;e3ef | X6TF$ 0 1 AUG 2002 MUILTI - CARRI ER TRANSM SSI ON SYSTENIATE N?QQEFQUUZ
THEREOF : THE | NVENTI ON Mel d of the Invention The pre

i nventi Eﬂﬁﬁﬁ@@ﬁﬁﬁ nerally to a nulti carrier transm ssion systemand a
transm More particularly, the invention relates to a

mul ti-carri &%%¥ansm ssion system and a transni ssi on nmethod known as

Di screte Multi-Tone (DMI) nodul ation systém Description of the Related Art
A typi cal exanple of the conventional DMI type mufti-carrier transm ssion
system there hasyli@enArkeERNPRAMIMAHSCOEETER Ap MERBIEAHENROFD, 479, 447
to Chow et al. An Asymmetric Digital Subscriber Line (ADSL) unit to be

enpl oyed in the DMI systemis designed to perform nodul ation for a
plurality of carriers by Quadrature Anplitude Mddulation -- (QAM and to

transmt the nodul at ed Carr'gﬁi%?%%ﬁ%ﬁ?ﬁiﬂéﬁ?ﬁiﬁﬁﬁﬂfﬁ@ﬂlnverse Fast Fouri er
Transform (I FFT). On the recerVv i each carrier 1s extracted fromthe
mul ti pl exed receptign signal, usi 9, FFT to denmpdul ate into the QAM nodul at ed
signal . In such casgigig§%€ﬁﬁt—fglﬁ%t§8nrat|o ( SNR) of each carrier is
measured for bit distribution for each | urali f carrlers and the
bit distribution |STB§rP6§HeﬁECbPH??Ef?T)t 1ﬁ§h§ﬁ?§ﬁ" MR teor Sddie, as
identified by 15 in Fig. 13, the frequency on the horizontal axis is each
carrier to be GAEIer LIAngMLSSUPIGSYSHE™-ald & HFARFBRIRFAUSMEHNOA: f MAFiFency
band of each carrier is _4.3125 KHz and total nunber of the frequency bands
is 256. Each dtagtHeddaydbuesthes Agverpier f irelakgs| iR t &t i Pelt gt d&ra
transm ssion, the carriers are nodul ated respectively. At this tine, a

val ue of SNR iBransisstied %y@t@@ranfbatsrftanamstﬂ%t\ﬁbh%éseewmaﬁg?tsmteﬁ@
evaluated SNR In this case, in evaluation of SNR, respective SNR val ues
are derived atkaﬁ#ﬁigﬂevéDﬂTéq@@¢M&ﬂﬁiﬂ@d§Y@temhe carriers. Each carrier
perfornms transm ssion at a b|t nunber accordlng to each of bit

di stributions thus @= , : drArs determ ned on the basis of

t he eval uated SNR so that a given transnlsS|on speed can be satisfied and a
per f ormance margi n Pecoypscabxiemample of the conventional DMT type

multi~-carrier transmission system, there has been a technology
disclosed in U. S. Patent No. 5,479,447 to Chow et al.

An Asymmetric Digital Subscriber Line (ADSL) unit to be
employed in the DMT system is designed to perform modulation

for a plurality of carriers by Quadrature Amplitude Modulation

——

— (QAM) and to transmit the modulated carriers by multiplexing
using Inverse Fast Fourier Transform (IFFT). On the receiver
side, each carrier is extracted from the multiplexed reception
signal using FFT to demodulate into the QAM modulated signal.

In such case, a signal tonoise ratio (SNR) of each carrier
is measured for bit distribution for each of a plurality of
carriers, and the bit distribution is derived according to the
measured SNR. For example, as identified by 15 in Fig. 13,

the frequency on the horizontal axis is each carrier to be used

AR
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One.exanple of a nmethod for calculating the bit distribution tcﬂﬂro&:ﬂ@amﬂg
maxi mum performance margin in the transm ssion speed in the conventi onal
DMI type ADSL technol ogy, '- has been disclosed in the above-identified U.
S. Patent No. 5,479,447. Fig. 13 illustrates one exanple of the bit

di stribution nethod set forth above. Once, a desired transm ssion speed
(bit rate) is given, nunber of bits is dist4ibuted for each carrier ( 16 )
so that each carrier may have the nmaxi num performance nmargin on the basis
of the SNR val ug€ofl&)ar¥mildad ofig asarfaeéqueang batd o8 ¢withcakpiéhd sDMI31ype
ADSL technol ogy, in Japan, a Tinme Conpression Miltiplexing (TCM type | SDN
is present wthikizt 8€d totddl nfldbEr20P0he f?zeqﬁagf,mcﬁ- iA P61 08hEh of
crosstal k caused by presence of the TCMtype | SDN causes substantial noise
in a signal forhlgeADRh ekl &écyg%%\lpﬁm hhd P& QEVEL JOr CHOSStahkatO

be generated when ADSL |ine and TCM I l'ine are commonly present In the

same cable, o UEALRIE00E | Ol G relfohlibels AESdNa5APLK o be

caused by ADSL Term nation ‘Uni enot e si

transm ssion by the TCM | SDN | ine while ta. tranpsm.ssion i s perforned from
a down directi or‘ftrlCLast iFecti on Of uEDS?_JE Te;Sﬁ% n%t%i oﬁggﬁ?gg%eﬁf)eré)esﬁldg ?ﬁﬁ} (@)

) to the ATUOR in the SL | i ne. sho in Fig. .14, ile data

transni ssion i nFRETHBRATAT r%ccctciréﬁsnigs tB\é\?P%r?ﬁé%ﬁ}%et%gwg\DSﬁlq :% é® F#5%ata
transm ssion in.,the dotan direction is perforrreg by tpe TCMIEDN_I i ne, Far
End Crosstal k (PEXPY2UAEER Y DR+ HESBEREF VRanT: YR 4 &5 §r5AvYedi 3h in
an up direction is performed the TCMISDN |line while data transm ssion in
the down-direct T&SPPStHER f HFeRAENGY Papds RPsthe iGAFTiESr End Crosstal k
(NEXT) is caused. In the TCMtype |ISDN |ine, data transmi ssion is perfornmned
alternately in up di rBeehofeERECHORATEPFBRE L FEANSMHETioMorat @ubit oniMbeyence
of Ping-Pong type data transm ssion of the | SDN Iine, near end crosstalk
and far end crosSCerRipg et AashdopelibdiGariput horfdhapsieterrinaghenThe
comuni cation is perfornmed by the conventional ADSL technol ogy, due to

peri odi ¢ crosst &g npmbge igndahervined oy the kepisedf diha Reabeeted SHBResof
near end crosstalk (NEXT) in 0 ~ AU G 2f102 , bad noise condition. On
~the other hand, th#én & heivemnémpssinppsion speed can be satisfied and a

performarfce margin becomes maximum.

One example of a method for calculating the bit
distribution to provide the maximum performance margin in the
transmission speed in the conventional DMT type ADSL technology,

— has been disclosed in the above-identified U. S. Patent No.
5,479,447, Fig. 13 illustrates one example of the bit
distribution method set forth above. Once, a desired
transmission speed (bit rate) is given, number of bits is
distributed for each carrier (16) so that each carrier may have
the maximum performance margin on the basis of the SNR value
(15) of the measured transmission path.

In the DMT type ADSL technology, in Japan, a Time

Compression Multiplexing (TCM) type ISDN is present within the



speed is cal cul ated adapting to conmuni cati on under NEXT noi se, qh?gjg 2002
transm ssion speed is lowered significantly. Under a condition e
crosstalk noise fromthe ISDN is present, so-called dual bit map systemis
considered for inproving conmuni cation performance of the ADSL unit. In
this system ADSL unit enploys a systemwhich has two bit maps (bit

di stributions ) and changes communi cation_sgeeds by switching the bit map
in synchronismw th the period of the crosstal k noi se. Upon occurrence of
the far end crosstal k (FEXT), conmmuni cation speed is set high for | ow noise
| evel , and upon THRREUPRIEe o REBPIICHARARTLEALY GrusFdelYi BretandsRftt sPeni gh
noi se |l evel. However, since a plurality of the SNR val ues of the

transm ssion | i nECY KYPadSRNgauses sRstapdiahnaisepina&ignailifqisthe ADSL.
possible to performbit distribution fromthe bit ratiﬂéiransnission speed)
gi ven from the |Bexfor diegupsiommelll bptgivemdesseressttdt todve aenepaspd of
the measured SNR values, the given bit rate is distributed to tw ki nds of
transm ssi on spedterad®Shi 11imerdrst TCH-AEBY rliingt edefeommoadyeptésentcdny kbes.
For the problens set forth above, if noise anbunt on the line is

periodi cal |y varsak arable,pithl réfedinda apsRigsi bh. SPéed 14 iSMidsthradesn
synchronismw th variation of the noise, maxi num perfornance nmargi n cannot
be obt ai ned by té&eormentioobal cdidedlibyt RDBUt Texmimaitiod. Uni OIRMIte 2088 - S
Accordingly, a need clearly exists to provide a nmufti-carrier transn ssion
system and a met (wrbtdedekokoeapt H WrdhstiBiliofli1sf rineutrcanT omit hoithec apabke of
solving the problemset forth above by regarding a plurality of SNR val ues

eval uated at di fdgf£ntrihsMNOSicAS DHepSNbMmddIer @l datednalidebtesfNYa
frequency at the sane timng. Another need clearly exists to provide a

nufti-carrier trapsdeSidn0ds RHLOMB Aithad iR -thatef & @MPl@UAg £ Rhb
di stribution nmethod capable of solving the problemset forth above by

realizing a gi vegphlmnsin$sl @BsgPeese dependi ng upon a plurality of SNR
val ues evaluated at different timngs and thus maxi m zi ng performance

mar gi n.  SUMVARY OF THEJ NYENT iGN A Caldi g 1P qh b8 frlahShni8s @r?finoéh%*a%gn

present invention, a nufti-carrier transm ssion system pertorm ng dat

transm ssion bet ?@g%%%&ﬁ%gﬁ%m%diﬁw&b§ﬁtﬂi%@,_Sff’“dia(\)_gfst igigRence

of a plurality o varyi ng noi ses, conprises: signal to noise

ratio evaluati ”giﬁfeﬁ{E doh §PEALMY A 18 Péf'f@éde?dy bg]‘:tt(é\')rc'ii‘itié.oﬁflﬁriefg,”?' gt 0

noisg ratips by eva_uatlng signa to no se_ratlo each carrier o
mufti-carriers aEnQ'§E§Js%§1kt' %Q@hrfépé’ﬁée\ée' Yof @ ee%QREQ' Bohd 0 & data
plurality of kinds of noise environments; and bit distribution freans for

rality of kindS or' fdi'se ervit ohneht s _ _ f
T anal 1o noi so. FatPRh 5 ARGG ARG Eh AEPFEEH AU OR, BchPE0E 195k o

as a single set of.si | 1o noise.ratios, wWhich has N.tines the freguency
pandw i h, i ot cai Bt e, AR AR Ry R e BRotbh R pbbE LS

A

the ADSL line, Near End Crosstalk (NEXT) is caused. In the
TCM type ISDN line, data transmission is performed alternately
in up direction and down direction. Therefore, due to
influence of Ping-Pong type data transmission of the ISDN line,
near end crosstalk and far end crosstalk are caused
periodically in the ADSL line.

When communication is performed by the conventional ADSL
technology, due to periodic crosstalk, large amount of error

is caused at the occurrence of near end crosstalk (NEXT) in



01 AU G 2002 - 6 1In the construction set forth above, the signiL tqQ,n
.ratio evaluating neans may be constructed to derive the set of l &Q)Gafﬁhz
to noise ratio corresponding to each of two kinds of noise environnents
when two ki nds of noise environnents varies in regular interval period, and
the bit distribution means may be constructed for establishing the bit
distribution with taking two kinds of signgl _to noise ratio sets as the one
signal to noise ratio set. On the other hand, the signal to noise ratio
eval uati ng means may be constructed to derive the set of the signal to
noi se ratio corbadponaempnditdaph dIn the dihedshard .neher thaviransmdssdonhen
two kinds of noise environnents varies irregular interval period, and the
bit distributi ospershis cadgubsted pdapbingdofapmmasiadtiehiinder NEXBinbise,
distribution with taking two kinds of signal to noisy ratio sets as the one
signal to noi sethat trarseiissAlono speled hist ldwered baigwif imsartd ynay Updetoam bi t
di stribution dependi ng upon the one signal to noise ratio set and a power
restriction val eendift i@ac whetet ectddgtialks noAse of tin@heOIEbR H£GaR@eatpect
of the present invention, a nmulti-carrier transm ssion system perform ng
data transm ssi gs-hetMREMJd] Bit2MhpS HRREMC IBTHBH S 2dd AN SEAL | Qip-ovidar
presence of a plurality of periodically varying noises, Q1 AU G 2002

conpri ses: si gn@bmduth YIS Bbi Fo ANAMAMALIENGnEBWRS, hRLt ORI Ph1Y [ kbt al ity
sets of signal to noise ratio by evaluating signal to noise ratio of each

carrier of the mubliafAEr bfh18hs dial f&fRAN LiidRg rraesspa%ixﬂymggy%w%ndi ng

to a plurality of kinds of nolisSe envirtonnents; and bit distribution neans

for perform ng @iétf&é?%goﬁgiiQﬁhcghéﬁﬁgg EémﬁdﬁybaEQBnr é% :ﬁ é%ﬂgaﬂiﬂg

transm ssi on speed an i mum per f'or mance nargi n p upon

respective val “@r?? %;{tﬁ n%'&‘;rig' L%?Y]ct?éoﬂ&[‘%thotﬂé’gﬁeeri%%t be §ﬁ?é Serddh ek

construction set ve, e signal to noise ratio eval uati ng neans

may be construc 0 ive t . of i I i r.ati
correspondi ng téglg%éch gﬁn%%o%\‘ﬁx&ie%&e n%j% @%n%?o%@én?%s\?ﬁg&%[ \A@%Tﬁds of
ol e ol Nt SmiR Yo ool SLLET d BLETWA PEL! 0, nB0L WS Lond pop

di stribution neans y 0 ructe or-establishin e bi i strrbution
with taking two kinds of si ﬁ%k to_noise ratio sets as thg gne éégnalhto
noi se ratio set CCTN IHE Ot e P KANICOPREISGATHER FB°FhiSe SFPAt 10" & 9’ng

means may be construc{ed to derive the set of the signal to noise ratio
correspondi ng t B°EEH Df*two ki nds of noise environments when two ki nds of

noi se environnents var .
Haaever, since a plurality of the SNR values of the

transmission line in the dual bit map system are present, it
is not possible to perform bit distribution from the bit rate
(transmission speed) given from the larger level. Namely, it
is necessary that, on the basis of the measured SNR values,
the given bit rate is distributed to two kinds of transmission
speed and bit number is distributed for respective carriers.

For the problems set forth above, if noise amount on the
line is periodically varied and a plurality of transmission
speed is switched in synchronism with variation of the noise,
maximum performance margin cannot be obtained by the

conventional bit distribution method.



irregular interval period, and the bit distribution neans may b
cons?ructed for estgblishi ng the bit distribution with taki né tm)1kiA1U8 2902
signal to noise ratio sets as the one signal to noise ratio set. The bit
distribution neans may perform 01 AU G2'002 _ g _ bit distribution
dependi ng upon the one signal to noise ratio set and a total transm ssion
power restriction value. In case of dat&dtransm ssion fromthe first

conmmruni cation station to the second comuni cation station, the first

communi cation station may incluyde nmeans for transmtting predeterm ned
plurality of tr ARSI Lr? BEOCIeHE TRES LoPBRMCCORBFEAET BANSHEPRASHE ( he
second coRR¥RIKEhbPtheddfed éfploimy @Y Bistrivatish a@od QpRBE D€ sbl@ide0he pRdigh| ng
means and the bit distribution nmeans, the bit distribution means my

i ncl ude megtiSrth gborehy teeaging alueality PhSNBralues sraliies poditisient Halingssisonsf a
plural ity qfr %Jﬁ%?x’rﬁéi@é@&cﬁﬂ&%ﬁt frd, Pﬁﬁ?l M}?&'saiﬂeﬁ[ﬂuiﬁlg? first communication

station, means ecting an op transm ssi on speed fromthe
plurality of tradmsthesseahckpdedxion tbrotids iasnolti-¢agerdeansmesdiomayygiem amhd

means for deriving it djstributi .of .each..of, the carrigrs accordi ng to
the sel ecriad LA bmBloTlp Rl SeBLudERboRy cali e 2F b BRBRPIGAD s

i ncl ude neams above by asiziot 4 Ay eh heanbinissidhSdpeed dépentingoudonea bivraity of SNR
comuni cati on st ti%p, Hia(i}\trtld the first conmmunjcation f,stati on may perforns
data trandAUESPEIAe! FHRUISTERFHRINGY ARITRIE DA BHZ0RRET IBHNACE M8 Hg to the bit
di stribution. Noise source of the two kinds of noises may be present on a
common cable with a communi cation line between the first and second
conmuni cation stations. The BWMMARISOETERBINYENINONohments may be a first
Tnai se environ e n -hav. y £ 10N
i froront frometRatE o (RSRRN el € dnMAaRTRAnT Y R IS SR
The two kispsiemoperfroingies dataytrinsmissimgie Hetvgert dirsteardl secosd tcalkmemehtivaastataon
crosst al k.L ﬁ\ercog%ylneig tilﬂpalilti(r)]fe efrl%ricg ta t {r%nsorirsiegsciotl)nnr.tggst_meen the first and
second corfiuni‘cati on’ st At1oms n%y 8e & df 5| al> SubserI B&r |ine. Accordi ng
to the third appacio misetrbgo pvatseing e fidrl dbtiniag puglfinaHgaofr(iNg setk bdBigRRISBSI 0N
nmet hod perform ng g)ata }ransm’ ssl'on bet ween first and second clommni cation
stations GRBEr2PPLOEnTEBHNG SN & MPYe JPUQ AL BER CATTY falli MYtaeArass at
conpri sesdifférgmadiming ROpestvéldtcofeoalingtib noplsiagp 6f kbt af AbRE eavipdrimalts;t y
sets of signal to noise ratio by evaluating signal to noise ratio of each
carrier off'ffhe nufti-carriers at

bit distribution means for performing bit distribution of each carrier depending upon a

single set of signal to noise ratios by regarding said N sets of signal to noise ratios as a
single set of signal to noise ratios, which has N times the frequency bandwidth, instead of

varying periodically in time.



different timng respectively corresponding to a plurality of kinds of

noi se environnments; and bit distribution step of performng bit [] 1 AUG 2[]02
di stribution of each carrier dependi ng upon one set of signal to noise
ratio - with taking a plurality of sets of signal to noise ratios as one
set of signal to noise ratio evaluated on different frequency at the sanme
timng. In the nmethod set forth above, & he signal to noise ratio evaluating
step nmay be designed to derive the set of the signal to noise ratio
corresponding to each of two kinds of noise environments when two ki nds of
noi se environnents vary in regular interval period, and the bit
distribution step may be designed for establishing the bit distribution
with taking two 01 AUG 2002 o kinds of signal to noise ratio sets as the
one signal to noise ratio set. The signal to noise ratio evaluating step
may be designed to derive the set of the signal to noise ratio

correspondi ng to £a¢R0lo N0 JH1d% OLr 2OLER mw,we&?nw% hypski nds of
noi se environnents vary Irregular interval period, and the bit distribution
step may be,gesh Argh [V 5 haRhG SRk PId Nty BLE4 T PWAA0M BB Laki ng two
ki nds of signal "to nolse ratio sets  as the one signal to noise ratio set.
The bit distriQution step ma erformbit distribution. dependi on the
one signal b E?Eég?%igﬁ g%¥s%ﬁ&téoﬁﬁﬁﬁﬁngE?%?%EPdﬁ“§th§”b E%%% of the
carriers. According to the fourth asp%ptnﬁt éhe resent invention, a

mul ti-carri 8 PPARSnFREHEN Mt Hod M58r FEPThE Batta 13 divs APYF 8™ BREfieen
first and second comruni catign stations under Bresegge of. a ELuraIity of
peri odi cal | Ya¥af§i by TRAGEY, 106RBVRL R I Ynafdt Mo Ye HEEFOPRELPBat i ng
step of obtaining a plurality sets of signal to naoise ratio by eyal uating
signal to nSFgésﬁﬁﬁige6¥”§%fﬁcéﬁgf@¥ﬁe%ﬁ %ﬁfqhﬁﬁﬂﬁﬁtafFFéﬁ§rég“HF?Ferent
timng respectively corresponding to a pluraljty of kinds of noise

envi r onment ¥itAntRIping et FinAR PEnS st &P HrToF At hYy S5t @F 0 BRI on of
each carrier for realizing a given transm ssion speed and a maxi mum
perfornancesﬁﬁﬂgﬂnt@epEWﬂiﬁ@tasoﬁe?esﬁ%b?h?é“#&ﬁugénéf eheplsdgdmkilt o of
signal to noise ratio sets in a case where total transm ssion power is
restricted. noiseQratine@a20e2ifaanesdcondy dnAons eetdted seaddmwiyeniyei ncl ude

step of transmitting the bit distribution to the first comunication
set of the signal to noise ratio corresponding to each of two

kinds of noise environments when +two kinds of noise
environments varies irregqgular interval period, and the bit
distribution means may be constructed for establishing the bit
CoT distribution with taking two kinds of signal to nois® ratio
sets as the one signal to noise ratio set. Also, the bit
distribution means may performbit distribution depending upon
the one signal to noise ratio set and a power restriction value
of each of the carriers.
According to the second aspect of the present invention,
a multi-carrier transmission system performing data
transmission between first and second communication stations

under presence of a plurality of periodically varying noises,



station, and the first communication station may perform data transnis
to the second communi cation station according to the bit di st HUAUG iﬁﬁﬁ
present invention will be understood nore fully fromthe detail ed
description given herebel ow and fromthe acconpanyi ng draw ngs of the
preferred enbodi nent of the present invention, which, however, should not
be taken to be linmitative to the invention, but are for explanation and
understanding only. In the drawings: Fig. 1 is a block diagram show ng a
preferred enbodiomprtiset:a nulti-carrier transm ssion systemaccording to
the present invention; Fig. 2 is a showng a relationship between a

TCM | SDN data and a eagsel ctodiotiisenra©idBShlubkt fing neéamsa fbkoolbbmiiimhan ng
an operation of the blocks in the preferred enbodi ment of the nulti-carrier
transm ssi on syshe@akyFs@ts Iof Eliigna te ndisel Lasis aly etathavdmg sarajna&arrpl e
of a bit distribution in the case where noise period is equal interval;

Fig. 5 is an ilddinéisd kabisRevedith aarLret enefma thibadi $6F i G rieht! he
case where noise period is not equal 01 AU G 2002 - 12 interval; Fig. 6

is a flowhart shaWgngespdet Aid1Picottr8Bpdraidy Floda Plurdddty’ ok Sk fdd Qechart
showi ng a cal cul ation rre?hod of "a bit distribution at step A5 of Fig. 3;

Fig. 8 is a flquphal bnsheWhRgnés Falgy! ation nethod of a power distribution
at step A5 of Fig. 3; lrlFl'lg 9 I|ls an rﬁjl ustrati on show ng anot her exanpl e of

bit distribut t | ;. Fi

2o 27 Guehars bkt SOREAEICG e Op BFELSG Sl g 2
a flowchart show ng anof her e
di stribution at® stepA of *Fi

exanple of a i -_calcul ati
Flg 3 Fig, 136.*““&%““‘%3113

ab! torna rglal'llh%gl. of eecg
? 'owe hart 3RBWP R r%‘tdher
3 pover di stribution t steﬁ

)%r{preﬁngll’l% |§ 2
Tehga %ram R BT G ePRE CaUR Ve 3ol
tion

bit distribution; u S il lustrati how n exanpl e of

occurrence of fafr aer? uEF%%Ha?t %h%l"fhlea 8 (lgl €rb % alﬁ?r@'DESCRI PTI ON OF THE

PREFERRED ENMBODI MENT The gr esent Qventl gn will be d| ussed erei nafter in
construction set forth above, e signal to nolse

ratio evaluating means may be constructed to derive the set
of the signal to noise ratio corresponding to each of two kinds
of noise environments when two kinds of noise environments vary
in reqular interval period, and the bit distribution means may
be constructed for establishing the bit distribution with
— taking two kinds of signal to noise ratio sets as the one signal
to noise ratio set. On the other hand, the signal to noise
ratio evaluating means may be constructed to derive the set
of the signal to noise ratio corresponding to each of two kinds
of noise environments when two kinds of noise environments vary
irregular interval period, and the bit distribution means may
be constructed for establishing the bit distribution with
taking two kinds of signal to noise ratio sets as the one signal

to noise ratio set. The bit distribution means may perform



detail in terns of the preferred enbodi nent of the present op—
- 13 invention with reference to the acconpanyi ng draw ngs. | 1AAU:Gm
foll owi ng description, numerous specific details are set forth in order to
provi de a thorough understanding of the present invention. It will be

obvi ous, however, to those skilled in t_h@ art that the present invention
may be practiced wthout these specific defails. In other instance,

wel | - known structures are not shown in detail in order to avoid

unnecessari | ypobstgrte ibheipnesarandingenpomitheFone signglatdinodkedragiam
showi ng the preferred enbodi ment of a nufti-carrier transm ssion system
according to tbhe geseniotianvenbhenis Redergawey tresErgetilon amlAB) C 100 as a
central office and an ATU-R 200 as term nal are provided, respectively.
Transm ssi on bet weer &dee AFldaalOfh it dsienAUnR ZOO1 st pemhef Pegt 1 b ough a
digital subscriber line. It should be noted that, in the shown enbodi nent,

di scussion W LkLapeogi ¥8n f1y debBhAl ¥R 185t Pol I @RERESS] ORpePepd, 4n down
direction transmtting fromthe ATU-C 100 to the ATU-R 200. A down

transni ssion spgfth {dANSH LG RO RAPN i dc] Sudegbanedebor (LhaBRTtLing down
transm ssion speeds rl to r4 (four ki'nds of speeds in the shown enbodi nent)

desi gnated frgm ; .| evel (o [ e t

transm ssi on gpe@%@%%lﬁgg\gﬁbég???%ﬁyQ(sttr(ftensfn%neéég(%&s%dgrt?nléﬁg tggcécr)lg?rl ssion
speed rn sele by t.he ATU-R 200. A bi dj st.ri butian table 10
stores a bit g%ﬁgﬁ%v\%grtl s %%h%f gﬂdtté%l éee%}gin(gc?n%ﬁnelg}afscrl&rﬁ aetl R 200.

01 AU G 2002 : 14  Accarding,to the bit, .and wer.distributiagn table 10,
data transm s&f8R FiF cﬁd\ﬁr?agi FecPPbRe i s (‘)’rgr?r% l’:Wl“f hmeeafnfse(?tngnéhﬁi %lt

—di-stribution and,_power, distribution pping)..of respective carriers. The
foregoing is ﬁ@tghkﬁ‘i:‘ﬁ%h e t%?u-ggglgb.sg YHE o REP Sh ERY, lf‘ﬁgugﬁncti on
of the ATU-R 200 is_as follow. A down dj r%cti on SNR.eval uating portion 2
performs an SRRPBYAUafFOLVIRY £ FRAALH Y546H2 I PR PSS 188wl t98n B8RP 8 on,

Here, as an exanple, discussion will be given for the case where a TCM | SDN
and an ADSL aPé pPEeEmtithof faansmdseanr PERE a8 st af ik oAb EL fidkn
varies periodically, Fig. 2 is an illustration for_explaining crosstalk

fromthe TCM FSPRUEECHHEOTADSIt 4R s hoWRARS 1 P4t | BRLET Pl et idenogtimal

transm ssi on speed of data of the TCM | SDN and a crosstal k caused for the
ADSL( ATU-R) . transmission speed from the plurality of transmission speed

on the basis of the derived margin, and means for deriving bit
distribution of each of the carriers according to the selected
transmission speed. The second communication station may
include means for transmitting the bit distributien to the
first communication station, and the first communication
station may performs data transmission to the second
communication station according to the bit distribution.
Noise source of the two kinds of noises may be present on a
common cable with a communication line between the first and
second communication stations. The two kinds of noise

environments may be a first noise environment and a second noise

environment having a noise condition different from that of the first noise



Upon up transmission of the 1SDN, near end crosstalk NEXT is ceﬂlﬂed\wﬁ 2@@2
ATU-R, and upon down transmi ssion, far end i crosstal k FEXT is caused.
Therefore, the down direction SNR eval uating portion 2 eval uates

(cal cul ates) sets of SNR val ues at each carrier frequencies respectively in
t he case where two kinds of noises NEXT and FEXT are present, and
corresponding sets of SNR are held in respgctive holding portions 3 of NEXT
SNR and FEXT SNR. It should be noted that Fi g 2 shows the case where a
time interval of t.he crosstal k noi iS e and the case \ém)rethe i me
interval is not® é(dﬁgf‘meP spedts 5‘@?3‘“\% E@Olfesfm"ﬁ'n © fARSEU PR A PPY of a
peri od where a noi se 01 AU G 2002 - generated.,  In Fig

represents a p&TO88 Rk r RNEENERY se"g‘)’eﬁéTPéﬁ*éBl’éndA c?‘@‘b‘?‘é’s‘é“r‘ftlé’“albéﬁl Sﬂrvvhere
NEXT is generated. In shown case, the period f of FEXT is shorter than the
period n of NERPtastspRupissigit W&waﬁgoﬁrhet AAFpbrandoAeseRrt qorpwaigation
performance cal culating portion 4, a transm ssion speed selecting portion 5
and a bit and rﬁméirlodﬁsmwbmlﬁ)rﬂlt%lt‘}‘laé suhAghikey Agngertion 6. The
performance margi n cal cul ating portion 4 cal cul ates four kinds of maxi num
performance nargi n vaktoesdidngreof bive thindsaspeatr afisthiespresespdagsntion,
transmtted fromthe ATU C 100 are realized on the basis of the SNR val ue 3
of the line eva uahebtincdrire edtownt i rsadtsisann SNReéhiad uapenfopoiig onddta The
transm ssion speed selecting portion 5 selects a value at which the

transm ssi on cardmsnpesionnkeskwiath ditsansd sstomd epatdnicatibod BUELibhoM
four kinds of performance margin val ues thus derived. The bit and power
Jdistribution tahldrd passsndd iof0a RAHaQALe dff pBsNddScdlNg baty Bt np@BveE,
distribution table to the ATU-C 100 for perform ng transm ssion at the

sel ected transmdufprarespeed rn. The bit and power distribution table 7
stores respective sets of SNR val ues varying periodically upon occurrence
of NEXT and FEXT. Fi@iglalsStd hbovehaddicshawlogtoperatdpnobbitienyagi Qus

bl ocks in the preferreg enbodi nent of the nulti-carrier transm ssion system

of Fig. 1. Fourpiyans) 5§é9£‘ SPeadnalr oy iltadel FRMJ Be BPRBIat BMFkighe
transmtted fromthe ATU- 01 AU G 2002 - 16 to the ATU-R (step Al). For

exanpl e, four kwdﬁopéetPstiéane%%lhorea%@%gls o?f thle 14 -BLESi&EE at
transmtted fromthe ATUUC to the ATU-R together with other paraneters. On

the ATUR Side. quhiaddice Ipl50 -QUBUBE 1151 bl depad ol eala PRy i pUkarly

when TCM I SDN is present wmthin e sane cab EXT and are caused

from I SDN to AGSL4d 0+ hesdawa, di F&ehd A ;SNRqeval uati ng portl on 2, the SNR

val ues at respective frequencies are eval'uated in both cases of occurrence

of NEXT and FEXT to %tl%r&é@éilﬁfé o\ﬁes{?é %‘f%é‘?ﬁ&%ﬁb‘%i’@h%&i §NR
and FEXT SNR hol di ng portions 3. The reterence nunerals 11 and 12 of Fig. 4

show the eval uaégéjn %!@rler depending upon one set of signal to noise ratio

- with taking a plurality of sets of signal to noise ratios as
one set of signal to noise ratio evaluated on different
frequency at the same timing.

In the method set forth above, the signal to noise ratio
evaluating step may be designed to derive the set of the signal
to noise ratio corresponding to each of two kinds of noise
environments when two kinds of noise environments vary in

regular interval period, and the bit distribution step may be

designed for establishing the bit distribution with taking two



val ues of respective frequencies, in which 11 represents the Y

the occurrence of FEXT and 12 represents the SNR val ue at the%&ﬂbﬁm
NEXT. The performance nmargi n cal culating portion 4 cal cul ates four kinds of
bit distributions to be set at val ues where the performance nmargi n becones
maxi mum on the basis of the SNR val ues og the line evaluated by the SNR
eval uating portion 2, upon realizing The' ttansmitted four transnission
speeds (step A2 ) . Fig. 4 shows the cal cul ati on nmethod. The SNR val ues at
t he occur r encesdh£NEXM aln ¢ o FXs & lrewno e thl aarthel 2narsiansddtaseisa uat ed
SNR val ues up to double of the frequency instead of varying periodically,
as shown by A8tid skitg. Phe By drhls foupois e alattib ad vl aafi nighet ppriiy mance
margin of the line, the bit distribution nmethod is used regarding as the
01 ~U G 20024ddigned ,t&agerer enb hgetr afsmnssisaynapead irvideubla-f the
val ue of the given transm ssion speed and 512 carriers are used concerning

the line whegsrfedishthiflgedyencn band,gikdhlsict doubk & randoRA¥RLH MR val ue
variation in tinme as shown by 13 in Fig. 4 . The shown enbodinent is the

case wher e POYST; Ak AU LA EhELrdidiR3VdY Eftedi dtPRReJal foidfod e povier

of each carrier 1s assuned as Ene re, "an upper Il.mMt Etnrget of a

e
total transmsgiQR %&s%??g{‘f{:ig@rﬁ]&%@r@fsf} ggra%@'ig, leanfci1 eSEhH s

carrier nunber ) X upper Timt power each carrier r%l, and the
transm ssion, povsr, Usel il ofo £aTRCAILIE 8 1ol 88141 AL 80 DY S e, upper
limt of the total transhtssion power - W the transm S50 speeap SEl ect | ng
portion 5 fromthe | calcul ated four kinds of performance in,..e.g.
four kinds of? ?g?%t?/a?%e@“?ﬁolf% Wnatlﬁ‘hgot Fang 'f?gb?es??am&b% speed
which is the highest and the margin_ is pot pegative. is selected (step A3).
T o1 ar g1 LB EF oo PyeD COHCBFRF SR BEF rEbad RHELPR sesBedna; oo
represents that all four transm ssion speeds, are not transmttable (step
AG). Then, tHhBeAPE R-IPTFhSRAALSLIIAEHAFER HY BPYFEtRS TR C8ufPtHE to t he
ATU C. If any one of the transm ssion speed can be selected, the selected
t ransni ssi on®§p8Rae" aHd e SFEFA6Ffance nargin are transmitted to the ATU-C
(step A4). In the bit and power distribution table transmtting portion 6,
the bit and power RFEGIIMGt o heatt et §f e PF2FRM: $BYBREIR  t he

sel ected transm ssion speed is transmtted t 01 AU G 2002 ' 18 . (step
A5). In ordeP tdBHiaFATERPE t ABPESMiESIN r eBREHAH t BEEEP TN e €32 SNR
val ues varying periodically upon occurrence of NEXT and FEXT. As the bit
and power di $TRPBULFDIPYR Heitween Hrat oRdoTeIHE BPIMYNEFGIGWwar SHREE? R Dut i on
table 7 derives for the case where 512 carriers are used, corresponding to
former 256 candesrerdsengsedf s pEERILitbloé, Paniddd cgdiyivarying noises,

comprises:

signal to noise ratio evaluating step of obtaining a
plurality sets of signal to noilse ratio by evaluating signal
to noise ratio of each carrier of the multi-carriers at
different timing respectively corresponding to a plurality of
kinds of noise environments; &nd

bit distribution step of performing bit distribution of
each carrier for realizing a given transmission speed and a

maximum performance margin depending upon respective values

of a plurality of signal to noise ratio sets in a case where total transmission power is

restricted.



corresponding to later 256 carriers is used as NEXT table. Resp c‘five of
.calculated tables are transmtted fromthe ATUUR to the ATU C ﬁ)n tAHG)ZBQQ
hand, when variation period of the noise on the transm ssion line is not
equal interval as shown in Fig. 2, and when a plurality of SNR val ues are
made into a single SNR value, the frequency corresponding to the SNR val ue
is increased in a magnitude corresponding to the ratios f and n of the tine
interval. Fig. 5 shows a calculation method of .1 the bit distribution. As
shown in Fig. 5 the SNR values at v the occurrence of NEXT val ue and FEXT
val ue shown by 11 antth&2setofrdl gecofimai-dtSemh Wthlioxnt eagi el SNBpvalkue at
the occurrence of FEXT up to the f times of frequency and the SNR val ue at

the occurrence efaldm{ttiRqt ond M talkeRsb@Eidd @BUERE .1 rRedadihuid datdbon
transm ssion speed is f + n tinmes of the value of the given transm ssion

speed and the |ipg iiedakh %hegi)fifs@%nﬁﬁhﬁgg{:z%nEs%%t%bﬁ n?HyZbE}:PHH\%%tQEt hod

showing in the |l ower side o 5 1s used. As e bit and power

g.
di stribution t S [ : : i, SSi on,
in case of thea?% éeﬁl%qgg ﬁésjethgusp%%&nodégaﬁpéﬁggea%lf%rf%%%lgﬂge‘ggﬁé‘{aﬁﬁltgomr
distribution taple t. ssigped for one group of carriers using the SNR
val ues upon occgl?er ebnl%e%gf%ﬁéﬁgllgnijsed. Smlarly, as the table at the
occurrence of NEXT, a table i far e group rriers using the
SNR val ues upon occurrence of % %&5&%@?&”?)?@ qu{LArVg[%ggse cal cul ated
assumng that ( 3 + 2 X 256 =.1280 carri, are used, ortio
corresponding to O t o SoRFLIHTS é?ge?‘él?'h]féﬁffse ,Steﬂ‘?(a‘]l orbeorf’t‘gb}‘l from
corresponding to 768 to 1023 carriers is taken as NEXT table. The

cal cul ated t abl B8¢ adeteddRdmi 42 REANL e YU ROFEPEHW ARDIC SRRl i $PRel d
in the bit and power distribution table 10 to be used for hit and power

di stribution (nBPPPFRAPYEHGN HAWE rOBarrdni s oprefsrFeds ambodimppiwc RAr tthe
showi ng a cal cul ati on met hod of the performance mar%i nin step A2 of Fig.
3. At first, a RBPFRIY AdyesiReni Yhich,.gdBproeer nisheuldkiol Rensakerizhibesi on
power of each carrier as E ( i ) ( step A7 ) . Then, the calculated SNR( i
) is sorted in 4&EBEeHdiVey ot dele (18YRpEig,) but Are.- £a5s| eppp kana tigrbandt o
satisfy, SNR(i) ~ SNR(i + 1) It should be noted that for all nunber up to i
smal | er than tovafeesarnddnangrb®r N, the foregoing inequality is

appl i cabl e. 01 AU G 2'002 - 20 Next, it is assuned that k = 1, ymax - -.
count = 0 (step A9) .Ik the dragwinger, y~x is a current possible maxi num
system

Fig. 1 is a block diagram showing a preferred embodiment
of amulti-carrier transmission systemaccording to the present
invention;

Fig. 2 is a showing a relationship between a TCM-ISDN
data and a noise condition to ADSL;

Fig. 3 is a flowchart showing an operation of the blocks
in the preferred embodiment of the multi-carrier transmission
system of Fig. 1;

Fig. 4 is an illustration showing an example of a bit
distribution in the case where noise period is equal interval;

Fig. 5 is an illustration showing an example of a bit

distribution in the case where noise period is not equal



performance margin, and count is a nunber of carriers to be usﬁj’]fe;uq 2002
. achieving y ,~X. Then, calculation of y (k) is perfornmed (step AlO0). The
equation for calculating y(k) is as follow [Equation 1] SNR(k) ~(k) =
1010910 Btarget + Jeff - 9.8 1dB) 2 k -1y (k) is the maxi num system
performance margi n which can be achieved in one carrier synbol. At this
time, a target speed to be achieved is Eﬂfiqgt. total effeetive coding gain
is v eff. a desired bit error rate is 10-", and the k in nunber of the

best carriers are used. Then, a current geonetric average SNR is expressed
by: [Equation Aptexvaglk SNRfk) = TT Ei ~SNRIi) i=1 A current transm ssion
power El1 used by (i)th order carrier is expressed by: - 21 Ei - F maxi
where a total input Bbowet i# 4ar feawahagitr skawididhg detail @f)sGeRORR tinafbod tt er

i s expressed by: Etazget - k Emaxi wherein k is nunber of carriers to be
used. E, ~xl is3the maxi mum power which can be transmtted by the (i)th
order carrier. Emaxi is determned by the transm ssion power nmask. In this
case, the maxi mum poned. whiich ac 8bhobehdrtardoivi hgda byalkadatdanr nethod et
restricted by the total input power ('target Then, wheny ( k) >y ~"x, 'Y
mx = (k) an@d ea¥nHistkKimitiocneht(s6éepss Alfl rFagd 12 ) . Kis not N, k = k
+ 1is set ( step Al14 ) . Then, process is returned to step A10 . Here, y

max represents the ppsgibd g Jaxi MG 534St SHoREhE 04 NBCE: IFRi@nNmat héd db#/ eN
system paraneter, and count becones the best carrier nunber to be used for

achi eving ymax FiQyef hfsérih@WohRaht sPOWAY & §3hcubation nethod of the
bit distribution"table at step A5 of Fig. 3. Using the foregoing y,~x and

count, the initial bgt_di i.but 4 l; ~ Aot 1. AU G
STI0- - 25 bi =f 158 '[gs%é’cog?gi {i %&f‘%%lgf‘{%ﬁﬁ}l(“gisa@é/&# & %%fh%}‘

for egoi ng_equaty g st1.00L, T £R BRENES.CURLAD BEL A HPCHIRIPOL LN ool Pt

of f val ue bel ow decimal point i's derived as expressed as folFow (step
A15). diffl = hl 1992 { 1 + E=xI SNR ( i ) / hmax} Here, h~ax is
expressed by [Eguation’3]

Fig. 10 is a flowchart showing another example of step
A2 of Fig. 3;

Fig. 11 is a flowchart showing another example of a
calculation method of a bit distribution at step A5 of Fig.
3;

Fig. 12 is a flowchart showing another example of a
calculation method of a power distribution at step A5 of Fig.
3;

Fig. 13 is an illustration showing an example of the
conventional bit distribution; and

Fig. 14 is an 1illustration showing an example of
occurrence of far end crosstalk and near end crosstalk.

IPT THE PRE R B
The present invention will be discussed hereinafter in

detail in terms of the preferred embodiment of the present



.y 2 _~mx =Q1Pe+ Ammx - ~ef f - 4.77 (dB) Ne\/\/nenﬁnpgmizﬂﬁz
.bit error rate, Ne is nunber of points having closest in an inp S I
constellation, and Q function is defined by the foll ow ng equation.

[ EQuation 4) 1 ' y~2 Q Xx) a dy x Then, Btotel is calculated ( step Al6 )

Btotal is total bit 01 AU G 2' 002 - 23 nunber supported by the current

bit distribution table at one nulti-carrigg synmbol, in whieh Btot~l = E b’
i . Here, Eis a sumof i =0 to NN1. Then, when Btotnl ~ Btnrget i one bit
is increased fromthe current bit distribution table, i.e. the bit

di stribution té\BV%mEJEPﬂ yibh Ilelféreaf’?|t@rt%@Pﬁgmﬁ?W¥ﬂﬂwﬁ6?‘ﬁ‘?9§/al e the
establish diffi diffl + 1, Btotal - Btotal + 1 ( steps Al7 and Al18 ) .

Thi s process |§olb@emqadeammtzmrmnmmercstsoﬁwcnch fstakkmpre sksdfomiy. 8
is a flowmchart showi ng a cal cul ati on nethod of the power distribution table
at step A5 of Engor@er Ato fpirpstideom thumerdugi sndérsbendjiingerfbthe dprsgganiut i on
table fib'" i}, an input power ~E i} is assigned so that Pe (i ) = Pe

| ,tarqet is estiabbhsh®d. ( I18t€P11ATRS bbvibks e hdReveri, toithoae ekibdled in
probability of the ( i ) th order carrier, Pe,i,terget is a target error
probability of thBeaftithatl Rher geés&mt rirffentlionshay! sk ha-aeet eddtipthodt i }

a total transm ssion power to be used by the (i ) th order carrier . The

current total ihansmsyuoah ipowRicAlielal s defHetedihyeding f olb O Kighwn
equation (step A20). Etotnl = ~ E 1 Here, Eis a sumof i 0 to N1. Then,

final power di %B;Eh@lz'ﬁf@@ GEel Indts Loai Ust edefal ep A2 1dradihe the-adj st ment
can be perfornmed by setting 01 AU G 2'002 - 24 snaller one of

Et ar get ~Et ot m anfeFa¥sdr 25, Hpschie hﬂétﬁfgséﬂé i nthgnpower distribution

table in the shown systemls provided as {b'1} and E'i1}. Next, another

embodi ment of the "“‘ﬁcj gl ral Blodi gﬂé%&?%%‘w?. Q‘g@%‘f%%d‘gm&&’d}

present invention |scusse or ego nbodi ment |rected

to the case whefe, fransm ssi;on o ;{)")gsrml%sl‘éﬂ s%%rdcfé{ ordin ‘%%t{rle% £seddre

shown enbodi msnt 15" |recatrrdL case where tot transm ssion powe is

restricted. Even |ent t he sthvgnar !tgeE tpe %%Ctloﬁus?f th lFig
e

101 .
mul ti-carrier tl’ nsmSS|on SYS e sank as rate
e

L. and operation & hereof nggghgm;@{%@?ggr@hﬂl Lustiaked r@stgggtiv gyphart

of Fig. 3. In H e sﬁown our m §SI oh " sp S pr ovi ded
fromthe upperﬂ A %hlggltraggg&ééﬁdtgéogEbbg @EH and the ATU-R 200 is

performed through a digital subscriber line. It should be
noted that, in the shown embodiment, discussion will be given
for determination of a transmission speed in down direction
transmitting from the ATU-C 100 to the ATU-R 200. A down
transmission speed transmitting portion 1 is designed for
transmittng down transmission speeds rl to r4 (four kinds of
speeds in the shown embodiment) designated from a not shown
upper level, to the ATU-R.

A selected transmission speed storage portion 9 is
designed for storing a transmission speed rn selected by the
ATU-R 200. A bit and power distribution table 10 stores a bit

and power distribution table transmitted from the ATU-R 200.



Cto the ATU-R (step Al). For exanple, the four kinds of transnjpssi Qn
speeds of rl to r4 are transmtted fromthe ATUOC to the ATURnnS)Zje.&% 2002

with other paraneters. On the ATU-R side, when the noise anmount is varied
periodically, particularly when TCMISDN is present in the sane cable, NEXT
and FEXT are caused from|ISDN to ADSL. In the down direction SNR eval uating
portion 2, SNR values at respective frequancy in both cases bf occurrence
of NEXT and FEXT, are eval uated and respectively stored in NEXT SNR and
FEXT SNR 3. The reference nunerals 11 and 12 of Fi show the eval uat ed
SNR val ues of rRSEGREANGetPr BRIt And HPWRY & ﬁsiilg‘é‘b‘r 191 dgr ?5 2002
- 25 the SNR value at the occurrence of FEXT and 12 represents the

val ue at the oddifffsdiHegisp ipgqwn ‘F'HéeﬁE?*‘P'bllﬁBHﬁFéf%ﬁ‘F&lW%Féﬁ?%‘ﬂ%bb&t| on
4 calculates four kinds of bit distributions to be set at val ues where the
per f or mance margistmeusies amsinawarodisheibikion dmapRéngNRY Jlegpscoivehe

| ine eval uated by the SNR eval uating portion 2, upon realizing the
transnitted fouwannigysni ssion speeds (step A2). Fig. 9 shows the
calculation nmethod. Bit distribution of the nulti-carriers are respectively
cal cul ated so as to meel faegpigigvéa theafisncssonfspbe AT MARLI Marethe
performance margin in consideration of a plurality of SNR val ues eval uat ed
at different tioihey AAAd} h@et iirmdt ilonadi MheSATIR-RRMRILis & fldlilswl i redoas
shown in Fig. 9, in consideration of the SNR values at the occurrence of
NEXT and FEXT t@idetaval it edadtiadifd @oeftiohi mpegfodns ah 5Ok &valQdRiolpON
data transm ssion, the bit distribution of each carrier in the

muf ti-carrier isfdernine@@msdsibmtlidie upbanabis st aihssieadodl, vereday hheaATU-C
100 is realized and the performance margi n can be maxi m zed. In the

transm ssion speeshsiel eq1sAk NN ON Be Jivem tdietralakalind-d QuickiiBER Of
performance margin, e.g. four kinds of margin values m to m4, the

transmttable t4ans{d SEHAN SReedWBhehihschbesohestianthd he JJ-gikR1ks not
negative is selected (step A3). If all margins are negative concerning all

transm ssion s r ur a SSi O e not
transmttabl e. p{‘%ﬁ%ﬁ]eﬂe:tﬁ%%m ﬁ%%%gngﬁb?gbgﬁgf F%aAurngszglﬁ {‘lﬁ&e&g%l%

transmi ssion Spﬁgldéx[gilylﬁﬁl&y P&és ﬁrg Seln*e@cﬁasﬁﬁufé@)the'ios?ﬂ‘é{n&% oRf the

transm ssi on speed cC e se ecte cted transm ssion spee and the

per f or mance ”Hrg'fbfgéiéﬂ’%ﬁgnbEEQQeﬁc’té?%d%ﬂfsglénséﬁ$%§¥§ﬁ data nJehenBi t

and power distribution tab transmtting portion 6 and power

di stribution ta,p(l:ﬁewsd%%rg %9§, g.‘g%hqgrga%%legnfg{ ihe pﬁﬁ ggtrgd ransmni ssi on

speed is transmtt able 1s reqwr to calculate the

SNR |
S vl s vary 19 pRLAC 8L LU AT JET A0 EET . v
ATU- C.

is caused in the ATU-R, and upon down transmission, far end

i

crosstalk FEXT is caused. Therefore, the down direction SNR
evaluating portion 2 evaluates (calculates) sets of SNR values
at each carrier frequencies respectively in the case where two
kinds of noises NEXT and FEXT are present, and corresponding
sets of SNR are held in respective holding portions 3 of NEXT
SNR and FEXT SNR. It should be noted that Fig. 2 shows the
case where a time interval of the crosstalk noise is equal and
the case where the time interval is not equal, respectively.

In Fig. 2, f and n are time ratio of a period where a noise



On the other hand, when variation period of the noise on the trﬂnf ] gggz
«line is not equal interval as showmn in Fig. 2, and when a plura"i m
values are made into a single SNR value, the frequency of the SNR value is
increased in a magnitude corresponding to the ratios f and n of the tine
interval. Fig. 5 shows a cal culation nethod of the bit distribution. As
showmn in Fig. 5 the SNR values at the ocggrrence of NEXT val ue and FEXT
val ue shown by 11 and 12 of Fig. 4 are used With extending the SNR val ue at
the occurrence of FEXT up to the f tinmes of frequency and the SNR val ue at
t he occurrence isf gdlieffatigal .t oIt iFaign 2| neseprebertsienppri&d gdrediengEXhais
transm ssion speed is f + n tinmes of the value of the given transm ssion
speed and the lgenerdased difd h Ppresthftscarperial whbeebNEXTiist gebedatsd et hod
showing in the lower side of Fig. 5 is used. 0 ~ AU G 2a02 - 27 As the
bit and power dinséhédruicaes, el pekQod& UserkN idalibtdedNsia s TheNpetibLase
of the table to be used upon occurrence of FEXT, the bit and power

di stribution tablbe wexPe assigned for one group of carriers using the SNR
val ues upon occurrence of FEXT is used. Simlarly, as the table at the

occurrence of NEXT, pa {ghle %%%EXT%’ f@fgd}‘l%hgxr ogpreiofard i €ns143eHa 4 he
SNR val ues upon occurrence of is used. For exanple, in the case of

Fg.5 cal cul at §§HQ}1&9 tc'él%lé{s%tm ) ér@?@n 41280 gg&%t&% U§§‘and .

portion corres |ng to 0 Pers i's taken

t 768. t Th
Cal cul at 23122%2;1 LR adobiat 2 a%*?o%?%%‘ceé%éev%eaﬁ‘e A b Egel g
the bit d tribut bl 10tb df bi_t
i st i buti on ( AASBERGS - EBbrPUe T PancihsBe5A0T B 5 T ol BUEHERS
showi ng a cal cul ati.on

fo A2 of . Fi
3. At first, apr?(fltﬁﬁf‘lgg’&qgﬁh?é?s Olger 4%/8%0'{?3%”1%‘“8‘;5?%%0?%{)%ﬂﬁg?ﬁréls?on
f h . Th th | | d SNR
PO ot Sy Easwaéfig@ EPeriys Jicg Tabatis A R Lo

satisfy, SNR(i) ~ SNR(| + It should be noted that_ for all nunber to i
smal ler than tBe1ARUrE 125)021”3 ol Jtz(?fiaPnctg}er S@Plﬁtﬁ%éﬁler\ﬁb‘%"eﬂf%r ég%$
inequality is appllcable Next, it is assumedt = 1, KE = KN = 0,

count F = count Nhe pingevgluated py dhgagnd }rectt&qnsS%R EBahERFIng PRt
current possi bl e maxi mum syst em performance nargin, .and count,. and countH
are a nunber of?-cafp¢ érréntsﬁ‘lﬁél%é&efeﬂrs%ﬁtévmﬁf’i}:m“ 5 selects a value

at which the transmission can be performed and a transmission
speed is maximum, from four kinds of performance margin values
thus derived. The bit and power distribution table
transmitting portion 6 transmits the bit and power distribution
table to the ATU-C 100 for performing transmission at the
selected transmission speed 1n. The bit and power
distribution table 7 stores respective sets of SNR values
varying periodically upon occurrence of NEXT and FEXT.

Fig. 3 is a flowchart showing operation of the various
blocks in the preferred embodiment of the multi-carrier
transmission system of Fig. 1. Four transmission speeds

provided from the upper level are transmitted from the ATU-C



Suffix F represents FEXT table and suffix N represents NEXT tab 2
‘respectively . Then, calculation of vy ~( k) andy N( k) aretgl #%JG@ZDQ
step S13 ) . The equation for calculating vy,; (k) and yN(k) is the sane as
the foregoing equation (1). y (k) is the maxi mum system perfornmance margin
which can | be achieved in one carrier synbol. At this tine, a target speed
to be achieved is Btnrgat, total effective coding gainis y eff a desired
bit error rate is 10-', and the k in nupbe&é of the best carriers are used.
Then, a current geonetric average SNRis the sane as the foregoing equation
(2). A current bl RRSTiAERLAN RS i) US§d.DYe ldndld, 0Tkt Galddselod Sche

expressed by the fol |l ow ng equa i on (5) [ Equat i on 5] E target EI~F = mn

KF E max I Bt a{:ggﬁsrﬁlés N s egdg%ﬁﬁx{:‘o ra Bik A% SR %Q‘Q%smlgg %@%‘b& the! Ot al

i nput power E-~ar rlc a transmitter 1's expresse <, Xi

the maxi mum poggy_ gghag o LaNSOLLL S5, By ott*km% arzm%gepgder%ea{“ er

and is determ née SH $SP6 K power y~X or
yN(k) > vy, ~ax steg /YES |th|s assuned t count.y an
KN when Yp( S han, tub oadPse Tl e el A1 ALoERITY
(step S15). Then, when y F(k) > é h¥§§ . ste S16/ YES), , KF++ is set step
S 17 ) , and oPﬁéFW%al(lséf"@ﬁ“s? MrIEHN is RRgSeRts Ws‘érPl(‘ %‘E%ﬁa@elsa*j?lerThen
if K~ = KN = Nis not established (step 819/NO t he Brocess is returned to
step s13. Her e NE¥T-ande EEES e At 66§§PﬁlérﬁﬁxF th §9sp ftper For Hhcdowar gi n
in the given system paraneter, and county and countN are the best carrier
nunber for achdé¥paglgn nPiR F?@quﬂﬁ¥qg aPPThiRhalt sHw AYRa wEluesl agton
met hod of the bit distribution table at step A5 of Fig. 3. Using the
foregoing y ~xrgAgeeblive, fowameRciehe 414 t PER1BAtedi st i beth orrasasl eofb' i}
is calculated by the follomnng equati on. 0 ~ AU G 2002 3a [Equation
Et arget SNR ( iocFrouadce dof NEXT1and@HRERT Ep siendte ireFpeching Qoeva@buted
~1-f . Emax SNR ( i )~maxEta~ rgel SNR(i) d

SNR values in NEXT SNR and FEXT SNR holding portions 3. The

reference numerals 11 and 12 of Fig. 4 show the evaluated SNR

values of respective frequencies, in which 11 represents the

SNR value at the occurrence of FEXT and 12 represents the SNR

value at the occurrence of NEXT.

The performance margin calculating portion 4 calculates

four kinds of bit distributions to be set at values where the

performance margin becomes maximum on the basis of the SNR

values of the line evaluated by the SNR evaluating portion 2,

upon realizing the transmitted four transmission speeds (step

A2). Fig. 4 shows the calculation method. The SNR values at

the occurrences of NEXT and FEXT shown by 11 and 12 are used

as evaluated SNR values up to double of the frequency instead

of varying periodically, as shown by 13 in Fig. 4.

By this, upon calculation of the performance margin of

the line, the bit distribution method is used regarding as the



~1 + Pcount ~rounog2- '~ r i maxb ;, N~ mi nf.~oor ~o0g2~1+Emax (1
.wherein f loor represents cutting of f at decimal point . A cut ﬂﬁ AU&%UOZ
bel ow deci mal point is derived as diff,, expressed as follow (step 520).
[Equation 7] f Emax SNR ( i ) Wen b i = f,~oor eog2 ( 1 -f- xs obt, ai ned,
~max diff;=0.5, In the other case , Etorget SNR( ~) b i--~0gz ~ 1 +
CountF (~"" (i tr F) ~max diff; Etarget”SL\lR( t ) bi -,dog2~1-~.

count ("~ (i E N ~max - 31 Here, rmx'is expressed by the foregoi ng
equation (3). 01 AU G 2002 Pe is a bit error.rate, Ne is nunber of points
havi ng cl osestcase wherapthe dirgmamisshen ednead 48, dah}élltt)qﬁm@tel value @ffined
the foregoing equation (4). Then, Btotal is total bit nunber supported by

t he current bithedi tsivérbutr@msmiad:ﬁi@natsmﬂﬁ;i mahd i 5dar rdagrieysbare | nsedi ch

Btotal = Eb' i. Here, Eis a sumof i =0 to N1. Then, when Btotal ~
Bt et get (step RBc¥ES)ng thiecl Ind where ecwusst €defioenagnbahd widtbni g Heulble r ent
bit distribution table, i . a . the bit distribution table {b' i} of the

carrier havi ntadd RatmdBiRk|valaleueat Datetdabhi Simediakf shewrlbkfi3 -inlFift ot nl =
Btotal - 1 (step S24) . On the other hand, when Btota~ ~ Btazget (step

23/ N0) ( one hit irfeishehR2eBROJIIAENONE tHd chs®MbhE poubk I e cdbBi&t bution
table, i.e. the bit distribution table {b'i} of the carrier having m ninum

diffi value to establishediffan up?b{'fillﬂi.tliothtﬁEabOWelBtdIt @ach Labr$bep S25
This process Is repeated until Btotal = Btarget is established (step

S22 YES). Fig.; fl har t n u met h f power
di stribution ta%lzdegs}tn%gt g% B ot ?gw 3gnAFB€‘|L€s%ﬁL%ﬂr§“h‘é“bggl g S%QQ}H

given bit di Stg%&dlgglgﬁtﬂo%qe{ég%sé%% Rt ¢ iskEon! #s ngaessss (Qﬂfd SO

that Pe( i) target s step S30 Her e, 'S an
babi | | f , AR t
o obaby 11 1y of 1A% by onBhest &Sﬁ‘-‘% 121 oghubAtchol A TERE o1 ror
ted that (E| t ot al t i h
order carri ¢ %‘h S BB sp RO A MRiTRR R L Bt hat]

order carrier. e curren ansm ssi on power

are restricted by the upper 1imit of the total transmission power.

In the transmission speed selecting portion 5, from the
calculated four kinds of performance margin, e.g. four kinds
of margin values ml tom4, the transmittable transmission speed
which is the highest and the margin is not negative is selected
(step A3). If all margins are negative concerning all
transmission speed, it represents that all four transmission
speeds are not transmittable (step A6). Then, the ATU-R
transmits all transmission speeds fault output to the ATU-
C. If any one of the transmission speed can be selected, the
selected transmission speed and the performance margin are
transmitted to the ATU-C (step A4).

In the bit and power distribution table transmitting
portion 6, the bit and power distribution table necessary for

transmission at the selected transmission speed is transmitted



deri ved by the follow ng equation (step 31). [Equation 8] Etoi agF AUG 26[]2
i EF Etotar?, N=~ E i iEN Here, Eis a sumof i =0 to N-1. Then, final
power distribution {E'i} is re-adjusted (step S32). The re-adjustnment can
be perforned by setting Smaller one of Etnrget~Etotal,e~ Etarget~Etotal, N
and E~ax,i aSE 1~ O E 1,Nfromthe follow ng equations: [Equation 9]
Etarget E~- Ei,F =nmin Etota2, F E maxi Etarget ' EtotaQNE E i,N = nin
Emaxi Thus, the initial bit and the power8drstribution table in the shown
systemis provided as ~b'i} and {E i}. 01 AU G202, - 33 _. The

f oregoi ng enbqdicBBnAS) ar e ndbr86t ekb fobtadat 8his asliesSii@Nis Neddid rédeio
direction, the identical process is applicable even for data transm ssion

in up directieg1bnhogtd g Ak Ba&@%st@affﬁqAEHrﬁoéQ&alﬂwuﬁyﬁfb&«%%@«entc_lae

construction provided in the ATU-C 100 in the foregoing enbodi nents is

provided in t d, AbNeh&dh ¢ LR GRRekr HELi L Q4 kN the
ATU-R 200i n t%g pgiréggR%x?%SFEe odf\lﬁeﬁﬁlg ligllst prov;bded in the{bAd1¥Li\g %%%.l'eAs set

forth above, aogarding 19 {iie WILCARA pbOYRINI Alli ke QURN MDRD F NEGk8e
perrodically, a 't B mim

anount is varie Istribution having maxi

f ' | | at i J.0odi call ' ' . t
be. obt ai ned by *PeglrdrAge A hELt ol 11 i (SR aruboHae TO RORO
ted noi SNR val f. singl ' ich_d t
Varration i n CPRBSANA Fr SAREAEYEbARTPE M EREG Caer nETEL e AN as

set forth above, accordi n(g to the present invention, eyen when th% noi se
anmount i s var iCOFTFEPPBATRAI ¥, 1ateF 238 SATBEEP oh® NWRF D hd¥iXuhable-

performance margin value relative to periodically varying noi se anpunt can
be obt ai ned b%e@lﬁ?éﬁl’t’iaé%fsﬁ?%%‘?’oﬁ‘lt%dpééﬁlﬂ%ﬁéﬁd‘?’?%‘%eg I &0 & UsR SR

val ues evaluated at different timng due to periodically varying noise.
Al t hough the predéft ATHvEnti on has been illustrated and described with

respect to exenplary enbodi ment thereof, it should be understood by those
skilled in the art pnath@rg;heg hand, when variation period of the noise

on the transmission line is not equal interval as shown in
Fig. 2, and when a plurality of SNR values are made into a single
SNR value, the frequency corresponding to the SNR value is
increased in a magnitude corresponding to the ratios f and n
of the time interval. Fig. 5 shows a calculation method of

N the bit distribution. As shown in Fig. 5, the SNR values at
the occurrence of NEXT value and FEXT value shown by 11 and
12 of Fig. 4 are used with extending the SNR value at the
occurrence of FEXT up to the f times of frequency and the SNR
value at the occurrence of NEXT up to the n times of frequency.
Regarding that transmission speed is f + n times of the value
of the given transmission speed and the line used (f + n) x
256 carriers, the bit distribution method showing in the lower
side of Fig. 5 is used.

As the bit and power distribution table to be used in



01 AU G 2002 - 34 foregoing and various other changes, om ssiogs, a ﬂl
additions nmay be nmade therein and thereto, w thout departing frﬁrﬂ t.& G 2002
spirit and scope of the present invention. Therefore, the present invention
shoul d not be understood as limted to the specific enbodi nent set out
above but to include all possible enbodi ments which can be enbodi ed within
a scope enconpassed and equivalents thergaf Wwith respect to‘the feature set
out in the appended clainms. For exanple, appli cati on of the present

invention is n pecified t.o the corrbl nattlno&) thf ,ﬁs and A SL

presenting in ?1%6 Stéﬂ%n%%l]tﬁ e B acst’fnbc? nkaRte e pON
conmuni cati on systenlother t han ADSL and | SDN o n ca Ie for
exanpl e. Furt h@FTHFENENE pFE%%nttq%\?éﬁt ABR ?@”e@fpﬁll’“ls&ﬁbggg IO taRdec &9

where two or nore kinds of periodic noise sources are present_in the common
cable. 01 AU® 2ggigredsorionggrgppiol eaFriens vphpe HhEsIBhvayueempon
perform ng data transm ssion between first and second comruni cati on
stations underogrwsranse of AERTuialvsed.of Speklardiveakpytharyalke wdi sbe,
conprising: signal to noise ratio evaluating neans for obtaining a
plurality of (dcwstencef ofiNR¥dl, & d-abdieszsyimnedsidy opeadratd af eaxmarst o

noi se ratio of each carrier of the nmufti-carriers at different timng
respectively cosimspdredistii velaepl wpal ideguoskekcadst HNEXTGI sSEorrmamplesnt s;
and bit distribution neans for performng bit distribution of each earner
dependi ng uponia thentlse s&lcwlatddjasduriimgnohste (Bat 2 pg 196 + ag@andiaxgieasi d N
sets of signal to noise ratios as a single set of signal to noise ratios,
whi ch has N tiaes uslka,fd pavensy doaredvboiding Betead 285 varyidxs perdaxdincal |y
intinme. _ 2. Anufti-carrier transm ssion systemas set forth i-n claim
r 1, wherein sajtrsi@gnandt @ purtsion abipegiidialg 89 TEARD 1628 anEdrikatsed to
derive the set of the signal to noise ratio corresponding to each of two

ki nds of noi sejenvikonmentngxwheapiso ki nds of noi se environnents vary in
regular interval period, and said bit distribution neans is constructed for

establ i shing said blq@héibaiewy&émaweg dr@KE Pn st @8oRfe 1 ARgLR 1t noi se
rati o sets as said one S|gna to noise ratio set. - 36 01 AU G 2002 3. A

mul ti-carrier phansieShAR SYHS® 85 el piorddy bbwet ail@thbv&/e%ﬁlﬁhbsl@ d
signal to noise ratio evaluating neans is constructed to derive the set of

the signal to Rgi g8 PALYLRLILLCEPONHLPokBreasde O b d 4R nki RESp Phg Al
envi ronnents when two kinds of noise environnents vary irreqgular interval

period, and sapd,Rit - gistidNui.on means is constructed for establishing
sai d b|t distribution wth taking two kinds of signal to noise

Fig. 6 is a flowchart showing a calculation method of
the performance margin in step A2 of Fig. 3. At first, a
normalized SNR(i) is derived with taking the transmission power
of each carrier as E(i) (stepA7). Then, the calculated SNR(1i)
is sorted in descending order (step A8), to re-assign the number

to satisfy,

SNR(1) = SNR(i + 1)

It should be noted that for all number up to i smaller than

total carrier number N, the foregoing inequality is applicable.



ratib sets as said one signal to noise ratio set. 4 . Anulti-Carrier
‘transm ssion systemas set forth in claiml, wherein said bit cﬂﬂt A[lj@tﬁ@ﬂz
means perfornms bit distribution depending upon said one signal to noise
ratio set and a power restriction value of each of said carriers. 5 A

mul ti-carrier transm ssion system perform ng data transm ssion between
first and second communication stations upder presence of a'plurality of
periodically varying noises, conprising: signal to noise ratio eval uating
means for obtaining a plurality sets of signal to noise ratio by eval uating
signal to noise ratNexbf itath asasumpdrthaft khre lpuf 1. =cef°ri erwntas Ai(btepent
timng respectively corresponding to a plurality of kinds of noise

envi ronments; ;d bt 0 UJunRdld, 0p MEang duirher S IR Raiiﬂmg&gmﬂ on of
each carrier for realizing a given"transm ssion speed and 01 AU G 2002 -
37 a maxi mum performance nargin d%pendigg.upoqﬁhﬁs?ecéive malueg 2L a
plurality of HGFEFEBCRMIEI T 39 EPEPT 6 % £ - 2arF3%Er ¥ an8nPEsi on
systemas set forth in claim5, wherein said signal_ to noise ratio

eval uati ng medif®d sEQONIERIRYIES t ¥ der i vVERThe SRtCHfatind stfgnil (fb #di se
rati o corresponding to each of two kinds of noise environnments when two

ki nds of noi sepegrformedmgatep vAaYd) 4 n regul ar interval period, and said bit
distribution nmeans is constructed for establishing said bit distribution
with taking two ki nggeObqsieitl fir RAlsalaiA® $EkF BS &AIfd108G:Signal to
noise ratio set. 7 . Anufti-carrier transm ssion systemas set forth in
claimb5, wherein said signal to noise ratio evaluating nmeans is constructed
to derive the set of the signal to noise ratio corresponding to each of two
ki nds of noiselﬁg%k&ggngnts when two ki nds of noise environnents vary

i rregul ar i nt erv peri od, and said bit distribution nmeans is constructed
for establishing said bit distribytion_with taking two kinds of signal to

—

noi se ratio sets ai{;@;d one signal toSmMoRs¢k)ratijo set. B. A nufti-carrier
transmi ssi on syste set1@tygMl (n c 5, Wwrenei n-said bit distribution
means perfornms bit distributié% dep #%kég%upon S id'J%§f§Tg%§I“1%)noise
ratio set and a total transm ssio g%me restticdion val ue. , 01 AU G
200?_ - 38 9. A mufti-carrier transm ssion systemas set forth-in claiml,
wherein, in case of data transm ssion fromsaid first comunication station
to said second commihfEhtiforhe MAKLBAM SYFtE™ PEhOT@IRAEMaHinorh s<¥eRBn

i ncludes neans fox transmtting predetermned plurality of transm ssion
speed to sai d seechidecedmumrcataonian ayienl andtJddiig sietona tesaatispeati on
station has said signal to noise ratio evaluating neans and said bit

di stribution nearnsy achieved is B,,.., total effective coding gain is vy .,

a desired bit error rate is 1077, and the k in number of the
best carriers are used. Then, a current geometric average SNR

is expressed by:

[Equation 2]

2

_— k
SNR (k) = TT Ei1-SNRI(y)
i=1

A current transmission power E, used by (i)th order

carrier is expressed by:



saied bit distribution neans includes neans for deriving a mar giw"i Mﬁmgz
transm ssion on the basis of a plurality of transm ssion speed@rla
fromsaid first communication station, neans for selecting an opti mal
transm ssion speed fromsaid plurality of transm ssion speed on the basis
of the derived margin, and neans for deriving bit distribution of each of
said carriers according to the selected transm ssion speed.- 10 . A
mufti-carrier transm ssion system as set” #drth in claim5, wherein, in case
of data transm ssion fromsaid first conmunication station to said second
conmmuni cation station, said first communi cation station includes neans for
transmtting predetermned plurality of transm ssion speed to said second
comuni cation statiop, ang;_sai d second conmuni cation station has said signal
to noise ratio evaluating neans and said bit distribution neans, 01 AU G
200 - 39 said bit distribution neans includes neans for deriving a margin
in data transm ssion on the basis of a plurality of transm ssion speed

transmtted from sai g, ElLst, coppypi Slq.%{uqn ?6@&1 om, Meangs{pi 88 e¢si ng an

optimal transm ssion speed from sai urality of Yfansm ssion speéd on the
basi s of the derived. . RLgin, g%F% nsplor deriving bit distribution of
each of said carriers accordin 0 the Selected transm ssion speed. 11 . A
mul ti-carrier transm ssion systemas set forth in claim9, wherein said
second conmuni cation station includes neans for transmtting said bit
distribution to said firsy_%ﬁgngnication station, and said first

conmuni cati on statioﬁ“ﬁ@rfb geta transm ssion to said second

comuni cation station according to said bit distribution. 12 . A
multi-carrier transm ssion systemas set forth in claim10, wherein said
second comuni cation station includes neans for transmtting said bit

di stribution to saidWPFF%%“cBwﬁhﬁP@%F?bﬁfs?%f¥Hﬁ?5éﬁhb§aPﬁegirst

conmmruni cation station perfornms data transm ssion to said second

communi cation st ati of=accht #hAJRaxE S RPYST Wit St FRB RS Brpnsig ttegd by the

mul ti-carrier transm ssion systemas set forth in claim1, wherein noise
sources of sai d(kMg IOrA8E 8RTFERSesEare 1fr 826N idYeda PY oD i oHISINE SRLPA a
communi cation |ine between said first 01 AU G 2'002 - 40 and second
communi cati on SRR MRASKE4 InAthEFt P28Qr r FRe PREHRM SOYEH sVdebnras bet
forth in claim5, wherein noise sources of said two kinds of noises are
present on a comftAIERidided hi eackh cesrhehiletatore e tisdihmethe satdl finpst and
second comuni cation stations. 15 . A nufti-carrier transm ssion system as
set forth in cleewed Ecwherein said two kinds of noise environnents are a
first noise environnent and a second noi se environnent having a noi se
condition different fohem,tkbhénof (kpisd fhl St ROTF Sl&k)epudranment. k ldce sef
mufti-carrier transm ssion systemas set forth in claim5, wherein said two
Ei nds of noise eswepHATBRNESd A1 )a R IiSE nBeISEe keAW HONMBENTsean(s Bes @aand

oi se environnment having a noise condition different fromthat of said

first noise envirONMelocess 34 retAPAbH & HdpLR16 ! aRRNESS) ON SYMLIVHRS Set

max

forth in claimi, wherein said two ki nds of noises are cau$éd by far end
crosstal k and ngar end crosstalk. 18 A nufgi-ggrrier transm_ssion .system
as set north ing%la'af’?ns ,Cblvﬁle"r‘ae’flrll“uglaisgstt\% Ki ]ﬁas 01" Toi"Ses A € cdusk IS'y far
end crosstal k aggsggn?'rpaer%qne%'égs,sgr?‘cli kéounto%)eéo%egnﬁze best carrier number

to be used for achieving v .-

Fig. 7 is a flowchart showing a calculation method of

the bit distribution table at step A5 of Fig. 3. Using the
foregoing v ., and count, the initial bit distribution table

{b'i} is calculated by



- 41 19 . Anulti-carrier transm ssion systemas set forth inclaiml
wherein a communi cation line for data transm ssion between sai fAi rA‘UGamUZ
second comuni cation stations is a digital subscriber |ine. 20.

mul ti-carrier transm ssion nethod perform ng data transm ssion between
first and second conmuni cation stations under presence of a plurality of
periodically varying noises, conprising:. -spgnal to noise rati‘o eval uati ng
step of obtaining a plurality sets of signal to noise ratio by eval uating
signal to noise ratio of each carrier of the nulti-carriers at
different'timng respectively corresponding to a plurality of kinds of

noi se environnents; and bit distribution step of performng bit

di stribution of each Rarr £éPoBepk?Rf g dp&rexofdREdD / dfaxki gnal to noise
ratio with taking a plurality of sets of signal to noise ratios as one set
of signal to noise ratio evaluated on different frequency at the sane
timng. 21. Anulti-carrier transm ssion nethod as set forth in claim 20,
wherein said si gmakhtofopégeingptdquatiahyatiogr steprdsendesicgpedng o Herdtve
the set of the signal to noise ratio corresponding to each of two kinds of
noi se envir onnerfes ivkepdika .Ki N tod £ NYag@e HBUKOISBIHSL a1yt iR O ey

i nterval period, 01 AU G 2002 - 42 and said bit distribution step is
designed for estaablighi R&kpTekdeli 4s diStIdOYlsicep m@gp_taking two ki nds of
signal to noise ratio sets as said one signal to noise ratio set. 22 . A
mufti-carrier transm ssion nethod as set forth in claim?20, wherein said
signal to noise ratio evaluating step is designed to derive the set of the
signal to noise ratio respondi t9,each of . Kjpds, of noi se
engironnents when tmodﬁgﬁdg gf_héggg %v?r%ﬁﬁe%%%Pbﬁing% i rregul ar
interval period, and said bit distribution step is designed for
establishing said bit distribution with taking two kinds of signal to noise
ratio sets as said one signal to noise ratio set. 23 . A nufti-carrier
transni ssi on nethod afeset ¥ertif ioxper&PAf2BY wherein said bit distribution
step perfornms bit distribution depending upon said one signal to noise
ratio set and a power restriction value of each of said carriers. 24. A
nmufti-carrier transm ssion nethod perform ng data transm ssion between
first and secondEgoatmnonc&li on stations under presence of a plurality of
periodically varying noises, conprising: signal to noise ratio eval uating
step of obtaining a plurality sets of siggal to noise ratio by eval uating
si gnal 0 ~ AU G 2f|0%ﬂ- 43 tlo ppfse Natlio of each carrier of the
mufti-carriers at max Q ( ) fmax ~ Jeff—4.77(dB)

Ne

( wherein Pe is a bit error rate, N, is number of points
having closest in an input signal constellation, and Q function

is defined by the following equation.

{Equation 4]

- v2
Qlx) :f %
V2T

Then, B.,. 18 calculated (step Al6). B,,, is total bit




diff'erent timng respectively corresponding to a plurality of ki n;iis

‘noi se environnents; and bit distribution step of performng bitﬁ ATJG 2002
distribution of each carrier for realizing a given transm ssion speed and a
maxi mum per f ormance margi n dependi ng upon respective values of a plurality
of signal to noise ratio sets in a case where total transm ssion power is
restricted. 25. A nufti-carrier, transm ssion nethod as set”forth in claim
24, wherein said signal to noise ratio evaPuat i ng step is designed to
derive the set of the signal to noise ratio corresponding to each of two

ki nds of noi se ramberosuspdrstathbp the ckirndst dfitndiser Bmviiantebls atabyei n
regul ar interval period, and said bit distribution step is designed for
establ i shing sahdthlbadistf isQubben W FRidRkl NG W phijndsudfe ,SEJR8la E@mNOI SE
ratio sets as said one signal to noise ratio set. 26. A nufti-carrier
transm ssion nethqd_ag sety forth in claim24, wherein said signal to noise
ratio evaluating i's designed to derive the set of the signal to noise ratio

correspondi ng to each_of t ki pds of _noi se envjronnents_when.t k~-nds of
noi se environnents VQFE’F?'r \r{’\"g‘ﬁﬂl foraf n{ Bt ’f))élFi o4, Y d"SEPAS BT tfy’\‘%m the

di stribution step is designed for .estahlishjn id.bif. distribution . with
taking two kin rEFné:&b‘ﬁa 1stt0rjrﬁﬂt§€“r%ﬁq?]§’§et% gge gélgc?tlﬁgélb%h%ﬁ‘ ttaglﬁoi se
rati o set. 01 AU G 20f? - 44 27, A nultji-carrier transm ssion nethod as
set forth in cl&'mef Whecanries §apieg JPimugudibh Yadpe ple? rotablash

di stribution dcefggldi ng upon said one signal to noise ratio set and a total
transm ssi on poifiraestififett o Bakue™ B A dulBteraA 7epndr Ah&hi sThéh

met hod as set forth in claim20, wherein, in case of data transmi ssion from
said first conmRificessi 68 sepedrd ttddi BesecOmMt-cominiiéatsbrbkidiadn, said
first conmunication station includes step of transmtting predeterm ned
plurality of trBisnBsisi arflopebdrtesraiidaskconguiapiemmeahpdreistia ipoweand
sai d second conmuni cation station has said signal to noise ratio eval uating
step and sai d blistdiidbutibottiapiesteptepdiddobiFtigdi st r Abutiirst » strephé balsddes
step of deriving a margin in data transm ssion on the basis of a plurality
of | transm ssiohthpasdenriaitsdistetbdtriom sable bl $t , conbuptcroven {&t'ati on,
step of selecting an optinmal transm ssion speed fromsaid plurality of
transm ssi on spbedsenghbe szashetdf.(ihe @erj.vad isaegiahlim@dst epewAalderi vi ng
bit distribution of each of said carriers according to the selected

transm ssi on sp@eck, B i)Aisant ércar prebabihitgnb$ siten (hethoddas csetrifearth in
claim?24, wherein, in case of data transmi ssion fromsaid first

comuni cati on skati.qn iDasairdesecentd webabiiday odreist at ) tinorder carrier.

It should be noted that {E'i} is a total transmission power
( to be used by the (i)th order carrier. The current total
transmission power E.,,; 1s derived by the following equation

(step A20).
Etotal = EE
Here, % is a sum of i = 0 to N-1.

Then, final power distribution {E'i} is re-adjusted

(step A21). The re-adjustment can be performed by setting
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comuni cation station and said second conmuni cation station has said signal

to noise ratio evaluating step and said bit distribution step, said bit

di stribution step includes step of deriving a margin in data transm ssion
on the basis of a plurality of transm ssi speed transmttéd fromsaid
first comunication station, step of sel€tting an optinmal transm ssion
speed fromsaid plurality of transm ssion speed on the basis of the derived
margi n, and st epabiexiemeypAE. hid/ Bi.at BnBuEi.on asf Eeachhefind4iial dakt iaeds
according to the selected transm ssion speed. 30. A nulti-carrier

transni ssi on nehagebwex déstipbuhiom tabdiem @8 henhbowen rsysdiet $equmyided
comuni cation station includes step of transmtting said bit distribution
to said first asnmubind caddd(EStiqti on, and said first conmuni cation station
perfornms data transmi ssion to said second comruni cation station according
to said bit distribujd:&). 3dnothdRll témBotinieat trENSMIEST Oy el et bierset
forth in claim?29, wherein said second conmunication station includes step
of transm ttingrgaksidiioisslsibRUAESSrdi S abdehé I'Site OWFTHALERL 1SN Sit1at | ON,
and said first communication station perforns data transm ssion to said

second comuni gatdiQRussBd. AdHG cirffemisdAlrefl ACEOFEHIMY Lo thaichdy t
distribution. 32 . A nufti-carrier transm ssion nethod as set forth in

claim 24, wher @hgrﬁ%fﬁmgsgga Péwéf‘i& QMRhKERASI & jROL8EEr fEEad) GFRNL ON

a common cable wth a communicatifon |ine between said first and second

communi cat i on_ hglhOMlspcindReML1 fi3eLiel UANTALSSLAR MEHORD A%t

forth in claim-- ereln sald two of nolse environnents are a

first noise environnent. and a second noi . i ronnent_ havin nai se
condi t1on di {1 EFEREREPRi Ay AhBECONE | NERE BRa ] ONTEIR 14 NP TS

mufti-carrier transm ssion, net hod as, set th iin.claim 24, wherein said
Moo ki s of ngreadihest SndhhBe-i8r ot of ehbtunRifeatil &l AR GRI ©) |
Comium oat i on EVREShA BRS Barpa et o B b i by el L e, "
AT 3t W, ThareRPs "o, YeRet e n P A LR Er Al P s ApEafibudhon ot
o, AL AL RFIARS VB PEOERAIDANTS T 47 i) 4 SAEPOTRER 15 ca

N AN N |
a) cal oal o”al cal cal cal g2l el el calgaledleal eal o hakealiepl cal glal g oTat im

; y/ zupkf a\ W ca] ca] ca] ca] ca ca]ca]ca%ca]ca ca]ca]caLcaLca]ca]ca.ﬁgsfahga]ca]

ca] ca] c(aU] c(al &8 &&ec2AUr&: 4FESPca}ta) doY F* WL he” four
( transmission speeds of rl tor4 are transmitted from the ATU-C
to the ATU-R together with other parameters.

On the ATU-R side, when the noise amount is varied
periodically, particularly when TCM-ISDN is present in the same
cable, NEXT and FEXT are caused from ISDN to ADSL. In the down
direction SNR evaluating portion 2, SNR values at respective
frequency in both cases of occurrence of NEXT and FEXT, are
evaluated and respectively stored in NEXT SNR and FEXT SNR 3.

The reference numerals 11 and 12 of Fig. 4 show the evaluated

SNR values of respective frequencies, in which 11 represents
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transmission speeds fault output to the ATU-C (step A6). If
any one of the transmission speed can be selected, the selected
transmission speed and the performance margin are transmitted
to the ATU-C (step A4). 1In thebit and power distribution table
transmitting portion 6, the bit and power distribution table
necessary for transmission at the selected transmission speed
is transmitted (step A5). This table is required to calculate
the SNR values varying periodically upon occurrence of NEXT
and FEXT. Respective of calculated tables are transmitted
from the ATU-R to the ATU-C.

On the other hand, when variation period of the noise

on the transmission line is not equal interval as shown in Fig.
2, and when a plurality of SNR values are made into a single
SNR value, the frequency of the SNR value is increased in a
magnitude corresponding to the ratios f and n of the time
interval. Fig. 5 shows a calculation method of the bit
distribution. As shown in Fig. 5, the SNR values at the
occurrence of NEXT value and FEXT value shown by 11 and 12 of
Fig. 4 are used with extending the SNR value at the occurrence
of FEXT up to the f times of frequency and the SNR value at
the occurrence of NEXT up to the n times of frequency.
Regarding that transmission speed is £ + n times of the value
of the given transmission speed and the line used (f + n) x

256 carriers, the bit distribution method showing in the lower

side of Fig. 5 is used.
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As the bit and power distribution table to be used in
data transmission, in case of the table to be used upon
occurrence of FEXT, the bit and power distribution table to
be assigned for one group of carriers using the SNR values upon
occurrence of FEXT is used. Similarly, as the table at the
occurrence of NEXT, a table assigned for one group of carriers
using the SNR values upon occurrence of NEXT is used. For
example, in the case of Fig.5 calculated assuming that (3 +
2) x 256 = 1280 carries are used, a portion corresponding to
0 to 255 carriers is taken as FEXT table, and a portion
corresponding to 768 to 1023 carriers is taken as NEXT table.
The calculated tables are transmitted from the ATU-R to the
ATU-C and is held in the bit and power distribution table 10
to be used for bit and power distribution (mapping) upon down
transmission.
Fig. 10 is a flowchart showing a calculation method of
the performance margin in step A2 of Fig. 3. At first, a
normalized SNR(i) is derivedwith taking the transmission power
of each carrieras E(i) (stepS10). Then, the calculated SNR(1i)

is sorted in descending order (step S1l1), to re-assign the

number to satisfy,
SNR(i) = SNR(1i + 1)

It should be noted that for all number up to i smaller than
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naxe Suffix F represents FEXT table and suffix N represents NEXT

table, respectively. Then, calculation of y;(k) and vy,(k) are
performed (step S13). The equation for calculating y,(k) and
vn(k) is the same as the foregoing equation (1).

v (k) is the maximum system performance margin which can
be achieved in one carrier symbol. At this time, a target speed
to be achieved is B.,.., total effective coding gain is 7y .,
a desired bit error rate is 1077, and the k in number of the
best carriers are used. Then, a current geometric average SNR
is the same as the foregoing equation (2).

A current transmission power E; used by (i)th order

carrier is expressed by the following equation (5).

[Equation 5]
r E target
Ei,F = min KF
\Emum
.
Etarget
Ei,N = min KN

Lquﬂ
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Here, a total input power E,,,. restricted by a transmitter is
expressed by:
Enxi 18 the maximum power which can be transmitted by the

(1)th order carrier and is determined by the transmission power

mask.

Then, when vyp(k) > ¥, Or v4(k) > v, (step S14/YES),

it is assumed that count, = k, and count, = K, ,

when v (K) > Your Vapax = Vel(k)

when v (K) > Yowr Vaoax = Yal(k)

(step S15).

Then, when v ,.(k) > v (k) (step S16/YES), K.++ is set (step
Sl7),andotherwise(stepSlG/NO),Kpﬂ-isset(stepSlS). Then,
if K, = Ky = N is not established (step S19/NO), the process
is returned to step S13. Here, v ,, represents possible maximum
system performance margin in the given system parameter, and
count, and count, are the best carrier number for achieving v
max *

Fig. 11 is a flowchart showing a calculation method of

the bit distribution table at step A5 of Fig. 3. Using the
foregoing v ., and count,, count,, the initial bit distribution

table {b’i} is calculated by the following equation.



. ' % hé&' - Y s$10%
% h& ()-0("'10% h& ()-Z3 ' 10% h_y( %/710% he ()-B 1554@@)/‘2002

& ML0% h () - 3 S5aVNC. 10'h 10 h 10 hy 19 EoeaNG T @BL0%E () sev100e () e

: 555 ' ()-5%5" 5f 5556a
h& ()-”‘3#‘“4431 '()-F 31 10% h& () 77dEYNC

- h& ()-F %8 ()-mBX6667L
h& ()-F 93 1056- Il 1098S&' () - $YL0%& / v& ()-TF

1 - ! -f Flo /& ()
F10%& () - SF10% () | 3109&' ()-ff310%& () el
: - () -$10% () : 0109 ()-.
v ) H Y a A 100 )k S00e O o ) 100 ()-0

100 (). (1410% () yL0%@' (-5 983899: AEVNC 4 0% (
109%& ()-!!4 \

() - Y910%&' ()-M 10
09& ()-:Q:::::::bC (V&O(V&'Og/q)&- (z)91gtyf¢1(()())/&v(9)1_3 '

' "()-*31 -rQri OV ;291 N
10%& () -, é§%?5f46 10%&f()-::;;y,,,<gg&§ éii<<<u<<<<:dqu ! L?%g%& ()-F
e ()5 @ () oS O F 10%' (1.3 109 (). ) ==maer 5}
igég' 8F 10% ()-F 109%' ()-F 1

Etarget
counte SNR(ji)
o B
b’,"p = min max
tloor dog> (11-_§£EE;§ﬁ!Blil:)}
Pmax
thr et ’
a&ﬁ%;swn(u
b,i,N = m,n qux
foor {fogz(w w)
[ o

A cut
off value below decimal Point is deriveq as diff, expressed
48 follow (step 520).

[Equation 7]
When bl-ffoor{[ogz (1 + Emax-SNR(i)
\ 2
r_Znax i3 obbained,
diffi=q 5,
[
In the Other cage Etar
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bi~togz (1 Count ' |
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max
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' Here, 1,

, 1s expressed by the foregoing equation (3).

Pe is a bit error rate, N, is number of points having closest
in an input signal constellation, and Q function is defined
the foregoing equation (4). Then, B,,, is total bit number
supported by the current bit distribution table at one
multi-carrier symbol, in which B, =ZXZb'i. Here, X is a sum
of i = 0 to N-1.

Then, when B, ,,; < Biargee (Step 23/YES), one bit is decreased
for one bit from the current bit distribution table, i.e. the
bit distribution table {b’i} of the carrier having minimumdiff,
value to establish diff, = diff, - 1, By ytss = Beoeay — 1 (Step S24).
On the other hand, when B . = Biarger (Step 23/N0O), one bit is
increased for one bit from the current bit distribution table,
i.e. the bit distribution table {b’'i} of the carrier having
minimum diff; value to establish diff, = diff; + 1, B.oca1 = Brotar
+ 1 (step S25). This process is repeated until B, .., = Biurgec
is established (step S22/YES).

Fig. 12 is a flowchart showing a calculation method of
the power distribution table at step A5 of Fig. 3. At first,
on the basis of the given bit distribution table {b'i}, an input
power {E'i} is assigned so that P,(1) = P, , rarqec 1S €stablished
(step S$30). Here, P,(i) is an error probability of the (i)th

order carrier, P.; .q. 15 @ target error probability of the
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(1)th order carrier. It should be noted that {E'i} is a total

transmission power to be used by the (i)th order carrier.

The current total transmission power E..., and E,,, yare

derived by the following equation (step 31).

[Equation 8]

Etotat,F = Z Ei

i€EF
Etotald,N = 3 Ei
i€N
Here, 2 is a sum of i = 0 to N-1.

Then, final power distribution {E'i} is re-adjusted

(step S$32). The re-adjustment can be performed by setting

smaller one of Etarget/Etotal,r’ Etarget/Etotal,N and Emax,l. as E' 1,F Or E' 1,N

from the following equations:

[Equation 9]
E target
E’i.F — min ( Etotal,r

E maxi
.

(-
Etarget

i
E,'I,N — mln < Elolﬂe.N

Emaxi
\

Thus, the initial bit and the power distribution table in the

shown system is provided as {b'i} and (E'i}.
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ATU-R 200 to the ATU-C 100. In such case, the construction

provided in the ATU-C 100 in the foregoing embodiments is
provided in the ATU-R 200, and, in turn, the construction
provided in the ATU-R 200in the foregoing embodiments is
provided in the ATU-C 100.

As set forth above, according to the present invention,
even when the noise amount is varied periodically, a bit
distribution having maximum performance margin value relative
to periodically varying noise amount can be obtained by
regarding a plurality of SNR value due to periodically
generated noise amount as SNR value of single line which does
not cause variation in time and frequency band is increased.

On the other hand, as set forth above, according to the
present invention, even when the noise amount is varied
periodically, a bit distribution having maximum performance
margin value relative to periodically varying noise amount can
be obtained by given transmission speed depending upon a
plurality of SNR values evaluated at different timing due to
periodically varying noise.

Although the present invention has been illustrated and
described with respect to exemplary embodiment thereof, it

should be understood by those skilled in the art that the
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For example, application of the present invention is not
specified to the combination of the ISDN and ADSL presenting
in the same cable, but to combinations of any DMT type
communication system other than ADSL and ISDN on the common
cable, for example. Furthermore, the present invention is
applicable for the case where two or more kinds of periodic

noise sources are present in the common cable.
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transmission between first and second communication stations
under presence of a plurality of periodically varying noises,
comprising:
signal to noise ratio evaluating means for obtaining a
plurality of (N) sets of signal to noise ratios by evaluating signal
to noise ratio of each carrier of the multi-carriers at
different timing respectively corresponding to a plurality of

kinds of noise environments; and

bit distribution means for performing bit distribution

of each carrier depending upon a single set of signal to noise ratios by regarding said N
sets of signal to noise ratios as a single set of signal to noise ratios, which has N times the

frequency bandwidth, instead of varying periodically in time.

- 2. Amulti-carrier transmission system as set forth4n claim
1, wherein said signal to noise ratio evaluating means 1is
constructed to derive the set of the signal to noise ratio
corresponding to each of two kinds of noise environments when
two kinds of noise environments vary in reqular interval period,
and said bit distribution means is constructed for establishing
said bit distribution with taking two kinds of signal to noise

ratio sets as said one signal to noise ratio set.
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1, wherein said signal to noise ratio evaluating means is
constructed to derive the set of the signal to noise ratio
corresponding to each of two kinds of noise environments when
two kinds of noise environments vary irreqular interval period,
and said bit digtribution means is constructed for establishing

said bit distribution with taking two kinds of signal to noise

ratio sets as said one signal to noise ratio set.

4, Amulti-carrier transmission system as set forth in claim
1, wherein said bit distribution means performs bit
distribution depending upon said one signal to noise ratio set

and a power restriction value of each of said carriers.

5. A multi-carrier transmission system performing data
transmission between first and second communication stations
under presence of a plurality of periodically varying noises,
comprising:

signal to noise ratio evaluating means for obtaining a
plurality sets of signal to noise ratio by evaluating signal
to noise ratio of each carrier of the multi-carriers at
different timing respectively corresponding to a plurality of
kinds of noise environments; and

bit distribution means for performing bit distribution

of each carrier for realizing a given transmission speed and
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6. Amulti-carrier transmission systemas set forth inclaim
5, wherein said signal to noise ratio evaluating means is
constructed to derive the set of the signal to noise ratio
corresponding to each of two kinds of noise environments when
two kinds of noise environments vary in reqular interval period,
and said bit distribution means is constructed for establishing
said bit distribution with taking two kinds of signal to noise

ratio sets as said one signal to noise ratio set.

7. Amilti-carrier transmission systemas set forth in claim
5, wherein said signal to noise ratio evaluating means is
constructed to derive the set of the signal to noise ratio
corresponding to each of two kinds of noise environments when
two kinds of noise environments vary irregular interval period,
and said bit distribution means is constructed for establishing
sald bit distribution with taking two kinds of signal to noise

ratio sets as said one signal to noise ratio set.

8. Amulti-carrier transmission systemas set forth in claim
5, wherein said bit distribution means performs bit
distribution depending upon said one signal to noise ratio set

and a total transmigsion power restriction value.
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said first communication station includes means for
transmitting predetermined plurality of transmission speed to
said second communication station and said second
communication station has said signal to noise ratio evaluating
means and said bit distribution means,

said bit distribution means includes means for deriving
a margin in data transmission on the basis of a plurality of
transmission speed transmitted from said first communication
station, fneans for selecting anoptimal transmission speed from
said plurality of transmission speed on the basis of the derived
margin, and means for deriving bit distribution of each of said

carriers according to the selected transmission speed.

10. Anmulti~carrier transmission systemas set forth in claim
5, wherein, in case of data transmission from said first
communication station to said second communication station,
said first communication station includes means for
transmitting predetermined plurality of transmission speed to
said second communication station and said second
communication station has said signal to noise ratioevaluating

means and said bit distribution means,
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a margin in data transmission on the basis of a plurality of
transmission speed transmitted from said first communication
station, means for selecting an optimal transmission speed from
said plurality of transmission speed on the basis of the derived
margin, and means for deriving bit distribution of each of said

carriers according to the selected transmission speed.

11. Amulti-carrier transmission systemas set forth inclaim
9, wherein said second communication station includes means
for transmitting said bit distribution to said first
communication station, and said first communication station
performs ‘data transmission to said second communication

station according to said bit distribution.

( 12. Amulti-carrier transmission systemas set forth inclaim
10, wherein said second communication station includes means
for transmitting said bit distribution to said first
communication station, and said first communication station
performs data transmission to said second communication

station according to said bit distribution.

13. Amulti-carrier transmission system as set forth inclaim
1, wherein noise sources of said two kinds of noises are present

on a common cable with a communication line between said first
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and second communication stations.

14. Amulti~carrier transmission systemas set forth inclaim
5, wherein noise sources of said two kinds of noises are present
on a common cable with a communication line between said first

and second communication stations.

15. Amulti-carrier transmission systemas set forthinclaim
1, wherein said two kinds of noise environments are a first

noise environment and a second noise environment having

a noise condition different from that of said first noise environment.

16. Amilti-carrier transmission systemas set forth inclaim
5, wherein said two kinds of noise environments are a first
noise environment and a second noise environment having

a noise condition different from that of said first noise environment.

17. Amulti-carrier transmission systemas set forth inclaim
1, wherein said two kinds of noises are caused by far end

crosstalk and near end crosstalk.

18. Anulti-carrier transmission systemas set forth inclaim

5, wherein said two kinds of noises are caused by far end

crosstalk and near end crosstalk.
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19. Amulti-carrier transmission systemas set forth in claim
1 wherein a communication line for data transmission between
said first and second communication stations is a digital

subscriber line.

20. A multi-carrier transmission method performing data
transmission between first and second communication stations
under presence of a plurality of periodically varying noises,
comprising:

signal to noise ratio evaluating step of obtaining a
plurality sets of signal to noise ratio by evaluating signal
to noise ratio of each carrier of the multi-carriers at
different'timing respectively corresponding to a plurality of
kinds of noise environments; and

bit distribution step of performing bit distribution of
each carrier depending upon one set of signal to noise ratio
with taking a plurality of sets of signal to noise ratios as
one set of signal to noise ratio evaluated on different

frequency at the same timing.

21. Amulti-carrier transmission method as set forth inclaim
20, wherein said signal to noise ratio evaluating step is
designed to derive the set of the signal to noise ratio
corresponding to each of two kinds of noise environments when

two kinds of noise environments vary in reqular interval period,
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and said bit distribution step is designed for establishing
said bit distribution with taking two kinds of signal to noise

ratio sets as said one signal to noise ratio set.

22. Amulti-carrier transmission method as set forth in claim
20, wherein said signal to noise ratio evaluating step is
designed to derive the set of the signal to noise ratio
corresponding to each of two kinds of noise environments when
two kinds of noise environments vary in irregqular interval
period, and said bit distribution step is designed for
establishing said bit distribution with taking two kinds of
signal to noise ratio sets as said one signal to noise ratio

set.

23. Amulti-carrier transmission method as set forth in claim
20, wherein said bit distribution step performs bit
distribution depending upon said one signal to noise ratio set

and a power restriction value of each of said carriers.

24, A multi-carrier transmission method performing data
transmission between first and second communication stations
under presence of a plurality of periodically varying noises,
comprising:

signal to noise ratio evaluating step of obtaining a

plurality sets of signal to noise ratio by evaluating signal



yl0% & ()- CO[:4C f2 10%3$& ()- 3.S10YX) & ()- 4y)10%X) & ()-Spm 4V Y
& ()-s A'ylo%aX)a& ()-- y# 10%) & ()-|obW @®10% ): & ()-10X) %%m(}pz
10%) & ()- Tf2 109%9%$& ()- F2 10%9& ()-- f2 109%) & ()-#0"o|[:bU4 sl
10%): & ()- Lz10% ): & ()- L9GLO% ): & ()- 9310%): & ()- 0%0%):& ()--
10%): & ()-3z8|[:bUWA s%10%): & ()- f 10%): & ()- ! 10%): & ()-
T10%): & ()- "y310%): & ()-- s 10%) & ()-8|R[:bW4 1 10%):& ()-
110%): & ()- -10%):& ()- +10%): & ()- ) 10%): & ()-- "''10% & () - VWKYf nvU4
10% & () toF%dliCdh etatdlig) ofl1@arhl Garri@r) :0f34Ul096 jult icargiews) a& ()-- 3
10%): & ()-nmBQ | [:vU4 .10% e [& ()- &10%e' & ()- -10%e' & ()- 10%e'
& ()- 10%ig'fefeq)k-tirdil¥g eesfeC)rite¢ly vodreXpd 8489 &0(9 pLhYydD%e'of&' () -
110% e’ & ()- YI0O%e' & ()- ,10%e" & ()-- sl0%e' >& ()-RSTUa| obW4
Y%40% ) t &Kindi00€' nd@se' edVi LOnmdritl%and
bit distribution step of performing bit distribution of
each carrier for realizing a given transmission speed and a
maximum performance margin depending upon respective values

of a plurality of signal to noise ratio sets in a case where total transmission power is

restricted.

25. Amulti-carrier transmission method as set forth in claim
24, wherein said signal to noise ratio evaluating step is
designed to derive the set of the signal to noise ratio
corresponding to each of two kinds of noise environments when
two kinds of noise environments vary in reqular interval period,
and said bit distribution step is designed for establishing
said bit distribution with taking two kinds of signal to noise
ratio sets as said one signal to noise ratio set.

26. Amulti-carrier transmission method as set forth in claim
24, wherein said signal to noise ratio evaluating is designed
to derive the set of the signal to noise ratio corresponding
to each of two kinds of noise environments when two kinds of
noise environments vary irregular interval period, and said
bit distribution step is designed for establishing said bit
distribution with taking two kinds of signal to noise ratio

sets as said one signal to noise ratio set.
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24, wherein said bit distribution step performs bit
distribution depending upon said one signal to noise ratio set

and a total transmission power restriction value.

28. Amulti-carrier transmission method as set forth in claim
20, wherein, in case of data transmission from said first
communication station to said second communication station,
said first communication station includes step of transmitting
predetermined plurality of transmission speed to said second
communication station and said second communication station
has said signal to noise ratio evaluating step and said bit
distribution step,

said bit distribution step includes step of deriving a
margin in data transmission on the basis of a plurality of
transmission speed transmitted from said first communication
station, step of selecting an optimal transmission speed from
said plurality of transmission speed on the basis of the derived
margin, and step of deriving bit distribution of each of said

carriers according to the selected transmission speed.

29. Amulti-carrier transmission method as set forth inclaim
24, wherein, in case of data transmission from said first

communication station to said second communication station,



& (J-H IV bA4L0 e* 10%E)& ()- “10%) & ()- Y 10%) & ()- 9 10%) TN
'10%E) & ()- Y10 e* 10 e* S/ |[:A410 e* 2z10%E)& ()- 10%)& ()- 109 AU 2002
1096) & ()- 109%E)& ()-4 10%6) & ()-/f]T|[: A410 e* . 10%) & ()- . 10%)& ()-
*10%) & ()- ($10%E) & ()-Y "109%E) & ()-  10%E) & ()- TFGH P] vU410 ° 10% & ()-
L10% & ()- 0%0%E ()-, @O% & ()-10E)106) 106)  0109) & ():Wb| [: VU410 S,
109 & ()- 910 & ()- ' 310%& ()~ L, 10948 () - LLO% & ()-

104 & ()->"|[:vU410 f)10% & ()- | %0%& ()- s .10%&() SY10% & () -

e = ASEHS LR PR e e
S SR Pt ] e ST

$ 10%3 G&' ()- "10%3 G&' () - 10%3!6&() 1093 G&' () - (VGG&

109G G& () - }; 9updeation b and. spidoggasdd )ﬁ°mm“&b%‘§t¥%l (S)ta‘t’wn
1093 G& ()- (1098 G& ()- & 10%3 G& ()-]vT310

d$) 10%) " & ()had ‘spigv@igpal 10GICIGE EADEP G UBIBYENGESEEP ard Fod BAL() -
1093 G& ()-f|[NA410 10M M 10M MIOM M 3+ 109 M& ()- A " '10% & ()- .
109 & ()-  3DYeYiMtipn 51680 M ()-Z{|[: NA410 10 Y109 ME' () -
10980 M&' ()-' ° 1098 M&' ()- 109) M&' ()- S109%V) M& ()- $I

1090V V& () - Z{\|[ N&4TA B0t SHEGMPNEL 6) -5 ter] A% MBe4 ste) 060K it a

J 100 ye ()-1 HL0W I ()= 1 10984 ME: () - 1p| [NA4LO 10M MLOM MLOW
910 M () - M (deta5E06MpMESLJon LIOWEMBIaGTS §f 1O i)y+pE[ : NAA1O0
10 FZ10% )’ () @10%)' & ()- &Y10%)' & ()- 10%)' & ()- 10%)' & ()-

| 909 )" & () - Zradrid¥AGk0s hed F3HA%N) £ 8od )Erofl 049 ‘£ rE)- conbbioRtion) -
SF109%)' & ()- | F10%) & ()- ~10%)' & ()-GC}|[: NAA10 10 L, 410%)° & ()-
L*Gl0% ) ' & ()staﬁﬂ&{’/f) 5té&p (If s8YEdOPA] ‘a& &ﬁtln&ﬂ3ﬂ.9%s)mx?ss(z)on speed from

& F10% ) & ()-10 - <I| obUAl0 = UBL0% & ()-10') 10')' 10')" ~6f10%)" & ()-

“4310% )" & () saﬂgig%liltgy 6F tan@8h088 ) okspred Bn[tHEHBdS s ok L@Wder(iked
9910% & ()- 910% & ()- L 109 & ()- Lf109% & ()- ,10% & ()-H| [: bU410  °
10% & () - 1011@113%:(3 an@los@.gp O~ ad P & d bit@&%x&%)t1ohl@f/ée&cﬁ)oﬂ-|s[31QU41o
-8109% & ()- s*10% & ()- (10% & ()- S&I0M& ()- $109A& ()-

"109% & () - % LANALDS Jéﬂc%leQ? 081058 &dDect3410% fehidss DO Uh&e i) -
3109 & ()- 11098 & ()-& | [: NA41O 10 LGLO%): & ()- 310%):& ()- L10%):& ()-

L410%): & ()- SL0% :& ()- ~ 9%0%):& ()- @ k| [:NA410 10 ) 10%):8& ()- '
10%):& ()- %10%):& ()- s 10%):& ()- 310%):& ()-
"310% ) : & () - }{bl[ Aﬁ&@ti cal&é@%:)aﬁ%nﬁ)ssﬁﬁ%@éh)ad&s(éet @]1"91'{01.)1 Cfgla(l)m
93100 ): & ()- 1 10% ): & ()= +1006): & ()- Y%ebAA10:):  S100G
k" 109% & () - %Qo/ﬁnlgé‘réz)n s%%:go/gbgé‘nc{ )conﬁlufnigg@&%t(a)tl@ﬂo1)lci-9dés nglepb‘lllo ):
Yi 71096 G& ()< E10%S &)= V10 -@39M0YG G& () - 33mOYS G& ()-
Y GLOY%G G& pox S0 0%
{ MLOYEG G& )( snﬁ%%ﬁ%%%l“g{:r% i& §)(\1/7Arr1 %61’?89? éénﬂ%a/élG&ﬁ 0=
1006 Gei‘ O FRp SX?W{G%‘%@%@#QJ@ (Bimhication station
10%) & ()- Y1 Gy of
310%) & )- BE;FAOR SHAE.C AR G N G0N Holaal botiitfcacion
10%)° & ()-:wWa L F94.0% 89! 10% )" & F
1ovg & 8 @‘%3715"‘&3‘53"“91“3‘?0 )étﬁz(‘% bbvf’]]s[%lb&%b‘(’)‘m 110% )" & ()- (gaf/
109%)° & ()- 9 - 10%) & ()- OY+ 10%) & ()- &@ 10%) & ()-
L' 810% )" & )-Z[\]~krvU410 109%!& ()- 940% & ()-Y10') 10°)°10°)"

(

L910% ) " & () 7100/‘) ) - 5 10% 9
|1:0%1§/g§2& (;LO 9/ 10/() gcb‘%té ‘ngr 1%%@?61%31{11 E}d% & %/%}IOFZ?T se&ff69’l%)n [(1%(%31(())

0 0% 1009 0 v

F710% & ()- 2 1&55}@9&3%')‘ saigh f69PRA ( %Omuﬁ%%lg‘ ta*ﬁ%‘b@é‘&le e L%tep

& TvU410 nml0o% & ( 109 & ( 109 & $10° & 10)10) 10 L9
1043& 8 0\I2| v9£10 tm{oow&gﬁnq 1/()@?9 ()b-l)é P/%S/&’érb)a%len/o P( )z%fyg*& %)rg >
YF&lO%&& ()- YF&I0% & ()- Normal" "Heading 13]c" "Heading 23]c" "Heading
33]c" "Headi ngJOHE\}J@lCEHe‘a'éilsrfg?‘tB@Pa a“‘l’-le%ﬁzl’t%dflGﬁFcco““P*Iébz‘d%aﬁgWBfEatl%adl ng
83] ¢" "Heading 93] c"A "Default Paragraph Font*

performs data transmission to said second communication
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32. Amulti-carrier transmission method as set forth inclaim
24, wherein noise sources of said two kinds of noises are
present on a common cable with a communication line between

said first and second communication stations.

33. Amulti-carrier transmission method as set forth inclaim
— 24, wherein said two kinds of noise environments are a first
noise environment and a second noise environment having

a noise condition different from that of said first noise environment.

34. Amulti~carrier transmission method as set forth inclaim
24, wherein said two kinds of noises are caused by far end

crosstalk and near end crosstalk.

35. Amulti-carrier transmission method as set forth in claim
24, wherein a communication line for data transmission between
said first and second communication stations is a digital

subscriber line.



