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(57) Abstract: The present invention is provided to improve transmission efficiency by preventing interference between different
networks during data transmission using a multicarrier communication method. Transmitter 10 includes phase vector setting unit
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DESCRIPTION
COMMUNICATION APPARATUS AND COMMUNICATION METHOD THEREOF

Technical Field ‘
The present invention relates to a communication apparatus a communication
method thereof that are capable of data communications using a multicarrier

communication method.

Background Art

With the recent development of communication technology, PLC (Power Line
Communication) has been gaining attention. PLC is a technology that performs
multicarrier communications among a plurality of terminal apparatuses, using power
lines installed indoors as transmission lines, and utilizes an OFDM (Orthogonal
Frequency Division Multiplexing) system. OFDM is a method for multi_carrier data
transmission, by which a plurality of carriers are transmitted in a parallel and multiplex
way on a frequency axis. OFDM uses an ‘FFT (First Fourier Transform) or a DWT
(Discrete Wavelet Transform) to narrow frequency intervals of multicarriers and to
closely space a plurality of carriers in such a way that they partially overlap and yet
do not interfere with one another. OFDM thus enables broadband transmission by
efficiently using a narrow frequency spectrum.

For multicarrier communications, such as power line communications, a
technology is proposed to suppress interference and the like by preventing
occurrence of significant peak overlapping a plurality of time waveforms through
equalization of time waveform levels. In this‘technology, when a time waveform has
no significant peak, the phase of each subcarrier is rotated using a default phase
vector. However, when the significant peak is detected, the phase vector is changed
until a phase vector that generates no waveform peak is found, and the phase of
each subcarrier is thus rotated according to the changed phase vector (Denis J. G.
Mestdagh and Paul M. P. Spruyt, “A Method to Reduce the Probability of Clipping in
DMT-Based Transceivers”, IEEE Transactions on Communications, Vol.44, No.10,
pp.1234-1238, 1996).

On the other hand, in an environment where different networks are closely located,

the same phase vector is generally used for transmission/reception signals by a
1
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communication apparatus connected to each network, so that adverse influence
caused by communication signals from other networks may be suppressed.
Therefore, interference between signals may be suppressed, thus enabling
communications between different networks.

When signals have the same phase vector as described above, interference
between the signals may be suppressed even if the number of networks increases.
This, however, reduces channel capacity divided between different networks,

resulting in lower transmission efficiency.

Disclosure of the Invention

Some embodiments described hereinafter are provided to address the above-
described problems. A purpose of these embodiments is to provide a communication
apparatus and a communication method thereof that are capable of improving
transmission efficiency by preventing interference between different networks during
data communications using a multicarrier communication system.

A communication apparatus that performs data transmission employing a
multicarrier communication method, the communication apparatus comprising: a
phase vector modification unit that changes a phase vector corresponding to at least
one of a plurality of subcarrier signals, so that different networks have different phase
vectors, the plurality of subcarrier signals being included in a multicarrier signal; and
a phase rotator that rotates a phase of at least one of the plurality of subcarrier
signals based on the phase vector changed by the phase vector modification unit.

Accordingly, interference between the different networks can be prevented by
changing a phase vector for each of the different networks, and transmission
efficiency is thus improved.

The present invention further relates to the communication apparatus, wherein the
phase vector modification unit changes the phase vector, so that the phase vector is
randomized for each of the subcarriers.

Accordingly, the time waveform levels of the multicarrier signal are equalized.
Therefore, interference between different networks can be prevented by changing a
phase vector for each of the different networks, and transmission efficiency is thus
improved. ,

The present invention further relates to the communication apparatus, wherein,

when a plurality of one of logically and physically separated networks are present, the
2
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phase vector modification unit changes a phase vector used for the communication
apparatus itself, so that a network to which the communication apparatus belongs
and another network have different phase vectors,

Accordingly, interference between the plurality of logically and physically separated
networks can be prevented, and transmission efficiency is thus improved.

The present invention further relates to the communication apparatus, wherein,
when the communication apparatus builds a network or when the communication
apparatus is connected to an existing network, the phase vector modification unit
changes the phase vector according to a code of the network to be set.

Accordingly, it becomes possible to change phasé vectors unique to the respective
networks. Therefore, interference between the different networks can be prevented,
and transmission efficiency is thus improved.

The present invention further relates to the communication apparatus, wherein,
when detecting the another network, which differs from the network to which the
communication apparatus belongs, the phase vector modification unit changes the
phase vector.

Accordingly, when the another network is present, the phase vector is changed so
that the different networks have different phase vectors. Therefore, interference
between the different networks can be prevented, and transmission efficiency is thus
improved. |

The present invention further relates to the communication apparatus, further
comprising a phase vector setting unit that stops a phase vector changing process by
the phase vector modification unit, when the phase vector modification unit has not
detected the another network during a predetermined time.

Accordingly, the processing load for changing the phase vector can be reduced by
suppressing an excessive process for changing the phase vector.

The present invention further relates to the communication apparatus, wherein,
when detecting the another network, the phase vector modification unit further
changes the phase vector only when a signal level of a multicarrier signal used for
the detected another network is higher than a predetermined threshold.

Accordingly, since the phase vector is changed only when an interference level of
the another network is high, the processing load can be reduced.

The present invention further relates to the communication apparatus, further

comprising a phase vector setting unit that stops the phase vector changing process
3
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by the phase vector modification unit, the communication apparatus being a remote
unit of a network including a base unit and the remote unit, wherein the phase vector
modification unit detects a phase vector and a code of the network indicated in a
multicarrier signal transmitted from another communication apparatus, and wherein
the phase vector setting unit stops the phase vector changing process by the phase
vector modification unit, when the phase vector detected by the phase vector
modification unit is identical to the phase vector of the network to which the
communication apparatus belongs, and when the code of the network detected by
the phase vector modification unit is identical to the code of the network to which the
communication apparatus belongs.

Accordingly, the remote unit can change the phase vector independently from the
base unit, and detect a communication apparatus that belongs to the network to
which the communication apparatus belongs. Therefore, the phase vector can be set
without mutual notification between the base unit and the remote unit before the
phase vector changing process is performed. ,

The present invention further relates to the communication apparatus, wherein,
when detecting a communication apparatus of the another network, which differs
from the network to which the communication apparatus belongs, and when the
communication apparatus is a base unit of the network including the base unit and
remote units, the phase vector modification unit changes the phase vectors of the
communication apparatus and all the remote units connected to the network to which

.the communication apparatus belongs.

Accordingly, when the another network is present, a phase vector different from
the another network can be set for the communications by changing the phase
vectors of all the communication apparatuses of the network to which the
communication apparatus belongs., based on instructions from the base unit to the
remote unit. Therefore, interference between the different networks can be
prevented, and transmission efficiency can thus be improved.

The present invention further relates to the communication apparatus, wherein,
when detecting the communication apparatus of the another network, which differs
from the network to which the communication apparatus belongs, and when the
communication apparatus is a remote unit of the network including the base unit and

remote units, the phase vector madification unit notifies the base unit of the network
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to which the communication apparatus belongs of the presence of the another
network.

Accordingly, when the another network is present, it becomes possible, by having
the remote unit notify the base unit of the presence of the another network, to change
the phase vector of the network to which the communication apparatus belongs,
based on instructions from the base unit. Therefore, intérference between the
different networks can be prevented, and transmission efficiency can thus be
improved.

The present invention further relates to communication apparatus, wherein the
phase vector modification unit includes a random value generator that generates a
random value by which a phase vector is generated.

Accordingly, the phase vector can be generated or changed to be randomized for
each of the subcarriers in the multicarrier signal.

The present invention further relates to the communication apparatus, wherein the
phase vector modification unit includes a cyclic shift designator that performs a cyclic
shift on a phase vector.

Accordingly, the phase vector can be generated or changed to be randomized for
each of the subcarriers in the muiticarrier signal.

The present invention further relates to the communication apparatus,
wherein, when determining the change of the phase vector deteriorates
communication performance, the phase vector modification unit generates a new
phase vector.

Accordingly, when the communication performance is deteriorated, communication
quality can be improved by changing the phase vector.

The present invention further relates to the communication apparatus, further
comprising a transmission connecting unit that is connectable to a plurality of
transmission lines.

Accordingly, various types of communications can be achieved among a plurality
of network by using a communication apparatus connectable to a plurality of
transmission lines such as a power line and a TV antenna line: communication
through connection to one of the transmission lines, communication through
connection to the plurality of transmission lines, which configure networks for
independent communications; and communication via the plurality of mutually

connected transmission lines. Such a communication apparatus is capable of
5
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preventing interference from other networks by changing the phase vectors of
communication signals distinctly for respective networks. Therefore, transmission
efficiency can be improved.

The present invention further relates to the communication apparatus, wherein the
communication apparatus uses a power line as its transmission line for data
transmission.

Accordingly, it becomes possible to improve transmission efficiency by preventing
interference between a network including the power line as the transmission line and
a different network.

A communication method by which data transmission is performed employing a
multicarrier communication, the communication method comprising: changing a
phase vector corresponding to at least one of a plurality of subcarrier signals, so that

different networks have different phase vectors, the plurality of subcarrier signals

_ being included in a multicarrier signal; and rotating phase of at least one of the

plurality of subcarrier signals based on the changed phase vector.

The present invention further relates to the above-described communication
method, further comprising: changing the phase vector, so that the phase vector is
randomized for each of the subcarriers.

Accordingly, interference between the plurality of networks can be prevented by
allowing each network to change its phase vector to be randomized for each of the
subcarriers, and transmission efficiency can thus be improved.

The present invention further relates to the above-described communication
method, further comprising: changing a phase vector to be used for the
communication apparatus itself, so that a network to which the communication
apparatus belongs and another network have different phase vectors, when a
plurality of one of logically and physically separated networks are present.

Accordingly, interference between the plurality of logically and physically separated
networks can be prevented by allowing each network to change its phase vector, and
transmission efficiency can thus be improved.

The above-described communication method, further comprising:

changing the phase vectors of the communication apparatus and all the remote units
connected to the network to which the communication apparatus belongs, when
detecting a communication apparatus of the another network, which differs from the

network to which the communication apparatus belongs, and when the
6
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communication apparatus is a base unit of the network including the base unit and
remote units.

Accordingly, when the another network is present, a phase vector different from
the another network can be set for the communications by changing the phase
vectors of all the communication apparatuses of the network to which the
communication apparatus belongs, based on instructioné from the base unit to the
remote unit. Therefore, interference between the different networks can be
prevented, and transmission efficiency can thus be improved.

An integrated circuit that performs data transmission employing a multicarrier
communication method, the integrated circuit comprising: a phase vector modification
unit that changes a phase vector corresponding to at least one of a plurality of
subcarrier signals, so that different networks have different phase vectors, the
plurality of subcarrier signals being included in a multicarrier signal; and a phase
rotator that rotates phase of at least one of the plurality of subcarrier signals based on
the phase vector changed by the phase vector modification unit.

Accordingly, interference between the different networks can be prevented by
changing a phase vector for each of the different networks, and transmission
efficiency is thus improved.

A communication apparatus that performs data transmission via a power line
employing a multicarrier communication method, the communication apparatus
comprising: a vector generator configured to generate a phase vector, the phase
vector being a set of coefficients indicating a rotation degree corresponding to each
of a plurality of subcarriers; a receiver configured to receive from another
communication apparatus a multicarrier signal having the plurality of subcarriers, the
multicarrier communication signal including network information regarding a network
of the another communication apparatus; a demodulator configured to demodulate
the multicarrier communication signal based on each of the plurality of subcarriers to
generate a plurality of signal points, each of the plurality of signal points
corresponding to each of the plurality of subcarriers; and a phase rotator configured
to rotate each of the plurality of signal points on a complex coordinate plane, based
on each of the coefficients the set of which is the phase vector generated by the
generator, wherein the generator being further configured to change the phase vector

generated by the generator into other phase vector, when each of the plurality of



10

15

20

25

30

WO 2006/109868 PCT/JP2006/307891

signal points rotated by the phase rotator indicates the network information included
in the multicarrier communication signal.

Accordingly, interference between the different networks can be prevented by
changing a phase vector for each of the different networks, and transmission

efficiency is thus improved.
Brief Description of Drawings

Fig. 1 is a schematic perspective view of a communication apparatus
according to an embodiment;

Fig. 2 is a front view of the communication apparatus according to the
embodiment;

Fig. 3 is a rear view of the communication apparatus according to the
embodiment;

Fig. 4 is a hardware block diagram illustrating the communication apparatus
according to the embodiment;

Fig. 5 is a block diagram illustrating a main part configuration of the
communication apparatus according to the embodiment;

Fig. 6 is a block diagram illustrating a first configuration example of a phase
vector modification unit and a multicarrier modulator of a transmitter according to the
present embodiment;

Fig. 7 is a block diagram illustrating a first cbnfiguration example of a phase
vector re-rotation unit and a multicarrier demodulator of a receiver according to the
present embodiment;

Fig. 8 is a block diagram illustrating a second configuration example of the
phase vector modification unit and the multicarrier modulator of the transmitter
according to the present embodiment;

Fig. 9 is a block diagram illustrating a second configuration example of the
phase vector re-rotation unit and the multicarrier demodulator of the receiver
according to the present embodiment;

Fig. 10 is a hardware block diagrém illustrating a second configuration
example of the communication apparatus according to the present embodiment;

. Fig. 11 shows a schematic configuration of a home communication system to

which the communication apparatus according to the present embodiment is applied,
8
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Fig. 12 shows an example (a second configuration) of an external
configuration of the communication apparatus according to the present embodiment;

Fig. 13 shows an example (a third configuration) of an external configuration of
the communication apparatus according to the present embodiment;

Fig. 14 shows a conceptual configuration that includes a plurality of networks
to which the communication apparatuses according to thé present embodiment are
applied,; _

Fig. 15A is a flowchart illustrating a process for changing a phase vector by the
communication apparatus according to the present embodiment;

Fig. 15B is a flowchart illustrating a process for detecting a communication
signal by the communication apparatus according to the preSent embodiment;

Fig. 16 is a flowchart illustrating a process for registering an apparatus by the
communication apparatus according to the present embodiment;

Fig. 17 is a flowchart illustrating another process for changing a phase vector
by a base unit according to a second embodiment;

Fig. 18 is a flowchart illustrating another process for changing a phase vector
by a remote unit according to the second embodiment; and

Fig. 19 is a flowchart illustrating another process for changing a phase vector
by a base unit according to a third embodiment.

Best Mode for Carrying Out the Invention
(First Embodiment)

The embodiments are explained in the following with reference to the above-
described drawings. As an example illustrating a communication apparatus capable
of data communications among a plurality of networks, embodiments of a
communication apparatus that performs multicarrier communications via a power line
or other transmission lines are described in the following.

Communication apparatus 10 of the present embodiment is a modem as shown in
Figs. 1 through 3. Communication apparatus 10 includes chassis 100. As shown in
Figs. 1 and 2, display 23 is provided on the front of chassis 100. Display 23 includes
a plurality of LEDs (Light Emitting Diodes) 23A, 23B and 23C. As shown in Fig. 3,
power connector 21 and LAN (Local Area Network) modular jack 22, such as RJ 45,
are provided on the rear of chassis 100. As shown in Fig. 2, a power line (not shown

in the drawing) such as a VVF cable connects to power connector 21. A LAN cable
9
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(not shown in the drawing) connects to modular jack 22. The modem shown in Figs. 1
through 3 is illustrated as a mere example of the communication apparatus, and an
electric appliance equipped with a modem (e.g., a home electric appliance such as a
television set) may be used instead.

As shown in Fig. 4, communication apparatus 10 includes circuit module 30 and
power supply 20 (e.g., a switched mode power supply). Power supply 20 supplies
voltages of various levels (e.g., +1.2V, +3.3V, +12V, efc) to circuit module 30. Circuit
module 30 includes main IC 11, AFE IC (Analog Front End IC) 12, band pass filter 13,
driver IC 15, coupler 16, band pass filter 17, memory 18 and Ethernet PHY IC 19.
Power connector 21 connects to power lines 1A via plug 25 and power outlet 2.

Main IC 11 includes CPU (Central Processing Unit) 11A, PLC MAC (Power Line
Communication Media Access Control layer) block 11C and PLC PHY (Power Line
Communication Physical layer) block 11B. CPU 11Ais equipped'with a 32-bit RISC
(Reduced Instruction Set Computer) processor. PLC MAC block 11C controls MAC
layers of transmission/reception signals, while PLC PHY block 11B controls PHY
layers of transmission/reception signals. AFE IC 12 includes DA converter (DAC)
12A, AD converter (ADC) 12D, and amplifiers 12B and 12C. Coupler 16 includes coil
transformer 16A, and coupling condensers 16B.-and 16C.

Although transmitter 10TX on the transmitting side and receiver 10RX on the
receiving side are separately illustrated in Fig. 5, the communication apparatus
generally has functions of both transmitter 10TX and receiver 10RX. The following
illustrates PLC PHY block 11B of communication apparatus 10 with separate
descriptions provided for transmitter 10TX and receiver 10RX. However, PLC PHY
block 11B may have both transmitter and receiver functions.

Transmitter 10TX includes phase vector setting unit 11B1, multicarrier modulator
11B2, DAC 12A, band pass filter 13 and coupler 16. Phase vector setting unit 11B1
rotates the phases of transmission data corresponding to respective subcarrier
signals included in an OFDM multicarrier signal, by generating the randomized phase
vectors for the respective subcarrier signals. Multicarrier modulator 11B2 modulates
the multicarrier signal as its transmission data, using an Inverse First Fourier
Transform (IFFT) or an Inverse Discrete Wavelet Transform (IDWT). DAC 12A
converts digital signals in the modulated multicarrier into analog signals for output.
Among the input analog signals, band pass filter 13 passes only signals in a

necessary frequency band. Coupler 16 superimposes the input analog signals onto
10
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power line 1A, which serves as a transmission line. Phase vector setting unit 11B1
and multicarrier modulator 11B2 are included in PLC PHY block 11B. The analog
signals in the multicarrier transmitted from transmitter 10TX are transmitted to
receiver 10RX via power line 1A, or other transmission lines (not shown in the
drawing) such as a television antenna line and a telephone line.

Phase vector is a set of values that indicate phases cdrresponding to respective
subcarrier signals in a multicarrier signal. The signal phases of all the subcarriers are
randomly set. In the above-described embodiment, phase vector setting unit 11B1
has functions of the phase vector modification unit. _

The phase vector means a set of coefficients indicating a rotation degree of a
signal point onto a complex coordinate plane. The signal point corresponds to each
of a plurality of subcarriers, of which communication signal such as OFDM signal
(multicarrier signal) consists. The set of coefficients may be any combination of
coefficients so as to equalize time waveform levels of the communication signal. The
set of coefficients may include predetermined coefficients or variable coefficients.
The phase vector is often referred to as “carrier phase”. The carrier phase with the
predetermined coefficients is referred to as “determined stick carrier phase”. The
carrier phase with the variable coefficients is referred to as “random carrier phase”.
In this specification, “to rotate phase” is defined as “to rotate signal point onto a '
complex coordinate plane”. _ .

Receiver 10RX includes coupler 16, band pass filter 17, ADC 12D, multicarrier
demodulator 11B3 and phase vector re-rotation unit 11B4. Coupler 16 separates
predetermined analog signals from the received analog signals in the multicarrier.
Among the separated analog signals, band pass filter 17 passes signals in a
necessary frequency band. ADC 12D converts the input analog signals into digital
signals. Multicarrier demodulator 11B3 demodulates those signals in the multicarrier
as its reception data, using a First Fourier Transform (FFT) or a Discrete Wavelet
Transform (DWT). Phase vector re-rotation unit 11B4 obtains the reception data by
re-rotating the phase vectors of the demodulated signals in the multicarrier, and
outputs the reception data to an equalizer (not shown in the drawing). Multicarrier
demodulator 11B3 and phase vector re-rotation unit 11B4 are included in PLC PHY
block 11B. Similarly, the equalizer is included in PLC PHY block 11B.

As described above, in the present embodiment, phase vector setting unit 11B1

and phase vector re-rotation unit 11B4 perform phase rotation on the phases of the
11
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received subcarrier signals in the multicarrier signal, thereby randomizing the phase
of each of the subcarrier signals. This allows to equalize time waveform levels, thus
preventing occurrence of significant peaks overlapping a plurality of time waveforms.
Applied phase vectors may be predetermined or changed according to the condition
of the transmission line or the condition of another network.

In the first configuration example, the inverse Fourier tfansform is used for
multicarrier signal modulation as shown in Fig. 6. Phase vector setting unit 11B1 of
transmitter 10TX includes symbol mapper 31, serial/parallel (S/P) converter 32,
phase rotator 33 and controller 35. Symbol mapper 31 maps transmission data in the
form of serial data onto a complex coordinate plane. S/P converter 32 converts the
serial data into parallel data corresponding to each of the subcarriers in the
multicarrier. Phase rotator 33 rotates each phase of the parallel data. Controller 35
controls the phase vectors rotated by phase rotator 33. Multicarrier modulator 11B2
of transmitter 10TX includes inverse Fourier transformer 34 that performs multicarrier
modulation through the inverse Fourier transform of the phase-rotated parallel data.

Symbol mapper 31 performs the first modulation in which transmission data in the
form of bit data is converted into symbol data, with a total of M-2 subcarriers mapped -
onto a complex coordinate plane (M signifies the number of subcarriers hereinafter).
S/P converter 32 converts the serial data (transmission symbols) generated through
the first modulation, to be sequentially input, into parallel data corresponding to each
of the subcarriers in the mulicarrier signal. Then, phase rotator 33 performs phase
rotation on the input parallel data. In this example, the maximum number of

subcarriers in the form of parallel data to be phase-rotated is M-2. Inverse Fourier

‘transformer 34 performs multicarrier modulation through the inverse Fourier

transform of the phase-rotated subrarriers in the form of parallel data, generating the
transmission signals in the multicarrier. The S/P converter can be used before the
symbol mapper. (For more detailed information on symbol mapping, see U.S.
publication Nos. 2003 — 0156014 and 2004 — 0057529.)

Controller 35 supplies control signals to phase rotator 33, controlling changes of
phase vectors. In this example, controller 35 may include a random value generator.
The random value generator generates random values using, for example, a PN
(Pseudo Noise) system, supplies the random values to phase rotator 33 as control
signals for the phase vectors, and performs phase rotation on each of its targeted

subcarriers. As the above-mentioned random values, two values, i.e., 0 and  are
12
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generated. Or, controller 35 may include a cyclic shift designator that generates
control signals (phase shift values) for a cyclic shift operation, supplies the control
signals to phase rotator 33 and perfbrms phase rotation on each of the subcarriers to

" be used for the communications. In this embodiment, controller 35 and phase rotator

33 have functions of the phase vector modification unit. The cyclic shift in performing
phase rotation can make a plurality of phase vectors without storing the plurality of
phase vectors in a memory in advance.

In the first configuration example, the Fourier transform is used for multicarrier
signal demodulation as shown in Fig. 7. Multicarrier demodulator 11B3 of receiver
10RX includes Fourier transformer 44 that performs multicarrier demodulation
through the Fourier transform of the reception signals. Phase vector re-rotation unit
11B4 of receiver 10RX includes phase rotator 43, Parallel/Serial (P/S) converter 42
and controller 45. Phase rotator 43 rotates the phase of the parallel data v
corresponding to each of the demodulated subcarriers. Parallel/Serial (P/S)
converter 42 converts the parallel data, corresponding to each of the phase re-rotated
subcarriers, into serial data. Controller 45 controls the phase vectors rotated by
phase rotator 43.

Fourier transformer 44 performs the Fourier transform on the reception signals to
demodulate the multicarrier signal, and generates parallel data corresponding to each
of the subcarriers in the multicarrier. Phase rotator 43 re-rotates the parallel data
individually by rotating the phases of the input parallel data. Then, P/S converter 42
converts the input parallel data, each packet of which corresponds to each of the
subcarriers in the multicarrier, into serial data to obtain the reception data. Changing
the order of phase rotator 43 and P/S converter 42 causes no operational difficulties.

Controller 45 supplies control signals to phase rotator 43, controlling changes of
phase vectors. In this example, controller 45 may include a random value generator.
The random value generator generates random values using, for example, a PN
(Pseudo Noise) system, supplies the random values to phase rotator 43 as control
signals for the phase vectors, and performs phase rotation on each of the subcarriers
to be used for the communications. As the above-mentioned random values, two
values, i.e., 0 and T are generated. Or, controller 45 may include a cyclic shift
designator that generates control signals (phase shift values) for a cyclic shift
operation, supplies the control signals to phase rotator 43 and performs phase

rotation on each of its targeted subcarriers.
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In the second configuration, the inverse wavelet transform is used for multicarrier
signal modulation as shown in Fig. 8. Phase vector setting unit 11B1 of transmitter
10TX includes symbol mapper 51, S/P converter 52, phase rotator 53 and controller
55. Symbol mapper 51 maps transmission data in the form of serial data onto a
complex coordinate plane. -S/P converter 52 converts the serial data into parallel
data corresponding to each of the subcarriers in the multicarrier signal. Phase rotator
53 rotates each phase of the parallel data. Controller 55 controls the phase vectors
rotated by phase rotator 53. Multicarrier modulator 11B2 of transmitter 10TX includes
inverse wavelet transformer 54 that performs multicarrier modulation through the
inverse wavelet transform of the phase-rotated parallel data.

Symbol mapper 51 performs the first modulation in which transmission data in the
form of bit data is converted into symbol data, with a total of M-1 subcarriers mapped
onto a complex coordinate plane. S/P converter 52 converts the serial data
(transmission symbols) generated through the first modulation, to be sequentially
input, into parallel data corresponding to each of the subcarriers in the mulicarrier
signal. Then, phase rotator 53 performs phase rotation on the input parallel data. In
this case, a (2n-1)" input (nisa p-ositive integer) is considered as the common-mode
component of the complex data, while a 2n™ input is considered as the orthogonal
component (suppose 1 < n < M/2-1) of the complex data. The numbef of subcarriers
is considered as 0 ~ M - 1. Complex subcarriers are made of subcarrier pairs. The
phase of each of the subcarriers is rotated the same way as the case using the
inverse Fourier transform. In this example, the maximum number of subcarriers in
the form of parallel data to be phase-rotated is M/2-1, which is different from the case
where the inverse Fourier transform is used. Inverse wavelet transformer 54
performs multicarrier modulation through the inverse wavelet transform of the phase-
rotated subcarriers in the form of parallel data, thereby generating transmission
signals in the multicarrier. The S/P converter may be used before the symbol mapper.

Controller 55 supplies control signals to phase rotator 53, controlling changes of
phase vectors. In this example, controller 55 may include a random value generator.
The random value generator generates random values using, for example, a PN
(Pseudo Noise) system, supplies the random values to phase rotator 53 as control
signals for the phase vectors, and performs phase rotation on each of its targeted
subcarriers. As the above-mentioned random values, two values, i.e., 0 and 1T are

generated. Or, controller 55 may include a cyclic shift designator that generates
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control signals (phase shift values) for a cyclic shift ~operation, supplies the control
signals to phase rotator 53 and performs phase rotation on each of the subcarriers to
be used for the communications. In this embodiment, controller 55 and phase rotator
53 have functions of the phase vector modification unit.

In the second configuration example, the wavelet transform is used for multicarrier
signal demodulation as shown in Fig. 9. Multicarrier demodulator 11B3 of receiver
10RX includes wavelet transformer 64 that performs multicarrier demodulation
through the wavelet transform of the reception signals. Phase vector re-rotation unit
11B4 of receiver 10RX includes phase rotator 63, P/S converter 62 and controller 65.
Phase rotator 63 rotates the phase of the parallel data corresponding to each of the

~ demodulated subcarriers. P/S converter 62 converts the parallel data, corresponding

to each of the phase re-rotated subcarriers, into serial data. Controller 65 controls
the phase vectors rotated by phase rotator 63.

Wavelet transformer 64 performs the wavelet transform on the reception signals to
demodulate the multicarrier signal, and generates parallel data corresponding to each
of the subcarriers in the multicarrier. Phase rotator 63 re-rotates the parallel data
individually by rotating the phases of the input parallel data. Then, P/S converter 62
converts the input parallel data, each packet of which ‘corresponds to each of the
subcarriers in the multicarrier, into serial data to obtain the reception data. Changing
the order of phase rotator 63 and P/S converter 62 causes no operational difficulties.

Controller 65 supplies control signals to phase rotator 63, controlling changes of
phase vectors. In this example, controller 65 may include a random value generator.
The random value generator generates random values using, for example, a PN
(Pseudo Noise) system, supplies the random values to phase rotator 63 as control
signals for the phase vectors, and performs phase rotation on each of its targeted
subcarriers. As the above-mentioned random values, two values, i.e., 0 and 1 are
generated. Or, controller 65 may include a cyclic shift designator that generates
control signals (phase shift values) for a cyclic shift operation, supplies the control
signals to phase rotator 63 and performs phase rotation on each of the subcarriers to
be used for the communications.

In the configurations illustrated in Figs. 6 and 8, when it is determined that phase
rotations by phase rotators 33 and 53 increase communication signal errors, thus
damaging communication performance, controllers 35 and 55 change the phase

vectors to generate new phase vectors and supply the generated phase vectors to
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phase rotators 33 and 53. When communication performance continues to decline or
does not improve after the phase changes, further new phase vectors are generated
to be supplied to phase rotators 33 and 53. Through these processes, the rotation
degrees are changed at phase rotators 33 and 53, by which time waveform levels are
equalized as much as possible to prevent deterioration of communication
performance. Further, in the initial stage, when building a network or connecting to
an existing network, a controller may change a phase vector according to the code of
the network to be connected, such as a network key. The network code here is ID
information that enables mutual identifications between different networks, such as
an SSID (Service Set Identifier) used with the IEEE802.11 standard.

Communication apparatus 40 shown in Fig. 10 is a modem utilizing coaxial cables
1B as transmission lines. Communication apparatus 40 has the same configuration
as communication apparatus 10 illustrated in Fig. 4 except that communication
apparatus 40 lacks coupler 16 and uses coaxial cables 1B instead of telephone lines
as transmission lines. Therefore, the description of the same configuration is omitted.
Communication apparatus 40 includes coaxial cable 1B of which end is provided with
coaxial connector 28. Coaxial cable 1B connects to driver IC 15 and band pass filter
17. Communication apparafus 40 connects to another coaxial cable 1B via coaxial
connector 28 and antenna outlet 3.

Fig. 11 illustrates a two-story residence with two fooms on each floor, totaling four
rooms. The residence connects to outdoor power lines 1A (lead-in wires). Power
lines 1A are wired through the residence from power distribution panel 74, which
receives power supply. Power lines 1A connect to power outlets 2, which are
installed in each room. Further, coaxial cables 1B are wired through the residence.
Coaxial cables 1B connect to TV antenna 73 as television antenna cables. Coaxial
cables 1B connect to antenna outlets 2, which are installed in each room.

In the example shown in Fig. 11, communication apparatuses 10, such as PLC
communication apparatuses (PLC modems) that perform communications via

respective power lines, connect to power outlets 2 in the left-side room of the second

| floor and the right-side room of the first floor. Further, communication apparatuses

40 that perform communications via respective coaxial cables 1B connect to antenna
outlets 3 in the right-side room of the second floor and the left-side room of the first
floor. - As a whole, communication apparatuses 10 and power lines 1A, on the one

hand, and communication apparatuses 40 and coaxial cables 1B, on the other hand,
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make up different wire communication networks. Communication apparatuses 10
connect to terminal apparatuses 81 and 84, while communication apparatuses 40
connect to terminal apparatuses 82 and 83.

The wire communication system in the above-described configuration enables wire
communications among a plurality of networks by transmitting communication signals
within each network, in which communication apparatusés are mutually connected. It
is further possible to connect power outlet 2 with antenna outlet 3 via a bridge
apparatus or the like, building a network to allow transmission of communication
signals between power line 1A and coaxial cable 1B. Further, one system network
may configure a plurality of different logical networks.

The communication apparatus having the second configuration, as shown in Fig.
12, includes communication adapter 200 and power line communication apparatus
300, which connects to communication adapter 200. Communication adapter 200
includes plug 25 for connection to an indoor power outlet, power line 1A, telephone
connector (RJ-11) 4 for connection to a telephone line, coaxial connector (F terminal)
3 for connection to a coaxial cable and power connector 215 for connection to power
lines 1A. Connecting plug 25 of poWer line 1A of power line communication
apparatus 300 to power connector 215 establishes connection between
communication adapter 200 and power line communication apparatus 300.
Communication adapter 200 is equipped with a switch (not shown in the drawing).
Plug 25 connects to the switch via power line 1A. By operating the switch, the user
can switch connection between coaxial connector 3 and telephohe line connector
(RJ-11) 4. For instance, switching to coaxial connector 3 enables signal transmission
between the power line and coaxial cable.

The communication apparatus of the third configuration, as shown in Fig. 13, is
configured as power line communication apparatus 400 integrated with the
communication adapter having the first configuration. Power line communication
apparatus 400 includes plug 25 and power line 1A for connection to an indoor power
outlet, telephone line connector (RJ-11) 402 for connection to a telephone line and
coaxial connector 3 for connection to a coaxial cable.

The above-described communication adapter 200, power line communication
apparatus 300 and power line communication apparatus 400 integrated with the
communication adapter are connectable to a plurality of transmission lines such as

power lines 1A and coaxial cables 1B. This allows various types of communication
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among a plurality of networks: communication through connection to one of the
plurality of transmission lines: communication through connection to the plurality of
transmission lines, which configure networks for independent communications; and
communication via the plurality of mutually connected transmission lines. Such a
communication apparatus is capable of preventing interference from other networks
by changing the phase vectors of communication signals distinctly for respective
networks.

Fig. 14 shows a conceptual configuration that includes a plurality of networks to
which the communication apparatuses of the presént embodiment are applied.
Network NW1 includes communication apparatuses 10 of the present embodiment
shown in Fig. 4. One of the communication apparatuses in network NW1 is base unit
10B, and the others are remote units 10R1 - 10R4, all of which are used to transmit
communication signals within network NW1 as well as to control network NW1. In
the following description, to differentiate the base unit from the remote units, the base
unit is referred to as communication apparatus 10B, while the remote units are
referred to as communication apparatuses 10R1 - 10R4. When no particular
distinction is necessary, they are all referred to as “communication apparatuses 10°.

Similarly, network NW2 includes communication apparatuses 40 of the present
embodiment shown in Fig. 10. One of the communication apparatuses in network
NW?2 is base unit 40B, and the others are remote units 40R1 - 40R4, all of which are
used to transmit communication signals within network NW2 as well as to control
network NW2. In the following description, to differentiate the base unit from the
remote units, the base unit is referred to as communication apparatus 40B, while the
remote units are referred to as communication apparatuses 40R1 - 40R4. When no
particular distinction is necessary, they are all referred to as “communication
apparatuses 40”. Within network NW2, communications are performed between the
base unit and the remote units, or between the remote units. It is further possible,
between networks NW1 and NW2, that different base units, i.e., base unit 10B and
base unit 40B exchange communications to check the status of the networks.

In the present embodiment where a plurality of these networks are present, phase
vectors to be used by communication apparatuses 10 and 40 are changed between
different networks, e.g., networks NW1 and NW2, so that the networks do not use the
same phase vector. This prevents data transmission between the different networks.

More specifically, when there are a plurality of logically/physically separated networks,
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the controllers of communication apparatuses 10 and 40 each change and set a
phase vector to be used for the apparatus to which they each belong, so that the
phase vector of the network to which their apparatuses belong is different from the
phase vector for the other network.

The following describes an operation for changing a phase vector by the
communication apparatus having the above-described co'nfiguration according to the
present embodiment. In the present embodiment, for example, base unit 10B or
remote units 10R1 - 10R4 in network NW1 shown in Fig. 14 detects the presence of
another network NW2 through detection of a preamble. Then, within network NW1,
base unit 10B sends a control signal to remote units 10R1 - 10R4 and changes its
phase vector. In this case, the base unit has controller’s functions for controlling the
network. The operation for changing the phase vector is mainly executed by the
controller of each communication appératus and its process is described in the
following.

As shown in Fig. 15A, the controller (not shown in the drawing).of the
communication apparatus determines whether or not it has detected a
commuhication signal from the other network NW2, which differs from network NW1
to which the communication apparatus belongs, as a detection process of the
communication signal (step S101). Here, it is possible to determine whether or not
the detected signal is a network signal from the other network NW2 by judging the
packets of the reception data. When the currently used phase vector is different from
that of the other network NW2, no signal from the other network NW2 can be
detected.

At step S101, when the communication signal from the other network NW2 has
been detected, it is determined whether or not the communication apparatus is a
base unit (step $102). On the other hand, when no communication signal from the
other network NW2 has been detected, the process at step S101 is repeated until the
signal is detected.

At step S102, when it is determined that the communication apparatus is the base
unit, base unit 10B changes the phase vector of the communication apparatus and
sends a notice of change of the phase vector to all the apparatuses (remote units
10R1 - 10R4) connected to network NW1, to which the communication apparatus
belongs (step S103). On the other hand, when the communication apparatus is a

remote unit, the remote unit sends a notice of the presence of the other network NW2
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to base unit 10B of network NW1 to which the communication apparatus belongs
(step S104). Upon receiving this notice, base unit 10B sends a notice of change of
the phase vector to all the remote units, i.e., 10R1 - 10R4 of network NW1 to which
the communication apparatus belongs, and changes the phase vector of the
communication apparatus.

Base unit 10B and remote units 10R1 - 10R4 that have' received the notice of
change of the phase vector from base unit 10B individually change their phase
vectors based on instructions from the controller as described above. More
specifically, the controller changes random values for generating phase vectors, or
change phase shift values for cyclic shift, thereby changing the phase vector by
changing the degree rotation for each subcarrier at the phase rotator.

The following describes in detail the detection process of the communication signal
(step S101) shown in Fig.15A using Fig.4 and Fig.15B. As shown in Fig.15B, coupler
16 separates the communication signals from an alterhating voltage in power line 1A,
to receive the communication signal through power connector 21 (step S101a). Band
pass filter 17 passes the communication signals of predetermined frequehcy band
such as 2MHz - 30MHz in Japan or 1.705-30MHz in the United States of America
(step S101b). Amplifier 12C amplifies the communication signals passed through
band pass filter 17. AD converter 12D converts analog signals into digital signals, to
digital communication signals (step S101c). PLC PHY block 11B transforms time
domain into frequency domain regarding the digital communication signals by FFT.
PLC PHY block 11B respectively rotates each of the signal points corresponding to
the plurality of subcarriers of the digital communication signals, based on phase
vector PV1 (step S101d). PLC PHY block 11B demodulates each of the subcarriers
corresponding to the rotated signal points respectively. PLC PHY block 11B judges if
the preamble of another network (e.g. NW2) is detected or not. The preamble is an
example of network information regarding network (step S101g). When PLC PHY
block 11B does not detect the preamble, step S101g is performed again (step S101g
No). When PLC PHY block 11B detects the preamble, the process is ended (step
S101g Yes) and PLC PHY block 11B changes phase vector PV1 into phase vector
PV2 using the random values or the cyclic shift.

When the other'network is no longer detected after changing the phase vector, the

phase.vector may be re-rotated. In this case, the base unit sends, to the remote units,
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a notice of re-rotating the phase vector, after which the remote units change their
phase vectors.

The following describes an apparatus registration process performed by the
communication apparatus of the present embodiment. As described in the
embodiment, the communication apparatus capable of changing a phase vector sets
a phase vector for a communication apparatus, .g9., a newly purchased remote unit
to be newly connected to a network before use, so as to register the apparatus. Such
an apparatus registration process is mainly executed by the controller of the
communication apparatus, which serves as a remote unit.

As shown in Fig. 16, first, a process is executed for sequentially changing
(performing cyclic shift on) the phase vector of the communication apparatus from its
default value (step S201). The communication apparatus has its initial default value
set, with which the process proceeds to the following step. Next, the communication
apparatus (remote unit) sends a registration request to a base unit (step $202) and
determines whether or not the base unit sends back a response to the registration
request (step S203). When there is no response sent from the base unit, the process
returns to step S201, where the phase vector is sequentially chahged from its default
value to the following value. The process at steps $S201-203 is repeated until a
response (e.g., beacon) from the base unit is detected.

When the response from the base unit is detected, the communication apparatus
updates its phase vector using a phase vector value at the time of the detection (step
S204), and registers the communication apparatus (remote unit), so as to perform
communications using the updated phase vector (step S205). This completes the
registration process for the remote unit.

For instance, when the base unit is using a phase vector with a default value, a
response is obtained to the first registration request, which is sent from the remote
unit using the phase vector with the default value. While using the phase vector with
the default value, a registration process for the remote unit is performed. On the
other hand, when the phase vector of the base unit has been changed, the base unit
cannot receive packets from the remote unit that is using the phase vector with the
default. Therefore, it is possible to determine and set the same phase vector as that
of the base unit by sequentially changing the phase vector and sending a registration

request, and by detecting a response to this registration request.
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As described above, in the present embodiment where a plurality of networks are
present, each network changes its phase vector used by its communication
apparatus so that different networks have different phase vectors. This may prevent
data reception from another network. Therefore, unnecessary carrier detections can
be eliminated to improve transmission efficiency for data communications when there
are a plurality of neighboring networks using different transmission mediums.
(Second Embodiment)

The following describes a second embodiment. In the second embodiment, a base
unit does not send a notice of change of a phase vector to a remote unit. Instead, the
base unit and the remote unit independently change their phase vectors. Asa
configuration of a communication apparatus according to the second embodiment is
identical to the configuration shown in Figs. 1 and 9, its description is omitted. A
circuit configuration is not limited to Fig. 4 and can take the form of the hardware
block indicated in Fig. 10. Further, an external configuration is not limited to Fig. 1
and can take the form of the configuration indicated in Fig. 12 or Fig. 13.

The following describes another process for changing a phase vector by the base
unit according to the second embodiment, with reference to Fig. 17. Steps identical
to those of Fig. 15 are assigned the same numbers. In the second embodiment, only
network NW 2 shown in Fig. 14 is included, eliminating network NW1 shown in Fig.
14. In this configuration, two communication apparatuses (e.g., base unit 10B and-
remote unit 10R1) are newly connected to a power line.

Controller 35 of base unit 10B retrieves from a memory (not shown in the drawing)
phase information that sets a phase vector at a predetermined value (e.g., subcarrier
Nos. 0, 1,-+, 510, 511 are set to O, m,---, , ™). After retrieving the phase information,
controller 35 of base unit 10B sets a value indicated in the phase information as the
phase vector of the communication apparatus. The process for changing the phase
vector indicated in Fig. 17 can be initiated both manually and automatically. For
instance, it is possible to providé an input unit within the communication apparatus
(e.g., a mechanical switch, or a user interface switch that appears on the display), so
that users can manually initiate the process for changing the phase vector. lIt.is also
possible to provide a detector (e.g., a voltage detection circuit) that detects
commercial voltage supplied from the power line to the communication apparatus or

to equip a plug with a mechanical switch that detects when the communication
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apparatus is connected to an outlet, so that the process for changing the phase
vector starts automatically.

Controller 35 detects a communication signal from another network (step S101).
More specifically, while detecting a communication signal (multicarrier signal)
transmitted via the power line, controller 35 detects the communication signal from
the other network, when the phase vector of the detected communication signal is
identical to the set phase vector.

When controller 35 detects the communication signal from the other network (step
S$101: Yes), the process for changing the phase vector is performed as described in
the first embodiment (step $302). The memory stores a plurality of pieces of phase
information on mutually different phase vectors. Controlier 35 retrieves phase
information indicating a predetermined value (e.g., subcarrier Nos. 0, 1, -, 510, 511
are setto T, O, -, m, 0) different from the value indicated in the initially retrieved
phase vector, and changes the phase vector, after which the process returns to step
$101. In other words, this phase changing process is repeated while the
communication signal from the other network is being detected. Therefore, the phase
vector is changed and set so as to be different from the phase vector of the detected
communication signal from the other network.

Controller 35 counts the elapsed time after the phase vector is set. When no
communication signal is detected from the other network (step S101: No), it is
determined whether a predetermined time (e.g., one minute) has elapsed (step S301).
When the predetermine time has not elapsed (step S301: No), the process returns to
step $S101. When the predetermined time has elapsed (step S301: Yes), the ongoing
process ends without executing the process for changing the phase vector. More
specifically, when the phase vector of the other network, which is identical to the
originally set or changed phase vector, has not been detected during the
predetermined time, the ongoing process ends without re-changing the set phase
vector. In other words, the process for changing the phase vector is terminated.

The following describes another process for changing a phase vector by a remote
unit according to the second embodiment, with reference to Fig. 18. In the second
embodiment, base unit 10B is already connected to the power line, has a preset
phase vector and is outputting a communication signal such as a beacon.

Remote unit 10R1 has a memory (not shown in the drawing). The memory stores

a plurality of pieces of phase information as does the base unit. Controller 35 of
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remote unit 10R1 retrieves phase information from the memory, and then sets a
value indicated in the phase information as the phase vector of the communication
apparatus. The process for changing the phase vector indicated in Fig. 18 may be
initiated both manually and automatically.

Controller 35 of remote unit 10R1 detects a communication signal transmitted from
another communication apparatus, and determines whether or not the phase vector
of the communication signal is identical to the set phase vector (step S401).
Controller 35 of remote unit 10R1 counts the elapéed time after the phase vector is
set. When it is determined that the phase vector of the detected communication
signal is not identical to the set phase vector (step S401: No), it is determined
whether or not a predetermined time (e.g., two minutes) has elapsed (step S402).
When it is determined that the predetermined time has not elapsed (step S402: No),
the process returns to step S401.

After the predetermined time has elapsed (step S402: Yes), controller 35 of remote
unit 10R1 executes the process for changing the phase vector as does base unit 10B
(step S403). The memory stores a plurality of pieces of phase information on
mutually different phase vectors as does base unit 10B. Controller 35 of remote unit
10R1 retrieves phase information indicating a predetermined value different from the
value indicated in the initially retrieved phase information, and changes the phase
vector. After the phase vector is changed, the process returns to step S401. In other
words, when the communication signal having the same phase vector has not been
detected during the predetermined time, it is determined that no communication
signal transmitted from the base unit is detected.

When controller 35 of remote unit 10R1 determines that the phase vector of the
detected communication signal is identical to the phase vector of the network to
which the communication apparatus belongs (step S401: Yes), it is determined
whether a code of the other network indicated in the detected communication signal
is identical to a code of the network to which the communication apparatus belongs
(step S404). When these network codes are not identical (step S404: No), controller
35 of remote unit 10R1 executes the process for changing the phase vector as
described above at step S403. In other words, since the network codes are not
identical, although the two networks have the same phase vector (that is, the phase

vector-of the other network is coincidentally identical to the phase vector of the
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network to which the communication apparatus belongs), it is determined that no
communication signal transmitted from the base unit is detected.

On the other hand, when the code of the network indicated in the detected
communication signal is identical to the code of the network to which the
communication apparatus belongs (step S404: Yes), that' is, when the communication
signal transmitted from base unit 10B has been detected, the on-going process ends
without executing the process for changing the phase vector. More specifically, since
the changed and set phase vector is identical to the phase vector of the network to
which the communication apparatus belongs, the on-going process ends without re-
changing the changed and set phase vector. In other words, the process for
changing the phase vector is terminated.

As described above, in the second embodiment, the phase vector of one network
is éhanged and set so that it is different from that of the other network without mutual
notification between the base and remote units, thereby suppressing an excessive
process for changing a phase vector and enabling a further reduction in the
processing load for changing the phase vector.

(Third Embodiment)

The following describes a third embodiment. Since a configuration of a
communication apparatus according to the third embodiment is identical to the
configuration shown in Figs. 1 and 9, its description is omitted. A circuit configuration
is not limited to Fig. 4 and can take the form of the hardware block indicated in Fig.
10. Further, an external configuration is not limited to Fig. 1 and can take the form of
the configuration indicated in Fig. 12 or Fig. 13.

The following describes another process for changing a phase vector by a base
unit according to the third embodiment, with reference to Fig. 19. Figs. 18 and 19 are
identically configured except for step S501 of Fig. 19. Therefore, steps identical to
those of Fig. 18 are assigned the same numbers, and descriptions thereof are thus
omitted. |

When a communication signal transmitted from another network has been
detected (step S101: Yes), controller 35 of base unit 10B determines whether or not a
signal level (e.g., voltage or power) of the detected communication signal is at a
predetermined threshold or higher (step S501). The predetermined threshold may be
a value that does not substantially lower communication efficiency even if

interference occurs between communication signals from the two networks, that is,
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the network to which the communication apparatus belongs and the other network.
When it is determined the signal level is not higher than the predetermined threshold
(step S501: No), the on-going process ends without executing the process for
changing the phase vector. On the other hand, when it is determined that the signal
level is higher than the predetermined threshold (step S501: Yes), the process for
changing the phase vector is executed (step S302).

As described above, only when the signal level of the detected communication
signal is higher than the predetermined threshold, the process for changing the phase
vector is executed. Therefore, even when the other network has the same phase
vector, the process for changing the phase vector is not executed, thereby enabling a
further reduction in the processing load for changing the phase vector.

In the above-described embodiments, descriptions are provided for cases where
different transmission lines, i.e., power lines and coaxial cables, are used as an
example of different networks. However, different types of transmission lines do not
necessarily have to be used. For instance, when building power-line networks in
individual residences of a collective housing area, one network built in a
predetermined residence and another network built in another residence can change
their phase vectors to avoid using the same phase vector. In this case, each network
includes at least two PLC modems and the relationship between such modems does

not necessarily have to involve a base unit and a remote unit.

Industrial Applicability |
The present invention has effects of preventing interference between different

networks during data.communications using the multicarrier communication system

and of improving transmission efficiency. The present invention is useful, for

example, in the communication apparatus and the communication method thereof
that are capable of data communications using the multicarrier communication

system, such as power line communications.
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CLAIMS

, 1. A communication apparatus that performs data transmission employing
a multicarrier communication method, the communication apparatus comprising:

a phase vector modification unit that changes a phase vector corresponding to
at least one of a plurality of subcarrier signals, so that different networks have
different phase vectors, the plurality of subcarrier signals being included in a
multicarrier signal; and

a phase rotator that rotates a phase of at least one of the plurality of subcarrier
signals based on the phase vector changed by the phase vector modification unit.

2. The communication apparatus according to claim 1,
wherein the phase vector modification unit changes the phase vector, so that the
phase vector is randomized for each of the subcarriers.

3. The communication apparatus according to one of claims 1 and 2,
wherein, when a plurality of one of logically and physically separated networks are
present, the phase vector modification unit changes a phase vector to be used for the
communication apparatus itself, so that a network to which the communication
apparatus belongs and another network have different phase vectors.

4. The communication apparatus according to claim 3,
wherein, when the communication apparatus builds a network or when the
communication apparatus is connected to an existing network, the phase vector
modification unit changes the phase vector according to a code of the network to be
set.

5. The communication apparatus according to claim 3,
wherein, when detecting the another network, which differs from the network to which
the communication apparatus belongs, the phase vector modification unit changes
the phase vector.

6. The communication apparatus according to claim 5, further comprising:

a phase vector setting unit that stops a phase vector changing process by the
phase vector modification unit, when the phase vector modification unit has not
detected the another network during a predetermined time.

7. The communication apparatus according to one of claims 5 and 6,
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wherein, when detecting the another network, the phase vector modification unit
further changes the phase vector only when a signal level of a multicarrier signal
used for the detected another network is higher than a predetermined threshold.

8. The communication apparatus according to one of claims 6 and 7,
further comprising: '

a phase vector setting unit that stops the phase vector changing process by
the phase vector modification unit, the communication apparatus being a remote unit
of a network including a base unit and the remote unit,

wherein the phase vector modification unit detects a phase vector and a code
of the network indicated in a multicarrier signal transmitted from another
communication apparatus, and wherein the phase vector setting unit stops the phase
vector changing process by the phase vector modification unit, when the phase
vector detected by the phase vector modification unit is identical to the phase vector
of the network to which the communication apparatus belongs, and when the code of
the network detected by the phase vector modification unit is identical to the code of
the network to which the communication apparatus belongs.

9.  The communication apparatus according to claim 3,
wherein, when detecting a communication apparatus of the another network, which

differs from the network to which the communication apparatus belongs, and when

- the communication apparatus is a base unit of the network including the base unit

and remote units, the phase vector modification unit changes the phase vectors of
the communication apparatus and all the remote units connected to the network to
which the communication apparatus belongs.

10.  The communication apparatus according to claim 3,
wherein, when detecting the communication apparatus of the another network, which
differs from the network to which the communication apparatus belongs, and when
the communication apparatus is a remote unit of the network including the base unit
and remote units, the phase vector modification unit notifies the base unit of the
network to which the communication apparatus belongs of the presence of the
another network.

11.  The communication apparatus according to one of claims 1 through 10,
wherein the phase vector modification unit includes a random value generator that
generates a random value by which a phase vector is generated.

12. The communication apparatus according to one of claims 1 through 10,
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wherein the phase vector modification unit includes a cyclic shift designator that
performs a cyclic shift on a phase vector.

13.  The communication apparatus according to one of claims 1 through 12,
wherein, when determining the change of the phase vector deteriorates
communication performance, the phase vector modification unit generates a new
phase vector.

14. The communication apparatus according to one of claims 1 through 13,
further comprising: a transmission connecting unit that is connectable to a plurality of
transmission lines. ’

15.  The communication apparatus according to one of claims 1 through 14,
wherein the communication apparatus uses a power line as its transmission line for
data transmission.

16. A communication method by which data transmission is performed
employing a multicarrier communication, the communication method comprising:

changing a phase vector corresponding to at least one of a plurality of
subcarrier signals, so that different networks have different phase vectors,' the
plurality of subcarrier signéls being included in a multicarrier signal; and

rotating phase of at least one of the plurality of subcarrier signals based on the
changed phase vector.

17.  The communication method according to claim 16, further comprising:

changing the phase vector, so that the phase vector is randomized for each of
the subcarriers.

| 18. The communication method according to one of claims 16 and 17,
further comprising:

changing a phase vector to be used for the communication apparatus itself, so
that a network to which the communication apparatus belongs and another network
have different phase vectors, when a plurality of one of logically and physically
separated networks are present.

19. The communication method according to claim 18, further comprising:

changing the phase vectors of the communication apparatus and all the
remote units connected to the network to which the communication apparatus
belongs, when detecting a communication apparatus of the another network, which

differs from the network to which the communication apparatus belongs, and when
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the communication apparatus is a base unit of the network including the base unit
and remote units.

20. Anintegrated circuit that performs data transmission employing a
multicarrier communication method, the integrated circuit comprising:

a phase vector modification unit that changes a phase vector corresponding to
at least one of a plurality of subcarrier signals, so that different networks have
different phase vectors, the plurality of subcarrier signals being included in a
multicarrier signal; and

a phase rotator that rotates phase of at least one of the plurality of subcarrier
signals based on the phase vector changed by the phase vector modification unit.

21. A communication apparatus that performs data transmission via a
power line employing a multicarrier communication method, the communication
apparatus comprising:

a vector generator configured to generate a phase vector, the phase vector
being a set of coefficients indicating a rotation degree corresponding to each of a
plurality of subcarriers;

a receiver configured to receive from another communication apparatus a
multicarrier signal having the plurality of subcarriers, the multicarrier communication
signal including network information regarding a network of the another
communication apparatus;

a demodulator configured to demodulate the multicarrier communication signal
based on each of the plurality of subcarriers to generate a plurality of signal points,
each of the plurality of signal points corresponding to each of the plurality of
subcarriers; and

a phase rotator configured to rotate each of the plurality of signal points on
complex coordinate plane, based on each of the coefficients the set of which is the
phase vector generated by the generator,

~ wherein the generator being further configured to change the phase vector
generated by the generator into other phase vector, when each of the plurality of
signal points rotated by the phase rotator indicates the network information included

in the multicarrier communication signal.

30



WO 2006/109868 PCT/JP2006/307891

FIG. 1
10
/_/
100
N
23A s
23{238‘-"\%
230~
N
CFIG. 2 FIG. 3
10 . 10
~ 7
100 100~

——1+-23A 21~/~~ E

——+-23B ;23

——+-23C

1/17



PCT/JP2006/307891

WO 2006/109868

A1ddnS HIMOd 02 w
| [oanai+ [oaneer Jounz+ m
oz Ggb 8l Eo“zms_ ol
: a91 VoL & Y17 T |
“ AHd y
oo L L Wy Sy el S m
H I
gaiod T pEel ] TTH<t{ova} | |20 ! room o
5 a9{(4314100] fuahual 1] 9 ooy [ILaNdHIS T
m 9l &\ eh,, o1 )03 JINWN | 61 22 |
m gch Vel N1 |
m 0f w
oo ] e ————— i
- g
06} ¥
Wad
’ b Ol

9¢

2117



PCT/JP2006/307891

WO 2006/109868

~VIVa
NOILd303H

4 )
T .- 1 worvinacon | unnoniLas |,
831dn0J YIQ A y3mevoIInW [ 801934 35VHd YIva
— L L — — NOISSINSNVHL
of e v zall gt
4\ \ aLlnsnvyL  8H )
Vol X101
4 h
1INA NOisH3A34 | [ Horvinaomaa 11
e H Sl an M O / & §31dN0J
p= p= A
all egfl @ 4 o
9 H B3N D
\\
XHO!

3/17



PCT/JP2006/307891

WO 2006/109868

i W W
| N L
i ST | T
b wamossv e .
- i W | HOLviOM | v3wanoo || u3ddvi
wos 1| Saaod i L] 3svd L dss T08NAS
NOISSINSNYHL T o _
| | o4 i 1€
| T ~ 3
M T 0
| N M
BV ! Ve 7
e m > 2
m | 4aTIOBINOD |\ oo
_u::\./n\n::u:u-:ul_ _::n:uu-ln:\:/:\ |||||||||||||||||||||||||||||||||||||||||||||||||||||||
zal) v i
alr

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

.

Y1vad
NOISSINSNYHL

4/17



PCT/JP2006/307891

WO 2006/109868

llllllllllllllllllll

TYNOIS
NOILd303H

T W
Lo 2 |
oW W |
| HawHoasNveL [Tz | HoLviod FW | YILMANOD | .
WIHNO4 | | 3Svd N B vIva
TN | 7 | NOILI0M
T 2
T - |
o T |
~ " VA ~ m
14 ! L ey ey w
[ wamouvoo |,
.n---u\/.\;--ux-::xx-uh _..-:---:-:\.ﬂ\.::--:a---n-:-:-:--:---l--n:u---._
egll v vall
i

5/17



PCT/JP2006/307891

WO 2006/109868

lllllllllllllllllllllll

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

H3ddviN
108WAS

~
G

N MW
| =] =
i W TN \ Y
- | |UINEQISMWEL ~— =] wowvios [ (7] eaeeamoo
NOISSINSNYHL m o bdN m b
w Am 1 m. - 3
M A_m 0 m -t 0
v ! Ve —~
6 e 2
| [mowoo |
Pllll\l/l\lullllllllllll._ .|||!|l||||l|\0/l\ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
21l ” E:(f
ai

v1iva
NOISSINSNYHL

6/17



PCT/JP2006/307891

WO 2006/109868

llllllllllllllllllll

TYNDIS
NOILd3034

m AT o
m T Z |
m e W |
| vawbossnvel oz soLvLow W] vaanoo | _
o e | 3svHd A 7 s " VIVa
| TN | = | NOILd303H
M A -
| - - m
m 0 0 < |
! Y ! RV ~ m
L9 m ;€9 e m
m w | wamouinoo |\ o w
_:--1\./‘\::::-::-._ v-------n--u\.ﬁ\u--n-:q--:----:-u-n-::-::------u._

eall o pall

T

7117



PCT/JP2006/307891

WO 2006/109868

i oz) Qgh gy LASOMN | o M
Ve " / ( ) _ "
gl _ L} !
" = g ﬁ “
" | AR |
© o | [F>{20% b 25 [ e [y w
ﬁ | [ 1 THetfova || [0 ! o oo
£ e | u3fea [, 31d Rogyy [LLINE3HLS
| = = T
| TR \o_m#/ o |6l 2 ||
! gcl Vel I “
| m o |
! 0¢ m
. TET ] — _
w
B 06} o
oy

9¢

8/17



PCT/JP2006/307891

WO 2006/109868

28 or
e 92 vl
Snivevaav | § [ snivavadv 1§ | - |, o v8
TYNINEIL [~ | NOLLYOINNWIOO | T1IDR, Vi g Aml VS 9%
| = R P e Vi 9T 5 Snivavday |} [snivavddv
-6 IR TG NOLLYOINNINOD || VNI
] o — g [1
mh . —0F SNLVAVddy || Snivivddy
S e vi e
Svavaav | [ snvavaay | |ropc. Ve T ETy| ) |NOUYONIARD) ) | TN
TNINGEL [T{ NOLLVINANINOD [TTLO K g T AN % 5
\ 92 <Vl i
e6 of __
)
vl )
3N HIMOd
H00GLNO ¢l

9/17



WO 2006/109868 PCT/JP2006/307891

300
25
1A
200
‘ N~
25
G_ /
T L/ '
215 ( (
4 3

e
T

1A

10/17



PCT/JP2006/307891

WO 2006/109868

“1INN

LINN

310W3H 310A3Y

1INN

J10N3YH™

12-100%

1NN

1INN

J10W3Y 310N3Y

1NN

—\310W3Y

tHO}

NN L LND N\
~\3ion3y) N ETTE
Moy | | 0L
LINN3SYE = . ~ LINN3Sve
= NN —
g0y 1 00 g0l
..... U SSNE————————. OSSR SNIEEN——-..
LMN

11717



WO 2006/109868

FiG. 15A

PCT/JP2006/307891

HAS DETECTED

FROM ANOTHER
NETWORK?

COMMUNICATION
APPARATUS IS A BASE
UNIT?

NO

NO

YES S103 5104
N Y yad
NOTIFY A REMOTE UNIT TO NOTIFY THE BASE UNIT OF
WHICH THE COMMUNICATION THE PRESENCE OF THE
APPARATUS BELONGS OF OTHER NETWORK
CHARGE OF THE PHASE
VECTOR
v
( END )

12/17



WO 2006/109868

FIG. 15B  —saw

PCT/JP2006/307891

\
RECEIVE COMMUNICATION SIGNALS

S101a
S

Y

PASS THE COMMUNICATION SIGNALS
OF PREDETERMINED FREQUENCY BAND

S101b
S

\

CONVERT ANALOG SIGNALS INTO DIGITAL
SIGNALS, TO GENERATE A DIGITAL
COMMUNICATION SIGNALS

S101c
S

\

TRANSFORM TIME DOMAIN INTO
FREQUENCY DOMAIN, TO GENERATE
SIGNAL POINTS OF THE DIGITAL
COMMUNIVATION SIGNALS

$101d
S

Y

ROTATE EACH OF THE SIGNAL POINTS
CORRESPONDING TO SUBCARRIERS
RESPECTIVELY BASED ON PHASE
VECTOR PV1

S101e
S

\

DEMODULATE EACH OF THE SUBCARRIERS
CORRESPONDING TO THE ROTATED
SIGNAL POINTS RESPECTIVELY

s101f
S

S101¢

DETECT A PREAMBLE
OF ANOTHER NETWORK FROM
THE DEMODULATED
SUBCARRIERS?

13/ 17

NO




WO 2006/109868 PCT/JP2006/307891

FIG. 16
CSTRT )

<t
-

Y

SEQUENTIALLY CHANGE A PHASE |5
VECTOR FROM ITS DEFAULT VALUE

Y

A REMOTE UNIT SENDS A S
REGISTRATION REQUEST TO A
BASE UNIT

ANY RESPONSE
FROM THE BASE UNIT?

S204

UPDATE THE PHASE VECTOR 3

Y

COMPLETE THE REGISTRATION OF |5
THE REMOTE UNIT

S205

Y
(__END )

14/17



WO 2006/109868 PCT/JP2006/307891

S101

HAS DETECTED NO
A COMMUNICATION SIGNAL
FROM ANOTHER
NETWORK?

A PREDETERMINED

YES TIME HAS ELAPSED?

S302
Y yasd

CHANGE THE PHASE VECTOR

15717



WO 2006/109868 PCT/JP2006/307891

~ PHASE VECTOR OF THE ™
COMMUNICATION SIGNAL
IDENTICAL TO THAT OF
THE COMMUNICATION
APPARATUS? _

NO

A PREDETERMINED
TIME HAS ELAPSED?

S404 YES

IS THE CODE
INDICATED IN THE
DETECTED COMMUNICATION

SIGNAL IDENTICAL TO THE CODE OF N0

5403
Y

THE NETWORK TO WHICH THE
COMMUNICATION Y
APPARATUS CHANGE THE PHASE VECTOR
BELONG?

16 /17



WO 2006/109868

PCT/JP2006/307891

S101
HAS DETECTED NO
A COMMUNICATION SIGNAL

FROM ANOTHER
NETWORK?

SIGNAL LEVEL >
PREDETERMINED
~JHRESHOLD?

NO

YES S302
Y
CHANGE THE PHASE VECTOR |

A PREDETERMINED
TIME HAS ELAPSED?

\
( END )

17717

YES




INTERNATIONAL SEARCH REPORT

Intc mwuonal application No

PCT/JP2006/307891

A. CLASSIFICATION OF SUBJECT MATTER

INV. H04B3/54 H04L27/26

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4L HO4B

Minimum documentation searched (ctassification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

figure 1

paragraph [0011] - paragraph [0017]
paragraph [0022] - paragraph [0023]

Category” Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2004/037311 A1 (WILLES W. PAUL ET AL) 1-21

26 February 2004 (2004-02-26)

figures 2B,6B

paragraphs [0085] - [0087]

paragraph [0107]
X EP 1 357 718 A (SAMSUNG ELECTRONICS CO., 1,2,

LTD) 29 October 2003 (2003-10-29) 11-13,

16,17,20

-/

m Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

“E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"0O" document referring to an oral disclosure, use, exhibition or
other means

“P" document published prior to the international filing date but
later than the priority date claimed

“T* later document published after the international filing date
or priority date and not in conflict with the apptlication but
cited to understand the principle or theory underlying the
invention

“X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particutar relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skitled
in the art.

“&" document member of the same patent family

Date of the actual completion of the international search

20 June 2006

Date of mailing of the international search report

27/06/2006

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016

Authorized officer

Chave, J

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Intersmnonal application No

PCT/JP2006/307891

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Relevant to claim No.

DMT-Based Transceivers"

IEEE TRANSACTIONS ON COMMUNICATIONS, IEEE
SERVICE CENTER, PISCATAWAY, NJ, US,

vol. 44, no. 10, October 1996 (1996-10),
XP011008806

ISSN: 0090-6778

cited in the application

the whole document

Category* | Citation of document, with indication, where appropriate, of the relevant passages

X EP 0 719 004 A (MATSUSHITA ELECTRIC 1,2,11,
INDUSTRIAL CO., LTD) 12,16,
26 June 1996 (1996-06-26) 17,20
column 3, line 4 - line 46
column 14, line 41 - column 15, line 29
column 16, line 34 - line 37

A DENIS J G MESTDAGH ET AL: "A Method to 1,16,20,
Reduce the Probability of Clipping in 21

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT S

Information on patent family members

PCT/JP2006/307891
Patent document Publication Patent family Publication
cited in search report date member(s) date
us 2004037311 Al 26-02-2004 AU 2003259703 Al 25-02-2004
EP 1530872 A2 18-05-2005
WO 2004015907 A2 19-02-2004
EP 1357718 A 29-10-2003 AU 2003223129 Al 10-11-2003
CA 2452277 Al 06-11-2003
CN 1522511 A 18-08-2004
JP 2005524278 T 11-08-2005
WO 03092197 Al 06-11-2003
KR 2003084291 A 01-11-2003
US 2003202460 Al 30-10-2003
EP 0719004 A 26-06-1996 US 5682376 A 28-10-1997

Form PCT/ISA/210 {patent family annex) (April 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

