e o o i £ e : “1“021 51 -3

SYSTEM APPARATUS AND METHOD FOR MULTI - CARRI ER TRANSM SSI ON BACKEROURE7OF
THE | NVENTI ON The present invention relates:to-a system an apparatus and a
nmethod for nulti-carrier transmission which in particular use a bit

al  ocat.ion switching systemand a FDM (frequency division multiplexing)
system and i npl enents:the data transmissi.on using nulti-carrier under the
noi se environnment that the changing timng of noise |level is known.

Description of the RelatedArt LAt al subscriber |ine)
t echnol ogy has been fe%gaab‘ #ﬁﬁﬁﬁﬁsmﬂ%@@i transm ssion of a

f ew megabi.t s/ second S ARRIYSE ; bl e, such as a

|l oop. In this, x of mﬁﬁamnggs an%%ﬁmg&@%pesof DSL and x
has an al phabet such as A, S, V and H depending on its technology. In this
technol ogy, an ADSL (asymretric digital subscriber line) technol ogy has
been highly focused oBACHRGRABNDDBFAHEINVENTION ssi on speeds bet ween
upstream and downstream directions and this asymetrical nature is suitable
for the access, flthe presembinvamtionAndates paraasysienscanapparatubnddi scret e
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recei ving side extrdacts each carrie signal's using a
FFT (f atlie hoigd enviroanaéat thatnHei chirgriagt indihg cfneidellavebis kaoshgnal s
nmodul ated QAM with this, the high-speed transm ssion becones possible.
However Desoriptioreof heiRe¢laded lodps of an | SDN (i ntegrat ed

Recently, an xDSL (digital subscriber line) technology has been
focused on, by which the high-speed transmission of a few
megabits/second becomes possible using a metallic cable, such as a loop. -
In this, x of the xDSL means any of the various types of DSL and x has an
alphabet such as A, S, V and H depending on its technology. In this
technology, an ADSL (asymmetric digital subscriber line) technology has
been highly focused on. This ADSL has different transmission speeds
between upstream and downstream directions and this asymmetrical
nature is suitable for the access for Internet.

This ADSL apparatus'uses a named DMT (discrete muiti-tone)
system as a MODEM (modulator-demodulator), and converts digital
signals to analog signals and transmits the converted signals. The DMT
system implements the modulation applying a QAM (quadrature
amplitude modulation) for 256 carriers and the modulated carriers are
multiplexed using an IFFT (inverse fast Fourier transform) and are
transmitted. The receiving side extracts each carrier from the
multiplexed signals using a FFT (fast Fourier transform) and implements
the demodulation to signals modulated QAM with this, the high-speed
transmission becomes possible. g

However, more over 4 million loops of an ISDN (integrated
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2 services digital network) being a TCM (tinme conpression mnultiplexing)
system have been installed in Japan. At the case that the |oop for the ADSL
is installed adjacent to the loop for the ISDN, a cross-tal k noi se maki ng

t he conmuni cati on speed of the ADSL | oop | essen occurs effected by the | SDN
loop. In this case, it is possible thatythe Ioop for ASDL is separately
installed fromthe loop for ISDN, not to be installed in the sane bundl e of
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apparatus caused by the |1SDN |ine. Referr&l% to Fig. 1, the cross-talk
noi se gaemaking the conimuiiishtioppspesd of the D& elbophlessenacents keffeeted t he
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| oop inplements upstream data transm ssion, a high power signal before
at t enuacaonseturd dhECirasDNissibhucapasitynnat tinflveemeeds bynthe afroshdaloSL

| oop and a NEXT (near end cross-talk), .is generate the, ATUUR At the
time whéiPlshEaNSs ub&geiwn@nm@l e%whgt ﬁmﬂsﬁ&%@am ¢ daoparfert he
TCM | S[D]%‘$§i{) I mpl enents downstream data transm ssion, a signal of the
TCM | S ' ‘uences an attenuated signal of the ADSL | oop arid a FEXT (far

end cross-tal k) fgg9en8rRtassRtal fofstdRigriif sWPidd B0 ssitalk Ussess s
generated in the ADSL apparatus caused by the ISDN line. Referring to
Fig. 1, the cross-talk noise generated in the ADSL apparatus which used
the adjacent line to the ISDN line using the TCM system is explained.
In Fig. 1, the cross-talk noise generated in an ATU-R (ADSL transceiver
unit, remote terminal end) caused by the data transmission of the TCM-
ISDN loop is shown, at the time when the downstream data transmission
1s implemented in the ADSL loop. |

In the TCM-ISDN loop, the data transmission of upstream and
downstream directions is implemented alternately every 1.25
milliseconds. At the time when the ADSL loop implements downstream
data transmission and the TCM-ISDN loop implements upstream data
transmission, a high power signal before attenuation of the TCM-ISDN
influences an attenuated signal of the ADSL loop and a NEXT (near end
cross-talk) is generated at the ATU-R. At the time when the ADSL loop
implements downstream data transmission and the TCM-ISDN loop
implements downstream data transmission, a signal of the TCM-ISDN
influences an attenuated signal of the ADSL loop arid a FEXT (far end

cross-talk) is generated at the ATU-R. The same kind of influences is



3 generated at an ATU-C (ADSL transceiver unit, central office end). Fig. 2
is a noise anount di agram showi ng the ampbunt of the cross-talk noise in
Fig. 1. As shown in Fig. 2, the anount of noise generating at the NEXT is

| arger than that at the FEXT. The reason why this occurs is that the high
power signal before attenuation of the JCM I SDN influences the attenuated
signal of -the ADSL | oop. Focusing on thgfs di fference of the anpunt of
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small data at the time generated the NEXT that the amount of noise is

large, as shown in Fig. 2.

As mentioned above, at the ADSL apparatus whose loop is
adjacent to the TCM-ISDN loop, the amount of noise changes cyclically,
therefore SNR (signal to noise ratio) of each carrier is measured in each of
upstream and downstream directions, and the bit allocation is obtained
corresponding to this measured SNR.

Fig. 3 is a block diagram showing the structure of a
conventional ADSL apparatus. Referring to Fig. 3, the structure of the
conventional ADSL apparatus is explained.

The transmitting section of the ATU-C 300 includes a rate
converter 301 in which data transmitted in a constant speed from the
external equipment are temporarily stored, a mapping section 302 which
switches the bit allocation and transmission power allocation of each
carrier corresponding to the cha_nging timing of noise level and
implements the bit allocation and transmission ﬁower allocation to each
carrier, an IFFT (inverse fast Fourier tra_nsform) 303 which implements
the modulating and multiplexing in each carrier for multi-point QAM

(quadrature amplitude modulation) signals being the output of this



(quadrature anplitude nodul ation) signals being the output of this 4
mappi ng, and a DAC (digital to anal og converter) 304 which converts this
digital nutiplexed output to a downstream anal og signal and transmts the
anal og signal. The receiving section of the ATU C 300 i ncludes an ADC
(analog to digital converter) 305 which converts analog signals transmtted
froman ATU-R 400 to digital signals, adFFT (fast Fourier transforn 306
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308 whi c@hg%@bgﬁgﬁa{_hange of the anpbunt of data transm ssion caused by

t he change o IT allocation and transfers the data to the external

equi pnent” i n a cdiheapécsivbeg. sedtion refh $hiet ATG-Ee800oincliudese aiT ABCI00

includes a rate converter 401 in which data transmtted in a constant speed
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anal og camdttEnsmiddionhipoiveroallecdtionhifedelyi daatrioruborspsadingttouthéo an
upstream anal og signal and transm ts the anal og signal. The receivin
section éhamgangTiapRngoof notseulexel anddentedraladgs tthedirginsanitted signals, 408
whi ch COM h5rd ga(!,oc}gfesijtg{‘] %|O§ which adjusts the change of the amount of data
transmission caused by the change of bit allocation and transfers the data
to the external equipment in a constant speed.

The transmitting section of the ATU-R 400 includes a rate
converter 401 in which data transmitted in a constant speed from the
external equipment are temporarily stored, a mapping section 402 which
switches the bit allocation and transmission power allocation of each
carrier correspondihg to the changing timing of noise level and
implements the bit allocation and transmission power allocation to each
carrier, an IFFT (inverse fast Fourier transform) 403 which implements
the modulating and multiplexing in each carrier for multi-point QAM
(quadrature amplitude modulation) signals being the output of this
mapping, and a DAC (digital to analog converter) 404 which converts this
digital multiplexed output to an upstream analog signal and transmits
the analog signal.

The receiving section of the ATU-R 400 includes an ADC
(analog to digital converter) 408 which converts analog signals
transmitted from the ATU-C 400 to digi-tal signals, a FFT (fast Fourier
transform) 407 which implements the fast Fourier transform for these

digital signals, a demapping section 406 which switches the bit allocation



transmtted fromthe ATU- C 400 to digital signals, a FFT (fast Fourier
transfornm) 407 which inplenents the fast Fourier transformfor these
digital signals, a demapping section 406 which switches the bit allocation
5 and transmi ssion power allocation corresponding to the changing timng of
noi se | evel and denodul ates the transmtted signals, and a rate converter
405 which adjusts the change of the anunt .of data transm ssion caused by
t he change of bit allocation and transfers the data to the external,
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bl ock di agram show ng the structure of a bit & power allocation calculating

section 43@hefexteenaAl bqRig@@ntAn 4 benstare sypesd.t he | SDN i npl ement s
downstream transm ssion, the NEXT is generated in the ATU- C 300 and the
FEXT is generat edThe MBUACUI9Mcurthendingludee o msewderrandomsmignal

| npl ements upstreamtransgj ssion, the FEXT is gener.ated.in,the ATU.C 300
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al l ocate sequence, to each carrier using for data transm sSion. And the
pseudo- rgglongodals gdslechtdiagraac shomanglthastrvdiarewfpatbit®& pewerat ed

ot o baloulaving section 313 of the ATU.C 860« Fig. 5 s biock
diagram showing the structure of a bit & power allocation calculating
section 410 of the ATU-R 400. '

At the time when the ISDN implements downstream
transmission, the NEXT is generated in the ATU-C 300 and the FEXT is
generated in the ATU-R 400. And at the time when the ISDN
implements upstream transmission, the FEXT is generated in the ATU-C
300 and the NEXT is generated in the ATU-R 400.

Under this noise environment, in order to secure the data
transmission capacity, pseudo-random signal generating sections 310 and
409 generate the pseudo-random signals being the data which are
composed of predetermined pseudo-random orders and are allocated in
sequence, to each carrier using for data transmission. And the pseudo-
random signal generating sections 310 and 409 output the generated
pseudo-random signals to the IFFT 303 and 403 respectively and after
this, the outputs from the IFFT are outputted to each counter remote
terminal.

Bit & power allocation calc-ulating sections 312 and 410
calculate the bit allocation allocating to each carrier for data transmission

and the transmission power allocation using in each carrier by using the



this, the outputs fromthe IFFT are outputted to each counter renote
termnal. Bit & power allocation calculating sections 312 and 410 cal cul ate
tthe bit allocation allocating to each-carrier for data transm ssion and the
transm ssi on power allocation using in each carrier by using the 6
pseudo-random si gnal s generated at the gseudo-random signal generating
sections 409 and 310 of the counter renote termnals, for the time of the

NEXT d FEXT, Th al cul.ated bit all ti on d t ransyi ssSi ower
N ocat| rearEapaegtg Sianah, wanbrarsd B0 B8 LPSRREb SRR rSlenal

Menor | Ze%«%ﬂbfa&ﬁxp?@@@ﬁflhg% ‘étndoﬁ ﬁf ft e & errﬁﬂﬂi fer{rﬁ'iﬁ@l ag‘ort' the

respectl ocessli ng Ow Ccal Cu I ng e OVG menti one

al | ocat i ofinef theNHKIShAd PEXT. al | ocat ion is expl ained in detail. The
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At the training period when the bit allocation allocating to
carrier and the transmission power allocation using for each carrier'is
calculated, the pseudo-random signal generating section 310 modulates
the amplitude of each carrier using for data transmission to the
amplitude corresponding to the order of bits of prescribed data allocated
by the predetermined pseudo-random order and outputs to the IFFT 303.

The IFFT 303 implements the inverse fast Fourier transform to
each carrier modulated the amplitude and outputs the voltage value
added each carrier and expressed in digital form. The DAC 304 converts
the voltage value of the digital form to the analog signal being the actual
value and outputs to the loop.

The ATU-R 400 converts the analog signals transmitted from
the ATU-C 300 to the voltage value expressed in digital form at the ADC
408. After this, the voltage value in digital form is implemented the fast
Fourier transform at the FFT 407 and each carrier modulated its
amplitude is taken out. |

Each carrier taken out at the FFT 407 is outputted to the bit &
power allocation calculating section 410.

In the bit & power allocation calculating section 410, the plural



the ATU-C 300 to the voltage value expressed in digital format the ADC
408. After this, the voltage value in digital formis inplenented the fast
Fourier transformat the FFT 407 and each carrier nodul ated its anplitude
is taken out. Each carrier taken out at the FFT 407 is outputted to the bit
& power allocation calculating section 410. In the bit & power allocation
calcul ati ng section 410, the plural " SNR val ues of each carrier are
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t he demapmid@fsifd NEXOGanGated ainsa NEXT SNRt 215hgndegid ralasatkdn 402.
Fig. 6B is a diagramshow ng the determ ning state of the bit allocation of
each caraverageovakspohSiNIY atathehtinay of dhe KiiK(legeneGitRdemas IREXA' SINRhe
downst ream SNR eval uati ng section 414. At the training period when the bit
al | ocat i bk EeSPREIEYENY-t 0 the carrier used for data transmission and the

transm ssion powgr b%;I Oﬁ:(%}vélg Qllocation table calculating section 416 calculates

the bit allocation and transmission power allocation of each carrier in
every noise level by the measured average value of SNR of each carrier,
and the calculated bit allocation and transmission power allocation is
outputted to the demapping section 406 and is memorized in the
demapping section 406 and is also outputted to the mapping section 402.
Fig. 6B is a diagram showing the determining state of the bit allocation of
each carrier corresponding to the average value of SNR evaluated at the
downstream SNR evaluating section 414.

At the training period when the bit allocation allocating to the
carrier used for data transmission and the. transmission power allocation
using for each carrier is calculated, the mapping section 402 allocates the
information of the bit allocation and transmission power allocation
calculated at the bit & power allocation calculating section 410 to the
predetermined carrier in the predetermined number of bits, and outputs
the allocated result to the IFFT 403.

The IFFT 403 implements the inverse fast Fourier transform to
the predetermined carrier transmitted from the mapping section 402 and
outputs the voltage value expressed in digital forin. The DAC 404

' generates the analog signal being an actual voltage value from the



using for each carrier is calculated, the mapping secti'on 402 allocates the
information of the bit allocation and transm ssion power allocation
cal cul ated at the bit & power allocation calculating section 410 to the
predetermned carrier in the predeterm ned nunber of bits, and outputs the
allocated result to the IFFT 403. The I&FT 403 inplenents the inverse fast
Fourier transformto the predetermned carrier transmtted fromthe mappi ng
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8 vol t agghe/Bjgpe_expressed in digital formand outputs the anal og signal to
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section 302.

Using the two kinds of bit allocation and transmission power
allocation calculated by the above mentioned processing, the mapping
sections 302 and 402 select the bit allocation and transmission power
allocation corresponding to the noise level generated at the time of data
transmission and implements the bit allocation and transmission power
allocation for each carrier. The demapping sections 307 and 406 take
out the data allocated to the carrier by using the same bit allocation and
fransmission power allocation that the bit allocation and transmission
power allocation is implemented at the counter remote terminal
corresponding to the noise level.

Furthermore, the ATU-C 300 provides a tone synchronized
with noise generating section 311 and the ATU-R 400 provides a clock
detecting section 411 and a bit & power allocation selecting section 412.

The clock in the ATU-C 300 is a clock synchronizing with to the
changing timing of noise level and, in this case, the changing timing of
noise level is known. For example, at the case that the noise is a cross-
talk noise from the TCM-ISDN, the NEXT and the - FEXT are generated

every 1.25 milliseconds, therefore the SNR of each carrier also changes



transm ssi on .power allocation that the bit allocation and transm ssion
power allocation is inplenented at the counter renpte term nal
corresponding to the noise level. Furthernore, the ATU-C 300 provides a
tone synchroni zed with noi se generating section 311 and the ATU-R 400
provi des a clock detecting section 411 and a bit & power allocation

Sel ecting section 412. The clock in the MTU-C 300 is a clock synchroni zi ng
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synchroni zati on of the changing timng of nodise |evel, using the clock
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| FFT 303. A clock detecting section 411 detects the changing tim ng of
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timing of noise level, using the clock synchronizing with the changing
timing of noise 1eve1, and outputs to the IFFT 303.

A clock detecting section 411 detects the changihg timing of
noise level by the change of amplitude of the designated carrier, in this,
the changing timing is taken out by a FFT 407. The detected changing
timing of noise level is transmitted to the bit & power allocation selecting
section 412,

The bit & power allocation selecting section 412 recognizes the
changing timing of noise level by the information from the clock detecting
section 411 and selects one from the memorized two kinds of bit allocation
and transmission power allocation in the mapping section 402 and
designates the bit allocation and transmission power allocation to use the
implementation of data transmission corresponding to the noise level.
And the bit & power allocation selecting section 412 also selects one from
the memorized two kinds of bit allocation and transmission power
allocation in the demapping section 406 and in order to use for
demodulation, designates the same bit allocation and transmission power

allocation used by corresponding to the noise level at the ATU-C 300.

Fig. 7 is a hyperframe structure diagram composed of 345



section 412. .The bit & power allocation selecting section 412 recogni zes

t he changing timng of noise level by the information fromthe clock
detecting section 411 and selects one fromthe nenorized two kinds of bit

al l ocation and transm ssion power allocation in the mappi ng section 402 and
designates the bit allocation and transm ssion power allocation to use the
I"npl enment ati on of data transm ssion coﬂpesponding to the noise level. And
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& power allocation selecting section 412 memorizes which bit allocation
and transmission power allocation should be used every transmission
order of symbols, from the two kinds of bit allocation and transmission
power allocation.

The ATU-C 300 provides an echo canceler 313 and the ATU-R
400 provide an echo canceler 413. Fig. 8 is a frequency band diagram
using for data transmission by an echo canceler system. As shown in
Fig. 8, in order to increase the transmission capacity, a part of the
frequency band using for upstream and downstream data transmission is
overlapped. Therefore, the echo canceler is provided to cancel the
influence from reflection.

The operation of the IFFT is explained in more detail. The
signals from the pseudo-random signal generating section, the tone
synchronized with noise generating section and the mapping section are
outputted to the IFFT. However these signals are not inputted at the
same time. That is, the IFFT ifnplements the inverse fast Fourier
transform for signal inputted in different time and outputs to the DAC.

The mentioned above each equipment is controlled by a

sequencer which is not described in diagrams. By the control of this



The ATU-C 300 provi des an echo cancel er 313 and the ATU-R 400 provide an
echo canceler 413. Fig. 8 is a frequency band di agram using for data
transm ssion by an echo canceler system As shown in Fig. 8, in order to

i ncrease the transm ssion capacity, a part of the frequency band using for
upstream and downstream data transm ssiygn i s overl apped. Therefore, the
echo canceler is provided to cancel the influence fromreflection. The
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different, tinme and outputs to the DAC. The nentioned, above each equi pErent
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capacity and can al so have sinple structure

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a

system, an apparatus and a method for multi-carrier transmission which

.secure the transmission capacity and can also have simple structure
under the noise environment that the changing timing of noise level is
known.

According to a first aspect of the present invention, for
achieving the above mentioned objects, the present invention is a system
for multi-carrier transmission which implements data transmission using
the multi-carrier between a first communication equipment and a second
communication equipment interactively under the noise environment
that the changing timing of noise level is known.

Said first communication equipment switches bit rates of the
data transmission using a first frequency band corresponding to the
changing timing of noise level and comprises a first transmitting means
for transmitting the data to said second communication equipment.

Said second communication equipment switches bit rates of the
data transmission using a second frequency band ¢orresponding to the

changing timing of noise level and comprises a second transmitting



under the noise environnent that tfie changing timng of noise level is
known. According to a first aspect of the present invention, for- achieving
the above nentioned objects, the present invention is a systemfor
multi-carrier transm ssion which inplenments data transm ssion using the
mul ti-carrier between a first comunicghi on equi prent and a second

conmuni cati on equi pnent interactively under the noise environnment that the
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bit rate with which said first transmtting nmeans inplenents the data
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to said second ¢omuni catjon egui pnent i.ng, said first frequency band,
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present PNRR{JIOMron® ARl first communication equipment to said second
communication equipment is large.

According to a second aspect of the present invention, in the
first aspect, said system for multi-carrier transmission makes the bit rate
with which said first transmitting means implements the data
transmission of said first direction using said first frequency band higher
than the bit rate with which said second transmitting means implements
the data transmission of said second direction using said second
frequency band, during the period that the noise generated at the data
transmission to said second direction is large.

According to a third aspéct of the present invention, in the
first aspect, said first transmitting means implements the data
transmission using the carrier of said first frequency band, by making the
bit rate of the data transmission implementing during the period that the
noise generated at the data transmission to said second direction is large
higher than the bit rate of the data transmission implementing during
the period that the noise generated at the data transmission to said first
direction is large. '

According to a fourth aspect of the present invention, in the

first aspect, said second transmitting means implements the data



first aspect, said systemfor nulti-carrier transm ssion nakes the bit rate
with which said first transmtting nmeans inplenents the data transm ssion
of said first direction using said first frequency band hi gher than the bit
rate with which said second transmtting neans inplenents the data

transm ssion of said second direction ing said second frequency band,
during the period that the noise gener&ted at the data transmssion to said’
second directjon is Lar% . Accordif Hf a third aspect, of tge resent
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transm ssion to said second direction is |arge. According tohg fifth aspect
of the whislemheimorinés ¢he bit alleatiors tllesating, toseach fcarsiertafoswsin fiksng
means provides a first nenprizing nmeans which menorizes the bit allocation
al | ocatfreguescyabandaandethef transmissien pewquerldgcation using fer each
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direction during the period that the noise generated at the data -
transmission to said first direction is large and memorizes the bit
allocation allocating to each carrier of said first frequency band and the
transmission power allocation using for each carrier of said first
frequency band which transmit the data to said first direction during the
period that the noise generated at the data transmission to said second
direction is large and a first modulating means which reads out the two
kinds of bit allocation and transmission power allocation from said first
memorizing means and allocates the bit allocation and transmission
power allocation to each carrier of said first frequency band, by making
the bit rate during the period that the noise generated at the data
transmission to said second direction is large higher than the bit rate
during the period that the noise generated at the data transmission to
said first direction is large, corresponding to the changing timing of noise
level. _ |
According to a sixth aspect of the present invention, in the first
aspect, said second transmitting means -provides a second memorizing
means which memorizes the bit allocation allocating to each carrier of

said second frequency band and the transmission power allocation using



direction during the period that the noise generated at the data

transm ssion to said first direction is |large and nenorizes the bit

al l ocation allocating to each carrier of said first frequency band and the
transm ssion power allocation using for each carrier of said first
frequency band which transmt the data t,0 said first direction during the
period that the noise generated at the ](fat a transm ssion to said second
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first direction is large and nenorizes the bit allocation allocating to
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transm sphgd, B9V¥ialdhkQdR bie'také ring the period that the noise generated at
the data transmission to said first direction is large higher than the bit
rate during the period i:hat the noise generated at the data transmission
to said second direction is large, corresponding to the changing timing of
noise level.
According to a seventh aspect of the present invention, in the
first aspect, said first communication equipment provides a third
memorizing means which memorizes the bit allocation allocating to each
carrier of said second frequency band and transmission power allocation
using for each carrier of said second frequency band transmitted from
said second communication equipment during the period the noise
generated at the data transmission to said first direction and memorizes
the bit allocation allocating to each carrier of said second frequency band
and transmission power allocation using for each carrier of said second
frequency band transmitted from said second communication equipment
during the period the noise generated at the data transmission to said
second direction, and a first receiving- means which includes a first
demodulating means that reads out the two kinds ‘of bit allocation and

transmission power allocation from said third memorizing section and



sai d second nenorizing section and allocates the bit allocation and

transm ssion power allocation to each carrier of said second frequency
band, by naking the bit rate during the period that the noi se generated at
the data transmission to said first direction is |large higher than the bit
rate during the period that the noise generated at the data transm ssion to
said second direction is large, correspkdnding to the changing timng of
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the data transmission to said first direction and memorizes the bit -

allocation allocating to each carrier of said first frequency band and
transmission power allocation using for each carrier of said first
frequency band transmitted from said first communication equipment
during the period the noise generated at the data transmission to said
second direction, and a second receiving means which includes a second
demodulating means that reads out the two kinds of bit allocation and
transmission power allocation from said fourth memorizing means and
demodulates the data transmitted from said first communication -
equipment, by using the same bit allocation and transmission power
allocation as the bit allocation and transmission power allocation
allocated at said first communication equipment corresponding to the
changing timing of noise level.

According to a ninth aspect of the present invention, in the
seventh aspect, said second communication equipment provides a second
pseudo-random signal generating means which generates pseudo-random
signals allocated in sequence the data being predetermined pseudo-
random order to each carrier of said second frequency band using for the

data transmission to said second direction and outputs to said second



menori zi ng means which nenorizes the bit allocation allocating to each
carrier of said first frequency band and transm ssion power allocation
using for each carrier of said first,frequency band transmitted from said
first conmunication equipnment during the period the noise generated at the
data transm ssion to said first direction and nenorizes the bit allocation
allocating to each carrier of said fird frequency band a~nd transm ssion

ower allocati,on using fo ach,carrier of said.first.freguency.hand
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means, abekd®e SNR value of each carrier calculated at said first SNR calculating

means, at the period that the noise generated at the data transmission to

said second direction is large and at the period that the noise generated at ~
the data transmission to said first direction is large. And said third
memorizing means memorizes the information of the two kinds of bit
allocation and transmission power allocation calculated at said first bit
and power allocation calculating means and also outputs them to said
first modulating means, and said first transmitting means outputs them
to said second communication equipment. And said first modulating
means, at the training period that evaluates the bit allocation and
transmission power allocation allocating to each carrier, allocates the
information of the two kinds of the bit allocation and transmission power
allocation calculated at said first bit and power allocation calculating
means to the designated carrier in designated number of bits each. And
said second communication equipment receives said designated carrier
from said first communication equipment at said second receiving means
and also takes out the information of said two kinds of bit allocation and
transmission power allocation from said designated carrier at said second

demodulating means and memorizes the information of the taken out two



period that the noise generated at the data transm ssion to said second
direction is large and at the period that the noise generated at the data
transm ssion to said first direction is large, and a first bit and power

al l ocation cal cul ati ng neans which calculates the two kinds of the bit

all ocati'on allocating to each carrier g@hd transm ssion power allocation
using for each carrier of said second frequency band, by using said average
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communi Cﬁtwiz %ge% %i-xpanr%gmpgiogvrila gsreacefi\iré tat said second receiving means, ‘at
the period that the noise generated at the data transmission to said first
direction is large and at the period that the noise generated at the data
transmission to said second direction is large, and a second bit and power
allocation calculating means which calculates the two kinds of the bit
allocation allocating to each carrier and transmission power allocation
using for each carrier of said first frequency band, by using said average
SNR value of each carrier calculated at said second SNR calculating
means, at the period that the noise generated at the data transmission to
said first direction is large and at the period that the noise generated at
the data transmission to said second direction is large. And said fourth
memorizing means memorizes the information of the two kinds of bit
allocation and transmission power allocation calculated at said second bit
and power allocation calculating means and also outputs them to said
second modulating means, and said second transmitting means outputs
them to said first communication equipment. And said second
modulating means, at the training period that evaluates the bit allocation

and transmission power allocation allocating to each carrier, allocates the



_pseudo-random si gnal generating nmeans whi ch generates pseudo-random signals
all ocated i n sequence the data being predeterni ned pseudo- random order to
each carrier of said first frequency ‘-band using for the data transm ssion
to said first direction and outputs to said first transmtting neans. And
sai d second conmuni cati on equi pment provides a second SNR (signal to noise
ratio) calculating neans which cal cul at 88 the two kinds of aver age SNR

val ue of each carrier, of said. first frequency band using for, the data
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means which removes side lobes generated at said second frequency band
from the carrier of said first frequency band having the data, at the back
position of said first transmitting means, and a second filter means which
removes side lobes generated at said first frequency band from the carrier
of said second frequency band transmitted from said second
communication equipment, at the front position of said first receiving
means.

According to a twelfth aspect of the present invention, in the
ninth aspect, said second communication equipment provides a third
filter means which removes side lobes generated at said first frequency
band from the carrier of said second frequency band having the data, at
the front position of said second transmitting means, and a fourth filter
means which removes side lobes generated at said second frequency band
from the carrier of said first frequency band transmitted from said first
communication equipment, at the back position of said second receiving
means. -

According to a thirteenth aspect of the present invention, in the

eighth aspect, said first communication equipment provides a clock signal



means to the designated carrier in designated nunber of bits each. And said
first conmuni cation equi pnent receives said designated carrier fromsaid
second comuni cation equi prent at said first receiving nmeans and al so takes
out the information of said two kinds of bit allocation and transm ssion
power allocation fromsaid designated carrier at said first denodul ating
means and nmenorizes the information of @he taken out the two kinds of bit
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aspect ofiemenapﬁeés@m bit\gHaeatian and thanspyssionappwer, Aldogation using for
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level, from the two kinds of bit allocation and transmission power
allocation memorized at said second memorizing means, to said second
modulating means by the changing timing of noise level detected by said
clock detecting means, and provides a bit allocation and transmission
power allocation selecting means which designates the same bit allocation
and transmission power allocation as the bit allocation and transmission
power allocation used corresponding to the noise level at said first
communication equipment using for the demodulation of the data , from
the two kinds of bit allocation and transmission power allocation
memorized at said fourth memorizing means, to said second
demodulating means.

According to a fourteenth aspect of the present invention, in a
system for multi-carrier transmission which implements the data
transmission using the multi-carrier between the first communication
equipment and the second communication equipment interactively under
the noise environment that the changing timing of noise level is known,
said first communication equipment ) provides a first temporarily
memorizing means for memorizing the data transmitted from external

equipment temporarily, a first memorizing means which memorizes the



generati ng neans whi ch generates the clock signal changed the anplitude of
t he designated carrier, by synchronizing with the changing timng of noise
level and transmits said clock signal fromsaid clock signal generating
means to said second communi cati on equi pnent using said first transmtting
means, said second communi cation equi pnment conprises a clock detecting
means whi ch detects the changing timngo@f noise |evel fromthe change of
"the anplitude of said clock signal recejved from said secaqg recei vi ng
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using for each carrier of said first frequency band corresponding to the
noise level at the data transmission, and modulates the amplitude of said
each carrier to the amplitude corresponding to the selected bit allocation
and transmission power allocation and the order of bits of the data
allocating to said each carrier, a first IFFT (inverse fast Fourier
transform) means which adds up each carrier of said first frequency band
modulated the amplitude at said first modulating means and outputs the
voltage value expressed in digital form, a transmitting means providing a
first DAC (digital to analog converter) means which converts the voltage
value expressed in digital form outputted from said first IFFT means to
analog signals and outputs tb a loop, and a first filter means which
removes side lobes generated at said second frequency band by the carrier
of said first frequency band outputted to the loop by said first DAC means,
and allocates the bit allocation and transmission power allocation to each
carrier of said first frequency band, by making the bit rate during the
period that the noise generated at the data transmission to said second
direction is large higher than the bit rate during the period that the noise

generated at the data transmission to said first direction is large, by said



20 two kinds of the bit allocation allocating to each carrier and
transm ssi on power allocation using for each carrier of the first frequency
band transmtting the data, at the period that the noise generated at the
data transm ssion to the first direction being fromsaid first

communi cati on equi pment to said second comruni cati on equi pnent is |arge and
~dt the period that the noi se generated % the data transm ssion to the '
second di eﬁtio @ﬁLn from said second comuni cati on equi pnent to said
first coﬁﬁﬁ #Eaap m@%d@ﬁﬁ@ﬁt is large, a first nodul ati ng nmeans which
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- period that the noise generated at the data transm ssion to sald secon
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noi se generated at the data transmi ssion to said first direction is |arge,
by said in said second temporarily memorizing means, and selects the bit

allocation allocating to each carrier and transmission power allocation
using for each carrier of said second frequency band corresponding to the
noise level at the data transmission, and demodulates said amplitude of
each carrier to the amplitude corresponding to the selected bit allocation
and transmission power allocation and said order of bits allocating to
each carrier, a second IFFT (inverse fast Fourier transform) means which
adds up each carrier of said second frequency band modulated the
amplitude at said second modulating means and outputs the voltage
value expressed in digital form, a transmitting means providing a second
DAC (digital to analog converter) means which converts the voltage value
expressed in digital form outputted from said second IFFT means to
analog signals and outputs to a loop, and a third filter means which
removes side lobes generated at said first frequency band by the carrier of
said second frequency band outputted to the loop by said second DAC
means, and allocates the bit allocation and transmission power allocation

to each carrier of said second frequency band, by making the bit rate



21 first nodul ati ng neans. According to a fifteenth aspect of the present

I nvention, in the fourteenth aspect, said second conmuni cati on equi pnent
provi des a second tenporarily menorizing nmeans for nenorizing the data
transmtted from external equipnent tenmporarily, a second menorizi ng nmeans
whi ch nmenorizes the two kinds of the bit allocation allocating to each
carrier and transm ssi on power al | ocat4on using for each carrier of the
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to the | gaiinlRaid Firbt RO ehddMs and takes out each carrier whose amplitude is

modulated of said second frequency band, a third memorizing means

which memorizes the two kinds of the bit allocation allocated to each
- carrier and transmission power allocation used for each carrier of said
second frequency band transmitting from said second communication
equipment, at the period that the noise generated at the data
transmission to said first direction is large and at the period that the
noise generated at the data transmission to said second direction is large,
a first demodulating means which reads out the two kinds of the bit
allocation and transmission power allocation from said third memorizing
means and takes out the data allocated to each carrier of said second
frequency band from said first FFT means, by using the same bit
allocation and transmission power allocation as the bit allocation and
transmission power allocation allocated corresponding to the changing
timing of noise level at said second communication equipment, a receiving
means prbviding a third temporarily memorizing means which
temporarily memorizes the data taken out by said first demodulating
means, in order to make the output amount of data & constant value, and

a second filter means which removes side lobes generated at said first



nmeans, and allocates the bit allocation and transni ssion power allocation
to each carrier of said second frequency band, by naking the bit rate 22
during the period that the noise generated at the data transmi ssion to said
first direction is large higher than the bit rate during the period that

t he noi se generated at the data transgission to said second direction is
|'arge, by said second npdul ati ng nean§” According to a sixteenth aspect of
t he pr | nvent.i | Nyt t . o R Lgation
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equi pnent using the carrier of said second frequency band to the voltage
val ue exegetwis@dmieany.gital form a first FFT (fast Fourier transform neans
whi ch inplenments the fast Fourier trapnsformto_said voltage val ue expressed
in digital formfacending &ofa sevenimenibanspesidof the pregentanvention, dn whose
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at the chatrder ndnsaids first froquandy seanddtalithec voliagesvahregexpaessedtin
denodul ati_ ng neans whi ch reads_out the two kinds of bit allocation and
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second ghvegnaaaplitndedsi arilated r et eavd nfirst frequency band, a fourth

memorizing means which memorizes the two kinds of the bit allocation

allocated to each carrier and transmission power allocation used for each
carrier of said first frequency band transmitting from said first
communication equipment, at the period that the noise generated at the
data transmission to said first direction is large and at the period that the
noise generated at the data transmission to said second direction is large,
a second demodulating means which reads out the two kinds of the bit
allocation and transmission power allocation from said fourth memorizing
means and takes out the data allocated to each carrier of said first
frequency band from said second FFT means, by using the same bit
allocation and transmission power allocation as the bit allocation and
transmission power allocation allocated corresponding to the changing
timing of noise level at said first communication equipment, a receiving
means providing a fourth temporarily memorizing means which
temporarily memorizes the data takén out by said second demodulating
means, in order to make the output amount of data a constant value, and
a fourth filter means which removes side lobes generated at said second

frequency band by each carrier of said first frequency band transmitted



means providing a third tenporarily menorizing nmeans which tenporarily
menori zes the data taken out by said first denodul ating neans, in order to
make the out put anmount of data a constant value, and a second filter neans
whi ch renoves side | obes generated at said first 23 frequency band by
each carrier of said second frequencyghand transmtted fromsaid second
eonmuni cati on equi pnent, at the front "position of said receiving neans.

Accor di fgof0 said dVestt eanniuAsididn equipmeantesanthe fvent ippsition ¢heaid
fifteenth aspect, said second conmuni cati on equi pment provides a second ADC

(anal og teceiiipgtmeansnverter) nmeans which converts anal og signals

transmtted fromsaid_first co ni catj on equi nt using the cgarrier of
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and, a fourth nme whi ch

first frequenc rizing neans menori zes the two

ki nds ofainipdithide ¢ff ¢ autatanmenbf sait sstond fraqhenay hiasrd asihg foaride dataon
power allocation used for each carrier of said first frequency band
t r ansni tiremgnissinms of said rsecovdndinectian tn theamplitude gorrespording te hat
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all ocation and transm ssi on power allocation allocated corresponding to the
changi ngearrier of said second frequency band using for the data transmission %o _
said second direction, by using each carrier whose amplitude is
modulated of said second frequency band, taken out by said first FFT
means, at the period that the noise generated at the data transmission to
said second direction is large and at the period that the noise generated at
the data transmission to said first direction is large, and a first bit and
power allocation calculating means which calculates the two kinds of the
bit allocation allocating to each carrier and transmission power allocation
using for each carrier of said second frequency band, by using the average
value of SNR of said each carrier calculated at said first SNR calculating
means, at the period that the noise generated at the data transmission to
said second direction is large and at the period that the noise generated at
the data transmission to said first direction is large, and the information
| of the two kinds of bit allocation and transmission power allocation
calculated at said first bit and power allocation calculating means is
memorized in said third memorizing means and is also outputted to said
first modulating means, and is outputted to said second communication
equipment, and said first modulating means, at the training period that

the bit allocation and transmission power allocation allocating to said
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timng of noise level at said first conmmunicati on equi pnent, a receiving
means providing a fourth tenporarily nmenorizi ng means which tenporarily
frenori zes the data taken out by said second denodul ati ng nmeans, in order to
make the out put amount of data a constant value, and a fourth filter neans
whi ch renoves side | obes generated at ?gid second frequency band by each
carrier of said first frequency band tfansmtted 24 fromsaid first
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According to an ei ghteenth aspect of the present invention, in the
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using for the data transm ssion to said second direction, by using each
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calculated at said first SNR cal culating nmeans, at the period that the

noi se gad@dst efibit allesatismaandatravisgission power allocation in said second
memorizing means.
According to a nineteenth aspect of the present invéntion, in
the seventeenth aspect, said first communication equipment provides a
first pseudo-random signal generating means which modulates the
amplitude of each carrier of said first frequency band using for the data
transmission of said first direction to the amplitude corresponding to the
order of bits of the designated data allocating by the predetermined
pseudo-random order, and outputs the result to said first IFFT, and said
second communication equipment provides a second SNR calculating
means which calculates the two kinds of average value of SNR of each
carrier of said first frequency band using for the data transmission to said
first direction, by using each carrier whose amplitude is modulated of said
first frequency band, taken out by said second FFT means, at the period
that the noise generated at the data transmission to said first direction is
large and at the period that the noise generated at the data transmission
to said second direction is large, and a second bit and power allocation
calculating means which calculates the two kinds of the bit allocation

allocating to each carrier and transmission power allocation using for



said second direction is large and at the period that t he noi se generated
at the data transmssion to said first direction is |large, and the
irnformati on of the two kinds of bit allocation and transm ssion power
al focation calculated at said first bit and power allocation cal cul ating
means is nenorized in said third nenorizing neans and is also outputted to
said first nodul ating neans, and is o@putted to said second comuni cation
equi pne L ef A 19t ' , |k ' at the
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According to .a nipeteenth aspect qf.the present invention, in the
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the designated data allocating by the predet'erm ned pseudo-randomorder,
and out psdigl ¢doh casribr is evadugtdd, moduktEs Hredamgplitude of the designated

carrier to the amplitude corresponding to the order of bits of the data

allocating to each carrier, with this, allocates the information of the two
kinds of bit allocation and transmission power allocation calculated at
said second bit and power allocation calculating means to said designated
carrier in the designated number of bits each and outputs the result to
said second IFFT means, and said first communication equipment takes
out the information of said two kinds of bit allocation and transmission
power allocation from said designated carrier whose amplitude is
modulated which is taken out from said first FFT means at said first
demodulating means and memorizes the information of the taken out two
kinds of bit allocation and transmission power allocation in said first
memorizing means.

According to a twentieth aspect of the present invention, in the
seventeenth aspect, said first communication equipment provides a signal
synchronized with noise generatin'g means which generates a signal
synchronized with noise which makes the amplitude of the designated
carrier change, by synchronizing with the changing timing of noise level,

and outputs the result to said first IFFT means, and said second



second communi cati on equi pment provides a second SNR cal cul ati ng neans
whi ch cal cul ates the two kinds of average value of SNR of each carrier of
said first frequency band using for the data transm ssion to said first

di rection, by using each carrier whose anplitude is nodul ated of said first
frequency band, taken out by said second FFT neans, at the period that the
noj se generated at the data transmissign to said first direction is large
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from the two kinds of bit allocation and transmission power allocation
memorized in said fourth memorizing means, to said second
demodulating means using for the demodulation of the data.

According to a twenty first aspect of the present invention, in
the first aspect, said first frequency band is a high frequency band and
said second frequency band is a low frequency band.

According to a twenty second aspect of the present invention, in -~
the first aspect, said first frequency band is a low frequency band and said
second frequency band is a high frequency band.

A system for multi-carrier transmission of the present
invention separates the frequency band using for the data transmission to
the first direction and the frequency band using for the data transmission
to the second direction. During the period that the noise generated at
the data transmission to the first direction is large, the bit rate of the
transmission to the second directioﬁ using the second frequency band is
made higher than the bit rate of the transmission to the first direction
using the first frequency band. During the period that the noise

generated at the data transmission to the second direction is large, the bit

-



out the information of said two kinds of bit allocation and transni ssion
power allocation fromsaid designated carrier whose anplitude is nodul ated
which is taken out fromsaid first FFT neans at said first denodul ating
neans and nenorizes the infornmation of the.taken out two kinds of bit

al l ocation and transm ssion power allocation in said first nmenorizing
neans. According to a twentieth aspect2®f the present invention, in'the
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allocating to each carrier of the first frequency band and transmission
power allocation using for each carrier of the first frequency band which
transmits the data to the first direction, at the period that the noise
generated at the data transmission to the first direction is large and the
bit allocation allocating to each carrier of the first frequency band and
transmission power allocation using for each carrier of the first frequency
band which transmits the data to the first direction, at the period that the
noise generated at the data transmission to the second direction is large
are memorized. The bit allocation to the carrier of the first frequency
band is allocated, by making the bit rate at the period that the noise
generated at the data transmission to the second direction is large higher
than the bit rate at the period that the noise generated at the data
transmission to the first direction is large. With this, the transmission
capacity to the first direction is secured under the noise environment of
the changing noise level.

At the second communidation equipment, the bit allocation
allocating to each carrier of the second frequency band and transmission
power allocation using for each carrier of the second frequency band

which transmits the data to the second direction, at the period that the



the first aspect, said first frequency band is a high fréquency band and
sai d second frequency band is a | ow frequency band. According to a twenty
second aspect of the present invention, in the first aspect, said first
frequency band is a | ow frequency band and said second frequency band is a
hi gh frequency band. A systemfor nulti-carrier transm ssion of the present
I'nventi on separates the frequency bandz%sing for the data transm ssion to
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| At the first communication equipment, the bit allocation
allocating to each carrier of the second frequency band and transmission
power allocation using for each carriei' of the second frequency band
- transmitting from the second communication equipment, at the period
that the noise generated at the data transmission to the second direction
is large, and the bit allocation allocating to each carrier of the second
frequency band and transmission power allocation using for each carrier
of the second frequency band transmitting from the second
communication equipment, at the period that the noise generated at the
data transmission to the first direction is large are memorized. The
data transmitted from the second communication equipment are
demodulated using the same bit allocation and transmission power
allocation as the bit allocation and transmission power allocation
allocated corresponding to the changing timing of noise level at the -
second communication equipment from the memorized two kinds of bit
allocation and transmission power allocation. With this, even the
transmission capacity of the data transmitting  from the second

communication equipment is changed by the change of noise level, the



generated at the data transmission to the first direction is large and the
bit allocation allocating to each carrier of the first frequency band and
transni ssi on power allocation using for each carrier of the first frequency
band which transmits the data to the first direction, at the period that
the noi se generated at the data transm ssion to the second direction is
|I'arge are nenorized. The bit allocati@®to the carrier of the first

frequency ,band is all ocate b ing the hit. rate at .the riod that the
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using the same bit allocation and transmission power allocation as the bit
allocation and transmission power allocation allocated corresponding to
the noise cycle changing cyclically at the first communication equipment
from the memorized two kinds of bit allocation and transmission power
allocation. = With this, even the transmission capacity of the data
transmitting from the second communication equipment is changed by
the change of noise level, the data can be demodulated at the second
communication equipment.

At the second communication equipment, the pseudo-random
signal allocated in sequence data being the predetermined pseudo-
random order is generated to each carrier of the second frequency band
using for the data transmission of the second direction and is transmitted
to the first communication equipment. At the first communication
equipment, the bit allocation alloca‘ping to each carrier and transmission
power allocation using for each carrier of the second frequency band is
calculated by using this pseudo-random signal. With this, the bit
allocation and transmission power allocation corresponding to the noise

level can be calculated.



At the first communication equipnent, the bit allocation allocating to each
carrier of the second frequency band and transm ssion power allocation
using for each carrier of the second frequency band transmtting fromthe
sectond comuni cation equi pnment, at the period that the noi se generated at
the data transm ssion to the second direction is large, and the bit
dllocation allocating to each carrier 3 the second frequency band and
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noi se gepfirgpfarafud b dkRi-carrier transmission which implements the data
transmission using the multi-carrier under the noise environment that
the changing timing of noise level is known, the apparatus for multi-
carrier transmission provides a transmitting means which implements
the data transmiséion using each carrier of a first frequency band, by
making the bit rate of the data transmission implementing during the
period that the noise becomes large at the counter communication
equipment higher than the bit rate of the data transmission
implementing during the period that the noise becomes large at the
apparatus for multi-carrier transmission.

According to a twenty fourth aspect of the present invention, in
the twenty third aspect, said first transmitting means provides a first
memorizing means which memorizes the bit allocation allocating to each
carrier of said first frequency band and the transmission power allocation
using for each carrier of said first frequency band which transmit the data
during the period that said noise is large at said apparatus for multi-
carrier transmission and memorizes the bit allbcation allocating to each
carrier of said first frequency band and the transmission power allocation

using for each carrier of said first frequency band which transmit the data



transmssion to the first direction is large are nenorized. The data
transmtted fromthe first communication equi pment are denodul ated usi ng
the sane bit allocation and transm ssion power allocation as the bit
alfocation and transm ssion power allocation allocated corresponding to the
noi se cycle changing cyclically at the first comruni cati on equi pnent from
t'he nmenorized two kinds of bit allocaB2on and transni ssion power
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the twenty third aspect, said apparatus for multi-carrier transmission
provides a second memorizing means which-memorizes the bit allocation
allocating to each carrier of said second frequency band and transmission
power allocation using for each carrier of said second frequency band
transmitted from said counter communication equipment during the
period that said noise is large at said apparatus for multi-carrier
transmission and memorizes the bit allocation allocating to each carrier
of said second frequency band and transmission power allocation using
for each carrier of said second frequency band during the period that said
noise is large at said counter communication equipment, and a receiving
means which includes a demodulating means that reads out the two
kinds of bit allocation and transmission power allocation from said second
memorizing means and demodulates the data transmitted from said
counter communication equipment, by using the same bit allocation and
transmission power allocation as the bit allocation and transmission
power allocation allocated at said‘ counter communication equipment
corresponding to the changing timing of noise level.

According to a twenty sixth aspect of the present invention, in

the twenty fifth aspect, said apparatus for multi-carrier transmission



all ocation and transm ssion power allocation corresponding to the noise

| evel can be cal culated. According to a twenty third aspect of the present
invention, at an apparatus for nulti-carrier transm ssion which inplenents
the data transm ssion using the nulti-carrier under the noise environnment
that the changing timng of noise level is known, the apparatus for nulti-
carrier transm ssion provides a transnm38ting neans which inplenents the
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multi-carrier transmission provides a first temporarily memorizing
means for memorizing the data transmitted from external equipment
temporarily a first memorizing means which memorizes the two kinds of
the bit allocation allocating fo each carrier and transmission power
allocation using for each carrier of the first frequency band transmitting
the data, at the period that said noise is large at said apparatus for
multi-carrier transmission and at the period that said noise is large at
said counter communication equipment, a first modulating means which
reads out the two kinds of bit allocation and transmission power
allocation memorized in said first memorizing means and also reads out
the data memorized in said first temporarily memorizing means, and
selects the bit allocation allocating to said each carrier and transmission
power allocation using for said each carrier of said first frequency band
corresponding to the noise level at the data transmission, and modulates
the amplitude of said each carrier to the amplitude corresponding to the
selected bit allocation and transmission power allocation and the order of
bits of the data allocating to said each_carrier, an IFFT (inverse fast
Fourier transform) means which adds up each carrier of said first

frequency band modulated the amplitude at said first modulating means



sai d noi se becones |arge at said counter communication equi pnent higher
than the bit rate of the data transm ssion inplenenting during the period
that sai d noi se becones |large at said apparatus for nulti- carrier

traansm ssion. According to a twenty fifth aspect of the peresent invention,
in the twenty third aspect, said apparatus for nulti-carrier transm ssion
~provides a second menorizing means whiggh nenorizes the bit allocation
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said modulating means.

According to a twenty eighth aspect of the present invention, in
the twenty seventh, aspect, said apparatus for multi-carrier transmission
provides an ADC (analog to digital converter) means which converts
analog signals transmitted from said counter communication equipment
using the carrier of said second frequency band to the voltage value
expressed in digital form, a FFT (fast Fourier transform) means which
implements the fast Fourier transform to said voltage value expressed in
digital form from said ADC means and takes out each carrier whose
amplitude is modulated of said second frequency band, a second
memorizing means which memorizes the two kinds of | bit allocation
allocated to each carrier and transmission power allocation used for each
carrier of said second frequency band transmitting from said counter
communication equipment, at the period that said noise is large at said
apparatus for multi-carrier transmission and at the period that said noise
1s large at said counter communication equipment, a demodulating means
which reads out the two kinds of the bit allocation and transmission
power allocation from said second memorizing meafis and takes out the

s data allocated to each carrier of said second frequency band from said



frequency band fromthe carrier of said second frequency band transmtted
fromsaid counter conmunication €qui pnent, at the front position of said
recei ving means. According to a twenty seventh aspect of the present

i nvention, at an apparatus for nulti-carrier transm ssion which inplenments
the data transm ssion using the nulti-carrier under the noise environnment
t hat the changi ng timng of noise Ievéﬁ is known, said apparatus for
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the anplitude corresponding to the sel ected bi ocation and transm ssion
power aldfocmiidonsaomdhefreqdencyf band oﬁrauimxtem dirbocatsiaid tewatetr each
carrier, an |FFT S:I nverse fast Fourier transform neans which adds up each
carri er GoMOBMIRICA mequmenbyab‘ahel fronfupasision pEsaifhrecaivingmenns fir st
nodul ati ng neans 34. and ou ut t he,.vol ta ue ex ssed in di. taI
form o tansm t ACRGTUBEED BrloUFRIHGIRHASORHY oF thF WGSEE By

means Whiehtwenty third aspect, sa1d first frequency band is a high frequency

band and said second frequency band is a low frequency band.

According to a thirtieth of the present invention, in the twenty
third aspect, said first frequency band is a low frequency band and said
second frequency band is a high frequency band.

An apparatus for multi-carrier transmission of the present
invention implements the data transmission from the apparatus for
multi-carrier transmission to the counter communication equipment
using the first frequency band and implements the data transmission
from the counter communication equipment to the apparatus for multi-
carrier transmission using the second frequency band. The bit
allocation is allocated to each carrier of the first frequency band, by
making the bit rate of the data transmission implementing during the
period that the noise becomes large at the counter communication
equipment higher than bit rate of 'phe data transmission implementing
during the period that the noise becomes large at the apparatus for
multi-carrier transmission. With this, the present invention can improve
the communication performance largely under the noise environment of

the changing noise level, securing the compatibility with the existing



converts the voltage value expressed in digital formoutputted from said

| FFT nmeans to anal og signals and outputs to a loop, and a first filter
means whi ch renoves side.l obes generated at said second frequency band by
the carrier of said first frequency band outputted to the | oop by said DAC
means, and allocates the bit allocation _and transm ssion power allocation
t'o each carrier of said first frequenc§6band, by making the bit rate during
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According to a twenty eighth aspect of the present invention, in the twenty
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out the data allocated to each carrier second frequency from
sai d fite counter communication equipment are memorized. The bit

allocation to the carrier of the first frequency band is allocated, by making
the bit rate of the data transmission at the period that the noise becomes
large at the counter communication equipment higher than the bit rate of
the data transmission at the period that the noise becomes large at the
apparatus for multi-carrier transmission. With this, the data
transmission corresponding to the noise level can be implemented.

The bit allocation allocating to each carrier of the second
frequency band and transmission power allocation using for each carrier
of the second frequency band transmitted from the counter
communication equipment during the period that the noise is large at the
apparatus for multi-carrier transmission and the bit allocation allocating
to each carrier of the second frequency band and transmission power
allocation using for each carrier of the second frequency band transmitted
from the counter communication equipment during the period that the
noise is large at the counter communication equipment are memorized.
The signal transmitted from the counter communication equipment is
demodulated by using the same bit allocation and-transmission power

allocation as the bit allocation and transmission power allocation used



FFT nmeans, by using the sane bit allocation and transm ssi on power
allocation as the bit allocation and transni ssion power allocation

al l ocated corresponding to the changing timng of noise |level at said
counter communi cation equi pnent, a receiving neans providing a second
tenporarily menorizing means which tenporarily nmenorizes the data taken out
by said denodul ati ng nmeans, in order tX nake the output amount of data a
const ant_val ue nd segcond, filter ans ich.re | o)
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frequencg@band is a _high frequency band and said second_ frequency band is a

| ow f r edhenchanged of meisedilenek othe timansmitiedfdatae cpnebendemadulated, in

the twenty third aspect, said first frequency band is a | ow frequency band
and sai &Of%%smildmﬁ%%c #H8C s a hi gh frequency band. An apparatus for
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i npl ements the data transm ssion fromthe counter comuni cati on equi pnent
to the dpaasatissiorwintch i implemientst dabs ntrmismissiongusheg sthondhdltbquency
band. The bit allocation is allocated to each carrier of the first

f r equen®arsierd, betweeni iy fiwst bicommuamieatione eptipmenihsangsi an second
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envi ronment of the changing noise level, securing the conmpatibility with

t he exi saliogpting to each carrier of a first frequency band which transmits the

data corresponding to the changing timing of noise level, an allocating
process which allocates the data fto each carrier of said first frequency
band corresponding to the switched bits allocation, and a first data
transmitting process including a transmitting process which transmits
each carrier allocated data of said first frequency band to said second
communication equipment. And said second communication equipment,
provides a switching process which switches the bit allocation allocating
to each carrier of a second frequency band which transmits the data
corresponding to the changing timing of noise level, an allocating process
which allocates the data to each carrier of said second frequency band
corresponding to the switched bits allocation, and a second data
transmitting process including a transmitting process which transmits
each carrier allocated data of said second frequency band to said first
communication equipment, And said method for multi-carrier
transmission, at the period that the noise is large at the data
transmission of a first direction from said firét communication equipment

to said second communication equipment, makes the bit rate of the data



36 communi cation systens using the frequency division. The frequency

di vision systemis used for, the data transm ssion, therefore the nutual
cross-tal k noi se does not exist and a conpl ex apparatus such as an echo
canceler is not needed to be installed. The bit allocation allocating to
each carrier of the first frequency band and transm ssion power allocation
using for each carrier of the first fré&8uency band which transmts the data

during t eri.od that the noi i rge ;at_the. apparaku S
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allocating to edch carrier of the second frequency band and trarfdsm ssion

power al iperidd ¢habstheg nbise gedleratad iadrtlnd dalte tresentisticanterte becshd
transmtted fromthe counter comunicatign equi pnment during the period that
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are nmenoiphgarll. The signal transmitted fromthe counter comunication

equi pment i s denodul ated by using the sane bit allocation and-transm ssion
power allocation Ascortding to al thichy i tdvirdras prech mdnihes ppesqarnitveal tiomafm on
used '

the thirty first aspect, said first data transmitting process allocates the
data to each carrier of said first frequency band, by making the bit rate

| during the period that the noise generated at the data transmission to
said second direction is large higher than the bit rate during the period
that the noise generated at the data transmission to said first direction is
large and implements the data transmission.

According to a thirty fourth aspect of the present invention, in
the thirty first aspect, said second data transmitting process allocates the
data to each carrier of said second frequency band, by making the bit rate
during the period that the noise generated at the data transmission to
said first direction is large higher than the bit rate during the period that
the noise generated at the data transmission to said second direction is
large and implements the data transmission.

According to a thirty fifth .aspect of the present invention, in the
thirty first aspect, said first communication equipment provides
a first pseudo-random signal generating process which generates pseudo-

random signals allocated in sequence the data being predetermined



37 corresponding to the changing timng of noise |level at the counter
conmmuni cati on equi pnent. Wth thi's, even the anmount of data transnission
fromthe counter conmunication equipnment is changed by the change of noise
| evel, the transmtted data can be denodul ated corresponding to the change.
According to a thirty first aspect of the present invention, at a nethod
for nulti-carrier transmssion at a sy emfor nulti-carrier transm ssion

whi ch i npl enents data transmni ssjon using th lti- carrier hetween, a first
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and a second data transmtting process including a transmtting process
whi ch t riaassmissiat Hoc said dirstl diveation,dused osakhinsevdosrandomqsigrslshand
to said first communi éaf.i on ment . And, sai d
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data generated at the data transmission to said first direction is large and at

the period that the noise generated at the data transmission to said
second direction is large, a first bit and power allocation calculating
process which calculates the bit allocation allocating to each carrier and
transmission power allocation using for each carrier of said first
frequency band, by using said SNR value of each carrier calculated at said
first SNR calculating process, at the period that the noise generated at
the data transmission to said first direction is large and at the period that
the noise generated at the data transmission to said second direction is
large, a first memorizing process which memorizes the two kinds of bit
allocation and transmission power allocation calculated at said first bit
and power allocation calculating process, and a second transmitting
process which transmits the two kinds of bit allocation and transmission
power allocation calculated at said first bit and power allocation
calculating process to said first. communication equipment. And
said first communication equipment provides a second receiving process
which receives the two kinds of bit allocation and transmission power
allocation transmitted form said second communication equipment, and

- a second memorizing process which memorizes said two kinds of bit



transm ssion of a first direction fromsaid first conmmunicati on equi pnent
to said second conmuni cation equi pnment, nmakes the bit rate of the data

38 transm ssion of said second direction fromsaid second comruni cation
equi pnent to said first comunication equi pnent using said second frequency
band higher than the bit rate of the data transm ssion of said first
direction fromsaid first communi cati o equi pnment to said second
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generated at the data transm ssion to tHe second direction is |arge, -nmakes

the bit peécesel wheclahHotd@rsrohesilw adlosatidn§ idisd thareghiseion'spdsregai d .
first frequency band higher than the bit rate of the data transm ssion to

sai d secaldcationcto eachsiargieradfisaisk fiarst frasmenoyybanddby Avaking ridet bita
thirty third aspect of the present,invention, in the thirty first aspect,
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t he dat acéﬂ@@ptfhﬂihﬁ to thecshhgingt tintinghofl hoist devdlh ugbme ¢he evo Rindy esent
invention, in the thirty first aspect, said second data transmtting
process hitl @dlncadiameandt fransmastionapoier aflosations anenwrizas ey cyaidand,
by making the,bit rate during the period that the noi se generated at the
data t r aheGARd MSMOSILREPFACCSS: direction is | arge higher than the bit rate

during e Pert LR R AAERERBIE SpBle SRS RIFTRRRIHD £ ot o
the thirty first aspect, said second communication equipment provides a
second pseudo-random signal generating process which generates
pseudo-random signals allocated in sequence the data being
predetermined pseudo-random order to each carrier of said second
frequency band using for the data transmission to said second direction,
and a third transmitting process which transmits said pseudo-random
signals generated at said second pseudo-random signal generating
process to said first communication equipment. And said first
communication equipment provides a third receiving process which
receives said pseudo-random signals transmitted from said second
communication equipment, a second SNR (signal to noise ratio)
calculating process which calculates the SNR value of each carrier of said
second frequency band using for the data transmission to said second
direction, used said pseudo-random signals received at said third
receiving process, at the period that the noise generated at the data
transmission to said first direction'is large and at the period that the
noise generated at the data transmission to said second direction is large,
a second bit and power allocation calculating process which calculates the

bit allocation allocating to each carrier and transmission power allocation



According to a thirty fifth aspect of the present invention, in the thirty
first aspect, said first communi cati on equi pnent provides a first
pseudo-random si gnal generating process which generates pseudo- random
signals allocated in sequence the data bei ng predeterm ned 39
pseudo-random order to each carrier of said first- frequency band using for
tthe data transm ssion to said first diggection, and a first transmtting
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allocating to each carrier and transm ssion power allocation using for each

carri er mfoceas dafhdrssfodrthotramsmitting phocessiwbictatchnShrte dhectwé kindb
carrier calculated at said first SNR cal cul ating process, .at the period
that t heotnbilallpossion aandittransmisson novesn adlosation calenlptedtatiisaidt i on

is large and at, the period th t he noi s enerated at the data
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allocation and transmission power allocation transmitted form said first
communication equipment, and a fourth memorizing process which
memorizes said two kinds of bit allocation and transmission power
allocation received by said fourth receiving process. And said second
data transmitting process includes a second modulating process which
allocates the bit allocation and transmission power allocation to each
carrier of said second frequency band, by making the bit rate at the period
that the noise generated at the data transmission to said first direction is
large higher than the bit rate at the period that the noise generated at the
data transmission to said second direction is large corresponding to the
changing timing of noise level, using the two kinds of bit allocation and
transmission power allocation memorized by said fourth memorizing
process.
According to a thirty seventh aspect of the present invention, in
the thirty sixth aspect, said first cémmunication equipment provides a
first data receiving process including a first demodulating process which

demodulates the data transmitted from said second communication

equipment, by using the same bit allocation and transmission power



power allocation calculated at said first bit and power allocation

cal cul ating process to said first comruni cati on equi pnent. And said first
-communi cati on equi prent provi des a second receiving process which receives
the two kinds of bit allocation and transm ssion power allocation
transmtted formsaid second comruni cation equi pnent, and a second
menori zi ng process which nenorizes saigd two ki nds of bit 40 al |l ocati on
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carrier of said first ‘frequency band, by naking the bit rate at the period
t hat t hesensimgk cgprmauatieatian ¢deipgnent,t nairggrithei two thkindsiaf bitcalldcaltionct i on
is large higher than the bit rate at the perjoq . that the npise geperated at.
the dat a2RfaiFansaaission posesryaflocation mesnoriged by said thivd memeaIzgS o t he
changing_timng of noise level, using the two kinds of bit allocation and
transnisBF% Sﬁower al l ocation nmenorized by said second nenori zi ng process.
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first aspect, sai second conmuni on equl pnent provides a secon
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signals allocated in sequence the data being predeterm ned pseudo-random
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rati o) allocated corresponding to the changing timing of noise level at said first
' communication equipment, using the two kinds of bit allocation and
transmission power allocation memorized by said first memorizing
process.
According to a thirty ninth aspect of the present invention, in
the thirty first aspect, said first data transmitting process provides
a first temporarily memorizing process for memorizing the data
transmitted from external equipment temporarily, a first reading out
process which reads out the two kinds of bit allocation and transmission
power allocation memorized at said first memorizing process, a first
selecting process which selects the bit allocation allocating to each carrier
and transmission power allocation using for said each carrier of said first
frequency band from the two kinds of bit allocation and transmission
power allocation read out by said first reading out process, corresponding
to the changing timing of noise level, a first modulating process which
modulates the amplitude of each carrier of said first frequency band to
the amplitude corresponding to the selected bit allocation and
transmission power allocation and the order of bits of the data allocating

to said each carrier, a first IFFT (inverse fast Fourier transform) process



cal cul ating process which cal cul ates the SNR val ue of each carrier of said
second frequency band using for the data transm ssion to said second
direction, used said pseudo-random signals received at said third receiving
pr-ocess, at the period that the noise generated at the data transm ssion to
said first direction is large and at the period that the noi se generated at
the data transm ssi-on to said second d§rection is |arge, a second bit and
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recei vi nghprloopdy shidcfirseDAC esotdss.t wo kinds of bit allocation and
transm ssi on power allocation transmtted formsaid first comunication
equi pment, and a Aecondingetrori fortigthrasnact afhthe: present invention, tinothe nds

of bit allocati.on,and transm.ssi on poywer all ocat.iaqn received by said fourth
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data transm ssion to said first gi rection is
process which reads out the two kinds of bit allocation and transmission
power allocatibn memorized at said second memorizing process,
a second selecting process which selects the bit allocation allocating to
each carrier and transmission power allocation using for said each carrier
of said second frequency band from the two kinds of bit allocation and
transmission power allocation read out by said second reading out process,
corresponding to the changing timing of noise level, a second modulating
process which modulates the amplitude of each carrier of said second
frequency band to the amplitude corresponding to the selected bit
allocation and transmission power allocation and the order of bits of the
data allocating to said each carrier, a second IFFT (inverse fast Fourier
transform) process which adds up each carrier of said second frequency
band modulated the amplitude at said second modulating process and
outputs the voltage value expressed in digital form, a second DAC (digital
to analog converter) process which éonverts the voltage value expressed
in digital form outputted from said second IFFT process to analog signals
and outputs to a loop, and a second filter process whith removes side lobes

generated at said first frequency band by the carrier of said second



| arge higher than the bit rate at the period that the noise generated at
the data transm ssion to said-second direction is |arge corresponding to
:the changing timng of noise level, using the two kinds of bit allocation
and transm ssion power allocation nenorized by said fourth nenorizing
process. According to a thirty seventh aspect of the present invention, in
the thirty sixth aspect, said first cdnuni cati on equi pnent provides a
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transform to said voltage value expressed in digital form from said first
ADC process and takes out each carrier whose amplitude is modulated of
said second frequency band, a third reading out process which reads out
the two kinds of bit allocation and transmission power allocation
memorized at said third memorizing process, a third selecting process
which selects the same bit allocation and transmission power allocation
as the bit allocation and transmission power allocation allocated
corresponding to the noise level generated at the data transmission at
said second communication equipment from the two kinds of bit
allocation and transmission power allocation read out by said third
reading out process, a first demodulating process which takes out the
data, allocated to each carrier of said second frequency band, whose
amplitude is modulated taken out at said first FF'T process, by using the
two kinds of bit allocation and transmission power allocation read out by
said third reading out process, and a third temporarily memorizing
process which memorizes the data taken out from said first demodulating
process temporarily, in order fto make the output amount of data a
constant value.

According to a forty second aspect of the present invention, in

the thirty eighth aspect, said second data receiving process provides a



transmtted from external equipnent tenporarily, a first reading out
process which reads out the two kinds of bit allocation and transm ssion
-power allocation nenorized at said first nenorizing process, a first

sel ecting process which selects the bit allocation allocating to each
carrier and transm ssion power allocation using for said each carrier of
said first frequency band fromthe twgski nds of bit allocation and
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same bit allocation and transmission power allocation as the bit
allocation and transmission power allocation allocated corresponding to
the noise level generated at the data transmission at said first
communication equipment from the two kinds of bit allocation and
transmission power allocation read out by said fourth reading out process,
and a second demodulating process which takes out the data, allocated to
each carrier of said first frequency band, whose amplitude is modulated
taken out at said second FFT process, by using the two kinds of bit
allocation and transmission power allocation read out by said fourth
reading out process, and a fourth temporarily memorizing process which
memorizes the data taken out from said second demodulating process
temporarily, in order to make the output amount of data a constant value.

According to a forty third aspect of the present invention, in the
thirty eighth aspect, said first communication equipment provides a
signal synchronized with noise geherating process which generates a
signal synchronized with noise which makes the amplitude of the
designated carrier change, by synchronizing with the changing timing of

noise level, and a fifth transmitting process which transmits the signal



of said second frequency band fromthe two kinds of bit allocation and
transm ssion power allocation read out by said second readi ng out process,
corresponding to the changing timng of noise level, a second nodul ating
process which nodul ates the anplitude of each carrier of said second
frequency band to the anplitude corresggndi ng to the selected bit
allocation and transm ssion power allocation and the order of bits of the
data all \Rfhi ' j SEP L el s i er
transfor% p%%é%gdmiﬁ%%‘hﬁg%séﬁgﬁéﬂ%ﬁ 2?:‘;arri e%&aﬁggflghggggﬁﬂg ?v?%uency band
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second frequency band transmitted from said second conmuni cation equi pnent,
a first poweraadoertion selgrtimg precesst which iseplaments kheodesignatiomiofg
signals tyansm tted from sai,d secand. conmmuni cati on,equi ponent, using,t he
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nodul ated of said second frequency band, a third reading out process which
reads oumemerizngkprotessftobsaidkecond imnodubatingaprodess) by fluvehaalgingat i on

timing of noise level detected by said timing detecting process, and
designates the same bit allocation and transmission power allocation as
the bit allocation and transmission power allocation used corresponding
to the noise level at said first communication equipment from the two
kinds of bit allocation and transmission power allocation memorized in
said first memorizing process to said second demodulating process, to said
sécond demodulating process.

According to a forty fourth aspect of the present invention, in
the thirty first aspect, said first frequency band is a high frequency band
and said second frequency band is a low frequency band.

According to a forty fifth aspect of the present invention, in the
thirty first aspect, said first frequency band is a low frequency band and
said second frequency band is a high frequency band.

A method for multi-carrier transmission of the present
invention separates the frequency band using for the data transmission to
the first direction and the frequency band using for the data transmission
to the second direction. During the period that the noise generated at

the data transmission to the first direction is large, the bit rate of the



menorized at said third nmenorizing process, a third selecting process which
sel ects t-he same bit allocation and transm ssion power allocation as the
-bit allocation and transm ssion power allocation allocated corresponding to
the noi se | evel generated at the data transm ssion at said second

comuni cati on equi pnent fromthe two kinds of bit allocation and

transm ssion power allocation read out¢by said third readi ng out process, a

carrior SressABpriE RS SethRanakRSa Wil e fond FEITRAY MR .,

out at sﬁlﬂdéim\%&r&!ﬁl@ﬁ QERSBit Pyteldf %ﬁetﬂiﬁnfsgﬁsgidiﬁ%o ehebfitstrli¥edidpn and
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signals transmtted frontsaid first conmuni cati on equi prent using the
carrier ehventidnf ¢as infpreyecthsy ctramiunication pelrfageaned lergelp nasdedthe
digital form a second FFT (fast Fourier _transform process which_ .
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sel ect i nglipscticn samdi tHe seteed sdirbétion are separated, therefore the mutual
cross-talk noise does not exist and a complex apparatus such as an echo
canceler is not needed to be installed.
| At the first communication equipment, the bit allocation
allocating to each carrier of the first frequency band and transmission
power allocation using for each carrier of the first frequency band which
transmits the data to the first direction, at the period that the noise
generated at the data transmission to the first direction is large and the
bit allocation allocating to each carrier of the first frequency band and
transmission power allocation using for each carrier of the first frequency
band which transmits the data to the first direction, at the period that the
noise generated at the data transmission to the second direction is large
are memorized. The bit allocation to the carrier of the first frequency
band is allocated, by making the bit rate at the period that the noise
generated at the data transmission to the second direction higher than
the bit rate at the period that the noise generated at the data
transmission to the first direction. With this, the transmission capacity
to the first direction is secured under the noise -environment of the

changing noise level.



sanme bit allocation and transm ssion power allocation as the bit allocation
and transm ssion power allocation allocated corresponding to the noise

-l evel generated at the data transmission at said first comunication

equi pnrent fromthe two kinds of bit allocation and transm ssion power

all ocation read out by said fourth readd8g out process, and a second
denodul ati ng process which takes out the data, allocated to each carrier of
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two ki r]'Olslaa(]c)fge lﬂiygher than the bit rate at the period that the noise generated at the
data transmission to the second direction is large. With this, the
transmission capacity to the second direction is secured under the noise
environment of the changing noise level.

At the first communication equipment,’ the bit allocation
allocating to each carrier of the second frequency band and transmission
power allocation using for each carrier of the second frequency band
transmitting from the second communication equipment, at the period
that the noise generated at the data transmission to the second direction
is large, and the bit allocation allocating to each carrier of the second
frequency band and transmission power allocation using for each carrier
of the second frequency band transmitting from the second
communication equipment, at the period that the noise generated at the
data transmission to the first direction is large are memorized. The
data transmitted from the second communication equipment are
demodulated using the same bit allocation and transmission power
allocation as the bit allocation and transmission power allocation

allocated corresponding to the changing timing of noise level at the



all ocation and transm ssion power allocation nenorized in said fourth
menori zing process to said second nodul ati ng process, by the changi ng
timng of noise |level detected by said timng detecting process, and
designates the sanme bit allocation and transm ssion power allocation as the
bit allocation and transm ssion power g4l ocation used corresponding to the
noi se level. at said first communication equi prent fromthe two kinds of bit
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menori zing process to sai ting process, to sald second
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invention, in the thirty first aspect, said first frequency band is a high
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per f or mafrequience band ded tramsmission power allocation using for each carrier
of the first frequency band transmitting from the first communication
equipment, at the period that the noise generated at the data
transmission to the first direction is large are memorized. The data
transmitted from the first communication equipment are demodulated
using the same bit allocation and transmission power allocation as the bit
allocation and transmission power allocation allocated corresponding to
the noise cycle changing cyclically at the first communication equipment
from the memorized two kinds of bit allocation and transmission power
allocation. With this, even the transmission capacity of the data
transmitting from the second communication equipment is changed by
the change of noise level, the data can be demodulated at the second
communication equipment.

At the second communication equipment, the pseudo-random
signal allocated in sequence data being the predetermined pseudo-
random order is generated to each carrier of the second frequency band
using for the data transmission of the second direction and is transmitted
to the first communication equipment. At the -first communication

equipment, the bit allocation allocating to each carrier and transmission



noi se environnent of the.ehanging noise |evel, securing the conpatibility
with the-existing communication systens using the frequency division
system The frequency bands used for the data transmission to the first
direction and the second direction are separated, therefore the nutual
cross-tal k noi se does not exist and a npl ex apparatus such as an echo
canceler is not needed to be installed.” At the first comunication
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allocation and transmission power allocation corresponding to the noise
level can be calculated.

According to a forty sixth aspect of the present invention, a
method for multi-carrier transmission under the noise environment that
the changing timing of noise level is known provides a bit allocation
switching process which switches the bit allocation allocating to each
carrier of a first frequency baﬁd corresponding to the changing timing of
noise level, at an apparatus for multi-carrier transmission implementing
the data transmission using said first frequency band, an allocating
process which allocates data to each carrier of said first frequency band,
by using the switched bit allocation, and a transmitting process including
a carrier transmitting process which transmits each carrier of said first
frequency band allocated data to a counter communication equipment.
And the method makes the bit rate of the data transmission
implementing at the period that the noise level becomes large at said
counter communication equipment hig}ier than the bit rate of the data
transmission implementing at the period that the' noise level becomes

large at said apparatus for multi-carrier transmission.



and transm ssion power allocation using for each carrier of the second
frequency band which transmts the data to the second direction, at the
period that the noise generated at the data transmi ssion to the second
direction is large are nenorized. The bit allocation to the carrier of the
second frequency band is allocated, making the bit rate at the period
that the noi se generated at the data*transm ssion to the first direction is

| arge higher than the bit rat t the pgeriod th t he noi se generated at
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change QLG SKvitEHES -theNBwo kinds of bit allocation and transmission power

allocation read out from said first reading out process, corresponding to

the changing timing of noise level, and a modulating process which
allocates the bit allocation and transmission power allocation to each
carrier of said first frequency band, using the bit allocation and
transmission power allocation selected by said first selecting process, by
making the bit rate of the data transmission implementing at the period
that said noise becomes large at said counter communication equipment
higher than the bit rate of the data transmission implementing at the
period that said noise becomes large at said apparatus for multi-carrier
transmission.

According to a forty eighth aspect of the present invention, in
the forty sixth aspect, a second reading out process which reads out the
two kinds of bit allocation and transmission power allocation from a
second memorizing process which memorized the bit allocation allocating
to each carrier and transmission power allocation using for each carrier of
said second frequency band transmittirig data at the period that said
noise is large at said apparatus for multi-carrier transmission and the bit

allocation allocating to each carrier and transmission power allocation



data can be denodul ated at the first comruni cati on equi pnent. At the second
communi cation equi pnent, the bit allocation allocating to each carrier of
the first frequency band and transm ssi,on power allocation using for each
carrier of the first frequency band transmtting fromthe first :
communi cation equi prent, at the periodsphat the noise generated at the data
transm ssion to the second direction is-4arge, and the bit allocation

al I ocati pg: rrier e fi.rst 4k .55 0N
pover a1 RS FBREACH o & odidCsdobl trsBENE Hadf Hh AORIHACTRR AE
transm t thaOpbriof that! thid ABINETS CRIYERN AAWARITRbuntly (diinAfiniRdtidiA! the
noi se generaPed at the data transmssion to the first direction 1s large

ar e nmenpeqaisimeniigadeicontrseleciinggsrocessmvtinehf switches thurimaekinds efibipnent
are denodul ated using the same bit allocation and transm ssi on _power

al | ocat i 8Hogationeandt transyuiasion power adlocation sead ontr from ®aidi second

oo, R OMERDE Bhaist e EnBShas VS ber Ot BBt BN or
| cal gitit . Hgles ra 5

of “the dapds PeEif MEeoshauitng ol demodaiFhng Yirdde B SRR GBI ¥

by the cthauPat¥f fié¥nS@atRVEArriéhofisdid §éébrﬂﬁﬂéﬁﬁéﬁéﬂttﬁéh&ttrhh§%r§§€éﬁ‘d

comuni cati on equi pnent. At the second conmmuni cati on "equi pnent,

pseudo- r firdnmaid goaintalrl cosaiaicatisacepuipmdnt,audsiaignthd bt pllectdtien mmdd
pseudo- randomorder is generated tqQ each carrier of the second frequency
band usi Hpnymissienpawer allosation spleeted hE sadd seaond seleating pracess.

t itted to the first conmupication,equipnent., At the first . .
ci)?nr*lnsjm cate i onoequfgﬁquﬁPgt%abfqr%ﬁlmB@Qt g%ﬂg%ﬁ Pf)@gﬁi Prpsegtamvention, | gnd
t I S$1,N O r l.ocat i;qn ' £ | ri t n

fr cquoncebBafartyl SBEHadbeLtr HAAT HanRBhet bRl bibyflod P HEEPT
this, theeRigorarily memorizing process for memorizing the data transmitted

from external equipment temporarily, a first reading out process which
reads out the data 'to be transmitted from said first temporarily
memorizing process and the two kinds of bit allocation allocating to each
carrier and transmission power allocation using for said each carrier of
said first frequency band transmitting the data from said first
memorizing process, at the period that the noise is large at said
apparatus for multi-carrier transmission and at the period that the noise
is large at said counter communication equipment, a first selecting
process which selects the bit allocation allocating to each carrier and
transmission power allocation using for said each carrier of said first
frequency band from the two kinds of bit allocation and transmission
power allocation read out by said first reading out process, corresponding
to the changing timing of noise level, a modulating process which
modulates the amplitude of each cgrrier to the amplitude corresponding
to the bit allocation and transmission power allocation selected by said
first selecting process and the order of bits of the data allocating to said
each carrier read out from said first selecting process, an IFFT (inverse

fast Fourier transform) process which adds up each carrier of said first



al l ocation and transm ssi on power allocation corresponding to the noise
| evel can be cal culated. At the first comruni cation equi pnent, the
pseudo-random si gnal allocated in sequence data being the predeterm ned
pseudo- random order is generated to each carrier of the first frequency
band using for the data transmi ssion of the first direction and is
transmtted to the second comuni cati ogzequi pment. At the second

Cr anon ePaROREI AT | Bogialsied, ShRgamiie dils;s%_‘iﬁéi rx‘xﬁqéﬂazf‘r?g“rx;’r%%éé%ugﬂﬂy
o ocar 0 GHEBRES 1B ollakb Llits ERPHESRIN ORI, o HAC (et bo'c ™
level cafnRgCad Q" hich (cdnVetty te VodbePPRR eRprédiRdriesent
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i nvention, a net ocf%%@(rjprru ti-carrier transm ssion under the nol se

envi r onrdigitdlhfsrm heutpattedn framnsagl dERDI pocksy eo analopveignatyizied a bit
all ocation swtchi ni process which switches the bit allocation_allocating
to each gHiputer tofa doop; end eedirshciiltenrpracess csbintuiregavest kide ahes ng
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carrier of said first frequency band allocated data to a counter

communi csddloeaerjer pofesaid Argt tfhequendyo bamak dsy niekivig thatlkt ofatehet dhe a
transm ssion i npl enenting at the period that the noise | evel becones |arge
at sai d peinddhadosaidnneisei isnlaggei aneaid cowmier commumicabion equiproenthe

data U1 o Ss on BBl SIPTLL 0 e ok i ety L 121 e L et Bgeomes
apparatus for multi-carrier transmission, corresponding to the changing
timing of noise level.

According to a fiftieth aspect of the present invention, in the
forty eighth aspect, said first receiving process provides a second filter
process which removes side lobes generated at said first frequency band
by each carrier of said second frequency band transmitted from said
countér communication equipment, provided at the front position of said
receiving process, an ADC (analog to digital converter) process which
converts analog signals transmitted from said counter communication
equipment using the carrier of said second frequency band to the voltage
value expressed in digital form, a FFT (fast Fourier transform) process
which implements the fast Fourier transform to said voltage value
expressed in digital form from said ADC process and takes out each
carrier whose amplitude is modulated of said second frequency band,
a second reading out process which reads out the two kinds of bit
allocation allocating to each carrier of said second frequency band and
transmission power allocation using for .said each carrier of said second
frequency band, at the period that said noise is large at said apparatus for

multi-carrier transmission and at the period that said noise is large at



According to a forty seventh aspect of the present invention, in the forty
sixth aspect, said transmtting process provides a first readi ng out
process which reads out the two kinds of bit allocation and transm ssion
power allocation froma first nmenorizing process which nmenorized the bit
all ocation allocating to each carrier and transm ssion power allocation
using for each carrier of said first freguency band transmtting data at

the period that said noise is |arge at appar at us. f of | ti-carri.er

L f anom sSOwRtR eopRRieation Baufpderh reih ABP HSinativef aid sigond
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switches the two kinds of bit allocation and transm ssion power allocation
read outpfocesssaby tisisg tleadsameolitprdoeationc amdstramiimission t pewdrangi ng

timng of_ noise level, and a npdul ati ng process which allocates the, bit
al | ocat i aHoeafdon, assrihesi it pdiecation candi dwansmissienc power allosati@ry i r st

f requency;;ban using the,.bit alliocation.and, transmession powar _all ocation
el ect oo ByCatad, tPHPwitie, 1A Soatbing v o At VY, a2 sRi
data tragsmhesy ' | i ' [ ar ge
at said coun@r%mﬁﬁggﬁﬂpﬁag%m%%hﬁﬁﬁ!%%éd}ﬁ%%ﬁp ﬁle‘é]’gi'lf ?r}%?@?g%ﬁﬁjhe
data trappedessi WhichPhfsfabiizes the thitapeaked bURifroml Saldi dembdedatngd ar ge
at said apparatus for multi-carrier transm ssion. According to a forty

ei ght h appeedssotemporprdyenn iomdent iomake the éutpyt simotnéspfatataa ssecond

readi ng out process which reads out the two kinds of bit allocation and
transm s&PRstas¥alug | ocation from a second menorizing process which
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carrier saill secusdiiss)wnayobend ds laokoat frayuency band. ;

According to a fifty second aspect of the present invention, in
the forty sixth aspect, said first frequency band is a low frequency band
and said second frequency band is a high frequency band.

A method for multi-carrier transmission of the present
invention implements the data transmission from the apparatus for
multi-carrier transmission to the counter communication equipment
using the first frequency band and implements the data transmission
from the counter communication equipment to the apparatus for multi-
carrier transmission using the second frequency band. The bit
allocation is allocated to each carrier of the first frequency band, by
making the bit rate of the data transmission implementing during the
period that the noise becomes large at the counter communication
equipment higher than bit rate of j;he data transmission implementing
during the period that the noise becomes large at the apparatus for
multi-carrier transmission. With this, the present invention can improve
the communication performance largely under the ticise environment of

the changing noise level, securing the compatibility with the existing



52 using for each carrier of said second frequency band transmtting data
at the period that said noise is large at said counter comrunication

equi pnent, a second sel ecting process which switches the two kinds of bit
al1ocation and transm ssion power allocation read out fromsaid second
readi ng out process, corresponding to the changing timng of noise |evel,
and a receiving process including a d&wdul ati ng process which takes out

he d f h ' f ' d f . band ' d f
Sai o coBPmRaBEe cars B HE M R DR yeRl " BRsRR CobiRR e |
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Accor di ng a“forty ni aspect of the present rnvention, I1nt orty

si xth agpefial GRse-thllkifisd dovg notasdsts provides a first tenporarily
menori zing process for nmenorizing the data transnitted from external

equi pnent t enporBhe| bit aallocationeadlocgting o ozacks oanrier refidtheoufirsthe dat a
to be transm’ttegafrom said first tenporar menor i zing process and the

two ki nlﬁge%fferm n_rio%xagitéanamd@%l&n HQWps_aéif%tw} mr?_g %efphrfamesn on_
{7 ansm 0F T8GR S5 baRAwaREE, SRkRsts the"Bht ulstbe EIBERRN 06"
that tNERAPLRE rioisé B Mgl aCAlSaPPRRAAIL o Rl U diri P Rin iseRIF Engd' On

and at e perio € nol se arge at sail counter comuni catlon

equi prephe bit blloshtivel glbecadngrtocesdh sdirtdr sftlecfiest freqbiehcflbanhtindn
allocating to each carrier and transm ssion _power allocation using for said
each catraesmissioni power sdlocatignensinghioregatoeanier ofibhé fivdt fugquency

out _pr o8l sk dEaBREHy deb dake EiTiRG LG ReTPhahaY the g laresat T
oo 58, BeR6GaE AohE LB R ERY RS AP RS Bt
2 oeat UTbSAELotabll e AR I SRLPLESES Bkl PRl
sel ect i theivaass ofdhel d&th {(tananissidmst theuperod tthatsher misprimaesseshi ch
adds up lgxz'igceha% %Irlgic%run%r %gin(ljm];lir{ig;tion equipment higher than the bit rate of
the data transmission at the period that the noise becomes large at the
apparatus for multi-carrier transrhission. With this, the data
transmission corresponding to the noise level can be implemented.
The bit allocation allocating to each carrier of the second
frequency band and transmission power allocation using for each carrier
of the secon.d frequency band transmitted from the counter
communication equipment during the period that the noiée is large at the
apparatus for multi-carrier transmission and the bit allocation allocating
to each carrier of the second frequency band and transmission power
allocation using for each carrier of the second frequency band transmitted
from the counter communication equipment during the period that the
noise is large at the counter communication equipment are memorized.
The signal transmitted from the counter communication equipment is
demodulated by using the same bit allocation and transmission power
allocation as the bit allocation and transmission power allocation used

corresponding to the changing timing of noise level at the counter



53 frequency band nodul ated the anplitude at said nodul ati ng process and
out puts the voltage val ue expressed in digital form a DAC (digital to
anal og converter) process which converts the voltage val ue expressed in
digital formoutputted fromsaid | FFT process to anal og signals and outputs
to a loop, and a first filter process which renpves side |obes generated at
said second frequency band by the carrS6éer of said first frequency band

out put t he Jl.oop by sai A c And_t he, net || ocat he bit
al | ocat i%gﬂ‘}@ﬁ‘&“f’? A% %i‘i“é’ﬁ“%%ﬁef"‘ﬁmoéﬁ%’one\’?}‘ eibﬁ c%ﬁ%@ft o@asg%éfi rst
frequen glglqs By R t oY ; WSenddit isSél | i's
| ar ge a'gt ¥%§.I csoll%lt er c%ﬁﬁ%@oﬁﬁgmﬁ%ﬁﬁtﬁ“ﬁ?gﬁe thanlﬁsﬁggggteﬂrsﬁe at
t he perithd thahgsabfl msiseclével) dheetmnsmittedpdatat cenflog desioddudateder
transm ssion, corresponding to the changing timng of noise |evel.
Accor di egrresponding; tet thexehange.of the present invention, in the forty

ei ghth aspect, said first receiving process provides a second filter
process which renoves side | obes generated at said first frequency band by

each carrier of sai s@ﬁ@ W 1AL om said counter
conmmuni cati on equi pg e, m% ded a {‘ﬁgﬁg?ﬁ@r@?&‘{"m&% said receiving
process, an ADC TRB&l58cts0aflIfdattire® e brefbpiC B¥PeNibA Wil B&idmeanal og
signals transmtted from said counter conmuni cation equi prment using the
carri er morsaiappareand fropquthey coasildratidie bl tthge fodloweingxpdessidddi n
digital form a FFT (fast Fourier transforn) process which inplenents the
fast Fosleserintiomstadian tia saninneiiongwitha the aceompanying @rgwizaigst aam from
said ADC ﬁr%(r;ess and takes out each carrier whose anplitude is nodul ated of
sai d secOn¥¥¥requency band, a second reading out process which reads out
the two kinds ofghjt |0 j I t ; i f i.d .second
F % 135 PERIdOMIR h&f;\s@ (H%Cr;a?rll %%1?1%5 (ﬁrosg-ta?iﬁ 1901%8

frequency band and’ttansm’ssion power a on us for Sard eac
carrier geneyated $8AMRAIADSL apparatus caused by the ISDN line;

Fig. 2 is a noise amount diagram showing the amount of the

cross-talk noise in Fig. 1;

Fig. 3 is a block diagram showing the structure of a
conventional ADSL apparatus;

Fig. 4 is a block diagram showing the structure of a bit & power
allocation calculating section of the ATU-C;

Fig. 5 is a block diagram showing the structure of a bit & power
allocation calculating section of the ATU-R;

Fig. 6A is a diagram showing the average valués of the SNR at
the NEXT generated and the FEXT generated, which are evaluated at the
downstream SNR evaluating section;

Fig. 6B is a diagram showing the determining state of the bit
allocation of each carrier corresponding to the average value of SNR
evaluated at the downstream SNR evaluating section;

| Fig. 7 is a hyperframe étructure diagram composed of 345
symbols; '

Fig. 8 is a frequency band diagram using for data transmission

by an echo canceler system;

£



frequency band, at the period that said noise is |large at said apparatus
for multi-carrier transm ssion and at the period that said noise is |large
at 54 counter comuni cation equi pnent, which are nenorized at said
second menori zi ng process, a denodul ati ng process which takes out the data
allocated to each carrier of said second frequency band fromsaid FFT

- process, by using the same bit allocagyon and transm ssion power allocation

corr ospondi ng ¢ 5iEnd A iPR s RRE SHORRE.An JEBLARReRE T em h
e 2 e PR st brmpor ari Iy, 1

order to make tRigoul@uis agobidckof ditgrane shostiagt thel sérudturer ifngr o a
fifty first aspect of the present invention, in the forty sixth aspect,

sai d fieswodimpndnef/theapvesentanvegifion;equency band and said second
frequency band is a_low f epcy band . Accor di to a fifty
secand axpect - offignd L3P asbltl GagHed Shopving: e nsbers ohths fadeping, o
first fre 23 | ow frequency band and said second frequency band
s a hi%%&ﬁf‘géﬁéﬁgﬁgn > A method for nulti-carrier transm ssion of the

present i nvent i qiigl MpheRen Shidik iabrhinf"SHbHEALNthé OStAIAuREDEE e f Of

multi-carrier transmssion to the counter conmunication equi pment using the

first fdemsppngtserticmdf tholATERCs the data transni ssion fromthe counter
comuni cati on equi pnment to the apparatus for nmulti- carrier_ transm ssion
usi ng the second'igr dgusrechlasdndiagram showing thecstusture ofithesaapping each
carrier of .the fi ﬁ; frequency band, by making the bit rate of the data
t ransmi g%qtg,(ppio,t}pﬁ't Riing during the period that the noise becomes |arge at

the counter compyy ogl 0 SIMIRIE Widkhdle" shORng thELErfkB® of iR

transm ssion inp nt'i
demapping section of the ATU-R;

Fig. 15A is a diagram showing the relation between the
frequency band and the bit rate at the time of the upstream direction of
ISDN;

Fig. 15B is a diagram showing the relation between the
frequency band and the bit rate at the time of the downstream direction of
ISDN;

Fig. 16 is a block diagram showing the detailed structure of the
bit & power allocation calculating section 32 in the ATU-R 2;

Fig. 17 is a block diagram showing the detailed structure of the
bit & power allocation calculating section 22 in the ATU-C 1;

Fig. 18 is a flowchart showing the operation of the bit & power
allocation calculating section 32 in the ATU-R 2;

Fig. 19 is a diagram showing the method of the bit allocation;

Fig. 20 is a flowchart showing the calculation method of the
performance margin at the step S2 iﬁ Fig. 18;

Fig. 21 is a flowchart showing the calculation method of the bit
allocation table at the step S5 in Fig. 18;

Fig. 22 is a diagram showing the input signal constellation;



durlng the period that the noise becones |arge at the apparatus for
multi-carrier transmission. Wth this, the present invention can inprove
t he conmuni cation performance | argely under the nfoise environment of the
changi ng noi se level, securing the conpatibility with the existing 55
comuni cation systems using the frequency division system The frequency
di vision systemis used for the data trsgnsm ssion, therefore the mutual

cross-tal ]Ic< n(ﬁl sfe ée not e%%{&e%l%w{&lﬁl cati onAaaBI ocat i Bgét&:%gﬁ

carrier of the fFr8t ceti usi ng
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dur i ng drEvEE TSR éﬁq%f% S SRR i oparacus for

mul ti-carrier tr hl“tln| ating to each
T2 ST afng% o ng tHcednt8lakde

carrier of the first frequenc transm ssi on power allocation using

for each carrier Fig. 2Bdsfa dm:grfalmw]mvuylgbﬂrwrehltm between tthetgwindahd
during the period that the noise is large at the counter conmunication

equi pnerhheaamqmﬁ)@ﬂa@@e The bit allocation to the carrier of the first
frequency band | aII at ed, ing,the bit.rate of th ata

transni ssi on at i1§d & tﬁﬁw‘ﬁ%‘%gmgﬂﬂ& hesPragess 9? &H‘e RIRHoEy
comruni zﬁr‘) ?@'cfxﬂ“' prrent hi gher than the bit rate of the data transm ssion
at the perio at the noise becones |arge at the apparatus for

nul ti-carrier tr Fi%”Z?A &M d1aé’¥érﬂ éﬁ’dvﬁmé fl‘?e r8Bitfon bRbWwEbASHY bit rate

corresponding to the noise |evel can inpl enented. The bit allocation
al | ocat iamd t the afrlequancye baefd tdfethecupdtn‘aamudn@yctimmchmhddmwassmasﬂ on
power al|ocation using for each carrier of the second frequency band
transni t4¥8CtiPROM the counter conmuni cation equi pment during the period

that th t th t f tr [ d
ho i al | ocat | SHBaEY o Ay EBnBatioing Foe TEIatR Rebwern WRAUCALP band

A eacel S BhoneR Y. hast 61" tHE' BPsbRart®Alkettldd Un®’ abRhstEM”
d1rect10n; ‘
Fig. 28 is a block diagram showing another embodiment of the
present invention;
| Fig. 29 is a block diagram showing the function of filters of
another embodiment of the present invention;
Fig. 30 is a block diagram showing an embodiment of an
apparatus for multi-carrier transmission of the present invention;
Fig. 31A is a diagram showing the relation between the using
frequency band and the bit rate;
Fig. 31B is a diagram showing the relation between the using
frequency band and the bit rate;
Fig. 32A is a diagram showing the relation between the using
frequency band and the bit rate;
_ Fig. 32B is a diagram showing the relation between the using
frequency band and the bit rate; and
Fig. 33 is a block diagram sho{ving a third embodiment of the

present invention.



fromthe counter communi cation equi pnent during the period that the noise
Is large at the counter communi cation equi pnent are nenorized. The signal
transmtted fromthe counter comruni cation equi pnent is denodul ated by
using the sane bit allocation and transm ssion power allocation as the bit
al l ocation and transm ssion power allocation used corresponding to the
changing timng of noise level at the @9unter 56 conmmuni cati on

commun cai i on SYERGRRAETTON i 3R P RR LR AR BRI  (f "
DESCRI PTI QN F THOBRAREL e s SEFWATRE° PR bfer %o S°HPonr af

i nventi %G;yﬁfdt_xﬂeﬁﬂrde AT &R F6E thul tiddirrher ¢PN8sMessibhof @het Predetit) oW ng
detail ed description taken in conjunction with the acconpanying drawi ngs in
whi ch: Hinyentiors axecexplained inndetadl.di dgrBigss o 138, £her embodamentsi ofe
generated in the ADSL apparat us (iause by the ISDN line; Fig. 2 is a noise
amount ditggPEeSIHORVeNtioR axaR¥laBiedhe cross-talk noise in Fig. 1; Fig. 3
is a block diagr shaow t he,.structure of conveni.i onal SL_appar,at us;
Fg 4 s a bl ock B dar AP0k Rgr i Shorabe et S b o p R ot T o
cal cul atii o] f egAT;  avfl ' I ja WJG:d.he
sftructurl_gﬁ%fﬂ g%itqépplg\i/é_r BQI oe(?aS isltt);ﬁmca %%Igﬁ)nlg%lglelggi %‘a@‘ ﬁ?‘ﬁ\é&dﬁég;

Fig. 6A frandnfisRis@Bfstivippesé e iaventioa ¥pé giplidd fbe adNAPSL! SpstdmXT
generated and the FEXT generated, which are eval uated at the downstream SNR
eval uatiAg showmwnin Fig. 9, this embodiment provides an ATU-C (ADSL

transceiver unit, central office end) 1 as a central office and an ATU-R

(ADSL transceiver unit, remote terminal end) 2 as a remote terminal end.

The ATU-C 1 provides a transmitting section 3 and a receiving
section 5 and the ATU-R 2 provides a fransmitting section 6 and a
receiving section 4 and these sections have big function respectively. At
the back position of the transmitting section 3 of the ATU-C 1, a high-
pass filter 7 which removes side lobes generated by the frequency band
using for downstream data transmission is provided. And at the front
position of the receiving section 4 of the ATU-R 2, a high-pass filter 9
which removes side lobes generated by the frequency band using for
downstream data transmission is provided. The same as mentioned
above, at the front position of the receiving section 5 of the ATU-C 1, a
low-pass filter 8 which removes side lobes generated by the frequency
band using for upstream data transmission is provided. And at the back
position of the transmitting section 6 of the ATU-R 2, a low-pass filter 10
which removes side lobes generated by the frequency band using for
upstream data transmission is provi_ded.

Fig. 10 is a block diagram showing the structure of an
embodiment of the present invention. "In Fig. 10, these functions of
transmitting and receiving are shown in more detail. Referring to Fig.

10, the detailed structure of transmitting sections and receiving sections



Fig. 6B is a diagram showing the determning state of the bit allocation of
each carrier corresponding to the average value of SNR eval uated at the
downst ream SNR eval uating section; Fig. 7 is a hyperfranme structure diagram
conrposed of 345 synbols; Fig. 8 is a frequency band di agram using fnr data
transm ssion by an echo cancel er system 57 Fig. 9 is a block diagram
showi ng an enbodi ment of a systemfor M ti-carrier transm ssion of the

present ipvention; Fig. 10 | bl ock .dj agr am showi ng the structure of an
enmbodi thg AtW'@r%@@thTmﬁgi@rﬁxﬂlﬂ&e -1 is a block diagram show ng the

Show ng the st 1 od T BBfsRREting sBtubcatM the AnrG L Brduilief oA SRIL 2T
bl ock di g@gg@g?om N9 WSich a%%%ﬁr@fmftb@d TRPR BEns@Git 8Ped IR RheMi 0.

14 is a I agram show ng the structure of the demapping section of the

ATU- R Fegterhad dquipndént aze tenoporarilynstore@datd anappingesection ¥2 edhiehcy
band and the bit rate at the tine of the upstreamdirection of ISDN, Fig.
15B i s aswitedresm thewi big t aHlocationi oanget weansmissibneqpemeyr bahecation he
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(inverse fast Fourier transform) 13 which implements the modulating and
multiplexing in each carrier for multi-point QAM (quadrature amplitude
modulation) signals being the output of this mapping, and a DAC (digital
to analog converter) 14 which converts this digital mutiplexed output to a
downstream analog signal and transmits the analog signal And a
high-pass filter 7 which removes the side lobes generated by the data
transmission carrier is provided at the back position of the transmitting
section 3. Fig. 11 is a block diagram showing the structure of the
mapping section 12. As shown in Fig. 11, the mapping section 12 is
constituted of a modulator 35 Whiéh modulates the amplitude of carriers
and allocates the data to the carriers and a bit & power allocation
memorizing section 36 which memorizes the bit allocation for allocating
each carrier and the transmission power allocation using for each carrier.
The receiving section 5 of the ATU-C 1 provides an ADC

(analog to digital converter) 15 which converts analog signals transmitted
from the ATU-R 2 to digital signals, a FFT (fast Fourier transform) 16
which implements the fast Fourier transform for these digital signals, a

" demapping section 17 which switches the bit allocation and transmission
power allocation corresponding to the changing timing of noise level and
demodulates the transmitted signals, and a rate converter 18 which
adjusts the change of the amount of data transmission caused by the
~change of bit allocation and transfers the data to the external equipment

in a constant speed. And a low-pass filter 8 which removes the side



bit & power allocation calculating section 22 in the ATWOC 1; Fig. 18 is a
fl owchart showi ng the operation of the bit & power allocation calculating
section 32 in the ATUWOR 2; Fig. 19 is a diagram showi ng the nethod of the
bit allocation; Fig. 20 is a flowhart show ng the cal cul ati on nmet hod of
the performance margin at the step S2 in Fig. 18; Fig. 21 is a flowhart
showi ng the cal cul ation nethod of the 6t allocation table at the step S5

55 i g, 198es Echeraiaaihy the AR R IO ear PN s RbAdef AE S DRk
3 Fig. 239 _
The. constoniFH Bf the, ffoc3pfiy Sotifn B9, TAR, 12 & oLk, dBcdi SRLBIRE 10

gai n andtiid@tpastite 6f thel demdpsing2fettion 17 owcAharshoshevinnighe2pridress of
the present invention, Fig. 27A is a diagram show ng the rel ation between
the bit demapping sectiordiascsonstitiitetl afhe demodelatodifewhich takes out

d i ion; Fig. 27B.i di hqwi | af i op. bet
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The ATU-C 1 further provides a pseudo-random signal

generating section 20, a tone synchronized with noise generating section
21 and a bit & power allocation calculating section 22 to realize the
present invention.

At the training period when the bit allocation allocating for
carrier and the transmission power allocation using for carrier are
calculated, the pseudo-random signal generating section 20 generates the
pseudo-random signals allocated in sequence the data composed of
predetermined pseudo-random order to each carrier using for
downstream data transmission and outputs the result to the IFFT 13.
The tone synchronized with noise generating section 21 generates the
signal synchronized with noise which makes the amplitude of the
predetermined carrier change synchronizing with the changing timing of
noise level and outputs to the IFFT 13. The bit & power allocation
calculating section 22 calculates plural SNR of each carrier every noise
level used for upstream data transmission by using the pseudo-random
signals transmitted from the ATU-R 2 and calculates the bit allocation
allocating to each carrier and the transmission power allocation using for
each carrier every noise level by the calculated average value of SNR of
each carrier and memorizes the calculated bit allocation and transmission
power allocation in the bit and power allocation memorizing section 38 of

the demapping section 17 and also outputs to the mapping section 12.



Fig. 31Ais a diagramshowi ng the rel ation between the using frequency band
and the bit rate; Fig. 31B is a diagram show ng the rel ation between the
using frequency band and the bit rate; Fig. 32A is a diagram show ng the
rel ati on between the using frequency band and the bit rate; Fig. 32Bis a
di agram show ng the relation between the using frequency band and the bit
rate; and Fig. 33 is a block diagram sk ng a third enbodi nent of the
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hi'gh P28 énaﬁ)rg converter) 26 which converts this mutiplexed output to a

upstream analog signal and transmits this analog signal. And a low-
pass filter 10 which removes the side lobes generated by fhe data
transmission carrier is provided at the back position of the transmitting
section 6. Fig. 13 is a block diagram showing the structure of the
mapping section 24. As shown in Fig. 13, the mapping section 24 is
constituted of a modulator 39 which modulates the amplitude of carriers
and allocates the data to the carriers and a bit & power allocation
memorizing section 40 which memorizes the bit allocation for allocating
to each carrier and the transmission power allocation using for each
carrier.

The receiving section 4 of the ATU-R 2 provides an ADC
(analog to digital converter) 27 which converts analog signals transmitted
from the ATU-C 1 to digital signals, a FFT (fast Fourier transform) 28
which implements the fast Fourier transform for these digital signals, a
demapping section 29 which switches the bit allocation and transmission
power allocation corresponding to the changing timing of noise level and
demodulates the transmitted signéls, and a rate converter 30 which
adjusts the change of the amount of data transmission caused by the
change of bit allocation and transfers the data to the external equipment

in a constant speed. And a high-pass filter 9 which removes the side



whi ch renoves side | obes generated by the frequency band using for
downstream data transm ssion is provided. The sanme as nentioned above, at
the front position of the receiving section 5 of the ATUAC 1, a | ow pass
fitter 8 which renoves side | obes generated by the frequency band using for
upstream data transm ssion is provided. And at the back position of the
transmtting section 6 of the ATUR 2,632 | ow-pass filter 10 which renoves
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to realize the present invention.

At the training period when the bit allocation allocating for
carrier and the transmission power allocation using for carrier are
calculated, the pseudo-random signal generating section 31 generates the
pseudo-random signals allocated in sequence the data composed of
predetermined pseudo-random order to each carrier using for upstream
data transmission and outputs the result to the IFFT 25. The bit &
power allocation calculating section 32 calculates plural SNR of each
carrier every noise level used for downstream data transmission by using
the pseudo-random signals transmitted from the ATU-C 1 and calculates
the bit allocation allocating to each carrier and the transmission power
allocation using for each carrier every noise level by the calculated
average value of SNR of each carrier and memorizes the calculated bit
allocation and transmission power allocation in the bit & power allocation
memorizing section 42 of the demapping section 29 and also outputs to
the mapping section 24. |

The clock in the ATU-C 1 is a clock synchronizing with the
changing timing of noise level and, in this case, the changing timing of

noise level is known. For example, at the case that the noise is a cross-



constituted of a nodul ator 35 which nodul ates the anpli-tude of carriers and
allocates the data to the carriers and a bit & power allocation nenorizing
section 36 which nenorizes the bit allocation for allocating each carrier
and the transm ssion power allocation using for each carrier. The receiving
section 5 of the ATU-C 1 provides an ADC (analog to digital converter) 15
whi ch converts analog signals transmttéed fromthe ATUUR 2 to digital '
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detected at the clock detecting section 33 and the changing timing of

detected noise level is outputted to the bit & power allocation selecting
section 34. The bit & power allocation selecting section 34 recognizes
the changing timing of noise level by the information from the clock
detecting section 33 and designates the bit allocation allocating to the
carrier using for data transmission and the transmission power allocation
using for the carrier to the mapping section 24. The bit & power
allocation selecting section 34 designates the bit allocation and
transmission power allocation using at the time of demodulation of the
data to the demapping section 29.

The operation of the IFFT is explained in more detail. The
signals from the pseudo-random signal generating section, the tone
synchronized with noise generating section and the mapping section are
outputted to the IFFT. However these signals are not inputted at the
same time. That is, the IFFT implements the inverse fast Fourier
transform for signal inputted in different time and outputs to the DAC.
And the mentioned above each equipmént is controlled by a sequencer
which is not described in diagrams. By the control of this sequencer, at

the predetermined signal outputting timing, the pseudo-random signal



cal cul ated, the pseudo-random signal generating section 20 generates the
pseudo-random signals allocated in sequence the data conposed of
predet erm ned pseudo-random order to each carrier using for downstream
data transm ssion and outputs the result to the IFFT 13.© The tone
synchroni zed with noi se generating section 21 generates the signal
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si de | obggygerShHR tsbYsyrdthrddiAing with the switching timing of the direction
of data transmission of the TCM-ISDN loop, the NEXT and FEXT are
cyclically generated at the ADSL system.

At the case that the telecommunications are implemented by
the conventional ADSL technology, due to this cyclical cross-talk noise,
the large amount of error is generated at the time when the NEXT being
high noise state is generated. @ Moreover, at the case that the
transmission rate is set at the telecommunication under the NEXT noise,
the transmission rate is largely decreased.

Fig. 15A is a diagram showing the relation between the
frequency band and the bit rate at the time of the upstream direction of
ISDN. Fig. 156B is a diagram showing the relation between the
frequency band and the bit rate at the time of the downstream direction of
ISDN.

In order to solve this problem, the embodiment of the present
invention secures the transmission capacity of data by the following
method. As shown in Fig. 15A, at the périod that the noise generated at
the downstream data transmission is large, the present invention makes

the upstream bit rate of the transmission using low frequency band



transm ssion carrier is provided at the back position of the transmtting
section 6. Fig. 13 is a block diagram showi ng the structure of the mapping
section 24. As shown in Fig. 13, the mapping section 24 is constituted of a
nodul at or 39 whi ch nodul ates the anplitude of carriers and all ocates the
data to the carriers and a bit & power allocation nenorizing section 40

whi ch nenorizes the bit allocation for66al | ocating to each carrier and the
transm ssion power allocation_using for each carrier. The receiving section
4 of the&annery ighesthre the downsireamybitorate;pf thelganpsmission nsipgch
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transmission of downstream direction.

Next, in order to realize the mentioned above processing, the
concrete operation of the embodiment of the present invention is
explained.

At the training period when the bit allocation and transmission
power allocation of each carrier using for the data transmission is
calculated, the pseudo-random signal generating section 20 in the ATU-C
1 generates the pseudo-random signals which the amplitude of each
carrier of the high frequency band using for the downstream data
transmission is modulated to the amplitude corresponding to the bit order
of the predetermined data allocating based on the predetermined pseudo-
random order and outputs the result to the IFFT 13. This modulation is
named a 4QAM (4 quadrature amplitude modulation) and the carrier
amplitude corresponding to the order of the data is decided by a
constellation. The constellation means that the order of bit allocating to
carrier is corresponded to a coordinate on the two-dimensional coordinate
formed by the same frequency carriers wl:xose phases are orthogonal each

other.

The IFFT 13 implements the inverse fast Fourier transform for



cl ock detecting section 33 and a bit & power allocation selecting section
34 to realize the present invention. At the training period when the bit
al l ocation allocating for carrier and the transni ssion power allocation
usirng for carrier are cal cul ated, the pseudo-random signal generating
section 31 generates the pseudo-random signals allocated in sequence the
data conposed of predetermnm ned pseudo-Bgndonlorder to each carrier using

for upstream dat.a transm ssiqn d.outpyts t resulj.to the | FFT 25. The
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changes every 1.25 mlliseconds. Therefore, at the transmtting section 3
of the Amidagital fgrmeanidviaies bat eachkedyriewhiof highefrequentydearnd whese
predetermned carrier changes in a 1.25 mlljseconds cycle synchroni zed

wi th t heaslatideyis modyladed porsespanding toéhe jadlocated date, tn thisi eacky to
the receiving section 4 gf the ATUUR 2., A rdin lle thedtone .S ncihr.oni zed
Wi th noi CATHEReii? nESEURPITGHASM osHarak o5 LRI gshudo-random sighal is

transmitted to the bit & power allocation calculating section 32 and the .

SNR values of each carrier of high frequency band using for the
downstream data transmission are calculated at the time of NEXT
generated and at the time FEXT generated respectively. Using the
average value of the calculated plural SNR values, the two kinds of bit
allocation and transmission power allocation of each carrier are
calculated at the time of NEXT generated and at the FEXT generated.

The bit & power allocation calculating section 32 outputs the
calculated two kinds of downstream bit allocation and transmission
power allocation to the demapping section 29 and makes these calculated
allocation memorize at the bit and power allocation memorizing section

| 42 in the demapping section 29 and also outputs the calculated result to
the mapping section 24.

The mapping section 24 allocates the designated carrier the
information of the bit allocation allocating for each carrier of high
frequency band using for the downstream data transmission and the
information of the transmission power allocation using for each carrier of
high frequency band using for the downstream data transmission 2 bits

each by the mentioned above 4QAM, and transmits the allocated result to



synchroni zed with noi se nade the anplitude of signal change by
synchronizing with the clock and transmts the tone synchronized with noise
to the ATUOR 2. This signal synchronized with noise can be detected at the
clock detecting section 33 and the changing tim ng of detected noise |evel
Is outputted to the bit & power allocation selecting section 34. The bit &
power allocation selecting section 34 rggcogni zes the changing timng of

noi se | evel ﬁ the information fromthe clock detecting section 33 and
designat@@el ﬁnbzﬁ-allocation allocating to the carrier using for data
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the above The demapping section 17 demodulates the carrier and takes
out the information of the bit allocation allocating to each carrier of high
frequency band from the designated carrier and the information of the
transmission power allocation using for each carrier. The taken out
information of the bit allocation and transmission power allocation is
transmitted to the mapping section 12 and is memorized at the bit &
power allocation memorizing section 36 shown in Fig. 11 in the mapping
section 12,

The mapping section 12 implements the transmission of data
by switching the bit allocation allocating for each carrier of high
frequency band and the transmission power allocation using for each
carrier of high frequency band corresponding to the changing timing of
noise level. @ The mapping section 12 also demodulates the data
transmitted from the counter remote terminal based on the bit allocation
and transmission power allocation of downstream direction memorized in
the demapping section 29.

At the training period, the ps-eudo-random signal generating
section 31 in the ATU-R 2 generates the pseudo-random signal that is

+ modulated the amplitude of each carrier of low frequency band using for



mentioned structure is received the cyclically changing cross-tal k noi se
fromthe TCM I SDN | oop. In the TCM I SDN | oop, the data transni ssion of
upstream and downstream directions is inplenented alternately every 1.25
m 'l i seconds. At the case that the ADSL |oop.is installed adjacent to the
TCM | SDN | oop, synchronizing with the switching timng of the direction of
data transm ssion of the TCM 1 SDN | oopggthe NEXT and FEXT are cyclically
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The ADC 15 in the ATU-C 1 converts the analog signal to the
digital voltage value. The FFT 16 implements the fast Fourier
transform to the voltage value expressed in digital and takes out each
carrier of low frequency band whose amplitude is modulated
corresponding to the allocated data, in this, each carrier is the pseudo-
random signal. This pseudo-random signal is transmitted to the bit &
power allocation calculating section 22 and the plural SNR values of each
carrier of low frequency band using for the upstream data transmission
are calculated at the time of the NEXT generated and the FEXT
generated respectively. Using the average value of the calculated plural
SNR values, the two kinds of bit allocation and transmission power
allocation of each carrier are calculated at the time of the NEXT
generated and the FEXT generated.

The bit & power allocation calculating section 22 outputs the
calculated two kinds of upstream bit allocation and transmission power
allocation to the bit & power allocation memorizing section 38 in the
demapping section 17 and also outputs them to the mapping section 12.

The mapping section 12 allocates the designated carrier the

information of the bit allocation and transmission power allocation



usi ng high frequency band carriers higher than the upstreambit rate of the
transm ssion using | ow frequency band carriers. Furthernore, in order to
keep the conpatibility with a MODEM of the existing FDM xDSL, the
frequency bands of carriers using for the data transm ssion of upstream and
downstream directions are separated, and the carrier of the | ow frequency
bband is used for the data transm ssion ™ upstreamdirection and the
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digital voltage value and takes out the designated carrier which is

modulated to the amplitude corresponding to the allocated data.

The demapping section 29 demodulates the carrier and takes
out the information of the bit allocation allocating to each carrier of low
frequency band from the designated carrier and the information of the
transmission power allocation using for each carrier. The taken out
information of the bit allocation and transmission power allocation is
transmitted to the mapping section 24 and is memorized at the bit &
power allocation memorizing section 40 shown in Fig. 13 in the mapping
section 24.

The mapping section 24 implements the transmission of data
by switching the bit allocation allocating to each carrier of low frequency
band and the transmission power allocation using for each carrier of low
frequency band corresponding to the changing timing of noise level. The
mapping section 24 also demodulates the data transmitted from the
counter remote terminal based on the bit allocation and transmission
power allocation of upstream direction memorized in the demapping
section 17.

At the case that the inputted signal is the pseudo-random



The DAC 14 converts the voltage value expressed in digital formto an
anal og signal being an actual voltage val ue and outputs the converted
result to the loop. In the ATU-R 2, the voltage val ue expressed in digital
formconverted fromthe anal og signal at the ADC 27 is taken out. The FFT
28 inplenents the fast Fourier transformfor the voltage val ue expressed in
digital formand takes out each carri &l of high frequency band whose
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section 42 in the demappi ng section 29 and al so outputs the calcul ated
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outputted to the two sections and this operation is controlled by the
sequencer mentioned above.

The demapping section changes the output section at the case
whether the signal is the signal allocated two kinds of bit allocation and
transmission power allocation or the signal is the data allocated signal
from the connected external equipment of the remote terminal, to which
section the signal is outputted is controlled by the sequencer. And the
demapping section, as at the training period a certain number of bits are
allocated to carrier, takes out the data from the carrier based on these
number of bits. At the period of the data transmission, the demapping
section takes out the data allocated to the carrier by using the two kinds
of bit allocation and transmission power allocation calculated at the
training period. This switching operation is also controlled by the
sequencer.

The signal from the rate converter and the signal from the bit &
power allocation calculating section are inputted to the mapping section,
the mapping section recognizes the signal from which section the next

signal is inputted by the information from the sequencer and operates

them. The mapping section generates the signal allocated the



the I FFT 25. The I FFT 25 outputs the voltage val ue expressed in digital
form added up the designated carriers by the inverse fast Fourier

transform The DAC 26 converts the voltage value in digital formto the.
anal og signal being the actual voltage value and outputs the anal og signal
to the loop. In the ATU.C 1, the ADO 15 converts the anal og signal
transmtted fromthe ATUUOR 2 to the volf2age val ue expressed in digital form
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section 34 in the ATU-R 2 are also explained in more detail.

As mentioned above, at the case that the noise is the cross-talk
noise from the TCM-ISDN, the NEXT and the FEXT are alternately
generated every 1.25 milliseconds, therefore the SNR of each carrier is
also changed every 1.25 milliseconds. Accordingly, the ATU-C 1 needs
to notify the changing timing of the noise level to the ATU-R 2. by
receiving the clock whose amplitude changes in 1.25 millisecond cycle
synchronized with the changing timing of the noise level.

Therefore, the tone synchronized with noise generating section
21 in the ATU-C 1 generatés the signal synchronized with noise which
makes the amplitude of the designated carrier using for notifying the
changing timing of the noise level change by synchronizing with the
changing timing of the noise level and outputs the result to the IFFT 13.

The IFET 13 implements the inverse fast Fourier transform to
the designated carrier using for notifying the changing timing of the noise
level and generates the voltage v.alue in digital form. The DAC 14
converts the voltage value in digital form transmitted from the IFFT 13 to
the analog signal being the actual voltage value and-outputs the result to

the loop.



69 the upstreamdata transm ssion . to the anplitude corresponding to the
desi gnated data al | ocated based on the predeterm ned pseudo-random order.
The pseudo-random signal is outputted to the IFFT 25. This nodulation to
the anplitude corresponding to the designated data is inplenented by the
menti oned above 4QAM The | FFT 25 inplenments the inverse fast Fourier
transformto the pseudo-random signal 78onposed of this anplitude nodul at ed
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the designated carrier the rnformation o ocation
transm sghamepAgetinfid® &ft t}e noise level by the notification from the clock

detecting section 33. At the time when the mapping section 24

implements the bit allocation and transmission power allocation to each
carrier, the bit & power allocation selecting section 34 designates the bit
allocation and transmission power allocation wusing for the
implementation of the data transmission corresponding to the noise level
from the two kinds of bit allocation and transmission power allocation
memorized in the bit & power allocation memorizing section 40. At the
time when the demapping section 29 takes out the data allocated to the
carrier transmitted from the ATU-C 1, the bit & power allocation
selecting section 34 designates the same bit allocation and transmission
power allocation as the bit allocation and transmission power allocation
used corresponding to the noise level at the ATU-C 1 and used for the
demodulation of the data, from the two kinds of bit allocation and
transmission power allocation memorized in the bit & power allocation
memorizing section 42.

At the case that the noise is the cross-talk noise from the TCM-
ISDN, as shown in Fig. 5, the receiving timing of the 345 symbol accords
with the switching timing of the cross-talk noise from the ISDN. Which



- 70 allocating to each carrier of |ow frequency band using for the upstream
data transm ssion 2 bits each by the nentioned above 4QAM and transmts
the allocated result to the IFFT 13. The I FFT 13 outputs the vol tage val ue
expressed in digital form added up the designated carriers by the inverse
fast Fourier transform The DAC 14 converts the voltage value in digital
formto the anal og signal being the actqual vol tage val ue and outputs the
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menmorized in the derBpRiA%in Fig. 16, the bit & power allocation calculating
section 32 provides a downstream SNR evaluating section 43, a FEXT .
SNR & NEXT SNR 44 holding the FEXT SNR value and NEXT SNR

value and a rate adaptive algorithm section 45. The rate adaptive

algorithm section 45 provides a performance margin calculating section
46, a transmission rate selecting section 47 and a bit & power allocation
table calculating section 48. As shown in Fig. 17, the bit & power
allocation calculating section 22 provides an upstream SNR evaluating
section 51, a FEXT SNR & NEXT SNR holding section 52 and a rate
adaptive algorithm section 53. The rate adaptive algorithm section 53
provides a performance margin calculating section 54, a transmission
rate selecting section 55 and a bit & power allocation table calculating
section 56.

Between the bit & power allocation calculating section 22 in the
ATU-C 1 and the bit & power allocation calculating section 32 in the
ATU-R 2, only the frequency band of the carrier calculating the bit
allocation and transmission power allocation is different, therefore only
the operation of the bit & power allocation calculating section 32 in the
ATU-R 2 is explained.

At the time of the upstream transmission of the ISDN, the



section 17. At the case that the inputted signal is the pseudo-random 71
signal, the FFT inplenents the fast Fourier transformto the signal
inputted to the bit and power allocation' calculating section and outputs
the result to the bit and power allocation calculating section. At the case
that the signal has the information of the cal cul ated two kinds of bit

al l ocation and transm ssion power allcdtsation, the FFT inplenents the fast
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the training period a certain nunber of bits are allocated to carrier,

t akes oubftthe AR vialaes tdtetlcnNEXET generaiwd idhedd inntley NEXA SNRAL4 t he
period of the data transm ssion, the demappi ng section takes qut the data
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the rate convert ey and IHenSidaan e ddifuliting section 46 calculates the
four kinds of maximum performance margin value based on the SNR
values of each carrier evaluated at the downstream SNR evaluating
section 43, at the case that the downstream transmission rates
transmitted from the ATU-C 1 are realized respectively. In this
example, the transmission rates are four kinds. The performance
margin is a margin for the SNR, needed to secure Pe/2 = 107, The Pe is
the probability of symbol error which the signal on the carrier makes an
error. The transmission rate selecting section 47 selects the
transmission-able value and the largest value of the transmission rate
from the four kinds of performance margin values. The bit & power
allocation table calculating section 48 calculates the bit & power
allocation for transmitting at the selected transmission rate “rn”. The
calculated bit & power allocation table is transmitted to the ATU-C 1 as
mentioned above, however this bit & power allocation table are calculated
for each group of SNR values changing cyclically at the NEXT generated
and the FEXT generated respe.ctively. For the ATU-C 1, the
transmission rate selected at the transmission rate selecting section 47 is
memorized. : -

Fig. 18 is a flowchart showing the operation of the bit & power



power allocation calculating section are inputted to the nmapping section,

t he mappi ng section recogni zes the signal fromwhich section the next
signal is inputted by the information fromthe sequencer and operates them
The mapping section generates the signal allocated the 72 designated
nunber of bits to the designated carrier, at the case that the input signa
Is the signal fromthe bit & power all%fation calculating section. At the
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Fig. 19 is a diagram showing the method of the bit allocation.
In Fig. 19, (a ) and ( b ) show the SNR values of the evaluated each
frequency, ( a ) shows the SNR value at the time of the FEXT generated
and (b ) shows the SNR value at the time of the NEXT generated.

The performance margin calculating section 46 calculates the

four kinds of bit allocation setting the performance margin value
maximum based on the SNR values of each carrier evaluated at the
downstream SNR evaluating section 43 respectively, at the case that the
transmitted four transmission rates are realized (step S2). Fig. 19
shows the calculating method. In this case, as shown in Fig. 19 (c¢), the
SNR values at the NEXT generated and FEXT generated shown in Fig. (
a) and ( b ) are used as the SNR value evaluated until the two times
frequency by not changing cyclically.

With this, at the time when the performance margin of the loop
is calculated, for the SNR values of each carrier not changing at the time
shown in Fig. 19 ( d ) in which the -using frequency is two times
frequency, making the transmission rate two times 4s many as the given

» transmission rate, the bit allocation method is used by considering the



The I FFT 13 inplenents the inverse fast Fourier transformto the designated
carrier using for notifying the changing timng of the noise |evel and
generates the voltage value in digital form The DAC 14 converts the
voltage value in digital formtransmtted fromthe IFFT 13 to the anal og
signal being the actual voltage value and-outputs the result to the | oop.
73 The ADC 27 in the ATU-R 2 converts tfle anal og signal transmtted from
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the transmission electric power usable for each carrier is not limited is
applied. |

The transmission rate selecting section 47 selects the transmit-
able transmission rate whose transmission rate is fastest and whose
margin is not negative from the calculated four kinds of performance
margin values, for example from the four kinds of margin values m1 to
m4 shown in step S2 in Fig. 18 (step S3). The selected transmission rate
and the performance margin are transmitted to the ATU-R 2 (step S4).

The bit & power allocation table calculating section 48
calculates the bit & power allocation table for the implementation of the
transmission at the selected transmission rate (step S5). This table
must be calculated for the respective SNR values changing cyclically at
the NEXT generated and the FEXT generated. The using bit & power
allocation table uses the 222 carriers of the first half of 444 carriers as for
the FEXT table and the 222 carriers of the second half of 444 carriers as
for the NEXT table, at the case that. the 444 carriers are used as the bit &
power allocation table. The calculated respective tables are transmitted
to the ATU-C 1 from the ATU-R 2.

Fig. 20 is a flowchart showing the calculation method of the



power allocation as the bit allocation and transm ssion power allocation
used .corresponding to the noise level at the ATUOC 1 and used for the
denodul ati on of the data, fromthe two kinds of bit allocation and
transm ssi on power allocation nmenorized in the bit & power allocation
menori zing section 42. At the case that the noise is the cross-tal k noi se
fromthe TCM 1SDN, as shown in Fig. 98 the receiving timng of the-345th
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structure of the bit &Bﬁ)o all ocation .calculating section 32 in the ATU-R
2. Fig. Brearrangeg.to %g&iﬂ’f"%ﬁ&ﬁ%ﬁ%ﬂé‘%a ailed structure of the bit &

power al td.on xal i pg section 22 in the ATUC 1. As shown in Fig.
16, the §§R8€190v\7ér al g@at ?lofi cal cul ating section 32 provides a downstream
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val ue and NEXT SNR val ue and a rate adaptive algorithmsection 45. The rate
adapt i vecatjers Nio shetsmallést puambeeS i4. per f or mance margin cal cul ating
section 46, a transm ssion rate selecting section 47 and a hit & pawer
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using for achieving v .. And vy (k) is calculated (step S10).

The calculating equation of this v (k) is defined as follows:

SNR(k
y(%)=10 log,, —B,:.(—)— +reff ~9.8(dB)

2 k-1

They (k) is the maximum performance margin achievable in
one carrier. In this time, the target achieving rate is By, the total
coding gain is ¥ . the desirable bit error rate is 107 and k pieces of the
best carrier is used, then the present geometric average of SNR is as
follows:

|

SNR(k) = [ﬁ, E,- SNR(I')]‘_'

The coding gain means the gain obtained by coding such as the
Trellis coding.

The present transmission power E; using the i carrier is given



provi des a performance margin cal cul ating section 54, a transm ssion rate
sel ecting section 55 and a bit & power allocation table calculating section
56. Between the bit & power allocation calculating section 22 in the ATU-C
1 and the bit & power allocation calculating section 32 in the ATU-R 2,
only the frequency band of the carrier_calculating the bit allocation and
transm ssion power allocation is di ffef®ent, therefore only the operation of
the bit & P r allocation calculating section 32 in the ATUUR 2 is
explainéﬁ?‘ﬂﬁ§Yﬁe tinme of the upstreamtransnission of the I SDN, the

NEXT is gengratgd in the ATUR 2 and at the tine of the domng eam

transni ssion'of THe | SDN, the FEXT is generated in the ATU-R'Z. Therefore,

the downstream SNRetstalahpag poredt B, 43iscal cul ates the plural SNR val ues
of each carrier frequency at the NEXT generated tinme and the FEXT generated

time respecHyglskyding the pseudo-random signal transnmitted fromthe
ATU-C 1. And the_avgrage val.ue of the SNR values is calculated in each
carrier and the cafca$ dhemsingmgabexiqfcagriathe SNR val ues at the NEXT

The SR val tee. nmaidSHBe LA i, RoREt elt 3hf L EHAY ROt ©
performengg {HREGsNdS@rpbird B? ﬁftﬁttk&gsfll@séiehcgwbﬁph@ﬁ. TRy Ehihﬁ' palse Of
alue base N a

maxi num performnce margin v on the R val ues of each carrier

eval uat edepéndiify davelsd tmmiﬁiiﬁt%kgﬁﬂt,ggf,m mexidimaiowbe teagemtitat the
downstreamtransm ssion rates transnmtte rom the ATU-C 1 are realized

r espect i akleyof each chrsiesdamutdimited.t r ansni ssi on rates are four kinds. The
performance marginh is a margi n for the SNR, needed tq secure Pe/2 =

10[err]. The Pe it the o3ss B % (KoP Kmbol Vewar 577 U 8R4 $RURE Gk ¢ he
carri el (akeSo88 $11%nd S19)° 'ABIRY ElCMAR % 59k ROeRBRRRg the
total number of carriers, set k =k + 1 (step S14) and return to step 10.
In this, v ., shows the maximum possible performance margin at the
given system parameters and the “ count ” becomes the best number of
carriers using to achieve v ... |
Fig. 21 is a flowchart showing the calculation method of the bit
allocation table at the step S5 in Fig. 18. Using above mentioned v .«
and “ count ”, the initial bit allocation table { b’;} is calculated by the
following equation:
b; = floor [logs { 1 + E,.s SNR (1) / Tl
“ floor ” shows discarding the numbers below the decimal points and the
values discarded decimals are calculated as “ diffi ” by the following
equation:
diffi=b; — logy { 1 + B SNR (1) / .4 (step S15)
In this, T .., is calculated by the following equation:
[ max = [ Q" (Pe/Ne ) J? + rmax — reff — 4.77 (dB)
Ne is the number of the nearest points of the input signal constellation.
Q function is defined in the following eqliation:
Q(x)= [ 71/ 5 dy

Fig. 22 is a diagram showing the input signal constellation.



transm ssion-abl e value and the | argest value of the transm ssion rate from
the four kinds of -performance margin val ues. The bit & power allocation
tabl e cal cul ating section 48 cal culates the bit & power allocation for
transmtting at the selected transmssion rate " rn ". The calculated bit &
power allocation table is transmtted tg the ATUUC 1 as nenti oned above,
however this bit & power allocation tabbl¥e are cal cul ated for each group of

Cocpeer BeymenteSfof e el St ot icr ot abserobgbn bt
g ta bR S s bR, Hossr SRR the me 2ojgham thess
al | ocati ehAllatioH sHEwiLH g, 92, | ’Aﬁ&%&ﬁ%%ﬂcuﬁ%ﬂr@%}%&qﬁ Fi qrhik8, the

operation 1s explalned. transm ssion rates given e external
equi prenB, .pis bhe Adtalhit anmberagappotted by theepeEen® it @dloeatisn) talbler
exanpl e, the four kinds of transm_ssion rates " rl to r4 (bit/s) " are
transni takanemul-canvier gymbeh t HaaTisshownin thedolvwirgequatione case

t he noi se changes c %It,ically, especially in this case that the TCM | SDN

| oop is instaldtad i ihe sane cable, the NEXT and FEXT are generated to the

ADSL frqﬂkﬂg,g%%mgsgmﬁ@ mp 3R eval uating section 43 eval uates the

SNR val ues o reguency at the bot'h NEXT generated and FEXT generated
cases and hol ds tAxetley ghu@tBet By Yes B, I fRoMHe §&‘E§é&ﬂﬂbﬁ&%l§;"ﬁc€éﬁ Fig.

19 is a diagram show ng the nmethod of %HE bit allocation. In Fig. , (- a)
and ( b alletatiohhtaldhR{ Aliukefdfhe berden hevieg ehetsrhabgsertiffi Walap shows
the SNR value at the tine of the FEXT generated and ( b ) shows the SNR

val ue atingreasedwnstbithe NEXT generated. The performance margi n cal cul ating

section 46 ﬁ?fffgl(fitfﬁs+t1he
Biotal = Biotar + 1
are operated (steps S17 and S18). This operation is continued until By,
= Brarget-

Fig. 23 is a flowchart showing the calculation method of the
power allocation table at the step S5 in Fig. 18. First, input power { E’; }
is allocated to become P,(i) = P,;taeet, based on the given bit allocation
table {b’;} (step S19). In this, P.() is the symbol error probability of the
i carrier and Peitarger 1S the target error probability of the i** carrier.
The { E; } is the total transmission power using the i* carrier. The
present total transmission power K., is calculated by the following
equation (step S20):

Bua= 2 E
In this, ¥ is the sum of the i=0 to N-1.

And the final power allocation { E’; } is readjusted (step S21).
This readjustment is implemented by selecting either smaller value of
Etarget/Biotal OF Epayi.  In this system, the initial bit allocation and power
allocation table is given by the {b’;} and { E’,}.

The two kinds of the downstream "bit allocation and

transmission power allocation calculated by the above mentioned



four kinds of bit allocation setting the perfornmance margin val ue maxi mum
based on the SNR val ues of each carrier evaluated at the downstream SNR
eval uating section 43 respectively, at the case that the transmtted four
transm ssion rates are realized (step S2). Fig. 19 shows the cal cul ating
method. In this case, as shown in Figgyl9 (c), the SNR values at the NEXT
gener ated and FEXT generated shown in Fig. ( a ) and ( ‘b ) are used as the

cycl | calfo Rl Aep mdhidpibddn e vhffid SOUGBE Pin e AEDROCP amd | oo
cyel | , _ é _
hown | naE; Somyinty SectGn B0, BE e O uoriy RaPEe Sty 12 ey,

meki ng tsheitthes thiesbitoallosationvellocatingaforneach @ariiee andetransanssioni on
rate, the bit allocation nethod is used by considering the 77 case that
t he 444 peaver sHecationefepchrearrier ab thadighqfisequency handegorrespending t he

data t i ssjon is 222 ' d .t hi i s, standardized Jy th
ANSI (AT RS hABES S aI01aE ARG AEMIETTS thacalibatoan a0RearTHer o | <
o ronar o !
used ot GeEPERRE SERn 20 Bnl Myl tRe b a RSN O BRI HT forRBEb 1 ©
changi ng;ef‘fnihﬁ?f badBdaor e erhb@izeld %o@ngtre'a@nt hif slBestiBANtanghe

el ectric power for each carrier i1s limted and the nmaxi mum el ectric power

limt oftraasmission powes alifcanioh.as E[err] In this, the maximmlimt
E[err] of the total ‘transm ssion electric power_usable for the_ data

transm ssion i s Nestalthgugpta teansaissins ymethothusing the ditialleeadden| i nit
of each carrjer Enmsk), in this enbadinment,.the transn ssiqgn.electric power
Csable A CransTARG PEWRD, ANPREOER PEAeS & CRRIIMAIGH LB ARar o
sel ecti r}ﬂeﬁffo'ﬂe‘ﬁqaﬂgvéa ects the transmt- able transm ssion rate whose
transm ssion rate I's fastest and whose

The data transmitted from the exfternal equipment in a
constant rate are temporarily memorized at the rate converter 11 in order
to adjust for the dual bitmap.

The mapping section 12 obtains the bit allocation allocating for
each carrier and transmission power allocation using for each carrier of
the high frequency band from the bit & power allocation memorizing
section 36 and reads out the bit allocation constellation allocated to each
carrier by the bit allocation. Two cases of the constellation, one is that
the bit allocation allocating to the carrier is 4 bits and the other is that
the bit allocation allocating to the carrier is 5 bits, are shown in Fig. 22.

Next, the mapping section 12 adjusts the gain at the read out
constellation corresponding to the transmission power allocation of
obtained each carrier. After the constellation and the gain are
determined, the information, which is expressed by the order of bits of
data to be on the carriers, is converted to the position information on the
constellation. Fig. 24 is a diagrém showing the constellation. As
shown in Fig. 24, the positions expressing the order of bits on the
constellation are separated to sine elements and cosine elements and the

amplitude of the carrier is modulated by composing the sine elements and



margin i s not negative fromthe cal cul ated four kinds of performance margin
val ues, for exanple fromthe four kinds of margin values m to m} shown in
step S2 in Fig. 18 (step S3). The selected transm ssion rate and the
performance margin are transmtted to the ATUUR 2 (step S4). The bit &
power allocation table calculating section 48 calculates the bit & power

al [ ocation table for the i npl ement ati 82 of the transm ssion at the sel ected

transm ssion rate. (step S5).. Thig tabl.e be cal cul,at ed for .
r espect i€ QNG Al "gﬁ ngt 1§ IB?&H é}ppg&:{hq RRTREE P RRSRA Y % he
FEXT geng The ?ppr @ location table uses the 222
carriers é@ﬁf%tedh rs%dﬁ?atptiif carriers as for the FEXT table and the

222 carriers of Fie 2p¢oadlidgrhnPEhé#insatel R4tion Bétﬁ;ve,telmetmEFqut e, at
the case that the 444 carriers are used as the bit & power allocation

tabl e. The amonrtasfenoisespedsishowalindSigar2b, teahspointdd movetdantiom 1 from
the ATUUR 2. Fig.. 20 is a flowhart show t he calcula i on nmet hod .of the
78 per f SheeOIESIG g@mtabmgkytmhszam htgaﬂ ongthergergtellagion. r addnthesi on

f d |
PO Ccst, Pl ABECRRRRRE B pith iny b, BRS80S Bl Bob, bk s

th
SNk (1 &.ﬁégﬁésttzﬁb%&%‘f@@%ﬂt?%m’ﬁSfﬁs@pt@??ﬁ%m%ﬁtémw%ﬁls °
this expfepsints @n | thedudnistyllationd Petemel Aarrb@mdd @hioww! uﬂtti‘riger 950f

carriers N'to the snallest nunber” i". Next, k =1, [err] max = [err]
count = theaeforeeth¢spegbasility b erros, cauSed bryea;hs naise comdserhlgh max
means the maxj mum possible perfornance at t he present a d'’ count "
is the rﬁhﬁ@&fom, tavhe ense thahgbe Moist iy fygﬁhms §1¢ kyghand

cal cul at eeLh(fTﬁ ICthe 1nqc)ervafs of t%fn Isaotn e cgngéelf)aqzl ‘btegorsney wﬁéé ansﬂ %f | ned

as fol | oW&
probability of error is made to low.

The IFFT 13 implements the inverse fast Fourier transform to
each carrier of high frequency band transmitted from the maﬁping section
12 and outputs the voltage value expressed in digital form by adding up
each carrier.

The DAC 14 converts the voltage value in digital form
generated at the IFFT 13 to the analog signal being the actual voltage
value and outputs to the loop. In this, the side lobes generated in the
low frequency band from the high frequency band carrier using for the
data transmission are removed by the high-pass filter 7.

In the ATU-R 2, the side lobes generated in the low frequency
band from the high frequency band carrier using for the downstream data
transmission are removed by the high-pass filter 9.

At the receiving section of the ATU-R 2, the ADC 27 converts
the received analog signal to the voltage value expressed in digital form.

The voltage value in digital form outputted from the ADC 27 is
outputted to the FFT 28. The FFT 28 implements the fast Fourier
transform to the voltage value in digital form and tdkes out each carrier

of the high frequency band allocated the data. Each carrier of the high



[err] The y ( k) is the maxi num performance margi n achi evable in one
carrier. Inthis tinme, the target achieving rate is Bt[err] the total
coding gain is y eff, the desirable bit error rate is 10-[err] and k pieces
of “the best carrier is used, then the present geonetric average of SNR is
as follows: [err] -The coding gain neagé t he gain obtained by coding such as
the Trellis coding. The present transmtssion power E[err] using the

iferr]c ' ' [.yen 9 oWs,. | . :

(3) The?{%(ilgndlyﬁplﬁéﬂgo lfe%t ?Q?rfr%:nlé: ﬁ%rj‘?‘?ﬁ %(8 »38 str?ﬁgmt}gerﬁig tr(f‘unfbheer of
carrier deh@appingsséfi§oF®9. um pover which the it" carrier can transmt and
this is determned by the transm ssion power mask. In this case, depending

on the total inpgDheptemapping kectiba 2&hxeadsombvisvo kinds of bit abloeabtioreach
carrier is not limted. At the_case that y (k) >y max Y nx =__ (k). and
count =ampdyteaBemisgionypogar ghlocgtion %mmt ﬁahe chifeandapower allpcasiony

DS Sl BT e L 14 R, i BB Sk .
A T e
2 ool ASOTRE et iblugetomniat s geyetaloatia, 17,
{ b'[erdesignastedaby thatlsd dand pbwer allocation selecting section 34. That is,

the constellation which is used for the data allocation to the carrier by the

~ bit allocation and transmission power allocation is read out and the

allocated data to the carrier are taken out by obtaining the position on the

constellation by the amplitude of the carrier.

The data taken out by the demapping section 29 are outputted
to the rate converter 30 and are temporarily stored. The rate converter
30 temporarily stores the data taken out by the demapping section 29 and
transmits the data to the external equipment by making the output a
constant amount.

At the upstream data transmission, the mapping section 24
uses the bit allocation and transmission power allocation designated by
the bit and power allocation selecting section 34 and modulates the
amplitude of each carrier of the low frequency band to the amplitude
corresponding to the designated bit allocation and transmission power
allocation and the order of bits of the data allocating to each carrier and
outputs the result to the IFFT 25. The demapping section 17, which
takes out the data allocated to the carrier from each carrier of the low
frequency band from the ATU-R 2, selects the same bit allocation and
fransmission power allocation as the bit allocation and transmission
power allocation used at the ATU-R 2 by the clock whose amplitude
changes by synchronizing with the changing timing of noise level from

two kinds of bit allocation and transmission power allocation obtained



follomnng equation: [err] " floor"” shows dlscardlng t he nunbers bel ow t he
deci mal points and the val ues dlscarded decimals are calculated as " diffi

" by the follow ng equation: diffi [err] In this, Imax is cal cul ated by
the follow ng equation: [err] Ne is the nunber of the nearest points of the
i nput signal constellation. Q function is defined in the follow ng
equation: [err] Fig. 22 is a diagram s&bw ng the input S|gnal

conat ol 112D Fie it nd e Hilosptidel SuPBrtaberiictichy 38, APA I g8 Rc "one
poi nt ongHehg ‘éé"fféx?x' tﬁ%bﬁhi@?%ﬂé‘l&w@fre&ﬁen@‘% éFffdm'tiheCF“B‘l“'thB (step
S16). This Blerr] the total bit nunber "supported by the present bit

al | ocat |m1n1gatﬁees@hecw¢bnmhllocmonlmd $yadsxhissior pdwérsaHbeationn t he
follow ng equation: [err] Inthis, [EFFLEI st hesunofi =0 toN—l At the case
t hat B[err] < B[ &ig] 26 rismat Hlowehaw, wingakhe progessi of athegresentt abl e

b 1 }. th havi ng.t he mallest di val ue i ncr eased one
bit, o fpvengion., - Hoforeng) ta Big 260 Beranien Qi PEROSITE 1l thS Uyresete

gﬁg\rmatnlgq?%g%ctaﬁp #g#ﬁfh% Iflhog[ g; rl h: gg\i/re;] al rlogat |23nI fagl ]:al g\tm[]ﬁ(ret step S5
in Fig. 18. Firsfy prgest t8od6tect thd @hanging timing of noise level at the
ATU-R 2 shown in Fig. 9, the tone synchronized with noise generating
section 21 in the ATU-C 1 makes the amplitude of the signal change by
synchronizing with the clock being synchronized with the changing
timing of noise level and generates the signal synchronized with noise,
and the transmitting section 3 in the ATU-C 1 transmits the output (step
Al).

At the receiving section 4 in the ATU-R 2, the clock detecting
section 33 detects the changing timing of noise level by the change of the
amplitude of this signal synchronized with noise (step B1) and inform the
result to the bit & power allocation selecting section 34.

Next, in order to obtain the bit allocation allocating to each
carrier and transmission power allocation using for each carrier of the
high frequency band wusing for. the downstream direction data .
transmission, the pseudo-random signal generating section 20 in the
ATU-C 1 transmits the pseudo-random signal (step A2).

This pseudo-random signal is received at the receiving section 4
in the ATU-R 2 and the downstream SNR evaluating section 43 in Flg 16
evaluates the SNR of each carrier of the high frequency band every noise
level and calculates the average valpe of SNR of each carrier (step B2).
From this average value of SNR, the bit and power allocation table
calculating section 48 in Fig. 16 calculates the number of bits and
transmission power of each carrier are calculated 'and the calculated

- information is memorized in the bit and power allocation memorizing



I.s allocated to becone Plerr](j) = P[err] based on the given bit allocation
table { b' [err]} (step S19). In this, Plerr](i) is the synbol error
probability of the ith carrier and [err] is the target error probability of
the [err] carrier. The { E [err] } is the total transm ssion power using
the [err] carrier. The present total transm ssion power Eferr]is calcul ated
by the follow ng equation (step S20): 8perr] In this, [err] is the sum of

he i = 0 (.o Ny1.. A final . al | E | S. ' d
(iep sobrtbmtd wlip Ao Wil O drsecm LT

val u - . ,

power alqd(;gi i%ﬁ&t%}ﬁégq%érg}é&girggéyﬁﬁg@{(%Bﬁigg'and { Ei }. The two kinds

of the downstrealn #lid AT{RERtY 06hanbit! badh HovwéP lbsvstion! inetdsiiaing

cal cul ated by the above nentioned 81 nethods are nenorized in the

mappi ng seetipnoB61n i the mappihg deciioh t1% memmpzesy this ttransadtied thié ATU-R
2. The mapping sectjion 12 swiitches the bit all ocai}iﬁga all ocating faqr each
carrier atioa amids transpiseien powenalincasion asthea fowastreanm earyign
frequencx band .cor{ ggﬁ ing to the change of noise |evel and inplenents
the dat A0fPIRAHODSIRP A¥e denappi ng section 29 denodul ates the data

transmitted fromgehe bE TR ARAARABES P A ARaBRIDE hACthHRMIRRIEA™ bi ¢

al l ocation and transh'ssion power a t, ata transm ssi on

net hod woiwdr tdlfodaition! foRc 8hé ctipstyéalni 20BIHi6s the PPyRIdRrhadaih osigeRiiai ned
at the initialed tine as nentioned above. The data transnitted f_romthe
ext er nalgeagrapadnat i thea pseuwskoarandame sigrak @enerating seetioni 8dd int thee rate

convert %T&Ri E i(s) rtgg;lsinoitf?ed(i %g tthfeOATr[P-% gu(glcelgj FB%;H IO'Th:is pseudo-random
signal has frequency elements of each carrier of the low frequency band
using for the data transmission of the upstream direction. At the .
receiving section 5 in the ATU-C 1, the upstream SNR evaluating section
51 shown in Fig. 17 evaluates the SNR of each carrier of the low
frequency band every noise level from the transmitted pseudo-random
signal and calculates the average value of SNR of each carrier (step A4).

The bit and power-allocation table calculating section 56 shown
in Fig. 17 calculates the bit allocation and transmission power allocation
of each carrier from this calculated SNR and the calculated result is
memorized at the bit and power allocation memorizing section 38 in the
demapping section 17 and is also transmitted to the ATU-R 2 from the
transmitting section 3 (step AB).

At the ATU-R 2, the bit and power allocation memorizing
section 40 in the mapping section 24 memorizes this transmitted bit
allocation and transmission power allocation as the upstream carrier
information (step B5).

At the same time of the communication starting, in the
downstream transmission, the transmiti;ing section 3 in the ATU-C 1
svﬁtches the bit allocation and transmission power-allocation using for

every noise level changing at the mapping section 12 and implements the



The mappi ng section 12 obtains the bit allocation allocating for each
carrier and transm ssion power allocation using for each carrier of the

hi gh frequency band fromthe bit & power allocation nenorizing section 36
and reads out the bit allocation constellation allocated to each carrier by
the bit allocation. Two cases of the constellation, one is that the bit
allocation allocating to the carrier i8 4 bits and the other is that the
bit all t . {9 I ' No]] [ 1:03. 22.
Next - 1 ot etioRd Brinlsfol Howdilaliratibh r B} SaBHBEBrtBa il 2’ on
cor r es pofidigi@nic tA R SFARShS PRURIata! 6" ofheleaéiefy 3Reh
carrier. Eftélr 9t%%§go%st2ﬁa??g% and taﬁg %ﬁ%@e detgr%edr?ed,gt he on

i nf or mat 4an, thehAGHUIR Zeptrecte thbytrahsnmtibst data based @ the swodkinelsoof t he
carriers, is converted to the position information on the constellation.
Fig. 24 bl allesatienanthtranamissdon esven allocakion memymazed im the it and ¢ he
posi tions expressi the order. of bhits .the constell.ation, are_separated
Lo sine BPEREILOCAHDR SUPROTHABEREIOM 42 dRche AP MIARRING SCCHOTAD, | or i <
nodul at ed by co Sj ' ] . i e ts. The
i nformation of trrﬁ_gl %%@P%gﬁﬁrg?gsgrgno f‘%@é@r@g tggﬁ%@? Qg%%cg@tnpﬁﬁmeto t he
| FFT 13. ARNG-R 25 dwitehes adieaBits AlocAtiohhandetAidiniRedngiiwéh @l iRiafind t he
anount of noise. As shown in Fig. 25, each point is noved far fromthe

ori gi nal upmgtfobyeweky nyisbelagalnchagging dathdéheonsapping iseotiost 2dharahse
that the, nugber of hits to_be transm tted is |arge and the data

t r ansmi singlementshiberbi: allopgtins: andkiragsnpission porvemhallopatipn: forvehe of
points on the canstellati on becaonme narr as sho i i g., 2 her.ef ore
Phe pr obSBITIRE §F GhedpPorredsdiy Hand s b Big e data fitepnBpb orde oy

the caserlbabidhgotahass iif thaMRU.ENe IRl S nL AN BOSALLE o S

the interv point's’ on Thé constelTation becone w
probabi | thy ewoerkiads ofmpde allotfion and transmission power allocation

memorized in the bit and power allocation memorizing section 38 in the
demapping section 17.

At this time, during the period that the noise generated at the
data transmission of the downstream direction is large, as shown in Fig.
15A, the bit rate of the upstream direction which transmits using the low
frequency band becomes higher than the bit rate of the downstream
direction which transmits using the high frequency band. During the
period that the noise generated at the data transmission of the upstream
direction is large, as shown in Fig. 15B, the bit rate of the downstream
direction which transmits using the high frequency band becomes higher
than the bit rate of the upstream direction which transmits using the low
frequency band.

The side lobes generated by the carrier of the high frequency
band using for the data transmission of the downstream direction are
removed by the high-pass filter 7 .provided at the back position of the
transmitting section in the ATU-C 1 and the high-pass filter 9 provided at
the front position of the receiving section in the ATU*R 2. The side lobes

generated by the carrier of the low frequency band using for the data



The I FFT 13 inplenents the inverse fast Fourier transformto each carrier
of high frequency band transmitted fromthe mappi ng section 12 and out puts
the vol tage val ue expressed in digital form by adding up each carrier. The
DAC 14 converts the voltage value in digital formgenerated at the I FFT 13
to the anal og signal being the actual voltage value and outputs to the
l‘oop. In this, the side |obes generat&d in the |ow frequency band fromthe

high frequency. band rier using,for.the data tragpsm ssipn are r ved b
the hi gt gRSEIsSIotLef Phe wpstreaThiRebion 17 Teaavee hasthiblaly 2iass SeT e 1 ow
frequen T ' . F o i-ng :

dounst r APRATILR Tk MUK s BERE Ih o REnGRi e R PO NI,
recei Vi ng o3RCthO Mokt phSe fildt B provided ARGy _ffdiftvgééiﬁiohh@f tles ebveidingal og
signal to the voltage value expressed in digital Torm The voltage value in
di gi t al demtiomin phetABU-Col t he ADC 27 is outputted to the FFT 28. The FFT

28 inplements the fast Fourier transformto the voltage value in di gital
form and takes olthehihalaeatien clianges sawsed by §ﬁabgﬂd)fdml§@é?¥§ 't he

d . Eagh ' he high, . 83 fr band K f FFT
26 15 {1 ORRREL At e drRBRRIIIRG. SeCiotn (D8, Ao CBYARBRQLLckHofd2s

s t SRR itedtt P En? ek fe |
1 om t hev B o SREErN) | ffrp! Ao Magl’ udRiRINEY, o0 e “pRREHAC],

and t akesg@i¥méAE adetprotided ARlithe srhsuafiof idetafisadjubtedar Al agfthehe
hi gh frequency band outputted fromthe FFT 28 by using the bit allocation

and t r ansavessing) spotien, dheorate monvestepsai8dahyg BOeats tprawmitiqbweard the

all ocation selecting section 34, ThFaiteﬁOi s, the constellation which is used
for the ¥monnoleutnwhdata inadpastedaio bg a ¢anstant yalveat i on and

transm ssion powe alnlleonct"iltt)r'lg ) o@%,adag Uiné n%rﬁt?oediment of the present

invention, the data transmission is implemented using the carrier of the .
high frequency band for the data transmission of the downstream
direction and the data transmission is implemented using the carrier of
the low frequency band for the data transmission of the upstream
direction. During the period that the noise generated at the data
transmission of the downstream direction is large, the bit rate of the
upstream direction which transmits using the low frequency band is
made to higher than the bit rate of the downstream direction which
transmits using the high frequency band. During the period that the
noise generated at the data transmission of the upstream direction is
large, the bit rate of the downstream direction which transmits using the
high frequency band is made to higher than the bit rate of the upstream
direction which transmits using the low frequency band. With this, the
present invention can make the communication performance improve
largely under the noise environment changing cyclically, keeping the
compatibility with the existing communication system using the
frequency division. Moreover, the frequency bands using for the data
transmission of the upstream direction and the dowtistream direction are

separated, therefore the mutual cross-talk noise does not exist.



all ocated data to the carrier are taken out by obtaining the position on
the constellation by the anplitude of the carrier. The data taken out by

t he denmappi ng section 29 are outputted to the rate converter 30 and are
tenmporarily stored. The rate converter 30 tenporarily stores the data taken
out by the demapping section 29 and transmts the data to the external

equi prent by making the output a const&t anount. At the upstream data
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secured easily.

The bit allocation and transmission power allocation, which is
calculated at the bit and power allocation calculating section 22 in the
ATU-C 1, is memorized at the mapping section 24 in the ATU-R 2. And
corresponding to the changing timing of noise level, by making the bit
rate during the period that the noise generated at the data transmission

" of the downstream direction is large higher than the bit rate during the
period that the noise generated at the data transmission of the upstream
direction is large, the bit allocation is implemented to each carrier of the
low frequency band, with this, the transmission capacity of the upstream
direction can be secured easily.

The bit allocation and transmission power allocation of the
carrier of the low frequency band, which is calculated at the bit and power
allocation calculating section 22 in the ATU-C 1 and is used for the data
transmission of the upstream direction, is memorized at the demapping
section 17 in the ATU-C 1. And using the same bit allocation and
transmission power allocation as the bit allocation and transmission
power allocation allocated corresponding to the changing noise level at

the ATU-R 2 for the demodulation of data, the data whose transmission



section 21 in-the ATU-C 1 nmakes the anplitude of the signal change by
synchroni zing with the cl ock being synchronized with the changing timng of
noi se | evel and generates the signal synchronized with noise, and the
transmtting section 3 in the ATUC 1 transmits the output (step Al). At
the receiving section 4 in the ATU-R &9 the cl ock detecting section 33
detects the changing timng of noise |evel by the change of the anplitudée
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downst ream di r eftheobit calfecationsandstamsmissigps epower calioratiomrofl the
generating section 20 .in the ATU.C 1 transnmts the pseudo-random si gnal
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section 42 in the demappi ng. section 29 ang is also transmtted_to the ATU-C
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downst r eg e {ekfdn | IR | HardgdsCBoftebponding to the noise level can be
easily demodulated.

At the ATU-R 2, the amplitude of each carrier of the low
frequency band using for the data transmission of the upstream direction
is modulated to the amplitude corresponding to the order of the
designated data allocating by the predetermined pseudo-random order
and is transmitted to the ATU-C 1. At the ATU-C 1, the bit allocation
allocating to each carrier and transmission power allocation using for
each carrier of the low frequency band is calculated, using this pseudo-
random signal. With this, the data transmission corresponding to the
noise level can be implemented.

At the ATU-C 1, the amplitude of each carrier of the high
frequency band using for the data transmission of the downstream
direction is modulated to the amplitude corresponding to the order of the
designated data allocating by the predetermined pseudo-random order
and is transmitted to the ATU-R 2. At the ATU-R 2, the bit allocation
allocatiﬁg to each carrier and traﬁsmission power allocation using for
each carrier of the high frequency bénd is calculated, using this pseudo-
random signal. With this, the data transmission ‘corresponding to the

noise level can be implemented.



- Next, in order to.calculate the bit allocation and transm ssion power
allocation for the upstreamcarrier, the pseudo-random signal generated at
t he pseudo-random si gnal generating section 31 in the ATWUR 2 is
transmtted to the ATUUC 1 (step B4). This pseudo-random si gnal has
frequency el enents of each carrier of the |ow frequency band using for the
data transm ssion of the upstream di ré@tion. At the receivi ng section 5
i the ATU-C 1, u r atl |- | ' 17
eval uates the SN?%?' gzléhggg]r??\grﬂghﬁ%ﬂ#g%%ﬁ ?’&‘é&%ﬂ% Egtr%gfbe%gs F/w%glnse
level frehe thie Faesdidt ek Pregdencpnyands ofnie aiskteatnt divestioheander age
val ue of SNR of each carrier (step A4). The bit and power allocation table
cal cul at dognséreamn difectionn | Asign alteralativeatofs thee abiovealmentioned and
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power allocation nmenorized in the bit an
direction which transmits using the carrier of the low frequency band as

shown in Fig. 27A. And during the period that the noise generated at
the data transmission to the upstream direction is large, the bit rate of
the downstream direction which transmits using the carrier of the low
frequency band is made higher than the bit rate of the upstream direction
which transmits using the carrier of the high frequency band as shown in
Fig. 27B. ,

Fig. 28 is a block diagram showing another embodiment of the
present invention. In order to make the above mentioned data
transmission possible, referring to Fig. 28 this embodiment is explained.
A pseudo-random signal generating section 80 in an ATU-C 61 generates
the pseudo-random signal for each carrier of the low frequency band
using for the data transmission of the downstream direction. A bit and
power allocation calculating section 92 in an ATU-R 62 calculates two
kinds of bit allocation allocating to each carrier and transmission power
allocation using for each carrier of the low frequency band at the NEXT
generated and FEXT generated. And the calculated bit allocation and
transmission power allocation is memorized at a demapping section 89 in
the ATU-R 62 and at a mapping section 72 in the ATU-C 61.



power allocation menorizing section 42 in the demappi ng section 29. In the
upstreamtransm ssion, the transmtting section 6 in the ATUOR 2 sw tches
the bit allocation and transm ssion power allocation using for every noise
| evel changing at the mapping section 24 and inplenents the bit allocation
and transm ssion power allocation for the carrier of the | ow frequency band
and transmts the data (step B6). Theqpeceiving section 5 in the ATU-C

extracts the transmtted data based ;on the tw kinds of.Dbi thQn and
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the period in which the noise generated at the data transmission to the
upstream direction is large higher than the bit rate of the period in which
the noise generated at the data transmission to the downstream direction
is large and implements the bit allocation for the carrier of the low
frequency band. The demapping section 89 in the ATU-R 62 takes out
the data from the carrier transmitted from the ATU-C 61, by using the
same bit allocation and transmission power allocation as the bit
alloéation and transmission power allocation allocated to the carrier of
the low frequency band corresponding to the changing timing of noise
level at the ATU-C 61, from the memorized two kinds of bit allocation and
transmission power allocation.

The mapping section 84 in the ATU-R 62 makes the bit rate of
the period in which the noise generated at the data transmission to the
downstream direction is large higher than the bit rate of the period in
which the noise generated at the data transmission to the upstream
direction is large and implements the bit allocation for the carrier of the
high frequency band. The demapping section 77 in the ATU-C 61 takes
out the data from the carrier transmitted from the' ATU-R 62, by using

the same bit allocation and transmission power allocation as the bit



2 and the lowpass filter 8 provided at the front position-of the receiving
section in the ATUC 1. The bit allocati on changes caused by the change of
noi se level, therefore, at the transmtting section, the rate converters 11
and 23 mhlch tenporarily store the data transmtted fromthe external

equi prent are provided and the anmount 93f data is adjusted. And at the

rrecei ving section, the rate converters 18 and 30 are prOV|ded and the
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t he mut ual "cros noi se does
ATU-R 62. The side lobes generated at the low frequency band by the

carrier of the high frequency band using for the data transmission of the
upstream direction are removed by the high-pass filter 69 provided at the
front position of the receiving section 65 in the ATU-C 61 and the high-
pass filter 70 provided at the back position of the transmitting section 66
in the ATU-R 62 _
As mentioned above, at another embodiment of the present
invention, the data transmission is implemented using the carrier of the
' low frequency band for the data transmission of the downstream direction
and the data transmission is implemented using the carrier of the high
frequency band for the data transmission of the upstream direction.
During the period that the noise generated at the data transmission of
the downstream direction is large, the bit rate of the upstream direction
which transmits using the high frequency band is made to be higher than
the bit rate of the downstream direction which transmits using the low
frequency band. During the period that the noise generated at the data
transmission of the upstream direction is large, the bit rate of the
downstream direction which transmits using the low frequency band is

made to be higher than the bit rate of the upstream direction which



The bit allocation and transm ssion power allocation of the carrier of the
hi gh frequency band, which is calculated at the bit and power allocation
calculating section 32 in the ATUUR 2 and is used for the data transm ssion
of- the downstreamdirection, is nenorized at .the mapping section 12 in the
ATU-C 1. And corresponding to the chan83ng tinmng of noise |evel, by naking
the bit rate during the period that the noise generated at the data
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allocation as the bit allocation and transm ssion power allocation
al | ocat e thoe ABJe@dbhg tTthe RWETREMNG] rglaudases ithe dit alldchéioiTallBeatiingr t he

demodul aéoi e(a).alncﬁ)fcaxc'jlraigaf'1 ’antdhteracilastgis\gqgg %otvgearnglrln(.)gastiigrrll using for each carrier of
the high frequency band by using this pseudo-random signals. With this,
the data transmission corresponding to the noise level can be
implemented.

The ATU-C 61 modulates the amplitude of each carrier of the
low frequency band using for the data transmission of the downstream
direction to the amplitude corresponding to the order of the designated
data allocated by the predetermined pseudo-random order and transmits
to the ATU-R 62. The ATU-R 62 calculates the bit allocation allocating
to each carrier and transmission power allocation using for each carrier of
the low frequency band by using this pseudo-random signals. With this,
the data transmission corresponding to the noise level can be
implemented.

Fig. 30 is a block diagram showing an embodiment of an
apparatus for multi-carrier transmission of the present invention.
Referring to Fig. 30, the embodiment of the apparatus and a method for

the multi-carrier transmission of the present invention is explained.

This embodiment is that the present invention is applied for the ADSL



89 capacity changes corresponding to the noise |evel can be easily

denodul ated. The bit allocation and transm ssion power allocation of the
carrier of the high frequency band, which is calculated at the bit and
power allocation calculating section 32 in the ATUUR 2 and is used for the -
data transm ssion of the downstream dbdection, is nenorized at the
demappi ng section 29 in the ATUUR 2. And using the sane bit allocation and
t ransni apiparapaser Theocaidmplasist taebicasal thatt tlen BOMLISIDBIvlseporis power
al l ocation allocated corresponding to the chan%ing_ngise | evel at the ATU-C
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noise becomes large in the counter communication equipment and also
memorizes beforehand the bit allocation and transmission power
allocation allocating to the carrier of the high frequency band at the
period that the noise becomes large in the apparatus for the multi-carrier
transmission. And the demapping section 109 memorizes beforehand
the bit allocation allocating to the carrier of the low frequency band
corresponding to the changing timing of the noise level at the counter
communication equipment and transmission power allocation using for
this carrier.

Fig. 31A and 31B are diagrams showing the relation between
the using frequency band and the bit rate. As shown in Figs. 31A and
31B, the bit allocation and transmission power allocation is allocated to
each carrier of the high frequency band, by that the bit rate of the data
transmission which is implemented at the period that the noise becomes
large at the counter communication equipment is made to be higher than
the bit rate of the data transmission whith is implemented at the period
that the -noise becomes large at the apparatus for multi-carrier

transmission, corresponding to the changing timing of noise level.



90 Figs. 27A and 27B are diagrans showing the relation between the bit rate
and the frequency band of the upstreamdirection and downstream direction.
As an alternative of the above nentioned enbodi nent, as shown in Figs. 27A

and 27B, the carrier of the high frequency band is used for the data

transm ssion of the upstreamdirecti o@5and the carrier of the |ow frequency
band is used for the data transm ssion of the downstream direction. This
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FEXT generated. And the calculated bit allocation and
for multi-carrier transmission from the frequency band using for the

transmission of the counter communication equipment. With this, the
transmission capacity can be easily secured under the changing
environment of noise level.

The data transmission from this apparatus to the counter
communication equipment is implemented using the high frequency band
and the data transmission from the counter communication equipment to
this apparatus is implemented using the low frequency band. The bit
allocation is allocated to each carrier of the high frequency band, by
making the bit rate of the data transmission during the period that the
noise generated at the counter communication equipment is large higher
than the bit rate of the data transmission during the period that the noise
generated at this apparatus is large. With this, the present invention
can make the communication performance improve largely under the
changing environment of noise level, keeping the compatibility with the
existing communication system usihg the frequency division. Moreover,
the frequency division system is applied for the data transmission,
therefore the mutual cross-talk noise does not exist. --

Figs. 32A and 32B are diagrams showing the relation between



transm ssion power allocation is nmenorized at a demapping section 89 in the
ATU-R 62 and at a mapping section 72 in the ATU C 61. 91 A pseudo-random
signal generating section 91 in the ATU-R 62 generates the pseudo-random
signal for each carrier of the high frequency band using for the data
transm ssion of the upstreamdirection96 A bit and power allocation

cal cul ating section 82 in an ATU-C 61 cal cul ates two kinds of bit
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present invention. In order to achieve this data transmission, as shown
in Fig. 33, a transmitting section of ‘this apparatus for multi-carrier
transmission provides a rate converter 201, a mapping section 202, an
IFFT 203, a DAC 204 and a low-pass filter 205, and transmits the data to
a counter communication equipment by changing the bit allocation
allocating to the carrier and transmission power allocation using for the
carrier of the low frequency band which transmits the data corresponding
to the changing timing of noise level. And a receiving section of this
apparatus for multi-carrier transmission provides a high-pass filter 210,
an ADC 209, a FFT 208, a demapping section 207 and a rate converter
206, and demodulates the data allocated to the carrier transmitted from
the counter communication equipment, by using the same bit allocation
and transmission power allocation as the bit allocation and transmission
power allocation allocated to the carrier of the high frequency band
corresponding to the changing timing of noise level at the counter
communication equipment. This embodiment is also applicable. With
this structure, the same effect as the mentioned above first and another

embodiments can be obtained in this third embodiment.

The apparatus for multi-carrier transmission shown in Figs. 30



direction is large and inplenents the bit allocation for the carrier of the
hi gh frequency band. The demapping section 77 in the ATU-C 61 takes out the
data fromthe carrier transmtted fromthe-ATU- R 62, by using the sane bit
al 1 ocation and transm ssion power allocation as the bit. 92 all ocation
and transm ssion power allocation allgrated to the carrier of the high
frequency band corresponding to the changing timng of noise level at the
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I nvention, the data transmssion is inplenmented using the carrier of the
| ow f r egllogaliopanaing for fhedmapningnseation andthe Hiemanning saetion, ey i on

dth ta t . SSi i s .imml t ed i t.h ' f the .high
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downstréamdirection i's large, € bit rate of the upstreamdirection
The above mentioned embodiments are the suitable

embodiments for the present invention. However, the present invention
is not limited to these embodiments and is applicable for various types of
embodiments within the concept of the present invention. For example,
in the above mentioned embodiments, the present invention is applied for
the ADSL system. However, the present invention is applicable for such
as a SDSL (symmetric digital subscriber line) system, a HDSL (high
speed digital subscriber line) and a VDSL (very high épeed digital
subscriber line). That is, the present invention is applicable for the
communication system that the frequency band of the carrier using the
data transmission of the upstream direction and the frequency band of
the carrier using the data transmission of the downstream direction are
separated. And the present invention is usable under the environment
of cyclical cross-talk noise except the TCM-ISDN loop.

As it is clear from the mentioned above explanation, the system
and method for multi-carrier trafxsmission of the present invention
implemenﬁs the data transmission using a carrier of a first frequency
band for data transmission of a first direction and using a carrier of a

second frequency band for data transmission of a second direction. And



which transmts using the high frequency band is nmade to be higher than the
bit rate of the downstreamdirection which transmts using the | ow
frequency band. During the period that the noise generated at the data
transm ssion of the upstreamdirection is large, the bit rate of the
downstream di rection which transmts uggng the | ow frequency band is nade
t-o be higher than the bit rate of the upstreamdirection which 93
transm t S/ ' i . Al ' ' ntion
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transm ssi on power allocatioh using for each carrier o
communication performance largely under the changing noise

environment of noise level, by keeping the compatibility with the existing
communication systems using the frequency division. The frequency
bands used for the data transmission of the first direction and the second
direction are separated, therefore mutual cross-talk noise does not exist.
At a first communication eqliipment, this system and method
memorizes the bit allocation allocating to the carrier and transmission
power allocation using for each carrier of the first frequency band which
transmits the data to the first direction during the period that the noise
| generated at the data transmission to the first direction is large and the
bit allocation allocating to the carrier and transmission power allocation
using for each carrier of the first frequency band which transmits the
data to the first direction during the period that the noise generated at
the data transmission to the second direction is large. And this system
and method implements the bit allocation to the carrier of the first
frequency band, by making the bit rate during the period that the noise
| generated at the data transmission to the second direction is large higher
than the bit rate during the period that the noise generated at the data

transmission to the first direction is large. With this, the transmission



the | ow frequency band by using this pseudo-random signals. Wth this, the
. data transm ssion corresponding to the noise l'evel can be inplenented. Fig.
30 is a block di agram showi ng an enbodi nent of an apparatus for
mul-ti-carrier transm ssion of the present invention. Referring to Fig. 30,
the enbodi nent of the apparatus and a ggthod for the multi-carrier

transm ssion of the present invention IS explained. This enbodi nent is that
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enbodi ment provi rate converter 101, a mapping section 102, an | FFT

103, a DAC 104 apg fsbéditd @@ﬁﬁnﬁhﬁéaﬂﬁorl@guﬁpn@ﬂt,r thizByistendafdaheghodand a
| ow- pass filter 106, an ADC 107, a FFT 108, a demappi ng section 109 and a
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this system and method implements the bit allocation to the carrier of the

second frequency band, by making the bit rate during the period that the
noise generated at the data transmission to the first direction is large
higher than the bit rate during the period that the noise generated at the
data transmission to the second direction is large. With this, the
transmission capacity to the second direction can be secured under the
changing noise environment of noise level.

At the first communication equipment, this system and method
memorizes the bit allocation allocating to the carrier and transmission
power allocation using for each carrier of the second frequency band
transmitted from the second communication equipment during the period
that the noise generated at the data transmission to the second direction
is large and the bit allocation allocating to the carrier and transmission
power allocation using for each carrier of the second frequency band
transmitted from the second communication equipment during the period
that the noise generated at the daté transmission to the first direction is
large. And this system and method demodulates the data transmitted
from the second communication equipment, from these two kinds of bit

allocation and transmission power allocation, by using the same bit



this carrier.  Fig. 31A and 31B are diagrans showi ng the rel ation between
the using frequency band and the bit rate. As shown in Figs. 31A and 31B,
the bit allocation and transm ssion power allocation is allocated to each
carrier of the high frequency band, by that the bit rate of the data
transm ssion which is inplenmented at EB@ period that the noise becones
|-arge at the counter communi cation equrpnment is nade to be higher than the
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power allocation as -the bit allocation and transm ssion power allocation
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changing timng of, noise level at the counter comrunicatjon ui pnpent from
meror| 2 CAMIBIREALSOPABIRMERE E-ehIRSebIthe AadRi AR e é@mfﬁlate atfon. As

menti on oye, the present [nvention inplenents the data transm ssion by
SW t chi ﬁgetatﬁ‘ég\{;bqqmﬁwlg@ﬁﬁ%heggm)ﬁéﬂgnpli ng to the changing timng of noise
| evel . Furthermigy, thiesBeeignkokiileRldtibd SRpipkfent,"thid Uyeesny difnd

using for the transmssion o e appar at us I'-carri & transm ssion

from t henétlestienmbeizésuthag blivr allbeativanaidiosationg dfo tthe awupiear and -
comuni cation equipnent. Wth this, the transm ssion capacity can be easily
secur ed tuademissioncpower idlasatioroneing farr each sarriev of thefirsgfrequency

transm gsion fromthjs paraj us,.to the counter conmuni catjop equi nt is
| I emerRARA J»gangrmﬁteqq?fpgwm ?s_ﬁa Ry CORMBUBA SR QAR WTRPRhAHEYE0ERE 1 om
the Courbte?riotf AR HoRle %%ﬂe?g?&i at’the data transmission to the second

direction is large' and the bit allocation allocating to the carrier and

transmission power allocation using for each carrier of the first frequenty
band transmitted from the first communication equipment during the
period that the noise generated at the data transmission to the first
direction is large. And this system and method demodulates the data
transmitted from the first communication equipment, from these two
kinds of bit allocation and transmission power allocation, by using the
same bit allocation and transmission power allocation as the bit
allocation and transmission power allocation allocated corresponding to
the changing timing of noise level at the first communication equipment.
With this, even the transmission capacity of the data transmitted from
the second communication equipment is changed, the data can be
demodulated at the second communication equipment.

At the second communication equipment, this system and
method modulates the amplitude of‘each carrier of the second frequency
band using for the data transmission of the second direction to the
amplitude corresponding to the order of the designated data allocated by
the predetermined pseudo-random order and transmits the result to the

first communication equipment. The first communication equipment



this apparatus is inplenmented using the | ow frequency band. The bit
allocation is allocated to each carrier of the high frequency band, by
naking the bit rate of the data transm ssion during the period that the
noirse generated at the counter conmunication equipnment is |arge higher than
the bit rate of the data transm ssion during the period that the noise
‘génerated at this apparatus is large.jgfVth this, the present invention can
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to be higher than the bit rate of the data transm ssion

i npl enecémespondieg ped i tlie tdrdert b the séesignated datgealibcated lbppehat us,
correspondi ng to the changing timng of noise level. This application is

al so usppedeterminesd nseugdosrandon aydem andwirapsmits theewpodltmbat the t he

present inveption. In order to achi eve thi sgﬁga transm ssi on, as shown in

Fig. 335€GPNg ofommuympgation j SAWPMeR: app u§esend m fQmnzypiGation

203, 5 CAPERR bR Gts bhe Bt BliothuEh aibARRK 18, 860h Clutdeiafd '
count er tEHEHMS6h| POWRGUIA1IBMRItidYY GEBRNEI e tAehbichrAleh0odt tRE second
frequency band, by using this pseudo-random signal. With this, the bit

allocation and transmission power allocation corresponding to the noise
level can be calculated.

The apparatus and method for mulfi-carrier transmission of the
present invention implements the data transmission from the apparatus
for multi-carrier transmission to the counter communication equipment
by using the first frequency band and implements the data transmission
from the counter communication equipment to the apparatus for multi-
carrier transmission by using the second frequency band. And this
apparatus and method implements the bit allocation to each carrier of the
first frequency band, by making the bit rate of the data transmission
during the period that the noise becomes large at the counter
communication equipment higher than the bit rate of the data
transmission during the period that the noise becomes large at the
apparatus for multi-carrier transmission. With this, the communication
performance can be improved largelg} under the changing noise
environment of noise level, keeping the compatibility with the existing

communication system using the frequency division. Moreover, the



allocating to the carrier and transm ssion power allocation using for the
carrier of the low frequency band which transmts the data corresponding to
the changing timng of noise level. And a receiving section of this
apparatus for nulti-carrier transm ssion provides a high-pass filter 210,
an ADC 209, a FFT 208, a demappi ng section 207 and a rate converter 206,

and denodul ates the data aIIocated to Qe carrier transmtted fromthe
counter comruni cat.i on equi pnent, t.he sane bit .all acation
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enbodi mepéwee alldvativy aisheg fon ehhhscatﬂrleldoﬁ lwhe divst frequiémcy baadatutsichor
mul ti-carrier transm ssion shown in Figs. 97 and 33 obtains a clock

oyt g (b da g (0 bgSe. Rou cheilin e e Ssspul s o
order tAPRBERH é’ gh%@ﬁ%‘gg’?arl?‘ﬁlﬁgssé?nrﬂﬂ@%ﬂ @EWTPO?HBE’ ﬁ%@‘i}Pg is
cecti on SLEAh ‘%ﬁggéﬁ EroHARIRION rolffesr a4 h SR8 6L BRED BERRN s  on
bi't bnd By o6 EIEHbaA T hicH REaGADES G dth e tie fetiBitharind @
al | ocat i thee andide aiss nlaygeoratpotiey eduntat | comusunipation t beuipypeinty s@ct i on

and t he demappi ng section, by the changing_timng of noise | evel detected
by this BleypRrigetect |’Hbesbxtt abacatinnstaeack: garrier ofythe dirsfs Ssigaenmye

cbove TeR LA SO IR o & A SR e Sh oG BEB™

embodi megh i andehs PAMdLAbhE | Che V3IdiYS be¥Bhis®Tlarge at the counter
communication equipment higher than the bit rate of the data
transmission during the period that the noise becomes large at the
apparatus for multi-carrier transmission. With- this, the capacity of
data transmission can be secured, even under the changing noise
environment of noise level.

The bit allocation allocating to each carrier and transmission
power allocation using for each carrier of the second frequency band
transmitted from the counter communication equipment during the
period that the noise is large at the apparatus for multi-carrier
transmission and the bit allocation allocating to each carrier and
transmission power allocation using for each carrier of the second
frequency band transmitted from the counter communication equipment
during the period that the noise is large at the counter communication
equipment are memorized. The signal transmitted from the counter
communication equipment is demodulated, by using the same bit

- allocation and transmission power allocation as the bit allocation and
transmission power allocation used at the counter communication

equipment corresponding to the changing timing of noise level. With



enbodi mrents within the concept of the present invention. For exanple, in

t he above nentioned enbodi ments, the present invention is applied for the
ADSL system However, the present invention is applicable for such as a
SDSL (symetric digital subscriber line) system a HDSL (high speed digital
subscriber line) and a VDSL (very high speed digital subscriber Iine). That
is, the present invention is applicabli3for the conmmunication systemthat
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expl anation, the systemand nmethod for nulti-carrier transm ssion of the
present inventi oWhibpltthegnesenbdanvensiorr hasbeei desadbed wittareferencé a
first freﬁgﬁycy band for data transm ssion of a first direction and, using
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direction is large. And this system and nethod nakes the bit rate of the
first diineention.whi ch inplenents the data transm ssion using the first
frequency band higher than the bit rate of the second direction which

i npl ements the data transm ssion using the second frequency band, during
the period that the noise generated at the data transm ssion to the second
direction is |arge. Wth this, this system and nethod can inprove the
comuni cati on performance |argely under the changi ng noise




envi ronment of noise |evel, by keeping the conpatibility-wth-the—exi-sting
conmuni cation systens using the frequency division. The frequency bands
used for the data transmission of the first direction © ced
direction are separated, therefore nutual cross-talk n ﬂ inst.
At a first comruni cation equi pnent, thp4 system and ne [ t he
bit allocation allocating to the carrier and transm ssion power allocation
usi ng for each CQﬁ?hSBIOf the first frequency band which transmts the data
to the first direction during the period that the noise generated at the
data transnission, t oAtditéid §r flulettastier trafdmiessiod whithbimpidmesdsi on
allocating to the carrier and transm ssion power allocation using for each
carri er ddta tearismissidnearpingcheonmdtiscaher betweensa finst damanunpicatdoni r st
direction during the perioq@éhat t he noise generated at the data

transmi sewpmRent nd & saeord oM MIHIIC3tor, gaWnRAnt Hndexacdivaly aHadgE: hod

I mpl enment,s the bit allocati the carrier. of the first fre ncy . band,
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data traggglsgf:on to the second direction is large higher than the bit rate
during the period that the noise generated at the data transnission to the
first direction isaid dige. cothiuhivatiod Muﬁﬂﬁfe‘ﬁﬂ switehes bR9rategasf thet 0 the
first direction can be secured under the changi ng noi se environnent of
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using for each carrier of the second frequency band which transmts the
data to data seanschidsioec tistng duseognd hizegeency barad cobeespomsting to the

changing timing of noise level and comprises a second transmitting
means for transmitting the data to said first communication equipment,
said system for multi-carrier transmission makes the bit rate
with which said second transmitting means implements the data
transmission of a second direction from said second communication
equipment to said first communication equipment using said second
frequency band higher than the bit rate with which said first
transmitting means implements the data transmission of the first
direction from said first communication equipment to said second
communication equipment using said first frequency band, during the
period that the noise generated at the data transﬁission of said first
direction from said first communication equipment to said second

communication equipment is large.

2. A system for multi-carrier transmission in accordance with

claim 1, wherein:

said system for multi-carrier transmission makes the bit rate

with which said first transmitting means implements the data

R



generated at the data transmi ssion to the second direction is | [ 38 And
this system and nmethod inpl ements the bit all ocati ofhif Shegtfhas el gy of the
second frequency band, by making the bit rate during \ \ \mt t he
noi se generated at the data transmission to the first | ar ge

hi gher than the bit rate during the period that the noise generated at the
data transnission to the second direcl®n is large. Wth this, the
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to the carrier and transm ssion power allocation using for each carrier of
the secdhd fdatqueranshaisdidn aof nsdide sdcond tdieestionnasingmeaid asécond
equi pnment during_the period that the_noise_generated at the data
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al l ocati,ng to.the carri and {ransm ssi gn power allocation using for each
carrier tggnﬁmsglgyoﬁhsqﬁmdmﬁowgwﬁ ed fromthe second '
comuni cati on equi pnent during the period that the noise generated at the
data transm ssion to the first direction is large. And this system and

net hod denodul atgs tm%%rgﬁéxﬂ, foran il dadidy arsheisSRAPIY acesFiiN e ivith

equi pnent, fromthese two kinds of bit allocation and transm ssion power

al | ocat ichmim by whengin:he sane bit 100 al |l ocati on and transmi ssion power

allocation as the bit allocation and transm ssion power allocation
al | ocated corresp@iidi arsto ttanspublingg tneany oimplementeyethetr dmsasecond

Gata t r SRanPRISHST Rt thY bdenigr DS smib et P BV ENE e SRl e
dat a Carbiéfeaeémﬁé@a%g fsaﬁséidﬁimgi)é(}mmﬁg%aaeirﬁm@g%%od rgﬁ%é f¥ze Second
n met me | Zze 1 he |

communi cation equi pment, this system
al | ocat inviselgemehted atacHeh@attra®smégidon to said second direction is large

higher than the bit rate of the data transmission implementing during
the period that the noise generated at the data transmission to said first

direction is large.

4. A system for multi-carrier transmission in accordance with
claim 1, wherein:

said second transmitting means implements the data
transmission using the carrier of said second frequency band, by making
the bit rate of the data transmission implementing during the period that
the noise generated at the data transmission to said first direction is large
higher than the bit rate of the data transmission implementing during
the period that the noise generated at the data transmission to said

second direction is large.

5. A system for multi-carrier transmission in accordance with
claim 1, wherein:
said first transmitting means, comprising: --

a first memorizing means which memorizes the bit allocation

R OB R R
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transm ssion power allocation using for each carrier of the first frequency
band transmitted fromthe first conmunication equi prigstSh S a%58ri od
that the noise generated at the data transm ssion to H bftion
is-large and the bit allocation allocating to the car I SSi on
power allocation using for each carrier of the first frequency band
transmtted fromthe first comuni catildd equi pnent during the period that

h ' d he d ;S S to the first dj tii '
| ar go. ATPCRRIRE < (a1 2ehin FAmRIGTo O hotit Brds PRAUEREY. it nBBodth o the
X B 538 EA _ RENERER o _
tr ansri e RRRIER AR FilRea bR aIBRr (FCadth: Rabtiol DITbaRFoRESE o7

transni gedpiem@Band Weich itPansit bhe [dtaald afid! fisst diidctibAndutiag she pover
al l ocation all ocated corresponding to the changing timng of noise | evel at

t he fir perimbntiaitcthe awisegemenated Vit thehdata evansntissionatie rdaidi fimst
capacity . of the data transmtted from bhe seCﬁgd c,omnéﬂjigcat,i on equi pnent is
changed directiomtis laxge,ansk memoxizas ihei bt aleeationoatigeating pnent .

) i ' ' | n and had dul h
Al | BB B ot e S B, a3 AR FLER HEvRE R ooy % ’
or dor o 118 e SPOR EERTEAMTHATLA MUY BB A SRR RO o

order and gdidnfiest ditdetioreduiring thiehpefiodsthlp theniaiss igehergtedmNthe The
first conmuni cation equi prent 101 cal cul ates the bit allocation

al | ocat idagat transahission tesaithdecond dirensiamiplange; anidocati on using for each
carrier of the second frequency band, by .using this pseudo-|andom si gnal.
Wth this, the dat oS B HOECRIeaS B! é'hcneaéswpt Eber#m{sm&/eﬁagn be
I mpl emenged. (AL th LI st _conmunji calliQr ] nt. this..system and. met hod
rodul at AUtROR AT IRARSRIEH Mot BREANRTER Sl n o A o g

means and allocates the bit allocation and transmission power allocation

to each carrier of said first frequency band, by making the bit rate during
the period that the noise generated at the data transmission to said
second direction is large higher than the bit rate dui'ing the period that
the noise generated at the data transmission to said first direction is laxge,

corresponding to the changing timing of noise level.

6. A system for multi-carrier transmission in accordance with
claim 1, wherein:

said second transmitting means, comprising: .

a second memorizing means which memorizes the bit allocation
allocating to each carrier of said second frequency band and the
transmission power allocation using for each carrier of said second
frequency band which transmit the data to said second direction during
the period that the noise generated at the data transmission to said first
direction is large and memorizes the bit allocation allocating to each
carrier of said second frequency band and the transmission power
allocation using for each carrier of said second frequency band which

transmit the data to said second direction during the period that the noise
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for the data transm ssion of the first direction to the a Iltude

pr edet er mi ned pseudo-random order and transmts the resu ﬁm

comuni cati on equi pnent. The second conmunication e

the bit allocation allocating to each carrier and transm ssi on power

all ocation using for each carrier of #le second frequency band, by using
this pseudo-r om Si | ., Wth.this, . )

bower | aEFBEEREDLAL bhe e RASTHSIONta Shidksacond: DEERISH 18 Jonad R The
apparatus and r | car t 1.SS!

hventi on i ol edbAeconqmBlbAGEE fehs: R ARG thY ToRl RREH of

the first frequency band and inplenents the data transm ssion fromthe
count er memowizingt sectienuapdeallocateshéhepbir allosation andt Eramsmission

met hod Pepledaiiecatior tpieach qageiar ofsaid segenddaeqnenchbande byimakingequency
band, by, maki.n he,bi.t raie of the dafa.transm ssion durin he riod
Chat "t nEbRoPUcTate hdtingl the Beriprle thah it HMrniitabel 26 shonditon! gher
noi se becomnes _ _ he “appar a [Tr-carrier transmssion® Wth
this, tlRecpsrivil fidat AheP Doisy Tomeeat@l die theapdevedraasAessionn e sdide

t he exi secomd cbireetion asi kargsy soxrespsnding te the ghanginglitiningrof notsecover,

t he 02 frequency division systemis used for the data transm ssion,
allocating to each carrier and transm ssion power allocation using for each
carrier of the first frequency band which

corresponding to the order of the designated data all oc ChyAs Replaced
nd
LRI
the bit allocatj.on.ard transm ssion
mul ti - cBif | AModdtdens Mandl Hra@niiBSiotP UdWEr CANBUATIBAL IfBdme Wil ™aBEoAR USi ng
transm ssion by using the second frequency band. And this apparatus and
e b
than th b & al: . t SHY i ] 1 be,
‘Erzh‘xémifsggrgx gb as{ajig 1% ‘aﬂé&ﬁgiﬁdrx%%u If‘ﬁ*gﬁe?gthhﬁeﬂféeﬁit%té WRirihB
changi ng noi se envi ronnent of noise |evel, keeping the conpatibility with
t her ef of@Velhe nutual cross-tal k noi se does not exist. The bit allocation
7. A system for multi-carrier transmission in accordance with

claim 1, wherein:

said first communication equipment, comprising:

a third memorizing means which memorizes the bit allbcation
allocating to each carrier of said second frequency band and transmission
power allocation using for each carrier of said second frequency band
transmitted from said second communication equipment during the
period the noise generated at the data transmission to said first direction
and memorizes the bit allocation allocating to each carrier of said second
frequency band and transmission power allocation using for each carrier
of said second frequency band transmitted from said second
communication equipment during the period the noise generated at the
data transmission to said second direction; and

a first receiving means which includes a first demodulating
means that reads out the two kind_s of bit allocation and transmission
power allocation from said third memorizing section and demodulates the
data transmitted from said second communication equipment, by using
the same bit allocation and transmission power allocation as the bit

allocation and transmission power allocation allocated at said second
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transnmts the data during the period that the noise i's large at the
apparatus for nulti-carrier transmssion and the bit ahl@atiRBeAIRALRE | NI
to each carrier and transm ssion power allocation using i er of
the first frequency band which transmts the data duri nH IMHm Iﬂmuhat
the noise is large at the counter communi cati on equi pne y ed.
The bit allocation to each carrier of tp®e first frequency band is

i mpl emented, by.making the bit rate of the data transm ssion during the
bor 00 ¢ PRI BITRHOR SeBmant Ergeseondi £ ihe choBgwe HBaE 9 A5 prent
hi gher t the bit rate of the data transm ssion during the period that

t he noi s€ becones | arge at the apparatus for nmulti-carrier transm ssion.
Wth this, the capacity of data transm ssion can be secured, even under the
changi ng noi se environnent of noise |level. The bit allocation allocating to
each carrier and 8.r aAsgysten forpovwdti-ehtnerntiomsmidsign inraceerdages mieh of

t he second frequency band transmtted fromthe counter conmunication

equi pmen@ladmr Lnwhereineriod that the noise is large at the apparatus for
mul ti-carrier transmission and the b{ﬁ) all aocation allocating to each

carrier and transiid SEGATHSRAMHNGRUOR FAVPINI Y SPMRIASINEr ri er of the

second frequency ?Cﬁﬂl r ir{%' 1e 1%[9 . C {E"rﬂm ﬂ% : | pnent
during the peri 0(5P _athtﬁlreé n lltlglggggﬁ ar%g&égﬂﬁﬂéﬂc’%ﬁ e c§ ﬁ@%@ﬁ#gn
equi penal1gELEiIRRTEY edRH: catifess b8 kalid thansiFeihetcy A BRd e Shission.
communi cation equi pnment i s denodul ated, by using the same bit allocation

and tranpoivesi ablogatien aidingaféroreazh tcheriert ofildaddafirsth faeguenenshiadi on
power allocation used at the counfter conmunicatjon equipment correspondi ng
to the chaRfmittedriram eriddirsé comymunivatinon equipznent dursvetbengeriodunt of
wet ﬂgt 2}:}%3@3%“? Sﬁﬁ'ﬂ%@'@%&% ?ﬁ"% f@gﬂ:gt r%n%?n%ﬂ)‘nc%ls%r{deﬁrlgtp 1rgE:tiBrs1 893”960'

memorizes the bit allocation allocating to each carrier of said first

frequency band and transmission power allocation using for each carrier
of said first frequency band transmitted from said first communication
equipment during the period the noise generated at the data transmission
to said second direction; and '

a second vreceiving means which includes a second
demodulating means that reads out the two kinds of bit allocation and
transmission power allocation from said fourth memorizing means and
demodulates the data transmitted from said first communication
equipment, by using the same bit allocation and transmission power
allocation as the bit allocation and transmission power allocation
allocated at said first communication equipment corresponding to the

changing timing of noise level.

9. A system for multi-carrier transmission in accordance with
claim 7, wherein:

said second communication équi‘pment comprises a second -
pseudo-random signal generating means which generates pseudo-random

signals allocated in sequence the data being predetermined pseudo-

l "Illll I”I” lll" "I'I " lll, T Pt acEy o
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d. Wiile the

data transmtted corresponding to this change can be dul_at I
present invention has been described with reference t ct ep Rpiaced

-l lustrative enbodinents, it is not to be restricted byi ﬂ | nts
but only by the appended clains. It is to be appreciat

skilled in. the art can change or nodify the -enbodi nents w t hout departing
fromthe scope and spirit of the presH® invention. REPLACENMENT SHEET

CLAI M5 Jandom Ord8¥ th%8ch| Sdrridd bf saRI éégdnd T@W@;mmﬁﬁ%im%@em s

data transmssion using a multr-carrier etween a st conmuhi cat1 on

equi pregdatantkahsieiseivh densaid catond diagetioBnind ndwipadsi seelsidindeond noi se
environnent that a changing timng of noise level is known, wherein: said
first cénamsingtinhgrmegnspnent switches bit rates of the data transmi ssion

using a first frequepcy band corresponding to, the changing timng of noise
| evel and comri%%g&gqmmW%@%%?%ﬁl §RE GOIRPTSHE N t ti ng data to
sai d second co - Ccat | egui ) |.d n I catl | _pent

sel d econd COMTEA SNRSMERRT Yo roal AREATGLIAMMIL A ST
corr espeypihilaté® theetwbaRMdY _o‘f'aﬁ}é&g@f SR SealuRvef c3H eHfRér BFSsaidsecond
transmtting neans for transmtting the data to said first conmmrunication
equi presecondi freguene bandnusing dar ther datartsansaiissionnbf saad Bdconat e wi t h

whi ch sai d second transmitting nmeans inplements the data transm ssjon of a
second diirettionmsedothe asgudecwmdlas mignakhreeived @tmaidtiirsd xegeivimg st

B e L R
IR e T L
during ghpejaiedtiditimidi®on 9 $0id ER8t AiRttin i Mrgat andr ansm ssion in said

first direction fromsaid first comuni cati on equi pnment to said second
communi cat i on eqai firetit bits and power allocation calculating means which
calculates the two kinds of the bit allocation allocating to each carrier and
transmission power allocation using for each carrier of said second
frequency band, by using said average SNR value of each carrier
calculatedl at said first SNR calculating means, at the period that the
noise generated at the data transmission to said second direction is large
and at the period that the noise generated at the data transmission to
said first direction is large,
said third memorizing means memorizes the information of the
two kinds of bit allocation and transmission power allocation calculated
at said first bit and power allocation calculating means and also outputs
them to said first modulating means, and said first transmitting means
outputs them to said second communication equipment,
said first modulating means, at the training period that
evaluates the bit allocation and transmission power allocation allocating
to each carrier, allocates the information of the two kinds of the bit
allocation and transmission power allocation calculated at said first bit
and power allocation calculating means to the designated carrier in

designated number of bits each,
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| arge. 2. A systemfor nmulti-carrier transm SSion 4 n W t h
cl aigm 1, wherein: ysai d systemfor nulti-carrier transn%rh%Sﬂg&:ﬁa{s et epiag Ebit
rate with which said first transmtting neans inpl ementmlmg Bm

transm ssion of said first direction using said first f hi gher
than the bit rate with which said second transmtting neans inplenments the
data transm ssion of said second directygon using said second frequency

Po"shi 4" secand aePEL pRGd BbplmGulieafEn GRS Pcdibls SRIE dbbRRRLES! O
transm sgiier frodk GRiEINGE cH¥niMutidhfioh e§@RIAbAL at safEReC6ENENERHRET

-105- said first transmtting neans inplenents the data transm ssion using
a car ner meamsaiahd ialsd takeg oty thendnfdymationnoft eiditwo dtiadsf of hbitdat a
transm ssjon inplenented during the period that the noise generated at the
dat a t r adHe¢aidonand transmissien pawerallpeatipn framysaid designated cansies; t
rate of the ta transm ssion. i npl enented during th eriod that noi se
Gener at ot S84 Ao demanuating BiEts Saflqopmaize fd frisamation afdhes

A syste o : o : _ : et

wher ei nn%és%% ngztgvr?gﬁ{ﬂr%sﬁéﬁnb{tﬁl%gﬁe%ﬁs% ﬂldr}%i emn%%g%%}aﬂl%%%}g s? I on
using a g&id seondf nfedhdrizes@ndedngquency band, by neking the bit rate of
the data transm ssion inplenmented during the period that the noise
generated at the data transm ssion to said first direction is |arge higher
than the bit rate of the data transm.ssion i nplenented during the period
that the noise gdifer adedysterndonamulii-eauies sirgnsmission ineagperdanest i on

is |arge, .5. lai gfslxstem‘for multi-carrier transm ssion in accordance
with clafit™ EaNR& ALy first transnmitting means conprises: first

MENDri zi ng means g WrtEdihiteRichtiid oYuifafilOfoRr ARt §9iFR H8ERd0-

random signal generating means which generates pseudo-random signals

allocated in sequence the data being predetermined pseudo-random order
to each carrier of said first frequency band using for the data
transmission to said first direction and outputs to said first transmitting
means,

said second communication equipment, comprising:

a second SNR (signal to noise ratio) calculating means which
calculates the two kinds of average SNR value of each carrier of said first
frequency band using for the data transmission of said first direction used
the pseudo-random signals received at said second receiving means, at
the period that the noise generated at the data transmission to said first
direction is large and at the period that the noise generated at the data
transmission to said second direction is large; and

a second bit and power allocation calculating means which
calculates the two kinds of the bit allocation allocating to each carrier and
transmission power allocation using for each carrier of said first
frequency band, by using said average SNR value of each carrier
calculated at said second SNR calculating means, at the period that the

noise generated at the data transmission to said first direction is large

L



used for each carrier of said first frequency band e data
to said first direction during a period that the noise the
data transmission in said first direction is |arge and bi t

all ocation allocated to each carrier of said first frequency band and the
transm ssion power allocation used forjjgach carrier of said first frequency

band vvhlchtra mt th ata to said first directio ur,i ng a .period that
the noi saen@e'ﬁe bR6 cReriod: Hintasha ntis spmeEnbs 5 the deld Ads ARSI G | <

| ar ge; S which reads out the two kinds of bit

al | ocatlaélﬂ %hd;ﬁgf#\"g‘é’ %%&é@r allocation fromsaid first nmenori zi ng
means and al ' ocaisgsd tAgrth imRA S 3higd el thaffdFiss ¢he ARMGFmatiorc i on to
each carrier of said first frequency band, by making the bit rate during
the peritie ttwd kindsoiof ebife redietatibmt antle tdahsmissioanipsven allocationsecond

direction is_|arge higher than the bit rate _during the period that the
noi se getfdenlatedaat shid second rkuham%nowrtaﬂmtmn calemlatingomiesansi andar ge,

il 1< capPoputRub FRER 0 Pic sBPRdnm IR Rng fens emér shid $8peMecond
A e e N

frequency band argdid éé(ﬁﬂﬁinxﬁédﬁ![‘aﬂiﬁg’em@dﬂs)cﬁt'ﬂfé t$ethihe peaidd Giyati er of
said second frequency band which transmit the data in said second direction

during eeypeuiadds tthet bithallowd ien gard teamsinassivhepatwer alloaativnssllocatingsai d
first direction is |arge_and nenorizes the bit all ocatlon al l ocated to each
carrier ¥t eaghdcgseiend allw&eﬂdgh%an ranatioRe of tdies ives kamdp ode th 9|b5cat|on

used for ﬁach .carri sai d second f q cyaﬁf ﬁa&w{é h transmt he data
' sa o alRRcH dudlraneBiieind BEr rUBUHRRR"S RLUTARS

d I

roans. i POSRE allotdtion REANIAAE cahs) Ty Higledplable ?ﬁ?&‘%‘éﬂ%ﬁ“ "

power al ﬁ@@gﬁ-ﬂaqufﬂmml(;fmw@adhrrermrl zing section and allocates the bit
al l ocation and transm ssion power allocation to each carrier of said second
frequency band, wldeﬁrsfgcomnumcatam efpripmenhaepeivesdsaidatesignatedse

gener at ed at the dat
arrier from sa1d second communication equipment at said first receiving

carrier of said first frequency band and a transm s ﬂi‘?g%@@elnm@abd on

means and also takes out the information of said two kinds of bit
allocation and transmission power allocation from said designated carrier
at said first demodulating means and memorizes the information of the
taken out the two kinds of bit allocation and transmission power

allocation at said first memorizing means.

11. A system for multi-carrier transmission in accordance
with claim 9, wherein:

said first communication equipment, comprising:

a first filter means which removes side lobes generated at said
second frequency band from the carrier of said first frequency band
having the data, at the back position of said first transmitting means; and

a second filter means which removes side lobes generated at
said first frequency band from the carrier of said setond frequency band

transmitted from said second communication equipment, at the front
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transmssion in said first direction is large higher than the bit rate
during the period that the noise generated at the data t¥ansm ssion in said

second direction is large, corresponding to the changi rﬁﬂisrsﬁmﬁﬁB%R@ﬁicg@

| evel . 7. A systemfor nulti-carrier transmssion in th
claim1l1, wherein said first comrunication equi pnent conp m% Eml%m
renori zi ng means whi ch nmenorizes the pjgt allocation allo

carrier of said secqond frequency band and transm ssion power allocation
used fomosidanafrsaid st recevngHeans: equency band transmitted fromsaid
second comuni cation equi prent during the period the noise generated at the
data transm ssion in said first direction and nenorizes the bit allocation
al l ocated to eachgcarpi Sad a heal on
power all ocated Eg'ed orgi'%aclﬂ gdal(rj r11|§ gﬁ%ﬁ%&ﬁ@%ﬁ%ﬁﬁ grelqggn%%&ggggéé
transm twigh dladm 9awherefxgnd communi cation equi pnment during the period the
noi se generated at the data transm ssion in said second direction; and
first receiving sawhsecdridbomminication Equdpmanty domuisigigreans t hat reads
out the two Ki ndsztg;‘“)[?it{;l aIIocatioE‘. d transm, siog gower allocatiqn from
said third menor 4 ten means,whigh Femovasssideriobgs enery 5844 from
said s d .catio ' n us} -hh ' catlqgn and
transm @gnf%%{géﬁ ﬁ’@gﬁ#ﬁﬂ%%?gﬁhaﬁf g%é{li g%(’sog{r% f?#é‘ﬁéﬁ#@sﬁ%ﬁapomr
al | ocati sal a [ ; | 5atd ' di ng
o the ORI a8 e e
transm smidn in accordance with claim?7, wherein said second conmunication
equi pnent, conpri ses: - -107- fourth menorizing neans whi ch nenori zes
the bit allocati anfauntbcfilter means iwhichr remoyessside lobes geneyatkesatband
and transm,ssi on power all catiofg_ us%ﬁ for eac .carri_er ?f sai d fi)rst

f r equencpifaiRgondafreguency bapth ixamy the carried o saidafireh egenrmPagt  ng

t he peri ; e S 1.SS81 L saidyfirst
directi ot%ggﬁgﬁtr‘;r%éﬁﬁorlf@g% ? %gfgﬁ %ﬂaﬂ(ﬁ%ﬁ‘%@%ag@ﬁgcéac{@gﬁ%ﬁgagﬁ l((:;g?r f%g(rékof

sai d firsdsitioRooesed SadohPrebeivas Mamen power allocation used for each

carrier of said first frequency band transmtted fromsaid first
comuni cati on equi pnent during the period that the noise

13. A system for multi-carrier transmission in accordance

With claim 8, wherein:

said first communication equipment comprises a clock signal
generating means which generates the clock signal changed the
amplitude of the designated carrier, by synchronizing with the changing
timing of noise level and transmits said clock signal from said clock signal
generating means to said second communication equipment using said
first transmitting means, '

said second communication equipment comprises a clock
detecting means which detects the changing timing of noise level from the
change of the amplitude of said clock signal received from said second
receiving means, transmitted from said first communication equipment,

said second communication equipment designates the bit
allocation and transmission power allocation using for the
implementation of the data transmission correspondihg to the noise level,

from the two kinds of bit allocation and transmission power allocation
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generated at the data transm ssion in said second 'dimf”ec1 i OIQ' anq{ Se gnd

recei ving means which includes a second denopdul at i ngj“‘ ' cgs out
nraom sai d

t-he two kinds of bit allocation and transni ssion powe ﬁﬁﬁﬁ
fourth nenorizi ng neans and denodul ates the data tran i d

first conmunication equipnment, by using the sanme bit allocation and
transm ssion power allocation as the b all ocation and transm ssi on power

al Focation al Located at said . first coomunication equj pnent, cor onding to
the chafBPRETIAG a Ssd Rscond memmoriging mens, tq said Secard moduidting
transm s§j [ r - Wit :l 3l me7 efelly: | egan i.cation
equi pmeﬁ@é%gﬁppy ﬁgsﬁéﬁgeﬁﬁb gan o%ig?g%%&ggﬁgé(%'? ?ngg}ng%ﬁg%?%h
gener at gfetBefingOomeand0 Arkd @631 Frises achitedllodaticuaid eransmisdionosower

pr edet er mi ned pseudo-random order to each carrier of said second frequency
band usedldoatidrmeehatimg means sshich desigriatescthendadiea bitt alocationcamdut s to

said second transmtting neans;  and said first_comunication equipnment,
conpr i sdansmissiognRovieyallocation as the kil alleealion; apd beansmission

cal cul ates_two IEiQ}&S of av rag}fe SNR :‘ﬁl ue, of ;each .carii eg oﬁ sail dcfse%ond

f r equendP e ARAGAHIR  used GUEeSPORAING St e PSP gleEl ol $Hide di%n used
t he pse ﬁﬁ{]}g Siog i ' | v NEASS, t he
peri od ;{%glt] t eeﬁgﬁ%?egggﬁé@gﬁgﬁ%?gfﬁﬁﬁjgfeﬁog%l%%gogﬁ I()S%@IH% sal d glg%gnd
directi ahel Swar Binddoftbithelbaaitivh t a8 thens@iissione nwyvwéedatbcdtiondat a
transmssion in said first direction is large; and a first bit and power

al | ocat imemotized atdathg saedinsfonixthh owmorizieg tmeansy kondsait tseeohit

al | ocat iHi)n al.l ocated to each carrier and transm ssion power allocation used
for eacHermpAniatipg WeARSsecond frequency band, by using said average SNR

val ue--of each carrier calculated at said first SNR cal cul ati ng neans, at
the period that the noise generated at the data transm ssion in said second

direction is largg and At Ghetdiari ek t hahldit@rpRise teenemasGan Nvwiijendat a

transmission to said first direction is |large, REPLACEMENT SHEET - 108-
implements the data transmission using the multi-carrier between the

first communication equipment and the second communication
equipmént interactively under the noise environment that the changing
timing of noise level is known, wherein:

said first communication equipment, comprising:

a first temporarily memorizing means for memorizing the data
transmitted from external equipment temporarily;

a first memorizing means which memorizes the two kinds of the
bit allocation allocating to each carrier and transmission power allocation
using for each carrier of the first frequency band transmitting the data, at
the period that the noise generated at the data transmission to the first
direction being from said first communication equipment to said second
communication equipment is large and at the period that the noise
generated at the data transmission to the second direction being from
said second communication equipinent to said first communication
equipment is large; _

a first modulating means which reads out the two kinds of bit

allocation and transmission power allocation memorized in said first
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said third nmenorizing means nenorizes the information of the two ki nds of
bit allocation and transmi ssion power allocation cal cTh Hag Be laged g
bit and power allocation calculating nmeans and al so ou Eai d
fiest nodul ating neans, and said first transmtting ne mto

sai d second conmuni cati on equi pment, said first nodul ati ng neans, at the
training period that evaluates the bitiB | ocation and transm ssion power

al tocation allpcated to each carrier, allogates,the informtion.qgf ~the two
(i nas of THBoRARE Msans BROLAEo Fes SRt R ate Bemtsitdt oh il HtSF ea o
said fir i . GAl ' : ' d
carrier mRorafls BEHripm AR ol Slorts ik BRANo‘RIORBIRAIE S

equi prenga el GRirrRse AAdItHAFHEIRIGE powér allotatidnsasihg forsbacksarricabf on -
equi pnent at said second receiving neans and al so takes out the information
of said sail Hirsdsfrelqusncyabhndacormespondingriontkeiwrisedesel At thatdata f r om

sai d designated carrier_at sajd second depodyl at] ng. yea and, nenorjzes the
" nf or mat bememissien; Aad 0 Ulaisskiinel ABPLENLe 01 58K AR SRITIPRASTHAR | on

|l ] t i d ¥4 A0, f
it 1 - carrrhode Rorrufuntre te dBRGRIRLIR PR Bloedftan and E¥RSREE o1
. : : . : e . I :
moans. uh PO hadestBR afll e SRftol bi o PR R MR E s ot
bei ng pr egdgfierim ned pseudo-random order to each carrier of said first

frequency band used for the data transnmission to said first direction and
outputs to said fadist{IFHEfinverag fastifouried tragsforn) coeans vdaichondds

%QLE?WS fi,c-iaf‘r%férsﬁ‘f Eéff%‘?;sig%é%%é‘ﬁ anEadiiaed &Eéﬁé&jﬂhﬁég?i er
ai rect 1 ot et RESREA G At s ab R C LR, TR TRh kBt v ng
nmeans, agisftql B§Fhod that the noise generated at the data transmission in

said first direction is large and at the period that the noi se generated at

the data transm ssiteansmisting secordpdovielihgom first IBAGE (digithlate eseddg bi t

and power allocation cal culating nmeans_which cal cul ates the two ki nds _of

the bit &Pnyestarprmganscwbioh coavexés ther voldaganpluecapxprassedninpdigital

e S e 5Bt 3hid HrsBTFEA At BSHYE B A ha Bt
to a loop; and

a first filter means which removes side lobes generated at said
second frequency band by the carrier of said first frequency band
outputted to the loop by said first DAC means,

and allocates the bit allocation and transmission power
allocation to each carrier of said first frequency band, by making the bit
rate during the period that the noise generated at the data transmission
to said second direction is large higher than the bit rate during the period
that the noise generated at the data transmission to said first direction is

large, by said first modulating means.

15. A system for multi-carrier transmission in accordance
with claim 14, wherein:
said second communication equipment, comprising:

a second temporarily memorizing means for memorizing the
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each carrier calculated at said second SNR cal cul ating rreans at “the- per| “od

t hat the noise -109- gener at ”[I"H@e@éﬂeﬂaced

transmission in said first direction is large and at the !g
rge,

noi se generated at the data transm ssion in said second d

said fourth nmenorizing nmeans nenorizes the information of the two

bit allocation and transm ssion power 18| ocation cal cul ated at sai d second
bit and tputs themto said
second &ﬁ%ﬂraﬂﬁ?ﬁ%ﬁ%‘ﬁ J%kﬁglegu%%?l}ggglﬂ%?%umans outputs themto
- said first commugigeabhanmesoHziag means witiebnsenmstizes the temekindsbft he
training period that evaluates the bit allocation and transni ssion power

al | ocat ithe it caldocation aHobatingr iter ach | carries and transossion pgwehe two

ki nds of e bit allocatjon and transm ssi,on, power al.logation cal.cul ated at
sai d se@éinpa&mn ar\’&%g\/\éjpralq t pRFFIeE| of| #hpnsesenfs ffsflllﬁécﬁeéq ted

carrier |nad n num f S f

cqui predtApSEnFoRg Bif dabiiRE thE aetidd EF theofle e braBER RINHECRREE, o
eqU|pne tion
of sai d"t%'agbf(xﬁﬁgﬁ ?6 Eﬁe ggg%#e%ﬁggdlggg%@m%g%ﬁ%h%%gbF%%gltfo?%é\mf rom
said desgegmita&ddtairﬁheedam tEeansinisgich tdeblmk;émtmdr@lmeanﬁ igfdrgenori zes the
information of the taken out the two kinds of bit allocation and

transni ssi on powersetondc modwlading andans rehickersadgionf theadwo kinds of A
systequr rdance with claiymn.9, wherein

| ti-carri transmssmn in acc
said fird gﬁﬁﬁﬂﬂl"é‘aﬁ EaHmSHMSSIoN cBoWer sallocatipn; memozizede 4Rs SR ch

renoves I d arrier
of sai d 5@9 P8R0 BEEnf nTa on e oht B TS Bl fRig

first trapemd tbathdmRans: zﬁ@ﬁlo'i%ﬁgdniééﬁﬁaﬂﬁa@éléﬁﬂscﬂlé BIPVESo & ten obes

generated at said first frequency and fromthe carrier of said second

f r equencailéxating raneaicht eajrxflenrmsduttanenussllmnmmen adlocatioaqusimgerfor at an
i nput side_of said first_receiving neans. A systemfor multi-carrier
transni A crrrigr ek said segond freguansy h/ﬁedepwr;eependmg)rt@ teenagiseat i on

equi pnerie’vef %ptﬂesﬁata transmission, and demodulates said amplitude of each

carrier to the amplitude corresponding to the selected bit allocation and
transmission power allocation and said order of bits allocating to each
carrier;

a second IFFT (inverse fast Fourier transform) means which
adds up each carrier of said second frequency band modulated the
amplitude at said second modulating means and outputs the voltage
value expressed in digital form;

a transmitting means broviding a second DAC (digital to analog
converter) means which converts the voltage value expressed in digital
form outputted from said second IFFT means to analog signals and
outputs to a loop; and

a third filter means which removes side lobes generated at said
first frequency band by the carrier of said second frequency band
outputted to the loop by said second DAC means,

and allocates the bit allocation and transmission power

allocatlon to each carrier of said second frequency band, by making the bit

I IHIH ] lllll H llll | THIS SHEET FAS BEEN

REPLACED




third filter nmeans which renoves side | obes generated at said first
frequency band fromthe carrier of said second frequerfdip Skestiiss BespReplacedie
data, at a front position of said second transmtting ; th
filter means which renoves side | obes generated at said ncy
band fromthe carrier of said first frequency band transmtted from said
first communi cation equi pment, at a badkbposition of said second receiving
means. . 5 [ si on

i n accor J%%?.‘%‘E E%aﬁgﬁgﬁ %tr E}%%:ﬁoziégsﬁ%%e%%%ﬁ%tﬁ [ \gﬁnfgétgi;% %?raer?lt
conpr i sego@aiakfigsddtectidieiflan® hgther vhafthechiy pdtesdaridlgotite Pedigd W th
a designated carrier having its anplitude changed in synchronization wth

t he chandhad thermoisedendratediaddhesdata trahsmission te sanl secdmt Birdcgiont from
sai d cl ogk.si gna}I) gener ati n(g rr;&n%to sai d second comuni cati on equi pnent
usi ng sait®l large by Faid seeand g INg MARBEcond conmuni cati on equi prent
conprises a clock detecting neans which detects the changing tim ng of

noi se |l evel fromthe change of the anplitude of said clock signal received
fromsaid second 1gcei Xl BosHRANTor [hAMEEATERE LEAMMAG | b ladcBpAMALE ! | ON
equi pnent, said second co nication equi pnment designates the bit

al I ocat i omthnelaimahgndsdrein:povwer all ocation used for the inplenentation of
the data transmi ssion corresponding to the noise level, fromthe tw kinds
of bit allocati onsaitifirstocmnunicatpoweqguapimesd: comprésingt zed at said

second menori zi ng ans, .10 said secand npdul ati ng nmeans by the changi ng
timng of noise | @\,‘n;gl'Stht(éBagig §%%ég’égg€RnM%¥f@€) MReA e FHEchganvaIter i ses
a bit all L_op. t,ransm.ssi .allocation sel ecti.ng neans whi ch
oot &t Bk A ARSI R SLi LSRR ASIAEI AR, CEIRpERC",
bi t al | oGgdingntRBdcA3ES HISSARD sV Pdeh%%xgﬂaﬁa% A/ %Pt%@fé' Ralhe the
noi se level at said first comruni cation equi phent using for t

denodul atéxpreséed lin digital formn t he two kinds of bit allocation and

transm ssion power allocation nenorized at said fourth nmenorizing neans, to
sai d second denpd@l BrstnEErledfast Fourier transform) means which implements

the fast Fourier transform to said voltage value expressed in digital form
from said first ADC means and takes out each carrier whose amplitude is
modulated of said second frequency band;

a third memorizing means which memorizes the two kinds of
the bit allocation allocated to each carrier and transmission power
allocation used for each carrier of said second frequency band
transmitting from said second communication equipment, at the period
that the noise generated at the data transmission to said first direction is
large and at the period that the noise generated at the data transmission
to said second direction is large;

a first demodulating means which reads out the two kinds of
the bit allocation and transmission power allocation from said third
memorizing means and takes out the data allocated to each carrier of said
second frequency band from said ﬁfst FET means, by using the same bit
allocation and transmission power allocation as the bit allocation and
transmission power allocation allocated corresponding to the changing

timing of noise level at said second communication equipment;
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14. A system for nulti-carrier transm ssion whic rHs Igaf&d

. . . . . . . as been al
transm ssion using a nmulti-carrier between a first co ment
and a second comuni cati on equi pnent interactively unde I%llm r
environment that a changing timng of a noise level is rgi sai d
first conmunication equi pnment, conprises: first tenporarily menori zing
neans for nmenorizing data transm tted Ififom external equi pnent tenporarily;

first nmenorizing | ' : ' | I Q0

all ocated to eacﬁ”%%@yiéﬁ& gﬁ%@%%ﬁ%@%%ﬁh%ghﬁrgggy [ gfrliﬁh&s)gié'l?%r each
carrier @leansf wlsichf t@ﬂ?!;%@ﬁﬂl apérh6AReS e Aathhenledi dutabyasHd Rt hat
the noi se generated at the data transmssion in a first direction being

f r om saidemiodsdatingrmpeans, im eulermptennake $hedosgpondmouRERIfAGRKENE SHEET
) -111- comruni cation equi pnent is |arge
and at aF%taE@WﬂlH@; and noi se generated at the data transnission in the
second direction bein r.gm sai d secopd,communi cation ui pnent t s%i d
first conmuni cat iaoﬁe‘égld it "i‘%a’f‘%r‘ﬁﬁ,lc}* irreg%o‘f?&dﬁll‘fﬁ !‘ﬁ%s ﬁﬂgr%‘ﬁ%cﬁ r eads
out the i ' [ . .33i I '

roror | 3 e DL Breucicy BanlrBy SRIZRANHEATTRAY MRoBl"EhaRents e e
nenor i zegrandngitted firbsi dAdPSEcUTid Yeomminichtionmeguspmend, & €hé sfromg bi t
al l ocation allocating to each carrier and transn ssion power allocation
used f orpesitiorcef saih radeivaiginfdarst. frequency band corresponding to the
noi se level at the data transm ssion, and nodul ates the anplitude of each
carrier to an anplitude corresponding to a selected bit allocation and
transm ssi on power aé{oc tiop_and 1ihe order_of bits of. the d&ta al | .ocat ed
to each carrier;'fi rotSHSER {9 HLECREpY ﬁW%IEFSSE?EﬁQfacﬁCH}‘ FBEAI A ch
adds up gagh ‘f?r{%vi vefff: said first frequency band, each carrier having its
anpl i tude nodulated at 'said first nodul ati ng means and out puts the voltage
val ue expressed isaidlsgecdmd copimudicationi dquipmemtronppying:ng a first DAC
(digital to anal og converter) neans which converts a voltage val ue
expressed in di giat secondmMdpufarfalog $ai digitaktcoarserter) means which

converts analog signals transmitted from said first communication
equipment using the carrier of said first frequency band to the voltage
value expressed in digital form; |

a second FFT (fast Fourier transform) means which
implements the fast Fourier transform to said voltage value expressed in
digital form from said second ADC means and takes out each carrier
whose amplitude is modulated of said first frequency band,;

a fourth memorizing means which memorizes the two kinds of
the bit allocation allocated to each carrier and transmission power
allocation used for each carrier of said first frequency band transmitting
from said first communication equipment, at the period that the noise
generated at the data transmission to said first direction is large and at
the period that the noise generated at the data transmission to said
second direction is lafge; |

a second demodulating means which reads out the two kinds
of the bit allocation and transmission power allocation from said fourth

memorizing means and takes out the data allocated to each carrier of said
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neans to anal'og signal and outputs said anal og signal ﬁhgsﬁee{gg@eenqg ajearst
filter means which renoves side | obes generated at sai d ncy
band by the carrier of said first frequency band out put B Hm"ﬂ y sai d
first DAC neans, and the bit allocation and transm ssio tion
are allocated to each carrier of said first frequency band, by ITB.kI ng the
bit rate during the period that the not1Se I8 generated at the data

transm s ' ' te
during L RESEeEcy BEAHof S8 SOAPEIRT Heghs BY sl tHetodinb B
first di gHetationi anlatmsmhission hdwes tallordtion iaz0 thedss. allbeationAafdst em
for multi-carrier transm ssion in accordance with claim 14, wherein said

second ctransmissionrpewer pitovationalldcaded mesnpbmémg)rterthey changingi ng
means for. nenorj zing the dat%éransmtted f.,rom ext ernal equi pnent

t enpor ar Pying ek pAsenlevel ok s ﬁgﬁhgomuﬁum.eﬂégpmwhﬂ nds of a bit

allocation all ocated t.o.each carrier.and tr SSI on r _all ocat.i on used
for each carrier aoF“f%@%%é%ﬂ%@ rpé'(%'é a%??t??’[pqq fremerian at t he
period thalad ‘évHiEhSE‘e ‘i’néfnogi%ﬁdﬁi@ &artan@dne%? b l‘ﬁsg e'ch
direction 1s |arge an perl o) at the noise gener the data

transni sdepivdulatiig Sxﬁ@ﬁﬁd cinrepdexomol madke dbe outpuif Zimsasenef rdwdal ating
means whi ch reads out the two kinds of bit allocation and transm ssion

power al tensivindrvalmepeinded i n sai d second menorizing means and al so reads

out the data nenori,zed.in. said second tenporarily ri zing nmean and
sel ects the bit & HorEkh 2’4 ten mpeansvh %&'@H“b‘éﬁsrﬁ PReS 8&%#@!@%‘1&? power

al | ocat i a geen band

cor r eeponich et ifefaNudr barll vg: o2 LB R M A ERE X e BB ot e
sai d anptidiiRitdbd e #dnC 3aid Sfirs® ddiRnAlRichtisie é‘@h@?ﬁé&%‘d'a@g the. t,
selected bit allocation and transm ssion power al ation and sai d order of
bits al | positesh bbseit becsivingmesesiond | FFT (inverse fast Fourier
transforn means which adds up each carrier of said second frequency band,
each carrier having its anplitude nodul ated at said second

18. A system for multi-carrier transmission in accordance
with claim 17, wherein:

said second communication equipment, comprising:

a second pseudo-random signal generating means which
modulates the amplitude of each carrier of said second frequency band
using for the data transmission of said second direction to the amplitude
corresponding to the order of bits of the designated data allocating by the
predetermined pseudo-random order, and outputs the result to said
second IFFT, |

said first communication equipment, comprising:

a first SNR calculating means which calculates the two kinds of
average value of SNR of each carrier of said second frequency band using
for the data transmission to said second direction, by using each carrier
whose amplitude is modulated of said second frequency band, taken out
by said first FFT means, at the period that the noise generated at the
data transmission to said second direction is large and at the period that

the noise generated at the data transmission to said first direction is
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nodul ati ng neans and outputs a vol tage val ue expresseo I.n_digit-al- fornr‘
transmtting neans providing a second DAC (digital to analog convert r
neans whi ch converts the voltage val ue expressed in dlghﬁﬂkﬂf

fromsaid second | FFT neans to an anal og signal and outp

signal to a loop; and third filter meangowhi ch renoves s rated
at- said first frequency band by the carrier of said secon requency band
out-put tg the lo p by said second DAC neans, and wherein the bit allocation
and transf&%i HH pomer all ocation are allocated to each carrier of said

second frequencya$ ?ﬂ.gtbg%tna%ﬂ 6%rb'atllof:§{:i%nd i attt PR{dsf ‘k}

nol se gener at ed m sSS1on 1 n sal rection 1s (far ge

hi gher t halcildge®the tHEkidd Gﬂtﬁé‘Blﬂoéﬂb&héﬁ%ﬂldcﬁh t@@a@ﬁ earFikeGml the

data transmi ssion in said second direction is |arge d%y sai d second
modul at i riganerissiont.powerA aljstation ousing tﬁorceachecarmansuh' ssildnsecond
accordance with claim 14, wherein said firs I on_ equi pnent,
conpr i sedrequeney h@@dr abwrtwgng&m grerage ¥ e L 9F Saih @i BATRIeT s

the. oarriGiCyRted iF Taid st SRR @cs&#ﬁﬂgﬁeﬁmﬁ%iaébé”nﬁ% ST e’
fast  Fourlir® lensrgﬁf"& tfﬁ‘%i‘?%@ BRI A0E 18 A TREOR A B M WERR o

sai d firsgnd\a® fheaperisd thakeheonbigaghnepatdd at\Wies dasarirahddeission to
nodul at ed of said second frequency band; third nenorizi ng neans which

menor i zesaidditshalikeetden a$ latge,bit al l ocati on al | ocat ed to each carrier and
transm ssi on power catipn used for each ca econd
frequency band tr &R mﬁ?eﬁl F%Q%ldoéégﬁ gw@oiﬁ%& |b6€1‘ ﬂj&ﬂ%&%tanﬁt t he
period t .S n t ran S fir

Gi v ect | ot POSAERE P Wer i Gthidin BB, SRS IR bl B PUPEY o
the data 4)l@aaios Stdtuldtiig! heprond HhéRoki '1ﬁ bﬁi(ﬂethli'&rﬁierﬂﬁi‘ﬁ‘ilﬂ ating
neans whi ch reads out the two kinds of the bit allocation and transm Ssion
power al Imeansoantlr isn sl’bdotitputtedetor saidndfirstanodaddtirgkeneans, toheal dat a

outputted to said second communication equipment,

said first modulating means, at the training period that the bit
allocation and transmission power allocation allocating to said each
carrier is evaluated, modulates the amplitude of the designated carrier to
the amplitude corresponding to the order of bits of the data allocating to
each carrier, with this, allocates the information of the two kinds of bit
allocation and transmission power allocation calculated at said first bit
and power allocation calculating means to said designated carrier in the
designated number of bits each and outputs the result to said first IFFT
means,

said second communication equipment takes out the
information of said two kinds of bit allocation and transmission power
allocation from said designated carrier whose amplitude is modulated
which is taken out from said socond FFT means at said second
demodulating means and memorizes the information of the taken out two
kinds of bit allocation and transmission power allocation in said second

memorlzmg means.
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allocated to each carrier of said second frequency bandﬂﬁg aid first FFT
means, by using the sane bit allocation and transm ssion a3, 9er Replacain
as the bit allocation and transm ssion power allocation i 1’6
corresponding to the changing timng of noise level at s

communi cati on equi prent; receiving ned?® providing a third tenmporarily
nmenori zing means which tenporarily nmenorizes the data taken out by said
first demodul ating meangyctdmOToPmultilEliRidd SraHbRbsBIDIA! ablorBhicd
constant val ue; and seco I'l ter means which renoves side | obes generated
at sai d wittstldineqdemterdeand by each carrier of said second frequency band

transmtted fromsald second communi cati on equi pnent, at a front position
of said receivi ngaik&ivst communigationtesgfnipsrent,ICOMPEBMEr transm ssion in

accordance with clai.m 15, wherein said second communj.cati on equi pnent,
conFri ses: second@ A _%atﬂﬂ OFE?‘B‘:?%“{ aPt egﬁﬁﬁﬁa%gnsmﬂ& é’gﬁ@ts
the. car rneralpes e Pidiifudd SRR abkis®of AT st Ao A bARR el 6%,

di gital foerhesead rfggi'isfr{iéﬁod:%f i/%ﬁdt TR88 1 AirdctiBip o WHe NaiPliQIdd!t S

the fast Fourier transtormto said tage val ue expressed in difgital form

f r om sai ebrsespond Al¥Ctotheordes dfdikies of the aestignatad datatadkeasing biyutlee i s
nodul ated of said first frequency band; fourth nmenorizing means which
menor i zepredaterminedrpsewdo-rradem oxfdepcandontputsdhecteswt dacsridafirser and
transm ssi power allocation used for each carrier of said first frequency
band tra rtting fromsaid first comruni cati on equi pnent, at the period

that the noise ¢ t :  SSJ | ' jrst direction
(hat the nol.se 95AgH SkBddlcotdufiRbauERANTIRILAP o pRisttl 5!

transmssion in %aéého?ﬁPSM@h&@ﬂfa'tﬂf%hfedlﬁ iich eadid adeseHE tald REndgans -
whi ch reads out the two kinds of the bit allocation and transm ssion power

al | ocat i ofhaveragesabué ofl SNRnefheadl cayrier af saih dinsé Kesqwency bandatiaing
allocated to each carrier _of said fi,rzéi' f-raquen_cy band from sajd second FFT
means, bipruthe flatge teaparoission) to said Jarstndirackioshi kY wsingokeehataydari on

he bj LI i d i i . N i | d
cor r espoltiog EPEA R B HRBEA B Bl ML BruBERty Bl R Pus by
comuni Ca4ido¢eRMd FT8Nineans, at the period that the noise generated at the data

transmission to said first direction is large and at the period that the

noise generated at the data transmission to said second direction is large;
and

a second bit and power allocation calculating means which
calculates the two kinds of the bit allocation allocating to each carrier and
transmission power allocation using for each carrier of said first
frequency band, by using the average value of SNR of said each carrier
calculated at said second SNR calculating means, at the period that the
noise generated at the data transmission to said first direction is large
and at the period that the noise generated at the data transmission to
said second direction is large,

and the information of the two kinds of bit allocation and
transmission power allocation calculated at said second bit and power
allocation calculating means is memorized in said fourth memorizing

means and is also outputted to said second modulating means, and is
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-114- receiving nmeans providing a fourth tenporarily nmenorizing means which
tenporarily menorizes the data taken out by said secondjﬂggﬁg}ﬁagbgegg\eﬁm@(ps,
n order to nmake the output anobunt of data a constant va

filter means which renoves side | obes generated at said ngw&muﬁlﬂy
band by each carrier of said first freguency band transm

first conmuni cation equi pnment, at a front position of said receiving neans.

18- %ﬁéﬁ@eéﬁﬁ%@gﬁ&g&h%ﬁhiéd%ﬁ%heﬁni’m‘{tn accordance with claim 17,

wher ei n: nication equi , cohprises: second

pseudo- r andom sigial seiRMA Alddidathias nekne ha teBy tahRfing periBlli fhudetiel each

carrier of said second frequency band used for the dat a transm ssion in
sai d sebihdlldication and transmigsion usewen ralbxadiati mdlacating do dmidoéadht s of

O 3 svereatud g Che sl s S et o
' . first SNR cal cul ati ' I t h Ki f
o e i R R SR AT R LS o
12, A O P SRR oGy o

first Fillotasivh anl trisheissith pbatertdllodatice cabndntéddt ahid kecond it
transm ssion in said second direction is |arge and at the period that the

noi se gemsl poweraallotationtcalculating sueansito saidddé¢digaated carriearin shear ge;
and firsg bit %&d power glbflagcatio cal gul ati ng nﬁans i ch calcul ateg the
two ki ndesignated mumper 1tsneachornd couinnisathe asulie tosa1d sgAaRlssi on

power al tion used for each carrier of said second frequency band, by
using t HE Ty MSYSval ue of SNR of said each carrier calculated at said

first SNR cal C“'Qéﬂd”ﬁrg@gﬁﬁrmﬁha&ﬁoﬁeéqtgﬂnﬁé;@ thlss %ﬁ@%&ﬁg@&gﬁg t the

data transm ssion 1 n sald second direct arge and at t t hat

t he noi s sgedemad Rihdd of hét dHbeativansmd $sansmissisa power silllatiatizet fromi s
| arge, and and the information of the two kinds of bit allocation and

t r ansni s@iidfesigeated carder svhosg amplibuleds modulated twhich intalgeweut

& . e : R o third Zon
and T o PO it el CTEE MeRs nau s difSte demaodhrtiSE ofesRs {anka ¢
second GARMYiZE LIRS i RRFRAEBh of the taken out two kinds of bit allocation and

transmission power allocation in said first memorizing means.

20. A system for multi-carrier transmission in accordance
with claim 17, wherein:

said first communication equipment, comprising:

a signal synchronized with noise generating means which
generates a signal synchronized with noise which makes the amplitude of
the designated carrier change, by synchronizing with the changing timing
of noise level, and outputs the result to said first IFFT means,

said second communication equipment, comprising:

a timing detecting means which detects the changing timing of
noise level by the change of the aﬁplitude of said designated carrier
taking out from said second FFT means; and

a bit and power allocation selecting means which implements

the designation of the bit allocation and transmission power allocation
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said first modul ating means, at the training period that the bit allocation
and transm ssion power allocation allocated to saimis@@hH%,S&ergﬁra}

cvel etz moulates e sl e of e s ot [FR HIRIHEN

ed

e
anplitude corresponding to the order of bits of al | ocat ed
to each carrier, with this, allocatesi2®e information of the two kind bit
all ocation and transm ssion power allocation calculated at said first bit

~and po -all ' j | ' re iR, t he
Gosi gnacsiite (B Thedfa G pGHl I RERTBRRecrd ARG BRHPABLEAL T8 6 LR 1o

means, aReh khds HELID@ITvRANON Al BArRMIRIBN powesllosdtidhemenioriged i on of

said two kinds of bit allocation and transm ssion power allocation from

sai d dedngsaidesecoard neemotrizingameains, do $adneahonak mbd/uti'ati‘ng meansnbyut
fromsaid second_ FFT neans at sai d,second demadul ati ng neans gnd nenori zes
t he inf &gﬁasﬁangwg t HEME &4 BOlse; \I%Véli H&§e@ﬁnﬁb%ﬁ’ ﬁﬂl‘gctémlag aﬁge(’tmg
transm ssion_po allocation in _sad.segpn rigzin 19 A
system fIBPaPrﬁp Pi\{\ﬁégfaﬂ%?&te?a_ emsggf%gnf r?(ig)cc%tg{%g%ﬁéf H%‘ﬁ%ﬁ%ﬁﬂ?ﬁ?wﬁﬁer ei n:
sal d 11 Alod B s Ehe Bit SRR a@ Ransifissid PovRacHHepaaBACTSEAIN!

generating nmeans whic ates the anplitude of éach carrier of sai

first freguesmondiagdtoshe holset kvelaitasaidfirat somomuricatiod égqnigmeintect i on
to the anplitude corresponding to the order of bits of the designated data
al | ocat tony thaetwo dkivrds of hdtl adienadion andb transmissiandpowepualocatdonesul t

to said first .| FET,. sai d.second,conmuni cation e téiﬁ‘%gent, co | ses: gecond

SNR cal dOERI9HZetedts Waidh foRrth| memorzing » 0ft0av 8 e SPEPRE of

SNR of eac j.er of id.fi re t he data

transm S@qrﬂaﬁﬂiﬁ@ﬁgﬁpgﬁ@t&%}m@%it ,%%gélgggga%ﬁﬁ%aaﬁaér whose anplitude
I's nmodul ated of said first frequency band, taken out by said second FFT
nmeans, at the period that the noise generated at the data transm ssion in
said first direcRilon Assystegn dow multirmiwess ddanbatissibn moi secoydaercat ed at
the data transmission in said second direction is |arge; and second bit and
pover al Wiidnelaam damdharginng neans which cal cul ates the two '

said first frequency band is a high frequency band; and

said second frequency band is a low frequency band.

22. A system for multi-carrier transmission in accordance
with claim 1, wherein:
said first frequency band is a low frequency band; and

said second frequency band is a high frequency band.

23. An apparatus for multi-carrier transmission which
implements the data transmission using the multi-carrier under the noise
environment that the changing timing of noise level is known,
comprising:

a transmitting means which implements the data transmission
using each carrier of a first frequency band, by making the bit rate of the
data transmission implementing during the period that the noise becomes
large at the counter communication equipment higher than the bit rate of

the data transmission implementing during the period that the noise
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kinds of the bit allocation allocating to each carrier and transm ssion
power allocation used for each carrier of said first f Tbigfkepdias epk §fl
usi ng the average val ue of SNR of said each carrier calc l‘ HI
second SNR cal cul ati ng neans, at the period that the noi t the
data transmission in said first directln is large and at the period that
t-he noi se generated at the data transm ssion in said second direction is

| ar 0. aBgediiesIALol RN Bhatd¥isl 10 diyMiScaiidy {radlshfie@id:en and

transm ssion power-allocati cal culated at said secon I't "and power

al l ocation calculating nmeans is nenorized in said fourth nenorizi ng nmeans
and is also outputted to said second nodul ating neans, and is outputted to
said first comurB4ati odmequippaxatus forl1eulaicdrsierontransinisaiomg imeans,

at the training periQd fhat the bit allocation and transm ssion power
al | ocat i 8RCH Wéﬁl Sfas‘m 3§ea\érﬁr@ami er is evaluated, nodul ates the

anplitude of the designat.ed car.tj.er to_the amplit.ude corresponding to the
order of bits of S@H@ fﬂﬁ%atrapﬁgygtlgg %aggcﬁoﬁrrﬁlglg; with this, allocates
the information Eﬂg j | L1505 power
al I ocation cal culo%attﬂe ealth\é‘isiglhld S glfrll?jﬁ)%% tﬁ%incgf%%%ﬁprg{égo%}gfﬁg@%lcgﬁogfi ng
nmeans toallacdtidgsi gnabgehc iy idf tézﬁddeisfsgnd&eguagajaerbacifd bahd egifdh and
outputs the result to said second | FFT means, said first communication

equi pmentramsmwsssion tpmvl I emfax}ln?aﬁlon ofsingi dox war:ulxh;I ndarnferbosm aaicbcﬁrft_otn gnd
transm ssi on powey al.l ogcation from sai esi gnated carrier ose anplitude
s modul SRR hand Wﬁ@htwsm#oﬂ?%aaga dutgag Ere Dexied that sadmersest
denodul at | S d | zes 1 LN [ of .the taken out two kinds
of 'bit att oR ah sl ePERBEC MLEr SR b g ion. A Apptori 8,
menori zi : i f - ' XY [

rccor dancaererea S ion AUGKIAE o Shciepk e o SEIL HP IR AaoRT band
conpri seandstlynakanymission pewenidllocaticre ugtme fat enghreaniedf shidofinst at es
a signal synchronjzed with noise which nakes the anplitude of the

desi gnat &eqianeebasdanbich bransmihthmiatadusing thaoertehghatsaidmnipeof t he

noi se Ieve!l and, out puts the result.t(%.sai d first | FFT neans,
1s'large at said counter communication equipment;

a first modulating means which reads out the two kinds of bit
allocation and transmission power allocation memorized at said first
memorizing means and allocates the bit allocation and transmission
power allocation to each carrier of said first frequency band, by making
the bit rate of the data transmission implementing during the period that
said noise becomes large at said counter communication equipment
higher than the bit rate of the data transmission implementing during
the period that said noise becomes large at said apparatus for multi-

carrier transmission.

25. An apparatus for multi-carrier transmission in
accordance with claim 23, wherein:

said apparatus for multi-carrier transmission, comprising:

a second memorizing means which memorizes the bit allocation
allocating to each carrier of said second frequency band and transmission

power allocation using for each carrier of said second frequency band
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sai d second conmmuni cation equi pment, conprises: timng detecting nmeans
whi ch detects the changing timing of the noise |evel by hleneBogenatpibe
anplitude of said designated carrier.taken out fromsaid ns;
and bit and power allocation selecting neans which inpl enEmMEmlmm
designation of the bit allocation and124ansnm ssion power d
for the data transm ssion corresponding to the noise level, fromthe two

econd rEABETREHEE ot S0 hRAPEL EmmBaRCR, st FREChargi ng
sec i o o OGP _ g
desi gnateiOn, VAt Confll ToibE 57| BRel atlbaid AR AR CIot M IER R R e (e

bit all agahisaiisaivh famahsiémerizesyheebitebhllocatioarnlisedin® to esxedndantiero t he
noi se level at said first comuni cation equi pnment fromthe two kinds of bit

al | ocat iafnsaiddsecomd freguency bhand and txansmissionrpower iadlocativrf osing
menori zi g nmeans, to sgi d,(fecond enodul atj ng gfans usi ng f_o(i ghe .
dempdul FOF &cds camydexigf said second, freguency band during shenaried thatisaid

i SSi.0N i d ith claiml. i 0 i g.fi fre band
7o i QRO dh TaRes A ARA Solsée ShRlrllubice 5 Eulid R ahC o | o T cauency
band. 22. A : | ] ER ' it h
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sai d secmadsf radueiny Rendkinda 6f dhitf atlguetion kamd. tradsmissivh apodieat us
for multi-carrier transm ssion which inplenents data transm ssion using a
mul ti - caalloeationdromasaidi second/ memavizing means andndemgdulatesytld data noi se

| evel is, known,  said apparatus conprising:. transmtiing nmeans which
i npl enen‘i@qsﬁ%ltﬁ%‘i‘afg?%ﬁ%&s@weﬁsqo@ a Pr?@\llﬁamgﬁt:f ysusigdhency

eri o tHRG, 7 ailesabBhf Rud] AFfiShisbh e TRRhRSITAS R Aty

hi gher t@Rgcai®htand transmission power allocation allocated at said counter

communication equipment corresponding to the changing timing of noise

level.

26. An apparatus for multi-carrier transmission in
accordance with claim 25, wherein:

said apparatus for multi-carrier transmission, comprising:

a first filter means which removes side lobes generated at said
second frequency band from the carrier of said first frequency band
having the data, at the back position of said transmitting means; and

a second filter means which removes side lobes generated at
said first frequency band from the carrier of said second frequency band
transmitted from said counter communication equipment, at the front

position of said receiving means.

27. An apparatus for multi-carrier transmission which
implements the data transmission using the multi-carrier under the noise
environment that the changing timing of noise level is known, wherein:

said apparatus for multi-carrier transmission, comprising:
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rate of the data transm ssion inplenented during the pegi t he noi se
becomes large at the apparatus for multi-carrier trans‘r:g'%lm%ﬂee‘ﬂa&Sl cn Replacgd,
apparatus for nmulti-carrier transm ssion in accordance V\D“iﬂﬁm MI
wherein said transmtting neans, conprises: first nenori

menorizes a bit allocation allocated tB%ach carrier of said first
f-requency band and a transm ssion power allocation used for each carrier of
said first frequengyshapthihllytmenisfising fifoeAl for ubbittisite AR dadal hat
said noise is large at salrd apparatus for nmulti-carrier transm ssion and
menor i zetrdrembiteddirbar extexhadlequiptmehttteneporargrri er of said first

frequency band and the transm ssion power, allocation used for each carrier
of said first freyfigatmaemonizing seansmduchanemorizesthritwadingde ofdbieod

rodu st it Shacatifn Dittasiae 18 cachratri SRl At ey tironnonas spcatian”

t L1 MY e oo . > O at 1 g
L Pooat oRsfk POYEACK chRERl o INETHIRE Sl dle Batld b AL pIBITRE PRt AES o7
carrier gheSpérdodli fldt ShEYURIISY iBaRfhgebit BHANGppALaRIs forhuRi-chabgictat a

transm ssion i nplenmented during the period that 'said noise becones |arge at
sai d coutramsmissioni gadi @in theeriedtthatobed nbise ishéalgd at atagd ofourmerdat a
transm ssion inplemented during the period that said noise becones |arge at
sai d app&fExmynieatien eguipmentsr transn ssion. 25. An .apparatus for

second memor i zi gt RESHOIRAPLAVRE FOEREESY B BpE0S Plcie bHO RPGSXbhtt o
each car 511%5@%1@ a%ﬁf%ﬁp%hﬁggﬁ‘) Cgaotegad ﬁﬁ%ﬁ{&ﬁ%ﬁbg@%d@%@ga@ | gegt i on
second f e

using for each carrier of sal requency ban ransm-t f'rrom sai d
counter eosmeRAaL Bl hRdealsodkeddidohibahredhpsl th8R{orsAid iR Yaid fist ar ge
at said apparatus for nmulti-carrier transm ssion and nenorizes the bit

al | ocat i éemgpldrardyetiemonainty sreariseandf selacts decbitdaloediomallobatichgatod
transm ssigg pogﬁr al.l ocatj on used for each casrier of saig seco&d

f r equencyaBhSACHUSATTICE RELth EraRRmission RAWeT Gillosation HeHE 40r sald) e@ddnt er
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neans that Te€a
data transmission, and modulates the amplitude of said each carrier to

ch

the a{mplitude corresponding to the selected bit allocation and
transmission power allocation and the order of bits of the data allocating
to said each carrier; |

an IFFT (inverse fast Fourier transform) means which adds up
each carrier of said first frequency band modulated the amplitude at said
first modulating means and outputs the voltage value expressed in digital
form;

a transmitting means providing a DAC (digital to analog
converter) means which converts the voltage value expressed in digital
form outputted from said IFFT means to analog signals and outputs to a
loop; and

a first filter means which removes side lobes generated at said
second frequency band by the carrier of said first frequency band
outputted to the loop by said DAC means,

and allocates the bit allocation and transmission power
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kinds of bit allocation and transm ssion power allocatj.0 ft om, sajd eécond
menori zi ng nmeans and denodul ates the data transmitted'f ° r
comuni cati on equi pnment, by using the sane bit all ocatL| “ ssion

power allocation as the bit allocation and transm ssio i on

al | ocated at said counter communicati d&#6equi pnent corresponding to the
changing timng of said noise |level. 26. An apparatus for nulti-carrier
transm sgj |- c .t A f r | ShARind St | ter
reans whioRCR BB BaPRaRylr OF Gl AReCreddeiof nR T Shilling ehBbie (70
the carrigfe Oflupiig! {hé Speffodauanay Swad diivé N t Rargdatay sdidarcoviritewt of
said transmtting neans; and second filter neans which renoves side | obes
gener at ecommuaichtion eiquipapuditighearthafr the biteraterdurng dhegerdod éhatd
frequency band transmtted from said counter communi cation equi pnent, at

t he i npubakk neise) 15 desgeiaigsahappayatus fopmulp-naxrier $rensMIssioRaPYi er
transm ssi whi ¢h i npl enents data transmi ssion using a nulti-carrier under
a noi se %ﬂﬁlmdf'@ﬁtnxﬁﬁe@%hangi ng timng of the noise level is known,

sai d apparatus conprising: first tenporarily nenorizing neans for
menorizing data transmtted from external equipnent tenporarily; first
nenorizi ng means g@li ch PO FEARatWe Kfords npltRcardkl ocbingmiskidgicatigd to
each carrier and transm ssion power allocation used for each carrier of a
first freqoetandeawdth chisnRft wiprehe: data, at a period that said noise is
| arge at said apparatus for muJti- . -119- carrier transm ssion and at a
period that said Sr&ids@l?@'atblﬁgf@réﬁu&ﬂﬁféherdé’ﬁﬁﬁmlé%\ﬂo%ﬁomlﬁ%t ; first

dul at i whi ds.out. the two kind bit all ' d
[ ansm st on powdhi sk eIkt AR BAT it Rldarhe W RnBBER, ana

means. - anqadl sigfabP SRt ed Bonl's B Conhts cbmiRaARHdn BRMEIFY
transm ssisiig pkhwe rcagkledC af isand Usdbrid fre@ueh@pdnmbrtol €hie ofolsage Jaluss

frequency band corresponding to the noise |level at the data
expressed in digital form;

a FFT (fast Fourier transform) means which implements the
fast Fourier transform to said voltage value expressed in digital form
from said ADC means and takes out each carrier whose amplitude is
modulated of said second frequency band; _

a second memorizing means which memorizes the two kinds of
bit allocation allocated to each carrier and transmission power allocation
used for each carrier of said second frequency band transmitting from
said counter communication equipment, at the period that said noise is
large at said apparatus for multi-carrier transmission and at the period
that said noise is large at said counter communication equipment;

a demodulating means which reads out the two kinds of the bit
allocation and transmission power allocation from said second
memorizing means and takes out the data allocated to each carrier of said
second frequency band from said FFT means, by using the same bit
allocation and transmission power allocation as the bit allocation and
transmission power allocation allocated corresponding to the changing

timing of noise level at said counter communication equipment;
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transm ssion, and nodul ates an anplitude of said each carrier to an
anpl i-tude corresponding to the selected bit allocation a5
power allocation and the order of bits of the data allo ach
carrier; IFFT (inverse fast Fourier transform neans whi h
carrier of said first frequency band, each carrier having its anplitude
nmodul ated at said first nodul ati ng meadg7and outputs the-vol tage val ue

expressed in a digital.:fqr I I.di.ng: Lgital to
el og conver t er) ALV Tl BECHERE 'R ORI SHetnotafd
digital fraegheUipHicH I &thpetarily FindRafizes 0 thBaldrdasitaRahs it Iyt B to a
| oop; and first filter means which renoves side | obes generated at said
second f rdemedujatingd nisans)eir ardeer toofmakedtlie rattputegmeumt odndataitgput to
the | oop by said DAC neans, and wherein the bit allocation and transm ssion
power al Iconstanh valeeaandcat ed to each carrier of said first frequency
band, by making the bit te during the. period that.,said noise ig l,arge at
sai d counter comﬁn?%‘i)gllgﬁfuf’b‘?%r?ﬁ Vgﬁﬁﬁeremgﬁstﬂgeaogeﬁag@ﬁﬂipﬂga he
period that j i ' [ f | A '

Franom satid B Bdercy, AT ealf ExRAFR SR Lkall frbiBhE) Hand

mul ti - cargirh@bmitfets Trom 88id todgies dvmamuwichtidonaefuipment atethe d¥pnt si ng:
ADC (analog to digital converter) neans whi ch converts anal og signals
transm t tpasitionnofssdid wrenvieyg m@amsni cati on equi pnment using the carrier of
sai d second frequency band to the voltage value expressed in digital form
FFT (fast Fourier transform neans which applies the fast Fourier transform
to said voltage vilpue eé‘P‘ressed i n, di gift al form from said ADC.nmeans and
takes out each caffrer oftPsaPRPELEBH fPEqu@Hé&'%’fbe%&%n%ﬁlf)Hde“?s
nmodul at ?décc%?flﬁﬁ% réléhﬁgz:)ﬁ[%ﬁérg\ﬂ{'&h menorizes the two kinds of bit

allocation allocated to each carrier and transm ssion power allocation used

for each carrier ehidfirst frequisiity bendis af higdufregnebephdndnendtti ng from

sai d counter communi cation_equi pnment, at the '
said second frequency band is a low frequency band.

30. An apparatus for multi-carrier transmission in
accordance with claim 23, wherein:
said first frequency band is a low frequency band; and

said second frequency band is a high frequency band.

31. A method for multi-carrier transmission at a system for
multi-carrier transmission which implements data transmission using
the multi-carrier between a first communication equipment and a second
communication equipment interactively under the noise: environment
that the changing timing of noise level is known, wherein:

said first communication equipment, comprising:

a switching process which switches the bit allocation allocating
to each carrier of a first frequeﬁcy band which transmits the data
corresponding to the changing timing of noise level;

an allocating process which allocates the data to each carrier of

said first frequency band corresponding to the switched bits allocation;
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period that said noise is large at said apparatus for-nutti=carrier ™
transm ssion and at the period that said noise is |argg;adesBiBeeRPhRA

comuni cati on equi pnent; denodul ati ng neans whi ch reads | nds
of.the bit allocation and transm ssion power allocati onlﬂmmi‘m&m&nd
menori zi ng means and takes out the datgpgllocated to ea aid
second frequency band from said FFT neans, by using the sanme bit allocation
and trangfgsi on power allocation as the bit allocation and transni ssion

power allocation allocated corresponding to the changing timng of the

noi se |level at saadfiestindgta cramsmittinigo preaesd nimeludingc el Viragisteitbing
providing a second tenporarily nenorizing means which tenporarily menorizes
t he dat a Praress wihichyiransmiteeachicarriey aiim;ased dataofenid firstxequanayut put

anount of da a constant val ue; .and second filter neans which renoves side
| obes ge&?@r"éi E‘Hsﬁf‘f%ﬁ’W FngmWIéQf{_}é%ﬁ%‘éHHlW: each carrier of said second

the Tront posi i ol oo (ORBERIh Rt R En BORE RfBietle S T -

mul ti-carrier trapswitehity gi‘o&%ﬁ%ﬁi’dﬁﬁvﬂtéﬂés‘?ﬂ? RitZlo %ﬁiamloca’ﬁb first

frequency band is a high frequency band; and said secon requency dis

a | ow frequeacly dmmier 3. a secondafmapamey banhdmwhiche eramsnitsr ghendggd on in
accordance with claim 23, wherein: said first frequency band is a | ow

f r equenc gopEgsPongagste the ehanging saning of paine levek hi gh frequency band.

31. A et hod for | tizcarrier transm ssion in a.systemfor .

mul ti-carrier t raﬂgrﬁqg%qa&wmreﬁeﬁwﬁéaéﬁiﬁocag%%? Qﬁiﬂitgs‘?a&% casmagr of

mul ti - cary,i 8r, ' ' L OR: ' : : s .

Cormun o SR seBShtTEAabehel EREYGHRShbRTTELO REE willhied B ANlogation,

changi ng drdgn ng of the noise |evel is known, wherein: said first

communi cation equi pnent utilizes: a switching process which switches the

bit allocation al 4osstoed ateattamsanittmg giroaeds nacludinguantnarsanittivkg ch

transmts the data. corresponding to the changing tjmng of the_noise |evel;
process which transmits each carrier allocated data of said second
frequency band to said first communication equipment,

said method for multi-carrier transmission, at the period that

the noise is large at the data transmission of a first direction from said
first communication equipment to said second communication equipment,
makes the bit rate of the data transmission of said second direction
from said second communication equipment to said first communication
equipment using said second frequency band higher than the bit rate of
the data transmission of said first direction from said first communication
equipment to said second communication equipment using said first

frequency band.

32. A method for multi-carrier transmission in accordance
with claim 31, wherein:

said method for multi-carrier transmission, at the period that
the noise generated at the data transmission to the second direction is
large, makes the bit rate of the data transmission to said first direction

using said first frequency band higher than the bit rate of the data
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-121- an all ocating process which allocates the data tgh,e ch carrler of
said first frequency band corresponding to the sw tche ;

! aead
and a first data transmtting process including a transmi lﬁﬁm @a
which transmts each carrier allocated data of said fir nd to
sai d second conmuni cation equi pnent, ajyh said second conmuni cation
equi pnent utilizes: a switching process which switches the bit allocation

al l ocate ch carrier; of r - 10 ' ) t he
dat a corg’éélgﬁg‘?ﬁgnt ?EHéi %‘??8%(91’5 %ﬁggﬁ%hn'g&g%n %;lg %ﬁggﬁgggkﬁi‘g?gﬁ(ﬁocati ng
process which allocates the data to each carrier of said second frequency
band corresponding to the switched bits allocation; and a second data

transmitting procg3s i nklmdthed dotrr mndbi-tarrigr gransssssioncin tacezosdanse each
carrier allocated data_of said second frequency band to said first
conmmuni cartlithrclaum?phewheranu at the period that the noise is large at the

data transm ssion il fjrs irectign fromsaid first c ni,cat i on

equi pment to sai ds%‘:-;acgﬁﬁ% @@%ﬁ&*ﬁé‘ém’gﬁ%ﬁm‘?ﬁﬁt ?fl‘é’?%teﬁiﬁler ado eRehyat a
transm sgj L.n | ' [ r ' . ' '

equi pﬁent%h?@ega?%g%‘?q’ fol%@onﬂﬁﬁ{r{%@gﬁ i%é\h%’qupﬁn%\@nggﬁg%%ég%&%ﬁyao?gauency
band is mRegditHAEtHABIde BeRbtaticd At The! Aft43F@néinAsiBhStY 8aid Be8dhd
first direction fromsaid frrst conmuni cati on equi pnent to said second
communi calirertiends paegd highagtlsan dheibis trate dyréng thegetio®2hat tha meisbod

for multi-carrier transm ssion in accordance w {h claim 31, wherein: at the
period t lggmerptedAts shgedata tsanamissiongte SaidaHesh divasilom is Hargecand

direction_is large,, th it rate.of. the data transmssion in said first

di rectior’r"l@le%e’gtaﬁ the data trangmdssdPhhand is nade higher than the bit rate
of the data transmi ssion in said second direction using said second
frequency band. 33. A nethod for multi-carrier transmssion in

accordance with cBai m 3A, méthbdi for multi-carrier transmission in accordance
with claim 31, wherein:

said second data transmitting process allocates the data to each

carrier of said second frequency band, by making the bit rate during the

period that the noise generated at the data transmission to said first

direction is large higher than the bit rate during the period that the noise

generated at the data transmission to said second direction is large and

implements the data transmission.

35. A method for multi-carrier transmission in accordance
with claim 31, wherein:

said first communication equipment, comprising:

a first pseudo-random signal generating process which
generates pseudo-random signals allocated in sequence the data being
predetermined pseudo-random order to each carrier of said first
frequency band using for the data transmission to said first direction; and

a first transmitting process which transmits said pseudo-
random signals generated at said first pseudo-random signal generating

process to said second communication equipment,
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said first data transnmitting process allocates the dat"ém"t—'a each carrier of
said first frequency band, by neking the bit rate duri ﬂ@xsﬂhﬁs@%ﬂ@g

t he noi se generated at the data transm ssion in said sec i's
| arge higher than the bit rate during the REPLACENVE [#eri od
that the noise generated at the data tl3@nsm ssion in sai I'rs I on
Is large and inplenents the data transm ssion. 34. A net hod for
multi-carrier tr 1SS ' AASCHH | [ : rein: said
second data trang'str%i tsléﬁgﬁgrd&%ss acﬁ%@&%@%ﬁggégtdﬁxﬁ%ng% carrier of said
second frequency pfiét PyceiMiighProdesdi which Gedbivieddshite preuidedrdidémt he

noi se generated at the data transm ssion in said first direction is |large
hi gher t $igmalsdransmitited fhom sgid fiersp eomd unmicdtivhequiperemener at ed at t he

data transm ssion in sajd second direction is large _and inplenents {he data
transmission. 352 first SR Hsignak teuneise cratiok calqwating prepess valaiedy dance

with claim3 wher ej aid first eomunicatiQ ionent, utilizes: a
vt pobhlstacah i SROR Fetue ot SRRl el S8TE neE bani8ing andom
signal s phef; ' ' : 0Of f n L

successi vel ylfeaﬁ?gggf%‘gé%ﬁéeﬁgp eizr()tmé\%ﬁ((aidf l?j’éeat %ﬁ{eﬁﬁgg‘éﬁl ga%raégggdrﬁ% gr ef?ng%nd

first fregpurilsrebeivédusesaidofiréthrectiving procsssat ohe pericil thad £ noise
direction; and a first transmtting process which transmts said

pseudo- r gederatwidyahithegdaka ftaasmissiandof saist fipste dimctmmdarlaiggnand at
generating proc_eas to s%i d second communi catjon _equi pnment,, and said sgcond
comuni chii¢ ergdi Phahitheyppolse, genexated At theeflata dransprissiophitensaktei ves
sai d pseudo- r[flra&lomtsi nans transmtted fromsaid first conmunication

equi pman??coap e g}{ig%ls( r&r?al to noise ratio) cal culating process which
calculates the S -of c [ : Sl | skl &y used
for the data t ragnggésqjgﬁei %ﬁgairbggfﬁhi s?l%%t}ao??i g‘#%ﬁ‘ﬁg g?d pse‘ﬁggtglr andom
signal s caheilytsh 8he Ssiit calio¢tion etdboodtingg tooessds carrier and transmission

power allocation using for each carrier of said first frequency band, by
using said SNR value of each carrier calculated at said first SNR
calculating process, at the period that the noise generated at the data
transmission to said first direction is large and at the period that the
noise generated at the data transmission to said second direction is large;

 a first memorizing process which memorizes the two kinds of
bit allocation and transmission power allocation calculated at said first
bit and power allocation calculating process; and

a second transmitting process which transmits the two kinds of
bit allocation and transmission power allocation calculated at said first
bit and power allocation calculating process to said first communication
equipment,

said first communication equipment, comprising:

a second receiving process which receives the two kinds of bit
allocation and transmission powér allocation transmitted form said
second communication equipment; and

a second memorizing process which memorizes said two kinds

of bit allocation and transmission allocation received by said second

| AR O ) TR SHEET TR BEEN
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at the period that the noise generated at the data transm ssion -+n-satd--

first direction is large and at the period that the noise generate t &he

data transnission in said second direction is |arge; a PPt e Tower

al l ocation cal cul ating process which calculates the bit m I

all ocated to each carrier and transm sgjlon power al |l ocat

carrier of said first frequency band, using said SNR val ue of each

carrier calculated at said first SNR cal cul ating process, at the period

that theTREFYRDEINOCESRd at the data transmission in said first direction

Is large and at t | Fa¥c) .
g SAPEIOHatA 103 Traenes haRdsh 4 BesfHdrulatin

transm ssion in sai'd second direct . i . rm%i Zi ng
process Wroebsd eRMiLE calideatéyotld NBR oflldidtich | aad! i12Andfdssioan oWk on
power allocation calculated at said first bit and power allocation

cal cul at iadlpcatimae s earhdcarder of datid fisti frequgnpy beasl byhnckkingabheiliis t he
two kinds of bit allocation and transm ssion (ﬁower all ocation cal cul ated at
sai d firgateiat the pamed thatdha neise geagratet @tphs dasa tsangmissions o
communi cat i on_equiprent .. sai d, firsf. go ni cation..equi pnent . utiljzes: a
second r53@‘?\?%?511&@’?@Q?%}Scwrrg&c%}gjﬂwmoﬁﬁtnrg’;teo?t Bl'il‘% pﬁrf%i:iﬁia&n and
transm s$i | t b gilis %ﬂnt ' Qi'HéQJ{éI l,on
equi _pman'ft h g}lﬂgﬁeﬁghgg%ﬁ?ﬁezﬂi%gra ocesss_Sli [ cﬁgﬁgdno?ﬁlggggegal V\:ga |ends
of bit alcbeesdporidiaigdid tlae émiﬁgiﬂg‘ tahi9e of noikd ReRl vesingytiaiwo 38888 DS
receiving process, said first data transmtting process 1ncludes a first
modul at i g@t paldoestionhianid dirbnsntissionhegdwer adllocaionnnemotizads biys saad
power allocation to each carrier of said first frequency band, by making
the bit ﬁ&?@ndtmﬁﬁé‘)rﬂém&ﬂmw-the noi se generated at the data

transm ssion in said second direction is |arge higher than the bit rate at
the period that the noise generated at the data transmssion in said first
direction is |aragecor ACHRAMYAdof - CHANGE MPahsMifdofl il Chdrlanet.
using the two kinds of bit allocation and transm ssion power allocation
menor i zedvith daich SEcwibretmori zi ng process.

ach

said second communication equipment, comprising:

a second pseudo-random signal generating process which
generates pseudo-random signals allocated in sequence the data being
predetermined pseudo-random order to each carrier of said second
frequency band using for the data transmission to said second direction;
and

a third transmitting process which transmits said pseudo-
random signals generated at said second pseudo-random signal
generating process to said first communication equipment,

said first communication equipment, comprising:

a third receiving process which receives said pseudo-random
signals transmitted from said second communication. equipment;

a second SNR (signal to noise ratio) calculating process which
calculates the SNR value of each carrier of said second frequency band
using for the data transmission to said second direction, used said
pseudo-random signals received at said third receiving process, at the

period that the noise generated at the data transmission to said first

g ' e
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36. A nmethod for nulti-carrier transm ssion in acco dance W th ctatrm-35,
wherei n: said second comuni cation equi pnment utilizes: eenRe Iaced
pseudo-random si gnal generating process which generates

signals where said carriers of the second frequency ban ng
successively allocated predeterm ned d? a in pseudo random or

second frequency band using for the da transm ssion to said second
direction; and a third transmtting process which transmts sai

pseudo- r dikgotien ¢ednzgey et aﬂ:et&leapewddﬂs%tcﬂw ngit geNLEHechnt |tgﬁ #lata
generating process to sa.l nication equi prent, said first
comuni cgl? Ig%fﬂéﬁ'i}f) ??q lrgnﬂ-l? a]pé‘gg,l ving process which receives

sai d pseudo- rando r

equi phent ; a seconﬁi%%ﬁ Bl T DOREP AR, SRR HIRBE YR |
cal cul at eﬁldnﬂatéé\"%héabitEanbc@ﬁ@h &Hﬁéatﬁhgoﬁo sathl ceeertahd eifdnBeyisbivifl used
for the data transm ssion to -124- sard second direction, using said

pseudo- r posen allgoatisnr esmgvﬁui‘ edcls aadrmhlafdsaléwcondgfrpquensy baatd, thye

period that the n0|se rategd at_the data trapsm._ssion in said, f]
dlrectlohlsilBgI%ﬁUg]e%N 3 uﬁeog&aﬁbdcaﬁa@rtmw ted gbriaigd: sacend t@iﬁata

d d d ,bit
2l | ocat | GAY c@gﬁa@ﬁé%nrﬁégéﬁgeei BeGRpER e P o RroBaRerasin ol e AR
|1 I f h
carrior oFeasASioIbtY FdChat RRATISR (SNARYCind 4 B (ER ke Bhic oo

carrier Qﬁh§é’ ranedatdd 2ditheseatantr axldr i ow tasbid seegred divectior ielaget od
that the noise generated at the data transmission in said first direction

is large and at taethued|mdmdtaz1ng1pmcﬂssewd|nabrmenmrazest tize dwioakinds of
transms% }:{Qgsalds cond direction is li‘? |rd rmrlﬁ1 cess
whi ch ne afifn ARG KPRESIGRIGN PORF IR AL §5nthSgen |

al | ocat i %ér‘lcal Blogvte%dalfoca%%n cgfc(iﬁggl&él ﬁr&%%spg%\ﬁr al I ocat ion cal cul ati ng

process;

a fourth transmitting process which transmits the two kinds of
bit allocation and transmission power allocation calculated at said second
bit and power allocation calculating process to said second communication
equipment, ‘ |

said second communication equipment, comprising:

a fourth receiving process which receives the two kinds of bit
allocation and transmission power allocation transmitted form said first
communication equipment; and

a fourth memorizing process which memorizes said two kinds of
bit allocation and transmission power allocation received by said fourth
receiving process,

said second data transmitting process includes a second
modulating process which allocates the bit allocation and transmission

~ power allocation to each carrier of said second frequency band, by making
the bit rate at the period that the noise generated at the data
transmission to said first direction is larée higher than the bit rate at the
period that the noise generated at the data transmission to said second |

dlrectlon is large correspondmg to the changing timing of noise level,
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a fourth transmtting process which transmts the two Riis¥ise: 8fs Rl g 1

all ocation and transm ssi on power allocation cal cul at ed ¢ bi t
and power allocation calculating process to said second gﬂm

equi pnent, said second conmuni cati on equi pnment utilizes. ei ving
process which receives the two kinds dB3bit allocation and transm ssion
power allocation transmtted fromsaid first comruni cati on equi pnent; and a

and ¢ r andirok W BRCRIEds BEIR ATRRRGS %als«%lf/f’%éﬁ“féﬁksig‘ﬁﬂfm%ﬁ Eﬁ‘llfﬁhbﬁ&ft o
b1 ocoss ApCHortRERY, RN Tol A B anem st on pover

all ocation to each carrier of said second frequency band, by making the bit

rate at the period that the_noise generated at the data transm ssion in

said first direct3dn iA methedhfothanulticarvier transmissien ithacgerdamce hat
at .the data transm ssion in said second direction is

t he noi se generate

| ar ge cor"i’&gdﬁﬁmﬂngﬁtwh@ﬁ@mihangi ng timng of noise |level, using the two
kinds of bit allogaty n I 1.8S.0N I ' lL.ze sai d
fourth menori zi ngg%ﬂoggﬁg ggx%xﬁﬂ?l%}? h%(gﬂ%,i%?‘eﬁk’ll ?@ﬁﬁ%&ﬁgﬁ”ﬁxgﬁsﬂ?g%l on

| n_accor %egﬁzi t hgfé@sgl 3ﬁmmfaﬁig' T SEHtf \dexhod QIR C ot iR sE ALK RTEH!
utilizes a first data recelving process including a first denodul ati ng
process wumbddiniegulthkedathe tdahemitteds froie ddidosesend s@wendnication

communi cati on equi pnent, by using the sane bit allocation and transm ssion
power al lespHpmentsbyhusing thel seme dit aaldocataon nindi transenissicn | pRWEr on
al | ocat ed .corresponding tq .the,changi ng timng of .noi se | evel sgi.d
Second cOHARAUGR: BR the. ik SUQGAbREN and PRNSISTOB BORES dillagation

al | ocat i r L.SS1L.qa. poyer.al ' i spl.dythrd-

o oce | Ananeh ORELBSANE U |RARRHAP, AR BEhe T IAY Wi
accor danGcohiNcehdh ihfatioN A Riipntant] wsaenthe Ao Risads 0T big il GERGn
utilizes a second data receiving process including a second denodul ati ng
process wndhrassndssmnepotes aldocatiommeitdrered hynsail thivdr stemorizing
conmuni cati on equi pnent, by using the sanme bit allocation and transm ssion

power al IRFO&EEHN as the bit allocation and transmi ssion power allocation
al | ocat ed

38. A method for multi-carrier transmission in accordance
with claim 35, wherein:

said second communication equipment comprises a second data
receiving process including a second demodulating process which
demodulates the data transmitted from said first communication
equipment, by using the same bit allocation and transmission power
allocation as the bit allocation and transmission power allocation
allocated corresponding to the changing timing of noise level at said first
communication equipment, using the two kinds of bit allocation and
transmission power allocation memorized by said first memorizing

process.

39. A method for multi-carrier transmission in accordance
with claim 31, wherein:

said first data transmitting process, comprising:

) O A " weriacen
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corresponding to the changing timng of noise |evel atmﬁ%heqtﬁéshéén

conmuni cati on equi pnent, using the two kinds of bit all | eplaced
transm ssi on power allocation nenorized by said first nE [ Ulﬁess.
39. A method for nulti-carrier transm ssion in accor i m 31,

wherein said first data transmtting pi3acess, conprises: a first
tenporarily nmenorizing process for nenorizing the data transmtted from

The two ki nds of Bidohspratily s oiiabff Beoched n M AEPROntp Bt diRLT Do

at sai d ek AbnfIDHRY il SabbATAPEquibrhbhE e AfIiakiIP Process which sel ects

the bit allocation allocated to each carri n ransm ssi on power

al l ocation used farfistceadangiourt pfocessdvhiclsreddequethy thanRindoof bie two
kinds of bit allocation and transm ssion power allocation read out by said
first readlosgtion andctransmission peengadocation cmemoriged i at mgids fiwet se
| evel ; a first .nodul ati ng process which nodul ates the anplitude of each
carri er JRERQIYZNE BYOGESSquency band to the anplitude corresponding to the

selected bit all ogatg sa.SSin t4 d r -of
bits of the data él It%%gt ggfiqctgfrgl gkégécsl% c‘ggﬁrgéla?@rﬂswlﬁ% aEl!fb%\?ceﬁ&s*g f ast
Fourier tIRaftdigto RaCheaTridt £hd a8sasmissiaah&@ér hlbefiofalding o kaid
frequency band, each carrier having its anplitude nodul ated at “said first
modul at i regchr eaesieranf saidpdirstt frequecggbanal feomxthesswd kimds gof ditf or m
a first DAC (digital .to anal og converter) frocess whi ch converts the

vol tage \edlagatiomr andedransmiisgion| posven algnatiosy xeasinai &Y isadd [first

P pet i reattine SudetiRe ncireRshBting S £ Seohethd Bining of nnef Loy

f band byt ' i o first: th
| on by sard i rop fiet BodSlathhe PHoers “hicH SYURIGE-O8E QHEAMAL o0, 1
transni ssdaeh tarides of g efimtt frequany Iandvier fienaaiilebuske eneredpbading

transmtting process, conprises: o ]
to the selected bit allocation and transmission power allocation and the

order of bits of the data allocating to said each carrier;

a first IFFT (inverse fast Fourier transform) process which
adds up each carrier of said first frequency band modulated the
amplitude at said first modulating process and outputs the voltage value
expressed in digital form;

a first DAC (digital to analog converter) process which converts
the voltage value expressed in digital form outputted from said first IFFT
process to analog signals and outputs to a loop; and

a first filter process which removes side lobes generated at said
second frequency band by the carrier of said first frequency band

outputted to the loop by said first DAC process.

40. A method for multi-carrier transmission in accordance
with claim 31, wherein: |

said second data transmitting process, comprising:

a second temporarily memorizing process for memorizing the

data transmitted from external equipment temporarily;

”"l“”"l" I THIS SHEET HAS BEEN
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a second tenporarily menorizing process for menori zi ngmimeeclﬁhsaaeenﬁi?dtted

from external equipnent tenporarily; a second reading o h
reads out the two kinds of bit allocation and transm ss ation
el ectl S

menori zed at said second nmenorizing process; a second s
whi ch selects the bit allocation allocised to each carrier and transm ssion
power allocation used for said each carrier of said second frequency band

from the two ki nds sgbohi reddifig Yultopratids WRHTHERA0 BuBHRY 1ob gl op T ead

out by said second reading out-process, corresponding to the changing
timng obit Rdlswdtien | andl transmissionnpasteaat iglbdativiesmemvdbedodt! sark t he
anplitude of each carrier of said second frequency band to the anplitude
cor r espofecond meemoriziageproeessi t al | ocati on and transmi ssi on power

al l ocation and the order, of _bits of the data all ocated to said_ each.
carrier; a second|98epnd HElPCAng JproGeSs Mehich, S8 c&?n’fh?)r%&e%ﬁmﬁitm adds

anpl 1t uad s e PB0E cAFFRT RN AU AR bop S RO o P el
vol tage éﬁbHecﬁ&RéFiﬁ?g%i@ s@b@h&afreﬁ%ﬁhyabéﬁﬁoﬂ%npﬁ.@xe( ¢ gﬁﬁ Oodia'bfil; og

converter) process converts the voltage val ue express 1 gital

f or m out pillfochtion saidl trensndssiohT pormareadiocation zeal ogusilgnadaidnsesoridut s
said analog _signal to a |loop; and a second filter process which renpves
si de | obeeading put qrrogess; aiodréspandingdguidie ghanging fiming ofinpise lesfelsai d

A rethod | S‘r’egﬁlyté’iﬁggﬁ aRoRnlting gty Whithomedniates e%?%ﬁéﬁ%ﬁi& of
rocess SArhn (aols &, (RER, paRbbrl TR K TR 14, el qalbBids g 1y

each car ghefesifortihg $6CERE éél@@tﬁi‘%ﬁtbﬁnﬁcﬁﬁaﬁs@ﬂd q¥ahsAbSd FRsend

communi cation equi pnent; a first ADC (analog to digital converter) process
whi ch comllecasicanahdgths grddrsof bids efithe ath thr aloesiidg $oeaid eaginesirdet;i on
equi pnment using the carrier_of said second frequency band to the voltage
val ue expressed | s@cgndalFFEy Gnverse fast Fourier transform) process which

adds up each carrier of said second frequency band modulated the
amplitude at said second modulating process and outputs the voltage
value expressed in digital form;

a second DAC (digital to analog converter) process which
converts the voltage value expressed in digital form outputted from said
second IFFT process to analog signals and outputs to a loop; and

a second filter process which removes side lobes generated at |
said first frequency band by the carrier of said second frequency band

outputted to the loop by said second DAC process.

41. A method for multi-carrier transmission in accordance
with claim 37, wherein:

said first data receiving process, comprising:

a third filter process which removes side lobes generated at said
first frequency band by each carrier 6f said second frequency band
transmitted from said second communication equipment;

a first ADC (analog to digital converter) process which converts

I g ]



-127- a first FFT (fast Fourier transforn process which.iqpl
fast Fourier transformto said voltage val ue expressed ﬂﬁs@t @E@{
said first ADC process and takes out each carrier whose zix ru ﬁlﬂﬁ

ETlﬁffirom
nodul at ed of said second frequency band; a third reading i ch

reads out the two kinds of bit aIIocaﬁégn and transm ssion power allocation
menorized at said third nmenorizing proteéss; a third selecting process which
selects LRaISEHehhls UARCAIHRN At SARERNP BoRMBRICAOA U DAL
bit allocation and transmssion power allocation allocated corfesponding to

t he noi sesinyethe)@agriiredf alaill heedtaid frequsnty hond afo Thedvehagedvalue
communi cati on equi pnent fromthe two kinds of bit allocation and

]'E_ransm'dsskgmla ein digibahfomm; read out by saihd 'élhi rd rleiadi ng gut prOCﬁSS; a
carrier of said gﬁ%ﬁﬁiﬁ%@oﬁiﬁt&%&r@mﬁoﬁéﬁé WISlc oD [BE M Ken d
Cr anani P8 it Hoptrie BEalfighm B sl PO1he NalRe tHieetad Rt RoRE o, "

and a th'ffdints.eagaqwti 1)) éséirmdI@ﬁRé@%ﬁt‘M&icﬁfbaﬂ?iE}*%%%etéigrﬁpﬁ%ﬁetiéke”

out fromsaid first denodul ati ng process tenporari I n or to make the

out put ammeddilatbddsftsnid seoadaftequahoy badidl; A nethod for nulti-carrier
transm ssion in accordance with claim4l, wherein said second data

recei vi ng processa thindreading eut processf which rpads oud thiei twio kdindsaf hitde

| obes generated at said secand. frequency. pand. by each caryier of, said first
f requencﬁlﬁ@&ﬁgmtnr é’ﬁé‘ﬁitﬁ'?gﬁmlﬁ%]ﬂnsﬁ%@’ S Ia%ﬁ)cé ﬁ?%ﬁ%qrﬁpi(ﬂ}i Eﬁ%t&ﬂ’éd
second Al . i.gital converter) process which converts anal og
signal s ﬁ%’%@%ﬁ@%&&% said first communication equipment using the
carrier of said fanslird SeBUAREY Jr30dsd Grhieh Yelebaoehy Aadifie il AISELioN

digital form a second FFT (fast Fourier transforn) process which applies
t he fast amdutrarsmissishqgroweo adlocdtion asdghevial wdlomatioas aed trarmbmidsadbnf or m
fromsaid second ADC process and takes out each carrier of said first

f r equencyponegidalieeatioanpllpeaies corrasponging; toathe maise dewel ggnevatest adess

1 0l AR 5 I o

two kinds of bit allocation and transmission power allocation read out by

said third reading out process;

a ﬁrs_t demodulating process which takes out the data, allocated
to each carrier of said second frequency band, whose amplitude is
modulated taken out at said first FFT process, by using the two kinds of
bit allocation and transmission power allocation read out by said third
reading out process; and

a third temporarily memorizing process which memorizes the
data taken out from said first demodulating process temporarily, in order

to make the output amount of data a constant value.

42. A method for multi-carrier transmission in accordance
with claim 38, wherein: |

said second data receiving process, comprising:

a fourth filter process which removes side lobes generated at

said second frequency band by each carrier of said first frequency band

R
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a fourth selecting process which selects the same bit allocation_and ... —-— -
transm ssi on power allocation as the bit allocation and transm ssion power
al l ocation allocated corresponding to the noise | evel germekSheetHaaBeenReplated a
transm ssion at said first *C L M S *|1 -128- co

equi prent fromthe two kinds of bit al{gcation and transm

all ocation read out by said fourth reading out process; a n

denodul a.éﬂ'[arﬂ%nq{t@g&%oiggénﬁa {\}ﬁégeéolﬁiﬁ?{ll{kﬁ%fe&{ gqﬁ%?m.t ed to each carrier of

said fir rrequency se anp at’ed taken out at said
second FFT process,seynds ADC Kanaleg ktd‘d&ig%alb'cbn%i'wt pPoeedrd which
transm ssion power allocation read out by said fourth readi ng out process;
and a foconvertsmaeradog! wigealsr itzansnitiede sfrowhi shidefirsti e heidation aken
out fromsajd second denpdul ating process tenmporarily, in order to nake the
out put af@WHRIMEnt dsingathewarsier ohsatd first frequeney ihand do ¥he voltage i er
transm ssipn in accorgdange . )ts claim 38, wherein: said first comunication
equi prent 2§ e¥pEessed @P&&% T oni zed with noi se generating process

whi ch generates sisgg@llldsy]ﬁqu o&iaégd ™ egoiﬁﬁn%ﬁﬁ%%%%@e v@HP(l, | t ude

of the designated carrier change, by synchroni zing w anging timng

of noi sejmgiementsdhe fast Hodriensrahsforth b6 aed Sromg@hvﬂ@é?fésstelaeiﬁi gnal
synchroni zed with noi se generated by said signal synchronized wth noise

gener at i digipabfexsn from asaids secontl chbiliproe¢ssanttakerdut each ceaader
communi cati on equipnent_ utilizes: a fifth regeiving process which receives
sai d si ghiosgyaaplumidecs modmlatadef sahirst ixequensmkand i r st

[ [ ' X i m det ect i whi det ect h
changi ng i mi ng df FoREthsFadi 8t ek EalHoEats Pt thenfvo kB Sai o
desi gnat gek §AbEAGHN" £ rahsMisSIf pbWedral16ELIvh WM AEEET at?8id first

memorizing process;

a fourth selecting process which selects the same bit allocation
and transmission power allocation as the bit allocation and transmission
power allocation allocated corresponding to the noise level generated at
the data transmission at said first communication equipment from the
two kinds of bit allocation and transmission power allocation read out by
said fourth reading out process;

a second demodulating process which takes out the data,
allocated to each carrier of said first frequency band, whose amplitude is
modulated taken out at said second FFT process, by using the two kinds
of bit allocation and transmission power allocation read out by said fourth
reading out process; and

a fourth temporarily memorizing process which memorizes the
data taken out from said second demodulating process temporarily, in

order to make the output amount of data a constant value.

43. A method for multi-carrier transmission in accordance
with claim 38, wherein:

said first communication equipment, comprising:

g



a bit and power allocation selecting process which inplenents the
designation of the bit allocation and transm ssion powkis ShettHacBeen Repladsied
for the data transm ssion corresponding to the noise | t wo
kinds of bit allocation and transm ssion power allocati n said
fourth menorizing process to said secog? nodul ati ng process, Dby

changing timng of noise |evel detecte 8by said timng detecting process,

d desi t th bit all tpon.and t 1 SSi | '
the bit allocati oh Sienel avadhrolied il npiedc aenaratileaBifieds s, o

the nois eiléi’:féesa% s??ﬁgl %ﬁ&iro‘iﬁ%‘&' Q\iri%ﬁtxffﬁge Wcﬂ%'&tkeyt‘l’l%‘ éxﬂf)lftﬂgel%f"ds of
bit allofatron an ansm ssion power allocation menorized in-said first
nenor i zi ghie desi@tstddocericr §Eﬁﬁ§d, pe&vadhashi¥ing withthe ditarsding tiatigpd
denodul ati ng process. -129- 44, A nmethod for multi-carrier

t ransmi sef noisenlemedpaddnce with claim 31, wherein: said first frequency
band is a high freq%ency band; .and said seconcl},filecl;ency _banghi s a low
frequency band. 4. hifthatrensmitting mpocessamhigh (wansmits hej signal
accordance Wwih claimg31l. wherein; said flsst. fr en and is,.;a_| ow

fr equencsvBeptonzel Witkinolioh e Mardilat sl gl YRRk RR R WliE pofit o

46. A I+ GG A hS Sk 08t - hse environnment in
whi ch a §E§%g‘?ﬂ8t ?nd%gég%)gﬁ%g S%g?fslg ievei |1§3E1%§3ﬁu glﬂ%}hﬁet hod
conprising: a bitsatll eeahidosbrAmisivatibrregagrsentj edmprigiages a bit

al location allocated to each carrier of a first frequency band i
correspondi ng to a hefiftlhangiengivingi nprotesshe witicke receivesat said amignal us
for multi-cayrier transm ssi.on inplengenting the data_.transm ssion using
said fir8yng Wik NGIRC a TSR dp RERBs $aMh; SRSt SUBATEBICAHAN { o
each carrier of said first frequency band, by using the switched bit

al l ocati Sﬂf‘l%‘ﬁ‘&“}t ransm tting process including a carrier transmtting

process which traggffhise Ba¢6ctsAL Jrotesd wintH ddtbéls fHeERsI P aRtiR bpcat ed
data to a counter conmunhi cati on

noise level by the change of the amplitude of said designated carrier

received at said fifth receiving process; and

a bit and power allocation selecting process which implements
the designation of the bit allocation and transmission power allocation
using for the data transmission corresponding to the noise level, from the
two kinds of bit allocation and transmission power allocation memorized
in said fourth memorizing process to said second modulating process, by
the changing timing of noise level detected by said timing detecting
process, and designates the same bit allocation and transmission power
allocation as the bit allocation and transmission power allocation used
corresponding to the noise level at said first communication equipment
from the two kinds of bit allocation and transmission power allocation
memorized in said first memorizing process to said second demodulating

process, to said second demodulating process.

44. A method for multi-carrier transmission in accordance

._ with claim 31, wherein:

said first frequency band is a high frequency band; and
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equi pment, and wherein the bit rate of the data transm ssion inplenented
during the period that the noise |ével becones large in © eplaced
comuni cation equi pnent is nade higher than the bit rate Ei H“l
transm ssion inplenmented during the period that the noise

| arge in said apparatus for rrulti-carrigrj transm ssion. 47. A met hod for
mul ti-carrier transm ssion in accordanc an th claim46, wherein said

transmtting process: ' X ' s i Ng.0ut process;whi ch reads
out the two kinds géldblg&@ﬁ g’%ii“.eg}n&aﬁ%‘t‘@ﬂ‘g%sdjrﬂ"g?fw O&“&% ocation from
a first nenorizing process which nenorized the bit allocation allocating to
each carrier and transm ssion power allocation used for each carrier of

said first frequend$. baAdmethodnifor imgltlaaridr thenperissiont hatacirdaneese
is large atiﬁqai d. apparatus for nmulti-carrier transm ssion and the bit
al | ocat i orWHI ¢Jaimed]; whexemicarri er and transni ssion power allocation used

for each carrier of sapd fLrst frequen -130- band trapsmtting data at
the period that sa?@‘ﬁﬁ?%‘é&egqeﬁcéfg’%‘f&g%?doc%g’?ﬁ%&ewm&béﬂ on

equi pnent; a first | | ' ki nds of bit

al I ocati on and tra?'éfr:(.ni ggc}dg{\w{)%r\%&qg& %@F%%%@Q%q&{éﬁm&%@%% first

readi ng out process, corresponding to the changing timng of noise |evel;
and a nodul ati ng process which allocates the bit allocation and

transmi ssi on power 46! | chaniethod doraniltararrter ofarsaniksion aindéetbensyiseand,
using the bit allocatign and transm ssion_ power allocation selected by said
first sel @&Wlﬁ@nmﬁes&a%yth\%kphgngmg bitiming e off ndise ddeeek risnskhewimn

I mpl ement e%ggf) the period that said noise becones |arge at said counter
comuni cat Eﬁlﬁl%’rrent hi gher than the bit rate of the data transm ssion

ol erent 09,2t 16, B ot g ERMIES LR gl PR
transm ssiadlodaticrccalliratgi tb dadhin €drrie®MUf ShNGirst SAEQALnLFadhAgqout
process which reads out the two kinds of bit allocation and
corresponding to the changing timing of noise level, ‘at an apparatus for
multi-carrier transmission implementing the data transmission using
said first frequency band;
an allocating process which allocates data to each carrier of
said first frequency band, by using the switched bit allocation; and
a transmitting process including a carrier transmitting process
which transmits each carrier of said first frequency band allocated data to
a counter communication equipment,
and makes the bit rate of the data transmission implementing
at the period that the noise level becomes large at said counter
communication equipment higher than the bit rate of the data

transmission implementing at the period that the noise level becomes

large at said apparatus for multi-carrier transmission.

47. A method for multi-carrier transmission in accordance
with claim 46, wherein:
said transmitting process, comprising:

a first reading out process which reads out the two kinds of bit

T R




transm ssion power allocation froma second nenori zi ng pro%%%ﬁeemziis%}gm
menori zed the. bit allocation allocating to each carrier an '
power allocation used for each carrier of said second frequH

Waccd
transmtting data at the period that said noise is |large at Mﬂﬂmm} IJs

for multi-carrier transm ssion and the Qi allocation allocated to each
carrier and transm ssion power allocation used for each carrier of said

second fr eslieetioRadfd! tAThidsion Pewer Al16EetioR! frot (4 Hfirstafb Mol sAnkS

| arge at sai d counter conmuni cation equi pment; a second sel ecting process
whi ch swi tpteesss ivehickomemdsizefl the bl 4ldocation sdivtating soieashwarpivreand

al l ocation read out from said_second readi ng,out process, corresponding to
t he changi ¥§DSNHSEPILT PAVEEe allogatiomnusing ofaxi \aach prasriers ofhsaidi far

T NN T S e
cau DT 48 Bpreiy' 0] SRR ARFGIMSRT TP B ) Ol

nul ti - carraldscdtingsto eaichncarriss cid araasmisbicl Yowed alleatRin usdhe for
transmitting process, conprises: a first temporarily menorizing process for

meror i zi ngeadhecarrier tofaidi firstdfrequeneytleamditransinitting detepat dhel period
-131- a first readin QuLl process,&/ni ch reads out ;the data to be

transm tte@lqtrﬁﬂ%asw efig13rge akSaid CoMRiak fRMMUBICaion esytinmenthe t wo
ki nds of bit allocation, alkocated to chyecarrier and transm ssi on r
al | ocati on used fos ?2?5 S@Z% %grﬁoé:ﬁsgfw?é(ﬁb SfW’r@ﬁ"? rti](‘fuéwgyﬁﬁé‘ﬂ?i dbat
transmtti f bk f i T ] p h r g
that The. rioQgiBofPadd LOMaRiioh BbweE BIC HPnPrOsE e HoblRalF AR,

and at t hereqaelingdouthproédss, Roresspondiago thie %hia%gﬁﬁﬁﬁﬁﬁﬁng%mms@%iv@!t
equi pnent; a_first selecting process which selects the bit "allocation
al'l ocat ed @@deach carrier and transnission power allocation used for said

cach cart ot o oLt e, band A L e A0l O i ng
out  procesgansMisSRAPROWEE difoddifort 26 2cA% ey G i d"BESFre§YiEhey band,
using the bit allocation and transmission power allocation selected by
said first selecting process, by making the bit rate of the data
| transmission implementing at the period that said noise becomes large at
said counter communication equipment higher than the bit rate of the
data transmission implementing at the period that said noise becdmes

large at said apparatus for multi-carrier transmission.

48. A method for multi-carrier transmission in accordance
with claim 46, comprising:

a second reading out process which reads out the two kinds of
bit allocation and transmission power allocation from a second
memorizing process which memorized the bit allocation allocating to each
carrier and transmission power allocation using for each carrier of said
second frequency band transmitting data at the period that said noise is
large at said apparatus for multi-carrier transmission and the bit

allocation allocating to each carrier and transmission power allocation
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a nodul ati ng process which nodul ates the anplitude of each carrier to the

anpl i tude corresponding to the bit allocation and transmni 5% t n Replaced
al l ocation selected by said first selecting process and th
of the data allocating to said each carrier read out from

sel ecting process; an | FFT (inverse fasi ourier transform process which
adds up each carrier of -said first frequency band, each carrier having its

D e oo UBEHE frebach ARl b BIUHR SoinA AERRENEP Baldl RGNS Bt

val ue expressed I1n digita 0 anal og conv

process whilwh periedr thathsaih! hege ¥allagexptesarl éduried tomrhamitation
outputted fromsaid | FFT process to an anal og signal and outputs the anal og
signal to edwygpensnd a first filter process which removes side | obes
generated at said second carrjer of said first

frequency band out ﬁu?e‘i%“i rﬁéﬂ@%ﬁl@??&éﬁ%@%pﬁ%??@ t ﬁd'%éﬁ'ledﬁ afhbityi t
3 : . TO . .
of oo f1a0pCatibR Rl R0 eRREn Do hHatabt, Sad BRtiRety sAiG decand ©

sai d’noi serdsfding' &8t Proceds o? AT & | 'I?(ksg the
bit rate at the%{oeri gtdr tﬁéat’ sa?%glﬁg}(ge IS Fgggg%glﬁggitgﬂg%ga@a uséflc%s}aﬂ

mul ti-carramd transmi ssion, corresponding to the changing timng of noise

| evel . 50. A method for nulti-carrier transm ssion in accordance with

cl ai m 49, wherein Sairéce¢ivisg precsssi inglpdiegss dewogniating premssnaviicht er
bach oarr1 AKest S0tk G cBBR RPBLUIY, BARE PhrigHiL seeond eduracYobands
b ocess:  trebpBHtEl b B ERE dobfiEh DR vab PinPnLe dsin ibe bit ©
caUl prEnt B AR PO, F N sSloked ™Y fid Whoond,
val ue expreaisetingrpxtiogssal form a FFT (fast Fourier transform process

whi ch applies the fast Fourier transformto said voltage val ue expressed in
digital formfrom said ADC process and takes out each

49. A method for multi-carrier transmission in accordance
with claim 46, wherein:

said transmitting process, comprising:

a first temporarily memorizing process for memorizing the data
transmitted from external equipment temporarily;

a first reading out process which reads out the data to be
transmitted from said first temporarily memorizing process and the two
kinds of bit allocation allocating to each carrier and transmission power
allocation using for said each carrier of said first frequency band
transmitting the data from said first memorizing process, at the period
that the noise is large at said apparatus for multi-carrier transmission
and at the period that the noise is large at said counter communication
equipment;

a first selecting process which selects the bit allocation
allocating to each carrier and transmission power allocation using for said
each carrier of said first frequency band from the two kinds of bit

allocation and transmission power allocation read out by said first
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all ocated to each carrier of said second frequency band an

power allocation used for said each carrier of .said second

at the period that said noise is large at_said apparatus for nmulti-carrier
transm ssion and at the period that sai d4%0ise is | arge at counter

o oc0ss, -2 ARUER R BRlcest b eSpRlRAR ih ARE cHarihl (HEARERIIUIRE 1V . e
carrier of said segoftbdule@isnprobesy whieh adulhtds Rhecgmplitidevsf sachhe

sane bit allocation and transm ssion power allocation as the bit allocation
and transntagien towehe alamopltude sobirespoadingr tesdhedibiy tdlochtiobhaandng

timng of noise |eyel at saiﬂ coynter .co ni cat | g,n equ'i pment; and a second
tenporari |§ra@§mmrﬁ@0m@b@ gcapn seleshsd b sait dirgh sglechies psecess: ahflsai d

orodul at! 36 RA6ERE pSATBPLAL st AoSKAE Ol Colt BaPHbP Heal B e,
accor dance%%frqtdﬁr%ﬂn%mbﬁgg Wégé'n: said first frequency band is a high

frequency sal d second frequency band is a | ow frequency band. 52.

A method for nulti 20pl FFEY (ihversoisstiKourtior $enesfdans rocess eitdehnadids up
wherein: said first frequency band is a_ | ow frequency band; and said second
frequency &achi casrigrinfgaid fustdnegueneyiband modulated the amplitude at said

carrier of said second frequency band whose anplitude is pod Ialgle ; )
second readi ng out process which reads out the two kinds ssﬁi’l’alﬁ Eﬁﬂi{%
d,

modulating process and outputs the voltage value expressed in digital
form;

a DAC (digital to analog converter) process which converts the
voltage value expressed in digital form outputted from said IFFT process
to analog signals and outputs to a loop; and

a first filter process which removes side lobes generated at said
second frequency band by the carrier of said first frequency band
outputted to the loop by said DAC process,

and allocates the bit allocation and transmission power
allocation to each carrier of said first frequency band, by making the bit
rate at the period that said noise is large at said counter communication
equipment higher than the bit rate at the period that said noise is large at
said apparatus for multi-carrier transmission, corresponding to the

changing timing of noise level.

50. A method for multi-carrier transmission in accordance
with claim 48, wherein:

said first receiving process, comprising:

a second filter process which removes side lobes generated at
said first frequency band by each carrier of said second frequency band
transmitted from said counter communication equipment, provided at the

front position of said receiving process;
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an ADC (analog to digital converter) process which converts
analog signals transmitted from said counter communication equipment
using the carrier of said second frequency band to the voltage value
expressed in digital form;

a FFT (fast Fourier transform) process which implements the
fast Fourier transform to said voltage value expressed in digital form
from said ADC process and takes out each carrier whose amplitude is
modulated of said second frequency band;

a second reading out process which reads out the two kinds of
bit allocation allocating to each carrier of said second frequency band and
transmission power allocation using for said each carrier of said second
frequency band, at the period that said noise is large at said apparatus for
multi-carrier transmission and at the period that said noise is large at
counter communication equipment, which are memorized at said second
memorizing process;

a demodulating process which takes out the data allocated to
each carrier of said second frequency band from said FFT process, by
using the same bit allocation and transmission power allocation as the bit
allocation and transmission power allocation allocated corresponding to
the changing timing of noise level at said counter communication
equipment; and

a second temporarily memorizing process which memorizes the
data taken out from said demodulating process temporarily, in order to

make the output amount of data a constant value.

51. A method for multi-carrier transmission in accordance
with claim 46, wherein: ‘
said first frequency band is a high frequency band; and

said second frequency band is a low frequency band.

O
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52. A method for multi-carrier transmission in accordance

with claim 46, wherein:
said first frequency band is a low frequency band; and

said second frequency band is a high frequency band.
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