varsmit teoes, {0 =only TX Ture
! soove 327 L= RX | ents X1 b 63 mandatary, RX tones L 1o 32 epronal)

Table 43. Modulation — (5.992.1 Annex C {NPar(2)] coding -~ Octet 1

NPan D) |

3 7 4 5 1 3 2 ]
Specily paramerers or peofiles lur G $92 1 Anmx L0 ] L % x x x i 1
s X [ 1 x % 1 S
¥ X x 3 x | [} L]
(46 b X x % L » X X
b ] x * i ) % ¥ %
A 1 | A k] % 4 3
W panuwele(s jr rhus acbe? L} b D a 0 o { 0
Table 44. Modulatinn — G.hdsl {NPar(Z)} coding
NPail21s 8 'l 6 5 4 31 7 |
15t G kdsl Annex B x 3 A x x x ] L
* ] % E x x 1 a
3 % X A X - X .S
[+ x x % a - L 18 X
1L » X 1 A a L1 x
1 LY | A 1 S x % 3
W parimeess on this oeler L b v 9 a il 0 0 1

‘Table 45. ¥Modulativn — €.992.2 {NPar(2)} coding - Octet 1

NPar{2)s x 1]¢ 5 4 5 &z I
s_pc;:.ry pararr cts55 of peafints for G P92 kY il x % X x x H
T 1 1 A X X I 3
X L .3 A 3 ! X 1
Ic x X x x | 3 X x
x X X ] H t X x
X % 1 [ X 3 x ]
N1 whrasme’ers wy this oc'el » % 0 [y} n 1 1] o]

= v FRFL TN o e cmaim— Nl Aaniain 4 wan ctandard intaemates



H5109%& () - xhH(| >109 & ()-=>10% & ()-=>10% & ()-= Y 10% & ()- H510%& ()-
Cl#W2_#; cU<>10% & ()-=>10% & ()-=>109% & ()-=>10% & ()-=>10% & () - =dD;
CU<>10% & ()-=>10% & ()-=>10% & () -=>10% & ()-=>10% & ()-=>10% & ()-=0G ;
>109% & ()-=>10% & ()-=>10% & ()-==; cU<>10% & ()-=>10% & ()-=_#:
cU<>1098 & ()-=>109% & ()-=>10% & ()-=>10% & ()- =>109 & ()-=*, . 024dD;
cU<>10% & ()-=>109% & ()-=>10% & ()-=>109% & ()-=>10% & ()-=>109 & () - =46:
< bdgG ; >10% & ()-=>10% & ()-=>10% & () - ==;
cU<>109 & ()-=>109 & ()-=df hj | pq_#; 63
cU<>10% & ()-=>10% & ()-=>10% & ()-=>10% & ()-=>10% & () - =qdD;
cU<>109% & ()-=>10% & ()-=>10% & ()-=>10% & ()-=>109% & ()-=>10% & () - =
>10% & () -=>10% & () -=>10% & () - ==; cU<>10% & () - =>10% & () -=_#,
cU<>10% & ()-=>10% & ()-=>10% & ()-=>10% & ()-=>10% & ()-= dD;

cU<>10% & '(Hehfsl@L/éaﬁd(OLR:mé%&s ey SRRONAIEcbritaim 2L dartdarcF rAQHHEgOR ) - = NG
@10% & () 1098 & () - >10% &@3[6
cU<>10098 & (e}d 491@%‘/8! (5' ouptiopPRYOTe4 Histadaliaed ) hereboaViver (nensstendarde: () -

y9109VIsM& iftbrmation is to be sent the “Non-standard field” parameter is set to binary ONE in

, 1090V M& ( % 10! 10! 10! hL, 7 %MN&& -4109M M& () - %3410%MN&Q 410%«!!\/&(
)_ 41091 V& e)dengfcatlon field’ of the transmitted message. The non-standard information

eG 74109 fohy o 8D EM o horeIAbHMtARdad infelheMoMekd ) - | [ - 710
# Y110%t& () - *10 /<#&' 0%#& ()- A L10%#& ()-Z 3 L10% & ()-Z

1094& () - ¥2GeLog 19y 5100/&' () Y B1O%& ()- | @10%& ()- ' s109%& ()-

@LO0%& ( ) 10#10# knogs_?A710#  el0% ()- el0%&' ()- el0%& ()- el0%& ()-
e10%& 0% ()-svx]}lcG A el0%& 109%& () - e10%& ()

e109%&' ! @ %ﬁ@%s%ﬁ)ndaw?‘f"émw '%‘1‘(5‘0/&'&% ig. ?@1Wf igs: ([‘))e&dﬁmth(')’dlcate&ow () -
elo%& () - or%lQ&’G) {hat dhes@il&l%(cﬁgtbbftheeé&%rt&dér)ofth@ﬂt@&t&(ﬁ))a cotﬂarg%@de()
e10%& ()-; cpSbhc VR e109&’

e109& () - K/S?Cfeésﬁoéﬁ dg‘%’@g}&" 8e°°m€‘f@é}&t'<’é’%T Bg'eég%te’c%th '”Gé‘zﬁmgtom adiel)

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

15  Recommendation T.35; and (5) non-standard information (M octets).

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

20 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 termination of the present invention
negotiation protocol with the ACK message, the carrier could remain ON to provide
a clear EOC channel

25
In the past, the configuration of an ATU-R Handshake by a Terminal was performed
using either AT commands, or other proprietary means. According to the instant
invention, an AOM management protocol is used between a Terminal and the
ATU-R, and a similar communication path between the ATU-C and the network

30  management systems. In the preferred embodiments, the Terminal uses the SNMP
protoco!l (IETF RFC 1157 published May 1990) to configure and monitor the present

invention's handshake procedure in an ATU-R. Since the present invention's



el0% ()- el0% ()-hH(A el0%& ()- el0%& ()- el0%& ()- el0%& ()-
el0%' ()-;cpSb & cG A el0% ()- el0% ()-;cpSb el0%k ()- el0%k ()-
el09%& ()-(*,./01lgKA el0%& ()- el0%& ()- el0%& ()- el0%& ()- el0o%& ()-
el0% ()- el0%& ()-12CEQ LAD$ el0% ()- el0%&' ()- el0%& ()- el0%& ()-
el0%&' ()-; cpSbLNPTU ncG el0%& ()- elO0%& ()-;cpSb el0%& ()- el0%& ()-
el0% ()-nprtvx| _? el0% elO0%& ()- el0%& ()- el0%& ()- el0%& ()-
el0%' ()- el0%& ()-|}~hH v +}10% & ()-v +}10% & ()-v +}10% & () -

(s10% & ()- el0%& ()-;cpSbo3v ;cb<|vs

handshake procedure data rate is under 100 bytes/sec, a reasonable time needs to

be provided for the Terminal to actively participate in the handshake session.

In general, the CL and CLR message parameters can be set before the handshake
5  procedure begins. The present invention enables the Terminal to inquire (of the

ATU-R) the status of several of the parameters.

SNMP Traps can be used to Indicate critical parts of the received messages that
must be acted on by the Terminal if it desires to influence items, such as, for

10 example, MS or ACK/NAK messages.

While the invention has been particularly shown and described with reference to the
preferred embodiments thereof, it is understood by those skilled in the art that
various alterations in form and/or detail may may be made without departing from

15  the spirit and/or scope of the invention, as defined by the following claims. Although
the invention has been described with reference to the particular means, materials
and embodiments, it is to be understood that the invention is not limited to the
particulars disclosed herein, but extends to all equivalents within the scope of the
claims.

20

25



+110% & ()-v +}10% & ()--v +}10% & ()-v +}10% & ()-v +}10% & ()- _?v ;cv
+110% & ()-v +110% & ()-v +}110% & ()-v +}10% & ()-v +}10% & ()-v

+}10% & ()-357gG v +}10% & ()-v +}10%& ()-v +}10%& ()-;cb<|v +}10%& ()-v
+110% & ()-79; =?2CD_#: cb<[v +}110% & ()-v +}110% & ()-v +}10% & ()-Vv

+}10% & ()-v +}10% & ()-DprtvxzdD; cb<|v +}10% & ()-v +}10% & ()-Vv
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WHAT IS CLAIMED IS:

1. A communication apparatus selectively connectable to a communication
device, comprising:

5 a communicator that executes a first communication mode that transmits, to
the communication device, a first predetermined signal that designates a specific
mode, the communication device responding by issuing a second predetermined
signal;

said communicator executing a second communication mode to transmit a

10  third predetermined signal that requests a transmission of said first predetermined

signal from the communication device, and receives said first predetermined signal

from the communication device, the second communication mode thereafter
transmitting said second predetermined signal to the communication device; and

a controller that executes one of the first communication mode and the

15 second communication mode upon initializing a communication with the

communication device.

2. The communication apparatus of claim 1, wherein said first predetermined
signal comprises a MS signal.

20
3. The communication apparatus of claim 1, wherein said third predetermined

signal comprises a MR signal.

4. The communication apparatus of claim 1, wherein said second

25  predetermined signal comprises one of an ACK signal and a NACK signal.

5. The communication apparatus of claim 2, wherein said second

predetermined signal comprises one of an ACK signal and a NACK signal.

30 6. The communication apparatus of claim 5, wherein said communicator
executes a third communication mode that transmits a CLR signal to the

communication device that informs the communication device of a function list of
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apparatus and a communication device, comprising:

15 communicating in a first communication mode of the communication
apparatus to transmit an MS signal designating a specific mode to the
communication device, the communication device receiving the MS signal and
transmitting one of an ACK signal and a NACK signal to the first communication
mode of the communication apparatus;

20 communicating in a second communication mode of the communication
apparatus to transmit an MR signal to the communication device requesting that the
communication device transmit the MS signal, the communicating device receiving
the MR signal and transmitting the MS signal to the second communication mode of
the communication apparatus, and thereafter the second communication mode of

25  the communication apparatus is executed to transmit one of the ACK signal and the
NACK signal to the communication device; and

executing one of the first communication mode and the second

communisation mode prior to a communication.

30 21, The communication method of claim 20, further comprising a third
communication mode of the communication apparatus that is executed to transmit a

CLR signal to the communication device that informs the communication device of a



69

function list of the communication apparatus and requests a function list of the
communication device, the communication device responding by transmitting a CL
signal that includes the function list of the communication device to the
communication apparatus, the execution of the third communication mode
transmitting one of the ACK signal and the NACK signal to the communication

device prior to executing one of the first communication mode and the second

communication mode.



