WD 00/ 67385 PCTI USOQ' 40019 ACTI VATI ON OF MJLTI PLE xDSL MODEMS W TH POWER
CONTROL MEASUREMENT CROSS- REFERENCE TO RELATED APPLI CATI ONS 5 The present

appl i cat ivagpofé73831s t he benefit under 35 U.S.C.  119(e) of prssoffiddyd Si onal
Application Nos. 60/ 132 702, f| I ed on May 5, 1999; 60/136,333, filed on My

26, 1999; 60/ 146, 140, @ETII;@E’%DS@ RS, filed on Cctober
18, 1999; 60/ 162, 150, Ag; OQ’OE ﬁﬁ%%%U 168,628, filed on
Decenber 3, 1999, the di'sC osures o Whl ch are expressly incorporated by

reference herein in te| r ent| ret 1OBACKGRQJND O: THE [ NVENTI ON
Definitions The fol |‘e%2as-Hk O RE : (2¥Bout the detail
di scussion: activating station - t her asso i at ed

terii nal  equil BRErFECRMRPRY a“B’F Fﬁl%@é@%ﬁﬁ%’t‘?@‘?ﬁﬁétq §rp c§flle%e) Jepvisiogal 15

answer i LG %é@’ t I i prent

whi ch g‘%gafgea?lté’hg%éa (?/h]?% acéglon 121’3955 ( E?ggiaf??(}&e? %- %ﬁget of one
or ”Dre60ﬂlﬁ6l,lﬂ¢(ﬂlqiléc50ra$lﬂ980a1999 90/1 50, 88 RERd@msRctoberdl 8, ﬂ)%QLIéOﬂbﬁ,ﬂS&,HBbd
Reconmendati on; CAT3 - cabli ng and cabl i ng conponents designed and tested

to tranenQctaberdhi §P% end 60/10%0 3 i1lest o BagamHIcE At I%S?sthe Jesstpsprss ofBihicd ahd

data/LAN traffic to egq - cabling and cabling
corrponeﬁ’fpsresc?{ slinﬁ% e%c}) %'& ? éP el ra(r?]g%p%itlrft nI y to 100 Mz of

co ni cati ons; conmruni ca Iy Eﬁﬂj | cati on soneti mes

referred to as nodens, n%ugﬂguéns IQIFfId Coues, etc.; 25 downstream -

directlon of tf.ansm ssion fromthe xTU—C to the xTU—R Galf - an octet

havi ng the arr-manE'ﬁG pod .e., the ones conpl ement of an HDLC fl ag;

initiating SEQQ %Wé%g%a nﬁtéorns afe em%gl' th{ lgﬁmftttﬁé Eé{gﬂ B{SQ&sgf%W e initiating

station - assoc which initiates

a startup procedure; [ane ha ewer t our
octets bot nedtiatg statippc EPE: e O e By GBS ency
octets; oﬂgﬁmg@n activh @ore 6 AnfmsIedries, conveyed vi a nodul ated transmni ssion;
nmetallic Tocal |oop - conmunication channel 5, the netallic wires that form

thes 1 ocal | eRgvdring fiftién! Sthe TEIE, IFEFhSE@other associated terminal equipment which
answers a call placed on the PSTN (GSTN);

carrier set - a set of one or more frequencies associated with a PSD mask of a

particular xDSL Recommendation;

CATS3 - cabling and cabling components designed and tested to transmit cleanly to 16

20 MHz of communications. Used for voice and data/LAN traffic to 10 megabits per second;

CATS - cabling and cabling components designed and tested to transmit cleanly to 100

MHz of communications;

communication method - form of communication sometimes referred to as modems,

modulations, line codes, etc.;
25 downstream - direction of transmission from the xTU-C to the xTU-R;
Galf - an octet having the value 81, ; i.e., the ones complement of an HDLC flag;
initiating signal - signal which initiates a startup procedure,

initiating station - DTE, DCE and other associated terminal equipment which initiates

a startup procedure;

30 invalid frame - frame that has fewer than four octets between flags, excluding



5 respondi ng signal - signal sent in response to an initiating signal;
responding station - station that responds to initiation of a comrunication
t ransact iwhoo/d788sm t he renote station; session - active COppYRise@idofNS
connection, neasured from beginning to end, between conputers or

appl i ca{rglgg%eg rot@gnetwork; 10 signal - information conveyed via tone
based transm ssion; signaling famly - group of carrier sets which are

i nt egral w'ﬁi}e@g@%%ﬁm@d%% toRbh&ved SPARbAGabd friglllxg@mggfén-spl itter -

conbi nation o pass filter and a | ow pass ter deésigned to split a

metal lic | Ocmegdenﬂlpﬁcaﬂpggtwnmmﬁm cIRRBEISE HRMetHPic bal SRR BYm™BE Socal

operational no vol ce or other audio (rather than nodul ated

i nf or maldopte theaustomenpeaages) i s selected as the nethod of conmunication;
transaction - sequence of nessages, ending with either a positive

aclksnow edgnerdspddiif Isighal asigex) atrit viercapksovd adoureating (SNAK),, or a ti ne-out;
termnal - station; and 20 upstream The direction of transm ssion fromthe
XTU-R t o t herespbhding sthvione\stagibh dies réBpendsad rotativg ehblvoevmaticaans tansctised

t hroughout the detail ed discussion: ACK - Acknow edge Message; ADSL -
Asynmet P thg 08¢ Stei®scri ber Line; 25 CCITT - International Tel egraph and
Tel ephone Consultative Commttee; CDSL - Consuner Digital Subscriber Line;
DSL - Di gi t afes$igms a¢t\sermmugasatiopssgonnegtiony gpiyedspembegapinggo epd \ROVIRSP 67385

PCT/ USO%néFﬁR%?tor ﬁﬂgaﬁngﬁ?g{?‘iﬁwg ched Tel ephone Network (sanme as PSTN);

HDSL - criber Line; HSTU-C - handshaki ng portion
of . .t he xDSL r ] It ; ; LR - handshaki ng portion of
t hle0 x DSL ren%glg“ht Zﬂ}fg}hﬁ%{%ﬁhé&%&%&é&(&%d Itrgg%}y-l%’er nati onal Organi zation

for Standardj. i Qe JolU- T - i L-cat i i -

Tel econmmuni c% I 3#%%&6&% %lllpz%fg%dg{né?géetcls:%?%h %ﬁkﬁgé} %QPP% Ogg Ewg\{/}\,{%grélgere
?ssagggpaﬁi]i%ﬁ%eqm%rk Term nation Unit (Custoner prem se end); 10 PBO -
ower Bac ;

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

metallic local loop into two bands of operation;

15 telephony mode - operational mode in which voice or other audio (rather than

modulated information-bearing messages) is selected as the method of communication;

transaction - sequence of messages, ending with either a positive acknowledgment

[ACK(1)], a negative acknowledgment (NAK), or a time-out;
terminal - station; and
20 upstream: The direction of transmission from the xXTU-R to the xTU-C.
Abbreviations
The following abbreviations are used throughout the detailed discussion:
ACK - Acknowledge Message;
ADSL - Asymmetric Digital Subscriber Line;
25 CCITT - International Telegraph and Telephone Consultative Committee;
CDSL - Consumer Digital Subscriber Line;
DSL - Digital Subscriber Line;

FSK - Frequency Shift Keying;



PME - Power Managenent Exchange PMM - Power Measurenent Modul ati on; PMVS -
Power Measurenent Modul ation Session; POTS - Plain A d Tel ephone Service

15 PSD - wWiugd7agspectral Density; PSTN - Public Switched Tel-gahgngoht wor k;

RADSL - Rate Adaptive DSL; VDSL - Very high speed Digital Subscriber Line;

xDSL - any ogsife. @@ﬁerg%ﬁaﬁgafmg &aeguér@bﬂ&émgag P&tN ?,' nes (DSL); 20

XTU-C - central termnal unit of XTU-R - renpote termnal unit

of an xDSL. pbsiFi gldh B ratdSighIvanst @ The, Present invention is directed to
a high speed communiTcati ons éew ce, such a8, for exanple, but not linited

to, a modem H@T‘iﬁ‘@-%aﬂg’gﬁmnlggoﬁ%%f@éij%erﬁ@ Rl ufif? ( )ggglt@ém cation

system a point-to-point wred or wireless comruni cation m which

| ncl udes a_hARdyhRKi gy akfngrpg i ARG DS LLAAAL il Wi RRFGIGU! ar ., 1o an

apparatus and net hod es means to rob y selec asur enent

prgcedur es argbrggwﬁgg%q@p t-q1iB8 fdre8Mdhiiz8bpsuch measur ement procedures.
5 VO 00/ 67380 BCITLE0aTEh GGz iofdr Stafidaiiizd "Background And Q her

I nformation fgrg.1of Inrté}ﬁatldmpfél tg}tﬁﬁiﬂ&ﬁbﬁﬂ%lbﬁ 1 681 QbmhR@i4ALH, 0us xDSL

schenes is to accurately contr e anount of transmt power used on a
speci f i standBlizhtioneSectsirnce each | ocal | oop used for xDSL has uni que
paraneters, such as, for exanple, attenuation, interference, crosstalk,
etc, 5 it iNA#KesNegdive AcknalkedgabMeksagareasure t hose paraneters before
blindly transmtting | arge anounts of power into the | oop. Heretofore, each
xDSL schenme N&VY -Usadoilt Tamimniopridpt {@isamyer pednyikeemaf); power neasur ement and
control, with varying degrees of neasurenent and control. Additionally,
t e power caPBOcIPoweaBacle@dfit procedures of the prior art were typically
used after the xDSL nodul ati on had started, with | arge anmounts of power
al ready bei nBMEL-PdwaMmastment Behaigdi ngly, there is a need for an
appar atus and nethod that provides neans to robustly select neasurenent
procedur es aPMM eBustt Yenaepanént Miediulaimul t s of such neasurenent procedures,
so as to mnimze the anount of transm ssion power used to transnmt data.
The | TU- T haBVM®| PshedMeasuesmain MstiutmiohSdssiérgr i ni tiati ng data
comuni cation 15 over voice band channels. The follow ng three
Recommendat i ROFS h@sn 08¢ TeleplosheSetyicd he subject matter of which is
expressly incorporated herein by reference in their entirety:

15 PSD - Power Spectral Density;

PSTN - Public Switched Telephone Network;

RADSL - Rate Adaptive DSL;

VDSL - Very high speed Digital Subscriber Line;

xDSL - any of the various types of Digital Subscriber Lines (DSL);
20 xTU-C - central terminal unit of an xDSL; and

XxTU-R - remote terminal unit of an xDSL.

1. Field of the Invention

The present invention is directed to a high speed communications device, such as, for
example, but not limited to, a modem, a cable modem, a xXDSL modem, a satellite
25 communication system, a point-to-point wired or wireless communication system, which
includes a handshaking or initializing protocol, and in particular, to an apparatus and method
that provides means to robustly select measurement procedures and robustly report the results

of such measurement procedures.



1) Recommendation V.8, entitled "Procedures For Starting Sessions O Data
Transm ssion Over The CGeneral Sw tched Tel ephone Network", published in
Sept enbenyq 4§&A4ss 20 2) Recommendation V. 8bis, entitled "PrgegoshppBsi5or The
Identification And Selection O Conmon Mbdes O COperation Between Data

Crcuit-Ter ”E_rllﬁiéc[}&iof@%'h%&%u%d(%%?heﬁhqoﬁ%ﬁi%e” Data Term nal Equi pnments

(DTEs) Over General swtcnea r1et epnone Networ k", published in August,

1996; and 3) ~Rec ndat. i G.994.. 1, .entitled  ~Handshake Pr s For
Dootar 28 QO SEIATRRSf duafiied o B RGRFEDSEIIRRES: CeHaMEPS COT ||
i s not egorfthAthedAEHMEDdL trdndinit fowidh@sdd d’i?dgsg%a@ﬂﬁimmfiné[ ESTREY @icl 1d2ATaB ibed

MA- 006 that was published in March, . SUMVARY OF THE | NVENTI ON

Accor di frglxPSLams objgue tpaminetdis spehease fir expwplet dttamuptson, mtgrigonagecrasaki e m
power 30 .neasurenent prqcedure that can be used.for. all xDSL schenes.

Aok her TGLJ RSO Risur IS Tt e oo U Fot e PO G ReRTaTE FFBont s on | s
to perfanBnd6r s ORI RONB). PRASMLRITBAY XDACLAME hRs 1R ii'soo_\irrhﬁro?_ﬁlaﬁﬁl ion
of the specific xDSL schenme. The procedure of the instant invention nay be
i mpl enestyEdbfpewanmessatansit end tantimh wibGtarhiag dsbreks afgmeasdreseineand amtrol.
procedure, such as, but not limted to, that shown in comonly assigned

U. S. Patent Agdgitiondty, dre fNogr cO@fd beaSaément prdcednrePef drdyeror a4, wese fyp8&Blland/ or
09/ 281,813 filed on March 31, 1999, an_d@)r | TU-T Reconmmendatjaon.G 994. 1,
publ i shewdiafferyiigaDSIggadulptipndipdataricg. Whb [Bsgrmpowsnel RV AT RSIRE ment

g;ﬁcedy{r&s\q@i& the xDSL selection procedure allows a nore accurate

ection of the particular xDSL nodul ati on schene, based on the power
measur enent : nr [ j I e accurate
determ nati oﬁ‘g‘g#hl%%g’ ;rl;ng%i 1%%%%@&35\5%%%@5%%&13@%@ﬁ%ﬁ{3@§e§g%er%ﬁggq on power
10 duri aguslydalat neadiseth&s ipfitedirgdeandiobodtdirBgort theasudibjo€ eichaheastremphiesent
i nvention, an apparatus is disclosed for determ ning transm ssion
par anet Biosedyses, 80 asiotmiaimize fig anwhpiiBINCBESSIM NoWek used tp Afaasrstt data. | ndi cat i ng
device, that is associated with an initiating comunication device,
transmts fiThe TU-Tdres mibleshod rqsamarantied methieds fas amitipleng dasdi coaymunigatias pondi ng
conmmuni cation device ta a.l15.respondi ng, comruni,cati on vi ce..ln,response
Lot he S1eBite PebhRnhde Tho RURR OB Bre R PR Bn By G e bisFa LR BT Vi mg
secti ongphiaatier FSAEH _ﬁteﬁgrew% thebRRrdtéd hdrahibyGefeb@RBUMLER hBRydeVi ce,
receives first signals issued by the respondi ng communi cation device.
Accor ding t o) AR BRANIAGS 08, LitG1ckMBRRENREs P& Saitik SeaidROEOAFUNI cati on
device al so ‘includes a paraneter receiving device that receives, fromthe
respondi ng cOBranmsmissiat iOyer 2he GemiraleSwisdhed ddlephardNetesikdnpydishereiner s t hat can

be used by the initiating comruni cation
y ertember, 1994; g

20 2) Recommendation V.8bis, entitled "Procedures For The Identification And
Selection Of Common Modes Of Operation Between Data Circuit-Terminating
Equipments (DCEs) And Between Data Terminal Equipments (DTEs) Over
The General Switched Telephone Network", published in August, 1996; and

3) Recommendation G.994.1, entitled "Handshake Procedures For Digital
25 Subscriber Line (DSL) Transceivers", published in June 1999.

It is noted that document (3) is the final version of Temporary Document MA-006 that was
published in March, 1999.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to provide a uniform power

30 measurement procedure that can be used for all xDSL schemes. Another object of the instant

4



device, and a measurenent transm ssion section that transmts second
signals to the responding communication device, in response to the
received‘ﬁggﬂggsgransnission parameters. According to a f o6 abthot he

i nvention, the respondi ng conmuni cation device 25 additionally inc?udes a

paraneter indicating deyice.that transm n 1S SS par ters
o bo_ udkanty: SRe e e SRt UThat RS AEGRRR b AT TR, Akt BRL TR
ComMUNi Rl RIKIOIGY k& me! tThe$roteti@d of hatinithe ihvdnsibn hiagbeingSnthtdladsanet er s
are related to at | east one of a power Ilevel, a frequency bandw dth, a
dur at i onxtensich @ anayP$lehandighakiing/angfsetcapor pieretirs au¢hoas, bintmot limitedde.dhatg to

anot her feature of the inv i t he r.espondi n l.cat i deyi ce 30
'S0t nehiLE Sty pasiting St Apr U RRONe e PRr e hfR e HeskEie T

si gnal s 95PaddAdtooh3r 8 13M1td &4 MIICPIMYNY GallloP MTAaVR E@ndnechdafien Gespondi ng
comruni cation device can performan 5 WO 00/67385 PCTI USOO' 40019 exchange
of i nf opnieishodinbenweld99r éxpoeting/be pewsucatmohand messuanmyt pwetdwasvithAbe or di ng
to anot her,_object of the invention, an apparatus.is di.sclo for .

dot or m ADSG Sl SRS DS S SRR EF AT TF DEHG. 3 SonmaieulatioBn

i nk. AARIRIELEN of ARGl A theadfURER AR, The ARIQR IALAGNAILY 2BEWd RELI ati ng
comruni cat1 oh device receives transmssion 5 paraneters that can be used by
t he i ni hioa¢ adegracodaemiinaionad tlbemintrenmAlcrdaiiicqperant depbndens hhssnissiorspovdron
that is associated with the initiating conmunication device transmts

si Hhal sdvpng hdatp HapEHETeRy™MeE8fmuni cati on device, in response to the received
transm ssion paraneters, According to an advantage of the inyention, the

respondi ng cORERIAINEP ABALIGENATERE RICSHT IVENtiqTe PR ARRATA U8 AsHAsed f9Tdi cat i ng
devi ce - ' - .0k ating: ¢ ' i iC
transniégg%whgggéﬁé%gﬁgk%ﬁ%?%gg%k%gghggg1%gg{ﬁe @ﬁﬁ?gg¥ﬁﬁélég mﬂ%?%ﬁtion
devi ce. inti@ting dew16dTitiss i ORseudtewitR a8 isitigtingedoairethit Mioatdel Rastanemers Gista power
| evel , a frequency bandwi dth, a duration, and a carrjer density of the
comuni dandngpsi¢n pacamgiersshatica be vsesl Hyithe FRspondiRgenagenisdtiandeviagy@at i on, t he

respondi ng comuni cat.i 15 device al so.includes. a urenent receiving
Sobt T onrERutHE R G Bucfiite R iche i Toberti M rdnSTinde BRATR SRR

conmuni gabineferd 8 YidasuraentrB&ivifs Reidh NEatG hI¥YEheatdithdhe eMiigggper f orm ng an
exchange of information between respective measurement receiving sections.
Anot her cabjnguicatadn davicepregsizen fiishsignals sspeaddyttheregpandingsepmempticationadspigeat us
for establishing a communication Iink using a determ ned anount of

transm ssi onApowding té\an 2dvaptaga b thernventve.ahé¢ mgtiafiegicomnunatatios dawsoesat ed
with an ipitiating comunication device transmits, tq. a respondi.n

Communi HisidshE BEpMERr fepane dav e SFATEeiebirs gER e BROn TG ORI OB o by

the respapdi Q%o\i/im&"tﬂﬁlﬁt%ﬁg&&ﬁ Pﬁaxqgt\éfsctﬁat d%n%%éarkﬁmﬁ%ﬁﬁﬁ | doBurfi&hiohon t hat

is associ at e eilnitrati ng conmmuni cati'on devi ce, recelves first
si gnal sdéedsdjand Hynehdeement transmission section that transmits second signals to the

responding communication device, in response to the received second transmission

parameters.

According to a feature of the invention, the responding communication device
25 additionally includes a parameter indicating device that transmits second transmission
parameters to be used by the initiating communication device to said initiating communication
device. It is noted that the first transmission parameters are related to at least one of a power

level, a frequency bandwidth, a duration, and a carrier density of the communication link.

According to another feature of the invention, the responding communicating device
30 also includes a measurement receiving section that receives transmitted signals, so that the

initiating communication device and the responding communication device can perform an



respondi ng comuni cation device in response to the first transm ssion
paraneters. Then, a 25 selecting device that is associated with the
initiatiRgoeepysdi cation device transnits, to the respondiMgu&RApsiei cation
device, power |evel parameters that can be used by the responding

communi %)%ﬂ 20 gtel\ﬂt Hh; tice‘lglbgtgv\é ﬁ’]}e% e%t'gg rr}e?iﬁxr(%rﬁgn .%(!e n ?ec&igf%. a pararet er
recei vi ng devt CeMNA P adsoeiated " W e initiating comruni cation

devi ce receives, fromthe responding conmunication 30 devic cond.
Cransni st on ey b Brb AT BT EE R Re A R Con L eon
devi ce. tAndiRiagYi pirRMktctd RRSNINHHHIRM SEDmMMiitARh link. 2Spaemeiceebcwividy t he

initiating 6 WO 00/ 67385 PCTI USOO 40019 conmmuni cation device transmts
second degnathet s@stokmtedesitio anlimiget mgreetmiwatation ddeve mseivandansmissedrect i ng

devi ce, associated with t rr.espondi ng communi cation device, transmts, to
e T nPRRER g haCAR A it PO dBUREas B RBR NG ke avieintebfilcan be
used Dy (hgnisdbd ttibRthat RORBBEMERH R hBMafRg comMALABEn AdNakARRIRT the
invention is the inclusion of a configuring device that is associated with
t he i ni sigatls igthe gespundiogtommudeaiicedevites iceafdngetd thg rebelried dragghissipower

| evel transm ssion characteristics to be used by the initiating

conmuni E&RMSI™evi ce in response to the transmitted power |evel

parameters. A sti|l further advantage of the invention is that é‘{]e
initiating cOSRUAINEP2BAdRNAEES! thegMusTionnEe FsBpipg AYMBYRFARP LS GriPevi ce
pe or m: i i NEN . 0 LT . . |

Do et SRR TRl L e JBUiRE IR RARRRCY e b ol BMon Y8 10
an appatattemisiisioapaabldtahitiagcsn beosabnitieainitating cokmualicagormdéeleteerthened
anount of transm ssion power. A paraneter receiving device, associated

Wit h anURRIISHER PRIABSierAATE EAAEdIP Adeastene efadqwmgeievek pdreauency dapdividiy a15
comuni Gt ;00 A9YI 66 HEANS r3n QML RALANELSLE that can be used by the
initiating —conmmni cat ron devi Ce, heasurenent transm ssion section,
associated wi,th gn initiatin 0 i cation device, transmts.signals to a
measur nent  fseaitens «Jufter vt BB hetly B aifondibE PP BT 7,

r esPoNns@etibe ABCintMiABS Mo P AATFRISY Soctidh BAt RELiVEOhE BvhsBitted 8isAAS, RS ed

wi th the respondi ng comruni cati on device, transmts, to the initiating 20
conmuni oatidtng compngesatipnweyict anvdethe pespanding cemimbnicattegddyeceseidripgtane
initiati n‘i%ﬁ co(()ri%nUﬁi ca,[t(iﬁlﬁ)r‘?r-lﬁ%devi ce. A confi Euri nge&devi ce that is associated
wi th t hE*FANES AT REmEY TR TR MER Y BEEVINESHYY be provi ded to
set power Ievelglte]{ﬂgsm' %si on characteri.stic o be enpl oyed. A feature of

: d
the i nvent i oAMPYCE PRIECtOR E1G REFENBIY Y SR dPTI CRP I TR PREAMA Tt he 25
" espondifgh SRRt B Yink g Bl Rlcnhol AU & nRiskoflpoRkAr AUP

procedure afte power |eve araneter is s
20 parameter indicating device that is associated with an initiating communication device

transmits, to a responding communication device, first transmission parameters that can be
used by the responding communication device. A measurement receiving section that is
associated with the initiating communication device, receives first signals issued by the
responding communication device in response to the first transmission parameters. Then, a
25 selecting device that is associated with the initiating communication device transmits, to the
responding communication device, power level parameters that can be used by the responding

communication device.

An advantage of the invention is that a parameter receiving device that is associated
with the initiating communication device receives, from the responding communication
30 device, second transmission parameters that can be used by the initiating communication

device. A measurement transmission section that is associated with the initiating

6



A still further object of the invention concerns a nethod for determ ning
an anount of transm ssion power to use while establishing a comrunication
link. Any@békakd Ng communication device transmts a powgi-riBaaMbRIENT
signal to a respondi ng conmuni cati on 30 device. The responé:l ng

conmmuni 1.on: ' - : ' - L 5
! Usoby bAoA S8 AERAME Kty LRARRI AR rRpchdlfe SOMBmchuf R A8

i nitiat bREecFraLnicedsteiate@with €he refEidingadnponicativhasuice emsmvia) togise The
respondi ng comuni cation device the indicates transm ssion characteristics
of the imMiatingtGoRENWHANGRIdeBEs.devERlaveraranetpis thatican Be nsed bydBeritEst i on
device.Cﬂg%mhggé&ﬁ.&ﬁgkconnunication device then utilizes the transm ssion
5 char a&PRMEIT LY ¥€¢&i ved from the respondi ng devi ce during a subsequent
transm ssi on. he responding.co ni cation device addi tionall.

r e ¢ sPBRRET e ERRECof PR RATG sIBh R R R G BT S ROty
transm gsiofiRted RaMAGE alilifildgCOnhurlifRioRAeRite. TRASIHHIBIBRAL dSViBN&RKs pSvdqevel
recei ved by the respondi ng comruni cati on device. conmmuni cation |ink

st ar t up trprspuesiior ehanajerstisotolie used by Hicanitiafing¢ommanicatzonsddvarsiinmesponse to
characteristics aas beEn i ndi cated. According to a feature of the

i nvent i BIF, FAEMIHE POVEHE VRISt i ati on, a parameter, a result, and an

acknow edgnent is transmtted digital. ssages. .Additional ly, at least a
portion of tﬁe*“ﬁi‘iflj’ft{‘%{ladﬁ%%g‘égg "gIHlémt‘? gﬁ%ﬁieg’ﬂlé‘aﬁ%& C%’B‘&Pﬁﬁtﬂ‘?ﬂa‘iqvifea same
ti as - : I erfodn I iget of
thgsei nvé%?@ggg\ﬁgﬁd&%gﬁ%gﬂhg |1snc?éose e][ 8r égtgglgnﬁmﬁ(irhﬁgm rgfé}}gﬁ@{/ ependent
anount safvdr the povserilesi pirapeweis seieciede whil e establi shing a comuni cati on

i nk. According to the nethod, an initiating conmunication device transmits
a power neaaubheestjes iod il privehhinehiaioactiates sd drcgpplahiais for estilBHWGRCY
dependent to a responding conmmunication device. The respondi ng o
conmmuni EARMYAICHEYT Ik psifg 2 dgtegningoarpoly QE HasTRESIQERY I e ft PARAASHICS SV S
charactegri.sti of ;the |niti 'ngg 1 cat - on_deyi ipitiating
conmuni gé‘fl?eoﬁscsgg\g/tlegtéw neln%t{rla?}%‘ég [ nglm(%ﬁ% nltvcl:caet fegglvaé\%oglga %%gcr’lﬁ ﬁéé l'izes the

f r gguengymmigReiieddvide] fASMHiSTIngRiraNaER Che chisbé GdbyaRé Meghtingom t he
respondi ng conmuni cati on device during a subsequent transm ssion.

Accor di pgnmgnigatienedeyice. ¢f medrardntrné FERsaHSsioTheection mesngiateyl withram Hitatingon
device 25 tr.antsm' s.fre uenc%. delggndent recei ved. power .rreazur enent. val ues
e SER

to the PHPPPRERIRE SQEEnEHISEAD V2SI AP 9Ty P SHHEE ReP FRAI MR of

t he i nvesthin@RicattdhedevRePRNEPIGse 16 ARSI AP AANER. W @MehhE dedcsi gnal that
proposes the frequency dependent transm ssion characteristics of the power

measur eassntiated ynthlthe wshadimgreinuechipgtiontigvicedposaitadgo thromtiatingat i on devi ce,
to the initiatinﬁ {:ommni cati devi ce.

30 A furt bj.ect of th
T A L A P A R A R L
communication device.

A configuring device that is associated with the initiating communication device may

additionally be provided to set power level transmission characteristics to be employed.

A feature of the invention is that the initiating communicating device and the
25 responding communicating device perform a communication link startup procedure after the

power level parameter is selected.

A still further object of the invention concerns a method for determining an amount of
transmission power to use while establishing a communication link. An initiating
communication device transmits a power measurement signal to a responding communication

30 device. The responding communication device acknowledges reception of the power



transm ssion power to use while establishing a communication |ink. A power
nmeasurenment 8 WO 00/ 67385 PCT/ US00/ 40019 signal is transmtted from an
initiati REo GEEMREI cation device to a responding comuni catgd-GsoblGophse: 10
whi ch the power neasurenent signal is transnmtted at a predeterm ned power
| evel . L: pa : ' 1 S s LEansy A ntally

i gher Bougretesjele Sl I Inafy SR ol AT h Bl et bREEARE D, 2 be
at pr edeterad pedertrhé®urchical vihes. Jle hespsndifi@torhmexrapbredev2edhei)dicawdt i |t he
respondi ng comuni cation device issues a signal representing that the
power nEaBTHSHRENthasicipriglicsRfshamemiag sPymuaialioedevige tortha yniidtingower | evel is
e N E R R s R A R I T
thg si gfiakadi@RiieSRBEIQDfrbMake tosorRawedevid¥RIASHE @ REBYeqd® RahsiM@Somdequat el y
received. 10 According to a feature of the invention, a comrunication |ink
startup proceglifeSpdiing RenhiMitdtRheidvirl heky b iohAIANEMstniPOYBRal keMR!

paranmeter has been set. It is noted that the transmitted power measurenent
si gnal mating cemovdedtion deligd praposmsisanganssam charpstyotsiicst dfdhe pewet cont r ol

channel that is exchanged between the initiating.conmuni.cation device and
the T cREROITITE SATEID CRTTON HEy M eerrs iy ST HGHAR dBH et of t he

i nvent | QA RREAIR A S ARPHratdare iy ABABLNITed 4R U EasniigRENdent power
during handshaking of a comunicati'on link. An indicating device that is

asi®oci athadacrdartshesarasibaert indtdated. cormuni cati on device transmits frequency band
transm ssion paraneters (that can be used by the respondi ng comruni cati on
device), to Acdoedipgnda figture ofrim miveatiomrat thastione of An imgaEioneapatmieteas M SSi on
section that is associated with an 2Q injtiating conmnication device

t r ansmi fegulh@ad an AgaencdsBient 1§ iaRERited by digivt megiisey Addiinalyniileagt 2

communi ! e I i |1 : . vel

vari oo Botof BAEHAE! pldgls IR AR 1 RAIANES kPl Sptiov

i ni ti atmeguepemusigasll i on device receives second signals, in which the
power |evel varies by frequency bands issued by a neasurenent transm ssion

segtion of tAeotdEsPeaNsiofttr 6BFBLLT théinvertiHeY nfehodvik Hitclob&l ﬁ)ea@teﬂniaﬁlgsi gnal s
being received in response to the transmtted first mgnals. According to a

f eat ur efresfucneyedapandent aropunts petrgrsmigsios) ppveer & wagywvibke estehpeingg a frequency
band transm ssi.on.device that functions t.0.shape the first.signals at
onst | TRy SRR IR AePeli g kA0 iR BRE i ieatii A Y«
Anot herpdvwintaQirehedtRriaMRRthaRctbSstich Bfat hlGrdgiaRgBepéRRnf bolaSkspohdingl s may
be subjected to 30 paraneterized tenplates, so aS to allow a non-IInear

gai n. Apouhencatenidevice.sThé wepasled dommestaiishidshicagndicatenthé fraqucoay
transn‘i(fsi on_par aneters. 9 WO 00/ t‘%738.5. PCT/ US00/ 40019 . e
20 ependent transmission characteristics of the initiafing communicafion device to the initiating
communication device. The initiating communication device then utilizes the frequency
dependent transmission characteristics received from the responding communication device

during a subsequent transmission.

According to a feature of the invention, the responding communication device
25 transmits frequency dependent received power measurement values to the initiating
communication device. According to another feature of the invention, the responding
communication device transmits a signal that proposes the frequency dependent transmission
characteristics of the power measurement signal to be received by the responding

communication device, to the initiating communication device.

30 A further object of the invention pertains to a method for determining an amount of

transmission power to use while establishing a communication link. A power measurement

8



during a conmunication link initialization, by transmtting, by an
initiating conmunication device (such as, for exanple, an xTU-R) , a first
digital Rp§ssag@ssdavi ng parameters for a downstream power t
sequence; transmtting, by a responding comunication device %gﬁgc@&as, for
examl e 81 & Tk e RS CaNidlig) LahnTRRIAILIARY DY LRLATEL 80 Al uHfcalln
upstreamgpower Neasur enent sequéence, and al'so including substantially the
sane saidevichai ARheRSp&iersadadueinest sighalid tednshissiag @ paslepmatsdipeher ivelsai d
second digital nessage; transmtting, by the initiating conmunication
devi ce, The powerdnedsgiement sigrd agke-tranamitiescdt ovgreeidly higberpamertavelsdsushdsa

node sel.ected by,the res di co nicatji on device;. transmtting, by the
"o 41 ot G EBRIR AN TSRO e SR P Bl R mie AT SR 98 en oy
t he par grmtfE D00tk SNGH] khd rRhonBihgtddginf @S QRIBH 1B EicE RETBIN Saldl Ripréteminzhatt he

power neasurenment signal that enploys the paraneters; transmtting, by the
i ni ti at thegpowsomeanirenentsrgndewacalequatélyuedelvedi gi traismernserydevsbisttbémschpra

It of the. rem i gnal. t i tted by t di
Communi G BRTHRCOR AR 5 JBG P Bire FtBcr PO ARYR ok ARG tt Png, by

the respapdidigs SRR SR RRicASY tGEBons? 1f tHelshydi Q:PPe@éntﬁEStﬁﬁgﬁ‘@ gav&ont ai ni ng
a result of the power neasurenent signal transmi{ted by the initiating

conmmuni owbhswoemete vignel wachdehentelg seaeaddpower reducti on | evel ; exchangi ng a
final operating characteristic between the initiating conmunication device
and t he respancdirdmgaomfeanre af therinvaheivh cecdnomseb@on latkdstotupgokcrduicadge a
node by the.injitjating comruni cation device and the_ respqgndi ng

communi BatTEHeGRiS (e Tansant RO {§VRhPHampisr ashger éds ﬂtdﬁnaﬁedﬁlp?éﬁrem tiating 20

conmuni - [ [

DEsCRI PG B A B ekt EPP B LR e AT il AE R nesBRR, o
advant agsbcaitrot fleanhéiMBaitis exthwhdeld Heeveed ppainétiiing comnivagation devitagndnhe e
particul ar description of preferred enbodinents, as illustrated in the
acconpafsgrivgedoaipaeatignidericar e presented as a non-liniting example, in 25
which reference characters refer to the same parts throughout the various
vi Bws, and wAaradditionalpbgect af the inyentien eancernp i eRpagithsyfoa maghursngdzeqaency

comruni cation, system usi.n Dde devi ce accordi t Q. an_enbodi.pent of
Cha e a8ihoR DRl R PR AERILK 2% i SIRRARY o
dat a comah@awimrhnwﬁﬁaﬁﬁ@ éﬁmﬂﬁhﬁﬁcatiq’n dé%ricﬁ_-tra%sriﬂt!; Beducat £Baritl tPMdRIissanagenment
Exchange (PME) full duplex transaction using 30 new nessage types and

t r ansacparemstessdtiot dambe wsed b ¢hgmespading comentrication tovig®), B0 BFBBEIng
PCTI USOO 40019 .Fig..4 illustrates a PME.hal f .dupl ex tran§%ﬁtiﬁn usi ng new
mossage TYHEECARR Rt RERURIL BRI RO el R SOV RIE fon; Frg. 5
I ustr &fi@sing cERWRMidYRES Héﬁ@@insh@@%%%h@&u%’t B0nsafiME sefiod Ba | NSt ant

I nventl on using existing nessages and transactions wt h a pr edet erm ned set
of par amspardsng @mmunication device) first signals in such a manner that a power level varies by

frequency bands. A measurement receiving section of the initiating communication device
receives second signals, in which the power level varies by frequency bands issued by a
measurement transmission section of the responding communication device, with the second

25 signals being received in response to the transmitted first signals.

According to a feature of the invention, the first signals may be shaped by a frequency
band transmission device that functions to shape the first signals by at least one of a flat filter,

a sloped filter, and a b-spline filter.

Another feature of the invention is that the transmitted first signals may be subjected to

30 parameterized templates, so as to allow a non-linear gain.

Another method is disclosed for establishing communication transmission parameters

9



5 the neasurenent signal; Fig. 6 illustrates the PMVS sessi on using

exi sting nessages and transactions with explicitly requested paraneters
for the mamewg7sssent signals; Fig. 7 illustrates the PGS pesaison4asd ng
exi sting messages and transactions in which the neasurenent signal is

st eppediyiing A BrindWMiGeR ink Gnidalitiagbn WIS ttifg, &ypmadRiagh st aashugRbtionl O of
paranmeters for the neasurenment signal; Fig. 8 illustrates the PMV5 session

usi ng ekiveei(hghresongesmndntxdidhBace fishdigital massege havivs pasaeiesfent si gnal
is stepped froma |ow power to a hig ower, using explicitly . reguested
par arret‘g‘r sfgm Pﬂ‘@err@S%HFe%L?quFleﬁa{}gr%”\éﬁlﬁg’l@'?f%&%rf o €8N rélcﬂﬂ%s sessi on
usi ng ajNRSIAQE aMRoFeldAdlc, iaf xd‘?f-té%@eédxﬂfﬁigiiﬁ nf¥%sapk hAGinEPIRRGERSs &7 An
transactions for Power Back Of (PBO; Fig. 10 illustrates another exanple

of 5t he WRMvBins peseroneassienenbsagpesagedvionintihdingissbstatdially ¢k famsraeki st i ng

messages and tr ns&gti ons, . in which sirgnal s .are tra sm’.faied to measure for
PBO, i Rgramoters of gl fizyt 4418l BFSiPeS f RGPRRFFGH 54 ﬁa%?&gﬁa%& §BE on of an
KDSL 1 o2 AR Ao b RE Ricl e W EDatshet agkanial nventi on |

i ncor porate ustrates a state diagramfor a handshaking portion
of an xdoBhowledgasahe paranetersaind amdde(sel8Tidd Gy tharesprindmg dvenrhwstaion demgent i on
is incorporated; Fig, 13 illustrates zcai di vidi ng of si gnal S. asls%ci ated with
t he PMNEBINSBEENDbY;the Brtaing|cOREIYNGRUGR dFYIEG dRRyT BigAtEemary signgl thal

i LLustr : 1io equency
i ooyt ppmE R b, F HRE R DR GRER IR, Hhe Bt

spect r ufieBiiretacht gnid ey emphiyd thegrachrkdtes; tradSmatnidg, by the inisatigt e B- Spl i ne
tenpl ates that shape a transmt spectrumof a frequency band. 11 WO

00/ 6738BNPECTI¢I500/8009.9 fOMHT ASHEIN IS O TAITRE @Feanﬁéeﬁ@mW%mrrmmﬁs The

particul ar ho rein. are.. - T

illust rsé%r}a\itergnsaﬁg%(ﬂgs&lg ﬁesgf) &tlalﬁ%g I rrélﬁ[c% %f@h% a%rﬂce!lsciae%tre#)ﬁc\;/vg%? ?@ﬁaérrl]l y and
are pr el%@d]it@&sfnﬂtiﬁ@,%y&ﬁé'ﬁ@p@fdir?xdh\ﬁh ghipgionhivicesa higth dpiabmessape t he nost
useful and readily understood description of the 5 principles and
cdhceptasatainispecasylt of thelpowgr msaswremeny signplgrmnsmytediiysthe sgtstthe no attenpt is

made to show structural, detai.ls of th resent. i.nyent.i on.i etail

Uhan | <SmERgtediog 4yt AR aeh SRl e et ¥ b sPRlelng

i nvent | YAracleAsi deIFEdIYhE RtidtAIQRBmMMENIcHDE déviddhmbte répkhdidg apRAfuaIthtidO

those skilled in the art how the present invention nmay be enbodied in

pract i odevice to select and/or acknowledge a mode by the initiating communication device and the
responding communication device; and, starting a training session of the initiating

20 communication device and the responding communication device.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages of the invention will be
apparent from the following more particular description of preferred embodiments, as
illustrated in the accompanying drawings which are presented as a non-limiting example, in

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

Fig. 1 illustrates a block diagram of a data communication system using a modem

device according to an embodiment of the present invention;
Fig. 2 illustrates a detailed block diagram of a data communication system of Fig. 1;

Fig. 3 illustrates a Power Management Exchange (PME) full duplex transaction using

30 new message types and transactions according to the present invention;

10



10 Preferred enbodi nents are described in the context of a new nessage
type, procedures, and associated transactions to a startup nmechani sm (such
as, but mwabdodé7ast ed to, for exanple, the xDSL startup netroarsdefseoned in

| T T Recommendation G 994.1). The new nessage type or session is
correctivel yriueh QifsGdhct @ PASE RONBEp MR BaWa e siADSUN AlekRBe Bpesan (PMVB) 15
and/ or "Power Managenent Exchange"” (PME). PMVE/ PME uses digital nessages to
i ni ti at eamadioneafdogding teihgnedtant irorenresmsuri ng power for conmuni cati on
devices, to report neasurenent results, and/or to set power transm ssion
par anet ers fBig. §iibsequenPoweaNeaswsshen Modithgionfessipo RYIMS) ditlee nsteiodol ogy
of using the PMMS and/or PME nmessages and .20 procedures cap also b

appl | ey SRR B GRS b B PR EURRsaa pERTEga. 1,
such as igmted to, for exanple, ITU T Recomendations V.8 and

V. gbi s.th%%légacszllgtgltgie':]ﬂs r%a?’a handshake procedure that inplenments the present
Lvention wbie BusfeRe AR OMon AGROLALNE hoshOR Rl EEDigMERE | on. 2
data communi cat i on system conpriSes a tentrdl ot FT ce system 2 and a renote
syst em éxplishiyabquaksedipata@idias 6 thogeidnasmant aigaal5 conmuni cati on channel 5,
as shown in Fig. 1. The central office system2 includes a main

di stri buti onFilgl alMRistrMeE)he PNINEY schdimie tidiog Sxisting hedsegdsane tiahectentinathidd fi ce
system 2 to the conmuni cation channel 5. The nmin distribution frame (MDF)
1" oper athesnaasurempriestgnal fssteppsdfrpine lopvenasys dhe highmesver with a predsigrmnedsel on
ch%nnel fS% cqm’ r%%(ft}‘romthe OL{tSlSi dF’ on one side, and internal lines (e.g.,
i nt'er naP" REEHYTEP ?(%eaﬂr?fgglj £6"0on the other side. 12 WD 00/ 67385

PCT/ US00/ 400,19 e remmt em.4 includes a network.interface device
(ND) 3t hat EhAIREHES T BYVE PR boiEe PETenE5 e AR SRR Tn S
comuni gt atreRaMN&nabis skipBed BHMOS lowi fHwR kAL BigHPOeE usindlplidty nt er f aces
the custoner's equi pnent to the communi cations network (e.g.,

conmuni cgtéstad miemeteds f&)the Bichsur¢meningmplst ood t hat the present invention may
be applied to other comuni cations devices w thout departing fromthe

spi rit and/ oFigs2 dphstrats theeP NI MBesesdiamusikgia tiessage MRPehithedeqvedSams i nvent i on
is described with reference to a tel epho ni cati on system enpl oyi ng

t wiSst edS¥3sHnS mgssages apd trﬁlésaﬁﬂﬂi’érf%rt%’ﬂsr%?ﬁ?afﬁ@ vention is applicable to

ot her transm ssion environnents, such as, but not limted to, cable

conmuni cat i oRigs{tlusEatesangther expmple ob e RNMS155ssion 1ting 2 msssagh MLt thef is
t ] . t i C Uni-Gat - . it hout
Gopar t) el BoRP ARl acc 800 RURAC EARTHRAR LBRIENE oeipihfo mepied PO

a det ai foe®Blg;ock di agram of the data communi cation systemof Fig. 1. This
communi cati on systemrepresents a typical installation, in which both the

central of fiEig. 11 illustrates a state diagram for a handshaking portion of an XDSL remote

20 terminal unit (HSTU-R) in which the instant invention is incorporated;

Fig. 12 illustrates a state diagram for a handshaking portion of an xDSL central

terminal unit (HSTU-C) in which the instant invention is incorporated;

Fig. 13 illustrates a dividing of signals associated with the PMMS session into a
plurality of frequency bands;

25 Fig. 14 illustrates a flat template that shapes a transmit spectrum of a frequency band;

Fig. 15 illustrates a sloped template that shapes a transmit spectrum of a frequency

band; and

Figs. 16 and 17 illustrate B-Spline templates that shape a transmit spectrum of a

frequency band.
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system 2 and the renote system4 inplenment the instant invention. 15 As
shown in Fig. 2, the central office system2 conprises a |low pass filter 34
and a hiwbopersssfilter 38, a test negotiation block 46, &@dngsesgpaed dat a
receiving section 68, a high speed data transmtting section 70, and a
comput er 82. ConmTtAILK2 DESCRIFISN OF PREFERREDEMBODIMERTSace to
networ k equi pnment | ocated at the central office. Test negotiation block 46
performs al | Thé pirfieulaeGabwahbRmh @88y weaBf 8RAmPI apd furgliposss sfiiladirdiakes
place prior to the 20 initiation of an actual high speed data

communi distussien of pebpdimeptssaf the present Bwentinn 9ilyAndars Presepiedin B8 cpyssOfi on to

filter co ni cati.on .si gnal transf er.r.ed,over,. th i g annel 5.
The tesprogﬁ?ﬁ Wﬁ‘[ni lﬁ)ﬁelfﬁ‘%ggo é%thf&cfsiusaeﬁa ancrlléegaofl?/él gesrg@%%cﬁgﬁ@?%%gaci ties,
et of ,EiR8peeMd éncOfthilGERUSIARR Presdnh trveRIBH. EInINiS k&ikdt noaempt Renade
comruni cati on channel 5. T%e procedures of the test negotiation block 46

are conpl soptst26tupalidetails of thamdesemtiinyention ihmosedesat then iofecessanyHogiicspeed

nodem recei ving, and transmtting sections e, g.. mdens) .68.and 7. The
o gh spagaERg Gk e SRR ane: 5 IO i BEudaR e,
transm pied fags)ﬁemeﬁtng thREREB S ¥Sthe B howlé bR séM8nvenlbn ﬁﬁg%@ efidbaied in
transmttlné ection 70 transmts high speed data to the renpte system 4.
The hi gprasppeed sections 68 and 70 may conprise, but not be limted to, for
exanpl e, ADSL, HDSL, SHDSL, VDSL, CDSL nodens. 30 Hi gh speed sections 68
angh 70 can bPreferpddumaddiniern areidgécribpé eédtht cansxi i rew wessageiypatrededuteshar e

the comon bl ock 46 during the initial negotjation procedure. The

negot i afibsserttgd tr%sa?/@r@g? 8 7305P PSPAURTD D £5 bUf Bdimits oSO EXBIPIE2 and
the hig d I (Y : i 10 jonal er 82.
The neqalem Lo e E e S e R e A A o T o aA S

transm tjpeng section 70 receive signals issued fromthe conputer 82. Test
negoti ati on bl ock 46 conprises a negotiation data receiving section 52 and
a 5 negef §atibOR dakaivelpRrsdditb g Pewet MefsubehenT ModugiohiSatsiam(PAAMS)
receiving section 52 receives negotiation data, while the negotiation data
t r s end/ony' Powet Momagemant Exehange’ @dfok i ati on data. The operation of the
various sections of the central office system2 will be described, in
detail, bel BMMERENME oscsyigimhmessagepioiisisigteant sanipguse sighils &or @su@ngi gh pass
filter 40, aftest negotiation 10 block 48, a hi‘gpf %g{?Edt datta“;e(;:cei Vi ng
sect i onPFWer 1T FTHULIAHAR JeXIC5S-(1P PSR P HGMEBLIF BR B&VOR G B0 B nput er  84.
Conput e, 8hisSortASHSEAE: §u‘Bs&q‘%eﬁ‘t #BRSidsfonk Nt er face to network equi pment

| ocated at the renpte system Test negotiation block 48 perforns all of the

negotiation El*ﬂgfun%ﬁ@r@liﬂ%ﬂ&ﬂetﬂB%@Qféﬁ?siﬁgﬁﬂE PhAUS aRHBE BMI hREsab& dnde act ual

hi gh speed data conmuni‘cati on. ow pass filter 36 and high pass filter
40200per ptoeedided dahtatso beapplicd todiahdshakd proa¢duresihdrtizmsiTél-T REcomerendétmn
comuni cation channel 5. The test negotiation bl ock 48_te§15§ agsl )

€& Ys¥titn 2, the

negot i ale¥4clomenhtasobi notlimated 19, & example, BkUIRecoppendptionst
renote system 4, and , ' _ _
The details of a handshake procedure that implements the present invention will be
described below. According to the present invention, a data communication system comprises
a central office system 2 and a remote system 4, which are interfaced together via a

25 communication channel 5, as shown in Fig. 1.

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

30 on the other side.
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t he conmuni cati on channel 5. The high speed receiving section 72 functions
to receive high speed data transmtted fromthe central office system 2,
whil e they§igbrsgpeed data transmitting section 66 transmgesrfdoghompeed
data to the central office system 2. The negotiation data 20 receiving

section 56 affle IARDL ML RGRG. R 5&9&@%@:&9&%@%3@@% IHaRARRIiSnsSbgnal s to

t he conputer negotiation data transmtting section 50 and the high
speed daité@fact tignsotd sysgnsent thevoihungasoy ehaahgrfal Fhe reswerd ihteoard duyice
conputer 84. The test negotiation block 48 conprises a negotiation data
recei vi RIDecinicsiacesgha pgp %nmﬁéGBWP§WFEHh65@§”WP§H§WFﬂFPﬁ d&&ti on 50. The
negoti a ing section 56 receives 25 negotiation data, while
t he neg%?ﬁ%??%%ﬁdg§%8%¥§ smtting sectlon 50 transm ts negotiation data

The operatio l%le?&erﬁ?oo ' Otﬂé ?e%c]eu?x N30 9 %e%ﬁéﬁ?tdet{)r 1l %%B’%nﬁm‘%ca i

descri bed, i nego T ar m ng seéilon 50

of the penARsQvidioat @éﬁaﬂlrigrf?diﬁ ma@lﬁtmamou@&premmmg@moat Faphétatviile ehet he
negotiation data receiving section 52 of the central system2. 30 The

negot i apicsgnt dateation wriseiried nathgeferinen tea teddphphrecareminiaftioysysiem anploymsmi t s

t he downstream negot.i at i t.he neqgoti a rece|V| section
50 of t NESEERY 8 et Brinacrsion s hsinteriGe Sresbioals b ae s nitRs o T

of fice systRMedtsi fichudast ﬁotﬁirﬁﬁéﬂ fol ¥ab®f conianmeAtfontystdis (é-g cdfic Aidderh§), t hat
are used to conmunicate with a plurality of channels 22 6, 28, 30 and 32

of 10t he opptimat eorsyshieatioh, systemst Wirelessexyatenhs, infrafed cnuinsuhidatigh systemhistadi scl osed
annel conpr.i .ses centr voi ce channel that is used to

nbod
§|rgch§?§8wﬁ@H?Eagéoﬁ} ﬁS%?%ﬁ?V@?ﬁBHﬁ?ﬁ%epaﬁﬁ?glvoice channel 32 in 5 a
t | band t imately 4 kHz b
(Tt ered by Fisve hssaes ayiciafled uiachfistgat ORGP Shacomaturisaon S eel Eidamel - 33
I's pr OVTH]??O&%&%UB& &Ij-?%réoésgﬁ%% t)gé peﬁtmétaﬁlapgg il Qﬁ%h lSd?ﬁt g{rﬂl ofﬁfze the

central I ce syste te voi channe 3 is connected In paralle
Wi t h t heysemmrpund datremotechistamel infplérbert tipr instanttiovdrtien] ow pass filter 36),
and thus, provides the sane service as the renote voice channel 32.

However, si nge shdwisinllgchaiy@hntraoffionngeined cpmbtisestadotvipasd fikierBasmdfai | t er
36, the renote voice channel 33 contains both the high speed data_ signal
and a vbigh@ass f§iraP8, 4 testinggplintion blerkt46; phigh speed datanpgeiymeseetignl atighave

i ot o L8NS GNALAGLCH Shh 600 B DAt B SOMNALLARATRY b2k

caonmuni exanpl e

| SDN, bgdrese mt¥@iceto GhadRetguifnadocdted af iR Rh@il dTA&S Tdst h&otialéh Blaek 46 are
15 selected to ensure a frequency spectrum above 4 kHz. It is noted that

sorre syptréarmsd@l of ghe negetipiionand gyaminaporepreaeduresoripicl takesplage priorttpghef i [ ters
36, . 38, str 6 and 18 (in the central office

syjé)t em Byudtiog ogf‘“il a?f‘gélégpss"fggg%%cor%mngﬁ P30 (in the renpte system 4)
BRI Ny IR e O
under st @l ferred over the communication channel 5. The test negotiation block 46 tests and
negotiates conditions, capacities, etc. of the central office system 2, the remote system 4, and
the communication channel 5. The procedures of the test negotiation block 46 are completed
25 prior to, and initiate the selection of the high speed modem receiving and transmitting sections
(e.g., modems) 68 and 70. The high speed receiving section 68 functions to receive high speed
data transmitted from the remote system 4, while the high speed data transmitting section 70
transmits high speed data to the remote system 4. The high speed sections 68 and 70 may
comprise, but not be limited to, for example, ADSL, HDSL, SHDSL, VDSL, CDSL modems.
30 High speed sections 68 and 70 can be a plurality of high speed transmission devices which

"share" the common block 46 during the initial negotiation procedure. The negotiation data
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20 that it is within the scope of the present invention that bit streans
10, 14, 16, and 18 could be inplenented as discrete signals (as shown), or
bundl ed iwb@oafsgsnterface, or cable, or nultiplexed into gcpigl@ont r eam
wi t hout changi ng the scope and/or function of the instant invention. For
exanpl e, ..i:t . : § - ot
i Ced Fo) IR PR 2 i iheRl o SoY SO SRR SRpi g e
1394), 82 VEiesebotZhiobelniaatanBuitifig)sk)ion B ned d¢ehiglospebd fiatamedsiittidd’gection
standard. Likewise, it is understood that bit streans 22, 26, 28 and 30
can be itfresientierslnissusddiqnathe coppiiar$2( as shown in the drawings), or
bundled into an interface, or cable, or nultiplexed into a single stream
as descri bed ksowagotiatipnglpckadt enmpriies a pagqyiation dafa reeiving cHar PoANd

Cor SoP ML s B, SR LNt 15 SAPMDLEBLA R0L AP Loy o gsgeroy

spl i tt emegéfigtion.dataP@be tHetriegstiffontdags t%ll@hﬂﬂﬁ%becti@ﬁ(M SaEm AN AegdPRlidC@ta. ON
service requirements is exchanged between the negotiation data receiving
sect i on Be opatine gbthcariiows watiensof twoalbriessysem Ysdbbsgossibed.riadeiili t i ng
section Sfl of the central office system2, and the negotiation data

recei vi rPﬁ "%ection 56 and negoti ation data transmtting section 50 of the
renote systemg 4. The essential features.of the hardwa partion of .the data
communi cat i or SYAF SR 4 cpmprises aTov ke filerdts s uiness Msrer Al TSEOERIM est
neget i atyjQuk 4%, QGich HbePifa ABeivIMY CIERE 2 Bith PBEER) LrBhEnitlIRy Lo é6, RS
capabilities, etc. of the central office system?2, the renote system 4,

and t he acoommutdr 84t ComputeaiBd éd urklerstopdao detai geaerid ineerfronfd mpiwatki eymipoient he
central office system2 and the renote syst 4.is ubject to wde

vari at i JASAedH Fh%fﬁa]r‘?iﬂ wstephy d EHRFEOHAY AL 7B m?‘fﬁ?éméfﬁé%? A PeESH U A nnel 33
is not : SR (N ; tral

of fice sééglg ?ﬁ}tlé&ﬁﬁ)ﬁﬁd&fﬁ%?ﬁ%ﬁ Qﬁce capéﬁlﬁfei %Fugghlgﬁgﬁ%eg?%}%%%ﬁgﬁﬁg "the
conmuni cati o ' j Latihon: 1ot

i scl osed enhudiaunrs Pt B8 o8s BANIHN Rk doRpblaio MAF bahiBRicalch Jl:

W tihi N neaeRRed dvarnit dbmidtegionrchahimid 5f The tdsomedotihiyoroblotless tesggadi ati on
bl ocks 46 and 48 namy, alternatively, be inplenmented separate and distinct
f r om t hecBRlpssPconditighyy capacitics ofia|of the Gegalafiieesystern2 rtbe Emte syéandetndt he

s f _ _
tael 1 o eI o TR A Fet BBt B 20 R KRV REA™

central spédd duen trangmitedd flora ik deR@all STBE %/S&Ytﬁl,&ﬂhipe thd REzhRPEADERa ﬁﬁnsﬁaﬁilﬁfg
signal path in Fig. 2 will be explained followed by an explanation of the

devi ces segtia Godrapsis bighispeas dgtratioghe eondnapoidise systap dciThie acgeiiaties diter t he
var.i ous frequenci es, w e .di sc ed in.detai.l el ow., 20 I n the

ohons ceter i SREOERS e s M SR et 882 ecr iRl Feblic ST S g (Fom
is utilicaBhufePBa.Vand ALDHEGETAN &RIsnARinRAEODHNII) LUTHAMGR sheQfatmt | on bet ween

the central office system2 and the renote system 4. "However, it is
under st dadsmitiang sscher 66 wctine gigasls (suehfrers the computer 84.

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

below.

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

negotiating data to the negotiation data receiving section 56 of the remote system 4.
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but not limted to, for exanple, CDVA, TDVA, spread spectrum etc.) may be
used without departing fromthe spirit and/or scope of the present

i nventi oRyo 8fe7hke range fromfrequency O Hz until frequengerdudobidodis
typically referred to as the PSTN voice band. Some of the newer

conmmuni cati o { 5y r
above 4 kHz ? 8%%282%%%%% PQEE%T p}}l%gpjl@f%h%ﬁgd? {ir@? q?’pqu%nzﬁ?&hgtv% ere
t ransm ssddab cpmwaihidat with apkdalig ofitisanatls 2pP2@ 28BN ald/326f thlzemdtovprsien 4. any

frequency may be used. In this r_eg]ard, it is noted that tone bursts at a
f r equendythifregardsit igpotabthatia thedigclpesdismbodapentehannet b comprispsst CHFabIICe As a

result, | i ~ i I . t used
by pr ecti s S b Moy aRER e B P BSR4 D61 RRRG S
communi gabmantipadl Rsicabendlefd. NEHz ithafpaotithatedne kpiad, Wwhich havbeap Silteedy low
comuni cation fromthe renote system4 to the central office system 2, and
anot her ppsatfiltetsol4 and Moivsther aneoisrioire chtnnsh33 isanpyided dethe FANOEFYSIFIB 4sy st em
2 toth enot e tem4. T n kation upsty eam bit nsmtted by
the neg a|E %?tqoﬁ)ﬁn%%t eﬁopgﬁls?nﬂﬁ f F%ngggé%fgfegﬁﬁgﬁe(‘)f}{etnhog% 5% grcm{nglefs%@{;em 4, and
recei vegdodi¥clehtn pREMI ivatH @8 céatRnlcatei MangelTeOut Prorad tef loWhmse anér @), of fice
system 2. The negotiation downstreambits are transmtted by the .

negot i asndhugarevidesthnsame sarvige seide rgnotsaose chimmet3ht Hawewdrf sinee thigst em 2,

and recej ved .by the negotjation dat r iving.section 56 of the renopte
oyl om ShOnGRS SOHBSEGRET b e s e SRS b e Aot i ot oo
the centyealipiPlfebd 8atd ¥TheMnd ARtk fgat enot e system 4 use high speed data 10
transmtting sections 66 and 70, and hi gh speed data receiving sections 72
and 68 to peitfi%&h@tha@ﬂﬁlfﬁf&rwm@a&a{ae@&b hdRSEAGRS: fdReR& thalictdisene or
nore carriers, using, for exanple, a Differential (Binary) Phase Shift

Keyi ng §6OPSK) commhuhiabti@nmail tale praanssmyg ofher, iow iband ciramediciigéh metdpds sudhr om
the previous point if the transmt bit is 1 d the trangmt. point is

r ot at ed?® f%fé‘@‘ﬁ’é‘@Le’ F1h R eonsy qiceerfiapRAls 66?41321 Th¢ Rgh pass et Spmd g o
Eagh mesgage bo¥n r@%@ﬁﬁeﬁ;}% sBedtl bR 4N AMP|stofdhat el G5telB @8 Got ThE
frequencies of the carriers, and the procedures for starting the nodul ation
of car r reguive,atnd imples@a someVdrlallpef the Sidersiddd36380wnd 48.eat | engt hs are taken,
bot h before the handshake procedure is perforned and during the handshake
procedure, tBithaespeeo,nal {yamdl8 (ie tHeeeftral cfficd Rteab2 ¥ dngli biest@amp @25 26, 28) .
Carriers 20 are typically selected so as to be different for the upstream
and dowagd 3&anRthsaemete syvisingh) eRMPipHig St ydtiereans ithas aregised henmpacateasonabl y

Somo. suPtaFE tesPaflFSREHST R O Rk Romiias Wb iy SRR R fedt ©

E(r) RAUEN QLR is RIBInTHOWIpé Bf the Prderdt,inR@kiowthal B ls@eanLT0, 34916} land)ps Lo Ea be
wnst r eam
implemented as discrete signals (as shown), or bundled into an interface, or cable, or

multiplexed into a single stream, without changing the scope and/or function of the instant
invention. For example, bit streams 10, 14, 16 and 18 may be configured as (but are not
limited to) an interface conforming to a RS-232, parallel, FireWire (IEEE-1394), Universal
25 Serial Bus (USB), wireless, or infrared (IrDA) standard. Likewise, it is understood that bit
streams 22, 26, 28 and 30 can be implemented as discrete signals (as shown in the drawings),

or bundled into an interface, or cable, or multiplexed into a single stream, as described above.

Negotiation data (e.g., control information) corresponding to the condition of the
communication line (e.g., frequency characteristics, noise characteristics, presence or absence
30 of a splitter, etc.), capabilities of the equipment, and user and application service requirements

is exchanged between the negotiation data receiving section 52 and negotiation data
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Desi gnati on Frequency Indices (N) Frequency Indices (N) A43 9 17 25 40 56
64 B43 37 45 53 72 88 96 C43 7 9 12 14 64 30 A4 3 5 B4 4 28 34 66 67 76
After th&voemdsss system 4 anal yzes the equi pment capabi | i tPcEFajsot/mom19
application desires, and the channel limtations, a final decision is nade
wi th r esasaditting sthiRnSAGTNG CatraDsTitd s} 0/ MAIBENEYSTLLISD Q4td D&tERingret hod to
use. After the central office system?2 has received the final decision, the
t r ansmi $§1eM5®and prEotipeQybdaiairprsini HagsseFuaf ofdharamote sysiped. \Wien t he
renote system 4 detects the |oss of energy (carrier) fromthe central

of fice syst ehsssertiial feaescofshehasdwareqospn efrtbmdaik eempynidadonsysoel at i on

pegi ns. T2 & s Aot P RGeS BRARA SR AT ARl Sl

conmuni £btiNe tIRESHdRdNs WABabifitidsherc CoMhE adnt@f Mﬂ%@ sPftem REMREMEMSY 68 4,
transmts signals that are received by the opposite systemthat responds by

t r ansmi antd thg cpmedaicetion ¢tewingignal s, such as, for exanple, signals required
in a handshake 10 session. These si gnal s corrprom' se one of a half duplex or
full dupl ex btpadticaphpcodegivaten ofthe esnaajpdf6cosyssuc b and Hteaemotepypremekdure i s

descri be | i cant IlcalonNo 09/.473, 68 filed on Dec er 29,
1999, t i ol B yRamiS WA R S oGt 8F Do etemm 591%?%1“8@3 |
herein i g yhli& tﬁé‘ AR Xf%h-gr%grngteﬁ‘tgﬁeslﬂ?aﬁaf)ﬂ? dhe Senfiaf Gkl %@ﬁgé @ikéuife?(:t' onal

communi cat1 on annel use handshake sessi on. r exanpl es of
hainds hatke cmmtma and oeifiggestiobh wif th]aﬁ:oatmumcmlohlchnmus tare, aldoldubjlect to wide
Recomendations V.8, V.8bis, and G 9 ornerly referred to as. G hs).

After tYaiaHamdSHAR élsg@§%q SROUBR Y elsRl Iienngt“i‘t%QPetHOCkéﬂé apd g age grpbgdged

t th
WTU C a4, B B el o O e s
t hat COllﬁ'aﬁlaﬂteﬂﬁﬁ@elﬁ,f‘dﬂlﬁfpld’mmeﬁarawwdTdfselﬂctdbdi}ﬁ khecksdathd 42 artid4arSignals
acknow edgnent nmessage (h? alternatively, kpn%atl ve- acknow edgnent

mes s agelyansméedrind g eegavedibeby eradhe uﬁertnea%atwatbqu f apd ¢ areysgd faydestipg the
capabi | Lk &3, gﬁ&cgé‘f%%E’We 12§ ¢ ﬁ%@&f?@%‘%%wh& 89%%%}% ﬁe?w SoNEL dl%ﬁ‘é‘ﬂ‘%@‘a”t

procedures an e resu ose rocesses e un| respo ing to a

nessagesys@mpaﬁmeaém@@@@mrﬁme (with an acknow edgnment 25 nessage) a
rejection (wth a negative-acknow edgnent nessage), or a desire to initiate

a differentTRYRRp&E oTeEIAIMabith iRFIL AUEE be BRSISROE fol [IRRAMI MMExPRANkL
response, a unit nay
of the devices used to create the signals. Examples of specific values for the various

frequencies will be discussed in detail, below.

20 In the communication system shown in Fig. 2, frequency division multiplexing (FDM)
is utilized for various communication paths to exchange information between the central office
system 2 and the remote system 4. However, it is understood that other techniques (such as,
but not limited to, for example, CDMA, TDMA, spread spectrum, etc.) may be used without

departing from the spirit and/or scope of the present invention.

25 The range from frequency 0 Hz until frequency 4 kHz is typically referred 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
frequency may be used. In this regard, it is noted that tone bursts at a frequency of 34.5 kHz

30 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.

16



initiate another transaction or term nate the handshake session. An

acknowl edgnent to a node selection nessage will cause the handshake

sessi on o bgs7sey M nated, and the communication node sel geqaskobMooide node
sel ection nessage to be initiated, using known 30 techniques. 18 WO

00/ 67385 PCT 19.: i 1 an: .of [ ' o follow,
nessages uselry ﬁg&j flélg%ggéﬁ%ﬁ?rghggﬁﬁ g%tg ﬁg)’ OF%B%PLﬁ?%Eﬁ%%%%n%@ndati on G 994.
1, not edorabavieatidiofeviahe remoté Systende tstheadntrdl afficd dyetens?,iavié andthempath for a
structures can be enployed w thout departing fromthe spirit and/ or scope
of the dPWURTAMEEMMEUITEHion fro5 hercrbiiel OoHeeplepr 2 Inide FuBlsgegetds I hse
encoded_ L)@ i : : i - not e
't or oy M FrF URLRAR M aRPLAN R Wl pERHSh Myl RS Rofih SO oPRETT,
and ser ydnt@s sysldne 4 paridaecavdd Hyethg negoiaBon Yat8béce)vifyy étickeS2 genercahtradfiqy es

of neans to frame and format handshaki ng data. Handshaki ng for xDSL nodens
al so re8rtee2. (The negoilsad dayesircam Mswramansmifgily the pegotipgionsaiaabl es and

mul ti pl esql utiqn r ters, Exampl es. of encodi ng nmechani sm are given
bl ow 1 T RTRng S5 e ARG s, e 3 E s B RSP AL o
are depapeiRiiz seftidnss PRhé teendt@byshingd. Sﬁ@@%&ﬁgﬁﬁ&i&@hh%&%ﬁﬁ&é&ﬁhinb@ﬂg
used. Table Zgillustrates the format for encoding a small integer variable:
Tabl e 2beenNempdstedtheegirelmi§cCesstam 3 BnGegrempts siFtam(B)ss tglyspgeddata3 2 1

Unspeci fi ed .hy term nal X 0 0.00 Nunber of se nt its 6-1) X X
o B it s R B affa Forpnd et spe o AR ing e R PR 8 RS R s o1
encodi Nngyfle¥ dh@bhi@atit h @ range | arger than the number of bits: Table 3 -
Duration Cctet Data rate NPar(3)s 8 7 6 54 3 2 1 Duration (bits 6-1 x 5
MB) X X X X KeXsabeare Seht BRRECINEH nor¥ cdmitrsludnd fr JARLE, 4 Dikﬁ*ef‘éﬁﬁﬁl%h%r}?he
format for encoding a paraneter with nulti-resol utlorﬁ)s. Bit 6 1s wused to

i ndi cat Bhase3hift Kpyipg AOP$iAEmodulhiton. bT hestrdnstrintr mungths fotatédid8® tdegredsl fygm ghespeci al
code is used to jndi cate.abAd.at ra%eﬁﬁt hat |s pnot a r%:ti ple of 32 kbit/sec
(or 64 RisVIOPSREt 14y Fapsmal b1t is ath apchihGdrapsipi Reté Fsrotates degrees fragple( 3)

Codi ng B%(/i%ug ﬁ&i‘ﬁt R € Ahithit'isQ © Fheh n?es;age is preceded by a point at an arbitrary

carrier phase. The frequencies of the carriers, and the procedures for starting the modulation

of carriers and messages, will be described below.

Great lengths are taken, both before the handshake procedure is performed and during
the handshake procedure, to be spectrally polite (e.g., as non-obtrusive as possible). Carriers
20 are typically selected so as to be different for the upstream and downstream paths, avoid
existing system activation tones, be reasonably robust against inter-modulation products, have
sufficient spacing, etc. Some suitable sets of carrier tones using 4.3125 kHz and 4.0 kHz base

frequencies, are shown in Table 1, below:

Table 1
25 Signal Upstream Downstream
Designation Frequency Indices (N) | Frequency Indices (N)
Ad43 9 17 25 40 56 64
B43 37 45 53 72 88 96
C43 7 9 12 14 64
30 A4 ' 3 5
B4 4 28 34 66 67 76

After the remote system 4 analyzes the equipment capabilities, the application desires,

and the channel limitations, a final decision is made with respect to the communication
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Unspecified by termnal x x 0 0 0 0 00 Data rate (bits 5-1 x 32 kbit/s) x
X 0 x x x x x 35 Data rate (bits 5-1 x 64 kbit/s + 1024kbit/s) x x 1 x X X
X X Dat &0 eave38544 kbit/s x x 1 111 1 0 Reserved x x PCI/USO4014 19 WO
00/ 67385 PCTI USOCO 40019 Various power neasurenent transactions are

descri bedthbékouge. al ong with their associ ated nessages and nessage contents.
Wil e the description provided belowis set forth wth respect to xDSL
conmuni cat i oAftprtht oeatas office systeruntdeas sécedad tiwafindl decigipestha transmviesion ofthe s
equal l'y apg%icable to communi cation systens such as, but not limted to,

_ I
cabl e nergeHationsloygsEram datadpsapifide A Enthe yRRsYsteB ielact 181938 OWFIEH or
w reless._co I cat i i i I enbodi nent
s eacr P o iR Rat ke Bpuenth e ol E bR AR BanpiShhe P
meghani gdgofistitiiupdtearh ditan Qifter b Bhdredelhp, thd negodx@dPOBMUNnIiIn Redadrepaat i on
G 994. 1, noted above). The new transaction is referred to as "Power
ManageméstinibglézstageroceWey. 1t is 10 noted that the functionality and
met hodol ogy of the PME is the sane for other handshake procedures, such
as, but not Whairadatinga lfigh speed spmaunjcrto sqaiepmensmd dld emralof@icany V. 8bi s.
Table 5 illustrates the new.transaction presented.in conpunction wth a
full duTSe ST drroRhaghes HEf 5 reshirdity dlt Ptk i ek rabats fes ¢ hat
the fi rt?&nsﬁﬁt%iﬁ?Q?edbﬁrrﬁin‘é@)é%naﬁes‘%h By, 16 & amipidsiBnald Peqlideli & & handShkeFul |
Dupl ex Transaction Transmitter Message Description me HSTU-R PR The
meiws agesessivs  Bhasegigesls comprontiec pi8TAf-ata iodupbacbr il dppiee startrpagoeedeentAn

T ot e R TR ol OB IR 1
oL ARSI e oSS SR A B
ATU- R fiQeih iR NS BhtlretySITRe stap0gPprotaburd Exeabtistdd-aGildiRBEdHal Sorhh@niR et
channel for use by a handshake session. Other examples of handshake sessions include, but
15 are not limited to, ITU-T Recommendations V.8, V.8bis, and G.994.1 (formerly referred to as
G.hs).

After the handshake session has been initiated, and before it is terminated, one or more
transactions are used to exchange data between the xTU-C and the xTU-R. Each transaction
consists of one (or more) messages that contain data and/or requests, and then concludes with

20 an acknowledgment message (or, alternatively, a negative-acknowledgment message).

The messages include, but are not limited to, mode select, capabilities exchange,
requests to defer, requests for power management procedures and the results of those

Processes.

The unit responding to a message indicates an acceptance (with an acknowledgment
25 message), a rejection (with a negative-acknowledgment message), or a desire to initiate a
different type of message with a request message. Depending on the response, a unit may
initiate another transaction or terminate the handshake session. An acknowledgment to a
mode selection message will cause the handshake session to be terminated, and the
communication mode selected in the mode selection message to be initiated, using known

30 techniques.
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measur enent signal (PMc) for the HSTU-R to receive. |[If the ATU- C does not
Wi sh to receive power neasurenent signals, it can also indicate that here.
~ 20 WO 00/vw@8@86&7385CT/ USO0/ 40019 Tabl e 5, continued HSTU- R BTTIUS0§/40@8sage:
acknow edges the reception of the power neasurenent signal (PM) during P
1; transm t $n prewiscubsoebf thaimretier ® fobowemusegestuse theHBie Gructurasdtforels t he
paraneters of the PVR signal actually transmtted (in case it cannot

conply Wt EHI h%eqommeqdéa%w 4ds netgd P@*Fu%)wevsmmwaﬁ%tag {hat plinalivey. R
1 th
Lot ¢ Rl BlR can B BAGRIEA idbIEpaiE fidin Ik SR HEBHERLERCE L 1e

measur en@htiosi gnal (PMR) durlng P2; and transmts power |evel paraneters
to be used in the HSTUR HSTU R ACK( 1) The nessage acknow edges the

reception of THS informifn@hteheothe hitesagesustiiRantsdedent congsentssciieamdi PM
are such that they do not interfere with the sinmultaneous transm ssion of
t he di giextghsiblegeanngr $0as ta PEPTERIAEnteoperbilifeEoNg @ARA apd C@rnaqtﬂwletwlﬁbe PMR

and Pllvbo f\!}lgge: eg(ljlg)n?elax‘ll?gva geté{lk esd aetplﬁl%? ar,[TEOWEK/ % %ygbls) rovﬁgé %é{}egal exdt lﬁé gfr ﬁal f

etc. dRsacti'on conju on w

dupl ex pRdHd @t fraRe aﬁtﬁﬁ%hﬁiah@ihaﬁﬂg’@dﬁl GBI SHAKERABNEDSL b deht aﬁ%'ré«?ﬂt
disclosure, it is assuned that the first nessage is always sent t he

HSTU- R thRhieanseséssiogi og° maWsiaM\mp@snwcPMRvanahi@ﬂ andgewltiply rb%)lutmmar@mt@rgr rently
wth nme 6- I\/EHaIf X Tr [ ransmtter
Vel age ERRREIRS Bl PORONERECTHETD ¢ BRI 19" adige? trough . SR ang

encodings of parameters are dependent on the particular high speed communication system

being used.
Table 2 illustrates the format for encoding a small integer variable:

Table 2 - Number Of Segments Octet

15 Segments NPar(3)s 8 7 6 5 4 3 2 1
Unspecified by terminal x x| 0 0 0 0 0 0
Number of segments (bits 6-1) X x| x x x x x X
Reserved X X 1 1 1 1 1 1

20 Table 3 illustrates the format for encoding a variable with a range larger than the

number of bits:

Table 3 - Duration Octet

Data rate NPar(3)s 8 71 6 5 4 3 2 1
Duration (bits 6-1 x 5 ms) X X| x x x X
25 Reserved X X 1 1 1 1 1 1

Table 4 illustrates the format for encoding a parameter with multi-resolutions. Bit 6 is
used to indicate a multiplying factor for bits 1 through 5. Additionally, a special code is used
to indicate a data rate that is not a multiple of 32 kbit/sec (or 64 kbit/sec).

30
Table 4 - Training Parameters - Octet 2 - NPar(3) Coding
Data rate NPar(3)s 8 716 5 4 3 2 1
Unspecified by terminal x x|06 o0 0 0 0 0
Data rate (bits 5-1 x 32 kbit/s) x x [0 x x X X X
35 Data rate (bits 5-1 x 64 kbit/s + 1024kbit/s) X X 1 x x X X X
Data rate 1544 kbit/s X X 1 1 1 1 1 0
Reserved X X 1 1 1 1 1 1
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Is a request for the HSTU-C to send the power neasurenent signals (PM),
and includes the paraneters of the desired signal (PMc) to be

transm t mamloo/d4BBU- C PRH This two part nessage includes: POF/E00/40019
parameters of the PMc signal to be transmtted (in case it cannot conply
wi th the fulVarié@géesr nRhsiréigedtahbkds)iogoirodadceidtetelvivaalbhg withnbeiol

comuni cati on channel and term nates the nodul ation Then, the HSTU-C

t r ans i associbted ponERgeTaEoNes AR RONtCaT sy I ilg ridesqriion peovidlslbete & seblEhye. 21
VO 00/ 673 SOV Uﬁ@g@%%{ol}}lgqnlég gll I‘OQ(’)Cch r'ttls HH qst'c_)'&? {'I{'aBth%E \Aj{ﬂh%rﬁr‘aﬁ%@ge i's

transni PIBESHFY 1© ni ca i on c anne ges t

recept i @B} appiRabPRUE tomBRAILAEHE stenss WO bs, bRMt 1ihitddng, ARt madudns, t ransm t's
power |evel paraneters to be used in the HSTU-C. HSTU C PCR The nessage:

i s sa resp@bte coomurieatis@ FYsIS, Ot POIIE WHSHOF Wiliteas eRTemERICaiNAICTS( BAR) |
and includes the paranmeters of the desired signal (PMR) to be
t r ans ni Firgdimbodiment PCH This two part nmessage includes: the actual

t he P |
B th the T ulf iR s tserston e SRR bf €ipk alorligh s R heRarP' Y
comuni ﬁ’x@&ﬂ %ﬁ&p% b@ﬂﬁ)t it @@tfgﬁeﬁaﬂﬁ)lml’ﬁkb&ﬂnmencﬂﬁgﬁG o Hotdd R

transmts t feasurement signal (PMR) for the HSTU-C to receive. 5
HSTU- C Rchia). Tﬁhs newe magaetmn mokfeoed e:d@e?owweMaea@mqrm EXdiangh"e(PME\)e ritis

measur enent  signal (PMR
t ol0pe yBEd that Eh% éunctlonahty an(lij meﬁlodology o? rhe PME ist rgsgr%e I%orWEtlltler h%gc?shagar amet er s

procedures, such as, but not limited to, for example, ITU-T Recommendations V.8 and V.8bis.
Table 5 illustrates the new transaction presented in conjunction with a full duplex
modulation negotiation communication channel, and assumes that the first message is always

sent by the HSTU-R.

15 Table 5 - PME Full Duplex Transaction
Transmitter | Message | Description
Name
HSTU-R PR The message:

« is arequest for the HSTU-C to send the power
measurement signals (PM), and

» includes the parameters of the desired signal (PM,) to
be transmitted.

HSTU-C P1 This message includes:

o the parameters of the PM,. signal actually transmitted
(in case it cannot comply with the full request of the
HSTU-R)

« the parameters of the PM, signal it desires the ATU-R
to transmit.

Simultaneously, the HSTU-C transmits the power
measurement signal (PM,) for the HSTU-R to receive.
If the ATU-C does not wish to receive power
measurement signals, it can also indicate that here.
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HSTU-R for the HSTU- CR. HSTU-R ACK(l) The nessage acknow edge the reception
of PCHA It is noted that the instant invention also permts manufacturers
to utilizgobh)fisgs OWn proprietary signals that are transmgdecdofdgf6ad of
using standard signals PVMR and PMc. The 10 use of the proprietary signal

i s indicat ed i n nmessages PRR and Enbodi nent The i nstant

i nventi on—ai now-he described \‘:IPBES §g&8{&gd to—an—xPSL—st a_rfllp rechani sm
di scl osed HﬁTUf%r ekBApl e, AJMNS BEWEEZS Appl i cation Nos. 09/ 217,556 dnd

09/ 281, 813. 15 The Power Marn ag@qkeﬁwlerc_lg@whﬁg@epmm)ftb@p@werstésasumlemypes of
el enents:| (1) digital negot/isemab@®MyducogPipl channels; and (2) pover
measur emgnt si gnal s| Par anet|er garishfs podes kytlgarposmes torbaassdahent si gnal s
are negotfi ated and | ndi cat ed igsrugssages in the negotiation and control

channel s jof the PME| After thelngfa\ﬂ@gth%gﬁﬁ{e%@ghhgpg,paglgnaqgaualq}gcel Ved and

anal yzed,| preferred|transm { iy
opposite |side. 20 Al PME trarn taﬁ%égtt%d% eCaké(;ll Fﬂg/rﬂlttor?aons@?'ts tﬁg‘ﬁn} uw

measur engnt signal sjat the | ﬁ/&{fﬁ PCT/ U%OO/ 40019 passi bl e
| evel . Thle PME trangaction may™b anre8bsé%fttgfd 3 dPERBIR el%?wﬁfgher power
level s i f| the signhls were |mA2gdeel ateBrY Metldl Watredrestis 2 henuat i gn and
m ni mum nlecessary transmit |ABWe-G.s calculated by subtracting the geasured
recei ve plod8TUaF t hpP3i gnal § Thisanedshge:transnit power indicated in tlhe
messages [of the PME 5 As nobegtkab®ledgesttherdceidn cmid pdweranehsiiteadgl ogy of
usi ng thel PME procefdure can %{nﬁC{PM)@QthPQ’ 4@ ot her handshake progedures
T

such as but not linjfted to | a%snﬁg?gq;gpgda a%%té{s%g@gse}{ Bles- A| Full

Dupl ex dul at i on A PME full ransaction of this I ment
correspongs— Hhe apsactra—tsted—1o—n—Fahte—>5; .abc re—and
i || ust r atledSTH: g A&T{?f AEFOW TEGED bs on

t hé negoti ation and control channels that are exchanged between the HSTU-R
and HSTU- C. ﬁ%rb( band idth is indicated. I?é tt| nonzerokgo r |levels on
the dosired Themaurel| fhe PORET EisRUrTRTHt S1EnplS £l ESUGHh tﬁ\%?ég&‘ﬂ bed

number 19{erf5f’er\£/ftlﬁf}§ sﬁﬁatd%m%smﬁéafon%@% algna %&?atﬁﬂraﬁﬂ brstrdi RRarkfRlsr €duced

by setting 15 the transmt power | evel rndiv carriers to zero. The
power | Raraheteds tieaclhsoriae PMyyr andsPMg nrchnﬂedbat@\mﬂth, dutahan, pover lavelscdassy DHr zer o
and nom nal power. The requested nmeasurenment duration is encoded in a time
expr ess€fih i1 1iseconds. The HSTU-R nakes power measurements based on the

si,gnal s in Pfab?engﬂﬂy%aqtes (A Dew A0 ngn'lrpccfn}ulﬁzlﬁgn LR Ak AbadiffonSTU- C

massage nodu e mnl mim nu
negotiation communication channel. In the following disclosure, it is assumed that the first

message is always sent by the HSTU-R. The test signals PM and PM; do not need to be

sent concurrently with messages.

Table 6 - PME Half Duplex Transaction

15 Transmitter | Message | Description
Name
HSTU-R PRR The message:

* is arequest for the HSTU-C to send the power
measurement signals (PM), and

+ includes the parameters of the desired signal (PM) to
be transmitted.

HSTU-C PRH This two part message includes:

« the actual parameters of the PM. signal to be
transmitted (in case it cannot comply with the full
request of the HSTU-R) communicated via the control
communication channel and terminates the modulation.
« Then, the HSTU-C transmits the power measurement
signal (PM,.) for the HSTU-R to receive.
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20 carriers is based upon the types of xDSL nodens (e.g.,
HDSL, VDSL,
nmessage waololéassson carriers are
8, below. PMc all ows neasurenment of the power of
I n areas outside of the carriersTtableBlcodtihued conposed fromcarriers
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Vretymgii ofthe HSBUHCMzomitktdd vid e Adntgol5
, cohtmurdi@atioh4dhardng] azDterdhate? the rddduldtion. 5(
71 Th8®, thd BSTULR Fransmii#Bthe bbéWer diddsurethént 14
Aghal e8I Hor FRTHE AT Ate6Es.

HSTU-C

PCHA

This message:

» acknowledges the reception of the power measurement
signal (PMy) during PCH; and

* transmits power level parameters to be used in the
HSTU-R for the HSTU-CR.

HSTU-R

kHz AA43
15 138
ier set
r sets
P4 10,
, 59, 71,
8, 177,

ACK(1)

The message acknowledge the reception of PCHA

It is noted that the instant invention also permits manufacturers to utilize their own

proprietary signals that are transmitted instead of using standard signals PMy and PMc. The

10

Second Embodiment

use of the proprietary signal is indicated in messages PRR and PCR.

The instant invention will now be described with respect to an xDSL startup

mechanism disclosed in, for example, Applicant's Application Nos. 09/217,556 and
09/281,813.

15

The Power Management Exchange (PME) comprises two types of elements: (1) digital

negotiation and control channels; and (2) power measurement signals. Parameters that

describe power measurement signals are negotiated and indicated as messages in the

negotiation and control channels of the PME. After the power measurement signals are

received and analyzed, preferred transmit levels are indicated in messages to the opposite side.

20

A PME transaction initially transmits the power measurement signals at the lowest

22



Carrier set HSTU R Upstream HSTU-C Downstream 20 designation carrier sets
carrier sets Frequency indices Frequency indices (N)x128. 0kHz (N)x128. OkHz
V128 10, Wa@opoédss 17, 20, 24, 29, 10, 12, 14, 17, 20, 24, Z31/US00/40019

34,41, 50,59, 71, 86, 103, 34,41,50,59, 71,86, 103, 123, 148, 177, 213, 255
123, 14§ossi1)7€7lev@1§'he PRPE trdfsaVkdDR6 P B8 &pehted hiiatXh AT higirbh&wdlevelMPSL
Band 138 kHz Carrier Indices Carrier set HSTU- R Upstream HSTU-C Downstream
desi gnathesrgnalamdrenotsdeguatey ricerved.el.gop #tengaieorcand muimas fecesguyrieysiindi ces
i T e
86, 103powekdtick&Bin the fhesddds I4Be PAAB, 177, 213 For the band whi ch occupies
the spectrumup to approximately 1.1 MHz (typically referred to as the
ADSL band), As6éted absvd, derihdidnait had nieshddsRidy Jfaking it BaEhrbéedite can
approximately 1.1 MHz through approximately 30 MAz (typically referred to
as the alpsbe applisd triythenlpndslil Prgedwenenghias bal red ligyted o BIV-T he carriers
have a spacing of 1 0 or 138.0 KkHz. The VDSL band carrier spacing is
32 ti neégﬁoﬁgn%ﬁéﬁorbsgﬁg agglri%bel? spacing to roughly scale the approxi mately
27 tinme v e. It is noted that the first eight indices of
the VD i bﬁ&lﬁfr‘@% not used because they overlap the ADSL band
carriers. Thg pXi28us8iplef reRhéidl 6T 1R QMBI echfRriesPon RO VIR trdnSadiih 184t €M
that prefer 4.0 kHz 15 spacing. The V138 set of carriers shown in Table
100 abomelablesS,faboves ysd Blustratbdiin pged.er 4. 3125 kHz spacing. The spaci ng of
the carriers is selected to be approximately 1.2 tinmes the previous

carri er. ThiEhepargngicrs appencefetbiardigital mepsageay on tegiegefiationaafl eenteui val ent

with frequency.. Power, levels are.e ed ,i it s_shawn i.n,.Tabl e 11,
bel ow  SRE o 78 e ff oty g BRI R g L Aoty B s s <

coded i kY JetidgenohZeropRWeMevdl @n PRV RIsirb@YAHerds O thedPe@AM of Ridrbs! Alltlolighea ADSL
4.0 kHz band 1s coded in Table 13, below. The power |evel for each carrier

i n the NMBSribbdnember of caigrs are Feffiried, the deMhey afdliis erirti¢re gambe tedacoddB seimgd

power asurenent carriers is. etfective for all t S DSL .band

ol at PoPLeREReYS TR L kg 6ER R i 108 poy e Bl eadhpiien

modul at {RBded KR Rat iANEILRIdES fof 26101 A0 nBRENH BbiveN BtNeIRRted!deadsSret@hed t hat
ot her carrier "spacings and 25 widths may be used w thout departing fromthe

spirit dmaliarissemded of a tilme Sxpnessed in orlliseconds.

The HSTU-R makes power measurements based on the signals in P1 and PM. . The
signals in P1 are the carriers of the HSTU-C message modulation. The minimum number of
20 carriers is based upon the types of xDSL modems (e.g., ADSL, SDL, CDSL, HDSL, VDSL,
etc.) included in a particular communication loop. HSTU-C message modulation carriers are
shown in the last column of Tables 7 and §, below. PM_ allows measurement of the power of
the downstream spectrum in areas outside of the carriers of P1. P1 is composed from carriers
in at least one of A43, B43, C43, and A4. PM,. is composed from P4 and V128 carriers, or
25 P43 and V138 carriers. Carrier sets are described in Tables 7 through 10, below.

The HSTU-C makes power measurements based on the signals in P2 and PMy . The
signals in P2 are the carriers of the HSTU-R message modulation. The minimum number of
carriers is based upon the types of XDSL modems included in a particular embodiment of the
invention. HSTU-R message modulation carriers are shown in the middle column of Tables 7

30 and 8, below. PM; allows measurement of the power of the upstream spectrum in areas

outside of the carriers of P2. P2 is composed from carriers in at least one of A43, B43, C43,

23



25 WO 00/ 67385 PCT/ US00/ 40019 Table 11 - Power Level Encoding Bits Code
Description 000 not transmtted 001 -60 dBm (per carrier) 5 010 -50 dBm
(per carrW@P§/6738%1 -40 dBm (per carrier) 100 -30 dBm (perPCTA/SOPEION9 101
-20 dBm (per carrier) 110 -10 dBm ﬁ«? er carrier 10 111 Nomi nal Table 12 -
ADSL Bamtd 443 PM; ketonqesed Eemdaand kp28F¢@weqrs?

g2 ¥ 1 3 8ouimgys.- Power 8 7 6 5
4 321 15 Cctet #1 #009 | #012 x X X X Cctet #2 #014 ~ #017 x X X
X X X X X Octet #3 #023blegz7ALSL B@nfé4x31>85>kﬂ@ Carggrdndiegs 040 | #045 x x x X
X X X X @tet -H-l-_\ -H-ﬂl-_\Q | HOEGA v AVARLVANNVANLY; 2 t ot HAE _HOARA | #072 X X X
X X X X X Oct pCAHenssto #o@éTPﬁ Q(p%t(reﬁmx x |x HSHUE Downstream 4149 x « x x x
X X x Cctet #Pd&lghtibnH198 X ¥arfieXsots X X X | Oct et cdtior €38 | #255 X X X X
X 151 1 25 Tapre I3 - ADSL Brerfythdidd Carri erprbgmsmﬂdidggmer {NPar (2)}
Coding Power B 7 6541|321 Octet #1 #003 | #005 x X X X X X|x x 30
Cctet #2 #008 k_#010 X X x x M x4.3125 kHart ot |#3 #GPX43129KH 2 x ¥ x x x X
OCctet #4 #017 J A#B20 x ¥ x X 8 x ¥ x 25Cct et |#5 #02A #3599 64 x x X X X X
Octet #6 #034 HB4d X X XM X X R%7X &5 3%53Cctet |#7 #0539 1805 X X X X X X
Cctet #8 #071 ~CHYB80 X X X X X % X JXUel [#9 #1IP8 HE3 g4 X X X X X X

P43 - 115 138 165
198 238 255

10

Table 8 - ADSL Band 4 kHz Carrier Indices

Carrier set HSTU-R Upstream HSTU-C Downstream

designation carrier sets carrier sets
Frequency indices Frequency indices
(N) x4 kHz (N) x4 kHz
15 A4 3 5
P4 10, 12, 14, 17, 20, 24, 29, 34, | 10, 12, 14, 17, 20, 24, 29, 34,

41, 50, 59, 71, 86, 103, 123,
148,177, 213, 255

41, 50, 59, 71, 86, 103, 123,
148, 177, 213, 255

Table 9 - VDSL Band 128 kHz Carrier Indices

Carrier set HSTU-R Upstream HSTU-C Downstream

20 designation carrier sets carrier sets
Frequency indices Frequency indices
(N) x 128.0 kHz (N) x 128.0 kHz
V128 10, 12, 14, 17, 20, 24, 29, 10, 12, 14, 17, 20, 24, 29,

34, 41, 50, 59, 71, 86, 103,
123,148,177, 213, 255

34, 41, 50, 59, 71, 86, 103,
123, 148, 177, 213, 255
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Cctet #10 #148 | #177 X X X X X X X X OCctet #11 #213 ~ #255 x x x x x 1 1
1 40 26 WD 00/67385 PCT/ US00/ 40019 Table 14 - VDSL Band Carrier Transmt
Power { NP¥PO®%I38%Todi ng Power 8 7 6 5 4 3 2 1 Cctet #1 #OOBTAON0/48012 X X X
X X X GCctet #2 #012 #014 X X X X X X X X 5 COctet #3 #017 #020 X X X X X X

X x COctet #4 #024 #029Table1k- ¥DSIxBandxl38GdiaCaribr BAB4s #041 X X

X X X X X X

Octet #6 #050 #059 X X X X X X X X COctet #7 #071 #086 X X X X X X x x 10

Cctet #8 #103 [#CaBrier st x x HSXUR YUps@earet #9 #HSZULCPdWhstxeam x

Cctet #10 #213 #255 x{x x x 1.1 1 _The comptents . ssag¢
o el o9 16 tndGiatiof | X X durtiedieT 1 CON OIS Brrblfidloo 52

k. X X X X
bs are shown

type field - AR Revision nudBEuepRingicey 54 PI\/tFrgﬁl“geﬁgrmghcf’sat i of
P1 and PMc ADSL band powyer trapsmsskEan reqiest (Npx i3g.0lkBHre 12
VDSL band powgr transm gsion request (using|[Table 14) Table 16 |
Message Content 25 Mesgsage type field - Pl] Revision nunber fig

PMR si gnal dur@grgr—trmn W
i ndi cati on (usﬁ/lig}gTabl e 1% 1(())’r 13; 75%’%’1 andl > VD! ’lg’ar(l)d powe

transm ssion ifndi cati on|(3d4i4ig50Tasl7é, 8641032 | addl 4PMR, ADSL, Fah@B. p

Message
h (in nms) 20
or 13) PM
P1
el d P2 and
5i on

bwer
hd power

transm ssi on rlequest (using b14§ ﬁ; ?%514) ' 521§9914EIVE7VB§L ba

transm ssi on rleguest—us-nrg—Fab Tadd 2 eSSage

Cont ent

— IVL:\JJMH\.:
Message type field - P2 Revision nunber field

For the band which occupies the spectrum up to approximately 1.1 MHz (typically

referred to as the ADSL band), a carrier indexing method is used. For the band from

approximately 1.1 MHz through approximately 30 MHz (typically referred to as the VDSL

10 band), an indexing method is also used, but the carriers have a spacing of 128.0 kHz

kHz. The VDSL band carrier spacing is 32 times the ADSL band carrier spacing to

or 138.0
roughly

scale the approximately 27 times bandwidth increase. It is noted that the first eight indices of

the VDSL band carriers are not used because they overlap the ADSL band carriers.

The V128 set of carriers shown in Table 9, above, is for systems that prefer 4.0 kHz

15 spacing. The V138 set of carriers shown in Table 10, above, is for systems that prefer 4.3125

kHz spacing. The spacing of the carriers is selected to be approximately 1.2 times th

v

previous carrier. This allows a non-linear set of carriers that scales equivalent with frequency.

Power levels are expressed in 3 bits, as shown in Table 11, below. The power level for

each carrier in the ADSL 4.3125 kHz band is coded in Table 12, below. The power 1

evel for

20 each carrier in the ADSL 4.0 kHz band is coded in Table 13, below. The power level for each

carrier in the VDSL band is coded in Table 14.

The definition of the VDSL band power measurement carriers is effective for

all types

of VDSL band modulation schemes, including, but not limited to, single-carrier modulation

schemes, and multi-carrier modulation schemes. It is noted that other carrier spacing

25 widths may be used without departing from the spirit and/or scope of this invention.

25
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P2 and PMR ADSL band power transm ssion indication (using Table 12 or 13)
40 P2 and PVMR VDSL band power transm ssion indication (using Table 14)
HSTU- C twearsmrisi on power | evel parameters 27 WO 00/ 67385p@$d0R30a940019
Tabl e 18 - P3 Message Content Message type field - P3 Revision nunber
field 5 HSTU-R transm ssi pablpotePolerEtvepBhedtigeBis B. Hal f Dupl ex

Modul ati on The invention will now be described in cgnjunction with a half
dupl ex nodul ati on negotiat(deCOTﬂwﬁﬂﬂahhbn channel]. It is noted that test
signals PMCH and PM do nofofged &0 trAsh@teent concurrently wi t h nessages.
The PMVE hal f dupl ex transapgipoms 1 e—19, below, and
illustrated in Fig. 4. Th bQ"°* 6O&Bﬁzm%éMHﬂﬂ to al ways be sent by
thhe HSTU-R The fol |l owi ng "ipLQ‘lJQQ nij dﬁfﬂ&?ﬁ’fﬁéﬂ%t tthe band descri ptions
provi ded above apply. 15 Tpblle 19| -40rEmipgricamigpl ex [Tr ansaction Transmit
Message Description Unit Nabh® HSTU-R dERR(Jhreaniessagq: s a request for the
HSTU-C to send the power MERGUT EMETH() dth g lcarrleVEH)| i ncl udes the
paranmeters of the desired AT rat krlthﬂg'—zgg—’gﬁl—gransmtted. HSTU- C PRH Thi s
two part nessage includes: Re a"fﬂﬂ arareters—efl the PMcH signal to be
tFansmitted (in case it c hhot cb hﬁnun th the fulll request of the HSTU-R)
conmuni cated via the control conmunication channel and terminates the
nodul ati on. Then, the HSTU-C transmits the power neasurenent signal

(PMCH) for the HSTU-R to receive. 20 HSTU- R PRHA This nessage is

transm ttedTybR 12NEASINHaRA 439 DT WAL CRkHS s Pdwer { mgyts@iggs the
reception of the power neasurenent signal (PMH) durin

transmtp power IeveI ﬂmmaneters to be used8|n7thdiHSH}(3 }EWW—CIWCR The
npssage: - Z500 10 STO R to gepd L '
Octet #2 #014 | #017 x x| x x x| X X X
Octet #3 #025 | #037 X X| x X xX|X X X
Octet #4 #040 | #045 x x| x x x]x x X
Octet #5 #053 | #056 x x| x x x| X x X
20 Octet #6 #064 | #072 X X| x X X]|X X X
Octet #7 #088 | #096 X X[ x x x|x x X
Octet #8 #115 | #138 X X| X X X| X X X
Octet #9 #165 | #198 X x| x x x| X x X
Octet #10 #238 | #255 x x| x x x| 1 11

25

Table 13 - ADSL Band 4.0 kHz Carrier Transmit Power {NPar(2)} Coding

Power 8 7] 6 5 413 2 1

Octet #1 #003 | #005 X x| x X x| x x X

30 Octet #2 #008 | #010 X x| X x x| x x x
Octet #3 #012 | #014 X x| x x x|x x X

Octet #4 #017 | #020 X x| x X x}x x x

Octet #5 #024 | #029 X x| x X x| x x x

Octet #6 #034 | #041 x x| x x x| x X X

35 Octet #7 #050 | #059 x x| x x x| x x x
Octet #8 #071 | #086 X x| x x x| x x X

Octet #9 #103 | #123 x x| x x x| x x X

Octet #10 #148 |  #177 x x| x X X{x x X

Octet #11 #213 | #255 X x| x X X 1 1 1

40
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signals (
to be

par anet e of6788%¢ PVR si gnal

PMRH) and

I ncl udes the parameters of the desired signal
transmtted. HSTU-R PCH This two part nessage i ncl udes:
to be transmtted (in case

( PMRH)
t he act ual
IPCTAz00I¢01C onpl y

with the full request of the HSTU-C) conmunicated via the control

comuni cat i on chaaplel14amiDSL &ani Katriss TriemioRhwat {iNRar(2) jTedingt he HSTU- R
transnmits the power neasurement signal (PMRH) for the HSTULC to recejve.
28 WO 00/{67385 PCTI USOQ Bowary  Tabie 19, coht8 nug AsTd C Tht s Ihessage
9 acknow [eggestit he m@ogpl i gwiof the power m dur i ng
PCH, and | dLansm ts Jpgye I#@Y@I paraneters or

t he HSTU- TUR#@%( nmessage ackn CHA. 5
Thé nat urle o?g he p enent signals

conpl ete td‘om ?Eflh ya@géd not be conc 5
transm sgi @ S t he 4P I#O4hegot lation an mefers

t hat descr@%@#ﬁlVR, H#04 dl P¥MOPPi ncl ude bandypi : | s,
density qfOdetr#7 ers#Oéﬂcl HO86 HSTU- R makes f Xpower| weasur exgntx based pn t he
siignal s i|nO&BIHS. Thet10® i mil@Bm nunber of carxiexg xs basex jupon i he ypes
of xDSL nuog@ssyo ncl udag jns7particular cofmuni g4t kon »syskemx PMCHx

conpri ses @@fgtr#lgrs fHem at #egst one of A43| ,B43, |43, M, xH4 1 or] P43) and
V 128 or 38—carriers—showr—n—Ttabtes—7tm ngil to;—=above—TheHSTY C

nmakes the power

nunber of

part I cul ar

c

Oark @fr‘o&

EnfentSo MRS Ffks gys art of

communi cat1 on

e

measur enent based on the signals in PVRH The

ab2ds PsRlouBRI8Feibwe! uded in a

conpri ses carriers from at

m ni mum

| east

ge

ong of A43, B43, CA43, A4, P4Ta]:9é 1P4§R Mgggagé @g,ﬁergr V 138 carrier S shown in
Tabl es 7 t hr ppgh—10—abeve he—eontents—ot—the—Messages—are
Tables 20 th ﬁ%g%}’pe LQ‘I();\I\PR Table 20 - PRR N
type field - | RRRsiopaymbenficldunber field
P1 and PM.. signal duration (in ms)
20 P1 and PM. ADSL band power transmission request (using Table 12 or 13)
PM. VDSL band power transmission request (using Table 14)
Table 16 - P1 Message Content
z Message type field - P1
Revision number field
P2 and PM; signal duration (in ms)
P1 and PM. ADSL band power transmission indication (using Table 12 or 13)
30 P1 and PM_ VDSL band power transmission indication (using Table 14)
P2 and PM; ADSL band power transmission request (using Table 12 or 14)
P2 and PM; VDSL band power transmission request (using Table 14)
35 Table 17 - P2 Message Content
Message type field - P2
Revision number field
P2 and PM; ADSL band power transmission indication (using Table 12 or 13)
40 P2 and PM; VDSL band power transmission indication (using Table 14)
HSTU-C transmission power level parameters
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PMCH signal duration (in nms) Non Standard (NS) request = 0 25 PMCH ADSL
band power transm ssion request (using Table 12 or Table 13) PMCH VDSL
band poweWO®p/a138¥i ssi on request (using Table 14) Tabl e 21 RPCTARBIONBESage
Content 30 Message type field - PRH Revision nunber field PMCH ADSL band
power transm ssion indicati offablediSnd3Ndbssegd ComentTabl e 13) PMCH VDSL band

power tran3n1wsé§gl§it%.y’g&ai_ ﬂu&u?i Ny Tapte 1229 WO 007/ 01665‘
[ Re bey fie

PRHA

PCT/ USOQ 400 o——&bte—22—PRHAMessage—Content—hessage :

B Caont aont N IR A=W o
e S Saytt T OUTTtUTTit ooyt U ypoe 11 <
a

Revi si on nunpefY 08I MYCHES( ansm on_power level paraneters Tdble 23
- PCR MessagpHEARtBrtansission geweylsuclnagqmgeters pCR 10 Revi si on nunber filel d
PVRH signal duration (in nms) Non Standard (NS) request =0 PVRH ADSL band
power tga F S S est (using Table 12 or Table 13) PMRH VDSL band
power t?aggﬁﬁégwgﬂ“?ﬁgjﬁgt (using Table 14) 15 Table 24 - PCH Message
Content  MesThgmveytpe Wilkhav be BésktiReVinsioajunativrbeith hihelfduplex FidddlabbBL band
power transm ssion indication (using Table 12 or Table 13)  PVMRH VDSL band
power t PegesiAi s caspmppgRtian shennglu Kl Botrd Hiab tephyigmady FM@msnd” Pdmadapeldicsé

Copt ent 5 o ] -. PCHA Revi sion nunber field HSTU R
trghsnigg%ﬁﬁkg%ﬁggg?%¥ﬁﬁuég§%%%EErs C. Proprietary Measurenent Signals 30
As not ed aboVhe PMEEhAM 58K tranl¥@ivhii©Nstad InoVEb1¢Te9| Wehsd, Whe ilsustrotedtin Figz é.
(generate) their own proprietary signals that are transmtted (sent)

i nst ead Th¢ fipl/Ressade Pvssynaed PpRMEYEHg sent by the HSTU-R.  The following discussion

assumes that the band descriptions provided above apply.

15 Table 19 - PME Half Duplex Transaction
Transmit Message Description
Unit Name
HSTU-R PRR The message:

» is a request for the HSTU-C to send the power measurement
signals (PM,) includes the parameters of the desired signal (PM,)
to be transmitted.

HSTU-C PRH This two part message includes:

* the actual parameters of the PM,, signal to be transmitted (in case
it cannot comply with the full request of the HSTU-R)
communicated via the control communication channel and
terminates the modulation.

 Then, the HSTU-C transmits the power measurement signal
(PMy) for the HSTU-R to receive.

20 HSTU-R PRHA This message is transmitted via the control communication channel:
» acknowledges the reception of the power measurement signal
(PMy) during PRH; and

* transmits power level parameters to be used in the HSTU-C.
HSTU-C PCR The message:

» is arequest for the HSTU-R to send the power measurement
signals (PMgy) ; and

» includes the parameters of the desired signal (PMg,;) to be
transmitted.

HSTU-R PCH This two part message includes:

* the actual parameters of the PMj, signal to be transmitted (in case
it cannot comply with the full request of the HSTU-C)
communicated via the control communication channel and
terminates the modulation.

 Then, the HSTU-R transmits the power measurement signal
(PMyg,) for the HSTU-C to receive.
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PRH Message Cont ent
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Proprtetary—Paraneters—{prrvate—encoding)—16

Message type field - PRH Revi sion nunber

field Proprieh@hiuRITaEIRISE {dAbirivAbe seiRRPNQ) ankSPMaPe aA8wed ESifiei¥essage

Cont ent

Message type field -

PRHA Revi si on nunber field HSTU-C

t r ansmi §s¢dom,po ity need/ndt h@a;pam@r\slth te sfabltaco® tranp@issivesd dgedighalt ent

Message t
ms)  NoH°®

10

St gy o

encodi ngﬁnd%@dtﬂaéﬁlr%(gp owEIGEY YEIRAY

Revi si on nunber fi el d Proprietary
The HSTU-R makes a power measurement based on the signals in PM, .

(Chamonia; PR

o EGe Blaiol BVer (B At

Fg@%ﬁf‘e?st etcMessage type f|e| d - PCH
raneters (private encodlng)

The

minimum number of carriers is based upon the types of xDSL modems included in a particular

communication system. PMc, comprises carriers from at least one of A43, B43, C43, A4, P4

or P43, and V128 or V138 carriers shown in Tables 7 through 10, above.

The HSTU-C makes the power measurement based on the signals in PMg,; . The

minimum number of carriers is based upon the types of xDSL modems included in a particular

15

communication system. PMgy comprises carriers from at least one of A43, B43, C43, A4, P4

or P43, and V128 or V138 carriers shown in Tables 7 through 10, above.

20

25

30

The contents of the Messages are shown in Tables 20 through 25, below.

Table 20 - PRR Message Content

Message type field - PRR

Revision number field

PM_y signal duration (in ms)

Non Standard (NS) request =0

PMy ADSL band power transmission request (using Table 12 or Table 13)

PMy VDSL band power transmission request (using Table 14)

Table 21 - PRH Message Content

Message type field - PRH

Revision number field

PM_; ADSL band power transmission indication (using Table 12 or Table 13)

PMy, VDSL band power transmission indication (using Table 14)

29



35 Table 31 - PCHA Message Content Message type field - PCHA Revi sion
nunber field HSTU- R transm ssion power |evel paraneters 40 Third

Enbodi newo #0/67B85 d enbodi nent of the invention will now b@ciasoouises as
procedures for a session conprising existing nmessages (e.g. M5, MR) and
transactions for the di gl taﬂfabt.‘d)lﬁ-rIORHIArM\ﬂsd@dCoﬁtentr equest the transnission
SRR b o U L AR SR TN
PMCH) to h&evisionyysmbss §9¥85 PCT/ USO0/ 40019 transnitted [t is notdd that
thé fol | oW W ldanswissionmayebevepranetased using either full  dupliex or
hal f dupl ex nodul ati on procedures. As di scussed above, the PWE initially
sends the power neasurement signals at the | owest possible power |evel,
whi ch may be repeat ed at thlbﬂeercRAH%Meesagbﬁlonfent he si gnal s were not
adequat el y S ) i S not

u;

limted tQ_aRd5h -ssi j i wer—| evel ;
tHat is, | ﬁévismntqu&tbefﬁélﬁsm ssion may be initiated usi ng any desirdd,

pr edet er mj Rdtkupanel duretiel (in m8) Fi xed Measurenent Signals wi th Standard
Measur erreﬂl\ﬁ)n'@ﬂﬁldfaﬁi (NB)iréguesteser | ption of the PMVE is provided wth respect
to a fixedpRET ABHST BLE] ok drtAhEH TR el NinS TAIENS or THRleTBENSACTIONS and
S|gnal_ex U&7 =S =1 e—32 jt e N e T | Hustrated—n Fi g.
R 8 AT AR ST S w by the HSTU R
TdBle 32 - PMVS (Standard Measurements) Transmit Message / # Description
Unit Signal Nane 15 HSTU Ifall)\@z,l Fﬁ‘iﬂ?ﬁé& €l teh? a request for the HSTU-C
and HSTU R eng a¥allV= 2 anafall On—SEess RMMS), signal s
(PMCH and Wﬂ?tymldrﬁ(;%des the category choice vvh| ch represent|s the
par anet er $ Reefsionhmndesfieldd si gnal (PMc" and PVMRH) to be transmtted HSTU-C
AGK 2 The|pRgaa8SAekiiomved gRasebies indxutioh (MBIt L2 B PMRe 138 Thils si gnal

al I ows  t NEpRE TSI BallFsbwhr trahiHisbibh mdr Qo h (Wb T afie §4)POVer 1 0SS

D

Table 25 - PCHA Message Content

25 Message type field - PCHA
Revision number field
HSTU-R transmission power level parameters

C. Proprietary Measurement Signals

30 As noted above, the present invention allows manufacturers to utilize (generate) their
own proprietary signals that are transmitted (sent) instead of PMy and PM¢. (or PMgy and
PM_y), while retaining a uniform negotiation and indication structure as the defined test
signals. The use of the proprietary power measurement signal is indicated in messages PRR
and PCR by setting the Non-Standard request to 1, as shown in Tables 26 and 29, below.

35 Tables 27 and 30, below, illustrate that the parameters of the transmitted signals are indicated
using a private (e.g., proprietary) encoding scheme. The parameter and acknowledge
messages shown in Tables 28 and 31, below, are the same as Tables 22 and 25 1n the half
duplex modulation negotiation communication channel, discussed above.

It is noted that the band descriptions as assumed to be the same as previously discussed

40 above.
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HSTU-C PMcH 4 This signal allows the HSTU-R to neasure the line conditions
and power loss HSTUUR MR 5 The nessage: is a request to the HSTU-C to send
an M5, 200bB&I8LC MS 6 The nessage: conveys the upstreamHeBASteq0ESt
HSTU-R ACK 7 The nmessage Acknow edges the upstream PBO request val ue
HSTU-C M5 8 The nessage: | Sabler2eqUasR Masaga Gpesitf i ¢ XxDSL nodul ati on node,
and cont A PEage BPL FRRL-BRE cqUest a certain anount of PBO TN tThe
downstre f‘ﬂdi-n-cu on "“'};'—C ACK—9—Fhe message I-\L,KIIUVVI cugca sei UL,LI n of the
xDSL usi fg-tAB T 8BA2T 25 As
i ndi cate %%w%gnqlﬁéragggﬁgmd paraneters are encoded in digital messages
on the rloyot Sandasd (NBlreguest kbl channel s t hat are exchanged “bet ween t he
HSTU- R anPrbfrldtars. Pafdigeter3 2ptiN@tO&ic6did8p PCT/ USO0/ 40019 HSTU- R nakes| power
measur enents based on the signals 1n PVMCH Thé m ni mum nunber of carriers
i s based upon the types of xDSL nodens (e.g., ADSL, CDSL, HDSL, etc.)

i ncl uded in a conmuni cati on TlableR7 -ARIHMessagergyogend from carriers in at

| east on gssggbqype - BRI, /4, P4 Of P43, —and VIZ8 or VI38 carriers shown
i n Tabl es 3.‘ oo o betow—5—Simitard y, PMEH—Ccan—te bUprUbbu firom a
type of Sp&c ement s
based on tﬂ{@p%thaagamqﬁeeranaﬁq-@coqiﬁng] oum nurrber aof carriers is baded upon
the types of xDSL nodens included in the comunication |oop. PM is
conposed from carriers in a P4 or P43 and
V198 or \ a: inila

be 10 corﬂ‘ds&sdgdtwpﬁﬁaldt-ﬁé{@f speC| fiable broadband Si gnal HSTU- R |nessage
nodul at i QrR&Wiéd RIBbEdRIdISe any, sone, or all of the carriers listdgd in

the m ddl q{mt@rﬁa&}mgﬁm Fowes ool paldMBrero- o miarly, the HSTU-T MEssage

ul at i ch—earr+ers—eat—use atftys—sotfreT—ot aH—of—car++ers—+isted—+n t he

ri'ght colum of Tables 33 through 36. 15 Table 33 - ADSL Band 4. 3125 kHz
Carrier |ndi ces Carrier setrabis'ﬁlg- I%dppmd's@@mddﬁﬂéutc Dovvnst ream desi gnati on

nnnnnnnnnn H nr.l anc
Rot€eS—t IIUI CCo

carrier s or .
tMessage type ﬁelﬁ ‘I;FCR et—sets—+ Egu ety
Revision number field

25 PMy signal duration (in ms)
Non Standard (NS) request =1
Proprietary Parameters (private encoding)

n}- 0200 a 1 a¥a NB-Ke aaata

J

Table 30 - PCH Message Content

Message type field - PCH
Revision number field
Proprietary Parameters (private encoding)

30

35 Table 31 - PCHA Message Content

Message type field - PCHA
Revision number field
HSTU-R transmission power level parameters

40
Third Embodiment
A third embodiment of the invention will now be described as procedures for a session
comprising existing messages (e.g. MS, MR) and transactions for the digital control provided
to request the transmission of the power measurement modulation session signals. The MS

45 message includes explicit details on the parameters of a desired signal (e.g., PMcy) to be
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(N x 4.3125 kHz (N) x 4.3125 kHz A43 9 17 25 40 56 64 20 B43 37 45 53 72
88 96 C43 7 9 12 14 64 P43 - 115 138 165 198 238 255 25 Table 34 - ADSL
Band 4 kWO @uéM8%r | ndices Carrier set HSTU R Upstream HSPOTQIIDOMIMES r eam
designation carrier sets Frequency carrier sets Frequency indices indices
(N) x4k HrafM)indd Hz is wwteBthat thd GolRAviA distBsiohdnaylte infllem@ded @ng dither fifl] 14,

17, 20, 24, 29, 34, 41, 50, 59, 71, 86, 103, 34, 41, 50,59 .71, 86, 103,
123, 148upleyer hapidiplomgodylatiomprgoedynes. Asydiscusssy abavy, (s YNy wgiglly sends

PCTI USOQY 4001, | . - . | er . 4.ngdi Lar.:set
iU R DetrenmeRR e A e VG bR P BBl wh R FE B by

carri er higfbSpdwee GHRGY thelsipthalkeeré RO alegudtdly recedi28. Blokdzer N)ix hiZdkribddzthat V128
10, 12, 14, 17, 20, 24, 29, 10, 12, 14, 17, 20, 24, 29, 34, 41, 50, 59,
71,5 86, theosyengan iymot liggtedsg an jnitial ggnsmpsgion usipg thejlegestpppsible pgweplgel o3

148, 177, 213, .2 Tabl e. 36 _- VDSL. .13 : i i :
set | HSTOR U T R T O PR i e Bl Bl R BER L O
- | G851

car i er oqts Fueaengn: sLadiSen LI ETRENeAdB O kHe (X138, OkHe 10
29. 34, 41, 50, , 20 24 Al 50 r59. . 714 860 103 . 1: 477, 213
103, 123 143?e ﬁl?%ﬁg‘%‘?ﬂ ‘°c“o‘?1§]t}é%t§§4hg$?sil?{é91?/§§%‘e@sra g? térzclgi)(leﬁléﬁs%fr at ed

usi ng aprefbaidiee meaSlremeiteidmal. Mhe a%nsachishs anduigriahexchavgent lisad dalatie 32,
applied to any xDSL. Cctet coding of the M5 nessages are

10 below, and illustrated in Fig. 5. It is assumed that the first message is always sent by the
HSTU-R.
Table 32 - PMMS (Standard Measurements)
Transmit | Message/ | # | Description
Unit Signal
Name
15 HSTU-R MS 1 | The message:
« is a request for the HSTU-C and HSTU-R to send the power
measurement modulation session (PMMS) signals (PM¢y and
PM;y); and
+ includes the category choice which represents the parameters
of the desired signal (PM, and PMy;) to be transmitted
HSTU-C ACK 2 | The message Acknowledges selection of PMMS
HSTU-R PMgy 3 | This signal allows the HSTU-C to measure the line conditions
and power loss
HSTU-C | PMy, 4 | This signal allows the HSTU-R to measure the line conditions
and power loss
HSTU-R MR 5 | The message:
+ is a request to the HSTU-C to send an MS.
20 HSTU-C MS 6 | The message:
* conveys the upstream PBO request
HSTU-R ACK 7 | The message Acknowledges the upstream PBO request value
HSTU-C MS 8 | The message:
* is a request for a specific XDSL modulation mode, and
contains a parameter request a certain amount of PBO in the
, downstream direction
HSTU-C ACK 9 | The message Acknowledges selection of the XDSL using the
specified downstream PBO
- Training - | Training begins

25

As indicated above, the exchanged parameters are encoded in digital messages on the

negotiation and control channels that are exchanged between the HSTU-R and HSTU-C. The
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15 shown in Tables 37 through 42, below. The procedure with exanple
contents is shown in Table 43, below Table 37 - Standard I nfornmation
Field - SPen(a)3soding SPar(1)s 8 7 6 54 3 2 1 G992.1 -pdosio/sbord X X X
X X X1 20 G992.1 - Annex BX X X X X X 1 xXx G992.1 - Annex Cx x x x x 1
X X G $BAZR mARPSwAf BeXsurerfers Bas¥d ¥n ¥he §aiBnPM, ., ANTRY nfindiin fuhbdr X X X
GDSL X x 1 x X X X X 25 Reserved x 1 X X X X X X l\ﬁ) paraneters in this

oct et x ofc@riers@s Pased OporTig[tepe8 @f xDEDShodSRHN (£ 2), P@EE@MDSIDaﬂé?)S 8765
4 32 1. 30 SLPl\/l\/SlntI te asure using set X X X X X GDSL
Upst r eaiRPEET g @mipicatih Bof BT AR itab el roriarier ncidSsst e kadng

| ni tiat @487 @s3i AW P4 of P43 Xanl V128 of vB%Sc%w&Qs%voh 2 T]abl%s>33>fh96u§l538%ﬁ{vyed X X
1 x x X Xx x No paraneters in this octet x x O 34°WD 00/ 67385

PCTY USOGima 1y PMiawhe b8 dompcoSIfroRiVa/E pi mif 'spmfmble lblll@adt(aﬁﬁ s@nd] ng GDSL PMVB
initiate - 54321 GOSL t #1 aII arrrers) x x x x
X X x 1 Gbsﬁﬁﬁﬁi%@&m%f S PAVEr W‘?S‘reéléﬁ‘rllﬁ% @}S ory the sjang Skn}’l\imx gheDsL PG
set #3 1lmu\g-§§mﬁé}rc{f'c§1rr§}s % bése%l u@l\gt e Sk niad g r?tlhle A4 and P4
carriers X all P4 carriers
X Resecmadlumcxtldn boop ?M@ﬂs cd¥apgzad &nmtcam%eri; im dthest aot @tA4G, B40, 0431 A‘n 0 0
10 Table 40_- GDSL_Upstream PBO - NPar (3) Codi ng GDOSL Upstream PBO -
NPar ( 3) PésaPfdjagd Y188 ar Y158 earrers shawp unhabbesa 3 @rgueh 5ot §lreﬂar1>k PMig)car bg x x
X 0 X Xcomposed from a type of specifiable broadband signal.
HSTU-R message modulation carriers can use any, some, or all of the carriers listed in
the middle column of Tables 33 through 36. Similarly, the HSTU-C message modulation

carriers can use any, some, or all of carriers listed in the right column of Tables 33 through 36.

15

Table 33 - ADSL Band 4.3125 kHz Carrier Indices

Carrier set HSTU-R Upstream HSTU-C Downstream
designation carrier sets Frequency carrier sets Frequency
indices indices
(N) x4.3125 kHz (N) x 4.3125 kHz
A43 9 17 25 40 56 64
20 B43 37 45 53 72 88 96
C43 7 9 12 14 64
P43 - 115 138 165
198 238 255

25 Table 34 - ADSL Band 4 kHz Carrier Indices
Carrier set HSTU-R Upstream HSTU-C Downstream
designation carrier sets Frequency carrier sets Frequency
indices indices
(N) x4 kHz (N) x4 kHz
A4 3 5
30 P4 10, 12, 14, 17, 20, 24, 29, 10, 12, 14, 17, 20, 24, 29,
34, 41, 50, 59, 71, 86, 103, | 34, 41, 50, 59, 71, 86, 103,
123,148, 177, 213, 255 123, 148, 177, 213, 255
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Reserved x x 1 1 1111 15 Table 41 -
Codi ng GDSL Upstream PBO -
(dB) (bit™080/6738 1dB) X X X X X X X X

42 - GDSL Training Paraneters -

GDSL
NPar (3) coding 8
Reser
NPar ( 3) Codi

Downstream PBO - NPar ( 3)
7654321 Downstream PBO
ved x x 1 1 1PCTIUSDO/4@DY Tabl e
ng GDSL training paraneters -

NPar(3) 8 7 6 5 4 3 2 1TalEDSh - parSAnBret 1 281kl KamxiexIndicesx 1 GDSL par anet er

#2 X X X X X X
X X X X1 X X
X No paranete
(Standard Meas
HSTU-R M5 1 Tapte—=3+
PMVS nmeasur ene
41 N A Table
PMVE HSTU-R AVRH 3 HSTY 3, PG, 49.HBTEO.HOBR
PCTI USOQO 4001 Tabl e 43 -12BVMMB, (137.aHdah MpasiiBetdnl 37, 1Gc2efur
6 Table 37 x010 0000 (Select GVDSL)

10

15

20

25

30

35

EakriérsePor NRTBE G stréamX X

X HSTUIC Downstrbinr PR aneter #4

X des ko4l ARt RE sﬁ?F?‘eqﬁeﬁ‘cy ) c?&r%r s&ﬁ%q\i@ﬂ 1 x x x X
rs in thig octet X 4.dd 0 0°0 ( pg43-PMVS
urenents ProceﬂN §)2§ngsmt ﬁ)@ﬁ@ﬂﬁ? of ¢ctets Unit
X036 nGUU Setect—GvDBSH)—TFabtre—38—xx0506661 (start
nts) Tablle_39 xx0O0O.0001 (:\I |l lcarrier c\ Table 40 N A Tabl e

Lo

1Y TR A 35 |HEBU2CIAGK: 20 e e

sé%eleH(rHV\f-% e39sél ection of
B4Rébuds 69.N8, 8401035 | WD 00/ 67385
b) HSTU-C MB

Tabl e

8 xx0O0 0010 (upstream PBO

Table 36 - VDSL Band 138 kHz Carrier Indices

Carrier set HSTU-R Upstream

HSTU-C Downstream

designation carrier sets Frequency carrier sets Frequency
indices indices
(N) x 138.0 kHz (N) x 138.0 kHz
V138 8,10,12, 14,17, 20, 24, 8,10, 12,14, 17, 20, 24,

29, 34, 41, 50, 59, 71, 86,
103, 123,148, 177, 213

29, 34, 41, 50, 59, 71, 86,
103,123, 148,177,213

The contents of the MS messages are illustrated using an example xDSL referred to as

GDSL, but the invention can be applied to any xDSL. Octet coding of the MS messages are

shown in Tables 37 through 42, below. The procedure with example contents is shown in Table

43, below.
Table 37 - Standard Information Field - SPar(1) Coding

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

G.992.1 - Annex A X X X X X X X 1
G.992.1 - Annex B X X X X X X 1 X
G.992.1 - Annex C X X X X X 1 X X
G.992.2 - Annex A/B X X X X 1 X X X
G.992.2 - Annex C X X X 1 X X X X
GDSL X X 1 X X X X X
Reserved X 1 X X X X X X
No parameters in this octet X 0 0 0 0 0 0 0

Table 38 - GDSL SPar(2) Coding

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

GDSL PMMS initiate (measure using set #) X X X X X X X 1
GDSL Upstream PBO X X | x X X X 1 x
GDSL Downstream PBO X X X X X 1 X X
GDSL Initiate training X X X X 1 X X X
Reserved X X X 1 X X X X
Reserved X X 1 X X X X X
No parameters in this octet X X 0 0 0 0 0 O
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Table 39 NV A Tabl e 40 xx00 0110 (6 dB) Table 41 NN A Table 42 NN A HSTU- R
ACK 7 The message Acknow edges the upstream PBO request value HSTU-C MsS 8
Tabl e 37 W@aW78800 ( Sel ect GVDSL) Tabl e 38 xxOO 1100 ( dowkSTASAMIPBO &
initiate training) Table 39 NNA Table 40 xxOO 0110 (6 dB) (repeat) Table
41 xxO0 0111 (7 dB) Tabibée AP- &GRSk BMMS BithHSTHNEakOIC@liThe nmessage

Acknow edges S@Jlﬁ@i’lﬁﬂl@iﬁnith@@- NpE)USINg ThEe 3ppc 11 60 apwngiream ro0 -
Trainin T T XECQ VEGSPTEEQT S gnal s W th
Explicit (I?ﬁ @Wsset;’ &llf\ﬂ !39;3’1‘415}9) description of | tthe PMVE i syprovidegd with
expl i C'“dmﬁfﬁ £0:PananBE 8l fers)10 foOr th«gi measprenmept sjgnals., The
transact| S PSRl aﬁa%arlnérsﬂ stel gn Taple 4d, below and,

illustrat SCUSS it ssymed, t hat| t he
! 'S @ 4
first eSS Tet 5(5? P riﬂelgg t he HSTU % clont s, of SJt he M5
nmessages I\E]l gl lqg us g ng an exanpl e xPSL rmderg reger roed to(ps @JSL,
but thel Q'E\ar@. or-danl B%t appHed—to—any—xbSE wtheut depart ng oem+the

sp‘i rit and/or 15 scope f the i nvention. The octet COdI ng of the M

h d ith |
aeeae 12 o [ e iiietefpeo Ao W1 oo
shown inMWH%WFOdﬂ% pach  chrki%r Pn the ADSI? 4 R1P5 kHe

band is |corttern RBPAdB)<biw0-1 FAdBhower | eve] ¥ orXepch clrrier Kn % heX ADSL
4.0 kHz |bRasetvéds coded in Table 47. The power l¥vell fot _edch éarrlierlihn the
VDSL band 20 is coded in Table 48. 36 WO 00/ 67385 PCT/ US00/ 40019 Table 44

- PMMS (Explicit Paraneters) Transmt I\/Essg?) /[ _# Description Unit Signal
Name HSTU-R M5 | Thd ahlesdgdebS ROV%{ISF@%@ fNPart(NeC@i@‘lE}c to send the

power GDSL Upstream PBO - NPar(3) coding 6 5 4 3 2 1
Downstream PBO (dB) (bits 6-1 x 1dB) X X X X X X X X
Reserved X X 1 1 1 1 1 1
20
Table 42 - GDSL Training Parameters - NPar(3) Coding
GDSL training parameters - NPar(3) 8 7 6 5 4 3 2 1
GDSL parameter #1 X X X X X X X 1
GDSL parameter #2 b S { X X X X 1 X
25 GDSL parameter #3 X X X X X 1 X X
GDSL parameter #4 X X X X 1 X X X
GDSL parameter #5 X X X 1 X X X X
Reserved X X 1 X X X X X
No parameters in this octet X X 0 0 0 0 0 0
30
Table 43 - PMMS (Standard Measurements Procedure)
Transmit | Name | # | Contents of octets
Unit
HSTU-R MS 1 | Table 37 x010 0000 (Select GVDSL)
Table 38 xx00 0001 (start PMMS measurements)
Table 39  xx00 0001 (all carriers)
Table 40 N/A
Table 41 N/A
Table 42 N/A
35 HSTU-C ACK 2 | The message Acknowledges selection of PMMS
HSTU-R PMgy, 3
HSTU-C PM¢y 4
HSTU-R MR 5 | Request MS
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measur enent nodul ati on session (PMVB) signals PMcH ;
explicit details on the paraneters of the

i ncl udes the
(PMeH) to be

and
desired signal

transm t tve@d of638sTU- C ACK 1 The nessage Acknow edges sel ectp&%@im[?d\{ys

HSTU-C PMCH - This signal allows the HSTU-R to neasure the Iine conditions
and power |oss HSTU-R.MR 3 W@g@g a mbhe ér% E g/%ne recei ving PMcH
, and is a request to the to slénl\c/iI g LHS&LO}% 2 The nessage:
is a requemTuU-or |[tMe HSTE-|Rrabe 3gend 1o b@)OﬂSWedt Gvmsur enent nodul ati on
session (PMVB) silgnal s PVMRHable 3@ndkx00 neloudgseisneBexpl icit details on the
paranetens of thg desired ®mbgmal NRBVRH) to be transmtted HSTU- R ACK|2 The
nmessage Acknow edges se| edtTmr 40f KM 1DQcdSTU-R PMRH - This signal alll ows
the HSTUIHC to nmedsure the |ITaR 4icandi ti ons and power | oss HSTU-R MR 3| The
nessage: | i s a rgquest for| tdae 4STNAC to send an M5 HSTU-C M5 3 The
message. | fqivRYy Ak UP>UT AR dSSARt hekHoGRdgddd-ipstrédnd .
Acknow edgRSEHe [oHStT Ud% PRSI qq%:m 0000 S B Vs |l|e message.] 1S a
request flor a spgcific kDSl apddl b@'i]l é&m (5 g@y Al Bihananete
request fior a cerftain aho a%f P 9B éownstrean% |rect1|]gg|r% 15 HETU-C
ACK 4 The nessaggq Acknow e eI (1h SL using the specitied
downst ream PBO Trjai ni ng| - %feril%n & 6bﬂ% (8 fo %C%E Power Level Encodi ng
Bits Code Descrifption R0 Wie Qt LLans m ? ed 001 -60 dBm (per carrief)
5 HSTU-C ACK 9 | The message Acknowledges selection of the GDSL using the
specified downstream PBO
- Trainin | - | GDSL training begins.
g
B. Fixed Measurement Signals with Explicit Parameters
The following description of the PMMS is provided with explicitly requested parameters
10 for the measurement signals. The transactions and signal exchange is listed in Table 44, below,
and illustrated in Fig. 6. For purposes of discussion, it is assumed that the first message is always
sent by the HSTU-R.
The contents of the MS messages are explained using an example xDSL modem referred
to as GDSL, but the invention can be applied to any xDSL without departing from the spirit and/or
15 scope of the invention. The octet coding of the MS messages is shown in Tables 44 through 49.
A second procedure with example contents is shown in Table 50.
Power levels are expressed in 3 bits, as shown in Table 45. The power level for each
carrier in the ADSL 4.3125 kHz band is coded in Table 46. The power level for each carrier in
the ADSL 4.0 kHz band is coded in Table 47. The power level for each carrier in the VDSL band
20 is coded in Table 48.
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010 -50 dBm (per carrier)

al
carrier) 25 101 -20 dBm (per carrier)

-40 dBm (per carrier)
110 -10 dBm (per carrier)

100 -30 dBm ( per
111

Nom nal 3voVWx7383 67385 PCTI USOO' 40019 Table 46 - ADSL BamrtTiusdddéolyHz
Carrier Transmt Power {NPar(2)} Coding Power 8 7 6 54 3 2 1 Cctet #1
#009 #012 X X X X X X X XTabletsat- PRAMEOEApHEL Parim¥teXs)X X X X X 5 Cctet #3
#025 #0371 ReaRshit X [ Mcssage? | AL PescHptib20 7040 X X X X X X X X CCUer] #5
#053 #050 puix X X |XjghaK X | Ociet #6 #064 #072 x x x X x x x x Cctet|#7
#088 #0096 X X X X |XzfeX X |10 QOctet #8 #115 #138 X X X X X X X x OCctpt #9
#165 #19 S Xx—xTct | e 47
ADSL Band Iﬁ’r(')U%Hz rrier ‘Ilr ansrﬂgregggif {hNF}’%L[{JZM Power 765
q or the )
4321 |Cctet #1(#003 | #005|x X en%(en?(mod at?& Zpﬁlg %gég;ﬂs d%010 K X X
X X X X [Cctet #3 #012 #014xx3< E)cffet 8 #P K X X
X X x 20 |Qctet #51#024 | #029) X 1ncludes tHs exphclt Neta I’let%l a#%%\' o%th#041 K XX
X X X X [Cctet #7#050(#059>§1 X X X X %gé 1 #086 Kk X X
X X X X (s uins | i3] Jediedsignd BMg) § bsaripsised, o g 40" aibo
% % x A BSTUGS ol ARy spda | Abemessage Ackpowleqgey sefectin Band
Carrier Triansfrft pdier {NFar(_R)T}“S@t?B?Ir?BO‘%%HSgU'B@“Seaﬂurgthzhﬂe 30 Ccpet #1
#008 | #(10 X X Xx|X X X X IX conditions and power loss
HSTU-R MR 2 The message:
+ the HSTU-R is done receiving PM, , and is a request to
the HSTU-C to send an MS
HSTU-C MS 2 The message:
* is a request for the HSTU-R to send the power
measurement modulation session (PMMS) signals PMg,, ;
and
* includes the explicit details on the parameters of the
desired signal (PMgy;) to be transmitted
HSTU-R ACK 2 The message Acknowledges selection of PMMS
10 HSTU-R PMg,, - This signal allows the HSTU-C to measure the line
conditions and power loss
HSTU-R MR 3 The message:
» is a request for the HSTU-C to send an MS
HSTU-C MS 3 The message:
» conveys the upstream PBO request
HSTU-R ACK 3 The message Acknowledges the upstream PBO request
value
HSTU-C MS 4 The message:
* is a request for a specific XDSL modulation mode, and
contains a parameter request for a certain amount of PBO in
the downstream direction
15 HSTU-C ACK 4 The message Acknowledges selection of the xDSL using
the specified downstream PBO
- Training - Training begins
Table 45 - Power Level Encoding Bits
Code Description
20 000 not transmitted
001 -60 dBm (per carrier)
010 -50 dBm (per carrier)
011 -40 dBm (per carrier)
100 -30 dBm (per carrier)
25 101 -20 dBm (per carrier)
110 -10 dBm (per carrier)
111 Nominal
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Cct et
Cct et
Cct et
Cct et
Cct et

- NPar ( 2)
si gnal
11 45 3
Explicit

HSPU- R MBS
PWMVS neas
47 xx0O0 1
Tabl e 40

Acknow ed
t ol0mreasur
i ndi cat es
send an M

#2 #012 #014 x
#029

#6 WQeble1383059
#8 #103 #123 x

#10 #2138y |.

#4 #024 |

X X X X

251§D§L)§2§1Q?%1r3§ 2&@2&@% 'Ex\%mn% ﬁ’gwel;)«!p Mq{a)g %gl

X X X X
X X X X

X X X X
X X X X

X X X

X
X
X
X

x

Cctet #3 #017 |
X Cctet #5 #034 #041 x X X X X X
x Octet #7 #071 #086 Xpoy 4

Cctet #9 #148 #177 x X x/gSO)é/ gmg
rat i on

#020 X X X X X X

X
X X
X
X

PV

du&aflnn (hits

Foyer

Ul UATTTOUTI

20 nrsgr\\

NI CA|

YMYVYV

BOwEs 100/ 67888 PCTOUSOD 40019 T
MRetsiuT2e ment®l4Pr o8HUr e Transmi t
QeBl e 37022010 #0BDO (Sel ect QVDSL) XTabl*e 38 xXOD 0001 ( &t
uPelateidt s w4 PMERH
DOdtet(#5avor #3568 carPhter s)
ND#AetFigbl e #064NI A#0Tabl e 42 N A
gestetsEl ect #@8 bf #PMVE HSTU- C PMCH - Thi
eOtthte?8l | ne#idondi Hildths
Otret #ASTU- R 65s | demes r ecei vi ng P
OB C MR38 Takkg 37 x010 000

5 Table 46 x

Tabl e

and powefr A osx H
VoH  and
D  Selxeq

abt e 50

Nane %

8% xx @O
b HSTW ¢

KCO 1001 (Xf avori ke
1001 Xfawonixte rarki

ACK 4 THhi 9
s xsi gnal xal
ISKU- Rx MRx2

IXS ax r equeé
t xGVDEL) xTé

N 58@&9{&&!:%:&
- XSecdHnd X*BExakpl & O
Cont ent s Xof

dct &t sx
carrkers)

nessage
| owsxt he
Thi sx mess
pst tkhe KS

111
PMVE -
Uni t
art

Tabl e
ers)

HSTU- R
age
TU-C to

bl e B8 XX

OO 0001

(start PMMS neasurenents wth PVRH) Table 46 xxOO 1001 (favorite carriers)

15

20

25

30

35

40

45

Table 47 - ADSL Band 4.0 kHz Carrier Transmit Power {NPar(2)} Coding

Power 8 7 6 5 413 2 1
Octet #1 #003 | #005 X X X X X | X X X
Octet #2 #008 | #010 X X X X X | X X X
Octet #3 #012 | #014 X X X X X | X x X
Octet #4 #017 | #020 X X X X X | x x X
Octet #5 #024 | #029 X X X X X | x x X
Octet #6 #034 | #041 X X X X X | X x X
Octet #7 #050 | #059 X X X X X | x x X
Octet #8 #071 | #086 X X X X X | X x X
Octet #9 #103 | #123 X X X X X | x X X
Octet #10 #148 |  #177 X X X X X | X X X
Octet #11 #213 | #255 X X X X X 1 1 1
Table 48 - VDSL Band Carrier Transmit Power {NPar(2)} Coding
Power 8 7 6 5 413 2 1
Octet #1 #008 | #010 X X X X X[ X X X
Octet #2 #012 | #014 X X X X x| x x x
Octet #3 #017 | #020 X X X X x| x x x
Octet #4 #024 | #029 X X X X X[ x x x
Octet #5 #034 | #041 X X X X X | X X X
Octet #6 #050 | #059 X X X X X[ x x X
Octet #7 #071 | #086 X X X X x| x x x
Octet #8 #103 | #123 X X X X X[ x x x
Octet #9 #148 | #1777 X X X X X | X x X
Octet #10 #213 | #255 X X X X X 1 1 1
Table 49 - PMy Signal Duration -NPar(2) Coding
PM, signal duration -NPar(2) coding 8 7 6 5 4 3 2 1
PM, signal duration (bits 6-1 x 20 msec) X X X X X X X

Reserved

X

X
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Tabl e 47 xx0OO 1001 (favorite carriers)

carriers)

the HSTU-C to neasure the line conditions

Tabl e 48 xx0OO 1001 (favorite

Table 40 NVA Table 41 NNA Table 42 NNA HSTU-C ACK 2 This
nmessage AvBpwewgtges sel ection of PMMS 10 HSTU-R PMRH - THCT/Ed06mMe019 al | ows

and power | oss HSTU-R MR

3

Request M5 HSTI4G MB- SechabliEaaplo@IRMMBOE BiliicdtasGudSin)s Phadsluge 38 xxCO

D\

1 NA

0010 (ups G Tabte 20—xXxX00 0110 (6 UB rapt e
Tabl e 42 {HP Q“K&K 3 #1go%g¥ssgggdt§\éknovw edges th(e ups% ream PBO request
val ue HSJF S M"@bl e—BT ’fr"‘bjr":s?r)"c()r)lol = : : 100
(domstreagggég&lmtlata &, hing) ’ ig 010(6
dB) (repeht) Tablle 41 xxpo @ﬁb 17 R ACK 4
Thi s mess@age Ackngw edges|th ab% sf“?o%a} val ue Training - GDSL
traini ng begins C| Steppef 4853 't Tfrﬁrsit andar d Par anetler s
This schefre is sifilar to|th dX/ ar“r’é)ﬁecérrber s Wth Standarld
Paranmeters, 20 degscribed|ap ﬁé(jg%t that the PMk signal is stepged from
| ow power |to high|power. [he ? /67385 PCT/ US00/ 40019 transnifssion
power is gontinuoysly st pannﬁat?‘?‘i"?r Nised) until the onposite HSTUX|can
redei ve sHPIUG entA(H%nmar ?:1 arhlééﬁﬁﬁagﬁﬁcmmwséhﬁiﬁgrﬂf?MM% t he di sdl osed
i nvent i on] HSAE-Gt épMang  pcbiliis signpl 2lleyp theldd Brdnte sneagraihe lingcomdigians
approxi mately -90|dBm Hz eveeyd @O0 kess. however, ot her stepping ratds and
timng val 83Uy DR used| @} Thioutessdgavinditdtesghd HERY {Rhie depirréeivizgklYlor 3 scope
of the inyention. |The seqliepe® ioh raghest the #i8dHet fooandrdMSi gnal s i s verly
simlar topg$saole 3ALS abovp2| Bsble 37 x010 0000 (Select GVDSL)
Table 38  xx00 0001 (start PMMS measurements with PMg,)
Table 46 xx00 1001 (favorite carriers)
Table 47 xx00 1001 (favorite carriers)
Table 48 xx00 1001 (favorite carriers)
Table 40 N/A
Table 41 N/A
Table 42 N/A
HSTU-C ACK 2| This message Acknowledges selection of PMMS
10 HSTU-R PMpy - | This signal allows the HSTU-C to measure the line conditions
and power loss
HSTU-R MR 3| Request MS
HSTU-C MS 3| Table 37 x010 0000 (Select GVDSL)
Table 38 xx00 0010 (upstream PBO)
Table 39 N/A
Table 40 xx00 0110 (6 dB)
Table 41 N/A
Table 42 N/A
HSTU-R | ACK 3| The message Acknowledges the upstream PBO request value
HSTU-C MS 4| Table 37 x010 0000 (Select GVDSL)
Table 38 xx00 1100 (downstream PBO & initiate training)
Table 39 N/A
Table 40 xx00 0110 (6 dB) (repeat)
Table 41 xx000111 (7 dB)
Table 42  XXXX XXXX
15 HSTU-R | ACK 41 This message Acknowledges the downstream PBO request
value
- Training | - | GDSL training begins

C. Stepped Measurement Signals With Standard Parameters

This scheme is similar to the Fixed Measurement Signals With Standard Parameters,

20

described above, except that the PMy signal is stepped from low power to high power. The
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"ACK" signal uses the sane carriers as the handshake transaction and is

I nserted between the neasurenent signals as shown in Table 51, bel ow, and
i 1l ustraMeod/47385 g. 7. 10 Table 51 - PMMS (St epped StandaPdTRiSag#00e9TENt S)
Transmt Message / Description Unit Signal Nanme HSTU R M5 This nessage is
ar eque&ﬁnsfrﬁﬁsidﬁ}ﬁ)v}ﬁﬂ.bcﬁtiaﬁﬁhslszT&;b;ﬁdt(imct‘eemd) tlhltél thewposite &K eXedah receive
nodul ati on session signal s M H), and includes the

cat egor SATEGEHROWER ?%Senﬁiéﬁlﬂ edeftoelg eﬁ‘ér éﬁé‘ﬂee@éd@?edtlﬂ%enﬂégal th%ﬂte@?‘@&al

gg:\/g‘:t ?g%%%hﬂ%%fge%%%%ﬁﬁgg@ﬁ% (ﬁ%ws tﬁ%aféqgﬁ%é to rreé\sur e

the |i neheodelipingomntes aad Gnideyvedludsas sy HSTd &idoh: ddvigingersage spaknawoedge
reception of PM and beginning of transm ssion of PMCH HSTU-C PMCH This

si gnal sfopoabthelieveBMY- R to neasure the line conditions and power |oss

HSTU-R MR Thi nessag a _reqguest .t. the HSTU- AfSTU-C M5
Thi s rressagehio??\%%c oﬁéhel}f)asn ¥ na regalljsevsetry ?Bﬁ%%lf%q%éﬁ a‘P%/?s nessage

Acknow €QOgEsS sidh8l Wipsiheaamt PRQefsad lﬂl@esmanuaiaue trafiattibiCalSs ThicfedB&SRELHS
request for a specific xDSL nodul ation node, and contains a paraneter

r equest megauremeng signaln aashowm ingfableEd), pelows aied ilosiresed wdfigdl.r ect i on HSTU- C ACK
Thi s nessage Acknow edges sel ection of the xDSL using the specified

downst ream PBO Trai ni ng Trai ni ng begins 25 D. Stepped Measurenent Signals
Wiph Explicit Paranmeteisge Ihi BVBRedeppcsl SamdatdMehanréhents) xed Measur enment

Si gnal s \WFAnd6PT | ¥e5sabey RedcRipiion UJesCri Ded above, except that tne]PMX
signal i9g @fiepped| §iparement al Ipy increased) froma |low power to a high
power. The power sNg,rﬁQl ng contl nues until the opposi te HSTU X can r bcei ve

SUffiCier?ﬁm’g' PN SO TRl m et wm&a‘d Hﬂ%heHSTUC'éHdH’STU'I{’R)% bdTyention,
the stepping 30 opcurs in|appro rom
approxi mgt el y -90( dBni Hz iﬁ? ? ?%?gégf %g%%ﬂ%w s
however, |other stepping ra e%§es%%4hé rR&erX HEJes g1 gd aM‘AfBIQ

deviating fromthe to be transmitted

HSTU-C ACK This message Acknowledges selection of PMMS
15 HSTU-R PMpy, This signal allows the HSTU-C to measure the line conditions
and power loss
HSTU-C ACK This message acknowledge reception of PMg,, and beginning of
transmission of PMy,
HSTU-C PMy, This signal allows the HSTU-R to measure the line conditions
and power loss
HSTU-R MR This message 1s a request to the HSTU-C to send an MS.
HSTU-C MS This message conveys the upstream PBO request
20 HSTU-R ACK This message Acknowledges the upstream PBO request value
HSTU-C MS This message is a request for a specific xDSI. modulation mode,

and contains a parameter request for a certain amount of PBO in
the downstream direction

HSTU-C ACK This message Acknowledges selection of the xDSL using the
specified downstream PBO

- Training Training begins

25 D. Stepped Measurement Signals With Explicit Parameters

This scheme is similar to the Fixed Measurement Signals With Explicit Parameters,
described above, except that the PMy signal is stepped (incrementally increased) from a low
power to a high power. The power stepping continues until the opposite HSTU-X can receive
sufficient power and sends an “Acknowledgment”. In the disclosed invention, the stepping

30 occurs in approximate 2 dB increments, starting from approximately -90 dBm/Hz every 200
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spirit and/or scope of the invention. The transacti on sequence and signals
are illustrated in Fig. 8. The transacti on sequence and signals are the
sane as Wmewr738% Tabl e 44, above, except that the PMk si gRair/ysoamnoidvari es
5 over time. Fourth Enbodi ment Anot her "power neasurenent nodul ation”
sequencgsiidteves oflelblepping Gatexdrdittimigg vARSS AGE e 1scdwithele dieviatdngd from thevo

exi sting nessages) and transactions wll now be described. This sequence
of si gnstigt anddrispenssedhe wwentigi ch is referred to as a power neasurement 10
nmodul ation session (PVMMB), is cC ri.sed .pf . ;

di gi tal nego?ﬁ%{r?rbsﬁ&mé‘nsg '?:%lrcl fi%(?gglﬁ%{%%rgllg?“%}r,\% n%%)ge %b\(}glre ql%ng%?ﬂééﬁeeq%t& ce

si gnal sandPageirefife dahrtas BSHH iMTEaIOWE Mabo Ve 3%¢Hpe RN the PINGN Bk Bal po@ cnegiki at ed
and indicated as nessages in the negotiation and control channels of the
PWWE. Afteftintthe power neasurenent signals are received and anal yzed, the

pr ef er_rggl hrgngg.t eInevel s are indicated in nessages to the opposite side.

15 1t i he procedures described herein are equally applicable

to digital REGALI HomRPnRhENENES nsdulldios? EhmEndtahit iSIHRliRX toExidtibgl  dupl ex
procedures. The PMVS initially transmts (sends) power mneasurenent signals

at t he mewsegts (cjgosisiibédeirormveb existing hiessagesyand frapsaciiansryollawvt beadesetredPVMv

re-transmt the measur enent signal s at

signal s_pmy optionall . power i

i ncr _emeﬁg‘gls? eﬂ?eg?fggﬂg%&ﬁé‘p tTaE%FI_gn’!Whl%g rgf%ﬁgf%a%?%wq&eaﬁﬁgg’&%uat ely

r ell(be' Veﬁimgérlgg@n st R RlihvVY), f‘s‘ng%géwgyﬁe%%@%bén{ehﬁn§lmdti%i£h@ﬁ@§0ti'aﬁon

calcul ate y subtracting the neasured receive power of the signals from
t he tr amshiontrpbetannélsdind 42 gubwen meahecmestsagal. FharanmterPMMBdedctibe powitrso
under stood that the power neasurenent signals may. b initjated at any
desi r edMEAVEFIRDY SRR aTeéiFéP“W‘f ?’%ﬂ‘gg’&éﬁﬁggﬁ Megsage tﬁ%’éegé’b‘??‘?’l argln‘iﬁ’PHPpscope
of the FQN. F j | fibSi Ng
R e R R s R Sty

| i m t edpfe€errel TlndmiRdseMRAGhdidatdsn ¥ieSsagasto\h8bpmosite ideor ding to the

di scl osed i nvention, a new nessa referred to as MR-P, is derived from

t W nmessage WS naied thﬁh@e@%ﬁ‘ﬁﬁ%ggs’céb?ﬁ hezgin g gauaduarplivablefpdigige MR- P i s

e , | : ]
PR mosteya AR g SRR SUREREL R ARIE Pl v the Sams rul es

as nmessage MRie PIONMEY &itial[VRssaaits Menfs)pamnet fehditkangnsiielsart the l1dkest MR- P ( PRR)
paranmeters can be used to suggest values for paraneters in the returning
VB ( PCRyossibislaye. Imthisneead) 6 7388t thsGdIMooamls maperitonally rgraismdethe

CoTPat B R S AR D TR TR BB RIREC, o o
tgh% gt gfdeﬁ%é&slzzg%@vm?g% %2’[6? %irt]eﬂu@tﬂ)ﬁ b mieMah decedshryl tfanS@itgdwich &t cafo@tiiddon
o by subtracting the measured receive power of the signals from the transmit power indicated in
the messages of the PMMS. It is also understood that the power measurement signals may be
initiated at any desired predetermined level without departing from the spirit and/or scope of
the invention.
25 Further, the functionality and methodology of using the PMMS can be applied to any
handshake procedure, such as, but not limited to, ITU-T Recommendations V.8 and V.8bis.
According to the disclosed invention, a new message, referred to as MR-P, is derived
from the message MR that has parameters similar to message MS. Message MR-P is similar
to message PRR, described above. MS also behaves the same as the PCR message, described
30 above. Message MR-P (PRR) follows the same rules as message MR; however, message MR-

P can include parameters. The MR-P (PRR) parameters can be used to suggest values for

parameters in the returning MS (PCR) message.
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G 994.1 provides a procedure for nmessage types having revision nunbers
greater than 1 (e.g., 5 new nessage types). The follow ng discussion is

provi ded w@lkdedss eference to the previously discussed dat it Lade b on
comuni cation procedures described in I TUT Recommendat i O%Céf(@%)ﬁ)@ﬁb

However, it is,upder ? 3844 lb% ‘%Jn ARG GHYER S AL DR -BSEs¥etidads
hf or t ereof

present invention MA out omthe sp I'rit and cope

10 The MrVRiskssane ofat kaad. tAOdd:\nctettlhaftselppoﬂ?fMI}BB@hm ravdal( degernided in
Section 10.1.2 of |ITU T Recommendation G 994.1), in order to negotiate and
sel ect misesagap@sLeigesisogcvg! Polids nolpg et @ﬁth(rlﬁe%)? ofrbtlé Recommepgtion

nodul at e ter atl on of Tr tiQ t he STUX
07 oo oY doiral e b BILARE Fln&lact ARG Te Gioh B ET &y BRI OL IR =

i nisti at g@vm@gsa@@vﬁfesj\/basur errent Modul ation (PMVM) of the current invention,
in 15 which 5|19nals are transmtted fromthe HSTU- X to neasure for Power
Back OFf (PB@e oNowerg diseusRMVis mrmeldpﬁérr@kmgrre@mpwtﬂnh@rqvmsily Reqresadedatiat i on
G 944. 1. cedures an sactio e MR-
messageiRRp T iRt aR PR sk e Tt FERSbhER Bl Gl Ly hnged.

and t heybiveddr, 96Eﬁind@ﬁ%d%at%ﬂ%@Edc‘éﬂ‘uﬂe&ﬁﬁdeﬁ%&@%thﬁﬁé bR MR gnchgod Withdut
Recomendati on G 994.1 cl eardown, the selected xDSL begins training. The

entire demuegceom 2@ §périti dnkl{es sepedlereof. Fi g 9. In the MR-P rressage t he
HSTU- R reque MVES node b settln NPar Th rs (or
paltamt er ‘st 85 Vi€ Haiiedt BaleRFBigh 4P ot gy Sli W15 of

Si-m | ar ity T R& o ifTddabtidree RORAS. iMokder & H@g’oﬂﬁtel%ﬂ& NEL R Sp R Shelef bPEPeRLeEt S
After the HSTU-R sends the ACK nessage, the ITU T Recormengatl on G 994

sessi onBpar OGr(ABO) hede o€ axBSvmadlaper aititbeitermmdtivin e TrankeetiBVH, diegnal s ar e

sent ure assunes that after. the PMVS._ neasurenents, .the xTU X
ret urnsﬂggﬁt{g@?r P “T‘T:J-e“'lfg13 E&%@M‘Péﬁ“@@@@ ofITUH] Resgmuprad B the xTU C

sends t 912'1 ﬁdﬁhtgd?%'tﬁeP% rerﬁé}ﬁ%)fol_ru_ X Wﬁéftﬁé(cur‘?&ﬂ%gégté%l al S,

Thi s al e xTU-C to ac dge t econmrendat i on
nmessag ewhehts@maks et tlﬂ:ﬁlsh‘l&Tdd-i.’R)m TheHSTHF G Cd pricasive 3 Pandr Badk O (BB(I)hAftIBNM
signals are 30 predetermned in the I TU T Reconmmendati on G 994.

t r ansacte MY, BedhalldR repartetheddbhT &ea@nwagd%l@ﬂ@?%a pf%édur:ﬁ@&bqaam nts
and an?fn%tfa't%sh \%%\écfl(m rptht éﬂg Mﬁﬁ%éésﬁ slhq}?ls ?raxi;'st E&{ ftl§ér3 }?acfl I t\%@ fgl(‘)t?lg7 385

reques POSsI ara ers,

PCT/ USOEB@Q@&&chm@HIHrﬁ thel@hal xDHLGﬁlodeT hf@e'rzﬁloa i @eqméi F/@iltohm@g'lmarrwer S, SO
it requires the HSTU-R to use MR P and the HSTUOC to use Msin the B
t r ansacRemmendagere\Ai%é\ deardayen, dlamcdastesl :43SIebrainsieaisiage Ths egfirgspquencerabl e

el s i:} "#" corresponds to the step nunber in Fig. 9. 5 Table
2. Pl\)%gl‘isgge B o

asur enents)
In the MR-P message, the HSTU-R requests a PMMS mode by setting a NPar(2) bit.

The parameters (or parameter sets) are requested through SPar(2) and NPar(3) octets.
Similarly, the HSTU-C responds with similar parameters set in the octets. After the HSTU-R
sends the ACK message, the ITU-T Recommendation G.994.1 session performs the cleardown
25 operation, and then, the PMM signals are sent. The procedure assumes that after the PMMS
measurements, the xXTU-X returns control to ITU-T Recommendation G.994.1.
During the PMM, the xTU-C sends the first signals, and then, the xTU-R responds by
sending signals. This allows the xTU-C to acknowledge the ITU-T Recommendation G.994.1
ACK message sent from the HSTU-R. The characteristics and timing of the PMM signals are
30 predetermined in the ITU-T Recommendation G.994.1 transaction B exchange.
After each side has performed their measurements and analysis, they inform the

opposite side of their specific value request of the PBO and possible parameters, such as, for
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Transmt Message / # Description Unit Signal Nane HSTU-R CLR O This
nmessage i ncludes information on the capabilities of the types (optional) a
of PMM siwoabs7sshat the HSTU-R can transmt 10 HSTU-C CL Gecdihwsoolpssage

i ncludes information on the capabilities of types of (optional) b PW

si gnal s etdhadleldad iREUTEisGRR réduestsitti pdrihéte, §dRt Rqlirdhihe HEBSRI® 1iss MR -P
request for the PW node, and includes the (PRR) paraneters (or category
choi ce wid tis 3/ €steritse MS ethe Bitrangpetigef | ned paraneters) of the desired
signal to be,transmtt by  the HSTU-C HSTU-C M5 (P hi s ssage: is
o Setect i on ABI PR bR OHRh R, SO TR ' REPa: SE EP< by NI Blor y
choi ce what Efirek SIS 36 HeStd R@ibePin Mgeslef i ned paraneters) of the desired
signal to be transmtted by the HSTU R echoes the paraneters (or
category choi ce whi ch repatdséht EMMSqBtanddrd Meadefeinend) par anet ers) of the
desi red sj Qraabmit 0| bessap¢ ang Mbes@pptiby t he HSTU- C HSTU- R ACK 3 Thi s ngssage
Acknow edpg¥sit sel e¢Sigeal of | PYM 15 HSTU-C PMCH 4 This signal allows the
HSTU- R t ol neasur e| Namel i np ¢onditi ons and power | oss HSTU-R PVMRH 5 [Thi s

si gnal al | B$®U-Rhe| HERU- C MR Sigkseget ihdudes infrmoias bi the Bepabikes ofibaw@pes| |0SS.
HSTU- R VR @ptondlhi § nessag (PR signale kianid BSISR careaphit on of PMcH ;| is a
reguest flOHSEU-spefCLI ¢ xDSb | mad wleak geGhclwdddigfofnitibh on {aesphtilites day s bat|e
pr ef er ence@ptionsind| cont ai avpasigmitiet the 8§UEST caa rtedmitai N anmount of [PBO in
the downsHsEaR d| MECP T on| HE Thks Gelbels d RysstTRSBADEY n{dd6HA) inclagdk W gdges
receptionl of PVRH (PRR)S a| Sébaeahétan (o edtegaryspacd Which ngloSkntsaubfat i on node
(with possible data rate| pl efea¢fRBC@sdnieters) Ofithadetisedaigpd telisatagdmigalbgct)i on a
certain anount of| PBO i n | h¢ thedismust r eam di rection; and

HSTU-C MS (PCR) | 2 | This message:

+ is a selection for the PMM mode, and includes the parameters
(or category choice which represents a set of predefined
parameters) of the desired signal to be transmitted by the
HSTU-R;

* echoes the parameters (or category choice which represents a

set of predefined parameters) of the desired signal to be
transmitted by the HSTU-C

R

HSTU-R ACK 3 | This message Acknowledges selection of PMM
15 HSTU-C PMcy 4 | This signal allows the HSTU-R to measure the line conditions
and power loss
HSTU-R PMgy 5 { This signal allows the HSTU-C to measure the line conditions
and power loss.
HSTU-R MR-P 6 | This message:
(PRHA) + acknowledges reception of PM; ;

* is a request for a specific xDSL modulation mode (with
possible data rate preferences); and

* contains a parameter request a certain amount of PBO in the
downstream direction

HSTU-C MS 7 | This message:

(PCHA) » acknowledges reception of PMg,, ;

» is a selection for a specific xXDSL modulation mode (with
possible data rate preferences);

* contains a parameter selection a certain amount of PBO in the
downstream direction; and

+ contains a parameter selection a certain amount of PBO in the
upstream direction

HSTU-R ACK 8 | This message Acknowledges the upstream PBO request value and
selected mode of operation
20 - Training - | Training begins
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contains a paraneter selection a certain amount of PBOin the wupstream
direction HSTU-R ACK 8 This nessage Acknow edges the upstream PBO request
val ue andvosméet ed node of operation 20 - Training - Traipgmgobaeins 43 WO
00/ 67385 PCT/ USO0/ 40019 In "revision 1" of ITU T Recommendation G 994.1, a
HSTU- X gener gt ir&dsibh 1S oM IMESB@GSIEAIILEN &. 9928 S a METINSE Qenteﬁhn‘ﬁgntsd MEr an
input fromthe opposite HSTU-X. In order to preserve backwar

conpat i ipesseggcanitantts dasingl vred 1o ofnsidpyar iReit Gamethd appaite @SIA4X. 1n ordee to

current _inve n s an. expl.i ci This ru at the
cont ent BeRrvppeReg’ ety in T upFi s U PR ot Emeer Shof bl

suggest @frdnPinVEntfon LKt folth af BOUIG HR. Sis ﬁ@éj§t!1t@§§1|aythe%9nt€§tsto@aﬁ-m d a NAK
fromthe HSTU-R Before suggesting the power |evel of the PMMsignals, the

HSTU- X whevagadcandioreraude’ thyglharapstérpandemofie sumgestedan MEnB1 it att shenldatoi son by
exam nin th received. % %I eve S1HC§QI gte | TUT Recommendation G 994.1
carri er &utipys béﬂé‘?éﬂ s ol &oRsthg Eré ral politeness, power 10 |levels
shoul d be selected so .as to err on t i of Sone
Soonari o orhBlSTeRRRR st oBe P sSelitt RS 55 BT )

r ecom&ggﬁ EQfSate ofithe HﬂWléik ﬁ]?atﬁnﬁﬁ-'aﬁ't@ dxARIGAL thel rbc R v 18R1sD M
session? Specifically, shoul d a "HSTU- C do when the HSTU-R initiates

the t raHébEtR@nmmmﬂata)nm}&Phlwa'rmrs I\Iﬁ’genetrral fdreeddSit b{Cpeetca ipobenessMpvaan| y
nmessage Res ond th REQ MR-P (that is, create

andt her "éwm}é\egﬁlﬁ%legotaﬁé‘? e‘%‘é’nél? lﬁ}ea? using BBV t he HSTU- C can request
to send MR it also has ters like ver, the HSTU- C
woul d ot krighing L nﬁ%w &q@éa@fﬁhwaﬁ%@g%aq%reﬁ@mw&ﬂona <o

cont ai ned pay ap |I, ed to
PMM (D) Re ] ot at t he

S ’ w Pse
HSTU- C sh391dVM3HS’§UF@/Eo v@ﬂ'en (&)Hﬁﬁ@n@nﬂna@eme %{@néucﬁdsh @Wa%ﬁl\@l@'&%gﬂ This
notifies the HSTU-R that t PVM w egl n unl ess ed. STU- R

deci des thatlftﬁemls@(y\@daéw&pamg lﬁ'tmésB@ePMMHmUmtl?rs it can then send

a NAK-NR (Not ready) to conclude the transaction and immediately initiate

a 1ew transaay iRespdiyl veiENREQIMINRP Bthd it ftrédic SndhigaReihensge t#pe AacRIsthilg t 0
the present invention, the preferred (but not only) solution is to respond

with PNRIBRQIMR;heHSTUCroge requvsitesendddRy but ihalysharepasanaeicrsive MRBFY- C may:
(a) Resﬁé?\{)&ew tfl{'Hg%Q é’R o|1311d rlﬁq\ﬁ\éeﬁv&/rthat aml\%l\fl%lb%}n'gqre]ql?e)égdbl tlgssttl?eeRﬁérﬂ?IR P

probl ens™ as
also contained parameters, since requesting MR-P is not necessarily limited to PMM,;

(b) Respond with REQ-MS. However, the HSTU-R would not know that the HSTU-C
20 wants PME; or

(c) Respond with MS with PMM mode selected. This notifies the HSTU-R that the
PMM will begin unless NAKed. If the HSTU-R decides that it does want to suggest the PMM
parameters, it can then send a NAK-NR (Not ready) to conclude the transaction and

immediately initiate a new transaction by sending MR-P with it's suggestions.

25 According to the present invention, the preferred (but not only) solution is to respond

with PMM mode in MS.
If the HSTU-C receives a MS message, the HSTU-C may:

(a) Respond with REQ-MR-P. However, this solution exhibits the same problems as

noted above;

30 (b) Respond with NAK-NR. However, the HSTU-R may not necessarily send MR-P;
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30 (b) Respond with NAK-NR However, the HSTU-R nmay not necessarily send
MR-P; 44 WD 00/ 67385 PCT/ US00/ 40019 or (c) Respond with REQ MR The
HSTU- R wWQ 0¥&3%ond with MR, and then HSTU-C w il respon®CHUSA0/MOINi t h PVM
node sel ected. According to the current invention, the preferred (but not
sole) salution is to respond 5 with REQ MR and then proceed as descri bed
above. 2. If PBO neasurenents are not successful, how can anot her

PMWM
session be (chiRdspeswitip8EQ-MEe Tl UPTHMR withesspeared with MR ¢ andierHdSIUURC was
unabl e t g, det er,m.ne riate | evel fromthe 10 received PMCH, it
can re-vgﬁbrﬁg%%ndt‘%lgjm%gWrﬁn? eesefeg_%_l, nmessage sent after the PMM (where
t he PBO down RY 1 X b) If
the 11U C wakf ATk ElGuRRRentioIHt ErshiE B BRI relbord
regei vegitPMBd-MR, aganheepougdestdctidnePMbvende in the M5 nessage sent after
the PMM (where the PBO value normally woul d have been transmtted). 15
Power Back Cf.fIfiPEa dicediedtheri®ib @dssustéds fuldwwbending tleoBRIM Wadsiva benuner at ed
sets of standard paranmeters or explicit paraneters. A Standard Set of
Par anet@tizkaddsur enent s This means of operation assunes that a standard set
of parameters for both upstream and downstream neasurenent signal
char act er i sthesgibjessobiiong cl§est ed. This can substantially 20 shorten the

| ength of the S The HSTU-R sel ects PMMS usi ) aneter set"
mode by set (ithd! Bedpuai R Vanapless dBiermine e apoanEE SP kol B fuest ed

t hroug . 2) : ) Plﬁﬂq( T

nggsagggeeﬁ%ﬁlgé‘z’ilf(ﬁbg% ra °ecszllatgee ow u@%dnegﬁtéﬁés%é{s??%éé%fﬁ%&g%gﬁghgm%ﬁever,
it is umwdersthe®B( datnstraam Velurmsaagbswodd hbee bieadrahanit@dy, oof t he vari ous

25 xDSL systens. In this regard, reference is made to | TU Tel ecomuni cati on
St andar di zat (bpif GediIFU-dbesmemrbleantdetelrethe aG.aghbptiatPaFQ levBeitamtiendat i on f or

G shdsl " hy Steve. BLACKWELL, i shed i ust, 1999 and assi gped
Tenpor arFQelt‘iSjc]tMB‘n_t“ mrﬁi%%es%thgg%ﬂﬁf n Eﬁ%rmﬁsﬁagﬂrﬁeeﬁﬁ?@%ﬁt sly
| ncor poRAfRALDBRE) \th?eync{rﬁﬂéﬁfr%ﬁﬁi RdVe bbéh ﬁé}fs%rﬁtzé%_ For a first (pre-PW

handshake transacti on, octet coding o P/M5 30 nessages is

S ?Wn i N Tabp&ser Bck OPMIRuRPrent MetHodS wik AN e (RREsed Mth% BARAshRK Gets 6P VO
00/ 67385 PCT/ US00/ 40019 transaction, the octet coding of the MR-P/ M5

nmes s agesaridardsgaommetens of akples patantdterough 59. A

A. Standard Set of Parameter Measurements

This means of operation assumes that a standard set of parameters for both upstream
and downstream measurement signal characteristics is being requested. This can substantially
20 shorten the length of the messages. The HSTU-R selects PMMS using a “parameter set” mode
by setting a specific NPar(2) bit. The parameter set is requested through a SPar(2) octet and a
NPar(3) octet.

The contents of the MS messages will be illustrated below using G.shdsl as an
example; however, it is understood that the MS messages can be used for any of the various
25 xDSL systems. In this regard, reference is made to ITU-Telecommunication Standardization
Sector document entitled "G.shdsl Draft: Recommendation for G.shdsl" by Steve
BLACKWELL, published in August, 1999 and assigned Temporary Document NG-R15X, the

subject matter of which is expressly incorporated herein by reference in its entirety.

For a first (pre-PMM) handshake transaction, the octet coding of the MR-P/MS
30 messages is shown in Tables 53 through 55. For the second (post-PMM) handshake
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procedure with exanple contents is shown in Table 60, and is illustrated in
Fig. 9. Table 53 - Standard Information Field (SPar(1) Coding) 5 SPar(1)s 8
7 6 5 4 WQo0ke7388 992. 1 - Annex A X X X X X X X 1 G 992. 1 pcTAfNIGHodPo X X X X
1 x G992.1 - Anfnex Cx x x x x I x x G992.2 - Annex A/B x x x x 1 X
10 {2amfRiof, the DBREXodn o Xth¥ MRp/Ms&negsag%s%@%Lm&magleg 5% tH‘ro?ﬁ 59 Rgser ved
X X X X X x No paraneters in this octet x 0 0 00 %Table54-
HDSLprivbaiere WiPaex@)plCoolntagy 1sGhSHDSh Thblarc023rsl i8 117us€ra&d4n E 12 91 G SHDSL
tiate training x x 0 00 0 0 1 G SHDSL PWMWS (neasure using paraneters x
00010 referenced in Table 55) 20 Reserved xx 000100
erved x x 0 01 x 0 0 _Reserved x x Ooolgéaervedxxloooo
0O No paraneters in ?WI%S%C§'@Pd%€d§n@matﬁm§@d(§sp¥$l) ng) only one (1)
vabue (i g, Mdde) carSHae(lpel ected. Tapl& B57- G6SHISL Far arfet ers ( 3Pay (2)
Codi ng) GEHMDSL Shek@2)s 8 7 6 5 4 31 X 1] @ SHRSL A nity ate training (using
downst r eqro.pRr etk BX X X X X X x 30 N?\F ues frxomxablxes 5% through 58
t

nrER X X

ni

X — X X X
DX 50
w o~

G SHDSL |irg.992at eadneRicni ng (usi ng upstream paraneter X xx X X Xxx 1xx | val ues
from TabllesoP6 tAiexghs 58 G SHDSL downstfeam PMVS using set #xfrom Table 59
X 18 X X X 399 X AfgeotDSL upstream PMME usi Rg st # fram Tabl ex59 % x| x x |
X X X 35 &&ESL downst ream PMMS us) ng |lexpl i ciit paraneterns iR x x X 1 X X
X X Tabllgeflveand mul tiple copies of| Tableg 62, 64y 6% and 66xG SKDSL
upst r eam| R\VRrMstdtin@XPbdtGi t par aneter,s |n0x xol X0 X X% X % T@bl eo61 and
mul ti pl e Topres of Tabte 62,64, 65, and 66 —Noparaneters T tHrsoctet X
X 0000O0O0O 40 Note - Mrxre that one (1) value can be sel ected.

15 Table 54 - G.SHDSL Mode (NPar(2) Coding)
G.SHDSL NPar(2)s 8 716 5 4 3 2 1
G.SHDSL Initiate training X X 0 0 0 0 0 1
G.SHDSL PMMS (measure using parameters X X 0 0 0 0 1 0
referenced in Table 55)
20 Reserved X X 0 0 0 1 0 0
Reserved X X 0 0 1 X 0 0
Reserved X X 0 1 0 0 0 0
Reserved X X I 0 0 0 0 0
No parameters in this octet X X 0 0 0 0 0 0
25 Note - only one (1) value (ie, Mode) can be selected.
Table 55 - G.SHDSL Parameters (SPar(2) Coding)
G.SHDSL SPar(2)s 8 716 5 4 3 2 1
G.SHDSL Initiate training (using downstream parameter X X | X X X X
30 values from Tables 56 through 58
G.SHDSL Initiate training (using upstream parameter x x|x x x x 1 x

values from Tables 56 through 58
G.SHDSL downstream PMMS using set # from Table 59 X x |x x x 1 x x
G.SHDSL upstream PMMS using set # from Table 59 X X |x x 1 x x X
35 G.SHDSL downstream PMMS using explicit parametersin |x x |x 1 x X X X
Table 61 and multiple copies of Tables 62, 64, 65 and 66
G.SHDSL upstream PMMS using explicit parameters in x x |1 x x x x X
Table 61 and multiple copies of Table 62, 64, 65, and 66.
No parameters in this octet x x |0 0 0 0 0 0

40 Note - More that one (1) value can be selected.
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46 WO 00/ 67385 PCTI USOO 40019 Table 56 -
1- NPar(3) Coding) G SHDSL training paraneters -

G SHDSL Gener al

Paraneters (Cctet
NPar(3) 8 7654321

G SHDSL W&8ai85paraneter #1 x X X X X X X 1 G SHDSL genBFHUSHAB et er #2

X X X x xx 1x5 G SHDSL gener al

paranmeter #3 x X X x X 1 x X

G SHDSL

gener al par amet @abi4s6x GSKDSLIGsnexalParagSHpEDctgehe¥Rdr(Parosmeer #5 x x x 1
X X X X K@ﬁﬁﬁgﬂtﬁlﬂir}go%aﬁle%rgﬁNPar@ aBAEl T 11 (I§S HCIal X K 0 0 0 0
0 0 10 TaH e ﬂm# par T g Parageter$ { Cctet 52 -5 NPar(3y| Codi ng)
Data rateg »3 2 1 Ungpegcif) ¢d by, tergrinal x x, 000 0 0 0 0
Data rat e zgl#gls) xxOxxxx x 15 Dgta yatg (hifs 5-1 x
64 kbit/$ ¥e >#41xxxx ;’(atg(1544xlvblxt/§(><x111
110 RE |nbythelg 1 Table|58 -

G. SHDSL %§6n69f$arﬁa%1 ers#?Oct et 3 - |NPar (’é ’g&od. ng)xlzézzG%HD% PBO | evel
- NPar(3) €8lli'hg 8 .76 54321 PBO(dé) (’b.t§61 -1, dBl) X x| x x X x x
X Reser \e§ P~ 1 ble hg Set

NBr (3) Coding 25 G SHDSL PMMVS initiate - NPar(3) 8 7 6 54 3 2 1 G SHDSL

PMVB set #1 (1

G SHDSL
nms) 30

ms; 5 ms

50 ms;
poer ;

20

25

30

35

5
5

LOP1kBY LEXHBSI B hint Phrdfndierd (Bcttr 7. NPAYS] Covﬁﬁsﬂ,’;_?o”sm

SHDSL PVt Eate WBav() o4 Kkhi 1/

- 8230 ¢

RO % )5)(4( 31 2 ¥

5
power; 50

Uasieribsi bypiovEnaet #4 (1024 kbi

ele 1@ SHPSH PMNDItSet #4 (1024
) Datrgate Bats sl x ReldatrsvietP21 kRiv'y) x

Data rate 1.544 Mbit/s

Reserved for allocation by the ITU-T

tds; X- ¢

kbi t Ks;
XX X X

X
X

X
X

Q60XdB* X x X xXx
1 X X X X X
1 1 1 1 1 0
1

1 1 1 1 1

500 dBOx ¥ x & 10x 9( )

power ;
X X 35

Table 58 - G.SHDSL Training Parameters (Octet 3 - NPar(3) Coding)

G.SHDSL PBO level - NPar(3) coding

8

7

6 5 4 3 2

PBO (dB) (bits 6-1 x -1 dB)
Reserved

X
X

X
X

X

1

X
1

X
1

X
1

X
1

Table 59 - G.SHDSL PMMS Initiate Using Set NPar(3) Coding

G.SHDSL PMMS initiate - NPar(3)

8

7

6 5 4 3

G.SHDSL PMMS set #1 (1024 kbit/s; nominal
power; 50 ms; 5 ms)

G.SHDSL PMMS set #2 (256 kbit/s; nominal
power; 50 ms; 5 ms)

G.SHDSL PMMS set #3 (1024 kbit/s; -30 dB
power; 50 ms; 5 ms)

G.SHDSL PMMS set #4 (1024 kbit/s;
power; 50 ms; 5 ms)

G.SHDSL PMMS set #4 (1024 kbit/s;
power; 500 ms; 50 ms)

Reserved

No parameters in this octet

-60 dB

-60 dB

X

X

X X X X

X X X X

(=]
<o
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No paraneters in this octet x x 0 0 0 0 0 0 47 WO 00/67385 PCT/ US00/ 40019

Tabl e 60 -

PMVB -

St andard Par anet er
Transm t waonwe#sont ents of octets

Measur enment s Procedure Exanpl e

Unit HSTU-R MR-P 1 Tablcer@shosbh® 0000

(Sel ect G shdsl) Table 54 xx0OO 0010 (start PMVBE nmeasurenents using set in
Tabl'e 55) Tabtg1580x P01 MadidrmsinheaimvizhiRTBas brRERME §xh‘1§1 RY set in
Tabl e 59) Fabie Mrt FHownst+ear—5—HSHO-6Ms—2—Tapl e 53
x010 0000] ( S5 IF Cﬁgw&sl’%" ?éfbfeél S:S‘f‘i& 0010 (start PMVB measur ement s
using set [ t@%abl e 55) [Tahle 55 xxQ0 1100 (downstreanf downst r eam PMVS
measur enehH8TU-Bsi ngMBat |1n Tablsi 58 T99 00P4Ib¥cksctBLshdsOO0 0001 (set #1) _
[ downstream] Tablle 59 xXxQOUTdR0GE (:9ed01# IarPypst meamdmentiGid-sR idCGiKle 35)Thi s
message Atknow eddes sellect i@ sof xBYMB0 (ddSTidedm RMis ineAutiSTH B PVRH 5| HSTU- R
MR-P 6 Taple 53 x(010 00400 [ felsot G shdsl) Tabl e 54 xx0OO 0001 (Initipte
training [using parameter Valies [oofo: [ahFaRRl.Jap! e 55 xxC0 0001
(Initiate|[training (usirng downstream paraneter es from Tabl es 57 and
58)_ Tabl e-56_x.x.x.x_xx-xx_dreuje.LaJ_9a.La.rxeLﬂr< rTable 57 xx00 0010 (128 Kkbit/s)
[ downst r epit "V ETal1 S 58 | pEo521 0x% BOUBIS eSS ean] 10 HSTU-C M5 7 Tabl e
53 x010 0POO (Sel gct G ghdsTPplePabiE0 GUO kee@DVOGVMcafukamictts esing s¢tiraliahie AY ((usi ng
paranet er| val ues f[rom Tab| ebk5) >kabl®obbwixxed/dQdskednt PMLE &eBuitmaini N
(usi ng pafaneter Jal ues |f rjowing JahlTesle 9§ and 58) Tabl e 56 xxxx xxxx QGener al
paraneterfs -Tabl g 57 x3OQ B8LQo (k3BodsPistis$)ad-dovmst rean] LTable 58 xx00
0110 (6 dPB) [downgtream| | i so yxx000001 (set#1) [upstream]
HSTU-R ACK 3 | This message Acknowledges selection of PMMS
HSTU-C PMq; | 4
HSTU-R PMg, |5
HSTU-R MR-P | 6 | Table 53 x010 0000 (Select G.shdsl)
Table 54 xx00 0001 (Initiate training (using parameter values from
Table 55)
Table 55 xx00 0001 (Initiate training {using downstream parameter
values from Tables 57 and 58)
Table 56 xxxx xxxx General parameters
rTable 57 xx00 0010 (128 kbit/s) [downstream]
LTable 58 xx00 0110 (6 dB) [downstream]
10 HSTU-C MS 7 | Table 53 x010 0000 (Select G.shdsl)
Table 54 xx00 0001 (Initiate training (using parameter values from
Table 55)
Table 55 xx00 0011 (Initiate training (using parameter values from
Tables 57 and 58)
Table 56 xxxx xxxx General parameters
rTable 57 xx00 0010 (128 kbit/s) [downstream]
LTable 58 xx00 0110 (6 dB) [downstream]
rTable 57 xx00 0010 (128 kbit/s) [upstream]
lTable 58 xx00 0110 (6 dB) [upstream]
HSTU-R ACK 8 | This message Acknowledges selection of the G.SHDSL using the
specified downstream (an upstream) PBO
- Tramin | - | G.SHDSL training begins.
g
B. Explicit Parameter Measurements
15 This measurement is similar to the Standard Set of Parameter Measurements described
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rTabl e 57 xxOO 0010 (128 kbitls) [upstream LTable 58 xx0OO 0110 (6 dB)
[upstream] HSTU-R ACK 8 This nessage Acknow edges sel ection of the G SHDSL
usi ng t h&0 883X i ed downstream (an upstrean) PBO Trai ni n PCTESOMERL9
training begins. g B. Explicit Paraneter Measurenents 15 This nmeasurenent
i s sim #vethpwdver, Srandecy aBetequifedParteprems thaveadiort emanteier defounatied 48 WO
00/ 67385 PCTI USOO 40019 above, however, nore octets are required to
transmt thelnetkpifoliavwing disayssioar PMM sigrals ntsriised 1 thractwitionwi fgshdblscussi on

PMM si ggpal s- ar.e N _the. activati.on,of G shdsl.~ Speeifd.cally, .2-PAM
Cooe Soafielicdls ARRM e S0GiB0R { Sh Bl BBt GoRE PR b et 0

dat a/ syaekymBd1QateSs te@dof Qishdsl Saf$ig. L aintplOehcobXaiBl €.s808diingdn AataG shdsl
activation data 5 rates are proposed bel ow. Although the discussion is

descr i betesiare preposeddelodat a rate paraneters, it is noted that other
paraneters, including, but not limted to,(;ynbol rate, PAM|evel, etc.,
may be used AHBoughdbediseussignug desenbedda permtsi o gataraihperpanasgrp.rif ts neid/thdt scope
of the current inventiqn. su ta rate re ion_of 32 .khit/rs for
dat ¢ rStera e bt e, SRR el SR G AM I el gt

kbit/s A&otigal &ithbaSphm G BRAPRIt indet dope oFHeRVIBERt ihbentionnot ed  t hat
ot her resolutions can be encoded Iin a simlar manner. Table 62 illustrates

how t o encodgskuniehedata mitdresd1hesHIb T XIS fop lath Idnkdistibaeap 01 R0, khd &/ s
with a resolution of 64 khit/s. It is noted that G shdsl is designed such
t H&t sl dajhratgreaelyiener 64khips for daimteanemieinns ehavarh Mhttes Hovwgyen e iepgiedyed. 15

The P PMCH signal s may .contai.n..nul tipl e..si ... S ts. For

exampl ot Qhiraniailn i 38 B SRaGEM ARk mptfier TRUSBR mEFITEBoR 4p iges

| evel s fh@miAindiny Bustehents BRYODRLiFRt0 2804 RBIBS Wit 06 1IMRA yaduesys. Tils, each
segnent is described with a "4-tuple” that conprises: (a) Data rate; (b)

Power | eated thef Gehdshondasignpd sucdGhytc)ighly asyimamstrianpisticdn aBdaiotvnsireamn (agesg. |
anount of gilengp gfter the signal before the next signal will be sent).
Whi | e tT8 8F EBBEYYFSNn herein is made with reference to specific tine

TNV T S e P L
i nvent i @Rerallf@a REdsTbr £ 8FeAPoRér 60Q, MR FeralNibwdp ITRESBOL SivieR dBROMRY b&sehabl es

53 through 55, and
to measure the PBO values. Thus, each segment is described with a "4-tuple” that comprises:

(a) Data rate;
(b) Power level (from nominal);
20 (c) Duration; and
(d) Guard time (e.g., amount of silence after the signal before the next signal will be
sent).

While the discussion herein is made with reference to specific time resolution bases, it
is understood that such time resolution bases may be modified without departing from the
25 spirit and/or scope of the invention.
The octet coding of the MR-P and MS messages is shown in Tables 53 through 55, and
Tables 61 through 66. An example procedure is shown in Table 67.

Table 61 - G.shdsl Number of PMM Segments Octet

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

30 Unspecified by terminal x x| 0 0 0 0 0 O
# segments (bits 6-1) X X[ x X X X X X

Reserved X X 1 1 1 1 1 1
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Tabl es 61 through 66. An exanple procedure is shown in Table 67. Table 61 -

G shdsl

30 Unspeowbiogersby t
X X X

erm nal

Nunmber of PMM Segnents COctet PMM segnents NPar(3)s 8 76 54 3 2 1
X X 0000 O0O0 # segnents (Dbigsr/GsoblodioX X X X
Reserved x x 1 11111 49 W 00/67385 PCT/USOO' 40019 Table 62 -

G shdsl Data Rate Oct et Dat afaggt@ N?@g((sﬁbﬁtaq{aze @C§t4 321 UnspeC| fied by
term nal x—«6—0-6 Patg—rate—{btt .\b.h’s X X X
5 Data rate—{bits Ra'm\yat&mr\mslc + 1024.bi§./s§7\<9 HEMN \; I"\‘Ltarate
1. 544 Nbi { ]Paspgeified by teqmigaly 0 Reserved x|x 1 1% 191 P abI e 83 O Exanpl e
Val ues Da Qa%%t%(béﬁéddi%; 1 |ReSul | 0°0 & 0% & Udspetilfied O
0 0°1 1 0] Bate rafo(bits pgox §djbitfss 10641113“15)1 1 181 X B2l= 992 %bi%t/< *d 00 0O
0 0 x 64 #Drgrage L54pMhitRpit/s 15 1 0 0 0|1 X 3*| 64 + 11024 2 1216 khit/s 1
1110 1/ Boseweds + 1024 = 2880 khit/s 1 x0 b 1944 kpilt/d 114111
1 Reserved 20 Table 64 - G shdsl Power Level COctet G SHDSL PBO | evel -

NPar (3) coding 8 7 6 5 1 dB) x x X X X X X X

Reserved x x 1 1 1

11 ab?ff?gﬁ

TEntEr g s By R e e

B8 nent

Dat®& rate NPar(3)s

867 65 4 332 2

rati on Cct et

Ddration (bits 5-1 xRe&@ltrs) x x 0 X X X

X x Duration (bits
11111 30 Table

B-1x 100 fis ¥ 700 ns) x X 1 x X UaspeciedReserved x x 1

66 -0 G ¢hdsl
o 1 1 1 1

1

RVM 8Begnment Gualad 3Qct ¥R kbit/s
31 x 32 =992 kbit/s

1 0 0 0 0 0 0x 64 + 1024 = 1024 kbit/s
15 1 0 0 0 1 1 3x64+1024=1216 kbit/s
1 1 1 1 0 1 29 x 64 + 1024 = 2880 kbit/s
1 1 1 1 1 0 1544 kbit/s
1 1 1 1 1 1 Reserved
20 Table 64 - G.shdsl Power Level Octet
G.SHDSL PBO level - NPar(3) coding 8 7 6 5 4 3 2 1
PBO (dB) (bits 6-1 x -1 dB) X X X X X X X X
Reserved X X 1 1 1 1 1 1
25 Table 65 - G.shdsl PMM Segment Duration Octet
Data rate NPar(3)s 8 7 6 5 4 3 2 1
Duration (bits 5-1 x 20 ms) X X 0 X X X X X
Duration (bits 5-1 x 100 ms + 700 ms) X X 1 X X X X X
Reserved X X 1 1 1 1 1 1
30
Table 66 - G.shdsl PMM Segment Guard Octet
Data rate NPar(3)s 8 7 6 5 4 3 2 1
Duration (bits 6-1 x 5 ms) X X X X X X X X
Reserved X X 1 1 1 1 1 1
35
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Data rate NPar(3)s 8 7 6 54 3 2 1 Duration (bits 6-1 x 5 ns)
Reserved x x 1 11111 35 50 W 00/67385 PCT/US00/ 40019 Table 67 -
PCAASHV400Nae #

X X

PMVB ( ExNQ @¥&738easur enment s Procedure For PMVB Exanpl e)

Contents of octets Unit

Tabl e 54 xxOOTaQiz®7(-PNMS (EvMEinkessurenems Brogsdurg FeePMMS Fahbinple5)

55 xx01 @
Tabl e 61

O nsti0
angk mul

Nemé €
Liple

2l
cop

e iEASEIEeNENT S USI Ng exXpliClt

X X X X X X

HSTU- R MR-P 1 Table 53 x010 0000 (Sel ect G shdsl)

par anet ers
i es of Tables 62, 64, 65, and 66) Table 61

0011 Nu

[ downst r e
[ downst r ¢
(e.qg.: 2(
62 xx10 (
Power | ey
[ downst r ¢
20 n8) r T

64 xx0O0 1

Dur ati on
[ downst r 4
G shdsl)
Tabl e 55
explicit
and 66)

r Tabl e 63
xx00 101(
Dur ati on
[ downst r g

G{STOLR S
ban] (e.
pan] (e.

s L
000 Dat
el [dow

able 62
010 Pow
[ downst
panm (e.
Tabl e 5
xx|l 100
par amet
[abl e 61
P xx1 O O
) Power
[ downst

pam (e.

pam | (el

S
g.: 10
.. -1
Tabl e 66
a ratel [0
nstream
g.: 200
xxOO 100
er | eviel
ream ] (1q.
g. . 20 nH
4 xx OO0 0g
00 (downs
ers in Te
xx Q00 (001
000 Daft a
| evel |[dd
ream ] (e
g.: 20 ng)

o1 |
24

0 d

GQME$Brﬂﬁﬁbo&ﬁsaanGéthable 62 XXTU 000U Dat

%Etifi) Txoa-g@l Ogst %glg?n 1010 Pover Fble 55&1

BUrati o HS‘T%FS%S
5@1@@1@99@ FMMR s s usig epplifit -
JRREEEE A abfee gnd malealaccrpﬂﬁw Eai s ¥Rt 6Rd $90
(Eablg 61 xxR0 O@iB)Nunibertyf gegbontx kiO@nshOd] (Bgr 3t i on
ME)ble &zTa(m@oo@@DmQ@ QPR Gar el gl m\m&wearﬂ

qagﬁﬁ]@ oy Onéo éjpower evgi@v&% ealg]r(alg l%éégl t/s)

xxQOO 0
|@able 650 x5@0) 000] Pprgtica @wwm ldoa120mdr d
)L TEbIHBT b @ VB0 GuafdhloendBanQd 0 0AY ( Sel ect

19 o820 PBDIE ARGAIRALS) YSL OB ghihn. Tab
t r eam an QFC?V%ﬂT nent s usi ng

JrelsY ARl gve éﬂ?wggtfeswl FabrddR2, 64
1 ThlESe rx@F 108 @ Bretinnd dvahovmastt ea00s) g. © 3)
riahige d6d QUOTSE10@6Hd (BwhkireardiQ2 4 : kdahd)/ S) ngloi
W‘??Dtle %a n](0§ l%Ofl?at% faileo[g%@str%%? 8%% O%Jk%@

] able 64 xx00 1010 Power level [downstream] (e.g.: -10d

tTable 65 xx00 0001 Duration [downstream,] (e.g.: 20 ms)

LTable 66 xx00 0001 Guard [downstream] (e.g.: 20 ms)

HSTU-C

MS

Table 53 x010 0000 (Select G.shdsl)
Table 54 xx00 0010 (start PMMS measurements using set in Table 55)

Table 55 xx11 0000 (downstream and upstream PMMS measurements
using explicit parameters in Table 61 and multiple copies of Tables 62,
64, 65, and 66)

Table 61 xx00 0011 Number of segments [downstream] (e.g.: 3)
rTable 62 xx10 0000 Data rate [downstream] (e.g.: 1024 kbit/s)
|Tab1e 64 xx00 1010 Power level [downstream] (e.g.: -10 dB)
]Table 65 xx00 0001 Duration [downstream,] (e.g.: 20 ms)
LTable 66 xx00 0100 Guard [downstream] (e.g.: 20 ms)

Table 62 xx10 0000 Data rate [downstream] (e.g.: 1024 kbit/s)
]Table 64 xx01 0100 Power level [downstream] (e.g.: -20 dB)
[Table 65 xx00 1010 Duration [downstream,] (e.g.: 200 ms)
lTable 66 xx00 0100 Guard [downstream] (e.g.: 20 ms)

rTable 62 xx00 1000 Data rate {[downstream] (e.g.: 256 kbit/s)
[Table 64 xx00 1010 Power level [downstream] (e.g.: -10 dB)
]Table 65 xx00 0001 Duration [downstream,] (e.g.: 20 ms)
lTable 66 xx00 0001 Guard [downstream] (e.g.: 20 ms)

Table 61 xx00 0001 Number of segments [upstream] (e.g.: 1)
rTable 62 xx10 0000 Data rate [upstream] (e.g.: 1024 kbit/s)
|Table 64 xx00 1010 Power level [upstream] (e.g.: -10 dB)
|Table 65 xx00 0001 Duration [upstream,] (e.g.: 20 ms)

LTable 66 xx00 0100 Guard [upstream] (e.g.: 20 ms)
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rTabl e 62 xx10 0000 Data rate [downstrean] (e.g.: 1024 kbit/s) Table 64
xx01 0100 Power |evel [downstrean] (e.g.: -20 dB) Table 65 xx0OO 1010

Dur ati on weoyesks eam ] (e.g.: 200 ns) LTable 66 xxOO 010G /aédd/40019
[downstream (e.g.: 20 ns) [Table 62 xxOO 1000 Data rate [downstream

(e.g.: 256 kbit/s) Table 64 xxO@. %-19369 Eovelied evel [downstreanj (e.g.: -10
dB) Table 65 xx 0001 Duratiaon ia 6

656
xx00 0001 BSEYR [ dékhst 1| SanThig mesgage Sbmendpdgpabrilestion ofBAEAS0001 Number bf
segnent s [HPEY«Cea®Mfie. g.4| 1) TTable 62 xx10 0000 Data rate [upstreahi
(e.qg.: 1ORHUSKBiRt §MRH(Tc1l5I e 64 xx0O0 1010 Power |evel [upstream (e.g.} -10
dB); Tabl eHSBURXOMRPO1 |laulr @irh®dd ckatpSit rERIbI|60( £ofe): 20 ns) LTabl e 66 xxCO
0100 Guardgftpst 1 e (e-.7 OsameZ2d iBpIo i1 TIRBY Eb69g0 PCT/ USUU7 40019 Tabl e
67, conti nﬂgpulgb AR AC (ég}hesasggaﬁﬁﬁgmn%lgg@v%%g@eb sl eul OTTOf I-’:VT
HSTU- C PM———4H§ hﬁlﬁng @SﬁD@Eh{ﬁn’i}l Vip5 lﬁﬁ‘u tsame—as—exanpte—+n—Fabt 60,

above) HSFH-EM-—FF(Sare—as—exatpte—tn Fabte—60 abeve)—HSTHIH-RACK

(sarre as exanple in Table 60, above) Training - G SHDSL training begins.
F| ftp @E% g gﬁntt A discussion will now be provided with respect to

anbt her f the invention. After the PMVS, specific paraneters

for the powen daeki&f will F¥Gbe Brovidalveiet REpdYto dldehet emBbaR Rt amenegou at ed
in a Transaction B. The paraneters are selected by evaluating the

f r equenyentame nﬁ@ntthes]’lglm specifiopamemetetd or dregpodties barkot é&‘i@)m’e |scinctéd byn t he
recei ve%ﬁgomer d(rjlffere@ iromthe transmtted S|gr‘§1 as é}g the
i ni mal ROTHUL 3 g RRLY BHEELAD B TR FUFmCIES A Sefesiod eV

adequat i s
Sinil ar ﬁ%%&?ﬁ?a%’@pg*;@%‘#?é%%’atébn(%%%qsﬁ%ﬂ @S‘s%%fﬁﬁ?%“% fhohthe 1 2EREeh ?ﬁﬁﬁm S\
Hoisev er difidrancafjomitbe RMidmittbesigidlsRas enae thdmirfimabtecessagnfatquencydddperdent t he
XxTU- C sends .si gnal s. This allows the xTU-R to acknow edge the signal 20

sent f r BHRSPHEPOMROIEE thy forminal inasdequate teesivriic#dhdat i on G 994. 1 MR P nessage
sent fromthe HSTUR It is noted that the characteristics and timng of

t he PMM si gnilssessien spynmewt for thinerabadimenias sindlas scthaodes8isdabangwith
respect to the other embodiments. However, during the PMM, the xTU-R sends the first

signals and then, the XTU-C sends signals. This allows the xXTU-R to acknowledge the signal
20 sent from the xTU-C with a second ITU-T Recommendation G.994.1 MR-P message sent
from the HSTU-R. It is noted that the characteristics and timing of the PMM signals are

predetermined in the transaction B exchange.

After each side has performed their measurements and analysis, they inform the
opposite side of their specific value request of the PBO and possible parameters such as data
25 rates. This is a request with parameters so it would require the HSTU-R to use MR-P and the
HSTU-C to use MS in a B transaction.

An overview of the contents of each message is given in Table 68 (and illustrated in
Fig. 10). The contents of this Table differs from the contents of Table 52 in that the
handshaking steps 4 and S are reversed. That is, Table 68 illustrates that PMy, is sent prior to
30 PMgy.
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After each side has perforned their _
opposite side of their specific value request of the PBO and possible

This is a request W th RaFg6RI86 SO It
HSTU-C to use MSin a B

t he

par amet erwosuetsses data 25 rates.
woul d require the HSTU-R to use MR- P and the

transaction. An overvi engf,le%Ige mpitse(tggéldglfd Maghdmsggoe is given in Table

n.

measur enents and anal ysi s,

they inform

68 (and i Hustrated in Fig The contents of this§ Table differs from
the cont ehf§ansmitraMessagy/ | H%“l“‘?ﬂ%“ handshaki ng steps 4 and 5 are
reversed. | ¥Rt is|Sigmle 68 jllustrates that PMRH is sent prior to |[30
PVMCH. 52 WD 00/ 673850eCT/ US0/ 40019 Table 68 - PMVB (Standard
Measur emenHSTUTR ansiiR  Mes|s@igBie mesBas aciydes iofermadivnton SiegrapdbilN@sef typSTU- R CLR
0 The nespgégbotahcliudes i nflor neftiMV sigmals et ha PSBUIR tangmnghitt ypes 5
(opti onal ) HATG{C PMNILsi gnal |s0 [t Tretmdskege HSTdeRn foanation @n s dapdiBitlds 6F €hesd The
message i heptded il nf or mat i |on| @drPMMeigaapahi the HSES-Ofanttyapasit (opti onal|) b of
PW si gna] BSTO®R 1§ MR-PSTU-[Q [CBit rhdsads M dlredtosiUoRhMPMINIL hodd1endBES&IE 1S a
request fpr the PMbrIode, |andhé pehmees (orCRBRry EvRceRa @rTBlredeats (QEt Fat|egory
choi ce whf ch reprg¢sents a [setpredefing Re@icddgdr PRIAIRY SikSal Phe thAemAgSi[red
signal to] be transmtted [|by gmgeﬁ@mcc HSTU-C M5 (PCR) 2 The nessage: is
a sel ecti pastolC U WIR OF, THRMGEsEAEET UUES e par anmeters (or_category
choi ce whj ch represents a [sdt. gfa selg&{%q%r tﬁ@m% e fitdudf alehe desilr ed
signal tof be trangmtted |by 4, Rite chAgE E,gelggg et er sf (?L
category choice which re riesen, 1%: e
desi ?edysi gnal to|be t rgrsm tCEfrl ?atrl]ne é’ﬁl&% 2 %Qﬁg?ﬁf%‘ﬁ%ﬁ ﬁ&) nmessage
Acknow edges sel e¢tion of PM\?ty A thil ALl WS ttre _
HSTU- C to measure|the line Cos@ re% ne%% ra%%%"‘% %gesued Si 1 ﬁl% This
signal alf ows the|HSTU-R tlo qgi%%ll dgyt . fons ang p power lfoss
Nn_& Thal pnecann.
HSRU- R My fFefpRe ACK "¥~'[ 3| The message Acknowledges selection of PMM
HSTU-R PMg, 4| This signal allows the HSTU-C to measure the line
conditions and power loss
HSTU-C PM¢y 5| This signal allows the HSTU-R to measure the line
conditions and power loss
HSTU-R MR-P 6] The message:
(PRHA) + acknowledges reception of PMy ;
* is a request for a specific xXDSL modulation mode (with
possible data rate preferences); and
* contains a request for a parameterised PBO template for
each band in the downstream direction
HSTU-C MS 7| The message:
(PCHA) * acknowledges reception of PMgy, ;
* is a selection for a specific xDSL modulation mode (with
possible data rate preferences);
* contains a parameterised PBO template for each band in
the downstream direction; and
* contains a parameterised PBO template for each band in
the upstream direction
15 HSTU-R ACK 8 | The message Acknowledges the upstream PBO request
values and selected mode of operation
- Training - | Training begins
Some (but not all possible) non-typical transaction scenarios will now be discussed.
State diagrams, using ITU-T Recommendation G.994.1 as an example for the HSTU-R and
20 HSTU-C, are shown in Figs. 11 and 12, respectively, which show "legal" state transitions.

New components are shown in bold. Note that message names shown in Figs. 11 and 12 that
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(PRHA) acknow edges reception of PMH is a request for a specific xDSL
nodul ation node (Wwth possible data rate preferences); and contains a
request W0 0%6738F anet eri sed PBO tenplate for each band i PAIAEOHEINMSt r eam
direction HSTU-C M5 7 The nessage: (PCHA) acknow edges reception of PVMRH ;
is a seh@dbllmnedbyaraasq:ﬂaadzi(f‘)’ mdiscﬁisnhamhhmabitmnsitimdmay\biettakenpxpes'rdybpticdmfa
rate preferepces) contains a paraneterised PBO te ﬁe for each band in
t he dOV\ﬁ§P‘FlBQ?Fﬁ TP$Sa8%: 05 HPOhE TeCEplitThP eé’rﬁ%ﬂrﬁwr@ga dPBEP RSl ate for

each band in i ream dire n.1 The nessage, .
Acknowl edgesF%@ 3’3‘5 @8???58@?@&%@%11“ ?%Hfhégﬁaqﬁ‘gé@%&e&%%c&gngpm
oper at i QRow of kit MIRNGatz bkl Ni Ng begi ns Some (but not all possible)
non-typical transaction scenarios will now be discussed. State diagrans,

using I'TU-T RegoNRpdatdsat 2r8tbdeop 18MIRX AP Ed heed e Ae@ibht%’d and 20
HSTU-C, are shown in Figs. 11 and 12, respectively, which show "legal"
st at e t Begrsértingrike Wmemg@waemwemsearsf lsoea iti couldolad coMNeineanty patanrets's anfe

nanes shown in nd. 12 t hat 00/ 67385 PCT/ U 40019 are

ol Tovedt abghuans by ke b it dieRemeiaain Hedss RBprb A R dn THE De  t aken
upon reggpldpon of a conplete nessage, or upon the reception of one or nore
segnents of the nessage. For the MR- P nessage state bubble in Fig. 11, it
al so incl udegs&me%wﬁl@%g@m@ cﬁmeg a h@%}f mv@‘ior{ teeemﬁat%@&ﬁstmg%h@me‘at If the
MR- P nessage were to becone | engthy, need to be segnented.

Segnent ihegnéshazeNRAKESS agy hmasemmsm@wsl\darlgltosﬂamabe messagait-eypot- igoolt ai n any

araneters a was aI f short |ength. Thus, the segnent acknow edge

° 5 : I

command S“PRERE )HOWE‘éetr %I ICAHY MeAR thergdysstpdmatarusiers pRS- 1ot swpnorisd, sinag; gher
revisi oglek,%gﬁte g,l‘;@ﬁd&g;tleo ﬁéﬁ/ﬁ &gssggéu prent, 10 the nmessage NAK-NS nmay be a
response to an MR-P e nessSage ---type--- is not supported.

However, NAKNME - E@%@Nmﬁm bRGAILAIH FS £ rﬂésg@gzetmﬁe%m@é REQOELRYPPOr t ed,
since they can be overridden by the M5 nmessage. NAK- EF and NAK-CD are

al | owedapmopraaty farddR dyes. will dseMiRste iIREQ LRt asapabﬂmes)pmhange fhopldR- P as wel |

as I\/Rto indi gate that a capabilities exchange shoul d be
performeg% teore the mode request. g

The use of REQ-MS would be acceptable to keep parity with MR; however its use in
practice would not make much sense, since the HSTU-C could see the parameters that the

HSTU-R would have sent in its MS message in the contents of the MR-P message.

Since no mode is being selected (e.g., a mode is only being requested), "TACK(1)" 1s
20 not an appropriate response. Since NAK-NR is not sent in response to a CLR, it also should
not be sent in response to an MR-P. Similarly, sending Request MR in response to a "REQ-

MR" message would be a meaningless response to an MR or MR-P message.

Since message MR-P is related to MR, it should have a related message number. All of
the bits except bit 3 are the same between MR and MR-P. Bit 3 is set to a "1" to indicate MR-
25 P instead of MR, as shown in Table 69, below.

Table 69 - Message Type Field Format

Message Bit numbers
type 8 7 6 5 4 3 2 1
30 MS 0 0 0 O 0 0 0 o0
MR 0 0 0 0 0 0 0 1
MR-P 0 0 0 0 0 1 0 1
CL 0 0 0 O 0 0 1 0
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p0O100O0O

1 NAK-NSO0OO0O100010 NAKCODOO100011 REMS0O012101O00
10 REQMR00110101 REQCLR0OO0O 110111 The transnmt band is
di vi ded i nt oThetramaminband ipdivaided into osiaoWmorgbFidg, assBowrar HighdhdEaghsband

delimted

band, alsldéé?]%/'g%ﬂl g\tlz\‘g

r fr

OYVgI'

her

THER o0l aB e e ek (o pEE A b A

For each
in that

bapd. Exaiphte is dhd8&iolshafcaiP bridh@Sit §eBr@OVhih halb&Rl. Exhnigk fghid 7. Each

tenpl ate has a characteristic shape
templates are shown in Figs. 14 through 17.

(identified by it's tenpl ate nunber)

Each template has a characteristic shape (identified by it’s template number) and

parameters to indicate how the template will be used in the band. The gain parameters are Gy;,

Gyx,, and Gy;. The frequency parameters are Fy,, Fy,, Fxs, Fx4, and Fys. The subscripted X

indicates a place holder for which band number is being described. Various combinations of

the parameters allow the transmit spectrum to be customized according to the optimum needs

of the power back off (PBO).

For flat template #1 (see Fig. 14), parameters Gy,, Gy, Fx,, Fx3, and Fy,, do not need to

For sloped template #2 (see Fig. 15), parameters Gy,, Fx,, Fx3, and Fy,, do not need to

For B-spline template #3 (see Fig. 16) and #4 (see Fig. 17), parameters Fy,, and Fy,

represent the B-spline breakpoints shown by circles in Figs. 16 and 17. The values for the

various F| , and Fy;, are predetermined for each xXDSL. The specification and relationship for

and

20
be specified.

25
be specified.

30

message is as shown in Table 60, above.
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each parameter is shown in Table 70, below. The general order of the parameters in the



paranmeters to indicate how the tenplate will be used in the band. The gain
paraneters are GX1, &2, and GX3. The frequency paraneters are Fx1l, Fx2,
Fx3, Fx4,wee6cf85. The subscripted X 20 indicates a pl ace gl g&o4bfd Whi ch
band nunber is being described. Various conbinations of the paraneters
allow the transmt speghfdiy 1Q St SUPBOThAREE AP DI (&P the optinum needs
of the powerback off (PBO _Eor flat ¢ e #1 ( neters
X2, 3, | Ex2, FeSHDYPBQnitialg -Miardbed to [ Wb shecifidd 4253 Fo? sl qped
tenpl at e poctesle Bang# 15), paraneters GX2i FkX F%3, Xand FX4,X do*nnot |need
to be sppeFtti®d.Terplat®: spline tenpl ate #3 (5ek Fig. X16X akd ¥4 Yse¥ |Fig.
17)5 par apeeter® -PRD Garrdbire4dl x Y dpresent t he B-%pl Knle Xbr &akpoi ht sx shdvvyn by
circl es i hOregk.- PB® Gnd G4 - biFhelyadldBes for thex var) susXFLX ahd Flix |are

pr edet er nj nedbif 61l =eHd h! kD8t speFHd Speesinfiacat i pn and [rel ati onship for 30 each
par anet er | PstesoMBQ G TFabit e biZ05-1bdldBw. The ggerer ak joxkder ok the pararneters
in the nessabiebils dd1Elrow spasififdby eer@®al aboye. 55 MO 00/ 67385
PCIU USQQ pOa&6 -Faxs) By, 707, + (G -SHDSLitPBO)V A#x i pte - xNPar (8) Codi ngx G SHDSL
PBO i ni t i pOetet07NP&BQ BY, =&, F (By 5F 4 @1t26-11) /@t ef 01 x [Bandx# X xx X X XXX X X
Cctet 02 | Tebipb-at=el #1K =xnot specifiest bx texmfmalOct ef 03 - |[PBO &x, = bits 6-1 x |

dB X X X KOxtetO8% PBO Ky tdi +(B, - FBBOIitEIK, 1)268X, | -x bigg 3-1xX ¥ dB xxX X [X X X
X X bit Bb-1 BEt41EI11H adt sggodied by edmiayl t ermi nal Qctet 05 - PBO &x3 |= GX,
- Bts 5-[10%etl9dBBO K, ¥ By - X% X xXbitdd-11) 664) = 11141 % nat speci fx edx hy

term nal [10 Geit el =018 1111PBkdt kpecified bl tetmipnkdH - FL x (Qits 6- 1) / 64) x|X X X

X X X X |[Cottet100PBO RBOFEXZ,~ W lx (it d=H) f6HL K (bits R- &) £ 64) X Xx)f X X X
X X bit B-1 pitd1EUL11H A ssdoified by eemfyl terjinal Qctet 08 - PBO FX3|= FL +
(FH- FL X (DbItTsS 6- I) 7 64) X X X X X X X X Dit 6-1 = IITITT = not

specified by termnal 15 COctet 09 - PBOFX4 = FH - (FH - FL x (bits 6- 1) /
6430 x x x x Xhgforegoingiliscygsipnbag haenprowdebmershetor theaquirpgsetod explazationenét 10

- = FH - ) bits 6. 1) [ . . bit 6-1 =
111ar1 Singe hyie bpEairsd fo i Stsad hucker? dveiidh, o btk kadedbne Rikndias

provi dedadBer ld¥schiBEd (it8 rbfefROSH KenPldpy emBbdifenBNH is irfletsfod®hi@te Wordae
construed as limting of the present invention. Wiile the present invention
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

25 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 reference to
particular means, materials and embodiments, the present invention is not intended to be
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

30 appended claims. For example, while the present invention has been described with respect to
the xXDSL 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
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

35 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
be implemented in software (e.g., a software modem) that is executed by a computer.
Furthermore, alternative software implementations including, but not limited to, distributed

processing or component/object distributed processing, parallel processing, or virtual machine
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has been described with reference to exenplary enbodi nents, it is
understood that the words which have been used herein are words of

descri ptiwgogpdss | | ustration, rather than words of |imtaldOnseg ges may
be made, within the purview of the appended clains, as present?yg@@Bstated

and as gH}%@&ﬁ% cawaﬁéa%‘étcoﬁﬁﬂjzfetdi 0 %nhfeﬁﬁm € nGORE RBOibER hEden. Gh AlfiGioRr €Sent
invention In Tts aspects. though the present invention has been

descr i benhdugheheprasdnn speeffRaagne destabespabipoaert i indiRiabidonsihip&sim el ia gk

enbodi ments, the present invention is not intended to be |inmted to the
par t i cuFabedigiests| wierefeencsita parigylgestandands andasetaeols.ibe AVEaioeis nehimIted al |
functi opa I tr4c t S I i thin
the scobo sk sE S A broRisbl T o P RS At Sy pRUER S PRUG AR

i nvent i edndhdissi®e . AESREMP NEUPWP t ITMES SeCtML ODHITVEL XOFL, pPRCEr S tRf i ned in
| TUT Recommendation G 994.1, the present invention is not limted to

bei ng udEYE} perinhsral conted éuDe RSB32CT YSBylfhI EXxGesfIGMEBAY anil pHblét her

procedures, sSuc S, | TU-T Reco ndat i ons 8 andq, V. 8bi s.
The” et KioRt Elmof sl RERTRDSE) b TR eaPIS Aty o M shomus ac ons

i ncl udi BEndRed ard periddicalkyadpdrSedea PR thi@tor Hbrd offtRE bduiGalbitt 8S¥iAL BfefidGUI t S,
programmabl e | ogi ¢ arrays and ot her hardware devices constructed to

i mpl emetie seine fvnstinog Reglsemed stindende and pratneelsdiayingtth ssmmflorsersaek t hat t he
i nvention d be. i %enented in software (e.g., a software noden) that is
exBcut e eﬁ’é@Hﬁﬁggs: Furthernore, alternative software inplenentations
including, but not limted to, distributed processing or conponent/object
di stributed processing, parallel processing, or virtual machine 56 WO

00/ 67385 PCT/ US00/ 40019 processing can al so be constructed to inpl enent

t he met hods described herein. In addition, although the present
specification describes conponents and functions inplenented in the

enbodi ments with reference to particul ar standards and protocols, the
invention is not limted to such standards and protocols. The standards
for Internet and other packet-swi tched network 5 transm ssion (e.g.,

TCP/ 1P, UDP/IP, HTM., SHTM., DHTM., XM., PPP, FTP, SMIP, M ME); peri pheral
control (1rDA; RS232C;, USB; |SA;, ExCA, PCMCIA); and public tel ephone
networks (1 SDN, ATM xDSL) represent exanples of the state of the art. Such
standards are periodically superseded by faster or nore efficient
equi val ents having essentially the sane functions. Replacenent standards
and protocols having the sane functions are 10 consi dered equival ents. 57
WO 00/ 67385 PCT/ US00/ 40019 | claim 1. An apparatus for determ ning
transm ssion paraneters while initializing a conmmunication |ink,
conprising: a paraneter indicating device, associated with an initiating
conmuni cat i on device, that
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5 transmts, to a responding communi cati on device, first transm ssion
paraneters that can be wused by said respondi ng comruni cati on device; and a
measur enaswvid 00/67385 vi ng section, associated with said initi @&dTigs00/40019
conmuni cation device, that receives first signals issued by said
respondi ng cppmmRi cation device, in response to said transmtted first
transm ssion paraneters. 10 2. The apparatus of claim1, wherein said
initiating cbmiwmriippaeiugfordeidradning repsapissigbpgrMSiSEs: WhilgiaHMengr r ecei vi ng
device, that receives, fromsaid respondi ng communi cati on device, second
transniE@P%Wnﬁﬁ?%hgﬁ%Fgm?ﬂngcan be used by said initiating comunication
device; and §Ba@m¥RASHiGHRB HetitanSIBcRSddORNitS &€ ini@fingtRmmnuraasish deviseehnd
signals to said responding conmunication device, in response to said

r ecei vettasseutnt & reapradingsioonmpacaiontderise, Bst tpemzssisarmaramscters that gambel |
wherein said res ondin% conmuni cati.on devhce further conprises a paraneter
i ndi cat Fif§ baegiddEsRopdinEcoRaRiGalon davVieeaidi i t i ati ng communi cation devi ce,
sai d second a%leﬁa@&ewgg%sﬁ,sasg&ia@@d WER€aiBYnif Rtk dodhin@bAtE device,
comuni cation 20 device. 4. The apparatus of claim1l, wherein said first
transm thai eoeipey fusedignads mowedrbglsaidedspondiang compamiticagne dofica ipmspensedyedid a
frequency bandw.dth, a duration, and a carrier density of the

comuni BARSEHeq jirsk transmisgion MRS of claim 1, wherein said responding

cofguni cati ng 48 bRkt Hithim PvRAIR CAi& BRI RN IBRon RIRE Virdhr Sect | on

that receives transmtted signals, said initirating conmunication device
and sai compsgeendi ng conmuni cati on device perform ng an exchange of

i nformati on between respective neasurenent recejving sections.. 6, The
appar at us of @ PIAMFIC FCCRIYEISA 1€ alhat Teed e P2 L GOTHNHEANOB £ ur t her

conpr i S§&i& Qgcrggg%%&rmllsﬁgﬁs gzlﬂ‘gx'ngt%rsqﬁ%t' G vk lﬁ@éd By ?a%fﬁiitﬁa?ir?étcgnﬁlﬂjn%aitiaﬁt iating

conmuni cati on evl ce, second transm ssi on paraneters to be used by
sai d i njédiéd el communi cation device. 7. The apparatus of claim 2, wherein
said first transm ssion paraneters are related to at 58 WO 00/ 67385

POB/ US00/ 4003 91easusersent draasmaisign peapen thas fapsmits seeend saana)s i9atficeronding
duration, and a.carrier.d i .the. co i L on: i The

appar ot EEn BRI 1cE, Rt Loty ST R Mo famdere 102 ¢ it ner
conpri ses a PEARYAIIRIMS 6RIGMVI, Rehet€ bdi@Reshbiling esrpinvgiRatisradsidet furller

signals, said initiating 5 conmuni cation device and said respondi ng

cormuni cemprings d eeiastey érdienting dgvian thaxEprsnyts, ©fsaid inftistiracromubLaieen

respect hé/v?cer,nsagg Secon ?r%nsrn%(s:sei\!)ﬁ/ i)eprgmgt%gst to Deused by said initiating communication
20 device.

4. The apparatus of claim 1, wherein said first transmission parameters are related to at
least one of a power level, a frequency bandwidth, a duration, and a carrier density of the
communication link.

5. The apparatus of claim 1, wherein said responding communicating device further

25 comprises a measurement receiving section that receives transmitted signals, said initiating
communication device and said responding communication device performing an exchange of
information between respective measurement receiving sections.

6. The apparatus of claim 2, wherein said responding communication device further
comprises a parameter indicating device that transmits, to said initiating communication

30 device, said second transmission parameters to be used by said initiating communication

device.

7. The apparatus of claim 2, wherein said first transmission parameters are related to at
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9. An apparatus for determ ning transm ssion paraneters while initializing
a communication |link, conprising: a paraneter receiving device, associated

W th an i bdedséngd comuni cation device, that 10 recei veperis®huddio
respondi ng communi cati on device, transm ssion paraneters that can be used

by sai i Qi Bk h BgwEORDUN. Gl 1ADy B, £BMtafolBAR UIRHRR Ledd gt st on
section, ‘assoclated with sard imtiating communication device, that

t ransm ¢gmmugivatlan lik. sai d respondi ng communi cati on device, in response to
said received transm ssion paraneters. 15 10. The apparatus of claim?9,
wher ei n sai d8 EBpanpnrates foisitind. overan sed yeseending eormunicating devacs Hrthel amet er
indicating device that transmts, . id dnitiatl I i devi ce,
2 BB bRk BT oo AL o ST A
conMuUNi gthinGMcaIN Eficelhd sdid@espPRARA boamRbhicalié d8vice pURRIMRINY #3dxdhange of
transm ssion paraneters are related to at |east one of a power level, a

f r equenisyorbatidnbelecn aesgeatiye ineasuramanigceeaYing 8ectigdhsi ty of the 20

communi cation lLink. 12. The apparatus of .claim9 erein. said respondin
communi cat i ng ABFPRY a%‘ﬁrf rhcge en%g%ﬂ%Er?%sg}slsséonn%zg%nﬁ?tgrr?e“r’l Jerlgglealﬁ\%ngga seg tion :
that regghyasicadindidd anaplidihed signals, said initiating comunication

devi ce and said respondi ng communi cati ng device perform ng an exchange of
i nfor mati on bpiramerr resiyo doveenasasuiatedreith anaeidiaimgieprsmuynication deygelthat An
apparatus for _.establishing a communi cation |ink using a de%ernin d anount
of 10"t 1 aTFSFHESs B RIS BT LR Y on e CP AR RYSSIOR SRR 15 T RERS use

associ ag e Mdifhidg dofintdRldidE deABTURLCat i on device, that transmts, to a
responding conmunication device, first transm ssion paraneters that can be
used by sai da messuoerdémgraoomissinn sation assevitekwitBGaid imtasng emmentnicgowi vi ng
section, associated with said,initiq&in conmunj.cation device, tha

recei vedevige that Gansmilssignals e qaid yespanging g‘%‘ﬁ@r’fﬂicﬁ%o‘b TN PEESERBC Belfite in
response f. i f ok m ssi on paraneters; and 59 WO 00/ 67385

PCT/ uso’%féfgﬁ‘?l amslgesf‘ge“é‘%ﬁr&n’{éag%i/i ce, associated with said initiating

copmuni cat i or. dBd apparatdsalf claimards whein saidrespordingaspondiingionalenicn ifadiar on
devi ce, power |evel paraneters that can be used, by. said responding

comuni SQRRTEES ¥ RYRBEIT iNdieading 48 Wce MakHpnsmitsolesdid NKIGtng PRIMUINKCANITS ™ 14, The

appar at & ac%\flmsat(f%f’}'%gs:né;g’sﬂ%% i;’lrg@?{grs%ﬂ&%h $EBsedd - aggﬁlﬁmﬁhg rc? a{hlﬁliic\é.{igxg adayd ce,

associ a ] _ g conmuni cati Vi ce, recei ves, from
sai d respondi NOTkL4ppURnGD ichiim e wWheRin Setontntissioisparanéton aparetn®t ©ras  t hat
can be used by said initiating communication device; a nmeasurenent

t r ansmi ksastone ebepower, leea soliequeney bandiyidthi aidyratian, and 4 garsighaensity af then

20 communication link.

12. The apparatus of claim 9, wherein said responding communicating device further
comprises a measurement receiving section that receives said transmitted signals, said
initiating communication device and said responding communicating device performing an
exchange of information between respective measurement receiving sections.

25 13. An apparatus for establishing a communication link using a determined amount of
transmission power, comprising:

a parameter indicating device, associated with an initiating communication device, that
transmits, to a responding communication device, first transmission parameters that can be
used by said responding communication device;

30 a measurement receiving section, associated with said initiating communication device,
that receives first signals issued by said responding communication device in response to said

first transmission parameters; and
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device, that transmts second signals to said respondi ng conmuni cati on
device, in response to 10 said second transm ssion paraneters; and a

sel ecti ngvalevé7sss, associated with said respondi ng comuni eaTiusno/é®ys ce,
that transmts, to said initiating communication device, power |evel
parameters thadleqan deeicdsRsbdMted Hath daildhitibild Etni@ OMUMIYNCERviceNthdeyirsmits
response to said transmtted second signals. 15. The apparatus of cl|aim 13,
f urt her tacsaidprespinding coBmaunjeationgigricagponey level paaseersghai¢anpe Hsaidiygpaid
initiating conmmuni cation device, that sets owe vel. transm ssion

char act éersg%q: ’%CWB%IC‘EEO@G‘%HVGé%fe&p?r?ﬁet%? e Hgns%ﬁﬁ%ﬁfsga‘tg%%lﬁ devi ce in
response to sai @hggﬁﬁ%ggﬁqiaiﬂomfumﬁy%m eaneters. 16. The apparatus of
claim 13, wherein said power |evel parameters are related to at |east one
of sa frequenepabmethniraelvingdayireasisosiated mdthesakinitiating demsiunicabén deece,

conmuni cati on 2% link, 17. The appar.at us d?ef' claim 13, wherein said

i nitiat PRETCCHRHOERTA GIF SR ORISR PN deyieh e SIS R I8 evi ce
per f or ' LA iditin SdoRt {RGRdiee after said power |evel

par arreme}?t?és?l se g%?%g@ﬂilghﬁ't% apprg%g%ﬁs for E’stabl i shing a conmuni cation

| i nk using aadeheremasdraasmissibn eéctiopSasso@atsdririthiseid ipiveng coompnicgliiony: a

par anmet er .recei vi ng devi ce, ,as?oci ated w é.h an initiati H%V.commni cation
devi ce, devies thef Barsyissecondotignals ta SpgaIARELIES TATHICH B dgats, skresponse to
triaonsrri §a§ﬁ?&oﬂ@¥r§x§'§ﬁi liSn bhaheRAN Re used by said initiating comunication
devi ce; "a neasurenent fransm ssrfon section, associated with an initiating
comruni cat i of selefingelevice, askdvadied with said respshding bsmhmniatieadevienthat recei vi ng
section of a respondin comuni cation device, in response to said

t r ansni HeRsHHispier BifEinkEng semMANali gt d9vier, BevFidevel pawrters at an e ussd By
responding. commini Gat | 00, dg LG intrr%%%ns B 4 9%5&?@%86?%#@%@4.40019
transm tac O EE @I A ng conmuni cat 1 on device, power vel paraneters
that can be usethd¥ppafedisthficlil 13} Fithet osmpriNig@at i on devi ce, in response to
said transmtted signals. 19. The apparatus of claim.18, further

colfpri si ng: acenfigurige devige.despciated wik srid HuBeing qommEieation;deyise, thy sets

communi cati gn vice, .that sets. .b wer vel. tr. ] SS| . kstics
o be uBBHs BRI ATOT SO BRmO T aaet By S ERNE AR AR EIRR e
transmi tdseshsB@NRAA LrEVEitORpATERUENS pardicteRie appar atus of claim 18, wherein
said power |level paraneters are related to at |east one of a frequency
bandwi dt h, al@uFlb apparatesf ciimads vbercihesssd pgwatlevehparametennire aelatedto ati nk. 10
2L, e o RRE 3t freQlenty Bhidvidtn, HASTE0R, #3'aTatrer oty ROERIRLGREIRG devi ce

20 link.

17. The apparatus of claim 13, wherein said initiating communication device and said
responding communication device perform a communication link startup procedure after said
power level parameter is selected.

18. An apparatus for establishing a communication link using a determined amount of

25 transmission power, comprising:

a parameter receiving device, associated with an initiating communication device, that
receives, from a responding communication device, transmission parameters that can be used
by said initiating communication device;

a measurement transmission section, associated with an initiating communication

30 device, that transmits signals to a measurement receiving section of a responding
communication device, in response to said transmission parameters; and

a selecting device, associated with said responding communication device, that
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respondi ng comuni cating device performa comunication link startup
procedure after said power |evel paraneter is selected. 22. A nethod for
det er m nmwgomersssnount of transm ssion power to use whil e pesteEbbuedNg a
conmruni cation link, conprising: 15 transmtting, by an initiating

comuni GatshAR, SeMidCiBitiafinP C¥RMUNRASH 8B, ﬁ&\ivgrl@‘llelﬁo@r_aﬂleté’rﬁ 80064 Bdused by
communi cati on devi ce; acknow edgi ng, by the respondi ng comruni cati on

devi ce, saiémétingrrooimuniatipovieyice, e sespersewe said irgnahifted pignalddi t i onal | y

transmtting, tgQ the initiating.c ni cation device, received power

measur enent  Val ﬁ%%?pp?@t?srﬂi%iaé?%ﬁg?“ Tt HEPH¥&ondi ng communi cati on devi ce,
transm ssion, E&ﬁfg%ﬁh?!&ibﬁ%é GSsoefated \0eh b3 {iRdtHaGboRRARIOIHoRdcOR AR ¢ tO the
initiating communi cati on device; and utilizing, by the initiating

communi patvdérdeyel eunsn@ssidmeharactarshts®i wmsehhy sad eritistingmmeneiticadieicgnm t he
respondi ng devi ce duri nggpsubﬁe‘%lljent transm ssion. 23. The nethod of claim
22, ur {BRANSE i SRivg! PFE NS PERRG ™oy t he respondi ng conmmuni cati on

devi ce, a si i H.4d:atqign i i I
Fr anom sei onEor PR ek isy heAIThaR 1A PRt R aRicy o
r ecei veltafiynt bea fregimod bagivddniru diaadn,cnd deuirte deddty ofttiee cretithonicationc| ai m
22, further conprising: initiating a communication link startup procedure
after th&.transnission characteristics 30 has been indicated. 25. The

met hod of cl &y el l.e NE; Ptk bkl , a
r elgoul t, andfgn%lﬁ%??ﬁ%%ddé %\lean ligé%%rgnsm(ﬁng%%gg leﬁ]g?%l g‘%ﬂﬁ‘%gg‘ggées. s1H WO
00/ 67 38RsaliiddRRMAMAdAingWvicd berford hosmofunthaomi@bdstaftuy ploeeducoafoerisaidng:
transmtting at | east a portion of the digital nessages at substantially a

same tipeverdevchparapeieess selstedr ement signal. 27. A method for determining

frequency dependent. ampunts _of . tran i t i le
est abl i shi ng&?l g&?ﬁ%%%é@?%ﬁ“ﬁ“%nﬁkﬁn azﬁ(;g&%??g?andgg&\fﬁogrpgon‘xe? 'tt(?ﬁ%w@y an
initiat édphleRiApYRbARNINAALIEE MhE Gonfprigiiger Measurenent signal with
characteristics that are frequency dependent to a respondi ng conmuni cation
deMi ce; i ndiromtiittigg, byyan ingiatiog gomdiuntrabomfenes arewar Begssueancrt gignakteguency
dependent transm ssiaon characteristics of the initiating comunication
devi ce {eﬁpqrﬁglgq?m‘éqlfﬂlé’n%fﬁlcﬁ’ommni cation device; and utilizing, by the
initiating lee@l@ﬁqgg@y ge tepBndihPeofihREEHSY dAERE RBon MBOSHV&ST ON

ve

characteristics recei fromthe fespondi ng communi cati on device during a
measurement signal, and additionally transmitting, to the initiating communication device,
received power measurement values;

20 indicating, by the responding communication device, transmission characteristics of
the initiating communication device to the initiating communication device; and

utilizing, by the initiating communication device, the transmission characteristics
received from the responding device during a subsequent transmission.
23. The method of claim 22, further comprising:

25 transmitting, by the responding communication device, a signal to the initiating
communication device proposing transmission characteristics of the power measurement
signal to be received by the responding communication device.

24. The method of claim 22, further comprising:
initiating a communication link startup procedure after the transmission characteristics
30 has been indicated.

25. The method of claim 22, wherein at least one of an initiation, a parameter, a result,

and an acknowledgment is transmitted by digital messages.
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subsequent transm ssion. 28. The nethod of claim 27, further conprising: 15
transmtting, by the responding communication device, frequency dependent

recei ved wgQHkfsgireasurenent values to the initiating comni;}i.ﬁg%' evi ce.
29. The nethod of claim 27, further conprising: transmtting, dy(/)ﬂyﬂg

respondi ng ¢ i I I .I.hat proposes the frequency
%Me?ﬁétﬁ&d‘%&?é{h}% fight 951 n{l ;

dependent transni ssion charactéristics o power neasurenent signal to

be 20 recei edshittiida 1688 ppodion df Cardikind ealstaes sevibsentidlly 4 ameitiihd asahe ng
conmmruni cation device. 30. The method of claim 27, further conprising:

i ni tiat iPAYCAMEBNRURSEAIENAl | i nk startup procedure after a frequency
dependent power , | eyel .paraneter has been sel.ected. 31.. The nethod of claim
27" whor ei n o P BAPERRhe FEROETHeSGeRR bBung o i lEbY BBl §

an acknqist edgeeshblishinl2ddaithidiedion)intti @rhpisinggssages. 32. The method of
claim 31, further conprising: transmtting at |east a portion of the

di gital messd@gesmyting lyenamtiptang sommuripeiion; depicasa peveer MeagRICeRhI grad wetht
signal. 33. A.nethod for determni n amount of transm Sssjon power to use
ohite " shasPullie SR at el Gh et B RN s rIre G e oAt (1 ng
power neasur eaRedting! BNk réspORAiAR chbdunfthii HYdSLEETHE f?e’é;thbﬁk& Puhdar to a
respondi ng conmuni cati on device, the power neasurenent signal being

t ransmi titapsinigsion chZadNdiNEs 61738 sniRAMAISOEhUTDOR®N dsvied é¢ themitigtingower | evel ;
re-transmitti n‘t% 1 hﬁ Vgov.ver measur enent signal at increnmentally higher power

| eVl s COMMYPIPHEN ARYE6ART ng comuni cation device issues a signal

representi ng uiiiahe HeP Rl WARHERERI: 1 40ahe HERuAUeAURNELY T ecel ved,

and 5 setting a transmt power |evel for establishing a conmunication |ink
bet ween ttahgmission thaddteristiconerived bothe késpéndimglcdrmuniestondbvitg dueinpiani cat i on
device in response to.the signal representing that the power neasurenent

si gnal WRXCAHEGHARWI§S9®cei ved. 34. The nmethod of claim 33, wherein setting

a transmt PQ‘@@ThEﬁl\éﬂ{odC&Mﬁl?&S/fuz@%g%daﬂ%rhsgﬁ transmt power |evel in both

the initiating comrunication espondi ng 10 comuni cati on
devs ce. 35. Thesmiginpgdy te resppintingZomnimidaeion devipe, ifiquéticyidepérdahi negeiged
comuni cation link startup procedure after the transmt power |evel

par anet EPVREBCHEEHEValuggo thyiRitiating samaruniqatippfleadce.wherein the transnitted

power measur §geR. 314 of claim 27, further comprising:

transmitting, by the responding communication device, a signal that proposes the
frequency dependent transmission characteristics of the power measurement signal to be
20 received by the responding communication device, to the initiating communication device.
30. The method of claim 27, further comprising:
initiating a communication link startup procedure after a frequency dependent power
level parameter has been selected.
31. The method of claim 27, wherein at least one of an initiation, a parameter, a result,
25 and an acknowledgment is transmitted by digital messages.
32. The method of claim 31, further comprising;:
transmitting at least a portion of the digital messages at substantially a same time as the
power measurement signal.
33. A method for determining an amount of transmission power to use while
30 establishing a communication link, comprising:
transmitting a power measurement signal from an initiating communication device to a

responding communication device, the power measurement signal being transmitted at a
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15 conprises encoding digital nmessages on a negotiation and control channel
that is exchanged between the initiating conmunication device and the
recei vi ngy@ 6uigtagy cati on device. 37. The nmethod of clai m 33crVWh@bRédio
re-transmtting the power nmeasurenment signal at increnentally higher power
l'evel s geaUEsmiftd ?5\ggqg@glm ned time intervals. 38. The nethod of claim 37,
wherein the predeternmined tinme interval is approximately 20 200 ns. 39.
The net hod ofe-thrahmintiag tha/\ﬂmmmrmeasmeml&:mngnal at mgehieetahy\h@herrpmwle‘Wt

si gnal at |ncrenentall gher power |evels conprises increasing the power
measur eHBHth %feamdnrge@émmvwcatwéﬁ&csewweadﬂg EHerine gt thepeWiet hod of
claim3 n errents conprise 25 approximately 2
dB i ncr%ne%?%ﬁg{jg ghgﬁvappaggaﬁﬂgy%ggeﬁe%?url ng frequency dependent power

durs ng handshatiggtradsnét peoentenel atesablishimka cmmpmcsmmghnlabemam that i ng

devi ce, ~associated with an initiating_ conmunication device,

transmi {natiating cammIEpRaHan Hgk éB‘?ﬁhiﬁP%’&flihBE caBpEEatipn éaﬂ@%wewae to the

transm r i ng

comuni gl ﬂ’q%reeﬁﬂﬁ%&aﬁh%g%&er %%‘aes% ran %ggg%ar?%gﬁ ?I&?g&wz}gsom ated with
an initi atl ng4.cORkABILGA bIf Olaim A8 W@ eintsbiding tartansiittpdwht [evt] Gingpridbssetting whi ch
a power |evel varies by frequency bands, to a 63 W 00/67385

PCT/ USOthe4@osmit pawasier drie hetht tha Hsiatagicommssieation deyiceanedsserppngng

commnl cation devi &eviceand a measurenent receiving section, associated wth

INIMINICAation .
said inttrati ng comruni cati on device, that receives second signals, in

whi ch t he pog\@rTm@M@ihoa@fugﬁnlgy fhﬁﬁg{.@ﬂ@ylsb@nds i ssued by a neasurenent
transm ssion section of said respondi ng comruni cati on device, said second 5
si gnal s bei ngutraémelav:@dmnumcra@gpchng gtartop @mmdurcaﬁsmﬂl@ trausmhit pgwerslpgﬂal s. 42.
The appar at us gf bcI %1 further conprising: a frequency band

t r ansm BYPBRCHRISDCEN $Hat shapes said first signals by at | east one of a
flat filter, 3@ phopefol bt tiaim 39%@1&41&&0&5@&1@& Sf¥er MedsurtRn fatus of
claimd4l, wherel n said transmtted first signals are subjected To 10
parsanmet eommads tmopingtdagifal skssafheomp pagqiutatmn aid aingiohtit@nehthairie exchenged

par anmet r| zed tenPI ates allaoqw a non- ar gai.n. 45, Thegﬁg ar.at us of

cl ai m 43tWEAEE ITHURRECOPRIEAIOD d5Xisa axa e ZPEFT YIRS GBI CVIgftilize a
filter t errpl 8 eThelmehiBd of’\clgﬁﬁ B9 dyiiRkin 8s tradnhigi He BOWBUAE LAt 51§nal at

transm ssi on paraneters during 'a communicatio [1nk rnitiallzati
conpr i sinaggmentally higher power levels occurs at predetermined time intervals.

38. The method of claim 37, wherein the predetermined time interval is approximately
20 200 ms.

39. The method of claim 33, wherein re-transmitting the power measurement signal at
incrementally higher power levels comprises increasing the power measurement signal level in
predetermined increments.

40. The method of claim 39, wherein the predetermined increments comprise

25 approximately 2 dB increments.

41. An apparatus for measuring frequency dependent power during handshaking of a
communication link, comprising;:

an indicating device, associated with an initiating communication device, that
transmits, to a responding communication device, frequency band transmission parameters that

30 can be used by said responding communication device;
a measurement transmission section, associated with an initiating communication

device, that transmits first signals, in which a power level varies by frequency bands, to a
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transmtting, by an initiating comunication device, a first digital
nessage having paraneters for a downstream power neasurenent sequence;

transmi t tywdngosBys a respondi ng comruni cati on device, a seced Hobldod
message having 20 paraneters for an upstream power mneasurenent sequence,

and al Squﬁﬁﬁérﬂgit%n%g§i%ﬂ{§%dti%h|o¥atré}$oncﬁ_ oRALATEGE ST §evide; tile first digital

nessage as paraneters o e second digital nessage; transmtting, by the
initiating comasire@atntaaceidug s&tion, dskocidediwgh sall imEstsapenhaticatankizeiskedges
the paraneters and a node sel ected by the respondi hg communi cati on devi ce;

t ransmni thef regeivessecpid signals. ar MR hdBaRRIMETdaYS! SRV ERUeREYRARES ISHedYréenent

si gnal - nar : i d see . gLL sage;

tr anom TR B S o B e e et
si gnal sigh#lt beinpkays el hergpssetd & é rhasamisdfidt fipnds. di gi tal nessage;
transmtting, by the initiating comunication device, a fourth digital
nessage conﬂ%iﬁh%@ﬂéﬂﬁﬁ%ﬁyﬁmﬁﬁ4%ﬁ%ﬂﬁbWéﬁp%%@§urenent signal transnmitted by

e o el e e erent st ed by
tranem {1 not TBRS PR Sa A R s SO NG R

message flaCltdr 2d §1bptdl fAtdr &fdlab-§ilineMBtepower nmeasurenent signal transmtted by
the initiating 64 WO 00/ 67385 PCTI USOO' 40019 conmmuni cati on device and the

desi red powef3.r Eakienpataiud eheddim 4dx pharey sd Bafsnited bsbsignalnareshbieeted & i sti ¢
bef ween _t he 'niaeté{/ati ?ﬁg conmmruni cation device and the responding
cotfiuni BHFPEKEYCER' TS at | east one of select and acknow edge a node by

the initiatipg eRMBHAtAR RN GBerRNfsadSarkBseArd B p AL CARdON
device; and 5 starting a training session of the initiating communication
devi ce hmghrghis. r espondi ng communi cation device. 47. The nethod of claim

46, wherein mittin y.an jnitiatin ommuni catjon .device conpri ses
Cransm 141 ng*by BPRONR ST CHPPBI HED Caveran dard Sheif T RaoTig:
r espond{ g, COnFa Rl FAbieON device conprises transmtting by an xTU-C

communi cation 10 device. 48. The nethod of claim 46, wherein said

exshangi ng f#,mah mgbodfor rgaldishingcioemstication teospissisr pamreteandumyg & he fi nal
operating characteristic between the initiating conunication device and
the resHOREFRGRBIRINIERIIZHIRNIERIMRISING sel ect and acknow edge the node by

gg\e/i CL”i Egat AR fRTBUSY Soniing Q¥nffinfafoh B&/EE S RN 16 GRITMPhERRS ON
. parameters for a downstream power measurement sequence;
transmitting, by a responding communication device, a second digital message having
20 parameters for an upstream power measurement sequence, and also including substantially the
same parameters of the first digital message as parameters of the second digital message;
transmitting, by the initiating communication device, a third digital message that
acknowledges the parameters and a mode selected by the responding communication device;
transmitting, by the initiating communication device, a power measurement signal that
25 employs the parameters from said second digital message;
transmitting, by the responding communication device, the power measurement signal
that employs the parameters from said first digital message;
transmitting, by the initiating communication device, a fourth digital message
containing a result of the power measurement signal transmitted by the responding
30 communication device and a desired power reduction level;
transmitting, by the responding communication device, a fifth digital message

containing a result of the power measurement signal transmitted by the initiating

64



10

WO 00/67385 PCT/US00/40019

communication device and the desired power reduction level;

exchanging a final operating characteristic between the initiating communication
device and the responding communication device to at least one of select and acknowledge a
mode by the initiating communication device and the responding communication device; and

starting a training session of the initiating communication device and the responding
communication device.

47. The method of claim 46, wherein transmitting by an initiating communication
device comprises transmitting by an xTU-R communication device, and transmitting by a
responding communication device comprises transmitting by an xTU-C communication
device.

48. The method of claim 46, wherein said exchanging final operating characteristics
comprises exchanging the final operating characteristic between the initiating communication
device and the responding communication device to select and acknowledge the mode by the

initiating communication device and the responding communication device.
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