1 7 JUN 2004 -1 CARRI ER CONSTELLATI ON | NFORMATI ON I N MULTI - CARRI ER SYSTEN%
The present invention relates to a constellation information transnit 7 iJHY 2004
arrangenent as defined in the non-characteristic part of claiml, and a 5
constellation information receiving arrangenent as defined in the non-
characteristic part of claim?7. Such arrangenents are already known from
section 9 of the ADSL Standard Specification Release 2 entitled 'Network
and Customer Installation Interfaces - ymetric Digital Subscriber Line
(ADSL) Metallic Int erface 10 publ | shed b the Anerican Nati onal St andar ds
Institute (AQSRRIER/CONSFELLATIC ! T MER SYSEEN
transceiver initialisation procedure I s described. According to par agr aph
9.8.13, the cent ral office ADSL transceiver produces bits and gains

i nformation, TﬁQrbsrte?%]r{iQEbémrdrpi fé@t’rboﬂrcor{s%]lctt BR ARPndRS! fr8Rhitting
carriers and transmts t bits a gains information to 15 the renote
ADSL transcehnangeneapsad alefidetnira thesaagahoadeerigicBGt Bhechirhs 1, amdd gai ns
i nformati on conS|sts of a bit nunber  bi which is an unsigned 4- bi i nt eger
representi ngCQ'T*ﬁée rﬂjr@b‘er'nﬁffmﬂ*m trECHENG0 AT ANGLMBY! tFfe d%mtde iapdpe non-

transcei ver p carrier, and a gain value gi which is an
unsi gned 12&bci’rtacﬁr§’eﬂp8ﬁ ‘ﬂtc‘ mﬁ‘trty representi ng the gain to be used for

transm ssion of 2@u&meaﬂraﬁ§ed49§&reeéﬂcﬂerordyeknowrrefrewsgeehmt9oaf itAé OADIBL | On
produced and transmtted or each upstream carrier thus conprises 16 bits.
Upon recei ptSfbryrdbhé SrenificatioADRtletsards ceiitied | 'Neheothi nsdaﬁdsfgwensfnsfcﬁchon
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and gai ns i nfederenice OMNSI tTHed L2NPH8L  Thédee ABSLADSﬂnsrcmueweenmqhﬂisbﬁmd
in a nmessage named R-B&G Upon receipt by the ﬁegtraia +(&fflce AD:

& ‘0

transcei ver, Pradegurg 1ssdessaibgdi ASCoTRiNg tPPEraTe el ADSL

downstream d\‘?g‘r%géjelnael O;Bfodu@es bits and gains information, i.e. constellation information,

for the ADSL upstream carriers and transmits this bits and gains information to
15  the remote ADSL transceiver encapsulated in a message named C-B&G. The bits
and gains information consists of a bit number bi which is aon unsigned 4-bit
integer representing the number of bits to be moduloted by the remote ADSL
transceiver on the i'th upstream carrier, and a gain value gi which is an unsigned
12-bit fixed point quantity representing the gain to be used for transmission of
20  the ith upstream carrier. The constellation information produced and transmitted
for each upstream carrier thus comprises 16 bits. Upon receipt by the remote
ADSL transceiver, the bits and gains information is used to control the upstream
dota modulator. Similarly, paragraph 9.9.14 of the above referenced ADSL
standard specifies that the remote ADSL transceiver has to produce similar bits
25  and gains information for the ADSL downstream carriers and has to transmit this
bits and gains information to the central office ADSL transceiver encapsulated in
a message named R-B&G. Upon receipt by the central office ADSL transceiver,
the bits and gains information is used to control the downstream demodulator. In

an ADSL system, 256 carriers or tones are used in a frequency division duplexed

30 way to convey upstream and downstreom dota. The aggregate constellation




an ADSL system 256 carriers or tones are used in a frequency divishQQMNlmL
dupl exed 30 way to convey upstream and downstream data. The aggrega
constellation 1 7 JUN 2004 -2 information to be transferred during the
initialisation procedure consequently is 512 bytes | ong which del ays the
initialisation procedure with about 1 second. If the known nethod to
transfer constellation information would be inplenented in a nulti-carrier
system wherein nore carriers are used, e’¢.” a future VDSL (Very 5 High
Speed Digital Subscriber Line) systemwherein probably up to 4096 carriers
may convey dafermatiamstaobedasirisedndyribg 1hethp§wtcm pregedies congecyiendy and
gains infor bon renderin he init.iali.sation praqgcedur naccept ab

Pong. An obj 862 et REGoPBER ey BR RIS Io PRI aD o MiBrarar Lerand.

i nformation r | 14 YA Ll g
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i nf ormati on Henokiesortieaeweah alherelron®re tatase dreaysedr e.giseduivne ¥DSL (Very

multi-carrier systemwherein a high nunber of carriers is nodulated with
data. Acéor diigh BreachPigite) Subseiper Line sspgmcrhereimernkakly upyot4{P 6 carriers

constellation information transmtting arrangene efine .claiml1, and
the constel | EVV5CPIR dF b Srordeaner G Tty dpisiar e e i BJe el
I ndeed, by Of@&phddbri RedeRhGitRE fifidlisaMBS §rScaife RakéaiaBitibhgg for each
subset only a limted set of paraneter values as constellation information
from which the cAnsthikttarfli e plesedchvesiaon erto pravide sahsgeliataninierrdatiared

through interpolation, the size of the conste|lation jnfornmation sgge
to be transfBPPEAIWY Cad EIENVEW SGRBEMER F‘V."I"Cotﬁsﬁ@e%‘?‘?ﬂ? st QHgg“ﬁ‘égg

multi-carqie S iih carrie ] e 6; ri e
[ ndexedaifdr omabgyoqﬁplwérhgmggtgﬁofolf %gpf}%ﬁg; i%&gf)%nﬁﬁglﬁngrggl\hﬂﬁgﬁ%ée%)go &
carriers, SnunwtdetdblgloldB. cake thag brs ubsbin bsnulliseooeatwdtera vatedref a lhigh
paranmeters Pn, with e.g. L=2. Two interpolation functions B and G are
defined so tRumbenef perfissy isgnogplotediwithdedo.gain for the carrier with 25

g(nga(kE(Pﬁ)e{ ongl ngAEgor%H‘Pgs% iﬁ'giin&e%‘ﬁ%%?timéelaxie%g%aluihébgg(% B BRSelation
information transmitting arrangement defined by claim 1, and the constellation

15 information receiving arrangement defined by claim 7.
indeed, by grouping the carriers in subsets and by transmitting for each
subset only a limited set of parometer values as constellation information from
which the constellation of each carrier in the subset can be derived through
interpolation, the size of the constellation information message to be transferred
20 is reduced significantly. Consider for instance a multi-carrier system with N
carriers, with e.g. N=4096. The carriers are indexed from 0 to N-1. The set of
carriers is split into M subsets of carriers, Sn, with e.g. M=8. To each subset is
associated a set of L parameters Pn, with e.g. L=2. Two interpolation functions B
and G are defined so that the number of bits and the gain for the carrier with
25  index k belonging to subset Sn respectively equals Bk=B(k,Pn) and Gk=G(k,Pn).
Instead of N times the bits and gains information for a carrier, only M times L
parameter values have to be encapsulated in the consteilation information
message. According to the present invention, this message also may contain the
description of the carrier subsets, the parameters, and the interpolation functions.

30 It is however more preferably to describe the subsets, parameters and functions o




Instead of Ntines the bits and gains information for a carrier, only. %ﬁUNIWL
times L paraneter values have to be encapsulated in the constellatio

i nformati on nessage. According to the present invention, this nmessage al so
may contain the description of the carrier subsets, the paraneters, and
the interpolation functions. 30 It is however nore preferably to describe
the subsets, paraneters and functions a 17 jUN 2004 -3 priori, for exanple
in a standard specification such as the VBSL (Very H gh Speed Digital
Subscri ber Line) standard specification, currently under devel opnent. It |
to be noti cepriemaior enempbs in a stamsiard specificativadsych asibedRilne/ens hah dreerd

Phe Seonn’ CeBlrRT sEBiRer Ll Stanieit Spedeaiar Rut raM Hnde USRI R o o
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that with respect to t present invention, only rel evant conponents

of the devi clee aiterphefttidaBbeinddiiinitotiveato tHeameahe listdi thefedtenr Esunftha stopet

i npl ementation of the constellation information transm tting arra]ng,e nt
T (%

and the Gonstleiheapinsessionn’q Apveaseronisiec BIePnad Sneafgdiasid nat &6r

the present invention.are efined by cl alns 8. T - f
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gai n val ue i prefd WSENRIEHSE BRF delRLAMESHBbHERKs Of thd8eliES PN andiBENt i ON.
As a result, carriers belonging to the sonme subset wll be nodulated 15
with an equal anpadditiohabi tisoraatiriafi¢ | feotures anénit thedt vimhemietadione afaithe
Addi ti onal chara(i eristic features of a. second inple %ﬁti%n of t
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carrier subsétfimaybgelsins? @id8.bit nunber, a first gain value and a

second gain value_in a seconéj preferred iqpl enent.ati qn of the present, .
Invention- As a r&8ustthe eai pf ppearpelen Mgivag feoatqmsrier subset may consist of a bit

number and o gain value in a first preferred implementation of the present

S

invention. As a result, carriers belonging to the same subset will be modulated

15  with an equal amount of bits and will be transmitted with the same gain.

Additional characteristic features of a second implementation of the
constellation information transmitting arrangement and the constellation
information receiving arrangement according to the present invention are
defined by claims 3 and 9.

20 Thus, the set of parameter values for a carrier subset may consist of a bit
number, a first goin value and a second gain value in a second preferred
implementation of the present invention. As a result, carriers belonging to the
same subset will be modulated with an equal omount of bits but will be
transmitted with o gain obtained through interpolation between the first gain

25 vaolue and the second gain value.

A further characteristic feature of the just mentioned second
implementation of the constellation information transmitting arrangement
according to the present invention is defined by claim 4.

In this way, each carrier is fransmitted with a gain obtained through linear

30 interpolation between the first gain value and the second gain value, a behavior




sanme subset will be nodul ated with an equal anount of bits but wll qe’ N 2004
transmtted with a gain obtained through interpol ation between the fi rs%

gain 25 value and the second gain value. A further characteristic feature
of the just nentioned second inplenentation of the constellation
information transmtting arrangenent according to the present invention is
defined by claim4. In this way, each carrier is transmtted with a gain
obtained th rough linear 30 interpolati orft bet ween the first gai n val ue and

t he second gain value, a behavior 1 7 JUN 2004 -4 that corresponds wth the
linear sl ope thit comeesphadneithdhalinetesiope iof the charnet sharssteristt o8 thaghannel

addi tional characteristic feature of the constellation information
transmtting ”&fsteangemant according to the present invention is defined by
claim 5 5. Thus (ﬁ‘\rr' Gddifiordle PURFEL SR ‘Fecﬂglte aofp%@rf:oﬁg‘?élld?i%q’ ntnda?mohon
constell ation rmati on nmessage may contain i nformation describing the
groupi ng of ¢r@rnléwﬁlﬁlng&irh$r$jéi'neﬁfe&cc®lﬁﬂlhbeb b asrasdreringdritionf ie alafineddiy tlhem
constellation information 10 transmtting arrangenent according to the
present idvedtion is defined by claim 6. Inthis way, if Nis a rrultlple

of M the M subse each cons gf%’?b ock N M ce@tlguqﬁs cart

f S,
The above and oth ”Bbj"éccioée re f‘ofﬁje RV ertS 05 Oencso rhgTS

mor e appar enqnfamoﬁsﬁ Hwé%@@&'rﬁ&ly ta.%hrf iMbirhafish BesdibiylensgrAbiRy of @baidr ng

to the followi ng descripti'on of an enbodi nent taken in conjunction with
t he acconpasybsss.dr aw ng Fig. V\:hl ch is a functional block schene of a

mul ti-carrier recel ver conpri si ng. enbodi t of th onst %}éat i.on
information transit Plnﬁlj‘e&r rcggﬁﬁ*r%rr'ﬁ'cBl eptute age |?f§’sf ﬁ@ pregggtion

inventiofy apd, Qf; fing arrangement according to the present invention is defined by claim
6.
In this way, if N is a multiple of M, the M subsets each consist of a block of
N/M contiguous carriers.
The above and other objects and features of the invention will become
15 more apparent and the invention itself will be best understood by referring to the
following description of an embodiment token in conjunction with the
accompanying drawing Fig. which is a functional block scheme of a multi-carrier
receiver RX comprising an embodiment of the constellation information
transmitting arrangement BiGi_TA according to the present invention, and of a
20  multi-carrier transmitter TX comprising an embodiment of the constellation
information receiving arrangement BiGi_RA according to the present invention.
The drawing Fig. in fact shows one direction, i.e. either the downstream
direction or the upstream direction, of o VDSL system consisting of a multi-carrier
VDSL transmitter TX and a multi-carrier VDSL receiver RX interconnected via a
25  telephone line LINE. The VDSL transmitter TX includes a DMT (Discrete Multi
Tone) modulator MOD and a constellation information receiving arrangement
BiGi_RA. The DMT modulator MOD is coupled between a data input DATA of the
VDSL transmitter TX and a terminal of the VDSL transmitter TX coupled to the
telephone line LINE. The constellation information receiving arrangement

30 BiGi_RA is coupled between the just mentioned terminal of the VDSL transmitter



20 nulti-carrier transmtter TX conprising an enbodi nent of the
constellation information receiving arrangement Bi G _RA according td T Hé\ 100k
present invention. The drawing Fig. in fact shows one direction, i.e.
either the downstreamdirection or the upstreamdirection, of a VDSL system
consisting of a multi-carrier VDSL transmtter TX and a nulti-carrier VDSL
receiver RX interconnected via a 25 telephone line LINE. The VDSL
transmtter TX includes a DMI (Di screte MH t i Tone) nodul ator MOD and a
constellation information receiving arrangenment BiG RA. The DMI nodul at or
MOD i s coupl & thet iseeoupledavathertelephbatAingf LiNe arvDSLcantentsnpet of X G a
term nal of the YDSL tmsm’ ter TX c urF)]I ed to the tel.epho?e Iinetehl \E.
The const el | RABHPIPRIYHR PR Fssitsy iohgNar Faif§ERe RPN IBNGP! BA G0 GB‘P%d

bet ween the j [ t i pal . _of t ctr . { t 1.7 H %}ﬁz‘ -5
TX that is clo'-Huiﬁé)rltnrégi‘F 0 r?%i%reﬁgpph@ﬁg n;ai %e&ﬁ%@ggﬁh @Q%@ﬁﬁ Cﬁﬁ%‘&%ll‘t e
DMI'  nodul at Phe MIDSIANEci06S RXt Bicifdeshe DAATC aldensdingret DMODE @& constellation

constellation information receiver BiG _RX and a constellation_deternining
circuit B G inbematigmdraydsiitingceiroagerrREnt BiGudasaad DMPraehsdelystng comgy a
constellatio i roat i transmtti angenent, \Bi G TA and.cha I
anal ysing ci E%N&;E %ﬂ%&[de Lﬂﬁh?rm I'%?%ﬁq&%wge%gg%lr@w eciqaggn a
termnal of t/btsL_rXElaﬁLerr@(:%Mﬁlged%meQEBHOBQJmBG_WEI&mﬁe%fbldm W HEmaRd 2
data output term na DATA" of the VDSL receiver RX. The constell ation

i nf ormati on DAIWsnoft tthengvDEL r aagieer X, BiTke _cdwstélntioou phiedmatiant henetméhingl

analysing circuitry CHANNEL 10 between an output of the DMI deno t or
DVOD and t heOtengement GOt T& wosuplsdais g < neglupnes'ne %'ﬁe'*fvemwﬁ

line LI The, canst el | at | | n ' Kt | r /Ao TA
consi stsl\ﬁ) of F %%NG%QS%% g%é'ég’gﬁeng%ﬂ%%%%%%@?@%dn@k oﬁeﬁnﬁilon t;')béggugcsgr
Bi G _PROD angeczive® Bt eblpledofd it @¢laphomd linker BINGY TR koBbtellafion infioemalisn

has an out put connected to a control input of the 15 DMI denodul at or )
The drawi ng PFRgsmiting herrospemsnt hBiGial4 i eprsifly of | thesggscades pupkpgaof o
f3584 - f409§0}1s Hatdrlin gnergo;ignr ptrg L?csem ﬁai%éboénncti hue SRSkllation information
transmitter BiGi_TX, and also has an output connected to a control input of the
DMT demodulator DMOD. The drawing Fig. further shows the carriers f; ... {5,
fo15 - tiozar s Tasgs - fages that are used for transmission from the VDSL
transmitter TX to the VDSL receiver RX and a constellation information message
BiGi transmitted from the constellation information transmitter BiGi_TX to the
constellation information receiver BiGi_RX.

In the VDSL system of the drawing Fig. the 4096 carriers fy ... 5, 52 -
$1023s - Tasaa - 405 Qre a priori grouped in 8 carrier subsets SUBSET1, SUBSET?2,
..., SUBSET8 each consisting of 512 contiguous carriers. The channel analysing
circuitry CHANNEL upon transmission of o predetermined sequence measures
the signal-to-noise ratio (SNR) for each carrier f, ... f511, f515 -0 fio2s, s Fasaq -
f,005. These signal-to-noise ratio values are used by the constellation information
producer BiGi_PROD to determine for each carrier subset SUBSET1, SUBSET?Z, ...,
SUBSETS8 the number of bits that can be modulated on each carrier of this subset
and the gain where each carrier of this subset should be transmitted with. The so |

obtained 8 bit values B1, B2, ..., B8 and 8 gaoin values G1, G2, ..., G8 are

encapsulated in the constellation information message BiGi by the constellation




transmtter TX to the VDSL receiver RX and a constellation information
message BiG transnitted fromthe constellation information transmi {ef)N 2004
BiG@ TX to the constellation information receiver BIG RX. 20 In the VDSL
system of the drawing Fig. the 4096 carriers fo ... f511, f512 f 1023,
f3594 ... f4095 are a priori grouped in 8 carrier subsets SUBSET1, SUBSETZ2,
SUBSET8 each consisting of 512 contiguous carriers. The channel
analysing circuitry CHANNEL upon transmi'ssion of a predetern ned sequence
nmeasures the signal-to-noise ratio (SNR) for each carrier fo ... fgi}h
f512 - f1023jnfpaBetion 2mrfsauder, Bihied¥ Themanstelioten dwformptienvarieeeabe i used

by th tellati I nf t] | P t I 17 : h
Chrrir subsUPreTHRr o e BeprRPhdNe NG NE E e, Baf Sl ol RrSHS,

be nodul at ed; QR sfacd} BREIN TEMoOfhe! PESsiSMARR! infBRfTibE @aéileMBRGE RRAGRd for
carrier of this subset should be transmtted wth. The so obtained 8 bit

val ues Bl, B2xample Ha8 ardn@hgal n28abidesf & 4-b@ jnteger, v@Beaiseug@ for the bit

encapsul ated in the constell g,t ion information message Bi ﬁ by. t he

const el | & i omurbeTene by 1 26bil HPAnaeINbrAvG s if t4sef far dherg@intglues. The
constellation_infermtion nessage Bl G |'s~-:thangm vef..th ne
i ne LI NE fréﬁp%}ﬁgmé%rhs{ngﬂrg tF%n f%?ebvreﬁatq?%h—é(?r%gsoﬁﬁts? g’éérg B{hé %(r{sfé (I)!%P Eg

const el | at i onfolh@fiBRtrh&Rahe eRidVeipdRethdaritfetepvalueXx BMPIG! 1B, @2) endd) of
128 bits if a 4-bit integer value is used for the bit 5 nunbers and a

12-bit fixed Gditattheguansietigtiors deteeatifiog diveittyaBisivAFliekor theeoperetian«fl thei on
i nformati on recei yer Bi PX decapsul ates th nst.el | at,i on i nf,ormati,on
message and SGpPElaLon h’g 8t EFCWRY uBsors ",“%éi',? '@f,rpc&f?or.‘ functign andga,

the consjel| %bh%nﬂﬁggcﬁﬁrﬁd?éaagnoﬁiornc%ﬁamn%% - PEJriofr0defididl. OPSY @bkcRNsliset, he

constellation determining circuitry, a constant bit interpolation function
and a 10 con$SIUBSETYai BUBBEEZ,pal.at BUBSEIB\ctthen canestelatprn odetedminingd cirFoitry
each subset, SUBSETI, SUBSET2, ,.., ﬁ:{UBS T8, the nst el | at ig gster ' Bi ng
circuitry BIEEPLOHET thisscermsiantnints/ppiates fog 1eevath & 2¢BPEed g’l numb&F,

131, B2, o BRalAIPIET BYRIY ol Qedthl RbHidrOthe?HuIsE tof it HRauABE Ok
modulated thereon. Similarly, the constellation determining circuitry BiGi_DET

15 constantly interpolates for each subset, SUBSET1, SUBSETZ2, ..., SUBSETS, the
received gain value, G1, G2, ..., G8 respectively, to obtain for each carrier the

gain with which the carrier should be transmitted. The so generated bits and
gains information is supplied to the control input of the DMT modulator MOD
which as o consequence thereof modulates B1 bits (B1 is supposed to be 2 in

20  Fig.) on the carriers f, ... fs, of SUBSET1 and transmits these carriers with gain
G1, modulates B2 bits (B2 is supposed to be 4 in Fig.) on the carriers f5,, ... figys

of SUBSET2 and transmits these carriers with gain G2, ..., modulates B8 bits (B8

is supposed to be 3 in Fig.) on the carriers fysq, ... Taoes of SUBSET8 and transmits

these carriers with gain G8. In the VDSL receiver RX, the DMT demodulator

25  DMOD demodulates the correct amount of biis from the carriers 5 ... £5,;, 55 ..
f1003s ---s Tasaq - Tages since the demodulator DMOD is made aware of the bits and

gains information directly by the constellation information transmitting

arrangement BiGi_TA. This information is supplied to the control terminal of the

DMT demodulotor DMOD.




nodul ated thereon. Simlarly, the constellation determining circuitr .
Bi G - DET 15 constantly interpol ates for each subset, SUBSETI, SUBSBT%JUN‘ 2004
SUBSET8, the received gain value, Gl, &, ..., B respectively, to obtain
for each carrier the gain with which the carrier should be transmtted.
The so generated bits and gains information is supplied to the control

| nput of the DMI nodul ator MOD which as consequence t hereof nodul ates
131 bits (Bl is supposed to be 2 in 20 Fi'&) on the carriers f. ... f, of
SUBSET1 and transmits these carriers with gain Gl, nodul ates B2 bits (132
i's supposed to belmad peqeing. gmbadirmentcart theepresest mventiom, not | US’@SPfeSllBSEFZ
andtransmts t hese gﬁgrlers W th 8b|t '

SUpposed 1o BETDR AD36)aer Haok FBei papriors by 9rounpd Tyiogs dpriqry
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denodul at or at es the correct anmount of bits fromthe
carriers fo defitdsliorfdntB of.the & 4022t subsett of B58dmber, &,gan velueet wheh the
denodul ator DMOD i s made aware of the bits ins informatjon di rectly
by the const epariveth thetlowest index it meswhsﬂ ula%eamﬁﬁd snd g AaITKelye

|nformat|on| u ied to t 0 rmn f
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into 8 carrier subsets of 512 carriers. From channel information, the

const el | at i offundticor oad i loreaprgnucieterpdietionetricbon ezreha opriehepscifigdr ilrreach

subsets a bit unbe a .gai n, val ue at ich the 5 arr th,the lo
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operation of t constefl ati determ ng circuitry, a constant bit

i nt er pol at i owhdreitied tarmieafstns peaiofgai n interpol ation function are a priori
specified. In each subse all carriers will again carry the s urrber
of bits, but the daivat @pot e&enmméﬂfaf fhe B@S@n'v'@ﬁe'Hngh N9t {lgrated By any
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part of.
analysis, the carriers are grouped in subsets of carriers where the same amount

15  of bits will be allocated to and where the applied gain is obtained for through
linear interpolation. The overall gain consequently will have a sow tooth
behaviour. The subsets of carriers typically will not contain the same number of
carriers and the constitution of the subsets will be reported via messages (possibly
via the constellation information message BiGi) from the VDSL receiver to the

20  VDSL transmitter.

Evidently, what is described above for one direction, e.g. the downstream
direction, of a VDSL system, may also be implemented in the inverse direction,
the upstream direction. The constellation information message that indicates bit
and gain assignment to the upstream carriers is thus also kept short according to

25  the principles of the present invention.

It is remarked that transmitting and computing bits and gains information
according to the present invention may be applied at initialisation and as already
argued above will not hinder fast initialisation then, but alternatively may be
applied during operation to adapt the carrier constellations according to changes

30 of the channel characteristics.




In yet anot her enbodi nent of the present invention, not illustrated b{ %“Mzmn
of the drawings, the carriers are not a priori grouped in subsets. ért
channel analysis, the carriers are grouped in subsets of carriers where
the sonme anobunt 15 of bits will be allocated to and where the applied gain

I's obtained for through Ilinear interpolation. The overall gain
consequently will have a saw tooth behavigur. The subsets of carriers
typically will not contain the some nunmber®of carriers and t he

constitution of the subsets will be reported via nessa ‘_I_(Jposs i bl vi a
t he constel | ati on Alincysharef @fﬁnﬁwwgeﬁcme@bove den 'Qbeﬁﬁ)%ﬁd‘ tDyg'ﬁCHe

20 VDSL tran r Evi dTenf1 i @d% | bed . ove f Lrectiqn,
e g the downubreir helcBEniloost By RUEGHs o wlgPretBle B4 e uert s

in the Inversﬁvé#%ﬁcagarbon BB%;&&%HV#\EIJ?(D@LF(%%MMJ&E n@\‘bﬂtﬁms@hbé’rmme)

I nformati on nessage that i1ndicates bit and gain assig nt to the upstream

carriers is tShid (aymrae@ms Bigitdl Sabsoitdirigneg)poHCSh (legé'\ Bpeadt Diditd Sobstriteer
present invention. is rem ke? t hat transrrhttl ng a d corrputj ng hits ﬂnd
gai ns infer rré{"i%ns)'sé%'@ér @nfg the tthe mrevese ithokm mwréyrrﬂ% dpseees wit

initialisati Oﬁ“?‘ne‘ﬁ"'g’ﬁ +fr ?’%Ie% g%e?se%bi%geoxm Il not hinder fast

initialisatiol Fernafts ve applied during operation to

adapt the carrier T¢NSEEbA askllleasmamquilom&ohqngh@ag@ﬁs wal oo bpereciae Mgt
characteristics. 17 JUN 2004 -8 Although reference was nade above to VDSL

(Very High SpeedNR ghaaslreratis upbhdraristaredf nepﬂeldmeogmethnqqmmel ledegneaien
w il app ' resent in éa'nt l.on al so can

hat th
(Asyncht onoudhorhPear! BRESEENTE Wea ey SSPsE: POy HOMRGUE PGr Blimeive
Subscr beg Lidigre 5Dt Hés%hr RGN GIric@! mepSalfd Ao Wy 190 GfSHRIE fad

the like, provided that a nulti-carrier I'inecode with constellations of
vari abl e si zehosndsgehlitharekmowd fienpdtegoturski | [ ed in the art of

g](c)m;uglr gaalte![ gpfﬁ \;lmelcﬁuééﬁagﬁg%?p"g gsCI@g%IS%F@JT di ereniwﬁng}aoe}'lsc op%endf'crn%rrllsgf er
Fig. may be implemented in hardware as well as in software. Whereas the
constellation information transmitter BiGi_TX and receiver BiGi_RX for example
15 may be interfaces realised in hardware, the constellation information producer
BiGi_ PROD and the constellation determining circuitry BiGi_DET can be
arithmetic algorithms implemented in software.
It is to be remarked that the present invention does not require any
particular multi-carrier line code modulation technique to be used, so that e.g.
20 Discrete Multi Tone (DMT) modulation, Zipper modulotion, OFDM {Orthogonal
Frequency Division Modulation), or even alternative multi-carrier modulation
schemes may be applied, provided that the constellation is of variable size.
lt is also noticed that, although the digital data in the above described
communication system are transported over a twisted pair telephone line LINE,
25  the applicability of the present invention is not restricted by the transmission
medium via which the data are transported. In particular on o cable connection,
an optical connection, a satellite connection, a radio link through the air, and so
on, the present invention may be reclized.
Furthermore, it is remarked that an embodiment of the present invention is

30 described above rather in terms of functional blocks. From the functional




the channel characteristics was only given as an exanple and not as a
Jimtative 10 aspect of the present invention, since many alternati ¥d @0l
to determine the channel quality are known fromliterature. Furthernore,
it is noticed that different functional blocks of the drawing Fig. may be
i npl enented in hardware as well as in software. Wiereas the constellation
information transmtter BiG _TX and receiver BiG _RX for exanple 15 may be
interfaces realised in hardware, the const®flation information pr oducer

Bi G -PROD and the constellation determning circuitry BIG-DET can be
arithnetic alkdgeerintiansof tgsenelecksd iti willsbe tokwieus far ¢ parsopekilledankibg eanf
the present invention does .not, require an rticulay multizcarrier |line
code. modul at S EENTGEEOTD (EVicEedNote FPRrImerTs S0 1Eser BEEKRLEPD Pone
(DM _rodul &t Rty fodluPRPVIRRAI. Rh&0R <| LFIOML BhBedemal ALuemied rciiethan
Modul ation), or even alternative nulti-carrier nodulation schenmes may be
appl i ed, provheledntehntoftthe fwamishel blackohens efnot givembl e size. it is also

noticed that, although the digital data in the above describeg )
conmuni ca?i on syst¥hietbet panaplsst el the enventian ftevg paer desceprenabpraen

LINE, 25 the applicabi.lity of. the present .nyention is not, restri y
the & ranam SCPONEHiSH (L iskeflie AP dtetarh Arle temiiasi: datelsfd hE
on a cabl e ceRREGHIN s made @Rl BRlvag VIRREHIIM and RAR! d ikficfBRANAEHOtopd
radio link through the air, and so "on, the present invention nay be
real i zed. Furfies myestiont is remarked that an enbodi ment of the present
invention is 30 described above rather in terns of functional blocks. From
the functional 17J~N AN -9 description of these blocks it will be obvious
for a person skilled in the art of designing electronic devices how

enbodi nents of these bl ocks can be nmanufactured with well-known el ectronic
conponents. A detailed architecture of the contents of the functional

bl ocks hence is not given. 5 Wile the principles of the invention have
been descri bed above in




connection wth specific apparatus, it is to be clearly understood that )
this description is made only by way of exanple and not as a |imitatlibdlibrlh
the scope of the invention. 1 7 J 1.'N, iU04 -10 CLAIMS 1. Constellation
information transmtting arrangenent (BiG _TA) for use in a multi-carrier
transmtter (TX) or nulti-carrier receiver (RX) of a nulti-carrier 5
system said arrangenent (BiG _TA) conpri ii ng neans (Bi G _PROD) for
producing carrier constellation informatf i ndicative for constellations
where respective carriers will be nodulated with by said nmulti-carrier
transnmitter (TX), and neans (BiG _TX) EbAMMSansnitting said carrier
constellation information, CHARACTERI SED I N THAT said neans (Bi G _PROD) for
producing carrier 10 constellation information is adapted to produce for

at |east one respectdyeidrfibhGhfordideRtrdnekBRRglarr #h (BiGi TAPHRSEESh a
set of paraneter values (Bl, d,; B2, &; ...; B8, ) fromwhic
const el | ati oms nofltiakiri@atronemitef f(UX) or Mmbltitcarfiey Zeceived 1RQ30f o multi-kc8E8:4

f4095) in_said at |east one respective carrier subset (SUBSETL,; T2;
SUBSETSYHem . beaidet ¢irangement dBir_iTA e FPBIPEEINGN. MEFND. F&@ﬁ’gﬁﬁﬁnfm

(81 G _TA) aceorg!n0, g, eaI Mk HARACTERIER [N £ ch AG0ICREAE et o

val ues (B1, &l consists o st nunber

B2; ...; BB) radbchvd ichplergalil be/ mddldict witl by said rsBMi-cd@ieB raNsFrigre(Tmt
(BiG _TA) according to claim1, CHARACTERI SED I N THAT said set of paraneter
val ues consi sirsl meaas {BifstTX) danipensroitting sad caréramnsiedichonanfigematiana second

oain val e 25 4 LeROSERREECR) B P Seecr At el i 3 ARICTER,SED
10 constellation information is adapted to produce for at least one respective carrier
subset (SUBSET1, SUBSET2, ..., SUBSET8) o set of parameter valves (B1, G1; BZ,
G2; ...; B8, G8) from which constellations of all carriers (f; ... T4, 512 - Fiozar -/
faega --- Tages) In said at least one respective carrier subset (SUBSET1; SUBSET2; ...;
SUBSET8) can be reirieved through interpolation.
15
2. Arrangement (BiGi_TA) according to claim 1,
CHARACTERISED IN THAT said set of parameter values (B1, G1; B2, G2;
...; B8, G8) consists of a first number of bits (B1; B2; ...; B8) and a first gain
value (G1; G2, ...; G8).
20
3. Arrangement {BiGi_TA} according to claim 1,
CHARACTERISED IN THAT said set of parameter values consists of a first

number of bits, a first gain value ond a second gain value.

25 4. Arrangement (BiGi_TA) according to claim 3,
CHARACTERISED IN THAT said constellations of all carriers in soid ot least
one respective carrier subset (SUBSET1; SUBSET2; ...; SUBSET8) can be retrieved

through linear interpolation.

30 5. Arrangement (BiGi_TA) according to one of claims 1 to 4,




one respective carrier subset (SUBSET1; SUBSET2; ...; SUBSET8) can be
retrieved through linear interpolation. 30 5. Arrangenent (Bi G _TA) |7 JUN 00
according to one of claims | to 4, 17 MN 2004 -11 CHARACTERI SED I N THAT
said arrangenent (BiG _TA) further contains neans to produce a description
of said at |east one respective carrier subset (SUBSET]; SUBSETZ2; o
SUBSET8), and neans to transmt said description of said at |east one
respective carrier subset (SUBSETL; SUBSET?:- .. .; SUBSETS). 5 b.
Arrangement (Bi G _TA) according to one of claims 1 to 5, _ CHARACTERI SED I N
THAT N carriers aW:é'i - HERISER I WIWbS@ﬁsGUﬂnwmeohrW@J’_'E/\]Wf‘{rthegu%'é@'@ﬁve
carrier indices, belcgcﬂ.‘a first . {1t eg;}!)?5 n(igjm‘qel I resenti g a lb +
anount of cafMGErs'UEEF 1S ga‘ii‘?fcﬁﬁ T Ladf §9§t8 TERRE N ((?rr'er subse
fepfese“t'ngmmn%u@mﬂ NQRSET ecfr?obhé\édsstoaﬂch%ﬁgﬂndr@l%stchﬂilc% g M

7. Constellation information receiving arrangement (BiQ _RA) for use in a
mul ti-carri esmrdrcarismitdrerreéﬂ'éehvercomﬁrtslubcar(BUBBETbc‘.iiﬂ&&ﬁT?(, RX) SUBSE8).

mul ti-car r| er system said arrangenment (Bi G _RA) conprising neans

(Bid _RX)9for receiving 15 carrier constellation i nformatlon i ndi cative for

constel |l ati ons wh [ es ect| rlers WI|| t th by said
multi-carrier tra s% "t @Gé;ﬁ{ rﬁ’acéﬁs ”?é?&p‘%ﬁ % F?e\[é"er m ni ng said
constel | ations frm&m@m&ssmw TeRTtl dRtiE@Narel @tmeeimmw@w sCHARAGT FRINGED
I N THAT said nmeans (Bi G _DET) for determning said 20 constellations

conprise i nt enpadrat ivity memsuadap@reubrt ndiegs; | &l ebaoastoelfirat i iptegest nuaiber
carriers (fO . 511, at l.east  one

% 23, f3584df 4095 Iua d M
respective cé‘??reé‘?m'%ﬁggp (°§'L5E§E‘I€1 cdgfipigpsed in said spplpepsier PR, on
respectiyg S?épn%g Jﬂmﬁgéﬁfnd Yﬁé %u(’rﬁger vﬁjre F@fN @_?an rn'rez%eraﬁulh% of at

forms part of 'sal const eI ation mat i on.

7. Constellation information receiving arrangement (BiGi_RA) for use in a
multi-carrier transmitter (TX} or multi-carrier receiver (RX) of a multi-carrier
system, said arrangement (BiGi_RA} comprising means (BiGi_RX) for receiving

15  carrier constellation information indicative for constellations where respective
carriers will be modulated with by said multi-carrier transmitter (TX), ond means
(BiGi_DET) for determining said constellations from said carrier constellation
information,

CHARACTERISED IN THAT said means (BiGi_DET} for determining said

20 constellations comprise interpolating means adapted to retrieve constellations of
all carriers {fy ... 511, Ts12 -« fio23, -os Tases --- Tages) in of least one respective carrier
subset {SUBSET1; SUBSET?2; ..; SUBSET8) from o respective set of parameter
values (B1, G1; B2, G2; ...; B8, GB8) that forms part of said carrier constellation
information.

25

8. Arrangement (BiGi_RA) according to claim 7,

CHARACTERISED IN THAT said set of parameter values (B1, G1; B2, G2;

; B8, G8) consists of a first number of bits (B1; B2; ...; B8) and a first gain
value (G1; G2; ...; G8) and in that said interpolating means is adapted to

30 determine for each carrier {f, ... f511, fs15 .- figpas o) fasgs - faoes) in soid at least




8. Arrangenent (BiG _RA) according to claim?7, CHARACTERI SED I N THAT srafi dLJN 2004
set of paraneter values (Bl, Gl; B2, &; B8, &) consists of a first N

nunber of bits (B]; B2; ...; B8) and a first gain value (d; &; ...; &XB)
and in that said interpolating means is adapted to 30 determ ne for each
carrier (fO ... f511, f512 1023, ... , 3584 .6 f4095) in said at least 1

7 ,;UN 2004 -12 one respective carrier su sQet (SUBSET1; SUBSET2; ...;
SUBSET8) a nunber of bits equal to said- fli“rst nunber (Bl; B2; ...; B8) and
a gain value equal to said first (%&i n_val ue

) &gﬁ?l &; .... (8). 509. _
Arrangenent (GBiEGEsPagtivaceoieli supselolSBSEM 7 SUBBRRAGTERMNESET 8N THATo & b itset
of paranmeter val yes congi sts qf it n er of bits,, a first. gai.n ~al ue
and a second e&éfFE??/éPl?I]eﬁ%?ﬁﬁuFﬁjetrﬁgﬁ'g P Pﬁ?gtnﬁjofl’ FAIhge aﬁguﬁﬁs*oa%ﬂ {5 1o
det erm ne forgoe@gm&afg]i;@g,j._rj_’.@g)d at |east one respective carrier subset
a nunber of bits equal to said first nunber of bits and a 10 gain val ue
through linear interpolation between said first gain value and said second

gain value. 10. Arrangenent (Bi %_RA?‘| according to ?ne of claims 7 to 9,
CHARACTERP SED | N THAY angednent {Biteie Fehecqpr™g IRAoMr's her contai ns 15 neans

ERPSED | N FhiaY agehe | _
(SuBSETL, sumseTz: CPARRCIENSER N RATCRAN B PERRREL) (EIGR! o Bl By,

gL Bssé(%is;j_ at | RAsber0BE bIESREfitst W&k dalieandulSRicoh USSR ValuSUBRETR that said
interpolating means is adapted to determine for each carrier in said ot least one

respective carrier subset a number of bits equal to said first number of bits and a

10 gain value through linear interpolotion between said first gain value and said

second gain value.

10. Arrangement (BiGi_RA) according to one of claims 7 to 9,
CHARACTERISED IN THAT said arrangement (BiGi_RA} further contains
15 means to receive a description of said at least one respective carrier subset
(SUBSET1; SUBSET2; ...; SUBSET8), and means fo interpret said description of
said at least one respective carrier subset (SUBSET1; SUBSET2; ...; SUBSETS).






