; GH Je3e, r6T a s gun 2003 RETRANSM SSI'ON PROCEDURE AND APPARATUS EOR
HANDSHAKI NG PROIG8S01 5 The pr ication claims priority LiSdduN32003
US C 119 of U S. Provisional T@EHM@‘%MWWENOS 60/ 135, 308, filed on My
21, 1999, and b0/ 136, 230, filed , 71999, the disclosures of which

are expressly incorporated by referélit&*herein in their entirety.

BACKGROUND OF THE | NVERETRANSMISSION PROTED URE! AND'YPPARATUSONS are

enpl oyed t hroughout the foll O‘TORI@AMEINGPHCDTD@@L - a set of one or
nore frequencies associated with a PSD mask of a particul ar xDSL

Recommendati on; downstream - direction of transmssion fromthe xTU-Cto
the xTU-R, 15 Galf,..- an octet having the.val ye L - T ones

conpl ema?t of an ﬂBE@‘?SF‘Hg“?g‘MF?'? Q?‘gﬁgnﬂ"&dﬂaerﬁ%ﬁf‘gn%ﬂ Hﬁﬂé#ﬁﬁ‘?ﬁ?’@é a
startup procespplRatidnNés. 80/1 308, fleéd@n May21E1990 kn o601 36, 130! fiRg 60 Ma3126 01999,
term nal equidgrre.nt which initiates a startup procedure; nessage - franmed
“information dhndisiasresiof whirh reexpeEsely incermpomiaddy: referenee heremiie thei gatiretyoop -
comuni cation channel 5, the nmetallic wires that formthe |ocal |oop to the
custoner prem se; responding signal - signal sent in response to an
initiating signal; respondi ngBMACKGBOUNB OFtTHE INVENTH3Nonds to initiation
of a co ni gatd )méransacti on fromthe renote station; 25 session - active

inection,

comuni cat i ons measured from begi nning to end, between

conput ers or appl iThefollegngdefinitions ate\employed thepuzhout therfoblowirgi dissussivay eyed vi a
tone based transm Ssion;, Si i ng_fam - group of .carri set.s ich are
Dt egrar il ¢ 1o csaieraet: 3 St ondbr Pt sdhwenclt BB Bledon A6R E ot |
“cpnbi nati on QhartiRulat gOSDRecorhmeddatiognd a | ow pass filter designed to split a
nmetallic local loop into twy bands_of operation; transaction - sequence of
nmessages, ending \ﬂPWHSté?%\é\g"?ft‘%gfm@‘sé‘ERFFBWI‘E%IQF@F&S“’[ ektY®:, a negative

acknow gslgnent ( NEJlf - adloctt hdvidy Bl Valud & 1 iR3lthe ontt 8éhPlemedt¥ an HDLClflag; P
18068.S01 ~ 5 J U N 2003 upstream The diTection of transmission fromthe

xTU-R to the xTU @itiating signal ovieny WiinbriBilipigs # SASUMPTECERER] t hr oughout t he
fol I owi ng di scussyiRatifiItator HTEVDEE I &(ﬁé‘r%_@é%@iliateﬁ téfnthal eq mﬂidlzl)lgiﬁtiatcs

Digital Subscriber Line: CDSL - Consumer Digital Subscri beri Li ne;

Di gi tal Subse@rstagup procedire;FSK - 1~r equency Shift Keying; HDSL - High bit rate
Digital Subscribe Wal-N = 3k RALd frimfsiohhe xDSL
central term nal E“ﬁﬁ“gfxﬁ‘%?gﬁ@%ﬁ’h&?oﬂgﬁdgha |ung p%%l prsllogf t he xDSL
renot e 2@rminal umietallicipealiyop 4 cPourunication ehanual Sothe imerdliewirpnthati form thedodahi on
- Tel ecommuni catj jzation Sector; NAK - Negative Acknow edge
Message; 15 bﬁ?%é’&glsﬁéat%g@r%g’l ephone Service PSD - PoweT Spectr al

Density; PSTN - Prespomlifgsiguiledighel septhin respddse womkiniti@imistignaliRat e Adapti ve
DSL; |

responding station - station that responds to initiation of a communication transaction
from the remote station; B
) ) 25 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 multiples of a given carrier
spacing frequency;
30 splitter - combination of a high pass filter and a low pass filter designed to split a
metallic local loop into two bands of operation;
transaction - sequence of messages, ending with either a positive acknowledgment
[ACK(1)], a negative acknowledgment (NAK), or a time-out;

terminal - station; and
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RTX - Request Retransmt; 20 VDSL - Very high speed Digital Subscriber
Li-ne; xDSL - &@1g0o68.Sdihe various types of Digital Subscriber Lin SB(J]IN-)ZDDB
XTU-C - central terminal unit of an xDSL; and XxTU-R - renpote term nal unit
of an xDSL. 1. Eiesl of the Invention 25 The present invention is directed
to a high speed communi cati ons device, such as, for exanple, but not
limted to, a nodegpstPeatid/The diretieribf @ahsidblon e} xTUR tcethe kTE-C.

comuni cation system a point-to-point wired, or a wireless conmuni cation
system that m handshaki ng or initializing protocol, and in
particular, to an mﬁa&fﬁi agﬁww'%nlggft &s%&f#ﬂefdt oﬁ&irﬁ’xg disc&Sion:

conmmruni cation by detecting errors and requesting the retransm ssion 30 of
errored comuni cat ACK ndseaytedge MessBgscussi on of - Background And Ot her

| nf or mati on Recent | new. cQ Lcat.i et hads are bei ng proposed and/ or
devel opedsoto trans tSLdaAtsé{mErf%%'ggﬂlsoup?/ﬁq‘gf&an re pair that uses a
frequency spect r unCBBR\v-€Consiinicr®igitad BabscAber hel8068. SO1 0 5 JUN Lug voice
band (e.g., 4 kHz bandw.dth). For exanple, various "flavors" (variations)
of digital subscri’aﬂﬂ'ﬂlﬁ@l%‘ﬁéﬁ’)‘b%&i@hﬁ have been/are bei ng devel oped, such
as, but not |im tepgKOFrdqRéncySRMK&indg?SL, ADSL, VDSL, HDSL, SHDSL and SDSL
(the collection of which'is generally referred to as xDSL). Each particul ar
xDSL t echnol ogy r daDSLedligh bibratesPigitalgubsaribenkingni ti al i zat i on techni que. The

| TU-T hag, publish Vel qm? oL AL Al ngh.a dat a
conmmuni ?z)tion, th??gﬁfegwﬂélnggsu cﬁgﬁg){tmgr 0 L%ﬁ?%ﬁ%s’“@%#géyg)’

i ncor por at ed her ei HSTY-R ehandshakngiportioneif theexDSLrremptederminal uiie COfvBhdat i on
V)B entitled "Pr g&ﬂj@rgﬁ For grti ni?Sesfji ons. o 1t a 10 Transm ssion
‘Over The Gener al itch e‘?@ﬁ'o@% e ORBRIA o BB S T e e nber ,  1994;
2) Recomrenda$tawdardizatioh Sectemt i t| ed "Procedures For The ldentification And
Selection O Co s O erati.on Between Data Circuit-Term nating
Equi prent s (Mmgqggﬁg%vérﬁ%?ﬁcﬁﬁ%ﬁ¥°ﬁqui pnents (DTEs) Over The
CGeneral 1Swi tched TROEPhPRG Od TeRphsHeServigibl | shed in August, 1996; and 3)
Recommendati on G 994. %enéi tl ed "Handshake Procedures For Digital

Subscri ber Line ([gé}' W SPEH &Sy ubl i shed in June 1999. It is noted
that this docunmentpsN ! BgblicishdtchedeT sidphbneilieth8ii@or ary Document MA- 006, that
was published in March, 1999. Docunents (1) and (2), above, pertain to
procedures for iniRARBSLnRate AdaptveddSlonmuni cati on over voice band channel s.

Docurment {3), aboygryx PREjRbITetbRsmifli t1ating a data communication over xDSL
channels. Unfortunately, if a data reception error occurs in a nessage,

even if 2Phe error ¥BSlonVgryzigh spgeceDigitel Subsaribagking t he data communi cation

devi ces must cONPlupist] ¥ adyeSti ariohd ks d1iDRASBcASLr LA 3pepflake

(initialization) procedure. Since inftialization procedures often 25

i nvol ve a pl ural i &fUs€ -eensrahteeminglunitrefan xBSLoand, ‘and thus, restarting a

transm ssion fro RSP R ina P [ significant |oss of

. i)nf ormation and WTE%&Q%%% I'S éafsiﬁeegif or an apparatus and net hod

that ninimzes anli Hidld ofthe lnvemtionr ecovery procedure, by retransmitting only

it Ele . Ieglr 25 gf'i g‘r’]r U e Bleséhe BvRaticnls hifstteads a RlgnGREm ShfluhicafidsHebict Jud', for
example, but not limited to, a modem, a cable modem, an xXDSL modem, a satellite

communication system, a point-to-point wired, or a wireless communication system, that
includes a handshaking or initializing protocol, and in particular, to an apparatus and method
that provides error free communication by detecting errors and requesting the retransmission
30 of errored communication messages.
2. Discussion Of Background And Other Information
Recently, new communication methods are being proposed and/or developed to

transmit data on a local twisted wire pair that uses a frequency spectrum above a traditional



procedure. 30 SUMVARY OF THE | NVENTI ON Accordi ngly, an object of rdeBe o
present inventR18068.80k o devel op a retransm ssi on nechani smt hat rdHN_nH«s}
an errored nmessage that occurs during handshaking or initializing
procedure. In a disclosed enbodi nent, the procedure is inplenented as an
extension to an P 18068.501 0 5 J U N Z003 xDSL handshaki ng and

sel ection prooeitebend (@Lec 4 ldkz, bahdwidth)t For exampid, tasioud ‘tlaversti(qahiatiodshef digital
above-noted | TU- T .Reco atipons G 994.1, V,.B, and V.8bjs Accor di to
T Tnovant | MG ine (S0 OB RRec e b dersined 16k 2 hutiat Jriied o, o1
message duri NgxgnsieISIQMDSIN &/ ISSITHBNLS 8HDBD, 48 $DSE, (tH2EoA&dtRa of WRich@SEenerally
correctly received message and requests a 5 retransm ssion of the erfored
message. | n adefereddn as ASbhtEash aartpdan xRS ehnolpgy prquirena rabuststart-umorenabl es
the retrapsm $sj: d 3 ssages to suggest the length of a nessage
frame to ge uz'g{aﬁ%?ﬁ‘g‘o‘g@ﬁﬁ ug‘:scati on device in order to help reduce the
occurrence of fran®he IHU-T hes published/Asevsral dedogniendedprodderss fafinitiang adeat i on,
a conmuni cation devi ce iﬁl gi Fcl.ose .that m Ei Fiﬁes a retransm ssj.on .OL
signal s and nE¥RTywEangrsfhe Jofloxung subjectypatter ghwiich fssxpresely impemeAtsd RFrein by
comuni cat i onrdfaestehltiet@ntfef&sedur e. The communi cati on device has a

recei ving section that receives signals froman initiating comrunication
device, in order tb Rrspmmendgiion Va$ catitled;" Bepcadusesines Stasting3essipptOf Balg a
retransm@si O hGAiGSh VEVTHGnkAl SHitdied TeleShork NetiAsik*, Bublished RSeptember,
communi cation device, a retransm ssion request nessage indicating that the
error messagel¥s received. The receiving section includes an error
depecting devi ce t\3ecORfleddiin . 8bid, Sntl Rl OBloc Rk R TOH THE RRARESiofARHA SHichbod O
a feature of the ivention, the retransm ssion request nessage may i ndicate
whi ch cor r ect Ofifemays Medes 04 Operatiow BetweeniDhtg Giteuit-Jorminatingfquapmehds/(QCGESs) And

addi tion, thegretransm.Ssi in LNk ormation
related to, fgftwg%ﬁr% él,% g’é’%@u%qg@);&?%(‘f ‘ﬁm&%@ gl?beg%élﬁf‘:hﬁ%ggge%m ranes to
be transri tt eNetwark"apublialisd in Wubest, 1996;2and0 nul ti - segnent ed nessage.
According to anothb r, obj ect. af b urrent J.nventiaqn nmet.hqd i § disclosed
for minimzing ar M?PJQWF%‘E’I&% 2?94& %@Fé gﬁ@s%ggé@&@mﬁlt?{ﬂﬁ“érsph?ﬁ“
message is renigé wstﬂu&%&gvm'hﬁﬂ%i&h%ﬂnnm@gwﬁeguf fioted that %ﬁmﬁuﬂh&ﬂﬁd 188 ﬁnald
session. Accordi.n this t hod, ndshaki .0 re_i.s nonitore
to deternne Wﬁ%?‘ﬁ%#&ﬁ“ﬁ”é’d’%%‘é‘ﬂ“?ﬁt&&'ﬁog &iaﬁgubg%h%ny?rgli"gabiessage. When
t he nonitored handsdeaitent (Dad @)£abdeé, periin @sprobediures fordhitiatinta aRssage was

received, a retransm ssion request nessage is transmtted to request
retransmfssi ofPMERUCAEER PYS YOI5F gf“'ﬁ’e‘ Pﬁ’?@"tﬁﬁa aRAYGr RIS é‘bpgﬁqﬂg gt

advant age of dolfnirio4ash b xDYtlcBarRlsat ed to a Frame Check Sequence is
exam ned to determ ne whether an en-ored nessage was received. 30 According

to anot her advant d¢dorgmatehie i afiaavePpHON ER oCEirs Y RMPSag% AVIndfthe sTroris 98kide
may, for exarnggge bit HkSAS, AT mmRiLA6h bivites TRisV&RhPIRSS 38 Rart, Hom hEdi Cat €
. 9 segnent index nunber of a nufti-segment nessage, or, récord the type (or
[ength) of t Hheginpingi a/kandshake finitialization)pragdys. Smee mitializatipn proesdures pften
additio a i r ] . ypes
35 %H@&&JA@;% Stdfres %Pégﬁmf trASHcHotd! i e%ré gﬂé{égtﬂ:mu@{?t eﬁﬁﬁ%ﬁ?m%

of the last correct recei ved nessage nay De ) [
retransm ssi degnpingaesultsimsassignificantlosy ofiimfgrmation ahd timgr dhey, theneisiameedhfor em,

the retransm _ssj . 4 ndi:ca f f of
subsequent |y PPy bffHERba (EERRAZET hAGLERLR oy Bt ty BBkl
frame | engt h oaly the bmared partior of 4 sessiarc msteadioffmempiegaly reStactorgdhe mitiadizationt her
feature of ”},?ocic&‘(r%”“ on, the communication session may be

30 SUMMARY OF THE INVENTION
Accordingly, an object of the present invention is to develop a retransmission
mechanism that retransmits an errored message that occurs during handshaking or initializing

procedure. In a disclosed embodiment, the procedure is implemented as an extension to an



term nated when a predeterm ned nunber of errored nessages (such as, for
exanpl e, three)l886%801 Another object of the invention concerns g geUN)cz[]gg
for mnimzing a retransm ssion of 10 signals and nessages when an errored
nmessage i s received during a handshaki ng procedure of a comunication
session, by nonitoring received data related to a predeterm ned frane
structure of a&D&Igiandﬁhelédg hraisdisoadi procgdnedadhnae, bus natinated t6,dor mmptel the data

e o A AR o RASEE T U BB Sl

predet er m ned lﬁ\feﬁf@l ol ddfintiinfeatitldGAde@8ceivadin Ertsted %@hy@&rikﬁ ad@dsion! fhe! udes
an errored nessage. In addition, the comunication session can be

t erm nat ed whEpmBuUpicainadeyiet mepam Hisdast eqrrastly sceyedmsssageand raqueps as, f or
exampl e, . §Nr Gl Akaeh 0FAS BGR1 mdlied ARIANIGH Gl optlord] fedurd Wtﬁ@ﬁﬁseﬂpﬂpgﬁﬁmw
the invention pertfains to a net or mnimZing a retransniss

signal s and rms&bdagelm mthsmxoarrcqneadnmssa@suggpstrtbclﬂngéd)fdunqssage fmmz Rbe 20
negoti ati on prog ure o ormun i cation ﬁme sig Re%el ved dg%ﬂrel ted to
R rame. Check IS rom byl TaMear ordpF o it el ety Akt Fiirte
that the received gadoadihg® dnddfectdr the nPérttidn/BEsh@genicAlioh devieds MiscRbedthat
request message s transmtted. This nessage includes information

i dent i fying WHIBRIZES A FEESTEYSRBESIFIAL and BeFSpessKismAB FITOTIVBRFEAES ITReEsiYed a

pr edet er fj ned g donMhurdatioh BchdSBRARIPSedHC Th@SorhhihEBatiod @eViEs hdshGeceiving
comuni cati on session is 25 termnate I'n addition, the retransn ssion
request messagpstionthegresyes signels fioa INGPItigUREROTENYNICAHOR Aayies, Ineorgertio detect when
.sQbsequent | y ﬁﬂﬁ}fsg'% 3 o8, ol 8 rHABGRS el b AR ViR RrafiinsD fgthésed
upon a franme [engt e correct nessage that was lastly received. BRI EF
DESCRI PTI ON Omitiatiig Dramphicsionidsvice ragefoinsmyisaion resups mestnge indicatingthet the srremd

. advant ages of o

parti cul ar des%&?ﬁ%‘?%ﬁg%#% élfer‘: g(‘j'E 3 ‘gﬁﬁ‘fﬁ %ﬁﬁ#ﬂ’g@%é%%&g?ﬁg bis
acconpany ng d:rdcmmmr@dmedsagcse presented as a non-limting exanple, in

whi ch reference charac ers fer g%the sa mgh arts tQ{OU?(' %} t he various
vi ews, and wher ej rf**8" nq3° GEEre §h e sniiol, te fHEAnSYSSIOR IPqUER IPGSSABR MAY )| ok
di agram of a maicatcmmmneatmmagay&ﬁ &mmﬁamgeebmdemﬁambmnammé dlnmgdimn,a
enbodi ment of _t cgagr esent invention; %? céu&l trat €24 (Iiiet a|I bl ock

di agram of a WATST2RTWATION EAPSShResHas @ °"1’at’°|‘3 Tgjated 1o, ?rlf§?'f’ ’& an
exanpl e transsggeésted leﬁgaf 6f sibsBqaenR GRssagOffarmes i bblBhsitititd}ions frame alnhbérofki 9. 4
illustrates an exa F(%ransact ion in which one frane of a nufti-segnent
message “Qont afH¥i-sg %’?‘ MeSSEPYy. 5 illustrates an exanpl e transacti on where

a message from a HEbkdingteRhéthérobfdt S thdéurreht ivéritidn, Dmethbd Kidiklozed P
exanpl e of a typical transactjon in which nmultiple errors occur. Fig

i || ustrates aRINUREASATCINSMLSIIoN;ofsignals i TeTssagks WarD B STedMEsspEF if F@e’h‘F‘Hdl e
of the tr ansa&&inga,hafdsﬁmﬁg fxbbea%;er@ta%smaﬁnﬁémessx&d AMERFAiAOI thid mitoa the

.three errors occtr_in the mddle of the
) handshaking procedure is monitored to determine whether a received signal contains an

25 errored message. When the monitored handshake procedure determines that an errored
message was received, a retransmission request message is transmitted to request
retransmission of a portion of the handshaking procedure.

According to an advantage of the invention, data related to a Frame Check Sequence is
examined to determine whether an errored message was received.

30 According to another advantage of the invention, the retransmission request message
may, for example, indicate a last correctly received message, or, indicate a segment index

number of a multi-segment message, or, record the type (or length) of the received message.



transaction; 15 Fig. 9 illustrates an exanple transaction in which a HSTU-C
t hat enpl oys tPheo4a¥Hent invention interacts with a HSTU- R that[]cﬁ)qﬂmlqgg‘g
enpl oy the present invention; Fig. 10 illustrates an exanple transaction in
whi ch an ACK nmessage is not received error free; Fig. 11 illustrates an
exanpl e transaction in which two errors occur in the mddle of the 20
transacti on Wi iditionALkpedific aieesagé tyiph drofi 4 gredeleriimalages, matabe fy@gs oflie last
illustrates an exanpl e transacti on where an ACK for a nufti-segnented
message is reEUTSFHYTSCRIVES METsageIrabq soePdsd S the TeRPERISPRETeaRsSEBCSRESODI VENTS
A preferred embodi REkaif tod Rallfett ik int MYER'ORyMBRKG ORH MELAN gy { he
context of a 25 new nessage type, procedure, and associated transacti'on to
an startup neiidicatessuggasich frame lingth ofstibsequrintly transmittédsigeata mbiah, mayrbetdSid, for

startup t hod | Lo LT T ndation 9 . Thi s new nessage
type wl Irgebe ?"éfj"z’ﬁér gggtﬂlgﬂﬁé?n | n%%q%?%ecgy'rﬁgﬂﬁgﬁegéé ransmt" (RTX). The
particul’ars shown Aafosling @ragothyr featyure@f tieXavantion, thecbrimatnition e&seion aday be

illustrative 30 discussion qQf enbodi ments_of the present inyention oply
and are pres eﬁF&‘&aﬁeﬁiW?’ﬁ’éa P ?@T%Feddﬂ'rjﬂrjﬂeﬂ?fr@’%%f’#g%geﬁZq“iclé%#rteéa"ﬁgettﬁ@e}mst
useful and regdity understood description of the principles and concept ual
aspects of the present invention. In this regard, no attenpt is nmade to
show structural dehrgthes objectafghejpyantinn congormp f msthodformimiingA netransgmission of
necessany 1 O b B msah BRI erfdred riestaghi U0 A HHATR BhAlsnIERSL AN
of the pl)réesenstlér*lgsver]tni]'cﬁ\% t he ndescr'lrp_tl?ec??\ag_tuéken ‘\;vith tgg draswi nﬁ%ﬁrrs}a ng}g
a%gar ent to tessmmuricdtion despionityememtoring veceitved dateenlated forppsedetesmined yraine
enpbodied in p |.CEo ' | nvent.i [

comuni cat i ongt%g%ecog e e%geasﬁ%gghg]r({rng Eogfg@lﬁ%%g}g%é?%ﬁ ?l le’a({agagrselsﬁteg r%o f’ g ménc
meani ng a nesGlagk Seqrehed ofiangDSL Handshakifg priotedubhs)} and Srapsmittivgarsiransitission

communi cati on_devi ce requests a r.etransm ssio RT f t.h rr.or nessage
and | ndi cat ed s Test SR Rom PLGMSRFRIe gt Hlritn P ks e
devi ce tibat tdatwinctuddsad efrbred mMessagecln aldRiol e t@Amanieation)sestjiin cah bé teymiriaggdest

the length of a nessage franme 1o he used by the co ni cat{on device
{fansm tt 1 ng HECERTRETInG] ABRbE 51 AEPEY MERIEE FifG TPy PREY: BT ERke of
frames cont airésbdpes; afirdsinittethe data transmi ssion. Wiile the present

i nvention is present qdn her e'b}n? W'tlt{}]e respect tq I TU Tﬁ;&eqig)m‘rendat_i on G 994. 1,
it is noted that th¥UkHFRTOBIFSS ¢fithe InKERUoR PRENBY BHMBROLOF FIMANEA X nessage
and procedur Qetrms@iBioh 6a8bmI #dhétedge I WhEP AP RO 186R8Y 6 Feceiy b duriig,anBIISIN Ot
limted to, the aforenentioned I TU-'F Recomendati ons V.8 and V. Bbi's

wi t hout 2Rleparmesatitip Boredyee afs copppynicaipr;sespioncBereivsH dptelptad it Figme Ghegk 1
il lustrates aRqehddRIfororedN 1AL RraGRITHLAL SeukRdd iRNiSHE thithRd rec IR heEdAe
details of the handshake procedure of the present invention, As shown in
Fig. |, the GBCHOESFASHSE A IFHINSBYsSIon TequETHIRIssags istraisiitied| Thispnesgags yncludes 2

%i 2 refote 286 Hh1%h faenthyitd WRER coricPinbRaSIw 10081y 1eCei Ve HRWSOETMdLfA! | ON

predetermined number of errored messages, such as three, occur, the communication session is
25 terminated. In addition, the retransmission request message my contain information
suggesting a frame length of subsequently transmitted signals. The suggested frame length
may be based upon a frame length of the correct message that was lastly received.
BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, features and advantages of the invention will be
30 apparent from the following more particular description of preferred embodiments, as
illustrated in the accompanying drawings which are presented as a non-limiting example, in

which reference characters refer to the same parts throughout the various views, and wherein:



20 The central office system2 includes a-main distribution fr ( ).,
that function®iBos8.gdlerface the central office system2 to theéﬁ% Wtuﬂ?’
comuni cati on channel 5. The main distribution frane (MDF) 1 operates to,
connect, for exam tel ephone tines (e.g., comunication channel 5) com ng
fromthe outside, on one side, and internal lines (e.g., internal central
office lines) on thg piligkated fdockdiagkie of @ dRta@omitihRAlich dyS@Udaf Pmédimyor K
interface device (NID). 3 that functions to interface the renpote system4 to
t he communi caf$'aef BSRAAMEto an emppdimpent\pbthe presertinyatoRevi ce (MD) 3 interfaces
t he customer's equyjy RABIN ' 3 Fcaf.don
channel 5). It i suﬁ%g%lrrﬁsu?%%%ftt zta#lgt he if)?% eﬁ@%&%ﬁ“ﬂ%@lbﬁgfﬁ%%@ %’o
ot her communi cat i ofig. 3illusteatésansxavnpla tnabsadtiqrawhére g nfessage from sPSTUR contlling an
scope of the invention. Further, while the present invention is described
with referenc®®o a tel ephone conmuni cation system enpl oying tw sted pair
wres, it is underBigopillusthads ahRRarhple ahdadtion ia vaidh dnedhin® dfa ndltigegment
transm ssion environnents, such as, but not limted to, cable conmunication
systems (e.g. e CNAYRSHETOT-7 P 18068.S01 0 5 ~ ~! N 2003 opti cal
conmmuni cation SYStlfig._BS il Res QB SxANFIE EdBsactidt WRErESA nfe QAP BbM A HOTURY &% an
etc., without departing fromthe spirit and/or scope of the invention. Fig.
2 illustratesetrordet ai |l ed bl ock diagramof a first enbodi nent of the data

comuni gat i on syst v B i i : . i

natall a0 on, i uRbch s aherd g AR Fithad BREFRARY i BursiSbeary.
syst em 4 i npl enentFig.lkillusteteant examme tramsactiohsin sthinhrtwiorerrbisgpecii, in theaniddletof e
‘ofyfi ce systena_Z g:%rrg,rises a low pass filter 34 and a high pass filter 38, a
test negoti atTon vrock 46, a hi gh speed data receiving section 68) a high
speed dat a transnRig.inifjustmtss ian axafiple aatactiondnpdichrthi®e erréis wpditr én thd Zniddle of the
under st ood tq be eneric interface to network equi pnent |ocated at the
central offi dE®S gg'? negotiation block 46 10 perfornms all of the

negoti afson ?nd emgﬁm?ﬁdr?g&s G fj £ansidticntin WalchS M@hmﬁ eRiployd tm];e:_elsem
initiation of, an actual hi ata conmuni cati on. e |l ow pass filter
34 and hi gh pgagatien W?%’Pc‘%‘gﬂgﬁ%i R that dpes not employ theRresent ‘Bﬁe’g’%gal s
transferred over {Fe 10Q/MNEHeS A &xAMmpld WM ioR in Whith b AICKREahESk nofrebditK 46
tests and negoti ates conditions, capacities, etc. of the central office
system 2, théMPefiBtie system 4, and 15 the comnunication channel 5. The
procedures of ther£ iMeaed & &xahph temkactibn M Fhick Bhd &6ts oBur & the hid AEBF the
initiate the selection of the high speed nodemreceiving and transmtting
sect i ond0 (e. dransagieneyyith ag A Cknas opg of theermregimespagss) apdcei vi ng section 68
functions 1o receipys AigReaBLarb-dfbh ddnsitish Whed shIATR e hafRkena¥al oM 4,
whil e the high speed data transmtf{ing section 70 transmts high speed
data to the massageispesivahiaenghe hi gh speed sections 68 and 70 may 20

conprise, but not bepdfif %ho?i?ﬂ: DSL, CDSL
‘ ﬁodems. Hi gh speed Sy('ﬁl on?’q)G Egﬁgﬁ%ﬁégn e a plur aﬁi ty o I'g gpeed
transm ssi on devi Agwefeired bmbaliaens of theepresentinventibn iskdes@ibdd belnw i ithe donfeki afla
negoti ation procedur The gotjiation. a receiyi cti and. th
B T e Y e b
negoti ati on det limitedatosfor example, ae sDSDIstatp arethddriefihedyin ITHEE R echanraendation
transmtting tJ .25 70 recejive signal.s i,.ssued fromt cOo er 82, 1In
the i scl osed Sibbal HERT Metses s utl B Fisreid bRemat d by ReBbNRRahmR s | on
data recei vi (RTXRction (e.g., a receiving section) 52 and a negotiation
data transmtting_secti.o e.g.,, retransm ssion request. device . _The
negotiation data ﬁ%@%?"ﬂ@é.&‘g‘ﬂl&ﬁ"%?ey c%amf&mﬁg_ if?ftﬂuﬁ?ffs ‘?éﬁ“ﬁmf‘?’%
the neggi at YRBERhSf kMBOEMEAL bfde i?e%dt]?ﬁ\'eﬁf}oﬁ iy el bfe preeRiel & hedadabp. 30

The operation of the various sections of the central office system2 wll
be descri bedpravidieg:what|is balisyes o be the most useful and readily understood description of the

principles and conceptual aspects of the present invention. In this regard, no attempt is made

to show structural details of the present invention in more detail than is necessary for the



1 b}

Renote system 4 conprises a low pass filter 36, a high pass filter 40, a
test negoti at iPdB0G8ISDdk 48, a hi gh speed data receiving section L5 dUNi 203
speed data transmitting section 66, and 8 P18068.S01 0 5 ~uN Zoos a
conputer 84. Conputer 84 is understood to be a generic interface to network
equi pnent | ocated at the renbte system Test negotiation block 48 perforns
al | of the nefimdaméntannderstandingrofthe presenpinverdibng the dedvaiptidmtakerpvinle the dravangst o
t he actual high speed data,co i,cati on, The | ow pass filter, 36 and_high
bass fi | ter 4GARR BT b ore BHIeg Ghib Al Bt (PN St P a0 8 °t he
communi cati onpGRgenel 5. The test negotiation block 48 tests and negotiates
conditions, capacities, etc. of the central office system2, the renote
system 4, and the 4enording todhs gureshiavension5{ a fpramunigationlexice recewes/angyrosett i on
72 functions cej i e [ ] [ he. tral _office
System 2.5 whi TEPRERHE YeAbaTORS thelh O e BB Bitok OB 9iERLY onush
speed dat a t otht kemmenicatiin device cagjuesysd etrarmissim (RGO tof dte emroradahessdo® and

recei ving section 5 nd the.high speed data receiving sect.ion 72 transmt
Fomal 0ot rates e IR edttson et atRrSedeth e rrfileR Bev Bt Rea e
and the high spasg. daeRTN MBsagd hayeptivaslly ggddthedamitly 6f HingdageSranteitt 89 ufddom
the conputer 84. In the disc]osed enhodi nent, the test negotiation bl ock 48

conprises a ndyse F%ﬁ“ﬁﬂ‘cﬂ&’cnélei’ié% B’FWH@‘“& BeE52885 IBOTdeR i Belp Eg8es the fHe dat a
tr ansmi tgi g §8ARE oPRamdBnRBHY irfthd Aind@hfirdRrf&RHl Vi g section 56

recei ves negotiation data, while The negotiation data transmtting section
50 transmts negotWhils tha prrsend iInventéondp presantesiherdin with respestd@sTddct i ons of the
rgmote syste bdehd@fn¥Po64 1, B3 noted i fhB ey BRSOy i

t?ansrri tti ng%%gwgn %%n(;t? the rgﬁ%t ethsgi'g‘;temt trh nsr%-l;?gtht e &&%@gpfel;ﬁnﬁ(
negoti ati on dun¢ssage@nd procedigoisiapplicable daother hepdshakprosesturdsosnch 2s, bt noh Gmited

| T ; : ) . . .
Contrel 1t e BRI R AR P VI S o

negot i attson dpirit andderscopaeof temversion56 of the renpte system 4. The central

office system 2 inclydes.a plurali f annels.6..10, 14 16 and 18 t hat
are used to comm%fc%gtlguﬁa eﬁa’ée’tﬁ"tﬂt‘%?f?af’fggfwl‘nd“ﬁﬁcé’lhgn %?enﬁé],at ’f@?"%a B 32
of the renot aletys bt Aandshakie prccedifr@ af e piekerit inveaticl Adwhowinlin Fize1dhéddtosed
enbodi nent, channe|l 6 conprises a centrﬂl fel/oi ce 25 channel that is used to
directly comfORRIcaugy Hfieq COFNEES AT HG ‘“é’r?éff‘émszoﬂ"gé‘ remginfgstie , yhich are
conventi onal jmedfsced bethef ¢ia @ .comthuliicatich chitteds] Mat el y 4 kHz), which has been

filtered by low pgss filters 34 and, 36., Further, .a renote ice channe] 33
is provffled in th ¢ erebo S stey2 inglides vsmwatdrlsméwn{%@ecéﬁ#f)d dhgitupqtigns

central of fi ¢GQinbetab@the2ent3® BTHCcE systink 2 t€ihe RoBinuARalich AR G! THe MAinPBétabhtRin
with the communi cation channel 5 (but prior to the Ipwpass filter 36), 30

and thus, pr &amedMOEd opsrates 4@ connest, £ ckpapledaisplong dingt(eddsomEunipation ~ -
However, Si NERarinbl 4 oMY RIm ke e e, Hd inRrid] findsqW gD AREmEH dehe

ﬁhe renot e vc%)_?ag% csaacnnel _3?§ncont al ns&%)gl?h the hi gh speeﬂwgata SI gérﬁgrﬂgg%ea
voi ce si gnal lines) ontheglygs®el 0 5 U U ~ 2003 It is noted that the filters
may be ¢ ranged t ' W&* ARGkt 2P

com*runi%%ti on rray?ltlg%éﬁ% J%%ﬁ{f‘saﬁ%ﬁ%%r, 3\% banglgg%éngﬁlr]fiﬁ?atﬁigﬁﬁcﬁet tgds,
such as, f or intsrfaep the remgEigystera thie the comimpwicatiomehahnel §. dibd ngtworkringerfacgdievicgs s
filters 38 a . lLec t ; ve 4 kHz.
It is noted pﬂ%ﬁ%slg{ﬁgfaéegge e&n]ggglgpsng ?pﬁeéﬁ?orJeng%% en%%lwmsg%g (or all)
of the filtecemMdnicton ch8onebS)d 40. Bit streans 10, 14,16 and 18 (in the

central office s YR tiseumld%zsto%g%ual? ItlEo.-. p?-ésgnetainrrw‘/scn%gﬁ mza)g be ;ngplied to other communications

30 devices without departing from the spirit and/or scope of the invention. Further, while the
present invention is described with reference to a telephone communication system employing
twisted pair wires, it is understood that the invention is applicable to other transmission

environments, such as, but not limited to, cable communication systems (e.g., cable modems),



and 30 (in the renote system4) conprise digital bit streans that are used
t o conmuni cat P1Be4& 8N t he central conputer 82 and the renote QoBuyer2083,
respectively. It is understood that it is within the scope of the present

i nvention that bit streans 10, 14,16) and 18 could be 10 inplenented as

di screte signals (as shown), or bundled into an interface, or cable, or

mul ti pl exed i npticahcanmuyhicaton sysems, wirelesudysiehangfrargd téremstiog®napsiéros, etc.,

function of the,instant. i pvention., For exa . bit.streams 10, 14, 16 and
18 may be conﬁ“&ﬁ'r#é%p‘g&n%ﬁﬁ‘f’%ﬁ%ﬂ@f’%fﬁ?ggg‘&)mﬁ‘ﬁmf]nt erface confornming to
a RS-232, parall el Figh? niRié¥rites z(ddfﬁﬁdbﬁ)%)iiagﬁﬂi ofer fired emsbRddindént BLiGe GA#D) |

wireless, or infrared, (IrDA) standard. Likew se, it is understood that bit
15 streans 22¢ommunipgionfystesn ofKig- be Thiggmbpdimerigeprsseatsadyricd installation; in which
shown in 4 he ] | [ f .

U1 pl oxod i Sy Wil PhectyREi 2 Moot o8 436 Blon it B8 il Rbeption
(e.g., control infAs stwwnonFig @sthe spunabioffige systetrhZcampribes a bow piss filer 34 and a

b esence or _abehe et syt P SlertbIBhoR, Shish bR el B rBierang
user and appl speed dad tramsmitting seceighl 70,08 alcSmphler 82. QoG Sd iDaidestiddithbe a
negoti ati on data,rec%vi n sec%i on 52 ﬁ‘?d egot i at iaﬁng_dati transm ttin
section 54 of B3RS ERFACEI0 HYITE SAUPTEYipcated ahthe crirahaliisei Aest BREcdaHap block 46
recei vi n@ Ssechdrfoim$ 8l afidle ROEHAhIiGH dndrexalRindtidn Frosedufet WhSEht8EE bRBe Pfbras tHehe
renote system 4, The essential features of the hardware portion of the
jgvent i on i s initiatioyAkan askial higl speed data spmBynictiathe t est negoti ation bl ocks
46 and 48, which tgst P84 34 | 4gl ; b dt :

of the central of fllq%e]o?{;,gstsem 2?4 ?Ldgu?tgﬁagg gngpyjsstfgﬁrﬁ???gﬁg&?ﬁgﬁdc%ﬁrgﬁ% Sclgx%alqson
channel 5. | nirgnsfeoed oeer thagommnmidatjom channel SofThe test negatiaticn biddkid6destsandem 2

and the renote e ] s 0, VW leRL ] t,h
configurati onnegégé%eég&elx ngl?shg {:/ngé% 5{‘:&: %%g n\%gdflﬂéé %@mﬁ?@%r@{ﬁﬁ@%&%ﬁp r%?ndof

t he sandS5ent ithe esmmhmitatoorchanme] 5. hEhecprocedades of the test megetiaiondlockidié ave compléted
capabilities and, configurati f t 0 nication channel are..al so..
by oct Lo v o kil elcRon o o YR BB g i taons
bl ocks 46 ande4§ ndemendscabddd. The high sperd eeceiviiiy secribnd68. fulibivay Rirecdivechigh speed
e S O R T
tr ags ][n tted apslshiRCkigh esbel dhtdtcihe kdifoté SystenN£.0The Kigh Sped bertibiss 68andmd midy ar e
use or testin

the 10 2] 806s. SO1L 0O J U 3 envi nt_jtself as
wel | as 2BonmfRMPHES ﬁgt ot be E@é‘ﬁ‘? fos %Wf?ﬁ%‘é@%@' ’%?kﬁ% %M&r&# Befsns
system 2 and HigR sgeRA0éctiosy/6¥ £idH.can bd A BlupdlitP OB gOdped frinshiiibal dePidés whith Fi J.
2 wll be explained bel ow, followed Ft%i_an expl anation of the devices used

to create theskare)hs commpon higekeds dyring the.inftjal negopigtion grogedpeeThe Regptiation data
frequenci es \idetviklesediiGi$5aRGhd Migh §edll liata PRERM skétion!6B thinsihit R4l to computer

\_,énbodi ment, frequency division nmultiplexi ngﬂ(F Is utilized for various
comuni cat i of$2pdhpaegatiaton-daaigamsmitting sastipned and the high spred data trapsmiging seetion
syst em 3sand +h&cefve Mngis Setad Lo the OB YRF 821 t 1S understood that other
t echni qgses (ggcﬁccas, yts notde@lm:te ?’o, ?o_r _exanpl e, CDVA, TDVA, spread
spectrum etc.) nmiythedisglosed embiodiment.desy aegotiator plogk 460comprises A negotiation/data
scope of the rﬁ§§n{ L Qvent i e 16 . 'f'fﬁ‘amgnh%n .
frequency 4 IE%Z i eflﬂbéﬁc 1[’?9%5%\%{? Jelg“é’@%gg“%g%élﬁi vol ce ban _é’gg%%ngefg.,
the newer cometransmoision request dedes) 59 pThahdgptiatianalajit re¢aiving sectioreS3 reecjuesncy
D et i1 ARS8l SR A e bbb
However 30 any The opératipnestale varpudsctiGisdf tHertehtiil Sfficegasten 2iwillibe deiibel, il adtail,
tone bursts %t a frequency of 34.5 kHz are used to initiate T1E1l T1.413
ADSL nodens. Pl@Wa result, inpossible, that frequency

Remote system 4 comprises a low pass filter 36, a high pass filter 40, a test negotiation

block 48, a high speed data receiving section 72, a high speed data transmitting section 66, and



shoul d be avoided in the spectrum used by precursor negotiation methods.
Communi cat i on PA&068sSQr e defined in pairs, one path for an upstreaf § JUN 2003
comuni cation fromthe renote system4 to the central office system 2, and
anot her path for a downstream 20 comuni cation fromthe central office
system 2 to the renote system 4. The negotiation upstreambits are
transmtted by cbrhﬁutaﬂ{mt(tcaﬁ;im 8d a4 undersrod [0 bt d geperseinterfane fathedbork Bquipmemt e

system 4, and, rec d the negotiation d cei.vin ion 52 of the
contral of 11 cloctE e ot Seiell EPLAEEONPI OB Rivek FE BT SN e SarehoR 22 by
the negotiati e;&nﬂﬁ&tfantpwe&s?e; thhttakeS5ce pABr t84hedcnlal Bigh 8pdel Aata@bhhitRicayst €M
2, and received by the negotiation data receiving section 25 56 of the
renote system 4. Chasclowpasnitlitas8h and igh pasa filierst) apgeataitotfilier enmmunieation eignals
conpl ete th t hlgh speed
dat s tr ars ¢ FPRiied 8yerE orkh G Alle’s e TR o rEHTbc M
sections 72 amgoﬁaes mnﬂﬁrohqrcapamtrés;retoeﬁfmeaemal affite o/stem’ L, Ithmﬁ?&g@aemm hifde
present invention are, sent Wt nmore carrsiers, in or 30

xanpl e, o Di B GPBAURSAOQLSHERS 5. BHGeh SHPY (ooRLe T oG BRI 5EPb Pighhe
transmt poi n@eb&dit@&&lsﬁﬂttédﬁ&ndﬂ%m offlce Byskén® 2 P tHé! high 8pért dhth trahdinitting

transmt bit is a and the transmt point is rotated O degrees fromthe

previ ous poi neckign f%%mlsm&ﬁb\@tsp?ﬁdtda‘ia@ egentah pfficasystem d- The Regotiatippgialig. So1
0 5 J U 2003.8yiag sékedn 8Y afi @€ h{g?x spled WtaRERIVIU GPTY trREmRAREs 10/ 8E
frequenmes of the“carriers, procedures for starting the nodul ation
of carriers aeehpwies 84gdhe n@aonanqmdauetwsmm ssetiam00 apHéhedrighseneed fatwent i on

g es to great re is performed and
during the ha%%@%ﬁgﬁ%&gélg{ﬁg%%qgﬁgﬁr af{ﬁé‘ e??ﬂor as non-obtrusive
as 5 possi bl e. Carlnitherdischorsed embmdxmbﬂtythe elstategetmbtmn blmkm chmpuises & @egntintiérodata
t he upstream and .down trgﬁ at hs.. t gld Lsting, E/)s ctlvo%tg Nykones,
be reasonabl fe?eégﬂ%fw &t %%8?“1?8 aﬁa&m% T(§ 1 produ & AEEOHRURT
suffici g8t spesdivifig seetion SSmmveunegaiﬂuen ﬂah,sv}nre theameg;oeandnaimstranmﬂmgdseaﬂaﬁ
kHz and 4.0 basefre are sho

S onal Dosi or S TRBDIEBLHIR n THe orRRRL SRS SARinE LR rogi svstert 4

| ndi cesA439 Mllz,'éza@so%ﬁe&%aﬁbéﬁwlssn 88 96C437 912 14 64A43SB44 28 3466

67 76 After the renote system4 anal yzes the_equi pnment capabi Iltles t he
appl i cation desir d3f nogptiatien 9%%‘%@45 sqchioR ?‘%\?ﬁp ‘Bgéemqt? Sysigred transmits the

deci sion on fyy é%ﬂm@gﬂhﬁﬁh'cﬁ& 9 eleHegotlaion!8Ra rebtivitg st G2V kel ceMtdl bfilem 2.
celve

system 2 has re the final decrsion, the transm ssion of the

negot i agPon JdR®MEEItBLAR A Fansmiling sertign 54/\%%" £eriral Histsme? Tpsmitsthe dosmsiean

the | oss of eResiYing Qahkd @.e)le% tﬁﬁaﬁmﬁ@amgkecaaa 56 6f thY $drSdtt ystehl g renot e
e ne otlatlon stream data. After a short

system 4 stops transmttin
del ay, the negoti g?’éﬂ"é@hﬁ&ﬁ ingindpioriplpadiref channels 65 10, ril“ﬂﬁa?qdzlétth%fﬁm
procedures. g cahﬁﬂlatea&qmal ﬁlﬂﬂl@ﬁf‘%ﬂmﬁ@l@ﬂ NHeCag) ﬂ%&@i D B2 rerRBE s dw?sftexﬁ e

: Qentral office or renote syst ts signhals that are.recelved by the
‘opposi t e systrthis xegardhit isgwprdythiat ubghe disclosed embodiment, channel 6 comprises a central voice

25 channel that is used to directly communicate with a corresponding remote voice channel 32 in

a conventional voice band (e.g., 0 Hz to approximately 4 kHz), which has been filtered by low
pass filters 34 and 36. Further, a remote voice channel 33 is provided in the remote system 4
that is not under the control of the central office system 2. Remote voice channel 33 is
connected in parallel with the communication channel 5 (but prior to the low pass filter 36),
30 and thus, provides the same service as the remote voice channel 32. However, since this
channel is connected prior to the low pass filter 36, the remote voice channel 33 contains both

the high speed data signal and a voice signal.



transmtti ng predeterm ned signals, such as, for exanple, signals required
i m a handshak®18&#8s30dn. These signals conpronise one of a half @up I% (o/4 111K}
full duplex start-up procedure. An 30 exanple of such a start-up procedure
is described in, for exanple, U S. Application No. 09/473,683, filed on
Decenber 29, 1999, the disclosure of which is expressly incorporated by
ref erence herein ihis’ ictedthatitheefijers iaybe/arranged toilmveidififerent frreqjxend)aﬂxaractenstzcs
alternative start rocedur es e e I ed Wit hqut departin

D 11 and or SCBBAOgHN TG Ch PR A P Ao B eryiod S PR PR e, uc
establ i shes aasbfcsr@k&ﬁﬁE'ISDN b&%swr&&%mﬁmsmmql The high ?ﬁssbﬁ/lte?s 3padsieake

12 1?218068. SOL 0 JUN . 2003 session. O her exanpl es of handshake
sessi ons incl mtedﬂmﬁn@r@a ﬁi@queqqurﬁpg@@ntqbovq FkHz hdeuntedthainomssystemedo not

V.Bbis, and G a0de dolLgh Rk LoRETSLIPEE 4O 5538) 20 A6 L he handshake

sessi on hHas beén 1'ni rni ndted, one or nore
transacti ons are lBlestréamsdﬂpmm@mdiH(mthetmmhoﬁhesysTdda2)mdd::ttsheaxnsTQBRG 28

Each transacti C es at |.east .on t cont ns data and/ or
st o o o e B e Sliin ) APt o B et T CEs el e prpminicate
negative-ac krw&wlgnemumme} 82 ddiehélthidtd duEhpuetd 84, fastectively) Ot islundékRed t O,

for exanple: e%sl pnent capabilities, channel capabilities, avail abl e npbdes

of operati on, theldess “r‘@éfb@ﬁ gcope gbihe Present iyention thatibit strgams 10 14y 16, andlf eeuiid be

Request ggmay 1Hrg>‘fén%?ed B'discrRlei (s sBbWRY ofﬂ%dfeﬁﬁntﬁ&ﬁﬁm&%e%ﬂcﬁﬂb’%t ed node
of 10 operatio request ed data rate and a requested protocol. The unit

r espondi ng tdn@ltlnbls‘@b)g@ 4 ingle stream, unhmsb;qmmsdbe foape andéer fmqtmmf&agm

‘ sage) , j0 k esire
(Tl are dbph Rorlchie P EaRS (635 NOMTIIE e TRARAIRA: Bl aBaflES | ©
on the respo rlnmxedaom mtcrfage uonfotrmaigeo aRSt32r paralmhsfamw ion(1EEE-1394)] Universalhe

handshake se knowl ed el ecti.on.. omes ause
t he 15 hands f‘%‘éf‘g’%ﬁ \M%sé ‘tq%#a@rgg\) gar? h%‘e‘%’(‘)”r'rsﬁulﬁ N %e'gtr?°%8£b%

sel ectedsin tsheanmde zﬁelzaemtd 30ncanbs frapjiemertedas distrdte agezdg (as shawen inhedrawings),

t echni ques. th CUS.S of t | nvention.to fol ness the
frame struct lfr' 8“%‘@ m effg‘feﬁrtﬁagﬁﬁér&‘ﬁﬁ%lﬁ ‘Pt&‘? s@%@%"fm ?‘Fo‘?g‘a'ﬁ’&gﬂgé
shown bel ow in Tabtegoeauohuauaqe Oidittol iafirmbtich) curPespomdify (CNRE tondRipu I G (FCS)
octets are used to.determ if a nessa e is received in 20 error. wever,

it is under stc8BRUNicaton “1! ﬁatﬁieﬂ%e“ﬂf% teristisy R SSChATAGIeHSHCS AT PSSP APFINCE Uit
departi ng frfkpftes Ritd.), Capabilitied ofthRORRipHent, Afd by 8id sgplication s%&@ethﬁn@'

Frame Structure Fl aOctet 1Fl ag 2Fla (o t|onaI)FI ag o tional)Fla (

tional ) 20 nf oiech#igetbetgenthe efsqugtoweerpsqus sqction 62 andyegot tdj‘“a
-1Fl aNFl'a (o utahﬁﬂ&lrbg sELtfE JaUT QA offied syste 9, ahdthdhegdliation data receiving

section 56 and negotiation data transmitting section 50 of the remote system 4.
The essential features of the hardware portion of the invention is the functionality

- contained in the test negotiation blocks 46 and 48, which test and negotiate the conditions,

25 capabilities, etc. of the central office system 2, the remote system 4, and the communication
channel 5. In practice, the configuration of the central office system 2 and the remote system 4
is subject to wide variations. For example, the configuration of the external voice channel 33
is not under the control of the same entities that control the central office system 2. Likewise,
the capabilities and configuration of the communication channel $ are also subject to wide

30 variation. In the disclosed embodiment, test negotiation blocks 46 and 48 are embedded
within modems 42 and 44. However, the functionality of test negotiation blocks 46 and 48
may, alternatively, be implemented separate and distinct from the modems 42 and 44. Signals
transmitted and received between the test negotiation blocks 46 and 48 are used for testing the

10



The overal | conposition-of the Information Field (shown in Table 2) of the

messages i s 1®1886880H0 adds support for the new RTX nessage of ﬁrﬁ %‘gémﬁs
invention. Table 5 illustrates the 20 manner in which a revisio wh
encoded. The revision nunber is examned to Table 4 |lists typical nessage
types defined in IT CT-T Recommendation G 994.1 and P 18068. 501 shown in

Tabl e 3) bel owgvitoiiftlentdiself a$ well Blcsniimanagfg tHe résiits pf the ests between theesntralaffice 3
- Overall Message Co%si tion ldentificationStandard | nfornati onNon
St andard | nf oF)ff'geﬂ‘iﬁﬁ“ & eempleseE e Type & Revision 2 octetsVendor ID 8

octetsService & Ch JiebPdRh § ﬂ“p%%??éb%ﬁ;:(i‘exﬁﬂﬂhml&v,%@&wﬁmﬁd 1+

~(7+M ) "' octets ----CL as necessaCL as neeessMsX- XXas
necessACKX- - - exylagation ofithe deviREs used to create thei signalsh Exaraples plsproific nalussdfgethey pe

I's supported. Specifical.ly. .Jf £ revi si o er is set to 1 or bel ow,
the nessage eﬁ'ﬁ%Fﬂue(‘gfyvﬂfebepd&%gsesﬁ?lq%\t/aém"‘lggn) to ITU—_T Recommendat i on
G 994.1 is not supaaké disclosad embdiiment] frequeney division nmtis eogﬁgf dPEDM)B’ﬁQtEﬂéM for
transgn ssion of a - nessage
¥

prior art error_ recovery. t_echnéﬁues (e.qg.,
fol lowed a byV&ioussesmmunigation gatntagrahange infarmatior betyeenihe pepipl pRfice system 2 an

utilized. To gt irdchdt€systen RTRoWEES IR uadistbdSthhr e YR HniGEs (SURE 1k Tt A6t 1RmBRATE
er

of the current invention, the revision nunb must be grezter than 1. 30 35
40 Table 4 - wefsseamnle (DOMATEMA spiged sectrppy ikl SRk B2 Bsed wiowtgieparting from

| NAK- EROD0000 SR RO 800 1 R RaDOTA00I  ONAK- NUDOI 0001 1RE. - NBODI 1010

ORE - MROOI 1010 1REThe@argsdiptofraquemy) OO 0aGrequenty 4 kilzigtypBaliyneferred to as the

. ) PSTN voice band. Some of the newer communication methods typically attempt to use the
frequency spectrum above 4 kHz for data communication. Typically, the first frequency
where transmission power is allowed occurs at approximately 25 kHz. However, any

15 frequency may be used. In this regard, it is noted that tone bursts at a frequency of 34.5 kHz
are used to initiate TIE1 T1.413 ADSL modems. As a result, if possible, that frequency
should be avoided in the spectrum used by precursor negotiation methods.

Communication paths are defined in pairs, one path for an upstream communication

from the remote system 4 to the central office system 2, and another path for a downstream

20 communication from the central office system 2 to the remote system 4. The negotiation
upstream bits are transmitted by the negotiation data transmitting section 50 of the remote
system 4, and received by the negotiation data receiving section 52 of the central office system
2. The negotiation downstream bits are transmitted by the negotiation data transmitting
section 54 of the central office system 2, and received by the negotiation data receiving section

25 56 of the remote system 4. Once the negotiation and high speed training has been completed,
the central office system 2 and the remote system 4 use high speed data transmitting sections
66 and 70, and high speed data receiving sections 72 and 68 to perform a duplex
communication.

All messages in the present invention are sent with one or more carriers, using, for

30 example, a Differential (Binary) Phase Shift Keying (DPSK) modulation. The transmit point

is rotated 180 degrees from the previous point if the transmit bit is a 1, and the transmit point

is rotated 0 degrees from the previous point if the transmit bit is a 0. Each message is
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Table 5 - Revision Nunber field format 5 The RTX nmessage has the format
shown in Tabl ®1806888ow. Table 6 - RTX Frame Format 10 15 A description of
each octet shown in Table 6, above, will now be described. 20 TBeb Nl 4983
Type octet contains the uni que nunber of the RTX nmessage type as 0 5 ~ UN
2003 Bit nunbersRevision nunber8 7 6 5 4 3 2 1Revision 100 0 0 0 0 O
1Revi si on 20 PreBeded By @ pdinDatQntaeditrisg Riciet fBatee t THeITEbgK erities @ the chirizrss Matstha a a
TX1Revi si on Nunber2Last Correctl Received Messa a LCRVMBMufti-Se ent Frane
Nunber SFN4SuP®EedUEss forstasting the modwiationoficamerand qeseasat Vil bedgscribedfelast ) 6
/Trailing Flags deffdrf@fh ihfentioh esto grtq 2R, B4R BefrdTe hatish&le prdhgaiLs a
ver si on nunber of the transaction pro ocoT3 hat .. 1s being transmtted.
Thi s octet nuptrfimpedad dyringthe handshakeprecefure, tp beispentrdly pelife pnai noatabtrnsize as

this is new_nessage t , gve, Jdllustrate n Lng ,val ues. 25
The Last “Cor 1 RUPPD. Lapisry s oHRRLE sdec R otq SltEieh ol e UBfRak e Bt
code of the |paks, ovoid editing systeiaviatioRDac) Be rehsonbbly rohstigimstineraadulatos, a
NULL nmessage code (FF,~ is. used for the LCRM qctet g&en an error free
message has n@yedusieRRYeSREIclanY sRaring fic. Some syHablegripolramer tongs Hsipg ¢-d1 0 zge
codes can be ygedh ¥ird Bk Fredeneiel, aREhbiRM Tdbee BHeRW:and/ or spirit of the

I nvention. 30 The Mufti-Segnent Franme Nunber (MSFN) octet contains a
segnent index nunber of a nmessage that has been segnented into a plurality
of fra . Afirst segnent (or a nessage ﬁ@,ﬂ;pi ned in one franme) has a MSFN

val ue of 0. A second seg oTTtaretd e h; RFN—val ue of 1,
and so on. Although segmésﬂ%‘i’;&'ﬁgﬁs a‘{{g?r“a&k?:g;%ﬂs! cii;}gmi&g, the HSTU-R
c |

and HSTU- C conmmuni cati onfdevrices eg al n ifnternal pgounterg that
implicitly 35 keep track{QlzTNe VORI Vaf Ugs  The |[Jposeted Frane|Size {SFS)
octet contains a value sSUGEESTING G THE BF NET S € §L. 65 [ NE T gnote system
4 when tge RTX message cQ@ast M Mg g 9FS OCTEl [ LiaTggntred iy 15
P18068.§ 1 0 5 JUN 2003 {RRg cemtraffoff—Tte 2, —ory g ne centrar _of #i ce system
2 when the RTX nessage cpgharn g tjiE ' ' y the
renote system 4) the | engrirof—subsSeguenmt—ESSage franes to be trarsnmtted
by the other side. Values for this octet are encoded as: FF,6 - Reserved
for Future Use S @GteSthe réfootsisysiene 4ahalyzeathe egiripmesticppebilities, hexpplication desir@i, ze
of framg,lt i3S t .t hat . veal ..abo

oxanpl o 20! RHREHREEPARILAR | PRRG « ot B PRI L RER R e
i s under st ood t hatAfterithie cestral efficasgstem 2 hesrieesivaishe fipal decision ghatrmismissmncdf the

- ohanges {0t e Bl BS RITROWheS BRI HESY delli e B ey
carrier) from the central office system 2, the remote system 4 stops transmitting the
(

negotiation upstream data. A fier a short delay, the negotiated communication method begins
25 it’s initialization procedures. -

When initiating a high speed communication session, one of the central office or
remote systems transmits signals that are received by the opposite system, which responds by
transmitting predetermined signals, such as, for example, signals required in a handshake
session. These signals compromise one of a half duplex or full duplex start-up procedure. An

30 example of such a start-up procedure is described in, for example, U.S. Application No.
09/473,683, filed on December 29, 1999, the disclosure of which is expre_ssly incorporated by
reference herein in its entirety. However, it is understood that alternative start-up procedures
may be employed without departing from the spirit and/or scope of the current invention. The

start-up procedure establishes a bi-directional communication channel for use by a handshake
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In the disclosed enbodi nent, handshake transactions (to initiate a data )
conmuni cat i onP180GRtSOIncl ude t he RTX nessage nust adhere to the fq) g_llg[](]s
four mnimumrules: (1) If a HSTU x receives an eaored nessage,

transmts (sends) an RTX 15 nessage. The Last Correctly Received Message
(LCRM field contains the type of the last correctly received nessage. The
Ml ti - Segnent séssianeOthenbamplevBFhindsitike sessinas intled&Sbgyas hedlimitats, ISUZE ( SFS)

octet are encQded in the des bov ransaction is
illustrated i c?ﬂ"@{“engat’%’ﬁgp&qﬁb‘ &gs%?qkfgﬂmﬁa}'#m(‘%’gpﬁg "HSTU- x
receives an error effenthd hamd QRREHs86n Hﬁso%&gﬁunatéaeamamaqgmﬂim%e die @ ore
Nunber (MSFN) field contains the nessage segment numbe As previously

descri bed abotransagtions #re ushdde cxehapgedtadttwieenthe X HEG and§be s Edde fiach fransactigs-N

Yﬁl&ugegﬁmni fraré'ﬁg%cg%r%tﬁglg?%{s% Qﬁ‘a&m %#ﬁ{ &qémt?l Cl r&%ﬂfﬁ@ergﬂk{he

frame, the HSddknéWwledgrgent messapd @raynsgmve-éitknawdtdgimenﬁﬁa'dsh@)(e g., central

SYStem 2) St T A0t RS e e 6T e

descri bed bel Qabilifes, Naxléblé‘ﬁ‘&bb%f'&ﬁéraw uéeeﬁdijhé@ﬁ a@ﬂx&ﬁé@f gﬁés@eanmm :
during the handshaking session, the Last Correctly Recejved Message (LCRV

octet nmust coiauests Reauesismayiacludegbut agrmot l%ﬁte'é%’alﬂ?ﬂeéa@ﬂes%u@ﬂ“@@&%qe&f i's
i 1T ustraped idhefahiGn, areqirited Wath Iraté)%n@le ERQbrbBt AV THE Rflit téporldingtto H%Iés'%age

h
receives an RIX nessage Wi th the Last%éorrect Received M essage 3
set to NULL, indigatpsSTICCEPLARSE (wnﬁsmhnwlpmnwww)memgen fwithed megetiviown
g., hangup i
P 85t - oo TlekRHTbAB A e 5 e OiBHETRIRecle S RBES AR et
are cont ai nedncsaagchEeplcxslu'IgametHe EsEinec, nexlit erdyoxitinernoth@irteansation orlrminfite the

18068.501 O N 2003 ( STU- X rec ) Lhree SUcaessi v RTX
Tessages. ¢ hd el SR ek eliptonte £ BEE iR yon PSR RAF SR e

hangup/ 1er m nﬁhds):akévessﬁﬁﬂs ibe eermirackd( 2hd tﬁﬂcdﬁ’n‘iﬁlmmgmdesehabd in the modc
"acknow edged", Thus Ff %ra S ctl on oceecg,& as if the errored nessage
and the RTX rfé@g%f’é‘é“ﬁé"‘fgé ot PEIEEREYS t he exanpl es session
shown i 3 Figs. 3 uxothllaxscus‘swhs:fﬂﬁtn@ibnhhato fanoxa,r:ﬁmggedsectae €3ma stputtiae st ot ¥
receive nressa ile an cat e recejve ssage, that .is
Crrored 1t we T Arepmaedaicn P (3063 afernbovs bR, B ahea- Li8Beed thahe
same s equencenafwotprsxﬁe Check/SRGSdncé (mt)loate&. PP UL NSRRI b AfeBiapé RederdR] X
message, Since the encored massa% aﬁe 10 cannot be positively known, the

recei vi 8 HSTEoK Hewgyer itisundegieo RS TameSTABTeS cam be ermplpysdhwithgut + he
errored framge, i ehelsp A1 3RA/bE dcBFe SMUUnSedifRa. Deen notified of an RTX, it
can decide to shorten the nessage length in accordance with the Suggested
Frame Size (SFS) octet. Additionall y, the transmtting HSTU-X may decide to
change the contents (or the message fTgblep- Framejtaigtureat t he commini cation

c)hannel is likely to haye future errors.Fld® The above di scys3dtan pas
present w th an enbodifment 1 n which Thgad 1 rst rressage |s al \zays sent by
the HS R However, t he— f +5 CqU(IlI =Y appl Heable—i n t he
situation in which the flirst messageFlag (eptionalki tted by the [HSTU
Accordingly, it is undefstood that tmgf(bﬁt&;nanessage can be transjmtted by
the HSTU-C wi t hout depafting Tromtnﬁ-ﬂ gl I’l[ ‘e)md/ Or SCOpe Qf the | nventi on.
20 An expl anation of the f 1288 i —new-be—presentled with
reference to Information Field
30 FCS (first octet) N-2
FCS (second octet) ‘N-1
Flag N
Flag (optional)
Flag (optional)
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Figs. 3 to 12. In this regard, it is understood that the foll ow ng exanpl es
are provi ded REI06BYBOtor illustrative discussion, and are not to limt the
scope of tl:e invention. In the exanple illustrated in Fig. 3, g% 2003
successfully receives a CLR nessage transmtted by the HSTU-R The

then receives a CL nessage fromthe HSTU- C. 25 ThereaRer, the HSTU-R sends
an ACK nessage andheheerall zofupositimisetfes InforinbtbonHSdldH(Showhl ih Tabig 2) bfthe hitskagds is
sent the M gﬁssa e tq gk‘{ HSTU- @ gy'g ETU—C do not recei ve the nessage
error free. SPAWEIR fiable delow,nclyding the BIXA messagso dﬁesFPto‘HYet"IthnHSTU-R was
an ACK nmessage, the HSTU- C prepares an RTX rressage with the LCRMfield set
to the code of the ACK nessage Tamgnddzﬁanlﬁgéghﬁédﬂﬁﬁdsﬁ% the RTX message,

it detergines [rhat—thg ACK—30 FRoyvas CorT qved U on SHiadard
data thereaftgr (e.g. the I\/S rressage‘i was not orqﬁgﬁjﬁo,{ ecg |Vﬁ°@omg‘§;a
result, the HJTU-R refnz

Fig. 3, the trlansactip n con I nues ug t gnda nsa‘tl E(nulfgg 17
P 18068.S01 0 %%Hlélﬁs)a%;p bg{ 4 illusty ﬁ:e&% senqbi‘gblgf a - segment
t 8

CLR nessage by JRtets 63G8 S ifng acknow ed ;ed bastedn
ACK(2) messag§ MK‘ e SEU T rCIle MbeTed 0, a peCcOond_SEYITET|t
is inpli §I tly |Kucr et amS o P2 ﬁﬂ seyment g tiheErRTESSage
%j D, as necessa;
transmtl ed b) ~H ru-xlo rot—tecetved %;LTH HSFO—+Freetof oty |S.
1 |c~1-| 1 3 LN H 2 nz'&ssm
5 Accordi ngl Y, et X‘pl PPt eS—atTRTX btl:aoa CRvV—set—t6o—CHR
: > NP H £x £l AL £ 'aei-r-l'le-gsc—-“%ef-
Since the CLR ager o;ﬁ M—t—Seoth At 4T?E_a—aag Pt e o€t S ed
\(\!i th 1 (e g. 1 ) £ |?.n—\, t-e t}lat Hire JC-bUr[d OCgIIUIlt of—t+fe— "
yfti - sigment . N & Rp—ast—segrent—eerreeti-y—recetvef—When—the-
TU- R cel V\:ml\/ ¢ SShege—t+t -dat-errcres—tHhat—t l'lc second chn?nt
(e. g ’ C:LR, ) +—e-e-etve SOf Jfrcc ﬁt t e t hl rdﬁcglnjln Itje_‘g'—‘—a':%—'ﬂ\as

not 10 received. Thus, the HSTU-R retransmts the third segnent (e.g.
CLRz) of the CLR TH[IJIEMlﬁﬁgyﬁm%sww%‘deﬁ&dﬁﬂWhTR@Eoﬁxh&YmnbxﬂG@m ahd the

transacti on then conti nues usi na{standard transaction rul es

i | lustrates ®l§eaddssupport fos thgnew ’{’FnE‘emﬂhﬂ%?“ﬁ&veﬁ‘t&?e|'R?81°t5ﬁg“%“ﬂ°§ the
nessagepgent umnérhﬁvdﬂﬁwrgwsxm ﬁuﬁsémss&fesaéan THE Gévistort¥nirhber iCexbiied fo

successfully receiving the R nmessage transmtted bi/ t he HSTU-R. Then,
t he HSTU- C t Aetramine yhathsa_thwﬁa%rg@sagﬁ tyneds pppened Sascigeally, iftherersiopsymberds |

not receivedshy, { Bepéioh UnBales péxt&{sroar(éf theggref;&t {befitfonl) B V- h‘@&EorﬁﬂEﬂcfaﬁBﬁ y
recei ved message fromthe H U§ prepares a RTX nessage W th
the LCRM fi elGP%4dtis not quneoréqéd@ddhuwl_ag errvwé Mes$ge [ISTegIGdy RE ARETOT 150 YRIYX
nessage, it EQ@%“ SELE.- E‘@Brﬁ I e
HSTU-C retr a%sﬁnﬁﬁéﬁgsgga't’ e |l%&nr&rr§ssa esﬁége ﬁﬁé‘l’éﬂ J%ssagegle;huéﬁgﬁgh
not shon i nccﬁng}etefm;startim)tmuﬁhbamhzed} mtnilz@dm REX¥ aucssage and s inproved

channa! i ni 1+ FeRgnirdSh icpEmF SERE irdo R 8 iy il hBP BRSO

,‘E)he HSTU- C, but it is not recei TebledrMuassdge epelfield foen#STU- C.- The HSTU-C

inforns the HSTU-R of this enror by trapsmittBit b ssage with the
LCRM set to NULL. However, dydessagetypyr e&aifpl®, SprobPerds Wilth the
comuni¥ation channel, this age alsh0id nhi 0orGof G B! As a result,
the RTX nessage i s not corr e i 70 @ dhys, the HSTU-R
prepares its own RTX nessage P LR 0°:& bcg'L rfﬁ%ch i ndi cat es
that the HSTU-R has not recei i e ESSH om t he HSTU- C.

0

In this,exanple, the channel rare—Hao PEO and 30 the RTX
rressagZle s received by the Hj BTN Lvoc-—ln

rgeTTSnN g RyA nmessage has a
LCRM nessage of NULL, the HS] = OFE.":gTJ—} rd% ikgcbor”i%t—[mssage (e.g.) the
first RTX(NULL) shown in Fi g/ fQK-NE AT CTHRyTIR0 gl g tomad ot recei ved an

error free nessage fromthe FRR¥ERG 18 | 0P 0ldP0g. Lo 1 1
40 REQ-MS 0 01 1.0 1 0 ©
REQ-MR 0O 0 1 1 0 1 0 1

REQ-CLR 0 0 1 1 0 1 1 1

RTX 0 1 0 0 0 0 0 O
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was al'so not received en or free. Accordi ngly, the HSTU-C term nates the
sessi on by se®dBO$.SDINAK- CD nessage to the HSTUOR Fig. 7 illustrates an
exanpl e in which the quality of a communication channel deteri @ &t g¢igN 2003
(resulting in the reception of two errored nessages) during a transaction,
and then, the quality of the comunication channel inproves, so as to allow
a subsequent error free nessageTabde®pRevsionNunber fidhdfdmaatdshaki ng sessi on.
The HSTU- C successf ul | y +eceives—t-he—CLR+Aessage—that—was—t+ansyi tted by
the HSTU-R Al t hpugh thg HSTU- C sends a UIEST. R, the
HSTU-R does not recei velthde rdd f 7o b Snc islgo |ast
correctly received nesshB&visiolgn t he HSTNOC O hd H8TII0R & odar s lan RTX
message PO in which thelRevitien2 ol d i <bt0 + @ NO I O SOhcd tHe channel

degradati on problem continues, the HSTU-C again fails to receive an error

free message. Thu t r r ! RTX message with
the LCRMfield set eoi@g.ﬁ&gg%g% ‘ﬁﬁ%@%‘éﬁ%&o@?ﬂ%ﬁ%’%m cati on channel
has i nproved at this point, the HSTibldb ¢ RTXiRrase FormaRTX nessage, determ nes
that its RTX(NULL) nessgdten@entemot recei ved error fir@mstImiaxi#fetransnmts the
RTX 15 message with the hCRihdFiglsd set to NULL. Thg HSTU-C r ¢cei ves the RTX
message, determ nes that| NMéssapblyptBIX@Je Was not redeiveq error free, and
retransmts the CL nes Y3@@isioANuggn Not shown 1n|FIg. 2/, the transaction

then continues using the1aiiTeHedt Refcived MebL&LCRMSY- FIa. © |l lustrates an
exanpl e transaction in WinGfLsEdhentiktathd Kimber (MSEMMINT cagi on 0 channel
deteriongtes (resulting Mggdf,@ﬁgg'ﬁ@pspf three @grrored nessages) during

the transaction, and theFranldChetkBqhchde (FESY(B6ct&®NMUNI Cagl on thannel
i mproves, so as to alloy a subsequent error &e megsage7reception during

t he handshaki ng sessi on.| THikngtfgs>- C ... successtullly receivep the CLR
nmessage that was transmtted by the ASTO-R A though the STU- C sends an
CL message to the HSTU-R the HSTU-R does not receive the nessage 25 error
free. Since there# despriptionsf eachractet shopvnrin dable 6 pbene, yul momrbsrdesdnbediSTU- C,

t he HST,§- R prepa L iuSiﬂ; LGRS I NULL.
however ?bt)ecause ?ﬁghﬁﬁéﬁéﬁﬁ%k&g %t;ai{ﬁ(s)#gpr oquﬁnconti nelulgig,Ei n%%seaiﬁéfb-%

agai n fails tdesaribedinvEsbled.error free nessage. Thus, the HSTU-C prepares and
transmts a RTX b N gfﬁ@{h I | |
degradati on pr oblrrg?ﬁgggﬁts%ues,@fﬁéé %aglgegs?(}r? 6%3%5%%1&%@5&@%%@@%&%%& -
ﬁg?('\)/lr f &efadrrps'sbajp:g E[raﬁgnNmnclii {This dd&T;I):[uR bersetgcates tizam dRE X1 )rie oudey o indic?ththalnﬂﬁshie

ie is set to , ﬁE'F I an error free

nmessage from*tffe ST C °At]SaH%i%§at|lo°3F’H : ﬁe\ég{?ﬁ?a %?ﬁiﬁg' t he conmuni cati on
channel 2%as i npr oTheLast Qdrrettly Riéséived Message (RN ectét Exntains slegMessagaBypietchés]

fromthe HSTU.R .deternm,nes that its first.. ssag S 19 P |
8008 S01 0 595K DT PLE ERGACEERRe. 1 U distns®] aopaliroit, s NERE sty e
Al t hough not (EH|g\Wsluded fori the LERM betetiwlizi 98 efrbriirecinissbage das hotbeen 16¢ivg ifittieerdar d
~Yransaction rul_es.gzi g 9.llustrates a exan‘gle transaction Oépg? HSTU- C
Utilizing t h&sHPRsERVEYShARMAENe MessRes Godet &P b ujqd; withou g irpzp thy Seepe
utilize the pideepiritiofwRihvedion.The HSTU-C 5 successful |y receives the CLR
message_t hat was transm’ttedngﬁthe HSTU- R At this point, the quality of

the conmdflini cati onThe:Muispe ageaber MFY) egtet,coutaing @ segpent iRfex pum C
to the HSTU RpiessaB@thaf ﬁ&@e%ﬁﬁ%gﬁfen@ﬁ irfté & BlubMity brerdnseUaARirsSiepnt (62 fedddp R

does not enploy (utilize) present invention, prior art techniques are

enpl oyed. Speeitdinedsin|ope frame) b RMBFN velua pEQ Asserond segsmant sonfaingxkiniire frame based

frame) nessa m 11% L ECal | [.on.
Si nce the chgm\%ﬁ& g"gé\ggf é%s?%?f; %&'ob et‘r#fg% |cﬁt€§?é%ﬁ€%%g%éﬁﬂes to
recei ve an eHSTU-R aedHSFYsEgemmthigatid@dgvicey sabh miaintas itgnadonitersdhat iplidithe s

t he pr nt jnventio ﬁqirgﬂs and transmts a RTX nessage with the LCRM
field %te tokﬁ%ac%/\ﬂg%'e%e BBCc fails to receive a response fromthe

HSTU- R, t he HSTU- Thd Siggesied Brame$éze (8FS) areo tdntginy a valud suggesting to the other side
(e.g. the remote system 4 when the RTX message containing the SFS octet is transmitted by

)

-
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15 Fi g’. 10 illustrates an exanple transaction in which an ACK nessage is
recei ved w t hPeB06868681 The HSTU- C successfully receives an M m:ﬁigagﬁ tcfxb%
was transmtted by the HSTUR However, although the HSTU- C sen asUR
nessage to the HSTU- R, the HSTU-R does not receive the nessage en or free.
Since there is no last correctly received nessage from.. the HSTU-C the
HSTU- R 1 esponh&cenital s, ion the @BnthAl Sffive $7etee 2 wihen HeIRTX irfessad EMdiniag theXFSi S
set to NULL. Since the HSTU-C determ nes_that no nessage has been correctly
recei ved, theclabistrapsmiged by heireaote gystened) the leaghof spbsppicat messagefgames to be
transaction. EiGn; ' S | ; in which tvE~o
errors occur uraﬁg?ﬁé&lr#y&%ﬁéhghgagﬁﬁﬁ%t({%{)%?é\%nﬁ?(ﬁfeggaACK bei ng one of the
enror ed nessages. FFlje RagFveddoskutureddseul |y - receives the M5 nessage that
was transmtted bé thg, H§TU;=Rf The J;‘ISTU-C%pen sends an 25 ACK nessage to
the HSTU-R, howev ?',"' qé ST FARE FEorIRerYH i n ¢ he quality of the

comruni cati on chaomed xxxkie HSikbloRfrages not receive the nessage error free.

Since there is no,last, correctly received nessage fromthe HSTU- C, the
HSTU-R pr epaﬂfégu&#fm%tﬁgéé%@aw Y3 Prreenieeravan Fxample implgmented W fhe

Since the chapBedimeRBIARAd N iRYARbETHENE ek, 1H8 SnddritGod 1Al 4uth 2@dshrd frebepiteld©
receive an error free nessage. Thus, the HSTU-C prepares and 30 transmts a

RTX nessage wierdly esan exampief and changss ta the euesgnayche mare without depagingifiem the
comuni gzt i Ogﬁﬁpmwscﬁ’@?’ﬁ?ﬂm‘%ﬁ at this point, the HSTU-R receives the

RTX nmessage, determ ne Its X(NULL) nessage was not received error
free, and retranshithsdistieseREmbndioraty barwishake tiansatiisiRiyi(foi initidtesatata 0 NULL. The

"ApTU- C recei %flm‘-u%‘;gat%ﬁmrl?ﬁﬁﬂeeﬂm%%x xg%ss%%elmﬁslgrg%?e é%e gyllgwi]nléal\fﬁ On%%lmum

‘déet ermines t nessage was n celved errof Tree,
retransmts hiles: ACK nessage. The transaction is then conplete. Fig. 12

illustrates an ex e sact.ion where an ACK(?2 nuf.ti - seqne
nessage i s recei v@gqhuﬂgﬁﬁg’f F“W?ﬁﬂﬂt%%%dﬂ‘émg%ﬁhﬁé%ég@‘%‘st(?eaﬁgW&L@g by
R R AR i n ekt
irst segment is_inplici nunber.ed . a second. segne [ icitly
nunbered 1, %l‘ﬂ'ff"’gb”@ﬂ."eqﬂngééﬁfn%ﬂé@(lﬁ)scg’é‘ﬁ’it%ﬁ?“‘i Nlémgg‘l(&%lﬁsé’cgg?“qtéﬁei ved
en:or free byuidegtedrhidelSizeASFIY sbtdl UteYencdde i ERE Hhabiné REHMbEE abtve RAX eXRBBRIC
with the LCRMset, to ACK(2). Since the ACK(2). nessage is an acknow edgnent

to a nufti - sEyastion pllustrated ip Fie Rppnd willdedescabedbadeiéd with 0 (e.g., 10
ACK(2) 0) to indic@ferd RBTULNRcAVEsTh eAbHd BhuIfise té@%ﬁésﬁag%?ﬁ%ti@%k@&e was

the | ast segnent correctly received. Wien the HSTU C recelves the

nmessage0 it BrameNamhes (M field containy ths mprtnge sqemegt numbrcr( A preyipysly desaribed
error free bwové,hﬁﬂé%emef%o%)xgé% zgsﬁggré?,@astﬁ@baﬁeG%.vm J"%}ﬁén

the HSTU-C retransmts the secon ACK(2),). The HSTU R
cont i nues’ t hisgmentrhess MYIN walua ofls and sa om Altheugh the segrmang frames dd netisont@inR -

message (e.g ~) o mugp':lg(ﬁg Ko, t;%g‘ qGLion then
. 2ont i nues us?ﬁéa@%%lg%ﬁ lTr1 ansaction ri’U gg.slrg_hh]gl(?%f%egu& n gfﬂé@{}églﬁ%n has
“bees provi dedSTErR(e\e. foontral lspstem 2 pmust mdfintainphampliditeounnef themimben of ftames thatbe
construed as, |imting N ' - Wy i ntion
s Been e EVEEAR Pl e PLBIARh i SRR g ™ iy WIFLE UGB bV
understood that t(Be Iﬂmﬁﬂ’ﬂ_]&&mhbnhcdimdennbaenﬁtmehshg;r@ﬁng threchandshdking f
description s%?s?or{, ltl'lel]l..sagtr cgrlre%Hy Rtr‘.zgetiwpe ngsrslggr}: (%f{gﬁ o%Iet must contain the NULL message
code. An example of such a session is illustrated in Fig. 5, and will be described below; and
(4) If a HSTU-C receives an RTX message with the Last Correctly Received Message
30 (LCRM) set to NULL, the HSTU-C must respond with a NAK-CD message to clear down

(e.g., hangup/terminate) the session. An example of such a session is illustrated in Fig. 6, and

will be described below.

Two additional rules are contained in the disclosed preferred embodiment. They are:
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linitation. Changes may. be made, within the purview of the appended cl ai ns,
as presently $t806xSeind as anmended, witlyout departing fromth® Scéipk
spirit of the present invention in its aspects. Although the present

i nvention has been described herein with reference to particul ar neans,
materi al s and enbodi nents, the present invention is not intended to be 25
limted to the par {l)cdfikdSTUx skivsctirdeatiessive REX friessaldse theHSR Mk musvseAd aon

extends to all functionally equival ent structures, t hogds and uses, such
as are Wi thi nNﬂ%’&’c‘Bﬁ’éagﬁtgP’ﬁé’ é&dﬂb‘ﬁ&ed’% tﬁlnq@ﬁ@m;@dv\hi le the
present invention RSADRER HRSHePRS "Wikhbw[c8SdeC Thi tHeMfnidofbn PoPGALM i
defined in ITUT Rgzom"rendati oﬁg’ecli 994. 1, t[?eé%?esent I nventi onﬂ:bs not i the
limited to beemeredawssags antd thenRIXmessag¢uvese nddsenti s equal |y applicable with
ot her progedures, h_ 3 for aml.e. .l TU-.T-R m;ﬁn ati V. 8 and
V. 8bi s. e met hod@%é&s@rg?tgig’eﬁg?meﬁﬁs% Sﬁ%‘?lshgg nd%gllgg'g‘fe hgr]%"v\?g?dzthatanm°w

i mpl emrent at i oimglidates h sulicegfullyuecenet nidssage,achile@n “AP prdicatdsiaohcesyed Mdssage that is
integrated circuits, progranmable |ogic arrays and ot her hardware devices
constructed t &9fpl ement the nethods described herein. However, it is
under st ood that theisrfdvenhitQHIEY-Xdoes nbt bSO R e@ihbmit exactlythdkatdd Rqlce of bits
i npl emented in software (e.g., a _software noden) that i s executed by a
conput er. Fur it trapswiited ind messagsibefpse Erariving the RTpmesge.abipehde eered mepgse bwe
not |1 M1ged ! Gl pobiBVAG IndlR et B HSTOIRAAGNA not2AE anf kit lout
processing, parallel” processing, or virtual nachine processing can al so be
constructed ttheicoperdnefthe eieredfame.d¥Whee sher trapenditting BS HU-X haschean notified of an

th h th s i, f ' i . . i .
ol anent ed i RIRHE Hn GREE S ) AL ASSEE G S AERIEEL it e SHBEEme size
protocol s, th@EFShvaett iAaiditiopaliyg thel transmidting BSTUShmsy demide tdshangs ther acntzots|(er the

The standards_for | nternet.a her packet - sy t che e rk Lransm ssion
(e g.. TCPI | PRepgs TRs) ngﬂgﬁ%@ piHfifation Zfon ‘ﬁ&b‘?y H%,“&Wﬁi""ﬂswa;
peri pherigl cont r ol Thelab&A; difbassetGvas fivkkenteSAvithaxn Eboditivhl iA)whictnile fiesd inessagdis

t el ephone networks (I SDN, xPSL) represent. exanpl es th ate of the
art. Such st ﬁﬂ@fsdg‘st&ryg}l%gw&'c PY§Ves %F‘é@ﬁtéﬂvngéfs“ﬁgﬁyo?ppﬁfﬁ%i” Bihs ci ent
equi val ent s hspvhtihh it Whedhithéfitsy me&i8gsis Mandnifted byPihe HSTERCARREEAIngBL Adlar ds
and protocol s havi ng the sane functions are, considered equival ents, 22 0

5 SUN 2003 | wxigistepd that the dissthmessags cambe rasmitied by the HS T+ without departing from

retransm ssi Qe Yiritdnd/onkdope 0ftheeHRAGHS When an errored nessage is received
during a comuni cati on_handshaki ng procedure, conprising: a receivin

section2Phat receiARSXPENEHER %m?cr‘éfgﬁn"ﬁﬂleii%‘feﬁ%ﬁ VHEPh beRIE Rt R rﬁ@(ﬁ“&%@ sai d

receiving _seqti%m 161 €3, Elnlthil Gegdhe it i BndREdiYdQRat WSO AGPink SxARFI8E 48 Provilied Rictlely

received signal's; and a retransm ssion request device that transmts, to

the initiati rfgr idlasratine diseyssian, and aeaot ko limit therseepeafithaippeptioequest nessage

i ndicating that saj : o ' s I

~petransm ssion r e%glgt%&rre lggédgﬁ?t%g@pgg ﬂ\%ﬁ%ﬁygsrurc}é%t?ﬁﬁ gﬁscgiggg%\glélzlx%?ﬁg)?
recei ved by ttragsmittedrby thedST3ARd EheHSTWRR thtnreagiyrsndilumessage framithe HSTHC.ei n
said retransm,Ssi rther N ' r '

"ol ateafo a et b M RIESWACK HiRke hR ETRNE BRslelh IR0 R

transm tted tAlthohgh the HSIRI-Ratntahe MiSunessage3o thetHS TApLathetHETHL doemnohrdceive the

wherein said retransm ssi Qi r t nessage.fuyrther i j r mat,l
related to a¥PHE °ﬁﬂrn%°eer %ceggeﬁg'?ttcpgg‘%é e mr?éss%%%gm%ﬁgwfé’géﬁ%ﬁ us
of claim1l, \whesage thé HSTUFC preipities gn REX messagdeuwithithe LCBIVDfieldast tathecod©of the
detecting devi t hat ects Ld_errore age. 5., nmet hod fqr

mi ni ni zi ng aﬁ‘@?%ﬁﬁ?'s. ' %%ﬁﬁ@ﬁd@‘?ﬁ%‘ﬁ&&%@?gwﬁéqﬁ“w&ﬂgﬁ%
nessagess I osediage aslbortdely fecBivBdlBinakdt Mgk RULHEEARR (OF., The MISHIEEES wal ot
session, conprising: nonitoring the handshaki ng procedure to determ ne

whet her a r ecemeatly redeiyisdl As dmesiitnthe BISTHIR seteansmpitsthe Y55 mesrgee. rAlhongh potng a
retransm ssi : i . sl dPRarbct ortion of
t he handshak?ﬁ%%&ggi%‘&?%’%ﬁmﬁgﬁmé %H%i%agtrlgﬁgh%ﬁ%shake pro%:cetﬁﬂ?‘ges?s
determned to contain the errared nessage, wherein nonitoring the

handshaki ng procedure conprises determ ning the errored nessage has been
recei ved by examning data related to a Frane Check Sequence. 35 6. The

met hod of claim5, wherein transmtting a fétransnission request nessage
further conprises indicating a last correctly received nessage. 40 7. The
met hod of claim5, further conprising encoding a specific nessage type from
a predeterm ned set of nessage types of the last correctly received
nmessage. 8. The nethod of claimb5, wherein the retransm ssion request
message further conprises encoding a segnent index nunber of a

mul ti-segnent nessage.




9. The met hod of claimb5, wherein the retransm ssion request rressage
further 45 coPrtﬂOﬁ&Sﬁllndl cating a suggested frame | ength of sub§ 2903
transmtted signals. 10. The nmethod of claim9, wherein the suggested frame
| engt h of subsequently transmtted signals is based on a franme length of a
| ast correctly received nessage. 50 11. The nethod of claimb5, wherein
nmonitoring the harﬁigshalihstgtepttmcsenﬂmgofmnmms%gsemm miessggaiay the HSTREROwitlo a

e LG T s e
net hod of cl gjyfbdfed Ofklﬁécbﬁse?ﬁx@ﬁtrlk FhplRithARibddad, and &6 M eiirdisB@né 6pinged

message. 14. The met hod of aim5, further conprising termnating the

comuni cat i orCIsRmsssage yansmitted by dertISTHiRnisdobngaeied f the ASded fise gbanyesrors.
occur. i t

Chroe. 10 16 ORGSO Chritnea AL Belidfe BIABHIRIEH CHIE Yintrine
nmessages \/\herCIahmessagrrwd mm-smm Biessegs; thedd SEN Ifi iellys andmdadiwhhlkl(ﬂg, GLBoadur e
of a communi caj.i on,sessi on nmoni toring receiye atarelate to
o or edet or m ABAiCATY GACRS 1P Rt ey Bt HrRet i i o et

15 transmi tt ireigivad" When e H SR reteivd @isd RTR Sfeagh@e, ih@sterinires i the Gecdild
predeterm ned frame structure indicates that the received dgt a i ncludes an

errored messAatEenhfcd <+ HRABS FSPVeerra dise bulthe turd segnent4¢i8+ GLK,) was not
predet efgi nededefRIPTRIS! #6 HITE-R QPnbRARS theittd Bk (£8S EL R%,fd&tmzﬁmﬁ £d to

a Frame Check Sequence of an xDSL handshaki ng procedure. 17. The met hod
of claim 16, segmsniddmmespagas Ailthewghqrotshosmria figiis i grnsagkipndben sppnuegasingr t her
c()rrprl ses |ng{aﬁ&i&79&% r}uﬁgrrect message was |astly received. 18. The

nmet hod of claim17/, ur er conprising termnating the conmmuni cation

sessi on when a pr Eige tSallustnated theiexireple o which dhiecldS e daps otneceiver the Srst messdge 25
19. The met hod I ] . 20
The method oo PyMhFET G ntahlor R BE HEITEC sl BRALl el iR
messagels urt PER messygei taasmittad by diei HETUWRL drhen,cxhc HSTURE trausyets\ac(sL inasshgeyto the
recei ved. 30 he, net ho claim.16, furt ermntlngthe
communi cat i oﬁ%é'gégi gﬁwﬁ%%h'gﬁe&r%ﬁgﬂgé I“?ﬁ%éﬁxWﬁﬂg %%&%& f S §a§5§° are
transmtted. théreis Ibhsrraﬂ%m!y ﬁ&elc&dane&agl- ﬁamree{m-meummwmpm arRIToer

is three. 35 23. A n a i nal
nmessages \/\heﬁ‘e%ﬁ‘}g"e 3’%@&8}@%? %‘g’ie\?émt}r W%&? g%ér?‘{ ﬁéb‘g’t"e%tﬁ'i %2&
procedure of nﬁssﬁ%&%k&:ﬂiﬂc@ﬂmﬁﬁﬁﬁb@ige WA ERfredtlyYeceiveaN IThas, lﬂM-IS'HSP-QJ Méeensfisa
related to a Frame Check Sequence; 40 transmtting a retransni ss' ron

r equest2tes s gdirsimeassass &8 @ﬁ@L@eéweseﬁMb npt oA R Eig: hahe fransagtion dhepe g

dat a i ncl udegyRRuusPgRthniRE HatklctidnY8les.Et F ansm ssi on request nessage
i ndi cati ng which correct nessage was_ | astly received; and fermnating the

conmuni cati on sesjtbmexample ’H]*ﬁﬂéqdé? Figh &the com@pnigtion shanneliinal nitielly dRos eBet ur .

45 24. The npLOheHSTIR HnsRits MOERGhsigdGo B IHSFEIOTbRAGHis HorRedivederiol 6RE
0 25. The rrethod of claim23, wherein transmtting a retransn ssion

 fequest mes sbyythe HFTHE T@e%%@snfguwesﬁsﬂy-ﬁ of tanherrqr by drpsmitting 3R B{uent | v
transmid ed 3ahgl gim 63 1CRM s g«;ﬂTLgan%@e#nda to, RSk Eh e  HIbISHIH

frame Ien th sed upon e correc ssage that was
| astly recei cmimmicatxoﬁ cwuwmmesm alsﬂihenomq»o&eofAca aswlt, 218 RTK amegsage is

termnating the c lmta;n“ ﬁ?@’é’m% 0 ﬁgwﬁyfglpgﬂg it&‘%ﬁ‘i‘x message

conmmruni cat i of’ $&E E'ssages oc
. Ah?. Aa. A3h. wizh the A.CBMAetAo NUAZ., which(indiédtes that the Hsm-mmm&véd :&;y error free

. Ay. Aa. AOPQ >P{u ca c ajlca
U ca] ¢ aU] ca]® W%f ]ﬁ%’H{’]“E m @lﬁf‘g&f@ °c9§1}"§8+ Cliajug 9 imp 2
the RTX message is received by the HSTU-C error free Since the RTX message has a LCRM
message of NULL, the HSTU-C determines that its RTX message (e.g., the first RTX(INULL)

shown in Fig. 6), indicating that it had not received an error free message from the HTSU-R,
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ca] ca] ca] caf Sgitb se@qsmq,lamwéf e Spetapestijedhs messagy 75k |
wr e Yy ] c] Qﬁ FE] lfsq]oq%l & Fe@ll f&%ais%gd gi@i@@ aRleroH cal
ca] ca] ca cal ca]ca a ca (& (
$109% O{ O%' () prep msym& et)mm is)setato Nidkele' fowegnbpausethoop 2

2 () 1 doaov R %ﬁ%ﬁmﬁ QST Gyimain s Orgss AR TR Fee
494096 & () -' messge RS the HSTIA Oy arfd transrh¥td @ RETXN nessBgeiwith the LCRM field set
to CLR. Since the channel degradation problem continues, the HSTU-R again fails to receive
30 an error free message. Again, the HSTU-R prepares an RTX message in which the LCRM
field is set to NULL, since it has never received an error free message from the HSTU-C. At
this point, the quality of the communication channel has improved, and the HSTU-C receives

the RTX message transmitted from the HSTU-R, determines that its first CL message was not
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fails to receive an error free message. The HSTU-C (which, as noted above, utilizes the
) present invention) prepares and transmits a RTX message with the LCRM field set to CLR.

When the HSTU-C fails to receive a response from the HSTU-R, the HSTU-C terminates after
a timeout period lapses.

15 Fig. 10 illustrates an example transaction in which an ACK message is received with
errors. The HSTU-C successfully receives an MS message that was transmitted by the HSTU-
R. However, although the HSTU-C sends an ACK message to the HSTU-R, the HSTU-R
does not receive the message error free. Since there is no last correctly received message from ..
the HSTU-C, the HSTU-R responds by preparing an RTX message, in which the LCRM field

20 is set to NULL. Since the HSTU-C determines that no message has been correctly received,
the HSTU-C retransmits the ACK message, completing the transaction.

Fig. 11 illustrates an example transaction in which tw errors occur in the middle of the
transaction, with an ACK being one of the errored messages. The HSTU-C successfully
receives the MS message that was transmitted by the HSTU-R. The HSTU-C then sends an

25 ACK message to the HSTU-R, however, due to a deterioration in the quality of the
communication channel, the HSTU-R does not receive the message error free. Since there is
no last correctly received message from the HSTU-C, the HSTU-R prepares an RTX message
in which the LCRM field is set to NULL. Since the channel degradation problem continues,
the HSTU-C again fails to receive an error free message. Thus, the HSTU-C prepares and

30 transmits a RTX message with the LCRM field set to MS. Since the quality of the
communication channel has improved at this point, the HSTU-R receives the RTX message,
determines that its RTX(NULL) message was not received error free, and retransmits the RTX
message with the LCRM field set to NULL. The HSTU-C receives the RTX message,

20
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The foregoing discussion has been prowded merely for the purpose of explanation and

is in no way to be construed as limiting of the present invention. While the present invention -
has been described with reference to exemplary embodiments, it is understood that the words

20 which have been used herein are words of description and illustration, rather than words of
limitation. Changes may be made, within the purview of the appended claims, as presently
stated and as amended, without departing from the scope and spirit of the present invention in
its aspects. Although the present invention has been described herein with refere;ce to
particular means, materials and embodiments, the present invention is not intended to be

25 limited to the particulars disclosed herein; rather, the present invention extends to all
functionally equivalent structures, methods and uses, such as are within the scope of the
appended claims. For example, while the present invention has been described with respect to
the xDSL procedure defined in ITU-T Recommendation G.994.1, the present invention is not
limited to being used with this procedure, but is equally applicable with other procedures, such

30 as, for example, ITU-T Recommendations V.8 and V.8bis. The methods described herein
comprise dedicated hardware implementations including, but not limited to, application
specific integrated circuits, programmable logic arrays and other hardware devices constructed

to implement the methods described herein. However, it is understood that the invention may
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MIME); peripheral control (IrDA; RS232C; USB; ISA; ExCA; PCMCIA); and public
10 telephone networks (ISDN, ATM, xDSL) represent examples of the state of the art. Such
standards are periodically superseded by faster or more efficient equivalents having essentially
\) the same functions. Replacement standards and protocols having the same functions are

considered equivalents.
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21. The method of claim 16, further comprising terminating the communication session
when a predetermined number of errored messages are transmitted.

22. The method of claim 21, wherein the predetermined number is three.
35
23. A method for minimizing a retransmission of signals and messages when an errored
. ) message is received during an xXDSL negotiation procedure of a communication session,
: comprising:
monitoring received data related to a Frame Check Sequence;

40 transmitting a retransmission request message when the Frame Check Sequence
indicates that the received data includes an errored message, the retransmission request
message indicating which correct message was lastly received; and

terminating the communication session if a predetermined number of errored
messages Occur.

45
24, The method of claim 23, wherein the predetermined number is three.
25, The method of claim 23, wherein transmitting a retransmission request message
further comprises suggesting a frame length of subsequently transmitted signals.

50

26. The method of claim 25, wherein the suggested frame length is based upon a frame
length of the correct message that was lastly received

24
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