MULTI-CARRIER TRANSMISSION SYSTEM, TRANSMISSION UNIT AND

TRANSMISSION METHOD

ACKGROUN F_THE

Field of the Invention

The present invention relates generally to a multi-
carrier 'transmissioh system, a transmission unit and a
transmission method. More particularly, the invention
relates to amulti-carrier transmission system, a transmission
unit and a transmission method known as a Discrete Multi-Tone
(DMT) modulation system.

Description of the Related Art

As an example of the conventional DMT type multi—carrier

transmission system of this kind, there is a technology

disclosed in U. S. Patent' No. 5,479,447. Such multi-carrier

transmission system measures a signal to noise ratio (SNR) of

respective carriers for bit distribution of a plurality of

carriers, and for deriving bit distribution according to the

measured SNR.

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

carrier. Thus, bit distribution and power distribution are
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limited to only one kind of average value of SNR to inherentiy
make the data transmiss.ion amount small.
SUMMARY OF THE INVENTION

Therefore, the present invention has been worked out for
solving the drawback in the prior art. An object of the present
invention to provide a multi-carrier transmission system, a
transmission unit and a transmission method, which can
efficiently perform data transmission in a condition where a
noise is generated periodically.

According to one aspect of the present invention, a
multi-carrier transmission system is characterized by
performing data transmission by deriving a bit distribution

of each carrier of multi-carrier depending upon a periodically

~varying noise period. Then, the bit distribution of each of

the carrier is derived by using a clock synchronized with the
periodically varying noise and depending upon a period of the
clock. A transmission power distrj.bution of each of the
carrier is derived together with the bit distribution of each
of the carrier.
Another multi-carrier -transmission system according to

the present invention, comprises:

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

a second unit demodulating each of the carrier from the



signal multiplexed in the first wunit wusing Fourier
transformation.

On the other hand, the first unit comprises a circuit
for transmitting a tone synchronized with the clock with
varying level and a circnit for transmitting a pseudo random
signal having all components of respective carriers, and

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

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



transmission power distribution andlbit.distribution, and bit
distribution of the carrier on the basis of the signal to noise
ratio. The first unit comprises a circuit for transmitting the
transmission power distribution and the bit distribution of
each of the carriers derived to the second unit, the second
unit comprises a circuit for performing data transmission to
the first unit according to one of the transmission power
distribution and bit distribution, and the bit distribution
per the noise period from the first unit. The first unit
initiates transmission operation in response to a transmission
start command for own unit from the second unit. A data
transmiséion through a digital subscriber line is performed
between the first unit and the second unit. The bit
distribution is effected to distribute greater number of bits
when the noise periodically varying between large and small
is small than that when the noise is large. The bit
distribution is effected to distribute greater number of bits
when the noise periodically varying is far end crosstalk than
that when the noise is near end crosstalk.

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

bit distribution of each of the carrier is derived by using



a clock synchronized with the periodically varying noise and
depending upon a period of the ciock. A transmission power
distribution of each of the carrier is derived together with
the bit distribution of each of the carrier. The multi-carrier
transmission unit performs quadrature.amplitude modulation
using the each carrier and multiplies the modulated carrier
using inverse Fourier transformation.

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

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

signal to noise ratio of the pseudo random signal from the



another unit per each noise period, and a circuit for deriving
one of a transmission power distribution and bit distribution,
and bit distribution of the carrier on the basis of the signal
to noise ratio. The multi-carrier transmission unit further
comprises a circuit for transmitting one of the transmission
power distributiqn énd the bit distribution, and the bit
distribution of éach of the carriers derived, to the another
unit.

The multi-carrier  transmission unit initiates
transmission operation in response ﬁo a transmission start
command for own unit from the another unit. A datatransmission
through a digital subscriber line is performed between own unit
and the another unit. The bit distribution is effected to
distribute greater number of bits when the noise periodically
varying between large énd small is small than that when the
noise is large. The Bit distributioh is effected to distribute
greater number of bits when the noise periodically varying is
far end crosstalk than that when the noise is near end
crosstalk.

According to the third aspect of the present invention,
a multi-carrier transmission method characterized by
performing data tranSmission‘by deriving a bit distribution
of each carrier of multi-carrier depending upon a periodically
vafying noise period. The bit distribuﬁian of each of the

carrier is derived by using a clock synchronized with the



periodically varying noise and depending upon a period of the
clock. A transmission power distribution of each of the
carrier ié derived together with the bit distribution of each
of the carrier.

In the method set forth above, quadrature amplitude
modulation is performed by using each of the carrier and the
modulated carrier is multiplexed - using inverse Fourier
transformation in a first unit, and each of the carrier is
demodulated from the signal multiplexed in the first unit using
Fourier transformation in a second unit. In the first unit,
a tone is transmitted synchronized with the clock with varying
level and a pseudo random signal having all components of
respective carriers is transmitted, and in the second unit,
a period of noise is detected on the basis of the level of the
tone from the first unit, a signal to noise ratio of the pseudo
random signal per detected period is derived and one of a
transmission power distribution and bit distribution, and bit
distribution of the carrier is aerived on the basis of the
signal to noise ratio.

Also, in the second circuit: any one of derived
transmission power distribution and the bit distribution, and
the bit distribution of each of the carrier is.trénsmitted to
the first unit, and in the first unit, data transmiséion to
the second unit is performed accord;né to one of the

transmission power distribution and bit distribution, and the



bit distribution per the noise period from the second unit.

Furthermore, in the second unit, a pseudo random signal
having all components of each of the carriers is transmitted,
~and in the first unit, a‘signal to noise ratio of the pseudo
random signal from the first unit per each noise period is
derived, and one of a transmission power distribution and bit
distribution, and bit distribution of the carrier on the basis
of the signal to noise ratio is derived. In the first unit,
the transmission power distribution and the bit distribution
of each of the carriers derived to the second unit is
transmitted, and in the second unit, data transmission to the
first unit is performed accofding to one of the transmission
power distribution and bit distribution, and the bit
distribution per the noise period from the first unit.

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

In the operation of the present invention, a central



office and a terminal forming the transmission systemaccording
to the invention, both have a transceiver function for
performing mutual transmission. In an initial operation
started by connection of the terminal to a transmission line,
the power distribution and bit distribution of each carrier
is calculated depending upon the noise varying a given period
(assumed to be known). Tﬁerefore, the period of the noise has
to be noticed from the center office side as higher level office
to the terminal as lower level office. Accordingly, the level
of the tone is transmitted from the center office to the
terminal with varying the level by the clock synchronized with
noise period.

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

In the center office, according to derived power
distribution and bit distribution of each carrier per noise
period, i;_ransmission '(d_own) to the termi_nal is performed.
Concerning up transmission, similar prqcedure is performed

with reverse functions of the center office and the terminal.
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Thus, by performing the power distribution and the bit
distribution according to the period of noise, bit distribution
adapted to the noise becomes possible to realize efficient
transmission.

On the other hand, when power distribution and bit
distribution of each carrier by measuring the SNR, crosstalk
noise has to be considered. In general, crosstalk includes
far end crosstalk and near end crosstalk. These will be
discussed with reference to Fig. 6. 1In FJ.g 6, the crosstalk
taking the signal flowing through the signal line 61 in the
same direction as the signal line 60 as an object of measurement,
as crosstalk source, is far end cross talk FEXT. Since the
signal to be transmitted is attenuated according to
transmission distance, the amount of far end crosstalk FEXT
is also attenuated depending upon transmission distance.
Accordingly, when far end crosstalk FEXT is caused, the SNR
_should shc;w high value irrespective of transmission distance.

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

crosstalk NEXT is large in the transmission destination to show

low SNR value.
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Accordingly, when far end crosstalk with high SNR is
caused, power distribution and bit distribution of each carrier
is increased, and when near end crosstalk with low SNR is caused,
power distribution and.bit distribution of each carrier is made
small.

MMSSEIELIQN_OF_IIE_D&M&QS

The present invention will be understood more fully from
the detaile.d description given herebelow and from the
accompanying drawings of the preferred embodiment of the
present invention, which, however, should not be taken to be
limitative to the invention , but are for explanation and
understanding only.

In the drawings:

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

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

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

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

Fig. 5 is a flowchart generally showing example of
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calculation of power distribution and bit distribution in the
preferred embodiment of the multi~carrier transmission system;
and

Fig. 6 is an illustration showing a far end crosstalk
and a near end crosstalk.

 DESCRIPTION OF THE PREFERRED EMBODIMENT

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

Fig. 1 is an illustration showing general construction
of amulti-carrier transmission systemaccording to the present
invention, in which XTU~C1l as a central office and XTU-R2 as
a terminal are provided, réspectively. Transmission between
the central office XTU-C1 and the'termiﬁal XTU-R2 is performed
.through a digital subscriber line. It should be noted that
XTU-C is XDSL termination unit-center sidg and XTU-R is XDSL
termination unit-remote side. Here, XSDL means X digital

Subscriber line, wherein X generally represents A, V, H and
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so forth.

Both of XTU-Cl and XTU-R2 have transmitting portion 3
and 6 and receiving portions 5 and 4 as major functions, as
shown in Fig. 1. Detail of transmitting and receiving
functions of these are shown in the block diagram of Fig. 2.

Referring to Fig. 2, a function (transmitting portion
3) in down direction of XTU~C1 includes a buffer 11 temporarily
accumulating an input data, a mapping portion 12 performing
power distribution and bit distribution depending upon a period
of noise (detail will be discussed later), an Inverse First
Fourier Transforming (IFFT) portion 13 modulating and
multiplexing a multi-value Quadrature Amplitude Modulation
(QAM) signal as a mapping output, and a Digital to Analog
Converter (DAC) portion 14 transmitting a multiplexed output
as a down signal with analog conversion.

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

canceller function.
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Furthermore, in order to realize the present invention,
the XTU-C1 has a pseudo random signal generating portion 20,
a tone generating portion 21, an SNR measuring portion 22 and
a power/bit distribution calculating portion 23. The pseudo
random_ signal generating portion 20 generates a pseudo random
signal including all carrier to output to the IFFT portion 13.
The tone generating portion 21 generates a tone to output to
the IFFT portion 13. The SNR measuring portion 22 has a
function for deriving SNR of the pseudo random signal
transmitted from XTU-R2. The power/bit distribution
calculating portion 23 derives power distribution and bit
distribution of each carrier per noise period according to the
measured SNR to output to the IFFT portion 13 and the demapping
portion 17.

On the other hand, a function (receiving portion 4) of
down direction of XTU-~R2 has an ADC portion 24 converting the
transmitted signal into a digital signal, an FFT portion 25
demodulating the.digital signal, a demapping bortion 26
receiving the transmitted signal with switching bit
distribution depending upon a period of the noise, and a buffer
27 for adjusting variation of data transmission amount
depending upon bit distribution.

A function (transmitting portion 6) of up direction of
XTU-R2 has a buffer 28 temporarily accumu;éting an input data,

a mapping portion 29 performing power distribution and bit
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distribution of respective carrier depending upon period of
the noise (detail will be discussed later), an IFFT portion
30 modulating and multiplexing a multi-value QAM signal as
mapping output with respective carriers and a DAC portion 31
transmitting the multiplexed output as analog converted up
signal;

Furthermore, in order to realize the present invention,
XTU-R2 has a pseudo random signal generating portion 36, an
SNR measuring portion 34 and a power/bit distribution
calculating portion 35.. The pseudo random signal generating
portion 36 generéées a pseudo random signal containing all
carrier to output. to the IFFT portion 30. The SNR measuring
portion 34 has a function for deriving SNR of the pseudo random
signal transmitted from XTU-Cl per noise period. The
power/bit distribution calculating portion 35 calculates the
power distribution and the bit distribution of each carrier_
per each noise period on the basis of the SNR measured by the
SNR measuring portion 34 to output to the IFFT portion 30 and
the demapping portion 26.

It should be noted that a clock on the side of XTU-C1
is a clock synchronized with the noise period. 1In this case,
the noise period is assumed to be known. For example, the noise
is a crosstalk from a Time Compression Multiplexing (TCM) type
ISDN, near end crosstalk and far end crosstalk are alternately

occur at every 800 Hz as shown in Fig. 3, the SNR of respective
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carriers should be varied every 800 Hz. Therefore, in the
transmitting portion 3 of XTU-C1l, it becomes necessary to
receive a clock of 800 Hz and transmit the received clock to
the receiving portion 4 of XTU-R2.

Namely, the receiving portion 4 is required to calculate
a reception SNR of respective carrier per tﬁe period.
Accordingly, as means for knowing the period, the tone from
the tone generating portion 21 is transmitted to XTU-R2 by
conérolling the level in synchronism with the clock in the
transmitting portion of XTU-C1. Clock period, namely noise
period, can be detected by a clock detector 33. The detection
period is output to the mapping portion 29 and the deﬁapping
portion 26.

Then, the tone generating portion 37 is provided even
in the transmitting portion of XTU-R2. The tone from the tone
generating portion 37 is transmitted to XTU-C1 by controlling
the level in synchronism with the clock. The clock detector
38 is also provided in XTU-Cl for enabling detection of the
¢lock period.

- It should be noted that these clock may be input
externally from the device, and in the alternative, may be
generated internally from the device. A command to be a ﬁrigger
for initiating transmission may also be_generated by the
central office per se. The clock may a;so be generated by a

terminal office as other device.
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On the other hand, in the canstruction shown in Fig. 1,
dedicated tone generating portions 21 and 37 are provided in
XTU~-C1 and XTU-R2. However, it is also possible to use a known
pilot tone employed in ISDN in place, without providing the
dedicated tone generating portion. Thus, it becomes
unnecessary to provide the dedicated tone generating portion
to reduce hardware amount.

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

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

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

the pseudo random signal from the pseudo random signal
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generating portion 20 in the transmitting portion 3 of XTU-C1l
is transmitted (step A2). The pseudo random signal has
components of all carriers of DMT. According to American
National Standards Institute (ANSI) standard, the pseudo
random signal contains two-hundreds and fifty-six carriers.

The pseudo random signal is feceived by the receiving
portion 4 of XTU-R2. Then, SNR of the pseudo random signal
is _measured by the SNR measuring portion 34 per a period
detected by step Bl (step B2). Number of bits of each carrier
and transmission power are derived by the power/bit
distribution calculating portion 35. The derived information
is stored in the demapping portion 26 and is transmitted to
XTU~C1 via the IFFT portion 30 (step B3). In XTU-Cl, the
transmitted bit distribution and transmission power
distribution are stored in the mapping portion 12 as down
carrier information (step A3).

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

period synchronized with the noise on the basis of pseudo random
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signal transmitted by the SNR measuring device 22 (step a4).
By the measured SNR, bit number and transmission power
of each carrier are calculated by power/bit distribution
calculating portion 23. The information is stored in the
demapping portion 17 and is transmitted to XTU-R2 via the IFFT
portion 13 (step A5). In XTU-R2, the transmitted bit
distribution and transmission_pov&er distribution are stored
in the mapping portion 29 as up carrier information (step BS).
At the same time of initiation of communication, in
transmission in the down direction, the transmitting portion
3 of XTU-Cl1l performs data transmission with .switching bit
distribution and transmission power distribution of two kinds
(in the embodiment of Fig. 3) stored per varying noise period
(step A6). Then, the receiving portion 4 of XTU-R2 extracts
transmitted DMT data on the basis of the bit number stored in
the demapping portion 26. It should be appreciated that since
the bit distribution is varied periodically, the transmission
amount is varied. The variation is adjusted by buffer 27.
On the other hand, in the transmission of up direction,
the transmitting portion 6 of XTU-R2 performs data transmission
by two kinds of bit distribution and transmission power
distribution (in the example of Fig. 3) stored depending upon
varying noise period (step B6). Then, the receiving portion
5 of XTU-C1 extracts the transmitted DMT‘da‘ta on the basis of

bit number stored in the demapping portion 17. By buffer 18,
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transmission amount is adjusted variation caused due to
periodic bit distribution.

Next, referring to Fig. 5, one example of calculating
method of transmission power and bit number of each carrier
at steps A5 and B3 of Fig. 4 will be discussed briefly. A
normalized SNR(i) is derived with taking the transmission power
of each carrier i.as E(i) (step S1). Then, SNR(i)/I' (i) is
calculated (step S2). Here, I'(i) is referred to as "SNR,,,"

expressed as follow:
L (i) = [Q07 (Pe/N) 1" + Vaaegin = Vorr ~ 4.77 (dB)

wherein ¥ ,,q, is a performance margin of the system and 7y .

is a code gain in an error correction.

Next, the value of SNR(i)/I' (i) is sorted in descending
order (step S3). Here, correspondence a carrier number (i)

of original and the sorted carrier number (i) is stored. Then,

k=1, b,, = 0 and {bAj} = 0 are assumed (step S4). Here, k
is a counted value, {bAj} is bit number per each carrier, and

b.., is a total value of the transmission amount.

‘Then, b, .4.(k) is derived by the following equation (step

S5):
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btarg’et ( k) = X b:l

wherein ¥ is a sum of j = 1 to k, b,,..(k) is a total

amount of the transmission amount in the case where k in number

carrier are used, and wherein by takes smaller one of
round [log, {1 + E., . SNR(Jj)/k)/I'(i)}1]

and_
floor [log, {1 + Eu, SNR(Jj)/k)/T'(i)}}

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

omission of fractiomns.

If Dbeurgec(k) > bpays bm;x = Diargee (k) is established (steps
S6 and S7). Then, the bit distribution b; of each carrier at
this time is stored as bAj. If k is not equal N, k = k + 1
is assumed (step S9). Then, process returns to step S5. If
k = N (step S8), the process is advanced to step S10. At this
- time, b,,, becomes a maximum transmission amount, and b A j
becomes bit distribution of each carrier at that time. Obtain
bAi resorted from bAj, a transmission pbwer EAi of each

carrier is derived (step S10).
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Then, as total power E ..
Etotul = EEAi

" is derived (step S11). It should be noted that, in this case,
Y is a sumof i = 0 to N - 1. Then, final E; is derived as
smaller one of:

Etarg‘et E A 1 /Etotal or Emax, i )

(step S12). Here, E g 1s preliminarily provided as a maximum
‘value of total power. E;nax is an allowable extreme value per
carrier.

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

As set forth above, according to the present invention,
by controlling bit distribution and power distribution

depending upon noise period, transmission amount can be
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increased even in the case where noise is relatively small.
Thus, improvement tfansmission efficiency can be achieved.

Although the present invention has been illustrated and
described with respect to exemplary embodiment thereof, it
should be understood by those skilled-in the art that the
foregoing and various other changes, omissions and additions
may be made therein and thereto, without departing from the
spirit and scope of the present invention. Therefore, the
present invention should not be understood as limited to the
specific embodiment set out above but to include all possible
embodiments which can be embodied within a scope encompassed
and equivalen£s thereof with respect to the feature set out

in the appended claims.
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WHAT IS CLAIMED IS:
1. A multi-carrier transmission system characterized by
performing data transmission by deriving a bit distribution
of each carrier of multi-carrier depending upon a periodicélly

varying noise period.

2. Amulti-carrier transmission systemas set forth in claim
1, wherein said bit distribution of each of said carrier is
derived by using a clock synchronized with said periodically

varying noise and depending upon a period of said clock.

3. Amulti-carrier transmission systemas set forth in claim
1, wherein a transmission power distribution of each of said
carrier is derived together with the bit distribution of each

of said carrier.

4, Amulti-carrier transmission systemas set forth in claim
2, which comprise:

a first unit performing quadrature amplitude modulation
using each of said carrier and mult.iplexing modulated carrier
using inverse Fourier transformation; and

a second unit demodulating each of said carrier from the
signal multiplexed in said first unit using Fourier

transformation.
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5. Amulti-carrier transmission systemas set forth inclaim
4, wherein said first unit comprises a circuit for transmitting
a tone synchronized with said clock with varying level and a
circuit for transmitting a pseudo random signal having all
components of respective carriers, and

said second unit comprises a circuit for detecting a
period of noise on the basis of the level of said tone from
said firét unit, a circuit for deriving a signal to noise ratio
of said pseudo random signal per detected périod and a circuit
for deriving one of a transmission power distribution and bit
distribution, and bit distribution of said carrier on the basis

of said signal to noise ratio.

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

bit distribution per said noise period from said second unit.

7. Anulti-carrier transmission system as set forth inclaim

5, wherein said second unit comprises a circuit for



AT,

- 26 -

transmitting a pseudo random signal Having all components of
each of said carriers, and

said first unit comprises a circuit for deriving a signal
to noise ratio of said pseudo random signal from said first
unit per each noisé period, and a circuit for deriving one of
a transmission power distribution and bit distribution, and
bit distribution of said carrier on the basis of slaid signal

to noise ratio.

8. Amulti-carrier transmission systemas set forth in claim
7, wherein said first unit comprises a circuit for transmitting
the transmission power distribution and the bit distribution
of each of said carriers derived to said second unit,

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

bit distribution per said noise period from said first unit.

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

said second unit.

10. Amulti-carrier transmission system as set forth in claim

1, wherein a data transmission through a digital subscriber
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line is performed between said first unit and said second unit.

11. Amulti-carrier transmission system as set forth in claim
1, wherein said bit distribution is effected to distribute
greater number of bits when said noise periodically varying
between large and small is small than that when said noise is

large.

12, Amulti-carrier transmission systemas set forth in claim
1, wherein said bit distribution is effected to distribute
greater number of bits when said noise periodically varying
is far end crosstalk than that when said noise is near end

crosstalk.

13.. A multi-carrier transmission unit performing
transmission by multi-carrier, characterized by performing
data trénsmission by deriving a.bit distribution of each
carrier of multi-carrier depending upon a period of

periodically varying noise.

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

varying noise and depending upon a period of said clock.
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15. A multi-carrier transmission unit as set forth in claim
13, wherein a transmission power distribution of each of said
carrier is derived together with the bit distribution of each

of said carrier.

16. A multi-carrier transmission unit as set forth in claim
14, which performs quadrature amplitude modulation using said
each carrier and multiplies the modulated carrier using inverse

Fourier transformation.

17. A multi-carrier transmission unit as set forth in claim
14, which further comprises a circuit for transmitting a tone
synchronized with said clock with varying level and a circuit
for transmitting a pseudo random signal having all components

of respective carriers.

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

distribution, and bit distribution of said carrier on the basis

of said signal to noise ratio.
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19. A multi-carrier transmission unit as set forth in claim
18, which further comprises a circuit for transmitting any one
of derived transmission power distribution and said bit
distribution, and said bit distribution of each of said carrier

to said another unit.

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

to noise ratio.

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

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

transmission start command for own unit from said another unit.

23. A multi-carrier transmission unit as set forth in claim
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1, wherein a data transmission through a digital subscriber

line is performed between own unit and said another unit.

24. A multi-carrier transmission unit as set forth in claim
13, wherein said bit distribution is effected to distribute
greater number of bits when said noise periodically varying
between large and small is small than that when said noise is

large.

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

crosstalk.

26. A multi-carrier transmission method characterized by
performing data transmission by deriving a -bit distribution
of each carrier of multi-carrier depending upon a periodically

varying noise period.

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

varying noise and depending upon a period of said clock.
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- 28. Amulti-carrier transmission method as set forth in claim
26, wherein a transmission power distribution of each of said
carrier is derived together with the bit distribution of each

of said carrier.

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

in a second unit.

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

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

derived on the basis of said signal to noise ratio.
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31. Amulti-carrier transmission method as set forth in claim
30, wherein in said second circu_it, any one of derived
transmission power distribution and said bit distribution, and
said bit distribution of each of said carrier is transmitted
to said .first.unit, and in said first unit, data transmission
to said second unit is performed according to one of said
transmission power distribution and bit distribution, and said

bit distribution per said noise period from said second unit.

32. Amulti-carrier transmission method as set forth in claim
30, wherein in said second unit, a pseudo random signal having
all components of each of said carriers is transmitted, and

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

of said signal to noise ratio is derived.

33. Amulti-carrier transmission method as set forth in claim
32, wherein in said first unit, the transmission power
distribution and the bit distribution of each of said carriers
derived to said second unit is transmitted, and

in said second unit, data transmissio.n to said first unit
is performed according to one of said transmission power

distribution and bit distribution, and said bit distribution
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per said noise period from said first unit.

34. Anmulti-carrier transmission method as set forth in claim
29, wherein transmission operation is initiated in response
to a transmission start command for own unit from said second

unit.

35. Anmulti-carrier transmission method as set forth in claim
26, wherein a data transmission through a digital subscriber

line is performed between said first unit and said second unit.

36. Amulti-carrier transmission method as set forth in claim
26, wherein said bit distribution is effected to distribute
greater number of bits when said noise periodically varying
between large and small is small than that when said noise is

large.

37. Amulti-carrier transmission method as set forth in claim
26, wherein said bit distribution is effected to distribute
gre;ater number of bits when said noise periodically varying
is far end crosstalk than that when said noise is near end

crosstalk.



