;e3e8 B6xTonnrvmw - 1 MITT- CARRI ER TRANSM SSI ON SYSTEM TRANSM SSI ON
UNIT AND TRANSM S *tsst6s* BACKGROUND OF THE INVEyT Field of
the Invention T @M%W vention relates generally to al £P0%arri er
transm ssi on sy ansm ssion unit and a transm ssion nethod. Mre
particularly, the i MG®PPRT on relates to a nulti-carrier transm ssion system

a transmssion unit and a transm ssi on metthod known as a Discrete
Mul ti-Tone (DMI) nodul ati on system Description of the Related Art As an

Chis kind, 1 HOFERERBREBR eyt P BT oty R NI e W0 7

Such multi-carrier transm ssion system neasures a signal to noise ratio (
SNR) of respective carriers forrRiNSMSSIONYETHRDof a plurality of

carriers |V|ng bit distribution according to the neasured SNR
A probleﬂmﬂﬂ l me m or art resides in small transm ssion anount. The
reason ist en a periodically varying noise is generated and if

communi cati on 1S to be est @rdriRENDt OF QEIEt JNVENTMIQN rate, bit
di stribution and power distribution is perfornmed with reference to an

average val ue of SN\R ofoeaale cA{¥dionlhus, bit distribution and power

distribution are 17 July 2003 - 2 linmted to only one ki nd of average

value of SNR to i Liynfeke Lhei 9At gohhaRSM 931330 "@L

, SUMVARY OF THE | El\ﬁP L]'ﬂfelre or el theepr esentg%%r?vent on has been wor ked

out for sol g'agg épe tdrraahvs\bm%.CSKSJ.onth$s&rarln9r arttraﬁ‘gm?.gjsegt Ollin%{leapresent
transmission method. More particularly, the invention

relates to amulti-carrier transmission system, a transmission
unit and a transmission method known as a Discrete Multi-Tone
(DMT) modulation system.

Description of the Related Art

As an example of the conventional DMT type multi-carrier
transmission system of this kind, there is a technology
disclosed in U. S. Patent No. 5,479,447. Such multi-carrier
transmission system measures a signal to noise ratio (SNR) of
respective carriers for bit distribution of a plurality of
carriers, and for deriving bit distribution according to the
measured SNR.

A problem in such prior art resides in small transmission
amount. The reason is that when a periodically varying noise
is generated and if communication is to be established at a
certain error rate, bit distribution and power distribution
is performed with reference to an average: value of SNR of each

carrier. Thus, bit distribution and power distribution are



invention to provide a nulti-carrier transm ssion system a transm ssion
unit and a transm ssion nethod, which can efficiently perf rn1g b

transm ssion in a condition where a noise is generated pe??dﬁy g ?y
According to one aspect of the present invention, a nufti-carrier

transm ssion systemis characterized by perform ng data transm ssion by
deriving a bit distribution of each-cadrrier of nufti-carrier dependi ng upon
a periodically varying noi se period. Then, the bit distribution of each of

the Ca”'fimiéec? I ¥&e By M1 RG @fca C?}V(}%'J]B%%?%‘ih{%;iriransm di cal Iy

varyi ng norse an de e ng upon a peri e cloc |on
power distribution of ach of, the carrier rlved together with the bit
di stri but Tgfe Ot-rhee%taoﬁ:qar{&s%o& "}Qr%’tthgrm -carrier transmi ssion
system according to the present_lnventlon -rlses: a first unit
perform ng quadrature anpl-""hﬂ ------- N HPeach of the carrier and

mul ti pl exi ng nodul ated carrier using inverse Fourier transformation; and a
second unit derifthiefidney therpugsarifeinuentéenilyasbens workedighy £@03 - 3
signal multiplexed in the first unit using Fourier transformation. On the
ot her hanglhlviwg thesdrawbdclkc danprliespsiar @umtcui An fobrj elctam® hetpresent one
synchroni zed with the clock with varying |level and a circuit for

transmittifgedt PSeudy frvders o gnak ihavirtdealtransposcnbs ofstaspective
carriers, and the second unit conprises a circuit for detecting a period of

noi se on the,basis; Of thad e¥gh o ERENLAREsIBAMdd¥hdd F SthiBht ,cdn CiTcuit

for deriving a signal to noise ratio of the pseudo randon15|gnal per

detected DPE| O AL el ddihl uak c8BAENIRO: OO RohbARIBHSFhEP RONES

di stributrion

noise is generated periodically.

According to one aspect of the present invention, a
multi-carrier transmission system is characterized by
performing data transmission by deriving a bit distribution
of each carrier of multi-carrier depending upon a periodically
varying noise period. Then, the bit distribution of each of
the carrier is derived by using a clock synchronized with the
periodically varying noise and depending upon a period of the
clock. A transmission power distribution of each of the
carrier is derived together with the bit distribution of each
of the carrier.

Another multi-carrier transmission system according to
the present invention, comprises:

a first unit performing quadrature amplitude modulation
using each of the carrier and multiplexing modulated carrier
using inverse Fourier transformation; and

a second unit demodulating each of the carrier from the



di stribution, and bit distribution of the carrier on the basis of the
signal to noise ratio. Then, the second circuit conprises a circuit for
transmtting any one of derived transmi ssion power distriblf{¥28 the bit
di stribution, and the bit distribution of each of the carrier to the first
unit, and the first unit conprises a cicuit for perform ng data

transm ssion to the second unit accordihg3to one of the transm ssion power
distribution and bit distribution, and the bit distribution per the noise
period fromthe second _unit. The seco uniéﬁconprises a circuit for
transmtting®a9p&eudd ¥eAgnd® haihg BHES tonpdhent USRI eafRUGESE he
carriers, and the first unit conprises a circuit for deriving a signal to
noi se rati o &fFapgé&opgatidenrandom signal fromthe first unit per each noise
period, and a circuit for deriving one of a 17 July 2003 - 4
transmi ssi on power Odi $hei bthéonhamd, bihe df st butiitorcompyd sieist adicdreiabbt i on
of the carrier on the basis of the signal to noise ratio. The first unit

. conprises a dorcuitardfsmittiansnattong shachranigiedsiwdrchpowes distki bithon
and the bit distribution of each of the carriers derived to the second
unit, the segRRY WY 1e¢RNIPAAEES A rduitUirbrf eFanhi O gk GRleddd 2a8ALASI ON
to the first unit according to one of the transm ssion power distribution

and it di StigtioRa,AG LIS BbhodhShELDYE ! PBsPEECLAE DBLSR e I ih T oM

the first unit. irst unit inrtirates transnission operation in response

to a transm ssion start. copand Lo e wld [romibe. secondpoil; 4 data
transni ssion through a digital subscri-ber 17 ne I's perforned BetieeRYt Re
first unit and the second unit. The bjt distribution is.effected to

i Stri bt e omead RERerse R Ene Kante o the LV sEhmEnEar 15° voran ke
between large and small is smal| than that when the noise is large. The bit
di stributi on §iEsf Pdted? tH ALY fRGt €eFF BAR8 2 RIS &P BPse ratio of

the pseudo random signal per detected period and a circuit for
deriving one of a transmission power distribution and bit
distribution, and bit distribution of the carrier on the basis
of the signal to noise ratio. Then, the second circuit
comprises a circuit for transmitting any one of derived
transmission power distribution and the bit distribution, and
the bit distribution of each of the carrier to the first unit,
and the first unit comprises a cicuit for performing data
transmission to the second unit according to one of the
transmission power distribution and bit distribution, and the
bit distribution per the noise period from the second unit.
The second unit comprises a circuit for transmitting a pseudo
random signal having all components of each of the carriers,
and the first unit comprises a circuit for deriving a signal
to noise ratio of the pseudo random signal from the first unit

per each noise period, and a circuit for deriving one of a



when the noise periodically varying is far end crosstal k than that when the
noi se i s near end crosstal k. According to the second aspect of the present
invention, a mufti-carrier transm ssion unit perform ng t ridnii 28930 by
nufti-carrier, characterized by perform ng data transm ssion by deriving a
bi t dlstrlbutlon of each carrier of nufti-carrier depending upon a period
of periodically varying noise. The bit di%tTibuti on of each of the carrier
is derived by using 17 July 2003 - 5 a clock synchronized with the

peri odi cal | Yt¥ﬁh¥hﬁgsﬂeh5§o@é‘ﬁ HeRendiutd oaPeAd diReHi 8 robut NEn ¢! Atk bid
transm ssion power distribution of each of the carrler i's derived together

wth the bit quE%%rle%%LBRnonth%agQ Plet M £RELMHA B dYlibhadald helise
transm ssi on uni Jadr at ur e anplitu Ion-using thé each
carrier and nultlplles e ulated carrier_usi |nve se Fourler
Cranst or mat | SRtLen THE iSRG IR f’.%ﬁ‘w?feﬁotfr Pt ofhaiee
further conprises a circuit for transmtting a_tone synchronized with the
clock with vAEpPSgipeder RAWeE EifEtiPUEdPn{2BRstR® thily L siddind1oan @dm
signal having all conponents of respective carriers. The mufti-carrier

t ransni ssi oneagit ofuthReracsipresdsriavedr i the greqgridcinidy &hsemsiesenst
noi se on the basis of the level of the tone fromanother unit, a circuit
for derivinguaisi gompriieescaseiraiibo fofr peefpsaidg dahdoMu&ﬁgmﬁHs#nn to
detected period and a circuit for deriving one of a transm ssion power

di stributiontaed fitstdiGiid badeordivgidedi bndi SET ithet itHanemilske ofalgowdr on
the basis of the signal to noise ratio. The nufti-carrier transm ssion unit

further conpyi$Rs idutibhliahd 85 ¢! B388Pk blit M6n ANYn@NEnOfpHerd MG ibution
transm ssion power distribution and the bit di stribution, and the bit

di stribution of. qagh of;dde,carshee bR the 299kheryRit. THRe fTyfti <Gan |

er

initiates transmission operation in response to a transmission
start command for own unit from the second unit. A data
transmission through a digital subscriber line is performed
between the first unit and the second unit. The bit
distribution is effected to distribute greater number of bits
when the noise periodically varying between large and small
is small than that when the noise is large. The bit
distribution is effected to distribute greater number of bits
when the noise periodically varying is far end crosstalk than
that when the noise is near end crosstalk.

According to the second aspect of the present invention,
a multi-carrier transmission unit performing transmission by
multi-carrier, characterized by performing data transmission
by deriving a bit distribution of each carrier of multi-carrier
depending upon a period of periodically_Qarying noise. The

bit distribution of each of the carrier is derived by using



transm ssion unit further conprises a circuit for deriving a signal to

noi se ratio of the pseudo random signal fromthe 17 Jul¥ ﬁOO% )

anot her unit per each noise period, and a circuit for der "0 H% 89% of a
transm ssion power distribution and bit distribution, and bit distribution
of the carrier on the basis of the signal to noise ratio. The nulti-carrier
transm ssion unit further conprises a crrezuit for transnmtting one of the
transm ssion power distribution and the bit distribution, and the bit

di stributiongyofgaghPlciien CALd WBth Y8kl BeLiolifchiey anot Pl WYilse TRE

multi-carrier transm'ssion unit initiates transm ssion operation in
response to tr 1 SS| t . n 0 uny r : n

imi £ dat aePaRaEac IBaR, B BEhi0S RO ha e, L A s e o BB
bet ween own ynit apd, the apother unit. The bit distributiqgn is. effected to
distribute oReSEEDRERBEr SbIetth SHuidie FRETAGEse® st D e dadF Wiy gD
between | arge and small is small than that when the noise is |arge. The bit
di stri buti onthe lkek% disbyibytdpstaf pach ofr Bhe cargdeFer Bhe Muldingesrine

noi se periodically varying is far end crosstal k than that when the noise is
near end crosshakkhisAdoor dnig Pperflemshigugdagbace @mpliidudeesoduliamiont i on
a nulti-carrier transm ssion nethod characterized by perform ng data
transm ssi onubyndethei agch batrrdest andunhnbniplieactheatadwdratefd carrier

mul ti-carrier depending upon a periodically varying noise period. The bit
di stributionygfingaghvekskheotatibiretrafisderindetloRy using a cl ock

synchroni zed with the 17 July 2003

On the other hand, the multi-carrier transmission unit
further comprises a circuit for transmitting a tone
synchronized with the clock with varying level and a circuit
for transmitting a pseudo random signal having all components
of respective carriers.

The multi-carrier transmission unit further comprises
a circuit for detecting a period of noise on the basis of the
level of the tone from another unit, a circuit for deriving
a signal to noise ratio of the pseudo random signal per detected
period and a circuit for deriving one of a transmission power
distribution and bit distribution, and bit distribution of the
carrier on the basis of the signal to noise ratio. The
multi-carrier transmission unit further comprises a circuit
for transmitting any one of derived transmission power
distribution and the bit distribution, and the bit distribution
of each of the carrier to the another unit. The multi-carrier

transmission unit further comprises a circuit for deriving a

signal to noise ratio of the pseudo random signal from the



periodically varying noise and dependi ng upon a period of the clock. A
transm ssion power distribution of each of the carrier is derlvcg t oget her
with the bit distribution of each of the carrier. In the YRSt forth
above, quadrature anplitude nodul ation is perfornmed by using each of the
carrier and the nodul ated carrier is nultiplexed using inverse Fourier
transformation in a first unit, and each éf -the carrier is denodul ated from
the signal nmultiplexed in the first unit using Fourier transformation in a
second unit. In the fir, t uni a tone is nsnltted syn hronl ed w th the
clock with va"i‘%/?‘fﬁe’f é’\?1 BRb ea?cd‘SBB&Ser% ’SI PEHaT ohht s
of respective carrlers is transmtted, and in the second un|t a perlod of
noise i s det eRR@@LoR LN SPASiEd OBf PWRE Idé\?élrle‘tf-HB ansh it dbs bRyt iR,
unit, a signal to noise ratio of the pseudo random si gnal per detected

per i od is deran@didndisheibptionreh$hrseabhipowr thpshas buiforharmidial
distribution, and bit distribution of the carrier is derived on the basis
of the si gnal té maiGeseatadbl 0. THesonlin-taer secdnincricasiion anytohertier
derived transnission power distribution and the bit distribution, and the
bit distributéemppis@ach cifrcuie €akrtednd®it i Hnd od tRetheakififds L t |
and in the first unit, data transm ssion to the second unit is perforned

according to gngepf daeeriﬁaeiahsahan mlél i 5L PUbEOIoRNd ARl the bit
di stribution, and the 17 July 2003 _ bit distribution per the noise

peri od from t e, sepond inide Syt Ber eacﬁgﬁe;&e BS990 ULt nd Desude

random si gnal ving at conponent's o the carri‘ers I's transn1¥ted
and in the first, unit, a signal to noise ratio of the pseudo random si gna
fromthe first™hit per each noise period is derived, and one of a

transm ssi on power dlstrlb%Flon and bit .. ) e e
—carriler transmission unit lnitiates

transmission operation in response to a transmission start
command for own unit fromthe another unit. Adatatransmission
through a digital subscriber line is performed between own unit
and the another unit. The bit distribution is effected to
distribute greater number of bits when the noise periodically
varying between large and small is small than that when the
noise is large. The bit distribution is effected to distribute
greater number of bits when the noise periodically varying is
far end crosstalk than that when the noise is near end
crosstalk.

According to the third aspect of the present invention,
a multi-carrier +transmission method characterized by
performing data transmission by deriving a bit distribution
of each carrier of multi-carrier depending upon a periodically
varying noise period. The bit distribu'ti'on of each of the

carrier is derived by using a clock synchronized with the



distribution, and bit distribution of the carrier on the basis of the
signal to noise ratio is derived. In the first unit, the Hzﬁnﬁg@ﬁﬁion power
distribution and the bit distribution of each of the carriérs?y ved to
the second unit is transmtted, and in the second unit, data transm ssion
to the first unit is performed according to one of the transm ssion power
distribution and bit distribution, and thé bit distribution per the noise
period fromthe first unit. The transm ssion operation is initiated in

response to . .85l f e] unit.
A dat et rans REECR g0 Rty Ehb g T &g, Sep Bl Y o ATboPfod SRRl |
the first unit, and the gecond.unlt. The bit.d%§tg ution is effec eg to
di'stribut e QIR nUNbEFSBIMBRTLO0nBRYERe HAEd PIaH PR al P R ar 1 e
between |l arge and small is snall than that when the noise is |large. The bit
di stributi on 9aFrrdEedeeder bved stagafhes Hieht bhe ifpadissribpt sopuah eprd

noi se periodically varying is far end crosstal k than that when the noise is
near end crosst dile darniles.operati on of the present invention, a central

17 July 2003 _ 9 office and a termnal form ng the transm ssion system
according to the i mrentieometiodd bavefarthaabogeyeguadratuae famplpenider m ng
mutual transm ssion. In an initial operation started by connection of the
termnal to guddENAHGESII@N peiriermblebpoveindlicton bt the eafrDéd and the

di stribution of each carrier is calculated dependi ng upon the noi se varying
a given peri qgh{ASUEd cherRerkno¥n)mn 1 diersly eustilg PEAVOLOf Fue agi se
has to be noticed fromthe center office side as higher level office to the
termnal as | of fice. ingly, el of .t i
transmtted f‘%%i%%@etnﬁoofer{ of 11 ﬁféﬁ?‘;otdt'ﬂg'tt’eratrﬁbﬁae!a%v%\n t%fovtglreci%r?ggﬁﬁer Ftesvel
by the clock nchr.oni z wi th noise period. .ln the rmanal, the cl.ock is
generated in %%}/?1% L}]o%iescﬁgﬁﬁof“ﬁ oFégn?ng‘é‘& R st Qﬁg‘er%elﬂfeﬁt oF Y OWe " 9The
SNR of the pseudo, random sjgnal ,including all carriers transmtted fromthe
center of fi cFIEIadhaddhoFmadion ife  FREPRNSdi-st FPLERE ot Ty Ugiit -

di stribution of each carrier per noise period erendin%.upon_SNR. Then, the
power di stri buttioss hadmsnswitded pURFBROBE z@A M thakhe &lasds whbh v@rydmidod
are transmtted fromthe center office to the termnal. In the center

of fice, accorbivel tandeai pegugowsandpst silsngilohayia gbial ldicsmpomeniten off
each carrier per noise period, transm ssion (down) to the termnal is
per f or med. Corespedtiyveipdraiesmns sis dransimditiced , pandedlnr €hé ssgymyrfdumed wi t h
reverse functions of the center office and the termnal. 17 July 2003 -
10 Thus, by @eidwicd BE hbeseaveidetdiesteldboi itire dadikshef ie diestli dfitdihen
according to the period of noise, bit distribution adapted to the noise
beconmes possibbge ta-onf8hb € W LGi€Nta signal to noise ratio of the pseudo

random signal per detected period is derived and one of a
transmission power distribution and bit distribution, and bit
distribution of the carrier is derived on the basis of the
signal to noise ratio.

Also, in the second circuit, any one of derived
transmission power distribution and the bit distribution, and
the bit distribution of each of the carrier is transmitted to
the first unit, and in the first unit, data transmission to
the second unit is performed accordiné to one of the

transmission power distribution and bit distribution, and the



transm ssion. On the other hand, when power distribution and bit
distribution of each carrier by neasuring the SNR crossta1lj< no& has to
be considered. In general, crosstalk includes far end cros tduiYe @ﬁd near
end crosstal k. These will be discussed with reference to Fig. 6. In Fig. 6,
the crosstal k taking the signal flow ng through the signal line 61 in the
sane direction as the signal |ine 60 as- an -object of neasurenent, as
crosstal k source, is far end cross talk FEXT. Since the signal to be

transmtted |s attenuated, accordi to transm.ssjQn di stance, the ampunt of
far end crosSt&l Qlﬁ%bPEl%PsBeﬁt@g%dhq’éqt? PEFERS gﬁoﬁpgheﬁ%ﬁ%ﬂ?s‘éﬁ‘b y

di stance. Accordingly, when far end crosstal k FEXT is caused, the, SNR

shoul d show hi gh vBrEBhe¥Respedin FBeofeeonrthdmiidsi arrgpuduseadoms igaabt her
hand, the crosstal k taking the signal Iine 62, in which the signal flows in
t he opposit ehdiviegtabh dampgdnerdisgrél ea¢meofo0hecdrer idrs disj eranshitted,
nmeasurenent, as crosstalk source, is near end crosstalk NEXT. In contrast
to attenuati andofint Bee Sf pred drdi the at sapanit tetha@coonditip bd therpasudg of
the transm ssion distance, the crosstal k anount of the near end crosstalk

NEXT is |argeahlokh@ighansti-om @RedesibBatih@l persbavhl aviSdpyalee. is 17
July 2003 - 11 Accordingly, when far end crosstalk with high SNR is

caused, pomagqii%ai,baﬁ&%@m Ridy éﬁi@ﬁ@r{ BBwal LACH QAR ahd bit

i ncreased, and when near end crosstalk wth | ow SNR I's caused, power

distribution and hit distributi.gn.o carri-er, i soal.l .
DESCRI PTI ON s%ﬁéleﬁAWNc%‘#tﬁé&p‘?%‘I’steﬁfﬁ?%enf’ffo%h‘%m%laﬁg%ru%é:rhset Bk e
fully fromthe detailed escriCPIion i,ven hgrebel

d.f .th .
acconpanyi ng °dr &wPn§39BR 1t he HrHie el RokEdof héhe Tirst unit,

the transmission power distribution and the bit distribution
of each of the carriers derived to the second unit is
transmitted, and in the second unit, data transmission to the
first unit is performed according to one of the transmission
power distribution and bit distribution, and the bit
distribution per the noise period from the first unit.

The transmission operation is initiated in response to
a transmission start command for own unit from the second unit.
A data transmission through a digital subscriber line is
performed between the first unit and the second unit. The bit
distribution is effected to distribute greater number of bits
when the noise periodically varying between large and small
is small than that when the noise is large. The bit
distribution is effected to distribute greater number of bits
when the noise periodically varying is far end crosstalk than
that when the noise is near end crossta;k.

In the operation of the present invention, a central



present invention, which, however, should not be taken to be limtative to
the invention, but are for explanation and understanding only. In the
drawings: Fig. 1 is a schematic bl ock di agram showi ng a geh&ddly 2003
construction of a nulti-carrier transm ssion system according to the
present invention; Fig. 2 is a block diagram show ng a preferred enbodi nent
of a multi-carrier transm ssion systemacgprding to the present invention;
Fig. 3is a diagrammatic illustration show ng an exanpl e of kind and period
of noise; Fig. 4 is a flowhart show ng operation of the preferred

enbodi ment of ofhkceand; a garmiep lificnmimasthe fropsmémsacooryh tran éocohding
present invention; Fig. 5is a flowhart generally show ng exanpl e of 17
July 2003 - 1o ddlecuinvéobhiof, pdwsh dhatei kut toanaodibet divsicuilowt i e8ri n
the preferred enbodi ment of the nufti-carrier transm ssionsystem and Fig.

6 is an illuspeatoonispomiBgad ffareid seieast al knand afEafaNdpsFRESLR! K-
DESCRI PTI ON OF THE PREFERRED EMBCODI MENT The present invention wll be

di scussed her giaafé@Mhy BoflRbakl ohNot /B +@hmiRa1PES £ rr%q_sﬁlgm})geg%%gt the

present invention with reference to the acconpanyi ng draw ngs.

foll ow ng desgylpt i ; shecjfic.details.are.set forth in order to
provi de g tho?%%@ﬁhﬁ%6é$§¥§%'.nd§§¥%¥ﬁL%BSe?§ﬁF§ﬁ%&gﬁ PoRE fECh) FRUBEST

obvi ous, howeyver, to .those skill.ed in the art that the, present invention
may be practi %%&%‘i%&&efﬁsesngb%i fRn g:&eai“f)%.sel“a’é’f 9 4 AiVgRcReriod

wel | -known structures are not shown in detail in order to avoid
(assumed to be known). Therefore, the period of the noise has

to be noticed from the center office side as higher level office
to the terminal as lower level office. Accordingly, the level
of the tone is transmitted from the center office to the
terminal with varying the level by the clock synchronized with
noise period.

In the terminal, the clock is generated in synchronism
with noise depending upon the level of tone. The SNR of the
pseudo random signal including all carriers transmitted from
the center office is measured to calculate the power -
distribution and bit distribution of each carrier per noise
period depending upon SNR. Then, the power distribution and
bit distribution of each carrier per noise period are
transmitted from the center office to the terminal.

In the center office, according to derived power
distribution and bit distribution of each carrier per noise
period, transmission (down) to the termipai is performed.
Concerning up transmission, similar procedure is performed

with reverse functions of the center office and the terminal.



unnecessarily obscure the present invention. Fig. 1 is an illustration

showi ng general construction of a nmufti-carrier transm ssi@n u?%?&og’m
according to the present invention, in which XTWCl1 as a ¢ HJL ffice and

XTU-R2 as a termnal are provided, respectively. Transm ssion between the
central office XTU-Cl and the termnal XTU R2 is perforned through a
digital subscriber line. It should be rofl@d-that XTU-C is XDSL term nation
unit-center side and XTUUR is XDSL term nation unit-renote side. Here, XSDL

means X digital Su riber Li er el e . e A V.,H and
17 July 2003 - 13 l;igsfo%_tﬁe%%’i%é 3&1%5 éﬁi"%ﬁd&%%é&ﬁ%ﬁé ?ﬁcg%lr‘ﬁ ¥tlitn%
portion and, .6 and receiving portjo an s naj or g(r%]f(_:l |og§, as shown
"n Fig, 1. DA BUCEPRASAIRIHNE BAGHeRer 1 hg T MAtas ohbt or strabutlee
shown in the %%%{(ng:#agrtﬁm of Fi g@’i 2. Referri r]%*t O(‘EFi g. aﬁa@a ft%lr%qti_ont
(transm ttindg i% FO3 ) hien N@AFE ASCOEEISo IPOSE LREE- CO A& € gigdraentyl
tenporarily accumul ating an i nput data, a mapping portion 12 perform ng
power distri butairxs_rmialsdom-t di stribution depending upon a period of noise
(detail will be discussed later), an Inverse First Fourier Transformng

(I FFT) portion 13 oadwhat i sithedhand} i phexi nopwenudistvabue Suadnat bie
Anpl i tude Modul ation (QAM signal as a mapping output, and a Digital to

Anal og Converdigyt iDAC) oRObEi fcH 4 drFhitaivht mBesariHyt £ b exad, eHopEadk a
down signal with anal og conversion. On the other hand, a function

(receiving podin 13k ikRckidesnanaapakod £ Plgtal, QAnErdank (ARShaRerti on

15 converting a transmtted signal into a digital signal, a Fast Fourier

T f ' FFT ' dempdul at he,. di Qi i : i
portion 17 Pad ik S ePRndne AR MRl (S A g B B R

dependi ng uDO(ﬁsac':u%%reldogrigL reference to Fig. 6. In Fig. 6, the crosstalk

taking the signal flowing through the signal line 61 in the
same direction as the signal line 60 as an object of measurement,
as crosstalk source, is far end cross talk FEXT. Since the
signal to be transmitted is attenuated according to
transmission distance, the amount of far end crosstalk FEXT
is also attenuated depending upon transmission distance.
Accordingly, when far end crosstalk FEXT is caused, the SNR
should show high value irrespective of transmission distance.

On the other hand, the crosstalk taking the signal line
62, in which the signal flows in the opposite direction to the
signal line 60 to be the object of measurement, as crosstalk
source, is near end crosstalk NEXT. 1In contrast to attenuation
of the signal to be transmitted according to increasing of the
transmission distance, the crosstalk amount of the near end
crosstalk NEXT is large in the transmissiop destination to show

low SNR value.



sound and a buffer portion 18 for adjusting variation of data transm ssion
anount dependi ng upon bit distribution. It should be noted that EC port| on
19 is a block having an echo cancel |l er function. 17 July 15 dfg 20
Furthernore, in order to realize the present invention, the XTU-Cl has a
pseudo random si gnal generating portion 20, a tone generating portion 21,
an SNR neasuring portion 22 and a powerlbji distribution calculating
portion 23. The pseudo random signal generating portion 20 generates a
pseudo random si gnal including all carrlengio output_ to the |IFFT portjon
13. The tone gener IR Potdlivon I £US HF AT o Wilthpdiiaty §NF€ 1EFT
portion 13. The SNR neasuring portion 22 has a function for deriving SNR of
the pseudo rapdesedi gruertdiftaminutderf apdnbitdistr finet isswef egich carrier

di stribution calculating portion 23 derives power distribution and bit

di stribution b$ iearkasads,iard phen meiasepbecrodstgtbrdithgldwSNRE sneassedd SNR
to output to the IFFT portion 13 and the demappi ng portion 17. On the ot her
hand, a functpéRef digeeiivburdopiid B t4 s tafi KiMMdNdb F @Gidhoda of i e WsRradlds an
ADC portion 24 converting the transmtted signal into a digital signal, an
FFT portion 2gpgdefodul ating the digital signal, a demapping portion 26
receiving the transmtted signal with switching bit distribution depending
upon a period of the noi se; 5- vari ation of data
transmi ssi on amount dependT ‘ctlon

(transmtting portigQn 6 p. direction 52
temporarily accumjltgl? #&egﬁn%nb%‘fe'&ltaﬁ%n wégﬁralﬁ)%lur? 55‘?’99@#“ gélrﬁé'rﬁ’f%
power distribution_and, bit

the detailed description given herebelow and from the

accompanying drawings of the preferred embodiment of the
present invention, which, however, should not be taken to be
limitative to the invention, but are for explanation and
understanding only.

In the drawings:

Fig. 1 is a schematic block diagram showing a general
construction of a multi-carrier transmission system according
to the present invention;

Fig. 2 is a block diagram showing a preferred embodiment
of amulti-carrier transmission systemaccording to the present
invention;

Fig. 3 is a diagrammatic illustration showing an example
of kind and period of noise;

Fig. 4 is a flowchart showing operation of the preferred
embodiment of the multi-carrier transmission system according
to the present invention;

Fig. 5 is a flowchart generally showing example of



17 July 2003 - 15 distribution of respective carrier depending upon period
of the noise (detail wll be discussed later), an | FFT po & %g

nodul ating and nultiplexing a multi-value QAM signal as z & atput W th
respective carriers and a DAC portion 31 transmtting the nultipl exed

out put as anal og converted up signal. Furthernore, in order to realize the
present invention, XTU-R2 has a pseudo rapgom signal generating portion 36,
an SNR neasuring portion 34 and a power/bit distribution calculating
portion 35. The pseudo random si gnal generating portion 36 generates a
pseudo randorfi &} ¢HeRt EWhdi RPTGT £l teekhu teron §ndu bhid 1 1R b immr gk ke on
30. The SNR neasuring portion 34 has a function for deriving SNR of the
pseudo randorpxe fpred emhodinert ofr oine XmUtdtcparigsitransmdissd.onmpgs tem;
power/bit distribution calculating portion 35 cal cul ates the power
distribution andl the bit distribution of each carrier per each noi se period
on the basis of the SNR neasured by the SNR neasuring portion 34 to out put

to the | FFT portiorr{, andd he daTmpRireg iper hewide. al Eashenidcbesseher
that a clock on the side of XTU-Cl is a clock synchronized with the noise

period. In this dcgsgealf h@,%cpo&sgsaoggllpd is assunmed to be known. For exanple,
the noise is a crossta roma Tine CorrpreSS| on I\/UI ti pI exi ng (TCM type

| SDN, near end crosstal '«-L! Al k !

every 800 Hz as shown i

~July 2003 - 16
carriers should be Yl ed every 800 transm_ttin
portion 3 of XTU CIt ?tprﬁ@@&%inﬁgeéég’grvlig% Cglls\Fél 88Eeéf‘a % Mand
transmt the recejved clock to the receiving portion 4 of XTU R2.

detail in terms of the preferred embodiment of the present
invention with reference to the accompanying drawings. 1In the
following description, numerous specific details are set forth
in order to provide a thorough understanding of the present
invention. It will be obvious, however, to those skilled in
the art that the present invention may be practiced without
these specific details. In other instance, well-known
structures are not shown in detail in order to avoid
unnecessarily obscure the present invention.

Fig. 1 is an illustration showing general construction
of amulti-carrier transmission systemaccording to the present
invention, in which XTU-C1l as a central office and XTU-R2 as
a terminal are provided, respectively. Transmission between
the central office XTU-C1l and the terminal XTU-R2 is performed
through a digital subscriber line. It should be noted that
XTU-C is XDSL termination unit-center sidg and XTU-R is XDSL

termination unit-remote side. Here, XSDL means X digital

Subscriber line, wherein X generally represents A, V, H and



Nanely, the receiving portion 4 is required to calculate a reception SNR of
respective carrier per the period. Accordingly, as neans fQr know.ng the
period, the tone fromthe tone generating portion 21 is tﬂgﬂﬂMéa¢h to
XTU-R2 by controlling the level in synchronismwth the clock in the
transmtting portion of XTU-Cl. C ock period, nanely noise period, can be
detected by a clock detector 33. The detegtion period is output to the
mappi ng portion 29 and the demappi ng portion 26. Then, the tone generating
portion 37 is provided even in the transmtting portion of XTU- R2. The tone
fromthe tongogfoethti ng portion 37 is transmtted to XTU-CL by controlling
the level in synchronismwth the clock. The clock detector 38 is al so

provi ded in XTU Clgéei enatii+gl daidoTuxR20havee taladainiperiingd porit ishiod d be
noted that these clock may be input externally fromthe device, and in the

al ternative, ,f@Ye bgngepsé&i ¢thd peFadly o r0Ma thasdewied funcea@mNd a0 be
atrigger for initiating transm ssion may al so be generated by the central

of fice per ~ cl ock.may @l so ner at i n of £ t her
devi ce. 17535P§ iﬁbBF}gﬁ7]QCn P%gag hééﬁhggg?%P%t%Eéngﬁg r%gfﬁgﬁ%é own
in Fig. 1, dedicated tope generatin ortio 21. and 37 are provided jn
MTU ) and XEOPRBLoRGSE criEns die BichoinoPiecotEPR Lafidm il f4%t dione
enployed in ISDN in Elace, wi t hout providing the dedi cated t.one generating
portion. Thus, it PeE8ReiNgnkREsSarys td PITGHER (I sty ion

generating portion to reduce hardware ampunt. Fig. 4 is a flowhart show ng
oper ati on of 39 hieh dapedi¥eentistn cAXPHIIG} iaghndes & Pafdersk] demppataamly

according to the present invention. In Fig. 4, an arrow directed fromup to
accumulating an input data, a mapping portion 12 performing

power distribution and bit distribution depending upon a period
of noise (detail will be discussed later), an Inverse First
Fourier Transforming (IFFT) portion 13 modulating and
multiplexing a multi-value Quadrature Amplitude Modulation
(QAM) signal as a mapping output, and a Digital to Analog
Converter (DAC) portion 14 transmitting a multiplexed output
as a down signal with analog conversion.

On the other hand, a function (receiving portion 5)
includes an Analog to Digital Converter (ADC) portion 15
converting a transmitted signal into a digital signal, a Fast
Fourier Transforming (FFT) portion 16 demodulating the digital
signal, a demapping portion 17 receiving a transmitted signal
with switching bit distribution depending upon a period of
sound and a buffer portion 18 for adjusting variation of data
transmission amount depending upon bit distribution. It
should be noted that EC portion 19 is a plock having an echo

canceller function.



down represents flow of operation in the sane system An arrow toward |eft
or right shows flow of communi cati on between devices. Referring to Fig. 4,
in order to detect a period of varying noise in the receiﬂﬂdﬁw ion 4 of
XTUR2 in Fig. 1, the transmtting portion 3 of XTU-Cl transmts tone from
the tone generating portion 21 with varying the |evel depending upon (in
synchronismw th) the clock synchroni zedlwi £h periodically varying noise
(step Al). The receiving portion 4 of XTU-R2 detects period of the noise on
t he basis of varig%ioqlof | evel, of the tone q§%thg clock d tectin%.gortion
33 (step Bl). In orHer"S' Ui o8& PRESHIvRF Cqitd e bt iRne Y ppyention,
distribution of respective carrier of DMI ip down direction, the pseudo
random si gnathe rEtH1he hiseddBSRYABORRRAGRFLINAY IRNSF HFFY POFE19%eAlrat i ng
portion 20 in the transmtting portion 3 of XTU-Cl is transmtted (step

A2) . The pseadwnag¢oersitgngl ppasiesnpbnan SNEf mgpsuEing|ReBtkIn [Jdrand
According to Anerican National Standards Institute (ANSI) standard, the
pseudo r andom sowead b icto rtiats dutd-drueddedd adndgf pbriienx2 2 ar ITher psetide
pseudo random signal is received by the receiving portion 4 of XTU R2.

Then, SNR of r4AQoRSEUAM I aBdeFatiigdabol 616k & gedeky tbliea PR UERATUNABEH
portion 34 per a period detected by step Bl ( step B2 ) . Nunber of bits of

each carriersandai ransiSitPLRIRMEFr 8E £ (Ebh¥BHL Yo tthe PRerdd¥dion 13.
distribution calculating portion 35. The derived information is stored in

Lhe demappl NnROESAST AR AN | JIANTH bhelChErAIbE o ¥bfe e dufdpli il | OF

30 (step B3). Ti . . istribution and transm ssion
poner di st DHLT 905 S 17 ¢ NindRBRR DALY oS 819V CREE! &
function for deriving SNR of the pseudo random signal
transmitted from XTU-R2. The power/bit distribution
calculating portion 23 derives power distribution and bit
distribution of each carrier per noise period according to the
measured SNR to output to the IFFT portion 13 and the demapping
portion 17.
On the other hand, a function (receiving portion 4) of
down direction of XTU-R2 has an ADC portion 24 converting the
transmitted signal into a digital signal, an FFT portion 25
demodulating the digital signal, a demapping portion 26
receiving the transmitted signal with switching bit
distribution depending upon a period of the noise, and a buffer
27 for adjusting variation of data transmission amount
depending upon bit distribution.
A function (transmitting portion 6) of up direction of

XTU-R2 has a buffer 28 temporarily accumulating an input data,

a mapping portion 29 performing power distribution and bit



The foregoing is the process for deriving the bit distribution and

transm ssion power distribution of down carrier. The f0||ﬂ9ﬁn@5#ﬁ3the
process for deriving the bit distribution and transm ssio HH

di stribution of up carrier. The pseudo randomsignal ( thirty-two carriers
in ANSI standard ) from pseudo random si gnal generator 36 in the
transmtting portion 6 of XTU-R2 is transpgtted to XTU-Cl (step B4). In the
receiving portion 5 of XTU-ClL, SNR is neasured per clock period
synchroni zed with the noise on the basis of pseudo random 17 July 2003 -
19 signal trabshribedivy eheeSyRIMtEISuUCaxgigsydependifgstpen Arniad RE t he
nmeasured SNR, bit nunber and transm ssion power of each carrier are

cal cul at ed bythewesidet(dktsdil butlilobecalicahasiedglpbet) pna@IFMMeortion
information is stored in the demapping portion 17 and is transmtted to
XTU-R2 via thggl ibduP@Eingnadd el €PpPSind na MR, vdhee tgmanstidd-ad 4y t
distribution and transm ssion power distribution are stored in the mapping

portion 29 as rd jnf or i p e i
ol ati on of e ERE L e B B o A R ot S e

transmtting gggggggtg%gé S G P %é?@@.&ﬁ@éﬁ#réﬁ“ﬁﬂ%%%éﬂk%ﬁﬁékﬁ%ﬁﬁ#ﬁﬂng

bit distributiron an SMi Ssion r-distribution o he
enbodi nent of Fia. 3 ) stored per varying noise period (step A6). Then, the
recei ving por 18R%% of XTU-R2 extracts transnitted DMI data on the basis of
the bit nunber stored in the demapping portion 26. It should be appreciated
that since the bit BFSERSHIRTHN iNsOYART &P pEALSAR ST PrefRB Lt F¥RH < on
amount is varied. The variation is adjusted by buffer 27. On the other
hand, in the KTHnB#Ai kas on pieudr dianslam ¢dgnele gengnskiingi porpben | ¥ @ of
XTU-R2 perforns data transm ssion by two kinds of bit distribution and
transm ssi on p¥Rermeksirimyt ipprticnon BHe &xdnp e poiweEi/fit 3diststiredion
dependi ng upon

calculating portion 35. The pseudo random signal generating

portion 36 generates a pseudo random signal containing all

carrier to output to the IFFT portion 30. The SNR measuring

portion 34 has a function for deriving SNR of the pseudo random

signal transmitted from XTU-Cl per noise period. The

power/bit distribution calculating portion 35 calculates the

power distribution and the bit distribution of each carrier

per each noise period on the basis of the SNR measured by the

SNR measuring portion 34 to output to the IFFT portion 30 and

the demapping portion 26.

It should be noted that a clock on the side of XTU-C1

is a clock synchronized with the noise period. 1In this case,

the noise period is assumed to be known. For example, the noise

is a crosstalk from a Time Compression Multiplexing (TCM) type

ISDN, near end crosstalk and far end crosstalk are alternately

occur at every 800 Hz as shown in Fig. 3, the SNR of respective



varying noi se period (step B6). Then, the receiving portion 5 of XTU-Cl
extracts the transmtted DMI data on the basis of bit nunber stored in the
demappi ng portion 17. By buffer 18, 17 July 2003 - 20 t1adhn?Q03 on
anount is adjusted variation caused due to periodic bit distribution. Next,
referring to Fig. 5, one exanple of calculating nethod of transm ssion
power and bit nunber of each carrier at skeps AS and B3 of Fig. 4 wll be
di scussed briefly. A normalized SNR( i ) I's derived with taking the

transm ssion power of each carrier i as E(i) (step S1). Then, SNR(i)/r (i)

i s cal cul at edatstiepsS8houldr be Watiipdi eveefeBf8dHeze athéSARyoe, Bxpthssed
as follow 1 (pe/ne) ~2 +y marginy eff 4.77 (dB) wherein v margin is a
perfornmance geagsmietihfepsysiom andfy ¥fU-cl ,a Lodeegands | Ne@ds 41FPr to
correction. Next, the value of SNR (i ) / h (i ) is sorted in descending

order (step Bareiliel& cTK SN YWENCCaAdCarihShi PWRErdde)ivell e1bgikned and
the sorted carrier nunber i) is stored. Then, k = 1, bmaX = 0 and (bAj }

=0 are assuqﬁ% Qe§E§91§é rgtg§f4 Keippggpunted value, {blL j } is bit
ma

(
(o) . .
nunber per each carrier, “and is a total value of the transm ssion

anount. Then, btarget Kk is detived by.the fallow ng_equatio siep
S5): 17 July 200 a‘-“e;X' ‘gd‘c?aF‘a‘é‘FlYl’i}g)P rtion, %E‘Fg}lgrﬁg@ Sagﬁﬁgﬂ%{;ej =1
to k, btarqget(k) is a total anmount of the transm ssion anount in the case

where k in n@nbEPCeRF+eRr SARe BEedteSRRF YW eFATEICrakRST st ePeBhed of

Accordingly, as means for knowing the period, the tone from
the tone generating portion 21 is transmitted to XTU-R2 by
controlling the level in synchronism with the clock in the
transmitting portion of XTU-Cl. Clock period, namely noise
period, can be detected by a clock detector 33. The detection
period is output to the mapping portion 29 and the deﬁapping
portion 26.

Then, the tone generating portion 37 is provided even
in the transmitting portion of XTU-R2. The tone from the tone
generating portion 37 is transmitted to XTU-C1l by controlling
the level in synchronism with the clock. The clock detector
38 is also provided in XTU-C1l for enabling detection of the
clock period.

It should be noted that these clock may be input
externally from the device, and in the alternative, may be
generated internally fromthe device. A command tobe a trigger
for initiating transmission may also be generated by the
central office per se. The clock may also be generated by a

terminal office as other device.



round [ logz { 1 f Etarget SNR( j ) /k) / 1> (i ) } ] and f loor [ logz {
1 +E-xSNR(j)/k)/ h(i )} It should be noted that ro%g
represents counting fraction over 1/2 as one and di sregaré?r’t]'yt 3rest and

fl oor represents omi ssion of fractions. |If btarget(k) > bnex~ borax -
btarget (k) is established (steps S6 and S7 ) . Then, the bit distribution
bj of each carrier at this tine is storedjas bAj . If k is not equal N, Kk
= k + 1 is assunmed (step S9). Then, process returns to step S5. If k = N (
step S8 ) , the process is advanced to step S 10 . At this tine, borax
becones a maxi mum tQrardei eshen karwlintin &he eorstrwscisreshiown dh H¥d bdui on
of each carrier at that tine . Qotain b Ai resorted fromb Aj, a

transm ssi on gedbrated Htonef geaelracdngi portsonerd vechd( 87eprSitHovided ihul vy
2003 - 22 Then, as total power Etota~, Etotal ~ E A1 is derived ( step

S11 ) . It shephtebenaoxer-khat Howeviel,Si€dseal o iphsa iH3@ €6 uise=a knlownN -
1. Then, final E1 is derived as snaller one of: Etarget E ~ 1 ~Etotal O

Emax, i ( Steﬁ?i]%-@ done Lo HRHIErsof Bhepl BEaaryl ¥n A OVBARA Bt cixi muim
value of total power. Emax is an allowable extrene value per carri‘er. In

the foregoi ngdggpggé%%n}%o%{erfe&%&%g‘g% chg)g‘?d the, gase J"t'\@mgrq%%? s

period of noiSeé TS shown 1n noi ses are

This shows nerely one exq{gl e an tE%eed o(# re, kinds of nojses or ,various
val ues of per BRECHESAPE TARERVAS KRBT T H IHE L O CREATT 2 b T AHHLLS on
met hod shown in Fig. 5 has been disclosed in U S. Patent No. 5,479, 447.
However, the B2l EeHa¢e PRI HRI dCHYt linmited to the discl osed

Fig. 4 is a flowchart showing operation of the embodiment
of the multi-carrier transmission system according to the
present invention. In Fig. 4, an arrow directed from up to
down represents flow of operation in the same system. An arrow
toward left or right shows flow of communication between
devices.

Referring to Fig. 4, in order to detect a period of
varying noise in the receiving portion 4 of XTU-R2 in Fig. 1,
the transmitting portion 3 of XTU-Cl transmits tone from the
tone generating portion 21 with varying the level depending
upon (in synchronism with) the clock synchronized with
periodically varying noise (step Al). The receiving portion
4 of XTU-R2 detects period of the noise on the basis of variation
of level of the tone by the clock detecting portion 33 (step
Bl).

In order to derive the power distribution and bit
distribution of respective carrier of DMT in down direction,

the pseudo random signal from the pseudo random signal



met hod. As set forth above, according to the present invention, by
controlling bit distribution and power distribution depenﬂ%gg gg@g noi se
period, transm ssion anpunt can be 17 July 2003 - 23 i ly. even in
the case where noise is relatively small. Thus, inprovenent transm ssion
efficiency can be achi eved. Although the present invention has been
illustrated and described with respect_tpgexenplary enbodi nent thereof, it
shoul d be understood by those skilled in the art that the foregoi ng and
vari ous other changes, om ssions and additions may be nade therein and
thereto, wit@aeuerabpag tRgifanorlt he Wy trengRatsdBeeLOFt i 3ppEER-C1l

i nvention. Therefore, the present invention should not be understood as
limted to the $pecisiiittedboditeant AZet odhealpaeudmt randomclsigeadl has
possi bl e enbodi ments which can be enbodi ed within a scope enconpassed and
equi val ents tbmpenénvst Bfr adpeclaririelrbe dfea@Mr.e Feicanding tdeAmepiarged

cl ai ns. 17 July 2003 - 24 WHAT IS CLAIMED IS: 1. Anmulti-carrier

transm ssi onygy$5RHY CRAAGESHEZ eth 14 thdd Ogm@ﬂ datanlh2BsMehel OfsdYdo |
periodically deriving a bit distribution of each carrier of nulti-carrier

dependi ng uppgnaoReL] gl Paldn yATY 1AL MU T bAE. 2 ey TN Lhr LRLLL o

transm ssion systemas set forth in claim1, wherein sa stribution

of each of said c ier_is.derived hy usi,ng_a_cl ypchr oni with said
periodically var yiavﬁuée n%?%%d%nraan eO&nséi#;aluggn ré%"%(eirbfgdggf £§%i %i&g 0ck 93, A
mul ti-carrier transm ssion systemas set _forth {n claiml, erein a
transmi ssi onPRERRPRARsPFi BEYTRN: off "E&eh SR §§i&hEaPPFEH%i§a%€??oﬁ+%%?}y
derived together with the bit distribution of each of said carrier. 4 . A
nul ti-carri edSt MEASHTSS) QY st ePNRSMEBEUF SRFhPPREAPR] #2 PathiEhPeBhfi se:

detected by step Bl (step B2). Number of bits of each carrier
and transmission power are derived by the power/bit
distribution calculating portion 35. The derived information
is stored in the demapping portion 26 and is transmitted to
XTU-C1 via the IFFT portion 30 (step B3). 1In XTU-C1l, the
transmitted bit distribution and transmission power
distribution are stored in the mapping portion 12 as down
carrier information (step A3).

The foregoing is the process for deriving the bit
distribution and transmission power distribution of down
carrier. The following is the process for deriving the bit
distribution and transmission power distribution of up carrier.
The pseudo random signal (thirty-two carriers in ANSI standard)
from pseudo random signal generator 36 in the transmitting
portion 6 of XTU-R2 is transmitted to XTU-C1l (step B4). 1In
the receiving portion 5 of XTU-Cl, SNR ig measured per clock

period synchronized with the noise on the basis of pseudo random



a first unit perform ng quadrature anplitude nodul ati on using each of said
carrier and nultiplexing nodul ated carrier using inverse Fourier
transformation; and a second unit denodul ating each of sai tV ¢4y 2P@} from
the signal nmultiplexed in said first unit using Fourier transformtion.

17 July 2003 - 25 5 . A nulti-carrier transm ssion systemas set forth in
claim4, wherein said first unit conprisé8 a circuit for transmtting a
tone synchronized with said clock with varying level and a circuit for

transmtting u do i L hawi fr ecthve
carriers, an8§§§?§ g@%%n E#%?l%gﬁﬁfi§§§n§e%%%5%$59%%&ﬂ%%f§%4F%%Bégg riod
of noise on the bagis of the |evel of ga'd tone fromsaid first unit, a
circuit for deriving $eMGRGILES ﬁ§g$e fgt? FT AN HrEETTY S ARGoRPER nal
per detected period and a circuit fqor deriving one of a transm ssion power
di stri buti onCan@asiht AREISHURFBN CoARY LBty rPRUST Rl bt ddgtgibYELPBr on
the basis of said signal to noise ratio. 6 . Anulti-carrier transm ssion
system as setalgniptingcparmion vider elThesdinf oy@@dd@rciicustorerhpii stbea
circuit for transmtting any one of derived transm ssion power distribution
and said bitddmappibygtpatiand 7sand il trdnsmitbediton XoU-RachiaftealdFT
carrier to said first unit, and said first unit conprises a circuit for

perform ng dpbatibansms sgiseept OASAL d SEEONXTUMK2L, aEEer difthdnd tirl obisai d
transm ssion power distribution and bit distribution, and said bit

di stributiongpek$8LHiBRAI 884 PEFAQEhis MBS e @nd Ubdeioh ar® stored
mufti-carrier transm ssion systemas set forth in claim5, wherein said

second uni t g.gn@ﬁézrﬁﬁ?g\ﬁanéfigji%oB%9 ale ‘U‘éjr i%@%nfogﬁatiéﬁn(%géﬁ h@?.a

pseudo random sign conmponents o

At the same time of initiation of communication, in
transmission in the down direction, the transmitting portion
3 of XTU-Cl performs data transmission with switching bit
distribution and transmission power distribution of two kinds
(in the embodiment of Fig. 3) stored per varying noise period
(step A6). Then, the receiving portion 4 of XTU-R2 extracts
transmitted DMT data on the basis of the bit number stored in
the demapping portion 26. It should be appreciated that since
the bit distribution is varied periodically, the transmission
amount is varied. The variation is adjusted by buffer 27.

On the other hand, in the transmission of up direction,
the transmitting portion 6 of XTU-R2 performs data transmission
by two kinds of bit distribution and transmission power
distribution (in the example of Fig. 3) stored depending upon
varying noise period (step B6). Then, the receiving portion
5 of XTU-C1 extracts the transmitted DMT 'da‘ta on the basis of

bit number stored in the demapping portion 17. By buffer 18,



each of said carriers, and said first unit conprises a circuit for deriving
a signal to noise ratio of said pseudo randomsignal fromsaid first unit
per each noise period, and a circuit for deriving one of A7 P 2ORP s si on
power distribution and bit distribution, and bit distribution of said
carrier on the basis of said signal to noise ratio. 8 . A nufti-carrier
transm ssion systemas set forth in clai4@ 7= wherein said first unit
conprises a circuit for transmtting the transm ssion power distribution
and the bit M ALIa dhofReh Af aajdstay’ vailalbh/dthigdahesacond
unit, said second unit conprises a circCuit for performng data transm ssion
to said first uniéiéacgorg;f&g.qbuq{]ieo of said transm ssion power distribution
and bit di st¥THhitTon, Prd S B W st ri but i on per said noise period from
said first unit. 9.. A q&%{i-qarrier t.ransm ssion s sien1 s set forth in
Claim 4, wherein SIB%Ef HREERFING (69 Fifee t PARSHIEEPLS Bhermtqhiting
response to a transmssion start conmand for own unit from said second
unit. 10 . Aveihed -efreyansnismian SOVET Spst bitasuskerfof t3A¢h warrian,
wherein a data transm ssion through a digital subscriber 17 July 2003 -
27 line is persoepedibetndeB3safdFigrst whil beddsafdssedobdiefly. 1. A
multi-carrier transm ssion systemas set forth in claiml1l, wherein said bit
di stri buti onnosmel feed SRy d )disderbueé wirthait s i muthe rt raf shmitss i wharovesar d

noi se periodically varying between |arge and snmall is small than that when

said noi se i5¢l B50R- cdrricf M8 E LAY | Mo IANSIM SHLAN SUR| £y S sptidor th
inclaiml, wherein said bit distributionis effected to distribute greater

nunber of bits_when said noise periodicakjy,varyin is far end crosstalk
than that whealsal@tedi 6BE¢R Frehr &fde i) 1s retrerred to as "SNR,,

expressed as follow:
T(i)y = (0" (Po/0)1? + YViargin = Yerr ~ 4.77 (dB)

wherein v ... is a performance margin of the system and v .,

is a code gain in an error correction.

Next, the value of SNR(i)/I' (i) is sorted in descending
order (step‘ S3). Here, correspondence a carrier number (i)
of original and the sorted carrier number (i) is stored. Then,
k =1, b, =0 and {bAj} = 0 are assumed (step S4). Here, k
is a counted value, {bAj} is bit number per each carrier, and
b

mx 15 @ total value of the transmission amount.

Then, by,ge(k) is derived by the following equation (step

S5):



crosstal k. 13. A nulti-carrier transm ssion unit perform ng transm ssion by
multi-carrier, characterized by perform ng data transnissi?g b%P 3
periodically deriving a bit distribution of each carrier d H%I P-carrier
dependi ng upon a period of periodically varying noise. 14. A multi-carrier
transm ssion unit as set forth in claim213, wherein said bit distribution
of each of said carrier is derived by usi4ldg-a cl ock synchroni zed with said
periodically varying noi se and dependi ng upon a period of said clock. 17
July 2003 - 28 15, A nﬁzit;qggrier transm ssion unit as set forth in claim
13, wherein a transi®si'on powe? distribution of each of said carrier is
periodically derived together with the bit distribution of each of said
carrier. 16. A nufti-carrier transm ssion unit as set forth in claim 14,
whi ch perforns quadrature anplitude nodul ati on using said each carrier and
mul tiplies the nodwharedncal risera wim@fi river de tholr,i b, f.t @osfior ratictal 17.
A mufti-carrier transmssion unit as set forth in claim 14, which further
conprises a St ok W¥hd L@RRBMEEEROn kAR IWNHE eRlseehdd-d ik $RIThnHACK
with varying level and a circuit for transmtting a pseudo random si gna
havi ng all c f eqgltiv Liers. fi{l-C
transnissionqﬁﬁﬁgﬁggéggﬁ g%@h%%ﬁ SP%?%&T??HJ%%%F;%Mt %#ré%%%fﬁges a
circuit for detecting a period of noise on the basis of the | evel of said
tone fromanother unit, a circuit for deriving a signal to noise ratio of
sai d pseudo random signal per detected period and a circuit for deriving
one of a transm ssitoMNSoUdegdi §% rt biinisen SHRA 3BV K) dilst¥1 blti on, and bit
distribution of said carrier on the basis ..' of said signal to noise
ratio.

and
floor [log, {1 + E,, SNR(j)/k)/T' (i)}]

It should be noted that round represents counting fraction over
1/2 as one and disregarding the rest and floor represents

omission of fractions.

If biyrgec(K) > DPpayxsr Ppax = brargec (k) is established (steps
56 and S7). Then, the bit distribution b; of each carrier at
this time is stored as bAj. If k is not equal N, k = k + 1
is assumed (step S9). Then, process returns to step S5. If
k = N (step S8), the process is advanced to step S10. At this
time, b,,, becomes a maximum transmission amount, and b A j
becomes bit distribution of each carrier at that time. Obtain
bAi resorted from bAj, a transmission pbwer EAi of each

carrier is derived (step S10).



17 July 2003 - 29 19. Anulti-carrier transmssion unit as set forth in
claim 18, which further conprises a circuit for transmtting any one of
derived transm ssion power distribution and said bit di st ri’plwy 93 and sai d
bit distribution of each of said carrier to said another unit. 20. A
multi-carrier transmssion unit as set forth in claim18, which further
conprises a circuit for deriving a signalag4da noise ratio of said pseudo
random si gnal from said another unit per each noise period, and a circuit
for deriving one of a transm ssion power distribution and bit distribution,
and bit distributidhed &8 §o8&dr PeWegnErhebasi s of said signal to noise
ratio. 21. A nulti-carrier transmssion unit as set forth in claim18,

whi ch further conprises a circuit for transmtting one of the transm ssion
power distribution and the bit distribution, and said bit distribution of
each of said carrierg,deridMed,i to said another unit. 22. A nulti-carrier
transm ssion unit as set forth in claim 18, which initiates transm ssion
operation in response to a transm ssion start command for own unit from
said another unit. 23. A nufti-carrier transmssion unit as set forth in
claim 17 July 2003 -. 30, 1, ereLn ata . transm,ssion t.hr h i gital
subscri ber 1i edle§lﬁfgpf gﬂ‘r%% Solgs\/\keh[to%gﬁ%?tbeaﬁ %ggi %lag‘f]btlﬁeghlg%i%s ?1 A
mul ti-carrier_transmssion unit as set forth in claim13, wherein said bit
di stribution ¥sief peeuBdofoidFsfriBule gt eatBemuidr lof. bi ¢ Asihered

noi se periodically varying between |arge and small is small than that when
said noise | sMaElllgey: odfe nulti-carrier transmssion unit as set forth in
cl ai m

E EAL/Eqoea OF Epax,s

target

(step S12). Here, E,, 4 is preliminarily provided as a maximum

value of total power. E is an allowable extreme value per

max
carrier.

In the foregoing embodiment, there has been disclosed
the case where the period of noise is 200 Hz as shown in Fig.
3 and noises are two kinds. This shows merely one example and
three or more kinds of noises or various values of periods may
be taken as known in the art. Detail of calculation method
shown in Fig. 5 has been disclosed in U. S. Patent No. 5,479,447.
However, the calculation method is not limited to the disclosed
method.

As set forth above, according to the present invention,

by controlling bit distribution and power distribution

depending upon noise period, transmission amount can be



13, wherein said bit distribution is effected to distribute greater nunber
of bits when said noise periodically varying is far end crﬁersu& t han t hat
when said noise is near end crosstalk. 26. A nulti-carrier't ssi on

met hod characterized by perform ng data transm ssion by periodically
deriving a bit distribution of each carrier of nmulti-carrier depending upon
a periodically varying noise period. 27- 2B mrulti-carrier transm ssion

met hod as set forth in claim26, wherein said bit distribution of each of
said carrier i,s derived hy usjin K onj ze it i
periodically \}érc;];fg’ﬁae oFgéna?lé glé%e%%lg%gw%%%%}gogé’e%i%’d%cﬁl%stgﬁgqé’l 5’8'!?.11’ 17
July 2003 - 31  28. Anmulti-carrier transm ssion pethod as set forth |n
Claim 26, whorBi +a iMPARYANEEFoRTABABE S8R, PELLFLRNGY SaRHPOaCR eV ehrr i er
is periodically derived together with the bit distribution of each of said
carrier. 29. A nultplehpppbrthe presesdi bhvarthon s beensbllystratediprdr7,
wher ei n quadrature anplitude nodul ation is perfornmed by using each of said
carrier and t keseodbkedt ed thamreispecits toulexigripdred @sibogimendr theFeorfi ent
transformation in a first unit, and each of said carrier is denodul ated
fromthe signahomldt el exelkdgtoeal by itistseinskilbedigikotheeartr ahakormet i on
vJ in a seconds unit. 30. A nulti-carrier transm ssion nethod as set forth

in claim27, wWeegioingnafadi fafid$é dilidr chahgee,i Smisansnktdmd asiehoari zed
with said clock with varying | evel and a pseudo random si gnal having all

conponents of respectihye €RELLERSahd LREPSHS! @t hADE ddhaAl T aGoRd tHRi t,

a period of noisSe is detected on the basis of the Tevel of said tone from

said first unit,. Si I naj t. j pse r i.gnal_,per
det ect ed peri ()ngﬁrgtdea?}%\?és(ftog)r?d%ofzgd{ﬁl éaloﬁér)%nnéﬁrg{s on%;rg'we?ﬁ ?{s%f?)ir ut itg% and
bit distribution, i,stri u‘g_ilgn of ,said carri

|
basi s of Saidpgﬁ&ﬁg&ggngBQégnr% ? not be under%t%%% 5% fféiggﬁiég1£%%e
specific embodiment set out above but to include all possible
embodiments which can be embodied within a scope encompassed

and equivalents thereof with respect to the feature set out

in the appended claims.
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10%v&' () -1 ?7@\BdYNC said second unit comprises a circuit for detecting a
period of noise on the basis of the level of said tone from
said first unit, a circuit for deriving a signal to noise ratio
of said pseudo random signal per detected period and a circuit
for deriving one of a transmission power distribution and bit

distribution, and bit distribution of said carrier on the basis

of said signal to noise ratio.

6. Amulti-carrier transmission systemas set forth inclaim
5, wherein said second circuit comprises a circuit for
transmitting any one of derived transmission power
distribution and said bit distribution, and said bit
distribution of each of said carrier to said first unit, and
said first unit comprises a circuit for performing data
transmission to said second unit according to one of said
transmission power distribution and bit distribution, and said

bit distribution per said noise period from said second unit.

7. Amulti-carrier transmission systemas set forth in claim

5, wherein said second unit comprises a c¢ircuit for
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of each of said carriers derived to said second unit,

said second unit comprises a circuit for performing data
transmission to said first unit according to one of said
transmission power distribution and bit distribution, and said

bit distribution per said noise period from said first unit.

9. Amulti-carrier transmission systemas set forth in claim
4, wherein said first unit initiates transmission operation
in response to a transmission start command for own unit from

said second unit.

10. Amulti-carrier transmission systemas set forth inclaim

1, wherein a data transmission through a digital subscriber
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13. A multi-carrier transmission unit performing
transmission by multi-carrier, characterized by performing

data transmisgsion by periodically deriving a bit
distribution of each carrier of multi-carrier depending upon

a period of periodically varying noise.

14. A multi-carrier transmission unit as set forth in claim
13, wherein said bit distribution of each of said carrier is
derived by using a clock synchronized with said periodically

varying noise and depending upon a period of said clock.
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14, which further comprises a circuit for transmitting a tone
synchronized with said clock with varying level and a circuit
for transmitting a pseudo random signal having all components

of respective carriers.

18. A multi-carrier transmission unit as set forth in claim
17, which further comprises a circuit for detecting a period
of noise on the basis of the level of said tone from another
unit, a circuit for deriving a signal to noise ratio of said
pseudo random signal per detected period and a circuit for
deriving one of a transmission power distribution and bit
distribution, and bit distribution of said carrier on the basis Ve

of said signal to noise ratio.
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20. A multi-carrier transmission unit as set forth in claim

18, which further comprises a circuit for deriving a signal

to noise ratio of said pseudo random signal from said another

unit per each noise period, and a circuit for deriving one of

a transmission power distribution and bit distribution, and

bit distribution of said carrier on the basis of said signal

to noise ratio.

21. A multi-carrier transmission unit as set forth in claim
18, which further comprises a circuit for transmitting one of
the transmission power distribution and the bit distribution,
and said bit distribution of each of said carriers derived,

to said another unit.
22. A multi-carrier transmission unit as set forth in claim
18, which initiates transmission operation in response to a

transmission start command for own unit fromsaid another unit.

23. A multi-carrier transmission unit as set forth in claim
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large.

25. A multi-carrier transmission unit as set forth in claim
13, wherein said bit distribution is effected to distribute
greater number of bits when said noise periodically varying
is far end crosstalk than that when said noise is near end

crosstalk.

.26, A multi-carrier transmission method characterized by

performing data transmission by periodically deriving a bit
distribution of each carrier of multi-carrier depending upon

a periodically varying noise period.

27. Amulti-carrier transmission method as set forth inclaim
26, wherein said bit distribution of each of said carrier is
derived by using a clock synchronized with said periodically

varying noise and depending upon a period of said clock.
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28. Amulti-carrier transmission method as set forth inclaim
26, wherein a transmission power distribution of each of said

carrier 1is periodically derived together with the bit

digtribution of each of said carrier.

29. Amulti-carrier transmissionmethod as set forth inclaim
27, wherein quadrature amplitude modulation is performed by
using each of said carrier and the modulated carrier is
multiplexed using inverse Fourier transformation in a first
unit, and each of said carrier is demodulated from the signal
multiplexed in said first unit using Fourier transformation

~/
in a second( unit.

30. Amulti-carrier transmission method as set forth inclaim
27, wherein in said first unit, a tone is transmitted
synchronized with said clock with varying level and a pseudo
random signal having all components of respective carriers is
transmitted, and

in said second unit, a period of noise is detected on
the basis of the level of said tone from said first unit, a
signal to noise ratio of said pseudo random signal per detected
period is derived and one of a transmission power distribution
and bit distribution, and bit distribution of said carrier is

derived on the basis of said signal to noise ratio.



