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28 APR 2004 -1 METHOD TO GENERATE A PSEUDO RANDOM SEQUENCE OF MULTI
CARRI ER DATA SYMBOLS AND RELATED TRANSM TTER AND RECEI VER 5 The present
invention relates to a nmethod to generate a pseudo-random sequence of
multi-carrier data synbols as defined in the non-characteristic part of
claim1l1, a generator of a pseudo-random sequence of nulti-carrier data
synbols able to apply the nethod as def.ined in the non-characteristic part
of claim2, a nulti-carrier transnittdr includi ng such a generator and a
mul ti-carrier 10 receiver including such a generator as defined in the

non- char act er i IETHOD 160 GENEFRATENPSEUDO RANDOM SEQUENICE OFuch a
nmet hod and eq men 0 generate a pseudo-random sequence of multi-carrier
data synbol MULH EARRIER DATAMSYMBOLS D BELAT ER ard

Speci fication ' Network and Customargkggﬂéat ion Interfaces 15 Asymetric
Digital Subscriber Line (ADSL) Mt a erface', published by the
Anmerican National Standards Institute (ANSI) in 1998 and referred to by
ANSI T1E1.413 Issue 2. According to this Standard Specification, the ADSL

line germ natitpg glesthaneanioralel@btt kis@ arRAGHICYeAcRIUdpssrtslemdeguence
of 16384 DMI (Discrete Multi Tone) data synbols each conprising 512 bits.

The pseudeed@en@ndbomulieqaeiecacdd sprboliacs definedlin theyasedchorseeree part

paragraph 9.6.6 of the just cited Standard Specification, s deriyed from
a pseudo- Carfde Lefuesnssoior @Jﬂ! Bi Ogré’r%i(rg’é‘f' SFaPERE i iR?BI*yC%V'eé %%q?arrbl er

in the ADSIYW:?iBESEQPFe?{SOm;]@gM&@ metoPEE WitinkaNHOReS AN RERo Qb ridtT pdat of

synbol s, ¢t over a twsted pair tel ephone line towards the
ADSL net Wefdini B/ GinRdltiic@friét iramsrhifer tkidnpsugt enjesesatandnidsy oeédit-cohveerei n

for downstream channel analysis. In a simlar ﬁay, t he ADSL. net wo kf

t er mi WAt i oaceavert ineluging ewaly o [eserales osrdaiineds nd egs%he*a@fP&F?dtﬁHf?&d{?e?\ e of '
16384 DMI dat a s%}rébqls <§ach ehc vi|ng a length of 64 bits, named R-MEDLEY in
par agr aph % 8 YR BI6VRELYTEd Standard Specification, and sends this
pseudo- r andom sgpRueNsRikEd BM edal@nstiBQYeperate a pseudo-random sequence of

multi-carrier data symbols are already known in the art, e.g. from the ADSL
Stoandard  Specification 'Network and Customer Installation  Interfaces -
15  Asymmetric Digital Subscriber Line (ADSL) Metallic Interface), published by the
American National Standards Institute (ANSI) in 1998 and referred to by ANSI
T1E1.413 Issue 2. According to this Standord Specification, the ADSL line
termination at the central office generates a pseudo-random sequence of 16384
DMT (Discrete Multi Tone) data symbols each comprising 512 bits. The pseudo-
20 rondom sequence of DMT data symbols, nomed C-MEDLEY in paragraph 9.6.6
of the just cited Standard Specification, is derived from a pseudo-random
sequence of 511 bits generated repetitively by a scrambler in the ADSL line
termination. The pseudo-random sequence of DMT data symbols, C-MEDLEY, is
sent over a iwisted pair telephone line towards the ADSL network termination at
25  the customer premises and is used therein for downstream channel analysis. In @
similar way, the ADSL network termination at the customer premises produces a
pseudo-random sequence of 16384 DMT data symbols each having a length of
64 bits, named R-MEDLEY in paragraph 9.7.8 of the above cited Standard
Specification, and sends this pseudo-random sequence of DMT data symbols

30 over the twisted pair telephone line towards the ADSL line termination at the
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30 over the twsted pair tel ephone line towards the ADSL |ine term nation

at the -2 central office for upstream channel analysis. The pseudo-random
sequence of DMl data synbols, R MEDLEY, is derived froma 63 bit |ong
pseudo-random sequence of bits that is repetitively generated by a
scranbler in the ADSL network termnation. 5 In applications such as VDSL
(Very Hi gh Speed Digital Subscriber Linf) wherei n the nunber of bits per
mul ti-carrier data synbol, that will bé“haned N throughout the renmi nder
of this patent application, may have different values, two problens can
occur in caseak bffidenfornupsieon ghenns! applysiedThe Irserdadentdess segercreot

sequence of nulti-carrier nbol s. decr ease, sijgnificantl nd/ or 10
the |engt PMT date syeehkeis- R%E@Hﬁ%ﬂe&u@ﬁé‘g@%fr Ol gﬁcté'?rjg%g Rt Ogéﬂﬁfﬁns may
becone short in co r it . ' : zToTnle
sequence tsﬁa?er&cc?n?fraﬁlg'%sm%?%u}l@lp %?E\ée:&fgéﬁé}g'g%}abggggﬁlgweﬁ lﬁzlﬁéjngg{sﬁie nuﬂ}bker of
bits in t&enikeRseki tively generated pseudo-random sequence of bits
generated by the scranbler. Indeed, the |l ength of the pseudo-random

sequenBe of mullbiamaictiens bcdaiaVOphbery bighripeednbiaitdl Pubagebarhtisehunber

nunber *of vtarsin i TmbRe oh fohRst melntiaHT Seanog e dhes ey b holfd K 1€
o | g .

nteger varte PR BETe BT S HRTPo R, Pelia’ dat Pk ReREP IR TD

the repet itbusibblariesdireupressie-thandemnsedutigoe iotppli¢ds, the ran@miness
typically equal to 25-1 if the scranbler is inplemented by a finite state
machi ne ard 18e segpesenot mult-ceomeredotersymbale e derease significasty ©®dRE hi ne.

S f i t hat s 9 and t |5 29-1 =
S1aTOFB edbn lefiny P i AeeydordinaegesiHisE U TR e M o her L
because Nb:ec%njre_sl'facﬁphnm&bgﬂgicgi%'bhi ehithdaha RygRel ddhidvadlgssustdorandom

sequence of nulti-carrier ata synmbols wi Il consist of exactly the sone
pseudo- r angaoesesthencontfing D 2aultiiarser dajotsiyindbods, tlukging the ﬂHé‘heéﬁéPHS g the

Phat t her dnPSTopRHTRY SReratomREt T ERsavhrHors Bl ReoRe ) e IR Cr | oo
bet ween N anghier€1fedd thd 1BhghFbi the $9EHRio-random sequence of multi-carrier
15  dato symbols becomes short in case this number of bits per multi-carrier data
symbol, N, relates in a cerfain way to the number of bits, L, in the pseudo-
random sequence of bits that is repetitively generated by the scrambler, e.g. a.N
= b.L with a and b being infeger values respectively smaller than L and N. The
number of bits in the repetitively generated psevdo-random sequence of bits, L,
20 s typically equal to 2°-1 if the scrambler is implemented by a finite state machine
and S represents the number of states of this finite state machine. Suppose tor
instance that S equals 9 and consequently that L equals 2°-1 = 511. If each
multi-carrier data symbol has a length N of 1022 bits, then, because N = 2.1,
each multi-carrier data symbol in the pseudo-random sequence of multi-carrier
25  data symbols will consist of exactly the same pseudo-random sequence of 1022
bits. In this situation, the length of the pseudo-random sequence is only 1 multi-
carrier data symbols which means that there is in fact no randomness. In case
other relations are satisfied between N and L, e.g. N=L-1 or N=L+1, some
randomness is lost. This is so because the bits in the pseudo-random sequence

30 are typically used pairwise to apply random rofations to the different carriers. In
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randommess is lost. This is so because the bits in the pseudo-random

sequence 30 are typically used pairwise to apply randomrotations to the
different carriers. In 2 a APR -3 case N=L-1 or N=L+1, the pair of bits

that defines the randomrotation that will be applied to a single carrier

can only differ in one bit between two successive nulti-carrier data

synbol s, thus reducing the randommess of the rotations that are applied.

When applied in a VDSL system the know#r net hod may thus 5 generate a
pseudo-random sequence of multi-carrier data synbols with decreased

randommessq@é NWLChot Bl |2t NefheShiF bf BiteTHRAGefintOH@ fodideirotatigHaReiew iif
multi-carrier data synbols Is required in order to be able to analyse the

channel - henopPitid dhansiepleacatrigsiconiantpidiftes IBNRIE Bitgrriiveen tNoi 35 CesIMED)
estimation - accurately. 10 An object of the present inyvention.s to
provi de a rﬁ@'ﬂln%“ahd%am%@m thyg r%ﬁé}%ﬁ'@ sondomasss relgtingh dlotof
mul ti-carrjer data s I o l.ar_t t 0 rel

i rrespect iVe B t'%de' ?%%ﬁt ?8%"%8et16\1e0en ,L Eﬁsggrﬁ-u‘#ﬁ%r owrptﬁ’?i\g%ger%d} thus

nul ti - gar rdedfer&idt & SpydERdo.-roidn-, sdiRnbsiNBEr mlhi-batrkeri Ratdiesybelsi thitkel y
gener at ed pseudo-random sequence of bits where the pseudo-random sequence
15 of nul tdecomusede raddomnsyhai svhich der ratker fshom whereemh @ alegniesdoims

achieved. Accordipg to the present inpvention, this,ohject |s realised by
Fhe. et hoEeauengs AL P AR RIS YR SeaUeb i BRoGhIP e ehE Pemality
synbol s def ] cl ai , EOF u@as: ON3&A of
mul ti-car ﬁf\%pﬂg:arﬁél s&n@g% g]é) eetggﬂg% ?sslqv%éve?reﬁgdg eﬁoﬁggdmby clﬂgﬁg 2,
the nul ti -gHdtRn 20cdura@Bm tter including such a generator and the

multi-carrier receiver including _such a_generator defi nqecg by claim 3 and
cl ai m€ r espectAneibject of dbe @resept Y8ETI9N & 1Ry PEFHEd SoUgtahARE R RMEBYuence

at the out,put_of . the scranblger in stri fi: N . Pl ' I : I nt eger
| ar ger t hd ﬁ\fneéﬂﬁ %fseﬂ 'r'{(g]no%?‘yselﬂuﬁpfé;gilﬁu%i[gcgg%'{lagf L\Llyr?gg %IF gNrﬁm%r:ﬁ 19 o]

consti t ut ahBWHdwrCand, IR vidraindBreSydtnot of ke Ré@igberean stguairabeodf
multi-carrier data synbols wth higher randomess is generated. | f for
i nstance ibitst per abdisadeecdatoesynlyalt endvi.tthe number of bits in the repetitively

generated pseudo-random sequence of bits where the pseudo-random sequence
15 of multi-carrier data symbols is derived from, a high randomness is achieved.

According to the present invention, this object is realised by the method to
generate a pseudo-random sequence of multi-carrier data symbols defined by
claim 1, the generator of a pseudo-random sequence of multi-carrier data
symbols able to apply the method defined by claim 2, the multi-carrier

20 iransmitter including such a generator and the multi-carrier receiver including
such a generator defined by claim 3 and claim 6 respectively.

Indeed, by subdividing the pseudo-random bit sequence at the output of
the scrambler in strings of N' bits, N' being on integer larger than N, and by
using only N bits out of each string of N' bits fo constitute mulii-carrier data

25 symbols, o pseudo-random sequence of multi-carrier data symbols with higher
randomness is generated. If for instance in the above described system with
L=511 and N=1022, strings with a length of N'=1024 bits would be created

~ whereof only the first 1022 bits would be used in a multi-carrier symbol whilst the
remaining bit would be left unused, a random sequence with the maximum

30 possible length of 511 multi-carrier data symbols would be generated.



L=511 and N=1022, strings with a length of N =1024 bits woul d be creat &8 APR 2004
whereof only the first 1022 bits would be used in a nmulti-carrier synbol

whilst the remaining bit would be | eft unused, a random sequence with the

maxi mum 30 possible length of 511 nulti-carrier data synbols woul d be
generated. 28 APR 20014 -4 It is remarked that a straightforward

alternative solution for the problemof decreased randommess in case N and

L relate to each other in certain mays;4is to increase L, the nunber of

bits in the repetitively generated pseudo-random data sequence of bits. If

L however is chogeamairkdy tHdhe Q@Tﬁiﬂ%@orﬂ%li@ﬁﬁoiﬁr]@tddmt'&ﬁdfdrmhéptdaslmm@ff PAR
(Peak to Average Ratio) so that this straightforward solution is not

pr ef er r ed denrenskdirandominess i exseniNsaricbh relpla snecskhether in pattoinedeXst 1ol i s a
maj or concern. is to, be Btice t hat i term' in the

| t h i Sing'
clains, shoffease hothepaumheePhPds ¥y R reRat '(f;gll"i%nteé?*%agoos%iﬂa{jﬁgn Efﬁggﬁal st ed
thereafter, 1hus, .f Pﬁs #Q ﬁ&v???er.q% chﬁger?%%}ﬁsiﬁie%rdxﬂb%‘?% G681 %Pﬁﬁﬁ&eﬂ ng
$h8u e d

means A and B s not” be Timi 0 i'ces consisting only of

conpongnt §efnaB¢ PRR (PeakBaNS/ekigé RatibN so SR str@ightfervardsarittiomientt on,
the only rel evant conponents of the device are A and B. Simlarly, it is
to be notiprekrtethin muwdi-tarer trmsplistion spytems eeareimPARsedydionsis 0 MIQhoul d
not be interpreted as-being limtative to direct connections only. Thus,
the scopé&®df®the expression 'a device A coupled to a device B should not

be Iimted 1o WRVILES AicRYShENTIRAP QrmPrigHhhWsealind@e! Agins, ishodld ecty
(0]

connected to an inpu evice B. It neans that there exists a path

bet ween amdUseitefirefedans ing iptitativef toBtheh relunedistdsk therpatter. iThelsudheag

ot her devices or neans. 20 An additional,, optional feat ?He; sg{ﬁ)tlhe

mul ti 18ar rscepe tofathenpyrrersian cor Aiee COMRIIESD MR A f | T4 948 ed by

claim4. Thus..in case the | t ' 40 | tEANGS || Snd¥ts B deikh ned
as a functllna'iédé {evécr?a {?ngﬁggcgwwionfaé?ﬁggpﬁg% ig({)r*rd;?Zle ned tsabl e klnovvn by
at the trapspéditi€the prsbehEiObNiSn She@m | mikbvbragsagicieatsaoiiakbevite areth each

pair of values N and L),
and B.
Similarly, it is to be noticed that the term ‘coupled’, olso used in the claims,
15  should not be inferpreted as-being limitative to direct connections only. Thus, the
scope of the expression ‘a device A coupled to a device B’ should not be limited to
devices or systems wherein an output of device A is directly connected to an input
of device B. It means thot there exists a path between an output of A and an input
of B which may be a path including other devices or means.
20 An additional, optional feature of the multi-carrier transmitter according to
the present invention is defined by claim 4.
Thus, in case the length N' of the bit strings is not predefined as a function
of L and N {one can imagine that a predefined table known by at the transmitter
and receiver sides could associate a value N' with each pair of values N aond L),
25  the length N of the bit strings may be selected in the multi-carrier transmitter
wherein the pseudo-random sequence of multi-carrier dato symbols s
generated. Because the value N' also has to be known at the receiver side in
order to be able to generate the same pseudo-random sequence of multi-carrier

data symbols there and to perform the channel analysis, the value N' selected by

30 the transmitter has to be communicoted to the receiver. Thereto a standard




. : . . . rz_gﬁPRZGOL
25 the length N of the bit strings may be selected in the multi-carri‘er

transmtter wherein the pseudo-random sequence of nmulti-carrier data
synbols is generated. Because the value N also has to be known at the
receiver side in order to be able to generate the sone pseudo-random
sequence of nulti-carrier data synbols there and to performthe channel
analysis, the value N selected by 30 the transmtter has to be

conmmuni cated to the receiver. Thereto @-standard 2 8 APR2004 -5 speci fied
field or message may be used. it is evident that the value N alternatively
my be sekgglifel Fibld Semeeajenby drdserly ltheedidemuhuthieadlde bimitbmatieelgi ver
to the transmtter. Mre specifically, in the preferred enbodi nent, the
val ue N insay balseldctdeoh tie tebeivei nedtrapyribsataromupicatechfroan the receevesitae
because the spectral plan 5 is. kpown there . and, N is known fher ¥
derived fthamiramemitirre are wresticgly nt s E‘aﬁi‘(?ve‘écﬁ?a‘?%‘h{"vﬁ“&eﬁ‘[eh‘é‘%é%e‘? of
carriers, ejther,d st.re -] er 18Med -spehr S HMBANS

t hat the \98|CH Cﬁﬁj q?\é\ﬁ%ﬁelp %?%nﬁgéﬂéﬁ O’? ﬁghlrﬁgﬁﬁ%% Bééclyddsg ifﬁ %rsPtIhe ownst r eam

di rectson ;@RAodh thBR: LREENVEKnSWeeHeas (Nhie depiiedefasm ther guiciroh plamdnd
obviously may have different values for the downstreamand 10 upstream

di r ect i onsypiduldt kequabsptwiomahef mambee df catiiernupithercaprneyeqpapaifert &7
according to the present, invention is defined by,claimb5. .

sel ect i ng URSITEBM FaFIeR)- b RPNy Pite olyad ? o‘:rﬁ‘ifﬂ_l',”e% %“é%%?‘g%ﬁé/r{ness
bet ween syeressi yie, Ml b GART dfechi Bty HRGhE letcREhisRietr tHES Uereamer , by
sel ecting so that 1t 1s not feractlonal ly related to L, a |long random
sequence Gfirddbhj ool bbeloudigt mayyhbed diffsreobtvalvesdforTe alowrsirasm iosdled and

ot her objects and features of the invention will becone nore apparent and
t he i 0entupstreprrsdirectigns] be best understood by referring to the follow ng

description of an enbodi.nent.taken .0 _conju 1200, WM< hter2Qcdh8indCeOAranyi ng
dr awi ngs wher ei r:“:’tgferg.c":' 'o?@ %Ofudgc?fiigﬁa'ﬁ%\ g@tlgescrher?e o? aC VDSIIT@( Very Hi gh
Speed Di giﬂragenimiﬁnhgﬁeﬁhéwby%}tﬁm i ncl udi ng an enbodi ment of the

multi-carrier transmtter :

Indeed, by selecting N' so that N' differs from L-1 and from L+1, a high

randomness between successive multi-carrier data  symbols is achieved.
15  Moreover, by selecting N' so that it is not fractionally related to L, @ long random
sequence of multi-carrier dota symbols is obtained.

The above mentioned and other objects and features of the invention will
become more apparent and the invention itself will be best understood by
referring 1o the following description of an embodiment taken in conjunction with

20 the accompanying drawings wherein:

Fig. 1 is a functional block scheme of o VDSL (Very High Speed Digital
Subscriber Line) system including an embodiment of the multi-carrier transmitter
MC-TX according to the present invention and o first embodiment of the multi-
carrier receiver MC-RX according to the present invention; and

25 Fig. 2 is a time diagram illustrating the subdivision of the pseudo-random
bit sequence PRBS1 generated by the scrambler SCR1 in the multi-carrier
transmitter MC-TX of Fig. 1 into 9 bit long strings and the generation of 8 bit
long multi-carrier data symbols DMTO, DMT1, DMT2 from these bit strings.

The VDSL (Very High Speed Digital Subscriber Line) system drawn in Fig. 1

30 consists of two VDSL transceivers communicating with each other via a twisted
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MC-TX according to the present invention and a first enbodi nent of th’é8 APR 1
multi- carrier receiver MC-RX according to the present invention; and 25

Fig. 2 1s atinme diagramillustrating the subdivision of the pseudo-random
bit sequence PRBS1 generated by the scranbler SCRL in the nmulti-carrier
transmtter MC-TX of Fig. | into 9 bit long strings and the generation of 8

bit long nulti-carrier data synbols DMIO, DMIl, DMI2 fromthese bit
strings. The VDSL (Very Hi gh Speed Di g‘ié’t‘al Subscri ber Line) systemdrawn in
Fig. 1 30 consists of two VDSL transceivers comunicating with each other
via a tw sgiedeldpRodPRn@4D4ANDIRaIThe WD SiphronseiiendoctBdiNElthe ThatryDsifice
transceiver located at the central office contajns ? transm ttig&ﬁqﬁart and
a recei vi ogntpansto Weesgofingnpyrt tans! rigesiing PAY Wb%rreP o 0g drags AN Thi s
VDSL transm tter -TX inclu ransm.tti L LCYit . i it
pseudo- r aR@o &héeﬁ%&@“ﬁbﬁj@ﬂgﬁﬁﬁ ! er 'Qg:si i* é%‘%f%‘?é%EERagmﬁ%é clrebitry
comuni caiy ng it GULLAY SNEmTBEG dd Rl oARGHAS- PRITSEINT SequeiRer rgsilenator PR
GEN1 contzjl(’ng ﬁ'lﬁé%gglé%%ée corr?ng% l|JonC o? a first scranbler SCR1, a first
divideg  BdMmurdestingy Eirdustry ©Rddée fEMBbseridd- iohdoou pkguevieagéneratart Rt

termnal to an input termnal of the transmtting irggighry IX ?I'E}f
sel ect or SENhasntins thet casgopatconneginmal ochishreankien t Pol"st ARIRETof t he

first - seq 10 PR- GEN1, . t
ter i nar BB G0 N, Aapae e BRa o comeeonmni Supr R BNAat B o,
An out put ; Lef B RdhaPb M@iri)H%}imtﬁ%tcir@UW TYG TR 6ab# BBL toks CalifitstyYouEM i s

coupled to an 1nput term nal e transmtting circuitry TX The VDSL
transcei vesrminslatcedpleid theacustiboeinprieni ske drdopsevdairerdon SPAvRIRetti ng

part and a receivin art whereof only the receivin rt M- [,S-: dr awn
o Fi 0 1 oemproson BB b epURr MESORA QURVAISE BOISRHBNER 8 ATIBF M
sequence erator P Sﬁ[ﬂi T | ¢ I GUWLLT YerRfnaRoH 860 R, and
a signal %ﬁrﬁ?l%icgénwlét'f:o e tcfrrcrg'ftﬁi?’n%uunﬁﬁ %hSGN%PbAnerout%u? terﬂlﬁ?lal of the
recei Vi Ng coRirhGhitbling BXchifry @OM adcdupled té nstinpoptermireaindiridle fodnsméingecoder
DECODER. The receivi gg)ci rcuitry RX further has a second Qutput £ nal
coupl ed t sirauitrite dhe XPletransreivesfiogaied st dm QU PSR R PANFS T SR OBITYS

generator oﬂ?&r%Enw%inngiars'f and a receiving part whereof only the receiving part MC-RX is

15  drawn in Fig. 1. This VDSL receiver MC-RX contains a second pseudo-random
sequence generator PR-GEN2, receiving circuitry RX, a decoder DECODER, and
a signal fo noise ratio estimating unit SNR. An output terminal of the receiving
circuitry RX is coupled to a first input terminal of the decoder DECODER. The
receiving circuitry RX further has a second output terminal coupled to a control
20 terminal of the second pseudo-random sequence generator PR-GEN2. This
second pseudo-random sequence generator PR-GEN2 includes the cascade
connection of a second scrambler SCR2, a second divider DIV2, and a second
embedder EMB2, and its output terminal is coupled to a second input terminal of
the decoder DECODER. An output terminal of the decoder DECODER is

25  connected to an input terminal of the signal to noise ratic estimating unit SNR.
To tronsfer digital data over the telephone line CHANNEL the VDSL
transceiver at the central office and the one at the customer premises constitute
DMT (Discrete Multi Tone) symbols. The VDSL transceivers thereto modulate the
digital data on a set of carriers in accordance with o certain bit allocation scheme

30 that is known of the central office and at the customer premises. The bit



second pseudo-random sequence generator PR-GEN2 includes the cascade 7 8 APR 2004
connection of a second scranbler SCR2, a second divider D V2, and a second
enbedder EMB2, and its output termnal is coupled to a second i nput

term nal of the decoder DECODER. An output term nal of the decoder DECODER
is 25 connected to an input termnal of the signal to noise ratio

estimating unit SNR To transfer digital data over the tel ephone |ine

CHANNEL the VDSL transceiver at the central office and the one at the
custoner prem ses constitute DMl (D screte Multi Tone) synbols. The VDSL

transcei vgfscdtier ekhermeddpbatified hehichi gutridrs datea wrda Isewv ofarvarbifsergei n
accordance with a certain bit allocation scheme 30 that is _knovx&ig t he
central offdctéataddont eadie usadt orrsier poedi which Thedyption techprue oEAAM,

| ti ) jfi whi.ch i i . i
modul at edBSH Bact iUt K Rrbioie drm Bh o Rea T Le gl acvee sl
8QAM . ..). I S t bj,t A initis St O b
al | ocat i o?f' ;g"(%:]hc}"énlgﬁI Qltﬁg"r @gghﬁpgr&él g? %fgr?néewrgﬁeaﬁ%%{eg?éﬁmgpgié%ﬁ? te0+e1xeecut ed
at i nig i alvpDsatdyaren®ivhehdin Shy/BRInc s trasevstice (SINR)Her sicgrsédr ofotheodiéferardt i o

(SNR) for transfer of the different <carriers fromthe central off Ice to

t he cust oxerieps fpsthe wantil officedodheicysiondr RIEBIFES G WiFeVasaR isseBmye
pseudo-r ando equence of |ti4carrier data s ols t oyer the
li ne CI—lANﬂEL*%ﬁ%?%a?n%f?éjéaug‘lbj‘dﬂ”ijgﬁ‘e?eﬁu.enfﬁ 0? ﬁ%ylggﬁqr[ﬁ% né% %%?%%‘?g%ws'\éi t is
descri bed s%'q deLAishe MOV tyhaNRSRUR mgeggg,ﬁm@c@fmmﬁhtihel%lttaﬁihger
data synbols is generated in the enbodi nent of the present |nvention

i |1 ustrat @@drdiyraiphg.it it dusdribed) in Betdihbowithstpsodamonderserivensgerfi mbliel y

generates a pseudo-random. sequence of 4 bits,,. marked 0,1,2 apnd 3 i.n Fig.
2. ThED r egermari fapys f dt @frepae dB-?‘&nﬂBF?PQE&%n‘Be”Eﬁ phesgp{]énvceg;r{gp itutes
a first pseudo:rand i - sgguence PRBS1 at the output of the first
scranbl er%EJé%fﬁaa%n?@']ﬁié%%ﬁ s'?gdo- random bit sequence PRBS1 has to be
encapsul at ed i IThgulfirii- GardirhBler dBIGR 1S yrdpelibvelywhgeeenatd ba t pseedr-hendsmedded
to constitute a first pseudo-random sequence_ of lti-car.l elr dat a ,‘sgnbol S
PPMB1. Theeavendet pt dabps,emadsach Osy#band are figs & (I repehtively generaie

pseudo-random sequence of 4 bits constitutes a first pseudo-random bit
15 sequence PRBS1 at the output of the first scrambler SCRI. This first pseudo-
random bit sequence PRBS1 has to be encapsulated in multi-carrier data symbols
wherein 8 bits can be embedded to constitute a first pseudo-random sequence of
multi-carier dota symbols PRMS1. These multi-carrier date symbols are referred
to by DMTO, DMT1 and DMT2 in Fig. 2. Because the length N (8 bits) of the
20  multi-carrier data symbols DMTO, DMT1 and DMT2, is twice the length L (4 bits)
of the pseudo-random sequence of bits that is repefitively generated by the first
scrambler SCR1, each multi-carrier data symbol would contain exactly the same
pseudo-random sequence of 8 bits if the first pseudo-random bit sequence
PRBS1 would be encapsulated straightforwardly into the multi-carrier data
25  symbols DMTO, DMT1 and DMT2. As a consequence the randomness of the first
pséudo-rondom sequence of multi-carrier data symbols PRMS1 would be
inexistent. For this reason, ihe first divider DIV1 divides the first pseudo-random
bit sequence PRBS1 into strings of N'=9 bits. Only the first 8 bits of each string of
9 bits are embedded into a multi-carrier data symbol by the first embedder

30 EMB]1, whereas the ninth bit of each string at the output of the first divider DIV1 is
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to by DMIO, DMI1 and DMI2 in Fig. 2. Because the length N (8 bits) of the

20 multi-carrier data synbols DMIO, DMI1 and DMI2, is twice the length L (4
bits) of the pseudo-random sequence of bits that is repetitively generated
by the first scranbler SCRI, each multi-carrier data synmbol would contain
exactly the sone pseudo-random sequence of 8 bits if the first
pseudo-random bit sequence PRBS1 woul % be encapsul ated strai ghtforwardly
into the nulti-carrier data 25 synbol s"DMI0, DMI1 and DMI2. As a
consequence the randommess of the first pseudo-random squence of .

mul ti - car nokosathbpiteyfilsbes bRENS1EMBUL dhedivisinexafdbedrst mepderioadpanbin, the

first divider DIVl divides the first pseudo-random. bi.t, sequen 1l into
strings ofequengelfiRBo1 b yirigs q{iéj?“p T#ﬂ%eﬁf.” ng¢pion %O%U%ECEFEE are
enbedded i;nfo a | t4,56AQ0 k|85 f: ks fiyBI ,
wher eas tﬁa}%wﬁ?ﬂ&ﬁﬁ’“ﬁ@ %@gﬁ S r?qu%&g%&%ﬁ%ﬁtpl%i’tlﬁghsﬁgﬁ’ Tgigvi der

DIVI I's 2B, ARBJRPGMB B Jepkrateedt iy bl iths trsmpeslathy-rdidiim Fepedieicfi on of

the first pseudo-randombit sequence PRBSI into strings of 9 bits and the
enbedd ngmutt-@cifier datbtsymbats PRIMS 1 diticd isyrabemgieovmothlmnsminewrs vity

illustrated by Fig. 2. In thi the fi enbed s at
its out puﬂ'xtOI’Yéffher@epfﬁ@@ﬁdlﬁﬁréﬂg%@eﬁdgﬁyﬁ% reseal gﬁ’é?@ﬁgg%gg{oge?ynbol s
PRVS1, that is transptted, tr L b [ Hivider OX10VEEhddee

t el ephone PITRESTHA Eﬁ‘g{%ﬂ{ %1%@{&1 g%ﬁ‘%ﬁ? H}N%_h%rgfﬂt he _rc_ust omer

prem ses. pThRe keRefoh SEL offl grbedetirdsng somtrelatigeblty thadirstidigded DN Her thel vi

is chosen by the selector SEL and provided as a control sjgna 0 e

first divifisarpseudp-randpireseduanse geserelor W&n@@ﬁi1séﬁ@f@%°@§hgﬁﬁle6£°rpgl$m.
In addition the selectqor SEL_10 supplies .=0 .t 0 hich
corrrruﬂ‘bcatsi’ﬂaﬁ?ﬁ r EYGi t‘f“ﬁ“‘?:t]ﬁﬁ%i ctsﬁ' @'&rrr%onr%‘%gjtn\g&i% i gl: 'chﬂ"{?g E{F@I\\/AI a 't he

transmi t ti g Rl kkHids His MoIbO N iy WeSkahapiing circbiByRX &d ¥ DSisteosieer
premi ses. To communicate the value N, this value may bﬁl eﬂbed ed in a
thereto st\@dRX dit sherl chiteindr premisssafe commigicolf theardlygtNodhis pIdYOEHY 15

Upon receipt of the value N =9 gt the,.V ceiv - RX, ik tA4 Ng
circuitry wemﬁﬁs{%s'w Ai g‘e{'ﬁif’uguRfiaﬁdése?ﬁﬁe@;gén'agéﬁ%dgfHE)‘% t‘/g hio'(rﬁg‘tﬂ‘hcg1
second protocol.

15 Upon receipt of the value N'=9 at the VDSL receiver MC-RX, the receiving
circuitry RX supplies this value N' to the second divider DIV2 in the second
pseudo-random sequence generator PR-GENZ. With this value N, the second
pseudo-random sequence generator PR-GENZ, i.e. the second scrambler SCR2,
the second divider DIV2 and the second embedder EMB2, can generate a second

20 pseudo-random sequence of multi-carrier data symbols PRMSZ that is a copy of
the first pseudo-random sequence of multi-carrier data symbols PRMS1. The
second scrambler SCR2 thereto generates a second pseudo-random bit sequence
PRBS2 that is o copy of the first pseudo-random bit sequence PRBS1. This is
possible because the repetitively generated pseudo-random sequence of 4 bits,

25 0, 1, 2 and 3, that constitutes the first as well as the second pseudo-random bit
sequence is predefined. The second divider DIV2 divides the second pseudo-
random bit sequence PRBS2 into strings of N'=9 bits and the second embedder
EMB2 encapsulates the first eight bits of each string ot the output of the second
divider DIV2 into a multi-carrier data symbol and leaves the ninth bit in each

30 mui-carrier data symbol unused.
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pseudo-random sequence generator PR-GEN2. Wth this value N, the second

pseudo-random sequence generator PR-GEN2, i.e. the second scranbler SCR2,

t he second divider DI V2 and the second enbedder EMB2, can generate a second
20 pseudo-random sequence of nulti-carrier data synbols PRVS2 that is a
copy of the first pseudo-random sequence of nulti-carrier data synbols
PRMS1. The second scranbler SCR2 thergto generates a second pseudo-random
bit sequence PRBS2 that is a copy of the first pseudo-random bit sequence

PRBS1. This is possible because the repetitively generat psepdoszr andom
sequence of 4 Phé snuBBcdiriet, d@aandnBolst MTCboﬁ’Mﬁ nss Qaﬁ’?igf P€§Fea Irs'{;\llel | as

t he second pseudo-random bit equence i s predefined. S n iyj der
DI V2 di vi pkesdon@nsonn meaysaerier et B! og%qsam&os%@@w% g?ﬁ%f%t;s of

N =9 bits and,the, second. e 2 t ird Sty ®Xofthhe bi t's
of each S?quﬂge}a}ﬁl S”Sﬂf’ﬁm%'?ﬁ'é%c?ﬁg%% e’%%%}’v itlrrlto)é fihe

Ml Ll - carsibebl Sate SUBDPLF ARtk siarRscitdianishbritid PRMS&EiohFig30 because
mul ti-carrfer data synbol unused. 8 APR 2004 -9 The nulti-carrief gata
synbolss DMFehy BIVEY feord tBfEstqisevtie rindem bipsequrncedifdsh 28qae fciesth ©

mul ti-carrier data synbols PF fl transfer , oyer l'ine
CHANNEL anqiseéetﬁrﬁﬁre%sﬁ emthe E&g&\‘/‘lﬁﬂ\é‘“ﬂ)r% §i wwﬁﬁ'? Y*h%déésbfdgetﬁ? Rgtb BER

out put of the receiyin [ [ S 1-chitidri dbta Isyasissisisee 5 it
may diffef% r%r@f‘h’gy Mlg' %g%u %éérdgfldgﬁ%ﬂéi@?hseeagﬁghéganBSFe. g. as aer esul t
of ~ noi setimt &Y BRICAsOMhE hecbidi@sEiidiNEdorar sequeppk | ddmubi-cpisied sttder

DECODER, e.g. a Discrete Miulti Tone decoder in case the I~ GAr fj4 er data
symbol s aspnboMPRYIEBolasclingsnerated sscumiligd dadber erasier %@Pﬁéﬂe?

mul ti-carrier data, sypbols PRVEZ, .| oca e e LS| SHPIMe 8ekUdd-t he
decodt? DRENSE ?C%‘?l?‘grph%oc%'gfﬁj %e@c?d%‘dj,m%ﬁ%%goﬁ?%n&m%?st'ﬁe rruFti -carrier

data symb ' PSEUsianuhirAsiaer semiepeBolf PRUBT | emabei exmgatest wyhbol s
PRVS1' caﬁé”?)deélﬁogrgp%r eggvvi t hU the cont ent?ﬁof t he Eul ti-carrier datél synbol s
in the sedendoptardo-ofatidomultequesicdatst symbels énrbe etecalE aPeYFBEPOBRVS?,

so that the signal to,noise [allQ Shols PRRSSTEIREFHE SihANane Ritvsen the
the communication channel between the central office ond the customer
15  premises can be estimated. This is done by the signal fo noise ratio estimating
unit SNR.

A second embodiment of the present invention, not illustrated by any of
the figures, differs from the above described first embodiment in that the bits of
the pseudo-random bit sequence are not embedded or encapsulated in muiti-

20 carrier data symbols but ore used to apply a random rotation to the carriers
constituting the mulfi-carrier data symbols. In this second embodiment, o
scrambler again generates a psevdo-random bit sequence which is divided into
strings of length N' by o divider. Only N bits out of each string are used 1o
randomise the phase of the carriers, whereas N'-N bits out of each string are left

25 unused. The bits for example may be used in pairs to randomly rofate the phase
of the carriers. If the first two bits in a string of N' bits are 00, the phase of the
first carrier for instance is left unrotated, if the first two bits are 01, the phase of
the first carrier is rototed over 90 degrees, if the first two bits are 11, the phase of

the first carrier is rotated over 180 degrees, and if the first two bits are 10 the

30 phase of the first carrier is rotated over 270 degrees. In o similar way, the next




15 prem ses can be estimated. This is done by the signal to noise thQQ$NML
estimating wunit SNR A second enbodi nent of the present invention, not
illustrated by any of the figures, differs fromthe above described first
enbodi nent in that the bits of the pseudo-random bit sequence are not
enbedded or encapsulated in nmulti 20 carrier data synbols but are used to
apply a randomrotation to the carriers_constituting the nmulti-carrier
data synbols. In this second embodi nent9-a  scranbl er agai n generates a
pseudo-random bit sequence which is divided into strings of length N by a

di vider. Qb iRiths shitig oF Neasi detérniige ahe rumeidntibat malhttendmeiedhie hase of
the carriers, whereas N -N bits out of each stri n% are Ieff‘_’z 25 unus(?d. The
2]

bits for ewesmd eamiy, bedusedni Ahpaphaset wiatardomy beotrrlied Re PhEEECIYr t he
carriers. If the first two bifs in.a strjng,of N ,bits are 00, phase of
the firswougled terthe Vld?rst”éﬁ&% FEEIYESf P C{ﬁ?gé?%i’“ﬁh‘?eff‘”? et rs?t‘gﬁsg {)f?t s

are 01, the phase_ of .1 | T | HOMBE LOEY degsaso fof the
first tvvoﬂb‘?tcgrréerr%qffb'S'P%égﬁﬁ}g%gﬁlmeﬁﬁfewfﬁ?ieﬁ ﬂieg?l“ er iUs r ot a'?:gd gver 180
degrees, apfhibfhd BRafd &Bthet dWRribist BV a5 ends@ntibalifier bask-obintHetr T bestussarri er

Is rotated over 270 degrees. In a simlar way, the neXCIEl Ep% f&] PP 7?01+ -10
two bits icthédwise, st rdargeaskdNrontsiorsneet wewidnbet i@eriensed -oh tHAPSW'S 999

applied to the second,carrigf, and,so,on. T asg rat aty Y,

appl i ed byheseraebife efr@é‘w%'ﬂ@[i' relited 10 b vl AP Yo Podd \%?Qgra‘“’gg%soder
wi |1 de-rapdoni s i L GRI N ISecabBe DL Peroikd ¢fnkodbukht ,
wherein t Ecﬁf] %?%’ﬁjeggﬁ}s%%&ﬁ?\gg%wc{}gm to 5 'rotcgt eetshe phase of the carriers,
N is chosgihitieartyf fetuckr i lenbtiansf hel rdredansequenher i seuti-gomeer datsed
randommess woul d be experienced. N further is also chosen not to be

f r act ilOnalsyynbrads thadgovlsl be gpnevated-N #b. L with a and b integer val ues that

are respectivel lgjfﬁrgcgikc%ﬁéh%g@g?clf_l‘ugg?ﬁﬁe’\gmrﬁg%qm“l}ﬂﬁ)l&c?e’rgpﬂbﬁiefcﬁ'fe) Mumoul d

significantly r the om sequence of multi-carrier

data 10 syfe} Scdh@unkeubd Bas gee@r ajiesh dboves applicddiityhat thiet Ipoesght t he
exanpl e of DMI (Discrete Miulti Tone) multi- carrier co ni ﬁat i.or}. has been
gi ven abovievemijpi iscadsi resitigtes tot dray paeispleyr multi-carrier linecode. Also in Zipper-

based multi-carrier systems, in OFDM (Orthogonal Frequency Division
15  Multiplexing) based multi-carrier systems, or in other multi-carrier systems, the
pseudo-random sequence used for channel analysis may be generated
according to the present invention.
Another remark is that applicability of the present invention is not limited
to a particular channel analysis technique. Although the example of SNR (Signal
20 fo Noise Ratio) estimation is given above, other parameters indicative for the
loop quality could be sensed or estimated on the basis of a pseudo-random
sequence generated according to the present invention.
A further remark is that the length L=4 bits of the repetitively generated
pseudo-random sequence of bits, the length N=8 bits of the mulii-carrier data
25  symbols, and the length N'=9 bits of the strings were only given as an example,
More realistic values for o VDSL {Very High Speed Digital Subscriber Line) system
for instance would be L=2047 bits, N=2048 bits and N'=2050 bits, but again

the present invention is not resiricted to any particular values or range of values

of these parameters.




invention is not restricted to any particular multi-carrier |inecode b8 234
I n Zipper- based nmulti-carrier systens, in OFDM (Ot hogonal Frequency
Division 15 Miultiplexing) based multi-carrier systems, or in other
multi-carrier systenms, the pseudo-random sequence used for channel

anal ysis may be generated according to the present invention. Another
remark is that applicability of the present inventionis not limted to a
particul ar channel anal ysis techni que.'”k’f t hough the exanpl e of SNR (Signal
20 to Noise Ratio) estimation is given above, other paraneters indicative

for the |o0op quahdibls Gapleindractensed the matémubeshtom bhee hashsdesicribed
pseudo-random sequence generated according to the, present inven%ii on. A
further rebaveforsthendownstesdrerdjrartioadi-bi the dreglive frepeiis FeRrgy Y@ReIGt ed

pseudo-random sequence of bits, I th, bits~ef. th AN i er
data 25 HrBeHeMes BrenHEes ¢ gPhVﬁgé ﬁ)lg S m%ﬁfsrfjeee tll’-ll'%'é%l ﬁléégé{h%%i ;C/Lﬁgelr)ven as
an_exanpl g, \br gy eal sk T 21¥Pe (Mploméingh $pepd Dogrdath
Subscri be?ysﬁl\ﬁe?héya\’gﬁ&fﬁ@%?tﬁ/ar%@%osul d be %:2047 bits, N:gg48 bits and
N =205 Dbifrsctidito agprdve Upeh@dieseminnelwanilysinotaurnop. Meseoiect edpesoany
particul ar val ues or range of values of these paraneters. 2 8 6 PR.2006
11 Wher essllednyh Srenttarill erpprefiotenibop thes evrentioerniosncHa e BWMMARISE  Mbed

above for the downstream dirgectio i,e..the direction fromthe central
of fice to% Ml Wiz '&@P"ﬁ‘r%ﬁﬁ%%‘?g@m&sms'( Very High Speed Digital

Subscriber Line) qisyshefdidaied i YsDikiRst RYs I gidrt i ain piitest deplicapberent ed
In the upstream 5 diréction to inprove upstream channel analysis accuracy.

Mor eover , valugeNs omays ke | dsdciated heitrardachi bhirapbridcoad el tyrdyes Haraggrr 8nt

i nvention can be inplemented in, as wel] uni-directional | -di i onal
st et mondordaey wEla OSREUC! 09 FENTIEL BUELSFS VHat eGP TR EOpE Ll
application, -a value N be.a |5 &g Weld) IRACH PBET rédbrfdand fheval ues
t hr ough ac'riﬂ%%/t an gﬁ‘(’i’%de tdabﬁoe ﬁ%gg\%&af&twg transm tterrand recei ver side
so that nenisGlREIAr pedtbedli torycdramiendtingditendolne e ssmgelaguate elotpendt to be

reserved Irgsuthri]r?g in o satisfactory accuracy of the SNR estimation, may alternatively be
found on a trial and error basis, e.g. by repetitively increasing the value N' by 1,
156  starting from N,

Furthermore, it is remarked that application of the present invention is not
only aftractive in situations wherein N=2L and wherein all multi-carrier data
symbols would carry exactly the same pseudo-random sequence of bits it the
pseudo-random sequence of bits would not be divided in strings and port ot the

20  strings would not be left unused. Whenever N and L relate to each other so that
the randomness decreases significantly, e.g. if L=Nx1 or a.N=b.L with a and b
being integer numbers respectively smaller than L and N, an appropriate value
for N' may be selected and used to create psevdo-random strings that are not
fully encapsulated in multi-carrier data symbols. The criteria under which the

25  present invention is applied may be service dependent.

Although reference was made above to VDSL (Very High Speed Digital
Subscriber Line) technology used for fransmission over twisted pair telephone

lines, any skilled person will appreciate that the present invention also can be

applied in other DSL (Digital Subscriber Line) systems such as ADSL

30 (Asynchronous Digital Subscriber Line}, SDSL {Synchronous Digital Subscriber




initialisation protocol for communicating the value N . An adequate v?allguﬁeijR 2004

N, resulting in a satisfactory accuracy of the SNR estinmation, may
alternatively be found on a trial and error basis, e.g. by repetitively
increasing the value N by 1, 15 starting fromN. Furthernore, it is
remar ked that application of the present invention is not only attractive
in situations wherein N=2L and wherein all nulti-carrier data synbols
woul d carry exactly the sone pseudo-ra%g'om sequence of bits if the
pseudo-random sequence of bits would not be divided in stri ngs and part of
the 20 st tineysysierukdHD6L (HgH Hdecdubigited Su¥mitey énelspstdme, ped dhe like osach
other so that the randomess decreases signi Ei captly, e.g. Af L=

Oy g€ yn

1 or
a. N=b. L win n gobied besetdhepnfjbientsgesd ofufoées v ﬁﬁ??e?ys{gﬁ%?n L and

N, | lue . for. N b -
IR A L R o
data synbols. Fgﬂh‘érrjaweﬁiiﬁs 18 FkedhePah Renbadinenese e prevemtinoention iappl i ed

may be service dependent. Although reference was nade above to VDSL (Very
Hi gh SpeedeBirthiddalabcSabegtheben ferms) of dohnodragy blesksl Foemt thamshvnstéonsl over

tw sted pair tel ephone 1ines, any skilled person wll recigate that the
present i wesenptom af deeseabplopks ”a‘ﬂ%l b%d’h"l‘f"ﬁtﬁ’ér“ ﬁ[sc(rbisgiiﬂg‘il'“éﬁﬁs% iDer

Li ne) systens such as, ADSL 30 (Asynchr QU t CK| e SDSL
(Synchr on&%é'gﬂ“bq t SFCEMS ¢ FB'@%S 7§%P§%%%%W@f% L?#neﬁggis? 'e(:'?rg£ HIJD@L)DE3 Hi gh

Speed Di girhgho/SERSEd WABIrweli-REIwS ESdc@@hic edtdpbhentsi kederiled mirahitsdhire dfased,

a fibre based or a radio based communication systens, provided that a
nul ti - car thecohienscaidbe fendaived! blocks hamemnisswit @vest dat a t her eover.

Furth it ked that nbodi ment of th ' tion.i
5 GesdPi bed abo¥bie aPRCPRIIPIS: b 1Y RIS oA oo PBeRs SOt Gt AR T Ontf onal

descriptiqn af fheseublekisicl bodhidudeit0RVidUs fiarly Reweatosdithbedhisn t he
art of designing electronic devices how enbodi nents of these bl ocks can be

manuf act urce@chiptidn isahbdknonbekegtafexbople mpdrettas. o Amitatign| e the s99Rcect ur e

of the contents of the functional blocks hence is not given.
of the claims.
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10 Wiile the principles of the invention have been described above i
connection with specific apparatus, it is to be clearly understood that
this description is nade only by way of exanple and not as a limtation on
the scope of the clains. 2 8 APR 2004 133CLAIMS 1. Method to generate a
" pseudo-random sequence (PRVB1l) of nulti-carrier data synbols (DMIO, DMI1,
DMr2), said nethod conprising: 5 a. producing a pseudo-random bit sequence
(PRBS1) by repetitively generating a pseudo-random sequence of L bits, L
being a first integer value (L=4); b._packetizing said pseudo-random bit
sequence (PRBS1) into nulti- carrier IMonbol s (DMIO, DMT1, DMT2)
thereby using N bits of said 10 pseudo-random bit sequence (PRBS1) per
mul ti-carrier data synbol (DMIO, DMI1, DMI2), N being a second integer

number (N=8), to4t h%?ﬁ%d &?%rﬁér%téaé dp@é'mi@aﬁ@morgce?@w@ecemﬂ@ﬁlbfof
mul ti-carrier data synbols ( O DMr1, DMr2), CHARACTERI ZED I N THAT said
packet i zi ngmmdtiprarsies datd syinbals (DM TR BMITd, PIT2), -sah doethsid cemguisings
(PRBS1) into strings of N bits, N being.a third i r.vyal ue l.arger
than N (N =9); aRd PIodusingga \ssude-randosn §@qu%?ﬁﬁ8§m@ tepetitivery
packeti zi ng | [ L AC tdns | afRe S h art
of said pseggﬁéfagﬁl})@rﬁt i’ésgaéﬁég‘d%ﬁ‘éﬂ@a@?é ﬁ‘ﬂfl ?’ i E)ig'@lii.ﬁ’r ?‘Fgreir@a:aaﬁg/tfngg@ep
(DMIO, DMI'lyafddl@)=4):20 and | eaving N -N bits out of said string of N bits

unused. 2. Generator’ PR-GEN1) of a pseudo-random sequence gPRI\_/Sl) of
nul ti-carrier daba paghetizing Mq?sqnd%ﬂamm)b,lt sandenen dPRBoA) (pte mughin)

o heeudo r Stk sBfpanendf ERTD. DTHLANT AP Hiesh NBELN it b OREG) ™ ©
to 10  pseudo-random bit sequence (PRBS1) per multi-carrier data symbol
(DMTO, DMT1, DMT2), N being a second integer number (N=8), to thereby
generate said pseudo-random sequence (PRMS1) of multi-carrier data
symbols (DMTO, DMT1, DMT2),
CHARACTERIZED IN THAT said packetizing comprises:
15 bi. dividing said pseudo-random bit sequence (PRBS1) into strings
of N' bits, N' being a third integer value larger than N (N'=9); and
b2. using N bits out of a string of N' bits and packetizing said N bits
into a multi-carrier data symbolt that forms part of said pseudo-random
sequence (PRMS1) of multi-carrier data symbols (DMT0, DMT1, DMT2),
20 and leaving N'-N bits out of said string of N' bits unused.

2. Generator (PR-GEN1) of a pseudo-random sequence (PRMS1) of
multi-carrier data symbols (DMTO, DMT1, DMT2), said generator (PR-
GEN1) comprising:

25 a. scrambling means (SCR1), adapted to repetitively generate a
pseudo-random sequence of L bits, L being a first integer value (L=4), to
thereby produce a pseudo-random bit sequence (PRBS1);

b. packetizing means, adapted to packetize said pseudo-random bit
sequence (PRBS1) into multi-carrier data symbols- (DMT0, DMT1, DMTZ2)
30  using N bits of said pseudo-random bit sequence (PRBS1) per multi-carrier




t her eby produce a pseudo-random bit sequence (PRBS1); b. packeti zing 'Zn%gﬂ%?ﬂm!
adapted to packetize said pseudo-randombit sequence (PRBS1) into
multi-carrier data synbols, (DMIO, DMri, DMr2) 30 using N bits of said
pseudo-random bit sequence (PRBS1) per multi-carrier 2 8 APR 2004 14 data
synbol (DMIo, DMri, DMI2), N being a saegond integer nunber (N=8), to

t hereby generate sai d pseudo-random sequence (PRMS1l) of nmulti-carrier data
symbol s (DMIO, DMTI1, DMI2), CHARACTERI ZED IN THAT said packetizing nmeans
conprises: 5 bl. dividing neans (DI Vi), adapted to divide said

pseudo- randajatabsynqu@M’EO( PaEl) DMTE)stY iheiegod secand dntegerpapmpey

Synbol  genarhialy R ereenessnerate g e lisetae stauits ERIEHR o
N bits andd_hﬁ tpgghiérjé a:éﬁrﬁo ra@oTbnb(Mﬂ B lti-carrier _data syrrbol

that forns m sequerce 1) of nulti-carrier

data symbol s (DMT@iAQNETERWEQ)IMWHmbsmemkesz mem\smumplhsesau d string
of N bits unused. 3. Miulti-carrier transmtter conprising a

pseudo- r indom  15hkedivdicg gwansalBIVpradantey @sdﬂéﬁﬁn‘@idbﬂs%@ p3Rdo’ng

Sequence g6 1:3'@-8 ene& (ERREY) oS dinas e S e b8.F ShBalnt et de

sequence (PWE%@ AN =93¢ r synbols (DMIQ, DMr1, DMr2) generated by
sai d pseudo-r Jom sequ@nc?gghgr ator (PR GENl1) over a 20 communication

channel ( CHANNEL)b2 Amulti+darrierdat® sytwhol syarterating Noeaip (&Mﬁir)dlatb?nt@dcﬂoal m

3, CHARACTERI ZED I N THAT said mult rier t ans & Sgﬂl\g:ﬁ')% fur%her

conpri ses seds&ciN MSWE%Qf(@EHmQa@Ié\ 33'35 énde %&ankﬁ 6 t iRt gy

value N ) i

(Lt 1R HABPEEIAE BhiE SRR AR B 6140 et kil sy
(PRMS1) of multi-carrier data symbols (DMTO, DMT1, DMT2) and to leave
N'-N bits out of said string of N' bits unused.

3. Multi-carrier transmitter (MC-TX) comprising a pseudo-random
15 sequence generator (PR-GEN1) as defined by claim 2, and further
comprising transmitting means (TX), coupled to said pseudo-random
sequence generator (PR-GEN1), and adapted to transmit a pseudo-random
sequence (PRMS1) of multi-carrier symbols (DMTO0, DMT1, DMTZ)
generated by said pseudo-random sequence generator (PR-GEN1) over a

20 communication channel (CHANNEL).

4. Multi-carrier transmitter (MC-TX) according to claim 3,
CHARACTERIZED IN THAT said multi-carrier transmitter (MC-TX)
further comprises selection means (SEL), adapted to select said third
25 integer value N, and communication means (COM) coupled to said
selection means (SEL), and adapted to communicate said third integer

value N' to a multi-carrier receiver (MC-RX).

5. Multi-carrier transmitter (MC-TX) according to claim 4,




value N to a multi-carrier receiver (MC-RX). 5. Milti-carrier trans#@tﬂgﬁml’
(MC-TX) according to claim4, 2 8 APR 2004 15 CHARACTERI ZED I N THAT sai d
selection neans (SEL) is adapted to select said third integer value N so
that N differs fromL-1, so that N differs fromL+1l, and so that N is

not fractionally related to L. 5 6. Miti-carrier receiver (M:RX)

conpri sing a pseudo-random sequence generator (PR GEN2) as defined by
claim2, and further conprising receiving neans (RX) adapted to receive a
first pseudo-random s&ﬂuence (IPRl\/Sl' of multi-carrier synpols transmtted

overI ad comru_r\ijcgtf‘lw_ BRE&ED (I5HAN L§?jida$ﬁie€f&bd‘i‘$@;%§ ls)d(fDE t010
enerator ( pheskeya i IEGRE #aTle o Sadel N ARG Bty adet °F
sequence (PRI frBin IV nkrdd b6st 8V EORborBRdo faereBtBoudo r andom

sequence (P mil t7-carrier sy S generated by said pseudo- random
sequence generator (PR-GEN2). 15

5 6. Multi-carrier receiver (MC-RX) comprising a pseudo-random
sequence generator (PR-GEN2) as defined by claim 2, and further
comprising receiving means (RX) adapted to receive a first pseudo-random
sequence (PRMS1") of multi-carrier symbols transmitted over a
communication channel (CHANNEL), and decoding means (DECODER}),

10 coupled to said receiving means (RX) and to said pseudo-random sequence
generator (PR-GEN2), and adapted to decode said first pseudo-random
sequence (PRMS1') of multi-carrier symbols and a second pseudo-random
sequence (PRMS2) of multi-carrier symbols generated by said pseudo-
random sequence generator (PR-GEN2).
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